World Review of Nutrition and Dietetics
Editor: B. Koletzko
Vol. 113

Pediatric Nutrition
in Practice ........

Editor
B. Koletzko

Co-Editors

J. Bhatia
Z.A.Bhutta
P. Cooper
M. Makrides
R. Uauy

W. Wang




Pediatric Nutrition in Practice

Supported by an unrestricted educational
grant from the Nestlé Nutrition Institute.



World Review of Nutrition and
Dietetics

Vol. 113

Series Editor

Berthold Koletzko munich



Pediatric Nutrition in Practice

2nd, revised edition

Volume Editor

Berthold Koletzko munich

Co-Editors

Jatinder Bhatia Augusta, Ga.
Zulfigar A. Bhutta «Karachi
Peter Cooper Johannesburg
Maria Makrides North Adelaide, S.A.
Ricardo Uauy Santiago de Chile
Weiping Wang shanghai

60 figures, 27 in color, and 107 tables, 2015

KA RG E Basel - Freiburg - Paris - London - New York - Chennai - New Delhi -
d Bangkok - Beijing - Shanghai - Tokyo - Kuala Lumpur - Singapore - Sydney



Berthold Koletzko

Division of Metabolic and
Nutritional Medicine

Dr. von Hauner Children’s Hospital
Medical Center
Ludwig-Maximilians-University

of Munich

Lindwurmstr. 4

DE-80337 Munich (Germany)

Jatinder Bhatia

Division of Neonatology
Georgia Regents University
Health Sciences Campus
1120 15th Street BIW 6033
Augusta, GA 30912 (USA)

Peter Cooper

Department of Paediatrics
University of the Witwatersrand
and Charlotte Maxeke
Johannesburg Academic Hospital
Private Bag X39

Johannesburg 2000 (South Africa)

Library of Congress Cataloging-in-Publication Data

Pediatric nutrition in practice / volume editor, Berthold Koletzko ;

co-editors, Jatinder Bhatia, Zulfigar A. Bhutta, Peter Cooper, Maria

Makrides, S.A. Ricardo Uauy, Weiping Wang. -- 2nd, revised edition.
p.;cm. -- (World review of nutrition and dietetics ; vol. 113)

Includes bibliographical references and index.

ISBN 978-3-318-02690-0 (hard cover : alk. paper) -- ISBN 978-3-318-02691-7

(electronic version)

1. Koletzko, B. (Berthold), editor. II. Series: World review of nutrition

and dietetics; v. 113.

[DNLM: 1. Child Nutritional Physiological Phenomena. W1 W0898 / WS 130]

RJ206
618.92--dc23
2015006000

Ricardo Uauy

INTA

University of Chile
Casilla 138-11

Santiago de Chile (Chile)

Zulfiqar A. Bhutta

Department of Paediatrics and
Child Health

Aga Khan University

Karachi 74800 (Pakistan)

Maria Makrides

Women'’s and Children’s Health
Research Institute

72 King William Road

North Adelaide, SA 5006 (Australia)

Weiping Wang
Fudan University
Children’s Hospital

399 Rd. Wanyuanlu
201102 Shanghai (China)

Bibliographic Indices. This publication is listed in bibliographic services, including Current Contents® and PubMed/MEDLINE.

Disclaimer. The statements, opinions and data contained in this publication are solely those of the individual authors and contributors and not
of the publisher and the editor(s). The appearance of advertisements in the book is not a warranty, endorsement, or approval of the products or
services advertised or of their effectiveness, quality or safety. The publisher and the editor(s) disclaim responsibility for any injury to persons or
property resulting from any ideas, methods, instructions or products referred to in the content or advertisements.

Drug Dosage. The authors and the publisher have exerted every effort to ensure that drug selection and dosage set forth in this text are in accord
with current recommendations and practice at the time of publication. However, in view of ongoing research, changes in government regulations,
and the constant flow of information relating to drug therapy and drug reactions, the reader is urged to check the package insert for each drug for
any change in indications and dosage and for added warnings and precautions. This is particularly important when the recommended agent is a
new and/or infrequently employed drug.

All rights reserved. No part of this publication may be translated into other languages, reproduced or utilized in any form or by any means electronic
or mechanical, including photocopying, recording, microcopying, or by any information storage and retrieval system, without permission in writing
from the publisher.

© Copyright 2015 by Nestec Ltd., Vevey (Switzerland) and S. Karger AG, P.O. Box, CH-4009 Basel (Switzerland)
www.karger.com

Printed in Germany on acid-free and non-aging paper (ISO 9706) by Kraft Druck, Ettlingen

ISSN 1660-2242

e-ISSN 1662-2898

ISBN 978-3-318-02690-0

e-ISBN 978-3-318-02691-7

KARGER 125



Contents

1.1

1.2
1.2.1

1.2.2

1.2.3

1.2.4

1.3
1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

1.3.6

1.3.7

1.4

Listof Contributors ... ... ..

Preface ...

Specific Aspects of Childhood Nutrition

Child Growth
Kim F MICNae e .

Nutritional Assessment
Clinical Evaluation and Anthropometry
JONN L, PUNTIS L

Diet History and Dietary Intake Assessment
PaUIINE BTl e

Use of Technical Measurements in Nutritional Assessment
Babette S. Zemel - Virginia A. Stallings ...

Use of Laboratory Measurements in Nutritional Assessment

Ryan W. Himes « Robert J. Shulman ...
Nutritional Needs

Nutrient Intake Values: Concepts and Applications

Berthold KOIBTZKO . ... .

Energy Requirements of Infants, Children and Adolescents

NaNCY . BULTE o e
Protein

JOhannes B. van GOUAOBVET ... .. i

Digestible and Non-Digestible Carbohydrates
VA HOJSAK

Fats

Patricia Mena « RIiCardo UaUY ...
Fluid and Electrolytes

Esther N. Prince = George J. FUCNS ... . e
Vitamins and Trace Elements

NOBIW. SOIOMONS ..o

Physical Activity, Health and Nutrition
RODEIT ML MalNG .



1.5

1.6

1.7

1.8

2.2

2.3

2.4

2.5

2.6

2.7

2.8

29

3.2

3.3

3.4

3.5

3.6

Early Nutrition and Long-Term Health
Berthold KOIBTZKO ... oo

Food Safety
Hildegard Przyrembel ... ..

Gastrointestinal Development, Nutrient Digestion and Absorption
MIChaEl J LENTZE e

Gut Microbiota in Infants
Akihito Endo « Mimi LK. Tang = Seppo Salminen ... ...

Nutrition of Healthy Infants, Children and Adolescents

Breastfeeding
KIm F MR SN

Formula Feeding

Berthold KOIBTZKO ... v e
Marketing of Breast Milk Substitutes

Neelam Kler « Naveen Gupta « Anup Thakur ...
Complementary Foods

Ay FOW ATl
Allergy Prevention through Early Nutrition

SIOYIIE KOIBTZKO ..ot
Toddlers, Preschool and School Children

Hildegard Przyrembel ... .
Adolescent Nutrition

Rehana A. Salam = Zulfigar A, BRUTEa ...
Nutrition in Pregnancy and Lactation

Lenka Malek = Maria Makrides ... ..o e
Vegetarian Diets

Claire T. McEvoy « Jayne V. WOOdSIAE ... ...t

Nutritional Challenges in Special Conditions and Diseases

Primary and Secondary Malnutrition

Lubaba Shahrin + Mohammod Jobayer Chisti - Tahmeed Ahmed ...
Micronutrient Deficiencies in Children

Ali Faisal Saleem « Zulfigar A. BRUTTA ...
Enteral Nutritional Support

SaANJA KOIACEK .
Parenteral Nutritional Support

Berthold KOIBTZKO ... ..

Management of Child and Adolescent Obesity
LU AL BaUT o e

Reducing the Burden of Acute and Prolonged Childhood Diarrhea
Jail Ko Das « Zulfigar AL BRUTTA ...



3.7

3.8

3.9

3.10

3.1

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

4.2

HIV and AIDS
Haroon Saloojee « Peter COOPET .. . e 173

Nutritional Management in Cholestatic Liver Disease
Bram P RAPNAE! ... 178

Malabsorptive Disorders and Short Bowel Syndrome

OIVIET GOUl BT 182
Celiac Disease

Riccardo Troncone * MarcO SarN0 ... .. 190
Food Intolerance and Allergy

Rl G HOINE 195
Regurgitation and Gastroesophageal Reflux

NOam Zevit * RaaNan SRamIir ... e 203
Childhood Feeding Problems

MaUrEEN M. BlaCK o 209
Preterm and Low-Birth-Weight Infants

EKNard B gl er o 214
Nutritional Management of Diabetes in Childhood

CaIMIEl SMIAI 218
Inborn Errors of Metabolism

ANt MacDonald . 226
Hypercholesterolemia

Berthold KoletzKo ... 234
Enteral Nutrition for Paediatric Inflammatory Bowel Disease

Marialena Mouzaki « Anne Marie Griffiths ... 239
Nutrition in Cystic Fibrosis

MIChaEl WilSCRANSKI .. 244
Heart Disease

Michelle M. Steltzer = Terra LafranChi ... 250
Nutritional Management in Children with Chronic Kidney Disease

LSOy RS 254
Nutrition Rehabilitation in Eating Disorders

Berthold KoletzKo ... 259
Haemato-Oncology

JONN L PUNTIS 266
Intensive Care

Jessie MLHUIST < KOBN FIM. JOOS 0N .. 271
Annexes

The WHO Child Growth Standards
MerCedes e ONiS ... 278

The CDC and Euro Growth Charts
EKNArd B ZIiEgler o 295



4.3

4.4

4.5

4.6

Reference Nutrient Intakes of Infants, Children and Adolescents
Berthold Koletzko + Katharina DOKOUPIl ...

Feeding My Baby - Advice for Families
Berthold Koletzko + Katharina DOKOUPIl «..... ..o

Increasing Dietary Energy and Nutrient Supply
Katharina Dokoupil « Berthold Koletzko ... ...

Dietary Assessment in Children
PaUlINg EMIMIETT ot

Index

AUthor INdeX ...
SUBJECt INA@X ... .



List of Contributors

Tahmeed Ahmed

Centre for Nutrition and Food Security
ICDDR,B

GPO Box 128

Dhaka 1000 (Bangladesh)

E-Mail tahmeed@icddrb.org

Louise A. Baur

Clinical School

The Children’s Hospital at Westmead
Locked Bag 4001

Westmead, NSW 2145 (Australia)
E-Mail louise.baur@health.nsw.gov.au

Zulfiqar A. Bhutta

Department of Paediatrics and Child Health
Aga Khan University

Karachi 74800 (Pakistan)

E-Mail zulfigar.bhutta@aku.edu

Maureen M. Black

Department of Pediatrics and

Department of Epidemiology and Public Health
University of Maryland School of Medicine

737 W. Lombard Street, Room 161

Baltimore, MD 21201 (USA)

E-Mail mblack@peds.umaryland.edu

Nancy F. Butte

Department of Pediatrics

USDA/ARS Children’s Nutrition Research Center
Baylor College of Medicine

1100 Bates Street

Houston, TX 77030 (USA)

E-Mail nbutte@bcm.edu

Mohammod Jobayer Chisti
Intensive Care Unit, Dhaka Hospital &
Centre for Nutrition and Food Security
ICDDR,B GPO Box 128

Dhaka 1000 (Bangladesh)

E-Mail chisti@icddrb.org

Peter Cooper

Department of Paediatrics

University of the Witwatersrand and

Charlotte Maxeke Johannesburg Academic Hospital
Private Bag X39

Johannesburg 2000 (South Africa)

E-Mail peter.cooper@wits.ac.za

JaiK.Das

Division of Woman and Child Health
Aga Khan University

Karachi 74800 (Pakistan)

E-Mail jai.das@aku.edu

Mercedes de Onis

Department of Nutrition

World Health Organization
Avenue Appia 20

CH-1211 Geneva 27 (Switzerland)
E-Mail deonism@who.int

Katharina Dokoupil

Division of Metabolic and Nutritional Medicine

Dr. von Hauner Children’s Hospital

Medical Center, Ludwig-Maximilians-University of Munich
Lindwurmstrasse 4

DE-80337 Munich (Germany)

E-Mail katharina.dokoupil@med.uni-muenchen.de



Pauline Emmett

Centre for Child and Adolescent Health
School of Social and Community Medicine
University of Bristol

Oakfield House

Oakfiled Grove, Clifton BS8 2BN (UK)
E-Mail p.m.emmett@bristol.ac.uk

Akihito Endo

Department of Food and Cosmetic Science
Tokyo University of Agriculture

099-2493 Abashiri, Hokkaido (Japan)
E-Mail a3endou@bioindustry.nodai.ac.jp

Mary Fewtrell

Childhood Nutrition Research Centre
UCL Institute of Child Health

30 Guilford Street

London WC1N 1EH (UK)

E-Mail m.fewtrell@ucl.ac.uk

George J. Fuchs

Departments of Pediatric Gastroenterology,
Hepatology and Nutrition

University of Arkansas for Medical Sciences
4301 West Markham Street

Little Rock, AR 72205 (USA)

E-Mail fuchsgeorgej@uams.edu

Olivier Goulet

Hopital Necker — Enfants Malades

149 Rue de Sévres

FR-75743 Paris Cedex 15 (France)

E-Mail olivier.goulet@nck.ap-hop-paris.fr

Anne Marie Griffiths

Hospital for Sick Children

555 University Avenue

Toronto, ON M5G 1X8 (Canada)
E-Mail anne.griffiths@sickkids.ca

Naveen Gupta

Department of Neonatology
Institute of Child Health

Sir Ganga Ram Hospital

New Delhi 110060 (India)

E-Mail drgupta.naveen@gmail.com

Ralf G. Heine

Department of Gastroenterology and Clinical Nutrition
Royal Children’s Hospital, Melbourne

University of Melbourne

Parkville, VIC 3052 (Australia)

E-Mail ralf.heine@rch.org.au

Ryan W. Himes

Section of Pediatric Gastroenterology
Texas Children’s Hospital

Baylor College of Medicine

6701 Fannin St, CCC 1010.00

Houston, TX 77030 (USA)

E-Mail himes@bcm.edu

Iva Hojsak

Children’s Hospital Zagreb
Referral Centre for Paediatric
Gastroenterology and Nutrition
Klai¢eva 16

HR-10000 Zagreb (Croatia)
E-Mail ivahojsak@gmail.com

Jessie M. Hulst

Department of Pediatrics

Sophia Children’s Hospital

Erasmus Medical Center

PO Box 2060

NL-3000 CB Rotterdam (The Netherlands)
E-Mail j.hulst@erasmusmc.nl

Koen F. M. Joosten

Sophia Children’s Hospital

Erasmus Medical Center

PO Box 2060

NL-3000 CB Rotterdam (The Netherlands)
E-Mail k.joosten@erasmusmc.nl

Neelam Kler

Department of Neonatology
Institute of Child Health

Sir Ganga Ram Hospital

New Delhi 110060 (India)

E-Mail drneelamkler@gmail.com

Sanja Kolacek

Department of Pediatrics
Children’s Hospital Zagreb
Referral Center for Pediatric
Gastroenterology and Nutrition
Klai¢eva 16

HR-10000 Zagreb (Croatia)
E-Mail sanja.kolacek@kdb.hr

Berthold Koletzko
Division of Metabolic and Nutritional Medicine
Dr. von Hauner Children’s Hospital

Medical Center, Ludwig-Maximilians University of Munich

Lindwurmstrasse 4
DE-80337 Munich (Germany)
E-Mail office.koletzko@med.uni-muenchen.de



Sibylle Koletzko

University of Munich

Dr. von Hauner Children’s Hospital
Lindwurmstrasse 4

DE-80337 Munich (Germany)

E-Mail sibylle.koletzko@med.uni-muenchen.de

Terra Lafranchi

Department of Cardiology and Advanced Fetal Care Center
Boston Children’s Hospital

300 Longwood Avenue

Boston, MA 02115 (USA)

E-Mail Terra.Lafranchi@CARDIO.CHBOSTON.ORG

Michael J. Lentze

Fichtestr. 3

DE-53177 Bonn (Germany)

E-Mail michael.lentze@ukb.uni-bonn.de

Anita MacDonald

Dietetic Department

Birmingham Children’s Hospital
Steelhouse Lane

Birmingham B4 6NH (UK)

E-Mail Anita.macdonald@bch.nhs.uk

Maria Makrides

Healthy Mothers Babies and Children

South Australian Health Medical and Research Institute
Women'’s and Children’s Health Research Institute

72 King William Road

North Adelaide, SA 5006 (Australia)

E-Mail maria.makrides@health.sa.gov.au

Lenka Malek

Child Nutrition Research Centre

Women'’s and Children’s Health Research Institute
72 King William Road

North Adelaide, SA 5006 (Australia)

E-Mail lenka.malek@adelaide.edu.au

Robert M. Malina

10735 FM 2668

Bay City, TX 77414 (USA)

E-Mail rmalina@1skyconnect.net

Claire T. McEvoy

Centre for Public Health

School of Medicine, Dentistry and Biomedical Sciences
Queen’s University Belfast

Institute of Clinical Science B (First Floor)

Grosvenor Road

Belfast BT12 6BJ (UK)

E-Mail c.mcevoy@qub.ac.uk

Patricia Mena

INTA

University of Chile

Casilla 138-11

Santiago de Chile (Chile)
E-Mail pmenanani@gmail.com

Kim F. Michaelsen

Department of Nutrition, Exercise and Sports
Faculty of Life Sciences

University of Copenhagen

Rolighedsvej 26

DK-1958 Frederiksberg C (Denmark)

E-Mail kfm@nexs.ku.dk

Marialena Mouzaki

Hospital for Sick Children

555 University Avenue

Toronto, ON M5G 1X8 (Canada)

E-Mail marialena.mouzaki@sickkids.ca

Esther N. Prince

Pediatric Gastroenterology, Hepatology and Nutrition
University of Arkansas for Medical Sciences

4301 West Markham Street

Little Rock, AR 72205 (USA)

E-Mail enprince@uams.edu

Hildegard Przyrembel
Bolchener Str. 10

DE-14167 Berlin (Germany)
E-Mail h.przyrembel@t-online.de

John W.L. Puntis

Paediatric Office

A Floor, Old Main Site

The General Infirmary at Leeds
Great George Street

Leeds LS1 3EX, West Yorkshire (UK)
E-Mail john.puntis@leedsth.nhs.uk

Bram P. Raphael

Division of Gastroenterology, Hepatology and Nutrition
Boston Children’s Hospital

300 Longwood Avenue

Boston, MA 02115 (USA)

E-Mail Bram.Raphael@childrens.harvard.edu

Lesley Rees

Renal Office

Gt Ormond St Hospital for Sick Children NHS Trust
Gt Ormond Street

London WCITN 3JH (UK)

E-Mail REESL@gosh.nhs.uk

Xl



Rehana A. Salam

Division of Woman and Child Health
Aga Khan University

Stadium Road

PO Box 3500

Karachi 74800 (Pakistan)

E-Mail rehana.salam@aku.edu

Ali Faisal Saleem

Division of Woman and Child Health
Aga Khan University

Stadium Road

PO Box 3500

Karachi 74800 (Pakistan)

E-Mail ali.saleem@aku.edu

Seppo Salminen

Functional Foods Forum
Faculty of Medicine
University of Turku

FI-20014 Turku (Finland)
E-Mail seppo.salminen@utu.fi

Haroon Saloojee

Department of Paediatrics and Child Health
University of the Witwatersrand

Private Bag X39

Johannesburg 2000 (South Africa)

E-Mail haroon.saloojee@wits.ac.za

Marco Sarno

Department of Translational Medical Sciences
Section of Pediatrics

University Federico |l

Via Sergio Pansini n. 5

IT-80131 Naples (Italy)

E-Mail marc.sarno4@gmail.com

Lubaba Shahrin

Dhaka Hospital & Centre for Nutrition and Food Security
ICDDR,B, GPO Box 128

Dhaka 1000 (Bangladesh)

E-Mail lubabashahrin@icddrb.org

Raanan Shamir

Institute of Gastroenterology, Nutrition and
Liver Diseases

Schneider Children’s Medical Center of Israel
14 Kaplan St.

Petach-Tikva 49202 (Israel)

Sackler Faculty of Medicine

Tel Aviv University
E-Mail shamirraanan@gmail.com

Xl

Robert J. Shulman

Children’s Nutrition Research Center
1100 Bates Avenue, CNRC 8072
Houston, TX 77030 (USA)

E-Mail rshulman@bcm. edu

Carmel Smart

John Hunter Children’s Hospital

Department of Paediatric Endocrinology and Diabetes
NSW, Australia Hunter Medical Research Institute
School of Health Sciences

University of Newcastle

Newcastle, NSW (Australia)

E-Mail carmel.smart@hnehealth.nsw.gov.au

Noel W. Solomons

CeSSIAM

17a Avenida No. 16-89, Zona 11
Guatemala City 01011 (Guatemala)
E-Mail cessiam@guate.net.gt

Virginia A. Stallings

The Children’s Hospital of Philadelphia

Division of Gastroenterology, Hepatology and Nutrition
3535 Market Street, Room 1558

Philadelphia, PA 19104 (USA)

E-Mail Stallingsv@email.chop.edu

Michelle M. Steltzer

4930 North Ardmore Avenue

Whitefish Bay, Wisconsin 53217 (USA)
E-Mail michellesteltzer@uwalumni.com

Mimi L.K. Tang

Department of Allergy and Immunology
Royal Children’s Hospital

Melbourne, VIC (Australia)

E-Mail mimi.tang@rch.au

Anup Thakur

Department of Neonatology
Institute of Child Health

Sir Ganga Ram Hospital

New Delhi 110060 (India)

E-Mail dr.thakuranup@gmail.com

Riccardo Troncone

Department of Translational Medical Sciences
Section of Pediatrics

University Federico Il

Via Sergio Pansinin. 5

IT-80131 Naples (Italy)

E-Mail troncone@unina.it



Ricardo Uauy

INTA Santiago
University of Chile
Casilla 138-11

Santiago de Chile (Chile)
E-Mail uauy@inta.cl

Johannes B. van Goudoever

Emma Children’s Hospital AMC
Meibergdreef 9

NL-1105 AZ Amsterdam (The Netherlands)
E-Mail h.vangoudoever@amc.nl

Michael Wilschanski

Pediatric Gastroenterology and Nutrition Unit
Hadassah University Hospitals

Jerusalem (Israel)

E-Mail michaelwil@hadassah.org.il

Jayne V. Woodside

Centre for Public Health

School of Medicine, Dentistry and Biomedical Sciences
Queen’s University Belfast

Institute of Clinical Science B (First Floor)

Grosvenor Road

Belfast BT12 6BJ (UK)

E-Mail jwoodside@qub.ac.uk

Babette S. Zemel

The Children’s Hospital of Philadelphia

Division of Gastroenterology, Hepatology and Nutrition
3535 Market Street, Room 1560

Philadelphia, PA 19104 (USA)

E-Mail zemel@email.chop.edu

Noam Zevit

Institute of Gastroenterology, Nutrition and Liver Diseases
Schneider Children’s Medical Center of Israel

14 Kaplan St.

Petach-Tikva 49202 (Israel)

Sackler Faculty of Medicine
Aviv University
E-Mail noamze@clalit.org.il

Ekhard E. Ziegler

Department of Pediatrics
University of lowa

A-136 MTF, 2501 Crosspark Road
Coralville, IA 52241-8802 (USA)
E-Mail ekhard-ziegler@uiowa.edu

Xl



Preface

There is no other time in life when the provision of
adequate and balanced nutrition is of greater im-
portance than during infancy and childhood. Dur-
ing this dynamic phase of life characterized by
rapid growth, development and developmental
plasticity, a sufficient amount and appropriate
composition of substrates both in health and dis-
ease are of key importance for growth, functional
outcomes such as cognition and immune response,
and the metabolic programming of long-term
health and well-being. While a number of excellent
textbooks on pediatric nutrition are available that
provide detailed accounts on the scientific and
physiologic basis of nutrition as well as its applica-
tion in clinical practice, busy physicians and other
health care professionals often find it difficult to
devote sufficient time to the elaborate and exten-
sive study of books on just one aspect of their prac-
tice. Therefore, we developed this compact refer-
ence book with the aim to provide concise infor-
mation to readers who seek quick guidance on
practically relevant issues in the nutrition of in-
fants, children and adolescents.

The first edition was a great success, with more
than 50,000 copies sold in English, Chinese, Rus-
sian and Spanish editions. Therefore, we prepared
a thoroughly revised and updated second edition
with a truly international perspective to address
demanding issues in both affluent and economi-
cally challenged populations around the world.
This could only be achieved with the enthusiastic
input of a global editorial board. I wish to thank
my co-editors very much indeed for their dedicat-
ed help and support in developing this project as

well as for the great and very enjoyable collabora-
tion. Iam also most grateful to the authors from all
parts of the world, who are widely recognized ex-
perts in their fields, for dedicating their time, ef-
fort, knowledge and experience in preparing their
chapters. It has been a great pleasure to work close-
ly with the team at Karger publishers, including
Stephanie Konig, Tanja Sebuk, Peter Roth and oth-
ers, who did a fantastic and truly professional job
in producing a book of outstanding quality. Final-
ly, I wish to express my thanks to the Nestlé Nutri-
tion Institute and its representatives Dr. Natalia
Wagemans and Dr. Jose Saavedra for providing fi-
nancial support to the publisher to facilitate the
wide dissemination of this book. I am particularly
grateful to the Nestlé Nutrition Institute as it sup-
ported the editors and authors in making their ful-
ly independent choices with regard to the content
and course of the book and its chapters.

It is the sincere hope of the editors that the sec-
ond edition of this book will again be useful to
many health care professionals around the world,
and that it will contribute to further enhancing the
quality of feeding for healthy infants and children
as well as improving the standards of nutritional
care for sick children. We are keen to obtain feed-
back on this book from you, the readers and users,
including suggestions on which aspects could be
improved even further in future editions. Please do
not hesitate to contact the publisher or the editors
with your comments and suggestions. Thank you
very much, and enjoy reading the book!

Berthold Koletzko, Dr. Dr. h.c. mult.,
Professor of Pediatrics, Munich



1 Specific Aspects of Childhood Nutrition

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 1-5

DOI: 10.1159/000360310

1.1 Child Growth

Kim F. Michaelsen

Key Words

Weight - Height - Body mass index - Obesity -
Stunting - Wasting - Growth monitoring -
Insulin-like growth factor 1

Key Messages

« Growth s a sensitive marker of health and nutrition-
al status throughout childhood

+ Growth monitoring is important both for children
with disease conditions and for healthy children

 Early growth is associated with long-term develop-
ment, health and well-being

- Breastfed infants have a slower growth velocity
during infancy, which is likely to have beneficial
long-term effects ©2015 S. Karger AG, Basel

Introduction

Growth is a typical characteristic of childhood; it is
also a sensitive indicator of a child’s nutritional sta-
tus. Deviations in growth, especially growth re-
striction, but also excess fat accumulation typical of
obesity, are associated with greater risk of disease
both in the short and the long run. Monitoring
growth is therefore an important tool for assessing
the health and well-being of children, especially in

countries with limited access to other diagnostic
tools. It is also important in more advanced clinical
settings, but is often neglected, favouring more ex-
pensive, sophisticated examinations.

Growth of the Healthy Child

Growth during early life can be divided into peri-
ods: intrauterine, infancy, childhood and adoles-
cence. Each period has a characteristic pattern
and specific mechanisms that regulate growth
(fig. 1) [1]. Nutrition, both in terms of energy and
specific essential nutrients, exerts a strong regula-
tory effect during early life, growth hormone se-
cretion plays a critical role throughout childhood
and, finally, growth is modified by sex hormones
during puberty.

Insulin-like growth factor 1 mediates the ef-
fect of growth hormone on growth, but insulin-
like growth factor 1 release can also be influ-
enced directly by nutrients. Insulin, which has a
potent anabolic effect on fat and lean tissue gain,
is also positively associated with childhood
growth. Length and weight gain velocity is very
high during the first 2 months after birth, with
median monthly increments of about 4 cm and
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Fig. 1. The infancy-childhood-puberty growth model by
Karlberg [1].
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Fig. 2. Linear growth velocity according to age in girls
and boys. Modified after Tanner et al. [11, 12].

Fig. 3. Relative growth of different organ systems. From
Tanner [13], with permission.

0.9-1.1 kg, respectively. Then, growth velocity
declines until the pubertal growth spurt, which is
earlier in girls than in boys (fig. 2).

Different organs grow at very various rates
(fig. 3). The relative weight of lymphoid tissue is
greater in children than in adults and the size of
the thymus peaks by 4-6 months of age and then
decreases [2]. The brain, and thereby head cir-
cumference, grows mainly during the first 2 years
of life, with the head circumference reaching
about 80% of the adult values by 2 years. Body fat
mass, expressed as percent total body mass, in-
creases from birth to the age of about 6-9 months,
then decreases until the age of about 5-6 years,
followed by an increase (so-called ‘adiposity re-
bound’). These changes are reflected in reference
curves for both BMI and skinfolds (fig. 4). The
adiposity rebound typically occurs by 5-6 years
of age. If this happens earlier, the risk of develop-
ing obesity is increased [3].
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Fig. 4. Reference charts (percentiles) for subscapular skinfold (boy) and BMI. Modified after Tanner and Whitehouse

[14] and Nysom et al. [15].

Regulation of Growth

Many factors influence growth. Genetic influenc-
es are strong, but these can be modified by mul-
tiple environmental factors. Ethnic differences
are likely to be caused more by the environment
than by genetic factors. The new WHO growth
standards obtained for 0- to 5-year-old children
from different parts of the world show a similar
growth potential. Basically, under optimal nutri-
tional and socioeconomic conditions, the growth
pattern was the same, independent of geographic
and ethnic diversity (see Chapter 4.1). Other
studies show that with children of families mov-
ing to a country with very different dietary and
socioeconomic conditions, the growth pattern
can change over time (secular trend); within one
generation the growth pattern becomes more like

Child Growth

that in the adopted country. Adult height has in-
creased over the last decades in many popula-
tions. This secular change came to a haltin North-
ern Europe around the mid-1980s, while it con-
tinues to increase in other countries [4]. The age
of puberty differs considerably between popula-
tions, with later onset of puberty in populations
with poor nutritional status.

Nutrition has a central influence on growth,
especially during the first years of life. Breastfed
infants grow faster in their first months and are
slightly shorter at 12 months of age, they weigh
less and are leaner than formula-fed infants [5].
Breastfeeding also influences body composition.
Breastfed infants gain more fat during the first 6
months and gain more lean mass from 6 to 12
months of age than formula-fed infants [6]. The
growth pattern of breastfed infants is likely to
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play a role in the effects of breastfeeding on long-
term health. Differences in protein intake (qual-
ity and quantity) between breast- and formula-
fed infants are likely responsible for some of the
differences in growth pattern between breastfed
and formula-fed infants. This is in line with evi-
dence suggesting that cow’s milk promotes linear
growth, even in well-nourished populations [7].
There is some evidence suggesting that high
protein intake during the first years of life is as-
sociated with an increased risk of developing
overweight and obesity later in life [8, 9]. Other
aspects of nutrition are also important in devel-
opment of overweight and obesity, as discussed in
Chapter 3.5.

Nutritional Problems Affecting Growth

Globally, the most common cause of growth fail-
ure is inadequate dietary quality and, in some
cases, insufficient energy intake. Growth-related
nutrients, e.g. zinc, magnesium, phosphorus and
essential amino acids, are important. Overall,
protein deficiency is seldom a problem, but if the
protein quality is low (typically in diets based on
cereals or tubers), essential amino acids such as
lysine may be low in the diet, and this can have a
negative effect on growth. Undernutrition, i.e. low
weight-for-age, can be caused by low height-for-
age (stunting), low weight-for-height (wasting or
thinness) or a combination. In populations with
poor nutrition, stunting is regarded as a result of
chronic malnutrition and wasting a result of acute
malnutrition. However, both forms can coexist in
a given individual; thus this nomenclature is often
an oversimplification. Many acute and chronic
diseases result in poor appetite and eating difficul-
ties, and thus lead to malnutrition. Infections and
diseases with inflammation, such as autoimmune
diseases and cancers, are associated with anorexia.
Psychological problems can cause non-organic
failure to thrive and eating disorders with anorex-
ia can cause severe malnutrition.

Obesity is characterised by an increased body
fat mass, but as fat mass is too complicated to
measure routinely, BMI [weight (kg)/height (m)?]
is commonly used to describe overweight and
obesity. Children with overweight are often taller
than children with normal weight until puberty,
which they typically reach earlier than normal-
weight children. Thus, differences in height after
puberty tend to diminish.

Growth and Long-Term Health

There is strong evidence that deviations from the
average growth pattern, especially during early
life, are associated with impaired mental develop-
ment and increased risk of many non-communi-
cable diseases later in life. Examples are increased
risk of cardiovascular disease in individuals with
low birth weight, and increased risk of type 2
diabetes and obesity in individuals with a high
growth velocity during early life. Height as an
adult is also associated with several diseases, with
alow stature being associated with cardiovascular
disease and a tall stature being associated with
some types of cancer. Early nutrition affects both
early growth and long-term health, as described
in Chapter 1.5. However, the mechanisms are not
clear and there is limited information on the
extent to which either deviations in growth by
themselves or the factors responsible for these de-
viations in growth are the ‘real’ cause of increased
disease risk in later life.

Growth Monitoring

Regular measurements of weight and height and
plotting of weight curves during infancy and
childhood are important tools in monitoring the
health of children in both the primary health care
system and in hospital settings. Weight-for-age
curves are not sufficient, as it is not possible to de-
termine whether the reason a child has a low
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weight-for-age is shortness or thinness. There is a
need for both height-for-age and either weight-
for-height or BMI curves and assessment of recent
growth velocity to make a comprehensive nutri-
tion/growth evaluation. Definitions of abnormal
values are often provided on the basis of standard
deviations (SD), where stunting and wasting are
defined as values below -2 SD and severe wasting
and severe stunting as values below -3 SD. For a
definition of overweight and obesity, the Interna-
tional Obesity Task Force values are often used
[10]. Based on data from several countries, age-
specific BMI values were identified based on the
percentiles which, at 18 years, meet the male adult
values of 25 for overweight and 30 for obesity.
With the development of software, easily
available on the Internet (e.g. www.who.int/
childgrowth/software/en/), it has become easy to
enter weight and length data, to calculate percen-
tiles and SD scores and to plot the curves on a
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1 Specific Aspects of Childhood Nutrition
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1.2 Nutritional Assessment

1.2.1 Clinical Evaluation and Anthropometry

John W.L. Puntis
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Key Messages

+ Nutritional assessment includes feeding history,
clinical examination and anthropometry; basic hae-
matological and biochemical indices should also
be included if possible, in order to identify specific
nutrient deficiencies

+ Careful measurement of growth status and refer-
ence to standard growth charts is essential in order
to identify those children who are malnourished

- Addition of skinfold thickness measurements and
mid-upper-arm circumference allows estimation of
body composition; however, this is not often calcu-
lated in routine clinical practice

» There are a number of different ways of defining
malnutrition, and no definition is universally agreed
on

« Short-term malnutrition affects weight so that the
child becomes thin (‘wasting’; weight-for-height
and BMI below normal reference values)

+ Long-term malnutrition leads to poor linear growth
so that the child will have a low height-for-age
(‘stunting’)

« The point at which deteriorating nutritional status
demands invasive intervention (tube feeding) in or-
der to prevent adverse outcomes is unclear and will
depend on the underlying disease and the overall
clinical status of the individual child

- Serial measurements are required to monitor the
effectiveness of nutritional intervention

© 2015 S. Karger AG, Basel

Nutritional Assessment

Malnutrition impairs growth, in time leading to
multisystem disease. Nutritional status reflects
the balance between supply and demand and the
consequences of any imbalance. Nutritional as-
sessment is therefore the foundation of nutrition-
al care for children [1]. When judging the need
for nutritional support, an assessment must be
made both of the underlying reasons for any feed-
ing difficulties, and of current nutritional status.
This process includes a detailed dietary history,
physical examination, anthropometry (weight,
length; head circumference in younger children)
using appropriate reference standards, e.g. the



WHO standard growth charts [2] (see Chapter
4.1), and basic laboratory indices (see Chapter
1.2.4) if possible. In addition, skinfold thickness
and mid-upper-arm circumference measure-
ments provide a simple method for estimating
body composition [3].

Nutritional Intake

Questions regarding mealtimes, food intake and
difficulties with eating should be part of routine
history taking and give a rapid qualitative impres-
sion of nutritional intake (see Chapter 1.2.2). For
a more quantitative assessment, a detailed dietary
history must be taken which involves recording a
food diary or (less commonly) a weighed food in-
take. This would usually be undertaken in con-
junction with an expert paediatric dietician. Use of
compositional food tables or a computer software
programme allows these data to be analysed so that
amore accurate assessment of intake of energy and
specific nutrients can be made. When considering
whether such intakes are sufficient, dietary refer-
ence values provide estimates of the range of en-
ergy and nutrient requirements in groups of indi-
viduals [4]. Many countries have their own values
and international values have been published by
the Food and Agriculture Organization/WHO/
United Nations University. Dietary reference val-
ues are based on the assumption that individual
requirements for a nutrient within a population
group are normally distributed and that 95% of the
population will have requirements within 2 stan-
dard deviations (SD) of the mean (see Chapter
1.3.1). In a particular individual, intakes above the
reference nutrient intake are almost certainly ade-
quate, unless there are very high disease-induced
requirements for specific nutrients, while intakes
below the lower reference nutrient intake are al-
most certainly inadequate.

Clinical Evaluation and Anthropometry

Taking a Feeding History

A careful history is an important component of

nutritional assessment. Listed below are some of

the questions and ‘cross-checks’ that are integral
to an accurate feeding/diet history:

Infant: is the baby being breastfed or formula
fed?

For breastfed infants:

o How often is the baby being fed and for how
long on each breast? Check positioning and
technique

o Are supplementary bottles or other foods of-
fered?

For formula-fed infants:

o What type of formula? How is the feed made
up? i.e. establish the final energy content/
100 ml

o Iseach feed freshly prepared?

o How many feeds are taken over 24 h?

o How often are feeds offered: every 2, 3 or 4 h?

o What is the volume of feed offered each time?

o How much feed is taken?

« How long does this take?

o Isanything else being added to the bottle?

For older children:

o How many meals and snacks are eaten each
day?

o What does your child eat at each meal and
snack (obtain 1- or 2-day sample meal pat-
tern)

o How do the parents describe their child’s ap-
petite?

o Where does the child eat meals?

o Are there family mealtimes?

o Are these happy and enjoyable situations?

o How much milk does the child drink?

o How much juice does the child drink?

o How often are snacks/snack foods eaten?
(Further details are provided in Chapter

1.2.2.)
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Fig. 1. Weigh older children only in light clothing using
regularly maintained and calibrated scales.

Basic Anthropometry: Assessment of Body
Form

Accurate measurement and charting of weight
and height (‘length’ in children <85 cm, or un-
able to stand) is essential if malnutrition is to be
identified; clinical examination without charting
anthropometric measurements (‘eye-balling’)
has been shown to be very inaccurate [5]. For
premature infants up to 2 years of age, it is es-
sential to deduct the number of weeks born ear-
ly from actual (‘chronological’) age in order to
derive the ‘corrected’ age for plotting on growth
charts. Head circumference should be routinely
measured and plotted in children less than 2

Fig. 2. An infant measuring board; two people are re-
quired for accurate determination of length.

years old. Measurements should be made as fol-

lows:

Weight:

o Weigh infants less than 2 years old naked

o Weigh older children only in light clothing
(fig. 1)

o Use self-calibrating or regularly calibrated
scales

Length:

o If possible, use an infant measuring board,
measuring mat (easily rolled and transported)
or a measuring rod (www.gosh.nhs.uk/health-
professionals/clinical-guidelines/height-mea-
suring-a-child/#Rationale)

o Two people are required to use the measuring
board: one person holds the head against the
headboard while the other straightens the
knees and holds the feet flat against the move-
able footboard (fig. 2)

Height:

o Use a stadiometer if possible (fig. 3), a device
for standing height measurement comprising
a vertical scale with a sliding horizontal board
or arm that is adjusted to rest on top of the
head

o Remove the child’s shoes

o Ask the child to look straight ahead

o Ensure that the heels, buttocks and shoulder
blades make contact with the wall

Puntis
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Fig. 3. A stadiometer should be used
for accurate assessment of height.

Fig. 4. The mid upper arm is the
point halfway between the acromi-
on of the shoulder and the olecra-
non of the elbow (marked with a
pen).

Fig. 5. To determine mid-upper-arm
circumference, take the average of 3
readings made with a non-stretch
tape measure at the mid-upper-arm
point.

Head circumference:

o Use a tape measure that does not stretch

o Find the largest measurement around the mid
forehead and occipital prominence

Mid-upper-arm circumference:

o Mark the mid upper arm (halfway between the
acromion of the shoulder and the olecranon of

Clinical Evaluation and Anthropometry

the elbow; fig. 4), then use a non-stretch tape
measure and take the average of 3 readings at
the midpoint of the upper arm (fig. 5)
Skinfold thickness:
o Pinch the skin between two fingers and apply
specialised skinfold callipers (fig. 6); experi-
ence is needed to produce accurate and repeat-
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Fig. 6. Triceps skinfold thickness taken with Harpenden
callipers at the mid upper arm allows estimation of fat
energy stores and is useful for serial monitoring.

able measurements (http://healthsciences.
gmuc.ac.uk/labweb/Equipment/skin_fold_
calipers.htm); take triceps skinfold thickness
readings at the mid upper arm using the re-
laxed non-dominant arm; the layer of skin and
subcutaneous tissue is pulled away from the
underlying muscle, and readings are taken to
0.5 mm, 3 s after the application of the calli-
pers; measurements can also be taken at oth-
er sites (www.cdc.gov/nchs/data/nnyfs/Body_
Measures.pdf)

Growth

Growth rate in infancy is a continuation of the
intrauterine growth curve, and is rapidly deceler-
ating up to 3 years of age. Growth in childhood is
along a steady and slowly decelerating growth
curve that continues until puberty, a phase of
growth lasting from adolescence onwards. Dur-
ing puberty, the major sex differences in height
are established, with a final height difference of
around 12.5 cm between males and females.
Growth charts are derived from measurements of
many different children at different ages (cross-
sectional data). Data on growth of children are
distributed ‘normally’ (i.e. they form a ‘bell-

shaped’ curve). These data can be expressed
mathematically as mean and SD from the mean.
The centile lines delineate data into percentages:
the 50th centile represents the mean (average);
25% of children are below the 25th centile. The
normal range (approx. £2 SD from the mean) lies
between the 3rd and the 97th centile.

Normal Growth: Simple Rules of Thumb

Approximate average expected weight gain for a

healthy term infant:

« 200 g/week in the first 3 months

o 130 g/week in the second 3 months

o 85 g/week in the third 3 months

o 75 g/week in the fourth 3 months

« Birth weight usually doubles by 4 months and
triples by 12 months

Length:

o Increases by 25 cm in the first year

o Increases by 12 cm in the second year

By 2 years, roughly half the adult height is at-
tained

Head circumference:

 Increases by 1 cm/month in the first year

o Increases by 2 cm in the whole of the second
year

o Will be 80% of adult size by 2 years
(N.B.: growth rates vary considerably between

children; these figures should be used in con-

junction with growth charts.)

Patterns of Growth

Birth weight/centile is not always a good guide to
genetic potential; some infants cross centile lines
in the first few months of life (‘catch down’), but
from then on continue to follow along a lower
centile. The maximum weight centile achieved
between 4 and 8 weeks is the best predictor of
weight centile at 12 months. Infants born below
the 10th centile for gestational age may either
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Table 1. Criteria for malnutrition

Obese Overweight  Normal Mild Moderate Severe
malnutrition  malnutrition  malnutrition
Height-for-age, % 90-95 85-90 <85
Weight-for-height, % >120 110-120 90-100 80-90 70-80 <70
BMI >30 >25

have intrauterine growth retardation (IUGR) or
be within the normal 10% of the population who
fall below this line. Long-standing IUGR results
in low weight, head circumference and length
(‘symmetrically’ small); catch-up growth is un-
likely. Infants with late IUGR are thin but may
have head circumference and length on a higher
centile, and subsequently show catch-up in
weight. It should be noted that rates of growth
vary in young children, and assessments should
be based on serial measurements. A short-term
energy deficit will make a child thin (low weight-
for-height = wasting). A long-term energy deficit
limits height gain (and head/brain growth), caus-
ing stunting. Children who are chronically un-
dernourished may be both thin and short.
Assessment of linear growth potential:
o DPlot the height of both parents at the 18-year-
old end of the centile chart
o Add together parental heights and divide by 2
e Add 7 cm (male child) or subtract 7 cm (fe-
male) = mid parental height; mid parental
height + 8.5 cm (girl) or + 10 cm (boy) = target
height centile range

Anthropometric Indices and Definitions of
Malnutrition

Weight-for-height compares a child’s weight
with the average weight of children of the same
height, i.e. the actual weight/weight-for-height at
the 50th centile - for example, a 2.5-year-old girl
with height = 88 cm and weight = 9 kg: the 50th-

Clinical Evaluation and Anthropometry

Table 2. Wellcome classification of malnutrition

Marasmus <60% expected weight-for-age,

no oedema

Marasmic kwashiorkor <60% expected weight-for-age,

oedema present

Kwashiorkor <60-80% expected weight-for-

age, oedema present

Underweight <60-80% expected weigh-for-

age, no oedema

centile weight of a child who, at 88 cm, is on the
50th centile for height = 12 kg; therefore, weight-
for-height = 9/12 = 75% (‘moderate’ malnutri-
tion).

Weight-for-height can be expressed either as
percent expected weight or as z score. The z score
is commonly used when statistical comparisons
are made as it enables children of different sexes
and ages to be compared. A value on the 50th
centile would have a z score of 0, whereas values
on the 3rd and 97th centiles would be -2 and +2
SD, respectively. Mid-upper-arm circumference
(MUAC) provides a quick population screening
tool for malnutrition; reference charts are avail-
able [6]. MUAC may also be more appropriate for
some children in whom body weight is mislead-
ing (e.g. childhood cancer with large tumour
mass, liver disease with oedema). WHO stan-
dards show that in a well-nourished population
there are very few children aged 6-60 months
with an MUAC <115 mm; children below this
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cut-off have a highly elevated risk of death [7].
BMI is derived from weight in kilograms divided
by the square of the height in metres (kg/m?); it is
an alternative to ‘weight-for-height’ as an assess-
ment of nutritional status [8]. In a mixed popula-
tion of hospital inpatients there will be only a
slight difference in malnutrition prevalence us-
ing the SD score for either BMI or weight-for-
height.

Classifications of Malnutrition

There is no single, universally agreed definition of
malnutrition in children [9, 10], but the criteria
shown in table 1 are commonly used. The classi-
fication does not define a specific disease, but
rather clinical signs that may have different aeti-
ologies. Other nutrients such as iron, zinc and
copper may be deficient in addition to protein
and energy.

The Wellcome classification of malnutrition is
based on the presence or absence of oedema and
the body weight deficit (table 2). Severe acute
malnutrition in children aged 6-60 months is
now defined by the WHO as weight-for-height
below -3 SD or MUAC below 115 mm [7].

When to Intervene

Malnutrition is a continuum that starts with a nu-
trient intake inadequate to meet physiological re-
quirements, followed by metabolic and function-
al alterations and, in due course, by impairment
of body composition. Malnutrition is difficult to
define and assess because of insensitive assess-
ment tools and the challenges of separating the
impact of malnutrition from that of the underly-
ing disease on markers of malnutrition (e.g. hy-
poalbuminemia is a marker of both malnutrition
and severe inflammation) and on outcome. Nu-
tritional intervention may be indicated both to
prevent and to reverse malnutrition. In general,

the simplest intervention should be followed, if

necessary, by those of increasing complexity. For

example, energy-dense foods and calorie supple-

ments before progressing to tube feeding (see

Chapter 3.3). Parenteral nutrition should be re-

served for children whose nutrient needs cannot

be met by enteral feeding (see Chapter 3.4). When

simple measures aimed at increasing energy in-

take by mouth are ineffective, tube feeding should

be considered [11]; the following are suggested

criteria [12]:

o Inadequate growth or weight gain over >1
month in a child aged <2 years

o Weight loss or no weight gain for >3 months
in a child aged >2 years

o Change in weight-for-age of more than -1 SD
within 3 months for children aged <1 year

« Change in weight-for-height of more than -1
SD within 3 months for children aged >1 year

o Decrease in height velocity of 0.5-1 SD/year at
an age <4 years, and of 0.25 SD/year at an age
>4 years

o Decrease in height velocity of >2 cm from the
preceding year during midpuberty

Conclusions

o A detailed feeding history should be part of
routine nutritional assessment

o Expert dietetic assistance is required for more
objective assessment of nutritional intake, and
for appropriate further management

o Accurate assessment of growth by careful
measurement and reference to standard
growth charts is essential to define and moni-
tor nutritional status

o Malnutrition is a dynamic and complex pro-
cess, without clearly agreed definitions

o The clinical status and particular needs of
each individual child require careful evalua-
tion when planning nutritional support

Puntis
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1.2 Nutritional Assessment

1.2.2 Diet History and Dietary Intake Assessment

Pauline Emmett
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Key Messages

« Assessment of dietary intake is essential in under-
standing the nutritional status of an individual child

+ Assessment of the barriers to intake and absorption
is integral to this process

+ Assess food and drink intake in the individual child
by taking a detailed dietary history, usually from the
parent and child together

« Use information gained to tailor treatment and ad-
vice

« This is a skilled job requiring training to perform
and expertise to interpret; use a dietician or experi-
enced clinician, if possible ~ ©2015S. Karger AG, Basel

Introduction

This chapter will deal with methods to use for the
assessment of an individual child who has pre-
sented with a problem that may have a dietary
origin. The fact that we are dealing with an indi-
vidual child in need of diagnosis and treatment

or advice dictates the methods to be used. In as-
sessing the nutritional status of a child, it is im-
portant to ascertain whether their likely needs are
being covered by their dietary intake. This will
include the assessment of any barriers to intake
or absorption of nutrients from the foods con-
sumed.

For children below the age of 8-10 years (de-
pending on the individual child’s maturity), par-
ents or caregivers will be the main source of reli-
able information. Children below this age do not
have the cognitive skills necessary to answer
questions about foods eaten accurately enough for
assessment [1]. Even with older children, it is best
to obtain corroboration and expansion of child-
supplied information from parents, although this
process needs careful handling. Interviewing the
child and parent together in a collaborative way is
probably the way to start. If conflict arises at this
stage, this may be an important indicator of the
source of any dietary problems found.

To carry out this process is a skilled job re-
quiring a high level of expertise to achieve the
desired result of discovering the presence of like-
ly dietary problems and to formulate recommen-
dations for improvement. If available, a dietician
will have the training and expertise to carry out



Table 1. Dietary assessment of an individual child

Assess barriers to obtaining an adequate dietary intake

Physical problems - chewing, swallowing, use of utensils, consistency of food, etc.

Psychological problems — will only eat certain foods, in particular places, using particular plates, etc.

Parental or socio-economic problems - not enough/too much food available, parents not able to provide correct
food for a particular reason (financial, illness), conflict between child and parent over food

Assess barriers to absorption of nutrients

Physical - diarrhoea, vomiting, regurgitation, use of purgatives, etc.

Dietary - types of foods eaten in combination (this will be assessed after the diet history has been taken -

see below)

Physical activity - is the child very inactive compared to peers, does the child exercise excessively or compulsively

Assess foods and drinks consumed
Talk through and record (as the interview proceeds) a normal day’s meals with the child/parent; use prompt
questions and follow-up questions about foods mentioned. The examples given at breakfast below need to be
tailored to the foods/drinks taken at each meal as the day progresses. Expand to cover a week for complex meals

What do you have for breakfast usually?

Bread - type? — how many slices? - Is anything normally spread on the bread, etc.

Breakfast cereal - type? — milk added? Etc.

What do you usually have to drink?

Do you usually have anything else at this time of the day?

Do you usually have anything before breakfast?

Do you usually have anything in mid-morning?

Do you usually have anything at mid-day?

Do you usually have anything in mid-afternoon?

Do you usually have anything in late afternoon?

Do you usually have anything in early evening?

Do you usually have anything in late evening?

Do you usually take any food or drink to bed?

Do you usually get up in the night to eat or drink anything?

Do you take any vitamins or other food supplements? How often do you take these?

and interpret this type of assessment; otherwise,

a clinician who is an expert in these procedures
should be used.

Assessment of Barriers

The main dietary problem may be a barrier to in-
take or absorption which has led to the dietary
deficiency. It is important, therefore, to ask some
straightforward questions about the possible bar-
riers. The most likely barriers to intake are listed
in table 1, and an affirmative answer to any of
these should lead to a tailored course of action

Diet History and Dietary Intake Assessment

with a view to improving intake. This may involve
other professionals with particular expertise to
deal with the problem, such as speech therapists,
psychiatrists, child feeding behaviour specialists,
social workers, etc. These barriers may not be easy
to resolve, but dietary intake is unlikely to im-
prove if they are ignored.

Dealing with the barriers to absorption may
also lead to referral to other professionals; how-
ever, if the barrier is due to the combinations of
foods consumed, this will need to be assessed
during the taking of the dietary history. During
this process, it should be possible to formulate the
advice necessary to correct the problem.
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Dietary History Method

The diet history method aims to find out what is
being eaten or drunk by the subject over the
course of a usual day [2]. For some eating occa-
sions and meals, this is a relatively simple task,
because some basic foods are eaten at similar
times almost every day. For the more complex
meals, the usual day needs to be expanded: for the
purposes of this type of assessment, covering a
usual week will provide enough information in
the first instance. The questioning should be sys-
tematic with standard prompts and follow-up
questions, as listed in table 1; however, some re-
sponses may be unexpected and should be probed
with further questions at the time. Always return
to the basic plan of the interview after a diversion
in order to cover the whole day. A record should
be kept during the interview of what is being said;
this could be a voice or video recording if the
child/parent is happy to allow it.

It is important to keep in mind the length of
the interview because if the interview is very
long, the child/parent may become bored or
stressed and give less accurate answers. It may be
possible to split the interview into sections car-
ried out at different times. A simple diet history
would typically take 45 min to complete, but if
the usual foods consumed are complex, it may
take much longer.

It is imperative not to show surprise or to
comment on what is being consumed during the
assessment, because it is important not to influ-
ence the answers given by the child/parent. The
aim is to obtain as accurate a picture as possible
of the child’s normal diet. This should give a
reasonable understanding of the type of foods
usually eaten and should allow a basic assess-
ment of whether there is likely to be a dietary
problem. This information will also help to tai-
lor any dietary advice needed to the individual
situation.

Diet Records

As a helpful adjunct to the main method, the par-
ent/child could be asked to keep a record of all the
foods and drinks consumed by the child over a
period of time [3]. Typically, this would be for at
least 24 h but may be between 3 and 7 days. In
some circumstances, it could be helpful to request
that diet records are kept for a few days prior to
the initial interview; they could then be used to
speed up the gaining of the detailed diet history.
Another area where they could be extremely help-
ful is in monitoring the child’s diet over time, ei-
ther to understand further the dietary problem
that has presented or to assess the degree to which
advice is being followed. In the latter case, asking
the child/parent to record the child’s food and
drink intake once or twice a week over the period
between consultations may be more helpful than
asking for more continuous recording. When the
diet records are received, they should be used as a
basis for follow-up questions to clarify any parts
that are not explicit. They can then be used to re-
inforce and adapt the dietary advice that has been
prescribed. If the parent/child is unable to keep a
record, then asking them at the follow-up consul-
tation about foods/drinks consumed by the child
over the previous 24 h could be helpful in inform-
ing the next stage of the consultation.

Interpretation and Advice

Table 2 lists some of the key aspects to consider in
interpreting a dietary assessment of a particular
child. As suggested, the interpretation is driven
by the problems with which the child has present-
ed, and examples are given for the most common
diseases related to diet. The type of health profes-
sional most likely to be of help in each situation is
also suggested.

The main usefulness of the dietary informa-
tion collected is to get an understanding of the
balance of the foods consumed, of any obvious

Emmett
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Table 2. Key aspects to consider in interpreting a dietary assessment

This will depend on the problem that the individual child presents with:

Slow weight gain/weight loss/eating behaviour problems
Barriers to intake or absorption are likely to be the main problem
Diet history is likely to show a limited food intake either in amount or range of foods consumed
Consider involving a child feeding behaviour specialist

Anaemia or low blood concentrations of other key nutrients

Barriers less likely to be the main problem

Diet history is likely to show a poor balance of foods consumed

e.g. for anaemia - check

enhancers: meat, fruit, vegetables, vitamin C [5]

inhibitors: cow’s milk, tea, calcium [5]

Consider involving a dietician
Overweight, obesity and diabetes

Barriers less likely to be the main problem

Inactivity may be a factor

Diet history is likely to show a poor balance of foods consumed

e.g. for all three morbidities - check

promotors: snack foods, sweet foods, soft drinks [6]

inhibitors: fruits, vegetables, wholegrain cereals [6]

Consider involving a dietician

nutrient deficiencies or excesses and of any barri-
ers to intake or to following the advice given. Ad-
vice should then be tailored accordingly. It is es-
sential to involve both the child and the parent(s)
(and any significant other carers) in understand-
ing any dietary advice prescribed. Nutrient anal-
ysis of the diet history or food records collected
can be used as a summary of the diet, but the fig-
ures obtained are not accurate at the level of the
individual and thus should only be used as a
rough indicator of dietary adequacy.

After the initial dietary history, if the child is
thought to have an inadequate diet, advice may be
given about incorporating dietary sources of the
relevant nutrients into the child’s diet or about the
addition of suitable supplements. Wherever pos-
sible, dietary solutions should be encouraged,
since, once established, they tend to be more sus-
tainable than supplement use. Furthermore,
foods tend to provide a mixture of nutrients, fibre
and different textures, and it is not always under-
stood which is providing the beneficial effect; in-
deed, it may be that it is the combination that is
important rather than one constituent alone.

Diet History and Dietary Intake Assessment

If, during the monitoring phase of working
with the child, more than 7 days of reasonably
complete food records have been accumulated,
then nutrient analysis may be informative. This
requires a suitable dietary analysis programme
which can accommodate all the foods eaten and
provide up-to-date nutrient contents for all the
nutrients of interest [4]. Obtaining this type of
analysis package needs careful thought, since
foods change over time and off-the-shelf versions
of packages do not always cover culturally spe-
cific foods, new foods on the market or some spe-
cific nutrients. Again, it is best to involve an ex-
pert dietician in this process.

Conclusions

o Assessment of diet in a clinical setting with an
individual child requires a different set of con-
siderations than assessing diet in groups of chil-
dren. The aim should be to diagnose the par-
ticular dietary problem and provide suitable
treatment or advice to alleviate the problem
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Individualised assessment of diet and barriers
to dietary intake or absorption is required be-
fore diagnosis, followed by the formulation of
tailored treatment and advice and the moni-
toring of how that advice is being worked out
over time

Dietary assessment requires particular exper-
tise in understanding how a balanced diet is
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1.2 Nutritional Assessment

1.2.3 Use of Technical Measurements in Nutritional
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Key Messages

+ Accurate nutritional assessment should be an inte-
gral part of pediatric care and may require technical
measurements

« The measurement of resting energy expenditure
using indirect calorimetry is the best available
method to accurately estimate a child’s caloric
needs to promote weight gain or maintenance

+ In addition to anthropometry, the most commonly
used clinical method of body composition assess-
ment is dual-energy X-ray absorptiometry (DXA).
DXA-based bone density measurements are in-
creasingly being used to assess bone health in chil-
dren with chronic diseases  ©2015 S. Karger AG, Basel

Introduction

Accurate nutritional assessment should be an in-
tegral part of pediatric care. Children at risk of
malnutrition or who are chronically ill should
undergo a detailed nutritional assessment, which

sometimes requires technical measurements. An
important aspect of nutritional assessment is es-
timating daily energy needs for optimal growth
and development. This is especially important in
children with health conditions causing under-
nutrition or obesity. However, the energy needs
of such children can be difficult to estimate [1].
Resting energy expenditure (REE) represents a
large portion of the energy needed each day. The
measurement of REE using indirect calorimetry
is the best available method to accurately estimate
an individual child’s caloric needs to promote
weight gain or maintenance.

Growth evaluation by measuring length or
stature and weight is the first step in nutritional
assessment, but measurement of body composi-
tion provides more detailed information about
nutritional status than anthropometry alone.
The relative and absolute amounts of muscle, fat
and bone change during growth [2]. In addition
to anthropometry, the most commonly used clin-
ical method of body composition assessment is
dual-energy X-ray absorptiometry (DXA). Al-
though mainly used to assess bone health, whole-
body DXA scans also provide measurements of
three compartments: bone, fat and lean body
mass. DXA-based bone density measurements



are increasingly being used to assess bone health
in children with chronic diseases. Other methods
of body composition and bone density measure-
ment are mainly research tools that are not read-
ily applicable to the clinical setting.

Resting Energy Expenditure

Estimating daily energy needs is particularly im-
portant in caring for children with varying pedi-
atric diagnoses that result in undernutrition or
obesity. Their energy needs are difficult to esti-
mate because of variations in metabolic demands
of illness and physical activity as well as the pro-
portion of the body composed of lean tissue. REE
accounts for 60-70% of total daily expenditure
and is used to estimate total energy needs in order
to achieve a specific clinical goal: weight mainte-
nance, loss or gain.

Prediction equations based on age, sex, weight
and length/height have been developed to esti-
mate REE when direct measurement is not pos-
sible. Unfortunately, these equations, derived
from measurements of healthy children, do not
perform well for children with serious health
conditions or altered body composition. The op-
timal approach is to measure REE using an indi-
rect calorimeter or metabolic cart that measures
oxygen consumption and carbon dioxide pro-
duction.

Accurate REE measurement by indirect calo-
rimetry requires standardized conditions such as
early-morning testing after a night of restful
sleep and an 8- to 12-hour (or age- or disease-
appropriate) fast. A 40- to 60-min test enables
initial environmental adjustment and exclusion
of measurements during episodes of movement.
During the test, the patient should be in a quiet,
awake and calm state, be in a supine position and
not have performed any physical activity or re-
ceived any medications known to change heart
rate (such as bronchodilators). Developmentally
normal children who are at least 5 years of age

20

typically do well while watching a movie. Infants
are evaluated while sleeping. Children with de-
velopmental delay often require sedation with a
short-acting oral agent.

Energy needed for growth or physical activity
or to support therapeutic growth acceleration
must be added to the REE to estimate total energy
requirements. Table 1 shows the dietary reference
intake prediction equations for estimated energy
requirements (kcal/day) and physical activity
factors for healthy infants and children [3]. For
hospitalized or ill children with less spontaneous
physical activity, a factor of 1.3-1.5 x REE is a
better estimate of energy needs. Additional cor-
rections are made for disease severity (such as in
children with cystic fibrosis) or malabsorption.
In patients who require ‘catch-up’” growth, addi-
tional energy may need to be factored into the
energy requirement estimation to achieve the de-
sired rate of growth.

Dual-Energy X-Ray Absorptiometry

DXA is a low-energy X-ray technique (radiation
exposure less than a day’s background exposure)
that measures body composition and regional
bone mass and density. DXA-based bone mineral
content (BMC; g) and density (BMD; g/cm?)
measurements are important in clinical care for
identifying children at risk of poor bone accrual
and osteoporosis [4]. Risk factors for pediatric
bone disease include immobility, malabsorption,
inflammation, endocrine disturbances and use of
medications known to affect bone health, such as
chronic glucocorticoid therapy.

BMC or BMD values of the lumbar spine and
total body (excluding the head) should be com-
pared with reference values for healthy children
of the same age and sex and expressed as a z-score
or standard deviation (SD) score. Adjustment for
height is reccommended for children with altered
growth [5]. A z-score of 0 is equal to the median
value for the reference population of children of
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Table 1. Prediction equations for estimated energy requirements (kcal/day) and physical activity coefficients for
healthy children

Infants Prediction equations
0-3 months 89 - weight (kg) - 100 + 175
3-6 months 89 - weight (kg) - 100 + 56
6-12 months 89 - weight (kg) - 100 + 22
12-24 months 89 - weight (kg) - 100 + 20
Males General prediction equation’ Sedentary PA Low active PA  Active PA Very active PA
coefficient coefficient coefficient  coefficient
3-8years 88.5-61.9-age + PAL - 1.00 1.13 1.26 1.42
[(26.7 - weight) + 903 - (height)] + 20
9-18 years 88.5-61.9-age + PAL- 1.00 1.13 1.26 1.42
[(26.7 - weight) + 903 - (height)] + 25
>18 years 662 -9.53-age + PAL - 1.00 1.11 1.25 1.48
[(15.91 - weight) + 539.6 - (height)]
Overweight 114-509-age + PAL - 1.00 1.12 1.24 1.45
3-18years [(19.5 - weight) + 1,161.4 - (height)]
Females General prediction equation’ Sedentary PA Low active PA  Active PA Very active PA
coefficient coefficient coefficient  coefficient
3-8years 135.3-30.8-age + PAL - 1.00 1.16 1.31 1.56
[(10 - weight) + 934 - (height)] + 20
9-18 years 135.3-30.8-age + PAL - 1.00 1.16 1.31 1.56
[(10 - weight) + 934 - (height)] + 25
>18 years 354-6.91-age + PAL - 1.00 1.12 1.27 145
[(9.36 - weight) + 726 - (height)]
Overweight 389-41.2-age +PAL- 1.00 1.18 1.35 1.60
3-18years [(15 - weight) + 701.6 - (height)]

PA = Physical activity; PAL = PA level.

'Each prediction equation uses weight (kg) and height (m) and requires that a PA coefficient be included in the calculation of the
estimated energy requirement. The PA categories, based on PAL (calculated as the ratio of total energy expenditure to REE), are as
follows: sedentary = PAL is estimated to be >1.0 and <1.4; low active = PAL is estimated to be >1.4 and <1.6; active = PAL is estima-
ted to be >1.6 and <1.9; very active = PAL is estimated to be >1.9 and <2.5. Adapted from Food and Nutrition Board and Institute of
Medicine [3].

the same age and sex; a z-score of -1 means the
patient’s value is 1 SD below the median value for
the reference population. In clinical practice,
BMC or BMD z-scores between -2 and +2 are
considered to be in the normal range; a BMC or
BMD z-score of less than -2 is considered low for
chronological age. Based on these findings and
the patient’s clinical needs, the practitioner de-
cides how best to increase bone accretion. Op-
tions may include optimizing calcium and vita-
min D in the diet, supplementing with calcium

Use of Technical Measurements in Nutritional Assessment

and/or vitamin D and prescribing weight-bear-
ing physical activity.

Whole-body DXA scans estimate lean body
mass, fat mass and percent body fat in less than 5
min. Pediatric reference ranges are now available
for percent body fat [6] as well as lean body mass
index [lean body mass (kg)/height (m)?] and fat
mass index (kg/m?) [7]. DXA body composition
assessment is not regularly used in the clinical set-
ting, but it may prove to be useful in the diagnosis
and treatment of obesity. In cases where it is dif-
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ficult to distinguish whether children with a high
body mass index have excess adiposity, skinfold
assessment can be used to make this distinction.
However, skinfold measurements by less experi-
enced anthropometrists are subject to measure-
ment error, and DXA assessments are more accu-
rate. As DXA-based cutoff points are established
for the level of body fat associated with the health
risks of obesity, DXA could become a commonly
used tool in the diagnosis and treatment of obesity.

Other Techniques for Assessing Body
Composition

Other body composition measurement tech-
niques include air displacement plethysmogra-
phy (Bod Pod and Pea Pod) and bioelectrical
methods such as bioelectrical impedance analyz-
ers (BIA). Bod Pod, Pea Pod and BIA are current-
ly not used in the clinical care of individual pa-
tients who have illnesses that influence body
composition and hydration. However, these
methods are used in research settings to describe
important changes in body composition in groups
of subjects. With further research experience and
the necessary healthy infant and child reference
data, body composition assessment will likely
move into the clinical care setting.
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ergy needs in order to achieve weight mainte-
nance or gain in children;

o include DXA to measure bone mass and den-
sity in children at risk of bone disease and
body composition for the diagnosis and treat-
ment of obesity in some settings;

 do not include Bod Pod, BIA, CT and MRI, as
these are primarily research tools
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1.2 Nutritional Assessment

1.2.4 Use of Laboratory Measurements in

Nutritional Assessment
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Key Messages

« Identification and prevention of malnutrition is cru-
cial in the ill child

+ An understanding of the relationship between
measures of visceral protein status and inflamma-
tory responses and changes in fluid status is key
to avoid misinterpretation

« The approach to evaluating vitamin deficiency
should be determined by an understanding of
predisposing conditions ©2015 S. Karger AG, Basel

Introduction

Laboratory tests may aid in the diagnosis of pri-
mary childhood malnutrition (resulting from in-
adequate intake) and are invaluable in guiding
therapeutic decisions in secondary malnutrition
(resulting from conditions of increased need for
or losses of substrate). Because nutritional status
is an independent predictor of outcome in the
sick child, strict attention to indicators of visceral

protein stores and vitamin or mineral deficiencies
is imperative.

Although signs and symptoms of specific nu-
trient deficiencies commonly overlap and multi-
ple deficiencies are frequently encountered, a ju-
dicious approach to ordering laboratory tests is
recommended. While a rather comprehensive list
of laboratory tests is presented here, clinical sus-
picion should guide the selection of specific in-
vestigations. Depending on the clinical labora-
tory facilities, turnaround time on certain tests
may preclude their usefulness in the acute set-
ting. Familiarity with these limitations will help
to avoid ordering tests that do not contribute
meaningfully to the management of a child. Ta-
ble 1 provides a summary of the laboratory tests
discussed here, including their normal values,
signs and symptoms of the deficiency state, and
pitfalls to avoid in their interpretation.

Protein

Assessment of visceral protein stores is commonly
made by measuring serum proteins (table 2), most
commonly albumin, prealbumin (transthyretin)
and retinol-binding protein. Interpretation of



Table 1. Frequently used laboratory tests in the assessment of childhood nutrition

Test (specimen)

Normal range'

Function/description

Deficiency

Pitfalls to avoid

Albumin Infant: 29-55 g/I Most abundant serum Negative acute-phase reactant
(serum) Child: 37-55 g/1[2] protein, half-life 20 days 1 with hepatic synthetic
dysfunction
Changes with hydration status
and fluid shifts
Alkaline Infant: 150-420 U/I Zinc-dependent metallo- Low alkaline phosphatase
phosphatase 2-10 years: 100-320 U/I enzyme found in liver, bone, warrants consideration of zinc
(serum) Adolescent boy: 100-390 U/I biliary epithelium, kidney deficiency
Adolescent girl: 100-320 U/I and intestine
Adult: 30-120 U/I
a-Antitrypsin - <6 months: <4.5 mg/g of stool Measure of protein loss from Unstable at pH <3, unsuitable
(stool) >6 months: <3 mg/g of stool [3] the gut to assess gastric protein loss [4]
Biotin 214-246 pmol/I [5] Water-soluble vitamin, Dermatitis, glossitis, alopecia, Anticonvulsants, hemodialysis
(serum) cofactor for carboxylases poor growth, ataxia, weakness, and parenteral nutrition may
depression and seizures give rise to deficiency
Calcium Preterm: 1.6—2.8 mmol/I Skeletal integrity, cofactor Fatigue, muscular irritability, Factitious hypocalcemia caused
(serum) Term to 10 days: 1.9-2.6 mmol/I in clotting cascade and tetany and seizures by low albumin (50% is bound

10 days to 2 years: 2.3-2.8 mmol/I
2-12years: 2.2-2.7 mmol/I|
Adult: 2.2-2.5 mmol/I

neuromuscular function

to albumin)

Ceruloplasmin

Birth to 3 months: 40-160 mg/|

Carries 90% of serum copper

Positive acute-phase reactant

(serum) 3-12 months: 290-380 mg/I
1-15 years: 230-490 mg/I [3]
Copper 11-22 pmol/I [2] Mineral cofactor for Anemia, neutropenia, Supraphysiologic doses of iron
(serum) superoxide dismutase and depigmentation, characteristic ~ or zinc may impair absorption
enzymes of connective hair changes, weakened bone  of copper [5]
tissue synthesis and connective tissue [5]
Creatinine Neonate: 27-88 pmol/I Product of muscle creatinine- Diminished glomerular
(serum) Infant: 18-35 pmol/I phosphate metabolism; level filtration rate, cimetidine,
Child: 27-62 pmol/I parallels muscle mass cephalosporins and
Adolescent: 44-88 pmol/| trimethoprim may increase
Adult male: 80-115 pmol/I serum creatinine [6]
Adult female: 53-97 pmol/I
Elastase >200 pg/g of stool Indicator of exocrine Sensitivity and specificity in
(stool) pancreas sufficiency mild insufficiency unclear [8]
Fat <3 years: >85% Indicator of fat malabsorption Classically, a 72-hour stool
(stool) >3 years: >95% collection with diet diary and
(expressed as coefficient of adequate fat intake
absorption)
Ferritin Neonate: 25-200 pg/| Major storage form of iron; Positive acute-phase reactant
(serum) 1 months: 200-600 g/ levels mirror body reserves

2-5 months: 50-200 pg/I

6 months to 15 years: 7-140 pg/I
Adult male: 20-250 pg/I

Adult female: 10-120 pg/I

Early and sensitive indicator
of iron deficiency anemia

Folate (serum)

Neonate: 16-72 nmol/I
Child: 4-20 nmol/I
Adult: 10-63 nmol/I

Water-soluble vitamin, role
in DNA/RNA synthesis and
amino acid metabolism

Macrocytic anemia,
hypersegmented neutrophils,
glossitis, stomatitis, poor
growth and fetal neural tube
defects

Deficiency may be clinically
indistinguishable from that of
By, but the latter has
neurological signs
Methotrexate, phenytoin and
sulfasalazine antagonize folate
utilization
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Table 1 (continued)

Test (specimen) Normal range’ Function/description Deficiency Pitfalls to avoid
Hemoglobin 0-8 days: 2.06-3.79 mmol/I Oxygen-carrying moiety Microcytic Influenced by hydration status,
(whole blood) 9 days: 1.66-3.33 mmol/I in RBC Iron deficiency, chronic nutrition and pregnancy

3 months: 1.53-2.25 mmol/I

1 year: 1.38-2.14 mmol/I
3years: 1.58-2.31 mmol/I

11 years: 1.72-2.43 mmol/|
Adult male: 1.86-2.48 mmol/I
Adult female: 2.17-2.79 mmol/I|

disease

Normocytic

Chronic disease, acute
bleeding

Macrocytic

By, folate deficiency

Iron (serum) Neonate: 17.9-44.8 umol/I
Infant: 7.2-17.9 pmol/I
Child: 9-21.5 umol/I

Adult male: 11.6-31.3 pmol/I

Adult female: 9-30.4 pmol/I

Component in heme and
cytochrome proteins

Microcytic anemia, pallor,
weakness and dyspnea

Transferrin is a sensitive
measure of body iron stores;
however, it is a negative
acute-phase protein

Lymphocytes >1,500/mm? Total lymphocyte count is
(whole blood) inversely correlated to degree
of malnutrition [6]
Magnesium 0.63-1.00 mmol/I Important for neuromuscular  Arrhythmia, tetany, 1 by low serum albumin
(serum) conduction; enzyme cofactor  hypocalcemia and 1 by hemolyzed specimens
hypokalemia
pH (stool) >5.5(7] Low fecal pH usually implies Improper specimen processing
carbohydrate malabsorption may lead to falsely low values
Phosphorus Neonate: 1.45-2.91 mmol/I| Vital for energy transfer at Confusion, respiratory distress,  ‘Refeeding syndrome’ is
(serum) 10 days to 2 years: 1.29-2.1 mmol/l  cellular level tissue hypoxia, bone hypophosphatemia and
3-9years: 1.03-1.87 mmol/I abnormalities and 1 alkaline hypokalemia complicating
10-15 years: 1.07-1.74 mmol/I phosphatase nutritional rehabilitation of the
>15 years: 0.78-1.42 mmol/I severely malnourished patient
Prealbumin Neonate: 70-390 mg/| Gauge of visceral protein Negative acute-phase reactant
(serum) 1-6 months: 80-340 mg/I stores; half-life of 2 days

6 months to 4 years: 120-360 mg/I
4-6 years: 120-300 mg/I
6-19 years: 120-420 mg/I

Prothrombin 11-155[2] Used to assess vitamin K Also prolonged in liver

time (plasma) sufficiency, although dysfunction, malabsorption
better assessed with syndromes, prolonged
undercarboxylated antibiotic use and warfarin
prothrombin (PIVKA-II) therapy

Reducing Negative Presence suggests carbo- Improper specimen processing

substances hydrate malabsorption may lead to falsely normal

(stool) values

Retinol-binding
protein (serum)

<9years: 10-78 mg/I
>9 years: 13-99 mg/I [2]

Gauge of visceral protein
stores; half-life of 12 h

Negative acute-phase reactant
Lin vitamin A deficiency,
hepatic dysfunction

Tinrenal failure

Selenium
(serum)

Preterm: 0.6-1 pmol/I
Term: 0.8-1.1 pmol/I
1-5years: 1.4-1.7 umol/I
6-9 years: 1.4-1.8 umol/I
>10 years: 1.6-2.1 umol/I [5]

Trace mineral essential for
glutathione peroxidase

Cardiomyopathy (Keshan
disease), myositis and nail
dystrophy

Preterm (1st week): 1.1-8.9 mmol/I
Neonate: 0.7-6.7 mmol/I
Infant/child: 1.8-6.4 mmol/I

Adult: 2.1-7.1 mmol/I

Urea nitrogen
(serum)

Produced in liver from
protein degradation and
excreted renally

L in low-protein-intake states
1 in high-protein diets, but also
kidney disease
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Table 1 (continued)

Test (specimen) Normal range’

Function/description

Deficiency

Pitfalls to avoid

Vitamin A Preterm: 0.46-1.6 umol/I Fat-soluble vitamin that Reversible night blindness (1st 1 in liver disease, zinc deficiency
(serum) Term: 0.63-1.75 pmol/I functions in vision, clinical manifestation), which, [5]
1-6 years: 0.7-1.5 umol/I maintenance of epithelial uncorrected, can progress to 1 with oral contraceptive pill
7-12 years: 0.9-1.7 pmol/I tissue and immunity; 90% corneal scarring use
13-19 years: 0.9-2.5 umol/I stored in liver
Vitamin B, Measure RBC transketolase activity Water-soluble vitamin with Beriberi: cardiac failure,
- thiamine <15% [2] role in oxidative peripheral neuropathy +
(whole blood) phosphorylation and pentose  edema
phosphate pathway Wernicke encephalopathy,
Korsakoff syndrome
Vitamin B, Measure RBC glutathione Water-soluble vitamin that Dermatitis, cheilitis, glossitis
- riboflavin reductase activity facilitates redox reactions and visual impairment
(whole blood)  <20% [2]
Vitamin B Measure pyridoxal 5'-phosphate  Cofactor for enzymes in Microcytic, hypochromic 1 level with isoniazid treatment
- pyridoxine concentration aminotransferase reactions anemia, dermatitis, cheilosis,
(plasma) 14.6-72.8 nmol/I [3] including 8-aminolevulinic stomatitis, peripheral
acid and the manufacture of ~ neuropathy, seizures and |
serotonin [5] AST and ALT
Vitamin By, Neonate: 118-959 pmol/I Water-soluble vitamin active Megaloblastic anemia, 1 by phenytoin, proton-pump
- cobalamin Infant/child: 148-616 pmol/I in DNA synthesis and hypersegmented neutrophils inhibitors, neomycin and folate
(serum) branched-chain amino acid and glossitis, stomatitis, deficiency
metabolism weakness, elevated
homocysteine and
methylmalonic acid
Vitamin C 23-114 pmol/I Water-soluble antioxidant Scurvy: petechial and gingival
- ascorbate vitamin important in collagen  hemorrhage, gingivitis and
(plasma) synthesis poor wound healing
Vitamin D Summer: 15-80 pg/I Fat-soluble vitamin involved Deficiency primarily affects 1 with anticonvulsant therapy
- 25-hydroxy Winter: 14-42 pg/I [3] in calcium and phosphorus bone and is called ‘rickets’; and cholestyramine
(plasma) homeostasis 1 serum calcium and
phosphate,
1 alkaline phosphatase
Vitamin E Preterm: 1-8 pmol/I Fat-soluble antioxidant that Diminished deep tendon Carried in serum bound to lipid;
(serum) Term: 2-8 pmol/I protects cell membranes reflexes, impaired balance and  therefore, hyperlipidemia may

1-12years: 7-21 umol/|
13-19 years: 14-23 umol/I

gait

mask deficiency; vitamin E/lipid
ratio useful in these
circumstances

Zinc (plasma)

10.7-18.4 umol/I

Cofactor for >200 enzymes,
notably alkaline phosphatase,
RNA/DNA polymerase and
superoxide dismutase [5]

Acrodermatitis enteropathica,
also delayed wound healing,

impaired taste, growth failure,
delayed puberty and diarrhea

T in hemolyzed specimens
Lin sickle cell patients,
hypoalbuminemia

" All reference ranges from Tschudy and Arcara [1] unless otherwise noted.

total protein is predicated on normal globulin
levels, limiting its clinical usefulness. Generally, se-
rial measurements of protein status are more
meaningful than single values and an understand-
ing of their biological half-lives will dictate the
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frequency of assessment (table 2). A framework for
the investigation of hypoalbuminemia is shown in
figure 1.

The most important limitation to interpreting
serum protein levels is their function in the acute-
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Low serum albumin

? Intake

? Factitious

? Losses

Diet history

« Food security

« Formula preparation
* Restrictive diets

Assess volume status
Consider inflammatory state

Urine (urinalysis)
Gastrointestinal
(stool ay-antitrypsin)
Burns

Fig. 1. A suggested framework for investigating hypoalbuminemia in children.

phase response (table 3). Appreciating the posi-
tive and negative acute-phase reactants will help
avoid misinterpretation of data. Another limita-
tion of measuring serum proteins is that their
manufacture is tied to hepatic synthetic function.
Therefore, in a child with advanced liver disease,
low serum protein may not necessarily reflect a
lack of substrate but rather a lack of synthetic
function. Finally, their concentrations are also
susceptible to changes in hydration status and
fluid shifts, and these changes may occur rapidly
(e.g. increased vascular permeability associated
with sepsis or trauma).

Vitamins and Minerals

The decision to evaluate vitamin and mineral
stores should take into account the suspected
underlying pathophysiology (e.g. measurement
of fat-soluble vitamins in conditions associated
with fat malabsorption, such as celiac disease or
cystic fibrosis). Frequently, signs and symptoms
of nutrient deficiency overlap with one another,
underscoring the importance of an informed ap-
proach to laboratory investigation. An often
overlooked class of patients prone to malnutri-
tion are those with absent (surgically resected) or
diseased (Crohn’s disease, small-bowel bacterial

Use of Laboratory Measurements in Nutritional Assessment

Table 2. Serum proteins used in the assessment of vis-
ceral protein stores

Protein Half-life
Albumin 20 days
Prealbumin (transthyretin) 2 days
Retinol-binding protein 12h

Table 3. Serum proteins in the acute-phase response

Positive acute-phase
reactants

Negative acute-phase
reactants

Albumin

Prealbumin (transthyretin)
Retinol-binding protein
Transferrin
Thyroxin-binding globulin

a;-Antitrypsin

C3 complement
C-reactive protein
Ceruloplasmin
Fibrinogen

overgrowth syndrome) terminal ilea. Deficiencies
of vitamin Bi,, vitamin K and zinc are prevalent
in these patients.

Finally, the potential effects of therapeutic
drugs are important considerations. An exhaus-
tive list of these interactions is beyond the scope
of this text; however, some important nutrient-
specific examples are shown in table 1.
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Tests of Maldigestion/Malabsorption/Enteric
Protein Loss

Analysis of the stool is a logical starting point for
the investigation of malabsorption.

(1)

(2)

3)

28

Fat malabsorption: fecal fat as assessed by
72-hour collection with diet record is an
accurate, albeit cumbersome tool (for pa-
tients and laboratory technicians) to quan-
titate fat malabsorption. A fecal smear with
Sudan staining gives a rough qualitative es-
timate of steatorrhea and may be useful for
screening purposes

Pancreatic insufficiency: in addition to fe-
cal fat measurement, determination of fecal
elastase can be used as a measure of exo-
crine pancreas sufficiency. Its level is not af-
fected by pancreatic enzyme supplementa-
tion. Although reliable for detecting severe
pancreatic insufficiency, it is less so for
mild-to-moderate pancreatic insufficiency;
it will not identify other isolated enzyme
deficiencies (e.g. lipase) and gives falsely
low values in the presence of watery stools
unless they are lyophilized [8]
Carbohydrate malabsorption: a low fecal
pH and the presence of reducing substanc-
es are indicators of unabsorbed carbohy-
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1.3 Nutritional Needs

1.3.1. Nutrient Intake Values: Concepts and

Applications
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Key Messages

+ Nutrient intake values (NIV) provide estimates on
appropriate dietary substrate supply for popula-
tions of healthy people

« The average nutrient requirement is the estimated
median requirement for a particular age- and sex-
specific group

« The population reference intake is the intake that
meets the nutrient needs of practically all healthy
individuals in a particular population

« Major uncertainties exist in the establishment of
NIV for infants, children and adolescents due to lim-
ited scientific data. Deriving NIV from observed
nutrient intakes (e.g. the nutrient supply provided
by human milk) or extrapolation from other age
groups has considerable limitations
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Introduction
Nutrient intake values (NIV) comprise a set of

recommendations on dietary substrate supply for
populations of healthy people. NIV are used to

assess intake data from dietary surveys and food
statistics; to provide guidance on appropriate di-
etary composition, meal provision and food-
based dietary guidelines, they serve as the basis
for national or regional nutrition policies, nutri-
tional education programmes and food regula-
tions and provide reference points for the label-
ling of food products if nutrient contents are ex-
pressed as a percentage of an NIV [1, 2]. The term
NIV has been agreed upon by an expert consulta-
tion convened by the United Nations University’s
Food and Nutrition Programme in collaboration
with the FAO, WHO and UNICEF [3], rather
than the terms ‘nutrient reference values’ (previ-
ously used in Australia and New Zealand), ‘refer-
ence values for nutrient supply’ (in Germany/
Austria/Switzerland), ‘dietary reference values’
(in the UK), ‘dietary reference intakes’ or, previ-
ously, ‘recommended dietary allowances’ (RDA;
in the USA and Canada) [3].

Conceptually, NIV are based on physiological
requirements, which are defined as the amounts
and chemical forms of nutrients needed system-
atically to maintain normal health and develop-
ment without disturbance of the metabolism of
any other nutrient and without extreme homoeo-
static processes, excessive depletion and/or sur-
plus in bodily depots [1, 4-6]. The dietary re-



quirement of a nutrient is the intake sufficient to
meet the physiological requirement, considering
nutrient bioavailability from foodstuffs. NIV re-
flect the estimated distributions of nutrient in-
takes required to achieve a specific outcome in a
defined population considered healthy, but for
many nutrients, this distribution of requirements
and the modifying biological and environmental
factors are not well known, which results in con-
siderable uncertainty regarding NIV. Therefore,
NIV should be considered approximations that
reflect the often limited data available. NIV are
even more uncertain for infants and young chil-
dren, on whom original data are particularly
scarce, and, hence, NIV are often derived from
the interpolation of data from other age groups,
which must be expected to yield inaccurate val-
ues. It is important to remember that NIV refer
to populations but not to individuals. NIV do not
allow us to determine an insufficient nutrient in-
take or a nutrient deficiency in an individual, or
to accurately determine nutrient needs in disease
states.

Definitions of NIV

NIV for populations are generally estimated
based on the concept that individual require-
ments follow a statistically normal distribution
(bell-shaped curve in fig. 1). The average nutrient
requirement (ANR; also called ‘estimated average
requirement’) is the estimated average of the
median requirement of a specific nutrient in the
population derived from a statistical distribution
of requirement criterion and for a particular age-
and sex-specific group based on a specific biolog-
ical end point or biochemical measure. The popu-
lation reference intake (PRI; also called ‘individ-
ual nutrient level 97%’, ‘reference nutrient intake’
or RDA) is the nutrient intake considered ade-
quate to meet the known nutrient needs of practi-
cally all healthy individuals in a particular age-
and sex-specific group. Based on the assumed sta-
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tistical distribution of requirements, the PRI is set
at a level of intake that meets the needs of 97% of
the population (mean + 2 SD) (fig. 1). The PRI
value is generally used as the target for provision
of essential nutrients to populations and as the
reference point for the nutrient labelling of foods,
with the exception of energy, where the ANR is
used because the provision of energy equivalent
to the PRI would result in overfeeding and induc-
tion of obesity in about one half of the population.
The upper nutrient level (UNL; or upper tolerable
intake level) is the highest level of daily nutrient
intake that is likely to pose no risk of adverse
health effects for almost all individuals of a par-
ticular age- and sex-specific group. Ideally, the
UNL is based on an analysis of the statistical dis-
tribution of risk for high nutrient intakes. The
UNL is generally set at a level where the risk of
excessive intake is practically non-existent. A nu-
trient intake equal to or higher than the UNL
should be avoided on a chronic basis.

Examples of NIV for children and adolescents
are provided in Annex 4.3.

Limitations to the Estimation of NIV

The concept of a near-normal, symmetrical dis-
tribution of nutrient requirements (fig. 1) is
known not to be correct for a number of nutri-
ents. Examples are the nutrient needs for iron,
vitamin D and polyunsaturated fatty acids. Iron
requirements are not normally distributed, with
high needs in menstruating women, particularly
in those with substantial blood losses. Vitamin D
requirements depend on endogenous synthesis in
the skin and hence on variation of UV light expo-
sure with geographic location and the time of the
year, as well as on biological determinants such as
the degree of skin pigmentation and genetic vari-
ations in the vitamin D receptor. The dietary
needs of essential fatty acids vary considerably
with genetic polymorphisms for the fatty acid de-
saturation enzymes A® and A° desaturases that
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Frequency

Average nutrient
requirement (ANR)
estimated median
of distribution

Population reference

~97.5th percentile
or mean + 1.96 SD

intake (PRI)

Upper nutrient
level (UNL)
highest level of daily nutrient

intake that poses no risk
1

Increasing nutrient intake ————>

Fig. 1. Conceptual basis for NIV.

determine the relative turnover of polyunsaturat-
ed fatty acids [7].

The establishment of NIV for infants, chil-
dren and adolescents is further hampered by se-
vere limitations to the available scientific data ob-
tained from healthy children [8]. This is unfortu-
nate because infants, children and adolescents
have relatively large nutrient needs due to their
growth and development, and adequate substrate
supply is of utmost importance to support their
short- and long-term health, well-being and per-
formance [5]. Current reference values for nutri-
ent intakes vary considerably (see Annex 4.3),
partly due the limitations to the available scien-
tific database and partly due to major differences
in underlying concepts, definitions and termi-
nology [8].

Due to a lack of adequate scientific studies,
NIV for children are often based on observed nu-
trient intakes of groups of children in apparent
good health. However, this approach is weak, be-
cause it assumes that the subjects are in good

Nutrient Intake Values: Concepts and Applications

health and are achieving their full genetic poten-
tial and that their diets are quantitatively and
qualitatively appropriate and free from adverse
long-term effects. The concerns with respect to
this approach are strengthened by the recent evi-
dence on the long-term effects of early nutrition
on metabolic programming and the subsequent
risk of hypertension, obesity, diabetes mellitus
and cardiovascular disease in adult life [9-11].
The derivation of NIV from observed intakes
is a standard approach for infants during the first
6 months of life, when the intakes of breastfed
babies are considered an appropriate guide to op-
timal nutritional supply. However, this approach
has major limitations because the actual metabo-
lizable substrate intakes of breastfed infants are
not well determined. The volume of milk con-
sumed varies between about 550 and 1,100 ml/
day, and milk composition differs between wom-
en and with changes during the course of lacta-
tion, during the day and even during a single
feeding. Moreover, the bioavailability of sub-
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strates and their metabolism differs between in-
fants fed human milk and those fed infant for-
mula and complementary feeds, which can result
in differences in dietary requirements. There-
fore, human milk composition and the nutrient
supply to breastfed infants may not always pro-
vide useful guidance for infants that are not ex-
clusively breastfed.

Due to the paucity of original research data for
estimating nutrient requirements in the paediat-
ric age group, very often NIV are extrapolated
from data for other age groups. Frequently, this
involves extrapolation from adults to children
and adolescents. Examples of extrapolation
methods that are used include body size (weight
or metabolic weight), energy intakes for age, or
factorial estimates of requirements for growth
[8]. However, there is no truly correct method for
extrapolation that would result in physiologically
adequate NIV for infants, children and adoles-
cents. It is important that the rationale or scien-
tific basis for the method chosen should be com-
pletely transparent and thoroughly described for
each nutrient and life stage group. Extrapolation
is always the second choice, and the use of inno-
vative, non-invasive methods or of existing meth-
ods (e.g. stable isotopes) is encouraged to deter-
mine nutrient requirements of infants, children
and adolescents [8].
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Conclusions

o NIV provide an estimate for adequate nutrient
provision to populations considered healthy,
but they do not determine the optimal nutri-
ent supply for an individual

o PRI (also called reference nutrient intakes or
RDA) are the levels of intake that meet the
needs of almost all healthy individuals of a giv-
en age and sex group

o The diet for healthy children should generally
provide nutrient intakes matching the PRI, ex-
cept for energy, where ANR provide guidance
on appropriate intakes for groups

o Children affected by disease or malnutrition,
or those in whom catch-up growth is desired,
may have nutrient needs that differ markedly
from PRI
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1.3 Nutritional Needs

1.3.2 Energy Requirements of Infants, Children and

Adolescents

Nancy F. Butte

Key Words

Energy needs, requirements - Basal metabolic rate -
Physical activity level - Energy cost of growth

Key Messages

- Energy requirements of infants, children and ado-
lescents are defined as the amount of energy need-
ed to balance total energy expenditure at a desir-
able level of physical activity, and to support opti-
mal growth and development consistent with
long-term health

»  Recommendations for energy intake are based on
the average requirement of the population to avoid
energy intakes that exceed the requirements

- Recommendations for energy intake to support a
moderately active lifestyle are encouraged to main-
tain fitness and health and to reduce the risk of
overnutrition ©2015 S. Karger AG, Basel

Introduction

Energy requirements of infants, children and ado-
lescents are defined as the amount of energy need-
ed to balance total energy expenditure (TEE) at a

desirable level of physical activity, and to support
optimal growth and development consistent with
long-term health [1]. Unlike recommendations for
other nutrients, which meet or exceed the require-
ments of practically all individuals in the popula-
tion, recommendations for energy intake are based
on the average requirement of the population to
avoid energy intakes that exceed requirements.
Recommendations for energy intake and physical
activity are intended to support and maintain the
growth and development of well-nourished and
healthy infants, children and adolescents. The
2004 Food and Agriculture Organization (FAO)/
WHO/United Nations University (UNU) recom-
mendations for energy intake are based upon esti-
mates of TEE and an allowance for growth [1]. For
infants, TEE is predicted from measurements of
TEE by the stable isotope method of doubly labeled
water (DLW). For children and adolescents, heart
rate monitoring and the DLW method were used
to predict TEE. The energy cost of growth was de-
rived from average growth velocities and the com-
position of weight gain.

Energy requirements during growth and
development can be partitioned into compo-



Table 1. Schofield equations for estimating BMR from weight (kilograms) [3] in children

Under 3 years
Males BMR (MJ/day) = 0.249 weight - 0.127 SEE = 0.293
Females BMR (MJ/day) = 0.244 weight - 0.130 SEE =0.246
Males BMR (kcal/day) = 59.5 weight - 30.4 SEE=70
Females BMR (kcal/day) = 58.3 weight - 31.1 SEE =59
3-10years
Males BMR (MJ/day) = 0.095 weight + 2.110 SEE =0.280
Females BMR (MJ/day) = 0.085 weight + 2.033 SEE =0.292
Males BMR (kcal/day) = 22.7 weight + 504.3 SEE =67
Females BMR (kcal/day) = 20.3 weight + 485.9 SEE=70
10-18 years
Males BMR (MJ/day) = 0.074 weight + 2.754 SEE = 0.440
Females BMR (MJ/day) = 0.056 weight + 2.898 SEE = 0.466
Males BMR (kcal/day) = 17.7 weight + 658.2 SEE=105
Females BMR (kcal/day) = 13.4 weight + 692.6 SEE=111

SEE = Standard error of estimation.

nents of basal metabolism, thermogenesis,
physical activity and energy cost of growth [2].
Basal metabolism is defined as that energy ex-
pended to maintain cellular and tissue process-
es fundamental to the organism. The Schofield
equations [3] to predict basal metabolic rate
(BMR) are presented in table 1. Thermic effect
of feeding refers to the energy required for the
ingestion and digestion of food and for the ab-
sorption, transport and utilization of nutri-
ents. The thermic effect of feeding amounts to
about 10% of daily energy expenditure. Ther-
moregulation can constitute an additional en-
ergy cost when exposed to temperatures below
and above thermoneutrality; however, clothing
and behavior usually counteract such environ-
mental influences. Physical activity is the most
variable component of energy requirements,
and entails both obligatory and discretionary
physical activities. The energy cost of growth
as a percentage of total energy requirements
decreases from around 35% at 1 month to 3% at
12 months of age, and remains low until the
pubertal growth spurt, at which time it in-
creases to about 4% [2].

Energy Requirements of Infants, Children and Adolescents

Approaches to Estimating Energy
Requirements

Energy requirements can be derived from TEE
based on the factorial approach, measurements us-
ing the DLW method or heart rate monitoring.
DLW is a stable (nonradioactive) isotope method
that provides an estimate of TEE in free-living indi-
viduals [4]. By the heart rate method, TEE is pre-
dicted from the heart rate based on the nearly linear
relationship between heart rate and oxygen con-
sumption during submaximal muscular work [5].

Energy Requirements of Infants

In the recent FAO/WHO/UNU recommendations
[1], the average energy requirements of infants
were based upon the TEE and growth rates of
healthy, well-nourished infants (tables 2, 3; fig. 1,
2). In the FAO/WHO/UNU report, the median
weight-for-age and monthly rates of weight gain of
the WHO pooled breastfed data set were used to
calculate energy requirements [6]. A prediction
equation (1) for TEE was developed, based on
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Table 2. Energy requirements of boys during the first year of life

2002 Institute of Medicine [15] 2004 FAO/WHO/UNU [1]

Age, months MJ/day kcal/day MJ/day kcal/day  kJ/kg/day kcal/kg/day
0-1 1.975 472 2.166 518 473 113
1-2 2.372 567 2.387 570 434 104
2-3 2.393 572 2.494 596 397 95
3-4 2.293 548 2.380 569 343 82
4-5 2.494 596 2.546 608 340 81
5-6 2.699 645 2.674 639 337 81
6-7 2.795 668 2.730 653 329 79
7-8 2.971 710 2.845 680 330 79
8-9 3121 746 2.936 702 330 79
9-10 3.318 793 3.058 731 335 80

10-11 3.418 817 3.145 752 336 80

11-12 3.531 844 3.243 775 337 81

Table 3. Energy requirements of girls during the first year of life

2002 Institute of Medicine [15] 2004 FAO/WHO/UNU [1]

Age, months MJ/day kcal/day MJ/day kcal/day  kJ/kg/day kcal/kg/day
0-1 1.833 438 1.942 464 447 107
1-2 2.092 500 2.162 517 421 101
2-3 2.180 521 2.301 550 395 94
3-4 2.125 508 2.245 537 350 84
4-5 2314 553 2.389 571 345 83
5-6 2481 593 2.507 599 341 82
6-7 2.544 608 2.525 604 328 78
7-8 2.690 643 2.630 629 328 78
8-9 2.837 678 2.728 652 328 78
9-10 3.000 717 2.828 676 331 79

10-11 3.105 742 2.902 694 331 79

11-12 3.213 768 2.981 712 331 79

longitudinal data on 76 healthy infants studied at
3-month intervals for the first 2 years of life [2, 7]:

TEE (M]/day) =

~0.416 + 0.371 weight (kg) SEE = 0.456

TEE (kcal/day) =

-99.4 + 88.6 weight (kg) SEE = 109, 1)

in which SEE is the standard error of estimation.

36

Assuming energy equivalents of protein
(23.6 kJ/g or 5.65 kcal/g) and fat (38.7 kJ/g or
9.25 kcal/g), and body composition changes
during infancy [8, 9], energy deposition de-
creases substantially during the first year of
life from approximately 730 kJ/day (175 kcal/
day) at 0-3 months to 250 kJ/day (60 kcal/day)
at 4-6 months and 85 kJ/day (20 kcal/day) at
7-12 months of age.
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Energy Requirements of Children and For boys:
Adolescents TEE (M]/day) = 1.298 + 0.265 weight (kg) -

0.0011 weight? (kg*) SEE = 0.518
In the 2004 FAO/WHO/UNU report [1], DLW TEE (kcal/day) = 310.2 + 63.3 weight (kg) -
and heart rate monitoring were used to predict 0.263 weight? (kg?) SEE = 124 ()
the TEE of children and adolescents. TEE data on
801 boys and 808 girls aged 1-18 years were com-  For girls:
piled from Canada, Denmark, Italy, Sweden, The TEE (M]/day) = 1.102 + 0.273 weight (kg) -

Netherlands, Brazil, Chile, Columbia, Guatemala 0.0019 weight? (kg?) SEE = 0.650

and Mexico, from which prediction equations for TEE (kcal/day) = 263.4 + 65.3 weight (kg) -
TEE were developed for boys and girls [10]: 0.454 weight? (kg®) SEE = 155 (3)
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Table 4. Energy requirements of boys 0- 18 years of age, computed for active (Institute of Medi-

cine) or moderate (FAO/WHO/UNU) physical activity level

2002 Institute of Medicine [15]

2004 FAO/WHO/UNU [1]

Age, years MJ/day kcal/day MJ/day kcal/day  kJ/kg/day kcal/kg/day
1-2 3.9 930 4.0 950 345 82
2-3 4.7 1,120 4.7 1,125 350 84
3-4 6.2 1,485 5.2 1,250 334 80
4-5 6.6 1,566 5.7 1,350 322 77
5-6 6.9 1,658 6.1 1,475 312 74
6-7 7.3 1,742 6.6 1,575 303 73
7-8 7.7 1,840 7.1 1,700 295 71
8-9 8.1 1,931 7.7 1,825 287 69
9-10 8.5 2,043 8.3 1,975 279 67

10-11 9.0 2,149 9.0 2,150 270 65

11-12 9.5 2,279 9.8 2,350 261 62

12-13 10.2 2,428 10.7 2,550 252 60

13-14 11.0 2,618 11.6 2,775 242 58

14-15 11.8 2,829 12.5 3,000 233 56

15-16 12.6 3,013 133 3,175 224 53

16-17 13.2 3,152 13.9 3,325 216 52

17-18 13.5 3,226 14.3 3,400 210 50

Table 5. Energy requirements of girls 0- 18 years of age, computed for active (Institute of Medi-

cine) or moderate (FAO/WHO/UNU) physical activity level

2002 Institute of Medicine [15]

2004 FAO/WHO/UNU [1]

Age, years MJ/day kcal/day MJ/day kcal/day  kJ/kg/day kcal/kg/day
1-2 3.6 864 3.6 850 335 80
2-3 4.5 1,072 4.4 1,050 339 81
3-4 5.8 1,395 4.8 1,150 322 77
4-5 6.2 1,475 52 1,250 310 74
5-6 6.5 1,557 5.6 1,325 301 72
6-7 6.9 1,642 6.0 1,425 289 69
7-8 7.2 1,719 6.5 1,550 280 67
8-9 7.6 1,810 7.1 1,700 268 64
9-10 7.9 1,890 7.7 1,850 255 61

10-11 8.3 1,972 8.4 2,000 243 58

11-12 8.7 2,071 9.0 2,150 230 55

12-13 9.1 2,183 9.5 2,275 218 52

13-14 9.5 2,281 10.0 2,375 205 49

14-15 9.8 2,334 10.2 2,450 197 47

15-16 9.9 2,362 104 2,500 188 45

16-17 9.9 2,368 10.5 2,500 184 44

17-18 9.8 2,336 10.5 2,500 184 44
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During adolescence, sex differences in body
size and composition are accentuated [11]. The
energy cost of growth was based on mean rates of
weight gain calculated from the WHO weight-
for-age standards [12]. The composition of weight
gained was assumed to be 10% fat with an energy
content of 38.7 kJ/g (9.25 kcal/g), 20% protein
with an energy content of 23.6 kJ/g (5.65 kcal/g),
or equivalent to 8.6 kJ/g (2.1 kcal/g). The energy
requirements of boys and girls aged 0-18 years
are summarized in tables 4 and 5 and figures 3
and 4.

Energy Requirements of Infants, Children and Adolescents

Recommendations for Physical Activity

A minimum of 60 min/day of moderate-intensity
physical activity is recommended for children
and adolescents [1], although there is no direct
experimental or epidemiological evidence on the
minimal or optimal frequency, duration or inten-
sity of exercise that promotes health and well-
being of children and adolescents [13]. Regular
physical activity is often associated with decreased
body fat in both sexes and, sometimes, increased
fat-free mass at least in males. Physical activity is
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associated with greater skeletal mineralization,
bone density and bone mass.

Energy requirements must be adjusted in ac-
cordance with habitual physical activity. Torun
[14] compiled 42 studies on the activity patterns
0f 6,400 children living in urban, rural, industri-
alized and developing settings from around the
world. The TEE of rural boys and girls was 10, 15
and 25% higher at 5-9, 10-14 and 15-19 years of
age, respectively, than that of their urban coun-
terparts. As part of the compilation of TEE values
described above, physical activity level (PAL) val-
ues were estimated by using measured or predict-
ed BMR [10]. The Schofield equations for BMR
[3] were used to predict PAL for children and ad-
olescents if not provided in the original publica-
tion. The average PAL (1.7) from these studies re-
flects a moderate level of activity. To estimate the
energy requirements of children with different
levels of habitual physical activity, a 15% allow-

ance was subtracted or added to the average PAL
to estimate light (PAL = 1.5) and vigorous (PAL =
2.0) levels of activity in the 2004 FAO/WHO/
UNU report.

Conclusions

o Energy requirements of infants, children and
adolescents are defined as the amount of en-
ergy needed to balance TEE at a desirable level
of physical activity, and to support optimal
growth and development consistent with long-
term health [1]

o Even though energy requirements are also
presented for varying levels of physical activi-
ty, moderately active lifestyles are strongly en-
couraged for children and adolescents to
maintain fitness and health and to reduce the
risk of overnutrition
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1.3.3 Protein
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tary mixture of plant proteins
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Introduction

Protein, derived from the Greek word proteos,
which means ‘primary’ or ‘taking first place’, is
the major structural component of all cells in the
body. Proteins also function as enzymes, trans-
port carriers and hormones, and their component
amino acids are required for the synthesis of nu-
cleic acids, hormones, vitamins and other impor-
tant molecules.

The 20 a-amino acids which are part of pro-
teins are classified based on their nutritional im-

portance into indispensable (essential) amino
acids, conditionally indispensable (conditionally
essential) amino acids and dispensable (nones-
sential) amino acids (table 1).

Protein in the body is in a dynamic state re-
ferred to as protein turnover, which involves con-
tinuous degradation to free amino acids and re-
synthesis of new proteins. The free amino acids
are also constantly degraded and oxidized to car-
bon dioxide and nitrogenous end products, prin-
cipally urea and ammonia. Oxidation is an irre-
versible step and leads to so-called obligatory
losses. Dietary protein is necessary to replenish
these losses of amino acids to maintain protein
homeostasis. Furthermore, in children, there is
an increased need for dietary protein to allow
new tissue growth.

The requirement of dietary protein is there-
fore composed of two components: maintenance
and growth. The requirement of protein in chil-
dren and adults has earlier been analyzed in de-
tail [1-3], and that of individual amino acids is
currently investigated but has not yet been de-
fined by the WHO/FAO.



Protein Requirement

The protein requirement is defined as the mini-
mum intake of high-quality dietary protein (see
Protein Quality) that will provide the means for
maintaining an appropriate body composition
and will permit growth at a normal rate for age,
assuming an energy balance and normal physical
activity.

Expression of Requirement

The protein requirement is expressed as the esti-
mated average requirement (EAR) or the average
requirement of the population. Due to lack of
conclusive data from empirical studies, the EAR
is calculated by a factorial method which includes
(1) the requirement for maintenance, estimated
from nitrogen balance studies in children, and (2)
the requirement for growth, estimated from rates
of protein deposition which are derived from
body composition analysis [4, 5] and the efficien-
cy of protein utilization for each age group.

The recommended dietary allowance (RDA)
is the safe level of intake which will satisfy the
protein needs of nearly all individuals (97.5%) in
the population. The RDA for protein is the EAR
+ 2 times the standard deviation of the EAR of
each age group.

Protein Requirements for Infants and
Children

Infants: 0-6 Months

Human milk is the optimal source of nutrients
for normal, full-term infants throughout the
first year of life and is recommended as the sole
nutritional source for infants during the first 4-6
months of life. The recommended intakes of
protein are based on an adequate intake (AI)
that reflects the mean protein intake of infants
fed human milk. For infants 0-6 months of age,
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Table 1. Indispensable, conditionally indispensable and
dispensable amino acids for humans

Indispensable Conditionally Dispensable
indispensable

Histidine Arginine Alanine

Isoleucine Cysteine Aspartic acid

Leucine Glutamine Asparagine

Lysine Glycine Glutamic acid

Methionine Proline Serine

Phenylalanine Tyrosine

Threonine

Tryptophan

Valine

the average milk intake is 0.78 liters per day and
the average protein content of human milk is
11.7 g/l. Therefore, the AI of protein for infants
0-6 months of age is 9.1 g/day or 1.52 g/kg per
day.

Infants: 7-12 Months

During the second 6 months of life, solid foods
become a more important part of the diet of in-
fants and add a significant amount of protein to
the diet. The recommendation is for continued
feeding of human milk for infants through 9-12
months of age with appropriate introduction of
solid foods. The EAR and RDA are 1.0 and 1.2 g
protein/kg body weight per day, respectively (ta-
ble 2).

Children: 1-18 Years

Protein requirements for older children are cal-
culated and recommended based on life stage
groups representing different velocities of growth
and endocrine status: toddlers (1-3 years), early
childhood (4-8 years), puberty (9-13 years) and
adolescence (14-18 years; table 2). During these
stages, there is a continuing but slow decline in
protein needs relative to weight. The EAR deter-
mined by the factorial method is set at the average
for boys and girls in each age group except ado-
lescence (table 2).
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Table 2. Protein requirement for infants, children and adolescents

Age Average requirement Safe level of intake Intake
(EAR)?, g protein/kg body (RDA)®, g protein/kg body perday, g
weight per day weight per day

7-12 months 1.0 1.2 1

1-3 years 0.87 1.05 13

4-8 years 0.76 0.95 19

9-13 years 0.76 0.95 34

14-18 years (boys) 0.73 0.85 52
14-18 years (girls) 0.71 0.85 46

Data from Dietary Reference Intakes 2002/2005 [3].2Calculated from maintenance + growth (rate
of protein deposition x efficiency of protein utilization). ® Calculated from EAR + 2 x SD of EAR.

Amino Acid Requirement for Infants and
Children

The 9 indispensable amino acids (IAA; table 1)
need to be obtained from the diet, and, therefore,
requirements have been defined for them. The
amino acid requirements (AI) for young infants
(0-6 months) are based on an average human
milk intake of 0.78 liters per day and the mean
content of each IAA in human milk (table 3).

The EAR of TAA in older infants (7-12 months)
and children (1-18 years) are calculated using the
factorial method (table 4). The method assumes
that the maintenance requirement of each TAA is
similar to that of adults and the requirements dif-
fer in children only by their growth needs. The
requirement for growth is estimated from the
rate of protein deposition, the amino acid com-
position of whole-body protein and the efficiency
of protein utilization.

Recently, it was shown that the maintenance
requirements for adults and children are similar
[6-8]. For a detailed review on the methods to
determine amino acid requirements, refer to
Pencharz and Ball [9]. Of late, neonatal amino
acid requirements became available for some es-
sential amino acids [10, 11].

The conditionally IAA (table 1) are those that
the infant or child is unable to produce in suffi-

Protein

Table 3. IAA requirements for young infants 0-6 months
of age

IAA A2, mg/kg Intake
per day per day, mg
Histidine 36 214
Isoleucine 88 529
Leucine 156 938
Lysine 107 640
Methionine + cysteine 59 353
Phenylalanine + tyrosine 135 807
Threonine 73 436
Tryptophan 28 167
Valine 87 519

Data from Dietary Reference Intakes 2002/2005 [3].2Cal-
culated from the average volume of human milk intake
and the mean IAA content of human milk.

cient amounts and, hence, all or part of the daily
needs for that amino acid must be provided by
the diet.

Protein Quality
The requirement of protein is affected not only by
the quantity but also by the quality of the protein

source. Different sources of protein vary widely in
their chemical composition and nutritional value.
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Table 4. IAA requirements for older infants, children and adolescents

Age Average Safe level Age Average Safe level
requirement of intake requirement of intake
(EAR)?, (RDA)®, (EAR)?, (RDA)®,
mg/kg mg/kg mg/kg mg/kg
per day per day per day per day

7-12 months 9-13 years (girls)

Histidine 22 32 Histidine 12 15

Isoleucine 30 43 Isoleucine 17 21

Leucine 65 93 Leucine 38 47

Lysine 62 89 Lysine 35 43

Methionine + cysteine 30 43 Methionine + cysteine 17 21

Phenylalanine + tyrosine 58 84 Phenylalanine + tyrosine 31 38

Threonine 34 49 Threonine 18 22

Tryptophan 9 13 Tryptophan 5 6

Valine 39 58 Valine 22 27

1-3years 14-18 years (boys)

Histidine 16 21 Histidine 12 15

Isoleucine 22 28 Isoleucine 17 21

Leucine 48 63 Leucine 38 47

Lysine 45 58 Lysine 35 43

Methionine + cysteine 22 28 Methionine + cysteine 17 21

Phenylalanine + tyrosine 41 54 Phenylalanine + tyrosine 31 38

Threonine 24 32 Threonine 18 22

Tryptophan 6 8 Tryptophan 5 6

Valine 28 37 Valine 22 27

4-8years 14—18 years (girls)

Histidine 13 16 Histidine 12 14

Isoleucine 18 22 Isoleucine 16 19

Leucine 40 49 Leucine 35 44

Lysine 37 46 Lysine 32 40

Methionine + cysteine 18 22 Methionine + cysteine 16 19

Phenylalanine + tyrosine 33 41 Phenylalanine + tyrosine 28 35

Threonine 19 24 Threonine 17 21

Tryptophan 5 6 Tryptophan 4 5

Valine 23 28 Valine 20 24

97 7.3)./ears (boys) Data from Dietary Reference Intakes 2002/2005 [3].2Cal-

Hlst|d|r.|e 13 17 culated from maintenance + growth (rate of protein de-

Isoleycme 18 22 position x efficiency of protein utilization). ® Calculated

Leucine 40 49 from EAR + 2 x SD of EAR.

Lysine 37 46

Methionine + cysteine 18 22

Phenylalanine + tyrosine 33 41

Threonine 19 24

Tryptophan 5 6

Valine 23 28
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The protein quality is principally determined by
digestibility and the amino acid composition of
the protein. The more important factor of the two
is the relative content and metabolic availability
of the individual TAA.

If the content of a single IAA in the diet is less
than the individual’s requirements, then it will
limit the utilization of other amino acids and
thus prevent normal rates of protein synthesis
even when the total nitrogen intake is adequate.
Thus, the ‘limiting amino acid” will determine
the nutritional value of the total nitrogen or pro-
tein in the diet.

Protein Sources

Protein from animal sources such as meat, poul-
try, fish, eggs, milk, cheese and yogurt provide all
9 TAA and are called ‘high-quality’ or ‘complete
proteins’. Protein from plants, legumes, grains,
nuts, seeds and vegetables tend to be deficient in
one or more of the IAA and are called ‘incomplete
proteins’. Specifically, cereal grains are deficient
in lysine and legumes are deficient in methionine.
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1.3 Nutritional Needs

1.3.4 Digestible and Non-Digestible Carbohydrates
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« Adietrichin slowly absorbed carbohydrates should
be promoted while limiting the supply of rapidly
absorbed carbohydrates and simple sugars

+ Recommended intake of carbohydrates should be
45-60% of total energy

- Avoidance of frequent consumption of juice or other
sugar-containing drinks should be recommended

- Fibres, especially insoluble, can significantly increase
stool mass and improve its consistency. Intake of 2 g
per 1 MJ of energy is considered adequate

+ Prebiotic carbohydrates alter the balance of the gut
microflora towards a healthier one.

© 2015 S. Karger AG, Basel

Introduction

An appropriate diet containing sufficient energy
is essential during the period of infancy and child-
hood due to rapid growth and development. Di-
gestible dietary carbohydrates are the main source
of energy - primarily lactose during infancy, and

starch and sugars later in life [1]. Based on their
chemical structure, carbohydrates are classified
as sugars, oligosaccharides and polysaccharides
(table 1) [2]. Another classification is based on
metabolic pathways and physiological effects.
Carbohydrates which provide the body with
monosaccharides are defined as ‘digestible’ (avail-
able or glycaemic) and carbohydrates that resist
digestion in the small intestine or are poorly ab-
sorbed are called ‘resistant’ (unavailable or non-
glycaemic) [3]. However, although resistant to di-
gestion in the small intestine, non-glycaemic car-
bohydrates are also able to provide the body with
energy through fermentation in the colon and ab-
sorption of short-chain fatty acids (SCFA) [2].

Digestible Carbohydrates

Digestible carbohydrates are a diverse group of
substances with the primary function of serving
as an energy source for all body cells. Their diges-
tion starts in the mouth and ends in the intestinal
brush border enzymes (fig. 1). Chronic low car-
bohydrate intake results in ketosis, which could
cause long-term nutritional deficiencies. Carbo-
hydrates are the main energy source and a recom-



Table 1. The main types of carbohydrates

Class Subgroup

Components

Monosaccharides
Disaccharides
Polyols

Sugars

Glucose, galactose, fructose
Sucrose, lactose, trehalose, maltose
Sorbitol, mannitol

Oligosaccharides Maltooligosaccharides

Other oligosaccharides

Maltodextrins
GOS, FOS, polydextrose

Polysaccharides Starch

Non-starch

Amylose, amylopectin, modified starches, resistant
starch, inulin
Cellulose, hemicellulose, pectins, hydrocolloids

GOS = Galactooligosaccharides; FOS = fructooligosaccharides. Adapted from FAO/WHO report [5] and Cummings

and Stephen [2].

{Complex digestible carbohydrates}

Salivary
amylase

{Smaller units (including disaccharides)]

Pancreatic
enzymes

K(amylase);

Disaccharides and monosaccharides

Brush border
disaccharidases

Monosaccharides — absorbed in

small intestine

* Glucose: actively, energy required;
sodium cotransport

« Fructose: facilitated diffusion,
no energy required

« Galactose: actively, energy required;
sodium cotransport

Fig. 1. Digestion and absorption of glycaemic carbohy-
drates.

mended intake level has been proposed by differ-
ent authorities. The European Food Safety Au-
thority (EFSA) panel recommends that 45-60%
of energy should be provided as carbohydrates
[4]; however, the data concerning infants and

Digestible and Non-Digestible Carbohydrates

young children are limited. For infants, human
milk can be used as a model, meaning that the
minimum carbohydrate intake should be 40% of
total energy, and lactose should be the main di-
gestible carbohydrate [1]. After early infancy, the
intake of digestible carbohydrates should increase
until reaching the recommended amounts for
adults [1]. However, it should be taken into ac-
count that not only quantity but also carbohy-
drate type, carbohydrate origin and food process-
ing can influence the rate of carbohydrate release;
this glycaemic potential of the different carbohy-
drates can be valorised by the glycaemic index
(GI). The Gl is defined as the area under the glu-
cose response curve after consumption of a 50-
gram carbohydrate portion of a test food, and ex-
pressed as the percentage of response to the same
amount of carbohydrate from a standard food
taken by the same subject [5]. It was proposed
that a diet with a low GI increases satiety and,
consequently, reduces voluntary energy intake
due to slower glucose and insulin release, which
could have a preventive effect with regard to over-
weight and obesity; however, data on children
and adolescents are limited and have yielded in-
consistent findings [6]. On the contrary, higher
consumption of added sugars (which have a high
GI) can displace other macronutrients, increase
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the risk of nutrient deficiency and significantly
increase energy intake. The best evidence exists
for sugar-sweetened beverages, due to the lower
satiety potential of energy supplied in liquid com-
pared with solid form [7]. Moreover, there is evi-
dence that energy-dense food consumption can
also influence insulin resistance, but there is no
clear answer to whether this is caused solely by
energy-rich food or influenced by overweight and
increased fat mass [8].

Most paediatric authorities recommend limit-
ing sugar-containing foods for infants and chil-
dren in order to reduce the likelihood of high
consumption later in life 1, 9]. Children should
receive healthy food rich in slowly absorbed car-
bohydrates and with a limited amount of rapidly
absorbed carbohydrates and simple sugars [9].
Frequent consumption of sugar-containing foods
can also increase the risk of dental caries, espe-
cially when oral hygiene and fluoride prophylax-
is are insufficient. Therefore, avoidance of fre-
quent consumption of juices or other sugar-con-
taining drinks and ‘sleeping with a bottle’ should
be recommended, as well as maintenance of good
oral hygiene [10].

In recent years there has been a growing inter-
est in the role of fructose in obesity and metabolic
disease. Fructose ingestion induces significantly
more lipogenesis than isocaloric glucose inges-
tion, which could have an effect on obesity, the
metabolic syndrome and non-alcoholic steatohep-
atitis [11]. Sugar-sweetened beverages and other
sources of dietary fructose have been suggested to
promote an increase in serum lipids and their de-
position mainly in the liver, but not all published
studies were able to confirm this association [7].

Non-Digestible (Resistant) Carbohydrates
Dietary Fibres
Dietary fibres are non-digestible carbohydrates

mostly derived from plant sources that reach the
colon nearly intact. These compounds can be fur-
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ther classified into soluble types of fibre, like pec-
tins, and insoluble components such as cellulose.
Fibres that are added to the food and have benefi-
cial physiological effects on humans are called
‘functional fibres’.

It is not completely accurate to name fibres as
non-digestible, because bacteria in the large in-
testine ferment mostly soluble fibres. Fermented
products include gases (carbon dioxide and
methane), oligofructoses as well as SCFA includ-
ing acetic acid, butyric acid and propionic acid.
These fermentation products derive energy for
certain colonic bacteria and colonic epithelial
cells which use butyrate as an energy source, even
when competing substrates such as glucose are
available [12]. SCFA are absorbed into the blood
stream, where they can also be used as an energy
source; some, like acetate, can be metabolized in
brain cells, muscles and tissues, and others, like
propionate, are used in the liver and can interfere
with cholesterol synthesis [12].

Fibres: Clinical Importance
The effect of dietary fibres on chronic diseases has
been explored mostly in adults. The importance
of fibres to children’s health remains poorly in-
vestigated. Their most significant and widely
studied role is in influencing bowel movement:
fibres, especially insoluble ones, increase stool
mass and improve its consistency; lack of dietary
fibres, on the other hand, is associated with con-
stipation and diverticulosis in adults. Yet, the ex-
act fibre type and amount needed to elicit a posi-
tive effect have not been determined [13, 14].
Importantly, increasing dietary fibres up to the
recommended levels has not been associated with
any adverse events in children, and there is suffi-
cient evidence that fibres could help in the pre-
vention and treatment of constipation [14].
Other positive effects of increased intake of
dietary fibres include body weight control and
diabetes risk reduction [12]. However, the evi-
dence is mostly limited to studies on adults, and
data on children are scarce and conflicting, with
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no possibility of formulating any clear recom-
mendation; only few studies showed an associa-
tion of dietary intake with fasting blood glucose
concentrations and weight gain [13, 15]. Current
recommendations for fibre intake in children
vary among organisations; the EFSA concluded
that a fibre intake of 2 g per 1 MJ of energy is ad-
equate for normal laxation in children from the
age of 1 year [4].

Prebiotics

Prebiotics are a non-digestible food ingredients
that selectively stimulate the growth and/or activ-
ity of intestinal bacteria associated with health
and wellbeing [16]. Those beneficial bacteria are
mostly bifidobacteria and lactobacilli. Prebiotics
typically consist of <10 sugar molecules, and the
most widely used types are fructooligosaccha-
rides, inulin and galactooligosaccharides. The
beneficial prebiotic effect proposed can be seen
via improved gut barrier function and host im-
munity, reduction in potentially pathogenic bac-
terial subpopulations and enhancement of SCFA
production. The most important prebiotics for
infants are human milk oligosaccharides, which
are very complex carbohydrates that significantly
stimulate the growth of specific commensal bac-
teria in a breastfed infant. Although many studies
demonstrated a bifidogenic effect of prebiotics
and their addition to infant formulae seems rea-
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1.3 Nutritional Needs

1.3.5 Fats
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Key Words

Lipids - Essential fatty acids - Linoleic acid -
a-Linolenic acid - Long-chain polyunsaturated
fatty acids - Arachidonic acid - Docosahexaenoic
acid - Saturated fatty acid - Trans fatty acid

Key Messages

+  Optimal lipid nutrition begins in fetal life with ade-
quate n-3 to n-6 fatty acid and preformed long-
chain polyunsaturated fatty acid (LCPUFA) supply
through the maternal diet and PUFA metabolism

+ Breast milk from mothers consuming a balanced
diet provides the best source of bioavailable lipids
for term neonates

+ Linoleic and a-linolenic acids are essential fatty ac-
ids; in addition, LCPUFA are important for lifelong
health

» LCPUFA in the diet and the mother’s genetic con-
trol of metabolism are important for visual and cog-
nitive development in the first months of life, after
which they contribute to lifelong health

« Transfatty acids interfere with LCPUFA metabolism,
affect lipoprotein cholesterol regulation and pro-
mote cardiovascular disease

- The balance between dietary n-3 and n-6 fatty ac-
ids is important to promote lifelong health, reduc-
ing the disease risk linked to allergic and inflamma-
tory responses © 2015 S. Karger AG, Basel

Introduction

Fats are the main source of energy for infants and
young children, and n-6 and n-3 fatty acids are
essential for normal growth and development.
Fat-soluble vitamins (A, D, E and K) require di-
etary lipids for absorption. Fats provide flavor and
texture to foods, and thus affect taste and accept-
ability of diets as well as gastric emptying and sa-
tiety. Membrane lipid composition in part defines
the functional properties of membranes (fluidity,
transport properties, receptor activity, uptake and
release of substances, signal transduction and
conduction, and ion flows). Fatty acids can also
affect gene expression directly or by regulating
transcription factors that affect the expression of
multiple other genes (i.e. peroxisome proliferator-
activated receptors). Dietary lipids provide struc-
tural components for brain and retinal structures,
cell membranes and transport of lipid compo-
nents in plasma, and they form the only true en-
ergy store of the body (adipose tissue). Fats and
oils are key dietary factors affecting cardiovascular
risk, obesity and diabetes. Linoleic acid (LA; C18:
2n-6) and a-linolenic acid (LNA; C18:3n-3) are
essential; they serve as precursors of the long-
chain polyunsaturated fatty acids (LCPUFA) such



as arachidonic acid (AA; C20:4n-6) and docosa-
hexaenoic acid (DHA; C22:6n-3). Dietary lipids
and mother and child genetic variation in fatty
acid desaturase and elongase enzymes determine
the balance between n-3 and n-6 effects. Neural
cell phospholipids in the retina and cerebral cor-
tex are rich in DHA, while vascular endothelia are
richin AA. LCPUFA are precursors of eicosanoids
(C20) and docosanoids (C22), which act as local
and systemic mediators for clotting, immune, al-
lergic and inflammatory responses; they also af-
fect blood pressure as well as vessel and bronchial
relaxation and constriction. The dietary balance
of n-6 and n-3 fatty acids can have profound in-
fluences on these responses, modulating the onset
and severity of multiple disease conditions (aller-
gy, atherosclerosis, hypertension and diabetes).

Lipids have long been considered as part of the
exchangeable energy supply for infants and
young children; thus, of primary concern has
been the degree to which dietary fat is absorbed
as an important contribution to the energy sup-
ply during early life.

Fats in the First Year of Life

High-fat formulas (40-60% of energy), character-
istic of infant feeding, contribute to the energy
density of the diet required to support rapid
weight gain, and especially to the fat accumula-
tion observed over the first year of life. This has
been traditionally considered a desirable trait,
considering the increased risk of infection and
potential dietary inadequacy after 6 months of
life. However, the need for this fat gain for sur-
vival has been reexamined as we presently face
an environment that promotes energy excess and
thus increases the risk of obesity and chronic dis-
eases later in life [1, 2]. The 2006 WHO Growth
Standards, based on predominant breastfeeding
for the first 6 months of life, suggest a leaner mod-
el of growth for the 2nd semester of life (see Chap-
ter 4.1). In addition, the 2010 Food and Agricul-

52

ture Organization/WHO recommendation on fat
has reduced amounts of total fat after 6 months
and even more after 2 years of life [3].

Essentiality of PUFA and LCPUFA

The essentiality of LA for human nutrition was
identified about 70 years ago. In the 1980s, n-3
fatty acids were found to be essential for humans,
considering the altered visual function in chil-
dren receiving parenteral lipids high in n-6,
which was reversed by provision of LNA, the n-3
precursor found in soy oil. Studies on preterm in-
fants postnatally fed LCPUFA revealed that those
receiving no DHA had altered electric responses
to light and significant delays in maturation of vi-
sual acuity, which were only partially improved
by LNA [4, 5]. These studies served to establish a
need for LNA and suggested that, at least in pre-
term infants, DHA was also needed. Further stud-
ies have established a need for n-3 fatty acids in
term infants, with some but not all studies dem-
onstrating a benefit from receiving preformed
DHA. Several stable isotope studies using labeled
LA and LNA have demonstrated a limited and
highly variable capacity to convert these precur-
sors into the corresponding LCPUFA, i.e. AA and
DHA, supporting the view that the latter may be
considered conditionally essential during early
life [2]. Preterm and term formulas are now sup-
plemented with AA and DHA. Higher levels of
DHA in formulas and breast milk should be need-
ed for extremely preterm infants [6, 7].

LCPUFA can affect adipogenesis, but findings
on their short- and long-term effects on body
composition among trials using varied supple-
mented n-3 LCPUFA formulas are contradictory
[8]. DHA should be considered essential for the
treatment of certain chronic diseases, such as
aminoacidopathies, and other inborn metabolic
disorders because of dietary restrictions in some
diseases, or because metabolism of LCPUFA is
affected, as in peroxisomal diseases [9].
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Table 1. Composition of commonly used vegetable oils

Source of oil Fat, Saturates Mono- Poly- n-6 n-3 Cholesterol,
g unsaturates unsaturates PUFA PUFA mg
Canola 100.0 7 59 30 20 9.3 0
Corn 100.0 13 24 59 58 0 0
Sunflower 100.0 10 19 66 66 0 0
Rapeseed 100.0 7 56 33 22 11.1 0
Soya 100.0 15 43 38 35 2.6 0
Olive 100.0 14 74 8 8 0.6 0
Vegetable solid fat 100.0 25 45 26 3 1.6 0
Animal fat lard 100.0 39 45 1 10 1 95
Milk fat 81 50 23 3 21 1.2 219

Table 2. Recommended fish as a source of eicosapenta-
enoic acid and DHA

Table 3. Contribution of various foods to trans fats con-
sumed

High levels of eicosapentaenoic  Herring
acid and DHA (>1,000 mg Mackerel
per 100 g fish) Salmon

Tuna - bluefin
Greenland halibut

Flounder
Halibut
Tuna - canned white

Medium level (500-1,000 mg
per 100 g fish)

Low level (<300 mg
per 100 g fish)

Tuna - skipjack
Tuna - canned light
Cod

Catfish

Haddock

Artificial infant formulas based on mixes of
vegetable oils (coconut, palm, corn, soy, sunflower
and safflower) provide LA- or oleic acid-rich con-
tents, and some LNA from soy oil, attempting to
mimic the composition of human milk (table 1).
Coconut oil fractions rich in medium-chain tri-
glycerides are used in an effort to promote absorp-
tion, especially in the feeding of preterm infants
and those with fat malabsorption syndromes,
since C8-10 fatty acids are absorbed directly from
the intestinal mucosa passing to the portal vein
[9]. Over recent years DHA or DHA + AA have
been added to many infant formulas. However, it

Fats

Food group % of total

Cakes, cookies, crackers, pies, bread,
doughnuts, fast-fried chicken, etc.>? 40

Animal products 21
Stick margarine 17
Fried potatoes 8

Potato chips, corn chips, popcorn
Household shortening

Breakfast cereals, candy

Soy oil

N UG,

United States Department of Agriculture analysis repor-
ted 0 g of trans fats in salad dressing.

?Includes breakfast cereals and candy.

b Unless specifically modified and labeled.

is nearly impossible to fully replicate the unique fat
composition and structure of human milk lipids.
Human milk lipase activity further contributes to
the improved fat digestibility of human milk. Af-
ter 6 months, with the introduction of solid com-
plementary foods, egg yolk, liver and fish can pro-
vide preformed DHA and AA (table 2) [2].

Lipids in Human Milk

Breast milk provides a ready source of both precur-
sors and long-chain n-6 and n-3 derivatives, and
is considered sufficient in these nutrients, provid-
ed mothers consume a nonrestrictive diet. The ac-
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Table 4. Fat supply for children older than 2 years for the prevention of nutrition-related chronic
diseases (based on Food and Agriculture Organization references)

Dietary component

Amount

Total dietary fat intake
Saturated fatty acids
PUFA
n-6 PUFA
n-3 PUFA
Eicosapentaenoic acid + DHA
n-6:n-3 ratio
Monounsaturated fatty acids
Cholesterol
Antioxidant vitamins
Potentially toxic factors’
Trans fatty acids
Erucic acid?
Lauric and myristic acids
Cyclopropenoids
Hydroperoxides

25-35% of energy, depending on activity
<8% of energy (mainly C12, C14 and C16)
5-15% of energy

4-11% of energy

<3% of energy

100-300 mg, depending on age

5:1to 10:1

No restriction within limits of total fat
<300 mg/day

Generous intake desirable

<1% of total energy
<1% of total fat
<8% of total fat
Traces

Traces

!Limit processed foods, hard fats and hard margarine as a practical way to limit intake of satura-

ted and trans fatty acids.

2Use only rapeseed oil derived from genetic varieties low in erucic acid (canola).

tual amount of essential fatty acids and LCPUFA
present in human milk varies depending on the
maternal diet, being low in occidental diets, and
also on maternal genetic variants in the desaturase-
encoding genes [10]. Recently, an intake of at least
300 mg/day of eicosapentaenoic acid plus DHA, of
which 200 mg/day are DHA, has been recom-
mended during pregnancy and lactation [3].
Human milk provides close to 50% of the en-
ergy as lipids. Oleic acid is the predominant fatty
acid, while palmitic acid is provided in the sn-2
position of the triglyceride, enhancing its absorp-
tion. Preformed cholesterol in breast milk (100-
150 mg/dl) provides most of what is needed for tis-
sue synthesis, thus downregulating endogenous
cholesterol synthesis in the initial months of life.
Trans fatty acids are the product of hydrogena-
tion of vegetable oils (soy) with the object of mak-
ing these less susceptible to peroxidation (rancidi-
ty); thus the processed foods prepared with trans
fatty acids have a longer shelf life, which is in the
interest of producers and retailers. However, the ef-
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fect of these fats on lipoprotein metabolism is in-
deed more harmful than that of saturated fats (C14,
C16), since they not only increase LDL cholesterol
(the cholesterol-rich atherogenic lipoprotein) but
also lower HDL cholesterol (the protective lipopro-
tein responsible for reverse cholesterol transport).
The net effect is that these fats contribute substan-
tially to raising the risk of cardiovascular disease,
as seen in table 3. Trans fatty acids during preg-
nancy and lactation have been associated with sev-
eral negative outcomes related to conception, fetal
loss and growth. The vulnerability of the mother-
fetus/infant pair suggests that the diet of pregnant
and lactating women should be as low in industri-
ally derived trans fatty acids as practical [3].

Fats in the Second Year of Life and Beyond
After 2 years of life, recommendations on fat in-

take need to consider the level of habitual physical
activity, since the need for energy-dense food
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sources such as fat should be adjusted to the en-
ergy required to promote healthy weight and ac-
tive living; the energy needs for growth after 2
years represents 2-3% of the daily needs. Seden-
tary children will meet their energy needs easily
with fat energy of around 30% of the total, while
active children may benefit from higher fat ener-
gy (see table 4 for full details). In terms of cardio-
vascular disease prevention, the key aspect is the
quality of the fat; decreasing saturated fats (espe-
cially C14 myristic and C16 palmitic acids) is cru-
cial, even if C18 stearic acid is neutral in terms of
cholesterol, since most of it is converted to oleic
acid by the liver. Thus, a mild elevation in LDL
cholesterol is offset by a rise in HDL. The key is-
sue in the prevention of obesity is keeping energy
intake and expenditure in balance at a healthy
weight. Reducing fat intake is one way of achiev-
ing this, but it may not be the most sustainable
way [3, 11].

DHA supply in children shows no evidence of
an effect on cognitive function. There is some ev-
idence of a benefit to behavioral changes in atten-
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Key Messages

- Maintenance of body water is principally governed
by the kidney, except in pathologic states such as
diarrheal disease

- Intestinal transportation of water and electrolytes is
a finely tuned phenomenon regulated by complex
interaction between endocrine, paracrine,immune,
and enteric nervous systems

- Cotransportation of Na* with glucose by SGLT-1 is
preserved in most diarrheal diseases and forms the
basis for the oral rehydration solution

+ Breastfed infants, including low-birth-weight in-
fants, in hot climates do not require supplemental
water

+ An oral rehydration solution should be used for re-
hydration and accomplished rapidly over 3-4 h, ex-
ceptin severe dehydration or intolerance of enteral
fluids ©2015 S. Karger AG, Basel

Introduction

Maintenance of body water and electrolytes is a
tightly regulated balance of intakes and outputs
mediated by elaborate physiologic mechanisms.

Sodium (Na*) retention causes volume expansion,
and Na* depletion causes volume contraction. A
net negative sodium balance results in a clinical
state of extracellular fluid (ECF) volume contrac-
tion, the most common cause worldwide being in-
fectious diarrheal disease resulting in dehydration.

Unlike sodium, whose distribution in the body
is uneven because of active transport of the ion,
water movement is passively determined in re-
sponse to osmotic gradients. Body water, being
freely diffusible, is therefore in equilibrium in rela-
tion to the distribution of its nondiffusable solutes.

Maintenance of body water involves the con-
trol of intake/absorption governed by the gastro-
intestinal tract and excretion, but principally by
excretion controlled by the kidney. Under normal
conditions, losses via the gastrointestinal tract
are small but can greatly increase in pathologic
states such as diarrheal disease.

Over 1.7 billion episodes of diarrhea occur an-
nually, accounting for 700,000 deaths of children
younger than 5 years, with most deaths in devel-
oping countries and from dehydration [1]. The
severity of dehydration is graded by clinical signs
and symptoms that reflect fluid loss and that de-
termine the treatment regimen to correspond to
the degree of severity. Regardless of the etiology,
more than 90% of dehydration can be safely and



effectively managed with oral rehydration thera-
Py, using a prescribed fluid and electrolyte oral
rehydration solution (ORS). Because malnutri-
tion increases the frequency, severity, and dura-
tion of diarrhea, fluid and electrolyte replace-
ment and nutritional therapy are critical ele-
ments for recovery [2].

Regulation of Sodium Balance

Sodium absorption occurs in the gastrointestinal
tract and excretion primarily by the kidney, with
small amounts excreted in sweat and feces. In
pathologic conditions, especially diarrheal dis-
ease, normal gastrointestinal mechanisms of ho-
meostasis become disturbed and can result in
large, sometimes life-threatening fluid and elec-
trolytes losses. Systems regulating renal sodium
chloride (NaCl) and water excretion operate by a
negative feedback loop consisting of an afferent
(sensory) component, an efferent (messenger)
component, and an effector organ [3]. The renal
response aims at reconstituting the ECF volume
by decreasing the glomerular filtration rate and
thus the filtered load of Na* and, even more criti-
cally, by promoting tubular reabsorption of Na*
utilizing the various mechanisms of Na* trans-
port including exchangers, channels, and co-
transporters. Receptors located in the renal juxta-
glomerular apparatus detect a reduced ECF vol-
ume and Na* concentration and stimulate renal
Na* retention via the renin-angiotensin cascade.

Regulation of Body Water

Plasma osmolality is the primary driver for thirst
and, therefore, water intake, although under con-
ditions of a reduced ECF volume such as severe
dehydration, alow blood volume assumes a great-
er role and will override tonicity [4]. Arginine va-
sopressin secreted from pituitary neuronal cells
in response to signals from osmoreceptors binds

Fluid and Electrolytes

to epithelial-cell basolateral receptors of the oth-
erwise water-impermeable collecting tubule of
the nephron, stimulating the insertion of water
channels (aquapores) into the apical cell surface
and subsequent extraordinary movement of wa-
ter from the lumen to the cell interior.

Gastrointestinal Regulation of Fluids and
Electrolytes

The permeability of the tight junction between
epithelial cells decreases distally so that the jeju-
num is the most and the distal colon and rectum
the least permeable to the passive movement of
electrolytes and water [5]. Ions traverse the epi-
thelium via the transcellular or paracellular routes
throughout the length of the bowel by passive or
active transport mechanisms. Passive movement
of fluids follows, with paracellular transport being
the main mechanism of flow in the small bowel
and transcellular flow predominating where the
epithelia are tightly aligned and less permeable, as
in the distal colon. Cotransportation of Na* with
certain nutrients including glucose and amino ac-
ids at the apical surface of the upper villus in the
small intestine is responsible for most Na* and
water absorption following a meal or ingestion of
an ORS (fig. 1). The carrier specific for Na-glu-
cose cotransportation, SGLT-1, is preserved in
most diarrheal diseases and forms the basis for
oral rehydration therapy [6]. In fasted states or
between meals, most NaCl is transported from
the lumen via exchange (Na*/H™ and Cl/HCO3).

While sodium transport drives fluid absorp-
tion, Cl~ excretion is the driving force for fluid
secretion. Cl is taken up along the basolateral
membrane of the epithelial cell by the electroneu-
tral Na*/K*/2Cl" cotransporter and accumulates
within the cell above its electrochemical equilib-
rium (fig. 2). Once within the cell, Cl exits into
the intestinal lumen via Cl channels that open in
response to regulatory agonists that invoke sec-
ond messenger systems.
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Fig. 1. Cotransportation of sodium and glucose.
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Fig. 3. The effect of ambient temperature, humidity, and
exertion (running speed) on the approximate rate of
sweating in adults. From Sawka and Montain [8].

Intracellular Regulators of lon Flux

Various hormones, neurotransmitters, and secre-
tagogues bind to receptors along the epithelial cell
membrane to initiate the intracellular cascade in-
volving second messenger molecules of cyclic nu-
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Fig. 2. Chloride excretion and fluid secretion.

cleotides (including cyclic adenosine monophos-
phate and cyclic guanosine monophosphate) and
ionized cytosolic calcium (Ca?*). These in turn
activate protein kinases that exert direct control
of ion channels to increase the efflux of Cl through
Cl channels down their electrochemical gradients
and the inhibition of electroneutral NaCl-cou-
pled influx.

Intercellular Regulators of lon Flux

Under normal conditions, the intestinal transport
of water and electrolytes is a finely tuned transcel-
lular and paracellular phenomenon regulated by
complex interactions between the endocrine,
paracrine, immune, and enteric nervous systems.
In reality, these systems do not function as iso-
lated units; their borders are indistinct and over-
lap [4]. Examples include serotonin and vasoac-
tive intestinal peptide, which function as hor-
mones or neurotransmitters or both depending
on the precise physiologic situation. Certain bac-
terial enterotoxins such as cholera and cytotoxins
simultaneously stimulate paracrine, neural, and
immune responses, all of which may alter ion and
water flux [7].
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Other Regulatory Factors

Other factors influence fluid and electrolyte
transport indirectly, including acid-base homeo-
stasis, gut motility, luminal flow rates, intestinal
permeability, blood oncotic pressure and plasma
volume, venous and arterial pressure, and physi-
cal and psychological stress.

Effects of Environment and Physical Activity

Thermoregulation is essential to the body’s prop-
er functioning. The body’s core temperature is
carefully regulated and maintained. Accordingly,
there are multiple mechanisms to dissipate ex-
cess heat, which include sweat evaporation, ra-
diation, convection, and conduction, with evap-
oration being the most effective. These same
mechanisms essential for thermoregulation may
also lead to fluid loss and electrolyte abnormali-
ties. In hot climates, a considerable volume of
water may be lost through perspiration for evap-
orative cooling and is further increased with in-
creased humidity and during periods of physical
exertion (fig. 3) [8].

Compared to adults, children have a greater
surface area/body mass ratio and rely more on
dry heat dissipation than evaporative heat loss.
However, older children and adolescents do not
have inferior thermoregulatory ability or physi-
cal exertion tolerance with higher heat injury
rates than adults, even during extreme heat. Poor
hydration status and excess physical exertion, es-
pecially in a hot environment, are the main deter-
minants of exertional heat illness; modifiable
risk factors include extreme exertion, inadequate
recovery from repeated periods of exercise, and
excessive clothing or sports equipment, among
others [9].

Breastfed infants, including low-birth-weight
infants, in hot climates can be adequately main-
tained on breast milk exclusively and do not re-
quire supplemental water. In developing coun-

Fluid and Electrolytes

tries, supplementation is associated with greater
infant morbidity and mortality from diarrhea
and respiratory illness, decreased milk intake,
and early cessation of breastfeeding which syner-
gistically promotes the development of malnutri-
tion [10].

Principles of Rehydration and Fluid
Maintenance

The degree of dehydration as graded by clinical
characteristics determines the fluid and electro-
lyte regimen to be used, regardless of the specific
etiology. Except for severe dehydration or if the
child cannot tolerate enteral fluids, oral ORS
(Na") should be used for rehydration and accom-
plished rapidly over 3-4 h (table 1) [11]. The
WHO and UNICEF recommend a 245-mmol/l
ORS of NaCl 2.6 g (75 mmol/l), glucose 13.5 g (75
mmol/l), KCI 1.5 g (20 mmol/l), and citrate 2.9 g
(10 mmol/l). Breastfeeding should continue dur-
ing and immediately following rehydration; in
nonbreastfed infants, an unrestricted age-appro-
priate diet should be provided immediately fol-
lowing initial rehydration. If formula food is be-
ing used, it should not be diluted and does not
need to be specialized, since lactose-containing
formulas are usually well tolerated. Ongoing stool
losses should be replaced with ORS.

Severely dehydrated children usually require
initial rehydration with intravenous fluids, after
which hydration can usually be maintained oral-
ly with ORS (table 1). Ringer’s lactate (Na* 130
mmol/l, K" 4 mmol/], Cl" 109 mmol/l, and lactate
28 mmol/l) with or without 5% dextrose is the
preferred intravenous solution, while normal sa-
line (0.9% NaCl; Na* 154 mmol/l) is an acceptable
alternative. In extreme situations or if the child is
unable to keep up with ongoing stool losses, in-
travenous fluids are needed beyond the initial re-
hydration period (table 2) [2].

In developing countries where diarrheal dis-
ease is most prevalent and associated with the
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Table 1. Treatment of acute watery diarrhea, modified from King et al. [11]

Degree of Signs Rehydration therapy Replacement Nutrition

dehydration (within 4 h) of losses

Minimal Well, alert Not applicable For each diarrheal stool or Continue

(<3%) vomiting episode give breastfeeding
60-120 ml ORS or resume
if <10 kg body weight and age-appropriate diet
120-240 ml ORS after initial rehydration
if >10 kg body weight

Mild to Sunken eyes, sunken fontanelle, ORS 50-100 ml/kg Same as above Same as above

moderate  loss of skin turgor, dry buccal over3-4h

(3-9%) mucous membranes

Severe Signs of moderate dehydration Intravenous fluids Same as above;

(10%) with one of the following: 30 ml/h until pulse, if unable to drink, give by

rapid thready pulse, cyanosis,
cold extremities, deep breathing,
lethargy, unconsciousness

perfusion, and mental
status improve; then,
ORS 100 ml/kg over 4 h

nasogastric tube

Table 2. Guidelines for intravenous

fluids for severe dehydration Age First give Then give
30 ml/kg over? 70 ml/kg over®
Infants (<12 months) 1h 5h
Older children and adults 30 min 25h

Modified from the WHO manual [2]. Preferably start intravenous Ringer’s
lactate (with or without 5% dextrose; normal saline is acceptable) immedia-
tely; give an oral rehydration solution until the intravenous line is started if

the child can drink.

@Repeat once if the radial pulse remains weak or not detectable.
bif the child is able to drink and keep up with stool losses, introduce the ORS
as described in table 1.

greatest mortality and morbidity, many affected
children have concomitant malnutrition. Malnu-
trition results in an increased incidence, severity,
and duration of diarrhea and is an underlying
cause of much of the diarrheal disease-related
mortality. Optimal prevention and management
of diarrheal disease, therefore, requires attention
to nutritional therapy including continued
breastfeeding in breastfed infants and early
refeeding during a diarrheal disease episode.
Zinc supplementation promotes recovery from
acute and persistent diarrhea; as well as decreas-

60

ing postdiarrheal disease morbidity, it is now
universally recommended as adjunctive treat-
ment for children with diarrhea older than 6
months of age. Severely malnourished children
with diarrhea have unique, stereotypical clinical
abnormalities and require a specific, protocoled
regimen to ensure safe, efficacious fluid and elec-
trolyte reconstitution. Due to the limited data, a
potential role for zinc in the treatment of acute
diarrhea in developed countries has not been
identified [12].

Prince - Fuchs

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 56-61

DOI: 10.1159/000367869



Conclusions

Maintenance of body water and electrolytes is
a tightly regulated balance of intakes and out-
puts

Certain conditions such as gastrointestinal pa-
thology, malnutrition, physical exertion, and
environmental stress such as excessive ambi-

ent heat result in unique fluid and electrolyte
losses and requirements

In developing countries, where childhood
malnutrition is often superimposed on diar-
rheal disease states, nutritional repletion in-
cluding zinc supplementation is an additional
therapeutic requirement
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1.3 Nutritional Needs

1.3.7 Vitamins and Trace Elements

Noel W. Solomons

Key Words

Vitamins - Trace elements - Deficiency - Excess -
Growth - Complementary food

Key Messages

+ There are 22 essential micronutrients — 13 vitamins
(4 fat soluble and 9 water soluble) and 9 trace ele-
ments - to be obtained from a diet to satisfy nutri-
ent requirements

- Inaddition to insufficient intake from the diet, inhi-
bition of intestinal uptake, impairment of nutrient
utilization, enhanced destruction of vitamins and
increased nutrient wastage can produce micronu-
trient deficiencies, alone or in combination

- Biofortification, consisting of developing improved
varieties of staple foods, fruits and vegetables, is an
emerging approach to increasing the micronutrient
supply in at-risk populations in developing countries

« The weaning period presents an enhanced risk of
inadequate micronutrient intake and deficiency,
and fortification of complementary feeding is a
practical and important option

« However, the balancing and monitoring of micro-
nutrient fortification in food supply is essential as
the risk of overconsumption of selected micronutri-
ents such as iron, vitamin A and folic acid is latent
when public health and commercial fortification ef-
forts combine in a given setting

© 2015 S. Karger AG, Basel

Introduction

From infancy through late adolescence, a series of
13 organic compounds (the vitamins, 4 soluble in
lipids and 9 soluble in water) are essential for nutri-
tion and health. Likewise, there is relative consen-
sus that 9 inorganic elements found at low concen-
trations in the body (the trace elements) are benefi-
cial or essential for the maintenance of the structure
and function of the human body. The amounts to
be consumed with the diet on a day-to-day basis by
healthy juveniles have been established in relation
to their age and gender. Diseases can lead to an ad-
ditional demand for these so-called micronutri-
ents. Deficiencies in vitamins and trace elements
occur because of insufficient dietary intake or
through environmental or pathological challenges.
A list of the vitamins and trace elements of interest
in this discussion is provided in table 1.

Sources of Micronutrients for Human
Consumption

The vitamins and minerals needed by the body
can come from three basic sources: the first is fun-
damentally based on the primary production of



Table 1. List of vitamins and beneficial and essential trace elements

Vitamins

Synopsis of role and function

Fat-soluble group
Vitamin A
Vitamin D
Vitamin E
Vitamin K

Water-soluble group
Vitamin C
Thiamin
Riboflavin
Niacin
Vitamin Bg
Pantothenic acid
Biotin
Folate
Vitamin By,

Retinal light receptors in vision, genetic transcription
Calcium absorption, bone mineralization, cell signaling
Cell membrane antioxidant protection, cell signaling
Blood clotting, bone matrix formation

Antioxidant protection in regeneration of reduced vitamin E
As thiamine pyrophosphate coenzyme in metabolism

As cofactors FAD and FNM in flavoproteins

As cofactors NAD and NADP in dehydrogenases

Cofactor in transamination and carboxylation of amino acids
Component of coenzyme A for mitochondrial energy
Cofactor in carboxylases for fats, protein and carbohydrates
One-carbon transfer reactions in metabolism

Cofactor in one-carbon transfer reaction, specifically for

5-methyltetrahydrofolate

Trace elements
Iron
Zinc
Copper
lodine
Fluoride
Selenium
Manganese
Chromium
Molybdenum

Oxygen transfer, oxygen-mediated redox reactions
Metalloenzymes, zinc-finger protein transcription factors
Diverse metalloenzymes

Thyroid hormone structure

Dental and skeletal mineralization

Glutathione peroxidase antioxidant system
Mitochondrial superoxide dismutase

Enhances the cellular action of insulin

In molybdenum cofactor in metabolism of organic acids

FAD = Flavin adenine dinucleotide; FNM = flavin mononucleotide; NAD = nicotinamide adenine
dinucleotide; NADP = nicotinamide adenine dinucleotide phosphate.

foods, and the other two are related to the mobi-
lization of synthetic (vitamins) or isolated (trace
elements) sources for consumption. These sourc-
es are outlined in table 2.

Vitamins and Trace Elements Intrinsic to Foods

It takes a wide variety of different foods in com-
bination to obtain the entire range of necessary
micronutrients in adequate amounts [1]. Micro-
nutrients tend to be less varied, less dense and less
available in foods of plant origin than in those of
animal origin [2]. To the extent that plants are
rich sources of vitamins E, C and K and folate,
children should be encouraged to consume whole

Vitamins and Trace Elements

grains and green, orange and yellow vegetables
and fruits. However, for calcium and riboflavin,
milk and dairy products are the richest sources,
and iron and vitamins A and B;, are most dense-
ly concentrated in animal foods (meat, organ
meat and fish). Cooking, processing and storage
destroy or elute nutrients in foods.

An emerging new strategy is biofortification,
primarily for public health purposes. This in-
volves enhancing the content of specific nutrients
during the cultivation of edible plants. It can
involve nutrient-enhanced fertilization, cross-
breeding/hybridization or genetic modification
[3]. One can variously enhance the concentration
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Table 2. Sources of micronutrients for human consump-
tion

Intrinsic micronutrients
Nutrients contained within the tissue matrix and fluid of
edible items from the animal and plant kingdoms

Extrinsic (added) micronutrients

Nutrients are added to foods as enrichment, in mass
fortification by public health mandate and/or with
discretionary fortification, as in commercial foods or
with nutrient mixes added to complementary foods
in the home

Supplemental micronutrients

Nutrients taken in pharmaceutical preparations
(chewable candies, tablets, elixirs) in individual or
combined forms

of a nutrient (e.g. the provitamin A p-carotene)
already in the plant (such as in orange-fleshed
sweet potatoes) or introduce the same nutrient
where it never existed before (as in rice or cas-
sava).

Vitamins and Trace Elements Added to Foods
Extrinsic addition of micronutrients usually oc-
curs in processing or, occasionally, in the home
just prior to consumption. It includes three do-
mains: (1) enrichment (returning the nutrients
lost in processing); (2) public health-directed for-
tification (adding a nutrient or nutrients to a
widely consumed item such as salt, sugar, oil or
flour to counter a population-level deficit), and
(3) market-driven fortification (adding nutrients
to commercial products to enhance their appeal,
such as adding vitamin C to soda beverages) [4].
Fortification is a legitimate and effective pub-
lic health measure [5]. The major focus in the
publication arena had traditionally been iodine
in salt, but this has recently shifted to iron, spe-
cifically in wheat flours and corn meals (Flour
Fortification Initiative), and other nutrients such
as retinol in cooking oils and condiments. A cre-
ative avenue for young children with nutrition-
ally precarious diets has been home fortification
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in which multimicronutrient-fortified powders
(sprinkles) or spreads are combined with tradi-
tional foods to support nutrient intake. The Cen-
tral American republics have a several-decade
history of vitamin A fortification of sugar, but in-
creased sugar consumption is now leading to ex-
cessive consumption of the vitamin.

Micronutrient Supplements

The advances in pharmaceutical chemistry from
the second half of the 20th century allowed high
concentrations of vitamins and trace elements to
be formulated as capsules, tablets and syrups. In a
public health context, various forms of micronu-
trient supplementation are used - generally when
40% of the child population shows evidence of
nutrient deficiency. This is exemplified by the pe-
riodic distribution of high-dose vitamin A cap-
sules [6] and intensive courses of daily dosing of
iron and folic acid [7].

Beyond the prevention of micronutrient defi-
ciencies, some parents may be motivated to sup-
plement themselves and their children with the
motivation to decrease the risk of occurrence of
chronic diseases such as cancer, cardiovascular
diseases and cognitive decline; an analysis of the
current scientific evidence does not support such
an effect [8]. In fact, adverse outcomes from
chronic multimicronutrient supplementation
have been documented.

Factors Affecting Vitamin and Trace Element
Nutrition

Primary vitamin and trace element undernutri-
tion is the result of the oral intake of nutrients
from any combination of the aforementioned
sources not meeting the recommended amounts.
This is seen not only with poverty, famine and di-
saster but also widely in cases where the nutrient
density of the diet does not sustain nutrient re-
quirements when energy needs are fulfilled. This
is an especial concern with regard to complemen-

Solomons

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 62-67

DOI: 10.1159/000367871



Table 3. Factors conditioning the absorption and utiliza-
tion of dietary micronutrients

Inhibition of intestinal uptake

Environmental enteropathy under unsanitary
conditions

Dietary constituents that interfere with nutrient
absorption, such as dietary fibers and phytic acid

Intestinal parasites (Helicobacter pylori, protozoa and
helminths)

Active acute, recurrent or chronic persistent
gastroenteritis

Impairment of nutrient utilization

Lead exposure interferes with the incorporation of iron
into hemoglobin, leading to anemia

Inflammation, chronic illness and, specifically, renal
disease disrupt the mobilization of diverse nutrients
to the red cells, leading to anemia

Menkes disease impairs the cellular utilization of copper

Enhanced destruction of vitamins

As organic compounds, vitamins can be denatured or
metabolized, as happens with vitamin E in the
presence of oxidants

Tobacco smoking destroys vitamin C

Note: inorganic substances (trace elements) cannot be
destroyed

Increased nutrient wastage

The metabolic consequences of a systemic
inflammatory response leads to excessive urinary
excretion of nitrogen, zinc and vitamin A

Abuse of cathartic laxatives induces excessive losses of
water, sodium, potassium, magnesium and calcium

tary foods during the weaning process [9]. Of
course, in individuals receiving part or all of their
nutrition via the intravenous parenteral route, at-
tention must be paid to perfuse micronutrients as
well to avoid deficiency [10].

Secondary micronutrient undernutrition is re-
lated to the failure to absorb, to utilize or to retain
the nutrient in the body once ingested with the
diet or a supplement. Table 3 classifies and illus-
trates the factors affecting micronutrient disposi-
tion. These factors come into interplay in severe
diseases commonly seen in pediatric practice,
such as repeated or chronic diarrhea, Crohn’s dis-
ease [11], untreated celiac disease or cystic fibrosis.

Vitamins and Trace Elements

There is a narrow spectrum of situations in
which there is excessive absorption or retention
of certain trace elements, leading to progressive
accumulation and eventual overload. This oc-
curs with iron in conditions called hemochro-
matosis and hemosiderosis due to disruption of
the intestinal regulation of its uptake. It also oc-
curs with copper in that the absorbed metal can-
not be normally exported from the cells after its
uptake due to a genetic mutation. In both in-
stances, these metals accumulate in selected or-
gans, producing oxidative and degenerative
damage.

Theoretical and Practical Precautions and
Caveats regarding Vitamin and Trace Element
Nutrition

On the one hand, considerations based on cli-
mate, environmental conditions and endemic in-
fectious diseases may modify the conventional re-
quirements of certain micronutrients, usually in-
creasing the demand to support nutrition and
growth. Even ethnic origin can be seen as an
emerging factor, as genetic polymorphisms that
influence micronutrient handling are increasing-
ly being recognized [12].

On the other hand, pathogenic viruses, bacte-
ria, protozoa and fungi have their own specific
requirements of certain trace elements such as
iron, zinc and manganese. The malarial organ-
ism (Plasmodium) and pathogenic amoeba (e.g.
Entamoeba histolytica) and their influence on the
iron status of the host are cases in point. In situ-
ations in which sanitary or antimicrobial control
cannot stem parasitic transmission, individuals
having lower reserves of iron may be relatively
protected against the proliferation of these patho-
gens.

The overall balance between micronutrients,
both in the diet (on the plate) and in the body
(in tissues and organs), has implications because
a series of recognized nutrient-nutrient interac-
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Table 4. A listing of some pertinent paradoxical associations and precautions related to dietary

exposure to micronutrients

The tolerable upper intake levels for zinc in toddlers and preschool children may be too low,
as they are lower than the average amounts of zinc consumed by apparently healthy children

in the USA

The traditional ideal is that all members of a family unit share the majority of meals as a family.
In this regard, the tolerable upper intake level of preformed vitamin A for children under 6 years
is lower than the recommended daily intake of total vitamin A for pregnant or lactating women

in the same household

The currently recommended intake levels for vitamin D, especially for adolescents and for
individuals from darkly pigmented ethnic groups living in temperate latitudes such as Europe,
North America and southern Australia, may not be sufficient to maintain protective circulating
levels of the vitamin. Pediatric dermatologists and nutritionists are at odds about the value of
sun exposure. The dermatological community advocates maximal sunscreen protection to
avoid skin damage and malignancy risk, whereas pediatric nutritionists realize that maximizing
vitamin D formation in skin in temperate latitudes requires some relaxation of solar exposure

avoidance measures

An upward spiral of market-driven fortification, with multiple manufacturers adding micronutrients
to make their products more attractive and ‘nutritious’, runs the risk of providing child consumers
with several times the daily recommended amounts of some vitamins and minerals

Folic acid is a synthetic and totally oxidized form of folate. Folic acid fortification is mandated in
many countries for the prevention of neural tube defects in the pregnancies of susceptible
women. These higher folic acid intakes may have additional benefits for adults through the
prevention of stroke and vascular disease. However, in adults with established dysplastic
changes in the large bowel mucosa, higher folic acid exposure accelerates the progression to
colorectal cancer. Limited evidence for a similar scenario exists for prostatic neoplasia. We have
little understanding of these beneficial versus harmful effects for the pediatric population

Epidemiological evidence is accumulating that the consumption of preformed vitamin A from
animal sources and food fortification weakens bone mineralization. The extent and importance
of such a process in childhood merit research attention

tions between vitamins, between trace elements
and between vitamins and trace elements are rec-
ognized. These are quite common for vitamin A
with its interactions with vitamins D and E and
assorted elements such as iodine and iron [13].
The competition between iron and zinc is notable
for its potential consequences in public health in-
terventions [14].

Excessive exposure to certain vitamins and
virtually all of the trace elements can have ad-
verse effects on children. For 7 of the vitamins
and all of the inorganic elements, certain daily
dietary amounts pose the risk of the adverse con-
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sequences of overload and even toxicity if exceed-
ed. These so-called upper tolerable intake levels
have been established by agencies such as the
Food and Nutrition Board of the USA and the
European Food Safety Authority. The interplay
between essential risks of dietary deficiency and
public health interventions to enhance the mi-
cronutritional status can lead to paradoxical situ-
ations. Increasingly, this also takes place at the
interface of the low nutrient content of the diet
selected and the sum of fortification and self-sup-
plementation sources. Table 4 illustrates a selec-
tion of these paradoxes.
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Conclusions

Vitamins and trace elements get into the child
via natural foods and beverages, fortified prod-
ucts and oral micronutrient supplements;
sometimes a combination is needed to achieve
an adequate diet

The weaning period for infants and toddlers is
a challenging period in which to satisfy micro-

In the community setting, antinutrient sub-
stances in the diet and recurrent gastrointesti-
nal infections can interfere with micronutrient
adequacy

Overconsumption of certain vitamins and
trace elements is an emerging problem due to
the overlapping of self-supplementation and
market-driven fortification in the pediatric
context

nutrient nutriture
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1.4 Physical Activity, Health and Nutrition

Robert M. Malina
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Adiposity - Bone mineral accrual - Metabolic
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Key Messages

+ Physical activity (PA) is a behavior that changes
with growth and maturation

+ Regular PA favorably influences bone mineral
accrual, cardiorespiratory fitness, and muscular
strength and endurance

- PA has relatively small effects on lipids and adipos-
ity and blood pressures in normal-weight and nor-
motensive youth, respectively

+ PA interventions favorably influence adiposity in
the obese, blood pressures in the hypertensive,
and components of the cardiometabolic profile in
obese youth

- Many indicators of health and fitness, especially
metabolic risk, are affected by obesity. A key issue
is the prevention of unhealthy weight gain early in
childhood and the potential role of PA

© 2015 S. Karger AG, Basel

Introduction

Physical activity (PA) is a behavior. It is the most
variable component of energy expenditure. On
average, PA declines from late childhood through
adolescence, and boys are more active than girls.

From a public health perspective, PA is a be-
havior with important implications for health
promotion and disease prevention during child-
hood, adolescence and adulthood. Emphasis is
largely placed on the level of PA associated with
health benefits. The role of PA as a medium for
learning, enjoyment and social interactions is of-
ten overlooked.

Correlates of PA among children and adoles-
cents include biological and cultural factors and
their interactions. Physical fitness, specifically
cardiorespiratory fitness (CRF), is both a corre-
late and outcome of PA. Movement skills are also
an important correlate of PA. Types and settings
(contexts) of PA are often overlooked, and include
play, physical education, exercise, sport, transport
and chores, among others. Contexts per se and
meanings attached to them vary with age and also
between and among different cultural groups [1].
Sport is a major context of PA for youth, but regu-
lar PA is not equivalent to training for sport.

Outcomes

Two questions, among others, are central to dis-

cussions of PA and health of school-age youth:

(1) What are the health and fitness benefits of
regular PA?



Table 1. Summary of trends in studies on relationships of habitual PA to selected indicators of health status and of
the effects of specific PA programs (experimental, interventional) on indicators of health status

Health indicator

Relationships to PA

Effects of specific PA programs

Adiposity Normal weight: less adiposity in habitually Normal weight: minimal effect
active youth Overweight/obese: reduction in overall and
central adiposity with PA interventions
Bone Increased bone mineral content in active Variety of PA programs: increased bone
youth mineral content and bone strength
Lipids and Habitual PA: weak associations with TC, Weak beneficial effect of MVPA on HDL-C
lipoproteins HDL-C, LDL-C and triglycerides and triglycerides; no effect on TC and LDL-C

Blood pressures

Normotensive youth: no clear association
between habitual PA and blood pressures

Hypertensive youth: aerobic PA programs
favorably influence blood pressures

Mild essential hypertension: suggestive
beneficial effect

Cardiovascular
health

Habitual PA: weak associations with levels
of fibrinogen and C-reactive protein;

Obese youth: aerobic PA programs improve
resting vagal tone (heart rate variability)

inconclusive for endothelial function

Metabolic syndrome
- cardiometabolic
complications

High PA and CRF: better metabolic profile;
association stronger for CRF than for PA

Overweight/obese youth: improved
metabolic profile with PA intervention

CRF

Habitual PA associated with higher CRF

Experimental PA programs: favorable
influence on CRF; gains of approx. 10%
(3—-4 ml/kg/min)

Muscular strength
and endurance

Habitual PA: not consistently related to
muscular strength and endurance

Experimental PA programs: significant
gains, which vary with protocol - larger
gains in strength with high resistance and
low repetitions, larger gains in endurance
with low resistance and high repetitions

Collated from several sources [2-4, 7-15]. TC = Total cholesterol; HDL-C/LDL-C = HDL/LDL cholesterol; MVPA =

moderate-to-vigorous PA.

(2) What type and amount (frequency, intensity
and duration) of PA is needed to bring about
these benefits?

Allowing for variation among and limitations
of studies, health benefits of PA are summarized
in table 1. Data addressing the first question are
largely derived from comparisons of active with
less active youth and from studies of specific PA
programs. Data addressing the second question
are derived from experimental and intervention-

Physical Activity, Health and Nutrition

al programs which varied to some extent in set-
ting (schools, recreation centers, etc.) and in du-
ration, type and amount of PA. In general, the
majority involved protocols of moderate-to-vig-
orous PA for 30-45 min, 3-5 days per week. Du-
rations of programs varied to a greater extent.
Programs in studies on bone health were more
variable: moderate-to-vigorous PA 2-3 days per
week, 45-60 min of weight-bearing activities
and/or 10 min of high-impact activities [2].
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Activity protocols in studies on CRF and mus-
cular strength and endurance approximated sys-
tematic training. Allowing for variation among
studies, protocols for CRF involved continuous
PA (approx. 80% of maximal heart rate) for 30-45
min, 3 days per week for 12-16 weeks in youth 8
years of age through adolescence [2]. Protocols
for muscular strength and endurance involved
progressive resistance activities incorporating re-
ciprocal and large muscle groups for 30-45 min,
2-3 days per week, with a rest day between ses-
sions, over 8-12 weeks in youth 6 years of age
through adolescence [3].

Individual differences in growth and matura-
tion are confounding factors in evaluating effects
of PA on health. Indicators of interest change
with normal growth and maturation, and several
(bone mineral accrual, CRF, strength, HDL cho-
lesterol and adiposity) have growth patterns
which are variable during adolescence [4]. Sev-
eral studies highlight an important role for PA
during the interval of maximal adolescent growth
that includes peak height velocity. Longitudinal
data suggest enhanced effects of PA on bone min-
eral accrual [5] and maximal aerobic power [6]
during the interval of maximal growth in both
sexes.

Data dealing with bone health are largely on
prepubertal children (both sexes) and early pu-
bertal youth (primarily girls). Among older ado-
lescents, the influence of PA is more variable but
generally positive.

Indicators of cardiometabolic health are cur-
rently of major interest: low HDL cholesterol,
high triglycerides, elevated blood pressures, im-
paired glucose metabolism, insulin resistance,
obesity and abdominal obesity, among others.
The indicators tend to cluster within individuals
and compose the metabolic syndrome. Higher
levels of PA and CRF are independently associ-
ated with favorable metabolic profiles. Adiposity
is an additional independent risk factor; leaner
youth with low central adiposity (waist circum-
ference) have a more favorable profile [7]. Rela-
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tionships are stronger for CRF than for PA [8],
but interactions of PA and CRF affect profiles [9].
PA interventions favorably alter risk profiles of
overweight/obese youth, but not all individuals
respond in the same manner [10-12]. Beneficial
effects may be reduced or reversed after program
cessation [13].

The preceding is derived from studies on nor-
mal-weight and overweight/obese youth in devel-
oped countries. Obesity is a consequence of an
imbalance between energy intake and expendi-
ture. Evidence dealing with PA of obese youth is
equivocal, but the obese tend to have deficient
movement skills and physical fitness [4]. The re-
sults highlight a need for critical evaluation of
correlates of food intake, PA and physical inactiv-
ity among obese youth. Physical inactivity is a be-
havior independent of PA [1].

Chronic undernutrition, which is common in
many developing countries, is associated with re-
duced PA and physical working capacity in
school-age youth [4]. Conditions in many coun-
tries are changing as they experience the transi-
tion from high chronic undernutrition and asso-
ciated mortality from infectious and diarrheal
diseases to increasing prevalence of overweight/
obesity and of morbidity and mortality from
noncommunicable, degenerative diseases associ-
ated with dietary change and reduced habitual
PA.

Conclusions

o Regular PA favorably influences bone mineral
accrual, CRF and muscular strength and en-
durance

o PA has relatively small effects on lipids, and
on adiposity and blood pressures in normal-
weight and normotensive youth, respectively.
A greater amount of PA may be necessary in
healthy youth

o Beneficial effects of PA are more apparent
among ‘unhealthy’ youth - on adiposity in the
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obese, on blood pressures in the hypertensive,
and on insulin, triglycerides and adiposity in
obese youth with the metabolic syndrome
Many indicators of health and fitness, espe-
cially metabolic risk, are affected by obesity. A
key issue is the prevention of unhealthy weight
gain early in childhood and the potential role
of PA [14]

Interventional/experimental PA studies gen-
erally focus on outcomes. There is a need to
consider the level of PA needed to maintain
beneficial outcomes, as it may differ from that
needed to trigger beneficial outcomes

Most interventional/experimental protocols
use continuous PA, except for studies of bone

health and muscular strength and endurance.
Activities of children, especially young chil-
dren, are largely intermittent. Potential health
benefits of high-intensity, intermittent proto-
cols need study

Activity needs vary with age during childhood
and adolescence: young children need variety
in PA with opportunities to develop and refine
movement skills in the context of free play;
children more proficient in motor skills tend
to be more physically active; with the transi-
tion into puberty and adolescence, the capac-
ity for continuous activities increases and ac-
tivity can be more prescriptive with emphasis
on health and fitness
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1.5 Early Nutrition and Long-Term Health

Berthold Koletzko

Key Words

Metabolic programming of long-term health -
Developmental origins of adult health -
Breastfeeding and obesity - Perinatal nutrition -
Disease risk prevention

Key Messages

- Nutritional and metabolic factors during sensitive,
limited periods of early human development have
a long-term programming effect on health, well-
being and performance in later age, extending into
adulthood and old age

- Evidence for early programming effects arises from
in vitro experiments, animal models, retro- and pro-
spective epidemiological studies and controlled in-
tervention trials

+ Obstetric and paediatric medicine are expected to
achieve a much greater role for the prevention of
long-term disease risks in the population

« The important effects on health of early nutrition
programming justify major investments into re-
search and improvement of practice

© 2015 S. Karger AG, Basel

Introduction
Epidemiological studies, numerous animal mod-

els and clinical intervention trials provide ample
evidence that nutritional and metabolic factors

during sensitive, limited periods of early human
development have a long-term programming ef-
fect on health, well-being and performance in lat-
er age, extending into adulthood and old age [1-
3]. Biological programming is defined as lasting
effects on physiology, function, health and dis-
ease risks induced by environmental cues during
limited time periods of early development and
plasticity. While the term ‘programming’ was in-
troduced into the scientific literature by Dorner
[4] already in 1974, the concept has received
broad attention primarily due to retrospective
epidemiological studies published by Barker and
others documenting inverse relationships be-
tween body weight at birth and at 1 year of age,
respectively, and the risks of hypertension, diabe-
tes and coronary heart disease (fig. 1) in adult-
hood [5, 6]. These observations stimulated inten-
sive research that demonstrated powerful long-
term effects of nutrition and growth before and
after birth on later health, performance and dis-
ease risk. The exploration of underlying mecha-
nisms and the resulting effects of metabolic pro-
gramming offers tremendous opportunities for
the early prevention of major health risks already
during pregnancy and infancy, and they could
provide both obstetric and paediatric medicine
with a markedly increased role in promoting the
long-term health of the population. It is likely that



Fig. 1. Nutritional and metabolic fac-
tors during sensitive time periods of
developmental plasticity before and
after childbirth modulate cytogen-
esis, organogenesis and metabolic
and endocrine response as well as
the epigenetic regulation of gene ex-
pression; thereby, they can induce
metabolic programming of lifelong
health and disease risk. Reproduced
from Koletzko et al. [3], with permis-
sion.
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preventive medicine will be redefined based on
the evidence arising from the early origins of the
adult disease hypothesis. This includes the major
present causes of global death and disability [obe-
sity, diabetes, hypertension, coronary heart dis-
ease, cerebrovascular disease and several forms of
cancer (related to rates and timing of growth and
hormonal maturation as well as to obesity)].

The concept of early metabolic programming
of long-term health is supported by physiological,
epidemiological and clinical research [1-3]. Nu-
tritional and metabolic factors acting during sen-
sitive time periods of developmental plasticity
before and after childbirth have been shown to
modulate cytogenesis, organogenesis and meta-
bolic and endocrine response as well as the epi-
genetic regulation of gene expression; thereby,
they can induce metabolic programming of life-
long health and disease risk (fig. 1). Specific
mechanisms by which later disease is pro-
grammed are explored and the precise nutrition-
al conditions that contribute to these processes
are being established. The current key hypothe-
ses (fig. 2) on the early nutritional programming
of later adiposity, diabetes and associated non-
communicable diseases include
(1) the fuel-mediated in utero hypothesis,

Early Nutrition and Long-Term Health

(2) the accelerated postnatal growth hypothesis
and
(3) the mismatch hypothesis.

Randomized controlled trials in pregnancy
and infancy now provide strong evidence for rel-
evant programming effects of early nutrition in
humans. For example, in the LIMIT randomized
controlled trial, 2,212 pregnant overweight wom-
en (BMI >25) in South Australia were random-
ized to standard care in pregnancy or to targeted
counselling with 3 face-to-face meetings and 3
telephone contacts to consolidate the messages
[7]. The key focus was on encouraging a balanced
diet with limited intakes of refined carbohydrates
and saturated fatty acids as well as increased
physical activity. While there was no significant
effect on the primary outcome, infants born large
for gestational age (RR 0.90), there was a marked
reduction in the risk of a high birth weight >4,000
g (RR 0.81; p = 0.03; number needed to treat: 28).
This is important because the systematic review
of data from observational studies demonstrated
that a birth weight >4,000 g predicts a 2-fold in-
crease in the risk of obesity in adulthood [8].
These findings demonstrate the large preventive
potential of interventions in pregnancy and
should stimulate further research in this area.
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Fig. 2. Key hypotheses on the early nutritional programming of adiposity, diabetes and associated
non-communicable diseases. Reproduced from Koletzko et al. [3], with permission.
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Fig. 3. Longer duration of breastfeeding is linked to a
lower adjusted OR of obesity at the early school age. Data
from a cross-sectional study on >9,000 children in Bavar-
ia, Germany. Reproduced from Koletzko et al. [3], with
permission.
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Infant feeding has also been shown to have
lasting programming effects on later obesity risk.
We evaluated the potential long-term impact of
breastfeeding on later body weight in a large
cross-sectional survey of >9,000 children partici-
pating in the obligatory school health examina-
tion in Bavaria, Germany [9]. An assessment of
early feeding, diet and lifestyle factors revealed a
clearly higher prevalence of obesity in children
who had never been breastfed (4.5%) than in
breastfed children (2.8%), with an inverse dose-
response effect between the duration of breast-
feeding and the prevalence of later obesity. The
protective effect of breastfeeding was not attrib-
utable to differences in social class or lifestyle.
After adjusting for potential confounding fac-
tors, breastfeeding remained a significant protec-
tive factor against the development of obesity
(OR 0.75; 95% CI: 0.57-0.98) and overweight (OR
0.79; 95% CI: 0.68-0.93), with a dose-response
relation between breastfeeding duration and lat-
er risk of overweight and obesity, respectively

(fig. 3).
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Table 1. Obesity prevalence and RR at 6 years of age in children randomized to receive formula with lower or higher
protein content in infancy as well as the prevalence in a non-randomized reference group of children breastfed in

infancy

Low protein  High protein  Unadjusted RR, p Adjusted RR, p Breastfed
content content OR (95% Cl) OR (95% Cl) group
4.4% 10% 2.43(1.12-5.27) 0.064 2.87 (1.22-6.75) 0.016 2.9%

From Weber et al. [14].

A protective effect of breastfeeding was also
found in a number of studies in other popula-
tions, whereas others found no benefit. System-
atic reviews and meta-analyses of cohort, case-
control or cross-sectional studies concluded that
breastfeeding provides a modest but consistent
protective effect [10]. However, these conclusions
are only based on observational data, because
healthy infants cannot be assigned to breastfeed-
ing on a randomized basis, and, hence, residual
confounding cannot be excluded with certainty.
The only published cluster randomized trial on
breastfeeding promotion found no effects on lat-
er obesity, but basically all infants participating
in this trial in Belarus had been breastfed, and the
intervention only influenced the duration of
breastfeeding [11]. Thus, this study does not pro-
vide sufficient statistical power to allow conclu-
sions on the effects of early breastfeeding versus
formula feeding on later obesity [12].

Various hypotheses have been raised on po-
tential causes for a protective effect of breastfeed-
ing. The establishment of a biological plausibility
and the elucidation of mechanisms which medi-
ate the protective effect of breastfeeding would
lend support to a causal effect of breastfeeding.
We proposed that its protective effect is at least in
part due to lower growth rates in the first year as
compared to formula-fed infants and is mediated
by alower protein content of human milk relative
to formula.

Populations of breastfed infants show higher
weight and length gains during the first year of

Early Nutrition and Long-Term Health

life than formula-fed infants, and more rapid
weight gain in infancy and the second year of life
predisposes to childhood overweight and obesity
[10]. These growth differences between breastfed
and formula-fed populations are most likely due
to differences in metabolizable substrate intakes.
Infants at ages of 3-12 months have a 10-18%
higher energy intake per kilogram body weight if
fed formula as compared to breastfed infants.
Even larger is the difference in protein intake per
kilogram body weight, which is 55-80% higher in
formula-fed than in breastfed infants. In epide-
miological studies, high protein intakes in early
childhood, but not the intakes of energy, fat or
carbohydrate, were significantly related to an
early adiposity rebound and to a high childhood
BMI, corrected for parental BMI. Thus, a high
protein intake with infant formula in excess of
metabolic requirements might predispose to an
increased obesity risk in later life, a concept re-
ferred to as the ‘early protein hypothesis’. This is-
sue has been studied in a large randomized clini-
cal trial with allocation of healthy term infants to
formulae with higher and lower protein contents
(the European Childhood Obesity Project). The
study showed that a lowering of the protein sup-
ply from infant and follow-on formulae closer
to levels provided with breast milk normalizes
growth up to the age of 2 years relative to the
growth of breastfed populations [13]. Further fol-
low-up of the participating children at the age of
6 years demonstrated a very marked, lasting ef-
fect of reducing the protein content of infant and
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follow-on formulae on obesity risk at school age
(table 1). These data indicate that improving in-
fant feeding can have very large effects on later
health.

These examples point to the numerous oppor-
tunities that should arise from a better under-
standing of early metabolic programming and its
underlying mechanisms. Further elucidation of
the impact of early nutrition on long-term health
is expected to contribute greatly to providing im-
proved policies of nutrition both for women dur-
ing pregnancy and lactation and for their infants,
as well as to enhancing standards of practice.

Conclusions

« Optimal nutrition during pregnancy, lactation
and infancy not only is important for immedi-
ate outcomes such as fetal and infant weight
gain and body composition but also has long-
term effects on child health, well-being and
performance, extending into adulthood and
old age

o Improved nutrition and physical activity in
pregnancy has the potential to reduce the
long-term obesity risk in the offspring
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o Breastfeeding, compared to formula feeding,
is associated with a small but consistent risk
reduction for overweight and obesity at later
ages, which is of considerable public health
relevance on a population basis

+ Overfeeding protein and/or energy in early life
can have long-term adverse consequences in
terms of common diet-related chronic diseases
(obesity, diabetes and cardiovascular diseases)

o Reducing protein content in infant and fol-
low-on formula to levels more similar to those
found in breast milk was shown to markedly
reduce obesity risk at early school age
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1.6 Food Safety

Hildegard Przyrembel
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Key Messages

- Nutritional safety of foods for infants and young chil-
dren can be assessed by clinical studies, while micro-
bial and chemical safety must be defined by risk
analysis, regulated by law and monitored by controls

« Young and immature infants are particularly sus-
ceptible to microbial and chemical hazards from
food

- Safe water, both chemically and microbially, is
needed for the preparation of food for infants and
young children particularly

- Safe food products can become unsafe in the
course of inappropriate handling, preparation and
storage © 2015 S. Karger AG, Basel

Introduction

While nutritional safety is the outcome tested in
appropriate clinical studies by nutrition science
[1, 2], chemical and microbial safety of food is not
tested in humans but is the object of regulations,
standards and codes of practice developed on a

global basis, e.g. by the Codex Alimentarius es-
tablished in 1961 by the FAO (Food and Agricul-
ture Organization of the United Nations) and the
WHO, which are to be implemented by national
legislation. Numerous scientific bodies consisting
of independent experts advise on limits for resi-
dues, contaminants, naturally occurring toxins,
food additives and infectious agents based on tox-
icological and microbial risk assessment to mini-
mize the risk of foodborne diseases, while the
FAO has established an Emergency Prevention
System for Food Safety (EMPRES Food Safety) to
serve as a key international system to assist in the
prevention and management of global food safety
emergencies, including the three pillars of early
warning, emergency prevention and rapid re-
sponse [3].

Foodborne diseases are caused by agents that
enter the body through the ingestion of food and
water and are a growing public health problem.
Food and waterborne diseases kill approximately
3 million people annually, most of whom are chil-
dren. In industrialized countries, the percentage
of people suffering from foodborne diseases each
year has been reported to be up to 30%. They are
caused most often by microorganisms such as
bacteria, viruses, protozoa and parasites, by nat-
urally occurring toxins such as mycotoxins, by



persistent organic pollutants such as dioxins and
PCB, and by heavy metals such as lead, cadmium
and mercury.

The production of safe foods - by ensuring
plant and animal health, by applying HACCP
(Hazard Analysis and Critical Control Point)
principles and observing hygiene [4] - must,
however, be complemented by appropriate and
hygienic handling of food by consumers.

Residues

Residues in foods derive from deliberately ap-
plied substances, food additives, pesticides and
veterinary drugs. For these substances, maximal
residue levels (MRL) based on good practice (i.e.
application at levels to achieve the desired effect
but not higher) are defined. MRL must be com-
patible with acceptable daily intake (ADI) levels,
which are the amounts of a chemical that can be
ingested daily over a lifetime without producing
appreciable health risks. ADI levels do not apply
to infants below 3 months of age. Because infants
and young children have food patterns with less
variety than adults and they consume more food
per unit of body mass, lower MRL are required for
some pesticides in foods for infants and young
children [5] - or, for instance in the European
Community, the use of certain pesticides on crops
intended for infants and young children is forbid-
den [6]. On an international level, residue levels
are to be ‘reduced to the maximum extent possi-
ble’ for example in infant formulae, follow-on
formulae and cereal-based complementary foods
for infants and young children [7-9].

Contaminants
Contaminants from the environment in food are
unintended and often unavoidable - e.g. dioxins,

PCB and heavy metals — or are introduced during
processing. Naturally occurring contaminants
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are fungal mycotoxins, particularly in cereals,
nuts and fruit juices. They are quite stable to nor-
mal cooking temperatures and toxic to the liver
and/or the kidney, and some are carcinogenic in
rodents. Maximum levels for different mycotox-
ins in various categories of food and animal feed
have been set in the majority of countries world-
wide [10, 11]. For all other mycotoxins which
cannot be completely eliminated in food and
feed, levels must be as low as reasonably achiev-
able.

Nitrate, which is accumulated by some plants
and can occur in water wells, is considered a con-
taminant, and maximum levels have been set for
ready-to-eat vegetable meals for infants. Nitrate,
by itself not very toxic, is partially converted into
nitrite, which can form carcinogenic nitrosa-
mines with secondary amines from food and
which can induce methemoglobinemia in young
infants at intakes of >7 mg nitrate/kg per day,
particularly in infants with still high levels of fe-
tal hemoglobin and/or concomitant gastrointes-
tinal or urinary tract infection. Home-prepared
meals containing vegetables potentially high in
nitrate (radish, beetroot, fennel, lettuce, kohlrabi
and spinach) should therefore not be stored and
rewarmed.

For other contaminants, both the Joint Expert
Committee on Food Additives and Contami-
nants (JECFA) and the European Food Safety
Authority (EFSA) have defined provisional toler-
able weekly intake (PTWT) levels (table 1).

Heavy metals - particularly methylmercury
in seafood products, cadmium taken up from the
soil by plants, and lead mostly derived from in-
dustrial waste in plants and via feed in animal
food - are of particular concern for children be-
cause of their long half-life and because of neu-
robehavioral, neurotoxic and nephrotoxic ad-
verse effects, respectively.

Organohalogen compounds, e.g. dioxins and
PCB, accumulate and persist for many years in
body fat. They have adverse effects on develop-
ment, reproduction and the immune and endo-
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Table 1. Toxicological data on some relevant contaminants in food

Substance Most recent Species Relevant LOAEL perkg  (P)TWI per kg
assessment endpoint body weight  body weight
per day per week
Methylmercury JECFA, 2003 Prenatal Neurobehavioral PTWI 1.6 ng
NRC, 2000 exposure of  development PTWI 0.7 ug
EFSA, 2012 children TWI 1.3 ug
Lead JECFA, 2000; Human Neurotoxicity PTWI 25 ug
retracted in 2010 by No threshold
EFSA and JECFA
Cadmium JECFA, 2010 Human Renal toxicity PTWI 5.8 ng
EFSA, 2011 TWI 2.5 g
Dioxins and SCF, 2001 Rat Development, TWI 14 pg
dioxin-like PCB reproduction WHO-TEQ
Ochratoxin A JECFA, 2001 Pig Renal toxicity 8 ug TWI 100 ng
EFSA, 2006, 2010 8 ug TWI 120 ng

LOAEL = Lowest observed adverse effect level; NRC = National Research Council (USA); SCF = Scientific Committee
on Food of the European Commission; TEQ = toxicity equivalent.

crine systems. Both for heavy metals and organo-
halogen compounds, maximum levels in food are
recommended by the Codex Alimentarius and
stipulated in national food law.

Food Toxicology

The risk assessment of compounds used deliber-
ately in the production of foods differs from that
of contaminants, but the procedure is similar. For
deliberately added compounds, ADI levels are set
based on identified ‘no observed adverse effect
levels’ (NOAEL) from the most sensitive study in
the most sensitive species, and by dividing the
NOAEL by a safety factor (most often of 100) to
account for interspecies and intraspecies variabil-
ity in sensitivity. Safety factors can be modified
according to the quantity and quality of available
data and by taking into account the severity or ir-
reversibility of an effect. The result of the same
procedure applied to contaminants is a tolerable
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daily intake, or in the case of contaminants with
long half-lives, a TWI (or PTWTI if awaiting more
data to become available). Dividing the NOAEL
by the actual exposure of consumers permits an
estimation of the margin of safety.

Compounds with genotoxic and/or carcino-
genic activity presumably have no threshold for
effects. Instead the margin of exposure can be es-
timated, that is, the ratio between a defined point
on the dose-response curve in an animal carcino-
genicity study and the human intake. A margin
of exposure of 10,000 or higher is considered to
be of low health concern [12].

Short-term intakes of a residue/contaminant
in excess of ADI/tolerable daily intake levels do
not necessarily entail adverse health effects.
However, children may be particularly suscepti-
ble, and their expected lifespan and, therefore,
the available time for the manifestation of ad-
verse effects are longer. Table 1 lists toxicological
data on some important contaminants.
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Table 2. Recommendations for safe handling, prepara-
tion and storage of foods

- Wash hands before preparing and feeding

- Wash hands after going to toilet

- Use safe water or treat it to make it safe

- Wash and clean surfaces and equipment used for
food preparation

- Use clean utensils to prepare and serve food

- Wash fruits and vegetables, especially if eaten raw

- Separate raw and cooked food and use separate
utensils for preparing them

- Cook fresh, unpasteurized milk

- Cook food thoroughly, particularly meat, poultry,
eggs and seafood (internal temperature at least
70°Q)

- Serve foods immediately after preparation

- Keep cooked food hot (>60° C) prior to serving

— Do not leave cooked food for more than 2 h at room
temperature

- Discard uneaten prepared food or refrigerate,
preferably <5°C

- Refrigerate all cooked and perishable food
immediately (preferably <5° C)

- Store raw and cooked food in separate containers

- Store food preferably dry

- Do not store food too long (even in refrigerator) and
do not use beyond expiry date

- Do not thaw frozen food at room temperature

- Heat stored prepared food thoroughly (>70° C)

Infectious Foodborne Diseases

Microbial contamination of food can occur
throughout the chain of food production, pro-
cessing and storage. Microbial diseases which can
be transferred from animals to man are zoonoses,
the most important agents being salmonellae,
mycobacteria, brucellae, campylobacter, listeria,
toxoplasma, yersiniae and parasites like trichinel-
la and echinococci.

Foodborne viral illnesses, e.g. noroviruses
and hepatitis A, are on the increase. They relate
predominantly to fresh produce rather than to

Food Safety

industrially produced foods, and/or are linked to
contamination of the food by an infected food
handler.

The impact of infectious diseases on mortal-
ity of children under 5 years of age is more than
2 times greater in malnourished children. Apart
from attempts to improve both the quality and
the quantity of food, continued frequent breast-
feeding or, when possible, relactation are im-
portant measures [13] to minimize the risk
from pathogens in foods or fluids and to profit
from the protective factors provided by breast
milk.

Infant Formulae

Feeding breast milk substitutes requires the
availability of clean and safe water and cooking
facilities [14]. A typical example of the impor-
tance of HACCP principles in the production of
foods and of sanitary measures to be applied by
the consumer is the case of Enterobacter sakaza-
kii (Cronobacter spp.) in powdered infant for-
mulae. This microorganism has caused out-
breaks of sepsis, meningitis or necrotizing en-
terocolitis especially in premature infants and
those less than 2 months old. Although the over-
all incidence seems to be low, mortality rates be-
tween 20-50% were reported. Powdered infant
formula is not sterile, and even when manufac-
tured under strict hygiene, the occurrence of low
counts (1-3/g) of coliform bacteria cannot be
prevented. E. sakazakii does not grow in the dry
powder but starts to replicate after preparation
with water and at temperatures >5°C. It can be
destroyed by temperatures >60°C. Measures to
reduce the risk of infection include preparation
in a sterile environment with boiled water
(>70°C), feeding immediately after appropriate
cooling, limitation of feeding duration and of in-
fusion via feeding tubes at room temperature to
less than 4 h, and discarding uneaten residues
[15-17].
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Conclusions

—_
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Practical recommendations for the safe han- e
dling of food at home and elsewhere are given

in table 2
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1.7 Gastrointestinal Development, Nutrient

Digestion and Absorption
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- The fetal human gut is prepared for the digestion
and absorption of nutrients already at the 24th
week of gestation

» Macronutrients can be digested and absorbed even
by premature babies

« The rate-limiting factor during fetal life, particularly
for premature infants, is the development of motility
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Introduction

Development of the gastrointestinal tract during
intrauterine life is the prerequisite for survival in
external life for a human fetus. The digestive and
absorptive capacity of the intestinal organs as well
as the contact of foreign pathogens with an active
immune system guarantees the normal growth
and wellbeing of an infant in early life. As the
number of premature babies below 1,000 g is in-
creasing, knowledge of digestive and absorptive
functions of the gastrointestinal tract is of vital

interest to neonatologists feeding these very-low-
birth-weight (VLBW) infants.

The gastrointestinal tract has digestive, ab-
sorptive, secretory and barrier functions. In ad-
dition it produces a large number of gut hor-
mones (e.g. the hormones ghrelin, peptide YY
and oxyntomodulin, regulating satiety; cholecys-
tokinin, regulating bile and pancreatic secretions
and motility; and glucagon-like peptides 1 and 2)
and hosts the majority of immune-competent
cells of the body, including about 80% of the
body’s immunoglobulin producing cells. The in-
teraction between various organs and the com-
plex structure and function of the gastrointesti-
nal tract is developing during fetal life in order to
provide the newborn baby with a functional gas-
trointestinal system to survive in the external
world. This includes the digestion and absorp-
tions of nutrients, transport through the gut as
well as a barrier function to a large number of
microbiota and symbiotic life with them. Anti-
gens need to be identified and taken care of with-
out involving the whole body in an illness.

The human gut is formed from the endoder-
mal layer of the embryo by the incorporation of
the dorsal part of the yolk sac during infolding of
the embryonic disk. At the 4th week of gestation,
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Fig. 1. Development of brush border enzymes and transporters during fetal life. BBM = Brush border
membrane; SGLT1 = sodium-dependent glucose transporter 1; GLUT5 = glucose transporter 5.

the first tube has a length of 4 mm from the
mouth to the cloaca. During pregnancy, it elon-
gates about 1,000-fold until full term. The stom-
ach at term has a volume of about 30 ml, the small
intestine a length of 250-300 cm, the large intes-
tine a length of 30-40 cm. Between the 9th week
of gestation and birth, the small intestine under-
goes extraordinary changes from a primitive strat-
ified epithelium of undifferentiated epithelial cells
into a fully differentiated organ with villi and
crypts [1]. The formation of Peyer’s patches starts
at 16-18 weeks of gestation when the first lympho-
cytes are seen in the lamina propria [2].

Parallel to the morphological changes during
fetal development, the digestive and absorptive
functions of the gastrointestinal tract begin to
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appear at the 10th week of gestation and fully ex-
press their activities between the 26th week of
gestation and term, or within the first month of
life.

The brush border enzymes lactase, maltase-
glucoamylase and sucrase-isomaltase are first de-
termined at the 10th week of gestation (fig. 1).
Whereas sucrase-isomaltase reaches its full ac-
tivity already by the 25th week of gestation, lac-
tase activity is fully developed by the 32nd week
of gestation [3, 4]. As lactose is the predominant
sugar in breast milk, the possibility exists that
premature babies born before the 32nd week of
gestation might lack full lactase activity when fed
breast milk or a lactose-containing premature
formula. However, the overall lactase activity
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along the small intestine even in VLBW infants is
sufficient to hydrolyze lactose into glucose and
galactose.

The transport system responsible for the up-
take of glucose and galactose, the sodium-de-
pendent glucose transporter 1, is already fully
active by the 25th week of gestation, as is glucose
transporter 5 [5]. For the digestion of proteins,
the pancreatic enzymes trypsin, chymotrypsin
and carboxypeptidase are first detected in the
24th week of gestation (fig. 2). Full activity is
reached by the 26th week of gestation. Trypsino-
gen is activated by enterokinase in the 24th week
of gestation. The brush border peptidases, the
amino acid transporters as well as peptide trans-
porters start their transport activities at the 10th
week of gestation and reach their full activity by
25th week of gestation [6]. The digestion of pro-
teins and the absorption of amino acids and di-
peptides are effective already in VLBW infants.
Fat digestion depends on various lipases and the
formation of micelles. The responsible lipases,

such as gastric and pancreatic lipases, show their
first measurable activities at the 24th week of
gestation. Full enzyme activity develops steadily
toward term and after birth. Depending on the
type of food, breast milk lipase given to infants
by breastfeeding supplements fat digestion dur-
ing the first weeks of life [7]. The digestion of
starch is the last to develop during pregnancy
and after birth. Pancreatic amylase is first de-
tected in the 22nd week of gestation, but reaches
its full activity as late as the 6th month after
birth. Premature or term infants cannot easily
digest large amounts of starch. Small amounts of
starch, however, can be given to premature and
term infants without difficulty because amylose
and amylopectin are also hydrolyzed by the ac-
tion of sucrase-isomaltase and maltase-glu-
coamylase [8].

Although the digestive and absorptive capac-
ity of the gastrointestinal tract is well prepared
for external life after birth even in premature ba-
bies, immature motility is the limiting system
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particularly in premature infants coping with ex-
ternal feeding. Here, the response of the intestine
to a bolus feed depends on the maturity of the
gut. In small infants before 31 weeks of postcon-
ceptional age, who usually receive low volumes of
continuous enteral feed, ordinary postprandial
activity does not occur [9]. Between 31 and 35
weeks of postconceptional age, postprandial ac-
tivity is induced in infants by giving them larger
volumes of feed. However, the activity remains in
a fasting pattern with superimposed, more ran-
dom postprandial activity. Finally, in infants over
35 weeks of postconceptional age who receive
large volumes of bolus feed, there is a disruption
in cyclical fasting activity and replacement by
continuous activity. Whether this motility pat-
tern can be advanced by pharmacological mea-
sures such as the administration of cortisol re-
mains to be seen [10, 11].
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+ A healthy microbiota preserves and promotes host
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only in the gastrointestinal tract

- Colonization of the infant by microbes is initiated
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cession, forming a basis for a healthy gut microbio-
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« The microbiota resembles that of adults by 2-3
years of age

+ Disturbed microbiota succession during early in-
fancy has been linked to increased risk of infectious,
inflammatory and allergic diseases later in life

+ Intestinal microbial colonization and its modula-
tion by dietary means are important considerations
during the first years of life
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Initial Establishment of Microbiota

Source of Original Microbiota

The microbiota of a newborn is acquired from the
mother before and after birth and develops rapidly
following delivery. It is initially strongly depen-
dent on the mother’s microbiota, the mode of de-
livery and the birth environment [1, 2]. The micro-
biota of the mother is determined by genetic and
environmental factors. Stress and dietary habits
during later pregnancy have a significant impact
on the microbiota. Even in healthy pregnancy, the
maternal microbiota changes considerably be-
tween the Ist and the 3rd trimester [3]. Such
changes influence the quality and quantity of the
initial colonizers of the newborn. Subsequently,
feeding practices (formula or human milk) and the
infant’s home environment influence microbiota
succession at the genus and species level, as well as
species composition and numbers of bacteria.

Succession of Microbial Communities

Establishment of the microbiota in the newborn
occurs in a stepwise fashion. Studies on mice have
shown that the first bacteria to colonize the intes-
tine, even prior to delivery and during the perina-
tal period (‘pioneer bacteria’), can modulate gene
expression in host intestinal epithelial cells. This



results in an altered intestinal microenvironment,
which influences the nature of subsequent intes-
tinal colonization.

In the newborn, initial colonization with facul-
tative anaerobes, enterobacteria, coliforms, pro-
teobacteria, lactobacilli and streptococci is rapidly
followed by colonization with anaerobic genera
such as Bifidobacterium, Bacteroides, Clostridium
and lactic acid bacteria. Although recent research
indicates that the interhost differences are much
less marked than previously thought, molecular
analyses demonstrate differences between the mi-
crobiota of formula-fed and breastfed infants with
respect to bifidobacterial numbers and species
composition. In breastfed infants, bifidobacteria
constitute 60-90% of the total fecal microbiota,
while lactobacilli comprise less than 1% [1, 4]. The
most common bifidobacterial species in breastfed
infants are B. longum, B. breve and B. infantis [5].
In formula-fed infants, the microbiota is more
complex and influenced by the formula composi-
tion — for instance, by reported overrepresentation
of Clostridium difficile and a higher richness in
species. Lactic acid bacteria composition in breast-
fed and formula-fed infants is similar (with some
geographic differences), with Lactobacillus casei
group microorganisms such as L. paracasei and
L. rhamnosus being common [unpubl. results].
Differences in microbiota between breastfed and
formula-fed infants have lessened with improved
infant formulae.

Gut Microbiota in the First Six Months of Life

Breastfeeding for 4-6 months will assist in the de-
velopment of healthy gut microbiota by provid-
ing bifidobacteria and lactic acid bacteria, which
reinforce colonization, and by supplying human
milk oligosaccharides, which promote a healthy
microbiota composition. Breastfeeding also facil-
itates the exchange of microbes between mother
and infant, since breast milk itself is a rich source
of bacteria. Of note, the breast milk microbiota in
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mothers having a cesarian section differs from
that of mothers having a vaginal delivery [6].
Microbes are also exchanged via skin contact and
exposure to the microbiota in the immediate en-
vironment. Every individual has a unique, char-
acteristic microbiota during later phases of
breastfeeding that comprises a dynamic mixture
of microbes typical to each individual. Weaning,
introduction of solid foods, and antimicrobial
drug treatment will break the constant supply of
oligosaccharides and microbes from the mother,
thus affecting intestinal microbiota development.

Molecular analysis of bacterial communities
in healthy babies during the first 10 months of life
demonstrates progression from a simple profile
in the first days of life to a more complex, diverse
profile with members of the genera Bifidobacte-
rium, Ruminococcus, Enterococcus, Clostridium
and Enterobacter identified by 6 months of age
[1-4]. Bifidobacterium and Ruminococcus species
dominate the intestinal microbiota with high-
level, stable expression over time. A Canadian
study on 4-month-old infants reported higher bi-
fidobacterial levels and lower clostridial numbers
in breastfed infants than in infants receiving for-
mula [14]. Ongoing improvements in formulae
have lessened these differences [7].

The healthy intestinal microbiota in infancy is
characterized by a large Gram-positive bacterial
population which contains significant numbers of
bifidobacteria, mainly B. longum, B. breve and B.
infantis. Lactic acid bacteria may play a role in pro-
viding the right intestinal environment for bifido-
bacteria to dominate. A healthy microbiota during
infancy is particularly important as this establish-
es the basis for healthy gut microbiota later in life.

Gut Microbiota in Infants from Six Months
Onward
After the first 6 months of life, the microbiota be-

comes more diverse [1, 6, 9]. Several studies have
examined the progression of microbiota from birth

Endo - Tang - Salminen

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 87-91

DOI: 10.1159/000360322



Microbial concentration
(relative to total

Unculturables

Bacteroides
Others

Bifidobacteria

Coliforms
Clostridia

Lactobacilli

I »

0 months 6 months

24 months Adults
Age

Fig. 1. Relative changes in gut microbiota composition suggested by culture-dependent and cul-
ture-independent studies. The numbers of bifidobacteria can be influenced by diet, probiotics

and prebiotics.

through the first years of life (summarized in fig. 1).
Weaning is associated with changes including in-
creased levels of Escherichia coli, enterococci, bac-
teroides and anaerobic gram-positive cocci and de-
creased enterobacteria. Differences between breast-
fed and formula-fed infants seem to disappear.

By 1-2 years of age, the microbiota resembles
that of adults, although levels of bifidobacteria
and enterobacteria in children (16 months to 7
years) remain higher than in adults. Early change
of the microbiota to the adult type may be linked
with development of eczema [9]. The intestinal
microbiota is crucial for normal development of
the gut-associated lymphoid tissue and has im-
portant effects on intestinal mucosal barrier
function and other aspects of intestinal function.

Immune Development
Microbial colonization of the newborn intestine

is required for normal immune development,
which in turn is important for regulation of gut

Gut Microbiota in Infants

inflammatory responses and oral tolerance in-
duction. The mucosal immune system of the gas-
trointestinal tract is constantly challenged by di-
verse antigens, such as microbial and food anti-
gens. Such priming of the gut-associated lymphoid
tissue is important for two opposing functions:
mounting a response to pathogens and maintain-
ing hyporesponsiveness to innocuous antigens.
Mice raised in a germ-free environment fail to de-
velop oral tolerance and have a persistent Th2-
dependent antibody response [11]. This immune
deviation can be corrected by reconstitution of
intestinal microbiota, but only if this occurs dur-
ing the neonatal period [11]. Prenatal exposure to
companion animals is linked with changes in mi-
crobiota and infantile pet exposure is negatively
associated with wheezy bronchitis at 24 months
of age [10].

An important question is how the microbiota
is altered by the significant changes in diet dur-
ing the first years of life, and how this affects in-
testinal immune development; the host-microbe
crosstalk during and after breastfeeding is criti-
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cal in this regard. The strains of healthy gut mi-
crobiota are likely to stimulate local and systemic
immune responses via pattern recognition mol-
ecules such as Toll-like receptors, providing the
host with an anti-inflammatory stimulus and di-
recting the host-microbe interaction toward im-
mune tolerance. The bifidobacteria-dominated
environment in childhood in particular may pro-
vide more of an anti-inflammatory stimulus than
bacteria from adults, which have been shown to
be more proinflammatory. A complex microbial
community is required to achieve a healthy mi-
crobiota that exhibits powerful antipathogenic
and anti-inflammatory capabilities.

Intestinal Function

An absent or inadequate intestinal microbiota has
been shown to cause defects in intestinal barrier
function. The microbiota may also influence oth-
er intestinal functions. Before weaning, formula-
fed infants have a greater ability to ferment com-
plex carbohydrates than breastfed infants, prob-
ably due to the presence of a more complex
microbiota. Following weaning, these differences
disappear. Breastfed infants have delayed estab-
lishment of mucin-degrading microbiota, but this
increases in both groups between 6 and 9 months.
Conversion of cholesterol to coprostanol com-
mences after 6 months of age, and levels of am-
monia,phenol, B-glucosidaseand f-glucuronidase
activity increase after weaning.

Maintenance and Modulation of the
Individually Optimized Healthy Microbiota

The healthy gut microbiota created during early
life must be maintained throughout life. Devia-
tions in microbiota associated with disease can be
redirected to a healthy balance by dietary means,
for instance by using probiotics or prebiotics.
Probiotics are defined as viable microbes which

90

through oral administration produce health ben-
efits to the host. Probiotics are members of the
healthy gut microbiota that mimic the healthy
microbiota of a healthy infant, and are generally
regarded as safe [12]. Prebiotics are oligosaccha-
rides that promote expansion of specific microbes
with potential to maintain health. A prerequisite
for the efficacy of prebiotics is that such strains
are already present in the gut. Carefully designed
combinations of probiotics and prebiotics may
offer an optimal means of creating and maintain-
ing a healthy microbiota as this would mimic the
mother-infant relationship of offering both mi-
crobes and oligosaccharides to the newborn in-
fant.

It is important to recognize that individual
probiotic bacterial strains can have distinct and
specific effects. Therefore, the effects of one pro-
biotic strain cannot be generalized to another,
and the individual properties of a probiotic strain
must be evaluated prior to clinical application.
Furthermore, in addition to species/strain-spe-
cific effects of probiotics, the timing of probiotic
administration may also be important. Meta-
analysis of randomized controlled trials of probi-
otic interventions for allergic disease prevention
show beneficial effects when probiotic supple-
mentation is commenced during the prenatal pe-
riod, and not when probiotics are solely adminis-
tered to the infant postnatally [13]. This suggests
that prenatal administration may be a requisite
for efficacy in the prevention of allergic disease.
These results highlight the different effects of
specific probiotics, which are further supported
by genomic studies.

Similarly, prebiotic oligosaccharides have dif-
ferent microbiota-modifying properties. Al-
though most prebiotic components have been
shown to enhance the bifidobacterial microbiota,
detailed investigation of specific effects is re-
quired. A wide variety of oligosaccharides (hu-
man milk oligosaccharides) is found in breast
milkandhas documented bifidogenic and health-
promoting effects on the infant gut. Combina-
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tions of galactooligosaccharides and fructooligo-
saccharides have been used in infant formulae in
specified conditions. Some fructooligosaccha-
rides have been reported to enhance levels of un-
known microbes in the human gut, thus poten-
tially facilitating untoward effects in infants.
Therefore, when evaluating a probiotic or pre-
biotic for clinical use, the safety and clinical bene-
fit of that specific product must be documented
before it can be recommended for clinical appli-
cation.

Conclusions

o The healthy human microbiota is metabolically
active and provides an important defense
mechanism for the host. Deviations in its com-
position are related to multiple disease states

promoting the bifidogenic environment via
prebiotic galactooligosaccharides and microbes
in breast milk and introducing environmental
bacteria through contact with the infant

Both the succession of microbial communities
during the first years of life and the sequelae of
these events need to be clarified in more detail
The first colonization steps have a crucial role
in the infant microbiota and later health. Bifi-
dobacteria play a key role in this process

The mother-infant contact has an important
impact on initial microbiota development, pro-
viding the critical first inoculum already prior
to birth, followed by another inoculum at deliv-
ery, and then progressing with breastfeeding
The potential application of specific probiotics
and/or prebiotics to influence microbiota de-
velopment for the treatment and prevention of
disease also warrants further evaluation

References

Rautava S, Luoto R, Salminen S, Isolauri
E: Microbial contact during pregnancy,
intestinal colonization and human dis-
ease. Nat Rev Gastroenterol Hepatol
2012;9:565-576.

Jost T, Lacroix C, Braegger CP, Chassard
C: New insights in gut microbiota estab-
lishment in healthy breast fed neonates.
PLoS One 2012;7:e44595.

Koren O, Goodrich JK, Cullender TC,
Spor A, Laitinen K, Bickhed HK, Gonza-
lez A, Werner JJ, Angenent LT, Knight
R, Backhed F, Isolauri E, Salminen S,
Ley RE: Host remodeling of the gut mi-
crobiome and metabolic changes during
pregnancy. Cell 2012;150:470-480.
Koenig JE, Spor A, Scalfone N, Fricker
AD, Stombaugh J, Knight R, Angenent
LT, Ley RE: Succession of microbial
consortia in the developing infant gut
microbiome. Proc Natl Acad Sci USA
2011;108(suppl 1):4578-4585.

Favier CF, Vaughan EE, de Vos WM,
Akkermans AD: Molecular monitoring
of succession of bacterial communities
in human neonates. Appl Environ Mi-
crobiol 2002;68:219-226.

Cabrera-Rubio R, Collado MC, Laitinen
K, Salminen S, Isolauri E, Mira A: The
human milk microbiome changes over
lactation and is shaped by maternal
weight and mode of delivery. Am J Clin
Nutr 2012;96:544-551.

Rinne MM, Gueimonde M, Kalliomaki
M, Hoppu U, Salminen SJ, Isolauri E:
Similar bifidogenic effects of prebiotic-
supplemented partially hydrolyzed in-
fant formula and breastfeeding on infant
gut microbiota. FEMS Immunol Med
Microbiol 2005;43:59-65.

Jost T, Lacroix C, Braegger C, Chassard
C: Assessment of bacterial diversity in
breast milk using culture-dependent
and culture-independent approaches. Br
J Nutr 2013;110:1253-1262.

Nylund L, Satokari R, Nikkil4 J, Rajili¢-
Stojanovi¢ M, Kalliomaki M, Isolauri E,
Salminen S, de Vos WM: Microarray
analysis reveals marked intestinal mi-
crobiota aberrancy in infants having
eczema compared to healthy children in
at-risk for atopic disease. BMC Micro-
biol 2013;13:12.

10

11

12

13

14

Nermes M, Niinivirta K, Nylund L,
Laitinen K, Matomiki J, Salminen S,
Isolauri E: Perinatal pet exposure, faecal
microbiota, and wheezy bronchitis: is
there a connection? ISRN Allergy 2013;
2013:827934.

Sudo N, Sawamura S, Tanaka K, et al:
The requirement of intestinal bacterial
flora for the development of an IgE pro-
duction system fully susceptible to oral
tolerance induction. ] Immunol 1995;
159:1739-1745.

van Loveren H, Sanz Y, Salminen S:
Health claims in Europe: probiotics and
prebiotics as case examples. Annu Rev
Food Sci Technol 2012;3:247-261.
Tang ML, Lahtinen SJ, Boyle RJ: Probi-
otics and prebiotics: clinical effects in
allergic disease. Curr Opin Pediatr 2010;
22:626-634.

Azad MB, Konya T, Maughan H, Gutt-
man DS, Field CJ, Chari RS, Sears MR,
Becker AB, Scott JA, Kozyrskyj AL;
CHILD Study Investigators: Gut micro-
biota of healthy Canadian infants: pro-
files by mode of delivery and infant diet
at 4 months. CMAJ 2013;185:385-394.

Gut Microbiota in Infants

91

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 87-91

DOI: 10.1159/000360322



2 Nutrition of Healthy Infants, Children and Adolescents

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 92-96

DOI: 10.1159/000360323

2.1 Breastfeeding

Kim F. Michaelsen

Key Words

Breastfeeding - Human milk - Lactation - Health
benefits - Preterm infants - HIV, mother-to-child
transmission

Key Messages

- Breastfeeding provides optimal nutrition for infants

- Breastfeeding has significant positive effects on in-
fant health, growth and development and decreas-
es the risk of diseases later in life

- Infants should preferably be exclusively breastfed
for about 6 months and should continually be
breastfed up to the age of 12 months or beyond

» In most populations, the duration of breastfeeding
is considerably shorter than recommended. The
health profession has therefore an important role
in protecting, promoting and supporting breast-
feeding ©2015 S. Karger AG, Basel

Introduction

Breastfeeding provides optimal nutrition for the
infant and also has many important nonnutri-
tional benefits for the child and the mother [1-
5]. Therefore, it has been recommended by the
WHO and pediatric societies that one should

aim for exclusive breastfeeding of infants for
about 6 months [1, 2]. In industrialized coun-
tries, continued partial breastfeeding up to the
age of 12 months or beyond is the general rec-
ommendation. In populations with high rates of
infectious diseases, breastfeeding during the 2nd
year of life or longer has been shown to reduce
morbidity and mortality, and therefore the rec-
ommendation by the WHO has been to continue
breastfeeding until the age of 24 months or be-
yond. In most populations, the duration of both
exclusive breastfeeding and continued breast-
feeding is considerably shorter, emphasizing the
need to protect, promote and support breast-
feeding via broad public health initiatives and
support from the health care systems. It has been
estimated that, globally, suboptimal breastfeed-
ing may result in more than 800,000 deaths an-
nually [5].

Content of Human Milk

Human milk has about the same energy content
as cow’s milk, while many nutrients important for
growth such as protein, sodium, potassium, mag-
nesium and zinc are present in much lower quan-



Table 1. Mean macronutrient and energy contents in mature human milk and in cow’s milk

Component Mature human % of Cow'’s milk % of
milk (=14 days) energy energy

Protein 1.09/1009g 6 3.4 9/100g 21

Of which caseins 0.49/1009g 24 2.89/100 g 17

(40% of protein) (80% of protein)

Fat 3.89/100¢g 52 3.79/100¢g 51

Lactose 7.09/100 g 42 4.69/1009g 28

Minerals 0.29/100g - 0.89/100g -

Energy 66 kcal/100 g 100 65 kcal/100 g 100

Adapted from Koletzko [13].

tities, typically one third to half of the content
found in cow’s milk (table 1). This is a reflection
of the much slower growth velocity in infants
than in calves, and thereby a lower requirement
for growth nutrients. The fat content is at the
same level as in cow’s milk, while the content of
lactose is considerably higher. Human milk also
contains many other substances apart from nutri-
ents with specific important functions. These in-
clude hormones, growth factors, oligosaccha-
rides, and immune-related compounds such as
antibodies (sIgA), leukocytes (B and T lympho-
cytes, neutrophils and macrophages), nucleotides
and cytokines. These nonnutritional substances
are involved in many of the short- and long-term
effects breastfeeding has on the infant.

Positive Effects on the Infant and Mother

Breastfeeding has significant positive effects on
health and development during infancy, with some
effects reaching into childhood and adulthood [1,
2,6]. Most studies, however, are observational, and
confounding can therefore be difficult to rule out;
mothers who choose to breastfeed in industrial-
ized countries, for example, are typically better ed-
ucated and their children also have a lower risk of
developing some diseases. Nevertheless, for many
of the effects there is convincing evidence.

Breastfeeding

The most evident effect of breastfeeding is pro-
tection against infectious diseases, especially di-
arrhea and respiratory tract infections [1]. This is
the main reason that mortality in low-income
countries is several times higher among those not
being breastfed. In high-income countries, the
risk of diarrhea in breastfed infants is only about
one third of the risk in infants not breastfed [2].
These differences could be explained by passive
protection of mucous membranes provided by the
antibodies and other immune components in hu-
man milk, but there is also evidence that the
child’s own immune system is positively influ-
enced by breastfeeding. There is also convincing
evidence that breastfeeding has positive effects on
long-term health and development [1, 2, 6]. The
influence of breastfeeding on the development of
the immune system could be the reason for the
fact that some immune-related diseases, e.g. asth-
ma, type 1 diabetes, inflammatory bowel diseases
and some childhood cancers, are less common
among children who have been breastfed than
among children who are predominantly formula
fed. A consistent finding throughout many stud-
ies from both industrial and low-income coun-
tries is a small but significant advantage of breast-
feeding to later cognitive function [6]. This effect
is likely to be related to an optimal ratio between
n-3 and n-6 fatty acids and the content of the
long-chain polyunsaturated fatty acid docosa-
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hexaenoic acid in human milk. Breastfeeding has
also an effect on growth. Breastfed infants gain
weight faster during the first months of life and
are leaner and slightly shorter than formula-fed
infants at the age of 12 months [7; Chapter 1.1].
This was the main reason why the WHO devel-
oped a new global growth standard based on
breastfed infants [8, 9; Chapter 4.1]. It has been
suggested that the difference in growth pattern
could be one of the reasons why breastfed infants
have a lower risk of some noncommunicable dis-
eases, including obesity, later in life.
Breastfeeding also affects maternal physiolo-
gy and health. From a global perspective, the
most important byproduct is the inhibitory effect
on ovulation, i.e. lactational amenorrhea, which
in populations with low use of contraceptives en-
hances child spacing, and thereby has a positive
effect on infant and young child health. Breast-
feeding also has a positive effect on maternal
health. Breastfeeding induces utilization of ma-
ternal body fat stores and thus can help to de-
crease excessive body fat depots. Cumulative du-
ration of breastfeeding for more than 12 months
is in some studies associated with substantial re-
ductions in the risk of breast and ovarian cancer,
type 2 diabetes and rheumatoid arthritis [2].

Potential Untoward Effects of Breastfeeding

Transmission of HIV

Breastfeeding can cause mother-to-child trans-
mission of HIV. Therefore, breastfeeding by
HIV-positive mothers is not recommended in
high-income countries. In low-income countries
with a high prevalence of infectious diseases and
high infant mortality, mothers are recommended
to breastfeed until 12 months of age if they receive
antiretroviral drugs. In these settings, replace-
ment feeding should only be used if it is accept-
able, feasible, affordable, sustainable and safe.
The UN agency guidelines on HIV and infant
feeding were updated 2010 [10].

94

Hypernatremic Dehydration

If there are problems with initiation of milk pro-
duction during the first 1-2 weeks after delivery
and no other fluids are given, there is a risk that
the infant develops hypernatremic dehydration.
In severe cases this can cause convulsions and
brain damage, and in rare cases death [11]. This
can be prevented by supervision and support dur-
ing initiation of breastfeeding, monitoring weight
loss and urine production, and provision of other
fluids if there are signs of dehydration.

Environmental Contaminants

The content of environmental contaminants is
higher in breast milk than in cow’s milk or infant
formulae because of the accumulation particular-
ly of lipid-soluble contaminants in maternal tis-
sues [1]. Some studies have shown an association
between high levels of contaminants in the moth-
er’s blood and negative effects on health and de-
velopment of the infant. However, it is difficult to
disentangle intrauterine exposure from exposure
through breast milk. There is general agreement
that the positive effects of breastfeeding are far
more important than the potential negative ef-
fects, but also that it is important to reduce the
level of contaminants in the environment and in
the diet of pregnant and lactating mothers.

Maternal Medication

Most drugs given to a breastfeeding mother are
excreted in her milk. However, there are only a
few drugs with an absolute contraindication. A
mother should not breastfeed if she receives che-
motherapy, ergotamines, amphetamines or
statins [2]. Information on the safety of maternal
medication is given on the LactMed website [12].

Support of Breastfeeding
Many factors influence the initiation and dura-

tion of breastfeeding: cultural patterns, the moth-
er’s perception, and the attitudes of friends and
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Table 2. WHO/UNICEF: Ten steps to successful breastfeeding

- Have a written breastfeeding policy that is routinely communicated to all health care staff
- Train all health care staff in skills necessary to implement this policy

- Inform all pregnant women about the benefits and management of breastfeeding

- Help mothers initiate breastfeeding within 0.5 h of birth

- Show mothers how to breastfeed and maintain lactation, even if they should be separated

from their infants

- Give newborn infants no food or drink other than breast milk, unless medically indicated

- Practice rooming in - that is, allow mothers and infants to remain together 24 h a day

- Encourage breastfeeding on demand

- Give no artificial teats or pacifiers (also called dummies or soothers) to breastfeeding infants
- Foster the establishment of breastfeeding support groups and refer mothers to them on

discharge from the hospital or clinic

family. The health profession has an important
role in educating and supporting the mother in
breastfeeding. Traditional hospital routines with
separation of the mother and the infant, sched-
uled feeding intervals and provision of other
drinks have a negative impact on the prevalence
of breastfeeding. This is the reason why the
UNICEF and WHO launched the Baby-Friendly
Hospital Initiative in 1992. By training hospital
staff in the 10 steps to successful breastfeeding
(table 2) it has been possible to increase breast-
feeding rates in many settings. Health profession-
als should also be trained in solving common
problems during the first days after delivery, like
positioning of the infant, sore nipples and suck-
ing difficulties. To stop the negative influence of
marketing of infant formulae, the World Health
Assembly has adopted the International Code of
Marketing of Breast-Milk Substitutes (Chapter
2.3).

Breastfeeding of Preterm Infants

Breastfeeding is especially important for preterm
infants because human milk appears to have a
protective effect on the immature gut and reduces
the risk of necrotizing enterocolitis. Preterm in-
fants have a higher protein need, which should be

Breastfeeding

covered by adding an appropriate human milk
fortifier (Chapter 3.14). If the mother cannot sup-
ply milk for her infant, provision of donor milk
should be considered. This could be provided by
individual donors or from a human milk bank. If
donor milk is used, there are a number of proce-
dures regarding testing, storage and pasteuriza-
tion that have to be followed [3].

Conclusions

o+ Populations of breastfed infants have fewer in-
fections, and most likely fewer immune-relat-
ed diseases such as asthma, diabetes and in-
flammatory bowel diseases, a small advantage
in cognitive development and some protection
against noncommunicable diseases (e.g. obe-
sity)

o For the mother, breastfeeding results in lacta-
tional amenorrhea, child spacing — which is
important in populations with low use of con-
traceptives — and a reduced risk of breast and
ovarian cancer and type 2 diabetes

o Feeding of human milk to preterm infants
protects the immature gut and decreases the
risk of necrotizing enterocolitis. If the mother
cannot provide breast milk, provision of do-
nor milk should be considered
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2.2 Formula Feeding

Berthold Koletzko

Key Words

Infant formula - Follow-up formula - Soy protein
formula - Protein hydrolysate formula - Thickened
formula

Key Messages

+ Infant formula is required as a substitute for breast
milk for infants who are not fully breastfed

+ Infant formula must satisfy all the nutritional needs
of an infant from one food product and needs to
meet high quality and safety standards

- The suitability of infant formula should be deter-
mined by comparing its effects on outcomes with
those in healthy, exclusively breastfed infants

+ Powdered formula is not a sterile product and may
contain pathogenic bacteria (e.g. Cronobacter spp.).
Powdered formula should always be freshly pre-
pared prior to feeding ©2015 S. Karger AG, Basel

Infant Formula

Breastfeeding is the best choice for infant feeding
and provides multiple benefits for children’s
health [1]. Therefore, breastfeeding should be ac-
tively promoted, protected and supported. In-
fants who cannot be breastfed (or should not re-
ceive breast milk, or for whom breast milk is not
available) should receive an infant formula with a

composition based on current scientific knowl-
edge (2, 3]. Infant formula must satisty all the nu-
tritional needs of an infant from one food prod-
uct, and it provides a high intake per kilogram
body weight during a very sensitive period of life.
Therefore, particularly high quality and safety
standards are applied to infant formulae [4]. The
composition of infant formulae should serve to
meet the particular nutritional requirements, and
promote the normal growth and development, of
healthy infants. While the composition of human
milk of well-nourished women provides some
guidance for the composition of infant formulae,
gross compositional similarity is not an adequate
determinant or indicator of the safety and nutri-
tional adequacy of infant formulae [3]. Rather,
the suitability of infant formula should be deter-
mined by a comparison of its effects on physio-
logical (e.g. growth patterns), biochemical (e.g.
plasma markers) and functional outcomes (e.g.
immune responses) in formula-fed infants with
those found in populations of healthy, exclusively
breastfed infants [3].

Revised global recommendations on the com-
position of infant formulae have been adopted in
the Codex Alimentarius of the Food and Agricul-
ture Organization of the United Nations (FAO)
and the WHO [5], which to a large extent fol-
lowed recommendations by an International Ex-



pert Group co-ordinated by the European Soci-
ety for Paediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) [3] (table 1).

Optional Ingredients in Infant Formula

The addition of a variety of optional ingredients
is generally accepted if there are adequate evi-
dence of their safety and indications of a benefit.

While the Codex Alimentarius considered the
addition of the long-chain polyunsaturated fatty
acids docosahexaenoic acid (DHA) and arachi-
donic acid to infant formula an option, recent ex-
pert recommendations considered it advisable to
always provide DHA and arachidonic acid to in-
fants [6, 7], and recent European Food Safety Au-
thority (EFSA) recommendations for infant for-
mula in Europe advised that all formulae should
contain 20-50 mg DHA/100 kcal [8].

In recent years, many infant formulae have
been marketed with the addition of live bacteria
with proposed beneficial health effects for the re-
cipient infant (probiotic effects), non-digestible
oligosaccharides with proposed beneficial (prebi-
otic) health effects and the combination of probi-
otic and prebiotic (synbiotic) ingredients. Based
on a systematic review, the ESPGHAN concluded
that the use of currently used formula with added
probiotics and/or prebiotics in healthy infants
does not raise safety concerns with regard to
growth and reported adverse effects [9]. However,
the available data were considered insufficient to
recommend the routine use of probiotic or prebi-
otic supplemented formulae. It was emphasized
that there are considerable differences amongst
various probiotic or prebiotic components. There-
fore, the safety and clinical effects of each formu-
la concept should be individually assessed and not
be extrapolated from data on other products.

Thickening agents such as starch or carob bean
gum have been added to infant formulae marketed
as ‘antireflux’ or ‘antiregurgitation’ formulae. The
ESPGHAN advised that there are only limited in-
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dications for thickened formulae, which are not
needed for most infants with moderate spitting
and regurgitation who thrive well [10]. However,
the use of thickened formula can be beneficial to
reduce the loss of energy and nutrients in infants
with marked spitting and growth faltering.

Infant Formula Based on Soy Protein Isolate

Infant formula can be based on the milk of cows or
other animals as well as other ingredients suitable
for infant feeding, including soy protein isolate [5].
The digestibility and biological value of soy protein
is lower as compared to cow’s milk protein, and
infant formulae based on soy protein generally re-
quire the addition of some free amino acids. A
higher protein content is required for infant for-
mula based on soy protein compared to cow’s milk
protein (table 1). There is concern on further po-
tential disadvantages due to high contents of phy-
tate, which reduces the bioavailability of some nu-
trients, phytoestrogens (isoflavones), which in-
duce alterations to immune effects in animals, and
aluminium, although the long-term effects of these
components are not known [11]. Soy protein for-
mulae have no benefit for the prevention of allergy
and food intolerance [12]. It is recommended that
soy formula should only be used with a specific in-
dication, such as complete lactose intolerance (ga-
lactosaemia), cow’s milk allergy in infants older
than 6 months, or family convictions such as the
wish to follow a vegan or kosher diet [11].

Infant Formula Based on Protein
Hydrolysates

Therapeutic formulae for infants with cow’s milk
protein allergy that are based on extensive protein
hydrolysates, or crystalline amino acid mixtures,
are considered foods for special medical purposes
and are not intended for use in healthy children.
However, infant formulae for healthy infants with
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Table 1. Compositional requirements of infant formulae proposed by an international expert group co-ordinated by
the ESPGHAN

Component/unit Minimum Maximum
Energy, kcal/100 ml 60 70
Proteins, g/100 kcal
Cow's milk protein 1.82 3
Soy protein isolates 2.25 3
Hydrolysed cow’s milk protein 1.8° 3
Lipids
Total fat, g/100 kcal 44 6.0
Linoleic acid, g/100 kcal 0.3 1.2
a-Linolenic acid, mg/100 kcal 50 n.s.
Ratio linoleic/a-linolenic acids 5:1 15:1
Lauric + myristic acids, % of fat ns. 20
Trans fatty acids, % of fat ns. 3
Erucic acid, % of fat n.s. 1
Carbohydrates, g/100 kcal
Total carbohydrates® 9.0 14.0
Vitamins
Vitamin A, pg RE/100 kcal? 60 180
Vitamin D3, ug/100 kcal 1 25
Vitamin E, mg a-TE/100 kcal® 0.5 5
Vitamin K, pg/100 kcal 4 25
Thiamin, pg/100 kcal 60 300
Riboflavin, ug/100 kcal 80 400
Niacinf, ug/100 kcal 300 1,500
Vitamin Bg, ug/100 kcal 35 175
Vitamin B, pg/100 kcal 0.1 0.5
Pantothenic acid, pg/100 kcal 400 2,000
Folic acid, ug/100 kcal 10 50
Vitamin C, mg/100 kcal 10 30
Biotin, ug/100 kcal 15 7.5

Minerals and trace elements
Iron (formula based on cow’s milk protein and

protein hydrolysate), mg/100 kcal 0.39 13
Iron (formula based on soy protein isolate), mg/100 kcal 0.45 2.0
Calcium, mg/100 kcal 50 140
Phosphorus (formula based on cow’s milk protein

and protein hydrolysate), mg/100 kcal 25 920
Phosphorus (formula based on soy protein isolate), mg/100 kcal 30 100
Ratio calcium/phosphorus, mg/mg 1:1 2:1
Magnesium, mg/100 kcal 5 15
Sodium, mg/100 kcal 20 60
Chloride, mg/100 kcal 50 160
Potassium, mg/100 kcal 60 160
Manganese, ug/100 kcal 1 50
Fluoride, ug/100 kcal n.s. 60
lodine, pg/100 kcal 10 50
Selenium, pug/100 kcal 1 9
Copper, pg/100 kcal 35 80
Zinc, mg/100 kcal 0.5 1.5
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Table 1 (continued)

Component/unit Minimum Maximum
Other substances
Choline, mg/100 kcal 7 50
Myo-inositol, mg/100 kcal 4 40
L-Carnitine, mg/100 kcal 1.2 n.s.

n.s. = Not specified.

2The determination of the protein content of formulae based on non-hydrolysed cow’s milk protein with a protein
content between 1.8 and 2.0 g/100 kcal should be based on the measurement of true protein [(total N — NPN) x 6.25].
bFormula based on hydrolysed milk protein with a protein content <2.25 g/100 kcal should be clinically tested.
¢Sucrose (saccharose) and fructose should not be added to infant formula.

91 mg RE (retinol equivalent) = 1 mg all-trans retinol = 3.33 IU vitamin A. Retinol contents shall be provided by
preformed retinol, while any contents of carotenoids should not be included in the calculation and declaration of
vitamin A activity.

€1 mg a-TE (a-tocopherol equivalent) = 1 mg D-a-tocopherol. The vitamin E content shall be at least 0.5 mg a-TE/
g polyunsaturated fatty acid, using the following factors of equivalence to adapt the minimal vitamin E content to
the number of fatty acid double bonds in the formula: 0.5 mg a-TE/g linoleic acid (18:2n-6); 0.75 mg a-TE/g a-linolenic
acid (18:3n-3); 1.0 mg a-TE/g arachidonic acid (20:4n-6); 1.25 mg a-TE/g eicosapentaenoic acid (20:5n-3); 1.5 mg

a-TE/g DHA (22:6n-3).
fNiacin refers to preformed niacin.

91n populations where infants are at risk of iron deficiency, iron contents higher than the minimum level of 0.3
mg/100 kcal may be appropriate and recommended at a national level.

a family history of allergy or atopic dermatitis that
are based mostly on partially (moderately) hydro-
lysed protein and in part on extensively hydro-
lysed protein have been developed for allergy pre-
vention. Some of these formulations were shown
to be effective for the long-term prevention of al-
lergic manifestations, in particular of atopic der-
matitis [13]. Therefore, infant formulae based on
protein hydrolysates are accepted [5] and recom-
mended for use during the first 4-6 months of life
in infants with a family history of allergy or atopy
who are not fully breastfed [14].

Preparation, Storage and Handling of
Infant Formula
Powdered formula is sterile and may contain

pathogenic bacteria such as Cronobacter spp.
which, if sufficiently multiplied once the formula
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is prepared, may cause invasive infections, par-
ticularly in preterm and term neonates [15].
Therefore, it is recommended that powdered for-
mula should be freshly prepared for each feed and
be fed within a period of 2 h after preparation.
Unused prepared formula should be discarded.
Hospitals, day care centres and other institutions
should follow strict hygienic standards as well as
written guidelines for the preparation and han-
dling of formula. For neonatal wards, the use of

ready-to-feed liquid formula is encouraged where
feasible and affordable.

Follow-Up Formula for Infants
Follow-up formula (also called follow-on formu-
la) has been defined in the Codex Alimentarius as

a liquid food that contributes part of the increas-
ingly diversified weaning diet for infants from the
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Table 2. Compositional requirements of follow-up formula proposed by an international expert group co-ordinated
by the Early Nutrition Academy [17]

Component/unit Minimum Maximum Guidance
upper level
Energy, kcal/100 ml 60 70
Proteins, g/100 kcal
Cow’s milk protein 1.72 2.52
Soy protein isolates 2.12 2.5°
Lipids
Total fat, g/100 kcal 44 6.0
Linoleic acid, g/100 kcal 0.3 1.4
a-Linolenic acid, mg/100 kcal 50 n.s.
Ratio linoleic/a-linolenic acids 5:1 15:1
Lauric + myristic acids, % of fat ns. 20
Trans fatty acids, % of fat n.s. 3
DHA, % of fat® n.s. 1.0°
Erucic acid, % of fat n.s. 1
Phospholipids, mg/100 kcal 550
Carbohydrates, /100 kcal
Total carbohydrates 9.0 14.0
Vitamins
Vitamin A, pg RE/100 kcal® 60 180
Vitamin Ds, pg/100 kcal 1 4.52
Vitamin E, mg a-TE/100 kcal® 0.5¢ 5
Vitamin K, ug/100 kcal 4 27
Thiamin, pg/100 kcal 60 300
Riboflavin, ug/100 kcal 80 500
Niacinf, ug/100 kcal 300 1,500
Vitamin Bg, ng/100 kcal 35 175
Vitamin B, pg/100 kcal 0.1 1.5
Pantothenic acid, ug/100 kcal 400 2,000
Folic acid, pug/100 kcal 10 50
Vitamin C, mg/100 kcal 10 70
Biotin, ug/100 kcal 1.5 10

n.s. = Not specified.

@ Levels different from those in the Codex standard for infant formula and formulas for special medical purposes
intended for infants (CODEX STAN 72/1981) [5].

PThe content of DHA (22:6n-3) shall be at least as high as the content of eicosapentaenoic acid (20:5n-3).

©1 ug RE (retinol equivalent) = 1 pg all-trans retinol = 3.33 |U vitamin A. Retinol contents shall be provided by prefor-
med retinol, while any contents of carotenoids should not be included in the calculation and declaration of vitamin
A activity.

d The vitamin E content shall be at least 0.5 mg a-TE (a-tocopherol equivalent)/g polyunsaturated fatty acid, using
the following factors of equivalence to adapt the minimal vitamin E content to the number of fatty acid double bonds
in the formula: 0.5 mg a-TE/g linoleic acid (18:2n-6); 0.75 mg a-TE/g a-linolenic acid (18:3n-3); 1.0 mg a-TE/g arachi-
donic acid (20:4n-6); 1.25 mg a-TE/g eicosapentaenoic acid (20:5n-3); 1.5 mg a-TE/g DHA (22:6n-3).

€1 mga-TE =1 mg D-a-tocopherol.

fNiacin refers to preformed niacin.
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6th month on and for young children [16]. The
concept of follow-up formula offers the potential
to adapt the product composition to the changing
needs with increasing age, e.g. by increasing iron
and decreasing protein contents. The current Co-
dex standard for follow-up formula was adopted
in 1987 and does not reflect current scientific
knowledge. Therefore, an international expert
group recently reviewed the available evidence
from studies addressing the specific nutrient
needs of infants aged 6-12 months and provided
recommendations on the composition require-
ments of follow-up formulas for older infants [17]
(table 2).

Follow-Up Formula for Young Children

While follow-up formula for infants may be fed
after the age of 1 year without harm, special for-
mula products for young children aged 1-3 years
have been widely marketed. Such products are
not necessary to meet the nutritional needs of
young children who receive a balanced, quality
diet. However, many young children have a less
than satisfactory intake of critical nutrients such
as iron, iodine, vitamin D, a-linolenic acid and
DHA [7]. Nutrient-enriched follow-up formulae
for young children that serve as a substitute for
cow’s milk may help to improve nutrient supply
but should be composed in such a way that they
are not inferior to cow’s milk, e.g. provide at least
a similar supply of calcium and avoid a high con-
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Key Messages

+ Breast milkis best for optimal growth and develop-
ment of a baby; breast milk substitutes are an alter-
native where breast milk is not available

- Particularly in poor populations, a reduction in child
mortality [Millennium Development Goal (MDG) 4]
and improved maternal health (MDG 5) can be
achieved through exclusive breastfeeding during
the first 6 months and continued breastfeeding as
appropriate for most mothers

« The International Code of Marketing of Breast-Milk
Substitutes was developed to enhance breastfeed-
ing practices and to prevent uninterrupted market-
ing of formulae

« Governments and nongovernmental organizations
need to monitor the implementation of the code
and report violations

+ Health care workers should promote breastfeeding
by providing counseling and lactation support be-
fore and after the birth of a child

© 2015 S. Karger AG, Basel

Introduction

An estimate by the WHO suggests that 1.5 mil-
lion babies could be prevented from dying each
year if women breastfed their infants (exclusively
up to the age of 6 months, and then until the in-
fants are 2 years old) [1]. Breastfeeding was al-
most universal in the 19th century until the first
commercial breast milk substitutes came out [2].
Thereafter, substitute feeding became available
as an alternative to breastfeeding. Soon, in vari-
ous countries breastfeeding rates decreased sig-
nificantly, and this had an impact in the form of
increased mortality because of diarrhea and in-
fections in developing countries. One main rea-
son behind the drastic fall in breastfeeding to low
rates in the late 19th century and in the 20th cen-
tury was widespread advertising by formula
companies. During the 1970s and 1980s, breast-
feeding rates picked up again, especially with old-
er and educated mothers in industrialized coun-
tries. Formula companies responded by vigor-
ously seeking new markets in the developing
world. Companies started giving gifts and other
incentives to health workers for promoting for-
mulae. Due to improper preparation of formulae



Table 1. International Code of Marketing of Breast-Milk Substitutes [4]

Summary of articles

- There should be no advertising or other forms of promotion of the products

- Manufacturers or distributors should not provide free product samples to mothers

- Manufacturers or distributors should not distribute any gifts or articles to mothers

- Marketing personnel should not seek direct or indirect contact with mothers

- Facilities of the health care system should not be used for display of products

- No health care services should use professional service representatives provided or paid by

manufacturers or distributors

- Health workers should encourage and protect breastfeeding
- Health professionals should be provided with scientific and factual information about the

product

- No information to health workers should imply or create a belief that bottle feeding is

superior to breastfeeding

- No material or financial inducements to promote products should be offered to health

workers or members of their families

- Health workers should not give samples of infant formula to mothers or members of their

families

- Labels should provide the necessary information about a product
— Labels should state the superiority of breastfeeding and provide information on appropriate

preparation of a product

- Labels or the container should not have any picture or text that idealizes the use of infant

formulae

- Labels should indicate the ingredients used, the composition, storage conditions required,
batch number and date before which the product is to be consumed
- Monitoring the application of the code lies with the government, acting individually and

collectively through the WHO

in developing countries, mortality from malnu-
trition, diarrhea and pneumonia increased sig-
nificantly [3].

The International Code

On May 21, 1981, the 34th meeting of the World
Health Assembly adopted the fourth draft of the
International Code of Marketing of Breast-Milk
Substitutes as a minimum requirement to pro-
tect and promote appropriate feeding of infants
and young children [4]. This code was developed
by the WHO and the UNICEF in partnership
with governments, nongovernmental organiza-
tions and the infant food industry. It was devel-
oped to protect mothers and health workers

Marketing of Breast Milk Substitutes

from commercial pressure by manufacturers of
breast milk substitutes. It forbids provision of
free samples to mothers or health facilities (ex-
cept for professional research), because of their
negative impact on breastfeeding. It also forbids
inducements to health workers, because recipi-
ents are more likely to promote a particular
product and remain passive in promoting breast-
feeding (table 1). The code was passed by 118
votes to 1 (USA); 3 countries abstained (Argen-
tina, Japan and Korea). By the 1996 World
Health Assembly meeting, all 191 member states
had affirmed their support for the code, its im-
plementation and the implementation of rele-
vant resolutions. By 1997, 17 countries had ad-
opted all or substantially all of the code’s provi-
sions as legal requirements. Adoption of the
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code represents the development of an interna-
tional consensus. The code also covers ethical
considerations and regulations for the market-
ing of feeding bottles and teats. Even after 3 de-
cades of implementation of the code there are
continuing issues of implementation, monitor-
ing and compliance, which predominantly re-
flect weak governance [5].

Violations of the Code

Since 1981, when the code was formulated, nu-
merous violations have been reported both from
the developing and the developed world. In devel-
oping nations, multistage, random sampling of
pregnant mothers and mothers of infants less
than 6 months old was carried out in 4 cities
(Dhaka, Durban, Bangkok and Warsaw) with dis-
appointing results: 26% of mothers in Bangkok
received free samples of breast milk substitutes
from companies [6]. Many violations were re-
ported in Uganda in a survey of mothers and
health workers. In 2008, 70% of 427 health profes-
sionals in Pakistan were unaware of their own
breastfeeding laws, and 80% unaware of the code;
12% had received sponsorship from pharmaceu-
tical companies for training sessions or atten-
dance at conferences [7]. In countries with weak
regulations, sales of formula were noticed to be
higher. Differences were seen, for example, be-
tween the Philippines and India. In India, where
advertising is strictly controlled by the Infant
Milk Substitutes Act [8], breastfeeding rates are
46% at 5 months of age. In contrast, the Philip-
pines, with much weaker regulations, have 3
times lower breastfeeding rates [9]. In the devel-
oped world, marketing tends to be more subtle
than in developing countries [10]. Among the in-
dustrialized nations, the lowest breastfeeding
rates (7% at 4 months) were seen in the UK, where
companies spend 10 times more on advertising
than the Department of Health spends on pro-
moting breastfeeding. Interestingly, 20% of moth-

106

ers in the UK who were weaning their babies at
4-6 months of age thought formula was better
and more nutritious than breast milk.

Monitoring the Code

Information provided by monitoring helps the
WHO, UNICEF, governments and nongovern-
mental organizations to imply the code and moni-
tor violations. The reports on violations demon-
strate the need for transparent, independent and
effective controls in the marketing of baby food
and bottles. Governments should ensure a consis-
tent strategy of monitoring, involving investiga-
tion, observation and recording of information.
The basics of monitoring include: familiarization
with the main points of the International Code and
with national measures; obtaining information on
the breast milk substitutes locally used; recording
details about the company and brand names and
the hospitals/clinics where infant formula is used;
description of posters, displays, etc.; and reporting
of violations to the appropriate body.

It is now recognized that voluntary initiatives
alone are inadequate for implementation of the
International Code of Marketing of Breast-Milk
Substitutes. Health professionals and breastfeed-
ing organizations call for enforcement of stricter
rules. Under the international code, information
provided by the manufacturers should not imply
or create a belief that bottle feeding is equivalent
or superior to breastfeeding.

Impact on Mortality and Morbidity

In developing countries, numerous studies have
reported an increased mortality and morbidity
with the use of breast milk substitutes. A recent
meta-analysis showed excess risk of diarrhea mor-
tality in nonbreastfed babies in comparison with
exclusive breastfeeding among infants 0-5 months
of age (relative risk: 10.52) and with any breast-

Kler - Gupta + Thakur

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 104-108

DOI: 10.1159/000360326



feeding among children aged 6-23 months (rela-
tive risk: 2.18) [11]. Early initiation of breastfeed-
ing is critical. In a Ghanaian study, neonatal mor-
tality of babies fed after the first 24 h was more
than twice that of those fed within the first hour.
In the developed world, exclusive breastfeeding
has no detectable effect on mortality, but signifi-
cant reductions in both short-term and long-term
morbidity were noted. Failure to breastfeed in-
creases the risk of gastrointestinal disease, acute
otitis media and acute lower respiratory tract in-
fection in infancy. In older children, the likelihood
of obesity, elevated cholesterol levels, hyperten-
sion as well as type 1 and type 2 diabetes is in-
creased. In a recent meta-analysis, negative emo-
tions such as guilt, anger, uncertainty and sense
of failure were found more often in mothers of
bottle-fed babies [12]. Term small-for-gestation-
al-age babies are at risk of obesity and metabolic
problems like hypertension and diabetes. Breast-
feeding is protective by preventing accelerated
growth in these subsets of babies [13].

Situations in Which Breast Milk Substitutes
Can Be Used

Formula feeding is clearly essential in certain cir-
cumstances, such as when the mother is on cyto-
toxic drugs or is unwilling to breastfeed. Since
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2.4 Complementary Foods

Mary Fewtrell

Key Words
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Key Messages

- Complementary foods are defined by the WHO as
any food or liquid other than breast milk. However,
since many infants receive human milk substitutes
from the first weeks of life, other authorities have
suggested that the term ‘complementary foods’
should be applied to foods and liquids other than
breast milk or infant formulas

- Complementary foods are required for nutritional
and developmental reasons. They should not be
introduced before 17 weeks of age, but all infants
should start complementary foods by 26 weeks of
age

« Itisimportant to ensure that complementary foods
provide adequate energy density (minimum 25%
fat), and that the diet includes good sources of pro-
tein, iron and zinc. Strategies used to achieve this
will vary in different environments

© 2015 S. Karger AG, Basel

Introduction

Complementary foods are defined by the WHO
as any food or liquid other than breast milk.
This definition means that infant formulas and

follow-on formulas (human milk substitutes,
HMS) are regarded as complementary foods,
which can be confusing, since many infants re-
ceive HMS from the first weeks of life. Other
authorities (European Society for Paediatric
Gastroenterology, Hepatology and Nutrition,
ESPGHAN [1]) have suggested that the term
complementary food should be applied to foods
and liquids other than breast milk or infant for-
mulas.

Complementary foods are required during
the second part of the first year of life for both
nutritional and developmental reasons, and to
enable the transition from milk feeding to fam-
ily foods. From a nutritional point of view, the
ability of breast milk to continue to meet mac-
ro- and micronutrient requirements becomes
limited, whereas from a developmental per-
spective, infants develop the ability to chew and
start to show an interest in foods other than
milk.

Current WHO recommendations on the age
at which complementary foods should be intro-
duced are based on consideration of the optimal
duration of exclusive breastfeeding. However,
since HMS are defined by the WHO as comple-
mentary food, it is difficult to translate this rec-
ommendation to formula-fed infants. Following
a systematic review [2] and expert consultation



in 2001 [3], the WHO recommended that in-
fants should be exclusively breastfed for 6
months, although this contrasts with current
practice in many countries, where complemen-
tary foods may be introduced as early as 3-4
months of age.

Timing of Complementary Feeding

Complementary feeding recommendations and
practices are generally not evidence based and
vary between countries. Gastrointestinal and re-
nal functions are likely to be sufficiently mature
by around 4 months of age to enable infants to
process some complementary foods, whereas the
age at which infants attain the necessary motor
skills is likely to fall within the 4- to 6-month pe-
riod. There is general consensus that comple-
mentary foods should not be given before 17
weeks of age as this may be associated with in-
creased later fatness, respiratory symptoms and
eczema. The WHO recommends that infants
should be exclusively breastfed for 6 months be-
fore the introduction of complementary foods
[3], based on a systematic review of the optimal
duration of exclusive breastfeeding [2] compar-
ing mother and infant outcomes with exclusive
breastfeeding for 6 months versus 3-4 months
(updated in 2012 [4]). While there is agreement
that exclusive breastfeeding for 6 months is de-
sirable in situations where there is a lack of clean
drinking water or of safe nutritious complemen-
tary foods, there is less consensus regarding in-
fants in higher-income settings. Although many
countries have adopted the new WHO recom-
mendation, other countries still recommend 4-6
months of breastfeeding. The ESPGHAN Com-
mittee on Nutrition concluded that complemen-
tary foods should not be introduced before 17
weeks of age, but that all infants should start by
26 weeks of age [1]. A review by an expert panel
of the European Food Safety Authority also con-
cluded that the introduction of complementary
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food to healthy term infants in the EU between 4
and 6 months is safe and does not pose a risk for
adverse health effects [5].

Content of the Diet

Most current guidelines on the gradual introduc-
tion of different foods during complementary
feeding are based on cultural factors and food
availability rather than scientific evidence. In de-
veloping countries, the focus is still on providing
adequate nutrients to support growth and devel-
opment, whereas in more affluent environments,
achieving a better balance of nutrients and avoid-
ing excess may be more important. Recommen-
dations are based on the concept that breast milk
cannot meet the full requirements for energy,
protein and micronutrients beyond about 6
months of age.

Energy

Energy requirements remain high during the first
year oflife. The fat content of the diet is an impor-
tant determinant of its energy density and should
not be less than 25% of energy intake. A higher
proportion might be required if the infant’s ap-
petite is poor or if the infant has recurrent infec-
tions or is fed infrequently. Reduced-fat cow’s
milk reduces the energy density of the diet, and
consideration should be given to the rest of the
infant’s diet and to its growth when deciding to
introduce this. However, in countries with high
rates of childhood obesity, it may be advanta-
geous to accustom children to low-fat products
from a fairly early age.

Iron and Zinc

More than 90% of iron requirements during the
complementary feeding period of a breastfed in-
fant must be provided by complementary foods.
Strategies for achieving adequate iron and zinc in-
takes include the use of fortified weaning foods,
iron-fortified infant formulas, foods rich in bio-
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available iron such as meat, or supplements. The
most suitable strategy will vary with the circum-
stances; cow’s milk is a very poor source of iron,
and it is generally recommended that it should not
be used as the main drink before 12 months of age.

Salt and Sugar

High intakes of salt in infancy may be associated
with later higher blood pressure [6]. Further-
more, infants may become accustomed to a salty
taste, which could affect subsequent food prefer-
ences. Hence, salt should not be added to comple-
mentary foods. Sugar is associated with the devel-
opment of dental caries. Its use should be restrict-
ed, and good dental hygiene practices introduced
early.

Gluten

In contrast to data from previous observational
studies, the findings from two recent randomised
trials have shown that the age at introduction of
gluten does not influence the risk of developing
coeliac disease. Both trials also concluded that the
risk was not influenced by breastfeeding at the
time of introduction of gluten [7, 8].

Vegetarian Diets

If infants receive a vegetarian diet, it is important
that the diet includes a sufficient amount of milk
(about 500 ml/day) and dairy products. Vegan di-
ets should be discouraged in infancy, particularly
because of the risk of vitamin B;, deficiency,
which can affect neurodevelopment.

Allergy

Certain foods, including egg, fish, nuts and sea-
food, are potentially allergenic. However, the evi-
dence that delaying the introduction of such
foods reduces the risk of developing food allergy
is not convincing. Allergy may be increased if sol-
ids are introduced before 3-4 months of age, but
also by delayed introduction of certain allergens
[9]. Furthermore, the exclusion of fish and eggs

Complementary Foods

from the diet could itself have undesirable nutri-
tional consequences.

Taste and Food Acceptance

Children are predisposed to like high-energy
foods, to prefer sweet and salty tastes and to re-
ject new foods, but these predispositions may be
modified by early dietary experience and feed-
ing practices. A feeding style typified by emo-
tional warmth and responsiveness but high ex-
pectations for children’s dietary adequacy and
behaviour — accompanied by practices such as
parents leading by example, making fruit and
vegetables available within the home, moder-
ately restricting unhealthy alternative snack
foods and encouraging children to try vegeta-
bles and fruits - is associated with better con-
sumption in the childhood years [10]. Hence,
parents play an important role in establishing
good dietary habits.

Conclusions

o Complementary foods should not be intro-
duced before 17 weeks of age, but all infants
should start complementary foods by 26 weeks
of age

o It is important to ensure that complementary
foods provide adequate energy density (mini-
mum 25% fat), and that the diet includes good
sources of protein, iron and zinc. Strategies
used to achieve this will vary with the environ-
ment

o The complementary feeding period is impor-
tant for establishing good eating habits and
food preferences. Sugar and salt should not be
added to complementary foods
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2.5 Allergy Prevention through Early Nutrition

Sibylle Koletzko
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Tolerance induction - Sensitization - Allergen
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Key Messages

« Allergen contact during the first months of life
modulates the induction of tolerance and sensitiza-
tion to food antigens

« Nutritional intervention can reduce the risk of aller-
gic manifestations, particularly of atopic dermatitis
and cow’s milk protein allergy, during the first year of
life in children with a positive family history of allergy

+ Exclusive breastfeeding for the first 4 months of life,
with gradual introduction of solid foods with a high
diversity during continuous breastfeeding from the
5th month onward, is strongly recommended for all
healthy infants, regardless of allergy risk

+ Maternal exclusion diets during pregnancy and/or
lactation do not reduce allergy risks for the off-
spring and are not recommended. Fish in the ma-
ternal diet seems to reduce the risk of allergic dis-
eases in the offspring

- Delaying the introduction of certain allergens be-
yond the 7th month of life has no preventive effect
and is not recommended. Fish should be intro-
duced during the second half-year of life

« There is some evidence that certain probiotics giv-
en to the mother and/or infant and some prebiotic
mixtures as supplements to infant formulae may re-
duce the risk of allergy, and particularly of eczema,

in children. Due to the heterogeneity of products,
study designs, target groups, applications and the
timing and duration of supplementation, no gen-
eral recommendations can be made

© 2015 S. Karger AG, Basel

Introduction

Contact with food allergens in early infancy mod-
ulates the development of tolerance to food aller-
gens, but also of sensitization and allergic mani-
festations. Nutritional intervention aiming at a
reduction in allergy risk should be started early in
infancy, and potentially even with the maternal
diet during the last weeks of pregnancy. Data on
alimentary allergy prevention were obtained in
observational cohort studies, which describe as-
sociations and can generate hypotheses, and in
controlled intervention studies, which can dem-
onstrate causal relationships. The available data
do not support the conclusion that maternal
elimination diets during pregnancy and lactation
provide a benefit for allergy risk reduction in the
infant. Data on breastfeeding effects on allergy
point to a beneficial impact of exclusive breast-
feeding during the first 4 months of life, with con-
tinued breastfeeding while solid foods are being



introduced. In infants with a positive family his-
tory of allergy who are not exclusively breastfed,
the use of infant formulae based on hydrolyzed
cow’s milk proteins reduces the risk of atopic ec-
zema. Delayed introduction of complementary
feeding has no proven benefit.

Maternal Diet and Avoidance of Allergenic
Foods during Pregnancy and Lactation

Maternal dietary allergen exclusion during preg-
nancy has been proposed as a potential strategy
for reducing allergy risk in the offspring, but the
available data do not support any beneficial ef-
fects [1]. In human milk, food antigens derived
from cow’s milk, egg, wheat and other foods can
be detected a few hours after maternal consump-
tion of the respective foods. The concentration of
cow’s milk protein in breast milk is found to be
100,000 times lower than that in cow’s milk and
does not correlate with the amount of antigen in-
gested by the mother. Whether these low amounts
of antigen in breast milk induce sensitization or
tolerance is not clear. In a randomized controlled
trial, no beneficial effect of avoidance of egg and
milk consumption by lactating women was found
with regard to the development of allergic disease
in children up to 5 years of age [2]. Maternal ex-
clusion diets bear the risk of inadequate supply of
certain nutrients. In the absence of beneficial evi-
dence, maternal exclusion diets during pregnan-
cy and lactation for allergy prevention are not rec-
ommended. However, there is some evidence that
consumption of oily fish by the mother during
pregnancy and breastfeeding reduces the risk of
allergic diseases in the offspring [3].

Breastfeeding
Breastfeeding is preferred for infants because of

its nutritional, immunological and psychological
benefits. The potential allergy-preventive effect of
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exclusive or partial breastfeeding has not been
properly assessed because randomization of
breastfeeding is not possible for ethical reasons.
Mothers who breastfeed exclusively differ mark-
edly from those who feed formula with regard to
education, socioeconomic factors, smoking,
keeping pets athome, introduction of other foods,
and many other factors which may influence the
incidence of allergy. Inverse causality may occur
in nonrandomized studies, i.e. mothers of infants
with the highest degree of heredity or signs of at-
opy within the first months of life may tend to
prolong exclusive and total breastfeeding.
However, evidence from a cluster randomized
trial of the promotion of breastfeeding in the Re-
public of Belarus [4] and from a recent meta-anal-
ysis of the effect of breastfeeding on allergy in the
offspring support that exclusive breastfeeding for
3 months or longer confers a protective effect
against atopic dermatitis during infancy [5].

Feeding Hydrolyzed Infant Formulae

Several intervention trials evaluated infant for-
mulae based on partially or extensively hydro-
lyzed proteins compared with standard cow’s
milk formula, often with nonrandomized breast-
fed reference groups. All randomized trials pub-
lished were performed on infants with an in-
creased atopy risk, based on one parent or sibling
affected by allergy, both parents affected, elevated
cord blood IgE or other criteria. Therefore, the
results cannot be generalized to infants with non-
atopic parents. Some of the studies included ad-
ditional cointerventions such as maternal dietary
or environmental restrictions, or delayed intro-
duction of complementary feeding.

A recent Cochrane review on these studies
concluded that there is limited evidence that the
use of hydrolyzed formulae reduces the risk of in-
fant and childhood allergy and infant cow’s milk
allergy when compared with using a standard
cow’s milk formula [6]. In this analysis, many
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studies even of high quality were excluded be-
cause of dropout rates of more than 20%. For this
and other reasons, the Cochrane review has been
criticized, and the conclusions were challenged
by an international panel of allergy experts [7].

The German Infant Nutritional Intervention
study is by far the largest double-blind, random-
ized, controlled intervention trial in this area, and
the only trial sponsored by a governmental grant
rather than by industry funds [8, 9]. The trial eval-
uated allergy-preventive effects of three hydro-
lyzed formulae compared with a cow’s milk for-
mula in high-risk infants provided during the first
4 months of life. Among different atopic manifes-
tations (atopic dermatitis, asthma, gastrointestinal
manifestations, allergic rhinitis and urticaria),
only the risk of atopic dermatitis was reduced by
the hydrolyzed formulae. Compared with the
cow’s milk formula, both an extensively hydro-
lyzed casein formula and a partly hydrolyzed whey
formula significantly reduced atopic dermatitis. In
contrast, the risk reduction with the extensively
hydrolyzed whey formula did not reach signifi-
cance. The effect developed in the first year of live
and persisted until the age of 10 years (fig. 1). No
significant effect was observed on asthma, allergic
rhinitis or sensitization pattern.

Protein Sources other than Cow’s Milk in
Infant Feeding

The use of unmodified mammalian milk protein,
including unmodified sheep, buffalo, mare or
goat’s milk, or unmodified soy or rice milk, is not
recommended for infants because their composi-
tion is inadequate to serve as the sole food source
for infants. Moreover, these milks are not recom-
mended for infants with suspected or proven
cow’s milk protein allergy because of the risk of
possible allergenic cross-reactivity. A Cochrane
review concluded that infant formulae based on
soy protein do not reduce allergy risk, including
food allergy [10]. There is no evidence to support

Allergy Prevention through Early Nutrition

Physician-diagnosed eczema (adj. %)

Age (years)

Fig. 1. Cumulative incidence of parent-reported, physi-
cian-diagnosed atopic dermatitis in 988 infants who
were fed 1 of 4 study formulae during the first 4 months
of life and were followed until 10 years of age (per-pro-
tocol analysis). Results are adjusted (adj.) for sex, BMI at
birth, parental education, biological siblings at birth,
study region, maternal smoking during pregnancy and/
or during the child’s first 4 months, smoking in the pres-
ence of the child during the child’s first 4 months, furry
pets in the home during the child’s first year of life, and
age of mother at birth. CMF = Cow’s milk formula; pHF-
W = partially hydrolyzed whey formula; eHF-W = exten-
sively hydrolyzed whey formula; eHF-C = extensively
hydrolyzed casein formula [9].

allergy-preventive effects of infant formulae
based on protein sources other than hydrolyzed
cow’s milk proteins.

Complementary Foods

Most available data originate from large cohort
studies. Very early introduction of solid food
within the first 3 months of life seems to increase
the risk of eczema, and possibly also of food al-
lergy. However, delaying the introduction of solid
foods beyond the 6th month of life has no protec-
tive effect and may even increase the risk of dif-
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ferent allergic diseases [11]. This effect was also
found for allergenic foods such as hen’s egg, cow’s
milk, fish and wheat [12-14]. A high diversity of
complementary foods seems to decrease the risk
of allergies [15]. Thus it is recommended that
complementary foods should not be introduced
before the 17th week of life or later than the 26th
week of life, regardless of the familial risk of al-
lergy [16, 17].

Probiotics and Prebiotics

The impact of maternal supplementation with
probiotics during pregnancy on atopic eczema
in childhood was investigated by a recent meta-
analysis including 7 randomized, double-blind,
placebo-controlled trials [18]. The authors con-
clude that there is some evidence for lactobacilli
- but not for different mixtures of probiotics - to
reduce the risk of eczema in the offspring.
Several studies investigated the effect of probi-
otics given to infants either as a supplement or as
a component of the infant formula. A recent posi-
tion paper of the World Allergy Organization re-
viewed the evidence and concluded that with the
current knowledge, probiotics have no established
role in the prevention or treatment of allergy [19].
Similarly, a Cochrane review on the addition
of prebiotics to infant formulae concluded that
certain prebiotic mixtures of galacto- and fruc-
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2.6 Toddlers, Preschool and School Children

Hildegard Przyrembel
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Key Messages

« Toddlers and children should participate in family
meals

+ Toddlers do not need specially prepared commer-
cial foods for particular nutritional uses. The use of
such meals is determined by convenience

» Food-based dietary guidelines for children should
name basicfood groups, give approximate amounts
to be consumed and provide exemplary recipes ac-
cording to local habits

- Nutrient supplements and fortified foods should be
used only when indicated

- Beverages of no or low energy content should ac-
company meals ©2015 S. Karger AG, Basel

Introduction

The age range of 1 to approximately 12 years in-
cludes very different phases of development.
With increasing motor skills, toddlers — some of
which are still partly breastfed — will feed them-
selves with an increasing variety of foods as part

of the family diet. Food preferences developed in
the first year of life tend to persist but are modi-
fied under the influence of parents, siblings and
playmates. Preschool and school children in-
crease both the frequency and variety of social
contacts outside the home, and thereby food and
meal choices [1].

A healthy diet for children should be devised
on the basis of both scientific and practical con-
siderations. Scientific criteria are adequacy of in-
take in comparison with recommendations on
energy and nutrient intake to support normal
growth and development, taking into account the
preventive effects of an adequate diet on chronic
diseases in adulthood [2]. Practical criteria are re-
gional or national dietary habits, availability and
cost of foods, and taste preferences of children.

Food-based dietary guidelines for children
have been devised. As an example, the so-called
‘optimized mixed diet’ [3, 4] developed in Ger-
many is described. Such guidelines can be easily
adapted to different typical eating habits, meal
schedules and differences in locally available ba-
sic foods. They are based on commonly available
foods to be prepared at home, but leave room for
the integration of ready-to-eat products and
foods preferred by many children, such as ‘fast
foods’ and sweets.



Table 1. Example of adequate amounts of foods to be consumed per day at different ages

Age, years 1 2-3 4-6 7-9 10-12
Total energy, kcal/day 850 950 1,250 1,600 1,900
Recommended foods (=90% of total energy)
Generously
Beverages, ml/day 600 700 800 900 1,000
Vegetables, g/day 120 150 200 220 250
Fruit, g/day 120 150 200 220 250
Potatoes, pasta, flakes, rice, etc., g/day 100 120 150 180 220
Moderately
Milk, milk products, ml or g/day 300 330 350 400 420
Meat, meat products, g/day 30 35 40 50 60
Eggs, n/week 1-2 1-2 2 2 2-3

Fish, g/week 25 35 50 75 920
Sparingly

QOil, butter, margarine, g/day 15 20 25 30 35
Tolerated foods (<10% of total energy)
Cake, sweets, jam, sugar, etc., max. kcal/day 85 95 125 160 190

Modified 2013 from Kersting et al. [3] and Alexy et al. [4] according to the most recent dietary re-

ference values.

Principles of Children’s Diets and Eating

Food-based dietary guidelines based on the en-
ergy and nutrient needs of children, on children’s
preferences as well as on health aspects provide
advice on food selection, meal composition and
meal patterns, including recipes. The main food
groups included are of high nutrient density: ce-
reals and other starchy foods (bread, pasta, pota-
toes, etc.); vegetables, legumes and fruits; milk
and dairy products; meat, poultry, eggs and (oily)
fish; and fats and oils.

A list of reference amounts of the main food
groups, which provide 290% of the appropriate
energy intake and 100% of practically all micro-
nutrients, is part of OptimiX (table 1) [3, 4]. In
addition, <10% of the energy intake is provided
by ‘tolerated’ food groups, often of low nutrient
but high energy density. These foods are not
prohibited but permitted to meet, for instance,
the preferences for sweets of some children and

Toddlers, Preschool and School Children

to permit flexibility in the composition of
meals. The amounts of foods are guidance val-
ues, with the possibility of choosing within a
food group - e.g. instead of milk and milk prod-
ucts, cheese can be consumed, based on their
equivalency in calcium content (100 ml of milk
correspond to about 15 g of hard or 30 g of soft
cheese). The amounts shown in table 1 need not
to be consumed every day; the aim should be
the average amount consumed per week. Vari-
ability in daily intake is normal; in children, the
variability in daily energy intake can be 50%
around the average. Moreover, small and inac-
tive children will eat smaller amounts than ac-
tive and big children, and boys will consume
more than girls of the same age. From the start,
children should be allowed to determine the
amounts they wish to eat and not be forced to
empty their plates. This will permit them to eat
to satiety and help to avoid overnutrition and
overweight.
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Recommended Diet Composition

OptimiX provides about 53% of the energy intake
mostly from complex carbohydrates, 33% of the
energy from fat mostly of plant origin (saturated
fatty acids: 10%; monounsaturated fatty acids:
15%; polyunsaturated fatty acids: 7% of total en-
ergy) and 14% of the energy from protein, half of
animal and half of plant origin. The energy den-
sity is about 70 kcal/100 g, the fiber density 17 g/
1,000 kcal and the water density about 1.2 g/kcal.
The most suitable fat intake for toddlers is not
known; it should not be <25% of the energy [2, 5,
6]. Protein sources will reflect country- and cul-
ture-specific dietary habits, and plant protein can
provide the majority of protein intake. In that
case, a variety of plant foods should be consumed,
which compensate for each other’s deficiencies in
certain indispensable amino acids. A vegan diet
with no animal-derived food is not suitable for
toddlers.

Meals and Meal Patterns

Whenever possible, meals should be consumed in
the company of others and at regular times, while
snacking should be avoided. The distribution of
basic and tolerated foods over different meals can
vary, but all meals together should add up to pro-
vide an adequate intake of all nutrients and en-
ergy. Toddlers will need more frequent meals
than older children. The types of meal, both hot
and cold, and the time of day at which they are
consumed will vary between countries and fami-
lies. Both cold and hot meals should be accompa-
nied by a beverage. Cold meals will mostly consist
of bread and cereals, dairy products, and raw fruit
and vegetables, and thus provide the majority of
the daily carbohydrate, fiber and calcium intake
besides significant percentages of vitamin C and
folate intake. Hot meals are based on potatoes,
rice or pasta, vegetables and salads, while meat or
fish serves as a supplement and therefore need
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not be eaten every day of the week. Hot meals thus
contribute significantly to the intake of numerous
vitamins and minerals such as vitamins Bg and
Bi,, magnesium, phosphorus and iodine.

Choice of Foods

Foods particularly manufactured and specially
fortified with nutrients are not a necessary part of
a healthy toddler’s diet, although a wide variety of
such foods is available and is convenient to use. In
circumstances where nutrient-dense foods are
scarce, fortification or supplementation can,
however, become necessary, particularly with re-
gard to iron, iodine, zinc and calcium. Self-pre-
pared food for toddlers should not be salted. Low-
salt varieties of processed foods should be chosen.

Bread and cereals, but also rice and pasta,
should preferably be wholegrain products, which
contain B vitamins, magnesium, iron, fiber, pro-
tein and unsaturated fatty acids. A mixture of
wholegrain and more refined products may be
better accepted by young children.

Vegetables and fruits, if not served raw, should
be boiled as briefly and in as little water as pos-
sible to reduce inevitable losses of vitamins, min-
erals and secondary plant substances such as ca-
rotenoids, phytosterins and polyphenols. While
the primary choice of fruit, legumes and vegeta-
bles should be those which are in season, it may
be necessary to be more flexible in the case of
strong dislikes. Fruit juices can substitute for
fruit in exceptional cases.

Milk and dairy products are indispensable in
all children’s diets as sources of calcium and oth-
er minerals as well as of vitamins. From the age
of about 2 years, whole milk and milk products
can be replaced by reduced-fat products.

Meat and meat products are important be-
cause of well-available iron and zinc, particularly
for toddlers and young children. Moreover, they
provide high-quality protein and important B vi-
tamins. Products low in fat should be preferred.
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Heme iron also increases the absorption of iron
from plant food.

Fish is an important source of iodine and
long-chain n-3 fatty acids and should be eaten at
least once a week. Many children only accept
braised and fried fish, which might be high in fat.

To increase the quality of the fat consumed, at
least half of the total fat intake — both ‘hidden’
and visible — should come from plant oils, prefer-
ably those with a high content of mono- and
polyunsaturated fatty acids and which contain
some a-linolenic acid (rapeseed, soy, flaxseed)
and sufficient vitamin E. These oils are practi-
cally free of trans-fatty acids. An overall low fat
use will further reduce the total intake of satu-
rated and trans-fatty acids.

Beverages should preferably be offered to tod-
dlers from a cup and should be free of or low in
energy (water or unsweetened herbal or fruit
teas). Milk is not to be regarded as a beverage but
as a food. Fruit juices can contain valuable vita-

References

1 Young EM, Fors SW, Hayes DM: Asso- 4 Alexy U, Clausen K, Kersting M: Nutri-

ciations between perceived parent be-

mins and minerals but, if undiluted, are high in
sugars (>10% of weight). Fruit-based beverages,
lemonades and cola beverages often contain large
amounts of sugar and are unsuitable for relief
of thirst. Sugar-sweetened beverages tend to be
overconsumed, which can result in a positive en-
ergy balance and overweight [7-9].

Conclusions
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2.7 Adolescent Nutrition
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Key Messages

« Adolescents (10-19 years of age) represent one
fifth of the global population and are considered a
healthy age group who will eventually enter the
work force and raise the economic productivity of
any country

« ltis a critical period marking phenomenal changes
including rapid physical, psychosocial, sexual and
cognitive maturation, and hence the nutrient needs
are higher in adolescence than at any other time in
the life cycle

+ Nutritional interventions for adolescents need to
be tailored to the developmental level of each indi-
vidual adolescent to respond to their needs and
should be delivered on a platform where they can
be reached

+ Adolescent nutrition research must move towards
identifying how effective intervention components
can be embedded within health, education and
care systems and achieve a long-term sustainable
impact ©2015 S. Karger AG, Basel

Introduction

Adolescents (10-19 years of age) represent one
fifth of the global population and are considered
a healthy age group who will eventually enter the
work force and raise the economic productivity of
any country. There are 1.2 billion adolescents in
the world, 90% of whom live in low- and middle-
income countries (LMICs), and they make up
12% of the population in industrialized countries
compared with 19% in LMICs [1].

Adolescence is a critical period marking phe-
nomenal changes including rapid physical, psy-
chosocial, sexual and cognitive maturation, and
hence the nutrient needs are higher in adoles-
cence than at any other time in the life cycle.
Healthy eating in childhood and adolescence is
important for proper growth and development,
as optimal nutrition is a prerequisite for achiev-
ing the full growth potential and failure to achieve
optimal nutrition may lead to delayed and stunt-
ed linear growth. Furthermore, healthy nutrition
can also help prevent diet-related chronic diseas-
es such as obesity, type 2 diabetes, cardiovascular
diseases, pulmonary, hepatic and renal diseases,
cancer and osteoporosis [2, 3]. It has been high-
lighted that nutrition interventions for adoles-



cents need to be tailored to the developmental
level of each individual adolescent to respond to
their needs and should be delivered on a platform
where they can be reached.

This chapter will review the trends for child-
hood and adolescent malnutrition, adolescent
eating behaviors and factors influencing them as
well as interventions and platforms to promote
healthy nutrition habits among adolescents and
to prevent obesity.

Adolescent Nutrition Trends

Opver the last two decades, increasing prevalence
rates of overweight and obesity among children
and adolescents have been seen in many coun-
tries. Many of the LMICs now bear the double
burden of malnutrition due to the emerging is-
sue of overweight and obesity along with the
existing high rates of stunting and other micro-
nutrient deficiencies. In 2011, an estimated 43
million children under 5 years of age were over-
weight, marking a 54% increase from an esti-
mated 28 million in 1990. In Africa, the estimat-
ed prevalence increased from 4% in 1990 to 7%
in 2011, while it is a little lower in Asia (5% in
2011), with the number of affected children be-
ing higher than in Africa (17 and 12 million, re-
spectively) [4]. Globally, childhood obesity rates
continue to rise in developing countries, while
in the developed part of the world, they are grad-
ually plateauing [5, 6]. These figures are alarm-
ing and require immediate attention, as child-
hood overweight is associated with multiple im-
mediate and long-term risks including raised
cholesterol, triglycerides and glucose, type 2 dia-
betes, high blood pressure as well as adult obe-
sity and its associated consequences [7, 8]. Pri-
mary prevention remains pivotal as there is
strong evidence that obesity is difficult to re-
verse and continues through to adulthood. Ado-
lescent nutrition is also important with regard to
maternal nutrition, as pregnant adolescents are

Adolescent Nutrition

at risk for adverse outcomes including low birth
weight, preterm delivery, anemia and excessive
postpartum weight retention due to a combina-
tion of physiological, socioeconomic and behav-
ioral factors [9, 10]. Nutrition among pregnant
teens is crucial as they tend to give low priority
to nutrition despite having an enhanced need
for nutrients due to their pregnant state. Recent-
ly, there has been a growing interest in ado-
lescent nutrition in developing countries as a
means of improving the health of women and
children, as interventions targeted at adoles-
cents allow time for the interventions to have the
maximum impact on optimizing health in the
years ahead.

Eating patterns and behaviors are influenced
by many factors during adolescence including
peer influences, parental modeling, food avail-
ability, food preferences, costs, convenience, per-
sonal and cultural beliefs, mass media and body
image. These could be broadly classified as fol-
lows: (1) personal factors including attitudes, be-
liefs, food preferences, self-efficacy and biologi-
cal changes; (2) environmental factors including
family, friends, peer networks, school, fast food
outlets and social and cultural norms, and (3)
macrosystemic factors including food availabili-
ty, food production, distribution systems, the
mass media and advertising.

Interventions

Various interventions including education,
health promotion as well as behavioral and psy-
chological counseling could be implemented ei-
ther at the individual level or combined with
family/parent support with a focus on diet, phys-
ical activity or lifestyle. These interventions
could be school based, health care center based
or delivered at the community level. Evidence
suggests that educational, health promotional,
psychological and behavioral counseling inter-
ventions focusing on diet, physical activity or
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lifestyle support are effective at lowering BMI
and reducing adiposity among children and ad-
olescents, although not all interventions are ef-
fective at individual levels as it is difficult to
differentiate individual intervention from a
multicomponent intervention program [11].
School-based nutrition education interventions
to prevent and reduce obesity in children and
adolescents are effective in reducing the rates of
overweight and obesity and in increasing fruit
and vegetable consumption [12, 13]. Evidence
also suggests that combining an educational and
an environmental component might be more
preferable for school-based nutrition and physi-
cal activity interventions in some populations
[12, 13]. Parental involvement in school-based
obesity prevention interventions is often advo-
cated as important and has shown some positive
effects on children’s behaviors and behavioral
determinants. Various parental modules ad-
dressing several home-related determinants and
parenting practices related to eating and physi-
cal activity are more likely to be effective; how-
ever, the added value of parent involvement re-
mains inconclusive [14]. Weight-related health
interventions involving parent participation can
more effectively reduce BMIs of children and
adolescents, and longer interventions that in-
clude parent participation appear to have greater
success [15]. Energy intake and food choices are
more likely to be addressed in family-targeted
interventions [16]. The effect of aerobic exercise
on non-high-density lipoprotein cholesterol in
children and adolescents is not yet established;
however, it can decrease the percentage of body
fat and increase aerobic capacity among children
and adolescents [17].

Nutrition interventions for pregnant adoles-
cents mainly involve education regarding bal-
anced diet and consuming adequate amounts of
iron, folate, calcium and zinc along with food
provision for low-income teens to ensure appro-
priate gestational weight gain and adequate nu-
tritional intake. Nutrition intervention pro-
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grams for pregnant adolescents can have positive
effects on birth outcomes due to multidisci-
plinary teams, individualized education and
counseling, home visits as well as support/dis-
cussion groups [18].

Intervention Delivery and Challenges

Evidence exists in various adolescent health do-
mains including nutrition that points towards
potential benefits of these strategies; however,
their implementation, scaling up and sustain-
ability may be difficult to achieve and need care-
ful consideration. The most commonly evaluat-
ed delivery platforms for targeting children and
adolescents have by far been school-based deliv-
ery of nutrition interventions followed by home-
and community-based delivery. Very few evalu-
ations have been carried out to assess interven-
tions delivered in care settings tailored for
adolescent needs. Efforts should be made to uti-
lize health sector interfaces to cater to the ado-
lescent health and nutrition needs. It is vital that
health care providers who provide nutrition ed-
ucation and counseling have a thorough under-
standing of adolescent physical and psychoso-
cial growth and development. Health profes-
sionals should be trained to allow adequate time
to determine an adolescent’s degree of biological
maturity and level of cognitive development in
order to determine his/her individual nutrition-
al needs and the type of educational messages
that are given when counseling the adolescent.
Other sectors, including civil society bodies,
faith-based institutions and the community at
large, should also make efforts to constructively
impact adolescent health and nutrition and re-
spond to the needs of their adolescents.

In 1995, the World Health Organization
(WHO) organized a study group on program-
ming for adolescent health and development
along with the United Nations International
Children’s Emergency Fund (UNICEF) and the
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United Nations Framework for Population Activ-
ities (UNFPA), and since then, efforts have been
made to identify various interventions and their
effectiveness to improve access to primary health
care and commodities for adolescents. It has be-
come increasingly more important to target this
vulnerable group as today’s adolescents are ex-
posed to nutritional risks, harmful alcohol con-
sumption, sexually transmitted diseases and oth-
er risks more than in the past, and they face other
new challenges such as social media [19-22].

Conclusions

o Promising policies and strategies for deliver-
ing adolescent nutrition interventions include
the school curriculum (focusing on healthy

eating practices, physical activity and body im-
age), improvements in the nutritional quality
of the food supply in schools and training and
involvement of parents and teachers to suc-
cessfully implement health promotion strate-
gies and activities

At the national level, governments should
conduct a situation analysis of adolescent
health and nutrition and develop an appro-
priate strategy to strengthen the response of
the health sector for scale-up and implementa-
tion

Adolescent nutrition research must move to-
wards identifying how effective intervention
components can be embedded within health,
education and care systems and achieve a
long-term sustainable impact
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2.8 Nutrition in Pregnancy and Lactation
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Key Messages

» Appropriate gestational weight gain is determined
by the pre-pregnancy body mass index

« Most nutritional requirements of most pregnant
and lactating women can be met by consuming
a variety of foods according to government-en-
dorsed guidelines

« There are almost universal recommendations for
periconceptional folic acid supplementation to pre-
vent neural tube defects. Supplementation with io-
dine during pregnancy and lactation, and with iron
during pregnancy, is also recommended in differ-
ent countries. Additional nutrient supplementation
may be required for vegetarians, women having
multifetal pregnancies and women diagnosed with
deficiencies

+ High-listeria-risk foods and alcohol should be
avoided during pregnancy, and caffeine intake
should be limited ©2015 S. Karger AG, Basel

Introduction

Maternal nutrition from preconception through
to lactation has both short- and long-term health
effects on the offspring [1]. While requirements

for many nutrients increase in pregnancy and lac-
tation, and some dietary changes are required,
hormonal changes lead to physiological adapta-
tions which help the body balance maternal and
fetal demands, making ‘eating for two’ largely un-
necessary.

There is a negligible increase in energy re-
quirements in the first trimester, followed by an
average extra requirement of 1.4 M]J/day (335
kcal/day) in the second trimester, of 1.9 MJ/day
(450 kcal/day) in the third trimester and of 2.0-
2.1 MJ/day (275-500 kcal/day) during lactation
for women with a normal pre-pregnancy body
mass index (BMI). Energy requirements vary ac-
cording to the pre-pregnancy BMI, with lower re-
quirements for overweight and obese women and
higher requirements for underweight women.

Healthy weight gain targets for pregnancy are
also based on the pre-pregnancy BMI and are
shown in table 1 [2]. Weight gain should be mon-
itored throughout pregnancy to achieve the ap-
propriate weight gain goal. Dieting to prevent
weight gain or achieve weight loss is not recom-
mended during pregnancy as it may result in in-
adequate intake of essential nutrients, which
could adversely affect fetal growth and develop-
ment. In the post-partum period, return to pre-
pregnancy weight is faster in lactating women as
fat stores laid down in pregnancy are mobilised
to support lactation.



Table 1. The 2009 Institute of Medicine gestational weight gain recommendations for singleton and twin pregnan-

cies [2]

Pre-pregnancy BMI category Singleton pregnancy

Twin pregnancy

. . . . total weight
total weight gain mean rate (range) of weight gain in .
s gain
the second and third trimesters
Underweight (<18.5) 28-40 b 1.0 (1.0-1.3) Ib/week -
12.5-18 kg 0.51 (0.44-0.58) kg/week -
Normal weight (18.5-24.9) 25-351b 1.0 (0.8-1.0) Ib/week 37-541b
11.5-16 kg 0.42 (0.35-0.50) kg/week 17-25 kg
Overweight (25.0-29.9) 15-251b 0.6 (0.5-0.7) Ib/week 31-501b
7-11.5kg 0.28 (0.23-0.33) kg/week 14-23 kg
Obese (>30.0) 11-201b 0.5 (0.4-0.6) Ib/week 25-421b
5-9kg 0.22 (0.17-0.27) kg/week 11-19kg

Pregnant and lactating women can largely
meet their nutritional needs by following the gov-
ernment-endorsed dietary guidelines available in
most countries and adding some extra daily serv-
ings of some core food groups [3, 4]. An example
is provided in table 2.

The remainder of the chapter outlines the cas-
es of specific nutrients and special conditions in
pregnancy and lactation.

Folic Acid

Periconceptional folic acid supplementation has
been shown to reduce the first-time occurrence of
neural tube defects (NTD) by up to 72% and reoc-
currence by 68% [5]. The critical window for in-
creasing folate intake for the prevention of NTDs
is before neural tube closure, which normally oc-
curs by day 28 after conception. Given it can take
3 weeks to increase serum folate towards adequa-
cy, supplementation should commence at least 1
month before conception and continue until at
least 1 month after conception, although up to 3
months is often advised. A daily folic acid dose of
400-500 pg is recommended for low-risk women
(i.e. no family history of NTDs, not on anticon-
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vulsants) and 4,000-5,000 pg for women with a
personal or close family history of NTDs. See
table 3 for natural and fortified sources of folate.

lodine

Iodine is required for the production of thyroid
hormones, which are essential for normal fetal
and infant growth and brain development. Major
fetal effects of severe iodine deficiency (ID) in-
clude abortions, stillbirths, congenital abnormal-
ities, increased perinatal and infant mortality and
cretinism [6]. In an effort to prevent ID, salt iodi-
sation has been implemented in nearly all coun-
tries worldwide, and in countries where <20% of
households have access to iodised salt, the WHO
and UNICEF recommend iodine supplementa-
tion for pregnant and lactating women.
Mild-to-moderate ID also occurs in many
countries. Although its functional consequences
are not well established, many countries recom-
mend a daily supplement containing 150 ug of io-
dine in preconception, pregnancy and lactation.
Iodine-fortified foods, including bread, are
available in some countries. While iodine is also
found naturally in certain foods (table 3), the io-
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Table 2. Minimum recommended number of serves per day from core food groups for adult women as well as ad-
ditional requirements for pregnant and lactating women

Food group Example serves Women Pregnant Lactating

women women
Grain (cereal) foods, mostly — 1slice bread 6 +2.5 +3
wholegrain and/or high- - 1/2 medium roll or flat bread

cereal-fibre varieties - 1/2 cup cooked rice, pasta, noodles or other grains

- 2/3 cup wheat cereal flakes

- 1/2 cup cooked porridge

- 1/4 cup muesli

- 3(3509)crisp breads

- 1 crumpet, small English muffin or scone

Vegetables and - 1/2 cup cooked green or orange vegetables 5 No change +2.5
legumes/beans - 1/2 cup cooked dried or canned legumes/beans

- 1 cup green leafy or raw salad vegetables

- 1/2 cup sweet corn

- 1/2 medium potato or other starchy vegetable

- 1 medium tomato

Fruit - 1 medium piece (e.g. apple, banana) 2 No change No change
- 2 small pieces (e.g. apricots, kiwi fruit)
- 1 cup diced or canned fruit (no added sugar)
Or only occasionally:
- 1/2 cup fruit juice (no added sugar)
- 30 g dried fruit (e.g. 4 dried apricot halves,
1.5 tablespoons of sultanas)

Milk, yoghurt, cheese and/or - 1 cup (250ml) milk 2.5 +1 +1
their alternatives, mostly - 1/2 cup evaporated unsweetened milk
reduced fat — 409 (2 slices or 4 small cubes) hard cheese,
such as cheddar
- 1/2 cupricotta cheese
- 3/4 cup (200 g) yoghurt
- 1 cup soy, rice or other cereal drink with at least
100 mg of added calcium per 100 ml
The following alternatives contain about the same amount
of calcium as a serve of milk, yoghurt or cheese:
- 100 g almonds with skin
- 60 g sardines, canned in water
- 1/2 cup (100 g) canned pink salmon with bones
- 100 g firm tofu (check label as calcium levels vary)

Lean meat and poultry, fish, - 65 g cooked lean red meats (~90-100 g raw) 2.5 +1 No change
eggs, nuts and seeds aswell - 80 g cooked lean poultry (~100 g raw)
as legumes/beans — 100 g cooked fish fillet (~115 g raw) or
1 small can of fish
- 2large eggs

- 1cup (150 g) cooked or canned legumes/beans
(preferably with no added salt)

- 170 gtofu

- 30 g nuts, seeds, peanut or almond butter or tahini,
or other nut or seed paste

Values are given for women aged 19-50 years. Adapted from the Australian Dietary Guidelines [3].
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Table 3. Animal-derived, plant-derived and fortified sources of key nutrients

Animal-derived sources

Plant-derived sources

Fortified sources
(available in some countries)

Folate Boiled egg yolk Green leafy vegetables, oranges, Bread, breakfast cereals, flavoured
orange juice, grapefruit, strawberries, beverage bases (e.g. Milo), milk, soy
raspberries, blackberries, sultanas, beverages, fruit juice
yeast spread (Marmite, Vegemite),
legumes, peanuts, sesame seeds,
tahini, sunflower seeds

lodine Fish/seafood, milk, yogurt, Seaweed; Bread, iodised salt

cheese, eggs minimal amounts in other sources
Iron Meat, poultry, fish/seafood Cooked legumes (chickpeas, lentils, Breakfast cereals, flavoured beverage
(haem-iron) kidney and lima beans), wholegrain bases (e.g. Milo; non-haem iron)
Eggs (non-haem iron) breads and cereals, nuts, seeds, dried
fruit and green leafy vegetables
(non-haem iron)
Calcium Milk, cheese, yogurt, fish with Amaranth, grain-based foods, green Soy/oat/rice/nut beverages, soy
bones (e.g. salmon, sardines), leafy vegetables, almonds, Brazil nuts, yogurt, tofu, breakfast cereals,
fish paste/spread, crab meat sesame seeds, tahini, soybeans, firm fruit/vegetable juice, flavoured
tofu, dried fruit beverage bases (e.g. Milo), bread,
edible oil spreads
Vitamin D Oily fish, egg yolks Mushrooms Margarines, milk, powdered milk,
soy beverages, yogurt, cheese, eggs,
breakfast cereals, orange juice

Vitamin B, Meat, poultry, fish/seafood, None Soy beverages, veggie burgers,

milk, cheese, yogurt, eggs soy-based meat analogues and yeast
extracts (e.g. Marmite)

Zinc Meat, poultry, eggs, milk, Legumes, wholegrain breads and Breakfast cereals

cheese, yogurt, cooked
seafood (especially oysters)

cereals, brown rice, soy products
(e.g. tofu and tempeh), nuts, seeds

dine content can vary widely due to a number of
factors including geographical location and envi-
ronmental factors such as the iodine concentra-
tion in the soil. Kelp and seaweed-based products
should be avoided during pregnancy and lacta-
tion due to their large variability in iodine con-
tent.

Iron
Iron requirements increase in the second and
third trimesters to support fetal growth, placental

tissue development and expansion of the red cell
mass. Intestinal iron absorption increases to meet
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increased iron requirements, and reaches peak ef-
ficiency during the third trimester, when the ma-
jority of iron transfer occurs. In iron-sufficient
pregnancies, enough iron is transferred to meet
the infant’s iron requirements for the first 6
months of life. Maternal iron requirements are
reduced during lactation and increase to pre-
pregnancy levels when menstruation resumes.
Haem iron from animal sources is better ab-
sorbed than non-haem iron from plant sources
(table 3). Iron absorption from plant foods can be
increased by consuming meat proteins or a source
of vitamin C (e.g. citrus fruits/juices, strawber-
ries, kiwi fruit, tomatoes and broccoli) at the
same meal. Dietary components which can in-
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hibit the absorption of both haem and non-haem
iron include calcium, zinc and phytates found in
legumes and whole grains. Polyphenols found in
tea and coffee can also inhibit non-haem iron ab-
sorption. This may have special significance for
vegetarians who also consume tea and coffee as
part of their daily diets.

While routine iron supplementation during
pregnancy is not common practice in all coun-
tries, the WHO recommends daily oral iron sup-
plementation (30-60 mg of elemental iron) as
part of antenatal care to reduce the risk of low
birth weight, maternal anaemia and iron defi-
ciency. A daily dose of 60 mg of elemental iron is
recommended in settings where the prevalence of
anaemia in pregnancy is 240%, and 120 mg is
recommended when there is a clinical diagnosis
of anaemia [7].

Calcium

Calcium is required for fetal and infant bone de-
velopment and mineralisation, as well as for
breast milk production. Maternal bone turnover
and the intestinal absorption of calcium increase
during pregnancy to help meet fetal calcium re-
quirements. The majority of calcium is trans-
ferred to the fetus in the third trimester. During
lactation, calcium from the mother’s bones is
transferred to the infant via breast milk. This
bone resorption is independent of the calcium in-
take and is completely reversible, with the bone
density being restored 6-12 months after the ces-
sation of breastfeeding.

The recommended daily intake of calcium
during pregnancy and lactation is 1000 mg for
adults and 1,300 mg for adolescents. This can be
provided by 3-4 serves of calcium-rich foods
(each serve providing approx. 300 mg of calci-
um). Dietary sources of calcium are shown in ta-
ble 3. Calcium supplements should be taken if
dairy intake is low or if the intake from other
sources is inadequate.

Nutrition in Pregnancy and Lactation

Vitamin D

Vitamin D is important for regulating calcium and
phosphorus metabolism. A deficiency during
pregnancy has been associated with impaired cal-
cium and skeletal homoeostasis, congenital rickets
and fractures in the newborn. Vitamin D5 (chole-
calciferol) is synthesised in skin cells upon expo-
sure to UVB radiation from sunlight, and adequate
exposure to sunlight can provide most people with
their daily vitamin D requirement. Vitamin D can
also be obtained through the diet from a limited
range of natural sources and variably fortified
foods available in some countries (table 3).

Darker-skinned women and those with limited
exposure to sunlight are less likely to synthesise
sufficient vitamin D. Women at risk of deficiency
should be screened for low serum 25-hydroxyvita-
min D levels and supplemented as required.

Multifetal Pregnancies

In addition to the usual maternal physiological
adaptations that occur with singleton pregnan-
cies, in multifetal pregnancies there is an addi-
tional increase in plasma volume, basal metabolic
rate and resistance to carbohydrate metabolism
[8]. Higher intakes of protein, calcium, iron and
folate are required to support fetal and placental
growth and increased maternal metabolism.

Vegetarian Diets

Vegetarian diets vary, and identifying which
foods are excluded will help determine which nu-
trients are likely to be inadequately supplied. Vi-
tamin By, is an essential nutrient which only oc-
curs naturally in animal-derived foods. There-
fore, diets low in or excluding animal products
can be low in vitamin By,. Vitamin B, deficiency
during pregnancy and lactation can cause mega-
loblastic anaemia and neurological damage in the
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infant. To avoid a deficiency, some animal-de-
rived foods or vitamin B,-fortified foods should
be consumed or a vitamin B;, supplement taken.

An adequate intake of iron, zinc, calcium and
protein should also be ensured. Vegetarian sourc-
es of protein include dairy foods, legumes, cere-
als and grains as well as nuts and seeds. Vegetar-
ian sources of iron, zinc and calcium are shown
in table 3.

Mercury in Fish

Fish is an important part of a healthy diet. It pro-
vides long-chain omega-3 fatty acids and is a
good source of protein and minerals including io-
dine. Mercury is a neurotoxin which occurs natu-
rally in the environment and accumulates in fish.
The consumption of fish during pregnancy and
lactation should be guided by national, govern-
ment-endorsed recommendations, which gener-
ally advise eating 2-3 meals per week of fish/shell-
fish with low mercury levels and avoiding or lim-
iting the consumption of fish high in mercury
(predatory deep-sea fish) [9, 10]. Canned fish
generally has lower levels of mercury, as smaller
species and younger fish are used for canning.

Herbal Teas and Herbal Supplements

There is insufficient evidence to support the con-
sumption of herbal teas or herbal supplements
during pregnancy or lactation. Most herbal prep-
arations have not been tested to establish their ef-
ficacy and safety, and some may be dangerous to
the developing fetus or infant.

Listeriosis
Listeriosis is a rare but serious infection caused

by eating food contaminated with the bacterium
Listeria monocytogenes. The transmission of lis-
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teria to the fetus can cause miscarriage, prema-
ture labour or stillbirth. The risk of listeriosis can
be reduced by avoiding high-risk foods and tak-
ing simple food hygiene and food safety steps.
Foods to avoid include chilled, ready-to-eat foods
such as cold cooked chicken, cold processed
meats, pre-prepared or pre-packed cold salads,
raw seafood, soft-serve ice cream, unpasteurised
dairy products, paté as well as soft and semi-soft
cheese.

Caffeine (Coffee, Tea and Caffeine Soft
Drinks)

Some caffeine is transferred to the fetus via the
placenta and to the infant via breast milk. A daily
intake of 200-300 mg caffeine, equivalent to 2-3
cups of coffee, is considered to have no adverse
effect. Energy drinks are not recommended as
they can contain high levels of caffeine.

Alcohol

Alcohol is transferred to the fetus via the placenta
and to the infant via breast milk. There is no safe
limit for alcohol intake, and it is recommended
that alcohol consumption be avoided during
pregnancy. During lactation, the alcohol content
of breast milk reflects maternal blood alcohol
levels. As a general rule, it takes an average-sized
woman 2 h for blood alcohol levels to return to
zero after consuming 10 g of alcohol (1 standard
drink). Therefore, women who plan to consume
alcohol should breastfeed or express breast milk
before drinking.

Conclusions
o Nutrition in pregnancy can exert important

short- and long-term effects on the mother
and baby
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government guidelines
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2.9 Vegetarian Diets
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Key Messages

- Carefully planned mixed vegetarian diets (with milk
and eggs) can provide sufficient energy, protein
and nutrients for all stages of childhood growth
and development

+ Very restrictive or unbalanced vegetarian diets can
result in failure to thrive and serious nutrient defi-
ciencies in infants and children

- Vegan diets pose the highest risk for nutrient defi-
ciencies in childhood, particularly for energy, pro-
tein, essential fatty acids, vitamin B;,, vitamin D,
iron, calcium and zinc

+ Practical dietary advice should include alternative
dietary sources of nutrients and supplementation
of the diet where clinically indicated

© 2015 S. Karger AG, Basel

Introduction

Guidance on nutrient intakes to support optimal
growth and development in vegetarian infants,
children and adolescents is identical to that for
non-vegetarians (see Annex 4.3). Vegetarian chil-

dren can meet all nutritional needs for growth
and development, provided the diet is well de-
signed, balanced and appropriate to the stage of
development. Vegetarianism is used to describe a
range of highly diverse eating patterns, broadly
characterised by the degree of restriction of ani-
mal products, as shown in table 1. Semi- and lac-
to-(ovo-)vegetarian diets containing milk prod-
ucts, eggs and/or fish can easily provide adequate
nutrients throughout all life stages. However,
there is a greater risk for nutritional deficiencies,
especially for energy, protein, n-3 fatty acids, vi-
tamin By, vitamin D, calcium, iron and zinc, in
children eating more restrictive vegan diets.

Vegetarians tend to consume less saturated fat
and a higher amount of fibre and micronutrients
compared to omnivores [1]. Health benefits, such
as low rates of obesity and reduced risk of coro-
nary heart disease and diabetes, have been asso-
ciated with a vegetarian diet in adults [2] but are
less established in children, although vegan chil-
dren do tend to be leaner than their omnivorous
peers [3].

The main challenges for paediatric care clini-
cians are to assess the quality of the vegetarian
diet, to determine the likely risk for nutritional de-
ficiency and to offer dietary education and family



Table 1. Types of vegetarian diets practiced as well as associated nutrients of concern for children

Vegetarian diet Description

Main nutritional
concerns in children

Semi- or demi- Excludes red meat; may exclude poultry; fishis  Iron
usually eaten
Pescatarian Excludes red meat and poultry but eats fish Iron, zinc

and possibly shellfish

Lacto-ovo- Excludes all meat, fish and poultry; milk, milk Iron, zinc, n-3 fatty acids
products and eggs are usually eaten
Vegan Consumes no foods of animal origin; Energy, protein,
emphasis on plant foods, grains, legumes, nuts,  vitamin By, zinc,
seeds and vegetable oils vitamin D, calcium,
n-3 fatty acids
Raw food An extreme form of veganism with the Not suitable for
emphasis on organic, home-grown or wild children
foods in their raw or natural state; usually
comprises 80% by weight raw plants
Fruitarian An extreme form of veganism which Not suitable for
excludes all foods of animal origin and also children
living plants; the diet is mainly raw: 70-80%
fruit with small amounts of beans, bread, tofu,
nuts and seeds
Macrobiotic Extreme diet progressing through 10 Not suitable for

levels becoming increasingly restrictive;

children

foods are gradually eliminated through the 10
levels; at the final level, only cereal (brown rice)

is eaten

counselling to ensure the child’s nutritional needs
for growth and development are met. A referral to
a qualified dietitian and supplementation of the
diet may be indicated for vegan children. This
chapter will outline the most common nutritional
considerations for vegetarian children.

Growth and Development
Breastfed infants obtain nutrients exclusively
from breast milk, and its composition will be de-

termined by the maternal diet. For non-breastfed
vegetarian infants, soy-based infant formula is

Vegetarian Diets

available. This tends to be higher in phyto-oestro-
gens than human breast milk, but there is cur-
rently no conclusive evidence of any adverse ef-
fects of increased phyto-oestrogen intake on hu-
man development, reproduction or endocrine
function, and soy formula appears safe for use,
when clinically indicated, in term babies with
normal renal function [4]. Clinicians should be
aware that most commercial soy formula will
contain vitamin D; from animal sources, which
can be unacceptable for vegans but may represent
the best option if breastfeeding is contraindicat-
ed. Homemade milk preparations (soy milk, rice
milk and nut milk) are not suitable in the first
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year, owing to low iron bioavailability, insuffi-
cient vitamins and inappropriately high concen-
trations of minerals [5].

Weaning guidelines are similar to that for
non-vegetarian infants. Regular monitoring of
weight is paramount to ensure sufficient energy
and protein intake for normal growth. Vegetari-
an diets can be lower in energy and higher in di-
etary fibre compared to omnivore diets and can
result in early satiety in infants when small quan-
tities of foods are consumed [5]. Good sources of
nutrient-dense foods for vegetarian weaning di-
ets include: full-fat dairy products, mashed or
pureed beans/tofu, soy yogurts, mashed avocado
and mashed vegetables with added fats/oils.
Smooth nut butters, which are calorific, can be
introduced after 1 year.

Cow’s milk, if acceptable, can be started at 1
year of age. Vegan infants can commence forti-
fied full-fat soy milk at this time, which should
continue to be supplemented with human milk or
soy-based formula and other sources of adequate
protein and calories.

For vegetarian toddlers and older children,
the main challenge is to ensure adequate intake
of energy, protein, vitamins and minerals for op-
timum growth and development. In vegetarian
children, growth rates have been found to be sim-
ilar to those of omnivores, whereas vegans tend
to be smaller and leaner [6]. However, height
measurements for vegan children may still reside
within normal limits, and catch-up growth usu-
ally occurs by the age of 10 years [1].

Vegetarian diets that are adequate in energy
are also likely to provide sufficient protein to sup-
port optimum growth in children. However,
plant proteins tend to have lower biological val-
ues than animal protein, and vegan children are
estimated to require a 1.3 times higher protein
intake than omnivores to meet all essential ami-
no acid requirements [1, 6]. This is best achieved
when a wide range of plant proteins is consumed
(soy protein, textured vegetable protein, legumes,
nuts, seeds and grains) within the diet [1].
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Special Nutrient Considerations in
Vegetarian Diets

Essential Fatty Acids

Essential long-chain (n-3) fatty acids, eicosa-
pentaenoic acid (EPA) and docosahexaenoic
acid (DHA), are derived largely from marine di-
etary sources and are important for immune,
cognitive and retina development in children.
Lower levels of DHA have been demonstrated
in milk from vegan mothers compared to omni-
vore mothers [7]. Vegetarian or vegan breast-
feeding mothers and children should aim for
adequate plant-derived a-linolenic acid such as
flaxseed and canola oils, as shown in table 2,
which can be converted to DHA/EPA in vivo,
although conversion rates are low. A vegan DHA
supplement (for example algal oil) may be indi-
cated in vegan children with insufficient dietary
intake and/or low serum DHA levels.

Vitamin By,

Vitamin By, is only derived from animal sources
and important for infant neuronal, cognitive and
brain development. Deficiency can result in meg-
aloblastic anaemia, neurodevelopmental delay
and, in severe cases, irreversible brain damage.
Breastfed infants whose mothers have inadequate
vitamin By, intake or status should receive a sup-
plement (0.4-0.5 pg/day) due to their limited
body reserves at birth [5, 6]. The risk of vitamin
B, deficiency in vegan children is increased if the
diet is not supplemented with fortified foods, as
shown in table 2.

Vitamin D

Children with dark skin pigmentation, those liv-
ing in northern latitudes (with less sunlight expo-
sure) and those exclusively breastfed are especial-
ly at risk of vitamin D deficiency [5, 8]. Good di-
etary sources of vitamin Dj include oily fish, egg
yolks and fortified food products (shown in ta-
ble 2). Vegan foods are fortified with vitamin D,
from yeast, although this may not be as well ab-
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Table 2. Vegetarian (includes semi- and lacto-vegetarian and vegan) food sources for main nutrient concerns in chil-

dren

Nutrient Main food source Points to note

n-3 fatty Oily fish (EPA/DHA); ground flaxseed; flaxseed/ Supplement may be required in vegans

acids linseed oil; canola/rapeseed oil; cooked soybeans;
tofu; walnuts; walnut oil

Vitamin By, Dairy products; eggs; poultry; fish; fortified cereal; Supplement may be required in vegans
fortified yeast; fortified soy milk

Vitamin D Fortified dairy products; egg yolks; oily fish; Supplement is required in infants;
fortified cereals; fortified soy milk; supplement may be required in vegan
fortified vegan margarines children/adolescents

Calcium Dairy products; green vegetables (broccoli, cabbage, = Oxalate/phytate reduces bioavailability;
collard greens, bok choy, turnip greens, kale); intestinal absorption increases when intake
fortified soy products (milk, yogurts, tofu, tempeh); is reduced; supplement may be required in
fortified cereals; dried figs; almonds; sesame tahini vegans

Iron Animal products (dairy, fish, poultry); cooked Non-haem iron absorption enhanced by
soybeans, tofu, tempeh; cooked legumes vitamin C, vitamin A (retinol) and carotenes,
(lentils, chickpeas, adzuki, kidney); dried pumpkin/ inhibited by phytates, tannins/polyphenols
squash seeds, cashews, sunflower seeds, tahini; and soy protein
fortified cereals; baked potatoes (including skin)

Zinc Soybeans (cooked/roasted), tofu, fortified Phytate reduces bioavailability

vegetarian meats; baked beans, lentils, navy beans;

dried pumpkin/squash seeds, cashews, toasted
sunflower seeds; fortified cereals; wheat germ;

cooked peas

sorbed as the vitamin D5 derivative from lanolin
(sheep’s wool) more commonly found in fortified
foods [9].

Calcium

Calcium intakes tend to be adequate in lacto-veg-
etarian children but can be lower than recom-
mended in vegan children. Good sources of cal-
cium in vegetarian diets are shown in table 2. Cal-
cium bioavailability is inhibited by phytate (found
in high-fibre cereals, legumes and seeds) and oxa-
late (found in fruit, vegetables, legumes and
grains) content of food. In addition to consuming
calcium-fortified soy products, low-oxalate green

Vegetarian Diets

vegetables such as cabbage, spring greens and kale
have higher calcium bioavailability (49-61%) and
should be consumed regularly by vegans [10].

Iron

The clinical incidence of iron deficiency anaemia
is no greater in vegetarian children than in omni-
vores, although iron stores tend to be lower [11].
It is recommended that iron intakes are 1.8 times
higher in vegetarians [10] as plant sources of iron
(non-haem) are less bioavailable. Phytate, soy
protein and polyphenols/tannins can inhibit iron
absorption, while several nutrients, including vi-
tamin C, retinol and carotenes, can enhance the
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absorption of non-haem iron. Dietary advice
should encourage a variety of non-haem iron
sources (as shown in table 2) and vitamin C with
meals to aid iron absorption. Food preparation
methods such as soaking beans prior to cooking
and fermenting soy protein (e.g. miso and tem-
peh) can reduce the phytate content of these foods
and improve iron availability [10].

Zinc

Zinc deficiency can cause failure to thrive and im-
paired taste acuity in children [11, 12]. The main
sources of zinc in vegetarian diets include cereals
and grains, which are also high in phytate and re-
duce zinc bioavailability [10]. Differences in zinc
intake between vegetarian and omnivorous chil-
dren are negligible [11]. However, the ratio of
phytate to zinc intake is much greater in vegetar-
ian children, which can increase the risk of subop-
timal zinc status especially during periods of rapid
growth [11, 12]. Little is known regarding the ef-
fects of marginal zinc deficiency on childhood
growth and development, although adaptation to
a low intake may occur over time with increased
intestinal absorption [11]. Good plant sources of
zing, as shown in table 2, should be advised.
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Key Messages

« Malnutrition is responsible for almost one third of
all deaths in children <5 years of age and causes
impaired intellectual capabilities among those
who survive

+ Primary malnutrition, commonly seen in develop-
ing countries, is due to the combined effect of mul-
tiple factors including low birth weight, lack of ad-
equate food, frequent infections and environmen-
tal enteropathy

+ Secondary malnutrition results from an underlying
disease that compromises growth directly or
through its deleterious effect on appetite or the
absorption of nutrients

+ Most children with primary malnutrition can be
managed at home with interventions such as coun-
seling of parents on the proper diet to be given to
the child, with emphasis on continued breastfeed-
ing and appropriate complementary feeding, mi-
cronutrient supplementation, periodic deworming,
ensuring household food security, etc.

+ Children with severe acute malnutrition and com-
plications require treatment in a hospital; those
without complications can be treated at home with
ready-to-use therapeutic food

»  Without treating the underlying cause (malabsorp-
tion, infections, etc.), itis impossible to manage sec-
ondary malnutrition ©2015 S. Karger AG, Basel

Introduction

To ensure proper physical growth and cognitive
development, appropriate and adequate nutrition
is essential. Malnutrition is defined as a deviation
from the normal state of nutrition; it can logically
be either undernutrition or overnutrition (over-
weight and obesity). A deficiency in proper nutri-
tional elements due to any cause leads to under-
nutrition. Undernutrition is a broad term ranging
from restricted intrauterine growth, low birth
weight, stunting, wasting and underweight to mi-
cronutrient deficiencies. It is the outcome of sub-
optimal dietary intake, metabolic stress, malab-
sorption and increased nutrient demands. It in-
cludes having low weight for age (underweight),
being too short for one’s age (stunted) or too thin
for one’s height (wasted) and/or being deficient
in vitamins and minerals (micronutrient malnu-
trition). Undernutrition may develop either be-
cause people cannot access proper food or have
an underlying disorder that limits eating or ab-
sorbing consumed food. In the context of low-
and middle-income countries, where overnutri-
tion is relatively less prevalent, malnutrition
commonly implies stunting, wasting and/or un-
derweight. There is no universally accepted defi-
nition of malnutrition; however, the WHO states
that malnutrition is the cellular imbalance be-
tween the supply of nutrients and energy and the



body’s demand for them to ensure growth, main-
tenance and specific functions [1].

Primary malnutrition in children is most com-
monly seen in low- and middle-income countries.
The factors responsible for primary malnutrition
include household food insecurity, poverty, poor
nutrition of women during pregnancy, intrauterine
growth restriction, low birth weight, poor breast-
feeding and inappropriate complementary feeding,
frequent infectious illnesses, poor quality of water,
sanitation and hygiene, etc. Most cases of malnutri-
tion seen across the globe are primary in nature.
Although there is enough food in the world to feed
all, it is sad to see hunger and malnutrition ravage
through many countries primarily because of ineq-
uity and inequality affecting access to nutritious
food. The problem of primary malnutrition is,
therefore, mostly social rather than biomedical in
origin. It is also multifactorial. For example, poor
water quality, sanitation and hygiene practices are
increasingly believed to be the cause of the condi-
tion called ‘environmental enteropathy’ that results
in children becoming stunted [2]. A child who is
repeatedly exposed to pathogens in the environ-
ment has bacterial colonization of the small intes-
tine. There is an increased accumulation of inflam-
matory cells in the small intestinal mucosa, the in-
testinal villi are damaged and distorted by the
inflammatory process, and, consequently, they
malabsorb nutrients, which results in malnutrition.
Chronic inflammatory processes also suppress the
production of IGF-1, upset the growth hormone
axis and lead to linear growth retardation [3].

Secondary malnutrition, in contrast, results
from an underlying disease that compromises
growth directly or through its deleterious effect
on appetite or the absorption of nutrients. The
underlying disease can cause poor appetite as a
result of a release of inflammatory mediators in-
cluding TNF-a; the disease also affects nutrition-
al status by inducing a catabolic state in the body.
Infectious illnesses result in malnutrition by re-
ducing the intake of nutrients and their bioavail-
ability, by increasing nutrient and energy expen-
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diture and by diverting nutrients away from
growth. In patients with extensive burns, in-
creased catabolism, anorexia and loss of plasma
proteins from the exposed skin surfaces lead to
malnutrition. Nutrient loss in Crohn’s disease
and increased energy expenditure in congenital
heart disease also contribute to malnutrition.
The main cause of malnutrition seen in devel-
oped countries is secondary malnutrition. If not
identified early on, or if left untreated, secondary
malnutrition increases the risk of infection, de-
layed wound or burn healing and an overall poor
response to treatment of the underlying cause.
Table 1 lists common conditions that can lead to
secondary malnutrition, although not all of them
are commonly seen in developed countries.

The Burden of Malnutrition

Globally, an estimated 165 million children <5
years of age (or 26%) were stunted (height-for-age
Z score <-2 based on the WHO Child Growth
Standards) in 2011 [4]. The estimated number of
underweight children (weight-for-age Z score
<-2) globally is 101 million or 16%. Wasting af-
fects 52 million children <5 years of age, which is
8% of all children of that age group. Severe wasting
or severe acute malnutrition (SAM), defined as a
weight-for-height Z score <-3, affects nearly 19
million children, with a global prevalence of 2.9%.
Stunting is the cause of 14.7% of deaths in children
<5 years old. Underweight is responsible for 14.4%
of deaths, while wasting kills 12.6% of the children
<5 years of age. It has been estimated that fetal
growth restriction, stunting, wasting and deficien-
cies in vitamin A and zinc along with suboptimal
breastfeeding cause 3.1 million child deaths annu-
ally or 45% of all child deaths in 2011. The overall
risks of mortality from any cause (diarrhea, pneu-
monia, malaria or measles) for severe stunting, se-
vere wasting and severe underweight are 4.1, 9.4
and 9.7, respectively. Among those who survive,
impaired intellectual or cognitive and motor de-
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Table 1. Diseases or conditions that can cause secondary malnutrition in children

Infectious causes

Noninfectious causes

Diarrhea, dysentery, persistent diarrhea
(continuing for =14 days)

Low birth weight

Repeated episodes of acute respiratory infection Burns

Tuberculosis

Chromosomal disorders (e.g. trisomy 21); cleft lip/palate

Helminthiasis

Food allergy (e.g. cow’s milk protein allergy)

Measles Alimentary and hepatic diseases: inflammatory bowel disease (ulcerative
colitis, Crohn’s disease), celiac disease, chronic liver disease
Malaria Respiratory disease: cystic fibrosis, bronchiectasis, bronchial asthma

Kala azar (leishmaniasis)

Cardiac diseases: congenital heart disease, rheumatic heart disease,

endocarditis, heart failure due to any cause

Human immunodeficiency virus infection

Renal diseases: chronic kidney disease, renal tubular acidosis,

glomerulonephritis, nephrotic syndrome

Endocrine diseases: diabetes mellitus, congenital hypothyroidism,
congenital adrenal hyperplasia

Nervous system diseases: cerebral palsy, neuroendocrine disorder
Malignancies: leukemias, lymphomas, other malignancies

Metabolic diseases: inborn errors of metabolism, Wilson's disease, etc.

velopment is common. Length for age at 2 years is
associated with better cognitive scores in later
childhood (0.17-0.19 cognitive Z scores per unit
change in length-for-age Z score) [5].

The high prevalence of stunting among chil-
dren <5 years of age in Africa (36% in 2011) and
Asia (27% in 2011) remains a pervasive public
health problem. The prevalence of stunting is
slowly decreasing globally, but the absolute num-
ber of children affected has increased in Africa.
More than 80% of the world’s stunted children
live in only 14 countries in Asia and Africa, the
top 6 countries being India, Nigeria, Pakistan,
China, Indonesia and Bangladesh [6].

Causes of Malnutrition
The UNICEF formulated a conceptual frame-
work to identify the determinants or causes of

malnutrition (fig. 1) [6]. In addition to these de-
terminants, other factors such as unplanned ur-

Primary and Secondary Malnutrition

banization, environmental degradation, time
constraints of caregivers and the consumption of
food contaminated with toxins (e.g. aflatoxin in
food) should also be taken into consideration [7].
Poverty and food insecurity constrain the acces-
sibility of nutritious diets that have a high protein
quality, adequate micronutrient content and bio-
availability, essential fatty acids, low antinutrient
content and high nutrient density [8].

Classification of Malnutrition

Based on anthropometric measurements, malnu-
trition can be classified as stunting, wasting and
underweight. Height or length for age is useful for
assessing stunting, which is the result of chronic
malnutrition. Weight for height or length is used
for assessing wasting, which is the result of acute
malnutrition. Weight for age measures under-
weight, indicating the combined effect of acute
and chronic malnutrition (table 2).
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Immediate
causes
Underlying
causes

Basic
causes

Intergenerational
consequences

t
Long-term consequences:
adult height, cognitive ability, economic
productivity, reproductive performance,
metabolic and cardiovascular disease

T Maternal T
andchild %
undernutrition

Short-term consequences:
mortality, morbidity, disability

Inadequate dietary intake Disease

Unhealthy household
environment and
inadequate health services

Inadequate care and

Household food insecurity R ——

Household access to adequate quantity and quality of resources:
land, education, employment, income, technology

Inadequate financial, human,
physical and social capital

Sociocultural, economic and political context

Source: adapted from UNICEF, 1990

The bold arrows show that the consequences of undernutrition can feed back to the underlying and basic
causes of undernutrition, perpetuating the cycle of undernutrition, poverty and inequities.

Fig. 1. Framework of the relations between poverty, food insecurity and other underlying and immediate causes of
maternal and child undernutrition and their short- and long-term consequences. From UNICEF [6].

Management

Management of malnutrition depends on the
type of malnutrition, identification of its cause,
if applicable, and its severity.

In primary moderate acute malnutrition,
management at home is recommended. This in-
cludes nutrition-specific interventions such as
counseling of parents on the proper diet to be
given to the child, with emphasis on continued
breastfeeding and appropriate complementary
feeding, micronutrient supplementation, period-
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ic deworming, etc. Ideally, these children should
receive 25 kcal/kg per day of energy in excess of
what their healthy peers get, and their diets
should contain animal-source foods which are
rich in essential fatty acids and micronutrients
including vitamin A, iron and zinc [9]. Stunting
cannot be addressed by nutrition-specific inter-
ventions alone. For the control of stunting, nutri-
tion-sensitive interventions should be scaled up
at the national or regional level. These include en-
suring household food security, safe water, prop-
er sanitation and adequate hygiene, female edu-
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Table 2. New terms recommended for childhood malnutrition

Moderate acute malnutrition (MAM)

Weight-for-height Z score <-2 but >-3

Severe acute malnutrition (SAM)

Mid-upper-arm circumference <115 mm
Weight-for-height Z score <-3

Bilateral pitting edema

Marasmic kwashiorkor

Global acute malnutrition (GAM)

The sum of the prevalence of SAM plus MAM at a
population level

cation and empowerment, creating proper liveli-
hoods, social protection schemes, etc. The effects
of stunting on the developing brain may be irre-
versible after the age of 3—4 years. Efforts should
therefore be taken to implement the nutrition in-
terventions at an early age so that stunting and
its negative effects on cognition are reversed.
Growth monitoring and promotion programs
should be implemented at the community level,
where the nutritional status of infants and young
children is assessed every 1-3 months and their
growth is promoted through counseling of the
parents.

Since SAM is associated with an almost 10-
fold increase in risk of death, this condition re-
quires special attention. Children with SAM and
complications should be treated in a hospital un-
til they are fit to continue management at home.
Complications include severe diarrhea, dysen-
tery, hypoglycemia, hypothermia, pneumonia,
urinary tract infection, septic illness or any dan-
ger sign as per the Integrated Management of
Childhood Illness guidelines [unable to drink or
breastfeed, vomits everything, has had convul-
sions (>1 or prolonged for >15 min), lethargy or
unconsciousness or currently convulsing]. The
line of management for this stabilization phase of
treatment of complications is as follows [10]:

o Treat hypoglycemia, which is common in
these children, with oral or intravenous glu-
cose if the child is lethargic, unconscious or
convulsing

Primary and Secondary Malnutrition

o Treatand prevent hypothermia by keeping the
child warm

o Treat shock, if present, with oxygen therapy,
intravenous fluids and glucose and broad-
spectrum antibiotics

o Treat and prevent dehydration. The WHO
oral rehydration solution (75 mmol sodium/1)
contains too much sodium and too little potas-
sium for severely malnourished children. They
should be given the special rehydration solu-
tion for malnutrition (ReSoMal). It is difficult
to estimate the dehydration status of a severely
malnourished child. All children with watery
diarrhea should be assumed to have dehydra-
tion and given the following: every 30 min for
the first 2 h, ReSoMal at 5 ml/kg body weight
orally or by nasogastric tube; then, in alternate
hours for up to 10 h, ReSoMal at 5-10 ml/kg/h
(the amount to be given should be determined
by how much the child wants as well as by stool
loss and vomiting). The liquid food, F-75, is
given in alternate hours during this period un-
til the child is rehydrated. If the diarrhea is se-
vere, then WHO oral rehydration solution
may be used, because the loss of sodium in
stool is high and symptomatic hyponatremia
can occur with ReSoMal. Severe diarrhea can
be due to cholera or rotavirus infection and is
usually defined as stool output >5 ml/kg/h

o Treat and prevent infection. If the child ap-
pears to have no complications, give oral
amoxicillin at 15 mg/kg 8-hourly for 5 days.
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If the child is sick looking or has complica-
tions, give ampicillin at 50 mg/kg i.m./i.v.
6-hourly for 2 days, then oral amoxicillin at
15 mg/kg 8-hourly for 5 days and gentamicin
at 7.5 mg/kg i.m./i.v. once daily for 7 days. If
the child fails to improve clinically by 48 h or
deteriorates after 24 h, a third-generation
cephalosporin (e.g. ceftriaxone at 50-75 mg/
kg i.v. or i.m. once daily) may be started with
gentamicin. Where specific infections are
identified, add specific antimicrobials as ap-
propriate

Start careful feeding. During the stabilization
phase, a cautious approach is required because

Table 3. Feeding of children with SAM

Days Frequency  Volume/kg Volume/kg
perfeed, ml  per day, ml

1and?2 2-hourly 11 130

3-5 3-hourly 16 130

6and 7 4-hourly 22 130

months old, feeding should be initiated with
F-75. During the nutritional rehabilitation
phase, F-75 can be continued, and, if possible,
relactation should be done

of the child’s fragile physiological state and re-
duced capacity to handle large feeds. Feeding
should be started as soon as possible after ad-
mission with the WHO-recommended milk-
based starter formula F-75, which contains 75
kcal/100 ml and 0.9 g protein/100 ml. The
feeding frequency is gradually decreased (ta-
ble 3). If the child is anorexic and oral intake
does not reach 80 kcal/kg/day, give the re-
maining feed by a nasogastric tube

o Achieve catch-up growth, which starts when
the energy intake is >150 kcal/kg/day. In set-
tings where a program for the community-
based management of SAM with ready-to-use
therapeutic food (RUTF) is not available,
F-100 is used. During the nutritional rehabili-
tation phase, feeding is gradually increased to
achieve a rapid weight gain of >10 g/kg/day.
The WHO recommends the milk-based diet
for nutritional rehabilitation F-100, which
contains 100 kcal and 2.9 g protein/100 ml.
Modified porridges or family foods can be
used, provided they have comparable energy
and protein concentrations. Readiness to enter
the nutritional rehabilitation phase is signaled
by a return of appetite, usually about 1 week
after admission. A gradual transition is recom-
mended to avoid the risk of heart failure,
which can occur if children suddenly consume
huge amounts. In case of infants with SAM <6

Community-Based Management of SAM

Children with SAM without any complications
can be managed in the community with RUTF.
Children who have been treated for complica-
tions can also be treated in the hospital with
RUTF if they have appetite. In general, most chil-
dren with SAM can be treated in the community.
The requirements for a community-based pro-
gram for SAM are: a cadre of trained health work-
ers who can screen children for SAM, a referral
mechanism for the stabilization of children with
complications, a functional stabilization center
with adequate staff, F-75, F-100, medicines and
RUTF. RUTF has the nutrient composition of
F-100 but is more energy dense and does not con-
tain any water. Bacterial contamination, there-
fore, does not occur, and the food is safe for use
also in home conditions. The prototype RUTF is
made of peanut paste, milk powder, vegetable oil
and a mineral and vitamin mix as per WHO rec-
ommendations. It is available as a paste in a sa-
chet; thus, it does not require any cooking, and
children can eat directly from the sachet. The pro-
duction of RUTF from locally available food in-
gredients has recently commenced in some coun-
tries; such RUTF can make programs more cost-
effective and sustainable.
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Management of Secondary Malnutrition

For the management of secondary malnutrition,
it is crucial to identify the underlying disease by
proper history taking, examination and sugges-
tive laboratory investigations. Without treating
the underlying cause, it is impossible to manage
secondary malnutrition. Preterm and low-birth-
weight infants are at risk of necrotizing enteroco-
litis if aggressive enteral feeding is done. Exclusive
breastfeeding for the first 6 months along with
iron supplementation is a safe way to ensure op-
timal nutrition for such infants.

In mild inflammatory bowel disease or dis-
ease in remission, encouraging the intake of a
normal diet is important to prevent or treat mal-
nutrition. Commercial, specially prepared liquid
formulas are helpful for some patients with in-
flammatory bowel disease. Partial or total paren-
teral nutrition can be administered to patients
who cannot tolerate enteral feeding.

Children with chronic liver disease (CLD) be-
come malnourished due to vomiting, poor appe-
tite, infection, gastroesophageal reflux and the
compressive effects of ascites or hepatospleno-
megaly. In advanced CLD, the diet may need to
be protein sparing for the prevention hyperam-
monemia. A combination of lipids and carbohy-
drates with a minimal amount of protein should
be used. Another important feature in CLD is de-
creased excretion of bile salts into the small intes-
tine, which can cause malabsorption of fats and
fat-soluble vitamins. This can be countered by
using medium-chain triglycerides as the source
of dietary fat, since they do not depend upon bile
acids for absorption. Water-soluble forms of the
usually fat-soluble vitamins (A, D, E and K)
should be used when available.

More than one third of children with chronic
renal disease suffer from impaired linear growth.
This can be prevented by providing high-energy
as well as high-quality protein in quantities that
will not induce or aggravate uremia.

Primary and Secondary Malnutrition

Children with congenital heart disease have
reduced food intake due to fatigue, breathless-
ness and frequent lung infections. The heart fail-
ure and increased breathing efforts induce a hy-
permetabolic state that further increases the de-
mand for more nutrients. The challenge is to
provide sufficient energy and protein without in-
creasing the fluid volume too much.

While TNF-a and tumor metabolites are re-
sponsible for the cachexia observed in children
with cancer, chemotherapy, radiation, surgery
and infections also substantially contribute to
malnutrition in these children. The diet has to be
modified to cater to the increased energy de-
mands. Elemental diets sometimes have to be
provided through nasogastric tubes. Total paren-
teral nutrition, if available, can be used to im-
prove nutrition in children who cannot tolerate
large amounts of food enterally.

The principles of management of severe mal-
nutrition resulting from the underlying diseases
mentioned above are similar to those for primary
SAM. Nutritional support for a child with sec-
ondary malnutrition is as imperative as it is for a
child with primary malnutrition [11].

Prevention

Reducing malnutrition through prevention and
treatment can reduce the incidence of infectious
diseases, most commonly diarrhea and pneumo-
nia. It is now imperative to scale up both nutrition-
specific and nutrition-sensitive interventions in
countries that are burdened with childhood mal-
nutrition. Scaling up essential nutrition-specific
interventions alone can reduce 15% of deaths
among <5-year-old children, control 20% of stunt-
ing and reduce wasting by >60% [12]. To prevent
malnutrition, care should be taken prior to con-
ception. There is a narrow window of opportunity
in utero when the fetus is increasing in length and
weight maximally. Proper antenatal care along
with iron-folic acid supplementation is required to
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achieve the optimal in utero growth. National im-
munization programs, vitamin A supplementation
campaigns, zinc as part of the treatment of diar-
rhea and periodic deworming programs have im-
mense roles in preventing malnutrition.

Conclusions
 Primary malnutrition is mainly a concern in

developing countries, and the contributing
factors are found to be food insecurity, pov-

erty, maternal malnutrition, malfeeding prac-
tice and environmental enteropathy
Community-based screening and manage-
ment should be emphasized in preventing and
managing primary malnutrition

Secondary malnutrition is more prevalent in
developed countries and is difficult to treat
without alleviation of the underlying causes
Secondary malnutrition should be managed in
a facility as an adjunct to the management of
the underlying cause

References

1 WHO: Malnutrition: the global picture.
Geneva, WHO, 2000.

2 Ahmed T, Michaelsen KF, Frem JC,
Tumvine J: Malnutrition: report of the
FISPGHAN Working Group. ] Pediatr
Gastroenterol Nutr 2012;55:626-631.

3 Prendergast AJ, Rukobo S, Chasekwa B,
Mutasa K, Ntozini R, et al: Stunting is
characterized by chronic inflammation
in Zimbabwean infants. PLoS One 2014;
9:€86928.

4 Black RE, Victora CG, Walker SP, Bhut-
ta ZA, Christian P, et al: Maternal and
child undernutrition and overweight in
low-income and middle-income coun-
tries. Lancet 2013;382:427-451.

5 Fischer Walker CL, Lamberti L, Adair L,
et al: Does childhood diarrhea influence
cognition beyond the diarrhea-stunting
pathway? PLoS One 2012;7:e47908.

146

6

7

8

9

UNICEF: Improving child nutrition. The 10
achievable imperative for global prog-

ress. New York, UNICEF, 2013.

Jamison DT, Feachem RG, Makgoba

MW, et al (eds): Disease and Mortality 11
in Sub-Saharan Africa, ed 2. Washing-

ton, World Bank, 2006. http://www.
ncbi.nlm.nih.gov/books/NBK2279/.

Liu L, Johnson HL, Cousens S, Perin J, 12
Scott S, et al: Global, regional, and na-

tional causes of child mortality: an up-

dated systematic analysis for 2010 with

time trends since 2000. Lancet 2012;379:
2151-2161.

WHO: Report of Second Nutrition Guid-

ance Expert Advisory Group (NUGAG)
meeting of the Subgroup of Nutrition in

the Life Course and Undernutrition —

Area Acute Malnutrition. WHO, Gene-

va, 2011.

WHO: Guideline: updates on the man-
agement of severe acute malnutrition in
infants and children. Geneva, WHO,
2013.

Fuchs GJ: Secondary malnutrition in
children; in Suskind RM, Lewinter-Sus-
kind L (eds): The Malnourished Child.
New York, Vevey/Raven, 1990.

Bhutta ZA, Das JK, Rizvi A, Gaffey MF,
et al.; Lancet Nutrition Interventions
Review Group; Maternal and Child Nu-
trition Study Group: Evidence-based
interventions for improvement of ma-
ternal and child nutrition: what can be
done and at what cost? Lancet 2013;382:
452-477.

Shahrin - Chisti - Ahmed

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 139-146

DOI: 10.1159/000367880



3 Nutritional Challenges in Special Conditions and Diseases

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 147-151

DOI: 10.1159/000375276

3.2 Micronutrient Deficiencies in Children
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Key Messages

+ Micronutrient insufficiency is associated with an in-
creasing prevalence of stunting among children in
developing countries

- Four micronutrients (vitamin A, zingc, iron and io-
dine) have been directly or indirectly associated
with about 12% of deaths among <5-year-old chil-
dren globally

+ Inresource-poor settings, along with iron deficien-
cy anemia, low levels of other micronutrients (vita-
min A, zing, calcium, riboflavin and vitamin B;,) can
also contribute to anemia

+ Vitamin A supplementation reduces all-cause mor-
tality by 24% and diarrhea-related mortality by 28%
in children aged 6-59 months

+ Zinc supplementation in children aged 1-4 years is
associated with approximately a 9-18% reduction
in all-cause mortality

- In resource-poor settings, multiple micronutrient
supplementation improves growth and motor de-
velopment, reduces anemia and improves the zinc
and vitamin A status of infants as well as preschool
and school children ©2015 S. Karger AG, Basel

Introduction

Global undernutrition estimates suggest that ap-
proximately 178 million children worldwide are
stunted, while 55 million are wasted. The major-
ity lives in developing countries [1, 2]. Multiple
micronutrient (MMN) deficiencies continue to
account for a substantial number of maternal and
child deaths, low birth weight, maternal and child
undernutrition, wasting and stunting as well as
delayed child development globally [3]. It is well
established that about 12% of the global deaths of
children <5 years of age can be attributed to defi-
ciencies in five common micronutrients (vita-
mins A and D, iron, zinc and iodine) singly or in
combination. Maternal micronutrient deficien-
cies are widespread and have major public health
implications in developing countries [4, 5].
There has been considerable progress in glob-
al health. However, factors such as poor breast-
feeding, poverty, food insecurity, inappropriate
feeding practices for infants and young children,
maternal micronutrient deficiencies, poor hy-
giene and sanitation as well as a high burden of
pneumonia and gastroenteritis with tropical en-
teropathy in children continue to contribute to
child undernutrition in developing countries [1,
2]. Despite efforts to combat and reduce the fac-
tors mentioned above, there is very little progress.



Table 1. Global deaths attributed to micronutrient deficiencies as well as disability-adjusted life
years (DALYs) of children <5 years of age [23]

Deaths % of deaths in Disease burden, 9% of DALYs in
children <5 years 1,000 DALYs children <5 years
Vitamin A deficiency 667,771 6.5 22,668 53
Zinc deficiency 453,207 4.4 16,342 3.8
Iron deficiency 20,854 0.2 2,156 0.5
lodine deficiency 3,619 0.03 2,614 0.6

Global Micronutrient Deficiencies:
Perspective of Developing Countries

Women of child-bearing age, infants and chil-
dren are at high risk of micronutrient deficiencies
or malnutrition in developing countries. Four
micronutrients (vitamin A, zinc, iron and iodine)
have been directly or indirectly associated with
about 12% of deaths among <5-year-old children
globally [1, 2]. Other manifestations associated
with micronutrient deficiencies (i.e., iron and
zinc) not only affect birth weight and lead to birth
defects but also impact child growth as well as
later cognitive and reproductive performance.
Vitamin A deficiency (VAD) is associated with
xerophthalmia, corneal xerosis, ulceration and
keratomalacia, and vitamin D deficiency leads to
rickets and osteomalacia. Micronutrient deficien-
cies directly and/or indirectly affect learning and
adult productivity, thus impacting economic
growth in terms of premature deaths and loss of
healthy lives as expressed in disability-adjusted
life years (table 1).

A need to strengthen our efforts and sharpen
our focus, concentrating efforts on the crucial
period of pregnancy and the first 2 years of life -
the 1,000 days from conception to a child’s sec-
ond birthday - has gained wide acceptance. This
is the time period in which good nutrition and
healthy growth not only can have lasting benefits
for individuals but also may be important for the
economic productivity of a society [1].
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Iron and Anemia

Iron deficiency anemia (IDA) is the most preva-
lent form of nutritional anemia. It accounts for
approximately half of the global anemia cases
and poses an increased risk of maternal and
child mortality [2, 6]. Multiple risk factors in-
cluding poor dietary intake of iron, high intake
of fibers from cereal and legumes, low birth
weight, infections and poverty contribute to
IDA. A Cochrane review of daily iron supple-
mentation to women during pregnancy reported
a 19% reduction in the incidence of low birth
weight [7, 8].

The cognition of children aged >5 years with
IDA generally benefited from iron supplementa-
tion, but studies of children <3 years of age have
had mostly negative findings, except for delayed
brain maturation [1, 9, 10]. The role of iron sup-
plementation on mental development has been
questioned in the past. Black et al. [1] reviewed
7 double-blind randomized controlled trials
of iron supplementation lasting >8 weeks to
children <4 years of age. Five trials showed bene-
fits in motor development, 1 showed a benefit
in language; however, there is no convincing
evidence that iron treatment had an effect on
mental development in children <27 months of
age [8].

It is also important to note that in resource-
poor settings, low levels of other micronutrients
(vitamin A, zinc, calcium, riboflavin and vitamin
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By,) can also contribute to anemia. Thus, supple-
menting only with iron may not be effective in
correcting nutritional anemia. Therefore, MMN
supplementation in poverty settings may better
address the issue of anemia [5, 11].

Vitamin A Deficiency

An estimated 0.9% or 5.2 million of the world’s
preschool-age population suffers from night
blindness, and approximately 90 million have
subclinical VAD. The prevalence is higher in
Africa than elsewhere [1]. Clinical assessment of
eye symptoms (night blindness and xerophthal-
mia) and biochemical assessment of serum reti-
nol are the two commonest methods for the esti-
mation of VAD prevalence in communities [1,
2]. VAD is most common during childhood. The
reasons are multiple; they include widespread
maternal undernutrition, poor dietary quality
and losses during diarrhea [12, 13]. A Cochrane
review of 43 randomized trials showed that vita-
min A supplementation reduced all-cause mor-
tality by 24% and diarrhea-related mortality by
28% in children aged 6-59 months [14]. The cor-
responding Cochrane review on vitamin A sup-
plementation to neonates showed a 14% reduc-
tion in the risk of infant death at 6 months in
neonates supplemented with vitamin A com-
pared to controls [15]. The prevalence of VAD
has declined over time because of large-scale
vitamin A supplementation programs in many
developing countries.

Zinc Deficiency

More than half of the populations of developing
countries are at an increased risk of low dietary
zinc intake [16]. Zinc is a key micronutrient and
essential for normal functioning of the body. The
biological functions affected by a zinc deficit in-
clude protein synthesis, cell replication and nu-

Micronutrient Deficiencies in Children

cleic acid metabolism [1, 16, 17]. Preventive zinc
supplementation is associated with a reduction in
morbidity from childhood diarrhea and decreas-
es the severity of lower respiratory infection; it
may also contribute to an improved linear growth
and weight gain in infants and young children in
populations where diarrhea is prevalent and the
risk of zinc deficiency is higher [18, 19].

A systematic review showed that zinc supple-
mentation resulted in a 9% reduction (RR 0.91,
95% CI 0.82-1.01) in all-cause child mortality
[20]. Another analysis showed a significant 18%
reduction (RR 0.82, 95% CI 0.70-0.96) in all-
cause mortality in children aged 1-4 years [19].
However, there is no convincing evidence that
zinc supplementation to infants and children re-
sults in improved motor or mental development
8, 21].

lodine Deficiency

Global estimates suggest that approximately 1.9
billion individuals are iodine deficient [1, 22]. A
large part only suffers from a mild deficiency, but
even a subclinical maternal iodine deficiency is
associated with impaired motor and mental de-
velopment in the fetus and increases the risk of
miscarriage and fetal growth faltering [2, 23]. It
also causes cretinism if the deficiency is severe.
The full extent of mild or moderate iodine defi-
ciency on infant brain development is not fully
established. Iodine fortification is a cost-effective
way of reducing the prevalence of iodine defi-
ciency worldwide.

Provision of MMN rather than Two or Fewer
Micronutrients to Micronutrient-Deficient
Children

Deficiencies in MMN usually co-occur in devel-

oping country settings and are generally associ-
ated with poor-quality diets. Most national sup-
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plementation programs commonly focus on 1 or
2 micronutrients at a time. Previously, research
has been even more reductionist, focusing on a
single micronutrient; however, in the last decade,
the effect of MMN interventions on the health
and development of infants and children has
been promoted. A Cochrane review assessed 23
trials of MMN supplementation and reported an
11-13% reduction in low-birth-weight and
small-for-gestational-age infants without any
impact on anemia and IDA [8, 24]. A meta-anal-
ysis comparing MMN interventions for children
from HIV/AIDS-affected populations [25] re-
sulted in small but significantly greater improve-
ments in length (or height) and weight as well as
hemoglobin levels and motor development in
these children. MMN induced a significant re-
duction in the prevalence of respiratory infec-
tions (26%), diarrhea (11-18%) and fever (7%).
However, to date, their role in reducing child
mortality is not well established [25-27]. In con-
clusion, providing MMN, compared to 0-2 mi-
cronutrients at a time, reduces anemia and im-
proves growth and motor development among
young children [25].

Provision of MMN during Pregnancy and
Fetal Outcome

MMN during pregnancy result in a significant
reduction in the incidence of low-birth-weight
(pooled RR 0.86, 95% CI 0.81-0.91) and small-
for-gestational-age infants (pooled RR 0.83, 95%
CI 0.73-0.95) and an increase in mean birth
weight (mean difference 52.6 g, 95% CI 43.2-
62). However, there was no significant differ-
ence in the overall risk of preterm birth, stillbirth
and maternal or neonatal mortality in mothers
who had received a lower amount of micronutri-
ents [11].
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Interventions to Combat Micronutrient
Deficiencies in Children

Dietary or micronutrient supplementation inter-
ventions in micronutrient-deficient populations
are supported by the best evidence, as recently
reported by Bhutta et al. [8]. Breastfeeding pro-
motion is not only associated with decreased
morbidity but also with a 44-45% reduction in
all-cause and infection-related neonatal mortal-
ity [1, 8]. Vitamin A supplementation to young
children has shown promising results, namely a
reduction of 24% in all-cause mortality, as pub-
lished in a recent Cochrane review [14]. In a sys-
temic review, iron supplementation also showed
marked decrease in anemia and some improve-
ment in cognitive development in young chil-
dren [8, 28]. Preventive zinc supplementation
has been associated with a reduction in the prev-
alence of diarrhea and pneumonia in young chil-
dren but has no significant effect on mortality
[21].

Conclusion

o Four micronutrients (vitamin A, zinc, iron
and iodine) are essential for child develop-
ment

o Their sufficiency helps in improving linear
growth and motor development, along with
reducing anemia and the functional status of
infants as well as preschool and school chil-
dren
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3.3 Enteral Nutritional Support

Sanja Kolacek

Key Words

Enteral nutrition - Indications - Formulations -
Administration - Tube feeding

Key Messages

« Enteral nutrition (EN) should be provided to a pa-
tient with a functioning gut whose energy and nu-
trient requirements cannot be met by regular food
intake via the normal oral route

- A standard age-appropriate isocaloric (1 kcal/1 ml)
and iso-osmolar (300-350 mOsm/kg) polymeric en-
teral formula is adequate and cost-effective for the
majority of patients

« The stomach is the preferred delivery site, due to
better tolerance and fewer complications. When
long-term tube feeding (>6-12 weeks) is anticipat-
ed, endoscopic stoma placement is the preferred
method

+ Close monitoring and strict adherence to estab-
lished protocols are important as different compli-
cations may occur

« EN can be stopped when oral intake satisfies nutri-
tional requirements and growth continues to be
age appropriate © 2015 S. Karger AG, Basel

Introduction

Enteral nutrition (EN) is defined as oral feeding
using special formulae, or delivery of food beyond
the esophagus via a feeding tube/stoma. In gen-

eral, it should be provided to a child with a suffi-
cient level of gastrointestinal function preserved
but who is unable to meet energy and nutrient
requirements by regular food intake via the nor-
mal oral route. It is also indicated whenever a liq-
uid diet is used for the treatment of a disease and
when the feeding time is excessively prolonged
(>4-6 h/day) [1]. Suggested criteria for nutrition-
al support are presented in table 1 [1, 2], and spe-
cific clinical indications are listed in table 2. When
compared with parenteral feeding, EN has nu-
merous advantages, such as preservation of gas-
trointestinal function, lower costs, better man-
ageability and increased safety. However, in some
clinical settings such as intensive care units, reli-
ance on EN alone may result in severe underfeed-
ing despite a functional gut, mostly due to fluid
restriction, diagnostic procedures and inadequate
prescription and/or delivery [3]. In those patients
a combination of enteral and parenteral nutrition
is recommended [1]. There are only few absolute
contraindications to EN, such as necrotizing en-
terocolitis, intestinal perforation, gastrointestinal
obstruction and major intra-abdominal sepsis.
When the clinical condition of a patient is sta-
ble, home EN should be considered. Although a
dedicated team approach is required whenever
EN is provided [4], its role is particularly impor-
tant in teaching parents and children techniques
required before being discharged, such as naso-



Table 1. Suggested criteria for EN support for children with sufficiently preserved gut function [1, 2]

Insufficient oral intake
Inability to meet 60-80% of individual requirements for >10 days
Total time of feeding a disabled child of >4-6 h/day

Wasting and stunting
Inadequate growth or weight gain for >1 month below the age of 2 years
Weight loss/no weight gain for >3 months above the age of 2 years
Change in weight-for-age or weight-for-height over 2 growth channels
Triceps skinfolds consistently at <5th percentile for age

Treatment of disease
Metabolic diseases (galactosemia, primary lactose intolerance, etc.)
Food allergy in infants (cow’s milk protein allergy, multiple food allergy, etc.)
Crohn’s disease

Table 2. Clinical indications for pediatric EN

1 Inadequate oral intake
Disorders of sucking and swallowing: prematurity, cleft lip and palate, neuromuscular
impairment (e.g. cerebral palsy, myopathies)
Congenital abnormalities of the upper gastrointestinal tract: tracheoesophageal fistula
Tumors of oral cavity, head and neck cancer
Trauma and extensive facial burns
Critical iliness: coma, mechanical ventilation
Severe gastroesophageal reflux
Psychiatric disorders: food aversion, anorexia, depression

2 Disorders of digestion and absorption
Cystic fibrosis
Short bowel syndrome
Inflammatory bowel disease
Malabsorption syndrome due to food intolerances and allergy
Enteritis due to chronic infection (Giardia lamblia, protozoa, etc.)
Protracted diarrhea in infancy
Pancreatic insufficiencies
Severe primary or acquired immunodeficiency
Chronic liver disease
Graft-versus-host disease
Intestinal fistulae
Disorders of gastrointestinal motility with pseudo-obstruction

3 Increased nutritional requirements and losses
Cystic fibrosis
Chronic solid organ diseases: renal, heart, liver, lungs
Multiple trauma, extensive burns

4 Growth failure or chronic malnutrition (in addition to the above)
Nonorganic failure
Food deprivation

5 Altered metabolism and metabolic inborn errors

6 Primary disease management (e.g. Crohn’s disease)
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Table 3. Comparison of different enteral formulae for children and adults

Polymeric formulae

Oligomeric formulae

Monomeric formulae

Protein content, g/I 30-80
Nitrogen source polypeptides
Carbohydrate content, g/I 90-200

Fat content, g/I 20-90
Caloric density, kcal/ml 1-2
Osmolarity, mOsm/I 300

Advantages palatable, cheap

Disadvantages requires intact gut,

allergenic

20-50

small peptides
100-200

5-20

0.67-1.7

300-500
hypoallergenic,

easily absorbed

bitter taste, expensive

19.5-25
amino acids
81-146

35

0.67-1
300-600
nonallergenic

hyperosmolar,

expensive

gastric (NG) tube placement and maintenance,
sterile feed preparation and administration, en-
teral pump management, as well as prevention,
recognition and management of the most com-
mon complications.

Transition to normal oral feed needs to be
gradual, and EN can be stopped when oral intake
satisfies caloric and nutrient requirements while
growth continues to be age appropriate.

Enteral Formula Properties and Selection
Criteria

Enteral formulae should supply a balanced intake
of energy and nutrients to support age-appropri-
ate growth and development. The content of all
essential nutrients should provide at least 100% of
the reference intake for healthy individuals of the
relevant age group. Standard (polymeric) pediat-
ric enteral formulae are recommended as the ad-
equate and cost-effective form of EN for the ma-
jority of patients [1]; this implies an energy den-
sity of 1 kcal/ml (or 0.67 kcal/ml for infants),
iso-osmolality (300-350 mOsm/kg), whole pro-
teins as a nitrogen source, and a nutrient content
adapted to the requirements of children under the
age of 10 years. In addition, it is generally lactose
and gluten free. More concentrated enteral for-
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mulae are also available (1.3-2.0 kcal/ml) for pa-
tients with increased energy requirements or lim-
ited fluid intake. Since recently, standard formu-
lations also contain nondigestible carbohydrates
(fibers), which have benefits in reducing gastroin-
testinal side effects such as diarrhea and constipa-
tion [5]. If pediatric formulae are not available, an
adult formulation can be used only after the age
of 8-10 years [1]. In polymeric formulae, macro-
nutrients are provided in an intact form. If pro-
teins are hydrolyzed to an extent that can be toler-
ated by at least 90% of patients with verified al-
lergy to the nitrogen source, the formula is called
‘semi-elemental’ or ‘oligomeric’ [6]. Monomeric/
elemental formulae are nutritionally complete so-
lutions containing amino acids, carbohydrates
and fats, often as a mixture of long- and medium-
chain triglycerides. A comparison of different
formulae is presented in table 3.

In contrast to standard EN formulae there are
disease-specific formulations which were first de-
veloped for infants and children with intolerances
such as food allergy or inborn errors of metabo-
lism and who required elimination of one or more
food components. The next step entailed different
modifications aiming to be beneficial against spe-
cific disorders. Examples are formulae with a high
fat content, which may be of value to patients with
insulin resistance and to hypercapnic patients
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with pulmonary disease due to lower CO, pro-
duction, formulae with reduced protein content
for patients with renal disease, or formulae with a
specific amino acid profile that may benefit pa-
tients with hepatic encephalopathy. The most re-
cent research topics in enteral formula design are
contents of anti-inflammatory cytokines (trans-
forming growth factor-f) or nutrients (e.g. gluta-
mine, arginine and n-3 fatty acids), which, if pro-
vided in high doses, may exert immune-regulat-
ing effects. However, for all of these there are very
few controlled studies of sufficient quality on pe-
diatric patients and, therefore, claims of benefi-
cial effects should be evaluated critically [7].

In formula selection, the following should be
considered: (a) nutrients and energy require-
ments adjusted for age and clinical condition of
the patient; (b) history of food intolerances or al-
lergy; (c) level of intestinal function; (d) site and
route of formula delivery; (e) formula character-
istics such as osmolality, viscosity and nutrient
density; (f) taste preference; and (g) cost.

Administration of EN

Sites of Delivery

EN can be administered either into the stomach
or into the proximal small intestine. Among the
two sites, intragastric feeding is associated with a
more flexible feeding schedule, antimicrobial
properties, larger volume and higher osmotic tol-
erance, and lower frequency of diarrhea and of
dumping syndrome because (a) of stimulation of
normal digestive and hormonal responses, (b) of
a preserved acid barrier, (c) tubes are more easily
placed, and (d) the stomach serves as a reservoir
gradually releasing nutrients. Postpyloric access
is reserved for clinical conditions in which tra-
cheal aspiration, gastroparesis and gastric outlet
obstruction preclude gastric feeding. However,
results of studies comparing both sites are con-
flicting, often not showing benefits either in
adults or in children [8, 9].

Enteral Nutritional Support

Routes of Delivery

If the expected duration of EN is short (<6-12
weeks), it is preferentially delivered by NG or na-
soenteric tube, but if the expected duration is lon-
ger, a feeding gastrojejunostomy is recommend-
ed, placed by endoscopy, which is the quickest
and cheapest procedure with only a low rate of
complications [10, 11].

Among different tubes, those made of PVC
are the least desirable, because of the potential re-
lease of toxic phthalate esters into the lipid-con-
taining feeds — and if left in place for >4 to 6 days,
they may become rigid and cause lesions of the
upper gastrointestinal tract. Silicon and polyure-
thane tubes are more convenient and can be safe-
ly kept in place for several weeks. Considering the
required length of the tube, it equals the distance
from the nose over the ear lobe to the xiphoid in
children, and from the nose over the ear lobe to
the mid-umbilicus in neonates. Placement into
the stomach is confirmed by measuring the pH of
the aspirate, which should be <4 in children and
<5 in neonates. Radiologic confirmation must be
obtained if (a) the pH is >5, (b) an aspirate cannot
be obtained, or (c) the patient’s condition changes
during NG tube insertion, with prolonged cough-
ing, restlessness and discomfort or hoarseness [8,
12, 13].

Modes to Deliver EN

EN delivery modes are intermittent, continuous
or combined. Intermittent/bolus delivery is phys-
iological, provides a cyclical hormone surge and
regular gallbladder emptying, and, if delivered
orally, supports the development of age-appro-
priate feeding habits and oromotor skills. Con-
tinuous formula infusion is often recommended
for malnourished children with severe chronic di-
arrhea and intestinal failure because reduced sur-
face and transport proteins can be more efficient-
ly used and the osmotic load is better tolerated [1,
14]. An appropriate and constant flow is ensured
by the use of a peristaltic enteral pump. When the
child can eat, both methods of feed delivery can
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Table 4. Enteral feeding complications as well as preventive and therapeutic measures [1]

Complications

Prevention and treatment

Gastrointestinal
Diarrhea, nausea, vomiting, bloating,
abdominal distension
Technical
Occlusion, migration
Metabolic
Fluid, glucose and electrolyte imbalance
Infective
Gastroenteritis, septicemia
Psychological
Oral aversion, altered body self-image

Formula selection
Polymeric vs. predigested
Disease specific
Feeding techniques
Bolus vs. continuous
Gradual initiation of EN
EN administration
Delivery site (stomach vs. jejunum)
Delivery route (tube vs. stoma)
Monitoring
Growth (weight, height/length, skinfolds)
Hematology, biochemistry
Multidisciplinary team approach
Protocol application and quality control
Others
Tube selection (PVC vs. silicon), maintenance

be combined, with tube feeding overnight for 10-
12 h and oral intake during the day.

Initiation of EN

Initiation of EN should be gradual, depending
on: (a) age; (b) clinical condition and gut status;
(c) formula choice (polymeric vs. elemental);
and (d) route of delivery (stomach vs. jejunum).
A slow, stepwise increase in volume and con-
centration is particularly important for patients
with grossly impaired intestinal function and
when the feed is delivered postpylorically.

Monitoring and Complications

Patients receiving EN should be monitored regu-
larly for growth, fluid, energy and nutrient intake,
therapeutic efficacy, and hematologic and bio-
chemical changes.

Possible complications and preventive mea-
sures are listed in table 4 [1]. Their occurrence
can be minimized by: (a) avoidance of drip feed-
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ing and of blenderized feeds; (b) using silicon and
polyurethane NG tubes; (c) gradual initiation
and stepwise increase in volume and concentra-
tion; (d) regular monitoring of residual gastric
volumes; (e) strictadherence to management pro-
tocols, particularly with respect to bacteriologi-
cal safety; and (f) close supervision by a dedicated
multidisciplinary team [1, 4, 15].

Despite the broad range of potential complica-
tions, EN is a well-established, safe and effective
method of improving a patient’s clinical condi-
tion, nutritional status and growth, particularly
if procedural protocols are followed and regular
quality control is applied [1].

Areas for Future Developments and Research

o Defining the criteria for initiation of EN sup-
port more precisely

+ The suitability and benefits of disease-specific
formulations should be evaluated in pediatric
patients by controlled clinical studies
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o Determination of the role of transpyloric feed-

ing, and establishment of a practical and safe
bedside method of checking the position of the
feeding tube tip

Identifying risk factors for complications, and
developing protocols that minimize them,
particularly with respect to bacterial contami-
nation

Conclusions

EN is a safe and effective method of nutrition-

o EN should be provided when oral feeds cannot

sustain normal growth in a child with reason-
ably preserved gastrointestinal function
Selection of an enteral formula depends on the
patient’s age and clinical condition, but for the
majority of patients, a standard age-adapted
polymeric formula is the appropriate choice,
with the best cost-benefit ratio

Technical, metabolic, gastrointestinal, infec-
tive and psychological complications may oc-
cur; close monitoring by a multidisciplinary
team, application of procedural protocols
and regular quality control are therefore re-

al therapy

quired
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3.4 Parenteral Nutritional Support

Berthold Koletzko

Key Words
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Key Messages

+ Parenteral nutrition (PN) is indicated when ade-
quate nutrition cannot be provided orally or enter-
ally

- PNis not indicated in patients with adequate small
intestinal function who can be enterally (tube) fed

« Ordering and monitoring of PN should follow
agreed algorithms to improve the quality of care

- Patients receiving PN should be evaluated 2-3
times/week (e.g. clinical examination, weight, an-
thropometry, laboratory values and dietary intake
as appropriate)

« The available evidence-based guidelines on paedi-
atric PN should guide practice, including the dos-
age of substrate supply ©2015 S. Karger AG, Basel

Introduction

Parenteral nutrition (PN) is generally indicated
when adequate nutrition cannot be provided
orally or enterally, to prevent or correct malnutri-
tion, and to sustain appropriate growth. It should
be avoided whenever possible by use of adequate
care, specialized enteral nutrition (EN) and artifi-

cial feeding devices as appropriate, because PN is
more costly and carries higher risks than oral nu-
trition or EN. PN is not indicated in patients with
adequate small intestinal function in whom oral
tube or gastrostomy feeding can be used. The
time when PN should be initiated depends both
on individual circumstances and the patient’s age
and size. In small preterm infants, starvation for
just 1 day may be detrimental, and PN must be
instituted shortly after birth if it is obvious that
adequate amounts of EN will not be tolerated
soon. In older children and in adolescence, longer
periods of inadequate nutrition (up to 7 days)
may be tolerated, depending on the age, nutri-
tional status and disease of the patient as well as
on the type of intervention (surgery or medical).
Whenever possible, PN should be combined with
some (at least minimal) EN. Establishing a multi-
disciplinary paediatric nutrition support team for
the supervision of PN can improve the quality of
care and save costs; hence, it is highly recom-
mended [1]. Ordering and monitoring PN should
follow agreed algorithms to improve the quality
of care. Patients receiving PN should be evaluated
2-3 times/week (e.g. clinical examination, weight,
anthropometry, laboratory values and dietary in-
take as appropriate). The recommendations pro-
vided here are based on the recent evidence-based
guidelines for paediatric PN [2, 3].



The recommendations on parenteral sub-
strate supply to stable patients are summarized
in table 1. In individual patients, other dosages
may be required, depending on the patients’ con-
dition.

Water

Fluid needs vary markedly and must be adapted
to the individual patient’s condition. For exam-
ple, some renal or cardiac disorders require lower
water intakes, whereas higher intakes are needed
with enhanced fluid losses (e.g. due to fever, hy-
perventilation or diarrhoea, or from wounds or
fistulae). Monitoring of the fluid status is neces-
sary, considering the patient’s clinical status,
body weight and possibly water intake and excre-
tion, blood electrolytes, acid base status, haema-
tocrit, urine-specific gravity and urine electro-
lytes. The postnatal fluid supply should be gradu-
ally increased (table 2).

Energy

Energy needs vary with physical activity, growth
and the possible need to correct malnutrition.
The energy supply can be adjusted based on for-
mulae for energy expenditure (see Chapter 1.3.2)
and during weight changes. Low energy supplies
induce failure to thrive, but excessive energy in-
take (‘hyperalimentation’) must also be avoided
because it may induce metabolic imbalances, liv-
er damage and a serious refeeding syndrome
particularly in severely malnourished patients

[4].

Amino Acids
Parenteral amino acid requirements are lower

than enteral needs because PN bypasses intestinal
amino acid uptake and utilization. Amino acid

Parenteral Nutritional Support

Table 1. Recommended dosages for parenteral substrate supply to stable patients by age

Magnesium,
mmol/kg

Calcium, mmol/kg  Phosphorus,

Potassium,

Sodium,

Glucose, Lipids,

g/kg

Amino acids

Energy,
kcal/kg g/kg

Water, ml/kg

Age group

mmol/kg

mmol/kg mmol/kg

g triglyceri-
des/kg

3-5(-7)
2-3
2-3

upto3-4

18
18

1.5-4

1.5-3

140-160 110-120

140-160

Preterm

1.5-3

upto3-4

90-100
90-100

Neonate (1st month)

0.2

0.5

0-6 months: 0.8
7 -12 months: 0.5

0.2

1-3

16-18 upto3-4

1-25

120-150 (max. 180)

0-1years
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0.1

0.2

upto2-3

1-3
1-3
1-3
1-3

1-2
1-2
1-2
1-2

75-90
75-90

60-75

80-120 (max. 150)

80-100

60-80
50-70

1-2years

0.1

0.2

0.2
0.2
0.2

upto2-3

3-6years

0.1

0.2

1-3
1-3

upto2-3

7-12years

0.1

0.2

upto2-3

30-60

13-18 years

Depending on the condition of the individual patient, different dosages may be required. Adapted from Koletzko et al. [3]. K* supplementation should usually start after onset

of diuresis. Chloride supply usually equals the sum of sodium and potassium supply.
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Table 2. Recommended standard parenteral fluid supply (in ml)

Time after birth

1 day 2 days 3 days 4 days 5 days 6 days
Term neonate 60-120 80-120 100-130 120-150 140-160 140-180
Preterm neonate
>1,5009 60-80 80-100 100-120 120-150 140-160 140-160
<1,5009g 80-90 100-110 120-130 130-150 140-160 160-180

In neonates, parenteral fluid supply should be gradually increased over the first days of life. Ad-

apted from Koletzko et al. [3].

utilization requires an energy supply of ~30-40
kcal/g of amino acid to prevent excessive amino
acid oxidation. In very-low-birth-weight infants
(VLBWI) requiring PN, amino acid supply should
start on the first day of life with a dose of 22 g/kg
per day [5]. Infants and young children should
receive paediatric amino acid solutions with ad-
equate amounts of cysteine, taurine and tyrosine
(conditionally essential amino acids; see Chapter
1.3.3).

Glucose

Glucose is the only carbohydrate recommended
for PN and should provide 60-75% of non-pro-
tein calorie intake. During the first days on PN,
the glucose supply should be gradually increased.
In preterm infants, the glucose intake should be-
gin with 4-8 mg/kg per minute (5.8-11.5 g/kg per
day) and increase gradually. In critically ill chil-
dren, the glucose intake should be <5 mg/kg per
minute (7.2 g/kg per day). Glucose infusion for
term neonates and children <2 years should not
exceed 18 g/kg per day (13 mg/kg per minute).
Glucose intake should be adapted to the adminis-
tration of drugs that impair glucose metabolism
(e.g. steroids, somatostatin analogues and tacroli-
mus). Very high glucose intakes and marked hy-
perglycaemia should be avoided because they

160

may induce increased lipogenesis and tissue fat
deposition, liver steatosis, enhanced CO, produc-
tion, impaired protein metabolism and possibly
increased infection-related morbidity and mor-
tality [3]. In critically ill and unstable patients, the
glucose dosage should be lower and increased ac-
cording to the patient’s condition and blood glu-
cose levels.

Lipids

Lipid emulsions supply essential fatty acids and
energy at iso-osmolarity. Lipids should generally
provide 25-40% of non-protein PN calories.
Parenteral lipid intake is usually limited to 3-4
g/kg per day (0.13-0.17 g/kg per hour) in infants
and 2-3 g/kg per day (0.08-0.13 g/kg per hour)
in children. In VLBWI requiring PN, the supply
of lipid emulsions should start on the first day
with a dose of at least 2 g/kg per day [5]. A step-
wise increase of lipid infusion rates by 0.5-1 g/
kg per day has not been shown to improve toler-
ance, but it allows monitoring for hypertriglyc-
eridaemia. Regular plasma triglyceride measure-
ments are recommended, particularly in criti-
cally ill or infected patients during PN. A dosage
reduction should be considered at triglyceride
concentrations during infusion >250 mg/dl in
infants or >400 mg/dl in children, but there
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should always be a minimum linoleic acid intake
to prevent essential fatty acid deficiency (pre-
term infants: 20.25 g linoleic acid/kg per day;
term infants/children: >0.1 g/kg per day). In ne-
onates requiring PN, lipids can start on day 1 of
life and should start no later than day 3. In young
infants, lipids should be administered continu-
ously over ~24 h.

During phototherapy, validated light-protect-
ed tubing for lipid emulsions is recommended to
decrease hydroperoxide formation. Lipid emul-
sions have no demonstrable effect on hyperbili-
rubinaemia. There is no firm evidence on adverse
effects in severe acute respiratory failure, but
avoiding high lipid dosages in these patients ap-
pears prudent. In severe, progressive PN-associ-
ated cholestasis, a decrease in or transient inter-
ruption of intravenous lipids should be consid-
ered.

Commercial lipid emulsions based on soy-
bean oil, or mixtures of olive and soybean oils or
of medium-chain triglycerides and soybean oil,
as well as mixed emulsions with fish oil are con-
sidered safe and are registered for paediatric pa-
tients in many countries around the world. In a
meta-analysis of randomized controlled trials in
VLBWI, the use of mixed emulsions without
and with fish oil showed a 25% lower risk of sep-
sis than the use of 100% soybean oil emulsions
[6]. In view of these data and concerns on an im-
balanced fatty acid composition and an appar-
ently high risk of liver damage, the use of lipid
emulsions based only on soybean oil has been
discouraged in young infants, and these emul-
sions are not preferred for use in paediatric pa-
tients [2].

Other Aspects
Vitamins and minerals should be supplied with
all PN and provided over several days. Cyclical

PN (over ~8-14 h/day) should be considered
from the age of 3-6 months onwards [2, 4].

Parenteral Nutritional Support

Individualized prescriptions of paediatric PN
are widely used, but standard PN solutions are
suitable for many paediatric patients with ade-
quate monitoring and the possible addition of
electrolytes/nutrients. They can improve the
quality and safety of PN and reduce costs [7].

The risks of PN are best reduced by limiting its
amount and duration combined with persistent
attempts to increase the amount of enteral feed-
ings as tolerated. Rather than enteral starvation,
minimal enteral feeds should be given whenever
possible, and experienced paediatricians and di-
eticians should be involved.

Conclusions

o PN is an essential and often life-saving treat-
ment for infants and children who cannot be
adequately fed orally or enterally

o PN should only be used when all alternative
options have been explored, including ade-
quate care, specialized EN and artificial feed-
ing devices

o PN can induce severe adverse effects. The risk
is reduced by a meticulous approach, estab-
lishment of a multidisciplinary nutrition sup-
port team, avoidance of unbalanced or exces-
sive substrate supplies, strict hygiene measures
to reduce catheter infections, concomitant
minimal enteral feeding and forceful enhance-
ment of enteral feeding where possible to lim-
it the amount and duration of PN
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3.5 Management of Child and Adolescent Obesity
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Key Messages

- The BMI[weight (kg)/height (m)?] should be plotted
routinely on a BMI-for-age chart

« The principles of obesity management include:
management of comorbidities; family involvement;
a developmentally appropriate approach; the use
of a range of behavior change techniques; long-
term dietary change; increased physical activity,
and decreased sedentary behaviors

+ Orlistat may be useful as an adjunct to lifestyle
change for more severely obese adolescents, and
metformin for adolescents with clinical insulin re-
sistance

+ Bariatric surgery should be considered with severe-
ly obese adolescents

.+ Coordinated models of care for health service deliv-
ery are needed for the management of pediatric
obesity ©2015 S. Karger AG, Basel

Introduction

Child and adolescent obesity is a prevalent prob-
lem in most westernized and rapidly westernizing
countries and is associated with both immediate
and longer-term complications. Effective treat-
ment of those affected by obesity is vital.

Clinical Assessment

Clinical history should aid in assessing current
and potential future comorbidities as well as
modifiable lifestyle practices (table 1) [1-4]. The
BMI [weight (kg)/height (m)?], a clinically useful
measure of body fatness in those aged >2 years,
should be plotted on nationally recommended
BMI-for-age charts [5], e.g. the WHO Child
Growth Standards. However, the cutoff points
used to define overweight and obesity are some-
what arbitrary and may vary between countries.
For example, in the UK the cutoff points for over-
weight and obesity are the 91st and 98th percen-
tiles, respectively, compared with the 85th and
95th in the USA. Hence, local recommendations
should be checked. A waist circumference-to-
height ratio of >0.5 is associated with increased
cardiometabolic risk in school-aged children [6].
Waist circumference-for-age charts are available
for some countries.

Physical examination is used to assess obesity-
associated comorbidities as well as signs of un-
derlying genetic or endocrine disorders (table 2).
The level of investigation is dependent on the pa-
tient’s severity of obesity and age, the clinical
findings and associated familial risk factors.
Baseline investigations may include fasting lipid
screening, glucose, liver function tests and, pos-
sibly, insulin [1-4]. Second-line investigations



Table 1. Elements of history-taking in obese children and adolescents

General history

Prenatal and birth - history of gestational diabetes and birth weight

Infant feeding — duration of breastfeeding
Current medications — glucocorticoids, some antiepileptics and
antipsychotics

Weight history

Onset of obesity and duration of parental and child concerns about
their weight

Previous weight management interventions
Previous and current dieting behaviors

Complications
history

Psychological - bullying, poor self-esteem, depression
Sleep - snoring, symptoms suggestive of sleep apnea

Exercise tolerance

Specific symptoms related to gastroesophageal reflux, gallstones,
benign intracranial hypertension, orthopedic complications,
enuresis, constipation

Menstrual history (girls)

Family history Ethnicity

Family members with a history of: obesity, type 2 diabetes,
gestational diabetes, cardiovascular disease, dyslipidemia,
obstructive sleep apnea, polycystic ovary syndrome, bariatric
surgery, eating disorders

Lifestyle history

Diet and eating behaviors - breakfast consumption, snacking,

fast-food intake, beverage consumption, family routines around
food, binge eating, sneaking food

Sedentary behavior — daily screen time; numbers of televisions,
gaming consoles, computers and smart phones in the bedroom
and home; pattern of screen time

Physical activity — after school and weekend recreation, sports
participation, transport to and from school, family activities

Sleep - duration and routines

may include liver ultrasound, an oral glucose tol-
erance test, more detailed endocrine assessment
and polysomnography.

Treatment Strategies

Systematic reviews of pediatric obesity treatment
show that lifestyle interventions can lead to im-
provements in weight and cardiometabolic out-
comes [7, 8]. While there is no evidence to sup-
port one specific treatment program over anoth-
er, meta-analyses show that family-targeted
behavioral lifestyle interventions can lead to a
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mean BMI reduction of 1.25 to 1.30 when com-
pared with no treatment or usual care [8]. The
longer the duration of treatment, the greater the
weight loss observed [8]. Lifestyle interventions
also lead to improvements in low-density lipo-
protein cholesterol, triglycerides, fasting insulin
and blood pressure up to 1 year from baseline [8].

Some of the challenges of treatment are that
‘real-world’ obesity clinics are often more poorly
resourced than in clinical trials, and clinic pa-
tients may be more socially disadvantaged, or
have a broader range of comorbidities, than those
who take part in trials, making treatment adher-
ence more difficult.
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Table 2. Physical examination of obese children or adolescents and important physical findings [9, 11]

Organ system Physical findings

Skin/subcutaneous
tissues

Acanthosis nigricans, skin tags, hirsutism, acne, striae, pseudogynecomastia (males),
intertrigo, xanthelasmas (hypercholesterolemia)

Neurological

Papilledema and/or reduced venous pulsations on funduscopy (pseudotumor cerebri)

Head and neck

Tonsillar size, obstructed breathing

Cardiovascular

Hypertension, heart rate (cardiorespiratory fitness)

Respiratory

Exercise intolerance, wheeze (asthma)

Gastrointestinal

Hepatomegaly and hepatic tenderness (nonalcoholic fatty liver disease), abdominal

tenderness (secondary to gallstones or gastroesophageal reflux)

Musculoskeletal

Pes planus, groin pain, and painful or waddling gait (slipped capital femoral epiphysis),

tibia vara (Blount disease), lower-limb arthralgia and restriction of joint movement

Endocrine
growth velocity

Goiter, extensive striae, hypertension, dorsocervical fat pad, pubertal staging, reduced

Psychosocial

Flat affect and low mood, poor self-esteem, social isolation

Other - evidence of
a possible underlying
genetic syndrome

Short stature, disproportion, dysmorphism, developmental delay

However, the broad principles of management
are well recognized [1-4, 7, 8]: management of
obesity-associated comorbidities; family involve-
ment; a developmentally appropriate approach;
long-term behavior modification; dietary change;
increased physical activity; decreased sedentary
behaviors; a plan for longer-term weight mainte-
nance strategies; and consideration of the use of
pharmacotherapy and other nonconventional
therapies.

Elements of Treatment

Family Focus

Many clinical trials show that family-based inter-
ventions can lead to long-term relative weight
loss, i.e. from 2 to 10 years. Parental involvement
when managing obese preadolescent children ap-
pears vital, although there are more limited data
on management of adolescents.

Management of Child and Adolescent Obesity

A Developmentally Appropriate Approach

For preadolescent children, weight outcomes
may be improved with a parent-focused interven-
tion, without direct engagement of the child [9].
There are more limited data on the treatment of
adolescent obesity than on younger children, and
especially on interventions that would be sustain-
able in most health care settings. Generally, pro-
vision of at least some separate therapist session
time with the adolescent seems appropriate.

Behavior Modification

Weight outcomes are improved with the use of a
broader range of behavior change techniques [1-
4]. One such technique, goal-setting, can include
performance goals (such as changing eating or ac-
tivity behaviors) or outcome goals (such as spe-
cific weight loss). Examples of the former include
not buying cookies, or reducing television time to
3 h per day. Another technique, stimulus control,
refers to modifying or restricting environmental
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influences in order to aid weight control, with ex-
amples including not eating in front of the televi-
sion, or using smaller plates and bowls within the
home. A third commonly used technique, self-
monitoring, involves the recording of a specific
behavior or outcome, such as the use of a food di-
ary, daily pedometer measurement of physical ac-
tivity, or weekly weighing.

Dietary Change and Eating Behaviors

Treatment programs incorporating a dietary
component can be effective in achieving relative
weight loss in children and adolescents, although
no one dietary prescription appears superior to
another [8]. However, dietary interventions are
usually part of a broader lifestyle change pro-
gram, and are rarely evaluated on their own. The
two most commonly reported diets are: (a) the
modified stop/traffic light approach, where foods
are color-coded on the basis of nutritional value
and energy content to indicate those to be eaten
freely (green) or more cautiously (amber, red),
and (b) a calorie restriction/hypocaloric diet ap-
proach. Both diets can lead to sustained weight
loss across different settings and age groups [8].
The role of dietary macronutrient modification in
the management of obese children and adoles-
cents remains unclear.

In general, dietary interventions should follow
national nutritional guidelines and have an em-
phasis on the following [1-3]:

o Regular meals

o Eating together as a family

o Choosing nutrient-rich foods which are lower
in energy and glycemic index

o Increased vegetable and fruit intake

o Healthier snack food options

o Decreased portion sizes

o Drinking water as the main beverage

» Reduction in sugary drink intake

+ Involvement of the entire family in making
sustainable dietary changes

In advising patients and families on dietary chang-

es, is there a risk of an eating disorder developing?
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While most people with obesity do not have a
binge eating disorder, the latter is more common
in people with severe obesity. Further, overweight
adolescents are more likely to binge-eat, and child-
hood obesity is a risk factor for later bulimia. How-
ever, professionally run pediatric obesity programs
do not increase the risk of disordered eating and
may improve psychological wellbeing [10].

Physical Activity and Sedentary Behaviors

In clinical practice, increased physical activity
may best result from a change in incidental, or un-
planned, activity, such as by walking or cycling
for transport, undertaking household chores and
playing. Organized exercise programs have a role,
with children and adolescents being encouraged
to choose activities that they enjoy and which are
sustainable. Limiting television and other small-
screen recreation to less than 2 h per day is par-
ticularly strategic, but may be challenging [11].
Parental involvement is vital and may include
monitoring and limiting television use, role-mod-
eling of healthy behaviors, and providing access to
recreation areas or recreational equipment.

Long-Term Weight Maintenance

In those who undergo an initial weight manage-
ment intervention, a period of further therapeutic
contact appears to slow weight regain [12]. At
present, there is limited evidence to guide the na-
ture and type of long-term weight maintenance
interventions.

Nonconventional Therapies

There is relatively limited evidence to guide the
use of less orthodox treatment approaches such as
very-low-energy diets, pharmacological therapy
or bariatric surgery in treating severe pediatric
obesity. Such therapies should occur on the back-
ground of a behavioral weight management pro-
gram and be restricted to specialist centers with
expertise in managing severe obesity.
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Existing recommendations on management of
pediatric obesity suggest that drug therapy (large-
ly orlistat, a gastrointestinal and pancreatic lipase
inhibitor) can be used in the treatment of severely
obese adolescents, in the context of a tertiary care
protocol provided by a multidisciplinary care
team and incorporating continued diet and activ-
ity counseling [1-4]. For obese, insulin-resistant
adolescents there may be a role for the use of met-
formin, an insulin-sensitizing agent [13].

The few consensus guidelines for bariatric sur-
gery in adolescents have highlighted its use in se-
verely obese adolescents, with consideration of the
adolescent’s decisional capacity and attainment of
physical maturity, as well as the presence of a sup-
portive family environment [1, 3, 4, 14, 15]. The
need for management in centers with multidisci-
plinary weight management teams, for the surgery
to be performed in tertiary institutions experi-
enced in bariatric surgery and for long-term mul-
tidisciplinary follow-up has been emphasized.
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Key Messages

Diarrhea remains one of the leading causes of mor-
tality among children under 5 years of age

Risk factors for diarrhea include those related to
poverty, undernutrition, poor hygiene, and under-
privileged household conditions making children
more at risk of developing infectious diarrhea
Recent evidence suggests that if a range of existing
interventions are scaled up, diarrhea burden can be
significantly reduced ©2015 S. Karger AG, Basel

Introduction

In 2011, 6.9 million children under 5 years of age
died; 4.4 million (58%) of these deaths were at-
tributable to infectious diseases, of which pneu-
monia and diarrhea were the leading ones [1].
The incidence of diarrhea has decreased from 3.4
episodes per child-year in 1990 to 2.9 episodes per
child-year in 2010; however, it still remains one of
the most common reasons for hospital admis-
sion, with an estimated 1,731 million episodes of
childhood diarrhea reported in 2011 [2]. There

are three clinical types of diarrhea: (1) acute wa-
tery diarrhea that lasts several hours or days and
includes cholera; (2) acute bloody diarrhea, also
called dysentery, and (3) persistent diarrhea that
lasts 14 days or longer. Risk factors for diarrhea
include those related to poverty, undernutrition,
poor hygiene, and underprivileged household
conditions making children more at risk of devel-
oping infectious diarrhea. Lack of breastfeeding is
a single independent risk factor for diarrhea, and
it is estimated that not breastfeeding is associated
with a 165% increase in diarrhea incidence among
0- to 5-month-olds, a 47% increase in diarrhea-
related mortality among 6- to 11-month-olds,
and a 157% increase among 12- to 23-month-
olds. Overall, lack of breastfeeding is found to be
associated with a 566% increase in all-cause mor-
tality among children aged 6-11 months and a
223% increase in mortality among those aged 12—
23 months [3]. Despite these figures, the rates of
exclusive breastfeeding (EBF) remain unaccept-
ably low worldwide, especially in low- and mid-
dle-income countries. In this chapter, we will dis-
cuss the preventive and therapeutic strategies and
nutrition interventions pertaining to acute and
persistent diarrhea among children along with
the delivery strategies to increase access to these
interventions.



Interventions for Diarrhea Prevention and
Management

Recent evidence suggests that if a range of exist-
ing interventions are scaled up, diarrhea burden
can be significantly reduced. These include EBF
up to 6 months of age, the promotion of comple-
mentary feeding, rotavirus vaccinations, use of
oral rehydration solution (ORS) and zinc in diar-
rhea, improved case management, antibiotics for
dysentery, as well as water, sanitation and hygiene
(WASH) strategies. Table 1 summarizes the ef-
fects of the preventive and therapeutic interven-
tions for diarrhea.

Among the diarrhea prevention interven-
tions, breastfeeding promotion interventions in
developing countries can significantly increase
EBF rates by 43% at day 1, 30% at <1 month, and
90% at 1-5 months, with reductions in rates of
no breastfeeding by 32% at 1 day, 30% at <1
month, and 18% at 1-5 months [4]. Vaccinations
for rotavirus and cholera can reduce rotavirus-
specific mortality by 74% and the cholera inci-
dence by 52%, respectively [5]. WASH strategies
are pivotal for the prevention of diarrheal dis-
eases, as interventions for water quality, sani-
tation, and hygiene can reduce diarrhea mor-
bidity in children by 42, 37, and 31%, respec-
tively [6].

Since the immediate cause of death in most
cases of diarrhea is dehydration, deaths are al-
most entirely preventable if dehydration is pre-
vented or treated. ORS, zinc, and continued
feeding are the recommended treatments for
acute diarrhea among young children. The use of
ORS in developing-country settings can reduce
diarrhea-specific mortality by 69% and results in
a treatment failure rate of 0.2% [7]. Since 2004,
the WHO and United Nations International
Children’s Emergency Fund (UNICEF) have rec-
ommended zinc for the treatment of diarrhea,
which can reduce all-cause mortality by 46% and
diarrhea-related hospital admissions by 23% [8].
Although the WHO program for the control of

Reducing the Burden of Acute and Prolonged Childhood Diarrhea

diarrheal disease began in 1978, the global ORS
use has remained stagnant. Interventions per-
taining to ORS promotion, including co-promo-
tion of zinc and ORS, social marketing, and mass
media strategies, are effective in improving ORS
usage and should be utilized to improve coverage
of this lifesaving and simple intervention. There
is evidence to recommend antibiotics use for the
reduction of morbidity and mortality due to
cholera, Shigella, and Cryptosporidium. Howev-
er, this area requires more clinical trials to evalu-
ate the efficacy and safety of the drugs currently
in use for the treatment of diarrhea and dysen-
tery in both developing and developed countries
[9]. Another major challenge in diarrhea treat-
ment is the vomiting associated with acute gas-
troenteritis, which limits the success of ORS,
leading to an increased use of intravenous rehy-
dration, prolonged emergency department stay,
and hospitalization. Although, antiemetics are
not routinely recommended, recent evidence
suggests that their use can significantly reduce
the incidence of vomiting, hospitalization, and
intravenous fluid requirements and may have
the potential to decrease morbidity and mortal-
ity burden due to diarrhea; however, further evi-
dence is required before universal recommenda-
tion [10].

These preventive and therapeutic interven-
tions, if implemented at current coverage rates
in the 75 low- and middle-income countries
(Countdown countries), could avert 54% of di-
arrhea deaths by 2025 at a cost of USD 3.8 bil-
lion. However, if the coverage of these key evi-
dence-based interventions were scaled up to at
least 80%, and that of immunizations to at least
90%, virtually all diarrhea deaths in children
younger than 5 years could be averted by 2025 at
a cost of USD 6.715 billion [11]. In their recent
report [12], the Federation of International Soci-
eties of Pediatric Gastroenterology, Hepatology,
and Nutrition (FISPGHAN) working group pri-
oritized interventions that could contribute
greatly to achieving Millennium Development
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Table 1. Key interventions for diarrhea and potential effects

Intervention

Effect estimate

WASH

48,17, and 36% risk reductions for diarrhea with hand washing with soap,
improved water quality, and excreta disposal, respectively

Breastfeeding education and
effects on breastfeeding rates

EBF rates increase by 43% at 1 day, 30% till 1 month, and 90% from
1-6 months; rates of no breastfeeding decrease by 32% at 1 day, 30% till
1 month, and 18% from 1-6 months

Preventive zinc supplementation

18% reduction in diarrhea-related mortality

Vaccines for rotavirus

74% reduction in very severe rotavirus infections and 47% reduction in
rotavirus hospitalizations

Vaccines for cholera

52% effective against cholera infection; vibriocidal antibodies
increase by 124%

Vaccines for Shigella

28% effective against S. flexneri infection and 53% against S. sonnei

Vaccines for enterotoxigenic
Escherichia coli

Increase in serum IgA and IgG seroconversion rates by 170 and 500%,
respectively

ORS and recommended home fluids

69% reduction in diarrhea-specific mortality

Dietary management
of diarrhea

Lactose-free diets reduce the duration of diarrhea treatment failure
significantly by 47%

Probiotics

14% reduction in diarrhea duration, 11% reduction in stool frequency on day
2, and 19% reduction in hospitalizations, although statistically nonsignificant

Therapeutic zinc
supplementation

66% reduction in diarrhea-specific mortality, 23% reduction in
diarrhea hospitalizations, and 19% reduction in diarrhea prevalence

Antiemetics for gastroenteritis

54% reduction in the incidence of vomiting and hospitalizations and 60%

reduction in intravenous fluid requirement rates

Antibiotics for cholera

63% reduction in clinical failure rates and 75% reduction in

bacteriological failure rates

Antibiotics for Shigella

82% reduction in clinical failure rates and 96% reduction in

bacteriological failure rates

Antibiotics for cryptosporidiosis

52% reduction in clinical failure rates and 38% reduction in

parasitological failure rates

Community-based interventions

153% increase in the use of ORS and manifold rise in the use of zinc in

diarrhea; 76% decline in the use of antibiotics for diarrhea

Community case management

63% reduction in diarrhea-related mortality

Financial schemes

Conditional transfer programs: 14% increase in preventive health care use,

22% increase in the percentage of newborns receiving colostrum, and 16%
increase in the coverage of vitamin A supplementation

Goal 4 by impacting diarrhea-related mortality;
these, according to the priority ratings, included
rotavirus immunization, the promotion of ORS
and a reduction in inappropriate medical inter-
ventions (hospitalizations, microbiological in-
vestigations, dietary modifications, and unnec-
essary drug administration).
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Nutrition in Acute and Persistent Diarrhea

There is some debate about the optimum diet or
dietary components for quick recovery in chil-
dren with diarrhea; however, the current WHO
guidelines strongly recommend continued feed-
ing alongside the administration of ORS and zinc
therapy. Recent evidence suggests that among
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children with acute diarrhea, lactose-free liquid
feeds can reduce the duration and the risk of
treatment failure compared to lactose-containing
liquid feeds, with only limited evidence assessing
either of these two approaches in persistent diar-
rhea. Home-available lactose-free diets impact
weight gain in children with acute diarrhea com-
pared to those fed with a commercial diet. For
children in low- and middle-income countries,
where diarrhea and malnutrition co-exist, it is
suggested to use locally available age-appropriate
foods in the majority of acute diarrhea cases, but
the evidence remains limited for the dietary man-
agement of children with persistent diarrhea [13].
Probiotics are becoming increasingly popular
treatments for diarrhea in some countries and
have been shown to reduce diarrhea duration and
stool frequency on the second day of treatment
with no effect on the risk of diarrhea hospitaliza-
tions. However, evidence is still needed to under-
stand the effect of probiotics as adjunct therapy
for diarrhea among children in developing coun-
tries [14].

Intervention Delivery Strategies

No new innovations are required, just improving
the coverage of the above-mentioned existing
proven interventions could help achieve the goal
of reducing diarrhea burden. Most of the inter-
ventions exist within present health systems, al-
though their coverage and availability to poor and
marginalized populations vary greatly. Improv-
ing the coverage of these key, effective, and af-
fordable interventions requires alternate strate-
gies or platforms to accelerate their uptake and
scale-up. Given the shortage of human resources
in some of the poorest areas of the world, one
such strategy is reaching out through community
health workers, which offers an opportunity to
reach the population with only minimal health
care access [15]. Recent evidence suggests that
community-delivered interventions for diarrhea

prevention and management can improve care-
seeking behaviors and the use of ORS, and they
are also associated with a decline in the unneces-
sary use of antibiotics for diarrhea [16]. Such de-
livery platforms also offer a unique opportunity
for integrating services at the point of service de-
livery and enabling an implementation strategy in
poor and difficult-to-reach populations. Finan-
cial incentives are also being widely used to allevi-
ate poverty, reduce barriers to health care access,
promote care seeking, and improve health. Fi-
nancial incentives in the form of vouchers and
conditional and unconditional cash transfers
could promote increased coverage of several im-
portant child health interventions, with the most
pronounced effects achieved by the mechanisms
that directly removed user fees for access to health
services [17].

Way Forward

Implementing these interventions and utilizing
the delivery platforms could be made possible by
engaging policy makers and civil society when as-
sessing the overall progress in coverage at the
country level. Political will and partnerships are
imperative to implement evidence-based inter-
ventions at scale. With an increasing number of
countries deploying community health worker
programs to reach the unreached, real opportuni-
ties exist to scale up community advocacy and ed-
ucation programs and early case detection and
management strategies. Bangladesh provides an
example of how targeting the poorest for key diar-
rhea interventions could result in far more lives
saved. Nearly 6 times more lives could be saved in
the poorest households when compared to the
richest by scaling up key diarrhea interventions to
near universal levels [18]. Similar attention needs
to be paid to countries contributing considerably
to the diarrhea burden, including India, Nigeria,
Pakistan, the Democratic Republic of the Congo,
and China.
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Conclusions

—

A high level of coverage must be ensured for
proven and effective interventions in the 75
Countdown countries, where more than 95%
of all child deaths occur

Tangible progress can be made if the preven-
tion and treatment of diarrhea becomes an in-
ternational priority and the global health com-
munity commits to a number of key actions as
laid out in the 2009 UNICEF/WHO report

[19] and, more recently, in the Global Action
Plan for Diarrhea and Pneumonia [18]
Promising indications show that such scaling
up is beginning to happen and is being recom-
mended as a strategy to reduce inequities in
child survival in high-burden countries

In a broader context, poverty alleviation, safe-
ty and security, economic development, food
security, improved education, and basic hu-
man rights are imperative for long-term suc-
cess and sustainability
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3.7 HIV and AIDS

Haroon Saloojee - Peter Cooper
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Key Messages

« HIVinfection has greater nutritional consequences
for children than for adults, mainly because chil-
dren have the additional nutritional demands of
growth and development

» The WHO recommends exclusive breastfeeding for
the first 6 months of life followed by complemen-
tary foods and continued breastfeeding through 12
months of age, accompanied by postnatal infant
or maternal antiretroviral prophylaxis, for HIV-ex-
posed infants (or antiretroviral therapy, ART, for
infected infants)

» The focus of nutritional activity has moved from
supporting undernourished HIV-infected infants
and children to ensuring that infected children on
ART are adequately nourished

» ART is associated with improvements in weight,
weight-for-height, mid-arm circumference and
lean body mass in HIV-infected children

© 2015 S. Karger AG, Basel

Introduction

The field of postnatal and child HIV/AIDS has
experienced a number of exciting breakthroughs
in the past 5 years. Prevention of mother-to-child
transmission strategies are now more widely
available, even in resource-poor settings. Access
to antiretroviral therapy (ART) has also increased
and is now commenced earlier in HIV-infected
children, i.e. at first diagnosis, ideally in the first
2-3 months of life.

Transmission through breastfeeding remains
a problem. In the absence of antiretroviral pro-
phylaxis, postnatal transmission appears to be
highest in the first 4-6 weeks of life, ranging from
0.7 to 1% per week. However, the risk continues
for the duration of breastfeeding and is constant
throughout this period. Efforts have moved in
support of safer feeding by promoting exclusive
breastfeeding for 6 months coupled with con-
comitant antiretroviral prophylaxis delivered to
breastfeeding mothers or the infant.

Two essential tenets underpin the approach to
HIV: ART is essential to save and prolong lives,
and good nutrition is vital to ensure children’s
overall health. Thus, the focus of nutrition-relat-
ed activities has moved from supporting under-



Table 1. Definition of commonly used infant feeding terms

Exclusive breastfeeding

Receipt of no other substance than human breast milk; medications such as oral

rehydration therapy, antibiotics or multivitamin syrups are permitted; breast milk
can include the mother’s expressed milk or milk from a wet nurse

Replacement feeding

Receipt of no breast milk, but of suitable breast milk substitutes in the form of

commercial infant formulae

Mixed feeding

Receipt of both breast milk and other liquids or solids, including water and

commercial infant formulae, before the age of 6 months

Complementary feeding

Addition of solids, semi-solids and liquids to a breastfeeding diet after the age of

6 months; at this age an infant needs more vitamins, minerals, proteins, fats and
carbohydrates than are available from breast milk alone

nourished HIV-infected infants and children to
ensuring that infected children on ART are well
nourished.

This chapter reflects this transition, focusing
less on the anthropometric effects and nutrition-
al management of HIV-infected children, and
more on evolving issues in the management of
HIV-exposed infants and the nutritional support
of HIV-infected children and adolescents receiv-
ing ART. Nevertheless, achievement of food and
nutrition security and management of nutrition-
related complications of HIV infection remain
significant challenges in resource-poor environ-
ments.

Feeding the HIV-Exposed Uninfected Infant

Breastfeeding

HIV-positive women living in resource-poor
settings must balance opposing risks — breast
milk can transmit HIV, but lack of breastfeed-
ing increases the risk of infections, malnutrition
and death. In 2010, the WHO revised its posi-
tion by recommending exclusive breastfeeding
(see table 1 for definitions used) for the first 6
months of life followed by complementary
foods and continued breastfeeding through 12
months of age, accompanied by postnatal infant
or maternal antiretroviral prophylaxis [1].
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Breastfeeding should only be stopped once nu-
tritionally adequate and safe food intake is as-
sured to the child. Abrupt weaning from breast
milk should be avoided; breastfeeding should
stop gradually over a 1-month period. Mothers
or infants who have been receiving antiretrovi-
ral prophylaxis should continue prophylaxis for
1 week after breastfeeding has been fully stopped
[1]. Maintaining exclusive breastfeeding for 6
months remains a practical challenge in many
settings where early introduction of other foods
or liquids is an established cultural norm. Main-
taining exclusivity may be less important in the
face of concomitant antiretroviral prophylaxis

[2].

Replacement Feeding

In contrast to the WHO, the American Acade-
my of Pediatrics recommends that HIV-infected
mothers not breastfeed their infants, regardless
of maternal disease status, viral load or ART [3].
The British HIV Association and Children’s
HIV Association both concur [4]. Safely pre-
pared exclusive commercial infant formulae can
meet all the nutrient needs of HIV-exposed in-
fants if fed in amounts calculated to meet the
infants’ energy requirements. Women with sus-
pected acute HIV infection, or those not on ART
with low CD4 counts or who have progressed to
AIDS, are encouraged to consider replacement
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Table 2. Conditions needed to safely replacement feed

Mothers known to be HIV infected should only give commercial infant formula milk as a
replacement feed to their HIV-uninfected infants or infants who are of unknown HIV status if
specific conditions are met. The mother or caregiver:

- has access to safe water and sanitation in the home and in the community;

- canreliably provide sufficient infant formula milk to support normal growth and

development of the infant;

- can prepare it cleanly and frequently enough so that it is safe and carries a low risk of

diarrhea and malnutrition;

- can, in the first 6 months, exclusively give infant formula milk;
- obtains the family’s support for the practice, and
- can access health care that offers comprehensive child health services.

Source: WHO [1].

feeding (to reduce the high transmission risk).
In resource-limited settings, the conditions un-
der which replacement feeding is preferred are
commonly referred to as AFASS - affordable,
feasible, acceptable, sustainable and safe. The
acronym is now described in everyday language
in the 2010 WHO recommendations (table 2)

[1].

Other Measures

The WHO recommends home pasteurization of
breast milk only as an ‘interim’ strategy, e.g. if
ART is temporarily unavailable or the mother or
infant is too ill to breastfeed [1]. Adequately heat
treated, expressed milk from HIV-positive
mothers does not transmit HIV and remains nu-
tritionally and immunologically superior to in-
fant formula. Wet-nursing may be considered in
communities where this option is accepted. The
wet nurse needs to have a negative HIV test be-
fore and 6 weeks after starting. Experience with
breast milk banks in Latin America, particularly
Brazil, has been positive, although limited by the
extent of coverage of the at-risk population.
HIV-infected caregivers should be warned
against the common practice of providing chil-
dren with premasticated (prechewed) food as
this practice has been implicated in HIV trans-
mission [5].

HIV and AIDS

Feeding the HIV-Infected Child Not on ART

Nine of 10 studies on HIV-infected children, con-
ducted in resource-constrained countries, report-
ed low height-for-age (stunting), and all 10 de-
scribed poor weight gain [6]. Untreated HIV in-
fection is characterized by increased resting
energy expenditure, and decreased appetite, di-
gestion of food and absorption of nutrients. HIV-
infected children often have a range of micronu-
trient deficiencies.

At their first contact with a health care profes-
sional, children with HIV should have their an-
thropometric status (e.g. weight, height, head cir-
cumference and arm circumference) measured,
and nutritional problems screened for. A dietary
history should be obtained and compared with
estimated needs to assess adequacy of intake.

Women who have an HIV-infected child
should be strongly encouraged to breastfeed.
Since it is difficult to calculate the precise caloric
needs of an HIV-infected child, the energy in-
takes for HIV-infected children experiencing
weight loss need to be increased by 50-100% over
established requirements for otherwise healthy
uninfected children [7].

After 4-6 months, complementary foods should
be increased to as much as can be tolerated. If the
child is eating solids, adding a high-fat supplement
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such as oil or margarine may be helpful. Commer-
cial nutritional supplements are an acceptable al-
ternative. Supplementation with specific macro-
nutrients such as amino acids, whey protein con-
centration or other dietary supplements (such as
spirulina) does not significantly alter clinical, an-
thropometric or immunological outcomes com-
pared with placebo in HIV-infected children [8].
Adequate micronutrient intake is best achieved
via an adequate diet. In keeping with WHO recom-
mendations, children younger than 5 years born to
HIV-infected mothers living in resource-limited
settings should receive periodic (6-monthly) vita-
min A supplements in the same dose as for other
children. There are no evidence-based guidelines
on the appropriate prescription of micronutrient
supplements for HIV-infected children.

Feeding the HIV-Infected Child on ART

Initiation of ART therapy is associated with im-
provements in many growth parameters for HIV-
infected children. Immediate gains first manifest in
weight and arm muscle circumference. Lean body
mass improves as well, while a height response oc-
curs more slowly and variably. Energy expenditure
in children on ART has not been studied.

Gains in weight correlate with treatment re-
sponse. Underlying malnutrition does not ad-
versely affect growth, immunologic or virologic
response to ART in HIV-infected children. Un-
derweight children exhibit an equally robust re-
sponse to ART as their well-nourished peers [9].
The BMI does not increase in all children, but
improvements are greatest in children with the
lowest baseline BMI and who have more ad-
vanced HIV disease.

Children are not spared from the metabolic
effects of ART, particularly protease inhibitors,
and they too have a significant (up to 33%) risk of
lipodystrophy syndrome, hyperlipidemia and pe-
ripheral insulin resistance. No therapeutic strate-
gies to diminish the clinical and biochemical fea-
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tures of the fat redistribution syndrome have yet
been described for children.

Adolescents who acquired HIV infection in ear-
ly life have a unique development profile that in-
cludes stunting, delayed puberty and the complica-
tions of prolonged ART exposure. Dietary goals for
HIV-infected adolescents are similar to those for
their noninfected peers, including consumption of
a high-quality, nutrient-dense diet, establishing
good eating habits and avoiding obesity.

The integration of nutritional support for
HIV-infected children on ART is a recognized
need; however, the evidence for effective pro-
grammatic solutions is weak. Limited data exist
regarding the role of macro- or micronutrients in
children on ART.

The WHO has previously endorsed the use of
ready-to-use therapeutic foods to reduce case
fatality and undernutrition among community-
based, ART-naive, HIV-positive children [10]. In
Tanzania, among HIV-positive children on ART,
the provision of ready-to-use therapeutic foods
for at least 4 months was associated with less un-
derweight, wasting and stunting [11].

Conclusions

o Nutritional advice and support should be a
priority component of the continuum of care
and support services for HIV-infected women
and children

o A focus on the growth and nutrition of the
HIV-infected child at each visit is warranted.
An adequate diet, prevention of opportunistic
infections and ART all contribute to ensuring
satisfactory growth

o There is limited evidence for routine macro-
and micronutrient supplementation in both
untreated and ART-treated HIV-infected chil-
dren

o The special nutritional needs of adolescents
need to be considered as more children on
ART survive to this age
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3.8 Nutritional Management in Cholestatic Liver

Disease

Bram P. Raphael

Key Words
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Key Messages

+ Nutritional issues are common in children with cho-
lestatic liver disease

- Patients need special attention to prevent fat-solu-
ble vitamin deficiencies

- Cirrhosis and ascites require fluid and electrolyte
management

- Liver transplantation is associated with improve-
ment in growth and development
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The most common types of cholestatic liver dis-
ease in children include extrahepatic biliary atre-
sia, Alagille’s syndrome, a;-antitrypsin deficien-
cy, cystic fibrosis and intestinal failure-associated
liver disease. Other causes include primary scle-
rosing cholangitis and drug-induced liver injury.
Nutritional issues are common in children with
all types of cholestatic liver disease.

Causes of malnutrition are inadequate energy
intake, intestinal malabsorption and increased
energy needs (table 1). The underlying mecha-

nisms are multifactorial, including gastric dys-
motility, ascites, bacterial overgrowth, hepato-
megaly and secondary effects from medications.
There may be problems with malabsorption. De-
creased hepatic bile salt excretion leads to inade-
quate micelle formation and impaired lipid and
fat-soluble vitamin uptake. Triglyceride clear-
ance may also be impaired. Moreover, infants
and children with chronic liver disease may have
increased energy needs. For example, resting en-
ergy expenditure is increased by 30% in extrahe-
patic biliary atresia [1]. Factors contributing to
hypermetabolism include ascites, infection and
portal hypertension.

Nutritional assessment begins with a careful
dietary history and review of growth records.
Special attention should be devoted to sodium
and fluid intake. Over time, ascites and edema
may lead to changes in weight deceptively similar
to weight gain. In addition, hypoalbuminemia
may reflect impaired hepatic synthetic function
as opposed to protein energy malnutrition. Inter-
pretation of certain micronutrient levels requires
simultaneous measurement of carrier proteins.
Because calcium and magnesium are bound to
albumin, serum levels may appear falsely low in
the setting of hypoalbuminemia. Ionized calci-



Table 1. Clinical manifestations and etiologies of common nutritional problems in liver disease

Nutrient affected Manifestation Etiology
Protein Stunting, muscle wasting, motor Protein energy malnutrition, decreased
developmental delay insulin-like growth factor 1 synthesis
Ascites or peripheral edema Decreased albumin synthesis leading to
decreased oncotic pressure
Coagulopathy Alteration of synthesis in clotting factors
Hepatic encephalopathy Decreased aromatic amino acid metabolism
Fat Steatorrhea, essential fatty acid deficiency Impaired intestinal absorption, decreased
(rash), fat-soluble vitamin deficiencies (see intake of essential fatty acids
below)
Hypercholesterolemia, Impaired hepatic lipid clearance
hypertriglyceridemia (xanthomas)
Carbohydrate Hyperglycemia Insulin resistance leading to impaired muscle
and liver glycogen synthesis
Fasting hypoglycemia Decreased glycogen stores with hepatocellular
dysfunction
Vitamin A Night blindness, degeneration of retina, Impaired intestinal absorption
xerophthalmia, poor growth,
hyperkeratosis
Vitamin D Rickets, osteoporosis, cranial bossing, Impaired intestinal absorption, and decreased
epiphyseal enlargement, persistently open hepatic 25-hydroxylation
fontanelle in infants
Vitamin E Peripheral neuropathy, ataxia, hemolytic Impaired intestinal absorption
anemia
Vitamin K Coagulopathy, hemorrhagic manifestations  Impaired intestinal absorption
such as bruising, bone disease
Minerals Low iron, copper, zing, selenium, calcium Impaired intestinal absorption

um may be helpful in this setting. Similarly, the
retinol-to-retinol-binding protein ratio (retinol
divided by retinol-binding protein, both in mi-
cromoles per liter) is a preferred method of inter-
preting vitamin A status. Possible toxicity is sug-
gested by a ratio of >1, and deficiency is suggested
by a ratio of <0.8. Similarly, vitamins E status
should be interpreted by the ratio of vitamin E to
the total lipid concentration. Vitamin E deficien-
cy is suggested by a ratio of <0.6 mg/g in children
under the age of 1 year, and <0.8 mg/g in older
children.

To compensate for increased energy needs and
anorexia, supplemental nasogastric tube feeds

Nutritional Management in Cholestatic Liver Disease

may be helpful. Hepatosplenomegaly, ascites or
varices may limit the feasibility of placing a per-
manent feeding tube. Parenteral nutrition should
be reserved for those incapable of receiving en-
teral feeds by mouth or feeding tube, or for those
unwilling to do so. Although there is unease sur-
rounding parenteral nutrition due to possible
hepatotoxicity, it may be used safely for short in-
tervals without problems. Standard parenteral
amino acid solutions are adequate in nearly all
situations. In studies on adults, the use of
branched-chain amino acids may have shown
beneficial effects on uncontrolled encephalopa-
thy. At this time, the use of branched-chain ami-
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Table 2. Maintenance recommendations on vitamin and mineral supplementation for patients

with cholestasis

Dose

Product
Vitamin A [3] Liquid vitamin A
Vitamin D [4] Vitamin D

Vitamin E [5, 6]

Liquid vitamin E (preferably

5,000-25,000 |U/day
200-1,000 IU/day
15-25 1U/kg/day

water-soluble preparation)

Vitamin K [7] Vitamin K; (Mephyton)
Zinc [4] Zinc sulfate

Calcium [4] Elemental calcium
Phosphorus [4] Elemental phosphorus

2.5-5 mg/day, every 2-3 days
1 mg/kg/day

25-100 mg/kg/day

25-50 mg/kg/day

no acid formulae in children with chronic liver
disease is only investigational.

With coexisting cirrhosis there are added nutri-
tional challenges such as anorexia, impaired glu-
cose tolerance and salt-fluid balance. Patients with
cirrhosis can have impaired glucose tolerance with
hyperinsulinemia and insulin resistance. Protein
energy malnutrition is present in 20% of patients
with well-compensated cirrhosis and in 60% of pa-
tients with severe liver dysfunction [2]. On the oth-
er hand, decreased glycogen stores and decreased
glucose production in all types of end-stage liver
disease may result in fasting hypoglycemia. Pro-
tein turnover is usually normal or increased.

Where the cholestasis is attributed primarily
to chronic parenteral nutritional exposure, re-
stricting the dose of intravenous lipid emulsion
may be considered, typically 1-2 g/kg/day. The
use of alternative lipid emulsions should be con-
sidered because components of soybean-based
lipids have been suspected for their possible role
in intestinal failure-associated liver disease, in-
cluding plant sterols, high intakes of precursor
polyunsaturated fatty acids, low-bioactivity vita-
min E content, and others. Restricting enteral fat
intake is not indicated. Alternative intravenous
lipid emulsions containing fish oil show promise,
and further studies are anticipated.

In choosing enteral formulae, standard prod-
ucts may be adequate. With intestinal malab-
sorption, patients may benefit from formulae rich
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in medium-chain triglycerides or formulae sup-
plemented with medium-chain triglyceride oil.
When using specialized formulae chronically,
long-chain triglycerides are also needed to pre-
vent essential fatty acid deficiency. Restrictive di-
ets are not necessary, and may be dangerous. Pro-
tein should be provided according to the recom-
mended daily allowance in order to prevent
protein catabolism. It may be appropriate to tem-
per sodium intake for ascites or edema. Table 2
lists recommendations on vitamin and mineral
supplementation for chronic liver disease.

Successful liver transplantation is usually as-
sociated with improved growth and developmen-
tal outcomes. Following liver transplantation, en-
teral feeds should be started as soon as possible,
but short-term parenteral nutrition may be safely
used while awaiting return of bowel function.
Tube feeds may be helpful in postoperative an-
orexia. Mild sodium restriction may be necessary
to minimize edema with steroids.

Conclusions

o Children with cholestatic liver disease have
special nutritional needs

o Treatment is aimed at reversing consequences
of anorexia, increased energy needs, associat-
ed intestinal malabsorption as well as altered
carbohydrate and protein metabolism
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3.9 Malabsorptive Disorders and Short Bowel

Syndrome
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Key Messages

- Protracted diarrhea of infancy or short bowel syn-
drome (SBS) requires parenteral nutrition together
with oral feeding (OF) or enteral feeding (EF). The
use of the gastrointestinal (Gl) tract as early and as
much as possible, according to clinical tolerance,
should be promoted and feeding aversion pre-
vented

« Adaptation - the physical and physiological pro-
cesses by which the intestine compensates for loss
of intestinal length or function - is optimized with
the provision of OF or EF

- Direct mucosal contact with nutrients, pancreatico-
biliary secretions and neurohormonal factors ex-
plains how the use of the Gl tract promotes physio-
logical intestinal adaptation. It may also contribute
to preventing cholestasis and liver disease

» The intestinal microbiota has both positive (short-
chain fatty acid production) and deleterious effects
(intraluminal bacterial overgrowth)

« The types of diet regarding breast milk, protein hy-
drolysates and formulas containing amino acids or
long- or medium-chain fatty acids remain contro-
versial. The routes (oral, gastric and transpyloric)
and the modes (bolus, continuous or both) of feed-
ing are also debated. Very few randomized trials
have been performed ©2015 S. Karger AG, Basel

Introduction

The so-called protracted diarrhea of infancy
(PDI), which has become a rare condition in de-
veloped countries, is caused by severe malabsorp-
tion secondary to an acquired intestinal mucosal
injury due to infection, inflammation or allergic
reaction. ‘Intractable diarrhea of infancy’ refers to
congenital enteropathies involving the develop-
ment or renewal of intestinal mucosa that lead to
very long-lasting or often irreversible intestinal
failure (IF) [1]. Short bowel syndrome (SBS) is the
leading cause of IF and is a state of malabsorption
following extensive small intestinal resection.
The functional consequences as well as the prog-
nosis of SBS depend on the age-adjusted small
bowel length, site of resection, presence or ab-
sence of the ileocecal valve (ICV) and occurrence



of cholestasis [2]. The cause of resection and the
age of a patient also influence the functional ca-
pacity of the remnant gut and its potential for ad-
aptation [2, 3]. Management of SBS involves mea-
sures aimed at promoting small bowel adaptation
and villous hyperplasia by enteral (oral or tube)
feeding, by providing normal somatic growth
with parenteral nutrition (PN), and by optimiz-
ing the bowel’s absorptive surface via nontrans-
plant surgical techniques. PN is the cornerstone
of management, but as much enteral feeding (EF)
as possible should be provided to the patient to
improve the physiological processes of small
bowel adaptation. Moreover, in infants or chil-
dren, oral feeding (OF) skills have to be acquired
or maintained. Different concepts exist with re-
spect to what the composition of feeds (elemental,
semi-elemental or polymeric) and their mode of
delivery (OF or gastric tube feeding) should be.
Current studies do not provide evidence-based
data for establishing recommendations for SBS
patients.

Rationale for EF

The use of the gastrointestinal (GI) tract is vital
for preserving or restoring normal intestinal
structure and function [3]. Functional intestinal
adaptation refers to the gross anatomic and histo-
logic changes that occur after extensive intestinal
resection. Following bowel enlargement and
lengthening of villi, the intestinal absorptive sur-
face area increases, and absorptive function grad-
ually improves. Changes in intestinal motility,
commensal microbiota and barrier function are
associated with the anatomic and histologic
changes. The use of the intestinal tract has a criti-
cal role in the process of intestinal adaptation,
based on the effects of direct nutrient contact with
the mucosa, pancreatic and hepatobiliary secre-
tions, and circulating hormones. OF promotes
the release of epidermal growth factor (EGF)
from salivary glands, increases GI secretion of
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trophic factors and helps prevent feeding disor-
ders. Only few clinical trials have been performed
on patients with PDI or SBS, but they support that
EF maintains and/or promotes intestinal func-
tion [4-6]. The choice of diet as well the mode of
delivery remain debated (tables 1, 2).

Which Diet Should Be Used

Breast milk contains lactose and theoretically is
considered to be not well tolerated by patients
with a reduced intestinal surface area. However,
breast milk contains many factors that may pro-
mote intestinal adaptation and has been shown to
improve immune function as well as the genesis
of a fecal microbiota rich in lactobacilli and bifi-
dobacteria. With infants with SBS, the percentage
of days that they received breast milk was corre-
lated with fewer days of PN use [7]. To patients
with neonatal SBS, breast milk should be given as
often as possible — by breastfeeding or, if neces-
sary, by tube feeding.

The choice of enteral formula is controversial.
A limited mucosal absorptive surface area can
lead to lactose, long-chain fatty acid and protein
malabsorption. In PDI, electrolyte and metabolic
balance can be difficult to achieve. In SBS pa-
tients, complex nutrients may promote mucosal
cell proliferation via direct contact with disac-
charides [8]. Additionally, colonic exposure to lu-
minal nutrients promotes the release of trophic
factors that enhance small bowel mucosal troph-
icity.

Oligo- and polysaccharides are poorly tolerat-
ed by these patients, being broken down into os-
motically active organic acids that can present a
major osmotic load to the distal small intestine
and colon. For patients with intractable diarrhea
of infancy, the carbohydrate content should not
exceed 40% of calories, and be lactose free.

Fiber supplementation, by promoting the pro-
duction of short-chain fatty acids such as butyrate,
has trophic effects on the small intestine. Short-
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Table 1. Which type of diet should be used

Breast milk

- Contains lactose, growth factors, nucleotides, long-chain
fatty acids, glutamine and other amino acids that promote
intestinal adaptation

- Promotes microbiota rich in lactobacilli and bifidobacteria

- Ininfants with SBS, it reduces the duration of PN

- Should be used as much as possible in neonatal SBS

Enteral formulas
Carbohydrates
Oligo- and polysaccharides
- Poorly tolerated by patients with limited mucosal
absorptive surface area
- Broken down in small intestinal lumen into osmotically
active organic acids
- Should not exceed 40% of calories, and be lactose free
for patients with intractable diarrhea of infancy
Fiber supplementation
- Helpful in older children with SBS with intact colon
- Promotes colonic bacterial production of short-chain
fatty acids
Lipids
Long-chain triglycerides
- Poorly digested in case of small intestinal bacterial
overgrowth because of bile acid changes
- Poorly absorbed in patients with severe malabsorption
- Have trophic effects on small intestinal mucosa
- Supplementation with n-3 or n-6 polyunsaturated
fatty acids may enhance mucosal growth
MCT
- Rapidly hydrolyzed by pancreatic lipase
- Do not provide essential fatty acids
- Less dependent on an extensive absorptive surface for
adequate absorption
- Water soluble, and absorbed intact directly into the
portal circulation
- As part of lipid supply appropriate for most infants
with SBS
- Excessive intake can cause diarrhea
- Recommended use of formulas containing no more
than 60% MCT as fat
Nitrogen
HPF
- Have changed the incidence and outcome of PDI
- No demonstrated advantages in comparison with
intact protein infant formulas
- Lactose free and containing MCT
- Recommended for SBS patients
Elemental amino acid-based formulas
- Not yet established whether this type of formula can
influence the outcome of SBS
- Contain lower amounts of MCT than HPF
Glutamine
- Currently no benefit demonstrated

MCT = Medium-chain triglycerides; HPF = hydrolyzed protein
formulas.
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Table 2. Management and outcome of neonatal SBS ac-
cording to anatomic characteristics

SBS is a very variable condition, which can be as mild as that
following terminal ileal resection and also very debilitating follo-
wing total jejunoileal and colonic resection. Management and
outcome vary according to the cause, extent and site of resecti-
on and the degree of adaptation of the remaining bowel. Pati-
ents with dilated, poorly motile segments of small bowel (gast-
roschisis, atresia and necrotizing enterocolitis) should benefit
from an approach aiming to reduce bowel dilatation and SIBO,
since they may develop progressive liver disease. PN should be
delivered, as soon as tolerance permits, by cyclical infusion. Ear-
ly OF should be promoted, while the benefits of continuous EF
should be balanced in combination with PN, the risk of ‘intesti-
nal overload’ with subsequent SIBO, and tube feeding-induced
food aversion and eating disorders

SBS with SBL of <40 cm with loss of the ICV and associated partial
or large colectomy

Patients need home PN over a very long period of time. Indica-
tions for reducing PN are appropriate weight gain and tolerance
to other feeds. However, digestive outcome for patients with
SBL <40 cm and loss of the colon is poor; they will mostly remain
dependent on permanent PN or intestinal transplantation

SBS with SBL of <40 cm or only duodenum, with totally or largely
intact colon

Patients need long-term home PN. However, many infants and
children may have a degree of adaptation and require less PN
and benefit from orally and/or enterally administered nutrients.
Some of them may be progressively weaned from PN. Infants
with duodeno-right colon anastomosis have little chance of
being weaned from PN and should receive OF to promote opti-
mal psychological behavior. These patients are at risk of develo-
ping D-lactic acidosis

SBS with SBL of 40 - 100 cm with loss of the ICV and associated par-
tial or large colectomy
Patients require midterm home PN and can immediately be fed
orally. Combination of continuous EF and OF may help in re-
ducing PN duration. Bile salt-induced diarrhea may impede ra-
pid weaning from PN

SBS with SBL of 40 — 100 cm with terminal ileum and the entire co-
lon

Patients require very short-term PN and can immediately be fed
orally. EF in combination with OF may help in reducing PN dura-
tion. These patients are at risk of developing D-lactic acidosis

SBS with terminal ileum resection

Patients have bile salt-induced diarrhea and benefit from the ad-
ministration of 1 - 2 g of cholestyramine 3 times a day to bind
bile salts left unabsorbed by the resected ileum. Vitamin B;, plas-
ma levels should be measured, and if low, supplemental vitamin
B, should be provided by intramuscular injection at a dose of
100 - 150 pg per month or 1,000 pg every 6 months

SIBO = Small intestinal bacterial overgrowth; SBL = small bowel
length.
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Table 3. Small intestinal bacterial overgrowth

General remarks

- Several factors intrinsic to SBS predispose to SIBO and
explain its high prevalence in this patient population

- Poorly motile segments of the small bowel in close proximity
to the colon are common in patients with SBS and dysmotility,
and the intestinal stasis and contamination that results
promotes abnormal growth of bacteria in the small intestine

- The link between SIBO, translocation, cholestasis, portal
fibrosis and cirrhosis is now clearly established

- SIBO may significantly compromise digestive and absorptive
functions and may delay or prevent weaning from PN

- Traditional clinical tests for overgrowth may be unreliable

- Management may include surgery if advocated; antibiotic
therapy should be carefully selected to avoid resistance

- The intestinal microbiota plays an important role in intestinal
adaptation and should be preserved as much as possible

- The use of probiotics might offer potential based on
experimental evidence, but there is a lack of sufficient data
from human studies. The use of D-lactate producing
probiotics should be avoided

- D-Lactic acidosis is secondary to bacterial hypermetabolism,
especially in the colon, as a consequence of intestinal
malabsorption

Definition

CFU per milliliter of bacteria in the proximal small bowel

- Overgrowth of >10° CFU/ml

- Overgrowth of >10% CFU/ml provided that the species of
bacteria isolated from the jejunal aspirate are those that
normally colonize the large bowel or provided that those
same species are absent from the saliva and gastric juice

- Breath hydrogen testing

Caused by small intestine stasis from:

- Intestinal obstruction (e.g. stenosis, narrowed anastomosis)

- Blind loop from terminolateral anastomosis

- Dilated and poorly motile segments of the small bowel in
close proximity to the colon

Consequences

- Small intestinal mucosal injury with villous atrophy and
subsequent malabsorption

- Increased small intestinal mucosal permeability

- IgE-mediated sensitization and allergic enteritis

- Gram-negative sepsis from bacterial translocation

- Portal inflammation, cholestasis, fibrosis and end-stage liver
disease (cirrhosis)

Management

Reversal or removal of any predisposing condition(s)
- Redo anastomosis

- Enteroplasty

« Small intestinal tapering and lengthening (Bianchi

procedure)

- Serial transverse enteroplasty (STEP procedure)
Appropriate nutritional support/replacement
Suppression or eradication of the contaminating bacterial flora
- Intermittent bowel decontamination with antibiotics
- Use of probiotics (Lactobacillus rhamnosus GG,

Saccharomyces boulardii, etc.)

CFU = Colony-forming unit.
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chain fatty acids, especially butyrate, are known to
promote glucagon-like peptide-2 release.

Long-chain triglycerides are poorly absorbed
by patients with a reduced absorptive surface. In
case of small intestinal bacterial overgrowth
(SIBO), bacteria metabolize and inactivate bile
acids, preventing the solubilization necessary for
long-chain triglyceride digestion.

Medium-chain triglycerides (MCT) are rapidly
hydrolyzed by pancreatic lipase and are less de-
pendent on an extensive absorptive surface for
adequate absorption. They are water soluble, and
can be absorbed intact directly into the portal
circulation [9]. Excessive intake of MCT can
cause diarrhea and ketosis, while MCT do not
provide essential fatty acids. Current clinical
practice is based on formulas containing no more
than 60% MCT as fat.

Whether the molecular form of the nitrogen
taken up might influence PN duration and/or the
occurrence of non-IgE-mediated sensitization
and allergic enteritis remains debated. A link be-
tween SIBO, abnormal mucosal permeability and
protein sensitization is possible, but the use of el-
emental diets (amino acid-based formulas) is not
clinically established (table 3). Patients with di-
lated, poorly motile segments of the small bowel
should benefit first from an approach aiming to
reduce bowel dilatation and SIBO, with subse-
quent bacterial translocation [10].

Hydrolyzed protein formulas (HPF) have been
used for many years and have changed the inci-
dence and outcome of PDI during the last decades.
HPF have been evaluated by comparison with in-
tact protein infant formulas in a crossover study of
60 days duration on 10 infants with SBS [11]. No
effect of formula type was observed on growth, ni-
trogen absorption or mucosal permeability. In gen-
eral, HPF are lactose free and contain MCT [11, 12].

Elemental amino  acid-based  formulas
(EAABF) have been introduced more recently
for infants suffering from severe allergic diseases.
It is not yet established whether this type of for-
mula may influence the outcome of SBS. A ben-
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Table 4. Different routes of feeding

Devices Indications Contraindications

Advantages Disadvantages or risks

OF
None To be used

systematically

Artificial ventilation
Orofacial
malformation

Discontinuous physiologic Insufficient intake
mode of feeding

Self-regulation of intake

EGF release by salivary

glands

Promotes bowel

adaptation

Psychological behavior

Gastric feeding

Nasogastric Nutritional support Severe GE reflux

Easy to place even athome  Frequent dislodgements

<3 months Slow gastric emptying Nasal symptoms
Percutaneous Nutritional support Repeated abdominal Fewer occlusions with Skin injury at abdominal
endoscopic >3 months surgery larger bore, one-step low- exit site
gastrostomy Abnormal gastric profile devices available
anatomy
Surgical Nutritional support Poor candidate for Immediate placement of Open surgery
gastrostomy >3 months surgery low-profile device, direct

visualization of stomach

Duodenal or jejunal feeding

Nasojejunal Short term for Recent proximal Radiologic or bedside Frequent dislodgements
patients with severe surgical anastomosis placement techniques Risk of intussusception
GERD, gastric Noninvasive Nasal symptoms
dysmotility Intestinal contamination
Gastrojejunal Longer-term EF for Recent proximal Endoscopic or radiologic Requires healing of
patients with severe surgical anastomosis placement through gastrostomy tract prior to
GERD, gastric existing gastrostomy tube placement
dysmotility or need Skin injury at abdominal
for gastric exit site
decompression Frequent occlusions of
jejunal port
Intestinal contamination
Jejunal Long-term EF for Dysmotility Direct surgical access to Open surgical procedure

patients with severe
GERD and upper
intestinal dysmotility

Mechanical problems
Intestinal contamination

small intestine

GE = Gastroesophageal; GERD = gastroesophageal reflux disease.

eficial effect of EAABF was reported in an open
case study involving only 4 SBS patients with per-
sistent feeding intolerance [13]. A retrospective
study found a shorter duration of PN dependency
with the use of EAABF [14]. Current data are in-
sufficient to recommend such expensive formu-
las with often increased osmolality for infants
and children with SBS.
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Glutamine (Gln), a nonessential amino acid,
plays an important role in energy metabolism of
the intestinal mucosa and other rapid-turnover
tissues. A randomized controlled pilot study of
Gln-supplemented EF in infants with IF failed to
show any advantages [15]. Gln cannot be recom-
mended unless larger multicenter trials on infants
with IF provide evidence for beneficial effects.
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Table 5. Modes and management of feeding

Modes

OF is the most physiological and most stimulates intestinal adaptation

Continuous EF is beneficial to patients with SBS or intractable diarrhea of infancy by improving
saturation of carrier transport proteins, thus taking full advantage of the available absorptive
surface area as compared with intermittent feeding

Oropharyngeal shunting suppresses direct stimulation of the salivary glands, resulting in lower
release of EGF, an important intestinal mucosal trophic factor

Continuous infusion leads to a loss of self-regulation of intake with vomiting, or to intestinal
stasis with an increased risk of SIBO and subsequent mucosal injury, sepsis, liver disease, etc.

In the case of full EF, a small extent of OF should be introduced in infants 2 or 3 times a day, to
stimulate sucking and swallowing and to minimize the chances of eating disorders in the

future

A nasogastric tube may impair normal acquisition of oral behavior and induces eating disorders
Percutaneous gastrostomy is indicated with children who require EF for >3 months

Jejunal feeding

- Whatever the device (nasojejunal, gastrojejunal or jejunal), it should be limited to very

special situations

- Exposes to the risk of intestinal contamination with subsequent SIBO and sepsis
- Excessive infusion rate may be responsible for severe diarrhea and dehydration

Progression and monitoring of feeding program
Intestinal transit must be well established by coloanal transit or ostomy

Absence of contraindications

- Patient’s general condition (sepsis, bleeding, respiratory distress syndrome, etc.)

Bloody stools

- High ostomy or stool output of >3 ml/kg/h

- Bilious and/or persistent vomiting

- Electrolyte imbalance
Quantify feeding tolerance
- Stool or ostomy output

- Reducing substances in stools or ostomy output
-  Recurrent vomiting and abdominal distension

Ultimate goals

- Provide 150 - 200 ml/kg/day or 100 - 140 kcal/kg/day

- If ostomy/stool output precludes advancement at 20 cal/oz for 7 days

- Increasing caloric density of the formula can be performed

- Isocaloric reductions in PN support simultaneously with feeding advancement

Warnings

- EF caninduce severe adverse effects related to intestinal overload and/or bacterial
contamination with subsequent SIBO

- A meticulous approach, avoidance of excessive enteral formula supply, strict hygiene measures

- Concomitant OF prevents psychological disorders and eating aversion

Water electrolyte losses from persistent diar-
rhea or end jejunostomies should be replaced par-
enterally, based on the electrolyte concentration
of the lost fluids. Monitoring urine sodium con-
centration provides guidance for correcting or
preventing Na depletion (<10 mEq/l), even if se-
rum sodium is near normal. Magnesium and
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trace element losses can occur with high stoma
output. Zinc supplements are often used empiri-
cally, given that serum values do not reliably re-
flect body stores. Ileal resection or diversion leads
to fat-soluble vitamin and vitamin By, deficiency
requiring monitoring and (parenteral) supple-
mentation.
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SBS

v

Promote early oral feeding:
* Human milk
* Previously fed formula

‘Drip feeds’
Diluted formulas

A

v

Dumping (high stool volume
with reducing substances)
>40% of recommended
daily allowance

Yes
High PN intake for
achieving growth

——

Semi-elemental
ready-to-feed formula

v

No
Good tolerance
of feeding

Not tolerated continued

Elemental formula

dumping challenge
| Adjunctive treatment
Tube Pharmacologic management Identify risk and setting of SIBO and
PN . . ; - . .
feeding (loperamide, cholestyramine, ursodeoxycholic acid) discuss lengthening surgery

Fig. 1. Algorithm for management of feeding.

Advancement of Feeding

Whatever the route of feeding (table 4), EF ad-
vancement can occur as long as fluid and electro-
lyte balance is maintained and nutritional goals
are achieved (table 5). EF may eventually be tran-
sitioned to oral/bolus feeding, or oral/bolus and
nocturnal feeding, in order to allow more free-
dom from the feeding pump. The transition from
IF to adequate intestinal function can take weeks,
months and sometimes years. The bowel function
of infants with SBS improves over time due to the
opportunity for further intestinal growth. Provi-
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sion of EF plays a major role in the management
of any child with IF, even of those for whom com-
plete weaning from PN seems unlikely (fig. 1).

Conclusions

o Intestinal adaptation following resection is a
physiological process best enhanced by early
use of the GI tract, especially by OF, which is
more physiological, furthers oral skills and
promotes the release of trophic factors such as
EGF from the salivary glands

Goulet
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Continuous EF has advantages for digestion/
absorption of nutrients but should be used
carefully to avoid ‘intestinal overload’ of poor-
ly motile segments of the small bowel and de-
velopment of eating disorders

Breastfeeding may be used, and may be com-
plemented with HPF containing up to 60%

MCT. Current data are not sufficient to rec-
ommend EAABF for infants and children with
SBS

SIBO may significantly compromise digestive
and absorptive functions, promotes liver dis-
ease and may delay or prevent weaning from
PN
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3.10 Celiac Disease
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Key Messages

+ Celiacdisease (CD) is animmune-mediated system-
ic disorder elicited by gluten and related prola-
mines in genetically susceptible individuals

« (D offers a wide range of clinical presentations
from severe gastrointestinal symptoms (diarrhea,
vomiting and failure to thrive) and extraintestinal
symptoms (iron deficiency anemia, neurological
problems, alterations in liver function tests, enamel
defects and osteoporosis) to asymptomatic cases.
The nutrition status at diagnosis depends mostly on
the extent of the intestinal damage

+ All CD patients should be treated with lifelong glu-
ten-free diet (GFD) irrespective of symptoms

» An experienced dietician should be involved in or-
der to evaluate the patient’s current nutritional sta-
tus, to assess macronutrient and/or micronutrient
intake, to detect deficiencies, to educate patients to
the GFD and to monitor dietary compliance

- Alternative therapies and strategies of prevention
can now be envisaged ©2015 S. Karger AG, Basel

Introduction

Celiac disease (CD) is an immune-mediated sys-
temic disorder elicited by gluten and related pro-
lamines (from wheat, barley and rye) in geneti-
cally susceptible individuals. It is characterized by
the presence of a variable combination of gluten-
dependent clinical manifestations, CD-specific
antibodies [antibodies to endomysium (EMA),
tissue transglutaminase 2 (TG2) and deamidated
gliadin peptides (DGP)], HLA-DQ2 or HLA-
DQ8 haplotypes and enteropathy [1].

The accuracy of identifying and estimating
the real prevalence of CD has been improved in
recent years by the introduction of serological
screening tests: 0.6-1.0% of the European general
population is affected, with some regional differ-
ences (0.3% in Germany, 0.9% in Italy and 2.4%
in Finland) [2]. CD is also common in North and
South America, North Africa and the Middle
East. The prevalence of CD is increasing because
of a westernization of diets, changes in wheat
production and increased awareness of the dis-
ease.

CD offers a wide range of clinical presenta-
tions from severe gastrointestinal symptoms
(diarrhea, vomiting and failure to thrive) and



Table 1. Fundamentals of the GFD

Grains that should be

avoided (including malt)

Wheat (including spelt, Kamut, semolina and triticale), rye and barley

Safe grains (gluten free)

Rice, amaranth, buckwheat, corn, millet, quinoa, sorghum, teff

(an Ethiopian cereal grain) and oats (?)

Sources of gluten-free

starches that can be

used as flour alternatives
soybeans

Cereal grains: rice, amaranth, buckwheat, corn, millet, quinoa, sorghum and teff
Tubers: potato, arrowroot, jicama, taro and tapioca
Legumes: chickpeas, lentils, kidney beans, navy beans, pea beans, peanuts and

Nuts: almonds, walnuts, chestnuts, hazelnuts and cashews
Seeds: sunflower, flax and pumpkin

extraintestinal symptoms (iron deficiency ane-
mia, neurological problems, alterations in liver
function tests, enamel defects and osteoporosis)
to asymptomatic cases [3]. Also, the small intes-
tinal lesions may range from epithelial lympho-
cyte infiltration with preserved villous archi-
tecture to severe villous atrophy [4]. The nutri-
tion status at diagnosis depends mostly on the
extent of the intestinal damage. The classic pre-
sentation is accompanied by steatorrhea and fat-
soluble vitamin deficiency. Malabsorption of
iron, calcium and folic acid is also frequent, as
these are absorbed in the proximal small intes-
tine [5].

The diagnostic approach has recently been re-
vised [1]. Children found positive for CD-spe-
cific antibodies (anti-TG2, EMA and anti-DGP)
should undergo duodenal biopsies unless certain
conditions are fulfilled which allow the option to
omit the confirmatory biopsies. In children and
adolescents with signs or symptoms suggestive of
CD and very high anti-TG2 (or anti-DGP) titers
with levels exceeding 10 times the upper limit of
normal, the likelihood for villous atrophy (Marsh
score 3) is high. In this situation, the pediatric
gastroenterologist may discuss with the parents
and patient (as appropriate for the patient’s age)
the option of performing further laboratory test-
ing (EMA, HLA) in order to make the diagnosis
of CD without biopsies. In the case of an asymp-

Celiac Disease

tomatic child or adolescent with CD-associated
conditions, duodenal biopsies are still advocated
in all cases.

Gluten-Free Diet

The only treatment for CD is lifelong strict adher-
ence to a gluten-free diet (GFD; table 1). GFD
consist of the dietary exclusion of grains contain-
ing gluten (wheat, rye, barley, triticale, couscous,
spelt and Kamut). Rice, corn and buckwheat do
not contain gluten and can be eaten. Potato,
chestnut, tapioca, sorghum, quinoa and ama-
ranth are also tolerated. Although there is now a
large body of clinical evidence suggesting oats
lacking toxicity for CD patients, there are still
some important aspects to consider [6]. There are
documented cases of oat-dependent villous atro-
phy in patients with oat-specific mucosal T cell
reactivity. Furthermore, there is also the possibil-
ity that symptoms are related to wheat proteins
contaminating oats during the harvesting and
milling process. Another issue that warrants fur-
ther investigation is related to the great heteroge-
neity of oat cultivars. On the other hand, the in-
corporation of oats into a GFD provides high fi-
ber and vitamin B content, increased palatability
and beneficial effects on cardiovascular health.
However, it seems wise to add oats only when the
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GFD is well established, so that possible adverse
reactions can be readily identified by a strict clin-
ical follow-up.

There is a general consensus that all CD pa-
tients should be treated with a GFD irrespective
of the presence of symptoms. However, while it is
relatively easy to assess the health improvement
after treatment of CD in patients with clinical
symptoms of the disease, it proves difficult in
persons with asymptomatic CD. A high rate of
osteoporosis/osteopenia (60%) was observed in
asymptomatic patients with villous atrophy; this
finding suggests that, in CD, clinical tolerance
does not reflect tolerance to gluten and that, in
silent cases, the increased risk of osteoporosis
substantiates the need for a GFD. There are no
guidelines concerning the need for a GFD in sub-
jects with ‘potential’ CD (patients with positive
CD-associated serology but without enteropa-
thy). Most of the ‘potential’ cases are left on glu-
ten-containing diet and strictly monitored for the
appearance of complications. While a risk of os-
teoporosis also for this group of patients has been
reported in the past [7], no significant differences
have recently been found between CD patients on
a long-term GFD and ‘latent’ patients (patients
with a clear previous diagnosis of CD and no
clinical/histological relapse after a long period of
GFD) as far as biological tests of malabsorption
and the overall nutritional status, including bone
mass density, are concerned. Similarly, we did not
observe any major nutritional problem in our co-
hort of potential CD subjects [8].

Compliance with GFD

It is important that an experienced dietician with
specific expertise in CD counseling educates the
family and the child about dietary restrictions. An
expert dietician should be consulted in order to
evaluate the patient’s current nutritional status,
to assess macronutrient and/or micronutrient in-
take, to detect deficiencies, to educate the patient
to the GFD and to monitor dietary compliance.
Compliance with a GFD can be difficult, especial-
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ly in adolescents [9]. It is recommended that chil-
dren with CD be monitored with periodic visits
for assessment of symptoms, growth, physical
status and adherence to GFD. Periodic measure-
ments of tissue TG antibody levels to document
reductions in antibody titers can be helpful as in-
direct evidence of adherence to a GFD, although
they are inaccurate in detecting slight dietary
transgressions. Recently, methods based on the
detection of a 33-mer gliadin peptide in feces have
been proposed to assess compliance with the
GFD [10].

Limits

More information is needed on the daily gluten
amount that may be tolerated by CD patients. The
data available so far seem to suggest that, although
individual variability makes it difficult to set a
universal threshold, this should be set below 50
mg/day, a level unlikely to cause significant histo-
logical abnormalities. The regulations on the
composition and labeling of food suitable for CD
patients have recently changed. In 2008, the Co-
dex Alimentarius revised the previous standard
indicating 2 thresholds: 20 ppm for products to be
labeled gluten free and 100 ppm for products with
very low gluten content. The 20-ppm threshold is
considered a safe option for CD patients, consid-
ering the overall consumption of gluten-free
products [11].

Alternative Therapies

Breeding programs and transgenic technology
may lead to the production of wheat that is devoid
of biologically active peptide sequences. Recently,
new, alternative approaches to GFD have been in-
vestigated (table 2) [12]. As gliadin peptides are
highly resistant to digestive processing, prolyl en-
dopeptidase produced by probiotic microorgan-
isms has been shown to promote digestion of gli-
adin. Clinical trials have already started. Other
approaches include restoring intestinal permea-
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Table 2. Alternative therapies for CD

1. Intraluminal therapies

Wheat varieties

(Ancient) wheat variants with low
immunogenicity

Genetically modified wheat variants or deletion
lines of common wheat with lower
immunogenicity

Flour/dough treatment

Pretreatment with lactobacilli

Transamidation of gliadin

Ingested gliadin peptide modifications

Prolyl endopeptidases from Aspergillus niger or
Sphingomonas capsulata

Intraluminal gliadin binding by polymers

2. Transepitelial uptake
Epithelial tight junctions
ZOT receptor antagonist AT1001

3. Adaptive immune response
TG2
TG inhibitors
HLA-DQ2
Blocking DQ2 analogs

4. Immune modulators
Gluten vaccination

5. Biologicals (T cell or cytokine blockers)

bility with anti-zonulin antibodies, preventing
gliadin presentation to T cells by blocking HLA
binding sites and the use of tissue TG inhibitors.
The efficacy of these approaches needs to be as-
sessed in more in vivo studies.

Prevention

Evidence suggests that the first months of life are
crucial for CD development; breastfeeding has a
protective role, and indeed there is a negative cor-
relation between its duration and the develop-
ment of CD. Moreover, the age at introduction of
gluten to the diet is important: exposure to gluten
in the first 3 months significantly increases the
risk of CD in genetically susceptible individuals.

Celiac Disease

One study has suggested the existence of a win-
dow of opportunity as the late introduction of
gluten to the diet (after the 7th month of life) has
been found to be associated with a higher risk. On
the basis of the present evidence, breastfeeding
should be strongly encouraged and gluten should
not be introduced before the 4th month of life,
preferably while the baby is still breastfed [13].
Finally, increasing attention is being devoted to
the possible role of viruses, which could trigger
CD autoimmunity in genetically susceptible chil-
dren by increasing intestinal permeability and ac-
tivating innate immune pathways linked to CD
pathophysiology.

Other Conditions Requiring GFD

The spectrum of gluten-related disorders also in-
cludes wheat allergy (WA) and nonceliac gluten
sensitivity (NCGS). WA is defined as an adverse
immunologic reaction to wheat proteins. De-
pending on the allergen exposure and the immu-
nologic mechanisms, WA is classified into (1)
classic food allergy affecting the skin, gastrointes-
tinal tract or respiratory tract, (2) wheat-depen-
dent, exercise-induced anaphylaxis, (3) occupa-
tional asthma (baker’s asthma) and rhinitis as
well as (4) contact urticaria. IgE antibodies play a
central role in the pathogenesis of these diseases.
WA is treated by GFD, and the same limits as dis-
cussed for CD seem to apply to WA [14].

NCGS refers to individuals who show distress
when eating gluten and improvement when fol-
lowing a GFD. CD autoantibodies are absent, the
small intestine is usually normal, and allergy tests
are negative. Thus, NCGS is a diagnosis by exclu-
sion criteria. However, many suggest caution, as
there is a noticeable lack of controlled studies un-
equivocally demonstrating the role of gluten. Oth-
er food components (fermentable oligo-, di- and
monosaccharides and polyols or FODMAPs) have
been suspected to be responsible for symptoms at-
tributed to NCGS. Further caution is required due
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to the fact that unmotivated GFD is dangerous not e
only because of the costs imposed upon the com-
munity but also because it may affect the health of
incorrectly classified patients [15]. .

Conclusions

o CD patients should be treated with GFD irre- o
spective of the presence of symptoms. There is
still uncertainty as to whether to treat ‘poten-

tial’ CD or not
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3.11 Food Intolerance and Allergy

Ralf G. Heine
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Key Messages

« Food allergy is an immune-mediated reaction
against food proteins, whereas food intolerances
can be caused by any food constituent and do not
involve immunological mechanisms

- Treatment of food allergies involves strict avoid-
ance of the offending food allergen, either by use of
a hypoallergenic infant formula or a specific elimi-
nation diet. By contrast, patients with food intoler-
ances generally tolerate small quantities of the of-
fending food ingredient (dose-response relation-
ship)

- Infants and young children with gastrointestinal
food allergies and persistent vomiting or diarrhea
are at high risk of failure to thrive, particularly if
there are associated feeding difficulties

« Correct identification of food allergies and intoler-
ances in infancy and childhood is important in or-
der to prevent growth impairment and nutritional
deficiency states

» Close monitoring of dietary intake and growth pa-
rameters, regular reassessment of persistent aller-
gies and dietary introduction of tolerated food pro-
teins are essential steps in the nutritional manage-
ment of children with food allergies

©2015 S. Karger AG, Basel

Introduction

Food allergy is defined as a reproducible, T helper
lymphocyte type 2-mediated reaction to food
proteins. Over the past decades, the prevalence of
food allergy has increased dramatically in many
developed countries. Cow’s milk, egg, soy, wheat,
peanuts, tree nuts, fish and shellfish cause more
than 90% of food allergies [1]. A recent popula-
tion-based study in Australia demonstrated chal-
lenge-proven, immunoglobulin E (IgE)-mediat-
ed food allergy in more than 10% of 12-month-
old infants [2]. Possible reasons for the increased
prevalence of food allergy in children include ge-
netic factors, epigenetic dysregulation of gene ex-
pression, exposure to toxins and pollutants (e.g.
tobacco smoke), dietary factors, reduced environ-
mental microbial exposure and reduced fecal mi-
crobial diversity [3, 4].



Food hypersensitivity

‘ Immune-mediated (T helper 2 lymphocytes)

‘ ‘ Non-immune-mediated

Food protein allergy

l « Intolerance to ingested

Immediate reactions
(IgE-mediated)

Delayed reactions
(Non-IgE-mediated or mixed*)

non-protein food ingredients
» Pharmacological reaction,
dose dependent

« Onset approximately 30-60
min after food ingestion

« Signs and symptoms:
Oral tingling/itch
Urticaria/angioedema
Lip swelling
Vomiting/diarrhea

» Anaphylaxis
Above plus any:
Upper airway swelling
Wheeze/stridor
Hypotonia/collapse
Cardiorespiratory arrest

« Onset several hours to days
after food ingestion

* Signs and symptoms:
Feeding difficulties (infant)
Vomiting/GER symptoms
Persistent diarrhea
Failure to thrive
Rectal bleeding

* Food protein-induced
Enteropathy
Enterocolitis (FPIES)
Proctocolitis

* Atopic eczema*

« Eosinophilic esophagitis*

» Carbohydrate malabsorption
e.g. lactose, fructose,
sorbitol, sucrose

« Fat malabsorption
e.g. intestinal lymphangi-
ectasia, cystic fibrosis

« Inborn errors of metabolism
e.g. hereditary fructose
intolerance

« Idiosyncratic food reactions
e.g. vasoactive amines, food
additives and preservatives

Fig. 1. Classification of adverse reactions to foods. GER = Gastroesophageal reflux; FPIES = food
protein-induced enterocolitis syndrome.

Food allergy needs to be distinguished from
food intolerance, which is a non-immune-medi-
ated adverse reaction to food constituents [2].
Examples of food intolerance include lactose
malabsorption, fructose malabsorption as well
as idiosyncratic reactions to food additives or
naturally occurring vasoactive compounds in
foods. Lactose malabsorption is the most com-
mon food intolerance in non-Caucasian individ-
uals. About 70% of adults worldwide suffer from
lactose intolerance due to a genetically deter-
mined decline in lactase activity (adult-onset
hypolactasia) [5]. In children, food intolerances
may indicate the presence of an underlying gas-
trointestinal condition such as celiac disease or
other enteropathies [6]. Due to considerable
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overlap between the symptoms of gastrointesti-
nal food allergy and intolerances, the diagnostic
process can be complex and confusing. For ex-
ample, cow’s milk may cause diarrhea due to
non-IgE-mediated gastrointestinal allergy to
cow’s milk protein, or due to malabsorption of
lactose (lactose intolerance).

Pathophysiology

There are two main types of allergic reactions to
food, differentiated by the timing of onset in rela-
tion to food ingestion (fig. 1). Immediate-onset re-
actions occur within minutes after ingestion. In
these patients, the reaction is mediated by food-
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specific serum IgE antibodies [1]. Delayed-onset
reactions occur within several hours to days after
ingestion and may involve the gut, skin or respira-
tory tract. These reactions are cell mediated (lym-
phocytes, eosinophils and mast cells), and individ-
uals lack evidence of systemic IgE sensitization
(skin prick testing, SPT, and food-specific serum
IgE antibodies negative). Finally, some allergic
conditions (e.g. atopic eczema or eosinophilic
esophagitis) display mixed features of IgE-mediat-
ed and non-IgE-mediated immune mechanisms.

An increasing number of major food allergens
have been characterized at the molecular level,
e.g. B-lactoglobulin in cow’s milk, ovomucin in
hen’s egg or Ara h2 in peanut. On each of these
proteins, specific epitope regions have been
mapped that interact with either specific IgE an-
tibodies or T cell receptors. Conformational epi-
topes (with a three-dimensional structure) may
be inactivated by heating or acidification, while
linear epitopes are more resistant to degradation.
For example, egg-allergic patients may tolerate
baked egg in cakes, while still reacting to un-
cooked egg [7]. By contrast, boiling of cow’s milk
or roasting of nuts generally does not reduce their
allergenicity.

Clinical Manifestations of Food Allergy

Food allergy may present with a diverse range of
clinical manifestations (table 1) [1]. Immediate
reactions consist of urticaria, angioedema, oral
tingling/itch, vomiting or diarrhea within 30-60
min of allergen ingestion. Atopic dermatitis with
onset in the first months of life is closely associ-
ated with IgE-mediated food allergy [1]. The term
‘anaphylaxis’ is reserved for severe immediate-
type reactions with either respiratory compro-
mise (wheeze, stridor, cough) or systemic hypo-
tension [8]. Anaphylaxis may occur in response
to small allergen doses and can be fatal, particu-
larly in adolescents and young adults with unsta-
ble asthma.

Food Intolerance and Allergy

Delayed-onset reactions (non-IgE-mediated
food allergy) typically involve the gastrointesti-
nal tract or skin. While gastrointestinal food al-
lergy is thought to be relatively common in the
first 2-3 years of life, population-based preva-
lence estimates are scarce. In infants and young
children, gastrointestinal food allergies may
cause growth failure due to persistent vomiting/
regurgitation, diarrhea and/or poor feeding [6].
The gastrointestinal allergy syndromes can be
divided into food protein-induced (1) enteropa-
thy, (2) enterocolitis syndrome (FPIES) and (3)
proctocolitis (table 1) [6]. Enteropathy and proc-
tocolitis may occur in exclusively breastfed in-
fants [9], whereas FPIES seems to require direct
ingestion of the allergen by the infant [10]. Re-
cently, eosinophilic esophagitis has been recog-
nized as a condition associated with food allergy
that often responds to dietary elimination of food
allergens [11].

Lactose Intolerance

Lactose is the main disaccharide in mammalian
milk. It can only be absorbed after digestion into
glucose and galactose by the small intestinal brush
border enzyme lactase. Failure to absorb lactase
results in bacterial fermentation in the colon, pre-
senting as flatulence, diarrhea, acidic stools and
perianal skin excoriation [5]. The abundance of
lactase activity is genetically regulated and slowly
drops after infancy (lactase nonpersistence). This
often leads to symptomatic hypolactasia by adult
age, particularly in non-Caucasian individuals.
Primary lactose intolerance (congenital absence
of lactase) in infants is rare [5]. Secondary forms
of lactose intolerance may be transient and re-
solve after the underlying gastrointestinal condi-
tion (e.g. viral gastroenteritis or celiac disease)
has remitted.

Lactase malabsorption can be confused with
cow’s milk allergy, and both conditions may co-
exist in cow’s milk enteropathy (table 2) [6].
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Table 1. Gastrointestinal food allergy

Diagnosis Clinical features Investigations Complications Treatment
Food Mainly affects formula- ~ SPT/serum-specific IgE Growth failure Strict cow’s milk- and
protein- fed infants (cow’s milk (ImmunoCAP®) negative Secondary lactose soy-free diet
induced or soy formula) Intestinal biopsy: evidence  malabsorption Extensively hydrolyzed
enteropathy Persistent diarrhea of small intestinal villus Protein-losing enteropathy ~ formula as first-line
Occasional vomiting shortening and crypt Hypoproteinemia and treatment
Failure to thrive hyperplasia edema If not tolerated, change
Duodenal disaccharidases:  Iron deficiency anemia to amino acid-based
secondary lactase Hypogammaglobulinemia formula
deficiency in severe cases
FPIES Profuse vomiting about ~ SPT/serum-specific IgE Acute dehydration and Strict avoidance of
2 h after ingestion of (ImmunoCAP) negative hypovolemic shock occurin  offending food item
food allergen Negative atopy patch test about 20% of first Requires hypoallergenic
Does not occur in may predict tolerance on presentations formula if previous
breastfed infants subsequent food challenge, May be mistaken for sepsis,  reaction to cow’s milk or
Common allergens are but its clinical usefulnessis  gastroenteritis or intestinal ~ soy (extensively
cow’s milk, soy, grains controversial obstruction hydrolyzed formula
(rice, oats) and poultry FPIES food challenge considered first-line
meat (chicken, turkey) generally not performed treatment)
Low-grade rectal before 2 years of age
bleeding may occur
after reaction
Food May occur in breast- SPT/serum-specific IgE Iron deficiency anemia Breastfed infants often
protein- or formula-fed infants (ImmunoCAP) negative uncommon respond to maternal
induced within the first weeks Sigmoidoscopy and biopsy elimination diet

of life
Low-grade rectal
bleeding, often mixed in

proctocolitis not always required,

cow’s milk protein

with mucus elimination
Infants otherwise well Rectal biopsy: increased
and thriving lymphocytes and

eosinophils, with focal
epithelial erosion

particularly if responding to

In formula-fed infants,
use extensively
hydrolyzed formula

If ongoing rectal
bleeding, change to
amino acid-based
formula (rare)

FPIES = Food protein-induced enterocolitis syndrome.

Breath hydrogen testing may be used to confirm
the diagnosis of lactose malabsorption; however,
its correlation with diet response varies [5]. Di-
etary avoidance of fresh cow’s milk and dairy
products is usually sufficient to control gastro-
intestinal symptoms in lactose-intolerant indi-
viduals, and small amounts of lactose are gener-
ally tolerated. In formula-fed infants, a lactose-
reduced formula or soy formula can be used if
symptoms are significant. In breastfed infants,
low-grade lactose malabsorption is physiologi-
cal. In cases of postenteritic lactose malabsorp-
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tion, breastfeeding should be continued. Incu-
bation of expressed breast milk with lactase
drops may be effective if symptoms are severe

[5].

Diagnostic Evaluation

The diagnosis of IgE-mediated food allergy re-
quires a typical immediate-type clinical reaction

to a food, in conjunction with demonstration of
IgE antibodies by either SPT or measurement of
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Table 2. Lactose malabsorption and its management

Type of Differential diagnosis Treatment Comments

lactose

intolerance

Primary Congenital (rare) Lactose restriction (long-term) Extremely rare

‘Adult-onset’ hypolactasia Lactose restriction (long-term) Common

Genetic polymorphism
Lactase decline may commence in
childhood

Secondary Acute gastroenteritis/ Short-term lactose restriction Mainly occurs in infancy

postenteritic lactose
malabsorption

Celiac disease (untreated)

Food protein-induced
enteropathy (non-IgE-mediated
cow’s milk or soy allergy)

Intestinal dysplasia syndromes
(e.g. microvillus inclusion
disease, tufting enteropathy)

Intestinal mucosal transporter
defects (e.g. glucose-galactose
malabsorption)

(lactose-free formula)

In breastfed infants, continue
breastfeeding

If not tolerated, incubation of
expressed breast milk with lactase
may be successful

Ongoing strict gluten-free diet
Lactose restriction until intestinal
mucosa has been restored on
gluten-free diet

Extensively hydrolyzed (first-line
treatment) or amino acid-based
formula (if intolerant to extensively
hydrolyzed formula)

Depends on severity of disease
May require parenteral nutrition
Lactose restriction generally required

Strict avoidance of lactose-, glucose-,
galactose- and sucrose-containing
foods

Fructose is tolerated

Typically resolves within 1-2 weeks
In very young infants, recovery may be
delayed

Beware of false diagnostic labeling as
‘lactose intolerance’ or ‘irritable bowel
syndrome’

Cow’s milk-based, lactose-free formula
may control the malabsorptive
symptoms but does not allow mucosal
repair (due to ongoing exposure to
cow's milk protein)

Rare
Presents with intestinal failure

Rare defect of sodium-glucose
transporter 1

Presents with profuse osmotic
diarrhea and severe dehydration in
first weeks of life

food-specific serum IgE antibodies (Immuno-
CAP®) [12]. Detection of specific IgE antibodies
(sensitization) on its own, in the absence of clin-
ical symptoms, is not diagnostic (table 3). A neg-
ative SPT or specific IgE test has a high negative
predictive value and makes IgE-mediated food
allergy unlikely [12, 13]. Conversely, high SPT
levels or specific IgE concentrations beyond a
defined cutoff (95% predictive decision point)
are considered diagnostic [12, 13]. In patients
with equivocal results, the diagnosis of IgE-me-
diated food allergy needs to be assessed by for-
mal food challenge in hospital (due to the poten-
tial risk of anaphylaxis) [8]. No useful in vitro

Food Intolerance and Allergy

markers for non-IgE-mediated food allergy are
currently available. The diagnosis of non-IgE-
mediated food allergy relies on recognition of
the clinical presentation, demonstration of im-
provement after a 2- to 4-week period of food
allergen elimination, and relapse of symptoms
after a food challenge. The investigation of pos-
sible food intolerances follows the same princi-
ples. In addition, breath hydrogen testing (lac-
tose and fructose) and measurement of disac-
charidase levels in duodenal biopsies may be
useful in patients with suspected carbohydrate
malabsorption syndromes (lactase or sucrase-
isomaltase deficiency).
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Table 3. Investigation of food allergy

Clinical presentation

Diagnostic test

Comments

Immediate-onset reaction
(IgE-mediated)
Urticaria/angioedema
Oral allergy syndrome
Anaphylaxis

Food-specific serum IgE antibody
(ImmunoCAP) or SPT demonstrate evidence of
sensitization

Diagnosis of IgE-mediated food allergy likely if
food-specific serum IgE levels or SPT diameter
above 95% predictive diagnostic decision points
If inconclusive, food challenges in controlled
environment (hospital) are required to confirm
allergy or tolerance

Home challenges may be indicated if SPT or
serum food-specific IgE is negative (requires
supervision by trained allergist)

Delayed-onset reaction
(non-IgE-mediated)
FPIES or proctocolitis

Diagnosis based on symptomatic improvement
within 2-4 weeks after allergen elimination and
relapse on subsequent food challenge

FPIES food challenge generally not performed
before 2 years of age

Gastrointestinal biopsy, as clinically indicated
(mainly for enteropathy; sometimes required in
infantile allergic proctocolitis if atypical
presentation)

Food-specific serum IgE antibody and SPT
negative

Histological appearance of allergic enteropathy
similar to celiac disease

Mixed reaction
(IgE-/non-IgE-mediated)
Atopic dermatitis
Eosinophilic esophagitis

Food-specific serum IgE antibody
(ImmunoCAP) or SPT

Esophageal biopsy in patients with suspected
eosinophilic esophagitis (severe feeding refusal
in infants; gastroesophageal reflux symptoms,
dysphagia or food impaction in older children)

Elimination diet, as guided by history and SPT/
specific IgE testing, and empirical elimination of
non-IgE food allergens (followed by challenge)
Esophageal biopsy reveals increased tissue
eosinophils (>15 eosinophils per high-power
field in upper and lower esophagus)

Dietary Management of Food Allergy

Treatment of food allergies is based on strict elimi-
nation of specific food proteins until tolerance has
developed [1]. As allergens are commonly dis-
guised in manufactured food products, this in-
volves education of parents and careful reading of
ingredient labels [14]. In non-IgE-mediated food
allergy, due to the diverse spectrum and underlying
mechanisms and the absence of clear diagnostic
markers, it may be difficult to define an exact diag-
nosis. In these children, empirical treatment with
dietary manipulations is common practice. Elimi-
nation diets avoiding multiple food allergens
should be monitored by a pediatric dietician to
safeguard the nutritional adequacy of the diet, and
growth parameters should be carefully monitored.

In breastfed infants, a maternal elimination
diet may be effective as intact food antigens in
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breast milk can elicit allergic manifestations in
the infant [9]. The maternal diet should be nor-
malized as soon as tolerated by the infant. An ad-
equate maternal intake of protein and micro-
nutrients needs to be maintained. The maternal
calcium intake recommended for breastfeeding
mothers is 1.2 g per day (provided as separate
portions throughout the day).

Several hypoallergenic formulas are available
for the treatment of infants with cow’s milk and/
or soy allergy who are not breastfed (table 4).
These hypoallergenic formulas are tolerated by at
least 90% of infants with cow’s milk allergy [15].
There are two main types of hydrolyzed formula,
partially and extensively hydrolyzed formulas.
Partially hydrolyzed formulas may have a role in
allergy prevention but are not suitable for infants
with established clinical signs of cow’s milk al-
lergy [16]. Extensively hydrolyzed formulas are
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Table 4. Formulas used in the treatment of infants with food allergies or intolerances

Type of formula Features and indications

Partially hydrolyzed cow’s
milk-based formula

Contains relatively large cow’s milk protein fragments/peptides
Not suitable for treatment of cow’s milk allergy

May have a role in allergy prevention in high-risk infants in the first 6 months of life

Extensively hydrolyzed cow’s
milk-based formula
(whey-predominant

or casein-predominant)

Treatment of choice for formula-fed infants with cow’s milk allergy

Contains small cow’s milk peptides

Residual allergenicity due to trace amounts of cow’s milk proteins

Infants with previous cow’s milk anaphylaxis require introduction of extensively

hydrolyzed formula under medical observation
Not tolerated by approximately 10-20% of infants with cow’s milk allergy

Amino acid-based formula

Synthetic formula containing mixture of free amino acids

Nutritionally complete formula
Treatment of choice for infants with intolerance to extensively hydrolyzed formula,
multiple food allergy of infancy or history of cow’s milk anaphylaxis

Soy formula
under 6 months of age

Generally not considered first-line treatment formula for infants with cow’s milk allergy

Has a role in the treatment of cow’s milk allergy in older infants who are tolerant to

soy protein

Treatment of lactose malabsorption or galactosemia

Lactose-free cow’s
milk-based formula

Contains intact cow’s milk protein (same as in standard cow’s milk-based formula)
Useful for infants with transient lactose intolerance (e.g. after acute gastroenteritis)

Not suitable for infants with secondary lactose malabsorption due to cow’s milk protein-

induced enteropathy

the first-line treatment for infants with cow’s
milk allergy. Infants with ongoing symptoms
while on an extensively hydrolyzed formula, and
those with a history of cow’s milk anaphylaxis,
require an amino acid-based formula [15, 17].
The role of soy formulas in the treatment of young
infants with cow’s milk allergy is controversial.
Concomitant soy allergy occurs in about 15% of
infants with IgE-mediated cow’s milk allergy
[18]. Because of the risk of soy allergy and con-
cerns regarding the phytoestrogen and phytate
content of soy formulas, the European Society for
Pediatric Gastroenterology, Hepatology and Nu-
trition has advised against using soy formulas
with infants with cow’s milk allergy under 6
months of age [15, 19]. However, for older infants,
soy is a suitable treatment option for cow’s milk
allergy, provided tolerance to soy has been estab-
lished [19].

Food Intolerance and Allergy

Conclusions

« Hypoallergenic formulas (extensively hydro-
lyzed formulas or amino acid-based formulas)
are used in the treatment of cow’s milk allergy
in formula-fed infants. Soy formulas are also
suitable for infants over 6 months of age with-
out concomitant soy allergy

o In breastfed infants with food-allergic mani-
festations, a maternal elimination diet may
control symptoms in the infant. Prolonged
maternal elimination diets should be super-
vised by a dietician

o Lactose intolerance is the most common food
intolerance and is treated with a low-lactose
diet. Causes of secondary lactose intolerance,
such as celiac disease, should be considered in
the differential diagnosis
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3.12 Regurgitation and Gastroesophageal Reflux

Noam Zevit + Raanan Shamir

Key Words

Gastroesophageal reflux - Gastroesophageal reflux
disease - Regurgitation - Nutrition treatment - Food
allergy

Key Messages

- In infants, gastroesophageal reflux (GER) and re-
gurgitation are most commonly self-resolving
conditions that do not require treatment or ancil-
lary testing

+ GERdisease (GERD) in infants may be indistinguish-
able from milk protein allergy; therefore, if trouble-
some symptoms persist in an infant, the possibility
of allergy should be considered

+ Assessment of nutritional status must be undertak-
en concomitantly with the investigation and treat-
ment of GERD in order to refrain from either subop-
timal or excessive intake

« If prolonged medical treatment is deemed neces-
sary, proton pump inhibitors are the treatment of
choice, whereas conservative measures are ade-
quate to treat mild GERD symptoms

© 2015 S. Karger AG, Basel

Introduction

Gastroesophageal reflux (GER) is defined as the
passage of contents from the stomach into the
esophagus, and may be associated with regurgita-
tion or vomiting. GER is a common phenome-

non, especially in infants, and is considered a
physiologic occurrence [1]. If GER is associated
with troublesome signs or symptoms, however,
GER disease (GERD) is diagnosed, a condition
which may justify diagnostic or therapeutic inter-
ventions. Most cases of GER and GERD occur
without any predisposing factors, with reflux oc-
curring during transient lower esophageal sphinc-
ter relaxations (TLESR) [2, 3]. These relaxations
occur physiologically in all people, are more com-
mon after meals, in the sitting position, and fol-
lowing high-osmolarity meals. They allow the re-
lease of gases swallowed or produced in the stom-
ach; however, when TLESR is associated with the
efflux of food retrograde through the lower
esophageal sphincter, it produces GER. Almost
100% of GER and nonerosive GERD, and an esti-
mated 70% of erosive GERD, occur during TLESR
[4]. There are several predisposing factors which
increase the incidence of GER. These include a
dysfunctional lower esophageal sphincter (hiatal
hernia, after repair of esophageal atresia, after
Heller myotomy), increased intra-abdominal
pressure (peritoneal dialysis, abdominal mass),
cystic fibrosis, psychomotor delay, obesity, pre-
maturity and others. Several hormones, drugs
and nutrients have been implicated in influencing
tone of the lower esophageal sphincter, but the
clinical significance of most of these have not yet
been rigorously studied.
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Fig. 1. Proportion of infants regurgi- 0
tating most feeds. Reproduced and
adapted with permission from Mar-
tin et al. [5].
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In infancy, regurgitation may not appear im-
mediately after birth and becomes more common
in the first months of life, peaking at approxi-
mately 4-5 months, at which time nearly 40% of
infants regurgitate more than once daily (fig. 1)
[5]. Thereafter there is a gradual decrease in prev-
alence, such that by around 18 months of age, re-
flux has resolved in the vast majority of cases.
The remaining patients generally warrant inves-
tigation even if the regurgitation remains asymp-
tomatic.

Signs and Symptoms

The clinical presentation of GER and GERD
ranges across a spectrum of signs and symptoms
which may vary with age and can include both
esophageal and extraesophageal symptoms (ta-
ble 1) [1]. In infants, the most common presenta-
tion is that of a well-thriving, regurgitating baby
(the ‘happy spitter’). In most cases of GER, the
child has no symptoms or distress. GER may at
times be associated with a vomiting reflex. As
GER in infants and young children progresses to
GERD, fussiness at times of eating or following
meals, food refusal with subsequent poor weight
gain, arching of the back with turning of the head,
coined Sandifer syndrome (which at times can
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appear seizure-like or be mistaken for torticollis),
and excessive crying may be seen, though none of
these are specific. Apnea and bradycardia are
rare.

Older children and adolescents may present
with frank regurgitation, and heartburn, noncar-
diac chest pain and epigastric abdominal pain
may be present [6]. Chronic iron deficiency ane-
mia may indicate erosive esophagitis. Extrae-
sophageal manifestations (table 1) become more
prevalent in older children and adolescents.
Longstanding reflux may lead to peptic strictures
inducing dysphagia and even food impaction.
Furthermore, chronic reflux is associated with
Barrett’s esophagus.

Diagnosis

Currently, no diagnostic test exists which can be
considered a gold standard for the diagnosis of
GERD and which can adequately differentiate
between physiological and pathological signs
and symptoms throughout the spectrum of pre-
sentations. As such, there are several diagnostic
methods which may be utilized in an investiga-
tion.

A thorough history and physical examination
can aid in the diagnosis of GERD and help to
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Table 1. Signs and symptoms of GER and GERD

Infants Older children Extraesophageal signs
Recurrent spitting up/vomiting ~ Heartburn Treatment-resistant asthma
Poor weight gain Substernal pain Dental erosion

Feeding refusal Water brash Recurrent pneumonia
Irritability Nausea Hoarseness

Back arching Epigastric abdominal pain Chronic cough
Apnea/bradycardia Recurrent vomiting

Table 2. Warning signs that may warrant further investigation

Persistent forceful vomiting
Bilious vomiting
Gastrointestinal bleeding
Late onset (>6 months)
Failure to thrive

Repeated choking or episode of apparent life-threatening event

Constipation

Bulging fontanel, seizures or new neurological deficits
Family history of genetic or metabolic disorder

identify ‘red flags’ which may indicate the need
for a different or accelerated approach (table 2).
The history should take into account the patient’s
age, birth history, allergies and development, as
well as the feeding history and temporal relation-
ship of symptoms to meals. In the case of infan-
tile and childhood reflux, however, the history is
neither sensitive nor specific enough to be credi-
bly relied on for a diagnosis of GERD. This was
demonstrated by Orenstein et al. [7], who at-
tempted to treat infants with a history suggestive
of GERD with proton pump inhibitors (PPI) or
placebo. Both arms of the study responded simi-
larly. This would seem to indicate that the history
alone is not able to identify which patients have
GERD as a cause of their symptoms, and which
have other etiologies with similar presentations
(e.g. infantile colic and cow’s milk protein aller-
gy). Furthermore, the study indicates that a PPI
test in which the drug may be given for a limited
time is also inaccurate.

Regurgitation and Gastroesophageal Reflux

Historically, patients were often sent to per-
form barium swallows to diagnose reflux; how-
ever, the test should not be used for this indica-
tion because it has both low sensitivity and spec-
ificity, not to mention the significant radiation
exposure involved. Esophago-gastro-duodenos-
copy allows for visualization of damage caused
to the esophageal mucosa by acid reflux as well
as direct tissue sampling, which may also aid in
the identification of other conditions that may
present diagnostic challenges (e.g. eosinophilic
esophagitis, allergic gastritis and inflammatory
bowel disease). However, esophago-gastro-duo-
denoscopy is neither able to identify nonerosive
GERD nor to directly demonstrate reflux but
rather only its consequences.

Prolonged esophageal pH monitoring, in
which a pH-sensitive probe is placed in the lower
esophagus and left for 24 h, allows for direct dem-
onstration of esophageal acid, although it cannot
differentiate swallowed from regurgitated acid.
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Furthermore, since a certain degree of reflux is
present in normal individuals, symptom associa-
tions are often difficult to demonstrate. In addi-
tion there is a poor correlation between acid ex-
posure and endoscopic findings or symptoms.
pH multichannel intraluminal impedance, a rel-
atively new methodology involving a traditional
pH monitor with several impedance probes lo-
cated throughout the esophagus, is able to over-
come some of these obstacles [8]. This technology
permits direct measurement of bolus transit in
the esophagus both temporally and geographi-
cally. Better symptom association calculations
may be generated. Unfortunately, pediatric
norms are still unavailable, and its high cost lim-
its its use in many regions. Radionucleotide scans
are now rarely used for the diagnosis of GER.
Finally, extensively hydrolyzed or amino acid-
based formulas may be used for infants with
GERD to eliminate the possibility of food allergy
(see section Treatment below).

Treatment

In most cases of GER or uncomplicated GERD in
an infant, treatment involves educating the par-
ents as to the generally benign nature of the con-
dition and its natural history in this age group,
stressing that GER is not a disease but rather a
common transient state which in most cases re-
solves toward the end of the first year of life [1].
Coupled with continued follow-up and a trusting
relationship with the pediatrician, further inter-
ventions are usually found to be unnecessary.
While prone positioning of infants has been
found to decrease regurgitations, this is no longer
recommended - except while the infant is awake
and observed by a caregiver — because of the in-
creased risk of sudden infant death in this posi-
tion [1].

However, in some infants, the irritability asso-
ciated with GERD leads to decreased feeding vol-
umes or to large fractions of the ingested food be-
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ing regurgitated, with consequent poor weight
gain, aspiration of refluxed content or indolent
nutrient deficiency (e.g. iron). In these cases and
whenever significant GERD is suspected in chil-
dren, cow’s milk protein allergy should be consid-
ered, because such allergy may present identically
to GERD [9]. A time-limited trial of dietary exclu-
sion of milk products from the maternal diet for
breastfeeding infants, and use of extensively hy-
drolyzed or amino acid-based formulas with oth-
ers, may be attempted. If no response is seen with-
in 2-4 weeks, the infant may return to the previ-
ous diet. If milk allergy is found in a breastfed
infant and the mother continues a milk-restricted
diet, the need for calcium supplementation of the
mother’s diet should be assessed. If dietary re-
striction and rescheduling of feeds fail, other in-
terventions such as thickening of formulas may be
attempted. Thickening of formulas can be per-
formed by caretakers by addition of thickeners
such as corn, rice or potato starch to the water in
which the formulas are to be prepared. Adding
starch changes the nutritional composition of the
feeds and increases carbohydrate calories. Alter-
natives are addition of locust bean gum (from the
carob tree) or guar gum. Additionally, factory-
made antiregurgitation formulas based on either
rice or locust bean gum are available in a nutri-
tionally balanced format. Each has its advantages
and disadvantages, which are beyond the scope of
this chapter. It must be noted that these antiregur-
gitation formulas do not cure GER or GERD but
rather decrease the number of regurgitations and
the height of the regurgitant column and may be
nutritionally disadvantaged [10].

When these interventions fail, and GERD has
been diagnosed, medical treatment may be justi-
fied. This may include histamine 2 receptor
blockers, such as ranitidine, or PPI. Currently,
only histamine 2 receptor blockers are approved
for infants under 1 year of age. If used at appro-
priate doses, they produce an effective acid block-
ade; however, tachyphylaxis may become a prob-
lem after a few weeks use. PPI are considered the
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Fig. 2. The infant with regurgitation
and poor weight gain. Reproduced
and adapted with permission from
Vandenplas et al. [1].
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most effective mechanism of acid blockade, and
while not yet approved below 1 year of age, they
are broadly prescribed in this age group. Re-
sponse to treatment and the need to maintain
prolonged treatment should be regularly reas-
sessed as there appear to be consequences of pro-

Regurgitation and Gastroesophageal Reflux

longed treatment with PPI. If needed, prolonged
medical treatment is now generally preferred to
surgical interventions for GERD, due to nonneg-
ligible complications and failure rates of the sur-
gical procedures and the relatively benign nature
and high effectiveness of drug treatment (fig. 2).

207

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 203-208

DOI: 10.1159/000360341



References

Vandenplas Y, Rudolph CD, di Lorenzo
C, et al: Pediatric gastroesophageal re-
flux clinical practice guidelines: joint
recommendations of the North Ameri-
can Society for Pediatric Gastroen-
terology, Hepatology, and Nutrition
(NASPGHAN) and the European Society
for Pediatric Gastroenterology, Hepatol-
ogy, and Nutrition (ESPGHAN). J Pedi-
atr Gastroenterol Nutr 2009;49:498-547.
Kawahara H, Dent J, Davidson G: Mech-
anisms responsible for gastroesophageal
reflux in children. Gastroenterology
1997;113:399-408.

Dodds WJ, Dent J, Hogan W7, et al:
Mechanisms of gastroesophageal reflux
in patients with reflux esophagitis. N
Engl ] Med 1982;307:1547-1552.

208

7

Mittal RK, Holloway RH, Penagini R, et
al: Transient lower esophageal sphincter
relaxation. Gastroenterology 1995;109:
601-610.

Martin AJ, Pratt N, Kennedy JD, et al:
Natural history and familial relation-
ships of infant spilling to 9 years of age.
Pediatrics 2002;109:1061-1067.

Nelson SP, Chen EH, Syniar GM, et al:
Prevalence of symptoms of gastroesoph-
ageal reflux during childhood: a pediat-
ric practice-based survey. Pediatric
Practice Research Group. Arch Pediatr
Adolesc Med 2000;154:150-154.
Orenstein SR, Hassall E, Furmaga-
Jablonska W, et al: Multicenter, double-
blind, randomized, placebo-controlled
trial assessing the efficacy and safety of
proton pump inhibitor lansoprazole in
infants with symptoms of gastroesopha-
geal reflux disease. ] Pediatr 2009;154:
514-520e4.

8 Mousa HM, Rosen R, Woodley FW, et

10

al: Esophageal impedance monitoring
for gastroesophageal reflux. ] Pediatr
Gastroenterol Nutr 2011;52:129-139.
Koletzko S, Niggemann B, Arato A, et al:
Diagnostic approach and management
of cow’s-milk protein allergy in infants
and children: ESPGHAN GI Committee
practical guidelines. ] Pediatr Gastroen-
terol Nutr 2012;55:221-229.

Aggett PJ, Agostoni C, Goulet O, et al:
Antireflux or antiregurgitation milk
products for infants and young children:
a commentary by the ESPGHAN Com-
mittee on Nutrition. ] Pediatr Gastroen-
terol Nutr 2002;34:496-498.

Zevit + Shamir

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 203-208

DOI: 10.1159/000360341



3 Nutritional Challenges in Special Conditions and Diseases

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 209-213

DOI: 10.1159/000367875

3.13 Childhood Feeding Problems

Maureen M. Black

Key Words

Feeding problems - Food refusal - Pickiness -
Responsive feeding

Key Messages

« Children acquire independence in feeding skills
during the first 2 years of life and can start to self-
feed within the first year

» Feeding problems (food refusal, pickiness, and dis-
ruptive mealtime behavior) are common and part
of the normal development of children

- Feeding problems can lead to family stress with
long-term negative consequences on children’s
growth, nutrition, and behavior

- Caregivers can promote healthy feeding behavior
and prevent feeding problems by establishing
healthy mealtime structure routines and respond-
ing to their child’s signals of hunger and satiety,
adopting principles of responsive feeding

« Feeding guidelines to caregivers should extend be-
yond ‘what’ and ‘when’ to feed. Guidelines to pro-
mote healthy feeding behaviors can be effective in
preventing feeding problems

© 2015 S. Karger AG, Basel

Introduction

Feeding problems are a major concern among
typically developing infants and toddlers through-
out the world, with prevalence estimates that

range up to 45% in the USA [1]. Observational
data on infants and toddlers from Bangladesh
have shown that not only are rates of food refusal
relatively high (mean of 6-7 refusals/meal), but
fewer than 20% of mouthfuls are self-fed. Feeding
problems tend to peak at around 2 years of age
and often include food refusals, pickiness, and
disruptive mealtime behavior [2]. Food refusal is
a major concern because it may be both a sign of
satiety [3] and a sign of feeding problems. In
many cases, early feeding problems resolve over
time, particularly when caregivers are sensitive to
their child’s signals of satiety and emerging au-
tonomy. However, feeding problems often in-
crease family stress [2] and can result in weight-
related problems (either underweight or over-
weight) [4], nutrition-related health conditions,
and long-term behavioral problems [5]. Devia-
tions in children’s growth during the first 2 years
of life can have long-term health and develop-
mental consequences. Early stunting has been as-
sociated with poor academic performance during
schooling [6], and early obesity increases the risk
for adult obesity and associated problems [7].
There is a dramatic evolution of feeding be-
havior over the first 2 years of life as infants ac-
quire the oral motor, physical, digestive, and so-
cial skills to progress from a liquid diet of breast
milk/formula to the texture and variety of the
family diet. Based on a national sample of over



3,000 infants and toddlers in the USA, by 7-8
months of age, 96% of children can grasp food
with their hands and 77% can remove food from
a spoon with their lips with little spilling; by 15-
18 months, 64% of children can self-feed with a
spoon with little spilling [8]. In addition to the
maturational changes that influence feeding be-
havior, caregivers play central roles in socializing
children into feeding routines and managing
their feeding behavior.

Caregiver Feeding Practices

Feeding practices are the behaviors that caregiv-
ers use to feed their children and help them gain
feeding skills. Caregiver feeding practices are in-
fluenced by cultural, environmental, and person-
al factors, along with caregivers’ perceptions of
their child’s size, appetite, and temperament. In
some cultures, children are fed separately from
the family, while in others, they eat together and
thus may model feeding behaviors from parents
and siblings. In some households, mothers have
limited time to spend feeding their children [9].
Caregivers of children with high rates of food re-
fusal report depressive symptoms. Maternal de-
pression has been associated with unresponsive
feeding practices through caregiver report [10]
and observation [11], including verbal and physi-
cal pressure along with using incentives (bargain-
ing) to get their child to eat. These strategies may
override children’s internal regulatory cues [12]
and lead to overemotionalizing food and eating,
thus increasing the risk of children using feeding
behavior as a tool for manipulation. In addition
to depressive symptoms, caregivers with poor
feeding behavior themselves, such as frequent in-
take of snacks and sugar-sweetened beverages, in-
consistent meal times, and use of food as rewards,
increase the likelihood of their children’s feeding
problems. Caregivers who are concerned about
their child’s feeding behavior and growth have
been observed to use negative, coercive strategies
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to promote eating [3], along with permissive
strategies such as making food available through-
out the day or providing favorite foods (e.g., sweet
or salty snacks) with little regard to quality. These
strategies are likely to undermine children’s nor-
mal appetite development, increasing mealtime
stress as children hold out for snacks. Caregivers
also use food to manage children’s behavior, es-
pecially children who are perceived to be temper-
amentally difficult. This strategy has been associ-
ated with overeating among preschoolers [13].
Early in life, children learn that food refusal can
be a powerful strategy that attracts the caregiver’s
attention and may lead to increased access to
snacks and favorite foods.

Responsive feeding is a strategy based on both
control and nurturance. Caregivers provide
mealtime structure by selecting the food, the
timing, and the context in which feeding takes
place (fig. 1). They also respond to children’s sig-
nals of hunger and satiety promptly, and with de-
velopmentally appropriate and nurturing feeding
practices [14]. Responsive feeding acknowledges
children’s feelings and allows them to determine
how much they eat, while the caregiver decides
what is offered and when. Embedded within the
domain of responsive parenting, responsive feed-
ing emphasizes the interactive nature of feeding,
whereby caregivers set guidelines but their reac-
tions are gaged to the signals they read from their
children, ideally resulting in a respectful give-
and-take (serve-and-return) around feeding, in
turn resulting in healthy weight gain.

Screening, Recommendations, and
Interventions

Systematic strategies are available to screen
for children’s feeding problems, such as the Be-
havioral Pediatrics Feeding Assessment Scale
(BPFAS) [15], a 35-item scale that asks caregiv-
ers to respond to the frequency of child and
caregiver feeding behaviors along with an indi-
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Fig. 1. Photo of responsive feeding (P.
Caceres, Chile, ‘Mutual Understand-
ing’; http://www.paho.org/hg/index.
php?option=com_content&view=
article&id=8371&Itemid=39899&lang
=en).

cation of whether each behavior presents a
problem. The BPFAS has been validated among
typically developing children and used in non-
clinical samples to identify children with feed-
ing problems [16].

Feeding recommendations often focus on
what and when to feed, beginning with breast-
feeding promotion and the timing of comple-
mentary feeding. Traditionally, there has been
limited attention to feeding behavior. A recent re-
view of feeding guidelines found substantial vari-
ability in recommendations with little attention
to how to handle food refusal [17]. Although the
UNICEF and WHO have guidelines that include
responsive feeding, there are few actual recom-
mendations on how to prevent or handle com-
mon feeding problems, such as food refusal, and
limited attention to developmental changes in
children’s feeding behavior, such as self-feeding.

Education on strategies to promote healthy
child feeding behavior is often provided through
information sharing modalities such as leaflets.
However, evidence has shown that to be effective,
education should be provided before feeding
problems occur, should include caregiver social
support, and should provide opportunities to
simulate the recommended practices [18]. Two
recent interventions in Australia were effective in
promoting caregiver-child feeding interactions.

Childhood Feeding Problems

An 8-session, group-based behavioral interven-
tion was effective in reducing feeding problems
among typically developing children, as mea-
sured by parent report and direct observation
[19]. A second intervention to promote respon-
sive feeding among caregivers of infants as a
strategy to prevent childhood obesity found in-
creases in caregiver-reported responsive feeding
and decreases in controlling feeding practices,
with no differences in children’s growth or the
prevalence of overweight/obesity [20].
Interventions have also been conducted in
low-income countries. An intervention in Ban-
gladesh that demonstrated and coached caregiv-
ers to adopt responsive feeding behaviors was
successful in increasing child hand washing, self-
feeding, and maternal verbal responsiveness but
did not change weight gain over the study period
[2]. Hand washing is a particularly relevant inter-
vention because it promotes good hygiene and
prepares the child for self-feeding. An analysis of
maternal responses from the intervention identi-
fied four barriers that interfered with the adop-
tion of self-feeding in this resource-poor setting:
(1) the time required to allow the child to self-
feed, (2) the potential mess as the child spilled the
food, (3) food waste that occurred when the child
played with the food or dropped it, and (4) a per-
ception that the child was unable to self-feed,
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Table 1. Strategies to promote healthy child feeding and avoid feeding problems

Cultural beliefs: recognition that children’s feeding skills increase over the first

2 years of life and that self-feeding (with fingers) can start during the first year

Family support and labor-saving strategies to help caregivers devote the time necessary
Hygiene: promotion of hygienic practices such as hand washing by making soap and
Positioning: children who are seated in a comfortable position where they can reach the
Modeling: children learn by imitation and are more likely to exhibit healthy

Exposure: children may require multiple exposures to a new food (10 - 20) prior to tasting

Self-feeding: children strive for independence and will retain their focus in eating when
they can self-feed, first using fingers, then using utensils; provide food that children can

Recognition of satiety signals: when parents pressure children to eat after they have
Freedom from distractions: distractions such as television may interfere with self-
regulation of hunger and satiety, leading to refusal to eat or overeating

Routine, habits, and mealtime rules: establishing feeding habits related to healthy food

Food as nutrition, not as a reward: using food as a reward overvalues the ‘reward’ and

Ensure hunger at meals: meal consumption is increased when children are

2.
for responsive feeding and to promote self-feeding [9]
3. Access: families need access to a variety of healthy food [9]
4.
water accessible [2]
5.
food are more likely to eat during the meal
6.
feeding behaviors when they observe others eating
7.
[21]
8.
self-feed
9.
signaled that they have reached satiety, the meal should end
10.
11.
can improve children’s food intake [22]
12.
increases the likelihood of overeating [13]
13.
hungry and not filling up on snacks and sugary beverages
14.

Covert restriction of high-fat, high-sugar foods: covert restriction means limiting access for
all family members rather than only for the child and does not result in the restricted food

becoming overvalued [23]

15. Pleasant and stress-free interactions: children are more likely to eat and enjoy the meal
when interactions are pleasant than when they are characterized by conflict or arguments

leading to the possibility of hunger and associat-
ed irritability [9]. When asked about allowing
children to determine how much they wanted to
eat and responding to food refusal by terminat-
ing the meal, many caregivers expressed grave
concerns about the child’s ability to determine
satiety and the health consequences that could
result in ‘sickness or death’ without adequate
food. Caregivers often reported that they had no
choice other than to force-feed their children.
These findings emphasize the central role that
maternal beliefs, the social conditions, and local
customs play in feeding behavior.
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Conclusions

o Childhood feeding problems are common
among infants and young children throughout
the world. They can increase family stress and
lead to long-term negative nutritional and be-
havioral problems

o Strategies to promote healthy feeding behav-
iors and avoid childhood feeding problems ex-
tend from cultural recognition and support of
infant developmental needs and young child
feeding skills (including self-feeding) to care-
giver practices such as ensuring that children

Black

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 209-213

DOI: 10.1159/000367875



are hungry at meals and not satiated from
snacks and beverages (table 1)

Principles of responsive feeding, whereby
caregivers provide mealtime structure, help
children build healthy habits, and respond to

their children’s signals of hunger and satiety

(which may include food refusal) in a prompt

and nurturing manner, form the basis of suc-
cessful interventions to promote healthy feed-
ing behavior and avoid feeding problems
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3.14 Preterm and Low-Birth-Weight Infants
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Key Words

Growth failure - Parenteral nutrition -
Gastrointestinal priming - Human milk fortification

Key Messages

« Nutrient administration, though technically diffi-
cult, must be initiated promptly after birth to avoid
adverse effects of undernutrition

« Because of immaturity of the intestinal tract, the
use of parenteral nutrition is necessary until feeds
can be given

» Trophic feeding (gastrointestinal priming) should
be started promptly and advanced as permitted by
maturation of intestinal motility

« The preferred feed is breast milk (the mother’s own
or donated) because of its protective effect against
sepsis and necrotizing enterocolitis. Formulas for
preterm infants are the second choice

+ Breast milk must be fortified with nutrients to meet
the high nutrient needs of preterm infants. Fortifi-
ers raise the nutrient content to adequate levels,
compensating for shortfalls

© 2015 S. Karger AG, Basel

Introduction

Postnatal (extrauterine) growth failure is com-
mon among prematurely born infants. It used to
be considered inevitable as well as innocuous. But
it has become clear that far from being inevitable,
it is largely if not exclusively the result of inade-
quate intakes of nutrients. Ehrenkranz et al. [1],
among others, have shown in a landmark study
that it is not innocuous. The study established that
growth failure is associated with impairment of
neurocognitive development in a dose-dependent
fashion. The more severe the growth failure, the
more severe is the neurocognitive impairment.

There are mainly two reasons for the occur-
rence of growth failure in premature infants. One
is that there are physiological limitations that
prevent the provision of nutrients in the usual
way, i.e. through enteral feeding. The other rea-
son is that the nutrient needs are exceedingly
high, as summarized in table 1. These needs can-
not be met by human milk alone without nutrient
fortification. Thus, providing nutritional support
to preterm infants presents unique challenges as
failure to provide adequate nutrient intakes at all
stages of development places them at risk of im-
paired neurodevelopment. Every effort must
therefore be made to provide complete nutrition
beginning from birth [2].



Nourishing Preterm and Low-Birth-Weight
Infants

Provision of nutrients has to overcome the im-
maturity of the intestinal tract; this is the most
important physiological limitation in these in-
fants. This necessitates the use of parenteral nu-
trition during the early days and often weeks of
life. Although parenteral nutrition carries risks,
especially that of infection, failure to provide nu-
trients parenterally would place these infants at
high risk of impaired neurodevelopment or im-
paired host defenses. Immaturity of the intestinal
tract is also the main reason why preterm infants
are susceptible to necrotizing enterocolitis
(NEC). While nutrients are provided parenter-
ally, small trophic feedings (gastrointestinal
priming) are given with the sole purpose of stim-
ulating the intestinal tract to undergo matura-
tion. Breast milk is the most effective and safest
feed to bring about intestinal maturation. Once
maturation has occurred, nutrients can be deliv-
ered enterally and parenteral nutrition may be
phased out.

Nutritional support of preterm infants oc-
curs in four distinct phases, each with its own
risks and challenges. During the early phase,
nutrients are almost exclusively provided via the
parenteral route, while small enteral feedings
(gastrointestinal priming) are used to prod the
immature intestinal tract into undergoing mat-
uration. During the subsequent transition
phase, enteral feeding is slowly advanced as the
intestinal tract shows evidence of maturation,
and parenteral nutrition is gradually phased
out. During the late phase, infants are on exclu-
sive enteral feeding and are expected to grow
normally. If provided the necessary nutrients,
preterm infants may also show catch-up growth,
that is, they may be making up for lost time dur-
ing the early phase. Preterm infants continue to
have special nutritional needs after discharge
from hospital.

Preterm and Low-Birth-Weight Infants

Early Phase

During the immediate postnatal period, the ob-
jective of nutritional support is twofold: to pro-
vide an uninterrupted flow of nutrients so that the
anabolic state that existed in utero can continue
with minimal or no interruption, and to stimulate
the immature gastrointestinal tract to undergo
maturation. As gastrointestinal maturation pro-
gresses, a gradual shift occurs from exclusive par-
enteral nutrition to predominant, and finally ex-
clusive, enteral nutrition. The early phase ends
when enteral feedings exceed about 20 ml/kg/day.

Parenteral Nutrition

In immature infants, parenteral nutrition must be-
gin immediately (within 2 h of birth), and as a min-
imum must provide glucose, amino acids, electro-
lytes, Ca, P and Mg (starter parenteral nutrition)
until full parenteral nutrition can be started. It is
acceptable for the amount of amino acid to be less
than 3.5 g/kg/day for a few days. Initiation of lipid
emulsion is somewhat less urgent, and a delay of 24
h is acceptable. The initial rate should be 1.0 g lip-
ids/kg/day. The efficacy and safety of parenteral
nutrition starting immediately after birth have
been established [3]. Full parenteral nutrition
should be maintained until enteral feedings of 20
ml/kg/day are regularly tolerated. As the feedings
are increased, the amount of parenteral nutrition
is tapered, with total (parenteral plus enteral) in-
take of nutrients always remaining at full level.

Enteral Nutrition

The anatomically and functionally immature in-
testine can undergo maturation in a relatively
short time if the necessary stimulation is provided
in the form of trophic feedings (gastrointestinal
priming). Gastrointestinal priming should be
started on the first day of life. Feeding volumes
initially may be as low as 2 ml every 6 or 4 h. Stim-
ulation of the gut is initially the sole objective of
enteral feeding. Motility serves as a marker of gut
maturation and is monitored clinically by assess-
ment of gastric residuals. As gastric emptying im-
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Table 1. Requirements for protein and energy (best estimates by factorial and empirical methods)

Body weight

500-1,000 g 1,000-1,500 g 1,500-2,200 g 2,200-3,000 9
Fetal weight gain, g/kg/day 19.0 174 16.4 13.4
Protein, g/kg/day 4.0 3.9 3.7 34
Energy, kcal/kg/day 106 115 123 130
Protein/energy, g/100 kcal 3.8 34 3.0 2.6

proves, it is assumed that the ability to digest and
absorb nutrients is also improving. Gastric emp-
tying thus serves as an important clinical guide in
early enteral feeding. The risk of NEC is quite low
with trophic feedings, but it somewhat increases
subsequently as feeding volumes increase.

The preferred feed for gastrointestinal prim-
ing is maternal milk or, if not available, donor
milk. Donor milk is pasteurized and free of vi-
ruses such as HIV and cytomegalovirus. Al-
though pasteurization diminishes some of the
protective and trophic factors of human milk, do-
nor milk retains its protective effect against NEC
[4] and sepsis and has strong trophic effects.
When human milk is not available, formulas can
also be used for gastrointestinal priming.

Transition Phase

Feeding volumes are usually kept low for several
days and are gradually increased as gastric residu-
als diminish. At each new level, the adequacy of
gastric emptying (absence of gastric residuals)
must be ascertained before the feeding volume is
further increased. The presence of gastric residu-
als does not require cessation of feedings as long
as there are no signs suggestive of NEC. The use
of gastrointestinal priming has been shown to
lead to earlier establishment of full feedings and
to earlier hospital discharge without an increase
in NEC [5]. In fact, earlier achievement of full
feedings has been shown to decrease the risk of
sepsis [6]. Feeding volumes can be increased by
20 ml/kg each day as gastric residuals permit. Al-
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though more rapid increases are safe, intestinal
maturation requires time and therefore more rap-
id increases are not necessary. When feeding vol-
umes are 80-100 ml/kg/day, fortification of breast
milk is usually initiated, although in some units
fortification is started much earlier. Parenteral
nutrition can be discontinued when enteral feed-
ings are at least 90% of the full amount.

Late Phase

The late phase begins when full feedings are es-
tablished and parenteral nutrition is discontin-
ued. The objective of nutrition is to allow growth
to proceed parallel to intrauterine growth. The
energy and protein intakes listed in table 1 are
needed to support growth at the intrauterine rate.
If the infant is to catch up in growth, intakes must
be increased by perhaps 10-20%. Intakes below
those listed in table 1 lead to extrauterine growth
failure with all its negative consequences. Feed-
ings are fortified human milk or, when not avail-
able, special formulas.

With standard preterm formulas with a pro-
tein/energy ratio (3.0 g/100 kcal) protein intakes
are marginally adequate. Formulas with higher
protein content (3.3-3.6 g/100 kcal) are therefore
preferable in order to achieve appropriate ‘catch
up’ growth of lean body mass.

Breast milk must be fortified (supplemented)
with nutrients in order to meet the preterm in-
fant’s high needs (table 1). Fortifiers are available
as powders and as liquids. Commercially available
fortifiers provide the necessary nutrients in suffi-
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cientamounts with the exception of protein, which
isinadequate in most fortifiers. Protein intakes are
therefore often inadequate. The reason why pow-
der fortifiers, and some liquid fortifiers, are too
low in protein is that they were designed at a time
when the overriding consideration was the avoid-
ance of ‘high’ protein intakes in the face of variable
protein concentrations of expressed human milk.
The inevitable consequence is that protein intakes
are too low most of the time. Today the ill effects
of inadequate protein intakes are better known.
Fortifiers (liquid) with higher protein content are
available and should be used. With their use, pro-
tein intakes are adequate most of the time, albeit
being somewhat high at times when the protein
content of expressed milk is relatively high.
Customizing approaches to fortification have
been developed with the aim of overcoming the
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3.15 Nutritional Management of Diabetes in

Childhood

Carmel Smart

Key Words

Diet - Type 1 diabetes - Glycemic index - Intensive
insulin therapy - Carbohydrate counting

Key Messages

+ Nutrition management is one of the fundamental
elements of care and education for children with
type 1 diabetes

+ Medical nutrition therapy should be provided at di-
agnosis of diabetes and reviewed at least annually
to increase dietary knowledge and adherence

« Healthy eating recommendations suitable for all
children should underlie all education. Education
on carbohydrate counting should be given with
consideration of dietary quality and low-glycemic
index food choices

- Matching of the insulin dose to carbohydrate intake
is recommended for children using intensive insu-
lin therapy. Carbohydrate counting has the poten-
tial to increase flexibility in food intake and quality
of life. However, regularity in meal routines remains
important for optimal metabolic outcomes

« Thereisincreasing evidence that other macronutri-
ents impact postprandial blood glucose levels. Re-
cent studies have shown that it is important to con-
sider both protein and fat in the calculation of the
meal insulin dose and how it is delivered

© 2015 S. Karger AG, Basel

Introduction

Type 1 diabetes mellitus (T1IDM) is one of the
most common chronic diseases in childhood [1].
Nutritional management is fundamental to dia-
betes care and education. Nutrition therapy
should focus on interventions to ensure normal
growth and development, promote lifelong
healthy eating habits and optimize glycemic con-
trol as well as assist with prevention of the com-
plications associated with diabetes.

Dietary recommendations for children with
diabetes are based on healthy eating recommen-
dations suitable for all children - and thus the
entire family [2]. Nutrition education should be
individualized and adapted to cultural, ethnic,
religious and family traditions. Regular dietetic
assessment is necessary to adapt nutritional ad-
vice to growth, diabetes management and life-
style changes as well as to permit the identifica-
tion and treatment of disordered eating patterns.
Eating disorders and celiac disease occur more
commonly in TIDM and require specialized di-
etetic support. All children with diabetes and
their families should have access to a specialist
pediatric dietitian with experience in childhood
diabetes as part of the interdisciplinary diabetes



care team. However, every team member should
have an understanding of the principles of nutri-
tional management.

Advice on carbohydrate quantity, type and
distribution is important as carbohydrate is the
main determinant of postprandial glucose re-
sponse. Education should take into account an
individual’s energy needs, eating and physical ac-
tivity patterns and insulin regimen. Matching in-
sulin to carbohydrate intake for those on inten-
sive insulin therapy requires comprehensive edu-
cation in carbohydrate counting. It is vital that
healthy eating principles targeting an increased
consumption of fruit and vegetables and a de-
creased saturated fat intake underlie education.

Goals of Nutrition Therapy

The main aims of nutritional management in pe-

diatric diabetes are to

 encourage healthy lifelong eating habits;

o achieve and maintain blood glucose levels in
the normal range by a balance between food
intake, energy expenditure and insulin action
profiles;

o provide appropriate energy intake and nutri-
ents for optimal growth, development and
good health;

o consider personal and cultural food preferenc-
es to preserve social, cultural and psychologi-
cal well-being;

o achieve and maintain an appropriate body
mass index and waist circumference through
healthy eating and regular physical activity;

 optimize lipid and lipoprotein profiles to re-
duce cardiovascular disease risk, and

o maintain the pleasure of eating by encourag-
ing a wide variety in food choices.

Dietetic advice is required at the initial diag-
nosis of diabetes, with follow-up 2-4 weeks later
and regular (at least annual) review to meet
changes in appetite and to provide ongoing age-
appropriate education [3]. Circumstances such as

Nutritional Management of Diabetes in Childhood

changes in the insulin regimen, dyslipidemia, ex-
cessive weight gain or loss as well as the diagnosis
of a comorbidity such as celiac disease require ad-
ditional dietary intervention with more frequent
review.

Eating Patterns

The key dietary behaviors that have been associ-
ated with improved glycemic outcomes in people
with T1DM are adherence to an individualized
meal plan, particularly carbohydrate intake rec-
ommendations [4], avoidance of frequent snack-
ing episodes or large snacks without adequate in-
sulin coverage, regular meals and avoidance of
skipping meals [5], avoidance of overtreatment of
hypoglycemia and insulin boluses before meals
[6]. Regularity in mealtimes and routines where
the child and family sit down and eat together -
helping to establish better eating practices and
monitoring of food intake — has been shown to be
associated with better glycemic outcomes across
all insulin regimens.

The recommended meal plan should consider
usual appetite, food intake and exercise patterns
(including at school or preschool), activity level
and insulin regimen. A key aspect of nutrition
therapy is advice on the amount, type and distri-
bution of carbohydrate over the day. Nutritional
advice regarding carbohydrate distribution, in-
cluding the need for snacks, differs according to
the insulin regimen [7]. Recommendations for dif-
ferent insulin regimens are presented in table 1.

Energy Balance

At diagnosis, appetite and energy intake are often
high to compensate for catabolic weight loss. En-
ergy intake should be reduced when an appropri-
ate healthy weight is restored. Regular monitor-
ing by the diabetes team should assess appropri-
ate weight gain.
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Table 1. Nutritional recommendations for different insulin regimens

Insulin regimen

Meal structure

Twice daily mixed insulin doses

Three meals and 3 snacks per day at regular times to balance the
insulin action profile

Consistent carbohydrate quantities at each meal and snack on a
daily basis

Treat hypoglycemia with short-acting carbohydrate

followed by long-acting carbohydrate

Multiple daily injections using rapid-acting
insulin premeals and long-acting insulin as
the basal dose; greater flexibility in meal
timing and food quantity as one is able to
change the mealtime insulin dose and timing

Snacks between meals should not exceed 1-2 carbohydrate serves
(e.g. 15-30 g of carbohydrate) unless an additional injection is
given

Requires knowledge of carbohydrate counting for insulin dose
adjustment at mealtimes

Treat hypoglycemia with short-acting carbohydrate only

Insulin pump therapy provides a continuous
subcutaneous infusion of basal insulin, with
bolus doses given to match the carbohydrate
amount to be eaten

Offers the greatest flexibility in meal timing and quantities; hence,
it is particularly helpful for toddlers to decrease parental anxiety at
mealtimes

Good knowledge of carbohydrate counting is essential as bolus
insulin is matched to the carbohydrate eaten at all meals and
snacks

Insulin for food must be given prior to eating for the best glycemic
outcome

A missed mealtime insulin bolus is the biggest contributor to poor
glycemic outcome

Basal rates, insulin-to-carbohydrate ratios and correction factors
are individually calculated

The bolus type and dose can be adjusted to match the meal
composition and, hence, better mimics the physiological
absorption profile

Treat hypoglycemia with short-acting carbohydrate only

With all insulin regimens, individualized advice regarding carbohydrate amount and distribution should consider
usual appetite, food intake patterns, exercise and energy requirements of the person with diabetes.

© 2013 Adapted from Australian Family Physician. Reproduced in part with permission from the Royal Australian
College of General Practitioners from Barclay et al. [7].

The prevention or treatment of overweight or
obesity is a key strategy of care, and guidance on
appropriate serving sizes, frequency of snacking
and appropriate hypoglycemia treatment is im-
portant. Additionally, advice should be provided
on food and insulin adjustment for exercise.

The total daily energy intake should be distrib-
uted as follows: 45-65% carbohydrate, 30-35% fat
and 15-25% protein [8]. Carbohydrate should not
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be restricted, as it is essential for growth. Carbo-
hydrate intake should come predominantly from
wholegrain breads and cereals, legumes, fruit,
vegetables and low-fat dairy foods (except for
children <2 years). Food models such as the plate
food model (fig. 1) are useful in providing basic
nutritional information and healthy eating con-
cepts [9]. They also illustrate carbohydrate-con-
taining foods in relation to other foods visually.
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h Council eC[t hec[].t].l

Department of Health and Ageing

Australian Guide to Healthy Eatin

Enjoy a wide variety of nutritious foods
from these five food groups every day.

Drink plenty of water.

Vegetables and
legumes/beans

Grain (cereal) foods,
mostly wholegrain
and/or high cereal g
fibre varieties -

Lean meats and
poultry, fish, eggs,
tofu, nuts and seeds
and legumes/beans

Milk, yoghurt, cheese and/or
alternatives, mostly reduced fat

Use small amounts Only sometimes and in small amounts

(For legend see next page.)
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Fig. 1. Australian guide to healthy
eating. Canberra, National Health
and Medical Research Council, 2013
[91.

Fig. 2. Mean postprandial glucose
excursions from 0 to 300 min for 33
subjects after test meals of low fat/
low protein (®), low fat/high protein
(®), high fat/low protein (A) and
high fat/high protein (O) content.
The carbohydrate amount was the
same in all meals. There were signifi-
cant differences in glucose excur-

Mean glucose excursion (mmol/I)

sions between meal types from 150 0 30
to 300 min (p < 0.03). © American
Diabetes Association. Reproduced
from Smart et al. [12].

60 90 120 150 180 210 240

Time from meal (min)

270 300

Carbohydrate Assessment

Children and adolescents with T1DM require ed-
ucation regarding the amount, type and distribu-
tion of carbohydrate over the day, taking into ac-
count their age, food intake patterns and insulin
regimens (table 1). Day-to-day consistency in
carbohydrate intake using serves or 15-gram car-
bohydrate exchanges is encouraged for those re-
ceiving fixed mealtime insulin doses. A more flex-
ible carbohydrate intake can be achieved using an
insulin-to-carbohydrate ratio for those on inten-
sive insulin therapy.

Carbohydrate counting is a key nutritional in-
tervention for young people using insulin pump
or multiple daily injection therapy. It enables ad-
justment of the prandial insulin dose according
to carbohydrate consumption, thus permitting
carbohydrate intake to be varied. Multiple bene-
fits have been reported when carbohydrate count-
ingis used as an intervention, including improve-
ments in glycemic control, diabetes-specific
quality of life and coping ability [10]. Advice on
carbohydrate quantification should be given
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within the context of a healthy diet as focusing
only on the amount of carbohydrate can lead to
unhealthy food choices.

In clinical practice, a number of methods
for carbohydrate quantification are commonly
taught, including 1-gram increments, 10-gram
carbohydrate portions and 15-gram carbohy-
drate exchanges. Research has demonstrated that
carbohydrate counting is difficult, and repeated
age-appropriate education by experienced health
professionals is necessary to maintain accuracy
in estimations [I1]. Inaccurate carbohydrate
counting has been associated with higher daily
blood glucose variability.

It is becoming increasingly recognized that fat
and protein also contribute to postprandial hy-
perglycemia. Fat and protein have been found to
increase the delayed postprandial glucose rise
(fig. 2) [12]. Consideration of the impact of fat and
protein on glucose levels involves the application
of advanced nutritional concepts that are best
taught after basic carbohydrate counting skills
are established. Alterations to the insulin dose
and distribution at a mealtime may be necessary
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Table 2. Common issues to consider for each age group

Age group

Issues to consider

Toddlers

Encourage them to eat the usual family diet; offer finger foods to encourage self-feeding;
discourage offering a bottle for ‘easy’ carbohydrate intake

Decreased appetite, food refusal and food fads are common; it is important to avoid ‘grazing’ and
excessive milk consumption

Regular carbohydrate intake is required to prevent hypoglycemia on twice-daily insulin doses;
offer routine meals and 2 small snacks over the day

Insulin pump therapy is beneficial in managing toddler eating behaviors; it is preferable that
preprandial insulin doses are given, but the dose can be split to some before and some during
the meal when eating is erratic or new foods are offered; it is important that carbohydrate
quantities as small as 7 g are covered by insulin

School-aged
children

They become more independent and take on aspects of own care but always with parental
supervision and support

Blood testing during the school day is recommended for all children

The meal and snack routine is ideally incorporated into the usual school timetable

They need to have an understanding of carbohydrate quantities in foods to ensure an
appropriate distribution over the school day; labelling the carbohydrate quantities of foods in the
lunch box is recommended

Avoid excessive eating at afternoon tea contributing to predinner hyperglycemia by either eating
more during the day to spread carbohydrate more evenly or considering an additional dose of
insulin in the afternoon to cover the extra carbohydrate

Extra carbohydrate food is required only for additional strenuous activity and not needed for the
child’s usual active play

Teenagers

Challenging behaviors including smoking, drinking, staying out late, sleeping in, skipping insulin
and missing meals

Emphasis should be placed on the importance of routine meals and snacks, particularly during
periods of rapid growth, to prevent excessive afternoon or evening snacking

Disordered eating habits can be an issue that clashes with diabetes management, and they may
require specialist dietetic support

Parental supervision and support continues to be essential, particularly at mealtimes, to ensure
insulin boluses are not missed

Alcohol can cause delayed hypoglycemia, and advice needs to be given about moderate alcohol
consumption and regular carbohydrate intake during drinking

Participation in competitive sports requires appropriate insulin adjustment as well as an
appropriate timing and quantity of carbohydrate intake and adequate fluid to optimize
performance

© 2013 Adapted from Australian Family Physician. Reproduced in part with permission from the Royal Australian Col-
lege of General Practitioners from Barclay et al. [7].

for meals very rich in fat and protein. An advan-  Glycemic Index

tage of insulin pump therapy is that it is possible

to tailor prandial insulin delivery to meal compo-  Nutrition therapy for young people with T1IDM
sition. Combination boluses have been recom- should include education regarding the GI. This
mended for high-fat, high-protein mealsand low-  is a ranking of foods based on their acute glycemic
glycemic index (GI) meals. impact. The GI has been shown to provide addi-
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tional benefit to glycemic control over that ob-
served when carbohydrate amount is considered
alone [13]. Low-GI foods lower the postprandial
glucose excursion compared to carbohydrates
with a higher GI. If possible, high-GI food choic-
es should be substituted with lower-GI foods. Ex-
amples of low-GI food choices include who-
legrain breads, pasta, many fruits, milk and yo-
ghurt. It is important that the GI is not taught in
isolation, as monitoring the amount of carbohy-
drate is a key strategy of care.

Specific Advice for Different Age Groups

At all ages, advice should focus on decreasing the
intake of sweetened drinks and saturated fat [7].
Specially labeled ‘diabetic foods’ are not necessary
and may contain sweeteners with laxative effects.
Missed meal boluses are a major cause of subop-
timal glycemic control at all ages, and it is advis-
able to always give insulin before meals. Common
dietary issues to consider at specific ages are out-
lined in table 2.

Nutritional Management of Type 2 Diabetes
in Children

Most children with type 2 diabetes are overweight
or obese; therefore, nutritional advice should be
focused on dietary changes and lifestyle interven-
tions to prevent further weight gain or to achieve
weight loss. The entire family should be included
in the education, since caregivers influence the
child’s food intake and physical activity. Families
should be counseled to decrease energy intake by
focusing on healthy eating and strategies to de-
crease portion sizes of foods as well as by lowering
the intake of high-energy-, high-fat- and high-
sugar-containing foods. Snacks should be limit-
ed. Those on medication or insulin therapy re-
quire more in-depth teaching on carbohydrate
management. Regular follow-up is essential to
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monitor weight and glycemic control and to pre-
vent the development of diabetes-related compli-
cations.

Conclusions

o Nutrition therapy is one of the fundamental
elements of care and education for children
and adolescents with diabetes

o Individualized nutritional education should
be provided at diagnosis by a dietitian with
experience in childhood diabetes. Regular
supportive contacts with dietetic health pro-
fessionals are required to increase dietary
knowledge and adherence across the life
span

« Dietary recommendations should be based on
healthy eating guidelines suitable for all chil-
dren and families with the aim of improving
diabetes outcomes and reducing cardiovascu-
lar risks

 Nutritional interventions should aim to main-
tain an ideal body weight, optimal growth as
well as health and development. Growth mon-
itoring is an important part of diabetes man-
agement

o The optimal macronutrient distribution varies
depending on the individualized assessment of
a young person. As a guide, carbohydrate
should approximate 45-55%, fat <30-35%
(saturated fat <10%) and protein 15-20% of
the energy intake

o The use of an insulin-to-carbohydrate ratio on
intensive insulin regimens allows greater flex-
ibility in carbohydrate intake and mealtimes,
with potential for improvements in glycemic
control and quality of life

o Regularity in mealtimes and eating routines
are important for optimal glycemic outcomes
on all insulin regimens

« Fixed insulin regimens require consistency in
the amount and timing of carbohydrate intake
over the day
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Low-GI foods should be substituted for high-
GI foods in the diets of children with diabetes
to improve glycemic control

The prevention of overweight and obesity in
pediatric TIDM is a key strategy of care and
should involve a family-based approach

Individualized nutritional advice should be
provided on how to manage physical activity,
exercise and competitive sports

Nutritional management of type 2 diabetes re-
quires a family and community approach to
manage issues of excessive weight gain, lack of
physical activity and the increased risk of car-
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3.16 Inborn Errors of Metabolism
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Key Messages

« Common inborn errors of metabolism (IEM) treated
by life-long dietary management are responsible
for a collection of diverse clinical conditions

« Itis essential to diagnose conditions before neuro-
logical or other toxicological damage occurs

- Treatment strategies involve avoidance or con-
trolled intake of dietary precursors of toxic meta-
bolites in amino acid disorders, organic acidaemias,
urea cycle disorders, galactosaemia and hereditary
fructose intolerance

» Other disorders need to avoid prolonged fasting
(e.g. fatty acid oxidation disorders) or a regular glu-
cose supply (e.g. glycogen storage disorders)

» In IEM where acute metabolic decompensation oc-
curs, the use of an emergency regimen is impera-
tive

« Attentive nutritional support with the provision of
macronutrients and micronutrients to meet dietary
reference values/requirements is essential

« Frequent monitoring of growth, nutritional intake,
development and biochemical control is necessary

© 2015 S. Karger AG, Basel

Introduction

Common inborn errors of metabolism (IEM)
treated by life-long dietary management are re-
sponsible for a collection of diverse clinical con-
ditions. Each condition may present at different
ages with variable severity and outcome. Disor-
ders requiring avoidance of/reduction in dietary
precursors of toxic metabolites include phenyl-
ketonuria (PKU), maple syrup urine disease
(MSUD), organic acidurias, urea cycle disorders
(UCD) and galactosaemia. Disorders requiring
glucose stabilisation include fatty acid oxidation
defects and glycogen storage diseases (GSD). It
is essential to diagnose conditions before neuro-
logical or other toxicological damage occurs.
Many IEM are now recognised by newborn
screening programmes. In some conditions,
neonates may require emergency treatment
such as dialysis to remove toxic organic acids or
ammonia.

In IEM where acute metabolic decompensa-
tion occurs (precipitated by infections/surgery/
trauma combined with poor oral intake and fast-
ing), with risk of further irreversible damage,
particularly neurological, the use of an emergen-
cy regimen is imperative. An emergency regimen
provides an exogenous energy source (either



from oral glucose polymer solutions or intrave-
nous glucose) to reduce production of potentially
toxic metabolites or to prevent hypoglycaemia
[1]. This is essential for a variety of conditions in-
cluding MSUD, organic acidaemias, UCD, long-
chain and medium-chain fatty acid oxidation
disorders and GSD.

Disorders of Amino Acid Metabolism

Deficiencies in enzymes involved in amino acid
metabolism cause abnormalities in the break-
down of amino acids, resulting in the accumula-
tion of toxic substances, e.g. phenylalanine, phe-
nylpyruvate and phenylacetic acid in PKU, and
subsequent organ damage (table 1) [2]. The brain,
liver and kidney are the most frequently affected
organs. Some disorders cause chronic neurologi-

cal damage without acute decompensation (e.g.

PKU), others cause acute symptoms associated

with catabolic states leading to endogenous pro-

tein breakdown and release of amino acids

(MSUD) [3]. Dietary treatment is essential for

PKU, homocystinuria (HCU), MSUD and tyro-

sinaemia type 1 (HT1) [4].

Dietary treatment involves:

o Avoidance of foods high in natural protein to
prevent excess accumulation of the ‘precursor’
amino acid(s); foods such as meat, fish, eggs,
cheese, nuts and seeds are not permitted un-
less it is a very mild disorder phenotype

o Alimited amount of natural protein is given to
maintain ‘precursor’ blood amino acids within
the target treatment range; natural food sourc-
es allocated for substrate amino acids are from
cereal, potato, some vegetables and milk

o Provision of L-amino acids that are free of
‘precursor’ amino acids to meet at least safe
levels of protein/nitrogen requirements with
an additional amount to compensate for the
inefficiency of L-amino acid utilisation

o Provision of indispensable/conditionally in-
dispensable amino acids that may become de-

Inborn Errors of Metabolism

ficient as a result of the enzyme block or di-
etary treatment (e.g. phenylalanine in HTI,
cystine in HCU)

o Maintenance of a normal energy intake by en-
couraging the use of foods naturally low in
protein and of specially manufactured low-
protein foods such as bread and pasta

o Prevention of catabolism and metabolic de-
compensation during illness/trauma, particu-
larly in MSUD
Diet may be the sole form of therapy or used

in combination with other treatments. In mild or

moderate PKU, adjunct therapy in the form of
tetrahydrobiopterin, a coenzyme in the hydrox-
ylation reaction of phenylalanine to tyrosine,
may help to enhance natural protein tolerance or
improve blood phenylalanine control. It acts as a
chaperone to increase the activity of the defective
enzyme [4]. In HT1, the drug nitisinone inhibits
the accumulation of the catabolic intermediates
which are converted to succinyl acetone and suc-
cinyl acetoacetate, which are responsible for liver
and kidney toxicity [5].

Organic Acidurias

Organic acidurias are a diverse group of disor-
ders, typically in the degradative pathways of
amino acids, carbohydrates and fatty acids, char-
acterised by increased excretion of organic acids
in the urine. They include the conditions affect-
ing abnormal catabolism of branched-chain ami-
no acids: methylmalonic aciduria (MMA), pro-
pionic aciduria (PA) and isovaleric aciduria
(table 2). Clinical features frequently include en-
cephalopathy and episodic metabolic acidosis,
caused not only by the accumulation of toxic in-
termediates but also by disturbances of mito-
chondrial energy metabolism and carnitine ho-
moeostasis [3]. Symptoms commonly develop
between days 2 and 5 of life, although they can
commence at any age. Major goals of therapy are
the reversal of catabolism, the promotion of anab-
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Low-methionine diet (classic HCU tolerates a

median of 230 mg/day)
Methionine-free L-amino acid supplement

Cystine supplements if blood levels low

Classic HCU only

Treatment

Learning difficulties, developmental delay,
psychiatric problems, EEG abnormalities

Osteoporosis, scoliosis, thinning and
and epilepsy

Symptoms in untreated patients
Dislocation of the optic lens, myopia
lengthening of the long bones

and glaucoma

Inborn Errors of Metabolism

Use of low-protein foods (special and natural) to maintain

(dosage titrated according to blood levels)
‘normal’ energy requirements

Vitamin/minerals/essential and LC PUFA

Folic acid supplementation
Betaine supplementation

Thromboembolism
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branched-chain amino acids; LC PUFA = long-chain polyunsaturated fatty acids.

Branched-chain a-keto acid dehydrogenase; BCAA

BCKD =

olism and, as a consequence, the reversal of the
breakdown of endogenous protein [3].

Treatment strategies include: (1) natural pro-
tein restriction of precursor amino acids (aiming
to provide safe levels of protein intake [6]); (2)
maintaining an optimal energy intake; and (3)
use of adjunctive compounds to dispose of toxic
metabolites (e.g. carnitine) or to increase activity
of deficient enzymes (e.g. vitamin By, in MMA).
Some inherited metabolic disease centres pre-
scribe precursor-free amino acids to supplement
natural protein intake, although the long-term
value of these supplements remains uncertain. In
MMA and PA, to reduce the production of pro-
pionate, it is also necessary to avoid prolonged
fasting (with the use of overnight tube feeding) in
order to limit oxidation of odd-chain fatty acids
liberated from triglyceride stores during lipoly-
sis. Also in MMA/PA, metronidazole is given to
reduce intestinal production of propionate. Met-
abolic decompensation caused by catabolic stress
(e.g. from vomiting and decreased oral intake) re-
quires prompt intervention with an emergency
regimen.

Urea Cycle Disorders

UCD are rare defects in waste nitrogen metabo-
lism associated with the breakdown of protein
and other nitrogen-containing molecules [7].
Partial deficiency or total absence of any of the
enzyme activities in the urea cycle (including car-
bamoyl-phosphate synthetase 1, ornithine car-
bamoyltransferase, argininosuccinate synthetase,
argininosuccinate lyase and arginase) causes ac-
cumulation of ammonia and glutamine, and nor-
mal arginine biosynthesis is interrupted. The re-
sulting hyperammonaemia and central nervous
system dysfunction is associated with high mor-
tality and morbidity. Although symptoms mainly
develop in the neonatal period, patients differ in
age at presentation, in the character and severity
of symptoms and in their susceptibility to meta-

229

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 226-233

DOI: 10.1159/000360344



sannoyIp buiuiea

ywmo.b bupiaye

sijealduRd

spooj buluieluod-uia104d 0} UOISI9AR [eINleN
abewep |ed160j0iNaN

SUOI}294Ul JUBLINDIBIUL
Bbunnp uswibai AHouabirawy
BUPAID '€

auuIe) g

2uIdN3| Jo 9344 syuswd|ddns
pide oulwe F 131p uldloid-moT |

saInz|as
Ke|ap 10jowoydAsd
Ayredojeydadua anissaiboid
INopo 199§ A1eams
ejuwuaylodAH

ABieyra

eaoudsAQ

uonelpAysqg

ejuojodAH

|esnyau paay/buipasy 1004
Bunwon o1posidy

WIO JUSRIWISIUI DIUOIYD
WIOJ [BJRUOSU DI3AS ‘DINDY

ejwaeppe
umousun  dLISJeAOS|

AyyedoAwoipied
an|iej [eual d1UOIYD
elwedunIadAy yum sisopioe Jejngn

saInzids

si3eadued JUaLINd2) pue NdY SUOI3D3)Ul JUSLINDIAUI Kejap [eausawdojanaqg aigp
s1s010d03150 Bbuunp uawibai AHousbiaw] £ KjebawoledaH Jl192
uonunujew udloid a1ndy ejwaeuowwesadAy  Ayyedojeydadua aaissaiboid sIaplosip
JUIZ pue WiNIUR|3s ‘63 ‘Sa1DUBIDIP [BUOHLIINN 10§ 910ZUSQ WNIPOS ‘9 KBieyra Abmyipd uopdnpal uiwbipqo>
sso| JleH SISOpIDe 40 91eUOQIeDIg WINIPOS °S eaoudsAg qI19
ymoub J1ood 9|0ZepIuoNdN uoneipAysg vIgd
swoydwAs a1-x043s pue abewep uolbueb [eseg auniwie) ‘¢ ejuojodAH SI9pJOSIp UIWD[DGOD)
sa1nNdIyIp Bujuies 2UIDN3|OSI PUE BUI[EA ‘DUIUORIY} suoldajul epipued)  (AlANDE 3seinw [enpisal) N
Kejap [eyusawdojaaapoinaN ‘auluolylaw Jo aa.) syuswa|ddns Buniwop (AuAnoe aseinw ou) Ny 000°0S Ul L
ejuojodAH pIoe oulwe F 131p uld)0id-mo g ymoub buniayje :sadfjouayd 1S9leWIIS]
abewep |edi6ojoinaN  syusned aaisuodsal 1oy Zlg ulwelA *| |esnjai pasy/buipaay 1004 asvinw yo)-[Auopwifyiap uleuadun YW
AyyedoAwolpied ewo)
9duelsIsal duowloy plolAyiesed 01 anp ejwaed|ed0dAH 9dUdjoUWOS
si3eaJdued JuaLINda) pue NdY saInz|ag
$15010d03150 Kejap [eauawdojanaqg
SUOI1D3)Ul JUBINDRY SUOI1D9)Ul JUSLINDIAIUI Klebawoieday (000'S Ul |
SuUOI3d34ul ePIPULRD) Bbunnp uswibal AHousbiaw] 9 ejuojodAH 031000'C Ul L)
siiewssg ejwaeuowwelsadAy KBieyra uonejuasaid jestud eiqely
uolINujew uid3oid andy 104 91e0ZUdQ WNIPOS °G elwiaylodAH 9|qelIeA PUR ‘UOWIWIOD SS9 Ipnes jo
JUIZ pue WiNIUd|3s 63 ‘Sa1DUBIdIP [BUOHLIINN SISOpID. 40} 91U0QJedIq WNIPOS {7 eaoudsAQ (5¥9aM 9<) 1a5U0 91D suolbas
sso| JleH 9|0ZepIUOIB '€ uoneipAysg spaay bululeuod ul ybiH
ymoub 10od aunuie) 7 Buniwop -u19104d JO UOIDNpPOIUI 000°00S Ul |
Kejap [eausawdojanag QUIDNI|OSI PUB BUI[EA ‘BUIUOAIY]Y ymoub buniaye SMO||0} SSBU||I DI9ASS 0100005 Ul |
BIUOISAP pUB SIDPIOSIP JUSWSAON ‘auluoly1aw Jo 9314 syuswa|ddns |esnyas paay/Buipasy oo ‘pouad [ejeuosu ul bunuasaid S9)eWIIS]
abewep |ed160[0In3aN pide oulwe F 131p uidloid-mo | ssau||1 buluslealyl-a)] 1a5u0 A3 urenadun vd
suonedljdwo) usweal| swoldwAs pue subis uoneoyisse|D dUd[BARId UOIIPUOD

sejwaepide djuebio Jo swoirdwAs pue uoledIJISSed ‘9duspIdu| *Z d|qeL

MacDonald

230

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 226-233

10.1159/000360344

DOI



bolic derangement depending on the affected en-
zyme and its residual activity [8].

Treatment for UCD involves reducing protein
intake, supplementing essential amino acids and
avoiding catabolic states. Drug therapy produces
alternative pathways for nitrogen excretion and
includes ammonia-scavenging drugs (e.g. sodi-
um phenylbutyrate or sodium benzoate) and ar-
ginine (except in arginase deficiency), which pro-
motes incorporation of ammonia into citrulline
and arginosuccinate. L-Citrulline may be given
as an alternative to arginine in ornithine carbam-
oyltransferase and carbamoyl-phosphate syn-
thase deficiency [7].

Disorders of Fatty Acid Oxidation

Mitochondrial fatty acid oxidation is required
for energy during fasting, either through com-
plete oxidation or through production of ke-
tones in the liver that then serve as an alternative
energy source for the brain. Disorders are main-
ly precipitated by fasting and typically present as
hypoketotic hypoglycaemia, which leads to
coma or convulsions. The most common fatty
acid disorder in Northern Europe is medium-
chain acyl-CoA dehydrogenase deficiency
(MCADD) [5]. In unscreened populations,
MCADD is associated with 25% mortality on
presentation. Most children identified through
newborn screening remain well without long-
term sequelae. Precipitating factors of acute
metabolic episodes in infancy include prolonged
fasting caused by vomiting/diarrhoea/fever, and
in teenagers/adults strenuous exercise, alcohol
and drugs (with vomiting/fasting), surgery and
pregnancy [9]. Treatment consists of avoidance
of fasting and use of an emergency regimen with
illness/surgery/trauma. See table 3 for suggested
safe fasting times.

Inborn Errors of Metabolism

Disorders of Carbohydrate Metabolism

The disorders of carbohydrate metabolism dis-
play a wide range of clinical features: symptoms
caused by toxicity (galactosaemia and hereditary
fructose intolerance, HFI) or hypoglycaemia
(GSD).

Disorders of Galactose and Fructose Metabolism
Galactosaemia is a disorder of galactose metabo-
lism causing abnormal glycosylation of glycopro-
teins and glycolipids [10]. In HFI, accumulation
of fructose 1-phosphate causes inhibition of gly-
cogen breakdown and glucose synthesis, thereby
causing severe hypoglycaemia following fructose
ingestion [11]. Both conditions are potentially
life threatening on presentation. Children with
galactosaemia and HFI typically develop evi-
dence of severe damage to the liver and kidneys
after dietary intake of lactose (milk, milk prod-
ucts) in galactosaemia or of fructose (fruits, su-
crose) in HFI [5]. Treatment includes the elimi-
nation of the intake of galactose or fructose, re-
spectively. In HFI, an aversion to fructose is
common.

Children with galactosaemia often present in
the first week of life. Children with HFI develop
symptoms after the introduction of fruits, vege-
tables and particularly table sugar (the fructose-
glucose disaccharide sucrose) to their diet, often
between 4 and 8 months of age [12]. Long-term
complications are common in galactosaemia and
appear to be independent of the severity of ill-
ness, type of diet therapy or dietary adherence,
and there is debate about how stringent dietary
restriction should be later in life. In contrast, in
HFI outcome is good, with normal growth, intel-
ligence and life span [12].

Disorders of Gluconeogenesis and Glycogen
Storage

GSD are defects of a number of different en-
zymes involved in glycogen synthesis and degra-
dation [13]. Glycogen is primarily stored in the
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liver and muscle, and disorders of glycogen deg-
radation may affect the liver or muscle or both
[14]. The liver GSD include GSD I and the he-
patic presentation of GSD III [15]. Typical meta-
bolic features are lactic acidaemia and hypogly-
caemia. Variable organ dysfunction, most fre-
quently hepatomegaly, occurs. The goal of
treatment is to maintain normoglycaemia, pre-
vent hypoglycaemia and prevent secondary
complications. Treatments include frequent
meals, cornstarch supplementation and/or con-
tinuous overnight tube feeding to avoid hypo-
glycaemia. In GSD I, allopurinol reduces uric
acid levels in the blood to prevent gout and kid-
ney stones [14].

Conclusions

o The treatment goal for all IEM is to achieve
optimal development and nutritional status
during childhood, and maximal indepen-
dence, social integration and self-esteem in
adolescence and adulthood

o All conditions require diligent care, and IEM
are best managed by a multidisciplinary team
led by a physician

 Attentive nutritional support with the provi-
sion of macronutrients and micronutrients to
meet dietary reference values/requirements is
essential

o Frequent monitoring of growth, nutritional
intake, development and biochemical control
is necessary
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3.17 Hypercholesterolemia
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Key Messages

+ Children with severe hypercholesterolemia should
be diagnosed and treated early to reduce the risk
for premature cardiovascular morbidity and mor-
tality

- Dietary modification can be initiated from the age
of 2-3 years onwards

- Modifying dietary fat intake with limitation of satu-
rated fats and their replacement by monounsatu-
rated and polyunsaturated fats are the most impor-
tant factors

+ Preferential consumption of complex and slowly di-
gested carbohydrates over sugars moderately re-
duces plasma cholesterol levels but is often difficult
to achieve in children

- Soluble (but not insoluble) dietary fiber may con-
tribute to cholesterol lowering and may be recom-
mended to selected, highly motivated families

© 2015 S. Karger AG, Basel

Introduction

A large body of evidence from epidemiological
and intervention studies demonstrates that high
plasma concentrations of cholesterol and particu-
larly of LDL cholesterol are risk factors for the
early development of premature cardiovascular
diseases such as coronary heart disease and stroke,
and for the associated increased mortality [1, 2].
In children, high plasma concentrations of cho-
lesterol and LDL cholesterol lead to enhanced
early development of vascular damage in autopsy
studies, and clinical studies using ultrasound
techniques show increased lipid deposition in the
vascular intima and decreased vascular distensi-
bility. For the general population, including chil-
dren, healthy lifestyles and dietary habits that
promote cardiovascular health are advocated [3].
Children with markedly elevated cholesterol, for
example due to primary genetic disorders such as
familial hypercholesterolemia, should be diag-
nosed early and treated effectively. The basis of
intervention in children with hypercholesterol-
emia is dietary modification, which is described
here. In the subgroup of children with severe hy-
percholesterolemia who do not achieve a satisfac-
tory reduction of plasma cholesterol concentra-
tions with diet alone, the use of lipid-lowering
drugs in addition to diet should be considered.



Table 1. Characteristics of plasma lipoproteins

Chylomicrons VLDL LDL HDL
Major lipids Triglycerides Triglycerides Cholesterol Cholesterol, phospholipids
Major apoproteins A, B48, C B100,C, E B100 A E
Formation Gut Gut, liver VLDL catabolism Gut, liver

Major function Transport of
exogenous

triglycerides

Transport of endogenous
triglycerides from the liver
to extrahepatic tissues

Cholesterol transport
to extrahepatic tissues

Cholesterol transport from
extrahepatic tissues to the
liver

Table 2. Assessment of plasma lipid, lipoprotein and apoprotein concentrations (mg/dl) in children and adolescents

Lipid Low Acceptable Borderline Increased
(~75th centile) (~95th centile)
Total cholesterol - <170 170-199 >200
LDL cholesterol - <110 110-129 =130
Non-HDL cholesterol® - <123 120-144 >145
Triglycerides
0P-9years - <75 75-99 >100
10-19 years - <90 90-129 >130
HDL cholesterol <35 >45 35-45 -
Apolipoprotein A-1 <115 >120 115-120 -
Apolipoprotein B - <90 90-109 =110
Lipoprotein(a) <30 >30

Modified from refs. 3, 8 and 9. Cholesterol in mg/dl x 0.0259 = mmol/I; triglycerides in mg/dl x 0.01 = mmol/I.
2Non-HDL cholesterol = total cholesterol - HDL cholesterol.

bTriglyceride concentrations above these reference values are frequently observed in infancy when dietary fat in-
takes are high and fasted blood samples cannot be obtained.

Lipoproteins

Lipids are transported in the plasma by lipopro-
teins (table 1), which carry apoproteins that medi-
ate their receptor binding and tissue uptake. Tri-
glyceride-rich chylomicrons are formed in intesti-
nal epithelial cells from absorbed dietary fats, are
secreted into the lymph and consecutively trans-
ported into the blood stream. Chylomicron tri-
glycerides are hydrolyzed by lipoprotein lipase
linked to the capillary endothelium. Lipolysis
products are taken up and utilized by tissues. Li-
poprotein lipase also hydrolyzes triglycerides in
VLDL synthesized in the gut and liver. This lipol-

Hypercholesterolemia

ysis results in the formation of intermediate-den-
sity lipoproteins and further of LDL in the circula-
tion. LDL are rich in cholesterol and apoprotein
B100, bind to apoprotein receptors in hepatocytes
and peripheral cells and transport cholesterol to
tissues. High plasma concentrations of LDL lead
to increased deposition of cholesterol in the vas-
cular intima, atherosclerotic vascular damage and
premature coronary artery disease. LDL choles-
terol can be measured directly by using ultracen-
trifugation but in clinical practice is usually deter-
mined from after an overnight fast using the Frie-
dewald formula: LDL cholesterol (mg/dl) = total
cholesterol (mg/dl) - HDL cholesterol (mg/dl) -
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[triglycerides (mg/dl) x 0.2]. (Cholesterol in mg/
dl is converted into mmol/l by multiplication
with 0.0259.) Increased plasma levels (>30 mg/dl)
of lipoprotein(a), an LDL particle with added
apoprotein(a), are an independent risk factor for
coronary artery disease and juvenile thrombosis.
The liver and gut secrete apoprotein A containing
HDL low in cholesterol (‘nascent HDL’), which
takes up cholesterol from tissues and from VLDL
and LDL and transports it back to the liver. In
contrast to LDL, high plasma levels of HDL are
protective against the development of atheroscle-
rotic diseases. Reference values for plasma lipids,
lipoproteins and apoproteins in children and ado-
lescents are shown in table 2.

Hypercholesterolemia

The heterozygous form of familial hypercholester-
olemia is one of the most frequent inherited meta-
bolic disorders, affecting about 1 in 500 newborns
in Europe and North America. The underlying de-
fect in LDL receptor function is dominantly inher-
ited (i.e. affects ~50% of children of an affected
parent). From the onset of enteral feeding, levels
are markedly increased for LDL cholesterol (usu-
ally >180 mg/dl), total cholesterol (>250 mg/dl)
and apoprotein B (>150 mg/dl; Frederickson hy-
perlipidemia type ITa). In untreated patients, coro-
nary heart disease may manifest itself already in the
third decade of life. Diagnosis is performed based
on repeated measurement of plasma lipoproteins
in the fasted state, family history (dominant inher-
itance) and, if desired, by molecular genetic analy-
sis of the underlying mutation. The rare homo-
zygous form of familial hypercholesterolemia is
found in about 1 of 1,000,000 individuals and leads
to excessive levels of cholesterol (>600 mg/dl) from
infancy due to an almost complete deficiency of
LDL receptor function. Affected children develop
xanthomas already in the first decade of life (fig. 1)
and usually die before the age of 20 years unless ef-
fectively treated with extracorporeal LDL apheresis
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Fig. 1. Xanthomas over the patellae and elbow in a
12-year-old child with homozygous familial hypercholes-
terolemia.

Table 3. Selected secondary hyperlipidemias in children
and adolescents

Hypercholesterolemias

Acute intermittent porphyria

Anorexia nervosa

Cholestatic liver diseases

Cushing syndrome

Hypothyreosis

Nephrotic syndrome, renal failure, dialysis

Hypertriglyceridemias

Obesity

Diabetes mellitus

Glycogen storage disease type 1
Pancreatitis

Combined hyperlipidemias

Obesity

Diabetes mellitus

Glycogen storage disease type 1

Hepatitis

Nephrotic syndrome, renal failure, dialysis

Drugs: B-blockers, corticoids, estrogens,
progesterone, thiazide diuretics

Pregnancy

Systemic lupus erythematosus

or liver transplantation. A phenotype similar to the
heterozygous form of familial hypercholesterol-
emia is found in children with familial defective
apoprotein B, which also leads to defective receptor
binding of LDL. Its prevalence is almost as high as
that of the LDL receptor defect. Secondary hyper-
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Table 4. Effects of dietary fats on plasma LDL and HDL cholesterol

Dietary fats Food sources Cholesterol
LDL HDL
Saturated fatty acid (12-16 carbons)  Fatty milk products (butter, cream), fatty meats, e T
coconut oil
Trans-fatty acids Hydrogenated fats (deep frying fats, hard margarine, i 1
baked goods); ruminant fats (milk, beef, lamb)
Monounsaturated fatty acids Rapeseed and olive oil, avocado 1 1
(e.g. oleic acid)
Polyunsaturated fatty acids Most vegetable oils (e.g. corn oil, sunflower seed oil), 1l 1 (at high
(e.g. linoleic acid) soft margarine intakes)

Cholesterol Eggs, offal

) =

lipidemias (table 3) are relatively common in chil-
dren and can often be influenced by treating the
underlying disorder or by elimination of causative
substances. Severe and lasting secondary hyperlip-
idemias may necessitate treatment similar to that
of primary genetic hyperlipidemias.

Dietary Treatment of Hypercholesterolemia

Treatment should achieve a lasting lowering of
cholesterol, thereby reducing the risk for prema-
ture cardiovascular morbidity and mortality while
supporting a good quality of life and enjoyment
of eating. At normal HDL cholesterol levels (>45
mg/dl), a targeted dietary modification is indicat-
ed at an LDL cholesterol concentration >130 mg/
dl (table 2). Prerequisites for an effective dietary
change are good information and motivation of
the patient and family, which should be supported
by repeated counselling and practical training.
Dietary modification can be initiated from the
age of 2-3 years onwards. Modifying dietary fat
intake is the most important factor. Saturated fat-
ty acids with 12-16 carbon atoms (primarily ani-
mal fats and some tropical oils) and trans-isomer-
ic fatty acids (primarily from hydrogenated fats)
increase LDL cholesterol (table 4) and should not

Hypercholesterolemia

exceed 8-12% of the dietary energy intake. Di-
etary fat should preferentially comprise monoun-
saturated fatty acids (>10% of energy; e.g. rape-
seed and olive oils), which reduce LDL and in-
crease HDL cholesterol (table 4), as well as
moderate amounts of polyunsaturated fatty acids
(7-10% of energy; e.g. corn and sunflower seed
oils). Limiting the total fat intake to 30-35% of
energy intake contributes to the desired limitation
of saturated and trans-fatty acid intake. Dietary
cholesterol intake should not exceed 300 mg/day.
Preferential consumption of complex and
slowly digested carbohydrates over sugars (mono-
and disaccharides) moderately reduces plasma
cholesterol levels. Soluble dietary fiber (e.g. parts
of oat bran, psyllium) may also contribute to cho-
lesterol lowering, but not insoluble fiber (e.g.
wheat bran). However, diets with strictly limited
sugar and high fiber content are difficult to main-
tain for many children and should only be recom-
mended to selected, highly motivated families.
Patients and their family members require in-
tensive dietary counseling by a physician and a
dietician or nutritionist. Concomitant to dietary
treatment, normal weight and regular physical
activity are encouraged, and smoking is strongly
discouraged. Dietary records may indicate exist-
ing problems and help achieve improvements.
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The effect of treatment is assessed by repeated
measurements of LDL cholesterol (every ~3-6
months). Dietary fat modification may reduce
LDL on average by 10-15% [4], with marked inter-
individual variation partly predicted by the apo-
protein E genotype: individuals with the apopro-
tein E4 phenotype (~10-15% of the European
population) with higher mean cholesterol and
lower triglyceride levels show a stronger response
of plasma cholesterol to dietary cholesterol intake.
In contrast, individuals with the apoprotein E3
phenotype (~75-80% of the population) show a
lesser response to dietary cholesterol restriction.

The regular consumption of plant sterols or
plant stanols from enriched spreads or other en-
riched foods (also available as granulates) can
markedly reduce plasma LDL cholesterol by an
additional 10-15% and is encouraged [5-7].

If dietary modification alone does not achieve
a satisfactory reduction in plasma LDL, addition-
al drug treatment with statins, ezetimibe or an-
ion exchange resins may be considered from the
age of 8-10 years onwards; however, the choles-
terol-lowering diet should be continued.
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Key Messages

« Exclusive enteral nutrition (EEN) is an alternative to
drug therapy in inducing remission in active Crohn
disease

+ In the treatment of active Crohn disease either ele-
mental or polymeric formulae should be provided
as the sole source of nutrition for 6-8 weeks

- Supplementary enteral nutrition will facilitate
weight gain and linear growth and may help main-
tain clinical remission

+ Further research is needed to clarify the mecha-
nisms of action of EEN as primary therapy
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Introduction

Enteral feeding of formulated food can be used to
correct or prevent malnutrition in inflammatory
bowel disease [1]. Exclusive enteral nutrition
(EEN) implies the use of an artificial formula for

the provision of 100% of daily energy as well as
macro- and micronutrient requirements in lieu of
aregular diet. EEN is an alternative to corticoste-
roids for active Crohn disease, employed more of-
ten in children than adults, and more widely in
Europe than in North America [2]. Its efficacy is
supported by data from randomized controlled
trials versus corticosteroids, and from compara-
tive trials of different formulae [3]. The mecha-
nism of action remains conjectural but may in-
volve alteration in the enteric microflora [4].

Treatment algorithms for Crohn disease are
changing. Corticosteroids alleviate symptoms
but seldom heal the intestine. In Europe, EEN is
endorsed as the primary therapy of new-onset
Crohn disease, with thiopurines introduced early
for maintenance therapy. Recent guidelines have
been put forth to enhance the use of enteral nutri-
tion in the management of paediatric Crohn dis-
ease in North America [5]. The support of a mul-
tidisciplinary team of nurses and dieticians is es-
sential [5, 6]. This chapter focuses on the use of
EEN as the primary therapy of intestinal inflam-
mation and aims to provide a practical guide for
its implementation.



Treatment of Active Crohn Disease

Evidence of Efficacy

Most data concerning the efficacy of EEN in treat-
ing active Crohn disease relate to clinical end-
points. Response to EEN has been associated with
endoscopic healing in uncontrolled studies. In a
recent controlled trial among 35 children treated
for active Crohn disease, clinical response was as-
sociated with endoscopic improvement in 77%
with EEN, but in only 33% with steroids [7].

Patient Selection

Roughly 50-60% of Crohn disease patients treated
with EEN achieve clinical remission [3]. The re-
sponse depends on the patient population. Recent-
onset disease may be more responsive [3], perhaps
contributing to the superior response rates report-
ed in small trials conducted exclusively among
children and summarized in a meta-analysis of
outcomes in paediatric trials [8]. Although contro-
versial, predominantly small intestinal inflamma-
tion is considered more likely to respond to EEN,
compared with isolated Crohn colitis [6, 9]. This
may be a reflection of the fact that Crohn colitis is
particularly difficult to control. European and
American guidelines advocate in favour of EEN
use, irrespective of disease location [5, 10]. EEN is
not used to treat ulcerative colitis.

Therapeutic Regimens

Exclusive versus Supplementary

Enteral Nutrition

To be successful, EEN should be the sole source
of nutrition. Allowance of regular food during
treatment of active disease compromises its effi-
cacy [11] and may induce satiety and intolerance
of the amounts of prescribed formula.

Screening for micronutrient deficiencies (e.g.
vitamin D) should guide the need for supplemen-
tation. The micronutrient content of the formula,
as well as its mucosal healing effects, is also ex-
pected to assist in the correction of nutritional
imbalances [12].

240

Mode of Administration

Liquid diets may be sipped orally or administered
via a silastic nasogastric feeding tube (NG tube;
size: 6 or 8 Fr). Most children learn to insert the
NG tube and administer the formula overnight.
The tube is removed each morning to facilitate
daytime activities. When use over a period of
months is contemplated, an indwelling gastros-
tomy tube may be inserted.

Target Volume and Calories
EEN should provide 100% of the patient’s esti-
mated caloric and protein requirements. These
are calculated using normal predictive equations
(e.g. Schofield, WHO equation, etc.; summarized
in the clinical guidelines by the NASPGHAN
Committee on Inflammatory Bowel Disease) [5].
In the setting of malnutrition, ideal body weight
(the weight for the patient’s age that corresponds
to the same percentile on the growth chart as their
height percentile) should be used instead of ac-
tual weight to prevent underfeeding. An activity
factor should be added for the estimation of total
energy requirements. Maintenance fluid volumes
do not have to be provided exclusively via EEN as
consumption of clear fluids is also allowed.
When using NG feeding, infusion rates should
be increased in a stepwise manner considering tol-
erance. The duration of infusion is gradually de-
creased. A sample protocol for the gradual increase
to full feeds is given in table 1. Most young patients
aim to complete the infusion over 10-14 h.

Choice of Formula

Polymeric, peptide-based and amino acid-based
formulae have all been used to treat active Crohn
disease [3]. There is general agreement that the
protein content of liquid diets does not influence
their efficacy [3]. Dietary lipids, however, can
modulate inflammation by a variety of mecha-
nisms which influence cellular production of
cytokines and eicosanoids [3, 13]. While the
amount and type of fat may modulate inflamma-
tory pathways, the therapeutic success achieved
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Table 1. Proposed protocol for the initiation of EEN

Initial rate of feeds
24 h

Start with half of the target hourly volume and give continuously over

Increasing feeds

Increase by 10 ml/h every 3-6 h, depending on symptoms

Cycling feeds

Decrease the overall feed duration by 2-3 h every day; the rate is

determined by the total volume to be given over the desired number of

hours

Final goal of feeds
is10-14h

The maximum rate is usually 6-8 ml/kg/h; the final duration of feeding

Table 2. Sample protocol for reintroduction of solid foods

Day of
introduction

Type of food

Examples

1-4 Grains; low fibre White flour bread, crackers, pasta, rice
Hot cereal: cream of wheat
Cold cereal (low fat, low fibre)
5-9 Meat, fish and Plain (not fried, not processed) lamb, veal, beef, pork,
alternatives; chicken, turkey
low fibre, low fat Fish (low fat)
Tofu
Eggs
10-14 Fruits and vegetables;  Raw fruits without skin/seeds
low fibre, low fat Canned fruits without skin/seeds
Cooked vegetables without skin/seeds
15-17 Dairy; low fat Milk, yogurt, cheese
18 Regular diet Slowly increasing fat and fibre content based on

tolerance

with a variety of both polymeric (usually high-
fat) and elemental (usually low-fat) formulae
suggests that efficacy does not depend solely on
fat content.

For those determined to drink the liquid diet,
a polymeric formula must be used because of its
greater palatability. If the formula is to be admin-
istered by NG tube, its palatability becomes un-
important. Given the influence of fat content on
efficacy, a conventional elemental liquid diet (low
fat content) may offer some therapeutic advan-

Enteral Nutrition for Paediatric Inflammatory Bowel Disease

tage. The treatment benefit of a low-fat compared
with a conventional polymeric diet is admittedly
small [3].

Duration of EEN

The required duration of EEN has not been well
defined. Improvements in clinical and laboratory
parameters occur quickly, often by 2 weeks, but
the optimal time for achievement of mucosal
healing has not been established. Most gastroen-
terologists suggest continuing the therapy for a
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minimum of 6 weeks, longer if ideal weight has
not been reached yet.

Reintroduction of Solid Food

Foods are usually reintroduced gradually. It may
be prudent, particularly if there are intestinal
strictures, to offer a low-fibre diet initially follow-
ing completion of the enteral nutrition regimen.
A sample order of food reintroduction is given in
table 2.

Facilitation of Linear Growth

Impairment of linear growth commonly compli-
cates Crohn disease. The major contributing fac-
tors are the direct growth-inhibiting effects of
proinflammatory cytokines produced by the in-
flamed intestine and chronic undernutrition [14].
Inappropriate use of chronic corticosteroid ther-
apy will also impede linear growth. Other treat-
ment strategies, which induce mucosal healing,
will be associated with reduced cytokine produc-
tion and will facilitate growth as long as the con-
trol of inflammation can be sustained. Resump-
tion of normal linear growth is a marker of thera-
peutic success. Conversely, if a child merely gains
weight but does not grow normally in height, it
can be assumed that the inflamed intestine is not
healing, and that other anti-inflammatory inter-
ventions must be adopted.
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Maintenance of Clinical Remission
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3.19 Nutrition in Cystic Fibrosis

Michael Wilschanski

Key Words
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Key Messages

« Survival from cystic fibrosis (CF) has substantially
improved over the past four decades. The advance
in nutritional management is one factor which has
contributed to this change

« This chapter reviews the basic defect of CF and how
it influences nutritional status

« Normal growth and development can be achieved
in CF, and to this end, nutritional counseling is para-
mount at all ages. The prevention and early detec-
tion of growth failure is the key to successful nutri-
tional counseling

+ An approach to the CF patient who is not thriving
and an outline of nutritional management is pro-
posed © 2015 S. Karger AG, Basel

Introduction

Cystic fibrosis (CF) is the most common life-
threatening autosomal recessive disease in Cau-
casians with an incidence of 1 in 2,500 live births.
The disease is caused by mutations in the ¢ftr gene
on chromosome 7, which codes for a cAMP-reg-
ulated chloride channel [1]. Nonfunctioning
CFTR protein affects epithelial ion and water

transport in a variety of organs including the re-
spiratory, gastrointestinal, hepatobiliary, repro-
ductive and sweat glands. The lack of CFTR func-
tion in the pancreatic duct is responsible for ob-
struction and autodigestion of the pancreas in
utero, leading to exocrine pancreatic insufficien-
cy (PI) in 85% of CF infants.

The early growth of infants with PI due to CF
is dependent on the age at diagnosis. Clinical di-
agnosis may be difficult unless meconium ileus
occurs, typically in only 15% of cases. The re-
maining patients are diagnosed later, mainly pre-
senting with failure to thrive with steatorrhea, ac-
companied in some cases with respiratory symp-
toms. An increasing number of countries have
initiated newborn screening for CF using a se-
rum marker of PI, and this has been shown to
facilitate an earlier diagnosis with better growth
and nutritional status [2]. Longer-term studies
after neonatal screening are now revealing re-
duced pulmonary disease progression [3].

Numerous studies have shown that under-
weight and poor linear growth in children and
malnutrition in adults are independent factors
predicting mortality [4, 5]. Together with this,
undernutrition has been shown to have an ad-
verse effect on the outcome of lung transplanta-
tion [6]. These data reinforce the importance of
the prevention and early detection of growth fail-
ure, leading to the aggressive management of nu-



tritional deficits at all ages. This has led to the
publication of nutritional guidelines in Europe
and in North America [7, 8].

Infants

The evaluation of an infant with CF should be ex-
pedited. If P1 is established by tests for steatorrhea
and indirect pancreatic function tests, pancreatic
enzyme replacement therapy should be initiated as
soon as possible. Breast milk can provide complete
nutritional support to infants with CF for the first
4-6 months of age, though supplemental energy
may sometimes be required by fortifying a portion
of the breast milk feeds with formula or by fortify-
ing formulas to a more concentrated energy level
for those infants on a combination of breast milk
and formula or on formula alone [9]. Regular
cow’s milk-based infant formulas can be used if
breastfeeding is not an option or if supplementa-
tion is required; there is no need for a predigested
formula in most instances. Enzymes are given with
all foods and milk products including predigested
formulas containing medium-chain triglyceride.
Infants require powder, which should be taken
with fruit sauce with lubricant pretreatment to the
mouth and perianal area to avoid skin excoriation.
The enzymes should be administered at the begin-
ning of and during the meal. The initial dose of
enzymes should be approximately 5,000 IU lipase/
kg/day. The dose may be gradually increased ac-
cording to symptoms and objective assessment of
growth and fat absorption. In many instances, the
caloric density needs to be increased, and this may
be achieved by fortifying breast milk, adding fat or
carbohydrate or concentrating the formula. Once
solid food is introduced, enzymes should be titrat-
ed by fat intake. The maximum dose is 10,000 IU
lipase/kg/day. Fat-soluble vitamin (ADEK) sup-
plementation should be initiated according to the
current recommendations [7, 8].

New guidelines from the North American
Cystic Fibrosis Foundation Committee on Vita-

Nutrition in Cystic Fibrosis

Table 1. Recommended dietary macronutrient composi-
tion in CF and non-CF patients (% of energy intake)

Non-CF CF
Protein 10-15 15
Carbohydrate 55-60 35-40
Fat 30 45-50

min D advise higher supplemental amounts of vi-
tamin D than are found in the currently available
CF vitamin supplements. Additional vitamin D
supplements are therefore recommended to keep
the lower limit of 25-hydroxyvitamin D at 30 ng/
ml (75 nmol/l) [10]. Yearly monitoring of serum
vitamin levels is recommended for vitamin A, vi-
tamin E and vitamin D. Hyponatremic alkalosis
may occur in infants, especially during the sum-
mer months; supplementation with sodium chlo-
ride is recommended. Zinc supplementation may
be considered in the child who is not thriving [9].

Toddlers

As infants are introduced to table foods, it is im-
portant that the diet be balanced, with moderately
increased fat and protein content (table 1). Parents
need to be in control, routinely adding calories to
maintain growth. The child with CF should avoid
low-fat food and ‘grazing’. The dietician should
promote positive interactions around meals. The
mealtime must not turn into a battleground which
is the catalyst for poor feeding behavior.

School-Age Children

School age is the age at which encourage the child
to obtain a basic knowledge of the physiological
processes, eventually leading to taking increasing
responsibility for practical enzyme and nutrition-
al management.
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Fig. 1. The pathogenesis of energy
imbalance in CF.
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Adolescence

This stage is associated with increased growth,
puberty and increased physical activity. This adds
up to markedly increased nutritional require-
ments which are often difficult to attain. Pulmo-
nary infections are more common, as is the onset
of CF-related diabetes and, in a small minority of
cases, CF-related liver disease. Female patients
are at a greater risk of nutritional failure at this
age [11]. This may be partly due to dissatisfaction
with weight and body shape in healthy adolescent
females. Growth retardation and pubertal delay
occur with increased social pressure and psycho-
social stress. These factors must be considered
when nutritional advice is provided to teenagers.
Ideally, dietary advice should be passed on before
conception as a low prepregnancy BMI is associ-
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ated with reduced birth weight. Nutrition should
be optimized throughout pregnancy and vitamin
levels should be monitored [12].

Bone Health

A decrease in bone mineral density (BMD) in pa-
tients with CF may begin at a young age [13].
There are many factors that influence bone health
both in healthy individuals and in patients with
CF,; these include nutritional status, calcium, vita-
mins D and K, pulmonary infection, exercise, glu-
cocorticoids and the class of CFTR mutation. The
causes of poor BMD, a reflection of bone health,
are thus multifactorial. Evidence for the efficacy
of treatments for maintaining and improving
bone health is lacking in CF; however, consensus
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guidelines have been established. It is recom-
mended that monitoring of BMD and ensuring
factors related to bone health be addressed at rou-
tine visits.

Follow-Up

A formal dietary assessment should be undertak-
en annually. This should incorporate a review of
nutritional intake, the enzyme dose, the timing of
administration as well as vitamin supplement in-
take. Anthropometry should be performed regu-
larly and at length, and BMI percentile charts
should be used for the interpretation of nutrition-
al status. Bone health is an increasing concern in
CF [14]. BMD and body composition should be
assessed by dual-energy X-ray absorptiometry
[15].

When Things Go Wrong

Figure 1 demonstrates the pathogenesis of mal-
nutrition in CF [16]. As pulmonary disease wors-
ens and resting energy expenditure increases,
other factors predispose to an energy deficit. The
frequency and severity of infections increase, in-
ducing anorexia and/or vomiting, in turn reduc-
ing intake. Weight loss results in causing loss of
muscle tissue; respiratory muscle wasting reduces
effective coughing, further contributing to the de-
terioration in lung function. Malnutrition is
known to cause immune dysfunction. Taken to-
gether, a vicious cycle is established, leading to
further deterioration.

Management of the Malnourished Child
Once poor growth is identified, patients must be
evaluated more frequently. The visits must in-

clude medical, nutritional and behavioral input.
Figure 2 shows an algorithm for the work-up.

Nutrition in Cystic Fibrosis

Poor weight gain

Assess pulmonary status/disease activity

Nutritional assessment

Feeding behavior
evaluation

Maximize dietary intake

Psychosocial consultation
(adherence)

72-hour fecal fat balance

T

Other etiologies: Assess enzyme dose
* GERD l

» CFRD

« Constipation

+ DIOS

« Bacterial overgrowth
«IBD

« Etc.

Consider acid suppression

Enteral feeding

Fig. 2. Plan of action for poor weight gain in CF. GERD =
Gastroesophageal reflux disease; CFRD = CF-related dia-
betes; DIOS = distal intestinal obstruction syndrome;
IBD = inflammatory bowel disease.

Nutritional Intervention

If the reason for the poor weight gain is poor in-
take, the first strategy must be to gradually increase
calories at mealtime. At the same time, nutritional
intervention with high-calorie supplements may
be made. The long-term effect of supplements is
controversial and they must not take the place of
meals [17]. If this fails, enteral feeding should be
commenced [18]. The choice of access should be
made together with the family, but, generally, na-
sogastric feeding is started before gastrostomy

247

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 244-249

DOI: 10.1159/000367876



placement. Calorically dense formulas (1.5-2.0
kcal/ml) are well tolerated, and, initially, nocturnal
infusion is encouraged to promote normal eating
behavior during the day. Our experience is that
once families see a success after 6-8 weeks of naso-
gastric feeding, gastrostomy placement is wel-
comed. Patients with excessive nausea, bloating or
vomiting may benefit from prokinetic drugs or
semielemental or elemental formula.

Growth Hormone and Appetite Stimulants

The efficacy of growth hormone therapy in CF
has recently been reviewed [19]. While growth
parameters and pulmonary function seem to im-
prove in treated patients, the overall benefits to
health cannot be determined from the moderate
evidence available. One recent multicenter trial in
which growth hormone was administered for 12
months to patients with reduced growth and
bone age indicated its effectiveness in improving
growth and lung volumes [20]. Larger trials with
appropriate patient selection are needed in order
to establish its safety and effectiveness.

Appetite stimulants (AS) are often requested
by individuals with CF, or by parents of a child
with CF, in anticipation of an enhanced appetite
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and increased energy intake to promote weight
gain [21]. While megestrol acetate is one of the
most studied AS in CF, results are not conclusive
on the use of AS in patients with CF at this time,
and larger, controlled studies are needed.

Conclusions

o The overall goal is that every patient with CF
should achieve normal growth. This requires
regular surveillance including age-specific in-
dividualized expert advice with nutritional
care plans to suit each patient. Nutritional in-
tervention should be appropriately timed to
influence the evolution of the disease

 Nutritional support is an integral part of the
care of patients with CF

o At diagnosis, all patients require pancreatic
and nutritional assessment

o Patients must be carefully monitored and di-
etary counseling provided

 Nutritional evaluation and support is age re-
lated

o Patients who fail to respond require enteral
supplementation

o Nutritional status impacts on the progression
of CF
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3.20 Heart Disease
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Key Words
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Key Messages

+ Assess and maximize growth promotion in every
encounter/visit

- Utilize breast milk if available and tolerated

- Encourage breastfeeding/nonnutritive sucking if
safe

+ Treat clinical symptoms of reflux, constipation and
formula/milk intolerance

» Close communication concerning goals of growth
and development ©2015 S. Karger AG, Basel

Introduction

Congenital heart disease (CHD) and its impact on
infant growth and development has been well doc-
umented in the literature over the years. The most
risky cardiaclesions are cyanotic CHD lesions, and
they are outlined in table 1. The goal of this chapter
is to focus on those infants with single-ventricle
physiology at high risk for growth failure, such as
double outlet right ventricle, tricuspid atresia and
hypoplastic left heart syndrome, who have under-
gone stage 1 palliation (Norwood or Sano proce-
dure). Practical guidance will be provided to those
practitioners caring for fragile and at-risk neonates

between stage 1 and stage 2 palliation (Glenn pro-
cedure). However, the principles outlined can be
applied to other conditions associated with poor
growth listed in table 1.

Outlined here are key concepts essential for
optimizing growth; they include the following:
utilization of breast milk; lactation consultation;
practical caloric density increases; hands-on rec-
ipe education; and promotion of normal growth
and development. Speech and otolaryngology
involvement in the care team is also key to pro-
moting optimal growth and developmental
milestones. Equally important is acknowledging
reflux, constipation, and milk and protein intol-
erance, and treating these issues early, as they are
essential to optimal growth success. Figure 1
demonstrates the complexity of the many com-
mon growth variables interacting in CHD.

Impact of Home Surveillance Program on
Nutrition and CHD

With the advent of home surveillance in 2000 [1],
postnatal attention to nutrition following dis-
charge from stage 1 palliation has become height-
ened and a main center of focus until stage 2 pal-
liation, typically at 3-6 months of age [2-5]. In
2003 the first multicenter quality improvement
collaborative within the USA, the Joint Council



Table 1. Cardiac lesions posing risks for growth delay

Acyanotic CHD lesions: weight growth disturbance’
Aortic stenosis

Pulmonary stenosis

Coarctation of the aorta

Ventricular septal defect?

Patent ductus arteriosus?

Atrial septal defect?

Atrioventricular valve regurgitation?

Semilunar valve regurgitation (less common)?

Cyanotic CHD lesions: weight and height

growth disturbance?

Double outlet right ventricle

Transposition of the great arteries

Tetralogy of Fallot with or without pulmonary atresia
Tricuspid atresia

Hypoplastic left heart syndrome

TIf there is significant shunting and/or pulmonary hyper-
tension, height disturbances may also be noted.

2 Lesions prone to pulmonary overcirculation have a
greater impact on growth.

3Hypoxemia length in years is thought to affect growth
retardation. Hypoxemia accompanied by congestive
heart failure has a greater impact on growth.

on CHD, was formed, and was subsequently in-
strumental in bringing parents and caregivers at
home to the table as team members [6]. The team
works in concert to optimize growth strategies for
this fragile single-ventricle physiology population
at every encounter/visit. Many lessons learned by
the Joint Council on CHD can be shared with in-
ternational centers.

Nutrition: Breast Milk, Breastfeeding and
Fortification

Breast milk has many known benefits: parental
bonding; antibodies; being easier to digest; and
often having a higher calorie content than 20-cal
formulae (65-70 kcal/100 ml). Breastfeeding also
provides oral motor and speech benefits [5]. Now
that prenatal diagnosis is more common, parents
have more time to become educated on breast

Heart Disease

Nutrition: breast milk,
breastfeeding, fortification
and promotion of normal
growth and development

Milk protein .
allergy =

Gastroesophageal
reflux

Constipation Anticoagulation

Fig. 1. Common growth variables in CHD.

milk and breastfeeding prior to delivery. Lacta-
tion consultants should meet with families prena-
tally to discuss ways to promote and establish ear-
ly breast milk supply, pumping, early nonnutri-
tive breastfeeding and maternal diet with the
ultimate goal to maximize breastfeeding and uti-
lization of available breast milk from birth. With
CHD, the feeding process is often complex and
dependent on the medical status of the patient.
The breast milk may need to be primarily hind-
milk, fortified or even supplemented with bottle
or other enteral feeding methods, particularly
during the initial postoperative newborn period.
With the many individual confounding variables
considering patients’ medical intake [5, 7], ideas
about sole breastfeeding in this population are in-
consistent. Opportunities to promote successful
breastfeeding during first hospitalization and the
interstage period are present. A recent case study
on a high-risk infant unable to breastfeed at time
of discharge from stage 1 palliation has shown
promise and successful transition to full breast-
feeding by the time of stage 2 palliation [8, 9].
Caloric supplementation is common in the
high-risk single-ventricle population to aid in
growth. The focus on proper education by nutri-
tionists utilizing measuring utensils is critical,
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particularly for those families with language and/
or educational challenges. With any fortification,
some patients may not tolerate the higher caloric
density and show more signs of gastrointestinal
distress and less weight gain [5]. Fortification
above 26-28 calories per ounce (90 kcal/100 ml)
[10] commonly results in more gastrointestinal
distress signs. When using breast milk for fortifi-
cation, its source is an important issue, because
hindmilk is higher in calories than is foremilk.
This becomes particularly important with an in-
fant failing to demonstrate growth. Some lactoen-
gineering options are available at different insti-
tutions [9] to aid in assessment of caloric density
of the breast milk being delivered. Breastfeeding
has become a more acceptable practice. In some
institutions, patients may be started on enteral
feedings with available colostrum and/or breast
milk by nasogastric, nutritive and/or nonnutri-
tive breastfeeding before Norwood palliation,
based on physiological status and recommenda-
tions by the medical care team [5, 8].

Normal Infant Growth and Development and
Gastroesophageal Reflux

Infants are known to have gastroesophageal reflux
(GER) in the early months of infancy. GER not
only comprises vomiting but may also manifest as
silent reflux (pain during or after feeds and posi-
tion changes, or with stooling). Promotion of nor-
mal infant developmental milestones throughout
the entire feeding experience is crucial. Engaging
the primary caregivers in proper positioning of the
infant during and after all forms of feeding can
help minimize GER. If there is intolerance of forti-
fied formula/breast milk, as evidenced by irritabil-
ity, vomiting, diarrhea and poor weight gain, con-
sider adjusting back to 20 cal (65-70 kcal/100 ml)
or to straight breast milk or formula for a few days
and reassess whether the infant can make up the
missed calories with increased volume. The feed-
ing team (speech/feeding therapist and/or otolar-
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yngologist) is important to facilitate the instalment
of safe, positive and effective feeding strategies.

Pediatric gastroenterologists may also be
team-consulting members. Although no firm,
consistent recommendations, minimizing high
caloric density, maximizing doses of GER med-
ications (specifically proton pump inhibitors,
PPI) and/or changing to elemental formulae [5]
are encouraged and can be done simultaneously.
Consultation with a pediatric gastroenterologist
during the interstage period is ideal to ensure op-
timal titration of gastrointestinal medications
and/or reassessment of the plan of care; if possi-
ble, administer medications 20-30 min before
feed to let them reach the small bowel, where they
work. Recognition of the safety profile with anti-
coagulants is important in this population. Prac-
titioners need to weigh the benefits and risks with
the team. If using these medications, adjustment
for weight gain should be considered if the infant
seems to have recurring symptoms, and treat-
ment should be allowed for 7 days before declar-
ing the intervention not to be effective.

Anticoagulants

The use of anticoagulants to prevent shunt throm-
bosis is common in this population. Aspirin use
is irritating to the stomach, and thus acid sup-
pression is often recommended. In symptomatic
patients, use a ‘top-down’ approach and start with
a PPI (omeprazole or lansoprazole) rather than
an H, blocker (ranitidine). Ranitidine is often less
effective after several weeks of exposure; however,
for infants with very difficult-to-manage reflux,
ranitidine is used in conjunction with a PPI to
smooth over the peaks, i.e. the periods when PPI
coverage is waning (PPI twice daily and H, block-
er daily halfway between the 2 PPI doses). Team
members may also be gastroenterologists, and al-
though no firm and consistent recommendations
can be achieved among centers of excellence, our
team at Boston Children’s Hospital focuses on

Steltzer - Lafranchi

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 250-253

DOI: 10.1159/000360346



optimizing caloric density as needed to the lowest
density tolerated to promote growth, maximizing
GER medications and/or changing formula type
[5]. Consultation with a pediatric gastroenterolo-
gist during the interstage period is also recom-
mended to ensure optimal titration of medica-
tions and/or reassessment of the plan of care.

Constipation

If an infant is struggling with reflux, vomiting, poor
feeding, etc., consider starting to use a preparation
containing polyethylene glycol 3350 given twice
daily - do not wait for hard or infrequent stools.
The goalis for the infant to have stool 3—4 times per
day, and for the process to be easy and not painful.
Consider polyethylene glycol to help with ‘sludgy’
bowel patterns that are often associated with di-
uretic use, high-calorie formulae or protein aller-
gies. When the infant bears down to stool, the pres-
sure in the chest increases, and the infant vomits or
has reflux. Polyethylene glycol is a helpful stool
softener for any infant who works to pass stool (e.g.
grunting, crying with stooling even in the setting of
soft stools, vomiting and not eating). It binds to wa-
ter molecules, keeps them in the colon, and makes
the stool a bit softer. Drug safety profiles typically
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do not give recommendations for this population,
so please consult the primary team and a gastroen-
terologist. The infant may initially have somewhat
watery stools, but this resolves with time.

Milk Protein Allergy

Milk, soy and egg protein allergy (or inability to
digest large protein molecules) is important to con-
sider in this population. Symptoms may include:
loose or mucous stools (possibly containing blood);
constipation; reflux; vomiting; gagging; refusing
food; irritability or colic; and skin rashes (cradle
cap, diaper rash and eczema). Breastfeeding moth-
ers can attempt dairy, soy and egg elimination diets
(read fine print of all labels). Formula-fed infants
can transition to hypoallergenic amino acid-based
formulae (e.g. EleCare or Neocate). A gastroenter-
ology consult is recommended and EleCare is often
preferred due to its higher medium-to-long-chain
triglyceride ratio. If the infant does not like the
taste, start with 1 oz (30 ml) elemental to 4 oz (120
ml) regular formula. Gradually increase by 1 0z (30
ml) every week until consistently only elemental
formula is achieved. The threshold for use of ele-
mental formulae in this patient population is often
higher for the entire first year of life.
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3.21 Nutritional Management in Children with

Chronic Kidney Disease

Lesley Rees

Key Words

Chronic kidney disease - Short stature -
Supplements - Protein - Enteral feeding

Key Messages

« Short stature is a common complication of chronic
kidney disease. Inadequate intake to meet nutri-
tional needs is a well-described cause of poor
growth, and this worsens as the glomerular filtra-
tion rate declines

- Linear growth is particularly vulnerable during the
infantile phase of growth; without early nutritional
intervention, losses of as much as 2 height standard
deviations may occur in the first 6 months of life

+ Children with congenital abnormalities of the kid-
neys and urinary tract may lose salt (Na), water and
bicarbonate and have chronic volume contraction
and acidosis which impair growth; supplementa-
tion with sodium chloride and bicarbonate and free
access to water is important in these circumstances

» Energy intakes should be maintained at a level
equivalent to the estimated average requirement
for the normal population of the same age, and pro-
tein intake at the recommended dietary intake for
height age. Protein supplementation may be need-
ed to compensate for dialysate losses

« Phosphate restriction is often necessary to prevent
hyperparathyroidism. This may lead to calcium and
vitamin D deficiency, since these nutrients are
mainly found in phosphate-containing foods

© 2015 S. Karger AG, Basel

Introduction

Children with chronic kidney disease (CKD)
have a mortality that is 30 times higher than that
of age-matched, healthy children. There is also a
high incidence of malnutrition and short stat-
ure. These factors are interlinked: short stature
at the start of dialysis is associated with a 2-fold
increased mortality risk, decreased school atten-
dance and increased hospitalisation. It is likely
that malnutrition contributes to this as serum al-
bumin correlates with morbidity and mortality
[1]. Thus, strict attention to nutrition is essential
to optimise linear growth, wellbeing and sur-
vival.

Epidemiology of Growth

National and international registries all show be-
low-average height for children with CKD. In the
USA, around one third have a height standard
deviation score (Ht SDS) of less than the 3rd per-
centile, rising to half by the time they need dialy-
sis, and with a continuing decline thereafter.
There is, however, great variation, with a mean
Ht SDS for children on dialysis ranging from -1.3
in the UK to -3.5 in Brazil amongst 21 countries.
The mean BMI SDS does not parallel the Ht SDS,



being highest in the USA at 0.8 and lowest in In-
dia at —1.4. It is likely that some of these interna-
tional differences reflect limited access to ade-
quate resources in the developing world [2]. In-
fants are particularly vulnerable and more
severely affected. Posttransplant catch-up growth
depends on graft function and use of steroid
therapy, and is most likely to occur in younger
children. Secular trends in recent decades show
that height growth is improving for all children
with CKD [3].

Causes of Poor Growth

The best-described cause of poor growth is de-
creased nutritional intake. However, aetiologies
are multiple and include: metabolic disturbances
such as acidosis, chronic sodium depletion, and
mineral and bone disorder; anaemia; and the
growth hormone/insulin-like growth factor 1 axis
and other hormonal derangements. Dialysis dose
is another important factor affecting dietary in-
take, nutritional status and growth [1].

Causes of Poor Nutritional Intake

CKD is characterised by a predisposition to an-
orexia and vomiting. Poor appetite may be due to
abnormal taste sensation, the requirement for
multiple medications, preference for water in the
polyuric child, and a full abdomen in the child on
peritoneal dialysis (PD). Vomiting is common,
particularly with infants, and may result from
gastro-oesophageal reflux and delayed gastric
emptying in association with increased polypep-
tide hormones. The use of prokinetic, antireflux
and antinausea drugs may be of benefit, although
in infants with severe vomiting, a Nissen fundo-
plication may be necessary. Inadequate intake
may occur during periods of sepsis and surgery,
or as a result of fluid restriction in the child on
dialysis. Loss of amino acids and protein occurs in

Nutritional Management in Children with CKD

Number of patients
40 62 72 76 73 71 67 65 66 62 59 62 53
Age (years)
0051 2 3 45 6 7 8 9 1011

-0.5+—

-1.0+—

Ht SDS

-154+—

-20+— |—

23 13 17 17 17 17 18 18 19 20 21 22 22 23

BMI

Fig. 1. Ht SDS of infants with CKD 5 showing the decline
over the first 6 months of life. Adapted from Mekahli et al.
[5].

dialysate. Acidosis and inflaimmation increase
circulating cytokines such as leptin; levels can
paradoxically be high in malnourished patients,
since this hormone is excreted by the kidneys and
not cleared by dialysis, thus contributing further
to decreased food intake and increased energy
needs [1].

Management of Poor Nutrition

Ensuring adequate nutrition in order to promote
optimum growth is the most important aspect of
care of a child with CKD. The aim is to control
symptoms and prevent complications, particular-
ly uraemia and renal bone disease. There is also
some evidence that ensuring normal bicarbonate
and phosphate levels may slow down the progres-
sion of CKD. In 2008 the Kidney Disease Out-
comes Quality Initiative, a group of experts in the
field of dietary management in children with
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Table 1. Energy and protein requirements according to age for CKD and for children on dialysis

Energy,’ Protein RNI, Protein for PD, Protein for HD,
kcal/kg g/kg/day g/kg/day g/kg/day
Preterm 120-180 25-3.0 3.0-4.0 3.0
0-3 months 115-150 2.1 >24 >2.2
4-6 months 95-150 1.6 >1.9 >1.7
7-12 months 95-150 1.5 >1.8 >1.6
1-3years 95-125 1.1 >1.4 >1.2
4-6years 90-110 1.1 >1.3 21.1
7-10years 1,7409 - 1,9700 kcal/day 28 g/day =21.2 >1.0
11-14 years 1,845% - 2,2205 kcal/day 42 g/day 3.0-4.0 3.0
15-18 years 2,109 - 2,7553 kcal/day 55 g/dayd; 45 g/day? 224 22.2

RNI+ 0.3 g/kg/day to compensate for losses on PD; RNI + 0.1 g/kg/day to compensate for losses on HD. HD = Haemo-

dialysis. ' Estimated average requirement.

CKD, wrote guidelines covering all aspects of
their nutritional care. These are used internation-
ally [4].

The Role of the Dietician

Involvement of a paediatric renal dietician is es-
sential for successful nutritional management.
The aim is to preserve normal growth and body
composition; this can be achieved by consuming
appropriate amounts of calories, protein, fat, so-
dium, water, bicarbonate, iron, calcium, phos-
phate, vitamins and minerals. Nutritional as-
sessment requires that height, weight and head
circumference are plotted on centile charts at
regular intervals. The most vulnerable time is
infancy, and in particular the first 6 months of
life, when loss of as much as 2 Ht SDS can occur
(fig. 1) [5]. Frequent review is necessary for
early detection of a decline in height gain veloc-
ity; prevention rather than treatment of malnu-
trition is the goal, so early intervention is cru-
cial.

Energy

The diet should contain 100% of the estimated av-
erage requirement for energy for chronological

256

age. Inadequate energy from non-protein sources
will result in the use of dietary protein for energy
rather than growth, and an increase in plasma
urea and potassium levels. Children on PD hav-
ing glucose-containing dialysate may absorbe up
to 10-12 extra kilocalories per kilogram body
weight per day [6].

Protein

Protein intake must provide at least 100% of
the reference nutrient intake (RNI) to prevent
growth failure. Serum albumin should be nor-
mal. To ensure adequate protein intake, the RNI
for height age is used if the child is below the 3rd
centile. On the other hand, excess protein will re-
sult in a high blood urea and toxic by-products of
metabolism. The aim is for plasma urea levels to
be <20 mmol/l in children under 10 years, and
<30 mmol/l thereafter; nausea and anorexia in-
crease when the urea exceeds 20 mmol/l. The
blood urea level is a reflection of protein intake,
unless there is a catabolic state, at which time it
reflects tissue breakdown. A very low urea level
suggests low protein intake and risk of protein
malnutrition. Dietary protein intake is rarely in-
adequate in predialysis CKD, but on dialysis a
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supplement is needed to replace losses in dialy-
sate (table 1). These losses are greatest in infants
and after peritonitis [6].

Calcium and Phosphate

Dietary phosphate usually should be restricted in
CKD to prevent secondary hyperparathyroidism.
Phosphate is principally in protein-containing
foods such as meats and dairy products. Processed
foods contain phosphate in significant quantities
as it is a component of moisture and flavour en-
hancers. Foods that are a good source of calcium
and vitamin D are also high in phosphate, so phos-
phate restriction is commonly associated with
25-hydroxyvitamin D and calcium deficiency [6].

Sodium, Bicarbonate and Water

The requirements for salt, water and bicarbonate
vary with the type of renal disease. Children with
congenital abnormalities of the kidneys and uri-
nary tract, which predominantly affect the renal
tubule, are usually sodium, bicarbonate and water
losers. Therefore, these children need salt and bi-
carbonate supplementation and free access to wa-
ter. Many infants on PD lose excessive amounts
of sodium in dialysate, and they too need supple-
mentation. Children with CKD predominantly
due to glomerular disease may retain salt and wa-
ter and develop hypertension. Such children
should be managed with a ‘no-added-salt’ diet

[3].

Potassium

CKD can be associated with potassium retention,
but hyperkalaemia does not usually occur until
the glomerular filtration rate is <10% of normal.
Adequate control of plasma potassium can usu-
ally be achieved by improving the energy intake
to prevent protein catabolism and the avoidance
of foods that are very high in potassium [6].

Vitamins and Minerals

Few data are available on the micronutrient re-
quirements for children with CKD. Vitamin sup-

Nutritional Management in Children with CKD

plements should not be routinely prescribed as
renal excretion of vitamin A metabolites is im-
paired in CKD. Nutritional vitamin D (25-hy-
droxyvitamin D) deficiency is common, and the
activated form may also need replacement as the
glomerular filtration rate falls to <40 ml/min/1.73
m? [6].

Enteral Feeding

Oral supplements and/or enteral feeding are nec-
essary when spontaneous intake is inadequate to
maintain growth, and should be considered as
soon as the growth rate falls below normal. Per-
centage time with gastrostomy feeding has been
shown to be an important positive predictor of
longitudinal growth in under-2-year-olds on PD,
being superior to provision of feed orally or by
nasogastric tube [7]. Reports of whether enteral
feeding can induce catch-up when started after
the infantile phase of growth are conflicting, al-
though it can improve nutritional status [3]. Sup-
plements can be given as top-up bolus feeds, an
overnight feed or an overnight continuous feed
with daytime boluses, depending on the severity
of the anorexia. A whey-based formula is used for
children aged <2 years and a whole-protein en-
teral feed for those aged >2 years. These can be
supplemented with fat or carbohydrate or both.
Protein can be supplemented as a whey protein
concentrate with amino acids [6].

Obesity

Obesity in CKD is increasing around the world,
paralleling its incidence in the normal popula-
tion. A high BMI increases the risk of cardiovas-
cular disease, to which patients with CKD are al-
ready predisposed. Care must be taken not to
augment energy intake above requirements, par-
ticularly in an enterally fed child [1].
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3.22 Nutrition Rehabilitation in Eating Disorders
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Key Messages

« Anorexia nervosa (AN) is an eating disorder charac-
terized by a fear of weight gain, unusual eating hab-
its and restricted food consumption

+ AN predominantly manifests in adolescent females

« AN patients tend to restrict their energy intake,
avoid energy-dense and fatty foods, choose a nar-
row range of foods and consume vegetarian diets
with a low energy density

+ Severe malnutrition develops regularly, with mark-
edly reduced body weight, BMI and body fat con-
tent as well as numerous complications (e.g. sec-
ondary amenorrhoea, osteopenia, short stature,
bradycardia and a high mortality risk)

© 2015 S. Karger AG, Basel

Introduction

Anorexia nervosa (AN) is a complex and usually
chronic disorder characterized by a fear of weight
gain, unusual eating habits and restricted food in-

take. AN typically manifests predominantly in
adolescent females and may affect up to 0.7% of
this age group [1]. AN patients tend to restrict
their energy intake, avoid energy-dense and fatty
foods, choose a narrow range of foods and con-
sume vegetarian diets with a low energy density
[1]. As a result, AN patients often consume no
more than 10-20 kcal/kg per day and develop se-
vere malnutrition with markedly reduced body
weight, BMI and body fat content, which can re-
sult in numerous complications (e.g. secondary
amenorrhoea, osteopenia, short stature, brady-
cardia and a high mortality risk). Treatment must
address psychological and medical issues. It is
based on inpatient or outpatient psychiatric treat-
ment but regularly needs to involve several medi-
cal professions, including experts in nutritional
rehabilitation [2].

Nutritional Rehabilitation

Guidelines for nutritional rehabilitation of AN
have been published by the American Psychiatric
Association [3] (table 1) and the UK National In-
stitute for Health and Clinical Excellence [4] (ta-
ble 2). Both guidelines advise aiming for only a



Table 1. Guidelines of the American Psychiatric Association for nutritional rehabilitation in AN

The goals of nutritional rehabilitation for seriously underweight patients are to restore |
weight, normalize eating patterns, achieve normal perceptions of hunger and satiety, and
correct biological and psychological sequelae of malnutrition.

In working to achieve target weights, the treatment plan should also establish expected Il
rates of controlled weight gain. Clinical consensus suggests that realistic targets are 2-3
Ib/week for hospitalized patients and 0.5 - 1 Ib/week for individuals in outpatient

programs.

Registered dietitians can help patients choose their own meals and can provide a
structured meal plan that ensures nutritional adequacy and that none of the major food
groups are avoided.

It is important to encourage patients with AN to expand their food choices to minimize Il
the severely restricted range of foods initially acceptable to them.

Caloric intake levels should usually start at 30 - 40 kcal/kg per day (approx. 1,000 - 1,600 Il
kcal/day). During the weight gain phase, intake may have to be advanced progressively

to as high as 70- 100 kcal/kg per day for some patients; many male patients require a

very large number of calories to gain weight.

Patients who require much lower caloric intakes or are suspected of artificially increasing
their weight by fluid loading should be weighed in the morning after they have voided
and are wearing only a gown; their fluid intake should also be carefully monitored.

Urine specimens obtained at the time of a patient’s weigh-in may need to be assessed for I
specific gravity to help ascertain the extent to which the measured weight reflects
excessive water intake.

Regular monitoring of serum potassium levels is recommended in patients who are
persistent vomiters.

Weight gain results in improvements in most of the physiological and psychological
complications of semistarvation.

It is important to warn patients about the following aspects of early recovery: I

As they start to recover and feel their bodies getting larger, especially as they approach i
frightening, magical numbers on the scale that represent phobic weights, they may
experience a resurgence of anxious and depressive symptoms, irritability and sometimes
suicidal thoughts. These mood symptoms, non-food-related obsessional thoughts, and
compulsive behaviours, although often not eradicated, usually decrease with sustained
weight gain and weight maintenance. Initial refeeding may be associated with mild
transient fluid retention, but patients who abruptly stop taking laxatives or diuretics may
experience marked rebound fluid retention for several weeks. As weight gain progresses,
many patients also develop acne and breast tenderness and become unhappy and
demoralized about resulting changes in body shape. Patients may experience abdominal
pain and bloating with meals from the delayed gastric emptying that accompanies
malnutrition. These symptoms may respond to promotility agents.

When life-preserving nutrition must be provided to a patient who refuses to eat,
nasogastric feeding is preferable to intravenous feeding.

| = Recommended with substantial clinical confidence; Il = recommended with moderate clinical
confidence; Ill = may be recommended on the basis of individual circumstances. Modified from
American Psychiatric Association [3].
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Table 2. Guidelines of the UK National Institute for Health and Clinical Excellence for nutritional

rehabilitation in AN

Managing weight gain in AN

In most patients with AN, an average weekly weight gain of 0.5-1 kg in inpatient settings
and 0.5 kg in outpatient settings should be an aim of treatment. This requires about
3,500-7,000 extra calories a week.

Regular physical monitoring, and in some cases treatment with a multivitamin/
multimineral supplement in oral form, is recommended for people with AN during
both inpatient and outpatient weight restoration.

Total parenteral nutrition should not be used for people with AN, unless there is
significant gastrointestinal dysfunction.

Managing risk in AN

Health care professionals should monitor physical risks in patients with AN. If this leads
to the identification of increased physical risks, the frequency and the monitoring and
nature of the investigations should be adjusted accordingly.

People with AN and their carers should be informed if the risk to their physical health is

high.

The involvement of a physician or paediatrician with expertise in the treatment of C
physically at-risk patients with AN should be considered for all individuals who are

physically at risk.

Pregnant women with either current or remitted AN may need more intensive prenatal C
care to ensure adequate prenatal nutrition and fetal development.

Oestrogen administration should not be used to treat bone density problems in children C
and adolescents as this may lead to premature fusion of the epiphyses.

Evidence C: this grading indicates that directly applicable clinical studies of good quality are
absentor not readily available. Modified from National Institute for Health and Clinical Excellence

[4].

moderate rate of weight gain up to ~1 kg/week.
However, the implementation of increased nutri-
ent intakes from foods, oral nutritional supple-
ments or tube feedings is often made difficult by
the denial of illness and resistance to treatment
that is frequently found in AN patients, who tend
to drop out of recommended treatment pro-
grammes.

While healthy women without an eating dis-
order require 20-40 kcal/kg per day to maintain
their weight, the energy intake of AN patients
needs to be increased stepwise to about 60-100
kcal/kg per day to achieve a sustained weight gain

Nutrition Rehabilitation in Eating Disorders

[1]. This rather high energy need reflects a hyper-
metabolic state, which in part may be due to ex-
cessive physical activity and exercise — a common
behaviour in AN. Increasing energy and nutrient
intake to achieve nutritional rehabilitation can be
approached either by increased intakes of regular
foods, energy-dense oral nutritional supplements
with an energy density of 21 kcal/ml, nasogastric
tube feeding or a combination thereof. There is
broad agreement that parenteral nutrition should
generally be avoided unless a severely impaired
gut function prevents the use of oral or enteral
nutrition.
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Table 3. Benefits and disadvantages of different feeding methods in AN patients

Benefits

Disadvantages

Only regular foods
- It teaches skills for eating, promotes normal
behaviour and challenges unhelpful coping
strategies

- Patients experience the amount of food necessary
for weight gain and weight maintenance

- Food makes hospital meal management home-like
and realistic, which exposes patients to a situation
which is anxiety-provoking, and gives them
confidence in managing meals at home

- Less energy is delivered from food when compared

with nasogastric feeding

High-energy oral nutritional supplements
- Supplements can meet the high-energy
requirements needed for weight gain in a smaller
volume than food

- They are helpful as a top-up for patients struggling
with satiety and the quantities of food required to
promote weight gain

- It can be seen as a type of medicine

- The frequent use of supplements encourages patients

away from the experience of food, re-enforces their
avoidance of food and can foster dependency on
artificial food sources

Nasogastric tube feeding

- More comfortable for the patient with less pain,
physical discomfort and abdominal distension than
large amounts of food

- A helpful strategy aiding recovery:
it transfers the responsibility of weight gain from the
patient to the treatment team;
if placed upon admission, it ‘medicalises’ the
treatment and reduces the ‘power struggle’
between the patient and clinicians

- Opinions from patients and carers:
nasogastric feeding was seen as necessary by some
patients because they believed they lacked the
physical or psychological capacity to eat;
parents recognized it as a last resort that was
required to keep their child alive;
it reduces the pressure patients perceive is being
placed on them to eat and temporarily relieves them
from the responsibility for adopting improved
eating behaviours

It interferes with the fragile alliance between the
patient and treatment team

The patient may feel disempowered and embittered
towards the treatment team, which may have an
impact on future personal and professional
relationships

There is an emotional toll on staff treating involuntary
patients

Not helpful for long term recovery:

patients may demonstrate an inability to maintain an
adequate intake and weight gain once the tube is
removed;

force-feeding in low-weight patients achieves little in
relation to remitting illness or suffering;

patients tamper with the tube by adjusting the control,
decanting the feed into other containers when
unobserved, biting, and removing the tube

Medical complications (i.e. aspiration, nasal bleeding
and nasal irritation, reflux and sinusitis)

The tube may not be inserted properly, which is more
likely when patients have it inserted against their will
Opinions from patients and carers:

it disguises the consumption of food;

patients become emotionally attached to and
physically reliant on nasogastric feeding, and

are anxious about the tube being removed;

it is used as a form of punishment and seen as a
strategy that doctors use to assert their control
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Table 3 (continued)

Benefits

Disadvantages

Parenteral nutrition
- It requires minimal patient cooperation

It may reinforce a tendency to focus only on physical
symptoms rather than the psychiatric implications of
AN

Sabotage occurs by pouring solutions into the sink and
removing the device

It cannot teach patients anything about eating, food
choice or portion size, or about perceiving their bodies
more accurately

Medical complications [i.e. infections; arterial injury;
cardiac arrhythmias (from placement); changes in
vascular endothelium; hyperosmolarity and
hyperglycaemia; hypophosphataemia and
hypokalaemia]

More medically intensive, incurring high costs

Modified from Hart et al. [5].

Choice of Refeeding Methods

Hart et al. [5] reviewed the literature to identify
which of the different feeding methods is most ef-
fective and advantageous in AN. An analysis of the
published information revealed that the most
common method of refeeding was by nasogastric
feeding and food, followed by high-energy density
oral nutritional supplements and food [5]. How-
ever, due to the limited evidence available, no con-
clusion could be drawn on the most effective meth-
od of nutritional rehabilitation in AN. However,
the authors compiled benefits and disadvantages
of the different feeding methods for AN patients
(table 3). Similarly, Rocks et al. [6] concluded from
their review of the available literature that a con-
sensus on the most effective and safe treatment for
weight restoration in inpatient children and ado-
lescents with AN is not currently feasible. None-
theless, these authors concluded that the use of
tube feeding in addition to normal food intake in-
creased energy intake and body weight, although it
was associated with more frequent adverse effects.

Nutrition Rehabilitation in Eating Disorders

A particular concern related to the use of na-
sogastric tube feeding in malnourished patients
is the risk of inducing refeeding syndrome with
hypophosphataemia. Adaption to starvation in
malnourished children and adolescents is associ-
ated with a reduced metabolic turnover, cellular
activity and organ function, low insulin secre-
tion, and deficiencies in a variety of micronutri-
ents, minerals and electrolytes [7]. Catabolic pa-
tients use substrates from adipose tissue and
muscle as sources of energy, and the total body
stores of nitrogen, phosphate, magnesium and
potassium become depleted. The sudden provi-
sion of energy and nutrients reverses catabolism
and leads to a surge of insulin secretion, which in
turn leads to massive intracellular shifts of phos-
phate, magnesium and potassium with a subse-
quent fall in their serum concentrations. The
clinical consequences of the resulting electrolyte
disturbances with hypophosphataemia include
haemolytic anaemia, muscle weakness and im-
paired cardiac function, with the risks of fluid
overload, cardiac failure, arrhythmia and death.
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Refeeding Syndrome and Outcome

The risk of refeeding syndrome is highest in AN
patients with severe underweight, which is a better
risk predictor than total energy intake [8]. The first
week after starting enteral nutrition is the time with
the highest rate of refeeding syndrome manifesta-
tions. To reduce the risk, a patient’s nutritional sta-
tus and hydration as well as serum electrolytes,
magnesium and phosphate should be assessed pri-
or to initiating tube feeding. During the initial
phase of refeeding, daily monitoring of plasma
electrolytes, phosphate, magnesium, calcium, urea
and creatinine as well as of cardiac status (pulse,
heart failure) is advisable [8]. Initial enteral feeding
should be limited to provide only about three quar-
ters of the estimated requirements in severe cases
(i.e. 11-14 years: 45 kcal/kg per day; 15-18 years:
40 kcal/kg per day). If this supply is tolerated and
no imbalances are encountered, the supply may be
gradually increased over 1-3 weeks towards reach-
ing intakes that achieve a sustainable weight gain.
Frequent small feeds with an energy density of 1
kcal/ml should be used in order to minimize fluid
load. The following supplements may be provided:
Na* at 1 mmol/kg per day, K* at 4 mmol/kg per
day, Mg?* at 0.6 mmol/kg per day and phosphate
at <100 mmol orally for children and adolescents
>5 years of age [8]. An occurring hypocalcaemia
must be corrected. Thiamine, riboflavin, folic acid,
ascorbic acid, pyridoxine and fat-soluble vitamins
should be supplemented along with trace elements.
Patients with a BMI <16, weight loss of >15% with-
in the previous 3-6 months, very little or no nutri-
ent intake for >10 days, and low levels of potassi-
um, phosphate or magnesium prior to any feeding
are considered a high-risk group for developing
refeeding syndrome and should not only have an
initial restriction of their protein and energy intake
but also be given thiamin and other B group vita-
mins, a balanced multivitamin and trace element
supplement, as well as potassium, magnesium and
phosphate under close monitoring of plasma con-
centrations.
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Agostino et al. [9] reviewed the outcomes of
AN patients treated with nasogastric tube feed-
ing or a standard bolus meal treatment in one
centre. The patients with nasogastric tube feed-
ing had a significantly shorter hospital stay (33.8
vs. 50.9 days; p = 0.0002) and an improved rate of
weight gain, while the rate of complications or
electrolyte abnormalities with prophylactic phos-
phate supplementation from admission was not
different. One may conclude that even though an
individualized approach to refeeding AN pa-
tients is appropriate, the available data support
the option of treating undernourished AN inpa-
tients with nasogastric tube feeding while using
appropriate precautions and monitoring.

Conclusions

o AN patients require inpatient or outpatient
psychiatric treatment, but they also regularly
need treatment involving experts in nutrition-
al rehabilitation

 Nutritional rehabilitation aims at only a mod-
erate rate of weight gain up to ~1 kg/week

o Refeeding can be achieved by increased nutri-
ent intake from foods, oral nutritional supple-
ments or tube feedings but is often made dif-
ficult by the denial of illness and resistance to
treatment frequently found in AN patients

o A slow initiation of refeeding as well as close
monitoring are needed, particularly in mark-
edly malnourished patients, to reduce the risk
of refeeding syndrome and hypophosphatae-
mia

+ The energy intake in AN patients needs to be
slowly increased to ~60-100 kcal/kg per day to
achieve a sustained weight gain, partly due to
high energy expenditure resulting from exces-
sive physical activity

« Inaddition to regular foods, the use of oral nu-
tritional supplements and nasogastric tube
feedings is a suitable option for refeeding AN
patients
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Key Messages

« Malnutrition is a common complication of malig-
nant disease and its treatment, and is most likely to
occur in advanced-stage solid tumours, acute my-
eloblastic leukaemia and bone marrow/stem cell
transplantation

+ Nutritional support is a major part of therapy; there
is no evidence that extra nutrients promote tumour
growth

« The aims of nutritional support are to reverse mal-
nutrition if present at diagnosis, to prevent deterio-
ration in nutritional status during treatment, and to
promote normal growth

+ Children at low nutritional risk require high-energy
supplements that can be taken by mouth; they ben-
efit from flexibility in mealtimes and menus

+  When oral energy intake isinadequate, enteral tube
feeding should be used; this is usually well tolerat-
ed and improves wellbeing even in children under-
going intensive chemotherapy

- Parenteral nutrition is reserved for those children
with severe gastrointestinal symptoms related to
underlying disease, chemotherapy or radiotherapy

© 2015 S. Karger AG, Basel

Introduction

Nutritional status influences prognosis in chil-
dren with cancer and affects treatment tolerance
and susceptibility to infection. Patients often have
significant difficulties with eating during long pe-
riods of treatment and recurrent admissions to
hospital, and have particular nutritional needs
[1]. Malnutrition is common, with estimates of
prevalence ranging up to 50% depending on the
type, stage and metastatic status of the disease as
well as the toxicity of various cancer therapies [2].
Children with large, solid abdominal masses (e.g.
neuroblastoma, hepatoblastoma, Wilms’ tu-
mour) may present with normal weight despite
severe nutritional depletion, so that simple an-
thropometric assessment can be misleading [3].
The highest risk posed to nutritional status comes
from advanced-stage solid tumours, acute my-
eloid leukaemia, multiple-relapse leukaemia,
head and neck cancer, medulloblastoma and
bone marrow or stem cell transplantation. The
pathophysiology of malnutrition is multifactorial
and includes complex interactions between ener-
gy and substrate metabolism, hormonal and in-
flammatory components, and alterations of met-
abolic compartments. These result in accelerated



Table 1. Risk factors for nutritional compromise

Decreased food intake

Inadequate amount of food offered

Unappetising food; lack of flexibility in meeting a child’s preferences

Too much food
‘Forced’ feeding
Reduced appetite from illness

Symptoms associated with disease or treatments,

e.g. nausea, vomiting, sore mouth, pain, diarrhoea and breathlessness
Repeated fasting for treatments or procedures
Mucositis, swallowing or chewing difficulties

Difficulty self-feeding

Poor child-carer interaction at meal times

Impaired conscious level
Increased nutritional requirements

lliness/metabolic stress

Wound or fistula losses

Impaired ability to absorb or utilise nutrients
Due to disease or treatment, e.g. chemotherapy causing enteropathy or

pancreatic exocrine impairment

Infection as a consequence of immunosuppression

mobilisation, oxidation of energy substrates and
loss of body protein [4].

General risk factors for malnutrition are
shown in table 1. Learned food aversion associ-
ated with nausea-inducing treatment sometimes
leads to anticipatory vomiting. Chemotherapy
may adversely affect food intake and gastrointes-
tinal function by causing oral or oesophageal ul-
ceration, altered taste perception, anorexia, nau-
sea, vomiting, and enteritis with malabsorption
and diarrhoea. Serving food cold or at room tem-
perature and covering drinks (taken through a
straw) can decrease tastes and smells and make it
easier for children to eat. Radiation therapy to the
head and neck can cause mucositis, anorexia,
nausea, vomiting, dysphagia, dry mouth and al-
tered taste, while radiation to the abdomen may
cause enteritis and bowel stricture.

Bone marrow transplantation (BMT) or stem
cell transplantation is indicated in children with
a range of malignant and non-malignant condi-
tions. Chemotherapy and/or radiation therapy

Haemato-Oncology

are used to reduce host cells to the point that do-
nor stem cells will engraft (allogeneic BMT), or
to reduce the tumour burden and rescue the pa-
tient with his/her own stem cells (autologous
BMT). Priming chemotherapy causes severe
nausea, vomiting and oral ulceration, and is of-
ten associated with diarrhoea, protein losing en-
teropathy, and depletion of zinc and electrolytes
[5, 6]. Most children undergoing BMT stop eat-
ing either as a result of these side effects or be-
cause eating becomes one of the few areas over
which they can exercise some control. Impair-
ment of gastrointestinal barrier function in-
creases the risk of viral, bacterial and fungal in-
fections. Episodes of sepsis are associated with
protein catabolism and negative nitrogen bal-
ance. Enteral feeds should be prepared in a man-
ner that renders them low in bacterial load (‘clean
feeds’); parenteral nutrition (PN) may be neces-
sary, but enteral tube feeding (ETF), if tolerated,
is associated with better nutritional response
and sense of wellbeing.
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Provision of Nutritional Support

A nutritional care plan for each patient should be
developed by the multidisciplinary haematology-
oncology team (including an expert dietitian).
The goals of nutritional support are to reduce
morbidity and minimise or prevent complications
such as infection and growth failure; there is no
evidence that nutritional support promotes tu-
mour growth. Baseline nutritional status should
be established, including eating habits and any
family perceptions of problems around eating.
Weight measurement is inaccurate as an indicator
of nutritional status in children with a large tu-
mour mass, and mid-upper-arm circumference
and skinfold thickness measurements are more
reliable methods of assessment and monitoring
[7]. Neutropenic patients must avoid food that
may carry a high microbial load, such as poorly
cooked meats, soft cheeses, paté, shellfish, and raw
or soft-cooked eggs; however, most infections are
hospital acquired and not food borne, so over-
restriction of food choices may be counterproduc-
tive. Mucositis (painful mouth ulcers + superin-
fection), vomiting and anorexia often limit oral
intake. Routine saline mouthwashes are used, to-
gether with adequate pain relief (opiates if neces-
sary). Frequent small meals of appetising food are
more likely to be accepted, and advice with regard
to the use of high-calorie foods should be given
routinely. There should be flexibility with regard
to menu choice, mealtimes and parental involve-
ment; children on the ward should be encouraged
to eat together at mealtimes. Tastes may be bitter
or metallic with some drugs (e.g. procarbazine
and cyclophosphamide) or food may have no taste
at all. Some children develop a liking for strong
flavours (pickles, spices). Serving food with sauces
and gravies will increase moisture and help swal-
lowing if the mouth is dry. Food can be purchased
from the shop/canteen or brought in from home
if tempting meals cannot be provided in hospital.
Ideally, a hospital cook should prepare meals on
demand from a ward kitchen, or meals be ordered
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directly from the catering service as required
throughout the day and not just at mealtimes [8].
The use of a reward system (star chart) may moti-
vate some younger children to eat, but rewards
need to be appropriate to the child’s age and goals
must be achievable and relevant.

ETF and PN

ETF or PN is likely to be needed when:

o the child is malnourished at diagnosis;

o there is loss of >5% body weight during treat-
ment;

o weight-for-height is <90%;

o there is a drop in weight across 2 centiles;

 food intake is <80% of the estimated require-
ment;

o triceps skinfold thickness is <5th centile, or

o the child is a BMT patient.

Long-term use of ETF in infants often leads to
later feeding difficulties, and early advice should
be sought from a speech and language therapist.
Gastrostomy may be considered if tube feeding is
required for more than 4 weeks or if the nasogas-
tric tube is not tolerated (e.g. severe mucositis;
vomiting). Older children should be allowed to
choose between a nasogastric tube and percutane-
ous endoscopic gastrostomy. Tube feeds are gener-
ally given overnight to allow for normal activities
and oral intake during the daytime. Tube feeding
[9] may result in a number of complications in-
cluding vomiting, regurgitation/aspiration and
diarrhoea (see table 2 for potential problems and
solutions). Whereas the enteral route should be
used for nutritional support whenever possible,
PN must be considered when gut dysfunction pre-
cludes enteral feeding for more than 5 days. This
may occur when there is severe mucositis and en-
teritis, neutropenic enterocolitis, ileus, bowel ob-
struction, chylous ascites following surgery, and
severe graft-versus-host disease. Standard PN reg-
imens can be used, although refeeding syndrome
is a risk in malnourished patients, and careful
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Table 2. ETF: problems and potential solutions

Symptom Cause Possible solution
Diarrhoea Unsuitable feed for a child with Change to hydrolysed formula or modular feed
impaired gut function
Excessive infusion rate Slow rate, increase as tolerated
Intolerance of bolus feeds Frequent, smaller feeds, or change to continuous feeds
High feed osmolarity Build up strength of feed slowly and give by continuous
infusion
Microbial contamination of feed Use sterile, commercially produced feeds if possible;
prepare other feeds in a clean environment
Drugs (e.g. antibiotics, laxatives) Review drug prescription
Nausea/ Excessive infusion rate Slowly build up feed infusion
vomiting Slow gastric emptying Encourage lying on right side; prokinetics

Constipation

Maintain regular bowel habit with adequate fluid intake,
fibre-containing feed and/or laxatives

Medicines given at the same time as
feed

Allow time between giving medicines and giving feed,
or stop continuous feeding for a short time

Psychological factors

Review feeding behaviour; consider referral to
psychologist

Regurgitation/
aspiration

Gastro-oesophageal reflux

Correct positioning; feed thickener; drugs; continuous
feeds; jejunal tube (consider fundoplication)

Dislodged tube

Secure tube adequately and regularly review position

Excessive infusion rate

Slow infusion rate

Intolerance of bolus feeds

Smaller, more frequent feeds, or continuous infusion

monitoring is required [10]; regimens also require
modification in the light of nutritional response. It
is important to consider and regularly review the
objectives of nutritional support in individual pa-
tients. Monitoring will include assessment of nu-
tritional intake, anthropometry, biochemical and
haematological parameters, general clinical state,
gastrointestinal function and feeding tube/central
venous catheter integrity.

Late Nutritional Complications

Survivors of common paediatric malignancies are
at risk of obesity, which in turn is associated with
cardiovascular and endocrine diseases. Increased
BMI (>25) was found in survivors of acute lym-
phoblastic leukaemia <4 years of age at diagnosis
receiving cranial radiation therapy, and in chil-

Haemato-Oncology

dren with brain tumours, especially craniopha-
ryngioma survivors [11]. Late nutritional compli-
cations also include a reduction in lean body mass
in some patients [12]. Reduced bone mineral den-
sity can result from decreased physical activity,
reduced calcium intake and the effects of cortico-
steroid treatment; undermineralisation may per-
sist in a small proportion of patients. Growth and
nutritional status should be monitored during
long-term follow-up.

Conclusions

Always try to:

o identify a child’s favourite foods - these are
best avoided whilst having chemotherapy so
that aversion does not develop;

o offer small, frequent meals;
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encourage dietary supplements;

provide skilled dietetic supervision;

manage side effects of chemotherapy effective-
ly (nausea, vomiting);

consider the need for tube feeding early, espe-

o remember that a child may eat better at home,

and

use parenteral nutrition when appropriate (i.e.
when enteral feeds are precluded by gastroin-
testinal dysfunction).

cially in high-nutritional-risk patients;
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Key Messages

+ Malnutrition leads to increased morbidity and mor-
tality in pediatric hospital patients, with particularly
severe consequences in critically ill children

« Both under- and overfeeding have negative conse-
quences

+ Nutritional support for the critically ill child is an es-
sential aspect of clinical management and should
be integrated into daily care

+ Nutritional guidelines in this area are not evidence
based, because little research has been conducted

© 2015 S. Karger AG, Basel

Introduction

During critical illness and recovery thereafter, ad-
equate nutritional support is an essential aspect of
the clinical management of pediatric intensive
care patients. Adequate feeding is essential for
complete recovery and normal functioning of the
growing child. Thus clinicians in the pediatric in-
tensive care unit (PICU) are challenged to pro-

vide adequate nutrition for optimal tissue synthe-
sis and immune function while avoiding compli-
cations of under- or overfeeding.

The prevalence of malnutrition among chil-
dren admitted to a PICU, including burn and
trauma patients, is high [1-3]. Protein-energy
malnutrition in hospital patients is associated
with increased mortality and morbidity, includ-
ing a higher risk of infections due to poor im-
mune defense, wound healing problems, reduced
gut function, longer dependency on mechanical
ventilation and longer hospital stay [1, 4].

Studies have shown that the nutritional status
of children admitted to a PICU deteriorates dur-
ing hospitalization [2] as children often do not
receive adequate feeding. Besides underfeeding,
overfeeding also has negative consequences: it is
of no benefit in maintaining lean body mass and
results in the excessive synthesis of fat. This may
induce hepatic steatosis and impaired liver func-
tion and increase the risk of hyperglycemia. Hy-
perglycemia itself results in a higher mortality
and morbidity in critically ill children [5]. Nutri-
tion delivery is generally inadequate in critically
ill children. Improved adequacy of energy intake
has been shown to improve mortality and mor-
bidity [6].



Table 1. Schofield equations for estimating REE from weight and from weight and height in kcal/day’ [9]

Age, years Boys Girls
0-3 60.9 x weight - 54 61.0 x weight - 51
0.167 x weight + 1,516.7 X height - 617.6 16.2 x weight + 1,022.7 X height - 413.5
3-10 22.7 x weight + 495 22.5 x weight + 499
19.6 X weight + 130.2 X height + 414.9 17.0 X weight + 161.7 x height + 371.2
10-18 17.5 X weight + 651 12.2 x weight + 746

16.2 X weight + 137.1 X height + 515.5

8.4 X weight + 465.4 x height + 200.0

In order to calculate total energy needs, additional factors must be taken into account: (a) illness factor of critically ill
children - 1.2-1.6 with PICU patients, 1.4 with burn patients, 1.3-1.5 with trauma patients; (b) activity factor of criti-
cally ill children - 1.0-1.1; (c) growth factor of critically ill children — 1.0 in the acute phase; in reconvalescent phase,
1.3 if age <4 months, 1.1 if age 4-12 months, and 1.02-1.04 for older children.

1 kcal = 4,186 kJ; weight in kilograms, height in meters.

Nutritional Requirements

Nutritional requirements for critically ill children
range widely with altered metabolic states deter-
mined by the children’s age and nutritional sta-
tus. Metabolic responses may greatly vary as well,
depending on the nature of the injury and the
variability in the individual response to the same
type of injury. Both a hypometabolic and a hyper-
metabolic response may occur [7]. Especially in
children with burn injury there is an exaggerated
catabolic response and they also show exudation
of nutrients through the damaged skin. These fac-
tors together result in very high requirements for
energy, protein and other nutrients in this catego-
ry of patients [8].

Energy

In practice, daily energy demands of critically ill

children should be calculated individually based

on one of the following methods:

(1) Measurement of resting energy expendi-
ture (REE) by indirect calorimetry in venti-
lated and nonventilated children

(2) Estimation of REE by predictive equations
based on weight (and height), age and sex
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(3) Estimation using dietary reference intakes
for healthy children matched for age and sex
The preferred method is measuring the REE.
The measured REE is the minimum amount of
energy needed. Several factors commonly pres-
ent in the ICU population might affect measured
REE and must be taken into account when inter-
preting the outcome; fever, for example, can in-
crease energy expenditure, while sedatives, anes-
thesia and muscle relaxants may decrease it in
some patients. The Schofield equation [9] is a use-
ful alternative for estimating REE and is shown
in table 1.

In the recovery phase, additional factors
should be taken into account to calculate energy
needs, such as activity, illness, growth and ab-
sorption coefficient in case of enteral feeding. In
general, infants require 10-20% more calories
when fed enterally than when fed parenterally,
whereas the differences are smaller in children
(close to 10%), primarily because of more effec-
tive enteral absorption with older age.

Proteins

Both protein synthesis and protein breakdown
are intensified in critical illness, but the latter pre-

Hulst - Joosten

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 271-277

DOI: 10.1159/000360351



Table 2. Current nutritional recom-

mendations for critically ill children Age Total energy REE, kcal  Parenteral Parenteral
[10] expenditure in amino acid, lipid,
health, kcal g/kg/day g/kg/day
0-2 months 100 50 1.5-3.0 3-5
3-12 months 100 50 1.0-2.5 3-4
1-6 years 920 45 1.0-2.0 2-3
7-12years 70 35 1.0-2.0 2-3
>12 years 50 25 1.0-2.0 2-3

dominates. Thus, critically ill children typically
manifest a net negative protein balance, which
may clinically be noted by weight loss and skeletal
muscle wasting which may have deleterious ef-
fects on outcome. An increased protein intake
cannot reverse protein breakdown but can im-
prove nitrogen balance by enhancing protein syn-
thesis. There is a close interrelationship between
protein and energy metabolism. A lack of energy
supply will enhance an already increased protein
catabolism during critical illness. However, an in-
crease in the energy supply will not promote ni-
trogen retention unless the protein supply is ad-
equate, and, conversely, an increased protein sup-
ply will be useless if energy is limited. The current
guidelines on parenteral amino acid intake are
shown in table 2 [10]. For enteral feeding, the
same intake can be followed.

Carbohydrates

Energy requirements of the body, and especially
the brain, depend on glucose as the major fuel.
Plasma glucose levels are the resultant of a bal-
ance between exogenous glucose intake and en-
dogenous glucose production (glycogenolysis
and gluconeogenesis) on the one hand and glu-
cose utilization (oxidation or storage as glycogen
and triglycerides) on the other. Initial screening
for hypo- and hyperglycemia should be per-
formed on all critically ill children. Both low and
high blood glucose levels as well as variability in
glucose levels worsen outcome and should be
treated. Hyperglycemia with high plasma insulin

Intensive Care

concentrations is the result of insulin insensitivity
that occurs during stress. Both insulin resistance
and (relative) p-cell dysfunction play a role in the
occurrence of hyperglycemia in critically ill chil-
dren [11].

For children <30 kg, a glucose intake of 4-6
mg/kg/min is recommended, whereas for chil-
dren >30 kg this is 2-4 mg/kg/min. In case of hy-
perglycemia, glucose intake can be decreased, but
it is recommended to start insulin therapy in an
early phase [12]. Large randomized outcome
studies of a tight glucose regimen with insulin
therapy in the critically ill pediatric population
are limited; so far one study showed an improved
outcome, using tight glycemic control in a mixed
PICU population [13].

Lipids

Lipid metabolism is generally accelerated by ill-
ness and physiologic stress, and lipids are a prime
source of energy. Infusion of lipid emulsions al-
lows a high energy supply, facilitates the preven-
tion of high glucose infusion rates and is indis-
pensable for the supply of essential fatty acids.
Lipid intake should usually provide 25-40% of
nonprotein calories in fully parenterally fed pa-
tients (table 2). A minimum linoleic acid intake of
0.1 g/kg/day should be administered to infants
and older children in order to prevent essential
fatty acid deficiency. The dosage of fat should not
exceed the capacity for lipid clearance, and should
be adapted if marked hyperlipidemia occurs. It is
recommended to decrease or stop parenteral lipid
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infusion if the serum triglyceride level is >250
mg/dl (>2.9 mmol/l) in infants and >400 mg/dl
(>4.6 mmol/l) in children.

Burn Injury

In pediatric burn patients, several additional for-
mulas for determining energy needs have been
used, but they have been shown to either under-
estimate or overestimate energy expenditure [14,
15]. Therefore, measurement of energy expendi-
ture is highly recommended in this population. In
the absence of indirect calorimetry, the Schofield
prediction equation based on weight and height
[9] seems to be the best alternative for estimating
REE (table 1).

Protein requirements are higher in burned
children than in normal children. In addition to
increased loss of protein across the burn wound,
there is a great demand for protein for wound
healing, host defense and gluconeogenesis as
amino acids become a primary source of energy.
Current recommendations for patients with
burns of more than 10% of the body surface area
are: 20% of the total kilocalories provided from
protein acids (children: 3 g/kg/day), 55-60%
from carbohydrates without exceeding 5 mg/kg/
min, and up to 30% from fats.

Nutritional Support

Indication and Goal

Nutritional support is important in the manage-
ment of the critically ill patient when oral food in-
take is inadequate or not possible. To determine
the risk for deterioration of the nutritional status
during admission, the use of a risk screening tool
(e.g. STRONGy4s) is advocated [16]. It is em-
ployed to minimize the loss of lean body mass and
support the synthesis of critical visceral proteins.

Timing of Nutritional Support

Nutritional support should be started within the
first 24 h of admission to the PICU for children
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who are hemodynamically stable and have a func-
tioning gastrointestinal tract.

Route of Nutritional Support

Enteral nutrition (EN) via tube is the preferred
way of feeding the critically ill and burn patients.
EN reverses the loss of gastrointestinal mucosal
integrity, maintains intestinal blood flow, pre-
serves the IgA-dependent immunity and contrib-
utes to the maintenance of the host immune re-
sponse. Meta-analyses of clinical studies have re-
ported that EN as opposed to parenteral nutrition
(PN) is associated with a lower risk of infection
and also results in cost savings [17]. With trans-
pyloric feeding, it is possible to increase the deliv-
ery of EN, but it is unable to impede tracheal as-
piration of gastric fluids.

When EN is contraindicated or insufficiently
tolerated, PN may be used to supplement or re-
place EN. Recently, in adults, a large random-
ized controlled study evaluated whether early
PN, to supplement EN if energy goals are not
met, was more beneficial than initiating supple-
mental PN after 1 week [18]. It appeared that late
initiation resulted in reduced morbidity as com-
pared with early initiation. No such compari-
sons have been done on children, but results
may differ for children because they have fewer
energy reserves and a shorter duration of acute
stress response.

Type of Formula

There are no studies available that support a clin-
ical advantage of oligomeric formulas over poly-
meric formulas for critically ill children. No evi-
dence is available yet on the use of immune-mod-
ulating formulas, e.g. formulas enriched with
glutamine, arginine or nucleotides, in the criti-
cally ill child. This can be considered with burn
injury and trauma patients.

Compliance

It is important to realize that large discrepan-
cies may arise between prescribed and deliv-
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on admission to the ICU

Risk assessment: e.g. STRONG, 4, [16]
Primary diagnosis
Iliness severity
Measurement of energy expenditure

Initial assessment of critically ill children

Nutritional status: weight, length, MUAC

v

Start glucose infusion
<30 kg: 4-6 mg/kg/min
>30 kg: 2-4 mg/kg/min

Yes

Hemodynamic instability or | |

contraindication for EN* Start PN
No l
v | Reconsider starting EN daily |
Start EN within 24 h after admission
according to REE or prediction equation or

<1year 50 kcal/kg P

1-6 years 45 kcal/kg -

7-12 years 35 kcal/kg

>12 years 25 kcal/kg
Yes Consider additional PN in order to meet

Inadequate amounts of EN reached 5 requirements

Try to increase EN in the following days and

| o

try to reach complete EN

<1year 100 kcal/kg
1-6 years 90 kcal/kg
7-12 years 70 kcal/kg
>12 years 50 kcal/kg

Recovery phase — increase EN: 2 x MEE
(if indirect calorimetry is performed) or

A

During admission:

deficits

1 Adjust energy intake according to measurement of energy expenditure and RQ;
when RQ >1, decrease glucose intake; when RQ <0.80, increase energy intake
2 Daily assess differences between prescribed and delivered nutrients and actively try to prevent these

3 Weekly actual nutritional assessment and nutritional risk assessment (e.g. STRONG,;4.)

Fig. 1. Nutritional strategy in pediatric intensive care patients. MUAC = Mid-upper-arm circumfer-
ence; MEE = measured energy expenditure; RQ = respiratory quotient. * Contraindications for EN:
serious gastrointestinal difficulties; congenital anomalies of the gastrointestinal tract; surgery to
the gastrointestinal system; short bowel disease; hemodynamic instability; asphyxia.

ered, or prescribed and required, nutrients due
to inadequate delivery or poor compliance [19].
The main reasons for inadequate delivery are
interruptions to EN due to gastrointestinal dys-
function (e.g. vomiting, nausea, retention and

Intensive Care

diarrhea) or fasting in anticipation of diagnos-
tic or surgical procedures, delayed EN initia-
tion, fluid restriction, patients on vasoactive
drugs, and general reluctance to address nutri-
tion delivery.
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Follow-Up of Nutritional Support

Once nutritional support is started, its adequacy
may be assessed by parameters of nutritional sta-
tus such as anthropometric measurements, indi-
rect calorimetry and the inflammatory condition
(C-reactive protein) of the patient. The minimum
standard for nutritional assessment should in-
clude measurements of weight, mid-upper-arm
circumference and possibly length, and indirect
calorimetry. Biochemical markers such as preal-
bumin (short-term) or albumin (long-term) can
be used to assess nutrition adequacy, but they are
not specific. An overall practical nutritional
guideline is shown in figure 1.

Conclusions
o Critically ill children are in a catabolic state,
characterized by 3 major metabolic changes:

(1) increased protein turnover with enhanced
hepatic protein synthesis and muscle protein
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4.1 The WHO Child Growth Standards

Mercedes de Onis

Key Words

Growth standards - Growth references - Nutritional
status - Anthropometry - Nutritional assessment

Key Messages

«  Growth assessment is a key screening tool for as-
sessing child health and nutritional wellbeing

+ Anthropometry is the most universally applicable,
noninvasive method of assessing the growth status
of children

- Interpretation of the growth trajectory is highly de-
pendent on the growth charts used

+ The WHO Child Growth Standards, based on the
physiological growth of healthy breastfed infants,
are the growth charts recommended by the WHO
for universal application

« Anthropometric measurements need to be accu-
rate; adequate equipment and the use of standard-
ized techniques are essential for reducing measure-
ment error and minimizing bias

© 2015 S. Karger AG, Basel

Introduction

Assessing childhood growth remains a mainstay
of pediatric care in all settings, from the most ad-
vanced healthcare centers to those faced with se-
vere resource constraints. If adequate growth is
achieved, the probability is high that children will

be healthy and well-nourished. The documenta-
tion of abnormal growth, on the other hand, sig-
nals that something is not going well and flags the
need for careful diagnostic follow-up and action.
The value of growth assessment is thus its princi-
pal utility as a key screening tool in order to assess
children’s general wellbeing, to identify faltering
and excessive growth, to evaluate maternal lacta-
tion performance and infant feeding practices,
and to monitor children with medical conditions
known to adversely affect growth, such as renal
and cardiac conditions.

Growth assessment is best done by the appro-
priate use and interpretation of anthropometric
indexes [1]. Anthropometry is the single most
universally applicable, inexpensive and noninva-
sive method available for assessing the propor-
tions, size and composition of the human body.
The successful assessment of growth using an-
thropometry is founded on (a) the selection of an
appropriate anthropometric indicator, (b) the ac-
curacy and reliability of the anthropometric
measures taken, and (c) the proper interpretation
of the values by selecting suitable growth charts
and cutoffs to assess risk or classify children ac-
cording to variable degrees of undernutrition and
overweight/obesity.

The WHO holds copyright of the WHO Child Growth Standards.



The growth charts presented in this Annex
are a subset of the WHO Child Growth Standards
[2, 3], which are based on an international sample
of healthy breastfed infants and young children

(4].

Construction of the WHO Child Growth
Standards

The origin of the WHO Child Growth Standards
dates back to the early 1990s, when the WHO
conducted a comprehensive review of anthropo-
metric references. This review showed that the
growth pattern of healthy breastfed infants devi-
ated significantly from the National Center for
Health Statistics/ WHO international reference
[5]. In particular, the reference was inadequate
for assessing the growth pattern of healthy breast-
fed infants. The expert group recommended the
development of new standards, adopting a novel
approach that would describe how children
should grow when free of disease and when their
care follows healthy practices such as breastfeed-
ing and nonsmoking [5]. This approach would
permit the development of a standard as opposed
to a reference merely describing how children
grew in a particular place and time. Although
standards and references both serve as a basis for
comparison, each permits a different interpreta-
tion. Since a standard defines how children
should grow, deviations from the pattern it de-
scribes are evidence of abnormal growth. A refer-
ence, on the other hand, does not provide as
sound a basis for such value judgments, although,
in practice, references often are mistakenly used
as standards.

Following a resolution from the World Health
Assembly in 1994 endorsing these recommenda-
tions, the WHO Multicentre Growth Reference
Study (MGRS) [4] was launched in 1997 to collect
primary growth data that would allow the con-
struction of new growth charts consistent with
‘best’ health practices.

The WHO Child Growth Standards

The goal of the MGRS was to describe the
growth of healthy children. The MGRS was a
population-based study conducted in 6 countries
from diverse geographical regions: Brazil, Gha-
na, India, Norway, Oman and the USA [4]. The
study combined a longitudinal follow-up from
birth to 24 months with a cross-sectional compo-
nent of children aged 18-71 months. In the longi-
tudinal component, mothers and newborns were
enrolled at birth and visited at home a total of 21
times at weeks 1, 2, 4 and 6, monthly from 2-12
months, and bimonthly in the second year.

The study populations lived in socioeconomic
conditions favorable to growth. The individual
inclusion criteria were: no known health or envi-
ronmental constraints on growth; mothers will-
ing to follow MGRS feeding recommendations
(i.e. exclusive or predominant breastfeeding for at
least 4 months, introduction of complementary
foods by 6 months of age, and continued breast-
feeding to at least 12 months of age); no maternal
smoking before and after delivery; single term
birth; and absence of significant morbidity. Rig-
orously standardized methods of data collection
and procedures for data management across sites
yielded high-quality data [2, 3].

The length of children was strikingly similar
among the 6 sites, with only about 3% of variabil-
ity in length being due to intersite differences
compared with 70% for individuals within sites
[6]. The striking similarity in growth during ear-
ly childhood across human populations means
either a recent common origin, as some suggest
[7], or a strong selective advantage associated
with the current pattern of growth and develop-
ment across human environments. The data from
all sites were pooled to construct the standards,
following state-of-the-art statistical methodolo-
gies [2].

This Annex presents growth charts for
weight-for-age, length/height-for-age, weight-
for-length/height, BMI-for-age and head cir-
cumference-for-age, in percentile values, for
boys and girls aged 0-60 months. The full set
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of tables and charts is presented on the WHO
website (www.who.int/childgrowth/en), together
with tools such as software and training materi-
als that facilitate their clinical application. The
disjunction observed at 24 months in the length-/
height-based charts represents the change from
measuring recumbent length to standing height.
Standards for other anthropometric variables
(i.e. mid-upper-arm circumference, and triceps
and subscapular skinfolds) are also available on
the website.

Implications of Adopting the WHO Child
Growth Standards

The scrutiny that the WHO Standards have un-
dergone is without precedent in the history of de-
veloping and applying growth assessment tools.
Governments set up committees to scrutinize the
new standards before deciding to adopt them,
and professional groups conducted thorough ex-
aminations of the standards. The detailed evalua-
tion allowed assessing the impact of the new stan-
dards and documenting their robustness and
benefits for child health programs. Since their re-
lease in 2006, the WHO Growth Standards have
been widely implemented globally [8]. Reasons
for adoption include: (1) providing a more reli-
able tool for assessing growth that is consistent
with the Global Strategy for Infant and Young
Child Feeding; (2) protecting and promoting
breastfeeding; (3) allowing monitoring of malnu-
trition’s double burden, i.e. stunting and over-
weight; (4) promoting healthy growth and pro-
tecting the right of children to reach their full ge-
netic potential; and (5) harmonizing national
growth assessment systems. In adopting the
WHO Growth Standards, countries have harmo-
nized best practices in child growth assessment
and established the breastfed infant as the norm
against which to assess compliance with chil-
dren’s right to achieve their full genetic growth
potential.

280

The detailed examination of the WHO
Growth Standards by technical and scientific
groups has provided a unique opportunity to val-
idate their robustness and to improve our under-
standing of their broad benefits:

o The WHO Standards identify more children
as severely wasted [9]; besides being more ac-
curate in predicting mortality risk [10-12], use
of the WHO Standards results in shorter dura-
tion of treatment, higher rates of recovery and
fewer deaths, and it reduced loss to follow-up
or the need for inpatient care [13]

o The WHO Standards confirm the dissimilar
growth patterns of breastfed and formula-fed
infants, and provide an improved tool for cor-
rectly assessing adequacy of growth in breast-
fed infants [14-16]; they thereby considerably
reduce the risk of unnecessary supplementa-
tion or cessation of breastfeeding, which are
major sources of morbidity and mortality in
poor-hygiene settings

o In addition to confirming the importance of
the first 2 years of life as a window of opportu-
nity for promoting growth, the WHO Stan-
dards demonstrate that intrauterine retarda-
tion in linear growth is more prevalent than
previously thought [17], making a strong case
for the need for interventions to start early in
pregnancy and before

o Another important feature of the WHO Stan-
dards is that they demonstrate that undernu-
trition during the first 6 months of life is a con-
siderably more serious problem than previ-
ously detected [16-18], thereby reconciling
the rates of undernutrition observed for young
infants and the prevalence of low birth weight
and early abandonment of exclusive breast-
feeding

o The WHO Standards also improve early de-
tection of excess weight gain among infants
and young children [19, 20], showing that
obesity often begins in early childhood, as
should measures to tackle this global ‘time
bomb’
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o Last but not least, the WHO Standards are an
important means of ensuring the right of all
children to be healthy and to achieve their full
growth potential; they provide sound scientif-
ic evidence that, on average, young children
everywhere experience similar growth pat-
terns when their health and nutritional needs
are met. For this reason the WHO Standards
can be used to assess compliance with the UN
Convention on the Rights of the Child, which
recognizes the duties and obligations to chil-
dren that cannot be met without attention to
normal human development

Conclusions

The WHO Child Growth Standards were derived
from children who were raised in environments
that minimized constraints on growth such as
poor diets and infection. In addition, their mothers
followed healthy practices such as breastfeeding
their children and not smoking during and after
pregnancy. The standards depict normal human
growth under optimal environmental conditions
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4.2 The CDC and Euro Growth Charts

Ekhard E. Ziegler

Key Words

Growth assessment - Growth references -
Anthropometry - Interpretation

Key Messages

« Growth charts are essential tools for the interpreta-
tion of growth measurements in children

« The CDC and Euro Growth charts are growth refer-
ences that describe the growth of populations of
children as they exist at a given time in a given loca-
tion

« Growth standards (e.g. WHO Child Growth Stan-
dards) describe the growth of children who live in
favorable circumstances, receive optimal nutrition
and show desirable growth characteristics

+ Anthropometric measurements need to use proper
techniques. Measurements of recumbent length
must be interpreted against charts of recumbent
length, and measurements of standing height must
be interpreted against charts of standing height

© 2015 S. Karger AG, Basel

Introduction

Growth assessment is an integral part of child-
hood health monitoring. For interpretation,
growth measurements must be compared with
appropriate norms. Such norms are provided by
growth references which describe the growth of

children who are living in a defined geographic
area and are deemed healthy. The relative position
of a child undergoing assessment in comparison
with reference data determines whether the child’s
growth is judged normal or abnormal. Widely
used growth references are the CDC Growth
Charts [1] and the Euro Growth Charts [2]. Both
were released in 2000. These charts describe the
growth of children living in the USA and in Eu-
rope, respectively. The WHO Growth Standards
[3, 4], on the other hand, describe the growth of
children worldwide; for these standards, data were
obtained in Norway, the USA, Brazil, Ghana,
Oman and India from children living under ‘ideal’
circumstances with nonsmoking mothers and
from infants receiving ‘optimal nutrition’ (pre-
dominantly breast milk for the first 6 months),
and thus they illustrate what ‘normal growth’ is
under optimal environmental conditions.

When growth has to be assessed on the basis
of a single measurement, its interpretation has to
rely solely on the relative position of the mea-
sured value on the growth reference chart. The
accuracy of growth assessment is greatly im-
proved if two or more measurements are per-
formed at different times. This not only mini-
mizes the impact of inherent measurement er-
rors, it also permits the assessment of time trends
and thus strengthens the assessment of a child’s
growth vis-a-vis the growth reference chart.



CDC Growth Charts: USA

The CDC charts [1] were created to replace the
widely used National Center for Health Statistics/
WHO charts of 1974 because of inadequacies
identified in the latter. The CDC charts are based
on a large number of nationally representative
data from several national surveys conducted be-
tween 1976 and 1994. The exception are data con-
cerning the first year of life, which, besides being
few in number, were obtained mostly from in-
fants representing lower socioeconomic strata.
Also data on subjects more than 6 years of age
from the survey in 1988-1994 were excluded be-
cause of the increased prevalence of high weight.
All data were cross-sectional. State-of-the-art
smoothing procedures were used to generate per-
centile curves. Charts on weight-for-age and (re-
cumbent) length-for-age are available for the age
period from birth to 3 years. For the age period
from 2 to 20 years, charts for weight-for-age,
height-for-age and BMI-for-age are available.

Euro Growth Charts

The Euro Growth Charts [2] were the result of a
multinational effort. Data for these charts were
gathered from birth to 5 years of age in children

who were born between 1990 and 1993 and lived
close to 22 measurement sites in 11 European

References

1-190.

2 Haschke F, van’t Hof MA (eds): Euro-
Growth. ] Ped Gastroenterol Nutr 2000;

31:suppl 1.
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1 Kuczmarski RJ, Ogden CL, Guo SS,
Grummer-Strawn LM, Flegal KM, Mei
Z, Wei R, Curtin LR, Roche AF, Johnson
CL: 2000 CDC Growth Charts for the
United States: methods and develop-
ment. Vital Health Stat 11 2002;246:

countries. The data were gathered longitudinally,
with 1,746 children being followed to the age of 1
year, and 1,071 to the age of 3 years. The data were
analyzed cross-sectionally, using state-of-the-art
smoothing techniques.

Comment

In contradistinction to the WHO Growth Stan-
dards [3, 4], the CDC and Euro Growth Charts
are growth references. They represent, with mi-
nor exceptions, the growth of healthy children
living in the respective geographic areas. Use of
references for the interpretation of growth mea-
surements thus indicates a child’s position in rela-
tion to other children living in the same area.
Growth standards, on the other hand, already in-
corporate an element of judgment, and their use
provides information on desirable (ideal) child
growth derived from predominantly breastfed in-
fants.

The importance of using proper measurement
techniques cannot be overemphasized, in partic-
ular with regard to measurement of recumbent
length. The latter requires two measurers using
appropriate equipment and techniques if repro-
ducible measurements are to be obtained. Mea-
surements of length must be interpreted using
charts for length, and measurements of height
must be interpreted using charts for height.

3 WHO Multicentre Growth Reference
Study Group: WHO Child Growth Stan-
dards. Geneva, WHO, 2006. www.who.
int/childgrowth/en/.

4 WHO Multicentre Growth Reference
Study Group: WHO Child Growth Stan-
dards based on length/height, weight
and age. Acta Paediatr Suppl 2006;450:
76-85.
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Fig. 1. CDC length-for-age and weight-for-age for boys (birth to 3 years).
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Fig. 2. CDC length-for-age and weight-for-age for girls (birth to 3 years).
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Fig. 3. CDC stature-for-age and weight-for-age for boys (2-20 years).
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Fig. 5. CDC BMI-for-age for boys (2-20 years).

The CDC and Euro Growth Charts 301

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 295-307
DOI: 10.1159/000360353



2 to 20 years: Girls NAME

Body mass index-for-age percentiles RECORD #
Date Age Wielght Stature ame Comments
BMI—
a5 —
34_
a_a_
32__.
/ss‘l/ 1=
1 A0 =
“To Calculate BMI: Weight (kg) + Stature (cm) + Statuee (cm) x 10,000 //
oF Waight {Ib) + Stature (n] + Stature {in) x 703 / 29—
—BMI 7 T g e
|~
— 27 /J /j 27
— 26 Pe / sz
/ == s
55 1 = = il
/ = =
— 24 Fd == =
22 r/ ,/ /// 2
L
L / CLESTS e .
2 4 / 21
| / : = -
= /', / |25
L 19 \‘ r// / // f/ - 19 —
— 18 \\"’-L _-f///// / / /_‘/ ’___-a-""w 18—
L—5
LA L LT
— 16 \\\"-———-"’/ // // /,// 16—
LT
— 15 \\_\"“— _/’_// 15—
P~ — e == ’,/ 1 _J
= 14 — = 14
—18 18—
g2 b o
kg/m® Af.l’uE (YIEAHIB) kg/m*
2 85 4 85 € T B8 95 1071 12 13 ¥4 18 18 A7 18 19 20

Publzhed May 30, 2000 jmadad 10/16.00)
SOURCE: Developed by the Natioral Certer for Health Btalistics i colaboration wih
e National Centar far Chronic Disease Praventian and Health Promotion (2000).

CDC

SAFER:HEALTHIER- FEOFLE

Fig. 6. CDC BMI-for-age for girls (2-20 years).

302

Ziegler

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 295-307
DOI: 10.1159/000360353



oy % - —- 713
Age (months) www.euro-growth.org

Fig. 7. Euro Growth weight-for-age for boys (birth to 5 years).
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Fig. 8. Euro Growth weight-for-age for girls (birth to 5 years).
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Fig. 9. a Euro Growth length-for-age for boys (birth to 2 years). b Euro Growth height-for-age for
boys (2-5 years).

304 Ziegler

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 295-307
DOI: 10.1159/000360353



Fig. 10. a Euro Growth length-for-age for girls (birth to 2 years). b Euro Growth height-for-age for
girls (2-5 years).
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Fig. 11. a Euro Growth BMI for boys (birth to 2 years). b Euro Growth BMI for boys (2-5 years).

306 Ziegler

Koletzko B, et al. (eds): Pediatric Nutrition in Practice. World Rev Nutr Diet. Basel, Karger, 2015, vol 113, pp 295-307
DOI: 10.1159/000360353



Fig. 12. a Euro Growth BMI for girls (birth to 2 years). b Euro Growth BMI for girls (2-5 years).
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4.3 Reference Nutrient Intakes of Infants,

Children and Adolescents

Berthold Koletzko + Katharina Dokoupil

Tables with reference nutrient intakes are pre-
sented as published by (in alphabetical order):
Australia and New Zealand; Germany, Austria
and Switzerland; the Nordic nutrition recom-
mendations; the UK; the USA and Canada; the
WHO with the Food and Agriculture Organiza-
tion (FAO) and the United Nations University
(UNU).

Tables 1 and 2. Australia and New Zealand nutrient refer-
ence values for diary food energy (table 1) and nutrients
(table 2) in healthy infants, children and adolescents
(modified from nutrient reference values including rec-
ommended dietary intakes from Australia and New Zea-
land 2005, 2006)

Table 1. Energy (male/female)

Age, Energy, Age, Energy,
months  kJ/day years MJ/day
1 2,000/1,800 3 3.4/3.2
2 2,400/2,100 4 3.6/3.4
3 2,400/2,200 5 3.8/3.6
4 2,400/2,200 6 4.1/3.8
5 2,500/2,300 7 4.3/4.0
6 2,700/2,500 8 4.5/4.2
7 2,800/2,500 9 4.8/4.5
8 3,000/2,700 10 5.1/4.7
9 3,100/2,800 1 5.4/4.9
10 3,300/3,000 12 5.8/5.2
11 3,400/3,100 13 6.2/5.5
12 3,500/3,200 14 6.6/5.7
15 3,800/3,500 15 7.0/5.8
18 4,000/3,800 16 7.3/5.9
21 4,200/4,000 17 7.6/5.9
24 4,400/4,200 18 7.7/6.0




Table 2. Nutrient values (male/female)

Age Total fat, n-6 poly- n-3 poly- Total LC n-3 Calcium, Magnesium,
g/day unsaturated unsaturated (DHA + EPA + mg mg
fats, g/day  fats, g/day DPA), mg/day
0-6 months 31 4.4 0.5 210 30
7-12 months 30 4.6 0.5 270 75
1-3 years 5 0.5 40 500 80
4-8years 8 0.8 55 700 130
9-13 years 10/8 1.0/0.8 70 1,000 (9-11 years) 240
1,300 (12-13 years)
14-18 years 12/8 1.2/0.8 125/85 1,300 410/360
Age Iron, lodine, Zing, Vitamin A, mg retinol Vitamin D, Vitamin K,
mg/day pg/day mg/day equivalent/day pg/day pg/day
0-6 months 0.2 20 2.0 250 (retinyl esters) 5.0 2.0
7-12 months 11 110 3 430 5.0 2.5
1-3 years 9 20 3 300 5.0 25
4-8years 10 920 4 400 5.0 35
9-13 years 8 120 6 600 5.0 45
14-18 years 11/15 150 13/7 900/700 5.0 55
Age Thiamine,  Riboflavin,  Niacin, Vitamin Bs, ~ Folate, ug Vitamin By, Vitamin C,
mg/day mg/day mg niacin mg/day dietary folate ug/day mg/day
equivalent/day equivalent/day
0-6 months 0.2 0.3 2 (preformed 0.1 65 (folate) 0.4 25
niacin)
7-12 months 0.3 0.4 4 0.3 80 0.5 30
1-3 years 0.5 0.5 6 0.5 150 0.9 35
4-8years 0.6 0.6 8 0.6 200 1.2 35
9-13 years 0.9 0.9 12 1.0 300 1.8 40
14-18 years 1.2/1.1 1.3/1.1 16/14 1.3/1.2 400 24 40
Age Linoleic acid, g/day a-Linolenic acid, g/day
1-3years 5 0.5
4-8years 8 0.8
9-13 years 10/8 1.0/0.8
14-18 years 12/8 1.2/0.8
Age Dietary fiber, g/day Water, I/day
0-6 months - 0.7
7-12 months - 0.8
1-3 years 14 14
4-8years 18 1.6
9-13years 24/20 2.2/1.9
14-18 years 28/22 2.7/2.2
Age Carbohydrate, g/day Protein, g
0-6 months 60 10 (1.43 g/kg body weight)
7-12 months 95 14 (1.60 g/kg body weight)

LC = Long-chain.
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Table 3. German, Austrian and Swiss reference values (male/female) for the average daily energy and nutrient intakes
in populations of healthy children and adolescents (modified from reference intakes for Germany, Austria and Swit-
zerland 2002)

Age Energy, Protein, Fat, Essential fatty acids,  Calcium, Magnesium,
kcal/kg/day g/kg/day % of energy % of energy mg/day mg/day
0-<4 months 110 2.0-2.2 45-50 4.5 500 40
4-<12 months 95 1.2-1.6 35-40 3.8 500 60
1-<4 years 100 1.2 30-35 35 600 80
4-<7 years 920 1.1 30-35 35 700 120
7-<10vyears 75 1.0 30-35 3.5 800 170
10-<13 years 60/55 1.0 30-35 35 900 230/250
13-<15years 55/45 1.0 30-35 35 1,000 310
15-<19years 45/40 0.9/0.8 30-35 35 1,200 400/350
Age Iron, lodine, Zinc, Vitamin A, mg retinol Vitamin D, Vitamin K,
mg/day ug/day mg/day equivalent/day ug/day ug/day
0-<4 months 6 50 5 0.5 10 5
4-<12 months 8 80 5 0.6 10 10
1-<4 years 8 100 7 0.6 5 15
4-<7 years 8 120 10 0.7 5 20
7-<10years 10 140 1 0.8 5 30
10-<13 years 12/15 180 12 0.9 5 40
13-<15years 12/15 200 15/12 1.1/1.0 5 50
15-<19years 12/15 200 15/12 1.1/0.9 5 70/60
Age Thiamine, Riboflavin, Niacin, Vitamin Bg, Folate, Vitamin By, Vitamin C,
mg/day mg/day mg niacin mg/day ug total ug/day mg/day
equivalent/day folate/day
0-<4 months 0.3 0.3 5 0.3 80 0.5 40
4-<12 months 0.4 0.5 6 0.6 80 0.8 50
1-<4 years 0.7 0.8 9 0.9 120 1.0 55
4-<7 years 1.0 1.1 12 1.2 160 1.5 60
7-<10years 1.1 1.2 13 1.4 200 1.8 65
10-<13 years 1.2 1.4/1.3 15/14 1.6/1.5 240 2.0 70
13-<15years 1.4/1.2 1.5/1.4 17/15 1.8/1.6 300 3.0 75
15-<19years 1.6/1.3 1.8/1.7 20/16 2.1/1.8 300-400 3.0 75
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Table 4. Nordic nutrition recommendation values (male/female) for dietary energy and nutrient intakes for healthy
infants, children and adolescents (adapted from the Nordic nutrition recommendations 2012: Norway, Sweden, Fin-
land, Denmark and Iceland)

Age Energy, Protein, Fat, Essential fatty acids,  Calcium, Magnesium,
MJ/day % of energy % of energy % of energy mg/day mg/day
n-6 n-3
<6 months - - -
6-11 months 3.2 7-15 30-45 4 1 540 80
12-23 months 4.1 10-15 30-40 3 0.5 600 85
2-5years 53 10-20 600 120
6-9 years 7.7 10-20 700 200
10-13 years 9.8/8.6 10-20 900 280
14-17 years 12.3/9.6 10-20 900 350/280
Age Iron, lodine, Zing, Vitamin A, mg retinol Vitamin D, Vitamin E,
mg/day ug/day mg/day equivalent/day pg/day a-TE
<6 months - - - - - -
6-11 months 8 50 5 300 10 3
12-23 months 8 70 5 300 10 4
2-5years 8 90 6 350 10 5
6-9 years 9 120 7 400 10 6
10-13 years 11 150 11/8 600 10 8/7
14-17 years 11/15 150 11/9 900/700 10 8
Age Thiamine, Riboflavin, Niacin, Vitamin Bg, Folate, Vitamin B;,,  Vitamin C,
mg/day mg/day mg niacin mg/day g total ug/day mg/day
equivalent/day folate/day
<6 months - - - - - - -
6-11 months 0.4 0.5 5 0.4 50 0.5 20
12-23 months 0.5 0.6 7 0.5 60 0.6 25
2-5years 0.6 0.7 9 0.7 80 0.8 30
6-9 years 0.9 1.1 12 1.0 130 1.3 40
10-13 years 1.2/1.0 1.3/1.2 15/14 1.2/1.1 200 2.0 50
14-17 years 1.4/1.2 1.7/1.4 19/16 1.6/1.3 300 2.0 75
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Table 5. UK dietary reference values for food energy and nutrients for healthy infants, children and adolescents in
the UK (modified from reference intakes in the UK 2006)

Age Energy, Protein, Fat, Essential fatty Calcium, Magnesium,
kcal/day g/day % of energy acids, % of energy mg/day mg/day
0-<3 months 545/515 12.5 - - 525 55
4-<6 months 690/645 12.7 - - 525 60
7-<9 months 825/765 13.7 - - 525 75
10-<12 months 920/865 14.9 - - 525 80
1-<3years 1,230/1,165 15 - - 350 85
4-<6 years 1,715/1,545 20 - - 450 120
7-<10years 1,970/1,740 28 - - 550 200
11-<14 years 2,220/1,845 42 - - 1,000/800 280
15-<18 years 2,755/2,110 55 - - 1,000/800 300
Age Iron, lodine, Zing, Vitamin A, pg retinol  Vitamin D, Vitamin K,
mg/day pg/day mg/day equivalent/day pg/day ug/day
0-<3 months 1.7 50 4.0 350 8.5 -
4-<6 months 43 60 4.0 350 8.5 -
7-<9 months 7.8 60 5.0 350 7 -
10-<12 months 7.8 60 5.0 350 7 -
1-<3years 7 70 5.0 400 7 -
4-<6 years 6 100 6.5 400 - -
7-<10years 9 110 7.0 500 - -
11-<14 years 15 130 9.0 600 - -
15-<18 years 15 140 9.5/7.0 700 - -
Age Thiamine, Riboflavin, Niacin, Vitamin Bg, Folate, Vitamin By,,  Vitamin C,
mg/day mg/day mg niacin mg/day ug total ug/day mg/day
equivalent/day folate/day
0-<3 months 0.2 0.4 3 0.2 50 0.3 25
4-<6 months 0.2 0.4 3 0.2 50 0.3 25
7-<9 months 0.2 0.4 4 0.3 50 0.4 25
10-<12 months 0.3 0.4 5 0.4 50 0.4 25
1-<3years 0.5 0.6 8 0.7 70 0.5 30
4-<6 years 0.7 0.8 11 0.9 100 0.8 30
7-<10vyears 0.7 1.0 12 1.0 150 1.0 30
11-<14 years 0.9/0.7 1.2/1.1 15/12 1.2/1.0 200 1.2 35
15-<18 years 1.1/0.8 1.3/1.1 18/14 1.5/1.2 200 1.5 40
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Tables 6 and 7. USA and Canada dietary reference intakes (male/female) for infants, children and adolescents (modi-
fied from dietary reference intakes from the USA 1997/2000/2005/2010)

Table 6. Energy

Age, months Energy, kcal/day Age, months Energy, kcal/day
1 472/438 12 844/768
2 567/500 15 908/837
3 572/521 18 961/899
4 548/508 21 1,006/952
5 596/553 24 1,050/997
6 645/593 27 1,086/1,033
7 668/608 30 1,121/1,077
8 710/643 33 1,157/1,113
9 746/678 35 1,184/1,139
10 793/717 3 -18years Depends on physical activity level
11 817/742

Table 7. Nutrient values (male/female)

Age Protein, Fat, n-6 polyunsaturated n-3 polyunsaturated Calcium, Magnesium,
g/day g/day fatty acids, g/day fatty acids, g/day mg/day mg/day
0-<6 months 9.1 31 4.4 0.5 200 30
7-<12 months 11.0 30 4.6 0.5 260 75
1-<3years 13 30-40 7 0.7 700 80
4-<8years 19 25-35 10 0.9 1.000 130
9-<13 years 34 25-35 12/10 1.2/1.0 1.300 240
14-<18 years 52/46 25-35 16/11 1.6/1.1 1.300 410/360
Age Iron, lodine, Zing, Vitamin A, mg retinol Vitamin D, Vitamin K,
mg/day ug/day mg/day equivalent/day ug/day ug/day
0-<6 months 0.27 110 2 400 10 2
7-<12 months 11 130 3 500 10 2.5
1-<3years 7 90 3 300 15 30
4-<8years 10 90 5 400 15 55
9-<13 years 8 120 8 600 15 60
14-<18 years 11/15 150 11/9 900/700 15 75
Age Thiamine, Riboflavin, Niacin, mg niacin Vitamin Bg, Folate, Vitamin B;;,  VitaminC,
mg/day mg/day equivalent/day mg/day ug total ug/day mg/day
folate/day
0-<6 months 0.2 0.3 2 0.1 65 0.4 40
7-<12 months 0.3 0.4 4 0.3 80 0.5 50
1-<3years 0.5 0.5 6 0.5 150 0.9 15
4-<8years 0.6 0.6 8 0.6 200 1.2 25
9-<13years 0.9 0.9 12 1.0 300 1.8 45
14-<18 years 1.2/1.0 1.3/1.0 16/14 1.3 400 24 75/65
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Tables 8-10. WHO/FAO/UNU recommended dietary nutrient intake values for infants, children and adolescents
(modified from the WHO/FAO/UNU expert groups 2004, 1994, 1985, 2007)

Table 8. Energy, protein and fat (male/female)

Age Energy?, Protein, Fat,
kcal/day g/day % of energy

3-6 months 700 13
6-9 months 810 14 30-40
9-12 months 950 14 30-40
1-2years 1,150 13.5 30-40
2-3years 1,350 15.5
3-5years 1,550 17.5
5-7 years 1,850/1,750 21
7-10 years 2,100/1,800 27

10-12 years 2,200/1,950 34/36

12-14 years 2,400/2,650 43/44

14-16 years 2,650/2,150 52/46

16-18 years 2,850/2,150 56/42

The WHO/FAO/UNU (2007) calculated a maintenance value of 0.66 g protein/kg body weight/day for children and
infants from 6 months to 18 years.

2These energy intake recommendations are based on the need to match energy expenditure; thus, the recommen-
dations listed in the table are for energy expenditure which includes basal energy plus the need for physical activity
to sustain healthy growth and prevent obesity.

Table 9. Calcium, vitamin D and magnesium (WHO 2007; male/female)

Age Calcium, mg/day Vitamin D, IU/day Magnesium, mg/day
0-6 months 300 (human milk) - 26 (human milk-fed)
400 (cow's milk) 36 (formula-fed)
7-12 months 400 - 54
1-3 years 700 600 65
4-8years 1,000 600 110
9-13 years 1,300 600 200/200
14-18 years 1,300 600 340/300
314 Koletzko - Dokoupil
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Table 10. Trace elements and vitamins (male/female)

Age Iron, mg/day lodine,  Zinc, mg/day, depends on: Vitamin A,  Vitamin Vitamin
15% 12% 10% 5% OB o et e ugretinol D, K,
bioavail-  bioavail-  bioavail-  bioavail- avail-  avail- avail- Zg;lvalent/ pg/day  pg/day
ability ability ability ability ability  ability ability

0-6 months - - - - 90 1.1 238 6.6 375 5 5

7-12months 6.2 7.7 9.3 18.6 90 0.8° 4.1 8.4 400 5 10

225

1-3 years 39 4.8 5.8 11.6 920 24 4.1 83 400 5 15

4-6 years 4.2 53 6.3 12.6 90 2.9 4.8 9.6 450 5 20

7-9years 5.9 74 8.9 17.8 120¢ 33 5.6 11.2 500 5 25

10-18 years 9.7/9.34 12.2/11.79  14.6/14.0¢ 29.2/28.0¢ 150¢ 5.1/43 8.6/7.2 17.1/144 600 5 35-55
21.8f 27.7f 32.7f 65.4°
12.5/20.79 15.7/25.89 18.8/31.09 37.6/62.09

Age Thiamine, Riboflavin, Niacin, mg niacin ~ Vitamin Bg, Folate, pg folate Vitamin By,,  Vitamin C,

mg/day mg/day equivalent/day mg/day equivalent/day  upg/day mg/day

0-6 months 0.2 0.3 2 0.1 80 0.4 25

7-12months 0.3 0.4 4 0.3 80 0.7 30

1-3 years 0.5 0.5 6 0.5 150 0.9 30

4-6 years 0.6 0.6 8 0.6 200 1.2 30

7-9years 0.9 0.9 12 1.0 300 1.8 35

10-18 years 1.1 1.3/1.0 16 1.3/1.2 330 24 40

2 Human milk-fed. ® Formula-fed. < 6-12 years. 9 11-14 years. ¢ 13- 18 years. f Premenarche. 9 15-17 years.
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4.4 Feeding My Baby - Advice for Families

Berthold Koletzko - Katharina Dokoupil

This text has been written as a quick guide for
families in an affluent country setting in Europe
and is based on information provided to families
compiled by the Committee on Nutrition of the
German Society of Pediatrics and Adolescent
Medicine [1] and the German National Consen-
sus Recommendations by the German Young
Families Network [2]. Modifications may be nec-
essary for other settings.

Whether breastfeeding or infant formula is
applied, feeding your baby not only provides nu-
trition but also comprises tender loving care, at-
tention and closeness.

Breastfeeding

o Breastfeeding is the natural way of feeding for
healthy infants

o DBreast milk is easy to digest, always available,
comes at the right feeding temperature, and
carries little infectious risk

o The protective components of breast milk help
to reduce the infant’s risk of infectious diseas-
es, particularly with respect to diarrhea

o Breastfeeding supports close skin-to-skin con-
tact between mother and infant

 For mostbabies, full or exclusive breastfeeding
offers adequate nutrition during the first 4-6
months of life. However, even a shorter period
of full or exclusive breastfeeding with addi-
tional supplemental feeding is worthwhile —
any breastfeeding is strongly encouraged

o The introduction of complementary solid
foods should not discourage continuated
breastfeeding. Rather, breastfeeding should
continue after the introduction of comple-
mentary feeds. Mother and child decide how
long to continue breastfeeding

Practical Recommendations for
Breastfeeding

Aim at attaching the baby to your breast within
the first hour after birth. Particularly during the
first days after birth, you should ask for help, sup-
port, and practical advice on how to position your
baby. Your child should turn towards you with its
whole body and take not only the nipple but a
larger portion of the breast into its mouth. You
can breastfeed also after a caesarean section - do
not hesitate to ask for support and help.

To promote the normal maturation process of
breast milk, let your baby suckle consecutively on



both breasts during the first days. Initially, the
breast produces colostrum, which is rich in anti-
bodies that will contribute to protecting your child
from infections; a larger amount of milk, with in-
creasing protein and fat content, will be produced
a few days after birth. Temporary supplementary
feeding with water or other liquids should only be
offered if it is deemed necessary by the pediatri-
cian or other health care professionals.

Breastfeed your baby whenever it wishes to
suckle, also at night. In the first weeks, most in-
fants take 8-12 meals within 24 h. Breastfeeding
promotes a gradual loss of the mother’s body
weight and the extra body fat stores that were de-
posited during pregnancy. The amount of fat loss
increases with the duration of full breastfeeding.
Additional active weight reduction during breast-
feeding with the use of restrictive diets is not rec-
ommended because it may have undesirable ef-
fects on milk composition.

Breastfeeding women should consume a var-
ied diet and plenty of liquids. A good supply of
iodine (iodized salt, supplements with 100-150
ug/day) and long-chain n-3 fatty acids (200 mg
docosahexaenoic acid/day, provided by 1-2 week-
ly meals of sea fish including fatty fish) is recom-
mended. Breastfeeding women should refrain
from smoking and the consumption of signifi-
cant amounts of alcoholic drinks. Only very few
mothers of babies with proven food intolerances
are advised to exclude allergenic foods from their
own diets upon individual advice from their pe-
diatrician or dietitian. However, the preventive
exclusion of certain foods from the maternal diet
to reduce the risk of allergies in infants is not jus-
tified and not recommended.

Infant Formula
If breastfeeding is discontinued before 1 year of
age, a commercial infant formula should be used.

In the first months of life, only infant formula
should be used, which can be continued through-

Feeding My Baby - Advice for Families

out the first year of life. Follow-up formulas are
only appropriate after the timely introduction of
complementary feeds into the infant’s diet.

In infants who are not fully breastfed and who
have a parent or sibling suffering from allergic
diseases, the pediatrician should be consulted re-
garding the preventive use of infant formula
based on hydrolyzed protein during the first 4-6
months of life.

Manufacturers’ recommendations on the prep-
aration of bottles should be carefully followed.
Both too low and too high concentrations of for-
mula are detrimental. Milk bottles must always be
freshly prepared and fed within approximately 2 h.
Leftovers should be discarded to prevent an in-
creased risk of bacterial infections. Frozen and
then defrosted breast milk must be handled simi-
larly. It is important to keep bottles and nipples
clean and dry. Powdered formulas must be pre-
pared with fresh and clean drinking water. The
use of water filters is not recommended. If the wa-
ter contains high levels of nitrate (>50 mg/l; found
particularly in domestic wells) or water pipes made
oflead are used (found in some old buildings), bot-
tled water suitable for preparing infant formula
should be used. The suitability of water from do-
mestic wells should be assessed in each case.

Infant formulas based on soy protein as well as
so-called special formulas are only indicated un-
der limited special conditions and should only be
used upon the recommendation of a pediatrician
or other qualified health care professional. Self-
prepared bottle feeds from cow’s milk, the milk
of other animals (goat’s, mare’s, and sheep’s milk)
and other sources (such as almond milk) pose se-
rious risks and should not be used.

Feeding Solid Foods (Complementary Foods
or ‘Beikost’)
After 6 months, breast milk alone does not ade-

quately meet the nutrient requirement of a healthy
baby. For their optimal development, all infants
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Fig. 1. Recommended feeding concept in the first year of life. Modified from Erndhrungskommis-
sion der Deutschen Gesellschaft fur Kinder und Jugendmedizin (DGKJ) [1].

require additional nutrients, such as the trace ele-
ments iron and zinc, after the age of 6 months. The
introduction of solid foods over time should grad-
ually get the child used to an increasing variety of
foods and, around the age of about 1 year, to regu-
lar family foods. The first complementary foods
should be given no later than at 6 months of life
but not before the age of 4 months. As the first
solid food, a mixture of pulpy vegetables, potatoes
and meat can be recommended, which provides
iron and zinc with high bioavailability (fig. 1). In
about monthly intervals, additional meals consist-
ing of cereals with milk and a fruit-grain pap may
be introduced. From the age of about 10 months,
(initially soft) bread may be offered. Gluten-con-
taining cereals (wheat, rye, and barley e.g. in por-
ridge, bread, biscuits, and rusks) should initially
be given only in small quantities to reduce the risk
of developing intolerances (celiac disease). No
benefits of a generally low-allergen diet in infancy
have been shown. Therefore, the exclusion or de-
layed introduction of complementary food prod-
ucts considered allergenic is not recommended.
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Beverages

When 3 meals per day of complementary feeding
are given, children should be offered water; avoid
providing sugary drinks or adding sugar to the
water. Prior to reaching 3 solid food meals per
day, no liquid in addition to breast milk or infant
formula is needed, except in cases of fever, vomit-
ing, or diarrhea. Cow’s milk should regularly be
offered as a drink only after the first year of life to
avoid potential adverse effects, for example on
iron absorption.

Further Advice and Information
Do not hesitate to ask your pediatrician if you

have any further questions on the feeding of your
infant.
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4.5 Increasing Dietary Energy and Nutrient Supply

Katharina Dokoupil -+ Berthold Koletzko

Infants and children with growth faltering often
need an enhanced intake of energy and nutrients.
Increasing the energy density, i.e. the amount of
energy per food portion or per millilitre of a lig-
uid food, can increase the total energy intake even
when the total amount of food taken remains lim-
ited. Such an increase in energy density can be
achieved by using one or several elements of a
stepwise approach.

Elements of a Stepwise Approach to Increase
Energy and Nutrient Supply

(1) Analysis of needs, diet and feeding situation

(2) Individual, professional counselling on di-
etary choices and on feeding practice

(3) Offer meals and snacks more frequently, in-
cluding a small late meal before going to bed

(4) Preferential choice of energy-dense foods,
drinks and snacks

(5) Enrichment of formula and home foods
with glucose polymers and/or oils

(6) Use of drinkable supplements (sip feeds)

(7) Tube feeding (nocturnal/continuous)

(8) Parenteral nutrition

Infants: Options for Increasing Energy
Density of Expressed Human Milk or Infant
Formula

Increased Concentration of Infant Formula
The use of 15% powder instead of 13% increases
the energy density by 15%. The concentration
should be increased stepwise according to indi-
vidual tolerance. Concentrations >17% (+30%
energy density) should usually be avoided.
Disadvantage: The increased formula density
increases renal solute load and may reduce toler-
ance.

Addition of Glucose Polymers

Glucose polymers (dextrin maltose or glucose
polymer mixtures) can be added with stepwise in-
creasing concentrations from 1 up to 4 g/100 ml,
which adds ~3.9-15.6 kcal/100 ml milk/formula.
The concentration should be increased stepwise
according to individual tolerance.

Disadvantage: The supply of essential nutri-
ents per kilocalorie is reduced and may not al-
ways be sufficient, particularly for catch-up
growth.

Addition of Glucose Polymer-Fat Mixtures to
Infant Formula

Preparations of glucose polymers with either veg-
etable oil (e.g. soybean oil) or medium chain tri-



glycerides (MCT) from coconut oil can be added
in stepwise increasing concentrations from 1 to 4
g/100 ml, which adds ~5.1-10.5 kcal/100 ml
milk/formula. The concentration should be in-
creased stepwise according to individual toler-
ance. Usually, mixtures with vegetable oils pro-
viding long-chain fats should be used. Mixtures
with MCT are only indicated in cases of severe fat
malassimilation (e.g. marked cholestasis). MCT
may be quickly hydrolysed when added to human
milk, which can limit tolerance.

Disadvantage: The supply of essential nutri-
ents per kilocalorie is reduced.

Addition of Oils or Fat Emulsions
Vegetable oils can be mixed with milk/formula
and provided at ~1 g/kg body weight per day (9
keal/g). Added oils tend to separate (oil droplets
on the surface) and, depending on the mode of
feed delivery, may only be delivered in part to the
recipient infant. An enteral vegetable oil (long-
chain triglyceride) in water emulsion providing
4.5 kcal/ml is available which can be mixed with
milk/formula.

Disadvantage: The supply of essential nutri-
ents per kilocalorie is reduced.

Use of Enteral Infant Feed

High-energy infant feeds (~1 kcal/ml) with a bal-
anced nutrient composition are a preferable alter-
native to adding energy in the form of carbohy-
drates or fat, which dilute the nutrient density
(content of essential nutrients per 200 kcal), par-
ticularly for infants who need a high energy and
nutrient density over prolonged time periods.

Children: Preferential Choice of Energy-
Dense Foods, Drinks and Snacks

o Energy-dense foods, e.g. deep-fried foods
(French fries), fatty foods

o Energy-dense drinks, e.g. milk shakes, high-fat
milk/chocolate drinks. For many children it is

Increasing Dietary Energy and Nutrient Supply

easier to drink extra calories than to take them
with more solid foods

o Energy-dense snacks, e.g. ice cream without or
with extra whipped cream, chocolate, choco-
late mousse or energy-dense puddings (with
cream), potato chips (fried in oil), nuts, nuts
with raisins

Children: Options for Increasing the Energy
Density of Foods

Addition of Fats and Oils to Foods
Use of extra butter/margarine/vegetable oils/
cream/fatty cheese, e.g. extra fat, cream and
cheese with vegetables, starchy foods, milk prod-
ucts. Increase the concentration stepwise accord-
ing to individual tolerance.

Disadvantage: The supply of essential nutri-
ents per kilocalorie is reduced and may not always
be sufficient, particularly for catch-up growth.

Addition of Glucose Polymers to Drinks and
Semisolid Foods

Glucose polymers can be added in stepwise in-
creasing concentrations up to 5-10g/100 g (19.5-
38 kcal/100 g) for preschool children and up to
10-15g/100 g (38-58.5 kcal/100 g) for school-age
children to drinks (e.g. milk, tea, juice) and semi-
solid foods (e.g. soups, pureed vegetables). In-
crease the concentration stepwise according to
individual tolerance.

Disadvantage: The supply of essential nutri-
ents per kilocalorie is reduced and may not al-
ways be sufficient, particularly for catch-up
growth.

Use of Liquid Feeds with High Energy and
Nutrient Density

High-energy liquid feeds (sip feeds, ~1-1.5 kcal/
ml) with a balanced nutrient composition are a
good alternative, particularly for children who
need a high energy and nutrient density over pro-
longed time periods.
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4.6 Dietary Assessment in Children

Pauline Emmett

Key Words

Assessment of groups of children - Diet records -
24-hour recall - Food frequency questionnaire -
Misreporting of intake - Nutrient analysis -
Interpretation

Key Messages

« Assessment of nutrient intake is only valid at a
group level and is suitable for research projects

« The choice of assessment methods depends on the
question to be addressed, the age of the subjects
and the resources available

« Itis essential to plan the work carefully in advance
and obtain expert advice if meaningful results are
to be achieved

« Methods for analysis of nutrients and the assess-
ment of misreporting of intake should be deter-
mined in advance ©2015 S. Karger AG, Basel

Introduction

This Annexe will deal with methods to use for the
dietary assessment of groups of children usually
as part of a research project [1]. It is important
from the outset to understand the aim of the re-
search as this will have a bearing on the method
to use for the assessment. There will also be a need
to consider the amount of time available in face-

to-face or other contact with the subject, the type
and number of staff required for the dietary as-
sessment, as well as the type and number of staff
needed to handle the data and interpret it. A cal-
culation to decide how many subjects need to be
studied to adequately answer the research ques-
tion is also necessary. All these considerations
should be built into any plan for the research and
particularly included in the plans to raise funds,
which need to be adequate to achieve the research
goals.

A further consideration when dealing with
children is their ability to supply reliable dietary
data themselves. Children below the age of 8-10
years do not usually have the cognitive skills nec-
essary to recall or record foods eaten accurately
enough for assessment [2]. Therefore, it will be
necessary to involve parents or caregivers in sup-
plying this information; however, they may not
be totally reliable as well, since they are not neces-
sarily with the child on all eating occasions, they
may not be fully motivated to cooperate with a
research project, they may have difficulty finding
time to cooperate, and so on [2]. Older children
may be a good source of information but do not
necessarily understand the full details of the
foods they eat; thus, it is usually necessary to ob-
tain an expansion of child-supplied information
from parents/caregivers.



Table 1. Main methods for the assessment of diet in groups of children [1], listing the requirements, efficacy, and ap-
proximate time needed for each method

Diet record 24-hour recall FFQ
Requirements for data collection
Literacy Essential Not essential Not essential
Memory Recorded at time Essential Essential
Estimation of frequency No No Yes
Estimation of portion size Recorded at time Recalled Standard portion or minimal
description
Photo of meal Possible No No

Time for child/parent
Time for staff

Scannable data

20 min x 3 days minimum
5-10 min to explain method;
10 min per day to check foods
No

45 min x 3 days minimum
45 min x 3 days minimum;
checks during interview
No

10-20 min total

Missing answers could be checked;
10 min with occasional subjects
Yes

Obtaining nutrient data
Time for staff

Comprehensive

nutrient database
Individual foods
Foods eaten daily
Foods eaten 1-2 times/week
Energy estimation
Nutrient estimations

30 min x 3 days minimum
per subject; all nutrients
included

Yes

Yes

Very good
Not very good
Very good
Very good

30 min x 3 days minimum
per subject; all nutrients
included

Yes

Yes

Very good
Not very good
Very good
Very good

45 min per nutrient; covers all
subjects

Only nutrients in representative
foods needed

No

Not very good

Fairly good

Reasonable

Reasonable

A great deal of careful planning needs to take
place before embarking on this type of research
project, and it makes sense to obtain expert ad-
vice at this critical stage. Poor decisions made
during planning can easily lead to research being
undertaken that can never achieve the intended
goals because of an inadequate design.

Dietary Methods

Some suitable dietary methods [3] are explained
below, and their requirements and efficacy are
listed in table 1.

Diet Records/Diaries

The child/parent is asked to keep a record of all

the foods and drinks consumed by the child over
a period of time [3], typically between 3 and 7

Dietary Assessment in Children

days. Recordings tend to become less accurate if
too many consecutive days are requested as fa-
tigue tends to set in. Food can be weighed if suit-
able scales are provided or recorded in household
measures. Some instruction from staff regarding
the best way to achieve the recording is desirable
but not always possible, in which case written in-
structions are important. Now that digital pho-
tography is accessible to most people via mobile
telephones, a helpful adjunct to recording foods is
to photograph them at the mealtime. The written
description is still important, as foods are not al-
ways completely recognisable in photographs,
but this will certainly help the subject to record
exactly what was eaten. It is also important to re-
cord any food left on the plate uneaten.

When the diet records (and photographs) are
received, they should be assessed by staff and the
subject contacted to talk through the record and
to clarify any parts that are not explicit. This can
be done face to face or by telephone [4].
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24-hour Recall

The child/parent is asked to recall everything
consumed by the child over the previous day
(24 h) [5]. This can be done either face-to-face or
by telephone, but if the child and parent are to be
interviewed together, a face-to-face session might
be more effective. The method relies on memory
and knowledge. The child may not accurately re-
member the foods eaten. It has been found that
children can only recall foods eaten up to a few
hours previously; they sometimes recall phantom
foods which were not eaten, and the more com-
plex the meal, the more likely they are to be inac-
curate in their recall [2]. On the other hand, par-
ents can only aid their child to recall meals at
which they were present, and this is unlikely to be
the case with all meals eaten by the child.

In order to characterise a diet, more than one
recall for each child is necessary. Therefore, the
child and parent need to go through this proce-
dure several times (3 times is probably the mini-
mum), each a few days apart; this is time-con-
suming for both the subjects and the staff.

Food Frequency Questionnaires

The child /parent is presented with a list of foods
and drinks and asked to indicate the frequency
with which they are usually consumed by the
child from a predetermined list of frequencies [6].
Sometimes the list includes an indication of the
usual portion size consumed. Such a list can be
administered as a self-completion questionnaire
or in an interview by trained staff (particularly if
literacy is a problem).

It is imperative that the food frequency ques-
tionnaire (FFQ) is designed for the particular
population under study; otherwise, it will be in-
effective and could be misleading [6]. The food/
drinks listed must be the ones that this popula-
tion are likely to consume; this is specific to the
age, country, ethnicity and background of the

324

subjects. For example, when studying infants,
formula milk, breast milk and infant food must
be covered, and when studying children living in
different countries, foods specific to each coun-
try must be covered.

The concept of the frequency of eating differ-
ent foods is cognitively quite difficult, and it is
unlikely that a child below the age of 12 years
would be able to cope with it; therefore, parents
will usually need to complete the FFQ on behalf
of the child [2]. If they are doing this at home,
then it would be best done in consultation with
the child (and others with knowledge) about
meals eaten away from the parent. Portion sizes
are also a difficult concept to communicate and
interpret. The simplest answer is to allocate stan-
dard portion sizes, but these must be adjusted to
the age of the child.

Although an FFQ is relatively cheap and quick
to use, the interpretation of the answers given to
produce calculated nutrient intakes is not simple
and requires expert input. It is important to plan
for this stage in advance.

Nutrient Analysis

Nutrient analysis of the food records and 24-hour
recalls collected requires trained staff and a suit-
able dietary analysis programme which can ac-
commodate all the foods eaten and provide up-
to-date nutrient contents for all the nutrients of
interest [7]. Obtaining this type of analysis pack-
age needs careful thought, since foods change
over time and off-the-shelf versions of these pack-
ages do not always cover culturally specific foods,
new foods on the market or some specific nutri-
ents. It is best to involve an expert dietician/nutri-
tionist in this process as the interpretation of the
records requires an intimate knowledge of foods.
For an FFQ, nutrient analysis is only required for
a list of representative foods; thus, this stage is
much quicker to deal with, but it does not provide
individual details of foods consumed.

Emmett
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Misreporting of Intake

All dietary methods are subject to misreporting [2,
8]. This can be due to misunderstanding, memory
lapse, deliberate changes to the diet to make re-
cording easier, deliberate misreporting and so on.
It has been shown that the level of misreporting can
be related to the characteristics of the method (FFQ
often overestimate) or subject (obese people and
adolescents are more likely to under-report) or the
type of food (snacks are more likely to be missed
than meals). Therefore, it is important to take this
into consideration during analysis. There are sev-
eral methods available to assess the level of misre-
porting of energy intake which can be tailored to
the age, sex and size of the individual and take their
usual physical activity level into account [9, 10].

Interpretation

The average nutrient content of the diet can be
used in group analysis but is not accurate at the
individual level [2]. Thus, differences in energy
and nutrient intake between groups of children
can be compared using normal statistical meth-
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