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PREFACE

ZENG Y1
EILEEN CRIMMINS
YVES CARRIERE
JEAN-MARIE ROBINE

The International Union for the Scientific Study of Population (IUSSP) Committee on
Longevity and Health was formed in 1999. Its initial objectives were to study human
longevity, the dynamics of health transitions, the emergence and proliferation of centenari-
ans, and demographic-epidemiological projections, to develop implications for the forecast
of future health status.

The IUSSP Committee on Longevity and Health was chaired by Jean-Marie Robine and
members included Vaino Kannisto, Shiro Horiuchi, Yves Carriere, Eileen Crimmins, and
Zeng Yi. The Committee held three seminars in 2000, 2001, and 2003. The first seminar
was held in Montpellier and included two-day meetings, a public symposium and a training
session provided by Committee members at INED in Paris. The objectives of the Montpel-
lier seminar were a critical assessment of our knowledge about human longevity, mortality
at older ages, and an understanding of the distribution of individual life durations. The
two-day meeting of the second seminar took place at Peking University in Beijing, just
prior to an international symposium on “Determinants of Healthy Longevity in China”
which enabled Committee members to participate in the symposium along with Chinese
participants interested in aging populations. Following this, the committee held a two-day
training workshop on calculating active life expectancy at Peking University. The main
themes of the Beijing seminar were to define healthy aging and its causes, to understand
disability patterns and healthy life expectancy, and to further develop an understanding of
healthy longevity. The third seminar was a two-day meeting held at Rockefeller University
in New York. The objectives included evolution of understanding of the diverse socioe-
conomic factors that may be linked to greater functional abilities, and that may positively
or negatively influence older people’s living conditions and quality of life in general. In
addition, in 2004 the committee organized an international conference in Beijing on the
Demographic Window and Healthy Aging. This conference brought together demogra-
phers and population economists from Western and Asian countries, to exchange current
scientific knowledge on population dynamics, the change in population age structure, and
its impact on economic and social development.

X



X PREFACE

With substantial contributions from the local hosts of the three seminars, the first and
second seminars were supported by IUSSP; the international symposium connected to the
second seminar was partly supported by the US National Institute on Aging (NIA) grant
7 P01 AG 08761, the third seminar was supported by the NIA Grant R13 AG021466-01,
and the 2004 Beijing conference was supported by Asian MetaCentre.

Two books have resulted from these three seminars: Human Longevity, Individual Life
Duration, and the Growth of the Oldest-Old Population from the Montpellier seminar and
this volume, Longer Life and Healthy Aging, based on papers presented in Beijing in 2001
and New York in 2003. In addition, an issue of Genus contains some of the papers from the
New York seminar; the 2004 Beijing conference led to a special issue of Asian Population
Studies.

The Committee wishes to thank a number of people and institutions for supporting its
activities. The [TUSSP has provided the initial impetus for our organization; Isabelle Romieu
has handled the administrative and editorial tasks for the Committee. We also wish to
thank the Centre de Lutte Contre le Cancer (CRLC) and the School of Medicine of the
University of Montpellier, the Center for Healthy Aging and Family Studies at Peking
University and the Population Research Laboratory at Rockefeller University for their
substantial contributions as local hosts of these seminars. The Committee members thank
chair Jean-Marie Robine and Isabel Romieu for arranging the Montpellier seminar. We
express our gratitude for their contributions to the Beijing seminars to Peng Peiyun who
was President of the China Population Association, Wu Changping who was President of
the Gerontology Society of China, and committee member Zeng Yi. We also thank the
Population Research Laboratory at Rockefeller University, Shiro Horiuchi (the committee
member), Joel Cohen, and Kathe Rogerson for coordination and local organization of the
New York seminar.

The Committee began with six members but after the Montpellier seminar we were re-
duced to five with the death of Vaino Kannisto. Vaino’s death was a sorrowful loss for
the Committee. Kannisto was one of the first demographers to document the aging of the
aged and the increases in the older population at progressively older ages. He passed away
at 85 years of age. Several times during our committee meetings, he stressed that active
life is much more important than long life. His life was exemplarily active, productive,
and fruitful. We have all benefited from his empirical observations and methodological
advances and we dedicate the products of our Committee, including this volume, to him.

The scientific background, themes, major contents, and structure of this volume are sum-
marized in the following Introduction, and the 20 individual chapters are organized into
four parts, dealing with disability and health life expectancy, individual health aging, family
and healthy aging, and formal and informal care for the healthy aging, respectively.



INTRODUCTION

ZENG YI
Duke University and Peking University

EILEEN CRIMMINS
University of Southern Califonia

YVES CARRIERE
Statistics Canada

JEAN-MARIE ROBINE
NSERM, Montpellier, France

People are living longer and most countries are experiencing unprecedented increases in the
number and proportion of their elderly populations. This is true in Europe, Australia, Asia,
and North and South America, where both mortality and fertility are relatively low and
large cohorts born in the 20th century are becoming elderly. Under the medium mortality
assumption, the number of persons aged 654 in the world will increase from 419 million
in 2000 to 956 million and 1.42 billion in 2030 and 2050, respectively. This projection
implies an average annual rate of increase of 2.4% in the first half of the 21st century.
The world percentage aged 65+ is expected to more than double in the 5 decades from
2000 to 2050 from 7% in 2000 to 16% in 2050. During the same period, the percentage
elderly in developed countries (as defined by the UN) will increase from 14% to 26%.
World increase in the oldest-old, aged 80 and over, is even faster (3.4% annually). Their
numbers are expected to climb from about 69 million in 2000 to 189 million in 2030, and
377 million in 2050 and the proportion of the elderly who are oldest-old will increase from
16% in 2000 to 27% in 2050 (UN 2003).

Such rapid population aging is a result of increasing life expectancy, resulting from declines
in infant, child, and late-life mortality, lower-fertility levels, and the baby boom cohorts
entering old age. Further population aging and aging of the aged is inevitable. A funda-
mental issue facing the global community is meeting the challenges of population aging
and achieving the goal of living longer with better health and good functional status, that
is, achieving healthy or active aging. Improved knowledge of the determinants of healthy
survival will help societies develop prevention strategies to preserve health, maintain an
active older population, and reduce the number of disabled people. Such strategies may
stimulate consumption and investment in goods and services that will improve human
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2 ZENG Yl et al.

capital and allow the survival of an economically and socially active elderly population
(Cutler and Richardson 1997; Morand 2002; Murray and Lopez 1996; Nordhaus 2002;
WHO 2002). Healthy aging is obviously a major goal of all societies facing the challenges
of population aging and is the central theme of this book, entitled “Longer Life and Healthy
Aging”.

Six out of twenty chapters in this book focus on the oldest-old, aged 80 and over. As
indicated above, this is the most rapidly increasing elderly sub-population; it is also the
sub-population most likely to need assistance in daily living in all countries. Data from the
Chinese Longitudinal Healthy Longevity Survey (CLHLS), which has a prominent focus
in a number of chapters in this book, show that the prevalence of disability in activities
of daily living (ADL), such as washing, dressing, eating, increases dramatically with age,
from less than 5% at ages 65—69, to 20% at ages 80—84, and 40% at 90-94. At ages 100—
105, less than 40% are able to perform the basic activities of daily life (ADL) without help
or difficulty.

The oldest-old consume services, medical care, and receive transfers at a higher rate than
other older persons. Torrey (1992: 382) estimated that in the US, the cost of Medicare
for the oldest-old is 77, 60, and 36% higher than that of the elderly aged 65-69, 7074,
and 75-79, respectively. The total cost of long-term care for the oldest-old is 14.4 times
as high as that for younger elderly aged 65—74. These facts alone indicate a significant
need to study the oldest-old. While the oldest-old consume significant resources, they have
made lifelong contributions to current levels of wealth and provided the human capital for
significant economic and social development for younger generations. They are not to be
characterized solely as a current financial burden; they should also be recognized for the
roles they have played as social participants and as parents and grandparents of the rest of
the population. This contribution is often forgotten with the focus on the anticipated rising
costs associated with the aging of the baby boomers. An important point to remember in
projecting costs of an aging population is that age itself may not be the reason why costs
rise with age but that age is a proxy for nearness to death. This is one reason that a focus
on healthy life is as important as a focus on longer life.

In the US, Canada, Europe, and some Asian and Latin American countries, efforts have
been made to attract the attention of academics and policy makers to the concerns of
the oldest-old (Baltes and Mayer 1999; Suzman, Willis, and Manton 1992; Vaupel et al.
1998; Zeng et al. 2002). Many countries around the world have collected data from large
samples of the old, with over-sampling of the oldest-old. For example, 11 countries in the
European Union have developed the Survey of Health and Retirement in Europe (SHARE)
surveys and England has collected the English Longitudinal Survey of Aging (ELSA),
which are comparable to the American Health and Retirement Survey (HRS). In Japan the
Nihon University Japanese Longitudinal Study of Aging (NUJLSOA) has been developed
to be comparable to the US Longitudinal Study of Aging (LSOA). A longitudinal survey of
healthy longevity with the largest sample size of oldest-old has been ongoing in China since
1998. Longitudinal multiwave studies are also available for Taiwan (SHLSE—Survey of
Health and Living Status of the Elderly); Indonesia (The Indonesia Family Life Survey);
and Mexico (MHAS—The Mexican Health and Aging Study). Many more studies are
now being developed, particularly in developing countries where less is known about the
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oldest-old. While less is known about the oldest-old, what we do know indicates that they
are a group with special needs. For this reason, this book has a significant focus on the
oldest-old.

Little is known about why some people live into their 80s, others into their 90s, and a select
few to age 100 or more; or why some people survive to very old ages with good health
while others suffer severe disability and diseases (Cambois, Robine, and Hayward 2001;
Christensen and Vaupel 1996; Crimmins and Saito 2001; Finch 1990; Hayward et al. 2000;
Jeune 1995; Robine et al. 2003; Vaupel et al. 1998). We use the term “healthy longevity”
to describe survival to the oldest-old ages with reasonably good functional health, while
remaining active and independent.

Five chapters of this book explore issues of healthy aging and longevity in China. These
studies are useful because the Chinese population is aging at an extraordinarily high rate
and it has the largest elderly population in the world. China belongs to a group of countries
leading the aging transition in the developing world. Lessons learned from China’s experi-
ence will be instructive to other countries as they prepare for their own elderly population
booms. In 2000, China’s population comprised 21% of the world’s total population and
21% of the world’s population aged 654-. Under the medium mortality assumption, China
is projected to have 23% of the world’s elderly by the year 2050 (UN 2003). The proportion
of persons aged 65+ in China will climb quickly from about 7% in 2000 to 23% in 2050
as the absolute number increases from 87 million elderly persons in 2000 to 334 million
elderly in China in 2050 (Zeng and George 2002). There were about 11.5 million oldest-old
in China in 2000 and this is expected to climb rapidly to about 114 million in the year
2050 (Zeng and George 2002). By the middle of the 21st century, the proportion of elderly
persons in China will be slightly higher than that in the US, with the average annual rate
of increase being 2.6 times higher in China than in the United States, resulting from the
rigid fertility control policy and large cohorts born in the past now entering old age in
China.

In addition to the six chapters focusing on oldest-old and the five chapters dealing with
healthy aging and longevity in China, nine other chapters discuss theoretical issues and
empirical findings on trends and determinants of healthy aging; the discussions focus
on population aging in the United States, France, United Kingdom, Canada, Australia,
Denmark, and Netherlands, as well as comparative analyses with other European and
Asian countries. Both longitudinal and cross-sectional data from North America, Europe,
and Asia are analyzed in different chapters, which include county-specific studies and
cross-national comparisons. We organized the twenty chapters into four parts. The first
chapter of Part I by Carol Jagger focuses on the definition, components, concepts, mea-
surements, and determinants of healthy aging. Following Jagger’s introductory analysis,
the other chapters in Part I discuss the trends and patterns of disability and healthy life
expectancy at the macrolevel. Part II addresses individual healthy aging, including its
biological and sociodemographic aspects. Part I1I focuses on issues concerning the family
and healthy aging, and Part IV explores formal and informal care for healthy aging through
governmental policy interventions and community service programs. An introduction to
each part outlines the major issues and introduces the chapters in each of the four Parts,
respectively.
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Part I
Disability and Healthy Life Expectancy

JEAN-MARIE ROBINE
Inserm and University of Montpellier

Introduction

The fall of mortality among the elderly is thought to lead to a postponement in the age
of death and a succession of phases of population morbidity, alternating between phases of
expansion and compression of morbidity (Robine and Michel 2004). A clear definition of
healthy aging is required to assess change over time and empirical support is needed for
the proposed path of change. Empirical information would include chronological series on
health and disability, as well as indicators of healthy life expectancy. The first six chapters
of this book deal with such topics.

The first chapter asks why we should measure healthy life expectancy and study disability
trends? There are at least three major reasons offered by Carol Jagger. The first is to answer
whether compression or expansion of morbidity is occurring as life expectancy increases.
The second is to uncover sociodemographic and behavioral factors that determine healthy
aging and might be amenable to intervention. The third is to compare the prevalence of older
people who can be considered to be “aging well” in different countries in order to identify
macrolevel factors that affect the aging process. The chapter concludes with a discussion
of the necessity to undertake actions at all levels to make healthy aging a reality in the
future. According to Jagger, actions should be undertaken in both early and later stages
of the life course, especially in the developing countries now facing accelerated aging of
their populations. She underscores the idea that in this process we must seriously consider
the views of older people themselves on the important components of healthy aging.

In the second chapter, Ming-Cheng Chang and Zachary Zimmer describe disability trends
in Taiwan from 1989 to 1999 and compute disability-free life expectancy at multiple points
during this time. Taiwan is an interesting example of conditions where the fall of mortality
among the elderly may result in an expansion of morbidity. Among the explanations for
this expansion proposed by the authors is the recent implementation of a universal health
insurance program which may have increased disabilities by providing greater access to
medical care and more saved lives. The third chapter, by Yongyi Li and his co-authors,
describes disability trends among elderly nursing home residents in the US from 1973 to
1997. The authors show that the nursing home population became more disabled over time

5
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6 JEAN-MARIE ROBINE

due to the fact that severely disabled and demented persons became an increasingly larger
group in nursing homes. Li et al. also find that functionally independent elderly are less
likely to be in nursing homes in the most recent period. This decline in the rate of nursing
home use has been observed in several countries and is often considered an indicator of
population health improvement without consideration of the characteristics of residents of
nursing homes. This chapter helps to qualify such conclusions.

In the fourth chapter Zeng Yi and his co-authors propose technical improvements to the
calculation of the disability life expectancy using a multi-state life table approach. They
claim that life expectancy with disability is significantly underestimated when the conven-
tional multi-state life table method is applied, because it assumes that no functional status
changes occur between the age at the last observations of functional status and the age of
death. They propose a method to correct this underestimation and apply it to data from
the Chinese Longitudinal Healthy Longevity Survey. Their combined information on ADL
disabilities and length of confinement to bed before dying adds to our understanding of
the extent of morbidity at the last stage of life as well as gender differentials among the
oldest-old. These findings have implications for further evaluation of the compression of
morbidity hypothesis.

In the fifth chapter James Laditka and Sarah Laditka investigate differences in life ex-
pectancy and in the number of years spent after age 70 with and without disability for
individuals with and without diabetes in the United States. They used longitudinal data
and compute multi-state life tables with Markov Chain Monte Carlo techniques. They
show that people with diabetes live notably shorter, more disabled lives, highlighting this
health burden of diabetes for elderly persons. Given the emerging global epidemic of dia-
betes, these findings have important implications for the development of policies promoting
lifestyle changes to postpone and control this disease.

In Chapter 6, Russell Luepker describes the American cardiovascular disease experience
during the 20th century and draws conclusions for the future. During the 20th century,
cardiovascular disease, specifically coronary heart disease and stroke, became the leading
causes of mortality and morbidity as acute infectious diseases declined. Luepker shows how
the healthcare system responded to the new epidemiological regime, developing prevention
strategies and approaches to care for these chronic conditions. The result was a decline in
adult mortality and morbidity and an increase in life expectancy, but cardiovascular diseases
were not eliminated but rather postponed to older ages where they remain the leading causes
of death. This has led to an expectation that medical technology will provide a long and
active life which will result in the healthcare system continuing to develop costly methods
to prolong life. Luepker concludes that more emphasis on prevention strategies, which are
both low cost and effective, is likely to provide greater benefit to society as a whole.

Reference

Robine, J.M. and Michel, J.P. (2004), “Looking forward for a general theory on population aging.” Journals of
Gerontology MEDICAL SCIENCES, 59A(6):590-597.



CHAPTER 1. CAN WE LIVE LONGER, HEALTHIER LIVES?*

CAROL JAGGER
Department of Health Sciences, University of Leicester, Leicester

1. Introduction

The span of life given in Psalm 90 as 70 years, or 80 if we are strong, is on the generous
side if we consider the beginning of the last century or, indeed, many developing countries
today. In the United Kingdom, male life expectancy at birth in 1900 was around 48 years
whilst today this figure is closer to 75 years, a gain of almost 3 years each decade over the
century. Women'’s life expectancy has continued to exceed that of men, making greater
gains over the century so that today, female life expectancy at birth in the United Kingdom
is close to 80 years.

Improvements in housing, sanitation, and nutrition; the control of infectious diseases and
maternal mortality; and the advent of antibiotics have all contributed to these gains (Cassel
2001). Butitis not simply life saved at younger ages that accounts for our aging populations.
Life expectancy at 65 years of age in the United Kingdom has also shown gains of 4 years for
men and 6.5 years for women over the century. Although these seem much less impressive
than the gains in life expectancy at birth, in percentage terms they constitute a 50% increase.

But average life expectancy figures hide the tremendous individual variation in lifespan
demonstrated by the growth in the number of people reaching extreme ages over the last
century. The first centenarians appeared in the United Kingdom around 1800 (Jeune and
Vaupel 1995, 1999). By the beginning of the last century they numbered only around
100, though by 1996 numbers had increased to 6000 and by 2036 are estimated to reach
39,000 (Thatcher 1999). In Japan, one of the earliest countries to have a truly national birth
registration system and therefore highly reliable data on age at death, there were 13,036
centenarians in September 2000 and the time period for the number of centenarians to
double, the centenarian doubling time, has decreased to under 5 years in the last 10 years
(Robine, Saito, and Jagger 2003). Moreover, the first super-centenarians (110 years) ap-
peared around 40 years ago and since 1980 their number too has clearly increased (Robine
and Vaupel 2001).

Such figures are typical of developed countries but there are interesting variations. Figure 1
shows average life expectancy at birth for both sexes from five European countries over

* Paper presented at the [USSP Seminar on Longer Life and Healthy Aging held at Peking University, Beijing,
China, 22-24 October 2001.

7

Zeng Yi et al. (eds.), Longer Life and Healthy Aging, 7-22
© 2006 Springer. Printed in the Netherlands.
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Figure 1. Life expectancy at birth 1970-1995 for five European countries (France,
Spain, Denmark, Finland, and the United Kingdom) (HFA Statistical Database,
WHO).

the last 30 years. Within these five countries, Finland had the lowest life expectancy at
birth in 1970 at 70.4 years but the percentage increase over the 25 years has been greatest
at 9%. Denmark, on the other hand, had the highest life expectancy of this group in 1970
(73.5 years) but has showed the lowest percentage increase at 2.6%, in contrast to other
European countries (Juel, Bjerregaard, and Madsen 2000). When remaining life at age
65 years is considered, differences between European countries are again apparent and the
ranking between these and the values of life expectancy at birth are not constant across
countries (Figure 2). Although the life expectancy of women exceeds that of men at all
ages in these European countries, in Greece the added years for women at age 65 years is
only 2.3 years compared to 4.5 years in France (Robine, Jagger, and Romieu 2002).

There are still disagreements about the maximum length of the human lifespan and whether
the falls in mortality and increases in life expectancy can continue in the longer term
(Olshansky, Carnes, and Cassel 1990). The changes that have occurred thus far are a
triumph for 20th century public health in its widest sense but they hide a darker side when
taken alongside low birth rates (e.g., Spain and Italy), resulting in less working population
to support an increasingly older population, as well as the greater consumption of health
care in the final years of life (Himsworth and Goldacre 1999). The future demand for care,
both formal and informal, will greatly depend on the health of the newer cohorts of older
people and whether they are aging healthily.

This chapter will debate how we can monitor our potential for healthy aging and how we
might live longer, healthier lives in the future. The term “healthy aging” is used freely
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Figure 2. Life expectancy at birth and at age 65 years for European member states
1994 (Robine, Jagger and Romieu 2001).

in the gerontology literature, though precise definitions are scarce; so in the first section,
the concept of healthy aging and its components will be discussed. The second section
will explore the issues around the transition from the concept of healthy aging to its
measurement for monitoring both the health of populations and individuals. In the third

section, the determinants of healthy aging will be reviewed and finally the potential that
exists for manipulating them in the future to live longer, healthier lives.

2. What is Healthy Aging?

2.1. DEFINITION

The gains we have made in life expectancy have been viewed, and in some circles are still
viewed, very negatively. As a consequence of this there has been a move to monitor (and
enhance) the quality as well as the quantity of life at older ages. This idea that it is not
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merely sufficient to live a long time can be traced as far back as the Roman writer Martial
who wrote in his Epigrammata: “Life is not just being alive, but being well”. Much later this
concept formed the basis for health expectancy, a population health indicator combining
morbidity as well as mortality, to differentiate between the different possible scenarios
for future health: the compression of morbidity—where morbidity and disability at older
ages are compacted into as short a time as possible before death (Fries 1980, 1989); the
expansion of morbidity with increases in survival of those with disease and disability as well
as the extension of survival to ages where disease and disability are more likely (Gruenberg
1977; Kramer 1980; Olshansky et al. 1991); and dynamic equilibrium where an increase
in overall disability is accompanied with a decrease in the level of severity (Manton 1982).

The key to deciding whether trends indicate if we are experiencing a trade-off between
longer life and better health in old age is how we measure health and therefore “healthy
aging”. For the WHO health is “a state of complete physical, mental and social well-being,
and not merely the absence of disease or infirmity” (UN 1946). However, as aging is
characterized by reduced immunological function and increasing lack of reserves—one
definition of frailty (Buchner and Wagner 1992)—perhaps the more dynamic definition
of being in good health as also “the ability to fall ill and recover” (Canguilhem 1979) is
pertinent. The propensity to concentrate on the negative consequences of aging has meant
that descriptions of the other extreme to “healthy aging”, for instance “frailty”, have been
more common (de Jong 2000; Fried et al. 2001), and much of the language of aging is still
imbued with negative terms: functional limitations, activity restriction, and impairment.
Grant (1996) argues that agism, defined as thinking or believing negatively about the
process of becoming old or about old people, is still having a detrimental effect on healthy
aging. The WHO definition infers that although health is not merely the absence of disease
or infirmity, this is an inherent part of it. But can we possibly expect that “healthy aging”
means without disease or infirmity? Would we exclude an otherwise healthy, active older
person with well-controlled diabetes, or a 75-year-old woman who had had breast cancer
10 years previously?

Rather than the term “healthy aging”, some authors have used “successful aging”, notably
the MacArthur Studies of Successful Aging (Berkman et al. 1993). Narrow definitions of
successful aging with a concentration on physical health include “needing no assistance nor
having difficulty on any of 13 activity/mobility measures plus little or no difficulty on five
performance measures” (Strawbridge et al. 1996). A much broader model is the selective
optimization with compensation (SOC) model of Baltes and Carstensen (1996), which
recognizes that successful aging should encompass the ability to minimize losses in function
in order to continue to achieve desired goals. Thus older people might proactively restrict
tasks or domains and invest more in others, in anticipation of increasing losses (selection).
The domains thus no longer selected or given less attention may require delegation to
others or less frequent performance (compensation).

A definition that embraces the spirit of the WHO definition of health is that of Rowe
and Kahn (1997), who defined successful aging as “the combination of low probability of
disease, high functioning and active engagement with life”. Their diagrammatic view of
successful aging was the intersection of three “states”: avoiding disease and disability; high
cognitive and physical function; and engagement with life. Avoiding disease and disability
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was not simply the absence of disease or disability but an absence of potential risk fac-
tors. Active engagement was focused on two areas: interpersonal relations and productive
activity, the latter being classified as having societal value rather than (necessarily) being
reimbursed. We will look at these components in more detail, as well as aspects of the SOC
model (Baltes and Carstensen 1996).

2.2. COMPONENTS OF HEALTHY AGING

In terms of the main models of the disablement process, the first two of the three “states” for
successful aging—high functioning and avoiding disease and disability—are not indepen-
dent. In the disablement process, disease and impairment lead subsequently to disability,
although it is this term that is not recognized uniformly by the main models (Figure 3).
Impairments are defined as anatomical, physiological, intellectual, or emotional abnormal-
ities or losses. Functional limitations comprise three dimensions: physical, emotional, and
mental. Disability covers the inability or limitation in the fulfillment of activities and social
roles in relation to work, the family and an independent life (Nagi 1991). The International
Classification of Impairments, Disabilities and Handicaps (ICIDH) of the WHO (1980),
a classification of the consequences of disease essentially developed by Wood (1975)
as a supplement to the International Classification of Disease (ICD), provided a further
development with four levels: diseases or disorders, impairments, disabilities, and handi-
caps. For the WHO, impairments followed the same definition as Nagi (1965) but disability
corresponded to any restriction or lack (resulting from an impairment) of ability to perform
an activity in the manner or within the range considered normal for a human being, whilst
handicap or social disadvantage for a given individual resulted from an impairment or a
disability that limited or prevented the fulfillment of a normal role (depending on age, sex,
and social and cultural factors) (WHO 1980). In his original work, Wood (1975) and other
researchers (Verbrugge 1995; Verbrugge and Jette 1994), as well as the new WHO classi-
fication (WHO 2001), have differentiated between functional limitation (at the body level)
and activity (at the level of the person) within the disability level of the WHO, the resulting
five levels being: (1) disease, disorder, or injury; (2) impairment; (3) functional limitation;
(4) activity restriction; and (5) handicap. This scheme (Figure 3) is often preferred for

. . Functional -
Disease [ Impairment [ .mfc l?na u Disability
limitation ©

Nagi (1965, 199

~

)

. Functional Activity Handi
| . - H andica
Disease Impairment limitation restriction P
Wood (1975)
Disease [-{ Impairment [ Disability M Handicap
WHO (1980)

Figure 3. Models of the disablement process.
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international comparisons and will be examined in more detail in the next section, as a
basis for measuring “healthy aging”.

The remaining stage for successful aging was active engagement in life, defined in terms of
interpersonal relationships and socially productive activity. Although evidence has emerged
about the benefits of social networks for the promotion of good mental and physical health,
it suggests that successful aging does not exist without them. Some older people are happy
with small networks or solitary lives and despite objective measures classifying them as
lonely or isolated, subjectively they are not. This was evident from the trial of an interven-
tion to enhance social contacts with the aim of improving mortality and morbidity. Of those
identified as living alone and with low social contact, about half declined several offers
of individualized packages of support (Clarke, Clarke, and Jagger 1992). Thus, the issue
is not necessarily active engagement in life but of participating in activities we want to
do, be they new or longstanding, that most individuals would endorse for “healthy aging”.
Another emerging area is that of spiritual life or religiosity with differentiation between
non-organizational religiosity (beliefs, prayer, practices) as opposed to organizational re-
ligiosity, expressed predominantly by attendance at religious services. These two aspects
were found to buffer depression differently and were most effective with non-family stres-
sors (Strawbridge et al. 1998). Prayer as a means of “spiritual coping” was also shown to
reduce depression and general distress following cardiac surgery (Ai et al. 1998).

The creation of broad definitions of healthy or successful aging, as have been stated above,
is relatively easy—the difficult task is how we can measure it and, more specifically, who
defines the elements or items essential to assessing healthy aging.

3. From Concepts to Measurement
3.1. MEASURING FUNCTION

At the person rather than the body level, the building blocks for measuring functioning are
the well-used personal care activities of daily living (ADLs) such as washing, dressing,
getting to and from the toilet, transfer for bed and chair (Katz et al. 1963), and instrumental
activities of daily living (IADLSs) such as shopping, doing the laundry and cleaning (Lawton
and Brody 1969). The latter were first introduced to “tap a level of functioning hereto
inadequately represented in attempts to assess everyday functional competence” of older
people (Lawton and Brody 1969). The hierarchical nature of the onset of ADLs has been
shown through longitudinal studies (Dunlop, Hughes, and Manheim 1997; Jagger et al.
2001) and other studies have also demonstrated a combined ordering for IADL and ADL
items together, with IADL items generally preceding ADL items in loss of independence,
although there is overlap (Ferrucci et al. 1998; Finch, Kane, and Philip 1995; Kempen
and Suurmeijer 1990; Spector and Fleishman 1998). Though historically developed to
cover complementary areas of functioning and competence of older people, the placement
of IADL items earlier in the disablement process has meant that these items are often
included to detect lesser levels of restriction. However, older people themselves do not
appear to view the loss of IADLSs as being less catastrophic. A comparison of the rankings
of ADL and IADL items for importance to perform by experts in long-term care and aging
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with those made by older people found that older people themselves rated IADLs more
highly than experts (Kane et al. 1998; Philp et al. 1998).

Healthy aging would in part seem to be best measured by no restrictions in [ADLs or ADLs,
so that one is able to perform independently all the necessary tasks for personal and home
care. This raises another set of questions: What exactly is meant by no activity restriction?
Is ability or capability to perform necessary and sufficient? What are the necessary tasks
to sustain life independently in the community? We shall look at each of these in turn.

3.2. HOW DO WE CLASSIFY NO ACTIVITY RESTRICTION?

When first introduced, the focus for ADL and IADL measurement was assessment of
the burden on health, social, and informal care that non-performance would bring. Thus
restriction was measured by dependence on another person for the task. The advent of
greater technical devices, aids and adaptations and the standard use of these in households,
such as bath rails, added to the complexity. Should the use of such aids imply disability?
Difficulty in performing the task may indicate disability more appropriately, being more
a characteristic of the person and less affected by the availability of support or aids and
adaptations (Verbrugge 1990). A large discordance between results from “difficulty” scales
and “need for human assistance” scales has been found, since these scales do not report
on the same kind of disability and also depend on the subject’s perception of what is
performed with/without help or with/without difficulty (Jette 1994). Specifying the amount
of difficulty met or the frequency of help received has also been found to be problematic due
to the difficulty in quantifying such notions when self-reporting; clear response proposals
(such as “any difficulty met”, “any help received” or “any equipment used’’) appear more
efficient and easier to interpret (Rodgers and Miller 1997).

This suggests measuring healthy aging by having no difficulty in performing a task. This
may not, however, be sufficient since, for instance, how do we rate someone who has begun
to do a task less frequently and therefore now no longer finds it difficult; or someone who
has adapted the way they used to do the task to make it easier. These newer measures (Fried
et al. 2000) may detect earlier onset of disability but they make it even more difficult to
draw the line differentiating “healthy aging” from usual aging.

3.3. PERFORMANCE VERSUS CAPACITY

IADLs are strongly culture and gender-bound and they highlight a particular problem
in the ascertainment of activity restriction. Non-performance of a task may not neces-
sarily infer low functioning; for instance, many older men do not undertake food prepa-
ration or cooking. We therefore need to differentiate between the capacity to undertake
a task (elicited by “Can you....”) and actual performance (elicited by “Do you....”),
this seemingly subtle difference being termed the “tense” of ADLs (Glass 1998). The
original ADL scale of Katz (Katz et al. 1963) questioned performance rather than ca-
pacity. Although the hypothetical tense may be more meaningful in hospital settings,
healthy aging measures need to be appropriate for older people living independently in the
community.



14 C. JAGGER

It may be argued that, since these are the most basic personal care tasks, for population
estimation there is more interest in actual performance (“Do you. .. ") rather than capacity
(“Can you...”). However, differentiation between “do” and “can” is less obvious in some
languages. Analysis of 15 European health surveys found that that even when following
recommended instruments, countries did not adhere exactly in terms of wording, destroy-
ing comparability (Robine, Jagger, and The Euro-Reves Group 2003). Such amendments
occur during translation but could be successfully overcome if linked back properly to the
concepts being measured. Thus, it is less important to have a seemingly exact translation
between two instruments than to have translated instruments that both truly reflect the
concepts being measured.

Discrepancies between self-reported capacity and performance may arise for a number
of reasons. For instance, the reliability of self-reported measures may be problematic
in the cognitively impaired, although the inability to perform ADLs as reported by a
proxy are often part of the diagnostic procedure for dementia. However, rather than simply
being a measurement bias, discrepancies may be informative in measuring stages of the
disablement process. As mentioned earlier, there may be underlying capacity but non-
performance, especially in the gender-specific household tasks. Indeed, Lawton and Brody
(1969) originally created a separate IADL scale for men and women, omitting the three
items of food preparation, housekeeping, and laundry from the male version. However,
although an elderly man may not undertake meal preparation himself because his wife does
so (and therefore if asked about his performance in this domain he would be classified as
dependent), he may take over this role if his wife becomes ill (thus having the capacity).
Additionally, if IADLs are asked only of households and not separate individuals, or if
performance is questioned rather than capacity, there will be no real understanding of
the vulnerability or needs of the remaining partner if the composition of the household
changes, such as on the death of a spouse. On the other hand, non-performance yet capacity
may be a more positive choice of delegation or purchase from others, for instance the task
of household cleaning (Rogers et al. 1998). In addition, older people have been found to
over-report their capacity to undertake activities, providing further discrepancies between
capacity and performance. Finally, when taken alongside measures of functional limitation
(at the body level), incapacity yet performance can be observed, representing compensatory
strategies.

Newer scales for IADLs have tried to accommodate these issues in different ways. In the
assessment of living skills and resources (ALSAR) individuals are rated on two separate
ordinal scales, accounting for skill level and utilization of resources (Williams et al. 1991).
A resource is defined as a support extrinsic to the person for task accomplishment and
may be human or technical, formal or informal. The Canadian Occupational Performance
Measure (COPM) gives three scores for each activity: the importance of the activity to the
person, performance, and satisfaction with performance (Law et al. 1994). Satisfaction is
also an inherent part of other scales (Yerxa et al. 1988). Branch (2000) suggests overcom-
ing these problems by measuring IADLs with a combination of actual performance (“do
you...”) together with enquiring about the level of satisfaction with the performance and
if help is received, a measure of capacity (“could you...”). It is here that the need for a
measure of process as well as outcome is necessary, as proposed by Baltes and Carstensen
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(1996) in the SOC model. Thus, older people may compensate for failing functions, or
may optimize their performance to ensure that they still meet their goals. This suggests that
careful thought is required in the way we ask ADL and IADL questions and the possible
range of responses, to be able to classify those who are aging healthily.

3.4. WHAT TASKS AND FUNCTIONS SHOULD BE INCLUDED?

The original ADL and IADL scales were developed around 40 years ago and, although
newer scales have emerged, the major emphasis has been on wording and responses rather
than the choice of the actual activities and functions themselves. There appears to have
been little research on whether current tasks are still considered by older people themselves
as the most important, the activities they want to or feel they need to be able to perform
as they age. Occupational therapists have taken this on board to some extent in their most
recent assessment scale the assessment of motor and process skills (AMPS), where patients
choose which tasks they are to be observed performing from a list of culturally relevant
and appropriately challenging tasks (Fisher 1995). Indeed, this has overcome some of the
gender biases in earlier scales (Duran and Fisher 1996), though the AMPS is not suitable
in its present form for use in health surveys.

However, even ifthe same set of tasks are important, the manner in which they are performed
has changed, and will continue to change, over time. This is true in particular for [ADLs,
since these activities require a higher level of cognitive function than ADLs. Cognitive
limitations were classed as the second most common source of difficulty with everyday
activities by older people, in particular declarative knowledge which guides initial attempts
to perform an unfamiliar task (Rogers et al. 1998). Leisure activities, transportation, and
housekeeping were activities most often mentioned and specifically the impact of new
technology, for instance videocassette recorders, telephone menus, answering machines,
cameras, and credit card scanners. In the disablement model of Wood (1975), functional
limitations are the precursors of activity restriction. Rowe and Kahn (1997) also specified
high cognitive and physical function as a prerequisite for successful aging. In terms of
physical functional limitations, scales have developed to differentiate between lower and
upper body function (Simonsick et al. 2001), especially as the latter generate more health
services utilization (Guralnik et al. 1995). However, the changing nature of the manner in
which IADLs are performed suggests that the future might see a change of emphasis from
physical functional abilities to cognitive functional abilities for “healthy aging”. Sensory
function has also been much neglected in functional limitation scales, despite being a
strong predictor of subsequent disability (Laforge, Spector, and Sternberg 1992; Rudberg
et al. 1993; Strawbridge et al. 2000). The assessment of sensory function at the same time
as cognitive function is important since lower scores in tests of cognitive function may
be a result of failing vision rather than failing cognition (Jagger et al. 1992). Level of
education is also a potential confounding factor in many standard cognitive function tests.
The greater average level of education in the newer cohorts of older people may provide a
greater reserve for failing cognitive abilities but may also mask real effects.

If the issues around the measurement of the functioning appear complex, measuring spir-
itual life over and above attendance at organized religious events is just as challenging.
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Rather than religiosity, organized or non-organizational, a measure of lifetime spiritual
experience has been proposed and validated across geographical settings and cultural and
age groups (Hays et al. 2001). This could provide some measure of spirituality but one
could also argue that a sense of coherence or orientation to life or feelings of being in
control of one’s life are other important dimensions, and instruments to tap these have
been developed.

In this section, the issues around the measurement of the different components of healthy
aging have been expounded, concentrating on the difficulty in defining the delineation
between healthy and normal aging as well as the changing milieu in which activities are
performed. The definitions of successful and healthy aging expounded have been those
defined by gerontologists. There is an interesting emerging body of research suggesting
that older people themselves define successful aging as encompassing social as well as
physical, functional, and psychological health (Phelan et al. 2004), but that older people
may rate themselves as aging successfully even in the presence of chronic conditions or less
than optimal functioning (Strawbridge, Wallhagen, and Cohen, 2002). In the next section,
we examine the prospects for increasing the numbers of older people classified as aging
healthily and the length of time this lasts.

4. Determinants of Healthy Aging

To determine how we might intervene to promote healthy aging we need to consider the
factors that impact on the disablement process and those that may be amenable to manipu-
lation. Verbrugge and Jette (1994) differentiate between extra- and intra-individual factors
that impact on the main pathway to disablement. Factors external to the individual include
availability and use of medical care, including drugs, availability of personal assistance
and equipment, day and respite care and structural modifications, and access to transport
and buildings as well as factors at a community or governmental level such as policies
on income, education, transport, and employment. Many of these, particularly in the built
environment, have and will continue to improve the gap between capacity and perfor-
mance. Factors internal to the individual include changes in lifestyle, abilities to cope and
adapt, and the way we might accommodate changes in the way activities or functions are
undertaken—taking longer, not doing them as often. The role of the latter in monitoring
has already been addressed in the measurement of activities.

Over and above declines inherent in the disablement process, that is the effect of functional
limitations on subsequent activity restriction, the strongest evidence for increased risk of
decline are comorbidity (at the level of pathology), depression (morbidity but may also
be a reaction to disease), and poor self-rated health; physical factors such as both high
and low body mass index; and lifestyle factors including low physical activity, smoking,
and no alcohol use (Stuck et al. 1999). Many of the risk factors impacting on declining
function further down the disablement process are also risk factors for specific diseases.
Diet, physical activity, alcohol use, and smoking are all potentially modifiable influences
and could help maintain health at older ages and current research appears to be focusing
on two of these areas, nutrition and exercise, though mainly through slowing the onset of
frailty (de Jong 2000; Van Nes et al. 2001).
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However, the extent to which preventive measures (in terms of diet modification and ex-
ercise regimes) will be or can be taken up by older people is still in question. Southern
Europeans, particularly older and less educated individuals, have not only reported lower
levels of physical activity but also less belief in the need for exercise compared to their
Northern European counterparts, specifically in Finland, where there has been widespread
health education and interventions on such benefits, particularly for cardiovascular health
(Kafatos et al. 1999). But older people themselves have been reported as having the
agism view that participating in vigorous activities is less socially acceptable with in-
creasing age and such views are often reinforced by the rest of society (Darnton-Hill
1995). Even if such views are not held, the decisions by individuals to change lifestyles are
made within the context of income, education, and availability of and access to suitable
programs.

Another potentially modifiable factor that is important in the disablement process and
inferred in the definition of successful aging (Rowe and Kahn 1997) is psychosocial well-
being. Social isolation and smaller total social networks have been found to be predictive
of ADL dependence (Mendes de Leon et al. 1999; Moritz, Kasl, and Berkman 1995).
More recent evidence of the effect of social contact and support on the development
of cognitive impairment suggests that an active lifestyle may provide stimulation that
maintains cognitive functioning (Fratiglioni et al. 2000). The effect of religiosity as a
modifier of the relationship between depression and stressors has already been discussed.

5. Conclusion

There appear to be three major reasons for measuring healthy aging. Firstly, for the com-
parison of trends over time, to answer whether compression or expansion of morbid-
ity is occurring. Secondly, to uncover those factors—socio-demographic, lifestyle, and
behavioral—that are causally associated or that determine “healthy aging” and which may
be amenable to manipulation to maintain this state for longer. Thirdly, to compare the
proportions of older people who are aging healthily in different countries (or between
distinct regions within a country) in order to identify macro-level factors accounting for
differences between countries. The last reason is particularly problematic for measure-
ment since different cultures may themselves operationalize the concept of “healthy aging”
differently.

This chapter has raised some of the unresolved issues in the definition, measurement, and
promotion of healthy aging. It did not aim to cover all potential issues comprehensively—in
particular the role of genetics and the biological and physiological mechanisms have not
been discussed, though their omission is not a reflection of their potential importance. In-
stead the chapter aimed at giving a broad epidemiological viewpoint through the definition
and measurement of healthy aging.

Action is needed at all levels—as individuals, as researchers, as health care professionals,
as countries—if we are to make healthy aging a reality for more older people and for
a longer proportion of their life in the future. Individual and societal action needs to be
taken early in the life course, especially since recent research indicates that poorer health
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in childhood increases ill health in later life (Blackwell, Hayward, and Crimmins 2001;
Van de Mheen et al. 1998). This is of major importance for the developing countries, now
going through the demographic transition more rapidly than developed countries.

Action also needs to be targeted later in the life course. Older people themselves need to
maintain or improve their nutrition, lifestyles, and physical capacity. As researchers, we
need to develop more appropriate and up-to-date measures of healthy aging. But, more
importantly, we must seek the views of older people themselves in this process, to determine
not only what they, themselves consider to be the important components of healthy aging,
but their understanding of the processes that contribute to its prolongation.
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1. Introduction

Taiwan’s net reproduction rate (NRR) fell to 1.0 in 1983, and has been below replacement
fertility since 1984. An island-wide family planning program began in 1964, when the
total fertility rate was 5.10 and the net reproduction rate was 2.27. But a sustained fertility
decline began earlier. In 1955 the total fertility rate was 6.55 and the net reproduction rate
was 2.82. Taiwan completed the fertility aspect of the demographic transition during the
20 years after the intensive family planning program was implemented.

Because of the fertility transition in Taiwan, the central concern related to population
programs is gradually shifting from high fertility to other issues, especially population
aging. As this picture of our demographic future has come into clear focus in recent
years, it has stimulated anxiety about long-term health and socio-economic implications.
In particular, a central concern of government, professionals, and researchers is the issue
of the dependencies of older people and what policies or measures should be formulated
in order to meet their needs.

A great deal of concern about the effects of aging stems from disability levels of an in-
creasing older population and the attendant costs. In old age, the incidence and prevalence
of chronic disease increases at an accelerating rate (Collins 1988). Chronic health con-
ditions in turn reflect long-term disabilities or functional limitations (Rice and Feldman
1983). Previous studies have found that chronic illness is highly correlated with depres-
sion, and subsequent higher disability, poor functioning, and higher morbidity (Cohen
and Lazarus 1979). Using a multi-state life table approach, Crimmins, Hayward and Saito
(1994) demonstrated that an increase in the proportion of life spent in dependent states of
health is a natural outcome of improving mortality. Conversely, Waidmann, Bound, and
Schoenbaum (1995) questioned the validity of disability reports amidst a changing health
environment, suggesting that the increase in disability rates may be a function of better
diagnostic technique and earlier detection of chronic disease.
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More recently, some consistent evidence has appeared supporting declines in functional
disability among older populations in the US in the 1980s and 1990s. Manton, Corder,
and Stallard (1993), employing the National Long Term Care Surveys, showed decreases
in both prevalence and incidence of disability between 1982 and 1989. Crimmins, Saito,
and Reynolds (1997), using both the National Health Interview Survey and the Lon-
gitudinal Study on Aging, and Manton, Corder, and Stallard (1997) confirmed these
trends continuing into the early 1990s. Ofstedal, Madans, and Feldman (1994) exam-
ined those aged 70 and older using the Longitudinal Study on Aging and demonstrated
that declines in functional limitations have been occurring for this older age group.
Freedman and Martin (1998) employed the Survey of Income and Program Participation
and demonstrated declining unadjusted and adjusted prevalence rates of functional limita-
tions among several age cohorts of elders, but the declines were particularly strong for the
oldest-old.

This empirical work is consequential to policy planning given an important debate in the
literature regarding whether increases in life expectancy that are being witnessed in various
countries are also leading to more years of life spent disability free or more years spent
in morbid states with functional limitations. The debate goes back to Gruenberg’s (1977)
article on the “Failure of Success” where he postulated that longer life in the present day
means removing the lethal sequelae of disease, but lingering on with serious morbidity.
This view was countered by Fries (1980) who postulated that individuals would continue
to increase the amount of time spend in states of good health and that the time in poor
health would be compressed into the last years of life.

Up to 1993, some evidence from Taiwan seemed to support the compression of morbidity.
Using the Longitudinal Study on aging in Taiwan, Chang (1997) indicated that the elderly
in 1993 seemed to have better health status and functional capacity than those of the
corresponding elderly in 1989. Similarly, Zimmer and Lin (2000) and Zimmer et al. (1998)
employed the same set of panel data and found that difficulties climbing stairs and walking
declined between 1989 and 1993. However, prevalence rates leveled off between 1993
and 1996. The current study examines changes in health between 1989 and 1999, but a
particular focus is on changes during the latter part of this period, 1996-1999. This is a
particularly interesting period because of the changes in the health infrastructure that took
place in the latter part of the decade, that being the introduction of a Universal Health
Insurance Program. In this chapter we pull together some results from previous studies
using the same data set and we add some original analyses. We use past and new analyses
together to come to a conclusion about how health is changing.

2. Data and Methods
2.1. DATA AND SAMPLE
Our study draws on data from the 1989 Survey of Health and Living Status of the Elderly

in Taiwan and its follow-up surveys of 1993, 1996, and 1999. The surveys were conducted
jointly by the Taiwan Provincial Institute of Family Planning, and both the Population
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Studies Center and the Institute of Gerontology at the University of Michigan. Except for a
small indigenous population, the sample was representative of the entire elderly population
aged 60 years and above as of 1989, including the institutionalized population. It had a
response rate of 91.8% (Chang and Hermalin 1989). The Surveys of Health and Living
Status of the Elderly have been conducted approximately every 3 years since 1989 (1993,
1996, 1999). Although the original study focused on the elderly population (those aged
60 and above in 1989), the 1996 survey added a “near-elderly” cohort of persons aged
50-66; so in all, the study is now representative of the population aged 50 and above as
of 1996. The response rate of follow-up interviews in 1993, 1996, and 1999 ranged from
88.9% to 90.1%. These surveys offer a rich source of information on the characteristics
and experience of this population and have been used extensively to study the health, living
arrangements, and well-being of the elderly in Taiwan.

2.2. MEASURES

The four waves of the survey all contain detailed health and demographic information.
The current study refers to several of these. Self-assessed health status is based on a single
item asking individuals to rate their health subjectively as excellent, very good, good, fair,
and poor. This indicator correlates well with mortality, functional status, and overall life
satisfaction. One activity of daily living (ADL) referred to is difficulty bathing. The bulk of
the study involves a number of indicators measuring general functional limitation. These
indicate a degree of physical robustness or the ability to conduct basic physical movements
that are not necessarily tied to specific daily living activities. Functional capacity items
included in this study are reaching over one’s head, grasping with fingers, walking 200—
300 m, lifting 25 pounds, climbing 2-3 flights of stairs, crouching, and doing heavy work
in or around the house.

As far as independent variables are concerned, demographic and socio-economic variables
such as age, sex, marital status, ethnicity, and education will be employed. Such sociodemo-
graphic characteristics have been consistently shown to relate to health outcomes; therefore
they are usually controlled for in models predicting health.

2.3. METHOD

2.3.1. Prevalence

Prevalence is defined as the proportion of the population reporting specific functional task
difficulties and at least one difficulty. In order to determine overall changes in prevalence
over four time periods, respondents in the same age range of cross-sectional samples for
1989, 1993, 1996, and 1999 will be taken for comparison. In 1993, the elderly who were
successfully followed up were aged 64 or above. Accordingly, health and functional status
will be examined by comparing the elderly aged 64 or above in 1989 with their counterparts
in 1993, 1996, and 1999 through the use of cross tabulation.

In addition to determining whether there were significant changes in prevalence in terms
of functional limitation over the three periods, cross-sectional samples for 1993, 1996,
and 1999 are pooled. Logistic models are fitted for specific difficulties, and having at least
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one of the six difficulties, that included dummy variables for year of survey, using 1993
as the comparison category and the compositional variables (sex, ethnicity, two education
variables, age, and marital status). These regressions take the form:

In(P/1 — P) = a0 year 1993 4 «1 year 1996 + «2 Year 1999 + @3 x 3... a8 x 8

where a3 x 3...a8 x 8represent the six compositional variables. For these, sex, ethnicity,
and the two education variables are assumed to not vary and come from the 1993 data.
For age and marital status appropriate time-varying values from the individual surveys
are entered. Also, an ordinary least squares (OLS) regression approach was employed
to predict the total number of limitations across survey years adjusting for population
composition.

2.3.2. Transitions

Prevalence rates, which represent the proportion of the population in a particular health or
functional state at any one point in time, are the outcome of earlier prevalence rates and
the rates of transition in and out of states of health or functional limitation. To summa-
rize the overall situation, health expectancies were calculated with the use of IMACh—a
Maximum Likelihood Computer Program using Interpolation of Markov Chains (Lievre,
Brouard, and Heathcote 2003). The program computes Health Life Expectancies from
cross-longitudinal data using methodology pioneered by Ladika and Wolf (1998). Within
the family of Health Expectancies, disability-free life expectancy is probably the most
important index to monitor.

3. Results

3.1. CHANGES IN HEALTH AND FUNCTIONAL STATUS

Table 1 shows the self-assessed health status and difficulties bathing, for the elderly aged
64 and older across survey waves in Taiwan. The proportion that reported fair and poor

Table 1. Self-rated health and bathing difficulties of the elderly 40 and older across
survey waves in Taiwan.

Self-rated health and bathing difficulty 1989 (%) 1993 (%) 1996 (%) 1999 (%)

Self-rated health
Excellent 15.9 18.4 13.2 9.8
Very good 20.2 23.7 19.0 20.6
Good 40.1 34.7 349 33.6
Fair 19.4 18.4 27.6 28.1
Poor 4.5 4.6 5.3 7.9
Has difficulty bathing 7.5 6.3 7.3 9.3

N 2861 3147 2291 2475
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Table 2. Unadjusted prevalence rates for functional limitations across survey years,
for total population, and summary measures by age and sex.

1993 1996 1999 p-Values
% with at least one limitation 49.8 49.2 55.7 0.000
% with problems lifting 39.2 36.9 44.1 0.000
% with problems crouching 32.0 32.0 39.2 0.000
% with problems climbing 24.4 28.9 33.7 0.000
% with problems walking 18.0 19.6 27.1 0.000
% with problems grasping 9.6 8.9 11.3 0.003
% with problems reaching 8.8 8.4 10.1 0.034
Mean number of limitations 1.29 1.33 1.60 0.000

health status was 23.9% in 1989, which decreased to 23.0% in 1993, and then increased
to 32.9% in 1996 and to 36.0% in 1999. The proportion that reported difficulty bathing
followed a similar pattern, decreasing from 7.5% to 6.3% between 1989 and 1993, then
increasing in the following survey years. We will see below that this general trend of better
health between 1989 and 1993 and worse health from 1993 on is repeated in measures of
general functional capacity.

Functional limitations may be viewed as more “objective” gauges of physical health since
they mostly rely on ability to conduct physical movements. The next several tables focus
on these limitations and report findings from 1993 onward. Table 2 presents the unadjusted
rates of difficulty for these among older adults aged 65 or above in Taiwan in 1993, 1996, and
1999. Older Taiwanese report the greatest difficulties lifting things and the least difficulty
reaching. There was some increase in the percentage reporting difficulties between 1993
and 1996, but for most of the items, the rates are fairly level. Looking at the percentage
reporting at least one of the functional difficulties, shown in the first row of the table,
provides a good example. It was 49.8% in 1993, and almost the same, 49.2%, in 1996.
However, between 1996 and 1999, each of six functional difficulties increased significantly.
The percentage reporting at least one difficulty increased from 49.2% in 1996 to 55.7%
in 1999.

Besides changes to the percentage reporting functional difficulties between 1993 and 1999,
the composition of the population changed as well, and it may be that the increase in health
problems is a function of changes in composition. Table 3 shows how the composition
of older Taiwanese changed over the three survey years. Changes in sex, marital status,
and ethnicity, are not significant at the 0.05 level, but changes in age and education are
significant. For instance, the percentage of the older population aged 80 and older increased
from 11.6% in 1993 to 13.7% in 1996 and further to 15.4% in 1999. The mean age of older
Taiwanese increased from 71.8 in 1993 to 73.2 in 1999. Hence, the age distribution of the
older population in Taiwan between 1993 and 1999 was becoming more weighted towards
the oldest-old. Since older individuals are more likely to report functional limitations,
one of the reasons for the leveling of prevalence rates between 1993 and 1996 and for
the increase in prevalence rates between 1996 and 1999 would be the further aging of
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Table 3. Composition of the 65 and older Taiwanese population across survey waves.

1993 1996 1999 p-Values
Mean age 71.8 72.4 73.2 0.000
Three year age cohorts
65-67 27.8% 22.5% 19.9% 0.000
68-70 22.1% 23.4% 19.3%
7-73 17.3% 18.0% 19.7%
74-76 11.8% 13.5% 14.9%
77-79 9.3% 8.8% 10.8%
80 and older 11.6% 13.7% 15.4%
Sex
Male 56.7% 56.7% 55.6% 0.104
Female 43.3% 43.3% 45.4%
Marital status
Married 61.2% 61.7% 61.5% 0.913
Not married 38.8% 38.3% 38.5%
Ethnicity
Mainlander 23.1% 24.7% 22.6% 0.081
Other 76.9% 75.3% 77.4%
Education
None 49.3% 44.4% 41.3% 0.000
Primary 31.3% 33.6% 36.7%
More than primary 19.4% 22.0% 22.0%
Sample size 3273 3284 3192

the population. On the other hand, the higher education level of the elderly in 1999 than
previously might result in better functional status.

Given these changes to the population, it is necessary to control for compositional variables
in order to determine whether there has been a real change in functional abilities of older
Taiwanese. Table 4 shows the results of pooled data logistic regression equations for each
specific functional difficulty. Positive coefficients for a year indicate an increase in the
probability of specific difficulties being reported, while negative coefficients refer a to
decline in the probability of specific difficulties.

After controlling compositional variables, there is a decline in the proportion of those
having at least one functional limitation between 1993 and 1996. However, the negative
coefficient —0.06 is not large enough to reach a statistically significant level, meaning that
a leveling of overall prevalence rates between 1993 and 1996 occurred. Between 1993
and 1996 there was, however, a significant increase in difficulties climbing and walking,
but a significant decrease in difficulties lifting. Between 1993 and 1999, all regression
coefficients including at least one functional limitation and each of six functional difficulties
reveal a positive sign, which indicates an increase in any functional difficulty in this period.
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Table 5. OLS regression coefficients predicting number of
limitations across survey years adjusted for population

composition.
Coefficient 95% Confidence interval
Year
1993 — —
1996 +0.05 —0.04 to 4+0.13
1999 +0.30** 40.23 to +0.41
Age 65 to 67
68-70 +0.14* +0.01 to +0.24
71-73 40.34** +0.20 to +0.44
74-76 +0.54** +0.41 to +0.67
77-79 +0.88** +0.73 to +1.02
80+ +1.48* +1.34to +1.61
Sex (1 =F) +0.58** +0.50 to 4+-0.66
Education
More than primary — —
Primary +0.21* +0.10 to +0.32
No education +0.58** +0.47 to +0.69
Ethnicity (1 = Mainlander) —0.10% —0.19 to —0.00
Marital status (1 = Married) —0.09* —0.17 to —0.01
Constant +0.36 40.21 to 40.51
F(12,8670) 145.3**
R-SQ 0.17
*0.01 > p > 0.05.
**p <0.01.

Coefficients for the compositional variables are, for the most part, in the expected di-
rections. For instance, older age, being female, and having less education increases the
probabilities of reporting difficulties. Being married and being Mainlander generally de-
crease probabilities, but there is less significance and some mixed results among these
compositional variables.

In order to predict the number of functional limitations across surveys adjusted for pop-
ulation composition, an OLS regression approach was employed. As shown in Table 5,
between 1993 and 1996 the OLS regression coefficient predicting number of limitations
is +0.05, which implies an increase in number of functional difficulties in this period.
However, the value is not statistically significant. Hence, it can be said that there is a
leveling of prevalence rates in this period. Between 1993 and 1999, the OLS regres-
sion coefficient is +0.30 and is also statistically significant. Therefore, it can be said
that there is an increase in number of functional limitations during 1993—-1999. Although
it is not necessarily the fact that number of limitations and the probability of having a
limitation go together, in this case we find similarities in the two. That is, the logistic



AGING AND DISABILITY IN TAIWAN 31

regression showed increases in probabilities while the regression showed increases in
number.

3.2. CHANGES IN LIFE EXPECTANCY

We conclude the study with the IMaCh calculations of life and disability-free life ex-
pectancy. To make these calculations, we employ three of the items referred to above:
ability walking, climbing stairs, and bathing. We combine these three items, and consider
an individual as having a disability if they report a difficulty with any one of the three tasks.
Limiting our measure of disability to these three items makes the index consistent with
previous research that examined transitions in functional limitation in Taiwan and Japan
(Liu et al. 1995; Zimmer et al. 1998).

Table 6 shows health expectancies for each period. The results provided here are status-
based, that is, they depend upon disability status at the earlier point in time. For instance,
looking at the 1989-1993 results, we see that 60 year olds starting healthy in 1989 can
expect to live 15.05 years in a healthy (i.e. disability-free) state and 4.51 years in a disability
state. Therefore, the total life expectancy for a 60-year-old person starting the period healthy
is 19.56 years. Sixty year olds starting the period with a disability can expect to live 13.55
years in a healthy state and 5.25 years in a state of disability, for a total of 18.80. So
those originating healthy in 1989 could be expected to live longer and live longer in a
disability-free state.

Several observations can be made about Table 6. First, those originating in healthy states
can be expected to live longer and more disability-free years. This finding is consistent
regardless of the years of data being considered. Second, life expectancies have generally
increased. Based on the 1989-1993 data, for instance, a healthy 80-year-old can expect
7.97 more years of life (this total derived by adding the number of healthy and disability
years). Based on the 1996—-1999 data, a healthy 80-year-old can expect 10.13 more years
of life. We also see life expectancy increases for those originating with disability. Third,
there appears to be an increase in life expectancy in a disabled state. Taking a 60-year-old
as an example, a healthy individual in 1989 could expect 15.05 more healthy years, and
this total declines to 14.23 years in 1993, and then stabilizes to 14.60 in 1996. But the
number of disabled years for the same person increases from 4.51 in 1989 to 5.86 in 1993
and 7.00 in 1996. In total, then, a healthy 60-year-old is spending a higher proportion of
their remaining life in a disabled state. A similar comparison can be made for those that
begin the period with a disability. A 60-year-old with a disability in 1989 lives fewer total
years than a 60-year -old with a disability in 1996, but the 60-year-old in 1996 lives a
greater proportion of life in a disabled state (about 72% for those in 1989 versus about 46%
for those in 1996). Finally, comparisons across age result in similar findings. A healthy
80-year-old in 1989 could expect to live 4.63 healthy years, and this number remains fairly
similar over time. In contrast, the years that a healthy 80-year-old could expect to live with
disability increases from 3.84 in 1989 to 3.87 in 1993 to 5.50 in 1996. Similar comparisons
can be made across other age groups. Hence, we conclude that both life expectancy and
disabled life expectancy has generally increased in Taiwan from 1989 to 1999.
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4. Concluding Remarks

A number of important debates in the biodemography of aging center on the future levels
of expectation of life and the patterns of mortality at very old ages as overall expectation
advances. A related strand centers around the levels of disability that will be associated
with increased survival at older ages. Will increased life expectancy be accompanied by
longer years of active life or by more years of disability or restricted functioning? The
compression of morbidity hypothesis argues that the former scenario is possible and as
noted above, some recent US data point to lower levels of disability at older ages in recent
years, but the issue is far from resolved.

Evidence from Taiwan turns out to be mixed. Prevalence rates of functional limitations
decreased between 1989 and 1993, but increased from 1993 to 1996 and 1996 to 1999.
Disability-free life expectancy estimates from IMaCh show longer life over time, but more
years lived in states of disability. This seems to suggest a depression of morbidity for the
earlier period and an expansion for the latter. Curiously, it was during this latter period
that the Universal Health Insurance program was initiated in Taiwan (in 1995), theoreti-
cally providing older adults with easier and more frequent access to the medical system.
It could be that the better access to the medical system has resulted in saving lives at
the expense of rates of disability. This hypothesis is purely speculative and the current
results are far from conclusive. Yet the possibility that a change in health infrastructure
could influence health outcomes to such a degree should motivate further research. Fur-
ther study is required in order to determine whether longer-term trends remain the same,
whether the Universal Health Insurance program has indeed increased access to health
care, and whether health outcomes of older adults are being influenced by changes in health
infrastructure.

Regardless of which direction future changes in health and functional status take, the gross
number of Taiwanese who will be older will increase dramatically over the next couple of
decades. This means that unless very dramatic improvements in functional status occur,
the health care needs of this segment of the population will expand, placing a greater
burden on society. The current study is not terribly sanguine, but further monitoring of the
population in Taiwan is therefore necessary in order to establish whether we are witnessing
the beginning of a longer-term trend. Over shorter periods of time, such as the time period
covered in this study, there are likely to be sharp changes in health prevalence that flatten
when observed for a longer period.
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CHAPTER 3. DISABILITY PATTERNS FOR US ELDERLY NURSING HOME
RESIDENTS OVER TWO DECADES: FINDINGS FROM THE
1973 TO 1997 NATIONAL NURSING HOME SURVEYS
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Department of Sociology, Duke University, Durham, NC

ELIZABETH H. CORDER AND LARRY S. CORDER
Center for Demographic Studies, Durham, NC

1. Introduction

Older Americans have delayed and decreased nursing home use over the past two decades
(Bishop 1999). As a result, the elderly nursing home population has become older and
more disabled. According to findings from recent national nursing home surveys (NNHS),
the disability characteristics of the nursing home residents (NHR), mainly measured by
functional status and primary diagnosis, have changed significantly over the past two
decades (Kramarow et al. 1999). However, looking at variables in the surveys individually
is unlikely to generate a complete description of the disability changes. This requires a
multivariate approach which jointly investigates a range of disease and functional attributes.
A good understanding of such changes is essential for health services research and related
policymaking.

Previous studies using multivariate approaches (e.g., Corder and Manton 1996; Manton,
Cornelius, and Woodbury 1995) were limited to short spans of time, providing little infor-
mation on changes over time in important aspects of disability. The present study includes
information obtained from four waves of the NNHS for years 1973, 1985, 1995, and 1997
to depict longer-term trends in the disability characteristics of elderly NHR: (1) Disease
and impairment measures were used to identify impairment groups defining a general hier-
archy of disability; (2) Prevalence of each group among residents was calculated for each
survey year and compared overtime; and (3) Nursing home use for each level of disability
was estimated.

2. Methods
2.1. DATA

All variables used in this study were derived from the NNHS, which are available as
public use data files from National Center for Health Statistics. They consist of functional
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assessments, sensory abilities, and primary diagnoses. Four waves of NNHS (1973/1974,
1985, 1995, 1997) were chosen for the analysis, mainly because surveys in these years had
similar sampling frames: nursing homes that provided some level of nursing care and were
certified by Medicare or Medicaid or licensed by the state as a nursing home facility. The
number of survey participants was 16,994 in 1973, 5238 in 1985, 7278 in 1995, and 7331
in 1997. Of the respondents who were age 65 and older at the time of the survey, 36,333
of 36,841 were included in the present study. This sample was both large and nationally
representative.

2.2. THE GoM MODEL

The grade-of-membership (GoM) model, developed by Woodbury and Clive (1974);
Woodbury, Clive, and Garson (1978); Manton, Woodbury, and Tolley (1994), and col-
leagues is a multivariate classification technique. It is a way to analyze high-dimensional
categorical data based on fuzzy-set mathematics. GoM is utilized in this study to de-
termine the disability groups for the NHR. GoM also provides a more effective way of
representing individuals and the probabilities of joint occurrence of variables. The GoM
fuzzy-set classification is more realistic than other arbitrary crisp-set categorizations in
the sense that each person may have membership in more than one health profile, but to
different degrees, just as a patient may have multiple disease symptoms but at different
levels.

Nine variables are used to define major disability groups characterizing NHR between
1973 and 1997. Individuals may either resemble one group exclusively or multiple groups
to varying extents based on degree of membership in each group. The data set consists of
I = 36,222 persons (indexed by i) who provide information on J = 9 categorical variables
(indexed by j). L; denotes the number of categories for each variable. To write the GoM
model equations, we specify that K groups (indexed by k) are used to depict the data and
allow each person one positive response per variable. The probability of a positive response
for each person and variable, i.e., where x;;; = 1.0, is predicted using two coefficients.
One is the degree of membership of the ith person in the kth group denoted as gik. The
other is the probability that a person matching the kth group (i.e., gik = 1.0) has the /th
response to the jth variable which is denoted as A;;;. Partial membership of individuals
in the groups is represented by constraining the gik to be convex weights that are positive
and sum to one for each person, i.e., 0.0 < gik < 1.0. The giks represent K latent variables
summarizing reliable information on the state of an individual from the J variables. The
basic model for each of response variables, x;;;, is,

k
Pipj = P(xiz; = 1.0) = Zgik)vij (1
=

Parameters in Equation 1 can be estimated using a conditional multinomial maximum
likelihood function,

L= (Do) @

i g
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2.3. THE APPLICATION OF GoM IN THIS STUDY

2.3.1. Disability Groups

The appropriate number of disability groups was first identified. The M.L.E. of gik member-
ship scores and A;;; probability parameters was computed three times specifying K = 3,
4, and 5 groups. Five groups best represented the data according to the Akaike Information
Criterion (1973).

2.3.2. Methods to Capture Trends

Trends in nursing home usage by different disability groups are exemplified in the following
ways. (1) Absolute numbers of NHR in each disability group for each survey year are
calculated according to age (65-74, 75—84, 85+) and sex as follows: First, each person’s
gik scores are multiplied by survey sampling weights. Second, the weighted scores are
summed for each disability group and year according to age and sex. (2) The disability
composition among NHR, i.e., relative prevalence or proportion, is calculated for each year
according to age and sex by dividing by the total size of the relevant age-sex-year group.
Finally, (3) The nursing home use rate for each disability group (per 1000 population)
is estimated based on US Census estimates of persons each year in the defined age-sex
categories.

3. Results
3.1. THE DISABILITY GROUPS

The disability groups are described in order of increasing functional limitation from I to V
(Table 1). The variables used to construct the groups and sample frequencies are shown to
the left. The columns labeled I, I, III, IV, and V refer to the set of response probabilities
found for each disability group. The probabilities define each disability group and represent
persons exactly like the group. In order to clearly demonstrate the hierarchy of functional
limitations within the five disability groups, we further separate the five groups into three
disability levels according to the response to “help to dress” and “wheelchairbound”. The
three disability groups are: least disabled (groups I and II) with less than 50% needing
help to dress, moderately disabled (III and I'V) with 100% needing help to dress, and most
disabled (V) with 100% wheelchairbound.

3.1.1. Least Disabled (I and II)—Chronic Conditions

Group I: Circulatory disease, dementia, and muscular diseases

This group is characterized by primary diagnoses of circulatory disease, dementia, and
musculoskeletal diseases rather than disability per se, although help is sometimes (43%)
needed to dress. Moderate dementia seems likely given that the group is able to ambulate
and eat without help.

Group II: Mental and neurologic disorders, diabetes, respiratory diseases

Analternate set of primary diagnoses characterizes group II: diabetes, respiratory disorders,
mental illness, and neurologic disorders. Similar to group I in terms of functional level,
group II is able to ambulate and eat without help, but sometimes (45%) needs help to dress.
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3.1.2. Moderately Disabled (Il and IV)—Sensory Impairments

Group III: Sensory deficits and incontinence

There are problems with sight and hearing. But these problems were at least partially cor-
rectable by the use of glasses and hearing aids. The group is either bowel (86%) or bladder
(14%) incontinent. The primary diagnoses are circulatory disease (73%) and digestive
disorders (27%). Group II can eat without help, but always need help to dress.

Group IV: Loss of sight and hearing; bowel and bladder incontinent

Group IV has more severe losses in sight and hearing compared to group III. Eyeglasses
and hearing aids are not used despite noted sensory deficits, suggesting that they are
of limited help. This group (IV) is bowel and bladder incontinent, rather than bowel or
bladder incontinent (III). Dementia (50%) and circulatory disease (34%) are the major
primary diagnoses. Help is always needed to dress and eat.

3.1.3. Most Disabled (V)—Little Mobility and Highly Dependent on Care

Group V: Wheelchairbound

This group is wheelchairbound, both bowel and bladder incontinent, or catheterized (14%).
Stroke (53%) and dementia (19%) are the common diagnoses. Help is always needed to
dress and eat.

3.2. DISABILITY TRENDS OVER TIME

Absolute numbers of NHR in each disability group are shown in Figure 1 according to age
and sex. Note that different scales are used for men and women since most NHR are female.
The number of NHR increased for both men and women in every disability group except
group 1. For women, the oldest old outnumbered other age groups at each disability level.
They also registered the largest increase in number except for group I, in which the number
for every age group dropped. This increase may be attributed to the fact that recent cohorts
of women enter old age in better health, which delays their entry into nursing homes.

As described above in terms of nursing home composition, there were lower numbers
of persons who were able to ambulate and feed themselves, and had a specific set of
diagnoses—circulatory diseases, dementia, or muscular diseases (I). Absolute numbers
increased for both men and women having another set of diagnoses—diabetes, mental and
neurologic disorders (II). For groups 11 and I'V, which were characterized by sensory deficits
and incontinence, only oldest old women demonstrated a significant increase, whereas the
size of other age-sex groups essentially remained unchanged.

The most striking change was that the number of severely disabled (V) persons in nursing
homes increased dramatically from 1973 to 1997: There were threefold increases for women
age 85 and older (from 60,000 to 190,000) and for men aged 75 to 84 (from 20,000 to
53,000).

Figure 2 depicts changes in the disability composition of NHR across age and sex groups.
Trends for men and women were in general similar. Over time there were fewer relatively
independent persons (group 1) who had circulatory diseases, dementia, or muscular dis-
eases. For men aged 75 and above, the decrease was from 32% to 18%. Another set of
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Figure 1. The absolute number of elderly nursing home residents in each disability
group (thousands of persons).
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Figure 2. The proportion of elderly nursing home residents in each disability group
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primary diagnoses was stable in size or demonstrated small increases among NHR. These
were diabetes, mental and neurologic disorders (I). Increases of 5—15 percentage points
were found for the two older age groups. For the younger group there was a slight decrease
for men and no change for women. Since the proportion decreases of group I is larger than
the small increases of group II, overall NHR who can walk and feed themselves showed
decreased presence in nursing homes in recent years.

Group 111, characterized by less severe incontinence and losses of sight/hearing, became
slightly less common over time except for oldest-old men, which remained stable. Group IV,
characterized by more severe incontinence and losses of sight/hearing, was stable over time
in terms of its proportion among NHR.

The proportion of NHR who were most disabled (group V) had the largest increase, from
20% to more than 30%. Thus, nursing homes have been increasingly occupied by severely
disabled elderly over the past three decades.

3.3. US NURSING HOME USE

Figure 3 depicts the changes in the rate of nursing home use per 1000 US population for
each disability group according to age and gender. For every disability group, women use
nursing homes at a higher rate than men, especially for the oldest old. However, the patterns
of change in nursing home usage are similar for men and women: Group I showed dramatic
decline, groups III and IV showed significant decline, groups II and V remained stable.

There were major decreases in nursing home use by persons, both men and women, who
were able to move around and to feed themselves while having a specific set of primary
diagnoses—circulatory disease, dementia, and muscular diseases (I). On a population level
these disorders are less likely to require nursing home beds due to better prevention, better
medical management to minimize symptoms or progression, and services now available
in the community. This appeared to be less true for certain other conditions—mental,
neurologic, or respiratory disorders and diabetes (II)—where the rate was stable or even
slightly increased (for oldest old women).

Nursing home use rate declined significantly, especially for the oldest old, in subjects who
suffered sight and hearing impairment and incontinence (groups III and IV), but were able
to walk. In 1973, 52 of every 1000 women aged 85+ were living in a nursing home due to
these severe problems (IV) compared to 29 per 1000 in 1997.

Rates of nursing home use for severely disabled group V remained constant. This implies
that the use of nursing homes per 1000 for the most severe disability group (being not able
to walk, mainly stroke victims, and take care of themselves in daily living) is at the same
rate as three decades ago.

4. Discussion

We looked at nationally representative data on NHR in the interval of time from 1973 to
1997 and found that they could be characterized according to five hierarchical disability
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groups when nine survey items were analyzed using GoM. Individuals matched one group
or, more often, resembled multiple groups to varying extents, expressed as a set of member-
ship scores. This common metric allows estimation of changes in the number of NHR over
time at each disability level. It also makes it possible to further define demographic trends
in relation to age and sex, and to see which diagnoses and limitations were associated with
certain trends in nursing home use.

Three secular trends were evident: First, in recent years NHR who have only diag-
nosed chronic conditions and who can ambulate and feed themselves showed decreased
presence in nursing homes. The nursing home use rate for this group declined dra-
matically (Figure 3). One speculation is that these conditions were better managed in
the community by medical treatment and home-based services in recent years. In con-
trast, another set of diagnoses—diabetes, mental, and neurologic disorders (not stroke or
dementia)—did not demonstrate major decreases in nursing home use (group II). This
may imply that these disorders have proven to be less avoidable and manageable in the
community.

The second trend concerned persons who are moderately disabled and have losses
in sight and hearing and incontinence (group III, less severe & group IV, more se-
vere). The rate of nursing home use per 1000 for this disability group decreased dra-
matically, although the number of residents having these problems increased slightly,
and the proportion of residents in this group remained fairly constant. The combi-
nation of poor sight and hearing, and incontinence would be more difficult to man-
age in the community. Thus decreased nursing home use per 1000 for these two dis-
ability groups might be due to improved treatments (e.g., cataract surgery, laser treat-
ment for sight losses related to diabetes, and better treatment for initial episodes of
stroke), and prevention, (e.g., glaucoma treatment, management of hypertension avoid-
ing strokes, better control of blood sugar levels in diabetics to avoid sight losses).
Cataract surgery is particularly important in keeping the elderly from being sight im-
paired (Javitt et al. 1993). Among 35 million elderly, 2.7 million had a cataract oper-
ation in 2003. Over the past decade (1990s), the average number of cataract surgeries
conducted each year was over 1.5 million, roughly twice as many as the decade before
(1980s).

The third trend was that nursing homes are increasingly populated by more debili-
tated elderly persons, often stroke victims and demented (group V). This group needed
help to dress and eat, was wheelchairbound, and both bowel and bladder incontinent.
In more recent years this group became most prevalent among NHR. This was not
due to an increase in nursing home use per 1000 for the disability group. The use
rate per 1000 population remained quite stable. Instead, the higher proportion and ab-
solute number of severely disabled persons in nursing homes was due to more per-
sons, especially women, reaching ages where stroke and severe dementia related to
Alzheimer disease are common, increasingly becoming the major occupants of nurs-
ing homes. As a result, the level of disability for NHR as a whole increased dramat-
ically over the past three decades. Furthermore, this group was expectedly the most
costly to care for and it drove up the average nursing home cost per person (results not
shown).
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5. Conclusions

Four pooled waves of NNHS sample data determined the disability group categorization.
The goal of this current study was not to establish a disability grouping most appropriate
for current NHR or an ideal disability grouping of any time period. Rather, it was to provide
a categorization taking into account all the data points in the observation period in order
to show major changes on a common metric.

When examining the disability groups, we need to keep in mind that these groups represent
the disability distribution of elderly NHR, who are at the high end of the disability spectrum.
Thus, these disability groups do not reflect the health status of the elderly population in
general.

In summary, three trends emerged concerning the use of nursing homes from 1973 to
1997. Lower nursing home use rates were found for a specific set of diagnoses either
avoided or better treated in recent years (circulatory diseases, dementia, musculoskeletal
disorders). Other disorders did not demonstrate decreases (diabetes, mental and neurologic
disorders [other than stroke and dementia]). Second, there was a lower admission rate for
conditions compounded by sensory deficits and incontinence implying that these problems
are more avoidable and better treated in recent years. Perhaps most importantly, although
rates of admission per 1000 population have been stable, severely disabled demented
persons, often stroke victims, became the major disability group in nursing homes in the
late 1990s. Thus, the nursing home population became more disabled over the past three
decades mainly because functionally independent elderly are less likely to be in nursing
homes.
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1. Introduction

At the population level, demographers have used the Sullivan method and multi-state life
table models to efficiently summarize information about functional capacity in Activities
of Daily Living (ADL) obtained in surveys in the form of estimates of active and disabled
life expectancy. These estimates provide easily understandable indicators of the functional
capacity and care-giving needs of the elderly population (Crimmins, Hayward, and Saito
1994, 1996; Crimmins, Saito, and Ingegneri 1997; Robine, Mathers, and Bucquet 1993;
Rogers, Rogers, and Belanger 1990; Rogers, Rogers, and Branch 1989). The Sullivan
method (Crimmins, Saito, and Ingegneri 1989; Robine et al. 1986) is a useful approach
for providing cross-sectional, period-specific, summary measures of disability status when
longitudinal data on transitions between functional statuses and mortality differentials
among people with different functional statuses are not available. When such longitudinal
data are available, the multi-state life table method, which accounts for dynamic changes
in functional statuses and the mortality differentials by functional statuses, is preferable
(Crimmins et al. 1994, 1996, 1997; Laditka and Hayward 2003; Land, Guralnik, and
Blazer 1994; Manton and Land 2000; Rogers et al. 1989, 1990). A recent innovation in the
calculation of healthy life expectation is microsimulation, which simulates monthly health
status transition probabilities and permits the calculation of the sampling errors attributable
to the model’s parameters (Laditka and Wolf 1998; Wolf and Laditka 1997).

Extant studies of active/disabled life expectancy based on multi-state life table methods
implicitly assume that persons who die between ages x and x + 1 (or ages x and x + n) do
not change their functional status between age x and time of death. Such an unreasonable
assumption—due mainly to a lack of data about functional status before dying—causes
inherent biases in the estimates of active/disabled life expectancy, with disabled life ex-
pectancy particularly significantly underestimated. The main objectives of this chapter are

49

Zeng Yi et al. (eds.), Longer Life and Healthy Aging, 49—69
© 2006 Springer. Printed in the Netherlands.



50 ZENG Y1, D. GU, AND K.C. LAND

to present a new method for correcting this bias and an illustrative application to data on
the oldest-old in China. This will be done by extending the conventional multi-state life
table method for the estimation of status-based active/disabled life expectancy (i.e., ac-
tive/disabled years of life remaining conditional on health status at certain ages) to include
disability information in the period just prior to death collected in the longitudinal survey.

Inclusion of disability information before dying in life table analysis also has its own
significance in scientific studies of aging. Based on Medicare data, Lubitz, and Prihoda
(1983) showed that 28% of all Medicare costs were incurred by the 6% of enrollees who died
within the next 12 months. Another study found substantial increases in several measures
of health care utilization with increasing proximity to death (Roos, Montgomery, and Roos
1987). If an individual experiences severe suffering for an extended period before dying,
much pain and burden will be brought on the individual, family, and society. Hence, it is
important to study both survivors’ health and deceased elders’ quality of dying.

Demographic studies of active/disabled life expectancy that make estimates conditional on
health status before dying are rare due to the lack of such data. One recent study that used
estimates of health status before dying is that of Manton and Land (2000). Given a lack
of data, Manton and Land estimated heath status changes before death for the deceased
elderly by assuming that their probabilities of health status transitions are the same as those
for survivors with the same sex, age, health status, and some other characteristics observed
in the previous survey. This is better than completely ignoring the health status changes of
deceased elders, but the assumption involved is only an approximation, as deceased elders’
health status transitions may differ substantially from those of survivors even if they had
the same observed conditions and characteristics in the previous interview.'

In a recent extensive literature review, George (2002) termed efforts to conceptualize
the quality of dying a “young” research field, with many fewer and, consequently, less
sophisticated studies than those for quality of life. Steinhauser and colleagues identified
six primary domains of quality of dying: symptom and pain, clarity of decision-making,
preparation for death, completion, contribution to others, and affirmation of the whole
person (Steinhauser et al. 2000). Using a new method which extends the classic multi-
state life table model, we will investigate the extent of morbidity before dying, one of the
primary domains of quality of dying, due mainly to the lack of data on other domains.

2. Method

The active and disabled life expectancies computed from multi-state life tables are average
lengths of life in the active and disabled statuses that would be observed if a hypothetical
cohort of elders experienced throughout their remaining life the observed age—status-
specific rates of death and transition between active and disabled statuses. This is similar
to the classic period life expectancy. Although the active and disabled life expectancies are
neither reflections of cohort experience nor predictive of active and disabled status into the

! Manton and Land (2000: 259) are further investigating linkages to, and the utilization of, Medicare service use
data in the prior survey interval among both survivors and deceased elders. This is expected to more accurately
describe the dynamics of health status changes.
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future, they do provide concise and meaningful summary measures of the current situation
in the population under study.

On average, persons who have different ADL statuses at an initial age (denoted as y) are
expected to have different active/disabled life expectancies and total life expectancies. The
status-based multi-state model of active/disabled life expectancy estimates such differen-
tials for those who have different ADL statuses at initial ages (see, e.g., Manton and Land
2000). We decompose the expected length of the remaining life span after initial ages into
active and disabled components for those who are active or disabled at the initial age,
respectively, and investigate their differentials. The empirical estimates (see below) are
given for both the males and females, but we omit the gender dimension in all notation and
equations for simplicity of presentation.

2.1. AN EXTENSION OF THE MULTI-STATE LIFE TABLE MODEL

Denote ;,/;(x) as the life table number of persons with ADL status i at initial age y, and
ADL status j at age x(y < x).

[;(x), the life table total number of persons with ADL status j at age x regardless of ADL
status at initial age y;

1Pkj(x),the probability of surviving and transiting from ADL status k to jbetween age x
and x 4+ 1 among those who had ADL status & at age x;

19:(x), the probability of death between age x and x + 1 in a /-year period for those with
ADL status i at age x.

iyd;')(x), the life table total number of deaths regardless of ADL status before dying between
age x and x 4+ 1 among those who had ADL status 7 at initial age y and survive with ADL

status j at age x, iyd;')(x) =iy 1j(x)-q;(x);

ivd Ek) (x), the life table number of deaths between age x andx + 1 with ADL status & before
dying and ADL status i at initial age y and ADL status ; at age x;

d;k)(x), the life table total number of deaths between age x and x + 1 with ADL status &
before dying and ADL status j at age x regardless of ADL status at initial age y;

,,D(4k ) (x), the observed number of persons who were aged x and with ADL status j in the
first wave, but died with ADL status k before dying prior to the second wave of the survey;
the left subscript n represents the average interval (number of years) between the first and
the second waves (interviews) of the survey.

We decompose iydg.‘)(x) by ADL status before dying:
D)

> DY)

k=1,C

id} () = 1ydy (x) $)
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Our decomposition of iyd;') (x) expressed in Equation (1) is similar to the decomposition
of deaths by causes of deaths for elders who were active or inactive at the beginning of the
two-survey observation interval by Hayward, Crimmin, and Saito (1998) in an ALE multi-
state life table analysis. It is also similar to the approach employed in the multiple-decrement
cause-specific mortality life table (e.g., Namboodiri and Suchindran 1987).

We denote ;, S( )(x) as the number of persons who were with ADL status i at initial age y,
ADL status j at age x and survive to x + 1 with ADL status k; ;L ;(x), person-years lived
in ADL status j between ages x and x + 1 for those with ADL status i at initial age y;

inE‘k)(x) =iyl (x) - pj(x)

Assuming a uniform distribution of both deaths and transitions between functional statuses
[i.e., assuming piecewise-linear functions for ;,,/;(x)], ;, L ;(x) can be estimated as follows:

k=1,C k=1,C

) 1 & 1 & o
iij(x) = l.ij-] (x)+ 5 Z inj (X)+ E Z inkj (x)

Lo L& L& )
+5 | 0d @+ 5 Y wd 0+ D wd @) )
k=1,C k=1,C

Note that the equation for computing ;,, L ;(x) in the conventional piecewise-linear multi-
state life table on active/disabled life expectancy is as follows:

1 1
zyL (x) = 5 lyl (x) +tyl (x + 1)] = iylj()C +y)+ 5 [iylj(x) iy lj(x + 1)]

\S}

[,yz @)+ Y i)y (x)}

k#]

= [iylj () = iy ()P (¥) = Y iylk(x) pig (x)]
ket j
() L& ) LHE
=S () + 5 iy Sy () + 5 Z ivSj (%)
k=1,C k=1,C

1 ; 1
2 0+ 5 3 ) 3)
k#j

The term (1/2) )", %) iyd_;.‘ (x) in Equation (3) implies that those who were with ADL status
j at age x and died between age x and x + 1 contribute on average half a year of person-
years lived in statusj. In other words, the conventional multi-state life table method for
estimating ;,, L ;(x) assumes that there are no ADL status changes between age x and time
of death for those who die between age x and x + 1. This is an unreasonable assumption,
which causes bias in estimating status-based active/disabled life expectancy based on the
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conventional method, because the health status of those who die between age x and x + 1
may change between age x and death, more likely becoming worse before dying.

In contrast, our new method for estimating ;,, L ;(x) expressed in Equation (2) uses follow-
up information on observed deaths (, Dj.k)(x)) classified by ADL status at age x in the
previous wave of the survey and ADL status before dying prior to the next wave. We assume
auniform distribution of changes in ADL status between ages x and death among deceased
persons. This method removes the unreasonable assumption imposed in the conventional
method that there are no ADL status changes between age x and time of death for those
who die between age x and x + 1. We believe that this is an improvement in active/disabled
life expectancy estimation. The bias [i.e., Equation (3) minus Equation (2)] in estimating
iyL j(x) based on the conventional multi-state life table method is

1 1 ;
[ 7 2 wd ) = Z,-yd,i”(x)]

=y o=y

and the bias in estimating ;,e;(y) is:

®
i | 0

The bias in estimating e;(y), regardless of functional status at initial age y, is:

o (y) Z [Z d() - Zd‘”(r)} (5)

t=y Lk#j k#j

iyd,i”m} 4)
k#j

We will discuss the direction and magnitude of the bias below in the illustrative numerical
application of our extended multi-state life table method for estimating active/disabled life
expectancies using the Chinese data.

Similar to the approach for decomposing the total number of deaths into cause-specific
deaths in the multi-state life table of ALE analysis (Hayward et al. 1998) and in the
multiple-decrement cause-specific mortality life table (e.g., Namboodiri and Suchindran
1987), we estimate ,vd( )(x) through decomposing ,yd()(x) by morbidity status before
dying [as shown in Equatlon (1)], based on the observed data. Note that ;,/;(y) =
ey ¢ =1 Zk:l iyd}k)(t). Hence, the proportion of deaths with morbidity status k be-
fore dying (i.e., extent of morbidity) after age y among those with ADL status i at age y,
denoted as ;, ng)(y), is

o C
Z Z iyd;k)(t)

(®) !
lyG (y) tyli(y) (6)

Note that Equations (1)—(6) represent our extension of the standard model of multi-state life
tables to include functional status information before dying, and are discussed intensively
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in this chapter.? All of the other equations concerning status-based multi-state life tables
construction and their theoretical assumptions (e.g., the Markovian assumption) and jus-
tifications used herein can be accessed in standard textbooks (e.g., Palloni 2001; Rogers
1975; Schoen 1988).

2.2. PROCEDURES FOR ESTIMATING ;g;(x) AND | pz;(x)

As defined and discussed earlier, 1¢;(x) (single-year age and ADL status specific death
probabilities) and | py;(x) (single-year age-specific ADL status transition probabilities) are
quantities needed for constructing the multi-state life tables to estimate the active/disabled
life expectancies. We cannot estimate 1¢;(x) and | py;(x) directly from longitudinal survey
data collected in intervals more than 1 year apart [e.g., the 1998—2000 Chinese Longitudinal
Healthy Longevity Survey (CLHLS) data used in this chapter were collected in intervals of
approximately 2 years], whereas 1g;(x) and | py;(x) refer to single-age and 1-year period.
Furthermore, working directly with single-year age intervals (and a 2-year period) would
cause the serious problem of random fluctuations due to small sub-sample sizes at each
single age for each sex. We therefore first estimate ,py;(x, x 4+ 4), the probability of
surviving and transitioning from age group (x, x + 4) with status k& in the first wave to
(x 4+ n, x + 4 + n) with status j in the second wave; where x refers, for example, to ages
80, 85, 90, 95, and 100 in our illustrative application;’ # is the average interval (exact years
with decimal point) between the first and the second interview (which is approximately
2.2 years, for example, in the Chinese healthy longevity survey).

anj(xvx +4)

Ni(x,x +4) )

nDikj (X, X +4) =

Here , My;(x, x +4) is the observed number of persons who were of ADL status & at
age (x, x +4) in the 1st wave of the survey interview, and were of ADL status j at age
(x + n, x + 4 + n) in the second wave of the survey interview. Ny(x, x + 4) is the number
of persons who were aged (x, x + 4) and interviewed with ADL status k in the first wave
and who may have been re-interviewed in the second wave or may have died before the
second wave; we exclude those who were untraceable.

WPi(x, x +4) = e M (x+(n/2),x+44(n/2)) (8)

where , p; (x, x + 4) is the overall average survival probability from age (x, x + 4), to (x +
n, x + 4 + n) in n-year period for those aged (x, x + 4), with ADL status i in the first wave
ofthe survey; , pi.(x, X +4) = 3", capir(x, x +4); 110:(x + (n/2), x + 4 4 (n/2)) rep-
resents the overall average death rates between ages (x,x +4) and (x +#n,x +4 +n)
over the n-year period for those with ADL status i at age (x,x +4) in the first
wave; and ju;(x + (n/2),x +4+ (n/2)) is assumed to be constant over the n-year

2 Equations (1)—(6) are also applicable in estimating active/disabled life expectancies regardless of functional
status at initial age y, and in that case the left-side subscript *;,” should be deleted.

3 When the age x is equal to 100, we deal with age group (x, x + 5), i.e., age groups (100, 105) and (100 + 1,
105 + n), since we conduct our data analysis among the oldest-olds up to age 105 in 1998.
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Figure 1. Five-year age group longitudinal data with n-year interval between two
waves of the survey.

period. Assuming a uniform distribution of the deaths within the 5-year age group and
between the two waves of the survey, the average rate | u;(x + (n/2), x + 4 + (rn/2)) can
be considered as the death rate at age x + 2 + (n/2) in the middle of the n-year inter-survey
period (denoted as | u;(x + 2 4 (n/2), see Figure 1 for illustration). Thus,

In[upir,x + 4)]
n

n n n
1/Li(x+—,x+4+—)=1IM<X+2+—): ©)

2 2 2
For example, in our illustrative application of Equation (9), x refers to ages 80,
85, 90, 95, 100, and (n/2) is approximately equal to one. We thus estimated
114 (83), 114:(88), 114:(93), 114:(98), and | 1;(103), representing the average 5-year age and
ADL specific death rates for age groups 81-85, 86-90, 91-95, 96100, and 101-105 over
the period of 1998-2000. We evaluated the fits of various models, such as the Gompertz,
Weibull, Quadratic, Logistic, and Simplified Logistic models,* to the 5-year age-specific

4 See Thatcher, Kannisto, and Vaupel (1998: 14—18) for a detailed mathematical description and discussions of
these models.
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data of ju;(x + (n/2), x 4+ 4 + (n/2)).° The logistic model® fits the data very well. It per-
forms better than the other models we tried. The observed and the fitted curves of the
death rates among active and disabled oldest-old men and women aged 80—-105 based on
the logistic model are remarkably close to each other (see Figure 2 in Zeng et al. 2004).
Note that the logistic model also fits remarkably well the overall age-specific death rates
without distinguishing active and disabled status of the oldest-old aged 80 and above for
12 European countries and Japan, all of which have high quality data (Thatcher, Kannisto,
and Vaupel, 1998). Zeng and Vaupel (2002) previously demonstrated that the logistic model
(and its simplified form) describes the age trajectory of overall age-specific death rates dis-
regarding active and disabled status among the Chinese oldest-old aged 80+, based on the
1990 census data.

Using the parameters of the logistic model estimated based on the data of the 5-year
age-specific death rates, ju;(x + (n/2),x +4 + (n/2)), we estimated single-year age-
specific death rates (ju;(x)) among active and disabled men and women. We then
estimate:

1gi(x) =1 —e H™ (10

1¢9i(x) are needed for constructing the multi-state life tables to estimate the status-based
active life expectancy.

Note that we distinguished two statuses, “active (i = 1)” and “disabled (i = 2)”, in our
status-based multi-state life table analysis. We estimated , py;(x, x + 4), the 5-year age-
specific transition probabilities between active and disabled statuses for the n-year period,
based on the follow-up survey observations [see Equation (7)]. In our illustrative appli-
cation, we evaluated the fit of various functional forms to the data of , p;;(x, x +4).
We found that a specification of an exponential decline’ fits remarkably well the data
on , p11(x, x 4+ 4) (probabilities of remaining active), and , p1(x, x + 4) (probabilities of
transitioning from disabled to active). The fitted and the observed curves are fairly close
to each other (see Figure 3 in Zeng et al. 2004).

We then applied the best-fitting parametric model (exponential decline) for the
5-year age group data of , pr;(x, x + 4) to estimate the single-year age-specific , pi(x)
and ,, p»1(x) in n-year period. , p11(x) is the probability of surviving to age x + # in active
status in the second wave among those who were active and aged x in the first wave; , p21(x)

5 We compare |u;(x + (1/2), x + 4 + (n/2)) estimated from the Chinese 1998-2000 longitudinal healthy
longevity survey data to those death rates at oldest-old ages derived from the 2000 census (mortality data
within 12 months prior to the census standard time were collected). We found that Chinese healthy longevity
survey death rates at ages 90 and over are fairly accurate, but the death rates at ages 80-89 were somewhat
underestimated (—9.4% and —8.7% at ages 80-84 and 85-89 for males; —13.1% and —6.1% at ages 80-84
and 85-89 for females). We therefore adjusted the survey death rates at ages 80—-89 based on the 2000 census
data of the 22 provinces.

In the logistic model, the function of the hazard rate p(x) is defined as: pu(x) = ¢ + (a € /(1 4+ «®)) (Thatcher,
Kannisto, and Vaupel, 1998: 15).

The exponential decline model is defined as: , p;1 (x) = a; + b;e™ ™.

=

-
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is the probability of surviving to age x + » in active status in the second wave among those
who were disabled and aged x in the first wave.

aP11(X) = ,p1.(x) —» p12(X) (11)
nP22(X) = pp2.(x) =4 p21(x) (12)

Let u; (X) denote the average rate of exits from status i between ages x and x + n; Mi*()_c),
the average rate of accessions between ages x and x + n. The exits include death and
transitions from status i to other statuses. The accessions include returning transition from
another ADL status back to status i. The rates of exits and accessions between ages x and
x + n are the instantaneous rates, and are assumed to be constant within the age interval
(x, x + n). According to the principle of the relationship between survival and the instan-
taneous rates of exits and accessions proposed by Preston and Coale (1982: 225), we have:

N
2pii(x) =e L e O—pi (0t (13)
For example, the interval between the two waves of the survey in our application is approx-
imately equal to 2 years; we therefore assume that the average rates of exits and accessions

between ages x and x + 2 are approximately equal to the single-year age-specific rates of
exits and accessions at age x + 1, namely, u; (x + 1) and ;F (x + 1). Thus,

npig(x) = @ CHD D) (14)

From Equation (14), we have: [u; (x +1) — u,;“(x + D] = —(1/n) In(, pii(x))

So that,
i 1) = @ U D D] /G, i) (15)
peE+ D) =1pr(x+1)— pulx+1) (16)
1p21(x + 1) =1pa(x + 1) =1 poa(x + 1) (17)

Based on Equations (15)—(17), we have estimates of p;(x +1), 1ppHx+1),
1p22(x + 1), and | po1(x + 1), and we can then construct the status-based multi-state life
table of active/disabled life expectancies. We do not need to have the estimates of ., (x 4 1)
and uF(x + 1), which are impossible to derive since we do not have data of returning tran-
sitions back to status i (i.e., out of status i first and back to status i again) between the two
waves of the survey.

3. Hlustrative Application
3.1. DATA AND MEASUREMENTS

The data used in the illustrative application were derived from the first two waves of the
CLHLS conducted in a randomly selected sample of about half of the counties and cities
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in 22 provinces (out of 31 provinces) in 1998 and 2000, covering about 85% of the total
population of China. Among the 8805 voluntary participants aged 80—105 interviewed in
the baseline survey in 1998, there are 463 and 1811 male and female centenarians aged
100-105, 1316 and 1719 male and female nonagenarians aged 90-99, and 1768 and 1728
male and female octogenarians aged 80-89. In the second wave in 2000, out of 8805
original interviewees, 4691 (53.3%) survived; 3270 (37.1%) were dead; 844 (9.6%) were
untraceable. This is the working sample used for the illustrative application presented in
this chapter.

In addition to the extensive questionnaire data collected from surviving interviewees in-
cluding socioeconomic status, health status, life style, diet, etc., follow-up information
about ADL, length of being bedridden, and other health and socioeconomic status before
dying was obtained concerning 3270 oldest-old who had been interviewed in 1998 but
had died before the 2000 survey by interviewing a close family member of these deceased
interviewees. As reviewed by George (2002), the use of surrogate or proxy responses from
family members is appropriate in quality of dying research (Magaziner et al. 1988; Parker
et al. 1996). The sampling design, contents of the questionnaires for the survived and de-
ceased interviewees, and an assessment of data quality, especially the age reporting, etc.,
are presented in the chapter by Zeng, Liu, and George in this volume and are thus not
repeated here.

The elders’ status of independence in daily living used in estimating the status-based ac-
tive/disabled life expectancy with consideration of ADL before dying is measured by the
functional statuses of eating, dressing, transferring, using the toilet, bathing, and conti-
nence.? To avoid problems of small sub-sample sizes in estimating sex—age-specific ADL
status transition probabilities for the multi-state life table construction, we simply di-
chotomized the ADL functional capacity into “active” and “disabled”. This is the same as
in most of the previous studies of active/disabled life expectancy following the multi-state
life table approach (e.g., Crimmins et al. 1997; Land et al. 1994; Rogers et al. 1989).°
If none of the six ADL activities is impaired, the elder is classified as “active”; if one or
more activities are impaired, the elder is classified as “disabled”. The dichotomized ADL

o

The ADL questions are based on the international standard of Katz’ ADL index (Katz et al. 1963) adopted to
the Chinese cultural/social context and carefully tested by pilot studies/interviews. Six questions about ADL
functional statuses (can do it, can do it but need assistance, or cannot do it) were addressed to the oldest-old
or a close family member if the elder was not able to answer. “Eating” refers to feeding oneself. “Dressing”
refers to getting clothes and getting dressed, including tying shoes. “Transferring” refers to getting in and out
of bed as well as in and out of a chair. “Using the toilet” refers to going to the toilet and cleaning afterward.
“Bathing” refers to a sponge bath, shower, tub bath, or washing the body with a wet towel. “Continence” refers
to control of urination and bowel movement.

We did not use hazards models or other kinds of regression models to estimate the age—sex-specific transition
probabilities among multiple (more than two) ADL statuses for two main reasons. First, the estimate of the
coefficient of the age covariate in the regression model may not accurately represent the age trajectory, unless
the age trajectory precisely follows linear or log-linear or another kind of analytical distribution, which is
unlikely to be true. Secondly, the approach using regression models to estimate the age-specific ADL status
transition probabilities presume that all sources of individual-level variations are explained by the covariates
which enter the regressions. This specification is almost surely not true empirically, especially for extended
periods of more than one year (Land et al. 1994: 304).

©
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statuses of “active” and “disabled” are used in computing dynamics of ADL statuses of both
survivors and deceased elders to estimate the status-based active/disabled life expectancy
with consideration of changes in ADL between the last interview and death, using our
proposed new method expressed in formulas (1) and (2).

The extent of morbidity is approximately measured by a combination of ADL status and the
number of days of being bedridden before dying. Table Al in the Appendix of Zeng et al.
(2004) presents the relatively detailed frequency distributions of ADL active/disabled and
days of being bedridden before dying. These and the other relevant data on the dynamics of
ADL statuses of both survivors and deceased elders plus the ADL-specific mortality rates
were used to estimate the proportions of deaths with different extents of morbidity before
dying after age y among those who were ADL active or disabled at age y, using formulas
(1), (2), and (6).

3.2. UNDERESTIMATION OF DISABLED LIFE EXPECTANCIES BASED ON THE
CONVENTIONAL METHODS

As shown mathematically in the Section 2, conventional multi-state methods for estimating
ivL j(x), person-years lived in ADL status j between age x and x + 1, assumes that there
are no ADL status changes between age x and time of death for those who die between age x
and x + 1. This causes bias in estimating status-based active/disabled life expectancy. Our
illustrative application presents the estimates of such biases based on a comparison between
active/disabled life expectancies derived by the conventional method and by our extended
method, which takes into account ADL changes between age x and death. The relative
biases are sizable in most cases. For example, the expected remaining years of life spent in
the disabled status for males who are active at ages 80, 90, and 100 are underestimated by
12.3%, 8.5%, and 10.3%, which are statistically significant.'® Their active life expectancies
are overestimated by 1.4%, 2.1%, and 1.4% (not statistically significant), respectively (see
Table 1 in Zeng et al. 2004 for details). The relative biases in the underestimation of
disabled life expectancy for the female oldest-old who are active at ages 80, 90, and 100

10 Molla, Wagener, and Madans (2001) show how differences in estimates of Healthy Life Expectancy (HLE)
between two subgroups can be tested for statistical significance by application of the conventional statistical
method used for testing difference between two means. The estimated HLE is a mean of random variables
assumed to be independent of each other and with normal distribution (Jagger, Hauet, and Brouard 1997).
Hence, a z-score test can be constructed using the estimated HLE’s of the two subgroups (the z-score is a
standard normal variable estimated by transforming a nonstandard normal variable). Based on the z-score test
and the relevant procedures for calculating the standard errors used by Chiang (1960) and Keyfitz (1968), Molla
et al. (2001) conducted statistical tests for difference of HLE between American white males and females.
Using the basic method of Molla et al. (2001) with some extension, we statistically tested the difference
between the active and disabled life expectancies calculated by our method including ADL status before
dying and those calculated by the conventional method assuming no changes in ADL from age x to death
if a person dies in the age interval (x, x + n). The extension is necessary because our study on status-based
active/disabled life expectancy differs from the study by Molla et al. (2001) in which healthy life expectancies
were not conditional on health status at initial ages. The procedures of the statistical test based on the method
of Molla et al. (2001) with some extension are not presented in our chapter due to space limitation but are
available upon request.
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are 6.8%, 6.3%, and 9.2%, respectively, which are statistically significant; their active life
expectancies are overestimated by 1.3%, 2.2%, and 2.5% (not statistically significant).

For the male oldest-old who were disabled at age 85, 90, and 100, their active life ex-
pectancies were underestimated by 1.5%, 6.5%, and 15.4% (mostly statistically significant)
and their disabled life expectancies were overestimated by 1.1%, 2.9%, and 4.5% (not
statistically significant), respectively, using the conventional method. A similar pattern of
biases was also found among the female disabled oldest-old (see Table 1 in Zeng et al.
2004 for details).

The conventional method and lack of ADL data before dying have caused the percentage
of remaining life in disabled status among the male and female oldest-old who are aged 80
(disregarding functional status at ages 80) to be significantly underestimated by 9.5% and
5.5%, respectively. Based on our new method and the observed data, it seems clear that
among the oldest-old, the lower the age, the larger the underestimation of total disabled
life expectancy (regardless of ADL status at the initial ages), due to cumulative effects
(see Figure 2). The underestimation of the disabled life expectancy for male oldest-old is
substantially larger than that for their female counterparts (see Figure 2). This is because
the time spent in disabled status for those who were active at age x and died between age
x and x + 1 is more likely underestimated by the conventional method than that for those
who were disabled at age x and died in the age interval [see Equations (4) and (5)]; and
the male oldest-old who died between age x and x + 1 were more likely active at age x
than their female counterparts.

% 12 4 —— Males
10 4 —n— Females

80 85 90 95 100
Age
Figure 2. Age-specific distributions of the extent of underestimation of disabled life

expectancies (disregarding ADL status at initial ages) based on conventional
multi-state life table methods.

Using the new method and extrapolated data at ages 65—79, we also found that the under-
estimation of the total disabled life expectancy increases from 9.5% at age 80 to 12.0% at
age 65 for males. The underestimates of the female total disabled life expectancy at ages
65, 70, and 75 are around 5.5%—6.5%, which do not differ substantially from that at age
80. The underestimates of total disabled life expectancy at ages 65, 70, and 75 for both
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males and females are all statistically significant at a level of p < 0.001. Such simulated
results for ages 65—79 can be mathematically interpreted from Equation (5), but they are
premature; a more in-depth understanding will have to be based on future research when
the longitudinal data including ADL status of survivors and ADL status before dying of
deceased interviewees are available for the younger elderly aged 65-79.

In summary, the underestimates of disabled life expectancy using the conventional method
due to the unreasonable assumption of no functional status changes between age x and death
are sizable and statistically significant. The extended method and data employed in this
chapter improve the estimates of disabled life expectancies, as compared to the conventional
method, since it removes an unreasonable assumption. The biases in estimating expected
years in the active status are mostly not statistically significant; biases in estimating the
overall life expectancy (i.e., active and disabled life expectancy combined, see last column
of Table 1 in Zeng et al. 2004) based on the conventional method are, however, negligible
due to the counteracting effects of overestimates and underestimates of the active and
disabled life expectancy.

3.3. GENDER AND AGE DIFFERENTIALS OF STATUS-BASED
ACTIVE/DISABLED LIFE EXPECTANCIES

Several interesting observations can be drawn from the estimates of status-based ac-
tive/disabled life expectancies based on our extended method, which includes informa-
tion of ADL changes between age x and death and thus corrects the underestimation of
disabled life expectancy. First, the percentage of remaining life spent in the active status dif-
fers tremendously between those oldest-old who were active and those who were disabled at
the initial ages. For example, a man who was active at ages 80, 90, and 100 would expect to
spend about 90%, 80%, and 78% of his remaining life in the active status, in contrast to 67%,
31%, and 26% for a man who was disabled at ages 80, 90, and 100. The same pattern of ex-
tremely large differences in active/disabled life expectancies between the female oldest-old
who were active and the female oldest-old who were disabled was also found (see Figure 3).

Second, gender differentials in active/disabled life expectancies among the Chinese oldest-
old who were active at the initial ages are rather large with an obvious female disadvantage;
such gender differentials tend to increase with advancing age. For example, the portions of
remaining life in the active status of the male oldest-old who were active at ages 80, 90, and
100 were 7%, 8%, 17% higher than those of their female counterparts, respectively (see
Figure 3). There is, however, no clear pattern of gender differentials in active/disabled life
expectancies among the Chinese oldest-old who were disabled at the initial ages: the male
and female curves cross over each other and the differences are mostly small (see Figure 3).

Third, the percentage of active life expectancy among those male and female oldest-old
who were active at the initial age declines slightly from age 80 to 105, especially after
age 90. The percentage of active life expectancy among the oldest-old men and women
who were disabled at the initial age declines very quickly from age 80 to 90 and declines
moderately from age 90 to 95. This percentage remains unchanged after age 95 among
males, but continues to decline substantially after age 95 among females (see Figure 3).
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Figure 3. Percentage of remaining life spent in active status among Chinese
oldest-old men and women who are active or disabled at initial ages.

3.4. LIFE TABLE PROPORTIONS OF THE EXTENT OF MORBIDITY BEFORE
DYING AMONG THE OLDEST-OLD WHO ARE ACTIVE OR DISABLED
AT INITIAL AGES

As discussed earlier, data on ADL status before dying among the deceased oldest-old were
collected in the Chinese healthy longevity survey and employed to improve the estimation
of disabled and active life expectancy—as an easily understandable summary indicator
of functional capacity. We, however, believe that ADL status alone is not sufficient for
measuring the extent of morbidity before dying. Therefore, we combined data on ADL
status and days of being bedridden before dying to estimate the life table proportion of the
extent of morbidity before dying among the oldest-old who are active or disabled at initial
ages, using the formula expressed in Equation (6).

We grouped the relatively detailed data in Table Al of the Appendix in Zeng et al. (2004)
into four profiles to express the extent of morbidity before dying: slight morbidity, moderate
morbidity, severe morbidity, and long-term severe morbidity. Each profile was named by its
main characteristics. The slight morbidity profile refers to those who were ADL active and
bedridden for <5 days (including not bedridden). The moderate morbidity profile refers to
those who were ADL active and bedridden for >5 days or ADL disabled and bedridden for
<5 days. Severe morbidity refers to those who were ADL disabled and bedridden for 5-59
days. The long-term severe morbidity profile refers to those who were ADL disabled and
bedridden for >60 days. The cutoffs of the bedridden days in defining the four profiles are
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arbitrary to some extent, mainly based on common sense about morbidity and suffering
plus consideration for a more or less even percentage distribution across the four profiles.

As shown in Figure 4A and B, the oldest-old who were active at the initial age had a
substantially higher chance of experiencing a slight morbidity death and a substantially
lower chance of experiencing a long-term severe death than those oldest-old who were
disabled at the initial age. ADL status at oldest-old ages is a powerful predictor of slight
morbidity or long-term severe morbidity death. In general, the male oldest-old had a sub-
stantially higher percentage of slight morbidity deaths and a substantially lower percentage
of long-term severe morbidity than their female counterparts. The gender differentials with
female disadvantages in slight morbidity death and long-term severe morbidity death are
remarkable, statistically significant at almost every age regardless of ADL status at ini-
tial ages.!! As compared to their male counterparts, Chinese oldest-old women not only
survive in a more likely disabled status, but also suffer more before dying.

Our empirical results show that the life table proportions of slight morbidity death over
initial age y do not decline with an increase of age y, except for males from over age 80 to
over age 85 and females from over age 90 to over age 100 (see Figure 4A). The life table
proportions of long-term severe morbidity death over initial ages y are rather stable (with
few fluctuations) from over age 80 to over age 100 for both males and females regardless
of ADL status at initial ages (see Figure 4B). This is generally consistent with previous
similar studies and provides additional evidence concerning debates on the hypothesis
about compression of morbidity. We will discuss this interesting finding in the following
section.

4. Concluding Remarks

Conventional multi-state life table methods implicitly assume that there are no changes in
functional status from age x to death if a person dies in the age interval (x, x + n) due to
a lack of data on the functional status before dying. This unreasonable assumption causes
statistically significant underestimates of disabled life expectancies and overestimates of
active life expectancies which are mostly not statistically significant. Our proposed new
method plus the data on ADL status before dying have resulted in higher and more accurate
estimates of disabled life expectancy than the conventional method would produce.

Previous research has indicated that the underestimation of disability is one of the major
problems in research on population aging (Gill, Hardy, and Williams 2002; Guralnik and
Ferrucci 2002). Based on monthly telephone interview data, Gill et al. (2002) demonstrated
that estimates of disability based on the proportions of disabled persons (i.¢., the prevalence
rates) at different waves with longer intervals between waves (e.g., 1-5 years) could be
substantially underestimated because multiple transitions from active to disabled between
the waves are not captured (Guralnik and Ferrucci 2002). Gill et al. (2002) also noted

I The statistical test procedure is based on the method of Molla et al. (2001) with some extension; see note 10
for more details.
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Figure 4. Life table proportions of slight morbidity before dying by ADL status at
initial ages (A). Life table proportions of long-term severe morbidity before dying by
ADL status at initial ages (B).
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that failure to count the likely transition from active to disabled statuses before dying
also markedly increases the underestimation of disability, which is consistent with our
findings in this study. Gill and colleagues proposed to substantially reduce the length of
the observation intervals between interviews (which will also largely increase the costs) to
reduce the underestimation of disability.

This study may be considered an extension of the empirical research findings of Gill et al.
(2002) in three respects. First, we have developed a new method and reported new data
on functional status changes before dying to correct the bias in estimating disabled life
expectancy by conventional multi-state life table methods, which unreasonably assumes no
functional status changes between age x and death—Gill et al. (2002) noticed the problem
but did not propose a solution to correct the underestimates of disabled life expectancy.
Disabled life expectancy based on data collected through monthly interviews (as Gill et al.
collected) and using conventional multi-state life table methods is also underestimated.
This is because those elderly who are active at the beginning of month x and die within
the month may more likely become disabled between the beginning of the month and
death, but the conventional methods assume that these deceased elderly remained active
until death. Second, the single-year, age-specific probabilities of transitions between the
active and disabled statuses employed to construct the multi-state life table in this study are
based on single-year age-specific occurrence/exposure (o/e) rates of transitions between
active and disabled statuses. These o/e rates are estimated using a formula that represents
the analytical relationship between the observed probability of “survival” to a status (i.e.,
survival to active or disabled status in 2-year interval in our illustrative application) and
the instantaneous rates of exits and accessions (i.e., transitions between active and disabled
statuses and death in our case) proposed by Preston and Coale (1982: 225). This counting
of the multiple transitions between active and disabled statuses during the single-year age
interval eliminates or at least minimizes the bias from using prevalence rates which entirely
ignore the multiple events, as indicated by Gill et al. (2002). Third, Gill et al. (2002) did
not present and analyze gender differentials of the underestimation of disability. Our study
has found that, while the underestimation of disability is significant for both sexes, the
bias for males is substantially larger than that for females, because the male oldest-old
who died between age x and x + 1 were more likely active at age x and became disabled
before dying, but the females were more likely disabled at age x and remained so until
death (Guralnik et al. 1991; Liao et al. 2000).

Thus, as compared to the underestimated disabled life expectancy using conventional multi-
state life tables, our extended multi-state life table method and additional data collection
on ADL and morbidity status before dying is a useful contribution from a public health
point of view. It also indicates practical needs for collecting data on health status before
dying in future longitudinal surveys.

Based on our extended method plus the data on ADL and the number of bedridden days
before dying collected in the CLHLS study, we found that, as compared with men, women
not only spend a relatively larger proportion of their remaining life in the disabled status
but also more likely suffer long-term severe morbidity before dying. The male oldest-
old had a substantially higher chance of experiencing a slight morbidity death than did
their female counterparts; the male life table proportions of experiencing long-term severe



66 ZENG Y1, D. GU, AND K.C. LAND

morbidity before dying are substantially lower than those of their female counterparts. The
gender differentials in the extent of morbidity before dying are remarkable and statistically
significant. Similarly, several previous studies (which did not follow an active/disabled
life expectancy approach) found that the female elderly had a worse health status than
the male elderly in the last days of life in terms of disability and cognitive function (e.g.,
Guralnik et al. 1991; Latwon, Moss, and Glicksman 1990; Losonczy, White, and Brock
1998; Seeman 1992). The results from our analysis also show that interviewees’ ADL
status (enquired in the survey) is a powerful predictor of the extent of morbidity before
dying for both male and female oldest-old.

This study demonstrates that the age differences in life table proportions of the extent
of morbidity before dying among the oldest-old are not substantial. The proportion of
long-term severe morbidity before dying among centenarians is not substantially different
from that of octogenarians and nonagenarians for both males and females. Such results
suggest that a period of morbidity before death (measured by ADL and days of being
bedridden in this study) of those exceptionally long-lived individuals could be compressed
into a relatively short duration as compared to their largely prolonged life. Our results
are consistent with some previous similar studies. For example, Guralnik et al. (1991)
demonstrated that a large proportion of the total years spent in the disabled status was
contributed by the years just prior to death irrespective of the age at which an older
individual dies. Evert et al. (2003) found that the Escapers who have onset of a disease at
100 or higher or have not yet been diagnosed with any disease except osteroarthritis made
up nearly 20% of the centenarian sample.

Our findings on the extent of morbidity before dying may support the hypothesis of morbid-
ity compression initially proposed by Fries (Fires 1980; Fries and Crapo 1981), although
no evidence from our study supports Fries” hypothesis about the natural limit of human life
expectancy. Our study also may support the dynamic equilibrium hypothesis introduced by
Manton (1982): slowing down in the pace of progression of morbidity leads to an increase
in the prevalence of light and moderate (but not severe) disability as mortality falls among
the oldest-old. Further analysis with more data to be collected is needed to determine
whether Fries’ hypothesis of morbidity compression or Manton’s hypothesis of dynamic
equilibrium is fully supported by the Chinese healthy longevity survey study. This study
may reject the hypothesis of a pandemic of disability which says that a decrease in the
fatality rate at oldest-old ages leads to a significant increase in the prevalence of morbidity
(Gruenberg 1977; Kramer 1980). Given the concerns of selections and the data limita-
tions, however, it would be injudicious to draw strong conclusions about the compression
of morbidity from our available data, but the present study does provide useful information
to the debate on the subject.
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1. Introduction

Given the unprecedented growth of older populations throughout the world, both in ab-
solute numbers and as percentages of their respective populations, our societies will be
challenged to provide accessible health care and other services of adequate quality at ac-
ceptable costs. Although mortality rates have declined for several major fatal diseases,
such as heart disease and stroke, there has been a large increase in the prevalence of many
chronic diseases. Diabetes ranks among the most serious chronic diseases. Its incidence
and prevalence in many developed and developing countries have risen dramatically dur-
ing the past several decades (Burke et al. 1999; King, Aubert, and Herman 1998; Mokdad
et al. 2000). Researchers project that diabetes will reach epidemic proportions in many
developing and developed countries by 2025, estimating that the largest number of peo-
ple with diabetes will reside in China, India, and the United States (King et al. 1998).
Among older people, health care utilization and costs are notably higher for those with
diabetes than for those without the disease (Olsson et al. 1994). Even at younger ages,
when the cumulative burden of diabetes has yet to take its full toll on health and functional
ability, people with diabetes use substantially more hospital, outpatient, physician, and
ancillary health care services (Laditka, Mastanduno, and Laditka 2001). Individuals with
diabetes have a shorter total life expectancy (TLE) than those without the disease (Gu,
Cowie, and Harris 1998). Yet active life expectancy researchers have only recently begun
to specifically examine life course effects of diabetes (Bélanger et al. 2002; Jagger et al.
2003).

The purpose of our study is to develop an expanded model of healthy life expectancy.
We identify differences in life expectancy for people with and without diabetes. We also
identify differences in the number of years that individuals with and without diabetes
can expect to live either with or without disability. The number of years with disability is
commonly called inactive life expectancy, or disabled life expectancy. The number of years
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without disability is commonly called active life expectancy, or healthy life expectancy.
Diabetes was selected for study because of its high and rapidly growing prevalence, its
serious impacts on health throughout the life course, and its amenability to prevention
and control. Importantly, recent large-scale controlled clinical research has demonstrated
that the incidence of diabetes can be dramatically reduced at any stage in the life course,
with either relatively modest lifestyle changes or pharmacotherapy (National Institute of
Diabetes and Digestive and Kidney Diseases 2001). To allow sound policy making, it is
especially useful for governments to understand the full impacts of diabetes on health
and life expectancy. It is also important that individuals, presented with the possibility of
themselves delaying or preventing the onset of diabetes through personal action, understand
the considerable risks of declining function and shorter life that can be reduced by modest
sustained individual effort. With better knowledge of the human costs of this disease,
policy makers and individuals alike will be in a better position to weigh the relative costs
and benefits of the lifestyle changes or treatments necessary to reduce the likelihood of
diabetes onset (Laditka and Laditka 2000).

We develop estimates of total, active, and inactive life expectancy for a nationally represen-
tative sample of older women and men in the United States, using data from the 1984—1990
Longitudinal Study of Aging (LSOA). We model functional status transitions as discrete-
time Markov chains, and use microsimulation to calculate summary indicators of health
expectancy (Laditka and Wolf 1998). Estimates are calculated separately for groups de-
fined by sex, race, education, and the presence or absence of diabetes at age 70, accounting
for the initial distribution of disability in each group. Our approach allows us to identify the
differential effects of diabetes among these groups over the course of older life. In addition,
researchers have highlighted the usefulness of identifying complete distributions of life
expectancies, and of analyzing the within- and between-group variability of expectancy
estimates (Laditka and Hayward 2003; Wolf and Laditka 1997; Wolf, Laditka, and Laditka
2002). By within-group differences, we mean differences associated with the presence or
absence of diabetes within a group of individuals with the same general characteristics,
such as gender, race, and education. By between-group differences, we refer to differences
among individuals in various groups, such as life expectancy differences among those
with diabetes, comparing women with more education to men with more education. We
contribute to the body of active life expectancy research by investigating full distributions
of total, active, and inactive life expectancy, and by showing how these indicators vary
both within and between population groups, with special emphasis on groups defined by
the presence or absence of diabetes.

2. Background
2.1. DISEASE-SPECIFIC ACTIVE LIFE EXPECTANCY RESEARCH

A growing number of studies have examined cause-specific mortality and/or morbidity
rates, and their effects on active life expectancy. Cause-specific mortality and morbidity
calculations have been made using data from Australia, Canada, the Netherlands, the United
Kingdom, and the United States (Robine, Romieu, and Cambois 1997). Bone, Bebbington,
and Nicolaas (1998) reviewed findings from Australia, Britain, and the Netherlands. They
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focused on three major disease categories, cancer, circulatory disease, and musculoskeletal
conditions, finding that eliminating circulatory diseases had the largest positive effect on
longevity. Eliminating chronic nonfatal diseases, such as musculoskeletal conditions, had
almost no effect on life expectancy, but brought the largest gain in the proportion of active
life for most people studied (Bone et al. 1998). Hayward, Crimmins, and Saito (1998), using
data from the United States, estimated models in which several major causes of death were
separately eliminated for women and men, finding substantial gender differences in disease-
specific effects. For both women and men, eliminating heart disease brought the greatest
life expectancy gains. For men, additional years from the elimination of heart disease were
primarily active ones. For women, however, years gained were inactive.

Two recent studies of disease-specific effects examined the influence of diabetes on healthy
life expectancy. With data from Canada, Bélanger et al. (2002) used multi-state life table
methods to examine effects of several chronic diseases and other risk factors on healthy
life expectancy for women and men aged 45 and older. Risk factors examined included
education, income, smoking, body mass index, physical inactivity, arthritis, diabetes, and
cancer. Bélanger et al. found that diabetes presented the greatest threat to health and
longevity of all diseases and lifestyle risks studied, reducing life expectancy for women
even more than cancer or smoking, two other factors with large impacts on mortality.
Bélanger et al. suggested that this effect may in part result from associations between
diabetes and heart disease. The impact of diabetes on life expectancy was less for men than
for women, though still substantial. For men, only cancer, smoking, and low education were
greater risk factors for reduced life expectancy. Diabetes was also found to be responsible
for large reductions in disability-free life expectancy. The reduction for women was almost
15 years of disability-free life, while men with diabetes lost 11.5 years. Among individuals
with diabetes, the proportion of life expected to be lived free of disability was only 33%
for women, 41% for men. These proportions compare to 59.9% for the total population
of women, 67.5% for the total population of men. Moreover, for both women and men,
the impact of diabetes on the proportion of life expected to be lived free of disability was
greater than the impact of any other disease or lifestyle factor.

Crimmins, Kim, and Hagedorn (2002) provide another perspective on disease-specific
effects, showing how disease factors combine to yield healthy and diseased life expectancy.
Using the Sullivan method, Crimmins et al. found that, beginning at birth, the expected
number of years to be lived with diabetes is 3.4 for women, 2.7 for men. The expected
number of years to be lived with diabetes beginning at age 65 is 2.1 for women, 1.7 for
men. These expected years to be lived with diabetes are averages across entire populations;
the number of years lived with diabetes for those who incur the disease is many more than
these population averages.

Our study incorporates disease-specific information about diabetes into models predicting
estimates of total, active, and inactive life expectancy for populations defined, in part, by the
presence (or absence) of diabetes at age 70. The estimates of total, active, and inactive life
for people with and without diabetes provide an additional measure of how disease-specific
differences in health accumulate over the older life course. Information about the burden
of chronic disease is useful for health planners in targeting resources for disease research,
and for estimating health care resource needs. In addition, our study provides information
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that may help policy makers perform cost—benefit analyses for diabetes treatment and
prevention.

2.2. DIABETES-RELATED DISABILITY PATHWAY S

Diabetes can lead to impairment and disability through several pathology processes as-
sociated with long-term complications of the disease. These processes include peripheral
vascular disease, coronary artery disease, cerebrovascular disease, vision disorders, and
kidney disease. Peripheral vascular disease is characterized by decreased arterial perfusion
of the lower extremities, and is also often referred to as lower extremity arterial disease
(LEAD). It has been well documented that the incidence of LEAD is significantly higher
among individuals with diabetes than it is among those without the disease (Palumbo and
Melton 2001). Frequent complications of LEAD are the development of infections in the
lower extremities and foot ulcers. Foot ulcers are common among people with diabetes,
affecting about 15% of those with the disease at some time in their lives (Reiber, Boyko,
and Smith 2001). Complications due to LEAD, such as foot ulcers that become infected,
are a common cause of lower extremity amputations (LEA). An analysis based on 1989—
1991 US hospital discharge data with a LEA, for example, revealed that about half of the
discharges included a comorbidity of diabetes (Reiber et al. 2001). LEA rates increase
with age, and are higher for men and for blacks (Reiber et al. 2001).

Coronary heart disease is the most common cause of death for people with diabetes
(Wingard and Barrett-Connor 2001). Heart disease occurs earlier in life for individu-
als with diabetes. In contrast to generally lower rates of heart disease for premenopausal
women than for men, women with diabetes are as likely to have heart disease as men. Heart
disease is more likely to be fatal for individuals with diabetes (Wingard and Barrett-Connor
2001). Consistent with substantially higher incidence of heart disease, the prevalence of
congestive heart failure is twice as high among individuals with diabetes (Wingard and
Barrett-Connor 2001); congestive heart disease is a major cause of mortality and disability
for older people (Rich 1997). Diabetes is also clearly linked to significantly higher rates of
stroke, particularly for blacks (Kuller 2001). Further, after suffering a stroke, individuals
with diabetes have a notably worse prognosis than those without the disease (Kuller 2001).
Although deaths from strokes have decreased dramatically in the United States and many
other countries since the early 1990s, the incidence of stroke has increased—although some
of this increase may be accounted for by improved diagnosis (Kuller 2001). Diabetes has
also been associated with increased risks of both Alzheimer’s disease and vascular demen-
tia (Leibson et al. 1997; Ott et al. 1999). In the area of vision loss, diabetic retinopathy,
caused by hyperglycemia, is the major cause of new cases of blindness in the United States
(Harris 2001). Cataracts and glaucoma are also long-term complications of diabetes that
can lead to vision loss (Harris 2001). As for kidney disease, diabetes accounts for more
than 35% of end-stage renal disease (ESRD). Among those requiring renal dialysis and
kidney transplants, individuals with diabetes make up the fastest growing group (Nelson
et al. 2001).

Collectively, the major pathologies just described, which characterize long-term complica-
tions of diabetes, often result in lower limb amputations, heart disease, stroke, dementia,
poor vision, and ESRD, combining to produce significantly higher disability rates for
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individuals with diabetes than those without the disease (Songer 2001). A number of stud-
ies have shown that disability rates for people with diabetes are significantly higher than
those for people without the disease (Harris 2001). Results from the 1989 National Health
Interview Survey (NHIS), for example, show that activity limitations are two to three times
more common for people with diabetes (Songer 2001). The same study also found diabetes
to be the 11th most commonly cited main cause of activity limitation, such as difficulty
performing an activity of daily living (ADL) (Songer 2001). Researchers have identified
several individual characteristics of people with diabetes that are associated with signifi-
cantly higher rates of disability: being older, being female, and being black (Songer 2001).
But results show that the strongest disability risk factor associated with diabetes is the
presence of a long-term complication of the disease (e.g., retinopathy, stroke, amputation,
and heart problems) (Songer 2001). These findings reinforce the strong causal link between
the underlying pathology of diabetes and disability.

3. Methods
3.1. DATA

Our study uses data from the 1984, 1986, 1988, and 1990 waves of the LSOA. One of
the primary objectives of the LSOA was to evaluate changes in functional ability among
older individuals in the United States over time. The baseline 1984 LSOA survey was
administered to 7527 non-institutionalized individuals aged 70 or older. The survey was
designed to provide nationally representative estimates of such individuals. Those who
subsequently entered nursing homes were included in the follow-up interviews. Kovar, Fitti,
and Chyba (1992) provide details about the LSOA. The sample used in this study is restricted
to LSOA respondents whose records contained the information required for our modeling.
Among the observations omitted from this analysis because of missing data, losses occurred
disproportionately among nonwhites. For this reason, we have greater confidence in our
findings for whites than for nonwhites. In our analysis, the sample of women, n = 4281,
provided 9489 instances of functional status transition, from which parameters representing
transition probabilities were calculated. Our sample of men, n = 2640, provided 5551
instances of functional status transition. Details of the LSOA sample selection criteria are
provided by Laditka and Wolf (1998).

Consistent with previous studies of active life expectancy, an individual’s functional status
assignment in this study reflects the presence or absence of impairment in the following
ADLSs: bathing, eating, dressing, transferring, and using the toilet (Katz et al. 1963). Indi-
viduals were defined as impaired if they reported any difficulty performing one or more of
these activities, or if they reported receiving any help carrying out the activity. Our models
include several covariates representing other factors that have been shown by previous re-
search to be associated with functional status dynamics: age, race, and education (Hayward
and Heron 1999; Laditka and Laditka 2002; Land, Guralnik, and Blazer 1994). Consis-
tent with prior research showing substantial gender differences in mortality and morbidity
(Crimmins, Hayward, and Saito 1996), separate models were estimated for women and
men. We also included a covariate indicating the presence or absence of diabetes at the age
70 baseline.
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Unweighted and weighted sample means and proportions were similar for all variables
used in the analysis; unweighted results are presented. Age is measured in years. The
mean age of the women in the LSOA sample used for this analysis was 77.1 (SD = 5.6).
Mean age of the men in the sample was 76.3 (SD = 5.3). Nonwhites were 8.6% of the
unweighted sample of women, of which 90% were blacks. Nonwhites were 7.7% of the
sample of men, of which 84.2% were blacks. Low Education, a dichotomous variable,
identifies individuals who completed less than 12 years of school (54.7% of women; 59%
of men). The presence or absence of diabetes was identified in the 1984 baseline survey
with the question: “During the past 12 months, did you have diabetes?” Of women in the
sample, 10.1% responded affirmatively to this question, of men, 9.7% did so.

3.2. ANALYTICAL APPROACH

We used a multinomial logistic regression model in which the dependent variable is multi-
chotomous, representing three states: unimpaired (having no ADL limitations), impaired
(having one to five ADL limitations), and dead. Previous research provides strong ev-
idence that impairment processes differ notably between whites and nonwhites; in this
instance, however, likelihood-ratio tests did not confirm statistically significantly different
model parameters by race. Thus, we estimated a single model each for women and men,
incorporating nonwhite as a covariate in each of the models. The multinomial estimation
procedure produced parameters of functional status transition. In addition to four constants,
one corresponding to each transition type, 16 parameters were estimated. One parameter
was estimated for each independent variable (age, race, education, and baseline diabetes
status) for each of four functional status transitions, such as unimpaired to impaired. Co-
efficients corresponding to the two transitions to being unimpaired (i.e., the transitions
from unimpaired to unimpaired, and from impaired to unimpaired) were normalized to
zero. Probabilities for all possible transitions in the three-state model were derived from
the estimated coefficients. Thus, from the lived experience of individuals surveyed in the
LSOA, these procedures calculated the probability of each possible transition in the model.
Although respondents to the LSOA were surveyed over intervals of years, these procedures
calculated the probability of each possible transition from one month to the next, providing
the basis for the simulation. These procedures were conducted using specialized software
designed for this purpose written in the SAS IML™ programing language.

With the parameters of the multinomial logistic regression models, we used microsimu-
lation methods to produce full distributions of TLE, active life expectancy, and inactive
life expectancy, and to calculate summary indices of these distributions. The parameters
of functional status transition provided the basis for simulating each individual’s func-
tional status and survivorship, month by month, from age 70 until death. For example,
for an individual with an ADL status of unimpaired in the first month of the simulation,
the microsimulation procedure used the parameters of functional status to generate three
transition probabilities. Each probability corresponds to a possible functional status state
the following month (unimpaired, impaired, or dead) given the individual’s sex, age, race,
diabetes status at baseline, and his or her functional status in the current month. These
three monthly transition probabilities were mapped into subsets of the 0—1 interval. Then
a computer-generated random number was drawn from the 0,1 distribution. Based on the
subset of the 0—1 interval into which the random number fell, a value for the individual’s
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functional status for the next month was assigned. For each individual, this process was re-
peated for each successive month until the monthly transition probabilities, interacting with
the stochastic process, produced a transition to death. These microsimulations generated
sets of functional status histories for older women and men.

For this analysis, individual monthly functional status histories were created for several
simulated populations, each of 100,000 individuals. One such population was simulated
for each of eight groups of women and eight groups of men, defined by race category,
educational attainment level, and baseline diabetes status. The profile of disability charac-
terizing the starting population for each microsimulation matched the disability profile of
actual populations at ages 70—75 living in the community with the same combination of
sex, race, education, and diabetes status. Actual population profiles were identified through
weighted analysis of the 1984 LSOA. Thus, for example, the older life course experience
of disability was simulated for two populations of 100,000 white women with a low level of
education. One of these simulations identified life and health expectancies for a population
without diabetes. In this instance 14.9% of the simulated population began the simula-
tion disabled, matching the weighted proportion of the corresponding actual population
identified from the LSOA. The second of these two simulations was for a population with
diabetes at baseline, 24% of which began the simulation disabled. Analogous simulated
populations were created for each group of women and men.

The data produced by the microsimulation procedure are treated as longitudinal survey
data, analyzed using standard statistical methods. For example, TLE within the simulated
population is simply the average age at death. We investigate the degree of variability in
the length of active and inactive life by producing a frequency distribution of the number
of years spent in each functional status (Wolf and Laditka 1997; Wolf, Laditka and Laditka
2002). We then summarize this variability using conventional summary statistics, such
as histograms and standard deviations. Details about the model of functional status, the
procedure for estimating transition probabilities, and the microsimulation procedure used
in this study have been published (Laditka and Laditka 2001; Laditka and Wolf 1998; Wolf
et al. 2002).

4. Results
4.1. MODEL OF FUNCTIONAL STATUS TRANSITIONS

Table 1 shows the estimated coefficients for our model of functional status transitions for
women and men. Each block of entries displays coefficients associated with covariates
in our model, coefficients which together determine probabilities of transitioning from an
origin status to a destination status. Origin statuses are U = unimpaired and / = impaired.
Destination statuses include U, I, and D = dead. For each possible transition, Table 1
presents a constant value and four coefficients each representing effects of age, race,
education, and diabetes. The estimates for women are shown in the first data column of
Table 1. For women, all of the coefficients for the transition from unimpaired to impaired
are positively signed and highly statistically significant (p < 0.001), indicating that women
who are older, nonwhite, have less education, or have diabetes are more likely to become
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Table 1. Parameters of multinomial logit models of functional status transitions.

Estimate (SE)?

‘Women

Men

Origin = U; Destination = /°
Constant
Age
Nonwhite
Low education
Diabetes
Origin = U; Destination = D
Constant
Age
Nonwhite
Low education
Diabetes
Origin = I; Destination = °
Constant

—5.829 (0.089)**
0.085 (0.006)***
0.374 (0.104)***
0.255 (0.065)***
0.561 (0.105)***

—6.719 (0.139)*
0.069 (0.010)***

—0.227 (0.252)

—0.070 (0.108)
0.668 (0.172)***

3.780 (0.142)***

—5.647 (0.125)°
0.066 (0.009)***
0.204 (0.143)
0.269 (0.096)**
0.588 (0.140)***

—5.915 (0.120)"*
0.049 (0.009)***

—0.283 (0.185)
0.364 (0.097)***
0.390 (0.152)**

3.411 (0.200)***

Age 0.033 (0.009)*** 0.050 (0.014)***
Nonwhite 0.142 (0.172) 0.156 (0.278)
Low education —0.004 (0.102) 0.113 (0.158)
Diabetes 0.099 (0.161) 0.182 (0.250)

Origin = I; Destination = D®
Constant —1.521 (0.186)*** —1.197 (0.243)***
Age 0.088 (0.011)*** 0.100 (0.016)***
Nonwhite 0.249 (0.214) 0.071 (0.330)
Low education 0.068 (0.132) —0.026 (0.191)
Diabetes 0.359 (0.195) 0.415 (0.290)

n, respondents 4281 2640

n, functional status transitions 9489 5551

Source: 1984-1990 Longitudinal Study of Aging.
*p < 0.05.

**p <0.01.

% p < 0.001.

4SE = standard error.

"y = unimpaired; / = impaired; D = dead.

impaired than those who are, respectively, younger, white, more highly educated, or without
diabetes. For the transition from unimpaired to dead, the coefficients for age and diabetes
are positively signed and highly statistically significant, indicating that both increasing age
and having diabetes increase the likelihood of dying in a given month from the unimpaired
state. Only age and the constant term are statistically significant for remaining impaired
from one month to the next, or for dying from an impaired state in the same interval. Positive
signs on most remaining coefficients for these transitions are consistent with greater risks
for remaining impaired or dying from the impaired state for nonwhites, those with low
education, and those with diabetes. A similar pattern of coefficient signs, magnitudes,



EFFECTS OF DIABETES ON HEALTHY LIFE EXPECTANCY 79

and statistical significance is depicted in the second data column of Table 1, which shows
coefficients and standard errors corresponding to monthly transition probabilities for men.

4.2. OLDER LIFE CYCLE PATTERNS OF ACTIVE LIFE EXPECTANCY

Tables 2 and 3 and Figures 1 and 2 illustrate the main results of our microsimulation
analyses, all of which begin with simulated populations at age 70 with fixed characteristics
of race category, educational attainment level, and diabetes status.

Table 2 shows average years of remaining life (TLE), average remaining years of unim-
paired life (unimpaired life expectancy, ULE), and average remaining years of impaired
life (impaired life expectancy or ILE), all at age 70 for the eight groups of women and eight
groups of men studied. Table 2 also shows the standard deviations of these averages, quan-
tifying within-group differences. Within each group defined by sex, race, and education,
there are notable differences between those with diabetes and those without the disease.
White women with high education without diabetes live over 4 years longer than white
women with high education with diabetes. Further, as indicated by the Table 2 column
headed “ULE % of TLE”, of these two groups, those without diabetes live a substantially
greater percentage (72%) of their older lives in good health than those with the disease
(61%). Analogous findings are true for all pairings of women.

In groups paired across race categories with the same educational attainment level and
diabetes status, TLE for white women exceeds that of nonwhite women. Nonwhite women
can also expect to spend a smaller proportion of their lives unimpaired than white women.
For example, a nonwhite woman with low education without diabetes can expect to live
about 60% of her remaining life unimpaired; the analogous figure for a white woman with
the same characteristics is 68%. More education is generally associated with a longer life
and a smaller proportion of impaired life for both white and nonwhite women and for both
diabetes status groups, but this protective effect of education is small. Importantly, the
presence (or absence) of diabetes exerts a much stronger effect on total and healthy life
expectancy than either race or education.

Averages (and standard deviations) of remaining years of TLE, ULE, and ILE for men
are also reported in Table 2. TLE is, as expected, substantially shorter for men than for
women in most groups defined by race category, education, and diabetes status. White
men with high education without diabetes at age 70, for example, have a TLE at age
70 of 10.5 years. This expectancy for the corresponding group of women is 13.9 years,
32% longer. For men, as for women, the presence (or absence) of diabetes exerts a powerful
effect within all paired subgroups. White men with low education without diabetes live
2.3 years longer than men with the same characteristics with diabetes; this amounts to
a 35% greater TLE at age 70. Those without diabetes also live a substantially larger
percentage of their lives without impairment than those with diabetes. White men with low
education without diabetes at baseline live about 75% of their lives after age 70 without
impairment. The corresponding group of men with diabetes live only about 65% of their
remaining lives without impairment. Analogous findings appear in all paired groups of
men. Education has a more powerful effect for men than for women for both whites
and nonwhites. Among nonwhite men without diabetes, for example, those with more
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Table 3. Differences in life expectancies for women and men at age 70, by expectancy
type, years, and percentage.

Difference in expectancy by type

TLE ULE ILE

Years % Years % Years %

Difference between individuals without diabetes and with diabetes

Women
White, high education —4.1 -295 —40 -40.0 -0.1 —2.6
White, low education -3.7 -28.0 -35 -389 -04 -9.1
Nonwhite, high education -34 -27.6 -—-3.1 —-40.8 -0.3 —6.4
Nonwhite, low education -33 -270 -2.8 -—-384 -—-05 -10.2
Men
White, high education -2.8 -26.7 -—-2.8 =329 0 0
White, low education -23 =258 —-24 -—-358 0.1 43
Nonwhite, high education -29 =261 =29 =345 0 0
Nonwhite, low education -2.5 =255 -2.6 —-38.2 0 0
Difference between women and men
White
High education, without diabetes —3.4 —-24.5 —-1.5 —-15.0 —-19 —48.7
High education, with diabetes -2.1 -214 -03 -50 —-1.8 —-474
Low education, without diabetes —4.3 —-32.6 —-2.3 -—-25.6 —-2.1 —47.7
Low education, with diabetes -29 -30.5 -12 -21.8 —-1.6 —40.0
Nonwhite
High education, without diabetes —1.2 ~ —9.8 0.8 105 —-2.0 —-42.6
High education, with diabetes -07 =79 1.0 222 —1.7 -38.6
Low education, without diabetes —2.4 —19.7 —0.5 —6.8 —1.8 —=36.7
Low education, with diabetes —-1.6 —18.0 1.0 222 —-13 =295

Source: 1984-1990 Longitudinal Study of Aging.
TLE = total life expectancy; ULE = unimpaired life expectancy; ILE = impaired life expectancy; SD = standard
deviation; ULE difference and ILE difference may not sum to TLE difference due to rounding.

education live longer, healthier lives than those with less education. Nonwhite men with
high education with diabetes can expect to spend about 68% of their remaining years
without impairment. The corresponding group of men with low education can expect to
spend only about 58% of their remaining years without impairment. The rightmost data
column for both women and men shows the percentage of total remaining life at age 70 spent
impaired. Consistent with fewer years of chronic disease and disability, men in every group
have a lower percentage of older life spent impaired than women in corresponding groups.

Also shown in Table 2, in the first data column for both women and men, is the proportion of
both the actual and simulated populations disabled in at least one ADL at baseline. Among
white highly educated women, for example, 9.7% of those without diabetes have at least
one such impairment at baseline, compared with 28.6% of the same group with diabetes.
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Figure 1. (a) Remaining years of unimpaired, impaired, and total life. White
women, high education, without diabetes at age 70, » = 100,000. (b) Remaining
years of unimpaired, impaired, and total life. White women, high education, with
diabetes at age 70, n = 100,000.

It should be noted that the life expectancy measures calculated from the microsimulations
and depicted in Table 2 are not highly sensitive to even substantially altered baseline dis-
ability profiles. Thus, for example, the baseline proportions of the actual and simulated
populations of white men with high education with impairment are equal for both those
with diabetes and those without the disease, at 8.6%. (In this instance, Table 2 notes that
the proportion of those with diabetes computed from the LSOA relies on a relatively small
unweighted sample size of 64.) Nonetheless, the disability dynamics represented by the
Table 1 parameters of functional status transition, which are the basis of microsimulation,
produce substantially different Table 2 mean estimates of TLE, ULE, and ILE for those
with and without diabetes in this group pair. We conducted additional analyses of the sen-
sitivity of other Table 2 results to initial conditions (not shown). These analyses confirmed
that the estimates shown in Table 2 are not highly sensitive to altered initial disability
distributions.

Turning to within-group differences in life expectancy, we focus on the standard deviations
of years remaining in total, unimpaired and impaired life displayed in Table 2. For all
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Figure 2. (a) Remaining years of unimpaired, impaired, and total life. White men,
low education, without diabetes at age 70, » = 100,000. (b) Remaining years of
unimpaired, impaired, and total life. White men, low education, with diabetes at age
70, n = 100,000.

groups, the magnitude of standard deviation relative to the mean of TLE and ULE, which
indicates relative variability, is considerable. For all groups, the relative variability is larger
for impaired life than for total life or unimpaired life. In all instances for men, and in
most instances for women, the standard deviation of impaired life is greater than its mean.
These results indicate that variability in remaining years of total, active and inactive life is
quantitatively substantial.

Table 3 focuses more specifically on differences in life expectancies between groups,
with particular regard to differences between populations with and without diabetes at
baseline, and differences between women and men. The top panel of Table 3 focuses on
differences between those without and with diabetes at baseline. Of particular interest
are the consistently large reductions in TLE associated with diabetes for both women
and men, where even the smallest TLE percentage reduction associated with diabetes is
over 25. The average reduction in life expectancy across groups of women is 28.1%. The
average reduction for men is 26.8%. Even more dramatic are the reduced ULEs associated
with diabetes for both women and men. For women, the average reduction in ULE across
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groups is 39.5% (average reduction results are not shown in Table 3). For men, the average
reduction is 35.4%.

Table 3 also quantifies differences in total, active, and inactive life expectancy between
women and men, depicted in the lower panel. In all groups defined by race category, ed-
ucation, and baseline diabetes status, men at age 70 have substantially lower TLE, and
also a substantially smaller proportion of remaining life spent impaired (ILE). Differences
between women and men in TLE and ILE are notably less pronounced, though still sub-
stantial, for nonwhites than for whites. Within each group defined by race and education,
such differences are also generally less pronounced for those with diabetes than for those
without the disease. Among whites with high education, for example, the TLE difference
between women and men without diabetes is —24.5%, while the corresponding difference
between women and men with diabetes is —21.4%.

Figures 1 and 2 present frequency distributions for remaining years of life, remaining
years of unimpaired life, and remaining years of impaired life, for four of the simulated
populations—one population of women without diabetes and one with the disease (Figures
la and b), and a similar pair of male populations (Figures 2a and b). These frequency
distributions illustrate both within-group variability in these measures, and the between-
group impacts of diabetes. We focus our discussion primarily on differences between
groups with the same characteristics of sex, race, and education, but differentiated by the
presence or absence of diabetes at baseline.

Our microsimulation calculated that women represented by Figure 1a, white women with
a high level of education without diabetes at baseline, have an average life expectancy at
age 70 of 13.9 years. They can expect to live 10.0 of these years without impairment, the
remainder with impairment. The histograms of Figure 1a show the variability around these
point estimates, as well as the distribution of this variability. For remaining years of life
and remaining years of unimpaired life, the histograms of Figure 1a show relatively normal
distributions. The histogram for remaining years of impaired life (lower panel) is highly
skewed, with a substantial percentage (28.1) of women simulated to have zero full years
of impairment, and only small percentages living many additional years impaired. Thus,
the within-group differences illustrated by these figures show that the average number of
remaining years and years spent unimpaired, and particularly the average number of years
spent impaired, are poor descriptions of “typical” life experiences for older women with
these characteristics.

Figure 1b shows distributions of the total, active, and inactive life expectancy for a cor-
responding simulated population of women with diabetes at baseline. The distribution
of total remaining years is substantially skewed toward fewer remaining years. Approxi-
mately 24.8% of the simulated population without baseline diabetes illustrated in Figure
la lived 20 or more years after age 70, for example, compared with only about 8.6% of
the Figure 1b population with baseline diabetes. The middle panels of Figures la and b
tell a similar story. A total of 24.4% of the population without diabetes (Figure 1a) lived
15 or more years without impairment, compared with only 5.4% of the population with
the disease (Figure 1b). The lower panels of Figures la and b illustrate the relationship
between diabetes and ILE. Of those without the disease in this category of women with
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high educational attainment, 28.1% can expect no full years of disability beginning at
age 70. Of those with diabetes, 26.1% can expect no full years of disability. In general,
however, the distribution of ILE across the two represented populations is quite similar—
as were the estimates of ILE for these groups presented in Table 2 (3.9 years without
diabetes, 3.8 years with diabetes). Thus, the more dramatic impact of diabetes does not
appear in the absolute ILE estimates, nor even substantially in the distributions of im-
paired life in each of these populations, but rather in the proportion of those estimates
and distributions to the corresponding measures of total life. In that regard, populations
with diabetes are considerably less favored than those without the disease. Analogous
distributions for all other groups of women studied display similar shapes and relation-
ships to those presented in Figures la and b. In all of these instances, the proportions
of life spent unimpaired and impaired vary considerably within otherwise homogeneous
groups.

Figures 2a and b display the same information for samples of 100,000 white men with
low education, and are characteristic of the analogous figures for the other populations of
men, which are not shown. The frequency distributions shown in Figure 2 also illustrate
substantial within-group differences: there is notable variability within each population in
the estimates for remaining years, remaining unimpaired years, and remaining impaired
years. A comparison of Figures 2a and b provides a further illustration of between-group
differences in total, active, and inactive life expectancies for men without and with diabetes.
The histogram for remaining years of life in the upper panel of Figure 2b is quite skewed,
far more so than the corresponding distribution in the upper panel of Figure 2a. Men living
15 or more years in the simulated population represented by the upper panel of Figure
2a constitute 19.5% of the population; only 8.1% of the corresponding population with
diabetes lived 15 or more years. A comparison of the middle panels of Figures 2a and b
shows that a substantially larger proportion of men with baseline diabetes have fewer years
of unimpaired life. Indeed, 52.2% of men with low educational attainment without diabetes
can expect more than 5 years without impairment, starting at age 70. The corresponding
percentage for those with diabetes is only 32.0. Finally, comparing the lower panels of
Figures 2a and b again suggests that differences in the absolute number of expected years
with impairment are not great between those with and without diabetes; again, however,
these differences as a proportion of TLE are substantial. As was true for women, analogous
distributions for all other groups of men studied display similar shapes and relationships
to those presented in Figures 2a and b.

A comparison of corresponding panels in Figures 1 and 2 illustrates striking gender dif-
ferences in mortality and morbidity. Comparing the top panels shows that in all instances
the distributions for remaining years of life are notably more skewed for men than for
women, highlighting that a larger percentage of women live substantially longer than men.
Similarly, comparisons of the middle panels show that the distributions of unimpaired life
are notably more skewed for men than for women. Comparing the lower panels reveals
a substantially higher spike at zero full years of impaired life for men than for women,
illustrating that a dramatically smaller percentage of men than women live any remain-
ing full years with impairment. These differences between Figures 1 and 2 are generally
characteristic of differences between figures for women and men in other categories of
race and education, which are not shown.
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5. Discussion

This study used a large representative survey of older Americans and an expanded model
of active life expectancy to estimate the older life course impacts of diabetes on estimates
of total, active, and disabled life expectancy. Our findings highlight strong links between
this chronic disease and active life expectancy. Our results also quantify the heavy toll
of diabetes throughout the course of older life, in terms of both life expectancy and the
proportion of life with disability. For all groups of women and men, life expectancy was
substantially reduced for people with diabetes. White men with more education without
diabetes, for example, can expect to live, on average, about 36% longer than the corre-
sponding group of men with diabetes. For all groups, years of disabled life were strikingly
more, as a percentage of TLE, for individuals with this disease. For example, white women
with more education with diabetes could expect to spend almost 40% more of their remain-
ing lives with a disability than women without diabetes. Our findings in these areas are
consistent with those of a recent study that examined the impact of diabetes on healthy life
expectancy (Bélanger et al. 2002). Moreover, we found that reductions in TLE and ULE
attributable to diabetes are greater for women than for men (Table 3). As other researchers
have suggested, this may be due in part to the large toll of heart disease among women
with diabetes (Bélanger et al. 2002; Wingard and Barrett-Connor 2001).

Our investigation of between- and within-group variability using information about the
full distributions of total, active, and inactive life (Figures 1 and 2), reinforces the heavy
health burden of diabetes among all population groups studied. For all population groups,
differentiating between the presence (or absence) of diabetes, the histograms for remaining
years of life and remaining years of unimpaired life were markedly more skewed for
populations with the disease than for those without the disease, illustrating that, in terms
of full population distributions as well as averages, people with diabetes live shorter,
less healthy lives. The disease-specific health trajectories displayed in these histograms
contribute to our knowledge of variability in estimates of total, active, and inactive life
(Laditka and Hayward 2003; Wolfetal. 2002). In addition, our results show that, even within
populations characterized by a major chronic disease, there is a great deal of variability
around standard summary measures of expectancy. This variability was revealed by our
histograms (Figures 1 and 2) and in the standard deviations obtained for summary measures
of these distributions (Table 2). This finding is consistent with previous research (Wolf and
Laditka 1997; Wolf et al. 2002).

Several considerations should be weighed when considering our results. The sample of
individuals used for this analysis did not include people living in institutions at the time of
the baseline 1984 LSOA survey. The omission of this group likely resulted in a healthier
sample of individuals than the full 1984 population of older people in the United States.
Thus our results may underestimate the impact of diabetes on active life expectancy. Our
findings are also conditional on the individual with (or without) diabetes having lived to
at least age 70. On average, those of the same cohort who died prior to age 70 as a result
of diabetes likely had a greater disease burden than those who survived to age 70 with
the disease. This may particularly affect the sample proportions and diabetes profiles of
blacks and people with lower education in our analysis (Songer 2001). Thus, our findings
may underestimate the life course impacts of diabetes, particularly for nonwhites and
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people with less education. Since fewer men than women reach age 70, this process may
similarly affect our findings for the relative impact of diabetes in older age for women
and men.

Further, it should be noted that the estimates of this study are subject to several sources
of unquantified variability (Wolf 2001; Wolf and Laditka 1997). These sources include
classical sampling error associated with use of a sample rather than the entire population
for the baseline conditions, Monte Carlo errors in the stochastic assignments of the sim-
ulation, parameter uncertainty, and specification error. Comorbidities or other individual
characteristics not included in our models might play important roles in processes of im-
pairment and death. The estimates depicted in this study should be viewed as suggestive
rather than conclusive.

Bélanger et al. (2002) note that the prevalence of diabetes is not currently nearly as great
among older populations as smoking, arthritis, low income, physical inactivity, or some
other conditions or practices with important impacts on life expectancy and health. In the
United States, diabetes prevalence is greatest, at just over 12%, for individuals in their
70s, while heart disease, hypertension, and arthritis reach levels of 30-55% in old age
(Crimmins et al. 2002). Thus, when considering health policies at the population level, it
is important to recognize that other policy alternatives to promoting diabetes reductions
might conceivably produce greater total gains in life expectancy or ULE.

Yet several factors argue in favor of considering the potential for addressing diabetes
with more concerted public health efforts. Our findings quantify the heavy health toll of
diabetes, and point to the importance of public health policies directed toward reducing
its incidence. The vast majority of people with diabetes, about 90%, have type 2 diabetes
(National Diabetes Information Clearinghouse 1999). Recent research has demonstrated
that the onset of type 2 diabetes can often be delayed, or possibly even prevented, with
relatively modest lifestyle changes or pharmacotherapy (National Institute of Diabetes and
Digestive and Kidney Diseases 2001). The findings of this large-scale clinical study were
particularly notable because the sample was restricted to individuals at risk of the disease,
with 45% of participants being black, Hispanic, American Indian, or other minorities.
Moreover, the proportion of individuals who delayed or prevented diabetes onset through
lifestyle changes or pharmacotherapy was greater at older ages, 71% of those 60 and
over. With special regard to the study’s applicability to less developed countries, where the
costs of drugs in large applications may be prohibitive, the regimen of diet and exercise
alone reduced diabetes incidence considerably more (58%) than the drug regimen (31%)
(National Institute of Diabetes and Digestive and Kidney Diseases 2001).

In addition to the global epidemic of diabetes that is predicted in the coming two decades
(King et al. 1998), the prevalence of adult onset diabetes has risen dramatically among
younger populations (Burke et al. 1999). Those who experience diabetes onset earlier in
life accrue many more years of cumulative disease burden, resulting in more pronounced
levels of morbidity and disability at younger old age (Songer 2001). Public administra-
tors and other health authorities responsible for diabetes reduction programs require little
support from highly advanced or expensive technologies. The primary mechanisms of di-
abetes prevention are modest weight loss and exercise. Promoting these lifestyle changes
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successfully would provide many collateral health benefits, including reduced rates of
hypertension, heart disease, stroke, and dementia. The costs to society and individuals
of measures required to delay or prevent diabetes onset are not great, particularly when
weighed against the benefits of substantially longer and healthier life.
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CHAPTER 6. INCREASING LONGEVITY: CAUSES, CONSEQUENCES,
AND PROSPECTS
CARDIOVASCULAR DISEASE TRENDS

RUSSELL V. LUEPKER
Division of Epidemiology, School of Public Health,
University of Minnesota, Minneapolis, MN

1. Introduction

Infectious and cardiovascular diseases (CVD) dominated the health patterns of the 20th
century. The emergence of an affluent society, where basic needs for shelter, food, and
work are met, underlie these trends. Control of infectious diseases through better living
conditions, widespread vaccination, and medical treatment resulted in sharp declines in
infant mortality and improved outcomes among adults. At the same time, CVD and cancer
emerged to become the leading killers of Americans.

Cardiovascular diseases dramatically increased and became common during the first two-
thirds of the century. These diseases, particularly heart attack and stroke, limited the life
expectancy of middle-aged and older adults. However, in the last third of the century,
improved prevention and treatments led to a decline in age-adjusted CVDs and resulting
increases in longevity. This decline in mortality, however, has not eliminated these diseases.
Instead, they have been pushed into older age groups where they still take an enormous
toll on quality of life and life span. In addition, the advanced technologies to detect and
treat CVDs have brought enormous medical costs to society.

In the following, CVD patterns including the magnitude of the problem, disease trends
and costs will be discussed. The overwhelming burden of CVDs in America and other
industrialized nations suggests that any changes in longevity will strongly influence and
be influenced by these conditions.

2. Origins of the Epidemic

Cardiovascular diseases were known in early times among the very wealthy as evidenced
by data from the ancient Egypt mummies (Hanke, Lenz, and Finking 2001). However, for
the following millennia, the dominant issue for most humans was finding adequate food
and safe living conditions. The CVD epidemic began in the 20th century in industrialized
countries. It is the direct result of the control of infections and a society with widespread
affluence. While genetic influences are debated, the emergence of this epidemic over a few
generations suggests that genes are not essential to explaining or preventing these diseases.
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The stage for this epidemic was set in the 20th century by the control of infectious dis-
eases. Infectious diseases were the leading killer of both the young and old throughout
most of history. In the 20th century, factors such as clean water, clean air, safe food, and
widespread vaccinations led directly to dramatic declines in infectious diseases. Diseases
such as smallpox were eliminated through vaccination. Similarly, polio, cholera, plague,
pertussis, diphtheria, tetanus, and other formerly common infectious diseases are practi-
cally unknown in industrialized countries. Broad public health measures had an enormous
impact on mortality among infants and children. They also influenced mortality among
adults, permitting increased life span. Antibiotics, which were not discovered until the mid-
dle of the century, also played a role, particularly in adults. Pneumonia, “the old persons’
friend”, became treatable and declined as a cause of death. The fall of infectious disease
gave rise to expression of chronic diseases as people survived childhood into adulthood
and lived to older years.

The environmental factors underlying the CVD epidemic are well known and described
(American Heart Association 2002; US Department of Health and Human Services 2002).
First and foremost were changes in the food supply. Food became available in surplus
and excess grain products allowed intensive farm animal feeding. Higher quality meats
and dairy products became widely available and inexpensive. Foods that were once the
pervue of only the wealthy or for special occasions (Dickens “Christmas goose’) were now
available to everyone. These foods also were high in calories and fat leading to increased
blood lipids, particularly cholesterol. Increasing blood cholesterol in the population is
directly related to the epidemic.

At the same time, high blood pressure or hypertension began to rise. Increased weight
and decreasing physical activity along with available salt were all directly related to
blood pressure. All became more common during the 20th century. Blood pressure
is observed to rise with age and over 50% of Americans 65 and older have hyper-
tension which requires treatment. Hypertension is directly related to heart attacks and
stroke.

The third factor implicated is cigarette smoking. The advent of machine-made cigarettes
that were cheap and widely available changed the smoking habits of Americans. Throughout
the first half of the 20th century, rates of cigarette smoking for both men and women
increased dramatically. Widespread distribution of cigarettes to the Armed Services during
the Second World War (they were included in Army rations along with a chocolate bar)
reinforced this habit as common and usual. Addiction to nicotine resulted in life-long
smokers. Cigarette smoking is also related to CVD, both in the development of the disease
process and the acute event.

Finally, physical activity declined significantly as laborsaving devices and personal trans-
portation became widespread. Today, few people perform significant physical labor during
their workday. Even farmers have an array of hydraulic and electric laborsaving devices to
do formerly physically active jobs. Physical activity is now a leisure-time pursuit and rarely
at a level formerly seen with jobs with hard labor. Among the outcomes of an increasingly
sedentary society are obesity, hypertension, and hyperlipidemia.
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The combination of infectious disease control, surplus food, inexpensive cigarettes, and
laborsaving devices in an aging population resulted in the cardiovascular epidemic. These
characteristics, called risk factors by epidemiologists, are directly related to a prediction of
disease outcomes through their role in the pathogenic process. The factors are ubiquitous
in American society, which is frequently characterized as a “high-risk” society for CVD.

3. Magnitude of the Problem

Cardiovascular diseases are the leading cause of death in the United States. As shown in
data from 2000, 36% of all deaths in the United States were attributable to heart disease and
stroke (Table 1). Although in the public eye, widely discussed diseases such as HIV/AIDS
as a cause of death is not on the list of the top 10. This pattern, with heart disease as the
#1 Kkiller, has persisted for many decades.

Underlying this mortality is a substantial burden of morbidity, with nearly 25% of the US
population afflicted by diagnosed CVD (Table 2). Hypertension is present in approximately
50 million people and is among the most common treatable chronic conditions in the United
States. The enormous numbers of individuals with cardiovascular conditions have broad
implications for medical resources and the cost of care.

Similarly, serious heart ailments requiring hospitalization are quite common with the lead-
ing causes being heart attack, stroke, and heart failure (Table 3). While these are predomi-
nantly diseases of adults aged 65 and older, they also are common as a cause of death and
hospitalization in younger age groups (Table 4).

Table 1. Leading causes of death, US, 2000.

Cause of death Number
Total 2,404,624
Heart disease” 709,894
Cancer 551,833
Cerebrovascular disease (stroke) 166,028
COPD and allied conditions? 123,550
Accidents 93,592
Diabetes 68,662
Influenza and pneumonia 67,024
Alzheimer’s disease 49,044
Nephritis 37,672
Septicemia 31,613
All other causes of death 505,712

Source: NHLBI morbidity and mortality 2002 chart book on cardiovascular,
lung, and blood diseases.

“Includes 529,659 deaths from coronary heart disease.

bChronic lower respiratory diseases.
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Table 2. CVD prevalence, US.

CVD 61,800,000
Hypertension 50,000,000
CHD 12,600,000

Acute myocardial infarction (AMI) 7,500,000
Angina pectoris 6,400,000
Stroke 4,600,000
Heart failure 4,800,000
Congenital heart defects 1,000,000
Atrial fibrillation 2,000,000

Source: NHLBI morbidity and mortality 2002 chart book on cardiovascular,
lung, and blood diseases.

Table 3. CVD incidence and recurrence, US.

Heart attack 1,100,000
First event 650,000
Recurrent event 450,000

Stroke 600,000
First event 500,000
Recurrent event 100,000

Heart failure 550,000
First event 550,000

Source: NHLBI morbidity and mortality 2002 chart book on cardiovascular,
lung, and blood diseases.

Table 4. Leading causes of death by age and rank, US, 2000.

Cause of death 124 25-44 45-64 65-84 85+
Heart disease 5 3 2 1 1
Cancer 4 2 1 2 2
Cerebrovascular disease 9 8 4 3 3
Accidents 1 1 3 9 9
COPD and allied conditions” 8 — 5 4 6
Influenza and pneumonia 7 10 — 6 4
Diabetes mellitus — 9 6 5 7
Suicide 3 4 8 — —
Chronic liver disease — 7 7 — —
Nephritis and nephrosis — — 10 8 8
Homicide 2 6 — — —
Septicemia — — — 10 10
HIV infection 10 5 9 — —
Congenital anomalies 6 — — —
Alzheimer’s disease — — — 7 5

“Chronic lower respiratory diseases.
Source: NHLBI morbidity and mortality 2002 chart book on cardiovascular, lung, and blood diseases.
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In summary, CVDs are the leading causes of death and common causes of morbidity and
treatment in the United States today.

4. Mortality Trends

Death rates for the major CVDs have shown dramatic changes during the 20th century
with a rise and gradual decline of the epidemic (Figure 1). The peak occurred in the mid-
to late-1960s manifest first in California and then spreading throughout the nation. These
mortality trends have been the subject of considerable speculation as to cause. The reasons
for the rise, as described above, are quite clear. However, the causal factors for the decline
are more speculative as shown in Figure 2. Nevertheless, that decline has been steady and
substantial for both age-adjusted coronary heart disease and stroke (Figure 1). Other causes
of death have declined, but much more modestly. Because of the substantial proportion
of mortality due to CVD, the result of declining age-adjusted death rates has resulted in
increased life span with little change in the rates of other causes of death.

Unfortunately, age-adjusted rates tell only part of the story. Absolute mortality is a more
appropriate depiction of the national disease burden. As shown in Figure 3, absolute mor-
tality has been level for several decades. People are still dying of CVD, but at older ages.
Interestingly, this disease, which is commonly thought of as a male condition, has become
more common as a cause of death among women (Figure 4).

The declines have also affected gender and ethnic groups differentially. While all groups
have seen declines in CVD, the greatest advances have been among white and black men.
Women have fared less well (Table 5). It is also apparent that some cardiovascular causes
of death have actually increased, such as congestive heart failure (Table 5). This increase
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Figure 1. Change in age-adjusted death rates since 1950, US, 1950-2000.
Source: NHLBDI morbidity and mortality 2002 chart book on cardiovascular, lung, and
blood diseases.
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Figure 2. Causes of the decrease in cardiovascular mortality.

Note: Can we identify factors causing the coronary mortality rate decrease and measure
their contribution?

BP = blood pressure; CCU = coronary care unit; CPR = cardiopulmonary
resuscitation; EMS = emergency medical service.

Source: Levy (1984) The American Journal of Cardiology, 54:7C-13C.

is generally attributed to improved survival of people with heart attacks. They continue
with a scarred damaged myocardial muscle which leads to inadequate muscle function and
heart failure.

It is also apparent that different sections of the United States have different burdens. As
shown in Figure 5, CVD is more common in the East than the West and is most common
in the states bordering the Mississippi and Missouri river valleys. These differences are

900
800
700
600
500
400
300
200
100

0

Deaths in Thousands

1900 10 20 30 40 50 60 70 80 90 2000

Years

Figure 3. Deaths from diseases of the heart, United States: 1900—1999.
Source: “2002 Heart and stroke statistical update”, American Heart Association.
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Table 5. Average annual percent change in age-adjusted death rates for all causes
and cardiovascular diseases by race and sex, US, 1990-2000.

Cause of death Total White male White female Black male Black female

All causes -0.7 —-1.3 0.0 -2.0 —-04
CVD —1.8 —2.4 —-1.4 -2.2 —-1.2
Heart disease  —2.0 -2.5 —-1.6 -2.4 —-1.5
Coronary —2.8 —-3.2 —2.6 —2.6 —1.8
CHF“ 1.4 1.0 2.0 0.1 0.7
Stroke —1.1 —-1.5 —0.7 -2.2 -1.3
Non-CVD 0.1 —0.6 1.0 —1.8 0.3

Source: NHLBI morbidity and mortality 2002 chart book on cardiovascular, lung, and blood diseases.
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Figure 4. Cardiovascular disease mortality trends for males and females,
United States: 1979-1999.
Source: “2002 Heart and stroke statistical update”, American Heart Association.

partly a result of ethnic disparities, with blacks having significantly higher disease rates
than whites. However, even among Caucasians, the age-adjusted death rates are also highest
in the Southeastern states.

5. Morbidity Trends

Prevalent CVDs afflict almost 25% of the US population (Table 2). This is manifest in a
number of ways including hospitalizations which have risen steadily since 1970 (Figure 6).
There are now over 6 million hospitalizations per year for CVDs and it is a major source
of inpatient admissions. Much of this is due to an aging of the population as shown in
Figure 7. Here, hospitalization rates for those 65 and over have steadily risen, while they
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Figure 5. 1996-1998 Total cardiovascular disease age-adjusted death rates by
state.

Source: “Heart disease and stroke statistics—2003 update”, American Heart
Association.

have remained relatively stable for the 45—64 age category. Excluded from this figure is a
growing but undocumented trend for major cardiovascular procedures done as outpatients
without hospitalization. Such procedures include cardiac catherization and pacemaker
implantation, which formerly required hospitalizations. The hospitalization rates shown
here may be an underestimation of the disease trends.
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Figure 6. Hospital discharges for cardiovascular diseases, United States: 1970-2000.
Source: “Heart disease and stroke statistics—2003 update”, American Heart
Association.
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Figure 7. Hospitalization rates for acute myocardial infarction ages 45-64 and 65+,
US, 1965-2000.

Source: NHLBDI morbidity and mortality 2002 chart book on cardiovascular, lung, and
blood diseases.

Within CVDs are many categories. As noted above, congestive heart failure is an increasing
cause of morbidity. Diagnosis and hospitalization for congestive heart failure has risen
steadily from 1971 and constitutes an important portion of overall CVD hospitalizations
(Figure 8). It is rising in all age groups. At the same time, while rates of hospitalization are
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Figure 8. Hospitalization rates for congestive heart failure ages 45-64 and 654-, US,
1971-2000.

Source: NHLBDI morbidity and mortality 2002 chart book on cardiovascular, lung, and
blood diseases.
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Figure 9. Hospital case-fatality rates for acute myocardial infarction ages 45-64
and 65+, US, 1970-2000.

Source: NHLBDI morbidity and mortality 2002 chart book on cardiovascular, lung, and
blood diseases.

steadily rising, the length of an average stay is falling. Individuals are discharged quickly,
when at all possible. Fortunately, earlier discharge has not been reflected in greater case
fatality for acute myocardial infarction, which has also steadily fallen associated with
dramatic improvements in methods of care (Figure 9).

In summary, the prevalence of CVD in the US population is rising with an aging population
and increased prevalence of CVD morbidity. Some categories are rising more rapidly than
others, but the net is increasing hospitalization rates.

6. Risk Factor Trends

The rise in cardiovascular risk factors in the first half of the 20th century is directly
associated with the rise in CVDs. The principal risk factors are high blood pressure or
hypertension, hyperlipidemia, particularly elevation of blood cholesterol, and cigarette
smoking. Widespread observational data and clinical trials find that all three are causally
related to atheroscleroticcardiovascular disease.

Hypertension or high blood pressure is very common in the American population as shown
in Figure 10. It is significantly higher in black men and women through age 74. By age
65, all race and gender groups have a prevalence of high blood pressure greater than 50%
in the general population. Awareness, treatment, and control of high blood pressure has
gradually improved over the past three decades. The majority of Americans regularly have
their blood pressure measured and are aware of their hypertensive status. A substantial
proportion of them have blood pressure normalized or controlled by antihypertensive drug
treatment.
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Figure 10. Prevalence of high blood pressure in Americans age 25 and older by age,
sex, and race, United States: 1988—1994.
Source: “Heart disease and stroke statistics—2003 update”, American Heart Association.

In addition to hypertension, elevated blood lipids are extremely common in the United
States as shown in Figure 11. This applies to both men and women in all major eth-
nic groups (Figure 11). Elevated LDL cholesterol (the fraction causing CHD) is present
in nearly 50% of Americans aged 20 and above. It is another cause of the epidemic.
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Figure 11. Age-adjusted prevalence of Americans age 20 and older with LDL
cholesterol of 130 mg/dL or higher by race/ethnicity and sex, United States:
1988-1994.

Source: “Heart disease and stroke statistics—2003 update”, American Heart Association.
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Figure 12. Trends in current smoking.

In recent years, hypercholesterolemia, like hypertension, has become an increasing fo-
cus of pharmacologic therapy. In some areas, 5-10% of all adults are taking effective
cholesterol-lowering medication on a daily basis. They will need to continue this treatment
throughout their lives.

Cigarette smoking, commonly associated with lung cancer and emphysema, is a major
risk factor for heart attack and stroke. Fortunately, in recent years cigarette smoking has
steadily declined in the population. As shown in Figure 12 from a population survey in
Minnesota, cigarette smoking is now in the range of 16% for both men and women. Similar
rates are observed in other areas of the country, although smoking remains stubbornly high,
particularly in the Southeast United States.

The improved control of the classical risk factors in the American population has played
a major role in the prevention of first events of heart attack and stroke and recurrent
events among those already stricken. Much of this advance is the result of life-long phar-
macologic therapy of expensive medications. In addition, cigarette smoking has declined
substantially in association with bans on indoor smoking, increased taxation on cigarettes,
and a widespread desire to quit the habit. Other risk factors exist which should be con-
sidered. They include sedentary lifestyles, the growing obesity epidemic, and increasing
adult onset diabetes. These factors have undoubtedly modified the beneficial effects of
improvement in the other risk characteristics.

7. Medical Care and Costs

In addition, prevention of CVD, medical and surgical therapy for these diseases has at-
tained an extraordinary level of sophistication and effectiveness. Over the past 50 years, the
development of cardiac pacemakers, open heart surgery, valve replacement, heart trans-
plantation, and angioplasty comprise just a brief list of the technological approaches now
available for the diagnosis and treatment of CVDs. There is, perhaps, no other field in
medicine that has attained such a broad level of sophisticated and effective therapeutic
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Table 6. Estimated inpatient cardiovascular operations, procedures, and patient
data by age, US, 1999 (in thousands).

Operations/procedures/patients Age
(ICD/9 code) 15-44 45-64 65+
Angioplasty (36.0) Procedures 62 437 524
PTCA (36.01, 36.02, 36.05) Procedures 30 236 283
Patients 33 234 279
Stenting (36.06) Procedures 28 195 233
Cardiac revascularization (bypass) (36.1-36.3)  Procedures 17 216 286
Patients 10 127 177
Diagnostic cardiac catheterizations (37.2) Procedures 113 550 646
Endarterectomy (38.12) Procedures — 32 91
Implantable defibrillators (37.94-37.99) Procedures — 10 22
Open heart surgery Procedures 38 258 357
Pacemakers (37.8) Procedures — 20 129
Valves (35.1, 35.2, 35.99) Procedures 7 23 49
Total vascular and cardiac surgery and 569 2170 3215

procedures (35-39)

Source: Heart disease and stroke statistics—2003 update, American Heart Association.

options. In addition, these procedures, which were formerly available to only a few, are
now widespread in their application to the adult and older adult population (Table 6).
There are few Americans, particularly older Americans, that do not have access to a high
level of care. For example, in the year 2000, well over 1 million cardiac catherizations
were performed. The costs of high technology procedures and treatments are substantial.
Ranging from cardiac transplants, which can cost several hundred thousand dollars, to
life-long medications from CVD, direct costs for cardiovascular care are currently several
hundred billion dollars per year (Figure 13). The advent of the intracardiac defibrillator
(ICD), a device which prevents sudden death by delivering an electrical charge to the
heart, is an example of this technology. Diagnostic procedures, purchase, and implanta-
tion of this device can easily cost over $50,000 in a single patient. The indications for
this device are broad and the effects potentially life-saving. Already, Medicare has pro-
jected many billions of dollars spent per year for implantation of ICDs in the 65 and older
population.

The implications of costly but effective high technology procedures for healthcare in the
United States are many. In a disease that predominantly affects older adults, a growing
population of elderly has resulted in skyrocketing Medicare costs and projected deficits.
In a society where technological solutions are favored and made available through private
enterprise, the term “life-saving treatment” has powerful and unarguable implications. Cost
containment strategies to limit individual and tax payer liability have largely failed and
the nation faces a serious healthcare cost crisis due in large part to CVD diagnosis and
treatment.
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Figure 13. Estimated direct and indirect costs (in billions of dollars) of
cardiovascular diseases and stroke, United States: 2003.

Source: “Heart disease and stroke statistics—2003 update”, American Heart
Association.

8. International Trends

The United States was among the highest countries in CVD mortality in the 1950s. This
was true for both men and women. However, the age-adjusted decline in the United States
and Western Europe has resulted in these countries being mid-range in rates (Figure 14).
The former Socialist countries, including the Russian Federation, have significantly higher
rates as they have entered a period of greater affluence while lagging in modern medical
care. For example, rates of CVD in Russia have risen to a level where life expectancy
among men fell in the 1990s (Men et al. 2003).

There are similar concerns in the developing world where a “epidemiologic transition”
is underway. As infectious diseases are conquered, infant mortality declines and chronic
diseases emerge. Found initially in the most affluent classes, they are increasingly observed
in the middle classes. There is evidence that this epidemic in developing countries will
reach the same proportions as observed in the middle of the 20th century in the United
States and Western Europe. In that context, CVD is on a course to become the leading
killer worldwide.

9. Summary

The 20th century experienced a major shift from the acute infectious diseases to chronic
diseases as the leading causes of mortality and morbidity in populations. Among those
chronic diseases, CVD, specifically coronary heart disease and stroke, reached epidemic
rates. The healthcare system responded with prevention strategies and sophisticated modern
care which has resulted in a decline in age-adjusted mortality and morbidity. An increasing
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Figure 14. Death rates for total cardiovascular disease, coronary heart disease,
stroke and total deaths in selected countries (most recent year available).
Source: “2002 Heart and stroke statistical update”, American Heart Association.

life span for Americans was one result. However, the epidemic was not eliminated but
pushed into older age categories where it still remains the leading killer of Americans.

The development and widespread use of modern medical therapy to treat CVD has brought
an unexpected consequence. The older population as well as middle-aged adults expect high
technology solutions for their health conditions. These have grown increasingly complex
and costly, resulting in a major burden on the healthcare system due to increasing utilization
and skyrocketing costs.

These trends have important implications for the future where an aging population expects
to live long and active lives. The healthcare system will continue to develop methods to
prolong those lives at increasing costs. This trend is unlikely to change. However, many
observers suggest that increased emphasis on prevention strategies, which are both low
cost and effective, are more likely to benefit society.
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Part IT
Individual Healthy Aging

EILEEN M. CRIMMINS
Andrus Gerontology Center, University of Southern California,
Los Angeles, CA 90089-0191

Introduction

In recent years, models of healthy aging have been increasingly interdisciplinary. Biopsy-
chosocial models have been proposed by a number of researchers focused on health change
in old age; an example is provided in Figure 1. These models provide a schematic rep-
resentation of the risk factors for diverse health outcomes including dementia, disability,
functioning loss, cardiovascular disease, and mortality. The fact that recognized risk factors
are similar for most common health problems in old age is clarified by the model (Crimmins
and Seeman 2005; de la Torre 2002, 2004). In addition, the fact that most health outcomes
have risks arising from multiple domains—biological, psychological, social/behavioral,
and care related—is portrayed. The heuristic portrayal in the figure is generally time or-
dered from left to right. None of these circumstances are static so lifecycle conditions are
important. While genetic factors are placed on the left indicating that genetic makeup is
determined before birth; gene expression may result from environmental exposures and
behaviors that interact with genetic makeup. This is not shown in the figure.

Part II of this volume contains chapters that focus on either specific causal mechanisms
and/or specific health outcomes. Much research on healthy aging emphasizes one risk
factor and one health outcome; others consider multiple domains in one analysis. Both
types of work are presented here. Some of the most path-breaking works in healthy aging
involve the incorporation of genetic indicators into models predicting healthy aging. Corder
and colleagues examine apoliprotein E (APOE) genotype frequency by age and find that
mortality selection affects genotype distribution among the oldest-old. They suggest that
the ability to survive vascular accidents may be related to APOE genotype and that this
may be the mechanism determining differential genotypic frequency distributions found
for centenarians and young adults. This part valuable from a demographic perspective in
that it clarifies how mortality affects the distribution of risk in the survivors at very old
ages as well as how risk factors predict specific health outcomes in old age.

Crimmins and colleagues are interested in how biological risk or physiological frailty
changes with age. This cross-sectional study of persons at all adult ages again clarifies how
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Figure 1. A biopsychosocial model of health outcomes common on old age.
Source: Crimmins, Eileen M. and Teresa Seeman, 2005.

mortality selection affects the characteristics of the surviving old and old-old population.
Cumulative biological risk as outlined in Figure 1 increases markedly before old age and
then remains relatively constant in very old age. They conclude that persons with high
biological risk are those who are selected out of the population through mortality leaving a
surviving population that does not continue to decline in this index of physiological frailty.
This part demonstrates the need to remember the role of selectivity in producing the oldest
old popualation.

Andersen-Ranberg and Bernard Jeune investigate the characteristics of the Danish Longi-
tudinal Centenarian sample. This is a population-based centenarian study that involved an
interview, a clinical exam, and a blood test. While centenarians make up only a small group
of'the original cohort, Andersen-Ranberg and Jeune conclude that they cannot be described
as healthy at this very old age as they have a high prevalence of chronic conditions and
functional limitations. This study is unique in its comprehensive approach to monitoring
an extremely old group.

Two chapters focus on gender differentials in healthy aging in two very different cultural
and geographic settings: the United Kingdom and China. Gender differentials are clearly a
mix of biological, psychological, and social effects. In the United Kingdom, Emily Grundy
reports that older women are poorer and less educated but they live longer and they spend
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more of their lives with disability. Women are more likely to live alone and to be widowed but
also to have stronger family support networks. Grundy also reports that changes in the extent
of gender differentiation in more recently born cohorts means future trends are uncertain.

Zeng Yi and colleagues report that many of the same gender differences are found in
China as in the UK: older women are disadvantaged socioeconomically across the older
ages. They also appear to have lower cognitive ability and worse self-reported health.
Functioning differences by gender varies for the younger and older-old. Among the young-
old, the differences in ADL functioning and physical performance are small; but among
the older-old, women do considerably worse. Zeng Yi and colleagues interpret the lack of
gender differences in life satisfaction as a reflection of differing expectations as well as a
difference in reality by gender.

Two of the chapters in Part II deal with social and behavioral differences in aging health
outcomes. Cambois is interested in the effect of social inequality and social mobility on
mortality at the older ages. Using a longitudinal data set, she investigates how earlier moves
up or down the occupational ladder delineating social class affect subsequent mortality.
As both social status and social mobility affect subsequent mortality, Cambois suggests
the presence of life-long occupational effects on mortality in old age. Barberger-Gateau
and colleagues are interested in cognitive decline and dementia in older persons. Cognitive
decline is also related to social status but they suggest multiple mechanisms for this effect.
They test the idea that prevention or delay of cognitive decline occurs through enhancing
cognitive stimulation by mental activity or through protection achieved by diet. They
conclude that increasing educational level, encouraging regular involvement in social and
leisure activities, facilitating equal access to health care, and promoting a diet rich in fish
and antioxidants such as fruit, vegetables, and tea could contribute to healthy cognitive

aging.

This set of chapters examines multiple aspects of individual aging across a number of
cultures and age groups. Each individual piece adds to our understanding of the process.
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CHAPTER 7. AGE DIFFERENCES IN ALLOSTATIC LOAD: AN INDEX
OF FRAILTY*
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1. Introduction

Frailty is an emerging concept in the study of health outcomes at older ages (Cohen
2000; Fried et al. 2001; Morley, Perry, and Miller 2002). It is recognized as a downward
trajectory in health and ability to perform daily tasks. This downward spiral results from
the accumulation of acute and chronic diseases as well as the physiological decline and
dysregulation that accompany the onset of diseases and advanced age (Cohen 2000).

This chapter investigates population differences in physiological frailty as evidenced by
levels of allostatic load to determine how physiological deterioration occurs in a population
as it passes through old age. We are interested in examining age differences in this sum-
mary indicator of biological risk—allostatic load—to see how physiological dysregulation
in the population differs by age. We examine the age pattern of population increase in
physiological frailty across the adult years, as represented by allostatic load. Of particular
interest is whether there is any leveling off of average physiological risk as the oldest ages
are approached. In addition, we are interested in the population variability in allostatic load
as age increases. Our analysis does not provide insight into how frailty changes within an
individual lifespan but clarifies how physiological challenge varies in the population at
different ages. Because our analysis is cross-sectional we are examining frailty in a popu-
lation that is comprised of a set of different cohorts, which have experienced differential
selectivity because of death and which may have differed in many characteristics in their
lifetime.

*This chapter was supported by NIA grants from the US National Institute on Aging AG-17056 and AG-17265.
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2. Background

Measures of allostatic load have been both developed theoretically and related to a variety
of health outcomes in a number of recent studies (McEwen 1998; McEwen and Stellar
1993; Seeman et al. 1997, 2001, 2004; Sterling and Eyer 1988). Allostatic load is an
indicator of physiological dysregulation in a variety of bodily systems. In the course of
normal life experiences, challenge to various physiological systems is met with physiolog-
ical responses appropriate to eliminating the threat posed by the challenge. Such bodily
responses should occur within an optimal range. When the body has received significant
challenge over many years, physiological systems may begin to operate less efficiently
essentially showing wear and tear. A central feature is that they begin to operate increas-
ingly outside their optimal range or may have difficulty returning to optimal ranges after
challenge. The concept of allostatic load takes a multisystems view of these dysregula-
tions, postulating that it is the cumulative burden of dysregulation across multiple systems
that predicts subsequent health and longevity (Karlamangla et al. 2002; Seeman et al.
2001). Allostatic load has been linked to mortality as well as other adverse health out-
comes such as cardiovascular disease, loss of physical functioning, and cognitive failure
(Seeman et al. 2001). Allostatic load can be regarded as a direct indicator of population
frailty as it is indicative of the extent to which the body is at risk of adverse health outcomes
because of physiologic dysregulation across multiple regulatory systems (Seeman et al.
2001).

A number of studies have examined both age differences and age changes in a variety of
indicators of physiological capacity or of physiological reserve (Lipsitz and Goldberger
1992; Manton, Woodbury, and Stallard 1995; Shock et al. 1984). These studies make clear
that in many indicators of physiological state there is decline with age in the population
average although there is great variability across different biomarkers in the average rate
of change and its relationship to age. On an individual level there is also great variability in
the rate of decline resulting in increased population variability in physiological state with
age.

Frailty is assumed to vary across population members because of both innate character-
istics and environmental exposures. While persons are born with different susceptibility
to frailty, individual frailty is assumed to increase with physiological changes related to
aging, and also as a result of increasing exposure to challenging environmental condi-
tions. As a population ages one assumes that innate characteristics and external circum-
stances join to operate so that those with greater frailty are more susceptible to the risks
of mortality and morbidity (Vaupel, Manton, and Stallard 1979). If mortality continu-
ously selects the most frail from the population, those who survive to the oldest ages may
be those who began life with the highest innate resources and/or faced the least chal-
lenge (Vaupel et al. 1998). This would lead one to expect an age pattern of frailty that
does not increase exponentially with age but slows in its increase with age at the oldest
ages.

The demographic approach to frailty emphasizes the role of innate characteristics and
genetic influences on frailty (Yashin et al. 1999), while the bio-geriatric approach to frailty
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emphasizes factors such as inflammatory response, neurological control, aerobic capacity,
alterations in immune and endocrine systems, hormone levels, free radicals, antioxidants,
and macro/micro nutrients (Cohen 2000; Ferrucci et al. 2002; Markle-Reid and Browne
2003). In contrast to the demographic focus in defining frailty, the bio-geriatric approach to
frailty emphasizes the end of life cascade of experiences leading to disability, dependency,
and death (Buchner and Wagner 1992; Carlson et al. 1998; De Jong 2000; Fried etal. 2001).
Geriatricians emphasize the complex interactions of many physiological systems which
when disturbed can lead to greater stress than an organism can tolerate and subsequent
poor health outcomes. This approach to frailty corresponds to the idea of frailty or risk
of mortality described by Kannisto when he said that deaths were the outcome of “little
devils” or potential causes of death that can either work together or individually to harm
the organism (Kannisto 1991).

Several researchers have linked individual biological measures of frailty to performance
measures of frailty and negative health outcomes such as cardiovascular disease, con-
gestive heart failure, diabetes, and hypertension (Taafe et al. 2000; Walston et al. 2002).
Only recently have researchers recognized the cumulative negative effect of multiple risk
factors indicating dysregulation in interrelated biological systems in causing poor health
and disability. Parameters included in earlier specifications of allostatic load have in-
cluded profiles of physiologic activity across a wide range of regulatory systems including
the hypothalamic pituitary axis, the sympathetic nervous system, the cardiovascular sys-
tem, the metabolic system, renal function, lung function, and markers of inflammation
(Seeman et al. 1997, 2001). Each indicator of risk included has been related to poor health
outcomes. These analyses have shown that the summary indicator of allostatic load is
a better predictor of poor health outcomes than the individual biomarkers (Karlamangla
et al. 2002; McEwen and Seeman 1999; McEwen and Stellar 1993; Seeman et al. 2001,
2004). Other summary indicators of physiological status have been related to both mortality
and specific causes of morbidity. For instance, Syndrome X, a combination of cardiovas-
cular and metabolic risk factors, has been related to cardiovascular mortality (McCarty
1995; Reaven 1988; Wannamethee et al. 1998).

Previous analyses of allostatic load have been performed among age-limited samples: the
MacArthur Study of Successful Aging (Seemon et al. 2001, 2004), ranging in age from
70 to 79 at the onset of the study, or the Wisconsin Longitudinal Study (Singer and Ryff
1999). The current study is the first to empirically examine allostatic load in a representative
population sample, spanning the adult age range.

3. Data and Methods

3.1. NHANES DATA

Data for this study come from the third National Health and Nutrition Examination Survey
(NHANES III). Survey information and laboratory and clinical exams were conducted with

about 40,000 persons in this nationally representative sample of the US noninstitutional
population (National Center for Health Statistics 1994). In this analysis, we use data on
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the 23,426 sample members 20 years of age and over. Data were collected over a 6-year
period from 1988 through 1994.

3.2. MEASUREMENT

3.2.1. Allostatic Load

Data for the frailty measure are derived from the examination and laboratory results. In
developing an index of frailty, we follow the lead of other research on allostatic load
and construct an index representing the number of physiological indicators that are at
least moderately outside the appropriate range for each indicator. Because our sample
includes all ages, we use definitions of risk based on clinical practice guidelines where
such guidelines exist. Where such guidelines are not available, we empirically derive the
risk group aiming to defining those in the top 25% as at risk such as has been done in other
operationalizations of allostatic load (Seeman et al. 2001; Singer and Ryff 1999). The 13
allostatic load markers, their definitions and means and SDs are shown in Table 1.

As indicated above, physiological risk factors represent functioning across a number of
bodily systems. Indicators of cardiovascular and metabolic functioning include diastolic
and systolic blood pressure, high-density lipoprotein (HDL), total cholesterol, triglyc-
erides, body mass index (BMI), and glycated hemoglobin. Three markers of inflammation
[albumin and C-reactive protein (CRP) and fibrinogen] are included. Indicators of lung
function (peak flow), urinary function (creatinine clearance), and homocysteine (an amino
acid that has been shown to be related to a variety of health outcomes) are also included.
Our choice of indicators has been guided by both prior research and data availability. For
instance, other operational approaches to defining allostatic load have included indicators
of sympathetic nervous system functioning that are not available for this analysis (Seeman
et al. 1997, 2001, 2004).

Some of the indicators included in our definition of allostatic load were collected in a
physical exam (see Appendix A, Table Al). Two measures of cardiovascular health, dias-
tolic and systolic blood pressure, were obtained from the mean value of three sets of blood
pressure measurements performed at a mobile examination center and during household
interviews. BMI was calculated from weight and standing height using the formula: BMI =
weight (kg)/(height (cm)/100)?). Peak flow was determined by the maximum expiratory
flow observed from all acceptable forced vital capacity maneuvers.

Blood samples were used to estimate levels of HDL, total cholesterol, triglycerides, and
glycated hemoglobin. A fasting status of greater than 9 hours was used in the measurement
of triglycerides. Glycated hemoglobin measurements were obtained from a specific gly-
cohemoglobin test known as HbAlc. Homocysteine, as well as measures of inflammation
including albumin, CRP, and fibrinogen were also obtained via blood samples. Urinary
samples were used to obtain measures of creatinine clearance.

For 9 of the 13 indicators the percentage in the risk category is between 20 and 32. Diastolic
blood pressure, which is based on a widely accepted clinical standard of risk, is the indicator
with the smallest number of people at risk, only 6%. The high value—for triglycerides—is
also based on a standard clinical practice level for treatment.
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Allostatic load for each individual indicator is defined as the number of factors out of 13
in the high-risk category. It is created for individuals by counting the number of indicators
falling in the high-risk range. Because two of the factors are available for a subset of the
sample, i.e., fibrinogen is only determined for those over 40 and homocysteine is only
calculated for the half of the sample collected in the latter half of the survey, we compute
an indicator based on 11 factors as well as 13. Average allostatic load (based on 13 factors)
is 2.67 (SD 2.44) for the entire sample, meaning that an average adult is in the high-risk
category for about three factors. The range is from 0 to 11. Using the 11 factors to define
allostatic load the mean is 2.39 with an SD of 2.19.

3.2.2. Health Outcomes

In order to validate our use of this measure of frailty we relate our measure to the con-
current presence of poor health outcomes including the presence of cardiovascular disease
and levels of physical functioning. Cardiovascular disease was defined as the presence of
at least one of the following: heart attack, stroke, congestive heart failure, or angina. Heart
attack, stroke, and congestive heart failure were based on self-reports of doctor-diagnosed
conditions. Presence of angina was based on self-reported answers to the Rose Angina
Questionnaire. A summary measure of physical functioning was based on 12 questions
assessing the degree of difficulty engaging in specific tasks including: walking a quarter
of a mile, walking 10 steps without rest, stooping/crouching/kneeling, lifting or carrying
10 pounds, doing chores around the house, preparing own meals, managing money, walk-
ing room to room, standing on an armless chair, getting in and out of bed, eating, and
dressing oneself. Level of difficulty ranged from 1 to 48 with higher levels of functioning
characterized by lower levels on the scale. Multivariate analyses linking allostatic load to
these outcomes included controls for age, age squared, and gender.

4. Results

Since our interest is in how physiological dysregulation or frailty varies with age, we
examine the age distribution of risk for each individual factor in Figure 1. Being in the
high-risk group increases regularly with age for the following factors: albumin, homocys-
teine, systolic blood pressure, fibrinogen, and peak flow. Other risk factors increase in the
population up to early old age and then level off in prevalence: CRP, creatinine clearance,
and glycated hemoglobin. Some factors have a curvilinear relationship with age such that
the proportion of the population at risk is low at both young adult and old ages: BMI,
HDL cholesterol, total cholesterol, diastolic blood pressure, and triglycerides (Figure 1).
This last list of factors includes many of the most commonly employed clinical markers of
physiological status. One hypothesis would be that the stronger the association of the risk
factor with death, the more likely the factor will not continue to increase in the population
at the older ages.

Our main interest is in the age pattern of our summary measure of physiological challenge
as represented by allostatic load. The population level of physiological challenge increases
with age up through the 60s and then levels off so that the population has fairly similar
average levels of allostatic load during their 60s, 70s, 80s, and 90s (Figures 2A and B).
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Figure 1. Percent in high-risk category by age.
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Figure 1. (Continued)

Examination of the ratios of allostatic load of one age group to the preceding age group
show the increase in the mean from one age group to the next is between 30% and 40%
up to the 50-59 age group, and between 5% and 15% from 60 through 80-89 years of
age (Table 2). For those over the age of 90, mean allostatic load levels are 4-6% lower
than those aged 80—89 years. This index of physiological frailty indicates how the risk for
adverse health outcomes in old age increases rapidly as old age is approached.

Health outcomes may be affected more by the extremes of the allostatic load distribution
in the population than by the mean. The proportion of the population with an allostatic
load of five or higher and one or lower are also shown in Table 3. While the percentage
of the population with the highest allostatic load increases up to age 80—89, the rate of
increase is higher between relatively young age groups. Table 3 presents the distribution
of allostatic load by age. After age 60 about a third of the population has an allostatic load
of five or higher and less than 15% are in the minimal risk category (Table 3). Most of
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Figure 2. (A) Mean allostatic load (13) by age and (B) Mean allostatic load (11) by

age.

Table 2. Mean allostatic load by age.

Ratio of each age group
to prior age group

Age Allo(13) Allo(11) Allo(13)  Allo (11)
2029 128 1.17 — —
3039 1.65 1.57 1.29 1.34
4049 234 2.05 1.42 131
50-59 322 2.84 1.38 1.39
6069  3.69 3.21 1.15 1.13
70-79  4.08 3.50 1.11 1.09
80-89 437 3.69 1.07 1.05
90+ 4.19 3.45 0.96 0.93
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Table 3. Distribution of allostatic load by age (%).

Age AL<1 AL2-3 AL45 ALS+
20-29 64.6 28.4 4.9 1.9
30-39 54.1 34.4 6.9 4.6
40-49 38.1 37.1 11.7 13.2
50-59 212 35.6 18.5 24.7
60—69 14.1 34.6 18.6 32.8
70-79 7.0 33.9 19.6 395
80-89 6.3 28.0 183 474
90+ 6.5 19.2 29.5 44.8

the population change in the distribution of risk takes place before age 70, after that the
distribution is relatively stable even up through the ages above 90.

Because each of the indicators is a component of the total allostatic load, regressing in-
dividual variables on allostatic load clarifies the relative importance of each of them in
determining the total variance in allostatic load within the population. The variance in
individual age groups can also be determined in this way. The proportion of variance ac-
counted for by each of the indicators of biological risk is shown in Table 4. Of the 13 factor
indicators, fibrinogen accounts for the most variance—22%. Other important variables
include BMI (12%), albumin (9%), and total cholesterol (8%). The three most important
measures accounting for variance in the 11 factor index are BMI, albumin, and total choles-
terol. When the role of individual factors in explaining variance is calculated for three age
groups (20-39, 40-59, and 60+), it is very clear that the proportion of variance accounted
for by several of the biological indicators varies by age. For example, the role of BMI in
accounting for allostatic load is reduced with age from 30% among ages 20-39 to 14%
among ages 60+. However, BMI accounts for the greatest variance in allostatic load across
all three age groups. Furthermore, glycated hemoglobin, peak flow, and systolic blood pres-
sure are important in the older years compared to the younger years, accounting for 9%,
8%, and 9% of the variance in allostatic load among those over age 60. These differential
weights by age give some clue as to how physiological differences across systems affect
populations at different ages.

Allostatic load has also been linked to poor health outcomes in previous studies. However,
as mentioned earlier, these studies were limited in age and sample range. In order to pro-
vide evidence of the validity of our measure of allostatic load, we examine how predictive
it is of both cardiovascular disease and physical functioning (when controlling for age
and gender) in a national sample, across ages 20-90. Table 5 shows the relationship be-
tween allostatic load and physical functioning and cardiovascular disease. Allostatic load
(b =0.24, p < 0.001) is associated with poorer physical functioning and this relationship
remains statistically significant after controlling for age and gender. Similarly, allostatic
load is associated with a 1.2 (p < 0.001) times greater odds of having cardiovascular dis-
ease after controlling for age and gender. These findings serve to validate allostatic load
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Table S. Effect of allostatic load (11 factors) on physical functioning and
cardiovascular disease (ages 20+).

Physical function Cardiovascular disease

b value Odds ratio (CI)
Intercept 13.67* n/a
Age —0.13%** 1.03** (1.01-1.05)
Age squared 0.001*** 1.00 (1.00-1.00)
Allostatic load 0.24*** 1.21%* (1.18-1.25)
Gender 0.48*** 0.81** (0.73-0.89)
Total N 10,526 15,354

¥ p < 0.001.

as a measure of frailty, and supports previous studies in linking biological risk factors to
poor health outcomes.

We also link each individual indicator included in allostatic load to each of the health
outcomes in Table 6. It is interesting that the two blood pressure measures, perhaps the
most widely recognized indicators of risk in this set, are the least related to the presence
of either functioning problems or cardiovascular disease. Creatinine clearance is also not

Table 6. Regression models assessing effects of individual biological component

of allostatic load on physical functioning and cardiovascular disease among
ages 60+ (NHANES III).

Physical functioning Cardiovascular disease

Individual biological factors b values QOdds ratios (CI)
High diastolic blood pressure 0.34 0.92 (0.67-1.26)
High systolic blood pressure —0.02 1.04 (0.91-1.20)
High glycated hemoglobin 0.57*** 1.61%** (1.40-1.85)
High body mass index 1.40%* 1.50"* (1.28-1.74)
High fasting triglycerides 0.89%* 1.617 (1.32-1.96)
Low HDL cholesterol 0.84** 1.87** (1.61-2.18)
High total cholesterol 0.08 1.26** (1.08-1.48)
Low albumin 1.00*** 1.20* (1.04-1.38)
High CRP 1.26%* 1.63* (1.42—-1.88)
High fibrinogen 1.23%* 1.56"* (1.36-1.80)
Low peak flow 1.35%* 1.26** (1.06-1.50)
Low creatinine —0.59*** 0.91 (0.78-1.07)
High homocysteine 1.00%** 1.35%* (1.09-1.67)
Note: Models include age, age squared, gender, and biological factors.

*p < 0.05.

**p <0.01.

% p < 0.001.
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related as expected. The other indicators are each individually linked to higher levels of at
least one of the conditions.

5. Discussion

‘We have provided evidence for the pattern of population allostatic load by age: increasing
rapidly through adulthood until old age and then remaining relatively constant. We
believe this pattern is related to the selectivity of the population by death and allostatic
load.

While we are looking at a cross-section of the population by age, we are cognizant of the fact
that the population in each age group examined is the surviving population from cohorts
born years earlier. The selectivity of the population is greater as age increases. Using
current mortality rates and the resulting cross-sectional life table indicates that about half
of the population will die by age 80 and only about a third of those who reach 80 survive
to age 90. For current 80 year olds, a far greater proportion of the cohort has died before
age 80 (Crimmins 2001).

The age pattern of allostatic load—increasing markedly before old age and then remaining
relatively constant in very old age—must be related to mortality. While we cannot test
this in this sample, ample evidence supports this idea. Allostatic load as well as each
of these individual indicators has been related to mortality in a study of 70—79 year olds
(Seeman et al. 2001). The increase in the relative odds of mortality linked to each individual
measure varies across indicators. The strongest relationships are with CRP, peak flow,
fibrinogen, and creatinine clearance. Being in the high-risk category for any of these
conditions approximately doubles the relative risk of mortality over 7.5 years (Seeman
et al. 2001). In this study, the relative risk of mortality over the 7.5-year period increases
very regularly with a summary index of allostatic load. Relative mortality (to those with
allostatic load from 0 to 2) is about four times higher when allostatic load is three or four and
it is about seven times higher when allostatic load is seven or higher (Seeman et al. 2001).
Our hypothesis is that the high mortality associated with high allostatic load operates to keep
the level of biological risk from increasing exponentially in the older population. Increases
in frailty of this population are clearly dampened by mortality, which selects the most frail.

This is a preliminary analysis with a number of limitations. The indicators of biological
risk included in our measure of allostatic load do not span as many systems as would
be desirable. In other work, we have been able to include indicators of HPA and SNS
functioning; these and additional indicators would be desirable (Seeman et al. 2001, 2004).
This data set is not linked to subsequent health outcomes as yet; so it is not possible to
link allostatic load to death in this data set. Furthermore, persons with chronic diseases
such as cardiovascular disease and diabetes were included in the analyses, which could
potentially confound some of the results of our study since allostatic load is a measure
of preclinical symptoms of some diseases. However, preliminary analyses (not shown)
excluding persons with cardiovascular disease and diabetes indicate no change in the age
distribution of allostatic load. Also, in future analyses it will be important to consider
gender differences as well as age differences.
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CHAPTER 8. AGING WITHOUT DEMENTIA

PASCALE BARBERGER-GATEAU, LUC LETENNEUR, VALERIE
DESCHAMPS, CATHERINE HELMER, COLETTE FABRIGOULE,
AND JEAN-FRANCOIS DARTIGUES

Inserm U593, Université Victor Segalen Bordeaux2, France

1. Introduction

Preservation of intact cognitive functioning is a major component of healthy aging. Cogni-
tive decline and dementia are major determinants of disability and loss of autonomy in older
people (Barberger-Gateau and Fabrigoule 1997). The prevalence of dementia increases al-
most exponentially with age in all countries, from 0.3—0.7 per 100 people under the age of
60, to 12 per 100 in the age group 80—84 years (Fratiglioni, DeRonchi, and AgueroTorres
1999). Estimates for the oldest ages are unstable, given the small sample sizes of most
studies in this age group. Incidence figures are very similar in the youngest old in Europe,
North America, and Asia (about 1 per 1000 person years in people aged 60—65 years), and
they increase dramatically with increasing age to an average of 90 per 1000 person years
in people older than 95 (Fratiglioni, DeRonchi, and AgueroTorres 1999). The most fre-
quent cause of dementia is Alzheimer’s disease (AD), accounting for about two thirds of the
cases, followed by vascular dementia (VD). Mild cognitive impairment (MCI), defined as a
memory impairment beyond that expected for age and education but without dementia nor
repercussion on activities of daily living (ADL) (Petersen et al. 1999), is a much more fre-
quent feature in older people, although estimates of its prevalence vary considerably across
studies, given the general absence of standardized diagnostic criteria (Ritchie and Touchon
2000). MCI has been considered by some authors as a transitional zone between normal
function and clinically probable AD (Petersen 2000) although not all these people will
evolve toward diagnosable AD. Thus preventing or at least postponing the onset of cognitive
decline and dementia could considerably improve the quality of life of many older people
and relieve the burden placed on society by this dramatic “silent epidemic” (Larson 1998).

After age, the main risk factor for late-onset or sporadic AD is a genetic one. Individuals
carrying the €4 allele of the apolipoprotein E (apoE4) are at increased risk for AD, but
AD may occur in individuals without this risk factor and conversely individuals carrying
this risk factor may not develop the disease (Cummings et al. 1998). Thus, this allele is
only a predisposition factor. This genetic risk factor is not modifiable, with the current
state of knowledge. However, recent studies have suggested that the prevalence of severe
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cognitive impairment (Freedman, Aykan, and Martin 2001, 2002) and dementia (Corder
and Manton 2001) might be declining as well as that of chronic disability (Crimmins,
Saito, and Reynolds 1997; Freedman, Martin, and Schoeni 2002; Manton and Gu 2001;
Schoeni, Freedman, and Wallace 2001) of which dementia is one of the major determinants
(Agiiero-Torres et al. 1998).

Since decline in a short time period cannot be attributed to a modification of the genetic
characteristics of the population, environmental factors must have played a role in this phe-
nomenon. If these data were confirmed, they would be good news, since the identification
of modifiable environmental risk factors could open the door to preventive interventions
against dementia. These environmental factors include lifestyle (e.g., leisure activities)
and eating habits. Lifestyle is partly determined by socioeconomic status, itself strongly
related to educational level. Given the cost and moderate efficacy of current symptomatic
drugs in AD, and despite the potential hope of a “vaccine” against AD in the future, an
environmental approach could be the most cost-effective way to decrease the incidence of
dementia and more generally that of cognitive impairment in older people.

The aim of this chapter is to present a summary of epidemiological data regarding pre-
ventable risk factors of cognitive decline and dementia in older people, either by enhancing
cognitive stimulation, such as education or participation in activities, or by a neuroprotec-
tive effect, which could be provided by some nutriments included in food.

2. Methods

The data come from the PAQUID (Personnes Agées QUID) study on cognitive and func-
tional aging whose general methodology has been described elsewhere (Barberger-Gateau
et al. 1992; Dartigues et al. 1992). A representative sample of 5554 community dwellers
aged 65 and over was randomly drawn from electoral rolls of 75 parishes randomly se-
lected in two administrative areas of South-western France around Bordeaux, Gironde,
and Dordogne. Among them, 3777 (68%) gave their written consent to participate. The
sample was representative in terms of age and sex of the local community population aged
65 and over.

Each participant was first visited at home in 1988—1989. The data collected by a psychol-
ogist included sociodemographic information, living habits, main symptoms, a functional
assessment [covering the domains of ADL, instrumental activities of daily living (IADL),
and mobility], and a neuropsychological test. General cognitive functioning was assessed by
the score on the Mini Mental Status (MMS) examination (Folstein, Folstein, and McHugh
1975). Education was considered in two levels: at least primary school level validated
by the French diploma “Certificat d’Etudes Primaires” (CEP) corresponding to about 7
years of education versus no diploma (Letenneur et al. 1999). Height and weight were self-
reported and the body mass index (BMI) was computed by the ratio: Weight (kg)/Height?
(m?). The concordance of self-assessed weight with actual weight measured at the baseline
interview was assessed in a subsample of 585 subjects by the method of Bland and Altman
(1986).
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If a diagnosis of dementia was suspected by the psychologist according to the criteria
for dementia from the Diagnostic and Statistical Manual of Mental Disorders, third revi-
sion revised (DSMIII-R) (The American Psychiatric Association 1987), the subject was
visited by a neurologist to confirm the diagnosis and ascertain its etiology according to
the criteria of the National Institute of Neurological and Communicative Disorders and
Stroke and AD and Related Disorders Association (NINCDS—-ADRDA) (McKhann et al.
1984).

Then the subjects were followed-up in the same manner 1 (in Gironde only), 3, 5, 8, and
10 years after baseline assessment. All incident cases of dementia were registered following
the same procedure: all the subjects declining three points or more on the MMS since a
previous examination or suspected of dementia by the psychologist according to DSMIII-R
criteria were reviewed by a neurologist.

The 3-year interview included a brief food questionnaire, assessing the frequency of con-
sumption of broad categories of food. In addition to the usual follow-up, a sample of 169
voluntary subjects living in Dordogne participated in a specific project about nutrition
named PAQUINUT (PAQUId NUTrition). In these subjects, dietary intake was assessed
by a 3-day food record and a dietary history.

A blood sample was obtained in 626 volunteers at 1-year follow-up and frozen. A nested
case—control study within the PAQUID cohort was designed to analyze the relationships
between plasma levels of antioxidant vitamins A and E, and MDA (Malondialdehyde, a
lipoperoxidation catabolite) and incident dementia. Among the 626 subjects with a blood
collection at baseline, 46 developed dementia during the seven subsequent years and were
considered as cases. Each case was matched (on sex and age at the time of onset of dementia)
to three controls.

As cholesterol and some other biological parameters could not be measured retrospectively
from frozen samples, another blood collection was conducted at 8-year follow-up, in the
subsample of subjects who already had blood collected at 1-year. Among these subjects,
344 (55%) were still alive, and accepted a new collection and the 8-year follow-up visit,
but 10 blood samples could not be used because of technical incidents. Thus, this study
sample was composed of 334 subjects: 37 demented subjects (including 28 AD) and 297
non-demented controls. Total cholesterol, high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C) were measured in sera after a 10—12 h
fast. ApoE genotype was quantified on DNA samples.

Statistical results are expressed in terms of odds ratios (OR) or relative risks (RR) func-
tion of the statistical models used. Ninety-five percent confidence intervals (95% CI) are
provided.

3. Results

Among the 3777 individuals of the initial sample, 3675 were not demented at baseline,
2133 were (58.0%) women and 1822 (49.6%) individuals aged 75 or above.
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Figure 1. Age and sex incidence of dementia. PAQUID 1987-1995.

3.1. INCIDENCE OF DEMENTIA

During the first 5 years of follow-up there were 190 incident cases of dementia among
these subjects, including 140 cases of AD. The incidence rate of dementia was 1.6 per
100 person years and that of AD was 1.2 per 100 person years. The global incidence of
dementia was estimated as 1.3 per 100 person years in men and 1.8 per 100 person years
in women. As shown in Figure 1, incidence of dementia increased dramatically with age,
in particular in women after age 75. The incidence of AD was higher in men than women
before 80 years of age, and higher in women than men after 80 years (Letenneur et al.
1999).

3.2. EDUCATION

There was an association between educational level and 5-year risk of incident demen-
tia. Incidence of dementia decreased as educational level increased. However, the most
discriminating cut-off was possession of the CEP: subjects with no education or with a
primary school level without this diploma had a risk ratio of 1.83 (95% CI [1.37-2.44]) of
developing a dementia compared with those obtaining at least the CEP (Letenneur et al.
1999). The association between dementia and gender was not explained by a confound-
ing effect of education, despite the fact that women were in general less educated than
men.
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3.3. ACTIVITIES

We studied the relationship between the kind and number of social and leisure activi-
ties at baseline and the risk of dementia in the three subsequent years in 2040 subjects
living in Gironde. People engaged in activities such as traveling (RR = 0.48, 95% CI
[0.24-0.94]), gardening (RR = 0.53, 95% CI [0.28-0.99]), doing odd jobs or knitting
(RR = 0.48, 95% CI [0.26-0.85]) had a significantly decreased risk of subsequent de-
mentia after adjustment for age and cognitive performance at baseline (Fabrigoule et al.
1995). Moreover, there was a cumulative effect of doing these activities: being engaged in
two or three different activities was significantly associated with a lower risk of dementia,
the “protective” effect of three activities (RR = 0.20, 95% CI [0.04-0.86] being stronger
than that of two activities (RR = 0.41, 95% CI [0.18-0.90]) whereas taking part in a sin-
gle activity was not significantly associated with a decreased risk of dementia. For sports
participation, the relationship reached only borderline statistical significance (RR = 0.33,
95% CI [0.10-1.04]) (Fabrigoule et al. 1995).

3.4. FOOD

The relationship between food and cognitive and functional status was first studied in a
cross-sectional way in 1758 subjects who answered the brief food questionnaire at 3-year
follow-up. Regarding the specific effect of food rich in polyphenols, which are strong
antioxidants, people drinking tea everyday had a significantly decreased risk of scoring
<24 on the MMS, in logistic regressions adjusted for age, sex, and education (OR =
0.41, 95% CI [0.23-0.84]). These subjects as well as occasional tea drinkers also had a
significantly decreased risk of being IADL dependent (OR = 0.66, 95% CI [0.45-0.97]
for daily drinkers). Daily fruit (OR = 0.15, 95% CI [0.05-0.46]) or chocolate (OR = 0.63,
95% CI[0.43-0.92]) consumption was also significantly associated with a decreased risk
of IADL dependency. In previous analyses, we showed that IADL dependency was a strong
predictor of dementia in the subsequent years (Barberger-Gateau et al. 1999).

However, cross-sectional analyses do not allow us to conclude that these nutritional habits
are a cause and not a consequence of better health status. In particular, daily fruit consumers
were also less dependent for shopping (OR = 0.65, 95% CI [0.50—0.85]). Thus, they were
more able to buy fresh products.

In longitudinal analyses conducted in 1416 non-demented subjects at the 3-year visit
followed-up at least once afterward, daily tea consumption was associated with a decreased
risk of 7-year incident dementia, which reached borderline significance after adjustment
for age and sex (RR = 0.61, 95% CI [0.34—1.10]). This relationship was partly explained
by educational level: there were 17.4% daily tea drinkers among subjects achieving the
CEP level, versus only 7.6% in the less educated group (p < 0.001). Thus, when education
was introduced into the model, the RR was slightly higher (0.69) but far from significance
with a 95% CI ranging from 0.38 to 1.25.

There was a significant decrease of the risk of incident dementia with increasing frequency
of fish or seafood consumption in the same subjects. After adjustment for age and sex,
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those eating fish or seafood at least once a week had a RR of 0.66 (95% CI [0.47-0.93])
of becoming demented in the seven subsequent years. When education was added into the
model, the hazard ratio was almost unchanged (0.73) but the 95% CI [0.52—1.03] slightly
overlapped the value 1, indicating that the “protective” effect of weekly fish or seafood
consumption was partly explained by higher education of regular consumers. When the
analysis was reduced to incident cases of AD, adjusted for age and sex, subjects eating
fish or seafood at least once a week had a RR of 0.69 of becoming demented in the seven
following years, with borderline significance (95% CI [0.47—-1.01]) (Barberger-Gateau
et al. 2002). There was no association between meat consumption and risk of dementia.
Meat consumption was not associated with education.

Moderate wine consumption was also associated with a decreased risk of developing
dementia. Wine was the only alcoholic beverage reported by more than 95% of the 2115
regular drinkers at baseline (56% of the sample). Among the initially not demented 2273
subjects followed at 3 years, the 318 subjects drinking 3—4 glasses per day (between % and %
liter wine per day) had a significantly decreased risk of 3-year incident dementia (crude
OR = 0.18, 95% CI [0.06-0.59]) and AD (OR = 0.25, 95% CI [0.08-0.81]) as compared
to the 971 non-drinkers. These figures remained almost unchanged after adjustment for
age, sex, education, occupation, and baseline MMS. In mild drinkers (<% 1/day) there was
a negative association only with AD, after adjustment (OR = 0.55, 95% CI [0.31-0.99])
(Orgogozo et al. 1997).

The main active components of wine are alcohol and polyphenols, in particular flavonoids
which have strong antioxidant effects. Flavonoids are also contained in tea, fruit, and
chocolate. The brief 3-year food frequency questionnaire was used to provide an ap-
proximate evaluation of the overall flavonoid intake of the 1367 not demented respon-
dents who were seen at least at one of the two following visits. The age-adjusted 5-year
RR of incident dementia was 0.55 (95% CI [0.34—0.90]) for the two highest tertiles of
flavonoids consumption compared to the lowest. After adjustment for sex, education,
weight, and vitamin C intake, the RR was almost unchanged, indicating that the intake of
antioxidant flavonoids is inversely related to the risk of incident dementia (Commenges
et al. 2000).

3.5. VITAMIN AND MDA PLASMA LEVELS

These results were reinforced by longitudinal biological data obtained in the 626 volunteers
who accepted a blood collection at 1-year follow-up. Vitamin E plasma level is not only
a reflection of food intake but also an indicator of overall oxidative status of the body.
Initial plasma levels of vitamins A and E tended to be lower in the 46 incident cases of
dementia than in their healthy age and sex-matched controls (mean values respectively
2.06 and 22.62 umol/l in cases versus 2.23 and 24.99 in controls). Regarding the marker
of lipoperoxidation, MDA was higher in cases than in controls (mean values 1.35 versus
1.23 pmol/l).

Plasmatic values were split in terciles in multivariate logistic regression models. Risk of
dementia, adjusted for age, sex, education, and apoE4, was significantly increased for the
lowest tercile of vitamin E level, under 21.0 umol/l (OR = 2.54, 95% CI [1.06—6.10])
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as compared with the highest tercile. The same trend was observed for vitamin A but
not significant (OR = 2.10, 95% CI [0.88-5.02]). For MDA higher values tended to be
associated with a higher risk of dementia, although not significant (for the highest tercile
of MDA OR = 2.13, 95% CI [0.89-5.07]). These results suggest that subjects with low
levels of vitamin E are at higher risk of developing dementia in the subsequent years.

3.6. CHOLESTEROL

The cross-sectional relationship between serum cholesterol level and the presence of de-
mentia was analyzed in a case-control study conducted at 8-year follow-up in 334 subjects
then aged 73 and more (37 demented subjects and 297 non-demented controls).

The following variables were significantly associated with dementia in univariate analyses
(p at least < 0.05): age, low HDL-C, presence of apoE4 allele, low educational level, and
low wine consumption. Hypolipemic treatment intake was more frequent in non-demented
subjects (19.2 versus 2.7%, p < 0.05). No significant differences were found between
demented subjects and controls for total cholesterol, LDL-C, nor protein plasma level.

For an easier clinical interpretation, HDL-C was split into quartiles. There was no significant
difference in the prevalence of dementia between the first three quartiles of HDL-C (12.9%,
13.4%, and 15.3%, respectively), whereas the prevalence (2.4%) was much lower in the
highest quartile, corresponding to a HDL-C concentration > 1.62 mmol/l. Thus, the HDL-
C variable was split into two categories: 1.62 mmol/l or less, and more than 1.62 mmol/I.
In multivariate analyses, subjects with a HDL-C rate above 1.62 mmol/l had a strongly
decreased risk of being demented compared with those with a lower HDL-C rate (OR =
0.12, 95% CI [0.02—0.57]). Younger age, higher education, and wine consumption also
remained significantly associated with a lower risk of dementia in this first model, not
taking into account the apoE4 status of the subjects. When apoE4 status was introduced
into the regression model, the association between HDL-C and dementia was unchanged.
The presence of apoE4 was also associated with an increased risk of dementia (OR = 4.35,
95% CI [1.73-10.9]) whereas wine consumption was no longer significant when adjusting
for apoE4 (Bonarek et al. 2000).

3.7. BMI

Non-demented subjects with a BMI lower than 21 at baseline had an increased risk of
developing dementia during the 8 years of follow-up as compared with subjects whose
BMI was between 23 and 26 (OR = 1.57,95% CI [1.15-2.15]). However, when individuals
who developed dementia early during the follow-up (1 and 3 years) were excluded from
the analysis, this relationship was no longer significant (Nourhashemi et al. 2003).

Thus a low BMI does not in itself seem to be a risk factor for dementia in the long term, but
rather a sign which occurs early in the infraclinical stages of the disease. However, among
the 169 volunteers included in the PAQUINUT project, subjects with a BMI greater than
or equal to 23 kg/m? had 3.6 times less likelihood of having a cognitive decline in MMS
score greater or equal to three points in the five subsequent years, adjusted for age and sex
(OR = 0.28, 95% CI [0.09—-0.90]). BMI ranging between 23 and 27 was associated with
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a significantly decreased risk of IADL disability (OR = 0.31, 95% CI [0.10-0.93]). Thus
in apparently healthy elderly people a BMI ranging between 23 and 27 is associated with
lower risks of functional and cognitive declines in the five subsequent years (Deschamps
et al. 2002).

4. Discussion

The data presented above show that a higher educational level, engagement in leisure
activities, healthy eating habits including a high consumption of food rich in flavonoids
and vitamins such as fish, fruit, vegetables, tea, and chocolate, and moderate wine drinking
are associated with a decreased risk of dementia or cognitive decline or as well as IADL
dependency. These results come from observational epidemiological data but they have
biological plausibility and suggest several possibilities for intervention.

It is hardly plausible that the associations presented here could be explained by a se-
lection bias, in particular by a difference in educational level between participants and
non-participants. At baseline participants were representative in terms of age, sex, and
occupation of the target population (Dartigues et al. 1991). During follow-up, selection
bias could have occurred through selective mortality or drop-outs. Education was not as-
sociated with 3-year mortality rate (except for the university level) (Berr, Dartigues, and
Alpérovitch 1994) nor with survival in persons with dementia (Helmer et al. 2001). Re-
fusals at follow-up were less educated, which might, on the contrary, result in a loss of
power and an underestimation of the number of incident cases of dementia among the low
educated (Letenneur et al. 1999).

The effect of education may be explained by the theory of cognitive reserve (Katzman
1993). The cognitive reserve hypothesis supposes that individuals manifest different thresh-
olds for symptom occurrence with brain dysfunction (Cummings et al. 1998). Patients
with higher education would have greater brain reserve and thus they would sustain more
cerebral lesions before becoming symptomatic and reaching the threshold of diagnos-
able dementia. Leisure activities could contribute to maintain or even increase cogni-
tive reserve. However, according to this theory patients can have a genetically inherited
greater cognitive reserve, which allows them to achieve a higher educational level, or
conversely their cognitive reserve could have been developed through education. Both
mechanisms probably interact throughout life, as well as deleterious factors such as head
trauma.

Another explanation may be that highly educated subjects have better management of risk
factors and disease. DelSer et al. (1999) have found no difference in the burden of specific
AD neurodegenerative lesions according to educational level, but the less educated subjects
had more cerebrovascular lesions that are not specific to AD but may strongly potentiate
the dementing effect of the neurodegenerative lesions. Thus, the higher prevalence of
dementia among less educated subjects found in other studies could be explained by a
higher prevalence of small cerebrovascular lesions in this group. The authors explained
their results through better management of risk factors and a greater access to quality health
care in highly educated subjects, e.g., a better compliance with treatment for hypertension
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which is a majorrisk factor of cerebrovascular disease. Indeed, the SYSTEUR study showed
that treatment of hypertension could decrease the overall incidence of dementia by 50%,
but also specifically that of AD (Forette et al. 1998). Thus, interventions promoting a better
access to health care and reducing socioeconomic inequalities could contribute to decrease
the incidence of dementia.

The reduced incidence of dementia associated with regular involvement in social activities
could also be explained by the theory of cognitive reserve: regular cognitive stimula-
tion could contribute to maintain optimal brain functioning. An alternative explanation
may be that people who are in a preclinical phase of dementia have already given up
these cognitively demanding activities. Indeed, we found that slight difficulties in [ADL
were already present 3—5 years before the clinical diagnosis of dementia could be made
(Barberger-Gateau et al. 1999). The efficacy of cognitive stimulation to postpone the onset
of dementia could be evaluated in subjects who are already in the MCI stage.

The protective effect of consumption of food or drinks rich in polyphenols or vitamins
was also found in other epidemiologic studies, which support the hypothesis of a central
role of oxidative stress in brain aging and dementia (Berr 2000; Deschamps et al. 2001).
Antioxidant approaches offer a new perspective for the prevention and therapy of AD
(Behl 1999; Nourhashemi et al. 2000). Such interventions still have to be evaluated. A
prospective clinical trial showed that supplementation of the diet of AD patients with
vitamin E reduced significantly, after adjustment for baseline MMS scores, a combined
endpoint of mortality, loss of independence and rate of institutionalization (Sano et al.
1997). Our results suggesting that subjects with low levels of vitamin E are at higher risk
of developing dementia in the subsequent years, could be of great interest in identifying
specific groups of subjects who could be protected by vitamin supplementation.

The lower risk of incident dementia associated with regular consumption of fish or seafood
also has biological plausibility and was previously reported in the Rotterdam study (Kalmijn
et al. 1997) and replicated in other studies (Kalmijn et al. 2004; Morris et al. 2003).
Apart from vascular protection that could be involved in VD and in Alzheimer’s-related
vascular phenomena, the n-3 fatty acids contained in fish oils could reduce inflammation
in the brain and may have a specific role in brain development and regeneration of nerve
cells.

However, unmeasured confounding factors may also affect both dietary intake and risk
of cognitive impairment, in particular education. We found an association between the
educational level and the frequency of fish intake. Daily tea consumption was also more
frequent in highly educated subjects. Vitamin E levels were found to be strongly correlated
with level of education in other studies (Kilander and Ohrvall 1997). Some studies failed
to adjust for education. The impact of education on the relationship between nutrition
and cognition is clearly shown in our results on fish and risk of dementia. Highly educated
subjects eat fish more often, for socioeconomic reasons (in France fish is expensive) and
because they more easily have access to information about healthy food habits. Thus, these
subjects would reinforce the “protective” effect of education against dementia by acquiring
a healthier lifestyle. Conversely, food habits acquired in childhood and maintained lifelong
could have helped them to develop better cognitive abilities (Kretchmer, Beard, and Carlson
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1996) and thus to achieve a better educational level. A typology of regular tea or moderate
wine drinkers is necessary to identify the psychosocial characteristics associated with these
habits, which could also explain their apparently protective effect: circumstances of intake,
social environment, pleasure.

There is also probably an interaction of these protective factors with apoE4 (Tol etal. 1999).
There is an association between apoE genotype and AD, but also an association between
apoE and lipid metabolism. Although introduction of apoE4 status into the regression
models did not modify the relationship between HDL-C and dementia in our data, other
authors suggested that cholesterol may not directly and independently be related to AD
but indirectly through genes such as apoE4 (Chandra and Pandav 1998). However, other
studies concluded that altered lipid homeostasis in the brain of AD patients was not related
to the presence of apoE4 (Mulder et al. 1998).

There may also be an interaction between apoE4 and the effect of antioxidant nutrients
such as wine polyphenols (Ruitenberg et al. 2002). In elderly men stratification by apoE4
status indicated that the protective effect of light drinking was stronger among apoE4
carriers than among noncarriers (Carmelli et al. 1999). Among AD cases, tissues from
patients with the ¢4 allele of apoE displayed lower activities of catalase and glutathione
peroxidase and lower concentration of glutathione than tissues from patients homozygous
for the €3 allele of apoE. These data demonstrate that, in AD, the €4 allele of apoE is
associated with higher oxidative insults (Ramassamy et al. 2000). Prospective studies are
needed to determine if individuals at high risk for diseases characterized by oxidative
damage and/or who have an apoE ¢4 allele might benefit significantly from available
antioxidant intervention at a relatively early and asymptomatic age (Dreon and Peroutkal
2001).

5. Conclusion

Aging without dementia is a matter of public health as well as a consequence of individual
behaviors. These results suggest that increasing educational level, encouraging regular
involvement in social and leisure activities, facilitating equal access to health care, and
promoting a diet rich in fish and antioxidants such as fruit, vegetables, and tea could
contribute to healthy cognitive aging. The impact of specific interventions still has to
be evaluated. Further research is needed to identify groups of subjects who could most
effectively benefit from such interventions.
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1. Introduction

Two general approaches can be taken to investigate the role of genetics in determining
longevity: one involves identifying genomic regions shared more frequently than expected
by long-lived relatives, i.e., genetic linkage analysis, eventually narrowing the region of
interest to a limited number of genes of interest. The other involves identifying polymor-
phisms found for candidate genes that change in frequency with age in population samples.
This study takes the second approach focusing on apolipoprotein E (APOE) polymorphisms
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and the risk for, and survival following, vascular accidents, i.e., heart disease and stroke,
at ages 75 and older.

To place this study into context, population cohorts established in the 1980s to study heart
disease measured blood cholesterol levels and motivated molecular characterization of
cholesterol transport proteins. Three common isoforms, i.e., variants of the major transport
protein APOE were identified (denoted E2, E3, E4). They differ in one or two amino
acids at positions 112 and 158 and have different efficiencies in interacting with receptors
to allow cholesterol entry into cells. The isoforms influence blood cholesterol levels and
the propensity for atherosclerosis (Davignon, Gregg, and Sing 1988). The common use of
DNA-based technology in the 1990s shifted emphasis from protein isoforms to polymor-
phisms in the encoding DNA identifying APOE ¢2, €3, and ¢4 alleles. Men in late middle
age who carried one or two APOE ¢4 alleles have a 40% elevated risk for myocardial
infarction (Utermann, Hardewig, and Zimmer 1984). Risk at advanced ages is not well
defined.

It was natural to investigate risk for dementia in relation to APOE polymorphism because
stroke is associated with atherosclerosis and often results in dementia. Unexpectedly, APOE
€4 was found to multiply risk for the other and major cause of dementia, namely Alzheimer’s
disease (AD), not stroke—in fact, stroke patients were sometimes used as the control
subjects in AD studies. The APOE genotypes vary about 15-fold in risk for AD: €23
(low risk) < €33 < €34 < €44 (high risk) (Corder et al. 1993, 1994; Kuusisto et al. 1994;
Saunders et al. 1993; Strittmatter et al. 1993). The €22 and €24 occur infrequently and
hence are difficult to evaluate.

The biodemographic relevance of APOE disease associations was indicated by centenar-
ian studies: centenarians carry more €2, and fewer €4, alleles compared to young adults
(Louhija et al. 1994; Schichter et al. 1994), implying distinct allele-specific mortality
curves. We verified the existence of distinct APOE mortality trajectories for the common
APOE genotypes €23, €33, and £34: specifically, we compared all-cause mortality for sub-
jects in a population cohort according to genotype. The subjects were identified as persons
age 75 and older living in a district of Stockholm in October, 1987 (the Kungsholmen
cohort; see Section 2; Corder et al. 1996). The cohort was established to investigate de-
mentia: cognition for study subjects was evaluated during 1987-1989. Midway into the
baseline interval it was decided to extract and store DNA for genetic studies. DNA was
available for about 60% of the subjects. Mortality from the date that blood was drawn
until the end of 1994 was evaluated for the 1077 subjects who carried one of the common
APOE genotypes. There was no evidence of selective mortality at ages 75—-84. However,
the oldest subjects aged 85 and older demonstrated 3-fold variation in risk of death de-
pending on APOE genotype: €23 < €33 < ¢34. Hence, the selective mortality implied by
the centenarian studies was demonstrated to occur at ages 85 and older. If anything, the
mortality differentials increased with age.

Despite the wide variation in the risk of AD associated with APOE genotype (at ages
60-75, lesser at advanced ages), AD as a slowly fatal disorder whose clinical progression
is only weakly associated with APOE genotype could not account for the selective mortality
found at ages 85 and older (Basun et al. 1995; Corder et al. 1995; Dal Forno et al. 1996;
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Norrman et al. 1995). Moreover, it was subjects who had good cognition who demonstrated
mortality differentials.

On the other hand, vascular disorders are common at advanced ages and can be rapidly fatal.
With increasing age, amyloid derived from APP (the amyloid precursor protein) deposits
not only in the brain as senile plaque but also in brain vessels as cerebral amyloid angiopathy
(CAA) (Kalaria and Premkumar 1995) and in peripheral blood vessels displacing normal
smooth muscle cells (Ervin et al. 2004). The rate of deposition is markedly higher for
€4 carriers. This pathology likely alters the integrity of vessels and might determine the
APOE-specific trajectories of mortality in late age. In addition, APOE4+ subjects in the
Bryan Alzheimer’s Disease Research Center brain bank often demonstrate damage to heart
valves and to the muscle of the heart, i.e., to actin-containing structures (Corder et al. in
preparation) which may be amyloid related.

Kungsholmen cohort members who had a history of myocardial infarction or stroke had
marginally lower (not higher) frequency of the €34 genotype. (MI: 23% versus 28% for
women; 21% versus 24% for men; Stroke: 20% versus 24%; Basun et al. 1996). These
persons had survived a vascular accident. The implication is that vascular accidents might
possibly be less survivable for APOE4+ persons. The possibility that prognosis follow-
ing vascular accident varies according to APOE genotype is investigated by identifying
dates of diagnosis for each vascular ICD-8 code for cohort subjects from computer-
ized diagnostic records for the Stockholm region and then contrasting risk and prog-
nosis according to APOE genotype. We found a 5-fold variation in mortality from 8% to
40% within 3 months of a vascular diagnosis at ages 85 and older depending on APOE
genotype.

2. Methods
2.1. STUDY SUBIJECTS

The Kungsholmen cohort (Fratiglioni et al. 1991, 1992) consists of 1810 of 2368 residents
ofadistrict of Stockholm aged 75-years and over on October 1, 1987. Baseline examinations
were completed within the next 2 years. Some subjects died before they could be examined,
the major reason for exclusion from the cohort. Mini-mental State Examination (MMSE)
score (Folstein, Folstein, and McHugh 1975) was used to divide subjects into cognitively
impaired i.e., scores 0—23) and intact (i.e., scores 24-30) groups. The cohort was followed
for mortality to December 31, 1994 using vital statistics for the Stockholm region (Corder
et al. 1996). Informed consent was obtained for each subject in accordance with protocols
approved by the Ethical Committee at the Karolinska Institute.

2.2. ASCERTAINMENT OF CARDIO- AND CEREBROVASCULAR DIAGNOSES

Computerized hospital discharge records and death certificates were accessed for the Stock-
holm region to identify which subjects had relevant diagnoses and the date of diagnosis. The
records contain the date of first occurrence of each ICD-8 code (World Health Organiza-
tion 1977; as adapted for Sweden) in the range 410414 (ischemic heart disease), 420—429
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(nonischemic heart disorders), and 430—438 (cerebrovascular disease), or equivalent ICD-9
codes (Basun et al. 1996). The records covered the years 1969-1994.

2.3. APOE GENOTYPING

1124 of 1810 subjects were genotyped for APOE. DNA was extracted from peripheral
white blood cells using standard methods. APOE genotype was determined using a micro-
sequencing method on microtiter plates (AffiGen APOE, Sangtec Medical, Bromma,
Sweden). Subjects without stored DNA for genotyping were frequently those with baseline
exams done late in 1987 or in 1988 before the importance of genetic studies was fully re-
alized. Efforts to obtain blood for DNA extraction from subjects assessed early were made
at subsequent exams. They account for 25% of the blood samples drawn.

2.4. STATISTICAL ANALYSIS

The study was limited to the 1077 of 1124 genotyped subjects with one of the three com-
mon APOE genotypes: €2/3, €3/3, and €3/4. The subjects were divided according to age
(7584 versus 85 and older). Genotype-specific cumulative incidence distributions from
the time of the baseline examination during 1987-1989 until death or December 31, 1994
were estimated by the product limit method (Kaplan and Meier 1958) and compared with
log-rank tests (Peto et al. 1977) for each age group. This approach was then used to de-
tect genotypic differences in prognosis for affected subjects from the date of diagnosis. It
was also used to compare genotypic differences in mortality for subjects without vascular
diagnoses. The analysis was implemented using SAS procedure LIFETEST (SAS Insti-
tute 1988). All reported probability values are two-sided and statistical significance was
declared at the 5% level.

3. Results
3.1. AGES 75-84

The relatively younger subjects aged 75—84 at entry into the Kungsholmen cohort did not
demonstrate APOE genotypic associations with vascular disease or differences in prognosis
if affected. A total of 229 (26%) were diagnosed as having vascular disease between en-
try into the cohort 1987-1989 and December 31, 1994. Figure 1a displays the proportion
not affected at each time point within 5 years from entry into the cohort. Each year is
ticked on the x-axis. The solid line represents €23+ subjects; the dotted line represents
€33+ subjects; and, the dashed line represents €34+ subjects. The genotypic distri-
butions were indistinguishable (log-rank test: x2 = 1.09 with 2 d.f, p = 0.58). Note
that the first date of diagnosis was evaluated if there were several ICD-8 codes each
with a date of diagnosis; use of the last date of diagnosis gave essentially the same
result.

Prognosis, i.e., survival from the date of diagnosis, is displayed for the 170 subjects who
received a diagnosis before age 85 (Figure 1¢). Survival from the date of diagnosis was
unrelated to APOE genotype (x> = 2.28, p = 0.30). One-year survival was 60%—70% for
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Figure 1. APOE genotype-specific risks. The cumulative occurrence of vascular
diagnoses (1987-1989 to 1994), i.e., the proportion of unaffected subjects, who
entered the cohort at (a) ages 75-84 versus (b) ages 85+-. Prognosis following a
vascular diagnosis, i.e., proportion surviving from the time of an occurrence at
(c) ages 75-84 versus (d) ages 85-+. Cumulative survival for persons without
vascular diagnoses (available 1969—1994) who entered the cohort at (e) ages 75-84
versus (f) ages 85+-.

each genotype leveling off from high hazard within the first 3 months. For subjects having
more than one diagnosis, the date of the last-occurring ICD-8 code was evaluated. Use of
the first date of diagnosis gave essentially the same result.

We then examined survival for persons without vascular diagnoses (1969—-1994). Five-
year survival was clearly better compared to affected persons but essentially the same
for each genotype (x? = 1.74 with 2 d.f. p = 0.42) (Figure le). Hence, there was no
evidence that either vascular disease or mortality at ages 75-84 were related to APOE
genotype.

3.2. AGES 85 AND OLDER

Like the relatively younger subjects, the older age group did not demonstrate APOE geno-
typic differences in the occurrence of vascular disease (Figure 1b). There were 72 incident
cases (33%) for subjects entering the cohort at age 85 or older. Genotypic distributions
were indistinguishable (log-rank tests: x> = 0.56 with 2 d.f,, p = 0.75).
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However, prognosis at ages 85 and older varied 5-fold depending on APOE genotype. A
total of 131 subjects received a diagnosis at ages 85 and older (Figure 1d). The genotypic
differences in prognosis were appreciable and statistically significant (x> = 7.38 with 2
d.f., p = 0.02): 3-month survival was 92% for subjects who carried €23, 71% for €33,
and 60% for €34. Hence, five times as many APOE &34+ subjects died compared to
€23+ subjects (40% versus 8%). Mortality differences were concentrated in the 3 months
following a diagnosis. Survival from 3 to 12 months did not demonstrate wide variation
(14%, 14%, and 31%, respectively). It might be added that the €2 /34 subjects were more
than a year older than the other subjects. The observed better prognosis for €2 /34 subjects
was found despite their older age.

Only a weak trend in mortality was found at ages 85 and older for persons without vascular
diagnoses (1969-1994) (x? = 4.08 with 2 d.f,, p = 0.13) implying that the survivability
of vascular events at advanced ages may substantially account for the previously observed
differences in all-cause mortality related to APOE genotype. Mortality within 1 year of
entering the cohort was 0%, 3%, and 18% for €2/3, ¢3/3, and €3 /4, respectively. Mortality
until the end of follow-up on December 31, 1994 was 25%, 44%, and 50%. A wider
spectrum of relevant disorders might account for this trend. However, missed vascular
events is another and plausible explanation.

3.3. SUBGROUP ANALYSIS

We tried to determine whether prognosis at ages 85 and older was associated with APOE
genotype for subgroups based on sex, cognitive status, and diagnosis groups (cardio- and
cerebrovascular diagnoses). Each subgroup demonstrated the same pattern of selective
survival in the 5 years following diagnosis (Figure 2). A higher proportion of men were
affected, but genotypic patterns of prognosis were similar for both sexes: 3-month mortality
for women (Figure 2a; n = 97) was 11%, 31%, and 39% for €2/3, €¢3/3, and €3/4,
respectively; and 0%, 21%, and 43% for men (Figure 2b; n = 34). The 96 subjects who had
intact cognition (Figure 2¢) had better prognosis compared to the 35 who were cognitively
impaired (Figure 2d): 3-month mortality for the intact group varied 8-fold from 5% to
21% and to 40% for €¢2/3, €3/3, and €3/4; and 3-fold variation for impaired subjects—
17%, 45%, and 57%. There was 8-fold variation in mortality within 3 months following
a cardiovascular diagnosis (Figure 2e; n = 97): 5%, 31%, and 43% for €2/3, €3/3,
and €3/4 compared to 3-fold variation following cerebrovascular diagnoses (Figure 2f;
n = 46): 14%, 22%, and 39%. Note that 12 subjects had both cardio- and cerebrovascular
diagnoses. Nonischemic cardiovascular diagnoses including congestive heart failure and
atrial fibrillation predominated (found for 91 of 131 subjects).

4. Discussion

The Kungsholmen cohort demonstrates selective mortality related to APOE genotype at
ages 85 and older: €2/3+ subjects were at low risk of death; £3/3 had intermediate risk,
and €3 /44 were at high risk, 3-fold variation in hazard and a 2-year difference in mean sur-
vival (Corder et al. 1996). Selective mortality was not found at ages 75-84. We investigated
whether or not vascular disease, common at ages 85 and older and rapidly fatal, might ac-
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Figure 2. Subgroup analysis. The 131 subjects who had a vascular diagnosis at ages
85 and older (Figure 10.1d) were divided according to sex (a: women; b: men),
cognition (c: MMSE 24-30 at entry into the cohort, i.e., relatively intact; d: MMSE
0-23), and according to type of diagnosis (e: cardiovascular; f: cerebrovascular).
Mortality varied according to the same APOE genotype pattern for each subgroup:
e3/4 > e3/3 > e2/3.

count for the selective all-cause mortality. A third of older subjects had a vascular diagnosis
in the 5-year window of observation. For cases, there was a 5-fold variation in the risk of
dying within 3 months of the vascular accident depending on APOE genotype: 8% for
€2/3, 29% for €3/3, and 40% for €3/4 (p = 0.02). Consistent results were obtained for
subgroups based on sex, cognitive status, and type of diagnosis, although wider 8-fold
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variation in risk of death was found for persons having intact cognition (with otherwise
better survival) and cardiovascular (rather than cerebrovascular) disease. The frequency
of nonischemic cardiac diagnoses, primarily congestive heart failure and atrial fibrilla-
tion (91 of 131 subjects), speaks for itself. Possibly, the inclusion of “less well defined”
cerebrovascular diagnoses with less well-defined dates of diagnosis may have attenuated
the prognostic pattern for cerebrovascular disease. In short, the survivability of vascular
accidents at advanced ages may depend on which combination of APOE alleles has been
inherited. The weak trends in the same directions for subjects without vascular diagnoses
may result from missed diagnoses. Alternatively, there may be a broader spectrum of
APOE-related disorders.

The age- and APOE4-related accumulation of amyloid in vessels (Ervin et al. 2004),
thinning of small vessel walls (Salloway et al. 2002) as well as frequent heart valve and
muscle damage for APOE4+ persons (Corder et al. in preparation) is a potential explana-
tory underlying pathology. One speculation is that therapies devised to limit and reverse
amyloid deposition in the brain to prevent/treat Alzheimer disease might also protect the
vasculature. For example, monoclonal antibodies injected into the peripheral blood system
may serve as a sink for amyloid, drawing it out of the brain and vessels allowing excre-
tion. This system might prevent and reverse vessel amyloid deposits. If so, life might be
extended and APOE-genotypic differences in survival be minimized by the use of such
therapies.

In summary, survival at ages 85 and older for the Kungsholmen cohort varied according
to APOE genotype. We investigated the occurrence of vascular disease and subsequent
mortality for the cohort. Mortality within 3 months of diagnosis varied 5-fold depending
on APOE genotype: 8% for €2/3,29% for €3/3, and 40% for €3 /4. Weak associations were
found for subjects not having vascular diagnoses. Hence, the survivability of cardio- and
cerebrovascular disease may substantially account for APOE-related selective mortality at
advanced ages.
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CHAPTER 10. THE DANISH LONGITUDINAL CENTENARIAN STUDY*
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1. Introduction

Analyses of recent reliable demographic data from developed countries have shown that
since the 1960s the steady decline of the mortality rates (1-2% per year) among 80+-year
olds is the major contributor to the growing proportion of centenarians (Vaupel and Jeune
1995; Vaupel et al. 1998). Following this decline, the number of octogenarians has increased
fourfold, the number of nonagenarians eightfold, while the number of centenarians has
increased 20-fold in the period 1950-1990 (Kannisto 1994). In Denmark today, the number
of Danish centenarians (aged 100 and over) is around 500. In the 1950s, the corresponding
number was around 20, and in the 1870s only around three (Skytthe and Jeune 1995).
Indeed, centenarians are a new generation emerging in the 1800s, growing slowly until the
middle of the 20th century, after which there is a dramatic increase in the last half of the
century (Jeune and Kannisto 1997). Additionally, the maximum length of life has increased
by more than 10 years in the last decades of the 20th century (Jeune and Andersen-Ranberg
2000).

It was not until the beginning of the 1960s, when centenarians became less rare in countries
with low mortality, that it became possible to conduct descriptive surveys of centenarians.
Noteworthy are the pioneer studies in the 1960s by Haranghy (1965) and Franke et al.
(1970). Within the last two decades of the 20th century the increasing number of centenar-
ians has made larger and even population-based surveys possible, where health has been
a main topic (Allard and Robine 2000; Beregi 1990; Deiana et al. 1999; Franceschi et al.
1995; Franke 1997; Hitt et al. 1999; Inagaki 1999; Louhija 1994; Samuelsson et al. 1997;
Watanabe 1999a). But the various studies are heterogeneous, focusing on different aspects
of longevity, and using different instruments.

Results from centenarian studies have been contradictory, the dissimilarities being more
pronounced than similarities. Prevalences of common diseases vary greatly: Dementia from
27% (Hagberg et al. 2001) to 89% (Thomassen, van Schaick, and Blansjaar 1998), conges-
tive heart failure from 27% (Samuelsson et al. 1997) to 60% (Louhija 1994), myocardial
infarction from a few percent (Baggio 1999) to almost 30% (Franke and Schramm 1980),

: Paper presented at the [USSP Seminar on “Longer Life and Healthy Ageing”, Beijing, China, 22-27 October
2001.
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and diabetes from 1% (Watanabe 1999a) to 11% (Louhija 1994). Cancer varies from
almost zero (Watanabe 1999a) to 29% (Louhija 1994; Olsen 1995). More comparable dis-
ease prevalence rates have been reported for stroke (~10%) and hypertension (10-20%).
Physical functioning also seems to be rather comparable with about 1/3—1/2 being indepen-
dent in activities of daily living (Franceschi 1995; Franke 1977; Samuelsson et al. 1997).
Despite these findings the general conclusions of most earlier studies seem to indicate that
not only are centenarians relatively healthy (Beregi 1990; Candore et al. 1997; Franceschi
etal. 1995;), but they have also been healthy most of their life until a few years before death
as a centenarian (Hitt et al. 1999). Yet, one highly representative population-based study
is challenging this concept by finding higher disease prevalence among centenarians than
has been reported by others (Louhija 1994). So the question still remains: are centenarians
selected healthy subjects or are they as diseased and frail as would be predicted from our
knowledge of increasing morbidity with advancing age?

The Danish Longitudinal Centenarian Study was launched to describe the health charac-
teristics of an unselected population of Danes aged 100 using standardized instruments
of assessment and well-known definitions of diseases. Surviving participants have been
revisited at the ages of 101%, 103, 104, 105, and 106. Currently, the 107-year-olds are
being visited. These annual visits are made by the same investigators and concentrate on
physical and mental functioning as well as health status. Blood samples are also collected.

This chapter focuses on methods, feasibility, and results from the main study of the 100-
year-old centenarians. Some of the major results have been published in detail elsewhere
(Andersen-Ranberg, Vasegaard, and Jeune 2001a; Andersen-Ranberg, Schroll, and Jeune
2001b; Andersen-Ranberg et al. 1999a, b).

2. Material and Methods
2.1. STUDY POPULATION

To minimize selection bias due to high mortality a design with a dynamic cohort of people
aged 100 was chosen. This was achieved by investigating subjects who entered the study and
were eligible from the day they celebrated their 100th anniversary. Potential centenarians-
to-be were identified in two steps. In March 1995 all living subjects born in 1895 were
identified through the Danish Civil Registration System (CRS). In December 1995 the
procedure was repeated, this time identifying all living subjects born in 1896. As a result,
we identified 276 subjects living in Denmark and celebrating their 100th anniversary during
the period April 1, 1995 to May 31, 1996. All these subjects were admitted to the study
population continuously as soon as they reached 100 years of age. The validity of their age
was verified later in a study on centenarian siblings, where the age of each individual was
cross-checked with the birth registration year and the age in the following censuses.

When identified as eligible the subjects received a letter about 2 weeks after their 100th
birthday. In the letter, the study was explained and we asked permission (informed consent)
for a geriatrician (K. A-R.) and a geriatric nurse (Lone Vasegaard) to visit the centenarian
in his/her domicile for an interview and a physical examination. At the same time another
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letter was sent to the local home care office or nursing home to inform the home helpers
and nurses about the study. In this letter we pointed out that the centenarian would receive
a letter from us, and that we would appreciate if they could help us by ensuring that the
centenarian and/or family members were aware of the purpose of the study together with
the implications of participating in it. When appropriate, the caregivers were asked to read
and explain the study to the centenarian. A few days later we made contact by telephone
with the centenarian, either directly or through a caregiver to obtain permission to pay
them a visit shortly thereafter. If the answer was negative, no further attempt was made to
enroll them in the study. In cases where the centenarian was unable to understand the letter,
permission was obtained from a proxy. The seven regional Scientific-Ethical Committees
approved this protocol (Trial numbers 95/93 and 95/93MC).

All centenarians were interviewed and examined by the same geriatrician and geriatric
nurse at their place of residence (including institutions) within 3 months of their 100th
birthday. Proxies and/or caregivers were encouraged to participate in the interview.

2.2. THE INTERVIEW

The interview was initiated with some socializing questions relating to why and how the
subject had become that old, together with questions on what their secret was to enable
them to become a centenarian. These introductory questions were followed by questions
covering sociodemographic variables, and lifestyle factors. The management of activities
of daily living was assessed by using different scales, among them the international and
widely used scales of instrumental activities of daily living (I-ADL) by Lawton and Brody
(1969), and Katz’s Index of activities of daily living (Katz et al. 1963).

A structured interview including several common diseases was conducted and present
medication was registered on location. Nursing home records were read on location when
available. Additional questions related to health care were put to the caregivers of those
subjects who received such help.

2.3. SCREENING TEST OF COGNITIVE FUNCTIONING

Cognitive functioning was screened using the Mini Mental State Examination (Folstein,
Folstein,and McHugh 1975), applied at a time when the centenarian had become acquainted
with the interviewers, but not when too tired from all the questions. When a subject did
not reply adequately to a certain question it was noted whether this was due to (1) a wrong
answer, (2) vision or hearing impairment, (3) severe dementia, or (4) refusal to answer.
In order to get supportive information regarding cognition a proxy for each participant
(n = 207) was interviewed regarding the subjects’ short- and long-term memory, ability
to recognize other people, find their way home, recall the time of the year, understand
messages, and make decisions.

2.4. PHYSICAL EXAMINATION

The total physical examination had the following order: First, the weight was recorded
on a simple bathroom scale, followed by a short physical function test (putting the hands
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behind the back and behind the neck; from a standing position picking up a folding rule
from the floor, and turning around 360°). It was followed by a simple recording of hearing
ability (with and without the use of hearing aids, when spoken to normally and loudly),
and vision capability (by reading a standard text used in ophthalmology in Denmark), in
the latter case with a simultaneous registering of the amount of light using a Lux-meter,
and measuring the distance from the eyes (spectacles) to the text. Additionally, eye color
and status of teeth were recorded.

Then the subject would be asked to take off their clothes, if possible. Any functional dysp-
noea during the physical strain accompanying the preparation for the physical examination
was recorded. The lungs were auscultated in a sitting position with a stethoscope. Then the
heart would be auscultated in the supine position, and murmurs were noted. The pulse was
palpated and measured. Electrodes were put on the subject to perform a standard 12-lead
resting electrocardiogram (ECG) with a portable electrocardiograph unit (Cardiostat 31,
Siemens-Elema AB, Stockholm, Sweden).

With the subject at rest and in a supine position the blood pressure was measured three
times with a cuff on the right arm, using an appropriate cuff size and Hawksley’s Random
Zero Sphygmomanometer (Mk IT) (Hawksley and Sons Ltd. Sussex, England). Then the
cuff was moved to the left ankle, and the ankle blood pressure was measured using a
pocket doppler (Mini Dopplex D900, Huntleigh Health Care, Cardiff, UK) with the probe
over the a. dorsalis pedis sin. or a. tibialis post. sin. A fourth measurement of arm blood
pressure would follow. A mean of these 4 arm blood pressure measurements was used in
the analyses.

Bio-impedance was measured by using an Animeter (HTS-engineering Aps., Odense,
Denmark). Height was assessed by using two indirect methods: knee-to-floor height (in a
sitting position with the feet on the floor and the knee bent at a 90° angle) and supine total
arm length (Haboubi et al. 1990). The latter has been shown to have the best correlation with
total height, but becomes unsuitable when the elbow cannot be fully extended. On the other
hand, knee-to-floor height is difficult to determine in bedridden subjects. The inspection
of the lower extremities consisted of an assessment of varicose veins, ulcers, oedema, and
amputation. In the neurological examination symptoms were sought to identify a stroke
(affection of eye muscles, reflexes of the biceps, triceps, patella, Achilles and plantar,
strength, and muscle tone). If the subject was able to understand a more complicated
instruction, a spirometry would be carried out (Vitalograph R-Model, portable. Vitalograph
Ltd. Buckingham, UK).

2.5. BLOOD SAMPLES

Finally, blood was collected by venipuncture, with the subject non-fasting, and irrespective
of the time of the day.

2.6. ECG PARAMETERS

The ECGs were measured and analyzed by persons trained and certified in the Glostrup
Population Studies according to the Minnesota code (Rose and Blackburn 1968).
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2.7. ADDITIONAL HEALTH INFORMATION

Based on personal (oral and written) consent from the centenarian or a proxy, contact was
made by letter to the centenarian’s general practitioner (GP) shortly after our visit. In the
letter we asked for permission to have copies of all available health records.

Additional information was retrieved from the Danish National Register of Patients (in
existence since 1977), and from The Danish Cancer Register (in existence since 1943).
Data were obtainable on all members of the cohort (N = 276).

For each subject all available health information was scrutinized, and only clear medical
diagnoses made by doctors or obtainable from health registers were recorded in the data
base, with the exception of hospitalizations earlier than 1977, and anamnestic information
of having had infectious diseases at a younger age. All other self-reported diseases were
disregarded unless medical records could verify them.

When the diagnoses were recorded a clear distinction was made between actual (ongoing)
diseases and former diseases and chronic conditions.

The definition of diseases and chronic conditions was based on the International Classi-
fication of Diseases [International Statistical Classification of diseases and health related
problems (ICD 10), World Health Organisation 1992]. Also the diagnosis of dementia was
made according to WHO?s criteria of ICD-10 (World Health Organisation—WHO), the
ICD-10 classification of mental and behavioral disorders, clinical descriptions and diag-
nostic guidelines (1992). Dementia severity was rated according to the criteria of clinical
dementia rating (CDR) (Hughes et al. 1982).

2.8. COMORBIDITY

Comorbidity included several diseases and chronic conditions, which were chosen because
they can be regarded as potential threats to health and well-being. For details see Andersen-
Ranberg, Schroll, and Jeune (2001b). Every single diagnosis or chronic condition was
counted as one.

2.9. AUTONOMY

The term autonomy was used to describe centenarians who were able to live and main-
tain a reasonably independent life, i.e., being non-demented, non-institutionalized, and
belonging to Katz gr. A, B, or C (relatively independent in the basic activities of daily
living).

For current diseases and chronic conditions prevalence proportions were calculated as the
number of affected subjects divided by the total number of subjects in the study (N = 207)
and presented in percentages. Reported proportions of past illnesses were calculated and
presented in the same way.
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Statistical calculations were performed using the SPSS for Windows (v. 7.5.1 and v. 9.0)
statistical software (SPSS Inc., USA). The following statistical tests were used, with a
significance level of 5%: Chi-square test: Differences between participants and non-
participants in relation to sex and living conditions. Differences in sex in the individual
items of [-ADL, and between demented and not demented. Mann—Whitney U test: Differ-
ences between the sexes in the Katz’ Index of ADL and in the MMSE scoring divided into
four groups, as both dependent variables are ordinal. Analysis of variance (F-test) and t-test
Jfor equality of means: To compare number of diseases in relation to being autonomous
versus non-autonomous. Both urinary incontinence and dementia were excluded from the
analysis of autonomous/non-autonomous centenarians, as urinary incontinence is included
in Katz’ Index of ADL, and autonomous centenarians are defined as non-demented. Anal-
ysis of variance with repeated measures was also used to test the trend of number of
hospitalizations among participants and non-participants.

3. Ethics

After a hearing in the seven regional Scientific-Ethical Committees, the study was approved
by the local Scientific-Ethical Committee of the Counties of Funen and Vejle, Denmark.
Permission to retrieve data from The Danish Cancer Register and from The Danish National
Register on Patients on all the cohort members was obtained from the Danish National
Board of Health.

4. Results
4.1. PARTICIPATION

In the 14-months period of April 1, 1995-May 31, 1996 a total of 276 Danes celebrated
their 100th anniversary, of whom 207 (75%) accepted the invitation to participate in the
study (Table 1). The female—male ratio among the participants was 3.6:1. The group of non-
participants consisted of 56 persons who refused to take part in the study (non-respondents),
and 13 who died within a few weeks after their 100th birthday and before contact was
made (deceased). There were no significant differences between participants and non-
participants regarding sex (p = 0.115), type of housing (p = 0.072) or hospitalizations
in the period 1977-1997 (p = 0.18). All but three participants were visited within 3
months of the subjects’ 100th birthday. With the exception of 11 subjects all were born in
Denmark.

Table 1. Participation.

Non-participants

Eligible Participants Non-respondents Deceased
Males 54 (20%) 45 (22%) 6 (11%) 3 (23%)
Females 222 (80%) 162 (78%) 50 (89%) 10 (77%)

All 276 (100%) 207 (100%) 56 (100%) 13 (100%)
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4.2. FEASIBILITY

Ofthe 207 participating centenarians 177 (85%) participated actively in the interview, while
the remaining subjects were almost totally unable to communicate. With the exception of
a few well-functioning centenarians all participants had a proxy present at the interview.

Almost all participants (or a proxy) completed most of the interview. Information on
functional status (Katz’ Index of ADL, Lawton’s I-ADL) was obtainable for all participants,
as well as supplementary information regarding memory functions, social behavior, and
functioning, which was given by proxies and/or caregivers. An equivalently high response
rate was not feasible in the clinical examination (Table 2). A complete physical examination
(excluding spirometry) could only be obtained for 95 (45%) centenarians.

The reasons for not participating entirely or only partly in the major parts of the physical
examination were visual and/or hearing impairments, severe dementia, proxy-denial in
connection with demented subjects, acute/terminal illness, or reluctance/refusals. The same
reasons also explain why only 3/4 (n = 156) of the centenarians were tested with the MMSE.
Of the 156 subjects who were examined less than half (n = 72, 46%) went through a
complete MMSE. In the remaining, 54% the major reason for an incomplete MMSE was
visual impairment.

Copies of medical files from GPs were obtained in nearly all cases, with the exception
of four subjects. Medical data from the National Board of Health’s National Register of

Table 2. Number of centenarians who participated in the different parts of the
examination (N = 207).

n %
Interviewer rating of hearing capability 198 96
Interviewer rating of vision capability 197 95
Dental status 192 93
Physical performance test 162 78
Inspection of lower extremities 159 77
Pulse 159 77
Blood pressure—right arm (4 times) 158 76
Mini Mental State Examination 156 75
Auscultation of the heart 151 73
Blood sample 148 72
ECG 142 69
Vision assessment (reading a standard text) 142 69
Height 141 68
Auscultation of the lungs 139 67
Blood pressure—right ankle 137 66
Bioelectrical impedance 133 64
Weight 116 56
Neurological examination 110 53

Lung function test/spirometry 36 17
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Patients (National Discharge Register) and the National Cancer Register were available
not only for all the 207 participants, but for the whole cohort (N = 276).

4.3. ACTUAL MEDICAL DIAGNOSES

Clinical findings in relation to all 207 participants are shown in Table 3. A cardiovascular
disease [myocardial infarction, atrial fibrillation, angina pectoris, chronic heart failure,
moderate to very severe hypertension (>160/>100), and pacemaker implant] was identified
in 149 (72%) of the centenarians. Hypertension—in accordance with WHO’s criteria from
1999 (Chalmers et al. 1999)—was found in about half of the centenarians, but only in a
third when using the threshold of moderate hypertension (>160/>100).

Twenty subjects (10%) had diabetes. Three were being treated with insulin injections, two

were on oral antidiabetics, and eight were treated with diet. Seven subjects were discovered
to have diabetes at the time of our visit.

4.4. USE OF DRUGS
Nearly all centenarians (95%) received medicine prescribed by a doctor, the median number

being 3.0 (range: 0-10; 5-, 25-, 75- and 95-percentiles being 0, 2, 5, and 8, respectively).
The most frequently used drugs were diuretics (Table 4).

Table 3. Clinical findings (/V = 207).

N %
Urinary incontinence 124 60
Osteoarthritis of knee, hip, shoulder, and spine 112 54
Hypertension (>140/>90)“ 108 52
Dementia 105 51
Prostatic hypertrophy” 15 33
Chronic heart failure 67 32
Angina pectoris/ischemia 57 28
Atrial fibrillation/flutter 36 17
Diabetes mellitus 20 10
Stroke 19 9
Vitamin B12 or folic acid deficiency 19 9
Frequent urinary infections 15 7
Chronic obstructive lung disease 13 6
Dyspepsia 13 6

Others®

“Hypertension (>160/>100): n = 65 (31%).

PMen, N = 45.

¢Others: hypo- and hyperthyroidism, gout and lung fibrosis in 6 (3%) subjects each,
schizophrenia or other psychotic symptoms in 4 (2%), emphysema, gastric ulcer, and iron
deficiency in 3 (1.5%), pneumonia, asthma, and Parkinson’s disease in 1 (0.5%) subject
each.



THE DANISH LONGITUDINAL CENTENARIAN STUDY 159

Table 4. Actual use of drugs among 207 Danish centenarians.

n %

Cardiovascular drugs (thiazides, loop-diuretics, 3-blockers, 132 64

ACE-inhibitors, Ca**-blockers, long-term NTG, and

digoxin — either alone or in combination)
Diuretics (thiazides and/or loop-diuretics)® 123 59
Laxatives 90 44
Hypnotics (benzodiazepines given as a hypnotic) 59 29
Antihypertensives (3-blockers, ACE-inhibitors, Ca**-blockers, 57 28

and thiazides)
Analgetics (paracetamole, acetylsalicylic acid, 47 22

dextropropoxyphene, and opioids)
Digoxin 35 17
Thrombosis preventive drugs (low-dose aspirin) 30 15
Neuroleptics, antidepressants, and sedatives (not used as hypnotics) 22 11
H,-antagonists or proton pump inhibitors 22 11
Actual antibiotic treatment 19 9
Antihypertensives (3-blockers, ACE-inhibitors, and Ca™* " -blockers) 12 6
Corticosteroids 9 4
Bronchodilators 9 4
Insulin 3 1
Anti-diabetics (oral) 2 1

“Thiazides alone: n = 47 (23%).

4.5. COGNITIVE FUNCTIONING AND MENTAL HEALTH

Among the 156 subjects who participated in the MMSE (Table 5) about one—fifth (22%)
obtained a score of 24 or more, while a slightly higher proportion (28%) had scores below
18. There were no significant sex differences between the four MMSE groups (Mean Rank
men: 68.5; women: 81.5, p = 0.115).

The prevalence of dementia (“mild”, “moderate”, and “severe’) was found to be 51% (n =

105), while 25% (n = 52) were diagnosed as having no signs of dementia (Table 6). Addi-
tionally, when including the 24 centenarians classified as having “probably no dementia”

Table 5. Mini mental state examination-score in relation to sex.

Males (VN = 45) Females (N = 162) All (N = 207)

MMSE 30-24 points 12 (27%) 33 (20%) 45 (22%)
MMSE 23-18 points 14 (31%) 38 (24%) 52 (25%)
MMSE 17-10 points 9 (20%) 28 (17%) 37 (18%)
MMSE 9-0 points 1 (2%) 21 (13%) 22 (10%)

Not tested 9 (20%) 42 (26%) 51 (25%)
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Table 6. Clinical dementia rating in 207 centenarians.

Probably
Clinical No no Questionable Mild Moderate Severe Not
evaluation dementia dementia dementia dementia dementia dementia classified Total

52(25%) 23(12%) 16 (7%)  35(17%) 42 (29%) 28 (14%) 11 (5%) 207(100%)
Dichotomized 91 (44%) 105 (51%) 11(5%) 207(100%)

this proportion rose to 37%, leaving a proportion of “questionable dementia” of 7%. When
dichotomizing the clinical dementia evaluation into “demented” (including “mild”, “mod-
erate”, and “severe dementia”) and “non-demented” (including “no dementia”, “probably
no dementia”, and “questionable dementia”) more women than men were diagnosed as
being demented, but this difference did not reach the significance level (p = 0.08). In 11
(5%) subjects it was not possible to make a valid clinical evaluation of their mental status
either due to insufficient information (n = 8), terminal illness (n = 2), or frailty following

a too early discharge from hospital (n = 1).
4.6. WORST-CASE SCENARIO

The crude evaluation of “suspected dementia”/“probably no dementia” in the 56 non-
respondents showed that 23 (41%) could be evaluated as having “probably no dementia”, 17
(30%) as having “suspected dementia”, and 16 (29%) as unclassifiable/unknown. Among
the 13 deceased the level of cognitive functioning prior to their death was unknown. If all
the “unclassifiable/unknown” persons among participants and non-participants (including
both non-respondents and deceased) were in fact demented (i.e., “worst-case scenario”), the
prevalence of dementia in the total population would be 58.7%, which is not significantly
different from the estimated prevalence among the participants.

4.7. COMORBIDITY

Comorbidity is presented in Figure 1, which shows the number of centenarians suffering
from none (one subject) to nine (one subject) actual diseases and chronic conditions at the
time of the investigation. The mean number of diagnoses was 4.5 (SD 1.87) when using
the lower threshold for hypertension of 140/90 mmHg.

The most common combinations of diseases and chronic conditions were urinary
incontinence in combination with dementia (n = 78; 38%), hypertension (>140/>90)
in combination with osteoarthritis (n = 66; 32%), urinary incontinence in combination
with osteoarthritis (n = 63; 30%), urinary incontinence in combination with hypertension
(=140/>90) (n = 60; 29%), osteoarthritis in combination with dementia (n = 57; 28%)),
and urinary incontinence in combination with dementia and angina (n = 29; 14%).

4.8. CONDITIONS OF LIFE, ACTIVITIES OF DAILY LIVING AND AUTONOMY

A little more than one-half (n = 114) of the centenarians lived in nursing homes, 23
(11%) in sheltered houses and 70 (34%) in their own homes. There was no significant
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Figure 1. Comorbidity in Danish centenarians. Frequency of subjects with 0-9
actual diseases and chronic conditions when hypertension is defined as >140/>90
(mean 4.5, SD 1.87).

difference between sex and type of housing (p = 0.27). Among the 93 non-institutionalized
centenarians a little less than half (» = 41) did not have the service of a visiting nurse at
all and 13 (five men and eight women) did not receive any help at all from home-helps.
However, of these 13 subjects 9 were living together with another person in the same
household. Thus, only 4 (2%) were living alone and were totally independent.

When trichotomising Katz’ Index of Activities of Daily Living (Table 7) about two-fifths
were categorized as being relatively independent of help (Katz gr. A—C), about one-fourth
were categorized as being relatively dependent on help (Katz gr. D-E), while about one-
third were categorized as being very dependent on help (Katz gr. F-G, + special category).

Subjects independent in I-ADL are shown in Table 8. Around 40% of the centenarians were
able to dial a telephone number, including only precoded numbers, while practically no one
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Table 7. Katz’ Index of activity of daily living trichotomized in relation to sex.

Males (n = 45) Females (n = 162) All (n = 207)

Relatively independent 21 (47%) 64 (39%) 85 (41%)
“Katz gr. A-C”

Relatively dependent “Katz 14 (31%) 35 (22%) 49 (24%)
gr. D-E™

Very dependent “Katz gr. 10 (22%) 63 (39%) 73 (35%)
F-G”

“Including 3 subjects from “other”.
Including 4 subjects from “other”.

(only four subjects) was able to do their personal laundry alone. Significantly more males
than females were able to handle their medication, transportation (traveling), finances,
or shopping independently. Only one-third of the centenarians were able to administer
their own medication, either completely or after a weekly (or fortnightly) dosage by a
nurse.

Table 8. Independency in instrumental activities of daily living in relation to sex
(I-ADL). Number of subjects.

Males (n = 45) Females (n = 162) All (n = 207)

Ability to use telephone 23 (52%)"™ 61 (38%) 84 (41%)
including dialing precoded
telephone numbers

Responsibility for own 23 (51%)** 46 (28%) 69 (33%)
medication—including
when dosed weekly by
others

Transportation—arranging 13 (29%)* 21 (13%) 34 (16%)
travels (public or private)

Housekeeping—including 7 (16%)" 25 (15%) 32 (16%)
when only able to do light,
but daily house work

Ability to handle finances 10 (22%)** 7 (4%) 17 (8%)

Shopping,—including only 8 (18%)** 6 (4%) 14 (6%)
small purchases

Food preparation of adequate 3 (6%)™ 11 (6%) 14 (7%)
meals

Laundry—personal laundry 2 (4%)" 2 (1%) 4 (2%)
completely

™not significant.
*p < 0.05.
**p < 0.01.
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Among the relatively independent centenarians (41%), those centenarians who were simul-
taneously classified as being non-demented and non-institutionalized were identified. They
constituted a subgroup of 25 centenarians (12%), so-called “autonomous” centenarians,
while those who could not accomplish all these criteria were grouped as “non-autonomous”.
No difference in the mean number of diagnoses (excluding dementia and urinary inconti-
nence which are included in the definitions) could be found when comparing autonomous
centenarians to non-autonomous centenarians [autonomous centenarians: #n = 25, mean
3.0, SD 1.70 versus non-autonomous centenarians: n = 182, mean 3.3, SD 1.59; p = 0.368,
a mean difference of 0.31 (95%CI: —0.37; 0.98)].

4.9. CENTENARIANS’ FORMER HEALTH

Based on information from medical files, centenarians had suffered from several different
diagnoses; the most frequent being pneumonia (40%), fractures of hip, shoulder, or pelvis
(38%), and myocardial infarction (27%) (Table 9). When we looked only at selected diseases
with a relatively high mortality such as stroke, myocardial infarction, malignant cancer
(excluding skin cancers), and hip fracture, 124 (60%) had suffered from one or more of these
conditions previously. When including pneumonia the number augments to 158 (76%).

Only nine subjects had never been hospitalized, leaving a proportion of more than 95%,
who had been hospitalized at least once. The median number of hospitalizations was five
(range: 1-23). One-hundred and sixty-two (78%) subjects had undergone a major operation
(median number of operations: 2). Seventy-two (35%, 4 men and 68 women) subjects had
been operated for a hip fracture and 11 men (24%) for prostatic hypertrophy. Fifty-four
(26%) of the centenarians had had a cataract operation on one or both eyes.

Table 9. Number of former diagnoses confirmed in medical
files (N = 207).

n %
Pneumonia 81 40
Fracture of hip, shoulder, or pelvis® 78 38
Myocardial infarction 56 27
Stroke or transient ischemic attack 46 22
Low grade skin cancers 42 20
Gastric ulcer 37 18
Gallbladder disease 36 17
Transitoric cerebral ischemia 35 17
Erysipelas 28 14
Cancer? 25 12
Dyspepsia 22 11
Herpes zoster 22 11

“Hip fracture alone: n = 72 (35%).

bCancers of colon or rectum (1 = 12), bladder (n = 4), breast (n = 3), hematological
(n = 3), uterus including the cervix (n = 3), the larynx, the pyloric channel, and an
ovarian (n = 1, in one subject each).
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5. Discussion
5.1. PARTICIPATION

The study reports data from a nationwide, population-based survey of 207 out of 276
Danish centenarians examined shortly after their 100th birthday. The strength of this study
is that it was nationwide, population-based, with a high overall participation rate (75%) of
easily identified subjects in a cohort.

Population studies of extremely old people such as centenarians can be biased by the
selection of relatively healthy survivors due both to a high mortality and to the sampling
methods. This bias was minimized by using a cohort of 100-year-olds who entered the
study consecutively as soon as they turned 100. All were identified through a central
person register and very few died between identification and examination. The fact that
there was no significant difference between participants and non-participants regarding sex,
type of housing, and number of hospitalizations indicates that the examined centenarians
were unselected.

5.2. IDENTIFICATION OF AND CONTACT TO ELIGIBLE SUBJECTS

The identification of the centenarians is supposed to have been complete, and the possibility
of a centenarian not existing in the CRS seems unlikely; especially as health services and
pensions are using the CRS for identification. Date of birth, and hence age, are believed
to be valid as all the subjects have been cross-checked both with church books and a
population census held in 1924.

Great effort was put into the procedure of both contacting and explaining the study not
only to the centenarians, but also to the proxies and caregivers. The goal was to make
sure that the subjects, their proxies, and their caregivers fully understood the purpose of
the study, and to give them the opportunity to clarify some questions before deciding
whether they wanted to participate or not. Yet, the chosen procedure posed some ethical
questions in relation to addressing a population with a known high degree of cognitive
impairment, and a consequent impaired ability to judge the implications of their con-
sent to participate. These problems were discussed thoroughly with the Scientific-Ethical
Committee.

5.3. FEASIBILITY

The completeness of answers to the questions on ADLs and other questions, e.g., regarding
social functioning, is not surprising as these questions were also collected from proxies
and caregivers. About 75% of the participants took part in the clinical examination, but
a complete physical examination was only performed in 45%, which is in contrast to the
Swedish and the Finnish centenarian studies, 100% and 97% respectively (Louhija 1994;
Samuelsson et al. 1997).

The difference is difficult to explain, as details regarding how the different examinations
were carried out in the Finnish and the Swedish studies have not been presented. In the
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Hungarian study (Gergely et al. 1990; Kepecs and Lengyel 1990) only about half (n =
123) of the centenarians were clinically examined; the rest either refused, or were evaluated
in advance by a layperson as not capable of going through a clinical examination. In this
study, some of the Danish centenarians would only allow us to do certain parts of the
physical examination, while a minority would not participate in the physical examination
at all, but only in the interview. The reasons for this could vary, but many did not want to
expose themselves by taking off their clothes. In general, the examinations with the lowest
participation rate were also those which would require the most undressing.

One of the weaknesses of the present study is related to the difficulties in examining
centenarians given their high rate of sensory impairments. These impairments especially
influence cognitive functioning and pose some difficulties in the application of the MMSE
and other cognitive functioning tests (Andersen-Ranberg, Vasegaard and Jeune 2001a;
Holtsberg et al. 1995; Mazzoleni et al. 1996; Silver, Jilinskaia, and Perls 2001). In the
Swedish centenarian study a highly variable proportion of the centenarians was able to
pass the different sub-tests in a neuropsychological assessment battery (43—76% of the
subjects) (Samuelsson etal. 1997). Sensory impairments are very common and present a big
challenge to performing only the MMSE, so special adaptations are needed to circumvent
this problem.

However, the difficulties in performing the MMSE testing did not affect the diagnosing
of dementia or the dementia rating according to the chosen criteria, as we used additional
information from the interview (recalling during the interview, I-ADL functioning etc.), as
well as from caregivers and proxies/family members. Together with the clinical impressions
these information were sufficient to make both a diagnosis and a dementia rating according
to the chosen criteria. The MMSE items were only used as supportive information.

It was a deliberate choice to use the ICD-10 criterion for dementia. Firstly, in contrast to
the widely used DSM-1V criterion of the American Psychiatric Association, the ICD-10
employs activities of daily living in its criteria, and these data were easily collected through
caregivers and proxies. Secondly, the ICD-10 is the official WHO classification of mental
and behavioral disorders.

Comparing disease prevalences with previous studies on centenarians is rather difficult
given the various differences in study populations, use of methods, and collection of data.
Nevertheless we found higher disease prevalences in the present study than has been
published in other studies. The higher prevalence of urinary incontinence (60%) among
Danish centenarians compared to others (33—54%) (Bauco et al. 1996; Louhija 1994,
Mazzoleni et al. 1996) may be explained by the nature of the question challenging the
intimacy of the centenarian. Osteoarthritis in major joints (knee, hip, shoulder, and spine)
was rather common (54%) but might have been even higher, when taking into account
the complaints of backache, and pains in the knee and hip. No other study refers to the
diagnosis of osteoarthritis in centenarians.

The high prevalence of hypertension reported in the present study is primarily due to a
lower definition threshold. But even when using the threshold of moderate hypertension
(160/100) the prevalence (31%) is still higher than in other studies using approximately the
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same definition (7—19%) (Gareri et al. 1996; Gergely 1990; Louhija 1994; Samuelsson et
al. 1997; Watanabe 1999b), and is probably owing to the lack of inclusion of subjects under
current antihypertensive treatment in these studies. Only the large French centenarian study
demonstrated a similar level with 31% (212 out of 690) of the French centenarians having
a systolic blood pressure between 150 and 210 mmHg (Allard et al. 1996).

Altogether, cardiovascular disease is the most prevalent disease among centenarians af-
fecting 72% of the Danish centenarians. The rather high prevalence is supported by a
similar finding (70%) in the presently most representative centenarian study, the Finnish
centenarian study (Louhija 1994). In the largest study, the French centenarian study, a
cardiovascular disease affected 60% of the centenarians as reported by their GP (Allard
and Robine 2000).

The high proportion of centenarians using drugs prescribed by a doctor (95%) reflects the
rather high prevalence of disease and chronic conditions. Almost similar proportions of
drugs were found among Hungarian, Finnish, and Swedish centenarians (Gergely 1990;
Louhija 1994; Samuelsson et al. 1997). Among the Danish centenarians the most widely
utilized drug was a cardiovascular drug, naturally reflecting the high prevalence of cardio-
vascular diseases, and again highly comparable with the Finnish study thereby confirming
the comparability to this other comprehensive Nordic study. Also in the French centenarian
study the most frequently used drugs were cardiovascular, although the proportions were
generally lower (Allard and Robine 2000).

Very few studies on centenarians have presented results on comorbidity. As comorbidity
increases with age it would be interesting to know whether centenarians have benefited
from having fewer concomitant diseases than could otherwise have been predicted. No
such data exist. But a mean number of diagnoses in the present study of 4.5% enarian
seems not to be different from the 4.0 found in the New England Centenarian study (Hitt
et al. 1999). In one of the Italian centenarian studies (Mazzoleni et al. 1996) comprising
28 randomly chosen centenarians, 25% presented 0—3 pathologies, and the remaining 75%
more than three diseases, suggesting a high mean number of diseases.

The proportion of demented subjects in the present Danish centenarian population is com-
patible with the findings in most other centenarian studies. Among Finnish centenarians
(Sobel et al. 1995) the proportion of moderately to severely demented Finnish centenari-
ans was 33% (versus 34% in the present study), whereas 44% could be classified as being
non-demented according to DSM-III-R criteria (similar to the present study). Also among
Hungarian, Italian, Japanese and North American centenarians the dementia prevalence
seems to be around 50-60% (Hagberg et al. 2001; Ivan 1990; Powell 1994; Ravaglia et al.
1999; Silver et al. 2001—1Japanese results). Only a few and selected studies have reported
higher proportions of demented subjects (70-89%) (Asada et al. 1996; Thomassen, van
Schaick, and Blansjaar 1998). All in all, the results from the present study show that a
substantial proportion of Danish centenarians are demented. But of importance is also
the finding that a significant proportion of centenarians are still non-demented. Thus,
dementia is not inevitable at very great ages (Andersen-Ranberg, Vasegaard, and Jeune
2001a).
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While practically none of the centenarians could be described as being healthy, an inter-
esting finding was the identification of a small proportion of centenarians (12%) who were
non-demented, non-institutionalized and relatively independent in ADL, and yet had the
same mean number of diseases as the rest. Such subjects were described as autonomous.
However, we do not know why these centenarians were autonomous. It may be that their
aging process has been slower, or that their comorbidities have been less severe, or maybe
they have been better treated. It may also be that they possess special coping strategies
whenever they experience a loss or deterioration.

The former medical history of a subject can be difficult to ascertain. Self-reported data
are not accurate enough for several reasons: benign forgetfulness, tiredness, cognitive
dysfunction, and the earlier medical tradition of not telling everything to the patient.
Therefore, it was a deliberate choice to rely primarily on GP files, medical records and
registers. However, such documentation may be insufficient. But, by using the national
register of discharge, i.e., the Danish National Register of Patients, as well as The Danish
Cancer Register, it became possible to achieve information on all participants regarding
hospital admissions, diagnoses, and operations within the last 19 years and cancer diagnoses
within the last 52 years. The fact that the maximum number of verified medical diagnoses
from past medical illnesses was not obtainable implies that the reported proportions of
diseases should be considered as being minimum proportions. The same argument can
be used in the estimation of the prevalences of actual diseases and chronic conditions, as
the thorough physical examination in spite of a somewhat low examination rate disclosed
many unknown pathological signs (e.g., unknown hypertension, myocardial infarction on
ECG’s, minor strokes, diabetes etc.). Therefore, the prevalence of diseases and diagnoses
found in Danish centenarians should be regarded as a minimum number, or even a “best
case scenario”.

Few centenarian studies report data on past illnesses (Louhija 1994; Samuelsson et al.
1997; Watanabe 1999a). As in the present study, pneumonia is one of the most frequent
former diagnoses found in centenarians. Another frequent disease entity is major fractures
(hip, shoulder, or pelvis). About one-third had had a hip fracture at some point in their
later years. All in all, 72 Danish centenarians had suffered a total of 90 hip fractures.
The reported prevalence of hip fracture at the age of 100 (35%) is the same as found in
Swedish centenarians (34%) (Samuelsson et al. 1997), while a lower proportion (21%) is
reported among Finnish centenarians (Louhija 1994), and can partly be explained by the
fact that they have only retrieved data 10 years back. The hip fractures among Hungarian
centenarians (Gergely 1990) were somewhat lower (11%) which is difficult to explain, if
not caused by a lower survival rate in Hungary of people suffering from a hip fracture, and
consequently making the centenarians a more selected group. Also, osteoporosis may be
less prevalent in Hungarian centenarians or the diseases and chronic conditions leading to
falls may be fewer.

Cardiovascular and cerebrovascular diagnoses were recorded relatively frequently in the
medical files of Danish centenarians, reflecting one of the most important disease groups
in the elderly population. Interestingly, about one-fourth of the Danish centenarians had
a diagnosis of myocardial infarction, evaluated on the basis of ECG and former medical
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diagnoses, which is equivalent to the West German study by Franke (22-29%) (Franke,
Bracharz, and Gall 1973; Franke and Schramm 1980). Only 10% of Finnish centenarians
were identified to have suffered a myocardial infarction, but this was only defined as
a pathological Q-wave (Minnesota codes 1-1, 1-2, 1-3), and did not include previous
diagnoses of myocardial infarction. Also based on ECG alterations (but not described
further) is the low prevalence of about 4% found among 96 Hungarian centenarians (Rohla
and Lengyel 1990).

The Danish Longitudinal Centenarian Study was launched in order to describe the health
characteristics of an unselected population of Danish centenarians according to standard
assessments and methods. Based on the present findings it can be concluded that centenar-
ians have not survived due to a healthy life free from diseases, nor are they healthy at the
age of 100 years. So why are they still alive?

Probably centenarians have had the advantage of better medical treatments than older co-
horts, e.g., the emergence of antibiotics in the 1940s, and the increasing use of cardiovas-
cular drugs, letting them survive diseases they would otherwise have died from at younger
ages. This is suggested by the findings of rather high percentages (60-75%) of subjects
having suffered from one or more of major diseases with relatively high mortalities, and
the fact that nearly all centenarians had been hospitalized at least once, with nearly 80%
having had at least one major operation during their 100 year long life. Although it can be
discussed to which extent major operations augment the chances of becoming a centenar-
ian (e.g., operations for gall bladder stones), some of them together with modern medical
treatments have certainly changed the odds for several of the centenarians, not only at
younger ages but also more recently. In support of this are data from consecutive Japanese
autopsy records (1958-1995) on 141 mainly institutionalized centenarians, which showed
a shift from a few, if any, pathologies in the early period (1958—1987) to multiple patholo-
gies in the later period (1988-1995) (Tauchi and Sato 1999). In the earliest period death
due to infections was the most frequent diagnosis, while a growing number of cancers or
other general lesions were recorded as death causes in the later period. These data not only
support the advantageous effects of improved medical treatments on people surviving to
become centenarians, but may also explain why earlier studies found centenarians-to-be
a more selected group. Additionally, as the proliferation of centenarians started approxi-
mately at the same time in all developed countries it may be seen as a period effect rather
than a cohort effect (Kannisto 1994). The period effect consists of the beneficial effects
of not only improvement of lifestyle and reduction of risk factors (primary prevention),
but also the more active treatments (including secondary prevention) and surgery even in
very old people. These factors should, in fact, be considered as the largest contributors to
the increased survival of 80+year-olds (Jeune 2002). As a consequence, reaching the age
of 100 today is not reserved for people free from potentially mortal diseases.

Although the above-mentioned improvements have augmented the chances for an individ-
ual to reach the age of hundred, other factors may also play a role. We cannot ignore that
those who made it to 100 compared to those who did not may have possessed some special
characteristics. It could be a well-preserved adaptability in the maintenance of a number of
physiological and psychological functions (Andersen-Ranberg et al. 1999b) due to genetic
robustness (Jeune 2002). This may have given them the possibility of postponing disease
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onset until later ages, or to have a specific disease in a milder form, making them rela-
tively healthier than their fellow birth cohort members who did not reach the age of 100.
Such a possible selection could explain why some diagnosed potentially mortal diseases
like diabetes, stroke and some malignant cancers do not seem to be higher among Danish
centenarians than what is expected among octo- and non-agenarians (Andersen-Ranberg,
Schroll and Jeune 2001b). Also, psychological factors related to higher coping strategies
may too be part of an explanation (Hagberg and Nordbeck 2000).

We do not know the fundamental nature of this selection but based on the above-mentioned
improvements and results from earlier centenarian studies we may assume that yesterday’s
centenarians were more selected than today’s centenarians. But how will tomorrow’s cente-
narians be? The results of the present study indicate that people seem to survive in spite of a
wide range of more or less handicapping diseases and chronic conditions, thus supporting
the more gloomy perspectives of an aging society. But a more optimistic view can also
be applied where the increasing implementation of both primary and secondary preven-
tive measures and treatments may render tomorrow’s rising population of oldest-olds less
dependent on help.
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CHAPTER 11. GENDER AND HEALTHY AGING

EMILY GRUNDY
London School of Hygiene & Tropical Medicine, London, UK

1. Introduction

The interaction between gender and healthy aging is complex and in many respects para-
doxical. In current cohorts of older people, women are generally poorer and less well
educated than men, but they live longer, so much so that in France and, until recently in
Britain, men of the highest social status had a shorter life expectancy at birth than women of
the lowest (Hattersley 1999; Vallin 1995). Although their mortality is lower, older women
do not enjoy better health than older men; on the contrary they spend proportionately more
of their later lives affected by disability (Robine, Jagger, and Romieu 2001; Verbrugge
1989). Largely because of their longer life expectancy, older women are much less likely
than older men to be married and much more likely to live alone. Nevertheless, some
studies suggest that it is among men that the proportions lacking emotional support or with
few social ties are higher (Gierveld 2003; Grundy, Bowling, and Farquhar 1996; Wenger
1995). Even so, older women appear to be at higher risk of depression, or at least depressive
symptomatology, but suicide rates are much higher among older men (Meehan, Saltzman,
and Sattin 1991; Sonnenberg et al. 2000). Given these paradoxes, and the feminization
associated with population aging, it is perhaps surprising that associations between gender
and aging have not been studied more extensively. Although the literature on this topic is
growing (Arber and Cooper 1999; Arber and Ginn 1993; Arber, Davidson, and Ginn 2003;
Verbrugge 1989; Weitz and Estes 2001), Barer (1994) has pointed out that gender in old
age has received relatively little attention and that many of the influential early studies of
aging processes were based on male-only samples (Schock et al. 1984; Vaillant 1990).

In this chapter, these paradoxes are explored and gender differences in various dimensions
of healthy aging examined. The areas of life important to older people have been identified
in empirical research as good physical functioning, psychological well being, having re-
lationships with others, and social activity (Grundy and Bowling 1999). I therefore focus
predominately on these domains of life. The underlying conceptual model is that healthy
aging depends on maintaining a positive balance between reserve, or resources available,
and challenges faced in old age. Resources available, including health, material assets, con-
voys of support and coping strategies, are those acquired throughout life, often in gender
specific ways. Challenges, such as bereavement or trauma, may also be gender influenced.
Initially, though, it is useful to review the demographic context, namely differences in the
representation of women and men in older populations and the mortality differences which
underlie them.
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The chapter focuses on relationships between gender and aging in the more developed parts
of the world, particularly Europe, and many examples are drawn from Britain. However,
it is important to note that many populations in less developed regions of the world are
now aging rapidly and that some of the relationships between gender and aging maybe of
even greater importance because of more sharply delineated gender roles. Elsewhere in
this volume, Zeng et al. consider gender differentials in their analysis of healthy aging in
China and there is now a growing body of research on less developed countries relevant to
this issue (Adamchak et al. 1991; Knodel 1999; Martin and Kinsella 1994; Rahman et al.
1994; Zeng et al. 2001).

2. Population Aging and Population Feminization

In all populations which have experienced population aging, this process has been as-
sociated with population feminization, a consequence of the near universal longer life
expectancy of women compared with men. The tendency for female mortality rates to
decline faster than those of men during at least the initial phases of mortality transition,
coupled in some populations by particular deficits of males in cohorts depleted by war,
has amplified this trend, to varying degrees, in today’s elderly populations (Carlson 1990;
Preston 1976). This is illustrated in Figure 1, which shows the ratio of men to women in
the populations aged 65 and over and 85 and over in selected European countries. Women
predominate numerically to a considerable extent in all these (and nearly all other popu-
lations) and among those aged 85 and over, there are in general around only 40 men per
100 women, and in some cases considerably fewer.

Greece

Sweden

W 85+
W65+

Sex ratio

Russian Fed

Latvia

0 10 20 30 40 50 60 70 80 90 100

Figure 1. Sex ratios (males per 100 females) in the elderly population, selected
European countries, 2000.
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Figure 2. Female life expectancy at birth and difference between female and male
life expectancy at birth, selected European countries 1995-2000.

3. Gender Differences in Mortality

Figures 2 and 3 show current gender variations in life expectancy at birth and at age 65 for
a range of European countries. In Russia, Latvia, and a number of other Eastern European
countries female life expectancy at birth exceeds that of men by a decade, partly reflecting
the heavy toll of excess alcohol consumption among men (Velkoff and Kinsella 1993).
The gap between men and women in Southern Europe is less marked, possibly because
nutritional and lifestyle factors may protect men from risks which some of their peers
elsewhere are exposed to. Further life expectancy at age 65 is also consistently higher for
women than for men, with women generally enjoying at least 3 or 4 years of additional
life.

The period indicators shown in Figures 2 and 3 are based on current rates of mortality.
Examining the fate of particular cohorts (as is implicitly done in Figure 1, which presents
information on survivors from cohorts born roughly in the 1900-1935 period) highlights
the divergent destinies of boys and girls born in the late 19th and early 20th centuries even
more strikingly. This is illustrated in Table 1, which shows survivorship to age 80 for men
and women born between 1861 and 1921 in England and Wales. Of those born in 1861,
a mere 10% of boys and 16% of girls lived to age 80. Among those born 50 years later
in 1911, 23% of males and 41% of females reached this age while nearly half the women
(but only 29% of the men) born in 1921 became octogenarians. The trends underlying
these variations by gender are complex and still not fully understood. They include not
only substantial improvements in survival through infancy and adulthood, but also large
changes in the relative survival chances of adult men and women.
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Figure 3. Female life expectancy at age 65 and difference between female and male
life expectancy at age 65, selected European countries, 1995-2000.

The tendency for mortality decline to be associated with a greater gender divergence in
life expectancy is illustrated in Table 2. Between 1900/1901 and the early 1970s, the gap
between male and female life expectancy at birth increased from less than 1 year to more
than 5 years in Japan and from less than 4 to over 7 years in France. In both these countries
this difference increased further in the last part of the 20th century, although in France
(and Sweden) this peaked in the mid-1990s and in the UK and the USA the sex differential
in life expectancy at birth has narrowed slightly since 1970/1971. In both these countries,
the gender difference in further life expectancy at age 65 was also greatest in the early

Table 1. Survival to age 80 by birth cohort, England and Wales.

% surviving to age 80

Year of birth Men ‘Women
1861 10 16
1881 14 25
1901 17 34
1911 23 41
1921 29 47

Source: Data from Government Actuary’s Department.
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Table 2. Trends in life expectancy at birth and at age 65 by gender, selected
developed countries.

Life expectancy (years)

At birth At age 65
Year and country M F Difference M F Difference
1900/1901 England and Wales 44.8 48.7 3.9 10.1 11.1 1.1
France 432 469 3.8 10.0 109 0.9
Japan 44.0 4409 0.9 10.1 114 1.2
Sweden 50.8 53.6 2.9 12.1 13.0 0.9
USA 46.4 49.0 2.6 114 120 0.7
1950/1951 England and Wales  65.3  70.3 5.0 10.8 134 2.6
France 63.4 69.2 5.8 122 14.6 2.4
Japan 57.6 60.9 3.3 10.9 13.0 2.1
Sweden 69.8 724 2.6 13.5 143 0.8
USA 65.6 71.1 5.5 12.8 15.1 2.3
1970/1971 England and Wales  68.8  75.0 6.2 119 15.8 39
France 68.4 758 7.4 13.0 16.8 3.7
Japan 69.3 747 54 125 154 2.8
Sweden 722 772 5.0 143 169 2.6
USA 672 749 7.7 131 17.1 4.0
1995 England and Wales 744  79.6 5.2 148 184 3.6
France 73.9 819 8.0 16.1 20.6 4.5
Japan 76.4 828 6.4 16.5 209 4.4
Sweden 76.2  81.5 53 16.0 19.7 3.7
USA 724 793 6.9 153 19.2 3.8
2000-2002/2005 Englandand  75.9 80.6 4.7 16.0 19.1 3.1
Wales
France 752 82.8 7.6 163 21.2 4.9
Japan 77.8 85.0 7.2 174  22.6 5.2
Sweden 77.6 82.6 5.0 16.7 20.5 3.8
USA 74.6 80.4 5.8 156 19.2 3.6

Sources: Data from Government Actuary’s Department (E&W), Berkeley Mortality Data Base
(http://demog.berkeley.edu/wilmoth/mortality); Ministry of Health and Welfare (Japan), Statistics and Infor-
mation Department, 18th life tables, Tokyo, 1998; United Nations, 2002.

1970s, but in the other countries shown in Table 2 (and elsewhere) this gender difference
has continued to increase.

Reasons for the widening gap between male and female mortality during most, or all,
of the 20th century have been reviewed by Waldron (1986, 1993) and Verbrugge (1989)
and include, in the early phases of the mortality transition, declines in causes of death
specifically or predominantly affecting women (such as maternal mortality, cancer of the
uterus, and respiratory tuberculosis) and possibly changes in the intra household alloca-
tion of resources by gender. Gender differences in health related behavior, particularly
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Figure 4. Sex ratio of death rates from neoplasms by age group, England and Wales,
1911-1915 to 1999.

smoking, in exposure to occupational hazards and perhaps the greater susceptibility of
men to stresses associated with socio-economic change have been suggested as important
reasons for the widening gap between male and female mortality for much of the 20th
century. In particular the 20th century epidemic of coronary heart disease affected only
men in most industrialized countries. In England and Wales, for example, the sex ratio of
age-standardized mortality from coronary heart disease remained close to 1.5 during the
1920s, 1930s, and 1940s but then rose rapidly, peaking at 3.5 in 1971 (Lawlor, Ebrahim,
and Smith 2001). One hypothesized explanation, apart from differences in stress and in
smoking already referred to, is possible gender variation in both consumption of red meat
(“preferentially” allocated to the male breadwinner) and biological response to dietary fat
(Lawlor, Ebrahim, and Smith 2001).

Changes in the relative propensity of men and women to smoke are undoubtedly an im-
portant factor in the recent slight narrowing of the sex differential in mortality in England
and Wales and the USA (and some other western populations). Figure 4 shows the ratio of
male to female death rates from neoplasms for periods during the 20th century for groups
aged 55-59 to 80 and over. This ratio rose until the mid-century in younger groups, until
1971-1975 in the 70- to 74-year-old age group and until the late 1980s in the 75- to 79-year-
old age group but then began to fall as cohorts with less sex divergent smoking exposures
reach the relevant age group. This pattern is clearly indicative of an interaction between
gender and cohort effects. Similarly, Manton (2000) has demonstrated that differences
in male and female cohort mortality rates underlie many of the period changes for heart
disease, stroke, and lung cancer mortality evident in the USA between 1962 and 1995.

A further narrowing of sex ratios in mortality is anticipated in some populations, such
as that of England and Wales with consequent increases in the projected ratio of men to
women in the older population (Shaw 2004).
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Table 3. Indicators of health problems/disability by age and sex, Great Britain
(private household population only).

Age
65-69 70-74 75-79 80-84 854 654
Reported limiting long M 34 39 46 48 51 41
standing illness® F 33 41 40 45 57 41
Health in general in M 19 23 31 33 31 25
preceding year “not good” F 17 24 28 32 36 25
Reported inability to M 8 10 12 18 35 12
manage one or more F 9 16 21 29 50 21
locomotion activities on
their own®
Reported inability to M 3 3 6 7 18 5
usually manage F 3 7 7 14 23 9
bathing/showering/washing
all over on their own®
Raised BP¢ M 50 53 56 55 53 53
F 52 58 65 71 76 60
Psychological M 10 12 13 17 18 12
morbidity (GHQ 4+)¢ F 13 15 19 21 21 17
Taking 3+ prescribed M 17 21 25 25 23 21
medications® F 18 20 23 31 30 22

Source: 2001 General Household Survey, National Statistics 2003; author’s analysis of 1993—1995 Health Survey
for England data.

“Great Britain, 2001.

bGetting up and down stairs; getting around the house; going out of doors and walking down the road; getting to
the toilet; getting in and out of bed.

“Results for England only, 1993-1995.

4. Gender and Health Status

Although elderly women have lower mortality rates than elderly men, rates of morbidity
and disability are higher, at least among those aged 75 and over. This is illustrated in Table 3,
which shows the prevalence of various health conditions and indicators of disability by
gender in the elderly population of Great Britain. On the more general indicators of self-
reported health or morbidity, such as self-reported limiting long-standing illness or self-
rating of general health as “not good”, differences between men and women are not marked
except in the oldest groups (and in some cases are higher among men than women in young
elderly groups). However, women report more disability than men in all age groups (for
example, difficulty with bathing) particularly in the oldest groups and also include higher
proportions, again in older groups, taking three or more prescribed medications. Similar
differences have been found in numerous studies undertaken in a wide range of populations
(Baltes, Freund, and Horgas 1999; Crimmins, Saito, and Reynolds 1997; Robine, Jagger,
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and Romieu 2001; Verbrugge 1989; Zeng et al. 2001). Rates of psychological morbidity,
here indicated by a score of four or more on the General Health Questionnaire, a well-
validated indicator (Goldberg and Williams 1988), are also higher for women than for men,
in this case throughout the elderly age range.

A number of factors may underlie these differences. Firstly, possible gender differences in
sources of bias and in reporting patterns need to be considered. Many surveys of health
status, including those drawn upon in Table 3, include only the population living in private
households and so exclude the most disabled living in institutions. As discussed below,
higher proportions of older women than men live in institutions so this means that gender
differences in more serious disabilities may often be underestimated. Gender differences in
reporting of health indicators also need to be considered. Allen et al. (1993) have pointed
out that indicators of disability based on questions about receipt of assistance with instru-
mental activities of daily living (ADL) (such as cooking and cleaning) may overestimate the
extent of male disability if it is assumed that all men in receipt of help are disabled, as help
with these tasks may be provided for role-related, rather than health-related reasons (see the
following section for a discussion of this). Both these sources of potential bias might lead
to underestimation of gender differences in late life disability, in the former case through
underestimation of female disability and in the latter through overestimation of some types
of disability in men. It has also been suggested that such differences may be overestimated
as women may be more likely to report health problems than men both because of a greater
willingness to admit difficulties and because of a lifelong higher rate of contact with health
professionals occasioned by their role as mothers (Mechanic 1978). The supporting evi-
dence for this thesis is far from conclusive. Blaxter (1990), for example, in her analysis of
the British Health and Lifestyles Survey, found that although more women than men (in
all age groups) had poorer psychosocial health, women who were so categorized were less
likely than men to report their overall health as poor. Gender differences in the reporting
of restrictions with ADL and functional limitations have been investigated by Merrill et
al. (1997) who compared reporting of restrictions with observed performance in a large
sample of elderly people in the USA. They found that performance differences accounted
for all of the gender difference in reported difficulties with ADLs and most of the reported
differences in functional limitations (the so called “Nagi” measures). In short, it seemed
that the gender differences in disability found were real, rather than an artifact of reporting.

Differences in the risks of common health conditions and in the dynamics of disability have
been identified as important underlying factors. Women have a much higher prevalence
of musculo-skeletal disorders such as osteoporosis and arthritis. In the USA, for example,
51% of all women aged 85 and over have bone densities low enough to meet the WHO
definition of osteoporosis, compared with only 14% of men of the same age (Kramarow
et al. 1999). Women also have higher rates of hypertension and visual impairment than men
(as illustrated for the United States population in Figure 5), although a lower prevalence of
disability related to cardiovascular disease and hearing impairments. Conditions such as
osteoporosis or arthritis are major predictors of the development of functional limitations
(Boult et al. 1994) but are not immediately life threatening. Cardiovascular diseases by
contrast, are associated with common causes of death among elderly people. Analyses of the
dynamics of disability have shown that the higher prevalence of disabling conditions among
older women reflects longer survival with disablement (related to the type of disablement),
rather than differences in incidence (Grundy and Glaser 2000; Hayward, Crimmins, and
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Figure 5. Persons aged 70 and over reporting selected chronic conditions (%), USA
1995.
Source: Adapted from Kramarow et al., 1999.

Saito 1998; Manton, Corder, and Stallard 1993; Manton, Stallard, and Corder 1997), in
short is associated with gender differences in the distribution of types of disability and their
association with mortality. Gender differentials in survival to older ages may also play a
role. As a larger proportion of women than men survive to later old age (see Table 1), they
may represent a more heterogeneous and less “selected” group including a larger proportion
with potentially unfavorable health characteristics (Vaupel, Manton, and Stallard 1979).
The narrowing of gender differentials in mortality observed in extreme old age groups
(Thatcher, Kannisto, and Vaupel 1998) supports this argument.

Differences in the types of morbidity and consequent disability that men and women ap-
pear at risk of undoubtedly have both biological and environmental components. Greater
female risks of musculo-skeletal disease among women, for example, have been associ-
ated with physiological differences. The higher prevalence of hearing impairments among
current cohorts of men reflects gender-specific occupational exposures, as well as possible
biological differences.

At a more general level, the effects of gender differences in environmental influences may
partly underlie observed gender differences in health. One aspect of this issue which has
attracted considerable interest is the question of whether the higher mortality of men may
reflect increased hazards associated with employment. Vallin (1995), for example, inves-
tigated whether differences in the occupation structure of the male and female population
aged 30-64 in France contributed to the sex differential in mortality. His analysis showed
that when only broad occupational categories were used, the differing occupations of men
and women in fact served to reduce, rather than increase, male disadvantage (in short if
the distribution of occupations among men was the same as among women, male mortality
would be even higher). However, when more detailed analysis was undertaken, allowing
identification of specific high-risk occupations, this suggested that a modest component of
the gender differential in mortality could be accounted for by male involvement in these
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occupations. In analysis of a similar Finnish data set, also restricted to persons in middle
and early old age (35—64), Koskinen and Martelin (1994) investigated reasons for the ob-
served lower extent of socio-economic differentiation in female mortality rates than in male
ones. They found that the major explanation seemed to lie in the different cause of death
structure of men and women. Additionally, they noted that socio-economic mortality dif-
ferences were as large among unmarried women as among men, but considerably lower in
the large married female population. In general many studies suggest that socio-economic
variations in the health status of the female population may not be as marked as among
men, although this may be changing as the involvement of women in the labor market
increases. In England and Wales, for example, it is only relatively recently that variations
in female mortality by socio-economic status have come to follow the graduated pattern
long observed in male populations (Hattersley 1999).

These gender variations in associations between socio-economic and socio-demographic
circumstances and health may of course partly reflect the problems in assigning and mea-
suring socio-economic status to groups not in the labor market. In the older population,
especially the older female population, measuring socio-economic status is particularly dif-
ficult (Grundy and Holt 2001). Indicators based on current occupation are largely irrelevant
and those based on past occupation may be complicated by changes in the occupational
structure of populations over time and more particularly by major differences between men
and women in both types of employment and labor market involvement. Differentiation
on the basis of education is also difficult because in current cohorts of elderly people in
Europe the extent of heterogeneity in educational qualification levels is low, again par-
ticularly among women (Martelin 1994). Despite these problems, numerous studies have
demonstrated that socio-economic variations in both mortality and morbidity persist in
older age groups (Acheson 1998; Fox et al. 1985; Grundy and Glaser 2000; Grundy and
Sloggett 2003; Marmot and Shipley 1996; Preston and Taubman 1994). A related large
body of work has shown variations in health status by socio-demographic indicators such
as marital status and social network size (although with some differences between men
and women in the pattern of association) (Gliksman et al. 1995; Goldman, Korenman,
and Weinstein 1995; Grundy, Bowling, and Farquhar 1996; Hahn 1993; Hu and Goldman
1990). This suggests that the rather different socio-economic and socio-demographic cir-
cumstances of older men and women need to be considered as a possible influence on
gender differentials in health.

Older men are more likely than older women to be married; they have higher levels of
education, larger incomes, and more material assets than older women, all factors shown
in studies of health inequalities to be associated with both mortality and morbidity. Older
women also suffer greater exposure to challenges such as bereavement. This raises the
obvious question of whether these factors might contribute to the generally poorer health
of older women (although why differentials in mortality are in the opposite direction
remains paradoxical). This argument perhaps has particular salience when we consider
that it is in the oldest old groups that women appear most disadvantaged in health, and in
the oldest groups too that women are most likely to be at risk of poverty and reduced social
networks (Holtz-Eakin and Smeeding 1994).

The hypothesis that the poorer environments of older women could contribute to their
higher morbidity has been examined most closely in connection with psychological health.
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Sonnenberg et al. (2000), for example, assessed gender differences in depression (measured
using the Center for Epidemiological Studies Depression Scale) in a sample of Dutch people
aged 55-85. They found, as have other studies using these kinds of instruments, that the
prevalence of depression among women was about twice as high as among men. Sex
differentials in patterns of association with risk factors were small, but female exposure
to these risk factors (such as low income, low education, chronic physical illness, and not
being married) was much higher. As a result, in analysis in which these factors, and age,
were controlled, the relative risk of depression among women compared with men was
1.3, a ratio that was significantly raised but considerably lower than the unadjusted ratio
of 1.8.

Viewing psychological health from a positive rather than a negative perspective, a Spanish
study (Fernandez-Ballesteros, Zamarron, and Ruiz 2001) similarly found that being male
was associated with higher life satisfaction, but that this association ceased to be significant
once marital status, income, and level of education were controlled for.

The contribution of differences in socio-economic and socio-demographic circumstances
to observed gender differences in cognitive impairment was investigated in the Berlin Aging
Study, a very detailed longitudinal study of some 500 Berliners aged 70—100. In analyses in
which age, but no other characteristics, were controlled for, Helmchen et al. (1999) found
that women’s risk of dementia was 1.6 that of men’s. However, this gender effect ceased to
be significant once socio-economic and socio-demographic differences were allowed for
and fell below 1 (although not significantly so) when adverse life experiences were also
controlled for.

These findings suggest that gendered experiences and circumstances may account for at
least some of the difference in the psychological health of older men and women. However,
although women generally appear disadvantaged when compared with men on indicators
of depression and psychological well-being (before control for other risk factors), the
proportion of older men with more serious depressive illness may be just as high (Lindesay,
Briggs, and Murphy 1989). Several studies also suggest that it is older men who are at
greater risk of social isolation (Grundy, Bowling, and Farquhar 1996), although in the
Berlin Aging Study there was no difference between women and men in the proportion
who were socially isolated and the proportion of older women who were emotionally
isolated appeared higher than that of men (Baltes, Freund, and Horgas 1999). Elderly men
also have consistently higher suicide rates than older women, possibly reflecting differences
in the distribution of other risk factors (such as alcohol abuse) (Dennis and Lindesay 1995;
Meehan, Saltzman, and Sattin 1991; Ruzicka 1995).

In this chapter, data from the three rounds (1993—-1995) of the Health Survey for England,
a large nationally representative survey described in detail elsewhere (Bennett et al. 1995),
are used to examine the extent to which differences in socio-demographic and socio-
economic circumstances may be associated with gender differences in indicators of health.
A valuable feature of the survey is that it includes information on both self-reported
health indicators, such as self-reported health status and long-standing illness, and also
observational measures such as a count of prescribed medications and blood pressure
measured by a nurse. Unfortunately, however, responses to this latter measure were not as
good as for the self-reported measures which may be a source of bias and so this indicator
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Table 4. Percent distribution of men and women aged 65-84 by socio-economic and
socio-demographic characteristics, England, 1993-1995.

Men Women

65-74 75-84 65-74 75-84
Marital status Married 76.5 68.2 554 28.7
Single 6.8 5.0 5.8 7.4
Widowed 12.3 241 333 61.3
Div./sep. 4.5 2.7 5.4 2.7
Perceived social support No lack 52.4 53.7 61.6 61.9
Some or severe lack 47.6 46.3 38.4 38.0
Education Qualification 42.0 39.2 28.9 22.2
No qualification 58.0 60.8 71.1 77.8
Tenure Owner occupier 71.8 64.8 67.6 58.4
Tenant 28.2 35.2 324 41.6
Receipt of income support No 92.0 87.5 86.8 76.8
Yes 8.0 12.5 13.2 23.2
Smoking status Never 19.0 223 473 57.4
Ex 53.5 55.4 34.1 30.6
Current 27.5 223 18.6 12.0

N(=100%) 2694 1213 3271 1951

Source: Author’s analysis of 1993—1995 Health Survey for England data.

is not used here. A further weakness of the survey is that it excludes those in institutions,
who form a sizeable minority of the very old population. The analyses reported here are
therefore restricted to persons aged 65-84. (Census derived data available for 1991 showed
that in this broad age group only 2% of men and 4% of women resided in institutions, so the
bias arising from excluding them is minor (Grundy, Glaser, and Murphy 2000).) The socio-
economic indicators used in the analysis comprise an indicator of whether respondents had
any educational qualifications, housing tenure, and whether respondents were in receipt of
income support—a means-tested supplement paid to those on very low incomes. Socio-
demographic indicators, apart from age and gender, were marital status and a measure of
perceived social support. Data on smoking status (past, current, or never) was also available
and the results presented here control for this, and for age.

As shown in Table 4, the distribution of male and female respondents according to these
variables differed substantially. Fewer women were married, had an educational qualifica-
tion or lived in an owner occupied dwelling, while higher proportions were in receipt of
income support. More positively from the female perspective, the proportion of those who
have never smoked was much higher for women and the proportions reporting a lack of
social support slightly lower. Table 5 shows which of these covariates were significantly
associated with the indicators of health status used in, respectively, the male, female, and
total sample. Results in the bottom panel for both sexes combined also show odds ratios



Table 5. Summary results from logistic regression models of associations between
socio-economic and socio-demographic factors and indicators of health among men
and women aged 65-84, England 1993-1995.

Bad Long-standing
health illness 2+ conditions 3+ medicines GHQ 44

Men

Single

Wid. + ++ ++

Div. +

Some or severe + ++
lack of social
support

No quals. ++ ++

Tenant ++ +

Receives income ++ + ++ ++ ++
support

Women

Single — — ——

Wid. —

Div. —

Some or severe ++ + ++
lack of social
support

No quals. ++ ++

Tenant ++ ++ ++ ++

Receives income ++ ++ ++ ++ +
support

Persons

Single — ——

Wid. + +

Div. +

Some or severe + + + + +
lack of social
support

No quals. ++ ++ ++

Tenant ++ ++ ++ ++ +

Receives income  ++ ++ ++ ++ ++
support

Female OR 0.98 1.01 1.08 1.05 1.32
unadjusted NS NS NS NS ++

Female OR 0.92 0.93 1.08 1.00 1.33
adjusted NS NS NS NS ++

N 8672 8684 8665 7391 8420

Included in model but not shown separately: five-year age group; smoking status. Reference categories: Married;
no lack of social support; has some qualifications; owner occupier; not in receipt of income support; male. + or
—p < 0.05, ++4 or —p < 0.001.

Source: Analysis of data from Health Survey for England.
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for each outcome for women as compared with men, firstly adjusted only for age, and
secondly adjusted for all the covariates in the model (including age and smoking status).
Results show that among men, being in receipt of income support increased the risk of all
of'the five indicators of poorer health; being widowed increased the odds of three. Tenants,
those with no educational qualifications and those reporting a lack of social support had
higher odds of two of these outcomes (although not the same ones). In the larger female
sample, receipt of income support, being a tenant, no qualifications and a lack of social
support were also associated with higher odds of two or more of these indicators. However,
associations between marital status were in the opposite direction from those in men,
with single (never-married) women having significantly lower odds than married women
(the reference group) of self-reported bad health, two or more long-standing illnesses or
minor psychiatric morbidity. In the combined sample, being female was associated with a
significantly raised odds of psychiatric morbidity, however this ratio was virtually identical
in the model in which only age was controlled and that in the full model, and indeed
the only difference apparent between controlled and uncontrolled ratios was for reported
long-standing illness, and this was slight.

This does not mean that the higher risks of, for example, poverty in the older female
population are not associated with risks of poorer health, but it seems that in considering
the relative health of men and women, and the associations with socio-demographic and
socio-economic factors, there may be offsetting influences. More women are in poverty,
but more are lifelong non-smokers. Many more women are unmarried, but proportions
reporting a lack of social support are if anything slightly lower and being single does not
seem to carry the same risks for women as for men, at least in this sample.

5. Home and Hearth

One consequence of shorter male life expectancy, coupled with the common pattern of
women marrying older partners and the lower remarriage chances of widows and divorced
women compared with widowers and divorced men, is marked differences in the marital
status distributions of older male and female populations, as partially illustrated in the
data for England presented above. In most European populations, half or more women
over 65 are widows (Grundy 1996a; Kinsella and Velkoff 2001). In Eastern Europe this
proportion is particularly high, while in the Nordic countries it is rather lower than in the
rest of Europe. These patterns reflect variations in the extent of sex differences in mortality
(see Figures 2 and 3); past variations in nuptiality (those who have never married cannot be
widowed), and the extent to which divorce has become a competing risk to widowhood [in
Sweden in 1991, 8% of elderly women were divorced or separated (Kinsella and Velkoff
2001)]. Among the older old, the prevalence of widowhood is of course even higher with
only very small proportions of women aged 85 or over still married. The majority of older
men, by contrast, are married and it is only at very old ages (over 87 in England and Wales)
that widowers outnumber married men.

Although, or perhaps because, experiencing the death of a spouse is far more usual for
women than men, some studies suggest that the effect of conjugal bereavement on health
and well-being may be more serious for men (Bowling 1987; Goldman, Korenman, and
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Weinstein 1995). Several studies have found that married men tend to rely on their wives
to a much greater extent than married women for emotional support, for example only
mentioning their wives when asked to name a confidante, rather than both spouse and friend
as is more usual among older women (Antonucci and Akiyama 1987). Older widows, it
has been suggested, may have been better prepared for the death of their spouses than older
widowers, who have stronger alternative emotional bonds and in some cases may even
find positive aspects to widowhood, in the form of increased autonomy and freedom from
domestic and caring responsibilities (Davidson 2001).

An important associated difference is the much higher proportion of older women who
live alone. In the USA and most Northern and Western European countries at least half of
all women aged 75 and over live alone; these proportions are lower in Southern European
countries but still high. A related feature of importance is the much higher proportion
of older women than men who live in institutions, in most contemporary (although not
historical) western populations. This reflects both the much lower proportion of older
women who are married and the higher prevalence of serious disability among women.
Additionally, some studies suggest that even older women who are still married have a
higher risk of entry to an institution than married men of the same age (Grundy and Glaser
1997). In Britain in 1991, for example, 18% of married women aged 85 and over who
had a limiting long-standing illness were resident in institutions compared with 11% of
comparable men (Grundy 1996b). This may be because men find it harder to assume the
role of carer for a disabled spouse. Studies from the United States suggest that men caring
for disabled wives provide less care (and receive more help) than do women caring for
disabled husbands (Allen 1994). Carriére and Pelletier (1995), however, found that in an
analysis of Canadian data, gender had no significant effect on the risk of institutional
residence after controlling for the effects of age, health and marital status, family income
and education.

Gender differences in marital status and living arrangements interact with gender differ-
ences in employment histories and the acquisition of material assets (including pensions);
with the consequence that elderly women living alone have particularly high rates of
poverty and the overall proportion of older women in poverty is higher than that of men
(Holtz-Eakin and Smeeding 1994).

The gendered nature of life course experiences may also have other implications for health
and well being in later life. Among women, for example, parity is associated with differ-
entials in mortality (Kington, Lillard, and Rogowski 1997). In analyses of data from the
British Retirement Survey, Grundy and Holt (2000) found that demographic history, in-
cluding number of marriages, parity, and timing of marriage and the start of childbearing,
was associated with health in early old age, even after control for socio-economic factors,
particularly among women.

A further important difference between men and women in later life may be that the salience
of traditional gendered roles changes as the relevance of the work related world recedes and
that of life at home becomes more important. In this regard women’s domestic skills may
become of relatively greater importance and men’s weaknesses in these areas potentially
more of a disadvantage, especially for widowers. Figure 6 illustrates this by showing the



188 E. GRUNDY

40

65-9 70-4 75-9 80-4 85-9
40
35
Women

30
25

W 1980
20 W 1985

B1994
B2001

65-9 70-4 75-9 804 85-9

Figure 6. Percentage of older people unable to cook a main meal by gender and age
group. Great Britain, 1980-2001.
Source: Author’s analysis of General Household Survey data.
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proportions of older men and women in Britain unable to cook a meal on their own as
reported in nationally representative surveys conducted in 1980, 1985, 1994, and 2001. In
the two earlier years the proportions of men unable to do this were higher than those of
women (despite the higher prevalence of disability among women). However, the extent of
male “disability” in this regard shows clear signs of diminishing over time, with the result
that by 1994 in age groups over 80, the proportions of men and women unable to cook a
meal unaided were the same and by 2001 the proportion of women aged 85 or over unable
to cook a main meal exceeded that of men of the same age. Changes in gender roles may
underlie this shift, together perhaps with the greater availability of convenience foods and
other aids to cooking, such as microwave ovens, which may have made preparing meals
less challenging.

6. Kin Contact and Intergenerational Exchange

Women, as discussed above, are far more likely in later life to be unmarried and to live
alone than older men. However, these deficits in potential intra-household support may
be compensated for by higher reserves of extra-household support; this may account at
least in part for the gender differences in associations between marital status and health
noted earlier in this chapter. Gender has been identified as an important dimension in family
contact and intergenerational exchange in a wide range of studies. Women’s traditional role
as “kin keepers” (Gerstel and Gallagher 1993) is reflected both in higher levels of contact
between female relatives, including daughter—mother and sister—sister dyads than between
equivalent male pairs and reported gender differences in levels of emotional closeness
(Bonvalet and Maison 1999; Greenwell and Bengtson 1997). Silverstein and Bengtson
(1997), for example, report that adult children have weaker links with fathers who have
been widowed, as well as with those who have been divorced, in contrast to the pattern of
increased contacts with widowed mothers reported in some studies (Roan and Raley 1996).

Women’s wider social networks also appear to be stronger than those of men, at least in
Western countries. Kramarow et al. (1999) reported that in the 1994 United States National
Health Interview Survey supplement on aging, 90% of women aged 70 and over reported
at least three social activities in a 2-week reference period compared with 84% of men.
Although this difference is not large, the women surveyed were on average older and more
disabled than the men, both factors associated with lesser social contact.

In this section of this chapter, we examine this issue using two British data sets which
collected data on availability of, contacts with and exchanges of support with extra resi-
dent kin, especially children. The first of these chronologically is the Office for National
Statistics Retirement Survey, a two round nationally representative survey in which 3543
adults aged 55-69 were surveyed first in 1988/1989 and then again in 1994. Although
the survey was largely concerned with economic issues, marital and fertility history data
was collected—allowing estimation of numbers of children—together with information
on living parents and data on exchanges of support with both children and parents. The
other source used is a module on living kin and contacts with kin designed by Grundy and
Murphy and included in two rounds of the 1999 Omnibus Survey of Britain. In this survey,
we collected data on living kin of various degrees, on contacts with some of these kin and
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Box 1.
Question on help included in the ONS Retirement Survey and follow-up
Provision of help:

“Nowadays do you/does either of you regularly or frequently do any of the things on
this card for your child(ren)”

Receipt of help:

“Nowadays does your child/children regularly or frequently do any of the things on this
card for you/either of you”

Give lifts in your car (if you have one)

Providing or cooking meals

Shopping

Looking after children

Helping with money

Washing, ironing or cleaning

Helping to sort out paperwork—Ilike financial or legal affairs

Decorating, gardening, or house repairs

Anything else?

replicated the questions of provision and receipt of support of various kinds included in
the Retirement Surveys (see box).

Information on contacts with close kin from the Omnibus Survey module supported results
from other studies in showing a gender dimension in extent of contact. The proportion of
adult children with at least weekly face-to-face contact with a parent, for example, was
highest for daughter—-mother and lowest for son—father dyads (Figure 7). Thus, over half
of daughters aged 4054 with a mother still living saw her at least once a week compared
with a third of sons of the same age with a father still alive. Contacts between grandparents
and grandchildren were also found to be gender related, with a higher proportion of grand-
mothers than grandfathers seeing their eldest grandchild at least weekly (Grundy, Murphy,
and Shelton 1999).

Results from multivariate analyses, summarized in Table 6, showed that daughters were
significantly more likely than sons to have at least weekly face-to-face contact with
parents. Contact of this frequency was also associated with education, housing tenure,
proximity (itself associated with gender), and number of siblings (Grundy and Shelton
2001). Interestingly, after allowance for all these factors, frequent contact with father
was found to be significantly lower when the adult child’s mother was dead. This sug-
gests, in line with Greenwell and Bengtson’s (1997) findings that contacts between adult
children and their fathers may sometimes be a by product of contact with mothers and
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Figure 7. Non co-resident children with at least weekly face-to-face contact with a
parent (%), by gender of child and parent, Britain 1999.
Source: Analysis of 1999 Omnibus Survey module on kin and kin contact.

that far from increasing visits as a response to the father’s widowhood, level of contact
drops.

Analysis of the provision and receipt of help using data from the Retirement Survey
(which included a larger sample in the relevant age groups, together with information on
health), also showed a strong gender dimension. In this survey, the questions about help

Table 6. Summary results of logistic regression model of demographic factors
associated with at least weekly face-to-face contact with mother/father among
adults aged 22-54 with a living mother/father, Britain 1999.

Co-variate Contact with mother Contact with father
Daughter (versus son) ++ ++

Age (adult child’) —— NS

No. sibs —— ——

Has dependent child —— NS

Co-parent dead NS (OR =1.2) ——(OR =0.6)

N 1847 1506

Controlling for education; proximity to parent; region and housing tenure. ++ or —— p < 0.001.

Source: Analysis of 1999 Omnibus Survey module on kin and kin contact.
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Table 7. Provision/receipt (%) of regular help to/from children by
adults aged 55-69 at baseline (1988), Britain.

Help to children Help from children
1988 1994 1988 1994
Men
Married 65 68 30 31
Unmarried 34 40 41 47
All 62 63 32 33
Women
Married 65 61 30 34
Unmarried 55 49 55 62
All 57 56 37 44

Source: Author’s analysis of ONS Retirement Survey data.

administered to married respondents asked about help provided by or received by the couple
and therefore do not reveal gender differences. However, results for unmarried respondents
(nearly all of whom were widowed or divorced) suggest a clear differentiation. As shown
in Table 7, 47% of unmarried men included in the 1994 round of the survey (when they
were aged 60-75) reported receiving regular help from at least one child compared with
62% of women. Unmarried men also were less likely to report providing regular help to a
child, particularly in 1988. Multivariate analysis, not shown here, in which other relevant
factors such as disability status and age were allowed for, confirmed this association and
showed that women in this “Third Age” group were more engaged in support exchanges
with their adult children than were men.

Gender was also associated with sample members’ ties with their own parents, where they
still survived. Among men who still had a living parent, 59% lived within 10 miles of their
parent and 22% provided regular help. Comparable figures among women were 70% and
45%. This is consistent with a wide range of studies which have found that women play
a larger role than men as caregivers for very old people. In a Canadian sample of people
aged 80 and over in need of assistance, for example, 22% reported receiving care from a
daughter compared with 12% who had a caregiving son (Legaré and Martel 2000).

7. Discussion

In all developed countries, and indeed in all but a very few other countries, women’s
life expectancy at birth and at age 65 considerably exceeds that of men and nearly all
older populations are predominantly female. However, this boon of longer life for women
is accompanied by a number of disadvantages. Firstly, the very differential in mortality,
coupled with the common pattern of women marrying older men, means that far fewer
women than men have a spouse available to provide companionship, care, and support
in later years. A further consequence of common spousal age gaps, coupled with gender
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differences in role expectations, is that more older women than men assume the role of
caregivers; a role which although not without satisfactions, is associated with risks for
psychological well-being (Askham, Grundy, and Tinker 1992; Miller and Cafasso 1992).
Both as a result of widowhood (which is the “normal” condition for most women over
the age of 75 or so) and of different patterns of work during life, older women are far
more exposed to poverty in later years than are men. Additionally, they are far more likely
than are men of the same age to live alone and have a higher likelihood of institutional
residence. A further very important disadvantage is that women have a higher prevalence
of disability in late life and a higher proportion of their total life is spent in poor health.
Other disadvantages of being female in later life include possibly greater exposure to ageist
stereotyping and discrimination (Grundy and Bowling 1996), including discrimination in
access to health care interventions (Bowling et al. 2001).

There is some evidence that a component, although perhaps not a very large one, of women’s
poorer health in late life may be related to the disadvantages noted above, this seems clear-
est for psychological and mental health. In the analysis reported in this chapter, little was
found to support the hypothesis that gender differentials in the indicators of morbidity con-
sidered could be accounted for differences in the socio-economic and socio-demographic
characteristics of men and women. However, this analysis did not include measures of dis-
ability (only morbidity) and was restricted to those aged 65-84. Additionally, the choice
of covariates available in the data set used was limited. Perhaps more tellingly, it is hard
to see why, if women’s generally poorer circumstances result in poorer health, it does not
also result in higher mortality. The answer to this seems to lie in the different types of
conditions which predominantly affect men and women and particularly the higher preva-
lence of musculo-skeletal disorders among women. In short, both biological and social
factors, and interactions between the two, would seem to be implicated in observed gender
differentials in healthy aging.

It is important too to bear in mind the many advantages that current cohorts of older women
have. These include stronger family and social links, which may buffer the effects of stress
and provide practical support, lower exposure to unhealthy lifestyles, and greater skills in
domestic areas.

Clearly our knowledge of interactions between gender and healthy aging is still very
limited. It is also unclear how this relationship will change as cohorts with experience
of less rigidly gender differentiated lives reach old age. Future cohorts of women, for
example, will be much less disadvantaged in terms of education, will include proportions
with larger material assets and may also have different coping styles gained from greater
exposure to paid work. Less positively, their exposure to smoking and other unhealthy
lifestyles will have been much closer to that of men and possibly they will no longer have
such a marked advantage in terms of social and family support, particularly when current
very low fertility cohorts reach later life. Men in some populations already seem to be
benefiting, in terms of reduced mortality, from environmental and lifestyle changes. It
seems too that the proportions with domestic skills may be increasing, but less is known
about changes in patterns of social interactions. Possible gains to those fathers who play a
more involved role with children may be offset by increases in the proportions with no or
little family contact [for example, a proportion of divorced men (Lye et al. 1995)].
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These recent changes come as a sequel to the enormous changes in behavior and individual
life courses primarily responsible for the shift to population aging which is now close
to being a global phenomenon. The lower fertility rates responsible for increases in the
relative representation of older people, coupled with the lower mortality which has recently
amplified this trend, means that women’s lives are to a much lesser extent dominated by
the roles of childbearing and childrearing. Anderson (1983) estimated that the “median”
woman born in England and Wales in 1851 would only live for a further 5 years after the
marriage of her youngest child. For the woman born 100 years later, this gap had expanded
to close to 30 years. In many populations, two, or even one, child families are now the norm
and delayed motherhood means that women may spend much of their early life, as well as
their later life, without responsibility for children, and have reduced potential support from
children. These changes mean both that the problems that sometimes accompany aging
at the individual and the population level demand our attention and also suggest that the
relationship between gender and aging may be changing.

In order to determine whether or not these, and other, social changes will lead to a greater
convergence in the experience of aging, we clearly need to extend our knowledge both of
the determinants of healthy aging and the role that gender plays in this. In the meantime
attention must be paid to the burden of disability which some older people, especially
women, experience and proven means of preserving and enhancing function, such as
exercise regimes (Skelton et al. 1995), widely extended.
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1. Introduction

It is widely known that older women are generally more socially and economically dis-
advantaged than older men. It is also known, though less widely, that older females tend
to be less healthy than older males. Less recognized is the severity of the combination
of these two kinds of disadvantages among the oldest-old women. This chapter examines
this important issue in China, providing evidence about gender differences in health and
socioeconomic status. Two broad age ranges are examined: the young-old aged 65—79 and
oldest-old aged 80-105.

! Using data from both oldest-old and younger elderly interviewees collected in the 2002 wave of Chinese Lon-
gitudinal Healthy Longevity Survey, this chapter presents a substantive extension and updating of our previous
study based on the 1998 CLHLS baseline survey which collected data on oldest-old only (Zeng, Liu, and George
2003). The CLHLS survey was supported by NIA grant POl AG 08761 with matching input contributed by
Peking University and China National Research Center on Aging. UNFPA and China National Social Science
Foundation provided matching funds for extending the 2002 CLHLS wave to add the sub-sample of younger
elders aged 65-79. The Max Planck Institute for Demographic Research provided support for the international
training. We sincerely thank all interviewers and interviewees who were involved in the survey project. We
thank Danan Gu, Wang Zhenglian, and Ren Qiang for their research assistance.

Zeng Yi’s research for preparing this chapter was supported by NIA grant 1 ROl AG023627-01. Corre-
spondence should be sent to: Zeng Yi, CDS, 2117 Campus Drive, Box 90408, Durham, NC 27708. E-mail:
zengyi@duke.edu
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2. Data Resource and Method

Data used in this chapter are from the Chinese Longitudinal Healthy Longevity Survey
(CLHLS), which is the largest longitudinal study of very old people in a developing country.
It is also the largest longitudinal study of centenarians, nonagenarians, and octogenarians
conducted anywhere. The baseline survey and the first and second follow-up waves (with
replacement of respondents who died or were lost follow-up) were conducted in 631, 777,
and 850 counties/cities, randomly selected from about half of the counties and cities in 22
Chinese provinces, in 1998, 2000, and 2002, respectively. The increases in the numbers
of survey units were due to two things. First, some townships had become cities after the
baseline interviews. Second, some counties/cities had no centenarians in 1998, but did in
2000 and 2002 (see discussion below on centenarians). The 1998 and 2000 surveys include
about 9000 and 10,000 oldest-old respondents (aged 80 and above.) In the 2002 wave, we
also included a subsample of nearly 5000 young-old respondents aged 65-79, in addition
to about 11,000 oldest-old respondents. The 22 surveyed provinces are Liaoning, Jilin,
Heilongjiang, Hebei, Beijing, Tianjing, Shanxi, Shaanxi, Shanghai, Jiangsu, Zhejiang,
Anhui, Fujian, Jiangxi, Shangdong, Henan, Hubei, Hunan, Guangdong, Guangxi, Sichuan
and Chonggqing (there are 31 provinces in total in China). These provinces have a population
of 985 million, constituting 85% of the total population of China. An interview and a basic
health examination were conducted at the interviewee’s home. The data collected include
demographic and socioeconomic status; family structure; living arrangement; number,
age, and proximity of children; Activities of Daily Living (ADL); physical performance;
self-rated health; self-reported life satisfaction; cognitive function; medical care; social
activities; diet; smoking and alcohol consumption; psychological characteristics; economic
resources; caregiving and family support; and other information.

The survey team interviewed all centenarians who agreed to participate in the study. For
each centenarian, the survey team tried to interview one near-by octogenarian (aged 80—89)
and one near-by nonagenarian (aged 90-99) of a pre-designated age and sex. The term
“near-by” is loosely defined to include the same village or the same street or, if applicable,
the same town, country, or city. The pre-defined age and sex criteria were used to ensure that
approximately equal numbers of male and female nonagenarians and octogenarians were
randomly identified, based on the code numbers of the centenarians. The aim was to have
more or less randomly selected comparable numbers of male and female octogenarians
and nonagenarians at each age from 65 to 99 (see endnote 4 in Zeng et al. 2002 for
details). To maintain the sample size and structure, those interviewees who died or were
lost to follow-up between the waves were replaced by the new respondents of the same sex
and age.

Coale and Li (1991) concluded that the self-reported age of very old persons in those
provinces of China where Han Chinese constitute the majority were reliable. But in other
regions (such as Xingjiang), where the majority or a significant proportion of the population
belongs to ethnic groups other than the Han, age reporting may be inaccurate. This is the
main reason why we restricted our survey to the 22 provinces where Han Chinese are
the overwhelming majority. The other nine provinces (Xinjiang, Qinghai, Ningxia, Inner
Mongolia, Tibet, Gansu, Yunnan, Guizhou, and Hainan), all of which have a high proportion
of inhabitants belonging to ethnic minorities, were not included in the survey. We did not
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include these nine provinces because we were not sure about the quality of age reporting of
the ethnic minority groups in these provinces, and we had no detailed age-ethnic-specific
data to evaluate them.

A study focusing on the age validation of Chinese Han centenarians through comparison
of demographic indices with Sweden, Japan, France, and Italy is consistent with Coale and
Li’s findings (Wang et al. 1998). We found similar age distributions for the centenarians
interviewed in our 1998 survey and for Swedish centenarians (see Figure 1 in Zeng et al.
2001). These findings lead us to believe that age reporting in the Chinese Healthy Longevity
Survey is generally acceptable up to age 105. A careful evaluation (based on reliability
coefficients, factor analysis, the rates of logically inconsistent answers, etc.) showed that
the data quality of the Chinese Survey on Healthy Longevity is generally good (Zeng et al.
2001, 2002). Reliability coefficients for the 10 categories of variables are reasonable (e.g.,
see Table 3 in Zeng et al. 2001). The factor analysis demonstrated that the interviewees’
answers to multiple questions on the same topic were generally consistent. The rate of
logically inconsistent answers were reasonably low (see Appendix B in Zeng et al. 2001).

Our analysis in this chapter is based on data derived from a sample of 15,798 elderly persons
aged 65-105 interviewed in 22 provinces in the 2002 survey of the CLHLS. This sample
includes 635 and 2332 male and female centenarians aged 100105, 1584 and 2163 male
and female nonagenarians aged 90-99, 2128 and 2111 male and female octogenarians
aged 80—89, and 2438 males and 2407 females aged 6579, respectively.

Descriptive analyses are used in this chapter. Because we deal with gender differentials in
several dimensions (demographic and socioeconomic status, ADL, physical performance,
Mini-Mental State Examination (MMSE), self-reported health and life satisfaction), we
cannot present detailed results for each variable. We will focus on the gender differentials
and the age patterns of one (or two) categories for each variable that represent the key
features of the statuses, while simplifying the presentation and discussion. For example,
we present only the proportion of illiteracy and omit the detailed categories of primary,
middle school, high school, and college education levels, which all together constitute a
small proportion among the Chinese oldest-old, especially women. In the case of ADL,
we focus on the proportions who are “active”, and do not go into detail about degrees
of disability. This strategy enables us to make clearer and more focused comparisons of
gender differentials, while keeping the chapter at a reasonable and manageable scale.

The method adopted in this chapter is a univariate analysis adjusted only for sex and
age to ascertain the “de facto” gender differentials in socioeconomic status, health and
subjective well-being. Other possible confounding factors are not controlled. For example,
as discussed later in this chapter, we found that the gender gap of cognitive function among
the Chinese oldest-old becomes extremely large (about 15-20 percentage points) at and
after ages 85—89. However we cannot quantitatively determine which factors caused this
large gap. Is it due to gender differences in education, economic status, or frequency of
practicing reading/writing and participation in social activities? To answer such questions,
it is necessary to employ multivariate statistical methods, which are beyond the scope of
this chapter. Moreover, age-adjusted analysis offers useful insights about the current status
of gender differentials among the Chinese elderly.
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Figure 1. Gender differentials in sociodemographic and economic status, and care
dependency.

3. Findings

The gender differentials and their age patterns in sociodemographics, economic, and care
dependency variables are depicted in Figure 1. Figure 2 shows the gender differentials and
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Figure 2. Gender differentials in functional capacity and self-reported health and
life satisfaction.

their age patterns in ADL, physical performance, cognitive function, self-rated health and
life satisfaction. Each figure contains six graphs and all the graphs have the same scale

values to facilitate cross-graph comparisons. The findings are summarized in the next four
subsections.
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3.1. SOCIODEMOGRAPHIC STATUS

Figure la describes age and gender difference in the proportions of currently married and
widowed respondents. As expected, male elders are much more likely to be married. The
percent of the female elders who had co-residing spouses is much lower than their male
counterparts. Among the non-married, the overwhelming majority was widows and wid-
owers: 35-65% of females aged 65-79 and 77-98% of females aged 80105 are widows,
proportion that are much higher than those for their male counterparts. It is clear that
female elders are much more likely to be disadvantaged in marital status (i.e., much more
likely to be widowed) than are male elders, due mainly to gender differentials in mortal-
ity and the largely unbalanced gender composition at advanced ages. The proportions of
divorced elders are extremely low: 0.4—1.5% for the males and 0.1-0.4% for the females.
The proportion of those who were never married among the elder males is very low: 1.6—
3.8%; it is even negligibly lower among the females: 0.1-0.7%. Although the extremely
low proportions of the never married and divorced among the Chinese elderly men and
women documents a nearly universal and stable marriage pattern in the past, females are
more likely to be ever-married and not divorced, than their male counterparts.

Figure 1b presents the gender and age specific percentages of respondents who live with
family members (including children, grandchildren, spouse, and other family members) and
living alone. The overwhelming majority of the Chinese elderly live with family members:
73-87% for females, 80-90% for males. A large majority of the old Chinese (51-85% for
women, and 46-75% for men, not shown in Figure 1b) live with their children;? the higher
the age, the higher the proportion of those living with their children. Female elderly in
all age groups are more likely to live with their children because elderly women are more
likely to be widowed and economically dependent.

The proportion of elderly men who live with only their wives decreases from about 40% at
ages 65—79 to 6% at ages 100—-105, compared to 29 and 0.3% for their female counterparts.
The percentages of women who lived alone were somewhat higher than those for men up
to ages 90-94, but the gender differential disappears beyond age 95.

Figure 1c presents the gender and age specific percentages of illiteracy (with no schooling):
many more females than males are illiterate. About 63-91% of the female elderly are
illiterate, compared to 22—-56% of their male counterparts. We may define those with 1-2
years of schooling as semi-illiterate. The proportions of illiterate plus semi-illiterate are 80—
94% for females aged 80—105. The corresponding figures for males are 39-70%. Clearly,
most Chinese elderly were completely illiterate or semi-illiterate. A very large majority of
the female elders had no education at all and the gender differentials are enormous.

3.2. ECONOMIC AND CARE DEPENDENCY

Figure 1d shows that the percentage of Chinese women who receive pensions is much lower
than those for their male counterparts. The majority of Chinese elders rely mainly on their

2 Children include grandchildren hereafter, unless otherwise specified.
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children for financial support; women rely on their children more than men (see Figure le).
The gender differentials in primary source of financial support are enormous; the females
are much more seriously disadvantaged than their male counterparts. Government at all
levels and Chinese society more broadly need to pay serious attention to such enormous
gender differentials in pension support for elderly persons.

About 25-81% of the males aged 65-105 reported that their primary caregivers when
they were sick were their children. The corresponding figures for the females are 52-90%.
Clearly, the females rely more on children as caregivers than do males (Figure 1f), who
are more likely to rely on a spouse. This is consistent with the fact that a much higher
proportion of female than male elderly are widowed.

3.3. ADL, PHYSICAL PERFORMANCE, AND COGNITIVE CAPACITY

Self-reported ADL functional status is based on questions about eating, dressing, trans-
ferring, using the toilet, bathing, and continence. ADL measures have proven useful in
measuring functional capacity and service needs in numerous previous studies. Some in-
vestigations report that ADL is also a significant predictor of mortality (e.g., Scott et al.
1997). In this study, if none of the six ADL activities is impaired, the elder is classified as
“active”.

Proportional distributions of the ADL active status of the elderly classified by gender
and age are presented in Figure 2a. The curve for men who are active in daily living is
substantially higher than the curve for women after age 85-89. It is interesting to note
that the gender differences are larger for the nonagenarians and centenarians than for the
octogenarians and there is no gender difference among younger elders aged 65 to 79. The
oldest-old men do better than the oldest-old women in ADL, and the gender differentials
are statistically significant®

Similar gender differentials in active status among the oldest-old have been found in other
studies. For example, based on the data from the US Long Term Care Surveys (1982—-1994),
Manton and Land (2000) found that, although women have a longer total life expectancy
at ages 80—85, men’s active life expectancy at oldest-old ages is longer than women’s. This
male advantage continues to the end of the life tables.

Self-reported ADL status may not always accurately measure elder persons’ actual physi-
cal performance capacity. For example, adaptation to poor service facilities in rural areas
may result in better ADL capacity among the rural elderly than among their urban coun-
terparts, but the rural elderly may not necessarily be stronger in physical health (Zeng
et al. 2001). Some people may feel ashamed to admit difficulties in some daily activities

3 «Statistically significant” in this chapter means p < 0.01 or at most p < 0.05. Since the p values vary among
different age groups, we do not present the p values in the text because that would result in lengthy and tedious
statements. Furthermore, whether the gender differentials are significant can be most clearly seen from the
male and female curves in Figure 1 and Figure 2, so we do not even mention “statistically significant” when it
is obviously depicted in the figures.
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such as continence. Therefore, we conducted objective examinations to measure oldest-old
subjects’ physical performance. We present and discuss the results of gender differentials
in standing up from a chair and picking up a book from the floor.

More than 80% of the males and females younger than 80 could stand up from a chair
without using their hands, and the gender differentials are very small. However, this per-
centage decreases very quickly and gender differentials become large after age 80 (see
Figure 2b). About 78% and 72% of the male and female octogenarians can stand up from
a chair without using their hands. About 62 and 46% of the male nonagenarians and male
centenarians can stand up from a chair without using their hands, compared to 51 and 35%
for female nonagenarians and female centenarians. The gender differences at oldest-old
ages are all statistically significant—male oldest-old perform better than female oldest-old;
the gender gap becomes larger after age 85-89 (see Figure 2b).

The age and gender distributions for picking up a book on the floor from a standing position
are similar to those of the performance of standing up from a chair without using hands (see
Figure 2b and c). Male oldest-old perform this task significantly better than their female
counterparts (Figure 2c).

The cognitive capacity of the Chinese elderly, including the oldest-old, was screened using
the Chinese version of the MMSE, which was translated into the Chinese language based
on the established international standard of the MMSE questionnaire, and carefully tested
in pilot survey interviews (Zeng and Vaupel 2002). We use the same cutoffs as the MMSE
international standard, defining a score of 24+ as “good” cognitive function (see, e.g., Deb
and Braganza 1999; Osterweil et al. 1994).

Figure 2d demonstrates that the cognitive capacity of the Chinese elderly declines quickly
across age groups. The gender gap of cognitive function, with females more disadvantaged,
is substantial among the elderly at all ages, and becomes extremely large (about 15-20
percentage points) at and after age 85-89.

3.4. SELF-REPORTED HEALTH AND LIFE SATISFACTION

Many previous studies have demonstrated that self-assessed health is a significant and
independent predictor of the functioning and mortality of older people (e.g., Lee 2000).
Figure 2e presents the proportions of male and female elderly who self-reported “good
health™*. About 41—-54% of the male elderly reported “good health”, in contrast to 37-48%
of the female elderly. Female disadvantage is again evident for self-reported health (see
Figure 2e), although it is less serious than that for other variables discussed above.

The proportions of self-reported good health among Chinese male and female elderly do
not decline quickly across age, which differs from the age patterns for ADL, physical

4 In the survey, we asked a question “How do you rate your health at present?” with multiple choices of answer
“very good, good, so so, bad, very bad, and not able to answer”. The category of self-reported “good health”
includes those provided an answer of “very good” or “good” to this question.
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performance, and MMSE. The fact that, with increase in age, self-reported health does
not decline as quickly as functional capacity is probably related to changing expectations,
namely, the older the age, the lower the expectation.

In addition to self-rated health, we also asked, “How do you rate your life at present?”
Results for self-reported good life satisfaction® are depicted in Figure 2f. The proportion
of Chinese male and female elderly who are satisfied with their lives does not decline
or declines only slightly across age groups (see Figure 2f), in contrast to their functional
capacity, which declines quickly with increasing age (see Figures 2a, b, ¢, and d). Again, this
is probably related to changing expectations—the higher the age, the lower the expectation
for life satisfaction, which is consistent with previous studies in other countries (e.g., Blazer
et al. 1991; Field and Millsap 1991).

Another interesting finding is that gender differences in self-reporting good life satisfaction
among the Chinese elderly are not significant in all age groups (see Figure 2f). At the same
time, the oldest-old Chinese women are seriously disadvantaged in ADL and physical
performance, and all elderly Chinese women are seriously disadvantaged in MMSE and
socioeconomic status, as well as disadvantaged (to a less serious degree) in self-reported
health (see Figure 1 and Figures 2a, b, ¢, d, and e). Based on these findings, we believe
that Chinese elderly women’s general expectations for life satisfaction are lower than
their male counterpart’s. What mechanisms account for the gender differentials in life
satisfaction and happiness, and their contributions to longevity? Better adaptability to a
changing environment or less stress in daily life? Further research based on the longitudinal
data is needed to answer these questions.

4. Conclusion

Based on a unique data set with a large sample size of the oldest-old and a comparison group
of younger elders, this chapter documents the gender differentials in sociodemographic,
economic and care dependency status, functional capacity, self-reported health status, and
life satisfaction of the elderly in China. We conclude that among the younger elderly aged
65-79, females are seriously disadvantaged in socioeconomics and cognitive function while
the gender differentials in ADL and physical performance capacity are not substantial.
Among the oldest-old aged 80-105, females are seriously disadvantaged compared to
males in both socioeconomic and health characteristics. Elderly women in all age groups
over 65 are disadvantaged (to a less serious degree) in self-reported health. But gender
differences in self-reporting good life satisfaction are not significant in all age groups,
which may indicate that Chinese elderly women’s general expectations for life satisfaction
are lower than their male counterpart’s. These findings about the Chinese oldest-old and
younger elders are consistent with our previous study based on the 1998 CLHLS baseline
survey, which collected data on only the oldest-old (Zeng, Liu, and George 2003). The

5 The multiple responses to this question concerning life satisfaction are “very good, good, so so, bad, very
bad, and not able to answer”. The category of self-reported “good life satisfaction” includes those provided an
answer of “very good” or “good” to this question.
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conclusions from our analyses of both oldest-old and younger elders in this chapter are
also generally consistent with other related studies in China (e.g., Yu et al. 1989; Wang
et al. 2000; Woo et al. 1996) and elsewhere (e.g., Andersen-Ranberg et al. 1999; Pi, Olive,
and Esteban 1994).

Although elderly women are disadvantaged in socioeconomic status and health character-
istics, in 1990, Chinese female life expectancy at ages 80, 90, and 100 are 23, 21, and 20%
higher those for Chinese males, respectively (Zeng and Vaupel 2000). Why do oldest-old
Chinese women’s advantage in mortality and serious disadvantage in functional capacity
and socioeconomic status coexist? We do not have satisfactory explanations yet and further
careful research is needed.

The analyses presented in this chapter are univariate, adjusted only for sex and age to
ascertain the “de facto” gender differentials and to gain some useful insights about the
current status of male and female elderly in China. A major limitation of the study is
that other possible confounding factors are not controlled and we cannot offer causal
explanations. Thus, further multivariate statistical analysis is warranted.

In sum, old women’s disadvantages in socioeconomics and health plus their longer life and
higher percentage in the elderly population® imply that long-term care service programs
should take into account the disadvantaged status of the elderly women. Very careful
attention should be given to ensure that any old age insurance and service programs to be
developed or reformed will benefit older women and men equally—and perhaps provide
greater resources to the most disadvantaged of both genders.
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CHAPTER 13. THE RELATIONSHIP BETWEEN OCCUPATIONAL STATUS,
MOBILITY, AND MORTALITY AT OLDER AGES

EMMANUELLE E. CAMBOIS
Ined, Paris, France

1. Introduction

Asmortality has fallen at older ages over the last couple of decades, the growth of the elderly
population has raised new concerns, especially regarding the provision of health services.
This “emerging” group, long been under-represented in research, has recently become a
focus of research. While life expectancy continues to increase at older ages, the health status
of the elderly, especially their functional health status, has become a key issue in public
health. In this context, the evidence for social inequalities in health at very old ages raises
important questions (Desplanques 1993; Hayward, Pienta, and McLaughlin 1997; Marmot
and Shipley 1996; Martelin, Koskinen, and Valkonen 1998). For instance, it is essential
to assess whether gains in life expectancy and disability-free life expectancy have been
equally shared in the population (Cambois, Robine, and Hayward 2001). Consequences
in terms of care needs in future years will depend on these trends, and be reinforced by
socially differentiated health care needs and health care use (McNiece and Majeed 1999).

A stream of research in the field of social differentials provides evidence of a delayed effect
of childhood and young adulthood circumstances and behaviors on health status at later
ages. Indeed, mortality in old ages is driven by early life conditions (Mare 1990; Moore
and Hayward 1990; Pavalko, Elder, and Clipp 1993). More precisely, evidence indicates
that deprivation in childhood, and during pregnancy, may contribute to the development
of risk factors and conditions such as cardiovascular diseases, respiratory diseases, and
some cancers (such as stomach cancers); behaviors in adulthood also contribute to the
development of other diseases and causes of death (Hart, Smith, and Blane 1998; Holland
etal. 2000; Smith et al. 1998a, b). Morbidity and disability in late life are partly determined
by adulthood conditions (Cassou et al. 2001; Kuh and Ben-Shlomo 1997; Ross and Wu
1995). Studies indicate not only working conditions, residential conditions and behaviors
(see for instance, Marmot et al. 1991; Shrijvers et al. 1999), but also the role of events
and situations over the life course (Smith et al. 1997; Wunsh et al. 1996). Therefore,
persistent differentials in mortality and disability among the young adult population, as
recently observed in France for instance, presage future social differentials among the
elderly population (Cambois et al. 2001). Such trends should be monitored in order to
anticipate the population’s health status and care needs.
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Compared to social inequalities in health or in mortality at other ages, inequalities at old
ages are poorly documented, especially in France, mainly due to the lack of suitable data.
For instance, studies on life expectancy differentials in France are based on data sets that
fail to adequately represent mortality among the elderly population (Calot and Febvay
1965; Desplanques 2001). Due to the very high mortality risks and the small number of
survivors over age 70 at the time these data sets were set up, the sparseness of data on the
elderly population was not considered a problem. Now that we are increasingly concerned
with documenting health, mortality, and social differentials among the elderly population,
issues of data quality, completeness and modeling techniques are debated. The study of
social differentials at old ages raises two major methodological questions.

To assess social differentials in mortality, due to the small number of deaths by stratum
in samples stratified by age and social status, age-specific mortality risks of population
sub-groups are generally estimated through modeling the outcome of death in order to
smooth the random variability. While the Gompertz model fairly accurately fits observed
mortality from ages 30 to 80, this is more debatable after age 80. Therefore, modeling with
small samples after age 80 is not straightforward. In recent years, researchers have begun
using alternate models to represent age-specific mortality trajectories through extremely
old ages. But while knowledge on this topic has increased considerably, there is still much to
be learned about the level and trend in mortality differentials among older people. However,
the following assumptions about health differentials at older ages can be made and their
implications examined. First, selection effects would make age-specific mortality risks
increase less rapidly for groups with higher mortality than for groups with lower mortality.
As a result, relative risks should decrease with age among older people, thus prolonging
the pattern commonly observed among persons aged 30—65. Second, there could be a
socially differentiated health deterioration process or a socially differentiated response to
health events: life-long exposure to risks could induce a wearing effect, accelerating the
health deterioration process for some groups. As a result, mortality risk should increase
more rapidly with age for disadvantaged groups than for more protected groups. Relative
risks should tend to be larger in older ages compared to younger ages. Third, mortality
trajectories at very old ages may not be socially differentiated and the level of mortality in
each group may depend only on the level it reaches at younger ages: in this case, after a
certain age, relative risks would be maintained.

Finnish studies have shown mortality differentials by occupation and education to converge
from age 80 until age 95 (Martelin 1994). In France, although the results are not published,
recent work from the French National Statistical Institute (INSEE) tends to confirm the
Finnish findings. Nevertheless, these congruent conclusions do not provide any evidence of
the mortality trajectories by age across social groups: trends other than convergence in the
relative risks could be hidden by the high mortality level and limited number of survivors at
very old ages. Kohler and colleagues recently provided insight in another direction (Kohler,
Kobhler, and Vaupel 2001); they proposed a model in which a socially differentiated frailty
component is introduced to determine mortality trajectories at the individual level instead
of the population level. In this model, the reference to frailty heterogeneity within different
social groups allows for assumptions other than converging relative risks of mortality. In
this context, while a consensus regarding general mortality trajectories at older ages has
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not yet been achieved, the question of differential parameters for modeling trajectories
according to social group appears to be premature.

The second major methodological problem in measuring health inequalities among the
elderly population is the choice of the relevant social criteria to distribute the population by
social background. Socioeconomic differentials in health have been gauged using metrics
such as income, education, occupation, and race or ethnicity in the United States. The
choice of the socioeconomic metric is often governed by methodological requirements or
data availability, particularly when trends in socioeconomic differentials are studied over
time (Cambois and Robine 2000). The objective is to categorize individuals with similar
social and economic characteristics into a single group so as to evaluate the relationship
between health status and these characteristics. Two points are important to consider when
choosing a metric to gauge socioeconomic differentials in health expectancy: the first
point applies generally to studies on health differentials, while the second applies more to
comparative studies (over time or between populations).

First, the metric should categorize individuals according to the stratification mechanisms
giving rise to mortality and morbidity differentials. For example, although the association
between health and income is well known, it is not clear that categorizing the population
according to income level adequately captures the primary stratification mechanisms influ-
encing health. French studies show, for example, that primary school teachers historically
had the lowest mortality rates despite relatively low incomes (Desplanques 1985, 1993).
From this first point follows the need for creating groups that are representative of an
individual’s socioeconomic position and the full range of characteristics known to influ-
ence health. Related is the issue of creating groups capturing individuals’ permanent (or
relatively permanent) socioeconomic position rather than transitory circumstances that are
likely to change or have changed. For this reason, the level of education is often chosen to
classify the population, especially the adult population, as educational attainment changes
little over the adult years. The second point is that the groups should be stable over time in
terms of population distribution. This is important in order that differential trends are not
disturbed by changes in the selection of individuals into the specific social groups under
consideration. In this respect, some criteria such as educational level or occupational status
pose problems due to changes in the social structure of the population from generation to
generation.

Regarding the specificity of the elderly population, some other points need to be raised.
First, educational criteria are quite difficult to use. The majority of the French elderly pop-
ulation is not highly educated and therefore such a criterion is not discriminating enough.
Occupational class, often used in French studies, can be more useful when controlling
for changes in the occupational distribution over time. Nevertheless, the difficulty with
occupational class at older ages is occupational mobility over the working life, especially
in the later working ages, as a result of health problems or promotion shortly before re-
tirement. Therefore, the relevance of occupation in characterizing differentials in health or
mortality is questionable due to the occupational mobility that may change the distribution.
Furthermore, in some studies of mortality differentials, there was a long period between
the determination of occupational status (e.g., a population census) and death. The impact
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of occupational mobility over this period on the estimated mortality risks attributed to the
occupational class has not been assessed so far. Occupational mobility and its relationship
with health or mortality risk have been mainly examined to assess the impact of joblessness
through the study of trajectories from occupation to unemployment or inactivity. These
studies describe the poor health responsible for being inactive or unemployed, the “healthy
worker effect” and the negative effect on health of becoming inactive or unemployed
compared to those who remained within occupation, controlling for occupational class
(Bouchayer 1994; Desplanques 2001; Fox and Chewri 1988; Fox, Goldblatt, and Adelstein
1982; Goldblatt 1989; Moser et al. 1987; Mesrine 2000; Mutchler et al. 1999).

But few studies have looked at trajectories between occupational classes to document the
correlation between health risks and upward and downward occupational mobility. Such
concerns are becoming increasingly relevant in time of greater job mobility within the
labor force as well as from the labor force to inactivity. Studies on this topic would help
us to better understand the role of occupational differentials in social inequalities in most
countries, including France. Stern (1983) modeled the underlying hypotheses concerning
the impact of occupational mobility on social differentials and Goldblatt (1988, 1989)
used the Longitudinal Study census sample to document this topic for the male population
of England and Wales. In those studies, taking account of mobility between occupational
classes, including inactivity, indicated great differences in the type of pathways and showed
that the mortality risk of the movers was, in general, between the average risks of the class of
origin and the class of destination. Recently, Bartley and Plewis found similar relationships
between occupational mobility and health, using the question on “limiting long standing
illness” from the 1991 British census (Bartley and Plewis 1997). These studies point to a
life course process in the relationship between health and social status, and a correlation
between health risks and occupational mobility for men. Therefore, a population not only
experiences mortality differentials by occupational status, but also mortality differentials
within occupational classes related to the class previously occupied.

The present study aims to assess differentials in mortality related to occupational classes
for the French population and to shed light on the possible impact of changing status on the
relationship between mortality and occupational status. In doing so, the study provides some
evidence pertinent to the two methodological questions raised above. First, occupational
differentials in mortality are estimated for the whole adult population, with a particular
focus on the elderly population, in order to assess the magnitude of social inequalities across
ages. Second, mortality risks are estimated with respect to pathways between occupational
classes, to partly control for occupational mobility. Building on Stern’s example, this study
uses available French data to provide evidence of the possible influence of changes in
occupational status on occupational differentials in mortality.

2. Data

The Echantillon démographique permanent (EDP), or Permanent Demographic Sample,
was developed to better document pathways between different social and demographic
statuses as well as migration patterns. The EDP was based on a 1% sample of the 1968
population census and is followed up and repeated from census to census (1975, 1982,
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and 1990). The new entrants were new-born and immigrants meeting the inclusion criteria
(being born on one of the four reference days selected from the 365 days of the year). The
sample does not include those who emigrated from French territory and those who died.
As a result, the EDP was a representative sample of the general population at any census
date, which can also provide longitudinal information when used to follow development
from census to census. The database provides census information (education, occupation,
place of residence, etc.), as well as civil registry data on marriages, childbirth, and death.
It was therefore possible to study changes in various individual characteristics linked to
mortality risks.

The present study was based on the section of the EDP with longitudinal information,
consisting of adult men and women included in both the 1975 census and the 1968 census
with information on occupational status at two dates reflecting the individual occupational
trajectories to be related to mortality risk. The sub-sample used for this study constituted a
closed population representative of the French population in 1975, except for those whose
occupational class had not been identified in either the 1968 or 1975 census, thus excluding
those who entered the EDP in 1975, essentially recent immigrants. Death record linkage
covered the 1975-1980 period using the national identification registry. This registry is
limited to those born after 1891, born in French metropolitan territory and with French
nationality, thus excluding those born in French overseas territories and foreigners. The
study population was limited to the age range 30-84 at the 1975 census. All together, the
study population represented about 92% of the 1975 EDP.

The study population consisted of 98,635 men and 114,357 women aged 30-84. Among
them, the study focused on the elderly population, 30,094 men and 42,877 women aged
60-84. Occupations were classified in seven categories. Upper occupations (intellectual
occupations, upper managerial staff and administrators, medical doctors, independent pro-
fessionals, and engineers) and intermediary occupations (managerial staff, schoolteachers,
skilled technicians, foremen, medical and social workers, intermediary managerial and ad-
ministrators, and clergy) represented skilled, non-manual occupations requiring a high
level of education and training. Farmer class only included farm managers and not farm
workers. Craftsmen and trade related workers (craft and trade) were independent shop
or business owners. Clerk class included either those employed in administrative depart-
ments, police and army, or in craft and trade related businesses as well as private household
workers. Manual workers class encompassed skilled manual workers, farm workers, semi-
skilled manual workers, and unskilled manual workers. Those who did not work at the time
of census report their current activity status (student, unemployed, retired, and inactive)
and their former major occupation if they used to work. For this study, retired people and
unemployed people were classified according to their former major occupation reported at
census. Lastly, inactive class included those who did not work at the time of census, except
retired or unemployed who report former occupations (students, housekeepers, disability
pensioners, etc.).

The study population was distributed according to the individual’s occupational class re-
ported in the 1975 census, and for each of these classes, according to the status reported
7 years before, at the 1968 census. This distribution resulted in 49 occupational pathways to
be estimated in the population. Mortality risks were estimated for each of these pathways,
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based on deaths occurring over the period 1975-1980. While mortality risks changed be-
tween 1968 and 1975, as indicated above, this study did not aim to document this change.
The interest of this study on occupational mobility required a focus on the sub-population
alive at two dates. The study reflected mortality risks among 1975 occupational class,
mortality risks among 1975 occupational classes according to 1968 class of origin and
mortality risks among 1968 classes, for those who survived until 1975, according to 1975
class of destination. The possible selection effect operating on survivors was also studied
and findings are discussed later in this chapter. For the younger part of the elderly pop-
ulation, the period between the two censuses corresponded to the final years of working
life. The youngest members of the study population were 53 years old in 1968 so it was
possible to determine occupational mobility before retirement. The results for the elderly
population (aged 60—84) are compared to the results found for the whole adult population
(aged 30-84).

3. Estimation of the Mortality Risks

This analysis was based on deaths occurring in the study population from 1975 to 1980,
a period with the most complete death data. The death registry was matched with only
half of the sample after 1982. With longitudinal data such as these, mortality risks are
usually estimated using annual prospective age-specific probabilities, or the probability of
dying in a population aged x at the beginning of the year. Age-specific mortality risks
can be assessed over a period of several years rather than yearly in order to increase the
number of events and strengthen the estimations. In this case, average annual prospective
mortality probabilities are estimated as shown in Figure 1: the numerator is the sum of
deaths occurring in each year of age during each year of the period and the denominator
is the sum of survivors at each age at the beginning of each year of the period.

Age-specific mortality probabilities were estimated for each occupational class as reported
in 1975 and as reported in 1968 and for each possible occupational pathway between 1968
and 1975. Because of the limited size in the group in the various pathways, the analysis
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