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Preface

My alumni magazine, which appears six times a year, recently reported
140 deaths. Sixty of the deaths were people who graduated from
college in the 1920s. Thirty were graduates from the 1930s, 10 from
the 1940s, 20 from the 1950s, and the remainder, 20, from between
1960 and 1990. In this very biased sample of deaths, the oldest group,
people aged 90 to 100 in 2002, represented the largest proportion of
deaths. The proportion of deaths sharply declined among more recent
graduates, who, of course, were younger in 2002. There is the appar-
ently exceptional case of graduates from the 1940s, who seem to have
a lower death rate than expected. But this is entirely explained by the
smaller pool of people in this college cohort, who attended college
during a decade dominated by world war.

Thus, a look at a college alumni magazine (in this case, Cornell
University) can reveal much about age, risk of death, and the influence
of historical factors. The same issue reports on the oldest living grad-
uate of the college, a man from the class of 1916, aged 108 in 2002.
This long-time gardening columnist, though he does reside in an assist-
ed living facility, apparently is not demented. Four generations of de-
scendants attended his birthday party, which he remarked was "just a
lot of fuss over me." This man's age puts him in a very select group,
though the 2000 U.S. Census reports 1400 people over age 110 out
of some 285,000,000.

If we turn to the back of the magazine to read what alumni of different
ages report, we find further information relevant to aging and public
health. The 1995 graduate (age 30 or so) exhorts his classmates in this
way: "May all your weddings be perfect, babies brilliant, exams easy, jobs
fun, and friends true." The 1945 graduate (age 77 or so) makes this
report: "Nothing to do and not enough time to do it." The 1938 graduate
(age 84 or so) reports, "I had angina in April, pacemaker in July, angioplasty

xiii
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in August. Otherwise fine." And the 1934 graduate reports: "My theme
song now at 94 is 'Don't get around much any more!'"

These excerpts show that age is a dominating factor in health, as it
is in so many social, psychological, and economic spheres. It is there-
fore a public health issue. The field of public health and aging, standing
between clinical geriatrics and the demography and epidemiology of
aging, asks how age matters for the experience of health and well-
being, how care should be delivered to people who have lived long lives
but who may still benefit from interventional medicine, what expecta-
tions for health and function are reasonable in the setting of physical
and cognitive senescence, and finally, what about the first 50 years of
life makes life better or worse when we enter the second 50 years.

Public health and aging is a developing field that has so far lacked a
unified treatment or single framework. This book attempts to provide
such a framework. Reasons for the lack of interest in aging by the
public health community have been described elsewhere (Albert, Im, &
Raveis 2002; CDC, 2003), but most likely have to do with a historical
focus on infectious rather than chronic disease, and on maternal and
child health rather than health in late life. Until recently there were also
relatively few elderly, certainly not the 15-20% we can expect to see
in most of the developed nations by 2050. But population pressures
(such as declining fertility, greater life expectancy, and a convergence in
age structure leading to similar proportions of people under age 15 and
over age 65) now force the issue. How can we ensure a healthy old
age? Why are some segments of society able to enter old age with
greater physical and cognitive resources (setting aside obvious differenc-
es in economic status)? To what extent can physical and cognitive
disability be prevented? To what extent can they be remediated once
older people meet criteria for frailty or dementia? Does it make sense
to speak of the prevention of frailty or other forms of primary preven-
tion in late life?

This book examines these issues, provides tools for their investiga-
tion, and offers a first synthesis of a burgeoning literature in geriatrics,
gerontology, occupational therapy, epidemiology, demography, neu-
ropsychology, rehabilitation medicine, social work, and public policy. It
is not encyclopedic or complete. Rather, it is a synthesis of what I see
as the most productive measures, samples, studies, and clinical trials
that address the question of age, health, and healthy old age.

No doubt readers will find something missing from this account, and
certainly something in need of more extensive treatment. Given that
this book is an introduction to a field, not everything can be covered,
and certainly not at an equal level or depth. I have adopted the follow-
ing strategy. In chapter 1, I identify key concepts and tools that define
the field of public health and aging, such as primary prevention in late
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life, the life span view of health, the nature of age, "successful aging"
and frailty, and cognitive and physical reserve. Chapter 2 introduces
basic tools for this inquiry: cohort analysis, the life table, age-sex pyr-
amids, risk stratification. Chapter 3 provides an overview of population
processes related to age and historical changes in the structure of
populations. Chapter 4 tackles age and mortality. Later chapters assess
types of morbidity linked to underlying processes, such as declines in
physical function and disability (chapter 5), changes in cognitive func-
tion and dementia (chapter 6), and the relationship between affective
function and suffering, neglect, and isolation (chapter 7). A chapter on
quality of life assessment tries to bring these approaches together in a
unified model (chapter 8).

Chapter 9 is the most ambitious, as it tries to apply this emerging
public health and aging paradigm to three central topics: preventing dis-
ability, promoting effective chronic disease management, and enhancing
custodial care for the frailest, most vulnerable elders. In this chapter, I have
made a point of reporting results from randomized clinical trials when
possible, to show that rigorous clinical research is most likely to show
what works and what does not, here as in other areas of research.

What is the basic goal of a public health approach to aging? It is to
maximize function and well-being, as stated in the subtitle of this book.
This is really the goal of all public health efforts, for all age groups; but
it bears repeating in the case of older adults for a number of reasons.
First, senescence is loss of function, and thus the focus on maximizing
function implies working with a person's remaining strengths, using
assistive technologies when possible, and making appropriate environ-
mental modifications to reduce disability in the setting of senescent
processes. Second, the goal of maximizing function and well-being
implies concern for the person in an environment, rather than a focus
on discrete physiological processes or clinical diagnoses. This approach
is critical for older people. Geriatric syndromes cross-cut discrete disease
entities, and good management of an older person's medical status re-
quires attention to a variety of medical conditions and medications, as well
as living situation, support networks, personal care preferences, and many
other factors. Early on, Lawton (1969) suggested that care plans for older
people be guided by function and behavior, rather than diagnoses. This
advice continues to guide the best geriatric care (Gillick, 1994).

When describing his Tractatus, Wittgenstein spoke of two books:
the one he had written, and the one he did not write while writing his
book. The latter "virtual" book contained all the topics he did not
include and many abandoned lines of reasoning and evidence that
might help explain what did, in fact, appear in the book. Something
like this is at work here too. Many important topics do not appear in
the chapters that follow. For example, about 10% of people with HIV
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are over age 50. This proportion will likely increase as highly active
antiretroviral therapy allows people with HIV to age. How will these
people fare as they take potent medication regimens for 10 or 20
years? Will they face an increased risk of dementia or disability, since
many are entering later life with HIV-related impairments? This topic
was easy to leave out: very little data are available. For similar reasons
we have not included extended discussion of alternative or complemen-
tary medicine in older people, anti-aging therapies, use of telemedicine
in geriatric care, the status of older adults in developing countries, or
innovative housing or behavioral interventions for frail elders.

Other omissions reflect relative emphasis. We do not include a chap-
ter on minority aging in the United States. However, variation in the
aging experience linked to minority status is covered in chapters devot-
ed to demography, mortality, risk of disability, and cognitive assess-
ment. The same is true for family caregiving, preferences for end of life
care, long-term care options, and patterns of health care utilization.
While the topics do not receive treatment as separate chapters, all are
covered in the book within the framework outlined above.

Finally, some topics were simply too far afield for a book devoted to
public health and aging, as we have tried to define it in chapter 1. We
do not cover economic issues and public policy relevant to aging.
Similarly, we have set aside the topics of work, retirement, and leisure, as
well as family relationships and social supports. These topics are covered
well in research in social gerontology and public policy. Instead, we have
tried to emphasize age, health, and healthy old age and to marshal public
health tools that allow us to promote this kind of aging.

This book's design, scope, insights (if any), and faults are all my own.
I take full responsibility for the product. However, a number of people
were kind enough to read chapters, suggest literature, and push me
forward in this effort. These include Ursula Springer, Victoria Raveis,
Ashley Im Love, Jane Bear-Lehman, and Mohamud Nizamuddin. Shiro
Horiuchi kindly allowed me to reproduce unpublished figures from his
work on three centuries of changing death rates and mean ages at
death. I thank Sheri Sussman and Springer Publishing Company for
bearing with my inability to meet deadlines. My colleagues at the Ger-
trude H. Sergievsky Center, Department of Sociomedical Sciences,
Department of Neurology, and MPH Program in Aging and Public
Health at Columbia University were helpful friends and critics, as al-
ways. Chapters of this book were written in New York and Israel.

Most of all, I thank Robin, Eli, and Charna for tolerating me while
writing. They were the biggest help.

New York, 2002-2003



Between Clinical Geriatrics and
the Epidemiology of Aging—
Defining Public Health and

Aging

C linical geriatrics is a medical specialty that centers on the health
of the older person. It stresses medical management of chronic
disease, rehabilitation in the face of disabilities related to these

conditions, and increasingly "prehabilitation" (Gill, Baker, et al., 2002)
to delay the onset of disability due to disease and frailty. The epidemi-
ology of aging, by contrast, examines the health of older people as a
population. It tracks the incidence of disease, factors that increase the
risk of disease in defined subsets of older people, and outcomes follow-
ing diagnosis. Increasingly, it is linked to health services research, so
that hospitalization, program participation, and medical care costs have
been included as outcomes.

The two fields are complementary in the sense that benefits in
geriatric care should be visible in the health of the population of older
persons. Also, epidemiologic research offers a chance to identify risk
factors or adverse events due to treatment that might not be visible in
clinical practice, especially in the case of uncommon diseases or therapies.

Somewhere between the two lies the field of public health and aging.
Until now this field has not been well defined. It draws on geriatric
medicine to promote health outside the clinic and beyond the clinician-
patient encounter. It draws on epidemiology but often focuses on se-
lected subgroups of the elderly, such as other adults with disabilities. It
stands between the two fields and concentrates specifically on such
intermediate areas as health promotion in late life, chronic disease self-
management, behavioral interventions that complement clinical care,

1
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2 Public Health and Aging

the social context of custodial care, and development of quality indica-
tors for particular kinds of aging experience, such as dementia care,
nursing home residence, physical frailty, home care, and independence
through use of assistive technologies.

How does the field of public health and aging differ from gerontol-
ogy? Public health and aging overlaps with clinical and behavioral ger-
ontology to the extent that the latter focus on health. However, it
differs from the two in its explicit focus on primary and secondary
prevention of frailty, disease, and disability in late life. The field of
public health and aging seeks to use the tools of public health, clinical
geriatrics, and epidemiology to delay the onset of disease. Thus, a
reasonable primary prevention goal for the field would be postpone-
ment of a disease with a long latency period, such as Alzheimer's
disease, to a point later in the life span, so that people might avoid the
extensive period of disability associated with the disease and die older
from other, more benign conditions. A reasonable secondary preven-
tion goal would be an increase in the so-far limited armamentarium of
screening technologies used to identify people at risk for cognitive and
physical frailty, falling, sensory deficits, and the diseases common to
late life. A logical extension of this effort would be a series of random-
ized controlled trials to assess the benefit of such technologies and the
treatments they might imply.

More generally, a central goal for public health and aging is to
identify aspects of health in the first 50 years of life that predispose
people to live a healthy second 50 years. This life span approach is
underdeveloped, and yet a multitude of evidence suggests that people
enter the second 50 years with great differences in the reserves and
resources likely to predict healthy aging. These differences include level
of completed education, occupational exposures, bone mineral densi-
ties, proportion of lean muscle mass, strength, VO2 max, memory,
health behavior profile, social support, wealth, and much else. We
really know very little about the way these factors predispose an indi-
vidual to poor or healthy aging. Take, for example, grip strength. Grip
strength in midlife predicts disability and mortality risk up to 25 years
later (Rantanen, Guralnik, Foley, & Masaki, 1999). But midlife grip
strength is also related to grip strength at points much earlier in the life
span (Kuh et al. 2002).

Perhaps the most productive approach to public health and aging
would be identification of the factors in the first half of the life span that
affect health in old age. This in turn would allow investigation of the
extent to which modification of these factors might change the face of
old age. However, this investigation would require prospective studies
of birth cohorts through the life span into old age, a long and so-far
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incomplete task. Even such long-term cohorts as the British Medical
Research Council 1946 birth cohort have only reached the mid-fifties
as of this writing (Kuh et al., 2002).

PUBLIC HEALTH AND SUCCESSFUL AGING

It is salutary to try to explain the functions of public health and aging
to the audience for our efforts, the people who have experienced old
age and who confront the risk of frailty and chronic disease. One case
will speak for many. Hannah is a 92-year-old woman I met in Israel.
She has lived on a kibbutz, a collective settlement, for over 50 years,
a hard but supportive environment for the elderly that has been shown
to confer important health advantages (Ginzburg-Walter, et al., 2002).
At age 92, she was quite frail and required 24-hour personal care
assistance, which was provided by the kibbutz. She used a walker for
indoor mobility, left her small home to go outside only rarely, and
required help with dressing, toileting, and meal preparation. She had
given up housework, shopping, and travel. On the other hand, she took
medications and used the telephone independently, kept track of her
affairs quite efficiently, and, despite pain from osteoporosis and some
dyspnea from a heart condition appeared to be active within her home.

She asked what public health could do for her and whether she was
an example of healthy aging. Put on the spot, I first asked her about
her health. She explained that she suffered from many chronic condi-
tions: heart disease, hypertension, osteoporosis, osteoarthritis, ky-
phoscoliosis, diabetes, and hearing and vision loss. She needed to take
ten different medicines daily, from digoxiri to diuretics. What could I do
for her, she wanted to know, and what could she do to promote
healthy aging? I then asked if she found her days more or less satisfying
and interesting. "Oh yes," she said, "I am always reading, I hear from
my daughter and grandchildren on the telephone every day, I make
sure I check off medicines and meals on my chart throughout the day,
and people come and visit all the time. I enjoy some of the shows on
television and make sure I watch the news every day."

"You mean you find each day satisfying despite your poor health?"

"Of course."

"Well, then," I said, "I would say you are a very good example of
healthy aging. Public health could learn from you. How is it that
your days are so full and satisfying despite all the illness and pills?"
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"My mind is clear, I have the help I need, and I still can appreciate
books, friends and neighbors, and my children and grandchildren.
But are you sure there is nothing else I should be doing?"

I demurred. Aside from checking for adverse effects from poly phar-
macy and perhaps some minor environmental modifications of the
home, this 92-year-old serves as an excellent illustration of successful
aging: engaged in daily projects, expert in self-care and disease man-
agement, maximally supported to promote independence in the face of
frailty, well-connected to family and community, funny and feisty. And
yet she clearly demonstrates the high risk of poor health and disability
typical of very old age.

It is useful to compare this successful ager to traditional definitions of
successful aging. Rowe and Kahn (1987) distinguished between "usual"
and "successful" old age. Successful aging, in their view, consists of
three elements: absence of disease and the risk factors for disease,
maintenance of physical and cognitive abilities, and engagement in
productive activities. They viewed the three elements as roughly hierar-
chical: absence of disease allows maintenance of physical and cognitive
skill, and preservation of these skills in turn allows engagement in
productive activity. Their key insight was recognition of variation in
aging, which allows us to raise the bar for goals and expectations about
health in old age. If successful aging is possible, then we can aim higher
than "usual aging." As Rowe (2000) has stated, "There is more to
aging than disease and disability, and there is more to successful aging
than avoiding disease and disability. Successful aging includes avoiding
disease and disability by taking a responsible approach toward usual
aging. It also involves interventions that will enhance cognitive and
physical function, and trying to develop a society that provides individ-
uals opportunities of continuing engagement in life."

Rowe and Kahn (1987) did not specify what proportion of older
people met this definition of successful aging, or, more critically, what
proportion, given any particular age stratum, would be a reasonable
goal for public health. Nor did they try to operationalize the three
criteria. Attempts to use existing measures to partition the older pop-
ulation in this way (and relaxing criteria to stress minimal rather than
absence of disease or disability) show that only 20-33% of community-
resident older Americans meet criteria for successful aging (Strawbridge,
Wallhagen, & Cohen, 2002).

An alternative approach stresses minimal interruption of usual activ-
ities and maintenance of social participation in the face of disease
(Schmidt, 1994). By this criterion a majority of older adults, including
the 92-year-old described earlier, could be considered successful agers.
The mechanism for this preservation of activity and social participation
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has been described by Baltes as "selective optimization with compensa-
tion," that is, doing well with remaining strengths by recruiting pre-
served abilities to compensate, when possible, for areas of weakness
(Freunde Baltes, 1998; Baltes, 1993).

A comparison of the Rowe and Kahn criteria with self-ratings of
successful aging is instructive. Strawbridge and colleagues (2002) de-
fined absence of disease, disability, and risk factors for disease fairly
stringently: none of the eight most prevalent chronic diseases of late
life (heart disease, stroke, bronchitis, diabetes, cancer, osteoporosis,
emphysema, asthma); no limitation in the seven activities of daily living
usually affected by disease (bathing, dressing, eating, using the toilet,
moving from bed to chair, personal grooming, or indoor mobility); and
absence of key risk factors for heart disease (cigarette smoking, obesity,
hypertension). High physical function was defined as absence of diffi-
culty walking a quarter of a mile, climbing stairs, or standing from a
sitting position, and high cognitive function as absence of reports of
difficulty with memory or word finding. Finally, active engagement was
defined as contact with three or more close relatives or friends each
month along with productive activity, such as working, volunteering,
child care, or housecleaning. They applied these criteria to the Alame-
da County Study, a longitudinal cohort of older persons with a mean
age of 75.

In the Alameda County sample, 18.8% met the three Rowe and
Kahn criteria for successful aging. The proportion successfully aging
varied by age (25% for people aged 65-69, 18.5% for people 70-79
and 11.6% for people 80-99), gender (women, 21.5%; men, 15.4%),
and education (high of 21.7% for people with some college education,
low of 10.8% for people who did not complete high school). Of people
rating their health as excellent, only 43.2% met Rowe and Kahn crite-
ria for successful aging.

In contrast to these results, half the Alameda County sample consid-
ered themselves to have aged successfully. Among respondents who
met Rowe and Kahn criteria, fully a third (60/163) did not consider
themselves successful agers. Likewise, less than a quarter of the people
who considered themselves to have aged successfully met Rowe and
Kahn criteria (103/436). In other words, the two hardly correspond.
Self-perception and formal criteria for successful aging agreed in only
about half the cases (474/867).

Which is the better measure of successful aging? One way to answer
the question is to examine the extent to which the two definitions are
associated with indicators of well-being, such as satisfaction with life,
perceived control, and the relative balance of positive and negative
affect. The set of well-being measures was related to both measures of
successful aging. However, the difference in well-being scores was greater
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when the states of "successful" and "unsuccessful" aging were defined
by self-ratings.

This result is not surprising: self-ratings of success in aging (or in
anything else) are likely to be related to self-reports of well-being. On
the other hand, it is surprising, at least at first glance, that older people
define success in aging without giving priority to absence of disease and
disability. Based on the Alameda County Study findings, it is possible to
suffer chronic diseases and disability, or suffer physical and cognitive
problems, or not be engaged in productive activity, and yet still consid-
er one's aging to be successful, as did nearly three-quarters of those
who considered their aging to be successful. How is this possible?

Unfortunately, Strawbridge and colleagues (2002) did not provide a
breakdown of the number of subjects who failed to satisfy each Rowe
and Kahn criterion, or the numbers who failed on two or three of the
criteria. It is likely that older people failing to meet one of the criteria
were more likely to consider their aging successful than people failing
to meet two or three of the criteria. If this is so, then we might have
evidence for the alternative definitions of successful aging described
earlier. That is, older people who maintain activity despite health con-
ditions, or who maintain high cognitive engagement despite physical
limitation, or who manage productive contributions to households de-
spite pain or weakness, all consider their aging to be successful. They
have found ways to use remaining areas of strength to optimally par-
ticipate in activity and maintain independence. This is successful aging,
as already indicated by the 92-year-old kibbutz dweller mentioned above.

More complicated is the case of older adults who satisfied the Rowe
and Kahn criteria and yet did not consider their aging to be successful.
How can their self-rating be understood? Here we are on shakier
ground. Again, further analyses would be useful. Two possibilities sug-
gest themselves. First, we should ask if these people were younger than
people who met criteria for successful aging and also considered them-
selves to have aged successfully. If so, this would suggest that this group
is likely to have retained high expectations of health, function, and
engagement in late life. This group could perhaps benefit from greater
opportunity for engagement and productive involvement. Second, it
may also be the case that this group has other comorbidities or func-
tional limitations not adequately measured in the operationalization of
the Rowe and Kahn criteria.

In any case, this study carries special importance for public health
and aging. It teaches that health in late life must be considered along
with successful adaptation to states of ill health. Both are reasonable
goals for public health promotion, and the mix of emphasis on the two
may change with age. That is, while health should be the goal of all
medical care at all ages, with very old age the more critical goal may
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be promotion of successful compensation in the face of disease and
disability. Our 92-year-old failed all three of the Kahn and Rowe crite-
ria but had successfully optimized her remaining abilities to live satisfy-
ing days.

FOUR TYPES OF OLDER ADULT

Gillick (1994) has provided an excellent account of geriatric medical
care. As a geriatrician with a primary care focus, one of the few who
still makes home visits, her experience offers important guidance on
what it is like to be old, ill, and in need of medical care. She begins her
account with an overriding principle: "Only if we start with a deep
understanding of what being sick is like can we hope to reach a
consensus on what kind of health policy is appropriate for the elderly"
(Gillick, 1994, p. 10).

In her account, she identifies four types of elder and has provided
clinical vignettes of the particular medical challenges and opportunities
specific to each type. These are worth reviewing here. Just as medical
care goals will be different for each type of elder, so, too, will public
health goals. Presentation of clinical vignettes for each type of elder
allows a clear view of the different medical care and public health goals
appropriate for each.

The Robust Elder

The robust elderly are "physically vigorous, mentally acute, a fount of
wisdom and experience for their families, [and] busy accomplishing all
the things they never previously had the time to undertake"(Gillick,
1994, p. 43). However, as Gillick reminds us, they typically have
accumulated at least some chronic conditions in their 70 or 80 years of
life, such as arthritis, hypertension, diabetes, hearing loss, glaucoma or
macular degeneration, essential tremor, and other treatable but only
minimally impairing conditions. Hence, "their date books are sprinkled
with doctor's appointments; they carry a packet of their medicines in
their pockets; their night tables are lined with containers for hearing-
aids, glasses, and dentures"(p.43). A defining feature of this type of
elder is lack of disability.

An example of a robust elder described by Gillick was Mrs. Lands-
man (a pseudonym), who at age 96 was quite active until she devel-
oped anemia, which led to detection of an advanced colorectal cancer.
As a competent adult, she had to choose between surgery (and a risk
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of immediate death) and symptomatic treatment, where the progres-
sion of the cancer would ultimately lead to increasing morbidity and
disability and later death. Gillick describes Mrs. Landsman's response in
this way:

Mrs. Landsman thought long and hard about the various options. She
had no illusions about her own mortality, and in fact was quite ready to
depart from this world. But there was one thing she was quite clear
about: she did not wish to be a burden to others, nor did she wish to be
dependent on others, which she regarded as equivalent. The prospect of
repeated visits to the hospital for transfusions or treatment for chest pain
or fractures was dismal. The prospect of fading away over an extended
period of time, becoming increasingly dependent, was even more unap-
pealing.

Mrs. Landsman opted for surgery. Ironically, an operation that would
probably prove to be curative was performed because it provided the
best palliation available. The simplest, most humane, and cheapest way
to provide comfort for this very elderly woman was to perform major
surgery. [1994, pp. 55-56]

This case history shows that maximally invasive treatment, surgery,
may be appropriate and even be considered palliative, given advanced
disease. We should not immediately exclude invasive treatment for the
elderly, as some have counseled (Callahan, 1987). Apart from the fact
that such treatments (open-heart surgery, transplantation, and hip re-
placement) can be associated with good outcomes in the elderly, the
treatments may make sense even in a person who does not particularly
want to live longer. Invasive treatments may actually be consistent with
palliative care goals, as this case shows. Here the medical care goal of
curing the cancer corresponded well with the public health goal of
preventing frailty and disability.

The Frail Elder

Gillick describes frail older people as "hav[ing] no one overriding health
problem. Instead they suffer from impairments in multiple domains . ..
that collectively render them vulnerable to the slightest perturbation"
(p.105).

She describes a Mr. Schaeffer, age 83, who suffered from diabetes,
hypertension, congestive heart failure, psoriasis, and emphysema. Fa-
tigue and weakness led him to live an increasingly less active life. He
could not baby-sit for his grandchild on his own, did not go out unless
he had a ride from someone, could not read the newspaper through
without falling asleep, and used a homemaker to do grocery shopping,
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cooking, laundry, and cleaning. He then developed repeated bouts of
pneumonia, which led to repeated hospitalizations. At the hospital he
was diagnosed with aortic stenosis, which was treated with a valvulo-
plasty but he subsequently developed delirium, lost weight, acquired a
nosocomial infection, and became increasingly less mobile. His family
then recognized that he could not safely live independently and would
not be able to return to his apartment. He became a candidate for the
nursing home. He had a cardiac arrest, however, while still in the
hospital, which led to the last of his,three intubations. However, this
time he could not be revived and died.

These are the prosaic but important details of medical care for the
frail elder. They are not glamorous. As Gillick writes, "Autobiographical
and fictional accounts of aging focus on the drama, but seldom on the
prosaic details that make all the difference to the frail older person. I
have yet to read a story in which the elderly protagonist describes his
intense embarrassment upon suddenly developing incontinence, only to
be rescued by a geriatric consultant who determines that his problem
has been caused by the new blood pressure medicine he has been
taking" (p. 106).

Medical care goals for the frail elder are complex. The upper bound
is the maximum medically tolerable intervention, the lower bound be-
neficence, not doing harm, and potentially withholding treatment if it is
in the best interest of the patient. The public health goal for this type
of elder is to maximize function. This typically takes two forms: envi-
ronmental modification to reduce task demand (as Mr. Schaeffer did by
using a homemaker and choosing which activities he preferred to do,
given his fatigue), and rehabilitation to increase capacity and adapt
spared abilities (which was evidently not available to Mr. Schaeffer). We
take up these issues in chapter 5.

The Demented Elder

Dementing disease is one of the central challenges of geriatric care.
While many diseases cause the global, progressive, irreversible impair-
ment in cognitive function we call "dementia," the most prevalent
sources are vascular disease (stroke) and Alzheimer's disease. These are
diseases of later life, for the most part, and pose extreme challenges to
caregiving families and medical providers. As Gillick remarks,

The dilemma of when to stop treating, or when to provide less than
maximally intensive care, is never more poignant than with the elderly
person who has Alzheimer's disease or one of several types of dementia.
Dementia, the gradual loss of multiple facets of the mind such as memory,
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language, and judgment, robs people of their ability to understand what
is happening to them when they get sick. Illness becomes as incompre-
hensible to these patients as its treatment. Moreover, the future they are
vouchsafed if they are successfully cured of pneumonia or appendicitis is
one of relentless decline. If they live long enough, they will likely pass
from a state of mild forgetfulness to apathy and incontinence, and ulti-
mately to a bed-bound existence, [p. 7]

We examine cognitive function and dementia in chapter 6. The
medical care goals of the demented elder are maximization of function,
reduction of treatable and hence excess morbidity, and, ultimately,
palliation. The public health goals for this type of elder include excellent
custodial care and, when possible, physical and cognitive remediation.

The Dying Elder

"Late life," as the term implies, is the period of life closest to death.
While it is not always clear when the dying process starts (and, as a
result, when medical care goals should shift further toward palliation),
care of the dying elder is clearly a key component of geriatric care and
an important consideration in public health and aging.

One first problem for medical care and public health goals for this
population is the lack of realistic appraisal of the risk of dying by
patients and their families, which is in some cases unfortunately encour-
aged by clinicians. These unrealistic appraisals may lead to poor choic-
es in medical care, such as recourse to invasive procedures with little or
no chance of success. Clinicians may be as uncomfortable with end of
life choices as patients are. But with proper communication of risk, this
situation may change. As Gillick writes, "If instead of being told that
they had a 10% or 20% chance of survival with ICU care, patients
were told they had an 80% to 90% chance of dying with ICU treat-
ment, and a 99% chance of dying without it ... how many in fact
would choose the ICU?" (p. 80). This is an interesting question worth
a study in itself.

A second challenge for medical care goals for this type of elder is the
issue of control and autonomy at the end of life, which may be further
complicated by mental health issues. We take up these issues in chapter
7. Gillick describes a Mrs. Renan, dying of cancer. She sought physi-
cian-assisted suicide and would not accept reasonable medical manage-
ment of her condition, which included blood transfusions, or easily
available palliative treatments. Says Gillick, "She accused me of aban-
doning her because I said I would not and could not give her a lethal
injection." Gillick distinguishes reasonable medical care goals, such as
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strategies to reduce disability and relieve symptoms, and inappropriate
goals, such as elimination of existential suffering.

Was I a failure as a doctor if I could not cure . . . her overwhelming
sadness and rage over aging? My role was supportive. 1 could try to
make Claire as functional as possible during her final months or years.
This entailed such things as blood transfusions to improve her strength
and prescribing a wheelchair to help her maintain some degree of mo-
bility. I could try to make her as comfortable as possible by treating her
arthritic pain with medication and trying to regulate her bowels with a
judiciously selected combination of stool softeners and cathartics. I could
provide relief by simply being there, by acknowledging her misery and
promising not to abandon her. But [I do not] think that physicians must
at all costs obliterate suffering, if necessary by causing death, [p. 90]

This type of patient, who, we should add, refused adequate treat-
ment for her depression, may be the most challenging. Medical care
goals here are clear: "upstreamed" palliative care, that is palliative care
delivered from the beginning of the dying process, so far as we can
discern it. Public health goals include reduction of isolation for this type
of patient and maximization of information and choice about end of life
care. Ensuring opportunity for a "good death" should be a goal, but
some patients and families may not be able to avail themselves of this
opportunity, as illustrated by the difficult case of Mrs. Renan.

Table 1.1 summarizes medical care and public health goals for the
four types of elder. We take up these issues mostly in chapters 5, 6,
and 7.

TABLE 1.1 Types of Aging Experience and Goals of Medical Care
and Public Health

Type of Elder

Robust

Demented

Dying

Frail

Goal of Medical Care

Life prolongation, cure

Maximization of function,
palliation

Palliation ("upstreamed")

Upper bound: maximum
medically tolerable
intervention

Lower bound: medical care
based on best interest of
patient

Goal of Public Health

Prevention of frailty and
disability

Prevention of excess morbidity;
excellent custodial care

Reduction of isolation,
maximization of choice

Environmental modification to
reduce task demand;
rehabilitation to increase
capacity by developing spared
abilities
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HOW THE FIRST 50 YEARS MATTER FOR HEALTH
RISKS IN THE SECOND 50 YEARS

As mentioned earlier, despite decades of gerontological research, we
still do not have a single prospective cohort study that has followed
people from birth to old age. Thus, it is difficult to study the ways in
which health and risk behaviors in the first half of life may affect health
in the second. Gerontological research cohorts usually begin at age 65,
or perhaps 55. We do not have direct evidence of health at earlier
ages. As a result, we are forced to use proxy measures to summarize
health and risk experience in the first half of life. These proxies typical-
ly include such factors as:

Occupation, to assess environmental exposures during work years
Education and literacy, to assess cognitive engagement over the
life span
Parent occupation and education, to assess perinatal and child-
hood conditions
Household income, to assess access to health services over the life span
Birthplace, to assess environment and access to health care in
migrating populations
Stature, to assess nutritional status in early life
Race and ethnicity, to assess the effects of culture and potentially
restricted access to health services.

Recent progress in molecular genetics, environmental health, and
imaging technologies now allow derivation of biological indicators, in
some cases, for these lifelong factors. For example, some genes are
more common in particular racial or ethnic groups, such as APOE. If
a sociocultural group is more at risk of a disease associated with this
gene, such as a cardiovascular condition or Alzheimer's disease, we can
now begin to separate sociocultural and genetic factors. Similarly, long-
term environmental exposures leave a DNA signature, just as long-term
cognitive engagement, evident in educational attainment and literacy,
may be visible in functional MRI images. Still, we await the definitive
cohort study that will allow precise measurement of risk factors in early
life and relate them to outcomes in late life. In the absence of such a
study, we must rely on these proxies and their expression in biology.

We turn now to two cases that illustrate well the different legacies
from the first 50 years that affect the health resources older adults have
when they enter later life. These examples also show some of the
difficulties involved in public health research, where biologic and clinical
factors are often confounded with socioeconomic status.
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Entry into Late Life with Lower Cognitive Reserve

African Americans face a higher risk of Alzheimer's disease (AD) than
white Americans. This difference remains when we stratify samples by
APOE e4 status, a well-validated risk factor for Alzheimer's disease.
Figure 1-1 compares the incidence of AD in whites, African-Ameri-
cans, and Hispanic Americans living in northern Manhattan, New York
City. Only people with the e3/e3 variant of APOE (the so-called wild
type) are included, thus removing the effect of this genetic risk factor.
The cumulative incidence curves in the figure plot the risk of the
disease by age in the three race-ethnicity groups. As in all incidence
studies, people included in the analysis were free of the disease initially,
and all were followed at regular intervals with a common cognitive
assessment battery to identify the age at which people first met criteria
for AD.

As the figure shows, minorities were significantly more likely to meet
criteria for AD. By age 75, 2% of the whites and 9% of the minorities
developed the disease. By age 80, about 9% of the whites and 21% of
the minorities met AD criteria. These large differences in incidence
persisted even with statistical control for differences between the race-
ethnicity groups in a great variety of risk factors for AD, such as years
of school, family history of AD, number of comorbid chronic disease
conditions, and behaviors such as smoking and head injury. Tang and

FIGURE 1.1 Cumulative Risk of AD, by Race-Ethnicity, Limited to
APOE.
From Table 1, Tang et al., 1998. Reprinted with permission, American Medical Association.
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colleagues (1998) also recalculated incidence using a stricter definition
of dementia to identify only clear and obvious cases of AD. This strat-
egy eliminated more mild forms of AD as "cases" and, as a result,
should also help eliminate subtle diagnostic biases, either from clini-
cians interpreting cognitive tests or from the tests themselves, and in
this way reduce any differential misclassification. Even with this conser-
vative approach to diagnosis, differences between the race-ethnicity
groups persisted.

These differences in the risk of AD raise important questions. Do we
overdiagnose minorities (and if so, why?), or do we underdiagnose
whites (and again, if so, why?). Graphically, is the cumulative incidence
curve for minorities too high, or is the cumulative incidence curve for
whites too low? Why should minorities be at greater risk of developing
AD? Is it because they enter later life already with poorer abilities, so
that they start follow-up closer to the threshold of low cognitive
ability used to define AD? Or do they enter late life with abilities similar
to whites, but decline at a faster rate in old age? The first factor
suggests an effect in the first 50 years of life, the second an effect in
the second.

We investigated this issue in a related sample of 871 older adults
drawn from the same community and assessed with the same clinical
battery and diagnostic paradigm (Albert & Stern, 2001). We selected
people who had at least three cognitive assessments, where the AD
diagnosis, if made for a respondent, was made at the last of the series
of assessments. Of the 871 people, 138 met criteria for AD at their
last assessment, whereas the remainder never met criteria for AD.

To assess whether the race-ethnicity groups entered old age with
different cognitive resources, we examined scores on the Selective
Reminding Test, a test of memory, at baseline, that is, when no one
had yet met criteria for dementia. The test asks respondents to repeat
a list of 12 words over 6 trials, for a maximum score of 72 and
minimum of 0. Mean scores at baseline were significantly lower among
minorities. If we divide the distribution into tertiles (upper third, middle
third, lower third), the lower third included scores with a range from 8-
34. 16.3% of whites scored in the lowest tertile, but 32.4% of African
Americans and 44.4% of Hispanics scored in this range. This differ-
ence strongly supports the claim of early-life events as a predictor of a
key late-life outcome. Minority elders enter later life with poorer mem-
ory scores and hence less cognitive reserve.

By contrast, the slope of memory score change over the serial
assessments, that is, the mean rate of decline, was not significantly
different across the three race-ethnicity groups. Age, education. *nd
initial memory score were all independently associated with rate of
decline in memory performance, but in a regression model that includ-



Clinical Geriatrics and the Epidemiology of Aging 15

ed these factors race-ethnicity was not significantly associated with rate
of decline. Thus, cognitive performance in minorities did not decline at
a faster rate. Baseline differences, differences that predate old age,
appear to be responsible for the higher risk of AD among minorities.
Of course, poorer memory performance at baseline very likely reflects
an early stage of disease progression, prodromal AD. But this too is
consistent with early-life experience as the source of greater risk of AD
in late life.

Entry into Late Life with Different Health Risk Profiles

Rantanen, Guralnik, and colleagues (1999) examined a cohort of men
aged 45 to 68 and found that grip strength at this age was a strong
predictor of disability 25 years later. These men, all from the Honolulu
Heart Program—Asia Aging Study, were first assessed from 1965 to
68 and were reassessed between 1991 and 1993, when participants
were 71-93 years old. Grip strength is correlated with strength in other
muscle groups and for this reason is considered a good indicator of
overall strength. Grip strength performance was assessed with a hand-
held dynamometer, and hand strength at mid-life was categorized into
low (< 37 kg), middle (37-42 kg), and high (> 42 kg) performance
tertiles.

Men with low performance in mid-life were significantly more likely
to report disability in late life. These men reported nearly twice as
much disability as men in the upper tertile in doing heavy household
work (25% vs. 14%), walking (26% vs. 15%), bathing (8% vs. 3%), and
a variety of other indicators of disability and functional limitation (i.e.,
walking speed, ability to rise from a chair). Men in the middle tertile fell
between these two groups in risk of disability in late life. The increased
risk of disability in old age associated with low grip strength in mid-life
persisted in regression models that controlled for age, height, weight,
education, occupation, smoking, physical activity, and chronic condi-
tions at the exam in which disability status was established.

This finding is extremely important. "Muscle strength is found to
track over the life span: those who had higher grip strength during
midlife remained stronger than others in old age" (Rantanen et al.,
1999). For this reason, these men entered late life with a greater
reserve in strength, and this reserve helped forestall onset of disability.
Rantanen and colleagues mention a number of alternative hypotheses
for this finding, which are also of note: (1) grip strength may be a
marker of physical activity, which may itself prevent disability; (2) low
grip strength may reflect early disease processes that later progress and
cause disability; and (3) grip strength may be related to motivation to
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stay fit and through this mechanism lower the risk of disability in late
life. Each of these hypotheses merits investigation, but all suggest the
critical role of health factors in midlife as predictors of late life out-
comes.

It turns out as well that grip strength in midlife is related to birth
weight. In the UK Medical Research Council National Survey of Health
and Development, 2,815 men and 2,547 women born in 1946 have
been followed through 1999, when they were 53 years old (Kuh et al.,
2002). Men and women in the highest fifth of the distribution of birth
weight had 10% greater grip strength at age 53, compared to people
in the lowest birth weight group. A 1 kg increase in birth weight was
associated with a 1.9 kg increase in grip strength for men and a 1.2 kg
increase for women 53 years later. This relationship persisted even
with control for weight and height and "suggests] the importance of
prenatal influences on muscle development that have persisting conse-
quences through to later adulthood," (Kuh et al., 2002, p. 632).

Thus, grip strength in middle age is at least partly related to prenatal
environment, and grip strength in mid-life is related to disability in late
life. These investigations represent a rare case in which a single impor-
tant risk factor or health indicator has been investigated across the
whole life span and related to outcomes at different points in the life
span. They suggest the unity of the lifespan, where a risk factor ac-
quired at the earliest ages is expressed in different ways across the life
span. More research of this type will be required if we are to under-
stand health outcomes in late life.

THE STATE OF HEALTH PROMOTION AND DISEASE
PREVENTION FOR OLDER ADULTS AT THE START

OF THE 21CT CENTURY

As these remarks suggest, public health and aging is a young field. The
idea of primary prevention in late life still strikes some people as
strange. We have been unable to identify any comprehensive treatment
of the subject. Even the field of preventive or interventional geriatrics,
which is further along, is still relatively new. In fact, efforts toward this
end are underway in a number of fields, from neuroscience to occupation-
al therapy, and continued progress toward primary prevention in late life
is reported nearly weekly. Still, no comprehensive account is available. In
this section, we bring together some of this research in the form of a brief
overview. We return to many of these areas in later chapters.

Current recommendations from the U.S. Preventative Services Task
Force Guide to Clinical Preventive Services, 1996, 2002; http://

http://www.ahcpr.gov/clinic/uspstf/uspstables.htm
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www.ahcpr.gov/clinic/uspstf/uspstables.htm) for standard geriat-
ric care for older adults, by modality and strength of evidence for
efficacy, can be summarized in a single table (Table 1.2).

These geriatric care recommendations fall into three types: recom-
mendations based on findings from medical history, physical exam, and

TABLE 1.2 Current Recommendations (USPSTF)

Condition Intervention Grade

Identification by History
Malnutrition
Deconditioning
Substance abuse
TIA
Functional decline

Identification by Physical Exam
Hypertension
Obesity
Skin cancer
Hearing deficit
Impaired vision
Dentition
Oral cancer
Carotid artery disease
Breast cancer
Valvular heart disease
Aortic aneurysm
Ovarian cancer
Peripheral artery disease
Dementia
Depression
Abuse/neglect
Falls

dietary counseling
exercise counseling
counseling on lifestyle
chemoprophylaxis
assessment/environment

sphygmomanometry
weight counseling
exam
audiology
vision test
dental screening
visual inspection
auscultation
palpation
cardiac auscultation
palpation
pelvic untrasound
palpation
MMSE
CDS
general exam
gait assessment

Identification by Screening Procedure
Colorectal cancer stool hemoccult, colonoscopy
Breast cancer mammography

Cervical cancer Pap smear
Tuberculosis PPD
Thyroid disease TSH (women)
Hypercolesterolemia Blood cholesterol
Diabetes Fasting plasma glucose
Coronary heart disease Electrocardiogram

IIIH
I (to
age 75?)
IIIH
IIIH
I
I
IIIH
IIIH

I, recommended for person aged 65+; II, insufficient evidence to recommend for or against;
HI, not recommended for general population aged 65+; IIIR, not recommended but be alert
for; IIIH, recommended for high-risk groups only.

HIH
I
I
I
HIH
HIH
I
II
II
III
IIIR
IIIR
IIIR
IIIR
I

I
I

I

I

I

I

I

www.ahcpr.gov/clinic/uspstf/uspstables.htm
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screening procedures. The first set involves evidence of malnutrition,
physical deconditioning, substance abuse, transient ischemic stroke (TTA),
and functional decline. These are risk factors for health decline and
disability, or disease conditions that, if unchecked, put people at risk for
further health decline. Interventions in these cases include dietary coun-
seling, exercise counseling, lifestyle modification, aspirin or heparin
chemoprophylaxis to prevent stroke, and modification of home envi-
ronments to reduce task demands or promote safety. These recom-
mendations are backed with evidence of the highest quality.

The second set of risk factors or diseases is identified on physical
exam. Thus, a person with evidence of falls should have a gait assess-
ment. Someone reporting trouble chewing should have a dental exam.
An elder reporting vision difficulty should have an opthalmological exam,
and a person reporting trouble with memory or attention should be
screened for dementia. These recommendations are commonly fol-
lowed, though evidence for their efficacy is mixed, and some are re-
served for high-risk populations only. Thus, an exam for oral cancer
might be undertaken only in an elder with mouth lesions.

Finally, screening procedures currently adopted for geriatric medicine
include the fecal occult blood test (FOBT) and colonoscopy for colorectal
cancer, mammography for breast cancer, Pap smear for cervical cancer,
PPD test for tuberculosis, TSH test in women for thyroid disease, blood
cholesterol for hypercholesteremia, fasting plasma glucose levels for diabe-
tes, and electrocardiogram for coronary heart disease. Again, some of
these procedures, as indicated in Table 1.1 are reserved for patients with
a high index of clinical suspicion, and some are recommended only up to
certain ages (as in the case of mammography).

Goldberg and Chavin (1997) have extended this approach with an
evaluation of preventive medicine and screening in older adults. They
include a variety of vaccinations and newer supplementary therapies
proposed, for example, for prevention of osteoporosis. Their recom-
mendations are summarized in Table 1.3.

An enhanced vision of prevention in old age divided into primary,
secondary, and tertiary prevention and based on a wider review of
literature, is shown in Table 1.4. For primary prevention, we seek to
arrest disease processes by reducing or eliminating risk factors for
disease. For this effort we rely on vaccination (immunoprophylaxis for
flu and pneumonia), drug therapies (statins, anti-inflammatory agents,
chemoprophylaxis for heart disease and possibly dementia), counseling
(exercise, psychological support, occupational therapy strategies), and
prostheses (hip protectors, grab bars and other environmental modifica-
tions to prevent falls, for example).

Secondary prevention involves early detection and treatment of
disease to minimize morbidity and risk of disability. These efforts
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TABLE 1.3 Preventive Medicine and Screening in Older Adults

Screening Rating

Blood pressure I
Cholesterol I
Clinical breast exam I
Mammogram I
Pelvic exam/Pap smear I
FOBT, cobnoscopy II
Audiology III
Auscultation, palpation (mouth, nodes, testes, skin, heart, lung) III
Glucose HI
TSH III
Electrocardiogram III
Vision/glaucoma screening III
Mental/functional status III
Osteoporosis (bone mineral density) III
Prostate exam (PSA) III
Chest x-ray III
Prophylaxis/Counseling
Exercise I/II
Influenza vaccine I/II
Pneumococcal vaccine I/II
Tetanus-diphtheria vaccine I/II

Calcium supplementation II
Estrogen, SERM, bisphosphonate II
Aspirin I/II

I, Evidence from randomized trials; II, evidence from non-randomized or retrospective studies;
III, expert opinion or other considerations.

Adapted from Goldberg & Chavin, 1997; http://members.aol.com/Tgoldberg/prevrecs.htm,
2002/

involve screening to detect disease at an early, asymptomatic stage.
Examples include checks for bone mineral density for osteoporsis, glu-
cose metabolism for diabetes, cognitive assessment for dementia, and
hypertension screening.

Finally, we stress tertiary prevention, which seeks appropriate dis-
ease management to reduce disability. Examples of tertiary preven-
tion include education to support patient self-care, telemedicine to
monitor clinical chemistries, "lifeline" devices that allow elders to report
medical emergencies, podiatry in diabetics, inhalers for pulmonary dis-
ease, and perhaps most critically a single medical provider to coordi-
nate care.

The position of the three types of prevention over the life course
and their effect on quality of life is shown schematically in Figure 1.2.

I/II
II

http://members.aol.com/Tgoldberg/prevrecs.htm,2002/
http://members.aol.com/Tgoldberg/prevrecs.htm,2002/
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TABLE 1.4 Enhanced Prevention

Primary, arrest disease process by reducing or eliminating risk factors
Vaccination—immunoprophylaxis—prevention of flu, pneumonia
Drug therapy (e.g., statins, anti-inflammatory agents)—chemoprophylaxis—
prevention of heart disease, dementia
Counseling—exercise, OT, psychological support—prevention of disuse
syndromes
Prostheses—hip protectors, grab bars—prevention of falls

Secondary: early detection and treatment of disease to minimize morbidity
Screening to detect disease in asymptomatic stages: bone mineral density
for osteoporosis, glucose metabolism for diabetes, cognitive assessment for
dementia, hypertension screening

Tertiary: appropriate disease management to reduce disability
Education to support patient self-care
Telemedicine for monitoring of clinical chemistries
"Lifeline" devices for falls
Podiatry in diabetes
Inhalers for asthma and COPD
Single medical provider to coordinate care

The y-axis represents a composite measure of health-related quality
of life or some indicator of wellness (see chapter 8). The ABC pathway
represents an individual's trajectory in the absence of prevention efforts
of the sort summarized above. At age 70 (A), frailty or preclinical
disability begins and initiates a steady decline in well-being, such that at

FIGURE 1.2 Leverage Points for Prevention.
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TABLE 1.5 Types of Elder and Prevention Goals

Prevention
Types

Prevention Goals

Primary
Secondary
Tertiary

Frailty

H

Disease

H
H

Disability

F, D
Dy

latrogenesis

F, D
Dy

Injury

F, D

Cells indicate most important and common prevention strategy for elder type.
H, robust elderly (60-75% of older people), little or no chronic disease, no disability

F, frail-disabled elderly (20-35% of older people), several non-curable diseases, several
prescription medicines, some disability, hospitalized for disease exacerbation

D, demented elderly (5-10% of older people), many severe chronic conditions, disabled,
frequently hospitalized, may be institutionalized

Dy, dying elderly (5% of older people), primarily hospice, nursing home, and hospital
population

age 78 (B) frank disability sets in. The trajectory of declining well-being
accelerates between ages 78 and 84 (C), when this hypothetical individ-
ual dies.

Now imagine a different trajectory for this individual, indicated by the
A'B'C' trajectory, which represents the effects of successful prevention.
Because of primary prevention efforts at age 70, this person does not
reach the frailty endpoint until age 75 (A1). Then, because of effective
secondary prevention, the trajectory of decline to the point of frank
disability is more gradual, such that the disability endpoint is not reached
until age 84 (B1). Tertiary care is not very different in this hypothetical
figure, but the gains from primary and secondary prevention have
allowed this individual to die at a much older age, 89 (C1), and to
experience greater wellness or health-related quality of life in both the
states of frailty and disability. The area between the two curves repre-
sents the additional quality of life adjusted years, or well years, added to
this person's life through prevention efforts.

Finally, we can link these thoughts about prevention to the public
health goals mentioned earlier in our thoughts about the different types of
aging experience. Major public health goals that are broadly applicable for
all elderly include prevention of frailty, disease, disability, iatrogenesis
(morbidity caused by medical or hospital treatment), and injury. Table 1.5
is a grid that cross-classifies these goals with types of prevention. The cells
of the table show which type of elder can be expected to benefit most
from the particular prevention strategy for the different public health
goals.
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SUMMARY

Definition of Public Health and Aging

The field of public health and aging stands between clinical geriatrics and
the epidemiology of aging. It examines health promotion in late life,
chronic disease self-management, behavioral interventions that comple-
ment clinical care, the social context of custodial care, and development
of quality indicators for particular kinds of aging experience, such as
dementia care, nursing home residence, physical frailty, home care, and
independence through use of assistive technologies. In addition to promot-
ing primary and secondary prevention in old age, a central goal for public
health and aging is to identify aspects of health and behavior in the first
50 years of life that predispose people to live a healthy second 50 years.

"Successful Aging"

Rowe and Kahn (1987) distinguished "usual" from "successful aging."
Their key insight was recognition of variation in aging, which allows us
to raise the bar for goals and expectations about health in old age. If
successful aging is possible, then we can aim higher than "usual aging."
They did not specify what proportion of older people meet this defini-
tion of successful aging, or, more critically, what proportion of "suc-
cessful aging," given any particular age stratum, would be a reasonable
goal for public health. Nor did they operationalize the three criteria.
Attempts to use existing measures to partition the older population in
this way show that only 20-33% of community-resident older Ameri-
cans meet these criteria for successful aging.

In one recent study, only 18.8% met the three Rowe and Kahn
criteria for successful aging. However, half considered themselves to
have aged successfully. In this study, self-ratings of successful aging and
Kahn and Rowe criteria hardly corresponded. Self-perception and for-
mal criteria for successful aging agreed in only about half the cases.
One way to interpret this disparity is to recognize that successful adap-
tation to states of ill health can also be considered "successful aging."
Both maintenance of health and compensation in the face of declining
health are reasonable goals for public health in late life.

Four Types of Older Adult

It is useful to identify different types of "old age." Four prominent types
in geriatric care include the robust, frail, demented, and dying elder.
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Just as medical care goals will be different for each type of elder, so too
will public health goals.

In the case of the robust elder, the medical care goal of cure corre-
sponds well with the public health goal of preventing frailty and disability.

Medical care goals for the frail elder are complex. The upper bound
is the maximum medically tolerable intervention, the lower bound be-
neficence: not doing harm and potentially withholding treatment if it is
in the best interest of the patient. The public health goal for this type
of elder is to maximize function. This typically takes two forms: envi-
ronmental modification to reduce task demand, and rehabilitation to
increase capacity and adapt spared abilities.

The medical care goals of the demented elder are maximization of
function, reduction of treatable and hence excess morbidity, and ultimately
palliation. The public health goals for this type of elder include excellent
custodial care and, when possible, physical and cognitive remediation.

Medical care goals for the dying elder include "upstreamed" palliative
care, that is, palliative care de);vered from the beginning of the dying
process, so far as we can discern it. Public health goals include reduc-
tion of isolation for this type of patient and maximization of informa-
tion and choice about end-of-life care.

How the First 50 Years Matter for Health in the
Second 50 Years

Despite decades of gerontological research, we still do not have a single
prospective cohort study that has followed people from birth to old age.
Thus, it is difficult to study the ways in which health and risk behaviors in
the first half of life may affect health in the second 50 years.

Grip strength illustrates well the unity of the life span with respect to
risk factors and later health outcomes. This is a measure of general
muscle strength, easily obtained with a hand dynamometer. Grip strength
in mid-life is related to prenatal environment, and grip strength in mid-
life is related to disability in late life. These investigations represent a
rare case in which a single important risk factor or health indicator has
been investigated across the whole life span and related to outcomes at
different points in the life span.

Prevention in Late Life

For primary prevention in old age, we seek to arrest disease processes
by reducing or eliminating risk factors for disease. For this effort, we
rely on vaccination, drug therapies, counseling, and prostheses.
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Secondary prevention involves early detection and treatment of dis-
ease to minimize morbidity and risk of disability. These efforts involve
screening to detect disease at an early, asymptomatic stage. Examples
include checks for bone mineral density in the case of osteoporosis,
glucose metabolism for diabetes, cognitive assessment for dementia,
and hypertension screening.

Finally, tertiary prevention seeks appropriate disease management to
reduce disability. Examples of tertiary prevention include education to
support patient self-care, telemedicine to monitor clinical chemistries,
"lifeline" devices that allow elders to report medical emergencies, and
perhaps most critically a single medical provider to coordinate care.



A Public Health Framework for
Thinking About Aging

Aging is the maturation and senescence of biological systems. "Matura-
tion" and "senescence" imply time-dependent changes. With time, our
minds and bodies change in a variety of ways; these changes are what
we mean by "aging." With each additional decade of life, adults will see
slowing in reaction time, psychomotor speed, and verbal memory;
declines in strength and walking speed; a decreased rate of urine flow;
loss of skeletal muscle; and greater mortality, among many other changes.
On the whole, they will also see declines in addictive behaviors and
crime, reduction in severe psychiatric disorders, and stability in psycho-
logical well-being; continuing increases in vocabulary; greater selectivity
in friendship and increased contact with close family; less need for
novel stimuli; and increases in wealth, leisure time, and altruistic behav-
iors, also among many other changes. The popular understanding of
aging mostly stresses the first set, the negative changes, but a more
complete and accurate understanding would more profitably stress both
kinds of change because both are relevant to a public health perspec-
tive on aging.

These changes, positive and negative, occur with the longer life or
greater age of the organism. But it is useful to distinguish between two
meanings of "aging." The first is simply the number of years an organ-
ism has survived. The second is the ticking of some kind of clock
mechanism that governs the "maturation and senescence" of biological
systems.

The changes described above, such as a decline in urine flow or loss
of skeletal muscle, are more prevalent among older adults than in
younger people. These changes may be more prevalent because they
are, in fact, expressions of senescence and maturation, suggesting that
the changes reflect movement of a biological clock mechanism. Or they

25
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may be more prevalent simply because of the greater length of time
older people have lived, and hence the greater opportunity they have
had to experience the risks or exposures that produce these effects.

This is a key distinction. More than likely, some combination of true
senescence and greater exposure to risk factors is likely to be respon-
sible for the changes we consider "aging." For example, the highest
audible pitch people can hear declines with greater age, suggesting that
this change is a senescent feature of the auditory system. But it is likely
also that long years of occupational exposure to noise, untreated ear
infections during childhood, neurologic conditions, or an accumulation
of minor injuries might also contribute to loss of hearing in old age.
Senescent changes, long periods of exposure to disease risk factors,
and the interaction between the two are confounded in the lay under-
standing of aging but a successful public health approach to aging must
distinguish between them.

AGING AND SENESCENCE

Senescence is the progressive, cumulative deterioration in function or
loss of physiological capacity associated with greater chronological age.
Current thinking suggests it is a biological feature of many physiological
systems and that it is best measured as decreased reserve and reduced
resistance to stressors. It is evident in a "diminished availability of
redundant systems necessary for physical and social well-being" (Crews,
1990. p. 12). For example, research suggests that loss of skeletal mus-
cle and lean body mass, sarcopenia, is a universal, involuntary change
that is distinct from pathological wasting syndromes (such as those
common in cancer) and cachexia (seen in patients with rheumatoid
arthritis, congestive heart failure, or end-stage renal disease). Nonethe-
less, these senescent changes put older people at risk for pathologic
changes and in this sense can be considered "the backdrop against
which the drama of disease is played out" (Roubenoff & Castaneda,
2001. p. 1230). A senescent change, such as sarcopenia, puts the
body at risk for disease and also poor recovery from disease; for exam-
ple, "a body already depleted of protein because of aging is less oi to
withstand the protein catabolism that comes with acute illness or inad-
equate protein intake" (Roubenoff & Castaneda, 2001).

Hence senescence and disease are related but distinct. We only
see senescence in organisms that have lived a long time, but a
longer time alive also means a greater opportunity to develop dis-
ease or suffer health insults that are actually distinct from these
senescent changes.



Public Health Framework for Thinking about Aging 27

To take another example, think of cancer. It is often said to be a
disease of aging. This presumption is likely based on the higher death
rate from malignant neoplasms evident among older adults. Indeed, the
mortality rate from cancer among adults aged 65+ in 1999 was 1,129.3
per 100,000, much higher than the rate of 25.1 for people aged 25-
44 and 229.3 among people aged 45-64 (Kochanek, Smith, & Ander-
son, 2001, Table 7). Of the 546,552 deaths due to cancer in the U.S.
in 1999, 390,070, or 71.4%, involved older adults. But the larger
number of cancer deaths in older adults does not mean that cancer is
a feature of aging. In fact, cause-specific mortality from cancer is actu-
ally higher in the 45-64 age group; 135,748 of the 391,994 deaths in
this age group, or 34.6%, were due to cancer, compared to 21.7% of
the deaths in the older age group (390,070 cancer deaths of 1,797,451
deaths total). Cancer incidence is also lower in the seventh and eighth
decade of life, compared to the fifth and sixth decades (Hadley, 1992).
Here again we see confounding between old age as a time for longer
exposure to disease agents that may lead to cancer, and old age as an
expression of senescent changes that may lead to cancer directly (i.e.,
dysregulation of cellular processes, such as apoptosis), or that put one
at risk for cancer (such as slower bowel motility, development of pol-
yps, and onset of colorectal cancer).

We can also think of senescence as the changes typical of an organ-
ism that is approaching the maximum life span of a species. With
larger numbers of people now living long enough to become centenar-
ians, we can now characterize the state of our minds and bodies when
people approach this maximum. Marie Calment, who died at age 122
and has the distinction of being the oldest person ever identified (as
documented by reliable birth records), died blind and unable to walk,
but without dementia (Robine & Allard, 1998). Novelists have gone a
step further to imagine senescent changes unchecked by death. Jonathan
Swift gives a chilling picture of a people damned to age endlessly
without death (much like the character Tithonus, of Greek myth):

At ninety they lose their teeth and hair, they have at that age no distinc-
tion of taste, but eat and drink whatever they can, without relish or
appetite. The diseases they were subject to continue without increasing
or diminishing. In talking they forget the common appellation of things,
and the names of persons, even of those who are their nearest friends
and relations. For the same reason, they can never amuse themselves
with reading because their memory will not serve to carry them from the
beginning of a sentence to the end. [Swift on the struldbrugs, Gulliver's
Travels]

Another way to distinguish between the senescent changes of aging
and the increase in disease risk associated with greater age is to try to
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separate age-related changes from age-determined changes. Only the
latter can be considered true senescent changes. The greater preva-
lence of cancer and cancer mortality seen at older ages is likely to be
a mixture of the two: a longer exposure time to etiologic agents that
increase susceptibility to disease (age-related factor), along with genet-
ically determined intrinsic factors, such as changes at the cellular level,
that predispose to disease (age-determined change).

This combination of age-related and age-determined factors compli-
cates public health efforts for older adults. In the setting of late-life
declines in physiologic reserve, what is normal aging and what is dis-
ease? Age-related phenomena that have a particular pathology or fol-
low a predictable course, such as the greater incidence of cancer in
later life, can be called "disease." But Evans (2002) reminds us that it
is wrong to then conclude that aging without disease is "normal" or
"successful." Age-determined changes that are not usually considered
"disease" also should be considered targets for intervention efforts if
they lead to loss of reserve and put one at risk for disease.

Figure 2.1, which presents findings from the Berlin Aging Study,
shows how easy it is to draw false conclusions about aging and disease
(Linderbenger & Baltes, 1997), in this case in the setting of cross-
sectional research. The upper panel shows a simple scatterplot of the
relationship between age and a composite measure of intelligence. The
correlation is negative,-0.57, showing a strong and significant decrease
in intelligence with greater age. One would be tempted to conclude
from this figure that normal aging includes declines in intelligence.

The lower panel, however, shows the same relationship, only this
time adjusted for performance on measures of balance, gait, and sen-
sory ability. The correlation is now-0.06, hardly any relationship at all.
Clearly, the decline in intelligence shown in the top panel is an artifact.
With greater age, older people are likely to develop deficits in balance,
gait, and sensory ability; decline in these abilities leads to lower perfor-
mance on tests of intelligence. Thus, declines in intelligence with age
are not normal aging but instead reflect declines in balance and sensory
ability. If declines in intelligence are not part of normal aging, should
declines in balance and sensory ability, then, be considered part of
normal aging? They may be part of the senescent processes associated
with aging, or they may be consequences of pathologic changes in
other physiologic systems. How much of the decline associated with
age should be considered part of "normal aging"?

A useful, if rough, model of the relationship between senescence,
disease, and the public health outcome most important in aging, dis-
ability, is shown in Figure 2-2.

Senescence, defined here as "physiologic changes of aging, not
disease-based," is itself associated with frailty (i.e., weakness, poor
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Age in Years

FIGURE 2.1 The Age Relation of Individual Differences in General
Intelligence Before and After Controlling For Main Effects of Bal-
ance—Gait, Hearing, and Vision.
Source; Lindenbergcr & Baltes, 1997. Reprinted with permission, American Psychological
Association.

endurance, slowness [Fried et al., 2001]), even in the absence of any
identifiable disease process. Frailty, in turn, puts older people at risk for
disability, defined as difficulty with basic household and personal self-
maintenance activities severe enough to threaten independent living.
Senescent changes can be accelerated in the presence of disease and
can also predispose older people to develop frank disease; hence the
double arrow connecting senescent change and disease. Disease can
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FIGURE 2.2 Sources of Frailty and Disability.
Source: Albert, Im, & Raveis, 2002. Reprinted with permission, American Public Health
Association.

also cause disability directly (think of an older person with Alzheimer's
dementia or a young person with an isolated medical condition). Thus,
senescence is important for its independent association with frailty as
well as its association with disease. From a public health standpoint,
aging as a risk factor for poor health outcomes is best understood both
as senescent changes, such as sarcopenia and hypometabolism, and
the interaction of these changes with disease. Note, however, that
senescence and disease do not exhaust the causes of disability. The
third arrow, in the right hand corner of the figure, illustrates that there
are other causes of disability as well, which are also important in a
public health approach to aging. These include environmental factors
(the degree to which daily living conditions serve to underchallenge or
overwhelm people [Lawton 19801), inadequate access to assistive and
prosthetic technologies, and weak social and psychological resources.

Wallace (1997) describes some of the different ways disease and age-
determined changes may be related, and which further complicate pub-
lic health efforts. First, the pathogenesis of some diseases is likely to be
altered with age. Declines in immune response, for example, a feature
of aging, may turn a viral infection into pneumonia rather than a less
complicated respiratory infection. Second, an age-determined change
in one physiologic system (which may not cause overt disease in that
system) may increase susceptibility to disease in another system. An
example mentioned by Wallace is an increase in stroke related to age-
determined hypotension. Third, age-determined changes can make old-
er people more susceptible to disease when exposed to environmental
challenges. Older adults develop reductions in glucose tolerance, for
example, which may lead to frank diabetes under certain conditions.
Wallace also points out, however, that some age-determined changes
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may actually retard development of disease. Lactose intolerance, an
age-determined change to the extent that it increases with age, may
lead to less fat intake and reduced risk of atherogenesis.

If we make this distinction between senescent change and disease,
we avoid some confusion in thinking about health and aging. For
example, consider this definition of aging: "the accumulation of delete-
rious changes in physiology and their external manifestations, which
occur from the time of conception until death" (cited in Crews, 1990).
This definition does not distinguish between disease and aging, be-
tween age-related and age-determined changes, and between changes
that are deleterious and changes that are neutral or even positive.

BIOMARKERS OF AGING

Wallace (1997) reminds us that "no one has yet discovered a single
biological process that is called 'aging'." He goes on to say, "there is
no single chemical or metabolic activity or genetic timer that proceeds
inexorably and irreversibly, dictating how long we will live."

What are usually called "biomarkers of aging" are not genetic timing
mechanisms of this sort, but rather physiologic changes that are corre-
lated with chronological age. One recent study identified over 100
physiologic changes that have been shown, at least in cross-sectional
studies, to be correlated with age (Sehl & Yates, 2001). These correla-
tions are mostly in the low to moderate range. Averaging across indi-
cators within particular physiologic domains, Sehl & Yates conclude
that beginning at age 18, each additional year of life is associated with
a 1-3% decline in these parameters. This applies to indicators of respi-
ratory and cardiac function, working memory, visual reaction time, gait
speed, sensory discrimination, and other more typical indicators of age.
But it must be stressed that these findings are based on cross-sectional
studies, so that different cohorts of people are assessed rather than a
single cohort followed over time, and that the highest correlation be-
tween any of the parameters and age was no more than 0.50 (Bortz,
1989), so that no more than 25% of the variance in hearing (highest
audible pitch), for example, could be explained by age differences.

None of the proposed biomarkers of age truly represent an underly-
ing mechanism of senescence. In any sample of older people we will
find a wide range of performance on every one of the parameters. But
this is simply another way of saying that any random sample of older
people of any given age will include both highly functional, robust
elders and impaired, frail people with disabilities severe enough to
require nursing-home levels of care.
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PHENOTYPES OF "FRAILTY" AND
"SUCCESSFUL AGING"

Given this heterogeneity of aging and health, it would be useful to
identify phenotypes of poor, normal, and successful aging. What com-
bination of features best characterizes these health states? Reasonable
definitions would be useful for guiding genetic studies, in which we
might seek to determine the degree to which high function in late life,
for example, is heritable. That is, if a person reaches age 80 or 85
without any difficulty or need for help in the activities of daily living
(ADL), is it likely that his or her sibling will also reach this age without
ADL disability? Longevity clearly has a heritable component (Perls et al.
2002), and many of the diseases of late life, including Alzheimer's
disease (Green et al., 2002), also fall into this category: first-degree
relatives of probands with the condition face a higher risk of having the
condition than first-degree relatives of unaffected probands. Twin stud-
ies also suggest strong genetic components to many features of aging,
such as cognitive ability and even some behaviors.

Apart from the utility of such definitions for genetic studies, it is
worth dwelling on these phenotypes because they force us to define
what we mean by frailty or successful aging. Successful aging certainly
would have to include independence in the activities of daily living and
absence of dementia. Should we also include other criteria, such as
absence of heart disease, bone mineral densities greater than some
minimum, and high scores in visual reaction time and gait speed? And
why stop here? Why not include measures of psychological and social
health, such as engagement in leisure activities, absence of depression,
satisfying social networks, and high scores on measures of self-efficacy?
We are driven to consider these many features because health in late
life is not a matter of discrete physiologic systems. Impairments in
vision, hearing, lower extremity strength, and affect increase the risk • «
falls, incontinence, and ADL dependency (Tinetti et al., 1995). These
relationships were already indicated in Figure 1.2, which shows that
disease interacts with senescent processes to increase the risk of frailty
and disability.

If successful aging is hard to define, perhaps it is easier to define
what successful aging is not, that is, "frailty." One proposed frailty
phenotype, already mentioned earlier, consists of the following compo-
nents: shrinking (unintentional loss of 10 Ibs or more), weakness (scores
in the lowest 20% of the distribution of grip strength values), poor
endurance (reports of exhaustion when performing daily activities), slow-
ness (scores in the lowest 20% of the distribution of timed gait speeds),
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and low activity (scores in the lowest 20% of activity profiles, as deter-
mined by estimated expenditure of calories). Older adults with three or
more of these characteristics were considered to be frail (Fried et al.,
2001).

This is a useful definition, though one could easily imagine other
components that could be added. It is largely limited to physical ele-
ments. Going back to Figure 2.2, we can ask how well this definition
of frailty "works": Is it a precursor to self-reported disability? Is it highly
correlated with the presence of comorbid medical conditions? We know
already from the figure that the correspondence will not be perfect
because disability has other sources. Also, in the absence of a time
element and longitudinal sample, we cannot truly examine causal chains.

Still, Fried and colleagues (2001) provide important data on the
strengths and limitations of this frailty phenotype. Of 363 older adults
with self-reported disability in ADL, only 28% also met these criteria
for frailty. This is an important finding. If the features of frailty identi-
fied in this approach truly represent senescent changes that are rela-
tively free from disease processes, then the majority of self-reported
disability is due to disease and not to the inevitable slowing, weakening,
and shrinking typical of aging. These data are only a first start in what
will surely become an important stream of research, but they suggest
that most of the disability seen in older populations is attributable to
disease, rather than aging per se. If so, optimal disease management
and primary prevention of disease will likely continue to reduce disabil-
ity to even lower levels.

In this sample of 363 older adults with ADL disability, note too that
54%, not the remaining 72%, had identifiable comorbid medical con-
ditions without meeting criteria for frailty. Thus, disease without frailty
accounted for the largest proportion of people reporting disability but
still did not exhaust the sources of disability. Of these disabled elders,
18% did not meet criteria for frailty and did not have comorbid disease,
either. Their disability was the result of unmeasured frailty or disease, or
more likely resulted from the complex of environmental, psychological,
and social factors indicated in the third, independent pathway to disabil-
ity shown in Figure 2.1.

If we assume that this breakdown of the sources of disability in late
life is correct, we can see that prevention of disability involves public
health efforts—primary, secondary, and tertiary—targeted to frailty,
disease, and behavioral-environmental factors. Roughly speaking, these
data suggest that perhaps half of the old-age disability we see is due to
disease, a quarter to direct senescent processes relatively independent
of disease, and another quarter to behavioral-environmental factors. All
are modifiable.
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AGING AND DISABILITY: REASSESSMENT OF THE
WHO MODEL

Figure 2.3 presents the WHO model (1981) of the relationship be-
tween survival, disability, and frailty. (Note that "frailty," "impairment,"
and "morbidity" have all been used interchangeably to identify changes
that precede frank disability and presumably represent preclinical states
of disability.) The shape of the disability and frailty curves is hypothet-
ical, but these presumably follow the shape of the survival curve, which
reflects the increasing and accelerating risk of mortality with greater
age.

Survival curves are generated by applying prevailing death rates at
each age to a hypothetic cohort (radix) born at a given time. Conven-
tionally, we begin with 100,000 births. The death rate for each age
group removes people from the population. The survivors then expe-
rience the death rate prevailing for the next age group. We assume no
changes in death rates and no other sources of entry or exit from the
cohort. By age 100 or 110 we assume that the cohort is extinct,
though some individuals will pass this age milestone.

As shown in the survival plot in Figure 2.3, mortality is extremely
low until people reach age 40 or so (hence the flat curve until this age,
with nearly 100% survival; life tables for the U.S. population in the
1990s, for example, suggest that only 4% of people die before age 40
[Erickson, Wilson, & Shannon 1995]). The doubling of mortality every
7 or so years (after its nadir between ages 5 and 15) is evident in the
steep slope beginning in mid-life.

In this model, the proportion of older people in a birth cohort is
shown on the ordinate and age on the abscissa. In the figure, 50% of

FIGURE 2.3 Partitioning Survival by Functional Status: WHO Model
(slightly modified).
Source: WHO, 1981.
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elders are still alive at age 75. The area under the survival curve
indicates the total person-years lived by the cohort. Thus, if everyone
in the cohort died at the same age, say 85, the survival curve would
appear rectangular, and the total person-years lived by the cohort would
simply be 100,000 x 85, 850,000, with an obvious life-expectancy at
birth of 85 (850,000 /100,000). We return to this model in more
detail in chapter 3. For now we need simply note that survival in this
model can be partitioned according to functional status. We assume
that the risk of disability and frailty follows the pattern established for
survival: an increasing, accelerating risk with age. We assume too that
they are nested: frailty precedes disability, so that people reach frailty
before disability, and that everyone with disability has passed through a
period of frailty. Similarly, states of disability, of varying duration, pre-
cede mortality. Our prior discussion, of course, suggests that this is too
simple a model, but it is important nonetheless to understand the
model because it is well established and offers an important tool for
thinking about aging and public health.

Returning again to the figure and people aged 75, we see that 50%
have died, and that of the 50% still alive, roughly 20% are disabled and
frail, perhaps another 5% frail without disability, and the remaining
20% neither frail or disabled. In this simple approach, then, about half
the surviving elders at age 75 might be considered to have aged suc-
cessfully, with the other half frail or disabled.

Looking at the aging of the cohort as a whole, we can calculate
person-years of disability, frailty without disability, and optimal function
over the complete experience of the cohort. Person-years lived with
disability are represented by the area between the survival and disability
curves. Similarly, person-years of frailty or preclinical disability are indi-
cated by the area between the disability and frailty curves. Remember,
however, that the frailty and disability curves shown here are complete-
ly hypothetical. Evidence is available for the nesting of frailty within
disability only for particular, narrowly-defined domains. For example,
older adults lose the ability to climb stairs with risers that are 16 inches
high before they lose the ability to climb stairs that are 10 inches high.
If risers on stairways are typically 10 inches, then loss of the ability to
manage a 10-inch riser is disability; upon reaching this point, elders
lose the ability to climb stairs. Many elders who cannot climb stairs with
16-inch risers, however, can still climb stairs with 10-inch risers; and
people who have lost the ability to climb stairs with 16-inch risers are
likely to be at risk for later inability to climb stairs with 10-inch risers.
Hence they are frail without being disabled, and the nesting of frailty
within disability shown in the figure is reasonable for such fairly nar-
rowly defined tasks that depend on a common set of physiologic or
biomechanical properties.
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The model is especially valuable for tracking differences in popula-
tion health. Across populations, we can compare survival and disability-
free survival. Within populations we can examine changes over time to
determine if gains in life expectancy are associated with a gain or loss
of disability-free survival. Robine (1992) has shown that arguments
regarding the compression of morbidity and rectangularization of aging
can be sharpened (and tested empirically) using this model. Increases in
life expectancy mean that the survival curve in Figure 2.3 is shifting
upward and to the right. The key question is whether the disability
curve is shifting in the same direction at the same pace. If it does not
change at all, then all additional years gained from the increase in life
expectancy are years lived with disability, clearly an unwelcome out-
come. If the disability curve is shifting in the same direction but at a
slower pace than increases in life expectancy, then the net effect of
gains in life expectancy will also be an increase in the proportion of
years lived with disability, still an unwelcome outcome. If the disability
and survival curves are moving outward in tandem, then the proportion
of years lived with disability remains unchanged, still not the best outcome
from a public health perspective. Only if the disability curve moves out-
ward at a rate faster than the survival curve will the volume of disability
across the life span be reduced. In fact, evidence is mounting that this has
happened in the U.S. over the past 20 years (see chapter 5).

AGING AND "SOCIAL AGE'

When people think of old age, they usually think of years or some
other indicator of the passage of time (for example, in societies where
people do not use year-based calendars, these indicators might include
number of harvests completed, number of ritual cycles conducted, or
number of relocations of dwellings). But even in contemporary Amer-
ican culture, "old age" is not simply a matter of chronologic age or the
biologic expression of senescence. Fry (1980) used a technique drawn
from cognitive anthropology to show that cultural dimensions, such as
productivity, vulnerability, and reproductive potential, underlie judgments
of "young," "middle-aged," and "old." In her pile sort study, respon-
dents were asked to group hypothetic age-linked social statuses accord-
ing to similarity. Multidimensional scaling analyses revealed a clear
chronologic age dimension, but also second-and third-order dimensions,
showing, for example, that respondents also grouped old people and
children together as opposed to people of middle age. This finding is
consistent with research on the "infantilization" of older people (Ryan,
Bourhis, & Knops, 1991; Albert & Brody, 1996). "Baby talk" and
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terms typically reserved for children are often applied to older people
with cognitive impairment or other disabilities. For example, older peo-
ple are often spoken of as "cute" and elicit the same protective urge
seen with infants, such as a desire to hug or comfort.

The reverse is also true. Younger adults who are not active, not
interested in new experiences or travel, not willing to switch careers, or
who are slow, deliberate, or narrow-minded, are often called "old be-
fore their time." These negative features of aging—negative, at any
rate, when applied to younger people—are meant to criticize or embar-
rass young people. This use of language also suggests a social compo-
nent in our understanding of aging. People are old not just because of
their age but also because of their behavior, their health, their attitudes,
their choices, and even their politics.

More generally, evidence from cross-cultural studies suggests that the
defining characteristics of old age include chronologic age but also
many other criteria, such as achieved social status, having grandchil-
dren, holding political office, oratorical skill, and physical changes asso-
ciated with age. In societies with high mortality and short life expectancy,
having children reach adulthood is associated with change in status to
"elder" and associated honorific terms (Albert & Cattell, 1994). Again,
the other side to social age needs to be mentioned. In American soci-
ety, adults can refuse to "grow up," and people can insist on "not
acting their age." This can take a variety of forms: not leaving a parent's
home, not marrying at a so-called appropriate age, refusing to establish
clear career goals, marrying someone much younger than you are, even
buying consumer products associated with a different age stratum.

Thus, old age has a social dimension. For public health efforts, this
social component is most relevant in its bearing on expectations for
health and function in later life. Even this brief discussion of the use of
age criteria to label behaviors suggests that attitudes toward aging and
old age are mostly negative. Old age is seen as a time of decline,
withdrawal, and vulnerability. In this view, aging is not welcome, and
little should be expected for older people, except perhaps to ease
decline, provide care, and protect them from exploitation or danger
related to their increased vulnerability. These are the elements of "age-
ism" (Butler, 1969; Palmore, 1999): assumptions of disability, lack of
ability, or vulnerability (and hence need for protection) based on age,
rather than actual competencies.

The pervasiveness of ageism should not be underestimated. The
older person who misses a word because of a hearing problem is
considered too old for conversation and patronized with simplified lan-
guage. Words may be put in his mouth and his opinion ignored. Older
people who forget a name are called "senile," dissatisfaction with illness-
related activity restrictions is called "crankiness," and expressions of
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sexual interest make one a "dirty old man or woman." Even medical
personnel are not above recourse to ageist stereotypes.

This sort of ageist thinking has consequences for public health. If
missing a word is considered a feature of "getting old," families (and
older people themselves) may not take advantage of tertiary treatments
available to manage hearing loss, such as hearing aids. Losing track of
names may indicate mild cognitive impairment, not just aging; people
with mild cognitive impairment may benefit from cognitive prostheses,
environmental modification, anti-dementia drugs, or increased supervi-
sion by family members. "Crankiness" may be depression, genuine
dissatisfaction with unpalatable symptoms, a complaint against undesir-
able housing, or simply a bad mood, any of which would otherwise be
understood as features of daily life for people of any age. From a public
health perspective, these expressions of ageism are doubly damaging.
They falsely label potentially treatable medical conditions (such as mem-
ory or hearing loss) as "aging," and also turn everyday complaints,
dissatisfactions, interests, and behaviors into pseudo-medical aging syn-
dromes ("crankiness," "childishness," "the dirty old man").

Ageist thinking is revealed for what it is when one compares precon-
ceptions about older people to the facts at hand. For example, younger
people mostly imagine old age as a time of sickness, disability, and loss
of autonomy. In fact, nearly 80% of people aged 65+ have no disability
of any sort and less than 5% reside in nursing homes. For all our fears
of cognitive decline and Alzheimer's disease as invariant features of
aging, it is mainly a disease of the very old. Most surveys find an
Alzheimer's disease prevalence of 6% for people aged 75-84 and 20%
for people aged 85+ (Brookmeyer, Gray & Kawas, 1998). Recent
evidence also suggests that the prevalence and incidence of both phys-
ical and cognitive disability may be declining (Manton & Gu, 2001;
Freedman, Hakan & Martin, 2001). Clinical depression is also not
more common in older people (see chapter 7); it is often a comorbid
feature of physical illness and bereavement, and for this reason seems
more common among older people.

Many of these ageist attitudes have been elicited using questionnaires,
such as "What is Your Aging IQ?" (Special Committee on Aging, United
States Senate, 1991). The questions present typical preconceptions about
aging and in this way highlight ageist thinking. One version of the ques-
tions is shown here, with suggested correct answers:

TRUE OR FALSE?

1. Everyone becomes "senile" sooner or later, if he or she lives long
enough. False.
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2. American families have by and large abandoned their older mem-
bers. False.

3. Depression is a serious problem for older people. True.
4. The numbers of older people are growing. True.
5. The vast majority of older people are self-sufficient. True.
6. Mental confusion is an inevitable, incurable consequence of old

age. False.
7. Intelligence declines with age. False.
8. Sexual urges and activity normally cease around age 55-60. False.
9. If a person has been smoking for 30 or 40 years, it does no

good to quit. False.
10. Older people should stop exercising and rest. False.
11. As you grow older, you need more vitamins and minerals to stay

healthy. False.
12. Only children need to be concerned about calcium for strong

bones and teeth. False.
13. Extremes of heat and cold can be particularly dangerous to old

people. True.
14. Many older people are hurt in accidents that could have been

prevented. True.
15. More men than women survive to old age. False.
16. Deaths from stroke and heart disease are declining. True.
17. Older people on the average take more medications than young-

er people. True.
18. Snake oil salesmen are as common today as they were on the

frontier. True.
19. Personality changes with age, just like hair color and skin texture.

False.
20. Sight declines with age. False.

A second version includes these questions:

1. Baby boomers are the fastest growing segment of the popula-
tion. False.

2. Families don't bother with their older relatives. False.
3. Everyone becomes confused or forgetful if they live long enough.

False.
4. You can be too old to exercise. False.
5. Heart disease is a much bigger problem for older men than for

older women. False.
6. The older you get, the less you sleep. False.
7. People should watch their weight as they age. True.
8. Most older people are depressed. Why shouldn't they be? False.
9. There's no point in screening older people for cancer because

they can't be treated. False.
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10. Older people take more medications than younger people. True.
11. People begin to lose interest in sex around age 55. False.
12. If your parents had Alzheimer's disease, you will inevitably get it.

False.
13. Diet and exercise reduce the risk of osteoporosis. True.
14. As your body changes with age, so does your personality. False.
15. Older people might as well accept urinary accidents as a fact of

life. False.
16. Suicide is mainly a problem for teenagers. False.
17. Falls and injuries "just happen" to older people. False.
18. Everybody gets cataracts. False.
19. Extremes of heat and cold can be especially dangerous for older

people. True.
20. You can't teach an old dog new tricks. False.

The questions elicit ageist stereotypes well. They reflect unrealistic
fatalism and therapeutic nihilism ("everybody gets cataracts," "falls and
injuries just happen to older people," "there's no reason to treat older
persons with cancer," "most older people are depressed"), false as-
sumptions about the aging process ("you can't teach an old dog new
tricks," "people begin to lose interest in sex after age 55," "the older
you get, the less you sleep") and overestimates of the heritability of
late-life disease ("if your parents had Alzheimer's disease, you will inev-
itably get it"), sociological naivete ("American families have by and
large abandoned their older members"), and under-recognition of true
negative aspects of aging, such as the increased risk of suicide among
older white men and greater use of prescribed medicines. Sometimes
the difficulty is a misplaced recognition of a problem, such as the claim
of less sleep with greater age. It is true that older people sleep for
shorter durations; this is related to poorer quality of sleep. However,
older people also nap more during the day, resulting, in fact, in greater
amounts of sleep overall than younger people.

Together, these prejudices suggest that aging is mostly misunder-
stood. Overall, negative features are exaggerated and positive features
ignored. This social or cultural component of aging should be recog-
nized as a potential obstacle to successful public health interventions for
older people.

WHEN DOES OLD AGE BEGIN?

So far, we have examined aging and older persons without specifying
when someone is old. From what we have said already, we see that the
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question is unreasonable. There is no single age at which we can say
that people cross the threshold into old age. People age at different
rates; hence, for any given age, there will be great variation in all
proposed biomarkers of aging. Old age does not have a biological
definition, only a social one. For example, in the United States, estab-
lishment of the Social Security system linked old age to the age of 65.
This definition of old age was more a product of social perceptions and
economic necessity than anything else.

But people do have an idea of when people become old. A number
of surveys have asked at what age someone is old. The start of old age
can be assigned to a wide chronologic range. This assigned age may
reflect attitudes toward aging and older persons. For example, dating
the start of old age to increasingly older ages means that many aspects
of aging, once considered hallmarks of old age, now fall short of
making someone old. It also stands to reason that many features of
respondents, such as age and social status, are likely to be related to
judgments of the start of old age. One might imagine that minority
groups with a shorter life expectancy might date the onset of old age
earlier than other more advantaged groups.

Someone who reports that old age begins at age 55 clearly has a
different attitude toward aging than someone who asserts that it begins
at age 75. In the one case, a larger portion of the life span is consid-
ered the period of old age, with the physical and psychological changes
of the fifth and sixth decade already considered signs of senescence. In
the other, only changes typical of the seventh decade and beyond
qualify as old age, and senescence is pushed ahead to a point closer to
death and the maximum biologic life span. Respondent choices of an
age for old age tell us the decade when people are expected to slow
down, retire, and focus on self-maintenance rather than on new careers
or goals.

Figure 2.4 shows the age at which respondents consider women to
be old. These data are drawn from the National Council on Aging's
Myths and Realities of Aging survey, conducted in 2000 in a national
probability sample of the United States. The data are weighted to
reflect the sampling scheme and over-representation of older people
and minorities. The figure plots the mean age "the average woman" is
said to be old by respondents' age and sex.

Note the strong relationship between a respondent's age and his or
her report of when women are old. Clearly, young people consider the
start of old age to be much earlier than older people do. For people
around age 20, women are old are at age 50. By the time, people
reach the sixth and seventh decades, old age is pushed back to the late
60s and early 70s. Note too that women date the start of old age later
than men do, whatever the respondent's age. Women consider old age
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FIGURE 2.4 Age Women Are "Old," by Respondent Age and Sex, U.S.
Source: National Council on Aging, 2000 (weighted data).

to begin 2-4 years later than men. They push old age further back than
men not just for themselves, but also in their reports of the start of old
age for men (Albert, O'Neil, Muller, & Butler, 2002). Moreover, the age
at which old age is said to begin appears now to be far more correlated
with one's own age than it was in earlier surveys.

SUMMARY

This chapter has shown that "old age" is not obvious. It is hard to
define biologically, prone to social judgment and bias, and evolving with
changing life expectancies and health trajectories in later life. From the
perspective of public health it is important to remember that we are
really talking about aging, not old age; lifespan health, not gerontolog-
ical health. What happens in the first 50 years of life affects health in
the second 50 years, and it makes little sense to divide the lifespan into
young and old periods according to some age criterion. This chapter
has established the following points:

Aging and Senescence. Senescence is the progressive, cumulative dete-
rioration in function or loss of physiological capacity associated with great-
er chronological age. It is related to disease but distinct. We only see
senescence in organisms that have lived a long time, but a longer time
alive also means a greater opportunity to develop disease or suffer health
insults that are actually distinct from these senescent changes.
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Biomarkers of Aging. What are usually called "biomarkers of aging"
are not genetic timing mechanisms, but rather physiologic changes that
are correlated with chronological age. They do not truly capture an
underlying mechanism of senescence. In any sample of older people
we will find a wide range of performance on every one of the proposed
parameters. This is simply another way of saying that any random
sample of older people of any given age will include both highly func-
tional, robust elders, as well as impaired, frail people.

Phenotypes of "Frailty" and "Successful Aging." Successful aging
certainly would have to include independence in the activities of daily
living and absence of dementia, major threats to independence in late
life. There is no shortage of other elements to consider in defining
successful aging: absence of heart disease, youthful bone mineral den-
sities, and high scores in visual reaction time and gait speed. And why
not include measures of psychological and social health? Frailty may be
easier to define. One proposed frailty phenotype includes "shrinking,"
weakness, poor endurance, slowness, and reduced activity. Yet in one
sample of older adults with self-reported disability in ADL, only about
a quarter also met these criteria for frailty. This is an important finding.
If suggests that the majority of self-reported disability is due to disease
and not to the inevitable slowing, weakening, and shrinking typical of
aging.

Aging and Disability: Reassessment of the WHO Model. In the WHO
model of the relationship between survival, disability, and frailty, the
onset of frailty and disability is presumed to follow the shape of a
population's survival curve, so that all three processes reflect an in-
creasing and accelerating risk of reaching the endpoints with greater
age. Yet, evidence suggests that frailty precedes disability only for par-
ticular, narrowly-defined domains that share common biomechanical or
physiologic properties. More typical of health in late life are geriatric
syndromes that combine features of frailty and disability. For example,
impairments in vision, hearing, lower extremity strength, and affect
together increase the risk of falls, incontinence, and ADL dependency.

The WHO model requires refinement but still allows us to assess
improvements in population health and functional status. In this model,
we see that the volume of disability across the life span will be reduced
only if the disability curve moves outward at a rate faster than the
survival curve. Evidence, examined later, suggests that this has hap-
pened in the U.S. over the past 20 years, a welcome finding.

Aging and "Social Age." When people think of old age, they first
think of years or some other indicator of the passage of time. But a
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more careful look suggests that people are considered "old" not just
because of their age but also because of their behavior, their health,
their attitudes, their choices, and even their politics. The use of age
criteria to label behaviors suggests that attitudes toward aging and old
age are mostly negative. Old age is seen as a time of decline, withdraw-
al, and vulnerability. Such expressions of ageism are damaging for
public health efforts. They falsely label potentially treatable medical
conditions as "aging" and also turn everyday complaints, dissatisfac-
tions, interests, and behaviors into pseudo-medical aging syndromes.

When Does Old Age Begin? We have seen that there is no single age
at which we can say that people cross the threshold into "old age." For
Americans, the strongest predictor of judgments about the start of old
age is one's own age, suggesting considerable social variability in our
thinking about age.

Clearly, with age come changes in function, health, and psychology.
The popular understanding of aging mostly stresses negative changes,
but a more complete and accurate understanding would more profitably
stress both positive and negative changes. This approach alerts us to
the strengths older people retain and the need to work with these
strengths to compensate for deficits, a key element in a public health
approach to aging.



Public Health and the
Demography of Aging

In 2000, there were 35 million people aged 65 or older in the United
States, 12.4% of the U.S. population. Over 4 million Americans were
aged 85+, 1.5% of the total population (U.S. Census, 2000, Prelimi-
nary Results). The number of older Americans is ten times higher now
than it was at the turn of the twentieth century, when there were only
3 million people aged 65+. At that time, older people accounted for
only 4% of the total population (Federal Interagency Forum, 2000). By
2030, the number of older people will double to 70 million, and by
that date the proportion of people in the U.S. aged 65+ will approach
20% of the total population. This increase in the proportion of older
people represents the continuation of a longstanding trend. In 2000,
there were over 50,000 centenarians in the United States, about 1 in
every 5600 Americans. There were nearly 1400 people aged 110+
(U.S. Census, 2000, Preliminary Results).

The age-sex pyramid for the United States population in 2000 is
shown in Figure 3.1. This is perhaps less a pyramid than an emerging
rectangle or pillar, a typical shape for countries that have already under-
gone the demographic transition in which an equilibrium of high mor-
tality and fertility is replaced by one of low mortality and fertility (see
below). The figure shows that ages 35 to 54, representing a bulge in
the center of the figure, are the most populous ages. These age strata
contain the aging baby-boomers, people born between 1946 and 1965.
Lower fertility after this period, which continued over the next three
decades, has led to fewer people at younger ages and hence absence
of a wide base for the pyramid. The median age in the U.S. in 2000
was 35, again showing absence of a wide base for the pyramid.

The age-sex pyramid (or rectangle) in 2000 shows the strong pre-
ponderance of women over men in later life. Among people aged 65+,
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FIGURE 3.1 U.S. Age-Sex Pyramid, 2000.
Source: United States Census 2000 Summary Files 1 (SF1) 100-Percent Data.

the sex ratio (number of women for each man) is 1.4; for people aged
85+ it is 2.5, and for people 100+ it is 4.0. This asymmetry affects
living arrangements and marital status in important ways, leaving older
women more likely to live alone, depend on children when frail, and
enter nursing homes at higher rates than men.

Aggregating across the strata of the pyramid also shows the size of
the young (0-17) and older population (65+) relative to people aged
18-64. In 2000, people under age 18 made up 25.7% of the popu-
lation, and people aged 65+ 12.4%. Together, these so-called depen-
dent sectors made up 38.1% of the U.S. population. There are thus
some 1.6 people aged 18-64 for each person in the dependent sec-
tors, a grim picture if these sectors were truly dependent. Comparing
people aged 18-64 to people aged 65+ yields the so-called support
ratio, which was 5:1 in 2000. In fact, only a minority of people aged
65+, about 20%, can be considered dependent, at least according to
need for help in one or more of the personal self-maintenance activi-
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ties, or activities of daily living (ADL: bathing, dressing, grooming,
feeding, using toilet) (Manton, 1992). This proportion has declined
between 1983 and 1999 (Manton & Gu, 2001). Increasingly, people
aged 65+ are not retiring, continue to provide increasingly large inter-
generational transfers of resources to their children in the 18-64 age
group, and contribute to child-rearing support for grandchildren. The
dependency and support ratios of people aged 18-64 to people on
either side of this age band no longer measures anything very useful, at
least in the United States (and probably elsewhere as well), a testament
to the changing social and health profile of older people.

EPIDEMIOLOGIC TRANSITION I: DECLINING DEATH
RATES ACROSS THE LIFE SPAN

The epidemiologic or demographic transition describes a sweeping
change in the age structure of populations. Agrarian, nonindustrialized
societies have high birth and death rates. Historically, these societies
averaged 35-45 deaths and births per 1000 people. Industrialized,
urban societies have far lower fertility and mortality, about 10-15/
1000 (Mausner & Kramer, 1985). Each of the two conditions is char-
acterized by a rough parity, so that there is little or no absolute increase
in population under each regime. However, historically, death rates
have fallen before birth rates in this transition, leading to huge increas-
es in population, as, for example, in Europe, between 1790 and 1900.

The mortality side of this transition is clearly seen for death rates in
Sweden over three centuries, summarized by Horiuchi (2003). Data for
this comparison are not easily available, because the comparison re-
quires nearly 300 years of continuous, complete mortality data on a
national scale. Sweden is one of the few countries with vital registration
systems that have collected such data. Figure 3.2 shows death rates for
three cohorts of Swedish women, the first born between 1751 and
1755, the second between 1876 and 1880, and the third between
1951 and 1955. The figure (which graphs mortality on a logarithmic
scale) shows little difference in mortality risk for the first two cohorts.
Mortality is well over 10% per person-year in the first 1-2 years of life,
reaches its nadir (< 1%) at about age 10, hovers around 1-3% until age
35 or so, and then climbs exponentially (i.e., doubling every 7 years or
so).

The mortality risk is completely different for the third birth cohort
(1951-1955), born 100 years later. Mortality in the perinatal period
for this cohort is <1%, the mortality nadir is again around age 10 (as
it is in all human populations) but is well under 1/1000, and mortality
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FIGURE 3.2 Death Rates by Age for Swedish Females, Selected
Periods.
Source: Prepared by Shiro Horiuchi, using Human Mortality Database, http://www.mortality.org
(Horiuchi, S. Age patterns of mortality. In P. Demeny & G. McNicoll (Eds.), Encyclopedia of
Human Population, Farmington Hills, MI: MacMillan Reference, 2003).

risk does not reach 1% until age 60 or so. At every age, except
perhaps when people reach their 80s, mortality for the most recent
birth cohort is vastly lower than it is in the prior cohorts.

It is useful as well to plot the distribution of deaths by age for the
three cohorts. Figure 3.3 is a plot of their ages at death. It shows what
proportion of deaths occurred at each age across the lifespan. For the
eighteenth and nineteenth century birth cohorts, a relatively high risk of
death prevails at all ages. Certainly, there are modes at both very
young and very old ages, but high numbers of people are also dying at
all ages across the life span. With the more recent twentieth century
birth cohort, the age distribution of deaths is quite different. Here
deaths are concentrated at the oldest ages, as shown in a large shift to
the right in the distribution of deaths. The vast majority of deaths now
occur in people over age 60. Aside from perinatal mortality, mortalit
linked to trauma, and a low level of chronic and infectious disease at
young and middle age, almost all deaths are concentrated in the 60-
100 year-old group, presumably reflecting the effect of long-term chronic
diseases.

If we add an even more recent birth cohort and plot its age distribu-
tion at death, as Figure 3.4 does, we see that this trend continues into

http://www.mortality.org


Public Health and the Demography of Aging 49

FIGURE 3.3 Age Distribution of Deaths for Swedish Females, Selected
Periods.
Source: Prepared by Shiro Horiuchi, using Human Mortality Database, http://www.mortality.org
(Horiuchi, S. Age patterns of mortality. In P. Demeny & G. McNicoll (Eds.), Encyclopedia of
Human Population, Farmington Hills, Ml: MacMillan Reference, 2003).

FIGURE 3.4 Age Distribution of Deaths for Swedish Females, Selected
Periods.
Source.- Prepared by Shiro Horiuchi, using Human Mortality Database, http://www.mortality.org
(Horiuchi, S. Age patterns of mortality. In P. Demeny & G. McNicoll (Eds.), Encyclopedia of
Human Population, Farmington Hills, MI: MacMillan Reference, 2003).

http://www.mortality.org
http://www.mortality.org
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our own era. The age distribution of death for Swedish women born
from 1996 to 1999 is pushed even further to the right and is even
more clearly unimodal. Almost all deaths are concentrated in later life,
with a mode above age 80. These data suggest we have not yet
reached a limit to the increasingly greater concentration of deaths at
later and later ages.

Wilmoth and Horiuchi (1999) present these data in an alternative
form that captures this transition in mortality risk extremely well. Again,
using data available from Sweden over the past 250 years, they calcu-
lated the interquartile range for age at death. The interquartile range
specifies the age range for the middle 50% of people dying in a given
year. To establish this range, we begin with the complete distribution of
ages at death and establish the ages at which the youngest and oldest
25% of deaths occur. The middle 25%-75% of ages at death, then,
represents the upper and lower age at death for the interquartile range,
which is expressed as the difference in these ages. Wilmoth and Hori-
uchi tracked changes in this interquartile range over two and a half
centuries for Swedish men and women, as shown in Figure 3.5.

FIGURE 3.5 Life Expectancy vs. Interquartile Range, Sweden.
Source: J. R. Wilmoth and S. Horiuchi (1999). Rectangularization revisited: Variability of age
at death within human populations. Demography 36:475-495, 1999. Reprinted, with per-
mission, Population Association of America.
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In Figure 3.5, the interquartile range for age at death is shown on
the left axis and life expectancy at birth on the right. Until 1871-1875,
the interquartile range for age at death extended across almost the
entire lifespan, both for men and women. It remained steady at about
65 years, showing that 50% of people died within an age range as
wide as 5-70 years of age, say, or 2-67. Starting in 1871, this range
began to narrow, dropping from 65 to only 15 years in less than 100
years. Thus, in 1951 the middle 50% of deaths occurred in people in
a much narrower age band, from 65-80 or perhaps 60-75. One
consequence of the epidemiologic transition, then, is for the age at
death to become increasingly compressed and pushed out to older
ages. While some people have always died at late ages, the likelihood
now is for most people to die at later and later ages. As Wilmoth and
Horiuchi (1999) summarize, "Death has always been certain, but cer-
tainty regarding the timing of death has varied widely in historical
perspective" (p. 494).

EPIDEMIOLOGIC TRANSITION II: INCREASING
LIFE EXPECTANCY

This later age at death is shown by the axis on the right in Figure 3.5:
life expectancy at birth. Over the same time period, life expectancy
increased from 35 to greater than 75 years. Indeed, Swedish females
born between 1991 and 1995 have life expectancies at birth of 80+
years, a pattern typical of countries that have completed the epidemi-
ologic transition, such as Japan, the United States, Israel, and nations
of western Europe.

Increases in life expectancy over time are visible in the shifting
position of survival curves. These curves display the proportion of
people surviving until progressively greater ages. That is, of 100% alive
at birth, we track the proportion still alive at every age, for example at
ages 1, 10, 50, and beyond, until all members of the birth cohort have
died. In low-mortality, low-fertility societies that have completed the
demographic transition, its characteristic form is flat (after a small de-
cline in the perinatal period), with nearly 100% survival until age 40 or
so. After this age, the curve declines steeply. This pattern reflects the
increased mortality risk associated with greater age (Kirkwood, 1985).
With increasing life expectancy, these curves shift upward and to the
right, as shown in Figure 3.6, and assume an increasingly rectangular
form.

One way to mark this shift is to examine the age at which half a
population has already died. The survival curve for people born in
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FIGURE 3.6 Changes in Survivorship Curves in the United States in
the Twentieth Century.
Reprinted with permission from J. F. Fries and L. M. Crapo, Vitality and Aging (San
Francisco: W. H. Freeman, 1981).

1900 in the U.S., the lowest curve in the figure, shows that half of
Americans (as indicated by the 50% mark on the ordinate) were dead
by age 56 or so. For later birth cohorts, this age steadily increased,
indicating that a greater and greater number of people survived to older
ages. In 1920, the 50% mark was reached at age 64; in 1940, at age
68; in 1960, at age 72; and in 1980, at about age 78.

As suggested earlier, with each successive birth cohort, survival curves
appear increasingly rectangular, suggesting that survival may be ap-
proaching some kind of maximum, biologically-driven life span (Fries,
1983), though this remains controversial. Deaths are pushed to in-
creasingly later ages, allowing successive birth cohorts to live more
years in the aggregate, or otherwise said, to accumulate an increasing
number of person-years over the life span. The total person-years lived
by the cohort is simply the sum of the number of years lived by each
person in the cohort. As mentioned in chapter 2, by convention,
standard life table models begin with the birth of 100,000 people. The
total person-year measure is obtained by summing across ages at death
until the oldest survivor dies. The survival curve indicates this total
person-year aggregate. It is the area under the curve. Thus, the area
between adjacent curves in Figure 3.6 represents the additional person-
years lived by each successive cohort.

While we cannot give a full description of lifetable functions here (see
Pollard, Yosuf & Pollard. 1974 for an excellent account), life expectan-
cy is such a function and cannot be understood without at least a basic
familiarity with the lifetable. Essentially, the stationary lifetable model
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applies the mortality risk prevailing at a given time to a birth cohort,
say, the 100,000 people born at this time. Mortality rates for each age
are then applied to the cohort. An abridged lifetable for the United
States in 1988 is shown in Table 3.1.

The function nqx is simply the mortality rate for each age group in
that year. Plotting qx on the ordinate and age on the x-axis reveals the
bathtub or j-shaped curve typical of mortality for human populations: a
small but sharp upturn in the perinatal period, a decline that reaches its
nadir at ages 5-15, and a slow but steady increase after this age.

The function /x is the number of people entering each age interval;
by convention the starting number, or radix, is usually 100,000. The
number of people entering each age interval reflects the number of
deaths in the prior interval.

The function ndx is the number of people dying in each age interval.
If we multiply the mortality rate ( qx) by the number of people entering
each age interval ( / ) , we obtain the number of deaths. The number of
people dying in each age interval is subtracted from the total and yields
the number of people surviving to enter the next interval.

The function nLx is the number of person-years lived by the cohort
in each age interval. The total number of person-years is the product
of /x and the number of years that define the age interval (1 year in a
standard lifetable; 5 years in the abridged lifetable shown in Table 3.1,
with the exception of the first year of life). In calculating nLx we need
to make an assumption about the timing of death. Did people die at the
beginning or end of the age interval? This assumption clearly affects the
total person-years contributed by the cohort in the age interval. By con-
vention, we assume that people die in the middle of the age interval,
except for the 0-1 age interval, which demands more sophisticated treat-
ment because most deaths are concentrated near the time of birth.

The function Tx is the sum of nLx It is the total number of person-years
lived by the birth cohort in the given age interval and in all subsequent
ones. Thus, the Tx entry in the first row of the lifetable is the sum down
the column of all nLx entries and gives the total number of person-years
lived by the birth cohort, 7,494,642 years. The second row Tx value
shows that cohort members who survived the first year of life lived a total
of 7,395,495 years. People who survived to age 85 lived a total of
179,948 person-years in this and subsequent years until the last person died.

If we divide Tx by lx in any given age interval, we obtain ex, life
expectancy at a given age. Thus, life expectancy at birth for the U.S.
population in 1980 was 7,494,642/100,000, or 74.9 years. Life
expectancy at age 50 was 28.6 years; people who survived to age 50
had a life expectancy of 78.6 years. Similarly, life expectancy at age
80 was 8.1 years; people who survived to age 80 had a life expectancy
of 88.1 years.



TABLE 3.1 Abridged Life Tables by Race and Sex: United States, 1988

Age Interval Proportion Dying Of 100,000 Born Alive

Period of Life Proportion of persons Number living at
between two alive at beginning of beginning of age Number dying
exact ages age interval dying Interval during age

stated in years, during interval
race, and sex

(1) (2) (3) (4)
x to x + n nqx lx ndx

ALL RACES
0-1
1-5
5-10
10-15
15-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65
65-70
70-75
75-80
80-85
85 and over

0.0100
0020
0012
0014
0044
0058
0061
0074
0096
0126
0189
0300
0473
0728
1055
1568
2288
3445

1.0000

100,000
99,001
98,803
98,683
98,649
98,118
97,553
96,957
96,240
95,316
94,112
92,335
89,569
85,831
79,123
70,779
59,683
46,029
30.171

999
198
120
134
431
565
696
717
924

1,204
1,777
2,766
4.298
6,208
8,344

11,096
13,654
15,858
30.171

Stationary Population Average Remaining
Lifetime

Average number of
In the age In this and all years of life

interval subsequent age remaining at
intervals beginning of

age interval

(5) (6) (7)
A Tx *,

99,147
395,540
493,688
493,155
491,767
489.206
486,274
483,035
479,021
473,785
466,443
455,194
437,869
411,976
375,656
327,120
265,113
190,715
179.948

7,494,642
7,395,495
6,999,955
6,506,267
6,013,112
5,521,345
5,032,139
4,545,865
4,062,830
3,583,809
3,110,024
2,643,581
2,188,387
1,750,628
1,338,552

962,896
636,776
370,663
179.948

74.9
74.7
70.8
65.9
61.0
56.3
51.6
46.9
42.2
37.6
33.0
28.6
24.4
20.5
16.9
13.6
10.7
8.1
6.0

(n
4*



TABLE 3.1 (continued).

MALE
0-1 0.0100
0-1 0110
1-5 0022
5-10 0014
10-15 0017
15-20 0062
20-25 0087
25-30 0089
30-35 0107
35-40 0134
40-45 0170
45-50 0246
50-55 0385
55-60 0610
60-65 0941
65-70 1360
70-75 2022
75-80 2931
80-85 4239
86 and over 1.0000

FEMALE
0-1 0089
1-6 0018
5-10 0010
10-15 0010
15-20 0024
20-25 0028
25-30 0033
30-35 0041

100,000
100,000
98,896
98,676
98,598
98,373
97,758
96,904
96,030
96,015
93,739
92,147
89,886
86,429
81.156
73,517
63.521
50.679
35,827
20,638

100,000
99,110
98,936
98,834
90.734
98.494
98,222
97,901

999
1,104

220
138
165
615
854
865

1.024
1,275
1,592
2281

3,457
6,273
7,839
9,996

12.842
14.852
15,189
20,638

890
175
101
100
240
272
321
405

99,147
99

395,074
403,003
492,389
490,489
486,701
482,334
477,665
472,046
464,990
456,603
441,337
419,704
387,689
343,533
286,233
216,396
140,288
105,809

99,243
396,021
494,400
493,954
493,108
491,802
490,324
488,539

7,494,642
7,150,218
7,051,163
6,666,089
6,163,086
5,670,697
5,180,208
4,693,507
4.211.173
3,733,508
3,261,462
2,796,472
2,340,989
1,899,632
1,479,928
1,092,259
748,726
462,493
246,097
105,809

7,831,495
7,732,252
7,336,231
6,841,831
6,347,877
5,854,769
5,362,967
4,872,643

74.9
71.5
71.3
67.5
62.5
57.6
53.0
48.4
43.8
39.3
34.8
30.3
26.0
22.0
18.2
14.9
11.8
9.1
6.9
5.1

78.3
78.0
74.2
69.2
64.3
59.4
54.6
49.8

en
en



TABLE 3.1 (continued).

Age Interval Proportion Dying Of 100,000 Born Alive Stationary Population Average Remaining
Lifetime

Period of Life Proportion of persons Number living at Average number of
between two alive at beginning of beginning of age Number dying In the age In this and all years of life
exact ages age interval dying Interval during age interval subsequent age remaining at

stated in years, during interval intervals beginning of
race, and sex age interval

(1) (2) (3) (4) (5) (6) (7)
xtox + n nqx /, ndx nLx Tx ex

FEMALE
35-40 .0058 97,496 687 486,163 4,384,104 45.0
4(M5 0084 96.929 817 482,754 3.897,941 40.2
45-50 0135 96,112 1,293 477,562 3,415,187 35.5
50-55 0219 94,819 2,077 469,225 2,937,626 31.0
55-60 0347 92,742 3,217 456,141 2,468,400 26.6
60-65 0637 89,525 4,810 436,300 2,012,259 22.5
65-70 0793 84,715 6,716 407,664 1,575,959 18.6
70-75 1210 77,999 9,435 367,619 1,168,295 15.0
75-80 1843 68,564 112,640 312,711 800,676 11.7
80-85 2981 55,924 16,671 239,106 487,965 8.7
85 and over 1.0000 39,253 39,253 248,859 248,859 6.3

Source: National Center for Health Statistics.

VI
O\
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Life expectancy, then, is simply the total number of person-years
lived by a birth cohort divided by the number of people in the cohort.
It is the average number of years a person can expect to live, given his
current age—with, we must hasten to add, all the assumptions that go
into the stationary-population lifetable model. The major assumption in
these models is a fixed mortality rate; the models assume that prevail-
ing mortality rates do not change over the life span of the cohort. They
also assume a fixed birth cohort, with no loss or gain to immigration.
As Table 3.1 shows, life expectancy at birth does not mean that every-
one dies by this age, or that everyone can expect to live to this age. It
is simply the aggregate number of person-years lived by the birth
cohort divided by the number of people who make up this cohort.

Increased life expectancy is the product first of reductions in perin-
atal mortality, second of improvements in health and living conditions
in the first half of the lifespan, and only most recently of improvements
in medical care for older people. For example, in the nineteenth cen-
tury control over infectious disease in childhood (leading to reduction in
perinatal and child mortality) and a shift away from manual labor (re-
sulting in major improvements in health and living conditions in mid-
life) already led to an increase in life expectancy and reduction in
disability in later life (Costa, 2000). The life-extending technologies of
modern medicine and the more effective adult and geriatric medicine
available today have had a more modest impact on life expectancy.
Olshansky, Carnes and Cassel (1990), for example, have shown through
simulations that even complete elimination of cancer, cardiovascular
disease, and diabetes (an unlikely prospect) would raise life expectancy
no higher than age 86.4 for men and 94.1 for women.

As the lifetable in Table 3.1 shows, life expectancy calculations
depend heavily on perinatal and childhood mortality. Deaths at the
earliest ages lower a cohort's life expectancy severely. These early
deaths remove people from the cohort before they can contribute any
person-years to the cohort's survival experience. Thus, with high infant
mortality, as is typical of the high-mortality, high-fertility countries that
have not yet undergone the demographic transition, life expectancy will
be low and never rise above the fourth or fifth decade. However, in
these societies people who survive childhood can still expect to live to
old and even very old ages. In South Asian countries, for example, life
expectancy is much lower than that of North America and European
societies. Yet India still had about 47 million people aged 65+ and 6
million aged 80+ in 2000, despite a life expectancy (62.5 years) nearly
20 years lower than the 80.0 years typical of these societies. Life
expectancy in Zimbabwe in 2000 was 42.6 years; yet even here over
400,000 people lived to age 65+. Thus, a society with low life expect-
ancy may still suffer an epidemic of the chronic diseases of late life.
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EPIDEMIOLOGIC TRANSITION III:
POPULATION AGING

One last consequence of the reduction of fertility and mortality charac-
teristic of the demographic transition is population aging: a narrowing
of the base of the age-sex pyramid and an increase in the number of
people at older ages. Demographic indicators of population aging in-
clude an increase in the median age of a population, a greater propor-
tion of people aged 65+, and a more equal distribution of the population
across age strata. Hence the transformation of the age-sex pyramid
into an age-sex rectangle or pillar.

In 2000, Japan and the European societies were the oldest popula-
tions. In Italy, 18.2% of the population was aged 65+, making it the
oldest population in the world. Sweden (17.2%), Greece (17.2%), Bel-
gium (17.1%), and Japan (17.0%) were close behind (U.S. Census
Bureau, International Data Base, 2002). With 12.4% of its population
aged 65+, the United States was not in this league. However, with
current demographic trends, most of the developed nations will have
increasingly older populations. In the more developed countries, the
proportion of the population aged 65+ will approach 20% (Manton,
Suzman & Willis, 1992).

The same trend is at work in the less developed countries. Figure
3.7 shows the transformation in age structure underway in Pakistan. In
the 25 years separating the first two panels of Figure 3.7, the propor-
tion of the population aged 65+ will rise from 4.1% to 5.6%, 5.8 to
12.0 million people. In this period, life expectancy will also rise from
61.1 to 69.8 years. The major engine of this demographic transforma-
tion is declining fertility. In the same period, the number of births per
1000 women will decline from 32 to 6, and completed fertility will
drop from 4.6 children per woman to 2.3 (U.S. Census Bureau, Inter-
national Data Base, 2002). With fewer children born, the base of the
age-sex pyramid shrinks and the mean (or median) age of the popula-
tion must rise, since people already alive continue to age. If this trend
continues, as is expected, all of the world's populations will eventually
have the same pillar-like shape.

AGING AND RISK OF DEATH

Earlier, we noted that most of the rise in life expectancy is due not to
medical advances, but rather to improvements in public health and
living conditions. For example, between 1820 and 1920 mortality in
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FIGURE 3.7 Age-Sex Pyramids, Pakistan, 2000, 2025, 2050.
Source: U.S. Census Bureau, International Data Base, 2000. http://www.census.gov/cgi-
bin/ipc/idbpyrs.pl?cty=pk&out=s&ymax=250

http://www.census.gov/cgibin/ipc/idbpyrs.pl?cty=pk&out=s&ymax=250
http://www.census.gov/cgibin/ipc/idbpyrs.pl?cty=pk&out=s&ymax=250
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Table 3.2 Rates of Mortality Due to Tuberculosis, Males,
Massachusetts

Age Year of Observation

40-49
50-59
60-69
70+

1900

253
267
304
343

1910

253
252
246
163

1920

175
171
172
127

1930

118
127
95
95

1940

86
92

109
79

Source: Pollard, Yusef, & Pollard, 1974.

New York City dropped from 30 to 10 per 1000 (Mausner & Kramer,
1985). Improvements in sanitation reduced deaths from cholera, ty-
phus, and diphtheria, all when medicine was still rather primitive. Death
rates in this early period also declined among older people, as shown
in Table 3.2 and plotted in Figure 3.8.

In the time-specific lifetable, table entries are the age-specific death
rates for a series of successive birth cohorts. Row entries indicate age
and columns year of observation. The experience of each birth cohort
is summarized in the diagonals of the table. Thus, people who were
40-49 in 1900 were 50-59 in 1910, 60-69 in 1920, and 70-79 in

FIGURE 3.8 Plot of Cohort Mortality from Tuberculosis: Age-Specifi
Mortality, Tuberculosis (males, Massachusetts).
Source.- Pollard, Yusuf, & Pollard, 1974.
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1930. They were born between 1850 and 1860. The prior cohort was
50-59 in 1900, 60-69 in 1910, 70-79 in 1920, and accordingly
born between 1840-1850. If we plot these mortality rates by birth
cohort, an important finding emerges that would not be evident from
plots of the row or column entries alone. Mortality from tuberculosis in
Massachusetts men in the first part of the century declined with each
successive birth cohort, even at the oldest ages. The risk of dying from
tuberculosis was lower at every age.

These data should be kept in mind when examining the declining
death rate in late life in the last half century. Earlier, we saw that
mortality rises with age, such that the risk of death approaches 35%
and even 50% per year for people aged 80+. Yet between 1950 and
2000 the rate of death has declined for people aged 80+. This decline
is shown in Figure 3.9 for England and Wales, France, Sweden, and
Japan. Between 1950 and 1990 death rates declined from 170 to 90
per 1000 (Vaupel, 1997). Stratifying by age and plotting death rates by
year shows that death rates fell even for people aged 90 and 95.

FIGURE 3.9 Improvements in Mortality from 1911-1991 in England
& Wales for Females Ages 85, 90, and 95.
Source.- compiled by author from data in the Kannisto-Thatcher oldest-old database, Odense
University, Odense, Denmark. Reprinted with permission, The Royal Society, Vaupel, 1997.
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Why should death rates in the oldest-old be declining? Some of the
decline is likely due to medical advances applied specifically to the
diseases of the very old. Most of it is likely due to improvements in
health and living conditions over the whole lifespan. The latter changes
appear to have allowed a subset of people with some kind of long-life
genetic endowment—"longevity genes"—to reach old age. While this
genotype must have always been present in a subset of the human
population, only in the twentieth century have health and living condi-
tions improved to the point where accidental mortality (such as death
from trauma or infection) has been controlled well enough for substan-
tial numbers to reach later life.

Recent empirical investigation of aging and mortality has confirmed
this heterogeneity in populations. Carey, Liedo, Muller, Wang, and
Vaupel (1998) and colleagues followed 1.2 million medflies born at the
same time (whose median survival is about 15 days) in a controlled
environment. They carefully recorded deaths each day and established
death rates at every age (i.e., day). Figures 3.10a and b present result
from this study.

Figure 3.10a shows a single mode for deaths at around the 15-day
mark, and the vast majority of medflies were dead by age 45. However,

FIGURE 3-10a. Medfly Survival: Number Dying by Follow-Up Day.
Source: Carey, Liedo, Orzco, & Vaupel, 1992.
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Log of Mortality Rate by Day
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FIGURE 3-10b. Mortality Rate by Age, Medflies: Log of Mortality
Rate by Day.
Source: Carey, Liedo, Orzco, & Vaupel, 1992.

a small number lived much longer; in fact, the last member of this birth
cohort died at 151 days. Such unexpected longevity suggests heteroge-
neity in genetic endowment. A second finding was unexpectedly strange
behavior in the relation between age and mortality risk in this small set
of long-lived survivors. As shown in Figure 3.1 Ob, which plots the log
of the mortality rate against age, this rate increased with age in expo-
nential fashion only up to a certain age; after that it leveled off, de-
clined, and even behaved quite chaotically. Medflies who survived to
extreme old ages actually faced a declining mortality risk.

A DEMOGRAPHIC PORTRAIT OF THE OLDEST OLD
IN AMERICA

We conclude this chapter with a brief demographic portrait of the
"oldest old" in the United States. The oldest old are typically defined as
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people aged 85+ (Hadley, 1992). These are some of the characteristics
of this group:

They are high consumers of custodial care, with 25% residing in
nursing homes and another 25% receiving paid, or formal, home
care. Yet even in this age group 50% live in the community and
report no need for help in daily personal care activities.
They are the fastest growing segment of the older population in
the U.S.; in fact, the U.S. will have the largest number of oldest
old of any country in the next 50 years. This is a paradox because
the U.S. will not have the most elderly (age 65+).
They are largely female: the sex ratio (number of men per 100
women) is expected to decline from 75.4 (1930) to 59.9 (2050).
Men are more likely to live in a family setting (59%) than women
(37%).
They are largely white (2.8/3.0 million in 1990), but note that
people aged 65+ are becoming increasingly more racially diverse.
They are less likely now than in the past to have family caregivers.
Familial-aged dependency ratios (persons 85+/persons 65-69) are
increasing (12 in 1950 to 88 in 2050).
They are largely widowed: 82% of 85+ women in 1980 were
widowed compared to 33% among women aged 65-69. Half of
men age 85+ are widowed.
In the 1990s they were largely a low income group, especially if
female and living alone (73% of this group were living below the
poverty index).
They are increasing well educated. Educational attainment in this
group has increased dramatically: 29.1% completed high school in
1985, and 63% of this age group is expected to have completed
high school in 2015.
Fewer women in this age group will be childless, compared to the
young-old, though few will also have 5+ offspring. This may affect
the availability of family caregivers. (Hadley, 1992)

SUMMARY

Aging Populations and Alteration of Shape of Age-Sex Pyramid. In
most societies, the age-sex "pyramid" is now less a pyramid than an
emerging rectangle or pillar, the typical shape for countries that have
completed the demographic transition, in which an equilibrium of
high mortality and fertility is replaced by one of low mortality and
fertility.
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"Support" and "Dependency Ratios." Comparing people aged 18-64
to people aged 65+ yields the so-called "support ratio," which was 5:1
in the United States in 2000. In fact, only a minority of people aged
65+, about 20%, can be considered dependent, at least according to
need for help in one or more of the personal self-maintenance activities
or activities of daily living, and this proportion has declined between
1983 and 1999. Increasingly, people aged 65+ are not retiring in the
traditional sense, continue to provide increasingly large intergeneration-
al transfers of resources to their children aged 18-64, and contribute to
child-rearing support for grandchildren.

Historical Changes in the Age Distribution of Deaths. Over the past
250 years, deaths have become increasingly concentrated at the oldest
ages. In societies that have completed the demographic transition, the
vast majority of deaths now occur in people over age 60. This change
is evident in the increasingly rectangular shape of survival curves.

Increases in Life expectancy. Life expectancy is the total number of
person-years lived by a birth cohort divided by the number of people in
the cohort. It is the average number of years a person can expect to
live, given his current age, assuming a fixed birth cohort and no change
in mortality rates over the life span of the cohort. Life expectancy at
birth does not mean that everyone dies by this age, or that everyone
can expect to live to this age. Life expectancy calculations depend
heavily on infant mortality. Thus, even in societies with low life expect-
ancies, a large number of people who survive the perinatal and child-
hood periods can expect to reach old age.

Older Populations. In 2000, Japan and the European societies were
the oldest populations. In Italy, 18.2% of the population was aged
65+, making it the oldest population in the world; Sweden (17.2%),
Greece (17.2%), Belgium (17.1%), and Japan (17.0%) were close
behind. In the more developed countries, the proportion of the
population aged 65+ will approach 20% by 2050 (Manton, Suz-
man, & Willis, 1992). The same trend is at work in the less devel-
oped countries.

Declining Risk of Death Over Successive Birth Cohorts. In the time-
specific lifetable, table entries are the age-specific deaths rates for a
series of successive birth cohorts. Row entries indicate age and columns
year of observation, and the experience of each birth cohort is summa-
rized in the diagonals of the table. Plots of mortality by birth cohort
reveal declining aggregate and cause-specific death rates even among
older people beginning with the 19th century, before the availability of
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modern medicine. The trend continues in the latter half of the 20th

century, with declining death rates among people aged 80+.

Sources of the Declining Risk of Dying. Why should death rates in
the oldest-old be declining? Some of the decline is likely due to medical
advances applied specifically to the diseases of the very old. Most of the
decline is likely due to improvements in health and living conditions
over the whole lifespan. The latter changes appear to have allowed a
subset of people with some kind of long-life genetic endowment to
reach old age. This genotype must have always been present in a
subset of the human population, but only in the 20th century have
health and living conditions improved to the point where accidental
mortality (such as death from trauma or infection) has been controlled
well enough for this genetic potential to be expressed, with substantial
numbers now reaching increasingly older ages. For example, in the
United States the 2000 Census identified some 50,000 centenarians
and 1500 people over the age of 110. The limits of this trend and the
true biological maximum life span remain unclear.



Mortality

Mortality has already has been discussed in prior chapters, first as the
end product of senescence and disease, and second as a key determi-
nant of the age structure of populations. We also examined historical
change in the age distribution of deaths, variation in life expectancy
across populations, and what these differences may imply about the
genetics of aging and likely limits to extension of the human life span.
Still, mortality requires more detailed treatment. It is clearly a central
outcome in aging and public health, but it is also more complex than
usually recognized. Dying in late life almost always includes frailty,
multiple diseases, and additional intervening medical events. Once we
move beyond simple counts of total or cause-specific mortality to mea-
surement of mortality as a sequence of events over a potentially long
period, we are forced to recognize that it is often difficult to state when
dying begins and what someone actually died of.

Alzheimer's disease is a case in point. It has a long latency period,
perhaps even 20-40 years, over which brain lesions develop. These are
the characteristic neuritic plaques and neurofibrillary tangles that ob-
struct amyloid clearance and that are evident in neuropathologic studies
(autopsy confirmation of the disease). At some point in disease progres-
sion, these neuropathologic changes begin to affect cognition and motor
function. The characteristic cognitive changes include deficits in short-
term memory and language; typical motor findings include extrapyra-
midal signs (slowness, rigidity, tremor) (Stern et al., 1997). When these
symptoms become severe enough to interfere with the performance of
ordinary daily tasks, such as work, household maintenance, or shop-
ping, the patient has reached a new milestone in disease progression.
We say he has made the transition from subclinical to clinical disease;
indeed, it is only at this point that a patient typically presents to the
internist or neurologist and is diagnosed, perhaps after neuropsychological
testing and brain imaging to rule out other causes of dementia. He then
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goes home to live another 7-8 years, on average, before dying, along the
way crossing additional milestones of progressively more severe disability
(Stern, et al., 1994). He finally dies during a hospitalization, let's say, after
being transferred from a nursing home. He may have been transferred to
the hospital because of a pneumonia that did not respond to oral antibi-
otics, but by this point he likely had already developed a wasting syn-
drome, severe weakness in the lower extremities, poor skin integrity, and
exacerbation of intercurrent heart disease.

Did this man die of pneumonia or wasting, Alzheimer's or heart
disease, or some broader complex of aging-related disease? The answer
is not obvious.

CAUSES OF DEATH

People die of something, and this "something" is listed on death certif-
icates. Death certificates distinguish between "underlying" or "primary"
causes of death and "contributory" causes. "Underlying causes" indi-
cate proximal or immediate conditions that led to the death, while
"contributory causes," indicate more distal or remote causes, that is,
longstanding chronic conditions that may have played a role in the
death. Accordingly, public health surveillance of mortality makes use of
underlying cause, contributory cause, or both (total cause) for attributing
deaths to disease and tracking changes in cause-specific mortality.

The death certificate also includes information on age, race (as well
as Hispanic origin), sex, and residence. Age is rarely missing; well
under 1% of death certificates lack information on age at death (Pickle,
Mungiole, Jones, & White, 1996). Every death in the United States is
recorded on these certificates, which are sent to local departments of
health and then to the National Center for Health Statistics. For exam-
ple, the average number of deaths recorded in the United States over
the period 1988-92 was 2,131,977 per year. Heart disease was re-
sponsible for 33.9% of the deaths, cancer 23.3%, and stroke 6.7%.
The three conditions are the biggest killers of Americans and together
account for nearly two-thirds of deaths in any given year. These causes,
all chronic diseases that predominantly affect the elderly, should be
contrasted with external causes of death, such as injuries (including
motor vehicle accidents), suicide, and homicide. Together, these ac-
count for just 6.7% of deaths in a year (4.2%, 1.4%, and 1.1%,
respectively; Pickle, et al., 1996).

The quality of cause-of-death information on death certificates ap-
pears to be good, though some problems have been identified. Current-
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ly, a computerized algorithm is used to apply World Health Organiza-
tion coding for all medical conditions reported. Indicators of quality of
cause-of-death information suggest that the system works reasonably
well. Exercises in which experts code medical information show high
agreement with algorithm assignments. Also, the proportion of certifi-
cates with unclassifiable causes of death (residual or nonspecific catego-
ry of the International Classification of Disease [7CD-9 categories
780-799]) has declined considerably, while the number of medical con-
ditions reported on death certificates has increased, suggesting increased
specificity.

Still, while underlying cause information in death certificates agrees
well with hospital records, validity of cause-of-death information is less
sure for deaths outside of medical settings (Pickle, Mungiole, Jones,
White, 1996), some 40% of all deaths. More generally, when the
person completing cause-of-death information does not have a detailed
understanding of a person's medical condition, "underlying" and "con-
tributing" causes of death may be confused. Pickle and colleagues
illustrate this problem in the case of long-term diabetics. Diabetics are
at high risk of death from stroke and heart disease, which are likely to
appear on their death certificates. Diabetes, however, is underreported
on the death certificate for people who died of stroke or heart disease.
The result is an underestimate of the mortality burden of diabetes.

Hadley (1992) has pointed out the difficulty of maintaining the dis-
tinction between "underlying" and "contributing" causes of death for
the older population. It may not be possible to identify what is "under-
lying" and what is "contributory" in older people, where multiple pa-
thologies are common and chronic conditions interact in complex ways.
What should be listed as the underlying or contributory cause of death
in a person who died from a fall or pneumonia but also had longstand-
ing diabetes, osteoporosis and a recent stroke? The more important
question is to determine how this set of chronic conditions may have
led to the fall or pneumonia, or how these conditions may have made
this fall or pneumonia lethal.

More generally, we can ask why longstanding chronic conditions
ultimately kill older people. Is the death simply the result of continued
progression of the disease? Or is the death the result of greater vulner-
ability to pathology of a given severity because of frailty or some other
chronic condition? Or, finally, is the death actually the result of some
new pathology that has emerged because of the person's chronic dis-
ease status? It may be difficult to separate these factors in death certif-
icates, which have traditionally not listed chronic conditions as
contributory causes of death, or in autopsy series, which are not rep-
resentative of the universe of deaths.
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UNITED STATES DEATH RATE PER 100,000
POPULATION BY AGE, CAUSE, RACE, AND SEX

The Atlas of United States Mortality (Pickle et al, 1996) and the
yearly compendium on Deaths, United States, 2000 (CDC, 2002) are
key documents for understanding mortality in a society that has already
undergone the demographic transition (see chapter 3). Figure 4.1 pre-
sents death rates by age, race, and sex for 15 disease conditions, key
results from the Atlas. The figure plots the rate of death (on a logarith-
mic scale) against age for each disease condition. Each line in the graph
summarizes the experience of four race-by-sex groups (white males,
black males, white females, black females).

The graph in the bottom right-hand corner shows all-cause mortality
and presents the j-shaped curve mentioned in prior chapters. The
death rate is high in the perinatal period and first year of life, reaches
its nadir at about age 10, and then increases steadily. Across the four
groups, the death rate per 100,000 is about 50 at age 10 and in-
creases to 100 at age 20, 500 at age 40, 1,000 at age 60, and over
10,000 at age 80. A closer look reveals considerable variation across
the four groups, with white women showing the lowest rates and black
men the highest, but the relationship between age and mortality risk is
consistent across the groups.

This j-shaped pattern is sharply defined for many of the cause-
specific mortality plots. Heart disease, many of the cancers (for exam-
ple, lung, prostate, and breast), stroke, pneumonia/influenza, and
perhaps liver and chronic obstructive pulmonary disease (COPD) all
follow this pattern. Death from these diseases (and also incidence) is
strongly related to age and increases across the entire life span. Thus,
the risk of stroke mortality begins at about 1 per 100,000 for people
aged 20 and increases to 10 at age 40, 100 at age 60, and nearly
1,000 at age 80.

A variant of this pattern is evident for mortality from some of the
cancers and liver disease. Mortality from these causes appears to pla-
teau in the sixth decade and perhaps even decline at older ages.

Finally, note the very different pattern for external, accidental
causes of death and the special case of suicide. Mortality from
unintentional injuries, motor vehicle accidents, homicide, and sui-
cide is highest for young people and reaches its peak at about age
20. Mortality from these causes may continue to increase over the
lifespan (unintentional injuries), remain more or less flat (motor
vehicle accidents, suicide, firearm suicide), or decline (homicide,
firearm homicide).
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These broad patterns once again confirm the centrality of age for
chronic disease incidence and mortality. The postponement of death to
later ages means an increasing mortality burden for chronic disease.

DEATH RATES BY AGE AND SEX: CHANGES OVER
THE LAST 50 YEARS

Figure 4.2 shows trends in the crude and age-adjusted death rates over
the past half-century or so. The trend in the crude death rate, while
declining, vastly underestimates the reduction in mortality in the United
States in the twentieth century. Because the U.S. population grew
increasingly older over the century (and because age is a risk factor for
mortality), it is necessary to standardize the population in each year to
ensure that populations of similar age structure are being compared.
The age-adjusted death rate includes this correction factor and shows
that annual mortality has declined by half over the century, from about
1,100 to less than 500 per 100,000 people.

Disaggregating this trend by age shows that mortality has declined
for just about every age group. These trends are shown in Figure 4.3.
All three of the oldest age groups show declines in mortality over the
past 50 years. In 1950, for example, the death rate per 100,000 was
5,000 for men aged 65-74, 10,000 for men aged 75-84, and 20,000
for men aged 85+. By 1998, these rates were 4,000, 7,500, and
about 19,000, respectively. While the largest declines are evident in
childhood mortality (especially the under 1-year group), the reduction
in late life is also impressive. By all accounts, the downward trend
continues. Between 1997 and 1998, for example, mortality in people
aged 85+ declined by 4% among white men, 3.4% among black men,
0.4% among white women (who already experienced the lowest mor-
tality in this age group), and 0.9% among black women (CDC, 2000).

An alternative way of measuring this mortality reduction is to look at
declines in the years of life lost to disease, given declines in cause-
specific mortality. With declines in cause-specific mortality, the number
of years of life lost to disease should also decline. We capture this effect
of mortality reduction as a decline in "years of potential life lost before
age 75." This is the number of years of life these people would have
lived, per 100,000 people, if they had not died before age 75 from
disease. The total years of life lost to disease was 10,448 in 1980,
9,086 in 1990, and 8,322 in 1996. It has continued to fall about 200-
300 person-years per 100,000 people every year, at least through
1998 (National Center for Health Statistics, 2001).





FIGURE 4.1 U.S. Death Rate per 100,000 Population by Age, Cause, Race, and Sex.
Note: For plotting purposes, rates equal to 0 are shown as 0.001 per 100,000 population.

Source: From Atlas of United States Mortality by L. W. Pickle, M. Mungiole, G. K. Jones & A. A. White, 1996.
Hyattsville, MD: National Center for Health Statistics, p. 15.
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FIGURE 4.2 Crude and Age-Adjusted Death Rates: United
1930-1998.
Source: CDC, Deaths, United States, 2000. National Vital Statistics Report, Vol.
11, P. 4. July 24, 2000. Hyattsville, MD: National Center for Health Statistics.

States,

48, No.

FIGURE 4.3 Death Rates by Age and Sex: United States, 1950-1998.
Source: CDC, Deaths, United States, 2000. National Vital Statistics Report, Vol. 48, No.
11, P. 4. July 24, 2000. Hyattsville, MD: National Center for Health Statistics.
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This decline in years of potential life lost before age 75 is consistent
across diseases and extends to unintentional injuries, suicide, and homi-
cide. Evidently, improvements in health and environment across the life
span have pushed the risk of death from disease out to later and later
ages, resulting in lower death rates and fewer years of life lost to
disease. Also, changes in safety standards (seatbelts, traffic patterns,
law enforcement, occupational health efforts) may have helped reduce
years of life lost to unintentional injuries. Finally, it may be that the
decline in the mortality burden of suicide (392 to 363 years of life lost
per 100,000 between 1980 and 1998) may be due at least in part to
improved mental health services and broader changes in help-seeking
patterns.

CHANGES IN RANK ORDER OF CAUSES OF DEATH
AT OLDER AGES

In 1980, 1,341,848 people aged 65+ died. The ten most prevalent
causes of death were heart disease, cancer, stroke, pneumonia and
influenza, chronic obstructive pulmonary disease, atherosclerosis, diabe-
tes, unintentional injuries, kidney disease, and liver disease. Heart dis-
ease, cancer, and stroke together accounted for 74.5% of these deaths.

In 1999, 1,797,451 people aged 65+ died (remember that there
were many more people aged 65+ in 1999 compared to 1980, so that
this absolute increase actually represents a smaller proportion of people
aged 65+). The ten leading causes of death were much the same, with
heart disease, cancer, and stroke again accounting for the preponderance
of deaths (now 63.8%). However, atherosclerosis and liver disease no
longer appeared as leading causes of death in 1999. They were replaced
by Alzheimer's disease (seventh place) and septicemia (tenth place).

It is hard to know what to make of these changes. Surely people
had, and died from, Alzheimer's disease in 1980. Part of the change
can be attributed to revision in coding conventions (the shift from ICD-9
to ICD-10 coding between 1980 and 1999), and part to public recogni-
tion of Alzheimer's disease as a cause of death in its own right. These
nonmedical factors must be considered when interpreting vital statistics.

SOCIOECONOMIC STATUS AND MORTALITY RISK

Educational attainment, typically measured by how many years of school
someone has completed early in life, as well as other indicators of
socioeconomic status (SES) (income, wealth, race, ethnicity, occupation),
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FIGURE 4.4 Education and Cause-Specific Mortality, 1998: Ages
25-64.
Source: Based on data from: CDC, Deaths, United States 2000. National Vital Statistics
Reports, Vol. 48, No. 11. July 24, 2000. Hyattsville, MD: National Center for Health Statistics.

are strong predictors of disparities in late-life disability, health status,
and mortality risk. What is true for education applies to all socioeco-
nomic indicators.

Figure 4.4 shows the effect of early educational attainment on mor-
tality for people aged 25-64; the yearly compendium of U.S. mortality
does not provide this breakdown for people aged 65+. Mortality per
100,000 people is shown for all-cause mortality and for non-commu-
nicable chronic disease, communicable disease, and injury. Mean mor-
tality risk is shown for people who did not complete high school (<12
years), for people who completed high school (12 years), and for
people who had schooling beyond high school (13+ years).
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FIGURE 4.5 Education and All-Cause Mortality, 1996-1998, Ages
25-64.
Source: Based on data from: CDC, Deaths, United States 2000. National Vital Statistics
Reports, Vol. 48, No. 11. July 24, 2000. Hyattsville, MD: National Center for Health Statistics.

Mortality in this age group is strongly related to educational attain-
ment. People who have completed one or more years of post-high
school education face about half the risk of dying evident in people
who did not complete high school. The same difference in risk appears
for all three of the cause-specific mortality measures. This similar risk
difference, evident across such very different sources of mortality, sug
gests that education lowers mortality in some general way. It is associ-
ated with reductions in risk behaviors (i.e., smoking, multiple sex partners,
driving while intoxicated) linked to all three sources of mortality, with
more effective health-seeking behaviors once disease becomes appar-
ent, and with greater wealth and hence access to medical care.

This difference in mortality risk by educational attainment persists
despite a more general decline in U.S. mortality, as shown in Figure
4.5. Figure 4.5 plots all-cause mortality by education group for three
years; 1996-1998. Mortality has declined for all three of the education
groups, but the gap between the groups has not narrowed.

Elo and Preston (1996) have shown that this relationship holds in
late life as well, though it is slightly attenuated. They examined death
rates per 1000 in the period 1979-85, breaking out mortality risk by
age (25-64, 65-89) and gender. They treated education more carefully
than most studies. The plots for the older age group are shown as
Figure 4-6, which show age-standardized adjusted risk.
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FIGURE 4.6 Mortality Risk, U.S., Aged 65-89, 1979-1985.
After Ho & Preston, 1996.

These results clearly show the protective effect of early education on
late-life mortality. Women have an advantage at every educational level,
but men and women each face lower mortality risk with increasing
education. An education gradient applies across the entire range of
education but becomes most pronounced with completion of high school
and more advanced schooling.

Not shown is the comparable figure for people aged 25-64. At
younger ages, however, the education effect is even stronger, as might
be expected because education has greater scope to affect death rates
(which, on the whole, are much lower). Relative to men with high
school education, men in the younger age group with 16+ years of
school face a mortality risk of 0.67 and men in the older age group a
mortality risk of 0.76. For women, the comparable risk ratios are 0.84
and 0.80, respectively. These data show that the protective effect of
education is indeed attenuated in late life.

Still, given the great significance of education for mortality risk and
the increasingly educated older population, it is interesting to imagine
postponement of mortality from this factor alone, apart from improve-
ments in medical care. Figure 4.7 shows the increasing proportion of
women by birth cohort, who have completed high school. As the figure
shows, over 30 years (comparing women born between 1916 and
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FIGURE 4.7 Proportion Completing High School, by Birth Cohort,
U.S. Women.
Source.- Based on data from: Daphne Spain and Suzanne M. Bianchi, Balancing Act. Table
3.1. 1996. New York: Russell Sage Foundation.

1925 and 1946 and 1955), the proportion completing high school
increased from 55% to 85%. We can expect an increasingly educated
older population to have a very different experience of health and
dying in coming decades.

CHANGES IN DISEASE-SPECIFIC MORTALITY
AMONG BIRTH COHORTS

The cohort analysis model described in chapter 2 allows further insight
on declining mortality at older ages. Manton (1992) has analyzed birth
certificate information from successive birth cohorts to show that mor-
tality from specific diseases, whether indexed by underlying cause or
total-mention data, has been declining in some cases even at very late
ages. Mortality rates for six white male cohorts, all born between 1884
and 1888 and 1909 and 1913, were plotted against age group. In this
way, he examined differences in mortality in people of the same age
who were born at different times. Declines in mortality at late age in
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these birth cohorts may indicate changes in exposure to risk factors
earlier in life. Manton (1992) suggests that these changes may also
indicate changes in the basic disease process, for example, slower
progression.

Figure 4.8a reproduces Manton's cohort plot for total mention oc-
currences of cerebrovascular disease, and Figure 4.8b for underlying
cause occurrences. The plots show lower mortality from cerebrovascu-
lar disease at each age across the successive birth cohorts. For exam-
ple, people born from 1899 to 1903 and 1904 to 1908 reached ages
75-79 in 1974-1978 and 1979-1983, respectively. Mortality from
cerebrovascular disease was much lower in the more recent cohort, as
the figures show. This trend is true for other adjacent birth cohorts who
reached comparable ages.

These results suggest that cause-specific mortality is truly declining
for some (but, of course, not all) of the major diseases of late life. The
results imply that deaths from these conditions are being postponed to
later ages, either because people contract the disease at later ages or
because they are living longer with it. Or it may be that people are
dying of other causes, but again these deaths also appear to be post-
poned to later ages, since most of the major diseases show similar
reductions in mortality across adjacent birth cohorts. Of course, post-
ponement of disease to later ages is preferable to living longer with
disease. Both outcomes are consistent with reduction in mortality in

FIGURE 4.8a Cohort Plot of Six White Male Cohorts Born 1884-
1888 to 1909-1913 for Total Mention Occurrences of Cerebrovascu-
lar Disease.
Source: Manton, K. G., "Mortality and life expectancy changes among the oldest old," in R.
Suzman, K. G. Manton, D. P. Willis (Eds.), The oldest old (p. 173), 1992. New York: Oxford
University Press. Reprinted with permission, Oxford University Press.
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FIGURE 4.8b Cohort Plot of Six White Male Cohorts Born 1884-
1888 to 1909-1913 for Underlying Cause Occurrences of Cerebrovas-
cular Disease.
Source: Manton, K. G., "Mortality and life expectancy changes among the oldest old," in R.
Suzman, K. G. Manton, D. P. Willis (Eds.), The oldest old (p. 173), 1992. New York: Oxford
University Press. Reprinted with permission, Oxford University Press.

late life and longer life expectancy. Investigation of this issue requires a
careful look at disability arid active life expectancy, covered in chapter 5.

TRAJECTORIES OF DYING

Lynn (2001) distinguishes three trajectories of dying: a relatively com-
pressed period of disability followed by death from cancer; a longer
period of declines, recoveries, and relapses in function that ends with
death from organ failure; and a much longer period of slow dwindling
and decline typical of increasing physical and cognitive frailty (i.e.,
dementia).

Lunney, Lynn, and Hogan, (2002) have proposed an alternative
typology based on Medicare claims for decedents. They identified four
trajectories based on three criteria: medical expenditures, length of
illness, and diagnostic category. They identified one trajectory charac-
terized by a short but expensive death; this kind of dying is typical of
death from cancer, accounts for about a quarter of American deaths,
and entails a mean cost of $31,000 in the last year of life. A second
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trajectory summarizes dying with dementia and physical frailty; this
trajectory of dying accounts for about half the deaths of older people
and carries a mean cost of $25,000 in the last year of life. The third
trajectory is typical of deaths due to organ failure; about 20% of deaths
follow this pattern, which carries a cost of $37,000 in the last year of
life. Finally, a fourth trajectory summarizes the experience of people
who die suddenly and with little medical care contact in the last year of
life. This trajectory accounts for the smallest proportion of deaths,
some 7%, and is the least expensive; Medicare costs for this kind of
dying run about $2,000 in the last year of life.

The four trajectories show great variation in the experience of dying
at old ages, both in clinical features and associated health care costs.
These differences become apparent after death, when we can look
back at the last year of life; it is, of course, harder to know in advance
that someone has entered the last year of life. Yet, as we have seen,
time until death, rather than age, is likely to be the better indicator of
health status and biologic age (Evans, 2002). It is also a better predictor
of medical care costs. Miller (2001) has shown that Medicare costs are
strongly associated with time until death and only weakly with age. For
example, for people aged 75 who were five years from death, annual
Medicare costs were $3,000. These costs rise to $13,500 for people
of the same age in the last year of life. This pattern holds for all age
groups and hence "the correlation between age and Medicare costs
appears to be explained largely by time until death. Therefore age is a
poor measure of health status and cannot reliably be used as a basis for
forecasting" (Miller, 2001; p. 217).

Miller also shows that medical care costs decline with older age,
especially in the last year of life. Medicare costs in the last year of life
were $13,500 per enrollee for people aged 75, $10,700 for people
aged 85, and $7,000 for people aged 95. In fact, medical care costs
in the oldest age groups were lower even 3-4 years before death. For
example, 3 years before death, annual medical care costs per enrollee
were $4,200 for people aged 75, $4,000 for people aged 85, and
$3,200 for people aged 95. This decline is most likely a result of
implicit rationing, such as decisions to limit surgery or diagnostic pro-
cedures for the very old, but may also reflect greater frailty at older
ages. Frailty means that people approach death with less reserve. As a
result, their dying is likely to be quicker and hence allows less time or
opportunity for expensive interventions.

From these trends, Miller (2001) suggests that increasing longevity
may actually result in a decrease in Medicare expenditures. Increasing
longevity, if accompanied by delays in late-life morbidity and disability,
should postpone the period of high health-care costs associated with
the end of life. In pushing death to later and later ages, we also push
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the last year of life to later ages, when frailty and implicit rationing
make dying less expensive. Evidence for increasing longevity is indis-
putable, and evidence for decreasing morbidity and disability is accumu-
lating (see chapter 5). It is therefore possible and perhaps even likely
that progress in keeping people alive to older ages will lower medical
care costs in the last year of life, the major source of expense to
Medicare. These costs have remained constant at about 30% of Medi-
care's budget (Hogan, Lunney, Gabel & Lynn, 2001; Lubitz & Riley,
1993), despite major changes in the use and cost of medical technol-
ogies over the past three decades. This consistency may reflect the
trend toward less expensive deaths associated with increasing longevity.

MAPPING TRAJECTORIES OF DYING

The dying process can be mapped or measured in a number of ways.
One approach is to mark the location and flow of older persons through
the health care system as they move from community residence to
hospital or nursing home care and finally to death. Figure 4-9 maps
this process and gives an indication of the magnitude of each pathway
to death.

Of the 1,966,000 deaths of non-institutionalized older people tracked
in 1990 (6.7% of the total non-institutionalized population), about 60%
died in hospitals, another 22% after nursing home placements, and the

Population 65+
31,080.000 (12.5% of total)

Non-Institutional Residence
29,250,000 (94.1% of all 65+)

Home Care, Hospice
986,000 (3.2% of 65+)
~18%ofalldeaths/yr

Nursing Home
1,585,000 (5.1% of all 65+)

22%ofdeaths/yr

Hospital
10,333,000 admissions/yr

60%ofdeaths/yr

FIGURE 4.9 Location and Flow of Older People Approaching Death.
Source: After Ford, A. B., "An overview of community-based long-term care." In E. Calkins,
C. Boult, E. H. Wagner, J. T. Pacala (Eds.), New ways to care for older people: Building
systems based on evidence (p. 137). 1999. New York: Springer Publishing Co.
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remainder in home settings, with or without hospice care. The figure
simplifies the flow of older people as they approach death in a number
of ways. First, nursing home deaths follow two routes. One route
involves admission to nursing homes from the community followed by
death, with or without hospitalization. In 1990, 697,000 older people
(2.4%) entered nursing homes directly from the community, while an-
other 1,334,000 (4.6%) entered nursing homes from hospitals. The
two streams together yield 2,031,000 people entering nursing homes
in the year. However, about a quarter of these admissions is temporary,
with elders returning to community-based care or independence after
short-stay respite or rehabilitation.

A second simplification involves hospital admissions. The non-institu-
tionalized population had about 10,333,000 admissions in the year,
which followed a total of some 159,490,000 visits to physicians. Thus,
about 6.5% of physician visits, or 1 in 20, were followed by hospital-
ization. From these admissions, 1,180,000 died in the hospital, so that
about 1 in every 10 admissions was followed by death in the hospital.
The number is obviously higher if we add deaths among patients trans-
ferred to hospitals from nursing homes.

Pulling these data together is no easy task; some 10 different data
sources were consulted in constructing the composite figure! However,
there is no other way to get a sense of the complex flow of people and
settings as death approaches.

Finally, it is reassuring to examine the complement of the figures
described above. Over 93% of non-institutionalized elders did not die in
the year. A similar proportion avoided spending any days in nursing
homes. The vast majority of physician visits were not followed by
hospitalization, and the vast majority of hospitalizations were followed
by discharges back into the community.

A second way to map trajectories to death is to examine changes in
quality of life among people who are dying. These changes are most
easily captured in studies of the last year of life. A key case-control
study compared the last year of life in a group of dying elders to an
ordinary year of life among surviving elders (Lawton, Moss, & Clicks-
man, 1993). The study was retrospective and identified dying elders
from obituary notices. Next of kin, identified by death certificate, were
contacted and interviewed about the dying person's experience 12
months, 3 months, and 1 month before death. Surviving elders were
identified in the same neighborhood and matched by age, gender, and
source of information. Lawton and colleagues found that virtually all
quality of life indicators declined over the 12 months compared to
trends in the survivor group, with the exception of visits from family
and friends, which increased. Still, they noted that across the many
different indicators of quality, most of these dying elders had good
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scores on a majority of the measures, suggesting that most experienced
relatively good quality of life at the end of life.

Results from the National Mortality Follow/back Survey suggest that
the quality of life among people who are dying may also be improving
(Liao, McGee, Cao, & Cooper, 2000). In the Followback Survey a
random sample of deaths is drawn from death certificates, with next of
kin contacted and interviewed about the last year of life of the dece-
dent. A comparison of results from the 1986 and 1993 surveys shows
important gains in quality of life at the end of life. For example, among
decedents aged 65-84, the proportion avoiding a hospital admission
increased from 21.6% to 25.1% among men and 19.6% to 24.9%
among women. Gains were even greater among decedents aged 85+.
In this group, the proportion avoiding hospitalization increased from
22.3% to 29.1% among men, and 30.7% to 40.6% among wome
The proportion without a nursing home admission also increased in all
groups except the younger men. These are welcome findings because
they suggest that more people were able to live the last year of life in
their own homes, a result consistent with large increase in hospice use
in the same period (see below).

This comparison also revealed better physical and cognitive status in
decedents over the decade, a trend especially pronounced among the
oldest old. The proportion in the most severely disabled categories
declined for all groups. Similarly, a composite measure of quality of life
based on time in hospital or nursing homes, restriction in daily activi-
ties, and cognitive status showed improvement for the oldest old. Be-
cause the burden of disability in the last year of life declined between
1986 and 1993, the authors conclude that the related decline in hos-
pital and nursing home use was at least partly due to better health even
in the last year of life.

THE HIGH COSTS OF DYING

Medical care in old age is more expensive than medical care for young-
er age groups because of the greater burden of chronic disease borne
by older people. However, as shown earlier, medical management of
the chronic diseases of old age is less a burden to Medicare than
medical management of dying. About 30% of all Medicare expendi-
tures occur in the year in which people die, that is, the last year of life
(Lubitz & Riley; Miller, 2001). The constancy of this proportion of
Medicare spending over a number of decades is impressive, given the
huge increases in overall Medicare spending. Between 1976 and 1988,
costs in the last year of life increased from $3,488 to $13,316, on
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average, per decedent. Costs per year for non-decedents rose from
$492 to $1,924 in the same period. Thus, both groups saw nearly a
four-fold increase over this decade and a half, and accordingly end-of-
life care as a proportion of the total Medicare budget changed very little
(Lubitz & Riley, 1993). Lubitz and Riley also note that the proportion
of Medicare payments made in the last 60 days of life in 1976 and
1988 was also virtually identical, suggesting no increase in heroic (and
perhaps unjustified) efforts to stave off death.

An update of Medicare expenditures in the last year of life shows
little change (Hogan, Lunney, Gabel, & Lynn, 2001). About 5% of
Medicare enrollees continue to die each year. Not surprisingly, dece-
dents continue to be older, more frail and disabled, and more diseased
than survivors. Based on Medicare claims, the typical Medicare dece-
dent has about four major disease conditions at the time of death,
compared to only one disease condition among survivors. Some three-
quarters of decedents have heart disease; one-third cancer, stroke, chronic
obstructive pulmonary disease, or pneumonia/influenza; and more than
a quarter dementia.

Suppose now that we match these decedents to survivors with the
same disease profiles. Hogan and colleagues (2001) determined that
decedents' costs were about 50% higher than those of a survivor co-
hort matched by age and disease diagnoses, and about 30% higher
than those of a survivor cohort matched on age, diagnoses, and a
hospitalization during the year. This important finding suggests that the
high costs of the last year of life are mostly a function of the high
disease burden that precedes dying, "Much of what has been labeled
the 'high cost of dying' is just the cost of caring for severe illness and
functional impairment. Decedents' costs are, roughly speaking, not
much different from those of others with similarly complex medical
needs" (Hogan et al., 2001, p. 194). This approach also suggests that
Medicare data of this sort may be useful in identifying groups at high
risk of dying.

Decedents are also more likely to use nursing home care and hence
incur high Medicaid costs. Nearly 40% of decedents had some nursing
home care in their last year of life. In fact, 22% of decedents were full-
time nursing home residents in the year of death, and the remainder
had short-term or part-year residence in nursing homes (Hogan et al.,
2001).

Analysis of Medicare costs also reveals interesting variation consis-
tent with results reported earlier and in chapter 2. Decedents who die
at younger ages (65-74) are more likely to be male, to die of cancer,
and to have higher costs. Older ages at death were associated with a
greater prevalence of dementia and nursing home use, with attendant
Medicaid expenditures. Women were more prevalent in this group.
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Hogan and colleagues (2001) also report an important racial differ-
ence in Medicare expenditures in the last year of life. End-of-life care
costs were higher for minorities and for people living in high poverty
areas. Medicare spending per capita for minority decedents was 28%
higher compared to non-minorities, and 43% higher in high poverty
areas compared to low poverty areas. Part of the difference can be
attributed to the poorer health of minorities and low-income groups at
the end of life. For example, 7% of minority decedents had end-stage
renal disease covered in the End-Stage Renal Disease (ESRD) program,
a costly death (see the organ failure trajectory described above), com-
pared to only 2% in the remainder of the Medicare decedent popula-
tion. But costs for minority decedents in the last year of life remained
about 20% higher even with exclusion of decedents in ESRD program.

Reasons for the greater expense of dying among minorities remain
unclear. Reports also suggest that family members of minority and low-
income decedents are more likely to request life-sustaining technolo-
gies. A sense of exclusion from medical care earlier in life may be at
work here, as well as broader differences in culture and expectations
regarding medical care. This question merits further research.

Finally, one large change is the increasing use of hospice. Hogan
and colleagues (2001) report an increase in hospice care use from 11%
in 1994 to 19% in 1998. In 1998, more than half of Medicare cancer
decedents used hospice. This is welcome but suggests that hospice
remains underutilized in non-cancer deaths and should be higher in
cancer deaths as well.

These data speak to medical care costs. Medical care costs increase
with the approach of death and decline as people die at later ages.
Controlling heroic measures to stave off death and curtailing use of life-
sustaining technologies, or rationing medical care by age, as suggested
by Callahan (1987) and others, is not likely to save money. As we have
seen, medical care for the oldest old is already at least implicitly ra-
tioned and these deaths in any case are not the largest source of
expenses at the end of life. What is expensive about old age—and not
likely to be affected by any sort of Medicare cost control—is the custo-
dial care needs of older people (Scitovsky, 1994), a topic discussed
below.

TERMINAL DROP

What sorts of changes mark the point when people begin to die? If we
start with a group that has died and work backward to examine chang-
es in health before death, can we identify a point when decline begins?
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Finally, how much of the negative changes in health that we see in late
life can be attributed to pre-death decline?

Inquiry in this area has led to the suggestion of a period of
"terminal drop" before death (Kleinmeier, 1962). However, in prac-
tice it is hard to date the start of this period of terminal decline,
since this inquiry requires prospective follow-up in a cohort of people
who have died. Wilson and colleagues (in press) reported the results of
such a study and determined that cognitive decline began, on average,
about four years before death. This study involved the Religious Orders
cohort, a group of highly-educated nuns and priests. People in the
cohort who did not die showed almost no change in cognitive perfor-
mance over the same period.

More generally, little research has been conducted on changes prior
to the last year of life. This is an important and neglected area.

SUMMARY

Causes of Death. Death certificates distinguish between "underlying"
or "primary" causes of death and "contributory" causes. "Underlying
causes" indicate proximal or immediate conditions that led to the death,
while "contributory causes" indicate more distal or remote causes, that
is, longstanding chronic conditions that may have played a role in the
death. While underlying cause information in death certificates agrees
well with hospital records, the validity of cause-of-death information is
less sure for deaths outside of medical settings. More generally, because
dying in late life almost always includes frailty, multiple diseases, and
additional intervening medical events, it is often difficult to identify the
cause of death. Once we move beyond simple counts of total or cause-
specific mortality to measurement of mortality as a sequence of events
over a potentially long period, we are forced to recognize that it is
often difficult to state when dying begins and what someone actually
died of.

Death Rates by Age, Race, and Sex. The death rate per 100,000 is
about 50 at age 10 and increases to 100 at age 20, 500 at age 40,
1,000 at age 60, and over 10,000 at age 80. Within this strong
association between age and mortality risk we find considerable varia-
tion by race and gender, with white women showing the lowest rates
and black men the highest.

Three broad patterns can be identified for the association between
age and mortality:
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A j-shaped pattern, evident for heart disease, many of the cancers,
stroke, pneumonia, liver, and chronic obstructive pulmonary dis
ease (COPD), in which death is high in the perinatal period, lowest
in childhood, and steadily increases over the remainder of the life
span;
A variant of the j-shaped pattern, in which mortality from some of
the cancers and liver disease appears to reach a plateau in the 6th

decade and perhaps declines at older ages;
A final pattern in which mortality rises very quickly and reaches its
peak among younger people. Mortality from unintentional injuries,
motor vehicle accidents, homicide, and suicide is highest for young
people and reaches its peak at about age 20. Mortality from these
causes may continue to increase over the life span (unintentional
injuries), remain more or less flat (motor vehicle accidents, suicide,
firearm suicide), or decline (homicide, firearm homicide).

Declining Mortality. The age-adjusted death rate for the United States
shows that annual mortality has declined by half over the century, from
about 1,100 to less than 500 per 100,000 people. For example, in
1950 the death rate per 100,000 men was 5,000 at age 65-74,
10,000 at age 75-84, and 20,000 at age 85+. By 1998, these rates
were 4,000, 7,500, and about 19,000, respectively. The declining rate
of mortality continues, resulting in fewer years of life lost to disease
across the lifespan.

Rank Order of Causes of Death. In 1999, 1,797,451 people aged
65+ died. The ten leading causes of death were much the same as in
1980, with heart disease, cancer, and stroke again accounting for the
preponderance of deaths (63.8% of all deaths). Alzheimer's disease was
a leading cause of death in 1999, reflecting new awareness of the
disease as a cause of death.

Socioeconomic Status and Mortality in Late Life. Education is an
important predictor of mortality risk in older people as in younger
people. Men and women each face lower mortality risk with increasing
education. An education gradient applies across the entire range of
education but becomes most pronounced with completion of high school
and more advanced schooling. The protective effect of education is
attenuated at older ages. For example, relative to men with high school
education, young men with 16+ years of school face a mortality risk of
0.67, while men aged 65+ with 16+ years of school face a mortality
risk of 0.76. Given the great significance of education for mortality risk
and the increasingly educated older population, we can expect
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postponement of mortality from this factor alone, apart from improve-
ments in medical care.

Declines in Cause-Specific Mortality by Birth Cohort. Cohort plots
show that cause-specific mortality is truly declining for some (but, of
course, not all) of the major diseases of late life. The results imply that
deaths from these conditions are being postponed to later ages, either
because people contract the disease at later ages or because they are
living longer with it.

Specifying Different Trajectories of Dying. Analysis of Medicare claims
suggests four broad trajectories of dying:

A short but expensive death, typical of deaths from cancer. This
trajectory accounts for about a quarter of American deaths and
has a mean cost of $31,000 in the last year of life.
A protracted period of disability, with dementia and severe phys-
ical frailty at the time of death. This trajectory accounts for about
half the deaths of older people and carries a mean cost of $25,000
in the last year of life.
Deaths due to organ failure. About 20% of deaths follow this
pattern, which carries a cost of $37,000 in the last year of life.
Sudden, unexpected deaths characterized by little medical care
contact in the last year of life. This trajectory accounts for 7% of
deaths and is the least expensive, with a mean cost of $2,000 in
the last year of life.

Costs at the End of Life. Medicare costs are strongly associated with
time until death and only weakly with age. For example, for people
aged 75 who were 5 years from death, annual Medicare costs were
$3,000. These costs rise to $13,500 for people of the same age in the
last year of life. Medical care costs also decline with older age, especial-
ly in the last year of life. Medicare costs in the last year of life were
$13,500 per enrollee for people aged 75, $10,700 for people aged
85, and $7,000 for people aged 95. In fact, medical care costs in the
oldest age groups are lower even 3-4 years before death.

Increasing longevity may actually result in a decrease in Medicare
expenditures. Increasing longevity, if accompanied by delays in late-life
morbidity and disability, should postpone the period of high health-care
costs associated with the end of life. In pushing death to later and later
ages, we also push the last year of life to later ages, when frailty and
implicit rationing make dying less expensive. Evidence for increasing
longevity is indisputable, and evidence for decreasing morbidity and
disability is accumulating. It is therefore possible and perhaps even
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likely that progress in keeping people alive to older ages will lower
medical care costs in the last year of life, the major source of expense
to Medicare. These costs have remained constant at about 30% of
Medicare's budget.

Mapping Trajectories of Dying. Trajectories of dying can be mapped
according to the flow of people through the health care system or
through changes typical of the last year of life. Of the 1,966,000
deaths of non-institutionalized older people tracked in 1990 (6.7% of
the total non-institutionalized population), about 60% died in hospitals,
another 22% after nursing home placements, and the remainder in
home settings, with or without hospice care. The home care-hospice
component is growing, which, when coupled with other evidence, sug-
gests increasing quality of life in the last year of life. Studies of the last
year of life suggest that most people experience good quality of life as
they approach death, and changes in the last decade suggest that dying
people are more likely to be highly functional and remain home up to
the point of death.

"Terminal Drop." It is still unclear when terminal changes begin in the
period before death. One suggestion, based on cognitive decline, is that
the period of "terminal drop" begins about 4 years before death. In
general, while much is known about the last year of life, little is known
about the longer period before death, when changes presaging death
may have already begun.
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Physical Function: Disability

Disability is the central outcome for public health and aging. Given the
increasing prevalence of chronic disease with older ages and the devel-
opment of senescent changes that lead to frailty, older people are at
risk of dropping below the thresholds of physical and cognitive ability
required for safe, independent, and efficient completion of everyday
self-maintenance tasks. These self-maintenance tasks include the basic
"activities of daily living": bathing, dressing, grooming, feeding oneself,
getting to and using the toilet, and moving between bed and chair. This
definition limits disability to reported difficulty in tasks of daily living
linked to health conditions. We examine the different elements of the
definition and their rationale below. When compensatory mechanisms
(such as environmental modification) are unavailable or no longer suf-
fice for completion of tasks that have become difficult, people become
dependent on assistance from others or on assistive equipment to
complete these tasks. Difficulty and dependence define important gra-
dations of disability (Gill & Kurland, 2003).

As expected, difficulty is more prevalent than dependence: 22% of
community-resident older adults in the U.S. aged 65+ report difficulty
with at least one activity of daily living (ADL), but fewer than 10%
receive assistance with an ADL. Some of the people reporting difficulty
could profit from assistance; likewise, some (but most likely a very small
number) receive assistance in the absence of true difficulty. The first
group is over-challenged, the second under-challenged, and each con-
dition may have adverse consequences (Lawton 1972).

In what sense can disability be understood as a model for aging, or
alternatively, in what sense can aging be considered a model for disabil-
ity? To the extent that loss of physical, cognitive, and affective or social
function is a feature of both, understanding the process of change and
adaptation in one may shed light on the other. Moreover, insofar as
aging allows expression of senescence, it must be considered a source
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of disability in itself. In this sense, it would be useful to model aging and
disability together. This is a key challenge for thinking about public
health and the second 50 years of life (Crews & Smith, 2003).

THREE MODELS OF DISABILITY

Models of disability share common features but give different weight to
the role of environment and excess morbidity or disadvantage (i.e.,
"handicap") in the expression of deficits related to impairments in
physical and cognitive function. These models also differ in how wide
they draw the net around the outcome of interest. Is the outcome
disability in the narrow sense, that is, self-reports of difficulty with ADL
tasks due to a health problem? Or is the outcome more general limita-
tions in activity and restrictions in social participation? If the latter,
disability prevalence will be much higher, for it is possible to experience
activity limitations or restriction in participation without having ADL
deficits. By contrast, someone with ADL disability is likely to experi-
ence activity limitations or restriction in social participation unless envi-
ronmental modification or some other adaptation has been made. This
reflects the hierarchical relationship between ADL and more advanced
tasks (see below). With the broader definition of disability, the possibil-
ities for intervention may also be greater, which may reduce prevalence
estimates.

Model 1: Original WHO Formulation

The original WHO model was presented in the International Classifi-
cation of Impairment, Disability, and Handicap (1981), an effort to
catalogue defects in anatomic structure or physiologic function (impair-
ment), limitations in roles as a result of impairment (disability), and
excess morbidity attached to impairment because of social stigma (hand-
icap). The relationship among the three key concepts is shown in
Figure 5.1.

Aside from the distinction between disability and handicap, a key
insight of the early WHO model was recognition that individuals with
an impairment can be handicapped in the absence of disability. That is,
individuals with an impairment can be discriminated against (denied
employment, excluded from social life, denied opportunities for school-
ing) even though they are not disabled, that is, even though they are
able to work, attend social functions, and succeed in school. This is
indicated by the lack of overlap between "handicap" and "disability" in
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FIGURE 5.1 Initial WHO Model of Impairment, Disability, and Hand-
icap.
Based on International Classification of Impairment, Handicap, and Disability, World
Health Organization.

the Venn diagram of Figure 5.1. While stigmatization and exclusion of
people because of impairment would be inappropriate in any case, the
WHO model recognized that handicap could actually cause excess
morbidity and, in fact, create disability in people who actually could
competently perform valued roles. This was an important insight for
the sociology of disability, which was given an even more prominent
place in the revised WHO Model, discussed below.

Model 2: Disablement Process (Guralnik, Fried,
Simunsick, Kasper & Lafferty, 1995; Patrick & Peach,
1989; Verbrugge & Jette, 1994)

The disablement model differs from the WHO approach in asserting a
strict four-part temporal and causal sequence. It is shown in Figure 5.2,
with representative examples in Table 5.1.

In the disablement model, pathology (e.g., sarcopenia) first leads to
impairment (e.g., lower extremity weakness evident in manual muscle
testing). When lower extremity weakness crosses some threshold, func-
tional limitation becomes evident, measurable perhaps in gait speeds
below age-and gender-appropriate norms. When gait speed in turn
drops below the minimum speed required to cross at a signaled
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Functional
Limitation

Pathology Impairment

Sarcopenia
Loss of
lower-
extremity
strength

Self-
Reported
Disability

Altered performance
in daily tasks

FIGURE 5.2 Basic Disablement Model.

intersection, a person is likely to report difficulty or a need for help
crossing the street, that is, disability.

Note that disability is limited to (1) self-reported difficulty or need fo
assistance, (2) a need rather .than use or receipt of assistance, and (3)
difficulty or need due to impairment, that is, a problem with one's
health.

The first condition makes disability a matter of subjective evaluation,
as it should be: people with functional limitation who have successfully
adapted by changing environments or by compensating through use of
preserved abilities are likely not to report difficulty and are appropri-
ately considered non-disabled. On the other hand, someone who uses
personal assistance or equipment to complete ADL tasks would be
considered disabled in this view, because use of assistance implies
difficulty with tasks. We recognize, however, that people do complete
ADL tasks using assistance and in this way maintain independence

TABLE 5.1 Elements of Disablement Model, with Representative
Examples

Pathology

Sarcopenia

Ataxia

Mild
cognitive
impairment

Impairment

Loss of
strength

Loss of
balance
Memory
< age/educ
norm

Functional
Limitation

Slow gait
speed

Tandem stand
<10 sec
Inefficient,
unsafe
cooking

Disability

Difficulty
crossing
street
Difficulty
with stairs
Difficulty
with meals



Physical Function: Disability 97

despite difficulty. They use assistance as a form of tertiary prevention
to limit the effects of disability.

The second condition, the stress on need rather than use, is impor-
tant because it gives due recognition to unmet need. Only some of the
elders with a need for assistance receive such assistance, so that re-
stricting disability to the group actually receiving assistance would se-
verely underestimate disability.

Finally, the third condition requires that self-reports of disability be
due to health conditions rather than an environmental restriction, per-
sonal motivation, or other non-health sources of task restriction. This
distinction may be hard to maintain in some cases, as environmental
restrictions can also be considered legitimate targets for public health
interventions, and disease may affect motivation (as in the case of
depression).

Additional disablement sequences are shown in Table 5.1 for two
neurologic pathologies. Ataxia (brain pathology) leads to balance disor-
ders (impairment), eventually affecting timed gait speed (functional lim-
itation), and finally leading to reports of difficulty or need for a cane to
navigate indoor mobility. Similarly, memory loss (brain pathology) af-
fects cognitive performance (visible in memory test scores below age-
and education-appropriate norms, impairment), leading to inefficient or
unsafe operation of a stove when cooking (functional limitation), and
finally to recognition of difficulty, need for help, or cessation of meal
preparation tasks.

Note a potential confusion in terminology between this model and
the earlier WHO model. "Impairment" in the WHO formulation is
divided into two elements in this model, "pathology" and "impair-
ment," with the latter limited to direct, measurable effects of pathology.
These effects may be diffuse and not obvious to people, such as per-
formance on a memory test below an age norm. Similarly, "disability
in the WHO model is also broken into two components, "functional
limitation" and "disability." (The use of identical terms for different
concepts in both cases is unfortunate.) Functional limitation involves
progression of impairment to the point where skills or abilities required
to complete daily tasks (such as gait speed or the ability to hold a
tandem stand for 10 seconds) are affected. "Disability" in the disable-
ment model explicitly involves self-reports of difficulty or need for assis-
tance to perform daily tasks because of functional limitation.

The disablement model does not make direct reference to handicap,
though clearly social and environmental factors affect this sequence.
For example, changing the timing of traffic lights or even changing the
time one goes out to do errands might prevent slow gait speed, a
functional limitation, from producing disability. Rehabilitation or exer-
cise to promote leg strength, or use of a motorized scooter, could break
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the link between impairment and functional limitation. Below, we present
elaborations of the model that accommodate environmental and com-
pensatory interventions.

One advantage of the model is the solid tradition of measurement
behind it. For example, even in people who do not report mobility
problems, weakness in lower extremity strength predicts future mortal-
ity and incident disability in the activities of daily living (ADL) (Guralnik
et al., 1995a). Likewise, people who do not report difficulty in ADL but
report they have changed the way they perform these tasks have
slower gait speeds and poorer grip strength (Fried et al., 1996). We
describe this approach in more detail below.

The disablement model makes disability an outcome and uses a fairly
narrow definition of disability. This approach has been criticized for
neglecting other components of daily life, such as non-ADL activity and
general participation in social life, which can be preserved even with
severe ADL disability, and which may be more important to personal
identity and self-worth than independence in ADL. These are given
prominence in the third model of disability, discussed below.

Critics of the disablement approach assert that in making disability
an outcome, the experience of people who use personal assistance or
assistive technologies to perform daily activities is devalued (Crews &
Smith 2003). We do not think so. Take the example of the 92-year-
old woman described in chapter 1. She used a walker, required 24-
hours-a-day personal assistance for ADL, and took ten different medicines
for six chronic conditions. Her ADL dependence was complete, yet she
scored quite high on measures of activity and social participation, and
she considered every day quite satisfying and interesting. By any ac-
count this is successful aging, yet she also sought ways to reduce her
ADL dependency. For understanding her need for assistance, the etiol-
ogy of this need, and potential points for intervention, it is useful to
model disability explicitly, even if narrowly defined.

Model 3: Revised WHO Model

An alternative indicator of disability, described in the WHO International
Classification of Functioning, Disability, and Health (ICF), stresses "ac-
tivity limitation" and "participation restriction," rather than disability, and
explicitly includes environmental factors in assessing the impact of health
conditions (WHO, 2001). The model is shown in Figure 5.3.

"Disability is characterized as the outcome or result of a complex
relationship between an individual's health condition and personal fac-
tors, and of the external factors that represent the circumstances in
which the individual lives" (WHO, 2001, p. 17).
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Health Condition

Environmental Personal Factors
Factors

FIGURE 5.3 Revised WHO Model of Disability: International Classi
fication of Functioning and Activities.
WHO, International Classification of Functioning, Disability, and Health, WHO 2001: 18.

The revised WHO model demotes disability in the narrow sense as
an outcome; in fact, the term disappears from the model. Instead, in
this approach pathology causes a cascade of events: impairment, activ-
ity limitation, and restriction in participation, where all three are related
in complex ways. At the same time, personal and environmental fac-
tors are given equal weight as causal factors affecting this complex of
outcomes. In this model, all of these effects and relationships are con-
sidered "disability."

Thus, the revised WHO model is a "social model of disability";
disability is not an attribute of the individual but rather a feature of
person-environment relationships. This approach sees the issue mainly
as a socially created problem, and basically as a matter of the full
integration of individuals into society (WHO, 2001). The disablement
approach, by contrast, is essentially a "medical model," in which dis-
ability is a problem of the person caused by a health condition. "Dis-
ability management" in the disablement approach requires appropriate
medical care and alteration of the environment, as much as possible, to
minimize negative consequences of the medical condition.

Which approach is superior? The question is probably inappropriate
because the revised WHO model is not meant to describe disablement,
but rather to inspire more extensive integration of environmental and
personal factors into the management of impairing conditions. While
the disablement model suggests clinical strategies, the revised WHO
model suggests political action. As the authors state, if "disability is not
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an attribute of the individual, but rather a complex collection of condi-
tions, many of which are created by the social environment," then "the
management of [disability 1 requires social action, and it is the collective
responsibility of society at large to make the environmental modifica-
tions necessary for the full participation of people with disabilities in all
areas of social life" (WHO, 2001, p. 20).

Our approach is to stress the disablement model, since it offers an
immediate and productive research strategy, with clear clinical and
public heath applications. However, it is also worth keeping in mind the
revised WHO model, since environmental modification and other com-
pensatory strategies are central to the disability experience and indeed
can define the nature of disability in some cases as much as impairing
conditions do.

DEFINING AND MEASURING DISABILITY:
CENTRAUTY OF THE ACTIVITIES OF DAILY LIVING

Disability in late life is the central outcome of chronic disease. Chronic
disease can also cause symptoms or functional limitations short of
disability, an increased risk of hospitalization and death, a need for
regular medications and physician visits to monitor indicators of disease
progression or therapy, dependency on people or equipment in daily
self-maintenance activities, depression and anxiety, and changes in self-
image and sense of control. All of these outcomes are appropriate
targets for public health inquiry, but disability is central because it is
implicated in each of the alternative outcomes.

Verbrugge and Patrick (1995) define chronic conditions as "long-
term diseases, injuries with long sequelae, and enduring structural, sen-
sory, and communicative disorders." They add, "their defining aspect is
duration. Once they are past certain symptomatic or diagnostic thresh-
olds, chronic conditions are essentially permanent features for the rest
of life. Medical and personal regimens can sometimes control but can
rarely cure them" (p. 173). These conditions may cause difficulty or
make it impossible for people to learn, go to school, work, play sports,
travel, participate in conversation, drive, or complete the basic tasks re-
quired for independent living, such as eating, bathing, dressing, grooming,
using the toilet, or moving between a bed and a chair. These, as we have
seen earlier, are the "activities of daily living" (Katz et al., 1963) or
"personal self-maintenance activities" (Lawton & Brody, 1969), which
over time have picked up the modifier of "basic" or "physical" ADL
(hence BADL and PADL) to distinguish them from more complex house-
hold tasks usually considered "instrumental activities of daily living" (IADL).
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In public health and aging, we mostly focus on the activities of daily
living or personal self-maintenance activities. We do so, first of all,
because of a public health tradition in which ADL competencies were
typically considered the primary sphere of activity in old age, on par
with attending school for children and working or running a household
for adults (Sullivan, 1966). While older adults do not work or attend
school at rates anywhere near those of younger people, an increasing
proportion do; we may want to rethink this rationale for the focus on
ADL. (Indeed, the early Sullivan [1966] classification also considered
housework the primary sphere of activity for adult women under age
65.)

There are much better reasons for the focus on ADL as the central
indicator of disability in older adults. First, ADL are the basic and
universal competencies of adulthood. An adult who does not bathe or
use the toilet reliably is likely to be incompetent mentally or physically.
Our first reaction is to shun this person and consider a referral to adult
protective services. This gives an indication that loss of ADL competen-
cies is a severe threat not just to social participation and safety, but also
to adulthood as we understand it, and hence self-worth. (However, note
that there is some variability by culture in the degree to which this sort
of independence is considered central to adulthood [Albert & Cattell,
1994].) Loss of ADL competency, then, represents a major milestone
in the progression of chronic disease.

A second reason is the universality of ADL. All people need to
accomplish ADL tasks; people perform these tasks on all or most
days. Thus, all older people can be asked if they have difficulty bathing
or dressing or using the toilet. The tasks are not gender-specific, op-
tional, or subject to variation in lifestyle. This is not the case with other
competencies, such as the instrumental (sometimes called "intermedi-
ate") activities of daily living (IADL). The IADL are household compe-
tencies, which typically include managing finances, going shopping,
doing housework, doing laundry, using the telephone, and taking med-
ications. The need, desire, and training to perform IADL tasks vary by
gender, education, health status, lifestyle, and culture. The same applies
to the so-called advanced ADL, such as using a microwave oven, pro-
gramming a VCR, or using a computer, and to any of the more general
lists of activities that have been proposed as indicators of adult compe-
tencies.

A third reason for the focus on ADL is their hierarchical nature.
ADL differ in task complexity, and hence in motor and cognitive
demand, and as a result appear to be gained and lost in a generally
consistent (but not necessarily fixed) order. Early on, Katz and col-
leagues (1963) suggested that the order in which ADL tasks are ac-
quired in childhood development (first, feeding and transfer; later, toileting
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and dressing; last, bathing) is the reverse of the order in which they are
lost in chronic disease (so that the first lost is bathing, the most com-
plex of the tasks), as well as the order in which they are regained in
recovery from stroke or brain injury (so that the last competency reac-
quired is again bathing). For this reason, Katz considered the ADL a
measure of "primary sociobiologic function." His early research showed
that the disability status of almost all elders in a skilled care setting
adhered to this rough hierarchy of preservation and loss of task ability,
which formed a Guttman scale. That is, people who were unable to do
just one task from this set of tasks almost always had lost the ability to
bathe. Likewise, people who could not dress themselves independently
were also very likely to have trouble bathing independently. People
who could perform only one task independently from the set of ADL
were likely to have retained the ability to feed themselves. In fact, a
simulation study has shown that a number of alternative patterns, mostly
relating to the order of the most primitive of the ADL tasks, form
equally good hierarchical scales (Lazirides, Rudberg, Furner, & Cassel,
1994). However, it is well to remember that Katz and his colleagues
(who developed the measure in the late 1950s and early 1960s) did not
have access to sophisticated modeling software and yet their clinical
judgment regarding the scalability of the items was essentially accurate.

It is worth mentioning as well that a number of changes in task items
have been introduced since Katz first proposed the measure. The orig-
inal Katz items included bathing, dressing, toileting ("going to the toilet
room for bowel and urine elimination; cleaning self after elimination,
and arranging clothes"), transfer, continence (ability to control urination
and bowel movements), and feeding. Current measures of ADL compe-
tency include only one toileting item, and have added indoor mobility
and personal grooming. Also, the original Katz scale items had very
detailed descriptors for categories of ability. Each item was assessed on
a three-point scale,with quite detailed scale values. For example, the
middle scale point for dressing was "gets clothes and gets dressed
without assistance except for assistance in tying shoes." Current ver-
sions use a single underlying measure for all ADL tasks: either level of
difficulty (none, some, a lot) or need for help (none, sometimes, all the
time).

A last point involves the source of information about ADL. While the
ADL items have been selected to rule out "does not apply" or "don't
know" responses (since the tasks are both basic and universal), cogni-
tive impairment prevents a small proportion of the young-old (about
6% of people under aged 75) and a much larger proportion of the old-
old (about 20% of people aged 75+ and perhaps 50% of people
residing in nursing homes) from answering the questions. For informa-
tion about the ADL status of these more disabled respondents, re-
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FIGURE 5.4 Distribution of ADL Disability: Washington Heights-
Inwood Columbia Aging Project.
Source: Washington Heights-Inwood Community Aging Project, 1992 Baseline.

searchers and clinicians must rely on proxy reports, that is, information
from family or service providers, or observed performance. But for
people able to report on ADL status, it is their judgment that defines
disability. As in the case of quality of life measures (see chapter 8), this
seems appropriate: who better than the person at hand is better able
to report on the degree of difficulty he or she faces in performing daily
tasks (Gill & Feinstein, 1994)? In fact, studies comparing patient and
proxy reports of patient ADL status show only moderate levels of
agreement, and if patient factors affect accuracy (i.e., denial, loss of
insight, wish for a more intense level of services), so do proxy factors
(i.e., degree of contact with patient, mental health, perceived burden as
caregiver) (Magaziner, Simonsick, Kashner, & Hebel, 1988).

Still, even with these limitations, the ADL hierarchy is highly robust.
For example, the Venn diagram shown in Figure 5.4 demonstrates that in
a sample of more than 2000 elders none had difficulty with feeding or
toileting without also having difficulty in bathing, grooming, or dressing.

DIFFICULTIES IN THE MEASUREMENT OF
DISABILITY IN OLDER ADULTS

The centrality of basic ADL (BADL) and IADL as measures of disability
is clear, but measuring disability in even these most basic tasks is not
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simple. Kovar and Lawton (1994) describe many issues to be consid-
ered in obtaining reports of disability. These include:

1. Deciding which activities should be assessed ("the number of pos-
sible IADL tasks seems almost limitless")

2. Ceiling effects ("the ADL/IADL scales do best at identifying the
most-disabled minority")

3. Problems with the standardization of question formats to control
for interpretation of environmental effects ("estimates of function-
ing reflect an unknown mix of personal disability and contextual
constraint")

4. Effect of emphasizing different components of disability in ques-
tion formats ("dependence" vs. "difficulty" vs. "limitation") or com
bining them (Gill, Robison & Tinetti 1997)

5. Effect of proxy reporting (proxy respondents are more likely to
report disability than self-respondents but may be the only source
of information for people with severe impairment)

6. Relevance of cultural differences ("socially or culturally assigned
roles are obvious conditioners of IADL task performance and,
conceivably, capability")

7. Cognitive factors in interpreting questions ("help from another
person" can mean ongoing help, occasional help, or indirect help,
that is, purchasing an assistive device).

These measurement challenges may be responsible for the different
prevalence estimates of ADL disability evident in national surveys. Wiener,
Hanley, Clark and Van Nostrand (1990) went through the major na-
tional probability surveys of disability in the 1980s and found substan-
tial variation in the number of ADL queried, whether "disability" in an
ADL required a specified period of duration, and whether distinctions
were made between need for assistance and receipt of personal assis-
tance, use of special equipment, and stand-by help. Table 5.2 shows
results from their effort.

The prevalence of receiving help with any ADL ranges from 5.0%
(1984 Supplement on Aging) to 7.8% (1982 and 1984 National Long-
Term Care Surveys). Given the common definition of "receives help
from another person," these differences are impressive. This variability
applies to disability in all the ADL, both those with relatively high
prevalence, such as bathing (4.6% to 6.3%), and those with low prev-
alence, such as eating (0.7% to 2.5%).

Given this variability, it is also impressive that self-and proxy-reports
of disability have been shown to be related to concurrent health indica-
tors and have proven to be reliable predictors of health outcomes in
longitudinal studies. For example, in the National Long-Term Care
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TABLE 5.2 Activity of Daily Living Disabilities among the
Noninstitutionalized Elderly Age 65 and Over, by Survey and
Type of Activity (in thousands)

Total aged 65 and over
noninstitutionalized
elderly population (millions)

One or more ADL problems

Bathing

Dressing

Transferring

Toileting

Eating

1982
NLTCS

25,440
1,992

(7.8)
1,609

(6.3)
1,072

(4.2)
1,072

(4.2)
857
(3.4)
624
(2.5)

1984
NLTCS

26,481
2,062

(7.8)
1,660

(6.3)
1,063

(4.0)
1,072

(4.0)
880
(3.3)
618
(2.3)

1984
SOA

26,268
1,318

(5.0)
1,211

(4.6)
771
(2.9)
675
(2.6)
619
(2.4)
183

(0.7)

1984
SIPP

26,422
l,538a

(5.8)
l,459a

(5.5)
b

(4.4)
699
(2.6)
n.a.d

(2.4)

1987
NMES

27,909
2,250

(8.1)
1,926

(6.9)
1,228

977
(3.5)
670

Note.- Numbers in parentheses indicate percentages.

"Excluded toileting.

•"Combines bathing, dressing, eating and personal hygiene in one question.
cCe!l size too small for reliable estimate.
dnot asked.

Source: Weiner, Hanley, Clark, & Van Nostrand (1990).

Survey (NLTCS), baseline IADL/BADL status was associated with risk
of increasing disability, nursing home admission, and mortality over five
years in a reassuring "dose-response" relationship. Among nondisabled
elders, 5.7% died in this period, compared to 19.5% among the mod-
erately disabled (1-2 BADL) and 39.2% among the severely disabled
(5-6 BADL) (Manton, Corder, & Stallard, 1993). It should be noted
that the NLTCS only enrolled older adults with "chronic disability,"
which was defined as an IADL or BADL limitation for at least three
months prior to the interview.

Self-reported ADL disability in the NLTCS also predicted later tran-
sitions in disability, including admission to skilled care facilities, as shown
in Table 5.3 (Manton, 1992). These two-year transition probabilities
are very valuable for understanding the complex dynamics of disability
and recovery, even over fairly short periods.
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TABLE 5.3 Transition Proportions

Status and age IADL
(years) in 1982 Nondisabled only

Nondisabled
65+
65174
75-84
85+

IADL only
65+
65-74
75-84
85+

1-2 ADLs
65+
65-74
75-84
85+

3-4 ADLs
65+
65-74
75-84
85+

5-6 ADLs
65+
65-74
75-84
85+

Institutionalized
65+
65-74
75-84
85+

79.1
86.0
70.1
42.3

11.6
16.4
9.4
1.7

6.5
8.8
5.6
3.7

4.1
6.7
2.7
2.1

3.2
5.2
2.9
0.4

2.5
4.4
3.1
1.1

4.6
3.6
6.2
7.5

39.1
45.3
34.8
30.2

13.8
17.5
13.4
7.6

4.0
5.4
3.5
2.1

4.5
6.9
4.4
0.9

1.1
1.9
1.4
0.4

by Age Group

Status in 1984

1-2 3-4 5
ADLs ADLs ADLs Institutionalized Deceased

3.2
1.9
4.9
9.3

19.4
16.4
21.2
24.1

33.2
35.7
33.5
27.7

16.8
22.7
16.5
7.4

7.4
8.8
7.0
5.7

1.0
1.9
1.4
0.1

1.1
0.8
1.4
2.8

4.8
3.7
5.7
6.0

12.2
12.1
11.4
13.7

22.1
25.7
20.9
17.9

8.5
9.6
8.6
6.6

1.1
2.2
0.9
0.7

1.0
0.6
1.5
3.2

4.1
3.3
4.4
6.0

6.3
5.3
5.2
10.1

19.2
16.0
20.0
23.2

29.9
31.1
30.5
26.9

1.1
1.4
1.2
0.7

1.9
0.7
3.1
9.7

5.7
3.1
7.5
9.5

7.6
4.6
7.7
13.2

10.0
4.2
12.1
16.3

9.8
7.2
10.7
12.3

52.9
58.4
54.4
48.8

9.2
6.3
12.8
25.2

15.3
11.7
17.1
22.4

20.6
16.0
23.2
24.0

23.9
19.3
24.4
31.1

36.8
31.1
35.9
47.1

40.5
29.9
37.6
48.1

Source: 1982 and 1984 National Long-term Care Surveys.

These results from the 1982 and 1984 NLTCS show very strongly
how disability status predicts new, or incident, disability. Take, for ex-
ample, people without ADL disability in 1982. Two years later, 79.1%
of these people continued to be free of ADL disability, 4.6% experi-
enced disability in an IADL, 5.3% experienced an ADL disability, 1.9%
entered nursing homes, and 9.2% died. In other words, within two
years about 20% of that non-disabled population declined, either dying
or developing new disabilities. Already in 1982 it is possible to identify
features that distinguish those who will progress to disability and death
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by 1984, and those who will remain free of disability. We examine
these factors below. It is also clear that people who die or go into
nursing homes in this relatively short period must differ from people
whose progress toward disability is more gradual. The former likely
experienced catastrophic illness, while the latter experienced continu-
ing, but more indolent, progression of chronic disease (Ferrucci, Guralnik,
et al., 1996).

If we turn now to people with ADL disability in 1982, say, those
with mild (1-2 ADL) disability, we see that this group faces a far greater
risk of additional, new disability. Of people with 1-2 ADL disabilities in
1982, only a third remained in this state by 1984. Nearly half these
people declined in the 2-year period: 18.5% acquired additional ADL
disabilities, 7.6% were institutionalized, and 20.6% died. On the other
hand, about 20% showed improvement in disability profiles, including
6.5% who reported no ADL disability 2 years after the initial survey.
The different outcomes suggest heterogeneity in this group of people
with mild ADL disability. One important goal of public health and aging
is to identify features of older people that allow reasonable predictions
about risk and suggest interventions for people with these risk profiles.
Still, having 1-2 ADL disabilities is clearly a strong predictor of increas-
ing disability.

Finally, if we examine the most disabled group, people in institutions
in 1982, it is apparent that the likelihood of regained abilities is very
low. Within 2 years, 52.9% will remain institutionalized and 40.5% will
die. Fewer than 7% will leave the institution.

Thus, ADL status is a powerful predictor of disability and health
transitions, a point we will return to below. The likelihood of improve-
ment and the rapidity of decline suggest important differences in risk at
baseline and the likelihood of different disease trajectories.

Despite these impressive features of self-reported ADL for public
health and aging, it is also important to recognize that imprecision in
these disability measures is also apparent, especially when it comes to
high-functioning elders. In the less disabled population recruited for the
Assets and Health Dynamics among the Oldest Old study (AHEAD),
the correlation between IADL/BADL indices and concurrent and pro-
spective indicators of health is less impressive. Rodgers and Miller
(1997, Table 9) report a correlation of 0.42 between BADL and num-
ber of health conditions, but no correlation with other health indicators
(number of doctor visits, number of nights hospitalized, number of
prescriptions, risk of nursing home admission) exceeded 0.30. An anal-
ysis using disability items from the Supplement on Aging (SOA) to the
National Health Interview Survey and NLTCS items (fielded in subsets
of AHEAD respondents) confirmed this rather low pattern of correla-
tion (Rodgers & Miller, 1997, Tables 10,11,16). Thus, standard disability



108 Public Health and Aging

report measures are not as strongly related to indicators of health, and
are therefore less informative, in less disabled older adults. For these
elders, we need to develop more sensitive indicators.

MORBIDITY AND DISABILITY

Some of the common chronic conditions of late life, such as arthritis
and visual and hearing impairment are not fatal but produce severe
disability over long periods of time; others, such as ischemic heart
disease, chronic obstructive pulmonary disease, diabetes mellitus, and
malignant neoplasms, are fatal but nonetheless also produce substantial
disability over potentially long periods of time. Verbrugge and Patrick
(1995) have analyzed disability associated with the seven conditions, as
well as other indicators of disease burden, such as visits to physicians,
hospital stays, and death.

The most prevalent chronic conditions for older men in the 1980's,
in rank order, were arthritis, hearing impairment, hypertension, is-
chemic heart disease, chronic obstructive pulmonary disease, chronic
sinusitis, visual impairment, cataracts, diabetes, and arteriosclerosis. For
women, these conditions were arthritis, hypertension, hearing impair-
ment, cataracts, chronic sinusitis, chronic obstructive pulmonary dis-
ease, ischemic heart disease, varicose veins, orthopedic impairments
involving the back, diabetes, and visual impairment.

Table 5.4 examines seven of these most prevalent conditions, along
with cancer. Verbrugge and Patrick (1995) examined the target condi-
tions in three large U.S. national probability surveys: the National Health
Interview Survey, the National Medical Ambulatory Care Survey, and
the National Hospital Discharge Survey.

Table 5.4 shows that arthritis is the most prevalent chronic condition
in both men and women aged 65+: over a third of men (382.6 per
1000) and over half of women (544.1 per 1000) reported that they
had been diagnosed with arthritis. Hearing impairment and ischemic
heart disease were second and third (with some switching of places) for
both men and women. This rank order is not very different for people
aged 45-64, though prevalence is lower for each condition (for exam-
ple, the prevalence of arthritis is 253.8 for men [about a quarter] and
338.9 for women [about a third] in this younger age group). Table 5.4
shows, not surprisingly, that nonfatal conditions are more common
than fatal conditions (not surprisingly because prevalence reflects both
the incidence of disease and how long people survive with it). Thus,
cancer does not appear in the top 10 chronic conditions because of its
usually high and rapid case fatality.
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TABLE 5.4 Prevalence of Chronic Disease and Disability Burden

Men, 65+ Impact: Women, 65+ Impact:
Prevalence Limitation Limitation/ Prevalence Limitation Limitation/

Prevalence Prevalence

Arthritis 382.6
Hearing
Impairment 362.4
Ischemic
Heart Dis 179.0

COPD 166.7
Visual
Impairment 103.8
Diabetes 90.8
Cancer 52.1

74.7

28.5

48.1
43.0

40.5
27.4
21.4

19.5

7.9

26.9
25.8

39.0
30.2
41.1

554.1

268.1

120.7
125.6

91.4
98.8
38.1

144.1

20.4

39.7
21.4

44.2
37.6
13.5

26.0

7.6

32.9
17.0

48.4
38.1
35.4

After Verbrugge & Patrick, 1995.

Table entries are cases per 1000 (prevalence), cases of human assistance for ADL or
IADL disability per 1000 (limitation), and percentage of people with the condition who
receive human assistance for ADL or IADL disability (impact).
Note: We have corrected one entry in Verbrugge & Patrick, Table 5 (arthritis impact for
women). Note, too, that the limitation column appears to apply to people age 65+ (no
70+, as stated in their paper).

Table 5-4 also shows the association between chronic conditions
and the prevalence of activity limitation for people aged 65+, defined
as inability to perform ADL and IADL and receipt of assistance to
perform these tasks. These estimates of disability, then, represent a
low-end figure. With inclusion of people reporting difficulty, perhaps
without receipt of any assistance, disability associated with particular
chronic conditions will be much higher. Remember too that people
often have more than one chronic condition. The disability associated
with a particular condition includes a mix of disability specific to the
disease and disability that is part of a potentially broader set of condi-
tions that includes the particular condition. The "Limitation" column
shown in the table is the number of people (per 1000) with disability
due to the particular chronic condition (Verbrugge & Patrick, 1995).
The "Impact" column is the ratio of limitation to prevalence and can be
interpreted as the proportion of disease cases associated with use of
personal assistance for ADL or IADL support.

Table 5.4 shows that 74.7 of every 1000 men aged 65+ with
arthritis, and 144.1 of every 1000 women, receive personal assistance
with ADL or IADL. For these men, the proportion of arthritis cases
associated with personal assistance is 19.5% (74.7/382.6). For these
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women, the proportion is 26.0% (144.1/554.1). Thus, arthritis is mor
likely to be associated with severe disability in women than in men.
Otherwise stated, women with arthritis are about one-third more likely
than men to be disabled by arthritis (odds ratio of 1.33 (26.0/19.5). In
fact, the risk of disability given these particular chronic conditions is higher
for women than men for all but cancer and COPD, that is, for the three
nonfatal conditions and a number of the fatal conditions as well.

Verbrugge and Patrick's (1995) derivation of this impact factor, which
might be called a "case disability rate," is very valuable, as it offers a
measure of disability volume conditioned on chronic disease status. By
this measure, given the many chronic conditions typical of late life, it
turns out that cancer and visual impairment are the conditions most
heavily associated with disability. At younger ages, ischemic heart dis-
ease and cancer have this distinction.

MORBIDITY AND PATHWAYS TO DISABLEMENT

For prevention of disability progression and frailty in older adults, a
good target is the older adult with mild-to-moderate disability. Put in
terms of the disablement model proposed above, it is important to
measure functional limitation antecedent to disability, and to identify
factors associated with reports of disability among individuals who dem-
onstrate a range of limitation in the abilities or skills needed to under-
take daily activities. "Functional limitation" antecedent to disability in
IADL/BADL is represented by deficits in motor and cognitive skills
used in performing daily activities. These skill elements (such as se-
quencing steps in a task, organizing a workspace, or maintaining bodily
alignment) have been well examined in occupational therapy research
and have been defined, with clear scoring criteria, as in, for example,
the Assessment of Motor and Process Skills (AMPS) (Fisher 1997).

Relationship between Antecedent Skill Elements and
Disability

What is the relationship between the motor and cognitive skills used in
performing daily activities (functional limitation) and IADL/BADL dis-
ability? A first investigation in this area involved the relationship be-
tween leg strength and gait speed. Buchner (1991; Buchner, Larson,
Wagner, Koepsell & de Lateur, 1996) found that the relationship be-
tween leg strength, measured in an exercise machine test, and gait
speed was nonlinear. In such a non-linear relationship (or flattened S-
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Unable to Bathe Independently Independent

Disability (i.e., efficiency or independence in bathing)

FIGURE 5.5 Hypothetical Relationship Between Functional Limita-
tion and Disability.
Source: After Buchner, Larson, Wagner, Koepsell, & de Lateur, 1996.

shaped curve), three regions are defined, as shown hypothetically in
Figure 5.5. The figure relates gait speed, (a measure of functional
limitation), to independence or efficiency in bathing (a measure of
disability). When leg strength is extremely low, people are essentially
unable to walk or stand, and disability in bathing is complete. The curve
is flat (region A), indicating that until gait speed exceeds a certain
minimum (despite some minor improvements), disability in bathing will
not change. In other words, there is a threshold of leg strength or gait
speed required for bathing. Once this threshold is crossed, gait speed
and independence in bathing are directly related, as shown in region B,
so that each additional unit of leg strength or gait speed is associated with
a proportional gain in independence or efficiency in bathing. Once leg
strength or gait speed exceeds a certain level again, a second threshold is
crossed, defining the beginning of region C. At this point, additional gait
speed or leg strength does not translate into greater bathing efficiency.
Given the biomechanical and ergonomic properties of the task, individuals
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are already performing as efficiently as possible, and any additional leg
strength contributes to physiological reserve but does not affect the speed
or efficiency of bathing. Above this threshold, increments in strength or
skill are not associated with reduction in disability but only with increased
reserve (Buchner, 1991; Sonn, Frandin & Grimby, 1995).

Identification of these thresholds is important, as they indicate the
point on a continuum of ability, physical or cognitive, when functional
limitation translates into disability or, more simply, at what point reduc-
tion in underlying skills or competencies finally disables someone. The
thresholds also help set goals for intervention and rehabilitation. For
example, a clinical trial seeking to prevent or reduce disability by im-
proving strength would not show benefit if targeted to individuals in
region C of the curve. These individuals are already beyond the thresh-
old where improvements in strength will affect performance of daily
tasks. Similarly, individuals in region A are unlikely to show improve-
ment in disability even with some improvement in underlying abilities.
Only with large improvement in these abilities could we expect to see
reduction in disability. By contrast, people along region B of the curve
would be the best target for such a trial. In this group, even small
changes in underlying functional abilities can be expected to translate
into increases in independence and efficiency.

Buchner and colleagues (1997) have shown the relevance of these
considerations in a clinical trial of exercise to reduce the incidence of
falls. The trial was part of the FICSIT initiative, "Frailty and Injuries:
Cooperative Studies of Intervention Techniques." The study recruited
elders with extensive functional limitation; all were unable to do an
eight-step tandem gait test without errors, and all were below the 50th
percentile in knee extensor strength based on norms for weight and
height. A program of endurance and strength training led to increases
in isokinetic strength and aerobic capacity, but no improvements in gait
speed or balance. This lack of consistent benefit (reduction in measures
of impairment, no benefit in measures of functional limitation) already
suggests that selection criteria for the study were too stringent. People
recruited for the study were likely near or within region A of the curve
shown in Figure 5.5, so that improvement in underlying functional
abilities may not lead to improvement in disability status. Indeed, in this
study 1-year fall rates in the intervention group were 42%, better than
the control group rate of 60%, but no different than the risk of falls
typical of older people living in the community (Tinetti, Speechley &
Ginter, 1988). Buchner and colleagues (1997) concluded that the eligi-
bility criteria selected a sample on the verge of substantial decline, and
exercise prevented this decline. A more efficient study would have
selected a less impaired sample.
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The nonlinear relationship between underlying ability and disability
status has been established for a number of indicators. Jette, Assman,
Rooks, Harris, and Crawford (1998) reported nonlinear relationships
between balance and gait speed, and between gait speed and IADL/
BADL measures. In multivariate analyses, the association between im-
pairment (balance and strength measures) and disability (reported IADL/
BADL) was attenuated when gait (functional limitation) was included in
regression models, suggesting that functional limitations play an inter-
mediary role. A causal interpretation of this cross-sectional finding is
that impairments in strength or balance need to be severe enough to
affect mobility before an individual reports disability in IADL or ADL.
This would serve as important confirmation of the disablement model,
described above. Other studies have reported similar findings (Cress et
al.,1995; Ferrucci, Guralnik, Buchner, et al., 1997; Judge, Schecht-
man, Cress 1996; Rantanen et al. 1998; Rantanen, Guralnik, Sakari-
Rantala, et al. 1999).

The nonlinear relationship between underlying ability and disability
status also appears to hold for cognitive status and reported disability.
Figure 5.6 is a scatterplot of disability status by number of errors on a
cognitive screening measure, derived from a sample of caregivers to

FIGURE 5.6 Relation Between Disability and Cognitive Statu
Source: Washington Heights-Inwood Community Aging Project, 1992 Baseline.
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elders diagnosed with Alzheimer's disease. Caregivers reported on dis-
ability status in the elder. Scores ranged from 24 (best score: indepen-
dent all the time in all 12 tasks assessed) to 0 (worst score: dependent
all the time in all 12 tasks). Elders completed a 15-item cognitive
screening test, which included items from a series of brief cognitive
status tests (CARE-Diagnostic Screen: Gurland et al., 1995). These
items assess a person's orientation, short-term memory, attention, and
language ability. The scatterplot stratifies by number of comorbid con-
ditions to better isolate the effect of cognitive deficit on reported disabil-
ity.

The least-squares regression lines shown in Figure 5.6 were derived
using a curvilinear regression model. The R2 for the model in subjects
without other comorbid conditions (thick line, n=78) increased from
0.41 to 0.52 with introduction of a quadratic term, suggesting that the
nonlinear curvilinear model offers a better fit. By contrast, in the two
groups with other concurrent disease, linear models provided an ade-
quate fit. Subjects with cognitive impairment in the absence of other
comorbid disease are not likely to report disability until they make 5+
errors on the cognitive screen. This relationship should be compared to
that of subjects with cognitive deficit and 1 or 2+ comorbid conditions.
They report greater disability at every level of cognitive ability. We
conclude that the relationship between cognitive impairment and dis-
ability may follow that demonstrated for physical indicators and disability.

Measurement of Antecedent Skill Elements Relevant
for Disablement

Elicitation of IADL/BADL status usually involves self-reports of difficul-
ty or need for assistance in a global sense; for example, "By yourself,
that is, without help from another person or special equipment, do you
have any difficulty with meal preparation?" To assess underlying abili-
ties or skills, by contrast, we need to measure functional limitation. For
this effort, assessment tools from occupational therapy are useful. In
the Assessment of Motor and Process Skills (AMPS) test, mentioned
earlier, occupational therapists obtain performance-based ratings of
specific motor and cognitive skills used in completing two tasks from
a pre-specified list of 54 IADL/BADL tasks (Fisher, 1997). An occupa-
tional therapist, having undergone a 5-day training program in the
AMPS, makes the ratings. Each of the motor and cognitive or "pro-
cess" skills, drawn from extensive experience in occupational therapy
with a variety of patient populations, is rated on a 4-point scale (com-
petent, questionable, ineffective, deficit). The skills (and domains) are
shown in Table 5.5.
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TABLE 5.5 Assessment of Motor and Process Skills

AMPS Motor Skills: Posture: Stabilizes, Aligns, Positions; Mobility. Walks,
Reaches, Bends; Coordination: Coordinates, Manipulates, Flows; Strength
and Effort: Moves, Transports, Lifts, Calibrates, Grips; Energy: Endures

AMPS Cognitive/Process Skills: Energy. Paces, Attends; Using Knowl-
edge: Chooses, Uses, Handles, Heeds, Inquires; Temporal Organization:
Initiates, Continues, Sequences, Terminates; Space ana* Objects: Searches/
Locates, Gathers, Organizes, Restores, Navigates; Adaptation: Notices/
Responds, Accommodates, Adjusts, Benefits

An important advantage of the AMPS is its use of a many-faceted
Rasch measurement model. The Rasch model has been used to (1)
calibrate difficulty levels for the 54 tasks, (2) establish difficulty levels for
ratings of each skill item, and (3) combine these skill ratings and task
difficulty ratings to establish a single score for respondents on separate
motor and cognitive/process skill dimensions. The equating of AMPS
tasks, linked by common skill items, makes it possible to compare the
ability of respondents who perform different sets of tasks. In addition,
the many-faceted Rasch model is used to calibrate raters on the same
scales, so that rater "severity" is incorporated into AMPS scoring soft-
ware. This software is required for converting the raw skill ratings to
logit scores on the motor and cognitive/process dimensions. The logit
is the logarithm of the odds of obtaining a given skill item score when
a person of a given ability is observed performing a given task.

IADL/BADL tasks vary in difficulty, as reflected in the logit scores
for AMPS tasks on the motor and cognitive/process dimensions. For
example, on the motor dimension "eating a meal" is the easiest task
and "vacuuming" the hardest. On the cognitive/process dimension, the
easiest item is "tying shoes," and the hardest "making eggs, toast, and
espresso coffee." The AMPS tasks all involve meal preparation, house-
hold work, or dressing/grooming. The tasks reflect relevant cultural
diversity in IADL/BADL tasks (e.g., variation in the kinds of foods
prepared), since they were normed for a Spanish-and English-speaking
population. Also, the AMPS procedure takes account of individual vari-
ation (i.e., expectations regarding neatness, etc.); the occupational ther-
apist and respondent establish a clear contract regarding what is involved
in completing the task, and respondents are scored relative to this
expectation.

Fisher (1997) reports that a cognitive/process skill score of 1.0 logit,
and a motor skill score of 2.0 logit, are 1 sd below the mean for
community-resident older adults. These scores have been associated
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with clinician ratings of IADL/BADL difficulty. For example, discrimi-
nant analyses using these cutoff scores were quite accurate in classify-
ing elders according to disease state and residence status: 97% of
nondisabled older adults had cognitive/process scores greater than 1.0,
and 92% of demented subjects had scores less than 1.0 (Fisher, 1997).
These scores serve then as thresholds for likely disability.

An advantage of this approach is its explicit focus on the skill ele-
ments elders use to get tasks done, as observed in home settings using
prespecified but ecologically valid tasks. In this way it differs from
existing IADL or BADL performance tests (e.g., Myers, et al., 1993;
Loewenstein et al, 1992; Muharin et al., 1991; Karagiozis, et al.,
1998), which are limited to only a few tasks, require subjects to per-
form tasks they may not do in normal activity, and do not yield mea-
sures of ability or skill that are involved in all IADL/BADL tasks.

As part of a pilot study of self-reported IADL/BADL disability, we
interviewed elders with mild-to-moderate disability, as defined by self-
report of at least one but no more than three domains (upper extremity
tasks, lower extremity tasks, IADL, and BADL). We randomly chose 10
for a repeat interview that included the AMPS occupational assessment
conducted by an AMPS-certified occupational therapist (OT). Nine com-
pleted the home assessment (and in a third of the cases, we supplied
props necessary for the task, e.g., bread and filling for a sandwich). For
comparison, we conducted three AMPS assessments of inpatients in
our rehabilitation unit, using the hospital "ADL kitchen." Table 5.6
shows the feasibility of in-home AMPS assessment. The assessments
are acceptable, appropriate AMPS task are identified, and AMPS scores
accord with expectations of disability based on cognitive status and self-
reported disability. Subjects with cognitive impairment but who did not
meet criteria for dementia (C3, C5, C7) scored below cutoff scores on
the cognitive/process dimension, as did all three subjects on the reha-
bilitation unit. Subjects with disability in two or more domains were
likely to score below the AMPS motor dimension cutoff score. Subject
C4 scored extremely high on both motor and cognitive/process do-
mains, consistent with his lifestyle (he drives, cares for a foster grand-
son, travels to Florida); in fact, he reported no disability in the home
visit (as opposed to the prior interview, in which he reported upper
extremity disability). Subject C7 is an especially interesting case. Her
cognitive status clearly interfered with IADL/BADL competencies: in
pouring milk into her coffee, for example, she failed to open the spout of
the milk carton, forgot to return items to storage spaces, and could not
remember all the elements of the task she was supposed to perform. Her
cognitive/process skill score (-0.6) was well below the AMPS cutoff.

These results suggest the utility of measurement of underlying skills
and competencies to better understand disablement. Standard perfor-
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TABLE 5.6 AMPS Pilot

Sex, Age

Cl. F, 88
C2. M, 92

C3. F, 78
C4. M, 80

C5. F, 89

C6. F, 79

C7. F, 81

C8. F, 77

C9. F, 83

11. M, 75
12. F, 75
13. F, 71

AMPS Tasks Performed

Prepare oatmeal; Mop
Vacuuming; Get foods

from refrigerator
Make bed; Fold laundry
Make sandwich; Fold

laundry
Pour juice; Make

sandwich
Make bed; Prepare

instant soup
Set table; Prepare

coffee and toast
Prepare coffee and

toast; Make sandwich
Sweep kitchen floor;
Cook vegetables
Make sandwich
Make bed
Make sandwich

Cognitive
Status

Normal
Normal

MCI/QD*
Normal

MCI/QD

Normal

MCI/QD

Normal

Normal

unk
unk
unk

Domains AMPS: Motor/
Disability, Cognitive-
# Process

Logit Core

2
3

3
1

2

2

3

2

2

4
4
4

a
1.7 VI. 6

-0.4VO.7*
3.1/1.7

1.2V0.8*

a

1.0 /-0.6*

a

0.9 VI. 0

0. 3VO. 9*
-1.9V0.4*
-0.6V-0.1*

Note: C, WHICAP (Washington Heights-Inwood Community Aging Project) resident; 1, reha-
bilitation unit inpatient; a, OT trained made ratings but AMPS rater-specific calibration
software not yet available at time of interview; 'MCI/QD, nondemented but mild impairment
or questionable dementia; asterisk indicates score below AMPS cutoff (motor 2. 0, cognitive/
process 1.0). ^Disability domains: Women's Health and Aging study categories.

mance-based assessments are inadequate for reasons suggested earlier,
but tools from ergonomic studies and occupational therapy are avail-
able and can be used in natural environments. These are likely to
provide key insights on risks for disability and ways to reduce such
risks.

Risk Factors for Incident Disability

We have already seen that the presence of disability is a strong predic-
tor of new, additional disability with the passage of time. This stands to
reason: older people with ADL disability have chronic diseases that put
them at risk, with progression of disease, for acquiring additional dis-
abilities. It is also important to look at older people without ADL
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disability to identify risk factors for its onset in the near future. People
likely to progress to ADL disability differ from non-progressors 2-5
years (and perhaps longer) before the onset of disability. Prospective
cohort studies have proven very productive in this effort. In these
studies, a group of people without disability at baseline is followed over
some defined interval. Onset of disability is recorded at standard assess-
ment intervals. We are thus able to identify incident cases and go back
to baseline assessments to see how these people differ from people
who never reached the disability endpoint. Typically, we examine a
series of baseline risk factors and calculate the risk associated with a
factor, independent of other risk factors that make up a person's pro-
file. Features associated with the disability outcome are "risk factors";
features that reduce likelihood of incidence are called "protective fac-
tors." We calculate these risks using logistic regression models, or pro-
portional hazards models if we wish to incorporate a time dimension
into analyses (i.e., time to onset rather than simply onset).

The Established Populations for Epidemiologic Studies of the Elderly
(EPESE), a prospective study of community-dwelling elderly, has proven
very useful for this effort. For example, risk factors for incident mobility
limitation over a 6-year period were identified in the Iowa, east Bos-
ton, and New Haven components of the project, stratified by gender
(LeCroix, Levalle, Hecht, Grothaus, & Wagner, 1991). Socioeconomic
features (age and income, and to a lesser extent, education) consistently
predicted increased risk of mobility disability. For example, among men
in east Boston, 21% over age 85 at baseline remained free of mobility
disability compared to 66% in the group aged 65-74. Baseline chronic
condition status also predicted mobility status over follow-up. The pres-
ence of a heart attack, stroke, diabetes, hypertension, angina, dyspnea,
or leg pain at baseline each predicted greater likelihood of incident
mobility disability. Finally, behavioral factors at baseline were also asso-
ciated with risk of mobility deficit over follow-up. Frequent exercise and
walking were protective factors; smoking increased the risk of incident
mobility disability.

An analysis of the Supplement on Aging showed that risk factors for
ADL disability and death differed in important ways (Boutt, Kane,
Louis, Boult, & McCaffrey, 1994). Over 4 years of follow-up, some
baseline factors were associated with both outcomes (age, education,
social contact, cerebrovascular disease), some with ADL disability alone
(arthritis), and some with mortality only (gender, cancer, obesity, diabe-
tes, income, locus of control, volunteering). Other factors were not
associated with either outcome (marital status, coronary artery disease,
hypertension, race, exercise).

These findings vary somewhat between studies according to the
demographic composition of the cohort, the length of follow-up, how



Physical Function: Disability 119

attrition is handled, how risk factors are categorized, and how compet-
ing risks (for death and disability) are handled.

More recently, potential biomarkers for disability have been identi-
fied. For example, serum albumin level (g/L) is a risk factor for both
incident disability and mortality. Within the EPESE cohort, serum albu-
min concentration and disability were strongly related at baseline. More-
over, at follow-up, greater serum albumin concentration was associated
with a greater risk of mortality within categories of baseline disability
status. A new set of biomarkers for function is currently under investi-
gation, including C-reactive protein, IL-6, and other cytokines.

A last but perhaps most productive set of predictors of incident
disability is functional limitation, which, consistent with the disablement
model, represents preclinical disability (Fried et al., 1991). Guralnik and
colleagues (Guralnik, Ferucci, Simonsick, Salive, & Wallace, 1995),
again using the EPESE sample, have shown that scores on three simple
measures of functional limitation are very effective predictors of future
mobility and ADL disability. They established quartiles of performance
based on sample distributions for the time it took respondents to walk
eight meters, stand up five times from a chair, and hold progressively
more complicated stances. Quartile of performance within each test
strongly predicted risk of disability. For example, 33.3% of older peo-
ple in the slowest quartile at baseline went on to develop ADL disability
over four years, compared to 15.5%, 8.3%, and 6.2% in quartiles
representing progressively faster walking speed.

The four levels within each of the three tests can be used to establish
a "physical performance" score with a range of 3 (poorest perfor-
mance on all three measures) to 12 (top quartiles of performance on all
three measures). This composite measure, summarizing gait speed,
lower extremity strength, and balance, ranged from 4-12 in the sam-
ple. That is, no community-dwelling elder scored in the poorest quartile
of performance on all three measures at baseline. Over 80% of people
with a score of 4 at baseline developed mobility and ADL disability over
follow-up. This endpoint was met by about 60% of people with scores
of 5-6, 40% with scores of 7, 30% for scores of 8-9, and less than
20% for people with scores 10 or greater. In logistic regression models,
scores of 4-6 were associated with a fourfold increase in the risk of
ADL disability and a fivefold increase in risk of mobility disability,
compared to people with scores in the 10-12 range.

The EPESE data also show an important difference in disability risk
by gender. Using the same physical performance scale, Guralnik and
colleagues (1994) determined that women have poorer physical perfor-
mance (or greater functional limitation) than men at every age. This
relationship held even when groups were stratified by self-reports of
disability status. Why women should perform more poorly on these
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measures is unclear. It is possible that men with poor physical perfor-
mance are less likely to live in the community; they may be more likely
to reside in nursing homes or die. More likely, women in late life really
do have lower strength and balance skill, perhaps due to greater prev-
alence of osteoporosis and sarcopenia.

One negative aspect of the studies above is their limitation to phys-
ical predictors and relative neglect of cognitive status. In one large
community-based cohort, Gill and colleagues have shown that the risk
of incident ADL disability associated with quartiles of performance on
the Mini-Mental State Exam (MMSE) was independent of physical per-
formance status (Gill, Williams, Richardson, & Tinetti 1996). A second
population-based study, reported by Moritz, Kasl, and Berkman, (1995),
showed that poorer scores on a brief cognitive screening tool were
associated with increased risk of persistent ADL limitations over three
years of follow-up. These findings have been supported in other studies
(Greiner, Snowdon, & Schmitt, 1996). Finally, Ganguli, Seaberg, Belle,
Fischer, and Kuller, (1993) reported on the service needs of cognitively
impaired elders, defining cognitive impairment as scores at or below
the fifth percentile on at least one test of memory and one test of
another cognitive domain. They determined that such cognitive impair-
ment was strongly associated with increased risk of hospital admission
over the prior sixth months, as well as increased use of home health
services, social services, and prescription medications.

One limitation of these studies, however, is the absence of dementia
diagnoses. These studies were unable to separate mild cognitive impair-
ment and dementia as risk factors, and by not excluding demented
subjects may have introduced unreliable (from demented elders: 0stbye,
Tyas, McDowell, & Koval, 1997) or potentially differential reporting
(from proxies: Kelly-Hayes, Jette, Wolf, D'Augostino, & Odell, 1992;
Rubenstein, Schairer, Wieland & Kane, 1984) of disability. We take up
this issue in chapter 6.

TRENDS IN THE PREVALENCE OF DISABILITY

In an important review of a voluminous and complex literature Freed-
man, Martin, and Schoeni, (2002) have summarized trend data on the
prevalence of disability in the United States. They restricted their re-
view to datasets of the highest quality, seeking surveys that merited
"good" ratings on a variety of criteria: sampling of independent, re-
peated cross-sections of older people, national population coverage, a
time frame covering nearly or more than a decade, annual or five or
more survey waves, identical assessment instruments with detailed in-
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quiry about each ADL and IADL, minimal attrition, minimal missing
data, and sample sizes large enough to detect 1-2% changes per year.
Surveys that best met these criteria included the national Health Inter-
view Survey (HIS) and National Long-Term Care Survey (NLTCS). Less
optimal surveys by these criteria were also examined in this review.
These included the Asset and Health Dynamics of the Oldest Old
(AHEAD), the Medicare Current Beneficiary Survey (MCBS), National
Mortality Follow-Back Study, Supplements on Aging to the HIS, and
Survey of Income and Program Participation (SIPP).

In the HIS, the prevalence of any disability (ADL or IADL) declined
from 22.7% in 1982 to 20.2% in 1993 (Crimmins, Saito, & Reynolds,
1997), and continued to decline to 19.3% in 1996 (Schoeni, Freed-
man, & Wallace, 2001). In the NLTCS, the prevalence of any disability
declined from 24.9% in 1982 to 21.3% in 1994 (Manton et al.,
1997), and again to 19.7% in 1999 (Manton & Gu, 2001). These
prevalence estimates are adjusted for differences in the age and sex
composition of the U.S. population over these periods. Based on evi-
dence from the two surveys, disability prevalence in older people has
declined about 1% per year over the past 15-20 years. Results from
the MCBS confirm this decline in the 1990's (Freedman, Martin, &
Schoeni, 2002).

The decline in disability is actually mostly driven by declines in high-
level IADL disability, not ADL disability. IADL disability includes difficul-
ty or need for help because of a health problem in household
management tasks, such as shopping for small items, preparing a meal,
using the telephone, taking medications, handling finances, or light
cleaning. When disability prevalence trends are disaggregated by IADL
and ADL disability, the HIS data suggest that the prevalence of ADL
disability has remained rather flat over this time period, fluctuating
between 6.4% and 8.4% (Freedman, Martin, & Schoeni, 2002). IADL
disability, as estimated in the HIS, declined from 14.5% in 1982 to
13.8% in 1993, and again to 10.9% in 1996, a decline of 1.7%
annually (Crimmins et al., 1997; Schoeni et al., 2001).

The NLTCS data, by contrast, suggest a decline in both ADL and
IADL disability. Between 1982 and 1994, IADL disability prevalence
declined from 13.1% to 11.9%, and ADL disability from 5.6% to 4.3%
(Manton et al., 1997). These declines in prevalence appear to be
accelerating for both types of disability. In 1999, the prevalence of
IADL disability in the NLTCS was 10.6% and the prevalence of ADL
disability 3.2%, suggesting declines of l%-2% annually in both do-
mains. The MCBS survey confirmed these trends for both ADL and
IADL disability (Waidmann & Liu, 2000).

Measures of functional limitations identified in these surveys, such as
self-reports of difficulty with mobility, cognitive dysfunction, and sensory
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deficits (hearing and vision), also mostly showed declines in prevalence
over this period. These declines were of the same order, about l%-2%
annually. However, using AHEAD data Freedman, Hakan, and Martin
(2001)-(2002) reported even sharper declines for severe cognitive def-
icit (8.6% in 1993 to 7.1% in 1998), a decline of nearly 3% per year.
Similarly, using SIPP data, Freedman and Martin (1998, 1999) report-
ed declines in the prevalence of self-reported difficulty with vision of
similar magnitude (15.3% in 1984 to 11.6% in 1993).

Evidence for declines in the prevalence of disability in older adults in
the United States, then, is impressive. These declines are mostly con-
sistent across our best national surveys, extend across different kinds of
disability, are roughly of the same magnitude, and demonstrate some
measure of biological plausibility, since they are accompanied by de-
clines in the prevalence of functional limitations that precede such
disability. The declines appear to be accelerating, at least between the
1980s and 1990s; it is less clear if these trends will continue (Schoeni
et al., 2001). The declines are evident as well in the population of older
people living in skilled care facilities (Manton et al., 1997; Manton &
Gu, 2001) and in the period before death (Liao et al., 2000). These
last trends are especially reassuring. Disability in residents of skilled care
facilities and in people facing the last year of life is, on the whole, quite
severe, so a decline in disability here represents an important confirma-
tion of this broad trend.

These declines in the prevalence of disability offer support for Fries's
(1983) early hypothesis on the compression of morbidity as a reason-
able goal for public health and aging. As discussed earlier (chapter 3),
Fries suggested that disability in late life could be compressed into an
increasingly shorter period of life. This "compression of morbidity"
would take place if the age of onset of disability were postponed to a
greater degree than increases in life expectancy. The result would be
reductions in cumulative average lifetime disability, or otherwise said,
an increase in active life expectancy. The evidence from these surveys
of disability prevalence provides some support for Fries's claim. As he
points out, "senior mortality rates are declining at about 1% per year
and disability is declining about 2% per year [according to NCLTS
estimates]" (Fries, 2002, p. 3164). To return to the basic model of
cumulative survival and disability-free life expectancy presented in Chapter
2, these trends suggest that the disability-free life expectancy curve is
moving outward and to the right at a faster rate than the survival curve.
Or expressed in terms of incidence, age-specific disability is declining to
a greater degree than age-specific mortality. Fries concludes, "Com-
pression of morbidity is occurring nationally, and that certainly is good
news" (Fries 2002, p. 3164).
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On the other hand, the difference in the magnitude of disability
across surveys and in reported declines in prevalence is less welcome.
These differences suggest that we still have not solved the problems
identified some time ago by Wiener and colleagues (1990) for measure-
ment of ADL disability. Even slight differences in the formulation of
survey items, response categories, and question order can lead to im-
portant differences in the interpretation of questions, and hence quite
different prevalence estimates, as noted above. A difference of 1-2% in
the prevalence of an ADL disability can mean as many as half million
older people improperly classified. If we use these estimates for plan-
ning services, such error can be consequential.

Also, it must stressed that the reasons for this decline in disability
over the past 20 years are not completely understood. Explanations
advanced include improvement in primary prevention efforts, such as
changes in lifestyle risk factors (education, expectations about health in
later life) or health behaviors (obesity, exercise, smoking); benefits from
secondary prevention (bone density screening, prostate-specific antigen
testing, estrogen replacement, use of non-steroidal anti-inflammatory
agents); or the success of tertiary prevention efforts, such as adoption
of effective health promotion and disease management programs, or
improvements in geriatric medical care. Or, as we have stressed earlier,
the declines in disability in late life could be the result of broader
changes over the entire life course, such as better pediatric care, im-
proved sanitation and hygiene at every age, or declines in manual
labor. Most likely, some combination of all these factors is at work, and
a major task of public health and aging will be to dissect them and
measure the relative contribution of each to the reduction of disability.
Until causes for the decline are identified (and until interventions to
manipulate these causes are tested), we will not know with certainty
"whether such trends in disability are real, driven by improvements in
the underlying health or social environment of older Americans, or
simply a statistical artifact stemming from methodological and concep-
tual problems" (Schoeni et al., 2001, p. S217).

SOCIAL CONTEXTS OF DECLINING DISABILITY

In their review of trends in the prevalence of disability, Freedman and
colleagues (2002) also examined the extent to which disparities in the
risk of disability were unevenly distributed, that is, whether gaps in
disability prevalence among socioeconomic groups were widening, nar-
rowing, or were essentially unchanged within this broad 20-year trend
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of declining disability. Among older adults, disability prevalence is high-
er among women, non-whites, and the less educated, in addition to the
oldest old; and evidence for declining disability prevalence in these
more vulnerable groups would be important evidence for a broad "com-
pression of morbidity" effect and a more general claim of progress in
public health and aging. Also, recognition of persisting disparities would
be useful for identifying obstacles to public health efforts in this area.

Disparities in Declines in Disability Prevalence by Age

Analyses of disability trend data in the National Health Interview Survey
(HIS) suggest that disability is declining faster in the young-old than in
the old-old, though these differences did not achieve statistical signifi-
cance. Among older adults aged 70-79, disability declined 1.5% per
year between 1982 and 1996. In 80-89 year-olds, disability preva-
lence declined 0.8% annually. Notably, the oldest of the old in the
sample, people aged 90+, showed declines in disability comparable to
those of the young-old, 1.3% annually (Schoeni et al., 2001). The
relatively better picture among people who have reached extremely old
ages is consistent with other trends identified for nonagenarians and
centenarians, such as a deceleration of mortality risk (see chapter 2).
The National Long-Term Care Survey (NLTCS) found greater annual
reductions in disability for elders aged 85+ compared to younger elder-
ly (Manton & Gu, 2001).

Data from the National Mortality Followback Survey suggest an im-
portant age difference in disability trends among people in the last year
of life. Declines in disability in the last year of life were larger among
people aged 85+, relative to people aged 65-84, in a comparison of
the last year of life in 1986 and 1993 (Liao et al., 2000).

The narrowing of differences in disability by age was also evident for
self-reported measures of functional limitation. For example, in the
Survey of Income and Program Participation (SIPP), among people
aged 80+ declines in difficulty reported for upper and lower extremity
tasks were greater than declines evident in people aged 50-64 or 65-
79 (Freedman & Martin, 1998; Freedman, Martin, & Schoeni, 2002).

Results from the HIS also point to the key role of marital status for
these age effects. "Elderly persons who were currently married experi-
enced improvements that were a full percentage point higher —1.7%
versus 0.7%—than elderly persons who were not married" (Schoeni et
al., 2001, p. 5214). Marriage, already acknowledged as a protective
factor for mortality risk and many other health outcomes, appears to
offer some benefit (or reflect some selection factor) relevant for reduc-
tion of disability.
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Finally, geographic effects should also be acknowledged, though their
significance is less clear. Older adults living in the Northeast and South
show greater declines in disability over this period than elders in the
West or Midwest.

Disparities in Declines in Disability Prevalence by Gender

Results from the HIS suggest no differences in declining disability among
men and women (Crimmins et al., 1997; Schoeni et al., 2001). Dis-
ability declined 1.2% annually both in men and women. Other surveys
suggest some advantage for women in declines in the prevalence of
functional limitation and sensory impairment (SIPP, Freedman & Mar-
tin, 1998), and similar declines for reduction of severe cognitive impair-
ment (AHEAD, Freedman, Hakan, & Martin, 2001).

Disparities in Declines in Disability Prevalence by Race

HIS data do not suggest widening of the gap in disability between whites
and non-whites. In both groups, disability declined: 1.6% annually among
whites and 1.3% annually among non-whites (Schoeni et al., 2001). Data
from the National Long-Term Care Survey (NLTCS) suggest that the gap
between blacks and non-blacks narrowed between 1989 and 1999, after
widening in the 1980s (Manton & Gu, 2001). The gap in the prevalence
of functional limitation, sensory impairment, and severe cognitive deficit
between blacks and whites appears to be narrowing, as annual declines
have been greater among blacks than whites in the 1990s.

Disparities in Declines in Disability Prevalence by Education

In the HIS, declines in the prevalence of disability were significantly great-
er in older people who had completed more years of school (Schoeni,
Freedman & Wallace, 2001). The NLTCS did not show a consistent
pattern (Manton & Gu, 2001). Similarly, educational attainment was not
consistently related to declines in functional limitations, sensory deficit, or
cognitive impairment (Freedman, Martin & Schoeni, 2002).

It is hard to draw firm conclusions about socioeconomic disparities
and changes in the prevalence of disability from these stratified analy-
ses. Whether a gap is narrowed depends, at least in part, on how far
apart these groups are in the first place. Gaps are more easily "nar-
rowed" if groups are far apart: in this instance, there is simply more
room to improve. Perhaps the safest conclusion is: "Although none of
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the results . . . suggested that the gaps were widening between old and
young, men and women, or whites and nonwhites, whether the gaps
have narrowed or have remained stable for these groups over the last
decade remains unclear" (Freedman, Martin, & Schoeni, 2002, p.
3146).

COMPENSATION AND USE OF PROSTHETIC
TECHNOLOGIES TO REDUCE DISABILITY

The disablement model, proposed earlier, allows specification of com-
pensatory processes and environmental modifications that prevent im-
pairment and functional limitation from becoming disability.
Environmental modifications, such as lengthening pedestrian intervals
at signaled intersections or replacement of bathtubs with walk-in show-
ers, reduce the impact of functional limitation, in this case slow gait
speed and deficits in lower extremity strength. Effective environmental
modifications essentially reduce task demand, so that otherwise dis-
abling functional limitations do not disable. This sort of intervention in
the disablement pathway is shown schematically in Figure 5.7.

Perhaps the first, most basic, and most common environmental
modification is simply altering the frequency of a task or changing the
way a task is performed. If a shoulder range-of-motion limitation makes
it difficult for someone to wash his or her hair, the first response is
likely to be a reduction in the frequency of hair washing or a change in
bathing routine, such as washing hair only when someone is available

Functional
Limitation

Pathology Impairment

Sarcopenia

Self-Reported
Disability

Loss of
lower- Altered performance^
extremity in daily tasks
strength

Do less frequently, change
environment

FIGURE 5.7 Disablement: Environmental Interventions.
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to help. These are effective modifications for mild to moderately severe
functional limitation. With progression of functional limitation, complet-
ing ADL tasks may become impossible without further modifications,
either alteration of the physical environment (washing hair in the sink
rather than shower, use of grab bar or bath stool, use of walk-in shower
stall), or recourse to personal assistance (regular help getting into the
tub, balance support, and personal assistance with application of sham-
poo).

One challenge for defining disability, already mentioned, is that peo-
ple who have made successful adaptations of this sort may not report
difficulty with the task. After all, they are successfully performing the
task and have, to a great extent, overcome the functional limitation that
caused this difficulty. Given the disablement model's stress on self-
reported difficulty as a criterion for disability, these people are not
disabled. But they do show poorer scores on measures of functional
limitation and accordingly should be considered at risk for incident
disability and need for services. For example, Fried et al., (1997) has
shown that people reporting no difficulty with ADL but who also say
they have reduced the frequency of these ADL tasks have lower grip
strength, gait speed, dexterity, and balance scores.

Results from the Disability Supplement to the 1994-1995 National
Health Interview Survey (HIS) offer important insights on the role of
one type of environmental modification: use of assistive or prosthetic
devices, relative to personal assistance (Verbrugge & Sevak, 2002). In
the 1994-1995 HIS, the prevalence of ADL difficulty because of a
health problem in people aged 55+ was 5.6% (bathing), 3.4% (dress-
ing), 1.0% (eating), 3.2% (transfer), 2.7% (toileting), and 3.2% (indo
mobility). Among people reporting these disabilities, most received some
kind of assistance: 89.9% (bathing), 85.2% (dressing), 83.6% (eating),
73.7% (transfer), 89.7% (toileting), and 84.8% (indoor mobility). Thus,
between 10% (bathing, toileting) and about 26% (transfer) of people
reporting difficulty with ADL received no assistance. Of people using
assistance, some used only personal assistance, some only equipment,
and some both types of assistance. The "equipment use alone" per-
centage showed wide variation: 22.2% (bathing), 2.0% (dressing), 4.2%
(eating), 17.8% (transfer), 39.5% (toileting), and 42.5% (indoor mobil-
ity). This variation seems reasonable. For some ADL, assistive devices
have long been available, such as canes, wheelchairs, commodes, ind-
welling catheters, bath chairs, and so forth. Assistive devices for other
ADL, such as dressing or eating, are less well developed or accepted.

The 1994-1995 Disability Supplement to the HIS also asked re-
spondents receiving assistance how much difficulty they had with tasks.
This allows a measure of "difficulty reduction" according to type of
assistance received. Verbrugge and Sevak (2002) show that equipment
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only or equipment with personal assistance is more likely to reduce
difficulty than personal assistance alone. To explain this result, they
point out "First, equipment is designed for the task, can be modified to
suit the individual, and is generally on hand when needed.... Second,
equipment maintains an individual's self-sufficiency. This can foster pride
and keen perception of task improvements," (p.S376-377) This is an
important result and suggests the need for further development of
assistive devices. However, it is also worth recognizing the limits of
equipment use in the case of cognitive disability, a major source of
disability in late life (see chapter 6).

Environmental modification reduces task demand and in this way
prevents disability. An alternative route to the prevention of disability is
development of compensatory processes that increase a person's capa-
bilities. Within the setting of functional limitation, a person's capacities
can be increased through recruitment of remaining, relatively spared
abilities. This compensatory process is shown schematically in Figure
5.9. This process is less well explored than environmental modification
but is likely to be at least as important. It suggests far more extensive
use of rehabilitative technologies to teach older people (and, indeed,
anyone facing functional limitations) how to reorganize the way they do
tasks by drawing on other remaining abilities.

As Figure 5.8 shows, compensation can be viewed as an interven-
tion that interrupts the link between impairment and functional limita-
tion. The older person with severe balance deficit (impairment) who stil
performs well in daily tasks, such as vacuuming or cooking, has pre-
sumably drawn on other faculties to prevent the balance disorder from
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FIGURE 5.8 Disablement Model: Compensation.
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disabling him in these daily tasks. We know very little about these
processes, though efforts from kinesiology and neuroscience are under-
way to specify this effect. A simpler example is seen in the elder with
mild cognitive impairment who uses other brain regions, visualized in
functional MRI, to perform better than expected in certain memory
tasks. This elder likely uses mnemonics or other strategies to perform
the memory task and hence draws on other relatively spared domains
of brain function.

With compensation, functional limitation and hence disability are
altered. In fact, it is likely that older people facing disablement use both
environmental modification to reduce task demand and compensatory
processes to increase capability.

A Disability in Depth: Bathing

We can tie these insights on disability and efforts to mitigate the effects
of functional limitation with a closer look at a particular disability. A
good candidate is bathing. As we have seen, it is the most prevalent
ADL disability and one that lends itself to environmental modification
and use of compensatory processes.

In an ongoing study of nearly 200 older adults, all aged 70+, with
mild to moderate disability (reported difficulty in 1-3 domains of upper
extremity, lower extremity, IADL, and ADL function, but not all four),
9.5% reported that they had difficulty with bathing. These self-reports
were quite stable. In the whole sample, less than 2% changed their self-
report between a telephone interview and an in-home assessment.
Respondents reported a variety of sources for their difficulty bathing,
including fear of falling and concern about balance, pain, weakness,
swollen legs (edema), and shortness of breath. People who reported
difficulty bathing were more likely to report they had changed the
frequency of bathing and the way they bathed. For example, of those
reporting difficulty bathing, 87.5% said they had changed the way they
bathe over the past 12 months. In people who did not report difficulty
bathing, only 24.8% reported a change in the way they bathe. Thus,
reports of difficulty and attempts to modify environments to mitigate
difficulty go hand in hand.

If we look only at people who said they had no difficulty bathing, we
find further evidence that environmental modification is a response to
functional limitation. People who reported they had changed the way
they bathe showed greater functional limitation than people who re-
ported no change. Their grip strength was lower, their gait slower, and
their performance on the Assessment of Motor and Process Skills
(AMPS, the occupational therapy assessment described above) less
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efficient. We find this pattern even when we restrict the sample further
to people who report they have not changed the frequency with which
they bathe. People who have changed the way they bathe score more
poorly on the measures, indicating greater functional limitation. Thus,
environmental modification, indicated by changes in frequency and mode
of performing the ADL, are clearly related to degree of functional
limitation.

In the same sample, we also investigated one facet of compensation
in the face of functional limitation. We established the poorest balance
group by examining the distribution of scores on a series of progres-
sively more difficult static stances. Those in the lowest tertile (or third)
showed a great range of motor performance in the AMPS assessment.
In fact, nearly half scored above the cutting score on the motor dimen-
sion, indicating an ability to live independently despite poor balance. Of
those with poor balance but good motor performance 13.3% reported
difficulty bathing. By contrast, nearly 40% of people with poor balance
and poor motor performance reported difficulty bathing. Thus, some
elders in the poor balance group were able to draw on other abilities to
achieve reasonable motor performance despite balance deficit. These
elders were also less likely to report bathing disability. We need to know
more about this process.

HEALTH EXPECTANCY

Given a particular measure of disability, it is useful to determine the
proportion of the life span people can expect to live without disability,
and by extension the person-years lived by a particular birth cohort
with and without disability. We can use the survival model proposed in
chapter 3 to calculate this "disability-free life expectancy" (DFLE) or
"active life expectancy" (ALE), or more simply "health expectancy" (or
"health-adjusted life expectancy," HALE). Assuming we can define states
of disability and their duration, we can construct disability-based survival
curves, much like the mortality curves generated in the life table model.
One difference between survival and disability as an endpoint is that
mortality is an absorbing state, while disability may or may not be. That
is, once people die they do not return to life. However, people can
become disabled and then regain abilities even in late life, as we have
already seen. Thus, more sophisticated models may be necessary, such
as multistate life tables, for modeling disability-free survival.

Robine, Blanchet, and Dowd (1992) have shown that interest in
DFLE or ALE measures first emerged in the 1960s and 1970s. Health
researchers recognized that mortality as a health outcome did not pro-
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vide information about the range of health status in a population.
However, no single measure of morbidity was available to summarize
health. Early researchers, such as Sanders (1964) and Sullivan (1971),
recognized that the ability of individuals to fill expected roles could
serve as a reasonable proxy for morbidity. Thus, Sullivan (1966) first
proposed a very simple series of health states, "a unified concept of
morbidity, based on disability," as shown in Figure 5.9. Each node in
the figure (boxes marked with a thick border) represents a health state,
and every American, he argued, could be assigned to one of these five
states.

The health states were meant to be hierarchical and absorbing.
People could either reside in the community or in an institution, the
poorest state of health. If they resided in the community, they could
either have a continuing mobility limitation (the second poorest state of
health) or not. If they did not have a continuing mobility limitation, they
were further differentiated according to whether they could perform the
major activity for their age (school, work, housework, ADL) or not, the
next health state in this model. If they had no serious major role or
activity limitation, they were further divided into those who had a
restriction in usual days of activity over the past 30 days and those who
did not. Thus, the best health state in this model was defined as
absence of restriction in the past 30 days, no serious limitation in the
major role appropriate for one's age, no serious mobility limitation, and

FIGURE 5.9 Unified Concept of Morbidity, Based on Disability.
After Sullivan, 1966.
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TABLE 5.7 Disability-Free Life Expectancy: Sullivan Method,
France, 1991, Females: Long-Term Disability

Age

0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85

Survivors

100,000
99,242
99,158
99,076
98,911
98,685
98,401
98,051
97,583
96,876
95,854
94,400
92,336
89,347
84,952
78,000
66,522
48,434

Years
Lived in
Interval

496,177
496,288
495,324
495,698
493,614
492,480
491,881
488,649
486,447
481,630
476,094
467,568
454,384
436,687
408,482
363,546
290,185
297,869

Disability
Prevalence
%

.0097

.0242

.0253

.0419

.0358

.0631

.0395

.0548

.0632

.0867

.1068

.1221

.1508

.1885

.2740

.3455

.4675

.6320

Non-
Disability
Years in
Interval

491,367
484,296
482,792
474,927
475,933
461,391
472,470
461,869
455,710
439,895
425,246
410,473
385,853
354,390
296,546
237,956
154,520
109,602

Non-
Disability
Years,
Cumulative

7,075,234
6,583,868
6,099,572
5,616,780
5,141,853
4,665,920
4,204,529
3,732,059
3,270,190
2,814,480
2,374,585
1,949,339
1,538,866
1,153,013

798,624
502,078
264,122
109,602

DFLE,
yr

70.8
66.3
61.5
56.7
52.0
47.3
42.7
38.1
33.5
29.1
24.8
20.6
16.7
12.9
9.4
6.4
4.0
2.3

Source: REVES, World Health Report, WHO, 1995.

community residence. This approach has been extended in quality-of-
life (QOL) research, which we take up in chapter 8. The central inno-
vation in QOL research, as we will see, is assignment of numeric values
to these health states.

Sullivan (1971) used these health states to calculate DFLE. The
number of years lived by a cohort between successive ages is available
from standard lifetables. He then applied the prevalence of disability
(institutionalization, as well as permanent and temporary disability, as
defined above) to the number of years lived by the cohort between each
successive set of ages. The product of these years and the prevalence
estimate for that age group is the number of years lived with disability
between the two ages. Subtracting these from the total years lived in an
interval yields the number of years lived without disability. The cumula-
tive sum of these years through any given age, divided by the number
of survivors who reach that age, gives the DFLE for that age. An
example of the calculation is shown in Table 5.7, which gives DFLE
estimates for women in France in 1991 (REVES, 1994).
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As in the standard period lifetable, we begin with a birth cohort of
100,000. The mortality rate for each age interval is reflected in the
"Survivors" column. For example, as shown in Table 5.7, using 1991
age-specific mortality rates, 78,000 women are projected to reach age
75, but only 66,522 are expected to survive to age 80, a 5-year
mortality rate of 14.8%[(78,000 - 66,522)778,000]. Because of this
mortality risk, these 78,000 women lived a total of 363,546 (instead of
5 x 78,000, 390,000) years in the 5-year interval ("Years Lived in
Interval"). The prevalence of long-term disability (restriction in major
activity, or ADL) in this age interval, estimated from prevalence sur-
veys, was 34.55% ("Disability Prevalence"). If we multiply this preva-
lence by the number of years lived by these women (363,546 x .3455),
we obtain the number of years lived in disability within this age interval
(125,605), and if we subtract this from the total number of years lived
in the interval (363,546—125,605), we obtain the number of disability-
free years lived by these women in this age interval, or 237,956 years
("Non-Disability Years in Interval," slight discrepancy due to rounding).

We complete this calculation for all age intervals. We then establish
the cumulative total of these non-disability years across all age intervals.
Thus, the total number of non-disabled years lived by the cohort, across
all ages, was 7,075,234 years. Beginning from age 5, the cumulative
sum of non-disabled years was 6,583,868 (7,075,234 - 491,367, the
number of non-disability years contributed between ages 0 and 5). We
complete this summation for all age groups. Finally, we divide this
cumulative sum by the number of people entering each age interval.
Thus, DFLE at birth for French women in 1991 was 70.8 years.
Women surviving to age 75 could expect to live 6.4 more years with
disability.

With mortality rates and prevalence data from a variety of disability
indicators, disability-based survival curves can be constructed for a vari-
ety of health states. Key outcomes in public health and aging include
active life expectancy (independence in ADL), dementia-free life ex-
pectancy, and a variety of service-use states, such as non-nursing home
survival and survival without formal (paid) or informal home care. Time
to these endpoints can be modeled as a series of nested survival curves
(Manton, 1992). The area between the curves represents the number
of person-years lived in these nested states of varying degrees of dis-
ability.

Disability-free life expectancy estimates can be compared to life ex-
pectancy to yield the proportion of life lived in disabled and non-
disabled states, at birth and at later years, such as age 65. These
proportions can be tracked over time to examine trends, or compared
across countries to examine risks of disability in different health systems
and environments, or compared across subgroups within a single country.
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For example, in 1980, life expectancy for men in the United States
was 70.1 years, and disability-free life expectancy 55.5 years, or 79.2%
of the lifespan. Life expectancy for women was 77.6 and disability-free
life expectancy 60.4, or 77.8% of the life span (Erickson, Wilson, &
Shannon, 1995). Women live longer but live more years in disability,
consistent with findings reported earlier on the risk of disability and
greater functional impairment in late life. At age 65, life expectancy for
men is 14.2 years and disability-free life expectancy 6.6 years, so that
men can expect to live 46.5% of their remaining years with disability.
For women, the comparable numbers were 18.4 and 8.9 years, indi-
cating that 48.4% of remaining years are likely to be lived with disabil-
ity. These differences have been established for groups defined by
education (Haywood et al., 1999), income (Katz et al., 1983), and race
(Guralnik, Land, Blazer, Fillenbaum, & Branch ,1993), all showing that
social disadvantage is associated with greater risk of disability and fewer
years of disability-free life expectancy. The European REVES group has
collected these estimates for a variety of countries across a number of
decades (see http-S/euroreves.ined.fr/reves/database/tablNO.html for
the North American estimates).

SUMMARY

Defining Disability. Older people are at risk of dropping below the
thresholds of physical and cognitive ability required for safe, indepen-
dent, and efficient completion of everyday self-maintenance tasks. These
self-maintenance tasks include, first, the basic "activities of daily living"
(ADL): bathing, dressing, grooming, feeding oneself, getting to and
using the toilet, and moving between bed and chair. Recognition of
difficulty with these tasks, by the older person, because of a health
problem, is disability.

Models of disability. Models of disability share common features but
give different weight to the role of environment and excess morbidity or
disadvantage (i.e., "handicap") in the expression of deficits related to
impairments in physical and cognitive function. The most useful model
for aging and public health is the disablement model. In the disable-
ment model, pathology (such as sarcopenia) first leads to impairment
(e.g., lower extremity weakness evident in manual muscle testing). When
lower extremity weakness crosses some threshold, functional limita-
tion becomes evident, measurable perhaps in gait speeds below age-
and gender-appropriate norms. When gait speed in turn drops below
the minimum speed required to cross at a signaled intersection, a

http://euroreves.ined.fr/reves/database/tab1NO.html
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person is likely to report difficulty or a need for help crossing the street,
that is, disability.

The disablement model uses a fairly narrow definition of disability.
This approach has been criticized for neglecting other components of
daily life, such as non-ADL activity and general participation in social
life, which can be preserved even with severe ADL disability.

ADL are the central indicator of disability in older adults. This is so
for three major reasons. First, ADL are the basic competencies of
adulthood. A second reason is the universality of ADL: all people need
to accomplish ADL tasks; and people perform these tasks on all or
most days. Thus, all older people can be asked if they have difficulty
bathing or dressing or using the toilet. The tasks are not gender-
specific, optional, or subject to variation in lifestyle. A third reason for
the focus on ADL is their hierarchical nature. ADL differ in task com-
plexity, and hence in motor and cognitive demand, and as a result
appear to be gained and lost in a generally consistent (but not neces-
sarily fixed) order.

Difficulty of Measuring ADL Disability. Prevalence estimates for ADL
disability vary across national surveys, likely because of differences in
the way questions are posed, such as the number of ADL queried,
whether "disability" in an ADL requires a specified period of duration,
and whether distinctions are made between need for assistance and
receipt of personal assistance, and use of special equipment or stand-
by help. Despite the difficulty of measuring ADL disability, self-and
proxy-reports of ADL have been shown to be related to concurrent
health indicators and have proved to be reliable predictors of health
outcomes and mortality in longitudinal studies. However, in less dis-
abled older adults ADL measures are not as strongly related to indica-
tors of health. For these elders, we need to develop more sensitive
indicators.

Chronic Conditions and Disability. Arthritis remains the most com-
mon source of disability in both men and women. An estimated 74.7
of every 1000 men aged 65+ with arthritis, and 144.1 of every 1000
women, receive personal assistance with ADL or IADL. For older men,
the proportion of arthritis cases associated with personal assistance is
19.5% (74.7/382.6). For older women, the proportion is 26.0% (144.1/
554.1). Using this derived "case disability rate," cancer and visual impair-
ment are the conditions most heavily associated with disability in late life.

Pathways to Disability. "Functional limitation" antecedent to disability
is visible in deficits in the motor and cognitive skills used to perform
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daily activities. The relationship between underlying functional ability
and disability appears to be nonlinear. Perhaps the most productive
predictor of incident disability is functional limitation, which, consistent
with the disablement model, represents preclinical disability. Scores on
simple measures of functional limitation are very effective predictors of
future mobility and ADL disability.

Declining Prevalence of Disability in the United States. The preva-
lence of any disability (ADL or IADL) declined from 22.7% in 1982 to
20.2% in 1993, and continued to decline to 19.3% in 1996 (National
Center for Health Statistics, 2002). Based on evidence from a series of
surveys, disability prevalence in older people has declined about 1% per
year over the past 15-20 years. However, the decline in disability is
actually mostly driven by declines in high-level IADL disability, not ADL
disability.

Modifying Pathways to Disability. Environmental modification reduc-
es task demand and in this way prevents disability. An alternative route
to the prevention of disability is development of compensatory process-
es that increase a person's capabilities. This latter process is less well
explored than environmental modification but is likely to be at least as
important. It suggests far more extensive use of rehabilitative technol-
ogies to teach older people (and, indeed, anyone facing functional
limitations) how to reorganize the way they do tasks by drawing on
other remaining abilities.

Health Expectancy. Assuming we can define states of disability and
their duration, we can construct disability-based survival curves, much
like the mortality curves generated in the life table model. These esti-
mates of disability-free life expectancy, or active life expectancy, are
useful for calculating the proportion of life lived in disabled and nondis-
abled states, at birth and at later years. Research suggests that female,
minority, low-income, and less educated elders live a greater proportion
of the life span with disability.



Cognitive Function: Dementia

Alzheimer's disease and the other dementias are a major source of
morbidity and disability in older people. The medical and custodial care
needs of people suffering from the dementias are a major challenge to
families, medical care, and every component of long-term care services,
not to mention older people themselves, who perceive declining mem-
ory and are increasingly diagnosed with "mild cognitive impairment"
without being told what this diagnosis means for risk of Alzheimer's
(Albert, Talbert, Dienstag, Pelton, & Devanand, 2002). Since the risk
of dementia is highly related to age, with the vast majority of people
diagnosed at the oldest ages, dementia is a central problem in geriatric
care. The strong association between age and risk of dementia also
makes the study of cognitive deficit and its consequences a key element
in the epidemiology of aging.

The Alzheimer's Association reports a prevalence of 4 million Amer-
icans with Alzheimer's disease (AD) in 2000, with a projected increase
to 14 million in 2050 (Alzheimer's Association, 2000). About 10% of
people aged 65+ and half those aged 85+ meet criteria for the disease.
Survival with the disease from the point of diagnosis averages about 8
years, but evidence suggests a very long latency, with progressive cog-
nitive decline over a period of 20 or more years before people come
to medical attention and receive the diagnosis. In fact, many older
people in the community meet criteria for AD but have not received a
diagnosis (Ross et al., 1997)) and may not receive the diagnosis until
quite late in the course of the disease (or may even die without ever
receiving the diagnosis).

Families confronting the disease face the very difficult problem of
deciding when driving should cease, when supervision is required for
safety, when elders can no longer live alone, and when parents or
spouses are no longer competent to handle money, take medications,
or manage their lives independently. They will likely have to contend
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with the personality changes, psychiatric symptoms, and challenging
behaviors typical of the more advanced stages of the disease. They may
have to perform ADL care, manage custodial care staff hired to assist
the elder, or more likely both sets of tasks, possibly at a distance. They
may face the difficult decision to admit the Alzheimer's patient to a
nursing home. Or, as is increasingly more common, older people them-
selves may choose residences (such as assisted living or continuing care
retirement communities) that can accommodate Alzheimer's or nursing-
home levels of care, should they need such services.

A central question for public health with respect to Alzheimer's
disease is to ask if early diagnosis would make lives better for patients
and families. A new array of technologies—from imaging and EEC to
clinical chemistries and cognitive assessment, or some combination of
all of the above—now offer increasingly early detection. Does early
detection do any good? Does it translate into better use of existing
therapies, more effective planning for the future, and reduction in the
excess morbidity associated with the disease, such as falls, depression,
car accidents, weight loss and dehydration, or self-neglect? At this point
we cannot say.

The explosion of research in the area of Alzheimer's and other
dementing diseases makes this realm difficult to summarize. We take up
the following topics in this chapter: definitions of dementia, the ques-
tion of normal memory decline and pathologic changes, including the
significance of awareness of declining cognitive ability and early effects
of cognitive decline on daily activities; estimates of the incidence and
prevalence of AD; risk factors for AD (genetic and environmental, as
well as concurrent medical status predictors); and outcomes for people
with dementia.

WHAT IS DEMENTIA?

DSM-IV (Diagnostic and Statistical Manual of Mental Disorders,
2000) has established criteria for a dementia diagnosis. A person meets
criteria for dementia if he or she has:

Memory impairment, defined as an impaired ability to learn new
information or recall previously learned information; and one or
more of the following additional impairments in cognition:
Aphasia, difficulty in language comprehension or production man-
ifested in difficulty finding the right words, and marked by the
presence of frequent word substitutions, breaking off in mid-sen-
tence, and repetition;



Cognitive Function: Dementia 139

Apraxia, difficulty performing movements in response to verbal
commands despite intact motor function;
Agnosia, difficulty recognizing familiar faces, objects, places de-
spite intact sensory function; or
Executive function deficits, difficulty in planning or sequencing
activity, or difficulty completing a task in the presence of interfer-
ence from another task.

In addition, these cognitive deficits must be severe enough to cause
significant impairment in social or occupational function and must rep-
resent a significant decline from a previous level of functioning.

For a person to be diagnosed with Alzheimer's disease, the course of
this general cognitive disorder must, in addition, be characterized by
gradual onset and continuing, progressive decline. The defect in cogni-
tion should not be attributable to other central nervous system condi-
tions that cause progressive deficits in memory and cognition, such as
cerebrovascular disease, Parkinson's disease, Huntington's disease, sub-
dural hematoma, normal-pressure hydrocephalus, or brain tumor. Nor
should the cognitive disorder be caused by systemic conditions that are
known to cause dementia, such as hypothyroidism, vitamin B12 or
folic acid deficiency, niacin deficiency, hypercalcemia, neurosyphilis, or
HIV infection. Substance-induced conditions should also be excluded.
Finally, the cognitive deficits should not occur exclusively during the
course of delirium, an acute and temporary confusional state. Delir-
ium, unlike dementia, is usually the result of a general medical
condition, a medication reaction, or substance use, and resolves with
treatment.

The distinction between dementia and.delirium is important. Deliri-
um is characterized by fluctuating disturbances in cognition, mood,
attention, arousal and self-awareness. This clouding of consciousness
and disorientation is acute, and will resolve with appropriate medical
treatment. It is highly prevalent in some settings: 10-30% of hospital-
ized medical patients, and up to 80% of terminally ill patients in the last
weeks of life, have been reported to have episodes of delirium (Inouye
et al., 1999). It is also common in the nursing home. Delirium can
affect a patient with dementia, and in these cases distinguishing be-
tween the two may be difficult.

The Alzheimer's Disease and Related Disorders Association (ADR-
DA) (McKhann et al., 1984) has developed additional criteria for diag-
nosing AD. A definitive AD diagnosis requires that clinical criteria for
probable AD be met and, in addition, that histopathologic evidence
from biopsy or autopsy be available. "Probable AD" is defined by the
criteria listed above, but a diagnosis of "possible AD" can also be made
on the basis of the dementia syndrome described above in "the presence



140 Public Health and Aging

of variations in the onset, presentation and clinical course" or in "the
presence of a second systemic or brain disorder sufficient to cause the
dementia but not considered to be the cause of the dementia."

The "possible AD" distinction is important because dementia can
also be a feature of other neurodegenerative diseases, such as Parkin-
son's or vascular disease, and can also accompany stroke or trauma. In
other adults, these diseases or effects from disease can co-occur. In
such cases, the diagnosis of AD may depend on which came first; for
example, if dementia precedes Parkinson's disease, it is reasonable to
call this person an incident case of AD, with a further complication
from Parkinson's. In other cases, the temporal sequence is less clear
and a diagnosis of "possible AD" may be warranted.

When an elder is brought to medical attention because of memory
disorders or progressive inability to manage independently in a house-
hold, the treating physician is likely to assess cognitive status with the
Folstein Mini-Mental Status Exam (MMSE), a 30-point assessment of
orientation, memory, attention, language, calculation, and visuospatial
construction skills, typically used as a screening test. The MMSE is
shown in Table 6.1. Current recommendations suggest that a score
greater than 24 is considered normal, a score of 15-24 mild-to-moder-
ate impairment, and a score less than 15 definite impairment. Howev-
er, the test is not a diagnostic tool and should be considered only a
first-line glimpse at cognitive function.

Properties of the MMSE have been intensively investigated. Perfor-
mance on the measure is related to age and education, apart from
dementia status, suggesting that these influences must be considered
when interpreting scores on the test. In one effort, the MMSE was
administered to over 18,000 adult participants selected in a probability
sample within census tracts and households (Crum, Anthony, Bassett,
& Folstein, 1993). Median MMSE scores ranged from 29 in people 18-
24, to 27 in people aged 70-74, to 25 in people aged 80+. The median
MMSE score was 29 in people with 9 or more years of school, 26 for
people with 5-8 years, and 22 for people with 0-4 years. Because a score
less than 24 is often taken as an indicator of possible dementia, education
obviously needs to be taken into account in interpreting performance.
The need for caution in applying cutoff scores in the MMSE is even
clearer when we examine older people with low education. For people
with 0-4 years of school, the median MMSE score for those under age 65
ranges from 22-25, but it is 21-22 in people aged 70-79 and 19-20 in
people aged 80+. More recent research suggests that literacy may be as
important as years of school for MMSE performance (Albert, & Teresi,
1999), and that quality of education should also be considered when
interpreting education-referenced scores, especially among minorities (Man
ley, Jacobs, Touradji, Small, & Stern, 2002).
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TABLE 6.1 Mini-Mental State Exam (MMSE)

This brief test of cognitive functions is useful in the screening for dementia and
following its course over time. The maximum scores are shown in parentheses.

ORIENTATION:
Score Maximum

(year) (season) (date) (day) (month)

(state) (county) (city) (hospital) (floor or room)

REGISTRATION:
Have patient repeat 3 items Number correct: _ (3)
(e.g. "apple," "book," "coat") # of trials until correct _

ATTENTION AND CALCULATION:
Serial 7's or spell "WORLD" backwards Number correct: _ (5)
RECALL: Ask for 3 items named above Number correct: _ (3)
LANGUAGE:
Name a pencil, watch Number correct: _ (2)
Repeat "No ifs, ands or buts" (1 point if correct) _ (1)

3-stage command: Score "1" for each step.
"Take paper in left hand, fold in half, lay it in your lap." _ (3)

Read and obey: CLOSE YOUR EYES! _ (1)

Write a sentence.
CONSTRUCTION: Copy the design below. _ (1)

TOTAL: _ (30)

Out of the maximum score of 30, 24 to 30 is considered normal. Scores of
less than 24 increase the likelihood of dementia.

Adapted from M. F. Folstein, S. E. Folstei, P. R. McHugh (1975). Mini-mental state: a
practical method for grading the cognitive state of patients for the clinician. J Psychiatr Res
12:196-198.

One way to grade the severity of dementia is through instruments
such as the Clinical Dementia Rating, or CDR (Hughes, Berg, Dan-
ziger, Cohen, & Martin, 1982). The original scoring categories and
criteria are shown in Table 6.2. The CDR involves six dimensions:
three cognitive (memory, orientation, judgment and problem solving),

(5)

(5)

- (1)



TABLE 6.2 Clinical Dementia Rating

Impairment Level and CDR Score (0, 0.5, 1, 2, 3)

Memory

None
0

No memory loss or
slight inconsistent
forgetfulness

Questionable
0.5

Consistent slight
forgetfulness; partial
recollection of events;
"benign" forgetfulness

Mild
1

Moderate memory
loss; more marked
for recent events;
defect interferes with
everyday activities

Moderate
2

Severe memory
loss; only highly
learned material
retained; new
material rapidly
lost

Severe
3

Severe memory
loss; only fragments
remain

Orientation Fully oriented Fully oriented except
for slight difficulty with
time relationships

Judgment &
Problem
Solving

Community
Affairs

Solves everyday
problems & handles
business & financial
affairs well; judg-
ment good in
relation to past
performance

Independent function
at usual level in job,
shopping, volunteer
and social groups

Slight impairment in
solving problems,
similarities, and
differences

Slight impairment in
these activities

Moderate difficulty
with time relation-
ships; oriented for
place at examination;
may have geographic
disorientation
elsewhere

Moderate difficulty in
handling problems,
similarities, and
differences; social
judgment usually
maintained

Unable to function
independently at
these activities
although may still be

Oriented to person
only

Severe difficulty
with time
relationships;
usually disoriented
to time, often to
place

Severely impaired
in handling
problems,
similarities, and
differences; social
judgment usually
impaired

No pretense of No pretense of
independent func- independent
tion outside home; function outside
appears well home; appears too

Unable to make
judgments or solve
problems



TABLE 6.2 (continued)

Impairment Level and CDR Score (0, 0.5, 1, 2, 3)

Home and
Hobbies

Personal
Care

None
0

Life at home,
hobbies, and
intellectual interests
well maintained

Fully capable of self-
care

Questionable
0.5

Life at home, hobbies,
and intellectual
interests slightly
impaired

Needs prompting

Mild
1

engaged in some;
appears normal to
casual inspection

Mild but definite
impairment of func-
tion at home; more
difficult chores aban-
doned; more compli-
cated hobbies and
interests abandoned

Needs prompting

Moderate
2

enough to taken
to functions out-
side a family home

Only simple
chores preserved;
very restricted
interests, poorly
maintained

Requires assis-
tance in dressing,
hygiene, keeping
of personal effects

Severe
3

ill to be taken to
functions outside a
family home

No significant
function in home

Requires much help
with personal care;
frequent inconti-
nence

Source.- http://www.adrc.wustl.edu/adrc/cdrGrid.html.

http://www.adrc.wustl.edu/adrc/cdrGrid.html
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and three functional (home and hobbies, community affairs, and self-
care). The original system allows a diagnosis of normal, "questionable,"
"mild," "moderate," and "severe" dementia. The CDR has also been
expanded to include a "profound" and "terminal" level of severity
(Dooneief, Marder, Tang, & Stern, 1996).

Scoring of the CDR requires a semi-structured interview with both
the caregiver and patient. In particular, caregivers provide information
that the clinician can use in his or her discussion with the patient to
check a patient's level of insight on the extent of memory deficit. The
University of Washington has prepared a series of training videotapes,
that well illustrate variation in the severity of dementia. The tapes are
very good teaching tools for rating severity but also for showing fea-
tures of dementia, such as lack of insight, difficulty with verbal produc-
tion and comprehension, retardation of motor activity, depression, and
confabulation to mask memory difficulty. Students unfamiliar with de-
mentia who view the tapes report how difficult, even excruciating, it is
to see someone struggle with language and the simplest comprehen-
sion tasks (they also rush to defend patients from what they see as an
overly probing clinician!)

Scoring of the CDR can take a number of forms. Clinicians can use
it to formulate a global impression, or they can more formally assign
severity according to the sum of box scores or some other algorithm for
weighting dimensions in making an assignment.

The CDR score offers an important endpoint for studies of dementia
progression or treatment efficacy. What proportion of patients with
mild dementia (CDR 1), for example, progress to moderate or more
severe dementia (CDR 2+) over a defined interval? Natural history
studies of incident cohorts provide information of this sort, which is
important for assessing the efficacy of a therapy in delaying progres-
sion. The risk of progression from mild to more advanced dementia in
an incident AD cohort is about 6-10% per year (see below); thus, a
reasonable goal for delay of disease progression would be a rate signif-
icantly lower than this.

An alternative to composite measures of cognition and function
(such as the CDR) for assessing severity of dementia is use of cognitive
measures alone. Neuropsychological assessment allows fairly fine differ-
entiation of strengths and weaknesses in a variety of cognitive domains.
Age-and education-based norms, in different languages, are now avail-
able for an increasingly wide range of tests. With so many tests, scored
in so many different ways, however, it is often difficult to decide how
best to use the measures. Should tests be aggregated according to the
cognitive domain they have been designed to assess (such as memory,
visuospatial skill, language, or executive function), or according to data
reduction techniques (such as factor analysis). Assuming we combine
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tests, should we count the number of tests 1 or 2 standard deviations
below norms to compute a "deficit score," or rather should we stan-
dardize scores and compute a sum of z-scores? After we have com-
puted a composite measure, should we be concerned with variation in
the clustering of test scores over time?

One factor-analytic study of neuropsychological test performance
offers some reassurance for these questions. Mayeux and colleagues
reported a stable and plausible factor structure for test performance in
a sample of non-demented elders (Mayeux, Small, Tang, Tycko, &
Stern, 2001). In this effort, three factors emerged:

Memory: Total recall, long-term recall, delayed recall, long-term stor-
age, cued long-term recall, and total recall over six trials of the
Selective Reminding Test (Buschke & Fuld, 1974)

Visuospatial/Cognitive Skill: Matching and recognition components
of the Benton Visual Retention Test Benton, 1955), Rosen
Drawing Test (Rosen, 1981), and Identities and Oddities of the
Mattis Dementia Rating Scale (Mattis, 1976)

Language: Boston Naming Test (Kaplan, Goodglass, & Weintraub,
1983), Controlled Oral Word Association Test (Benton, 1967),
and WAIS-R Similarities (Wechsler, 1981).

In this study, composite scores for each factor were computed and
used to examine decline in cognitive performance over follow-up in a
non-demented, community-dwelling cohort of elders drawn from Medi-
care enrollee files. The authors used the scores without reference to
norms because the purpose of the study was not to establish impaired
performance but rather to track change in different cognitive domains.

COGNITIVE DECLINE WITH AGE: DISTINCT FROM
ALZHEIMER'S DISEASE?

Earlier, in chapter 1, we showed that people enter late life with differ-
ent cognitive and health resources, along with differences in wealth and
family support. Differences in the case of cognitive resources, or "cog-
nitive reserve," are especially important. By age 65 or 70 any sample
of non-demented older adults will show a wide range of performance
on tests of memory and other cognitive domains. But older people
scoring more poorly on measures of memory, for example, can be
expected to reach the dementia endpoint, or "convert" to AD, sooner
(adjusting for other differences) than older adults with better memory
performance. This difference in cognitive resources at the beginning of
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FIGURE 6.1 Cognitive Reserve, Normal Memory Decline, and AD
Risk.

old age means some people are closer to the threshold of detectable
dementia even when they are not very old, as shown schematically in
Figure 6.1.

This figure shows that we must consider the decline in memory
performance typical of aging and also ask whether the pathological
process of AD is something separate from this decline. It shows two
groups of elderly, one entering old age (for convenience, age 65) with
high cognitive reserve (a score of 1.5 on a hypothetical cognitive score),
the other entering old age with low reserve (cognitive score of 0.5).
The two groups can have different trajectories according to whether
memory changes in ways typical of "normal aging," or whether mem-
ory declines much more quickly as the result of a potentially distinct
Alzheimer's pathologic process. The figure also includes an "Alzhe-
imer's threshold," a cognitive score (for convenience, set at zero) that
is associated with disability and clinical diagnosis.

If we look only at the decline in memory associated with normal
memory (see below), we see that the high-reserve group does not reach
the Alzheimer's threshold even as late as age 85. The low-threshold
group, by contrast, crosses the dementia threshold shortly after age 75.
Note that this difference would obtain even if the slope of memory
decline in the two groups were equivalent, shown by parallel or nearly
parallel lines. If we look instead at the declines in memory associated
with the pathologic process, we see that the high reserve group now
crosses the Alzheimer's threshold at about age 80 and the low reserve
group at age 75 or so. Again, the slope of decline in the two groups
could be equivalent, represented by parallel lines, or we might hypoth-
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esize an important interaction in which low reserve and the pathologic
process together result in a steeper slope of decline.

The big question in this kind of inquiry is whether distinct slopes for
normal and pathologic memory change in aging exist at all. Within the
high or low reserve groups, we will find variation in rates of change. Do
the changes in memory at either end of this range represent different
underlying brain processes, or is a single process enough to account for
this variation? More simply, are the declines typical of Alzheimer's just
one end of the continuum of changes typical of aging?

Recent research suggests that memory declines typical of Alzhe-
imer's disease may be distinct from normal aging. Mayeux and col-
leagues (2001) first identified a cohort of nearly 600 older people who
never met criteria for dementia over 7 years, who were evaluated, on
average, every 20 months. The mean age of the cohort was 75.9 at
baseline, and 14.2% had one or more APOE-e4 alleles. The APOE
gene is the only gene identified so far for Alzheimer's risk in older
adults (as opposed to PS1, APP, and other genes associated with
familial disease and much younger onset). The increased risk of AD
associated with the e4 allele has been confirmed repeatedly in large
prospective cohort studies (Maestre et al., 1995). Mayeux and col-
leagues (2001) followed this cohort to investigate the relationship be-
tween declines in cognitive performance and APOE status. Declines in
cognitive domains in people without the e4 allele could plausibly iden-
tify normal age-related changes in cognition. People with the e4 allele,
who have a higher risk of AD, could plausibly represent early AD and
should show steeper declines in memory performance.

In this cohort, memory performance mostly declined over time; two-
thirds had a negative slope on the composite memory measure, de-
scribed earlier. Older age and lower education were each associated
with poorer memory scores at baseline and at follow-up assessments.
Individuals with an APOE-e4 allele had steeper declines in memory
performance, suggesting early changes typical of Alzheimer's disease.
This steeper slope was evident only in people with low education, or
low cognitive reserve, suggesting an interaction between low reserve
and the Alzheimer's pathologic process.

Notably, memory was the only cognitive domain that declined in this
cohort of people who never met criteria for dementia. Visuospatial and
language performance was stable across the 7 years of follow-up.
Scores in the visuospatial and language domains were stable even in
people with an APOE e4 allele.

These findings suggest that memory decline typical of aging can be
separated from the pathologic aging typical of AD. They also suggest
the sensitivity of the memory domain for identifying age-related changes
and the risk of AD. In a second set of analyses, Mayeux and colleagues
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(2001) also examined changes in the three domains in a separate group
of 228 people who did not meet criteria for AD at baseline but pro-
gressed to AD over the follow-up period. These people showed sign ncant
declines with time in all three domains, showing a more generalized
decline of cognition in people closer to the Alzheimer's threshold.

This study is valuable for showing that memory decline is common
in a group of older people who do not develop AD over a long period,
but also more pronounced (steeper, in terms of Figure 6.1) in a group
with an AD risk factor who are still, however, far from the AD thresh-
old. These elders showed declines in memory only. It stands to reason,
then, that areas of the brain involved in memory, such as the entorhinal
cortex of the hippocampus, should be different in younger people and
older people without AD. Differences in anatomy would not be expect-
ed, since the older people in this case do not have AD and would not
be expected to show the pathologic lesions (amyloid plaques, neuritic
tangles) typical of the disease. However, differences in physiology might
be expected, since presumably poorer memory must reflect differences
in cellular processes. In fact, recent research suggests just such a differ-
ence, with older people selectively showing less MRI signal than young-
er people only in this region of the hippocampal formation (Small,
Tsai, DeLaPaz, Mayeux, & Stern, 2002).

COGNITIVE DECLINE PRIOR TO FRANK DEMENTIA

Mild cognitive impairment (MCI) is typically defined by the following
criteria: subjective complaints of memory problems and memory per-
formance below age-and education-referenced norms, with normal
performance in other cognitive domains and absence of impairment in
the instrumental and basic activities of daily living (Peterson, 2000;
Peterson, et al., 1997). Another definition of mild cognitive impair-
ment is "questionable dementia," which involves both mild deficits in
cognitive status and mild deficits in functional status. This state is rec-
ognized in the 0.5 category of the Clinical Dementia Rating (CDR)
(Hughes et al., 1982). Still other alternative nosologies include "age-
associated memory impairment," which involves defective memory
performance relative to people under age 50 (Crook et al., 1986;
Feher, Larrabee, Sudilovsky, & Crook, 1994) and "aging-associated
cognitive decline," which involves defective performance in any cogni-
tive domain, relative to age-matched elders (Levy, 1994; Richards,
Touchon, Ledesert, & Ritchie, 1999). The different definitions all strive
to establish an intermediate cognitive status: people with MCI do not
meet criteria for dementia but show deficits in memory or other do-
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mains of cognition. These deficits are evident to elders and distressing
enough to lead them and their families to seek medical attention.

Even within the domain of "questionable dementia" it is possible to
make distinctions based on prognosis. Morris and colleagues (2001)
partitioned MCI patients ascertained in a clinic setting into three groups:
CDR 0.5 but likely demented, CDR 0.5 with likely progressive demen-
tia ("incipient AD"), and CDR 0.5 with uncertain dementia. All three
groups faced a high risk of developing Alzheimer's disease (CDR 1.0 or
greater) over a 5-year follow-up period: 60.5% for the likely dementia
group, 35.7% for the likely progressive dementia group, and 19.9% for
the uncertain dementia group. These rates should be compared to a
control group (CDR 0, no cognitive or functional impairment) over the
same time period, in which the incidence of Alzheimer's disease was
6.8%. Given these results Morris and colleagues conclude that, "individ-
uals currently characterized as having MCI progress steadily to greater
stages of dementia severity at rates dependent on the level of cognitive
impairment at entry" (p. 397). People in the three groups who died
and came to autopsy had neuropathogical evidence of AD, again sug-
gesting that MCI, at least when defined by CDR 0.5 criteria, is a
dementia prodrome rather than a benign variant of aging.

The situation is less clear for patients who do not meet CDR 0.5
criteria but whose cognitive performance is lower than expected. Ritchie,
Artero, and Touchen (2001) assessed mild cognitive impairment in a
population-based rather than a clinic-based sample. Only 11.1% of pa-
tients progressed to dementia. Moreover, these people moved back and
forth across the dementia threshold, changing diagnostic category at dif-
ferent assessments. With more restrictive definitions identifying greater
cognitive impairment, 28.6% met the dementia endpoint over 3 years.

More generally, studies suggest that dementia incidence in elders
who report cognitive complaints and demonstrate mild deficits in cog-
nitive assessment is much higher than that for elders as a whole, 18%
over 3 years, compared to perhaps 3-6% in the population of older
adults as a whole (Ritchie et al., 2001). Consequently, mild cognitive
impairment cannot be considered benign or a normal feature of healthy
aging, and elders with mild cognitive impairment in this sense (i.e.,
complaints of memory impairment supported by neuropsychological
performance >1 sd below age norms) are indeed at risk for developing
Alzheimer's over a 3-to 5-year period.

Insight on Declining Cognitive Ability

Older adults with mild cognitive impairment (MCI) describe their difficul-
ties with memory in this way:
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"I do feel the difference. I can't retrieve words easily. I lose words. It will
take me a few minutes . . . and it takes me a while to retrieve it.
Sometimes I can't, and that's disturbing. And to think of walking into a
room and forgetting why you walked in is a killer. It's strange. Or getting
a list in my head, and not writing it down . . . and then forgetting what
I want to do. That kind of thing. I'm sure it happened before, but not as
frequently as now. It's happening more."

The woman reporting these memory problems met criteria for MCI.
She had a Global Deterioration Score (CDS) of 3, as indicated by a
score below age and education-adjusted norms on the Logical Memory
II subscale of the Weschler Memory Scale; did not meet criteria for
dementia, as indicated by a Mini-Mental State Exam [MMSE] score
greater than or equal to 24; and did not report difficulty in daily
occupational, self-care, home management, or community activities, as
indicated by a Clinical Dementia Rating of 0.5.

Still, she was concerned that her memory problems might presage
Alzheimer's disease. Mainly, she was concerned that she might be deny-
ing the extent of her problems, which she recognized as a feature of
memory impairment and incipient Alzheimer's disease. She was also
concerned that she was not pushing herself as hard as she might and that
this circumscription of daily activities and interests might be the result of
her memory deficit. Was she actually avoiding situations that would reveal
her difficulty with memory? Her assessment and the new label of "MCI"
did not help. She reported great frustration with the clinical label: "They
said there was some memory loss, that it might not mean anything, and
that they would like to re-evaluate me in a couple of years to see if it's
progressing. [But] the significance of it is what I'm interested in, and [that]
they didn't tell me" (Albert, Talbert, Petton, & Devanand, 2002).

Mild Cognitive Impairment and Disability

Aside from "questionable dementia," the other definitions of mild cog-
nitive impairment, reviewed earlier, assume no impairments in instru-
mental (household management) or basic (personal self-maintenance)
activities of daily living but leave open the possibility of deficits in
higher-level functions, such as the ability to work, travel, participate in
community affairs, or manage complex activities (such as driving to a
new place, appearing in front of an audience, planning an event,
participating in competitive games, or taking part in activities that
involve some degree of risk from slow reaction times or poor judg-
ment). Ritchie, Artero, and Touchon, (2001) point out that no guide-
lines have been given as to what constitutes activities of daily living
restriction in MCI. Recent studies show that people with MCI who
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ultimately progress to Alzheimer's disease do show mild functional
deficits (such as occasional need for help or need for cueing and super-
vision in activity) and reductions in physical activity before AD diagnosis
(Friedland et al., 2001; Touchon & Ritchie. 1999).

In prior research, we have found that quite mild cognitive impair-
ment is associated with less frequency and diversity of advanced func-
tions (Albert et al., 1999), as indexed by the Pfeffer Functional Activities
Questionnaire (Pfeffer, Kurosaki, Chance, & Filos, 1982). The Pfeffer
scale records perceived difficulty with writing checks, assembling tax or
business records, shopping alone, playing games of skill, making coffee
or tea, preparing a balanced meal, keeping track of current events,
paying attention and understanding while reading or watching a TV
show, remembering to take medications and family occasions, and
traveling out of the neighborhood. Close informants to people with
"minimal cognitive impairment" reported that these elders had more
difficulty in these tasks than a group with no cognitive impairment. In
this study we considered individuals to have mild cognitive impairment
if they were not demented (score of 23 or greater on the Mini-Mental
State Exam), but had performance >1 SD below norms on one or
more of a series of neuropsychological tests (recall of 2 out of 3 objects
at 5 minutes, delayed recall in the six-trial Selective Reminding Test
[SRT], or a Wechsler Adult Intelligence Scale [WAIS] performance IQ
score > 15 points below the WAIS verbal IQ score).

We have also shown that a discrepancy measure indicating lack of
awareness of functional deficits (i.e., greater informant- than self-re-
ported functional deficits) predicted risk of Alzheimer's disease more
efficiently than self or informant reports alone (Tabert et al., 2002). In
these models, which controlled for sociodemographic differences and
cognitive status, self-reports of functional status at baseline were not
associated with the risk of an Alzheimer's diagnosis. By contrast, infor-
mant reports of deficits at baseline were a significant predictor of
dementia over follow-up. A discrepancy of 1+ deficit in the Pfeffer
scale, relative to those with no discrepancy, was associated with a four-
fold increase in the risk of a future AD diagnosis. These findings sup-
port research by Tierney and colleagues (1996), who showed that
informant- but not self-reported cognitive deficits (i.e., memory for lists,
events, and names, finding one's way around home and neighborhood,
and financial management) also predicted risk of AD.

Finally, recent research suggests that older adults meeting criteria for
MCI performed worse than normal elderly on tasks involving fine and
complex motor skills (mainly tests of manual dexterity) (Kluger et al.,
1997). These findings suggest a gradient of motor as well as cognitive
performance in which MCI patients again fall between normal elders
and people who meet criteria for Alzheimer's disease.
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The upshot of our research, as well as that of others, is that MCI
affects high-level function, not basic self-care; that people with MCI are
not fully aware of the extent of their functional impairment; and that
families recognize functional deficits in people with MCI. Furthermore,
functional deficit, as reported by families and not reported by elders,
may be useful for identifying MCI patients with high likelihood of rapid
progression to Alzheimer's disease (Albert, Tabert, Dienstag, Pelton,
Devanand, 2002).

PREVALENCE AND INCIDENCE OF
ALZHEIMER'S DISEASE

As mentioned earlier, the prevalence of dementia increases dramatically
with age. Current estimates of the number of people with AD in the
United States range from 1.09 to 4.58 million (Brookmeyer, Gray, &
Kawas, 1998). Estimates from the U.S. General Accounting Office fall
in the middle of this range. In this synthesis of 18 prevalence surveys,
1.9 million people aged 65+ were identified as meeting criteria for
Alzheimer's in 1995. Prevalence rises to 2.1 million if we include
possible or mixed cases, that is, cases marked by AD and some other
source of dementia. If we restrict cases to moderate or more severe
AD, the prevalence is 1.0 million with the narrow definition and 1.4
million if we include possible and mixed cases. All told, 5.7% of Amer-
icans aged 65+ had AD in 1995, with 3.3% meeting criteria for
moderate or more severe AD (GAO, 1998).

By 2015, we can expect 4.6 million cases of AD using the narrow
definition and 5.3 million if we include mixed cases. About a third of
these cases will have moderate or more severe forms of AD.

Table 6.3 reports prevalence by age and gender for the U.S popu-
lation aged 65+. The table shows that prevalence doubles every 5
years, both for men and women, reaching about 40% for people aged
95+. The proportion with moderate or more severe AD in the oldest
age group reaches about 25%. The prevalence of AD is higher in
women than men in every age group, with the gap widening at succes-
sively older ages. This gender disparity most likely reflects greater risk
of AD for women, but this finding is controversial. Some prospective
cohort studies have found a greater risk for women (Launer et al.,
1999); others have not (Tang et al., 2001).

If prevalence doubles every 5 years, then delaying the disease by 5
years would reduce prevalence by half. This is an important public
health goal. With this delay, dementia-free life expectancy would in-
crease, a greater number of older adults would live their last years
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TABLE 6.3 Prevalence of Alzheimer's Disease, United States, 1995

Age Alzheimer's Disease-All Alzheimer's Disease-Moderate*

Men Women Men Women

65-69
70-74
75-79
80-84
85-89
90-94
95+

0.6
1.3
2.7
5.6
11.1
20.8
35.6

0.8
1.7
3.5
7.1
13.8
25.2
41.5

0.3
0.6
1.1
2.3
4.4
8.5
15.8

0.6
1.1
2.3
4.4
8.6
15.8
27.4

Table entries are percentages meeting criteria for any Alzheimer's or Alzheimer's disease,
CDR 2+.

Source: United States General Accounting Office. Report to the Secretary of Health and
Human Services: Alzheimer's Disease, Eestimates of Prevalence in the United States.
(1998, January).

without the need for costly custodial care, and older people at these
late ages would die of other causes. Such a delay would obviously have
a major impact on disability in late life and the caregiving demands
associated with such disability. In simulation studies using available data
on population growth, Brookmeyer and colleagues (1998) suggest that
a delay of even 1 year in the incidence of the disease would result in
nearly 800,000 fewer prevalent cases over the next 50 years. A delay
of 2 years would cut prevalence by 2 million cases.

A number of prospective cohort studies have examined the incidence
of Alzheimer's disease. These studies are superior to retrospective stud-
ies that ask family proxies to date disease onset (i.e., "when did
first report memory problems or first go to the doctor because of
difficulty with memory?" [Wolfson et al., 2001]). Retrospective studies
do not allow formal diagnosis and are always subject to recall bias.
Prospective studies begin with a dementia-free cohort and follow the
cohort over multiple assessments to track onset of disease.

However, prospective cohort studies of AD are complicated not just
by differences in the definition of the disease, but also by different
approaches to establishing the date of onset. Even with a regular schedule
of follow-up assessments, it is not possible to establish the date when
a person first met criteria for the disease. Further, most studies do not
have long follow-up or closely spaced assessment intervals. The result
has been imprecision in the true date of diagnosis, which affects calcu-
lation of person-years of dementia-free follow-up. In the face of this
problem, the EURODEM pooled analysis of AD incidence used a
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statistical adjustment: "To account for the fact that reliable data regard-
ing when the dementia started is difficult to obtain, we used a statistical
adjustment based on the patient's age and age-specific dementia rates"
(Launer et al., 1999). A simpler approach, if multiple follow-up assess-
ments are available, is to call the incidence date the date of the assess-
ment when the respondent first met criteria for the diagnosis (Tang et
al., 2001).

The incidence of AD is closely related to age. For people aged 65-
74, annual incidence ranges from <0.5% to 1.3%. For people aged
75-84, the range is 1.5% to 4.0%, and for people aged 85+ it is 4.7%
to 7.9% per year (Launer et al., 1999, Tang et al., 2001). Thus, for
someone over age 85, the risk of meeting criteria AD for the first time
is about 5-10% per year, a very high rate.

Even within age strata, the incidence of AD varies considerably
among groups defined by race and ethnicity. In New York City, for
example, incidence was considerably lower among whites than in mi-
norities. African Americans and Hispanics were 2-3 times as likely to
develop AD; thus, for example, the risk among whites aged 75-84 was
2.6% per year and 4.4% in minority groups (Tang, et al., 2001). This
difference persisted even with adjustment for socioeconomic (educa-
tion, literacy status, gender) and disease (hypertension, diabetes) fac-
tors. It also persisted when analyses were limited to people with the
APO£-e3 allele (Tang, 1998) to control for the effects of this genetic
risk factor (see below). Thus, minority status is among the most impor-
tant risk factors for AD. Given the increasing number of minority
elderly in the U.S., this disparity has great public health significance.

These rates for AD incidence apply to the entire population at risk
in any given year. If we restrict risk estimates to the group of older
people who report memory complaints or demonstrate mild cognitive
impairment, annual AD incidence is, of course, much higher. The risk
of AD in these older adults is between 10% and 25% per year, depend-
ing on ascertainment site (community versus clinic) and the stringency
of the definition of mild impairment (Peterson et al., 2001).

RISK FACTORS FOR ALZHEIMER'S DISEASE

Genetic Risk Factors

The role of genetic factors in the development of AD is an active
research area but at this point is still underdeveloped. Only about 7%
of early-onset AD (< age 65) and less than 1% of late-onset AD have
been linked to mutations on particular genes (Whalley et al., 2000).
Early-onset Alzheimer's disease has been linked to mutations on a
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number of genes (located on chromosomes 1, 14, and 21). Risk of late-
onset AD is associated with the e4 allele of the APOE gene on chro-
mosome 19. The mechanism for the APOE-AD relationship is not
completely understood.

While mutations for early-onset AD have been identified, their rele-
vance for late-onset AD, which represents the vast majority of cases, is
unclear. For public health purposes, attention is centered on APOE, the
apolipoprotein E gene, which produces a plasma protein involved in
the transport of cholesterol and other hydrophobic molecules (Farrer et
al., 1995). While some forms of apolipoprotein E have been linked to
disorders of cholesterol metabolism and coronary heart disease (Saun-
ders et al.,1993), this protein product has also been shown to raise the
risk of AD. A number of studies have shown over-representation of the
APOE-e4 allele in people with AD. Thirty-four to 65% of individuals
with AD carry the APOE e4 allele, compared to only 24% to 31% of
non-affected people of the same age (Jarvik et al., 1995; Myers et al.,
1993; Roses, 1994). The number of APOE e4 alleles is associated
with earlier age of onset (Corder et 1993). The APOE e2 allele, by
contrast, may be protective against AD, but this finding has been
challenged (Corder et al., 1994; Talbot et al., 1994; van Duijn et al.,
1995).

Despite the association between APOE and AD, APOE testing is
currently not recommended as a screening tool. A number of reasons
have been advanced. First, the presence of an e4 allele is not necessary
for the development of AD (35% to 50% of persons with AD do not
carry an e4 allele) (Roses et al., 1994). Second, the AD diagnosis is not
difficult to make, and the extra predictive power provided by genetic
testing would not add a great deal to clinical tools. Third, no treatment
beyond tertiary symptomatic therapies is available in any case, so that
awareness of AD risk before disease onset would not have practical
benefit. And, finally, discrimination or other untoward effects are pos-
sible with such information, reducing the possible gain further.

A task force investigating the issue concluded

Because most patients presenting to physicians with dementia have AD,
the additional information gained by genotyping would be useful only if
it reduced the necessity for other more expensive or invasive tests.
Individuals homozygous for epsilon-4 are the most likely candidates for
disease, but they comprise only 2% to 3% of the general population;
[and] even among AD patients, only 15% to 20% have this genotype.
Most symptomatic epsilon-4 homozygotes will in fact have AD, but any
uncertainty will oblige the physician to exclude other forms of
dementia... .Thus, although APOE genotype may be a risk factor for
AD, it cannot yet be considered a useful predictive genetic test. (Farrer
et al., 1995, p. 1629).
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Socioeconomic Factors: Education, Lifelong
Occupation, Cognitive Reserve

Earlier, we discussed lifelong cognitive resources as a predictor of Alzhe-
imer's risk. The significance of cognitive resources early in the lifespan
for such a late-life outcome has become increasingly clear in studies
that have linked risk of AD in late life to childhood IQ (Whalley et al.,
2000), educational accomplishment and leisure activities (Wilson &
Scarmeas), occupational attainment and job demands (Stern et al.,
1994), language skills in early adulthood (Snowdon et al., 1996), diver-
sity of physical and cognitive engagement over the life span (Friedland
et al., 1996; Albert et al., 1996), parental socioeconomic status, and
literacy (Albert & Teresi, 1999; Manly et al., 2002).

The case of childhood cognitive ability and AD risk is revealing. In a
Scottish case-control study involving a match-back to childhood IQ
tests, Whalley and colleagues (2000) found that people who developed
AD after age 65 had lower scores on this early measure of cognitive
ability when compared to people who did not develop AD. Differences
in Alzheimer's risk, then, were already apparent at age 11. Notably,
people who developed early-onset AD did not differ from other elders
on the childhood IQ measure, suggesting an important difference in
mechanism between early-and late-onset AD.

What do these findings suggest? One interpretation is that cognitive
ability is similar to grip strength: differences (in muscle fiber density, in
neuronal integrity or number) already apparent at birth or in the peri-
natal period, and which develop or set limits on development over the
life span, provide variable reserve against depletions that occur with
aging. These resources put one closer or further away from the thresh-
old of disability associated with the loss of physical and cognitive func-
tion that occurs over the life span. In this view, development of AD is
not so much a disease as one kind of aging, and some kind of early
strengthening of cognition to build up reserve would be an appropriate
intervention. The association between a cognitive resource and AD
risk, then, is not evidence of an independent risk factor (as it is usually
portrayed), but rather identification of an early phase of the process
that will ultimately result in AD.

Medical Morbidity: Hypertension and Vascular Disease,
Diabetes, Bone Mineral Density Loss, Estrogen
Deficiency, Depression

An increasing number of morbid conditions have been shown to in-
crease the risk of Alzheimer's disease. These are considered secondary
risks in that they do not represent the primary mechanism for develop-
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ment of AD. Yet they also offer avenues for reducing Alzheimer's risk
and may indicate points in the pathway of Alzheimer's neurodegener-
ation that may be amenable to intervention. Findings for these morbid
conditions in some cases remain controversial.

Hypertension, Stroke, Diabetes

Hypertension has been associated with cognitive performance, so it
stands to reason that this condition might be associated with later risk
of AD. However, one large prospective study failed to confirm this
association (Posner et al., 2002). In this cohort, 731 of 1,259 subjects
(58.1%), all free of AD at baseline, had a history of hypertension
associated with diabetes, stroke, or heart disease. A history of hyper-
tension was not associated with an increased risk for AD but did raise
the risk of vascular dementia. The increased risk of vascular disease was
evident only in respondents who had multiple morbidities. Respondents
with hypertension and heart disease had a threefold increase in risk for
vascular dementia, while respondents with hypertension and diabetes
faced a sixfold increase in risk.

These results stand in contrast to results from the double-blind, pla-
cebo-controlled Systolic Hypertension in Europe (Syst-Eur) trial, in which
randomized patients with hypertension were offered active study med-
ication after the end of the trial for a further period of observation
(Forette et al., 2002). In this add-on component, long-term antihyper-
tensive therapy reduced the risk of dementia by 55%, from 7.4 to 3.3
cases per 1000 patient-years, a finding that remained after adjustment
for sex, age, education, and entry blood pressure. In a "number needed
to treat analysis," the trial showed that treatment of 1000 hypertension
patients for 5 years would prevent 20 cases of dementia.

Whether through an AD or vascular dementia process, diabetes is now
increasingly recognized as a risk factor for cognitive decline. In the Study
of Osteoporotic Fractures, women with diabetes (n = 682) had lower
baseline scores than women without diabetes on a variety of cognitive
measures (Digit Symbol, Trials B, MMSE). These women also faced great-
er likelihood of cognitive decline in models that adjusted for age, educa-
tion, depression, stroke, visual impairment, heart disease, hypertension,
physical activity, estrogen use, and smoking (Gregg et al., 2000). But,
again, other research has shown only a modest association between
diabetes and risk of AD (Luchsinger, Tang, Stem, Shea, & Mayeux, 2001).

Bone Mineral Density Loss and Estrogen Deficiency

Animal models and preclinical studies suggest that estrogen use may
promote the growth and survival of cholinergic neurons and may also
decrease cerebral amyloid deposition. Given the reduction in estrogen
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production that follows menopause, estrogen supplementation in wom-
en is a plausible strategy for delaying the onset of Alzheimer's disease.
Hope for this approach was strengthened by prospective studies that
showed a lower incidence of AD in postmenopausal women who take
estrogen compared to women who did not. In a group of 1124 elderly
women who were initially free of Alzheimer's disease, Parkinson's dis-
ease, and stroke, the age at onset of Alzheimer's disease was signifi-
cantly later in those women who had taken estrogen. Of the estrogen
users, 5.8% were diagnosed, compared to 16.3% of non-users, even
after adjustment for such differences as education, ethnic origin, and
APOE genotype (Tang et al., 1996).

Even a well-planned prospective study with statistical adjustment cannot
rule out selection factors that are confounded with estrogen use (such
as better education, income, and more proactive health behaviors). For
this effort, randomized controlled trials are required. Confidence in
estrogen replacement as a treatment strategy has been shaken by a
series of negative clinical trials. In a Cochrane Review, Hogervost,
Yaffe, Richards, & Huppert, 2003 assessed five high-quality trials of
estrogen use (selected from a review of all double-blind randomized
controlled trials on the effect of estrogen, alone or in combination with
progestin, for cognitive function in postmenopausal women with AD or
other types of dementia). In this combined set of 210 women with AD,
meta-analyses unfortunately showed no significant benefit.

The negative result for these treatment trials does not rule out a pro-
tective effect for estrogen as a preventive agent if given earlier to women
who have not yet developed AD. Long-term prevention trials are currently
underway to examine this potential benefit. However, expectations of
success have been dampened by recent findings from the Heart and
Estrogen/Progestin Replacement Study (HERS), a randomized, placebo-
controlled trial involving 2763 women with coronary disease. Participants
at 10 of the 20 HERS centers (n=517 estrogen, n=546 placebo) com-
pleted a cognitive function substudy. At about 4 years of follow-up, the
groups did not significantly differ on a variety of cognitive tests (modified
Mini-Mental Status Examination, Verbal Fluency, Boston Naming, Word
List Memory, Word List Recall, and Trails B) (Grady, Yaffe et al., 2002).
There was only a single cognitive assessment at the end of the trial and
it did not examine incident Alzheimer's disease, so the question of the
efficacy of estrogen replacement as a prevention strategy remains open.
Still, these negative results are not reassuring. Combined with reports
from the Women's Health Initiative of an increased risk of some cancers
and stroke in women using estrogen replacement therapy (leading to early
termination of the unopposed estrogen arm of the trial), estrogen replace-
ment may not turn out to be useful as an anti-dementia agent. Meta-
analyses suggest that "benefits of HRT include prevention of osteoporotic
fractures and colorectal cancer, while prevention of dementia is uncertain.
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Harms include CHD, stroke, thromboembolic events, breast cancer with
5 or more years of use, and cholecystitis" (Nelson, Humphrey, Nygren,
Teutsch, & Allan, 2002, p. 872).

Yet other evidence suggests that estrogen may turn out to be critical for
cognitive health and risk of AD after all. For example, bone mineral
density (BMD) is a marker of cumulative estrogen exposure and has been
associated with cognitive function in non-demented older women. (Yaffe,
Browner, Cauley, Launer, & Harris, 1999). In the Study of Osteoporotic
Fractures (n=8333 older community-dwelling women not taking estro-
gen), women with low baseline BMD had up to 8% worse baseline
cognitive scores and up to 6% worse repeat cognitive scores. For women
who declined 1 SD in hip or calcaneal BMD, the risk of cognitive deteri-
oration (defined as the most extreme 10% of those who declined) in-
creased by about a third, compared to women with stable BMD. The
same was true for women who had vertebral fractures. These women had
lower cognitive test scores at baseline and greater odds of cognitive dete-
rioration similar to those who declined 1 standard deviation in BMD.

Thus, the relationship between estrogen and risk of AD remains
unclear. Results from the Women's Health Initiative combined estro-
gen/progestin arm, as well as other prevention trials, should help clar-
ify the issue.

Depression

Depressed mood may be an early sign of AD or a risk factor in its own
right. Prospective studies cannot settle the issue but do suggest that non-
demented older people with depressed mood face an increased risk of
AD. In one cohort study (n=478 without dementia at baseline, mean of
2.5 years follow-up), depressed mood at baseline increased the risk of
incident dementia nearly threefold. The effect persisted after adjustment
for age, gender, education, language of assessment, and functional status
(Devanand et al., 1996). The role of depression in subsequent cognitive
decline has been confirmed (Yaffe, Blackwell et al., 1999). However, a
definitive treatment trial, in which depression would be treated to see if
response improves cognition or delays AD, remains to be completed.

OUTCOMES ASSOCIATED WITH
ALZHEIMER'S DISEASE

Mortality

Table 6.4 presents U.S. mortality from AD by age and race strata in
1998. About 50,000 deaths per year are attributed to AD, making it
the eighth most common cause of death in the U.S. Mortality from AD
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TABLE 6.4 Mortality and Alzheimer's Disease, United States, 1998

White African-American
Total Men Women Men Women

45-54
55-64
65-74
75-84
85+

0.1
1.1

10.4
70.0

299.5

1.2
10.6
69.3

257.9

1.2
11.1
74.8

336.2

7.4
50.2

142.5

8.1
59.2

202.5

Table entries are deaths per 100,000, 1998.
Source: http://www.cdc.gov/nchs/datawh/statab/unpubd/mortabs/gmwk51.htm. United
States General Accounting Office. Report to the Secretary of Health and Human Services:
Alzheimer's Disease, Eestimates of Prevalence in the United States. (1998, January).

is exceedingly rare in people under age 65: less than 1/100,000 per
year. But AD very quickly becomes a prominent cause of death at later
ages. It is noted on death certificates in 10 (ages 65-74), 70 (aged 75-
84), and 300 (aged 85+) of every 100,000 deaths. This is almost
certainly an underestimate, since AD may be a contributory cause and
may not appear on the death certificate, especially if the certificate is
prepared by a funeral home director, coroner, or doctor unfamiliar with
the patient. The lower attribution of mortality to AD among African
Americans may represent greater likelihood of death certificates com
pleted in this way.

Alzheimer's disease increases the risk of mortality. Compared to
non-demented elderly matched for age, drawn from the same commu-
nity, and similar in socioeconomic features, these elders face a mortal-
ity risk 2-3 times higher. Figure 6.2 presents Kaplan-Meier plots of
time to death in three groups first assessed between 1989 and 1992
and followed for up to 10 years. These elders were recruited from a
Medicare enrollee sample and AD registry, both in the Washington
Heights-Inwood community, northern Manhattan, New York City.

Between 1989 and 1992, people met criteria for AD when they
were first seen {prevalent AD), or developed AD sometime in this
period (baseline visit non-demented, later visit over the follow-up period
demented: incident AD), or never met criteria for AD over the entire
follow-up period (non-demented). A convenient measure of mortality
risk is to note the point in follow-up time when 50% of people in each
of the three groups have died. As the figure shows, this point was
reached in 5.2 years in the prevalent AD group, 7.0 years in the
incident AD group, and 9.2 years in the non-demented group. While
an impressive difference, this approach does not adjust for differences

http://www.cdc.gov/nchs/datawh/statab/unpubd/mortabs/gmwk51.htm
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FIGURE 6.2 Survival by AD Status: Initial or Dementia CCD, 1989-
1992.

in age or other factors, an important limitation, since age is related to
AD risk, as we have already seen. To control for this confounding,
proportional hazards models can be used to separate the effects of age
and AD, as well as the influence of other factors. In such a model, we
found that prevalent AD was associated with a twofold increase in
mortality risk and incident AD a 1.7-fold increase, both highly signifi-
cant effects.

Not surprisingly, survival with AD depends heavily on the age at
diagnosis. Results from the Baltimore Longitudinal Study of Aging show
that median survival after diagnosis ranged from 8.3 years in people
aged 65 to 3.4 years for people aged 90. Comparing this survival to
non-demented elders showed that AD reduces life span by about two-
thirds for people diagnosed at age 65 and by about 39% for people
diagnosed at age 90 (Brookmeyer, Corrada, Curriero, Kawas, 2002).
These differences reflect the effect of competing risks of mortality,
which increase at later ages.

Nursing Home Care

Alzheimer's disease is a major risk factor for nursing home placement.
In the Washington Heights-Inwood, New York City sample, described
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above, we tracked nursing home admission up to 10 years of follow-up.
This sample has the advantage of long follow-up and careful diagnostic
assessment for AD, but is likely to be atypical for estimating the abso-
lute rate of nursing home use because New York City offers an exten-
sive alternative Medicaid-funded home care benefit. Also, this study
enrolled a largely minority sample, and research has shown that minor-
ities are less likely to use nursing homes than whites.

In the Washington Heights cohort, 8.8% of prevalent cases entered
nursing homes, compared to 3.5% of people who never met criteria
for AD. Incident cases were intermediate, with 5% entering nursing
homes. With this background of relatively low rates of nursing home
placement, it is still impressive to see that incident AD was associated
with a large increase in the risk of nursing home admission. Using a
time-dependent approach, in which the date of AD diagnosis is used as
a predictor of time to nursing home placement, we found that incident
AD was associated with an eightfold increase in risk in models that
controlled for age, race-ethnicity, and education.

In other settings, nursing home placement is more frequent. Among
participants in a clinical trial of selegiline and tocopherol, all with mod-
erate dementia and living in the community, two-thirds of the 341
patients followed entered nursing homes over 2 years (Knopman et al.,
1999). Dementia progression was the strongest predictor of place-
ment, such that people progressing to severe dementia (CDR 3) were
eight times as likely to enter nursing homes as people who remained
moderately demented. Despite sociomedical determinants of nursing
home placement (such as features of caregivers, e.g., caregiver burden;
perceived skill or efficacy; presence of family support; and system-level
features, such as availability of beds or alternative home-based services),
nursing home placement remains an important outcome for assessing
disease progression and treatment. To take these sociomedical factors
into account, Stern and colleagues (1994) have developed a measure of
"dependency" and "equivalent institutional care," that tracks need for
services provided in institutional settings.

Hospitalization and Primary Care

Do people with Alzheimer's disease face an increased risk of hospital-
ization? This simple question is actually quite hard to answer. People
with AD may enter the hospital for other reasons, and the Alzheimer's
may not be recorded on the discharge diagnosis. Moreover, risk of
hospitalization may be elevated in early stages of disease, when pa-
tients are likely to fall, fail to take medications, have a psychiatric
admission, or decline with more severe stages of dementia. The most
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severely demented patients may reside in nursing homes, which pro-
vide medical care for many conditions, or may simply not be brought
in for hospital care as part of a general strategy of less aggressive
treatment. In addition, while use of Medicare billing records, which
include ICD-10 diagnoses of AD, can be used to establish hospital
episodes and volume of costs, these sorts of analysis are prone to an
observation bias, in which the most severe cases are over-represented
(Newcomer et al., 1999). Since AD is also a terminal disease, it is hard
to distinguish end-of-life care from AD care. Finally, the proper test
would be a comparison between people with similar medical conditions
and health status except for AD, but this comparison is difficult because
AD may itself be associated with medical conditions, such as falls or
injuries, wasting and dehydration, or pneumonia and infectious disease.

With these caveats, it is not surprising to see considerable variation
in yearly rates of hospitalization in people with AD. The Consortium to
Establish a Registry for Alzheimer's Disease (CERAD) reported a rate of
370 hospitalizations per 1,000 AD patients per year in a clinical co-
hort (Fillenbaum, Heyman, Peterson, Pieper, & Weiman, 2000). In a
community cohort in New York City, the rate was 100 per 1,000 AD
cases per year (Albert, Costa et al., 1999). What seems clear in any
case is the elevation of this risk relative to matched elders without AD.
In the New York sample, 10% of AD cases had a hospitalization in a
year, compared to 6.8% among non-demented elders. In logistic re-
gression models that control for differences in age, gender, education,
number of comorbid conditions, and death in the follow-up period,
severe AD (CDR 3+) was associated with an elevated risk of 2.3. This
study has the advantage of a large population-based cohort in which
hospitalizations were tracked with an innovative electronic medical record.
This risk was comparable to the added risk associated with two comor-
bid conditions.

Primary care use and associated costs also appear to be elevated in
AD. In the New York cohort, recently diagnosed people were more
likely to have more medical care encounters than people without AD
even 1-2 years before diagnosis (Albert, Glied, Andrews, Stern, &
Mayeux, 2002). Other studies have not found excess primary care
costs in the prodromal period (Liebson et al., 1999).

Disability and Psychiatric Morbidity

The hallmark of progressive dementia is increasing dependency in the
activities of daily living (ADL) and an increase in both "negative" (apa-
thy, withdrawal) and "positive" (agitation, aggression, delusions, halluci-
nations, wandering) psychopathologic symptoms. In the most severe
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stages of dementia, the prevalence of some symptoms declines (such as
delusions), presumably because caregivers can no longer recognize these
symptoms as patients become increasingly vegetative.

Cognitive performance in patients and ADL ratings from proxies (or
from clinicians) are highly correlated in people with AD. For example,
in one series of people with AD, correlations between the Blessed
Memory-Concentration-Information test, a mental status measure sim-
ilar to the MMSE, and IADL and ADL (personal self-maintenance scale)
ratings were 0.83 and 0.78, respectively (Green, Mohs, Schmeidler,
Aryan, & Davis, 1993). In this sample of 104 clinic patients with
probable AD, PSMS (Physical Self-Maintenance Scale) scores were
collected every 6 months and tracked for change. The PSMS items
include toileting, feeding, dressing, grooming, indoor mobility, and bath-
ing. These were scored on a scale of 0 (maximum difficulty) to 5 (no
difficulty), so that total scores ranged from 6 to 30. In this sample,
PSMS scores declined, on average, 2.44 points over 12 months, with
a standard deviation of 3.87.

These numbers are important for gauging the clinical significance of
changes in functional scales used in clinical trials in AD. A recent meta-
analysis of the effect of cholinesterase inhibitors, the primary approved
therapy for treatment of AD, showed a small but significant effect size
of 0.1 sd favoring treatment. Using the standard deviation of 3.87,
cited above, 0.1 sd is equivalent to 0.387, or about a 0.4 point change
on the PSMS scale. Since the mean PSMS change over 12 months
was 2.44, the 0.4 change is roughly equivalent to the decline patients
can expect over a 2-month period (Trinh, Hoblyn, Mohanty, & Yaffe,
2003). Delaying decline by 2 months per year is a small but important
benefit to patients and family caregivers.

A large trial of donepezil (Aricept) to assess preservation of ADL
function in AD confirmed this benefit in an alternative way (Mohs et al.,
2001). The trial sought to assess whether this cholinesterase inhibitor
delayed "clinically evident decline in function," which was defined as
progression to moderate or more severe levels of difficulty with partic-
ular ADL, or loss of 20% of instrumental ADL function, or onset of
more advanced dementia, as assessed by the Clinical Dementia F ;g
(CDR). Of placebo patients, 56% met the endpoint, compared to i %
of donepezil patients. The median time at which patients met this
endpoint was 208 days among placebo patients and 357 days in
donepezil patients. The therapy, then, slowed progression by about 5
months in a 1-year period.

Cholinesterase inhibitors also showed benefit for the reduction in
frequency of AD psychopathology. A meta-analysis showed that this
class of therapies reduced Neuropsychiatric Inventory (NPI, Cummings,
1997) scores, on average, by nearly 2 points, an improvement in the
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frequency or severity of one psychiatric symptom (Trinh et al., 2003).
Since the presence of psychiatric symptoms is an important predictor
of nursing home placement, not to mention caregiver distress and
burnout, these therapies offer an important benefit, at least in the short
run.

Thus, at this point, AD cannot be prevented and disease progression
remains relentless. Available therapies offer benefit mostly as a holding
action, delaying time to severe disability and nursing home placement.

Family Caregiving

Families provide the vast majority of Alzheimer's care. While Alzhe-
imer's patients are common in nursing homes, accounting for perhaps
half the residents, these residents represent a minority of the Alzhe-
imer's population. We have already mentioned that nursing home use
has declined over the past decade in the U.S. (from 4.6% of older
people in 1985 to 4.2% in 1995). Most people with AD are cared for
at home, use a variety of in-home (home attendant, allied health) and
out-of-home services (adult day care, acute rehab), and will enter nurs-
ing homes very late in the disease, if at all.

In fact, people residing in nursing homes are likely to be older and
frailer than prior nursing home cohorts. They are also less likely to
spend long periods of time in these institutions. The nursing home is
becoming more of a short-stay rehabilitative or palliative care unit,
funded by Medicare, than a long-term custodial residence (traditionally
funded by Medicaid). The commonly cited estimate of a lifetime prev-
alence of 40% for nursing home residence (Kemper & Murtaugh, 1991),
then, must be interpreted in this light.

How many people with Alzheimer's are cared for in the community?
If we consider older people with three or more ADL disabilities, we
have an imperfect but reasonable indicator of dementia in the commu-
nity. About half of these people relied exclusively on family and friends
for assistance in 1994, a decline from two-thirds in the 1980s (Feder,
Komisar, Niefeld, 2001). This change reflects an expansion in financ-
ing for long-term care that occurred in the 1990s. Medicare spending
for home health care grew from about $4 to $18 billion in the first half
of the 1990s. Alzheimer's home care has benefited from this change.
More recently, however, cost controls have been introduced into this
health sector (Balanced Budget Act of 1997), which have reduced
growth in Medicare-funded home care.

Estimates of the absolute number of family caregivers providing cus-
todial care for older people, and also older people with Alzheimer's
disease, are available in the 1996 panel of the Survey of Income and
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Program Participation (SIPP). In 1998, 6.7 million family members
were providing help to some 4.5 million older adults with disabilities
(Alecxih, Zeruld, & Olearczyk, 2002). This estimate is slightly lower
than the estimate of 7.1 million derived from the National Long-Term
Care Survey. The SIPP allows estimates of particular features of Alzhe-
imer's caregiving. In 1998, about 473,000 family members or friends
were serving as primary caregivers to people diagnosed with Alzhe-
imer's disease. These people were providing most of the non-paid
support received by people with dementia living in the community and
were nominated as the people most involved in such care. They spent
an average of 48 hr/wk providing care and had been providing such
care for a mean of 7 years. This compares to a mean of 24 hr/wk and
a mean duration of 5 years for all non-paid caregivers in the commu-
nity (Alecxih et al., 2000). Thus, Alzheimer's care is more demanding
than standard care by this measure of caregiving intensity.

One investigation tracked hours of care provided to people with
Alzheimer's according to severity of dementia and also over a period of
nearly 2 years (Albert, Sano et al., 1998). Family caregivers reported
that more than half the time they spent with these elders involved direct
hands-on care, defined as help with ADL. Caregivers reported a mean
of 7.2 hours per day of ADL care, or 50.4 hours per week. This report
is quite close to the SIPP results, presented earlier. These informal, or
non-paid, hours must be interpreted in light of the total hours of cus-
todial care provided for these elders, which in this New York City
sample were extensive. Total weekly hours were 56.7 for people with
mild dementia, 81.2 for people with moderate dementia, and 112.0
for people with severe or greater dementia. Family contributions were
30.8 in mild dementia, 57.5 for people with moderate dementia, and
29.4 in severe dementia, suggesting substitution of formal for informal
care in the most severe levels of dementia.

However, these cross-sectional findings can be deceiving. In longitu-
dinal analyses, Albert, Sano, and colleagues (1998) found that caregiv-
ers did not, in fact, reduce the number of hours they provided as elders
progressed to more advanced dementia. Rather, formal hours increased,
suggesting that these caregivers were already providing the maximum
of hours they could provide.

What are the tasks of families who provide care for elders with
dementia? Family caregivers certainly provide help with ADL, but pro-
viding ADL support at home to a family member is not well described
by ADL measures (Coon, Ovy, & Schluz, 2002). While the ADL/IADL
measures tell us that someone has a particular care need, satisfying that
need takes place in a complex environment. Take, for example, bath-
ing. The ADL measure tells us that someone is dependent in bathing
(Barrick, Rader, Hoeffer, & Sloan, 2002). It does not tell us the reason
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the person cannot bathe independently, which may involve impair-
ments in mobility and balance, or limb weakness, or cognitive incapac-
ity, or psychiatric disorder, or some combination of these deficits. As a
result, the ADL measure does not tell us if the person is cooperative
during bathing, whether she helps wash parts of her body once in the
tub, or whether she needs supervision throughout the entire course of
bathing or only when getting in and out of the tub. Yet these are the
features that make caregiving for someone with bathing disability more
or less difficult for families.

Thus, while a count of ADL/IADL needs will certainly be correlated
with indicators of caregiving challenge (how many hours daily, reported
burden and fatigue, risk of nursing home placement), these correlations
will be low. Indeed, ADL status explains only a modest amount of the
variance in caregiver reports of burden (Poulshock & Diemling, 1984).

The ADL/IADL measures also fail to capture the full context in
which families provide care. What kinds of home modifications have
family members made to facilitate caregiving? To return to our bathing
example, providing bathing care will be easier if families have installed
grab bars, or have a home with a walk-in shower or flexible shower
head. Similarly, what kinds of care arrangements have families put in
place to ensure such care if they work, or wish to travel, or are
themselves weak or ill? These, too, will determine how challenging
ADL/IADL care may be. These sorts of care management tasks are a
critical part of the work of caregiving but are not considered in tradi-
tional ADL/IADL measures.

Thus, providing care is not simply the mirror image of the need for
care, as expressed in ADL/IADL status (Albert, 2003; Kramer &
Thompson, 2002). We have argued that ADL/IADL care should be
subsumed within a wider, multi-domain formulation that gives adequate
scope to how people need ADL care and how caregivers develop
environments for providing it. This is especially salient in the case of
care for people who suffer from cognitive disorders, such as AD.

Even if we limit ourselves to traditional ADL tasks, we quickly see
that caregivers who provide such care mention many additional factors
that make ADL care easy or difficult, manageable or unbearable. One
is timing: whether care is required rarely, frequently but in predictable
ways, or frequently in unpredictable, unexpected ways (Hoyman, Gon-
yea, & Montgomery, 1985). AD care is characterized by great unpre-
dictability in the timing of ADL care because of poor sleep hygiene,
psychiatric complications, incontinence, inability to communicate care
preferences, and non-cooperation.

A glaring example of the central role of timing is night-time care;
people who routinely need to be taken to the toilet at night, disrupting
a caregiver's sleep, are clearly more challenging than people who can
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be taken to the toilet during the day and sleep through the night,
though both equally need assistance in toileting (McCluskey, 2000).
More generally, caregivers forced to adopt care receivers' schedules are
likely to be most burdened, as they are most captive to caregiving.

A second dimension is caregiver proximity in the ADL task. Is it
enough that a caregiver is in the house while someone eats a meal or
bathes, or does the caregiver need to be in the same room standing by,
or does she have to provide hands-on help? Stand-by help can be quite
burdensome in that it limits caregivers to the home even if they do not
have to provide hands-on help at all times. In fact, stand-by help in
some cases may be more burdensome, as family members need to be
available (and hence are prevented from doing other tasks) without a
sense that they are providing care. This is a typical feature of caregiv-
ing to the mildly demented elder.

A third dimension is the kind of effort caregivers need to exert to
see that the ADL need is met. Someone with a need for help in
bathing may only require supervision, or coaxing and support, or com-
plete guidance and direction. It is possible that coaxing and support in
some cases may be more challenging than complete guidance and
control. For example, taking someone to the toilet every two hours
may be more burdensome than complete continence care involving
disposable diapers (Albert, 1999).

Finally, it obviously matters whether care receivers participate, ac-
tively resist, or are passive as receivers of ADL care (Feinstein, Jose-
phy, & Wells, 1986). Helping a person who is cooperative is far
different from helping a person who is resisting assistance in bathing or
eating. Unfortunately, care for the severely demented AD patient often
incurs resistance.

The effects of providing care to a person with AD have been inten-
sively studied. Marital discord and divorce, depression and anxiety, loss
of employment, restriction of social life, invasion of privacy, impoverish-
ment, and substance abuse have all been linked to caregiving stress.
Buffering factors that mitigate these negative effects include support from
family, religiosity, strong personal mastery and self-efficacy, satisfaction
with caregiving, and strategies to reduce the burdensome nature of care.

Caregiving strain has also been linked to mortality risk, as suggested
in the Caregiver Health Effects Study, a study of the bereavement
experience of people who cared for spouses who died over follow-up
(Schulz & Beach, 1999). Spouses who provided care and reported
burden from caregiving were more likely to die than non-caregivers, but
caregiving spouses who did not experience burden did not face an
elevated risk. Schulz and Beach concluded that mental or emotional
strain is an independent risk factor for mortality among elderly spousal
caregivers.



Cognitive Function: Dementia 169

End of Life Care

Family caregivers face difficult decisions related to end-of-life care of
relatives in the last stages of the disease (Meier, 1999). Should patients
with pneumonia be treated aggressively with IV antibiotics, transferred
to hospital, and intubated or should they be treated symptomatically
with analgesics, antipyretics, and oxygen? Should a demented patient
refusing food or with swallowing difficulty be tube fed? Little is known
about the ways families make these decisions.

Persons with advanced dementia suffer serious medical problems,
such as pneumonia, urinary tract infections, and fever (Fabiszewski,
Volicer, & Volicer, 1990; van der Steen, Ooms, van der Wai, & Ribbe,
2002). Research suggests a high prevalence of IV antibiotic use and
invasive procedures (Ahronheim, Morrison, Baskin, Morris & Meier,
1996; Morrison & Siu, 2000). For example, despite the futility associ-
ated with aggressive care in end-stage dementia, Evers and colleagues
(2002) found that more than 50% of the patients with dementia were
treated with systemic antibiotics. Our own clinic series suggests similar
trends. In a group of people with probable AD, 31% used IV antibiotics
and 16% had feeding tubes placed in the 6 months before death.

It is still unclear why some families opt for use of life-sustaining
technologies in the case of older people with profound or terminal AD.
It may be that family caregivers who score high on measures of distress
(depression, caregiver burden, lack of social support) are less likely to
develop medical care goals that limit aggressive end-of-life care. These
families may also be at greater risk of emergency room use of life-
sustaining technologies. To our knowledge, no research has investigat-
ed this issue.

By contrast, AD patients may be less likely to be considered for life-
sustaining technologies than other people with terminal conditions. The
loss of cognitive ability and hence loss of personhood associated with
disease may allow families to "let go" of people who are in the last
stages of life.

Quality of Life in AD

One central problem for people with AD is their inability, in later stages
of the disease, to report on subjective states: their perceptions of pain,
satisfaction, comfort, enjoyment, contentment, anxiety, or well-being.
Since quality of life assessment is unthinkable without a patient's re-
ports of such states (see chapter 8), it would seem that assessment of
quality of life in people with AD would be impossible. Severely affected
patients (patients with Mini-Mental State Examination scores below 12



170 Public Health and Aging

or patients with more than moderate cognitive impairment) cannot
reliably complete self-report questionnaires. Yet it is clear even to the
casual observer that people with AD have good and bad days, that
facial expressions and body posture reliably communicate information
about internal states, and that these perhaps primitive indicators of
mood or well-being are associated with changes in environment (Albert
& Logsdon, 2001). If we can perceive mood changes and illness behav-
iors in animals, we can certainly recognize such changes in people with
dementia. Thus, the challenge in advanced AD is to identify indicators
of internal states that reliably convey information about mood and well-
being.

What domains or aspects of daily life are important to patients in the
presence of severely compromised cognition and function? The do-
mains included in current measures vary considerably. Among other
domains, Rabins includes "awareness of self" and "response to sur-
roundings" (Rabins, Kasper, Kleinman et al., 2001), and Brod, "aes-
thetic sense" and "feelings of belonging" (Brod, Stewart, Sands, 2001).
Logsdon's QOL-AD measure includes items assessing "energy level"
and "ability to do things for fun" (Logsdon, Gibbons, McCurry, et al.,
1999).

These are patient or proxy reports and face a variety of limitations.
Proxy reports about patient quality of life are correlated with caregivers'
own mood or perceived caregiver burden. People can impute moods or
symptoms based on their own status. Patients' self-reports will be reli-
able only up to a point, though some patients are evidently able to
complete questionnaires with MMSE scores as low as 10 (Logsdon et
al., 2001).

Behavioral observation measures avoid these limitations. The Appar-
ent Affect Rating Scale (APS) (Lawton, 2001), Multidimensional Obser-
vational Scale (MOSES; Helmes, 1987), Discomfort Scale (Hurley,
Volicer, Hanrahan, Houde, & Volicer, 1992), and other observer rat-
ings capture negative and positive behaviors in real-time (Albert, 1997).
"Behavior stream" technologies now allow clocking of the duration of
mood or behavior states and the context in which patients express
these states, such as "agitation during morning ADL care." Behavior
stream measures are complicated by the need for extensive training of
raters and limitation to institutional home settings.

One intermediate approach is to adapt behavior stream-like mea-
sures to proxy reporting. Albert and colleagues (Albert, Castillo-Castan-
ada, Sano et al., 1996; Albert, Castillo-Castanada, Jacobs et al., 1999)
asked proxies to report on affective states using APS items (i.e., facial
expressions of the so-called "hot" affects: anger, anxiety, interest, plea-
sure) and patient activity over the prior two weeks (frequency of a series
of in-home and out-of-home activities that could be completed with
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caregiving cueing and supervision). The measures were significantly
correlated with dementia severity in both clinic and community samples
(Albert, Castello-Castanada, Jacobs et al., 1999). This is important
confirmation of the validity of the quality-of-life measures. Such mea-
sures should be correlated with stage of dementia (because dementia
severity affects mood and opportunities for engagement) but should
also show variance within stage (suggesting that there are other sources
of pleasure or engagement relevant to dementia care).

This approach also is useful for specifying time to important quality-
of-life milestones in the progression of AD. For example, in a group of
people with moderate dementia at the start of follow-up, 50% were no
longer leaving their homes within 20 months. In a group with mild
dementia, this milestone was not reached until 30 months (Albert,
Jacobs, Sano et al., 2001). This study was also able to show a hierar-
chy of QOL outcomes. Onset of home confinement preceded onset of
null activity, which in turn preceded onset of null positive affect. Finally,
this study showed that proxies identified states of pleasure even among
patients with psychopathologic behaviors. This finding reminds us that
we must pay attention to both positive and negative behaviors if we are
to understand dementia adequately.

NON-ALZHEIMER'S DEMENTIAS

Vascular cognitive impairment (VCI), as opposed to Alzheimer's dis-
ease, is cognitive impairment related to cerebrovascular disease, such
as stroke. VCI is mainly defined by neuroimaging, which allows further
differentiation into subgroups that show cortical infarction, white matter
changes, or some combination of the two. In cohort studies of incident
dementia, such as the Cardiovascular Disease Study, about 70% of
people meeting criteria for dementia can be classified as AD, another
10% VCI, 15% mixed AD and VCI, and the remaining 5% some other
etiology (such as hydrocephalus, metabolic disorders, or Korsakoff's
syndrome) (Lopez et al., 2003).

VCI is a risk factor for mortality. In a Mayo Clinic record linkage
study, patients with vascular dementia had a greater risk of mortality
than matched non-demented controls. Among VCI patients, dementia
related to stroke was associated with the highest mortality risk. Patients
without stroke but with imaging evidence of bilateral infarctions in gray
matter structures had a lower mortality risk (Knopman, Rocca, Cha,
Edland, & Kokmen, 2003).

Another source of dementia in the elderly is Parkinson's disease
(PD). The Parkinson's Foundation has reviewed a series of prevalence
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and incidence studies of dementia in PD and found that about a quarter
of all Parkinson's patients meet criteria for dementia. Demented PD
patients are older but do not differ in the duration of the disease
(Lieberman, 2002). The annual incidence of dementia in Parkinson's
patients ranges from 2.7% (ages 55-64) to 13.7% (ages 70-79). De-
mentia risk in PD may vary according to whether patients have Lewy
body inclusions in the brainstem or brain, or have Lewy bodies with
Alzheimer's changes as well. Mortality risk in PD is related to the
presence of dementia. Incident dementia in PD increases mortality risk
even when the motor effects of PD are controlled (Levy et al., 2002).

SUMMARY

Families confronting dementing disease face the very difficult problem
of deciding when driving should cease, when supervision is required for
safety, when elders can no longer live alone, and when parents or
spouses are no longer competent to handle money, take medications,
or manage their lives independently. They will likely have to contend
with personality changes, psychiatric symptoms, and challenging be-
haviors as people reach more advanced stages of disease. Caregivers
may have to perform ADL care, manage custodial care staff hired to
assist the elder, or more likely both sets of tasks, possibly at a distance.
They may face the difficult decision to admit the Alzheimer's patient to
a nursing home. Or, as is increasingly more common, older people
themselves may choose residences (such as assisted living or continuing
care retirement communities) that can accommodate Alzheimer's or
nursing-home levels of care, should they need such services.

Definition of Dementia. A person meets criteria for dementia if he or
she has memory impairment and one or more additional impairments
in cognition, such as aphasia, apraxia, agnosia, or executive function
deficits. These cognitive deficits must be severe enough to cause signif-
icant impairment in social or occupational function and must represent
a significant decline from a previous level of functioning. For a person
to be diagnosed with Alzheimer's disease, the course of this general
cognitive disorder must, in addition, be characterized by gradual onset
and continuing, progressive decline that is not attributable to other
central nervous system conditions.

AD and Memory Decline in Aging. Research suggests that memory
declines typical of Alzheimer's disease may be distinct from normal
aging. In a nondemented cohort, declines in cognitive domains in peo-
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pie without the e4 allele, representing normal aging, were less pro-
nounced than declines in people with the e4 allele, representing a likely
early stage of AD.

Mild Cognitive Impairment. Mild cognitive impairment (MCI) is typi-
cally defined by subjective complaints of memory problems and mem-
ory performance below age-and education-referenced norms, with normal
performance in other cognitive domains and absence of impairment in
the instrumental and basic activities of daily living. Dementia incidence
in elders who report cognitive complaints and demonstrate mild deficits
in cognitive assessment is much higher than that for elders as a whole,
18% over 3 years, compared to perhaps 3-6% in the population of
older adults as a whole. Consequently, mild cognitive impairment can-
not be considered benign or a normal feature of healthy aging.

Prevalence and Incidence of Alzheimer's Disease. In a synthesis of
prevalence surveys, the best estimate of AD prevalence is about 1.9
million people aged 65+ in 1995. Prevalence rises to 2.1 million if we
include possible or mixed cases, that is, cases marked by AD and some
other source of dementia. If we restrict cases to moderate or more
severe AD, the prevalence is 1.0 million with the narrow definition and
1.4 million with inclusion of possible and mixed cases. All told, 5.7%
of Americans aged 65+ had AD in 1995, with 3.3% meeting criteria
for moderate or more severe AD.

By 2015, we can expect 4.6 million cases of AD using the narrow
definition and 5.3 million if we include mixed cases. About a third of
these cases will have moderate or more severe forms of AD.

The incidence of AD is closely related to age. For people aged 65-
74, annual incidence ranges from <0.5% to 1.3%. For people aged
75-84, the range is 1.5% to 4.0%, and for people aged 85+ it is 4.7%
to 7.9% per year. Minority status is among the most important risk
factors for AD. Given the increasing number of minority elderly in the
U.S., this disparity has great public health significance.

Risk Factors for Alzheimer's Disease. Only about 7% of early-onset
AD (< age 65) and less than 1% of late-onset AD have been linked to
mutations on particular genes. For late-onset AD, attention centers on
the APOE gene. A number of studies have shown over-representation
of the APO£-e4 allele in people with AD. Despite this finding, the
current recommendation is against use of APOE as a screening tool:
"although APOE genotype may be a risk factor for AD, it cannot yet
be considered a useful predictive genetic test."

The significance of cognitive resources early in the life span for
dementia in late life has become increasingly clear in studies that have
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linked risk of AD to childhood IQ, educational accomplishment and
leisure activities, occupational attainment and job demands, language
skills in early adulthood, diversity of physical and cognitive engagement
over the life span, parental socioeconomic status, and literacy. These
findings suggest that cognitive ability is similar to grip strength: differ-
ences (in muscle fiber density, in neuronal integrity or number) already
apparent at birth or in the perinatal period (and which develop or set
limits on development over the life span) provide variable reserve against
depletions that occur with aging. These resources put one closer or
further away from the threshold of disability associated with the loss of
physical and cognitive function that occurs over the life span.

A variety of medical conditions have been shown to increase the risk
of AD, including hypertension and vascular disease, diabetes, loss in
bone mineral density, estrogen deficiency, and depression.

The case of estrogen deficiency is instructive. An initial cohort study
showed a benefit for estrogen replacement. In this study, 5.8% of
estrogen users were diagnosed, compared to 16.3% of non-users, even
after adjustment for differences in education, ethnic origin, and APOE
genotype. However, confidence in estrogen replacement as a treat-
ment strategy has been shaken by a series of negative clinical trials.
The negative result for these treatment trials does not rule out a pro-
tective effect for estrogen as a preventive agent if given earlier to
women who have not yet developed AD. However, expectations of
success have been dampened by absence of differences in cognitive
performance in a randomized trial using estrogen in nondemented
women. Combined with reports from the Women's Health Initiative of
an increased risk of some cancers and stroke in women using estrogen
replacement therapy (leading to early termination of the unopposed
estrogen arm of the trial), estrogen replacement may not turn out to be
useful as an antidementia agent. Yet other evidence suggests that estro-
gen may turn out to be critical for cognitive health and risk of AD after
all. For example, bone mineral density (BMD) is a marker of cumulative
estrogen exposure and has been associated with cognitive function in
nondemented older women. Thus, the relationship between estrogen
and risk of AD remains unclear. Results from the Women's Health
Initiative combined estrogen/progestin arm, as well as other prevention
trials, should help clarify the issue.

Outcomes Associated with Alzheimer's Disease. Compared to nonde-
mented elderly matched for age and comorbid disease, drawn from the
same community, and similar in socioeconomic features, elders with AD
face a mortality risk 2-3 times higher than elders with normal cognition.

AD is a key risk factor for nursing home admission. In one clinical
trial series, two-thirds of people with moderate levels of dementia en-
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tered nursing homes over 2 years. Dementia progression was the stron-
gest predictor of placement. People progressing to severe dementia
were 8 times as likely to enter nursing homes as people who remained
moderately demented.

AD is also associated with greater risk of acute medical care in the
hospital, as well as general medical care in the community. In a New
York City sample, 10% of AD cases had a hospitalization in a year,
compared to 6.8% among nondemented elders. In logistic regression
models that controlled for differences in age, gender, education, num-
ber of comorbid conditions, and death in the follow-up period, severe
AD was associated with a twofold increase in risk of hospitalization.

Families provide the vast majority of Alzheimer's care. While Alzhe-
imer's patients are common in nursing homes, accounting for perhaps
half the residents, these residents represent a minority of the Alzhe-
imer's population. Most people with AD are cared for at home, use a
variety of in-home (home attendant, allied health) and out-of-home
services (adult day care, acute rehab), and will enter nursing homes very
late in the disease, if at all.

The effects of providing care to a person with AD have been inten-
sively studied. Marital discord and divorce, depression and anxiety, loss
of employment, restriction of social life, invasion of privacy, impover-
ishment, substance abuse, and mortality have all been linked to caregiv-
ing stress. Buffering factors that mitigate these negative effects include
support from family, religiosity, strong personal mastery and self-effica-
cy, satisfaction with caregiving, and strategies to reduce the burden of
providing care.

Family caregivers and clinicians face difficult decisions related to end-
of-life care of relatives in the last stages of AD. Should patients with
pneumonia be treated aggressively with IV antibiotics, transferred to
hospital, and intubated; or should they be treated symptomatically with
analgesics, antipyretics, and oxygen? Should a demented patient who
refuses food or has difficulty swallowing be tube fed? Little is known
about the ways families make these decisions, but evidence suggests
that use of life-sustaining technologies is common in this terminal pop-
ulation.

Since quality of life (QOL) assessment is unthinkable without a pa-
tient's own reports of such states, it would seem that assessment of
quality of life in people with AD would be impossible. Severely affected
patients (patients with Mini-Mental State Examination scores below 12
or patients with more than moderate cognitive impairment) cannot
reliably complete self-report questionnaires. Yet it is clear even to the
casual observer that people with AD have good and bad days and that
facial expressions and body posture reliably communicate information
about internal states. QOL investigation of people with AD requires a
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judicious mix of patient, proxy, and observational measures. A useful
QOL measure should be correlated with stage of dementia (because
dementia severity affects mood and opportunities for engagement) but
should also show variance within stage (suggesting that there are other
sources of pleasure or engagement relevant to dementia care). In this
way, QOL Investigation may be useful as a guide to clinical care and
environmental modifications that will benefit patients and their families.



Affective Function:
Suffering, Neglect, Isolation

Symptoms of poor mental health may be different in older than in
younger people (Blazer, 2002). As we will see, older people are less
likely to meet standard criteria for syndromal depression or anxiety
disorders. Affective disorders are more likely to take the form of "sub-
threshold syndromes," symptom intensities and frequencies short of
standard criteria for diagnoses of clinical disorders. Does this mean that
older people are less depressed? Or should we draw the conclusion that
depression needs to be redefined in this case because it is a different
kind of clinical entity? The disability and excess morbidity associated with
subthreshold disorders suggests the latter, as we will see below. These
questions also suggest that we consider mental health in older adults
within the broader context of emotional and social experience in old age.

BURDEN OF MENTAL ILLNESS

The first Surgeon General's Report on Mental Health (1999) begins
with recognition of the immense burden of disability associated with
mental illness throughout the world. In more developed countries ("es-
tablished market economies"), for example, mental health disorders
account for about 15% of all disease burden, more, in fact, than the
burden associated with cancer (Murray & Lopez, 1996). The rank of
these diseases in terms of the burden they produce is shown in Table
7.1. Mental illness is exceeded only by cardiovascular disease in years
lost to disability and early mortality. Cancer follows, showing that dis-
eases of mental health, because they begin early in life and persist over
the life span, produce a greater volume of morbidity and disability.

177
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TABLE 7.1 Disease Burden by Selected Illness Categories in
Established Market Economies, 1990

Percent of Total DALYs*

All cardiovascular conditions 18.6
All mental illness** 15.4
All malignant diseases (cancer) 15.0
All respiratory conditions 4.8
All alcohol use 4.7
All infectious and parasitic diseases 2.8
All drug use 1.5

'Disability-adjusted life year (DALY) is a measure that expresses years of life lost to premature
death and years lived with a disability of specified severity and duration (Murray & Lopez,
1996).
**Disease burden associated with "mental illness" includes suicide.
Source: Murray & Lopez, 1996.

TABLE 7.2 Leading Sources of Disease Burden in Established
Market Economies, 1990

Total DALYs (millions) Percent of Total

1
2
3
4
5

All causes
Ischemic heart disease
Unipolar major depression
Cardiovascular disease
Alcohol use
Road traffic accidents

98.7
8.9
6.7
5.0
4.7
4.3

9.0
6.8
5.0
4.7
4.4

Source: Murray & Lopez, 1996.

Clearly, treatment and prevention of mental disorders would go a long
way toward the reduction of disease burden.

The burden of particular diseases involving mental health relative to
total disease burden is shown in Table 7.2. The table shows that the
equivalent of 98.7 million person-years were lost to disability or early
mortality in the more developed countries in 1990. Unipolar depres-
sion, the most prevalent mental illness, accounted for 6.8% of this total
burden. Burden associated with depressive disorders exceeded burden
associated with cardiovascular disease (more narrowly defined than
above), alcohol use, and road traffic accidents.

The measure of burden in these comparisons is the DALY, or disabil-
ity-adjusted life year. This is a summation of years of healthy life lost to
disability and early mortality. While the DALY is similar in principle to
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other measures of health expectancy, discussed in chapters 5 and 8, its
calculation differs in an important way. It assigns weights to age, where
these weights "reflect the relative importance of healthy life at different
ages" (World Bank, 1995). These weights increase up to age 25 and
then decline. They have also been designed to reflect the dependence
of the young and elderly on working-age adults. One effect of this age-
weighting factor in DALY calculations is the decrease in the contribu-
tion of old age disability to total years lost to disability. Be that as it
may, the DALY approach to burden is useful for showing the great
morbidity and disability associated with mental illness.

An alternative indicator of the severe burden of mental illness, espe-
cially depression, is visible in self-reports of disability from people with
different chronic health conditions. The Medical Outcomes Study ex-
amined adult outpatients with a series of sentinel conditions (hyperten-
sion, myocardial infarction, arthritis, gastrointestinal disorders, and
depression), who did not have other comorbidities (Wells et al., 1989).
The impact of each condition on six health-related quality of life do-
mains (physical function, role function, social function, mental health,
self-perceived global health, and bodily pain) was assessed relative to a
nationally representative sample of adults ascertained outside the clinic
setting (see chapter 8). The differences in scores on each of the six
domains, relative to the non-clinic sample, show important differences
in disease impact. These findings are shown here in Figure 7.1.

The dotted line represents scores from the non-clinic sample, as-
signed a zero value for purposes on standardization. The figure shows
that hypertension has little effect of reported function and well-being.
People with the condition reported only poorer perceived health and a
greater number of mental health symptoms, both in keeping with the
disease label and the need to take medication (which may itself have a
quality of life impact). Arthritis and GI disorders were roughly compa-
rable in their effects on physical function, but GI orders were more
burdensome on role, social function, and mental health domains, while
arthritis was more burdensome in the bodily pain domain. Myocardial
infarction had primarily physical effects, with very low scores in the
physical and role performance domains.

Wells et al., (1989) point out the perhaps surprising result that
outpatients meeting criteria for depression performed worse not just on
the mental health measures, as expected, but looked very much like the
myocardial infarction patients in their reports of physical function and
role performance. He concluded, the functioning of depressed patients
is comparable with or worse than that of patients with major chronic
medical conditions.

Thus, the effect of mental disorders on daily life should not be
underestimated. Below, we examine morbidity associated with depression
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FIGURE 7.1 Health Profiles for Patients With Four Common Condi-
tions From Medical Outcomes Study.
Note: the mean health scores for each chronic condition group and for the group with no
chronic conditions are standardized. The difference between each chronic condition group
and patients with no chronic conditions (deviation score) was divided by the standard devia-
tion for the total sample for each health measure.

Source: Stewart et al., 1989. Reprinted, with permission, American Medical Association.

and the role of depressive disorders in increasing the risk of future
mortality and disability.

Mental health symptoms appear to change with older age. For exam-
ple, in later life depressive disorders fulfilling diagnostic criteria are
relatively rare; "subthreshold disorders" are more common. Subthresh-
old depression, for example, includes symptoms of depression that are
not severe, frequent, or disruptive enough to be labeled as clinical
depression. In practice, people are said to have subthreshold depres-
sion when they report symptoms on a depression self-report measure
that fall below standard thresholds for defining likely depression. In the
case of the Center for Epidemiologic Studies-Depression scale (CES-D),

PRESENTATION OF MENTAL HEALTH SYMPTOMS
IN LATE LIFE
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this would be a score above some minimum but below 16. In the case
of the Geriatric Depression Scale (CDS) short form, this would be a
score above 0 but below 10.

Rather than feeling depressed and reporting sadness or worthless-
ness, older people with depression may be more likely to report alter-
native clusters of symptoms, such as loss of interest in usual activities
and somatic or cognitive symptoms, including fatigue, pain, sleep diffi-
culties, and memory disorders. One study suggested that people at the
oldest ages are more likely to report "delimited forms of distress," such
as enervation, dysphoria, and sleep disturbances, rather than the more
typical anhedonia typical of younger cohorts (Gallo, Rabins, & Antho-
ny, 1999). A similar process appears to be at work for anxiety disor-
ders, with greater likelihood of subthreshold anxiety disorders in later
life.

Mossey, and Moss (2002) reported a study of 600 community-dwell-
ing elders aged 70+ with a specific focus on subthreshold depression.
They defined subthreshold depression using the CES-D (as well as
additional questions assessing depressive symptoms) and found that
5.2% met criteria for depression and 22.2% for subthreshold depres-
sion. Not surprisingly, people who met criteria for depression scored
more poorly on measures of physical, functional, and social health, and
were also likely to have more physician visits (22, compared to 13 in
the non-depressed group) and spend a greater number of days in the
hospital (12 versus 5.2 in the non-depressed group) over the previous
year. An important result of this study was a set of similar findings for
the subthreshold depression group. Older adults with subthreshold de-
pression scored more poorly in measures of health and were also likely
to have a greater number of physician visits and hospital days than the
non-depressed group. Mossey and Moss conclude that "with a preva-
lence of 22%, the public health burden of an even modest impact of
sub-threshold depression on life quality and functioning of older individ-
uals is substantial."

It is also worth asking about the persistence and effect of mental
health symptoms in older people after a diagnosis of depression. The
natural history of depression in older adults was examined in the Lon-
gitudinal Aging Study, a cohort of older adults recruited in Amsterdam
(Beekman et al., 2002). Within this large cohort, 277 were identified
as depressed at baseline and were followed for up to 6 years, with up
to 14 assessments in this period. Elders were assessed with the Diag-
nostic Interview Schedule (DIS), a clinical interview that allows diagnosis
of depression and its subtypes. Use of the clinical diagnostic interview
with such extensive follow-up is rare, and allows insight on symptom
duration, type of clinical course, and stability of diagnosis. In this group
of older people who met criteria for depression at baseline, less than a
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quarter saw remission of their symptoms. On the whole, symptom
levels remained high: 44% had an unfavorable but fluctuating course
and 32% a continuing severe chronic course. Older people with sub-
threshold disorders were at risk for progression to more severe forms
of depression. In this community cohort, the natural history of late-life
depression turned out to be poor, with persistence and increasing
morbidity the most common outcome.

This brief review of research on the presentation of mental health
symptoms in older adults suggests that symptom profiles in depression
may be different than in younger adults, with less affective symptoms
(i.e., feelings of worthlessness or sense that life is not worth living,
crying, thoughts of suicide) and more somatic and cognitive symptoms.
The result is a profile of symptoms short of the standard clinical syn-
drome. But subthreshold mental illness can also be consequential, with
significant suffering, great health impact, and lost opportunities for
productive aging. Clinical and service delivery staff who work with the
elderly will need to recognize these differences if they are to provide
effective care and referral.

Given the reduction in the most severe forms of depression and
anxiety with age, one wants to know why symptoms of this sort decline
and come to be replaced by more mild forms. Jorm, Christensen,
Korten, Jacomb, and Henderson, (2000) suggest that "ageing is asso-
ciated with an intrinsic reduction in susceptibility to anxiety and depres-
sion." They ask for caution in this conclusion, since we have few longitudinal
studies covering the adult life span and therefore cannot yet reliably
distinguish aging from cohort effects. If this difference in symptom expres-
sion turns out to be reliably associated with age, Jorm and colleagues
suggest the reason may be decreased emotional responsiveness with age,
increased emotional control, and a kind of "psychological immunization"
to stressful experiences. Supporting the first of these hypotheses, Carstensen
(1992) and Lawton, Parmelee, Katz, and Nesselroade, (1996) reported
lower self-reported frequency of many affects in cross-sectional compari-
sons of young, middle-aged, and older adults. Carstenson (1992) has also
demonstrated less interest in novel stimuli and greater social selectivity
with age as a way of conserving psychological resources and promoting
well-being. These findings provide some support for reduced emotional
expression and greater emotional control in later life.

These last points deserve special emphasis because they show again
the pervasive link between life span processes and health. Emotional
life changes across the life span. As a consequence, the experience of
depression may also change. Depression is not trivial in late life, but it
may take on a less florid form because of changes in emotional make-
up. If one talks to older people and asks about their emotions, one is
likely to hear statements about the decline of emotion: "The highs are
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not so high anymore, but the lows are not so low either." In our
research, we find that older people speak wistfully of their more intense
emotional life at younger ages but also report a good deal of relief at
getting off that treadmill.

PREVALENCE OF MENTAL ILLNESS AT OLDER AGES

As mentioned above, syndromal depression, that is, severity and dura-
tion of symptoms that meet criteria for clinical diagnosis, is less com-
mon among older people than younger people. This is apparent in
population surveys that query respondents on symptoms of depression,
such as the National Health Interview Survey, 2000 (HIS). "Severe
psychological distress" in the HIS was measured according to the fre-
quency of six distress symptoms over the past 30 days. The six items
formed a scale with a range of 0-24 (so that each item was scored 0-
4), and a score of 13 or greater was used to define severe distress.

As Figure 7.2 shows, less than 2% of people aged 65+ reported
"serious psychological distress." In people aged 45-64, about 4% re-
ported this level of distress, nearly twice as many. In the youngest age
group, 18-44, the proportion was also higher, about 2.5%. Notably, in
all age groups women were more likely to report severe psychological
distress than men.

A common measure of depression in late life, as mentioned earlier,
is the Geriatric Depression Scale, CDS (Yesavage, Brink et al., 1983).
The short form is shown here in Table 7.3; bold answers indicate the
presence of depressive symptoms. The items cover dysphoria, sadness
or lack of enjoyment; anhedonia, or lack of interest in activities that are
usually sought out; somatic symptoms associated with depression; and
demoralization or existential suffering. "Yes" responses to the 15 items
are summed. In the short-form of the CDS, scores greater than 5
suggest possible depression and warrant follow-up. Scores greater than
10 are very sensitive for detecting syndromal depression.

Depression is usually assessed using self-report instruments of this
sort, rather than clinical diagnostic interviews that allow for true diag-
noses. This should be kept in mind when interpreting the diverse prev-
alence estimates of depression in older adults.

What then is the prevalence of depression in older people? A key
consideration is what sort of older person, frail or hale, community-
resident or institutionalized, ascertained in a medical setting or not?
Obviously, the prevalence of depression will be higher in people in
medical settings or with extensive disability and chronic conditions than
in a community sample of older people.
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FIGURE 7.2 Percent of Adults Aged 18 Years and Over Who Expe-
rienced Serious Psychological Distress During the Past 30 Days, by
Age Group and Sex: United States, January—June 2002.
Notes: Six psychological distress questions are included in the Sample Adult Core compo-
nent. These questions ask how often a respondent experienced symptoms of psychological
distress during the past 30 days. The response codes (0-4) of the six items for each person
are summed to yield a scale with a 0-24 range. A value of 13 or more for this scale is used
here to define serious psychological distress.

Data Source: Based on data collected from January through June in the Sample Adult
Core component of the 2002 National Health Interview Survey.

In one community study of people aged 65+, the Alameda County
Study, 6.6% of men and 10.1% of women showed symptoms of major
depressive disorders. Once chronic conditions were controlled, the prev-
alence of depression of this severity did not increase with age. This is
an important finding, consistent with what we have noted earlier. De-
pressive symptoms are much more closely associated with health status
than with age. If the prevalence of depression appears to increase with
age, it is entirely due to the increasing prevalence of chronic disease
conditions with greater ages (Roberts, Kaplan, Shema, & Strawbridge,
1997).

Compare this 5-10% community prevalence to the much higher
prevalence found in elderly outpatients. One study reported that 24%
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TABLE 7.3 CDS Mood Scale: Short Form

Choose the best answer for how you have felt over the past week:
1. Are you basically satisfied with your life? YES / NO
2. Have you dropped many of your activities and interests? YES / NO
3. Do you feel that your life is empty? YES / NO
4. Do you often get bored? YES / NO
5. Are you in good spirits most of the time? YES / NO
6. Are you afraid that something bad is going to happen to you? YES /NO
7. Do you feel happy most of the time? YES / NO
8. Do you often feel helpless? YES / NO
9. Do you prefer to stay at home, rather than going out and doing new

things? YES / NO
10. Do you feel you have more problems with memory than most? YES / NO
11. Do you think it is wonderful to be alive now? YES / NO
12. Do you feel pretty worthless the way you are now? YES / NO
13. Do you feel full of energy? YES / NO
14. Do you feel that your situation is hopeless? YES / NO
15. Do you think that most people are better off than you are? YES / NO

Answers in bold indicate depression. Although differing sensitivities and specificities have
been obtained across studies, for clinical purposes a score > 5 points is suggestive of
depression and should warrant a follow-up interview. Scores > 10 are almost always depres-
sion.

of an ambulatory care sample had clinically significant depressive symp-
toms. However, even here only 10% met criteria for major depressive
disorder. Notably, only 1% of these people received treatment for a
mental health problem (Borson et al., 1986).

The prevalence of depression in hospitalized and institutionalized
older populations is even higher: 12-45% in the hospital, and 15-30%
in skilled care facilities (Surgeon General's Report, 1999). Likewise, the
prevalence of depression in community-resident patients with the chronic
diseases of late life is also quite high: 15-20% in early Alzheimer's and
perhaps 50% in Parkinson's disease.

MENTAL HEALTH IN A DISABLED
OLDER POPULATION

The Women's Health and Aging Study, I, WHAS (Guralnik, Fried,
Simonsick, Kasper, & Lafferty, 1995b) enrolled moderately to severely
disabled women, representing the most disabled third of older women
living in the community. Women were recruited from Medicare enrollee
lists in the Baltimore, MD area. Mental health in the sample was
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assessed with a variety of indicators, including the Geriatric Depression
Scale (Yesavage et al., 1983), anxiety indicators from the Hopkins
Symptom Checklist (Derogatis, Lipman, Riskels, Uhlenhuth, & Covi,
1974), the Perceived Quality of Life scale (Patrick, Danis, Southerland,
& Hong, 1988), and sense of control and efficacy from the Personal
Mastery scale (Pearlin & Schooler, 1978), The sample of over 1000
women was divided into three age groups (65-74, 75-84, 85+) and
three disability groups. Women had moderate disability (no ADL disabil-
ity but difficulty in two of three domains: upper extremity, lower ex-
tremity, IADL), ADL disability without personal assistance, or ADL
disability with personal assistance.

Table 7.4 presents the mental health of disabled women in WHAS,
I. High levels of depressive symptoms, that is, symptomatology consis-
tent with the clinical syndrome of major depression, were evident over-
all in 17.4% of the sample. Older people were less likely to report a
high number of depressive symptoms: 14.3% of women aged 85+ vs.
18.6% of women aged 65-74. Disability, rather than age, was the
stronger correlate. The proportion with symptomatology consistent with
a diagnosis of depression was 13.1% in women with moderate disabil-
ity, 16.4% in women with ADL disability not receiving help (mild ADL
disability), and 29.3% in women with ADL disability who received
personal assistance (more severe ADL disability).

Anxiety symptoms, unlike depression, increased with age: 2.8% in
women aged 65-74, 4% in women aged 75-84, and 5.1% in women
aged 85+. The relationship between disability and anxiety symptoms
was less pronounced, increasing from 2.1% to 4.4% and 4.7% across
severity categories.

Satisfaction with help received from family and friends was reported
in about 80% of women, regardless of age or disability status (though
note the gradient in satisfaction by severity of disability: 83.6%, 79.3%,
and 74.8%). More pronounced are differences in the help these wom-
en feel they are able to provide to others. "Satisfaction with help
provided to others" decreases from 84% in the moderately disabled, to
71.1% in women with mild ADL disability, to 56.2% in women with
more severe ADL disability.

"Satisfaction with variety in life" was also more strongly related to
disability than age: about a 20% difference between women with mod-
erate disability (70%) and severe ADL disability (51.4%). But note also
that half the women with severe ADL disability, and hence low scores
on quality of life measures that emphasize function (see chapter 8), still
report satisfaction with variety in daily life. Note, too, that "satisfaction
with the meaning and purpose of your life" was stable across age and
disability categories; about three-quarters of these women, whatever
their age or level of disability, reported satisfaction in this area.
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TABLE 7.4 Mental Health Indicators: Women's Health and Aging
Study, I

Age Group Disability Status
65-74 75-84 85+ Moderate ADL ADL

Disability: Disability:
No Help Help

High level of
depressive symp-
tomatology, %'
High level of
anxiety, %2

Satisfied with help
received from
family &
friends, %3

Satisfied with
help you give
to family &
friends, %3

Satisfied with
amount of
variety in your
life, %3

Satisfied with the
meaning and
purpose of your
life, %3

I can do just
about anything I
really set my
mind to do, %
Strongly agree4

I feel helpless in
dealing with the
problems of life,
% Strongly
agree4

18.6 17.3 14.3 13.1 16.4 29.3

2.8 4.0 5.1 2.1 4.4 4.7

79.1 81.1 78.2 83.6 79.3 74.8

77.6 70.1 68.0 84.0 71.1 56.2

65.9 62.1 62.3 70.0 63.6 51.4

76.4 75.8 75.7 79.7 74.8 72.1

48.6 45.1 44.4 51.4 45.2 40.2

8.8 10.3 12.3 9.3 6.8 20.0

"Moderate disability": self-reported difficulty in tvwo of three domains: upper extremity, lower
extremity, or IADL. Summarized from tables 8-1 through 8-5, Guralnik et al., 1995b.

'High level of depressive symptomatology: Score <greaterthan=>14, Geriatric Depres-
sion Scale, long form (Yesavage et al., 1983)
2High level of anxiety: maximum score ("extremely") on "felt nervous or shaky inside"
during past week, Hopkins Symptom Checklist (Derogatis, et al., 1974).
3Items from Perceived Quality of Life scale (Patrick, et al., 1988).
4Items from Personal Mastery scale, (Pearlin & Schooler, 1978).
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Finally, this sample of women on the whole reported relatively low
self-efficacy. Less than half reported confidence they could accomplish
"anything I really set my mind to do." On the other hand, a minority
of respondents reported "helplessness": less than 10% in the less se-
vere disability groups and 20% in women with the most severe ADL
disability.

This inquiry suggests that disability has only a mild impact on mental
health and general well-being. This is an important result. Most of the
women in this sample were able to maintain mental equipoise despite
disability. We should not underestimate the fundamental stability of
mental health over the life span or the ability of older people to adapt
to functional limitation and disability.

OUTCOMES ASSOCIATED WITH MENTAL ILLNESS
IN LATE LIFE

Depression in late life has been associated with an increased risk of
mortality. The central question in this association is whether depression
is a feature of disease and for this reason is artifactually associated with
mortality, or whether depression is itself an independent risk factor for
early death.

An accumulating set of evidence supports the latter hypothesis. For
example, in the Cardiovascular Health Study (CHS), Schulz and col-
leagues (2001) showed that baseline depressive symptoms were associ-
ated with 6-year all-cause mortality in older persons. The CHS consists
of 5201 people aged 65+ from four communities across the U.S. This
study found a higher mortality rate (23.9%) in people with high base-
line depressive symptoms than in people with few depressive symp-
toms (17.7%). Depression in this study retained a significant association
with mortality over 6 years of follow-up when controlling for sociode-
mographic factors, prevalent clinical disease, subclinical disease indica-
tors at baseline, and biological or behavioral risk factors. In multivariate
models that controlled for all of the factors, people with high depressive
symptoms at baseline had a relative risk of 1.24 (95% CI, 1.06-1.46),
about a 25% greater risk of mortality, compared to people with few or
no depressive symptoms. Schulz and colleagues (2000) suggest that
"motivational depletion," lack of attention to self-care and treatment
adherence and a more general loss of the will to live, may be respon-
sible for this greater risk of death. Other research has confirmed this
association controlling as well for cognitive deficit (Rozzini, Frisoni,
Sabatini, & Trabucchi, 2002).
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A similar finding was reported by Unutzer, Patrick, Marmon, Simon,
and Katon (2002). They found that older adults with the most severe
depressive symptoms had a significant increase in mortality, again after
adjusting for demographics, health risk behaviors, and chronic medical
disorders. They point out that the increase in mortality due to depres-
sion was comparable to mortality associated with such chronic medical
disorders as emphysema and heart disease.

Mortality from suicide in particular is also a consequence of depres-
sion in late life. Suicide risk is highest in younger people and in people
aged 85+. In fact, recent reports suggest that the highest suicide risk
appears to be in white men aged 85+. The suicide rate for this group
is 21 per 100,000, nearly twice the national rate of 10.6 per 100,000
(CDC, 2003).

One of the strongest tests of the clinical relevance of depression in
the case of older people is its role in predicting onset of disability. In a
review of 78 high-quality reports involving longitudinal studies (Stuck et
al., 1999), depression was a consistently strong predictor of incident
disability in older people. Depression predicted onset of disability in two
studies that controlled for the presence of chronic conditions, behavior-
al risk factors, and cognitive status (Bruce, Seeman, Merrill, & Blazer,
1994; Penninx, Leveille, Ferrucci, van Eik, & Guralnick, 1992). In one
study, even the presence of depressive symptoms short of the severity
or duration required for a diagnosis of depression ("subthreshold de-
pression," described earlier) was a significant predictor of incident dis-
ability (Gallo, Rabins, Lyketsos, Tien, & Anthony, 1997). Finally, there
is also evidence that depressive symptoms are related to loss of physical
abilities, that is, to functional limitation, in the pathway toward disability
(Pennix, et al., 1998); (see chapter 5).

These findings suggest that depression is a true cause of disability in
older people, meeting many of the criteria for causality in epidemiology
(Susser, 1997). It is temporally prior to development of disability, it
affects a link in the pathway to disability, and it is a consistent finding
in the literature across different age groups. Since treatment of depres-
sion is possible, this source of excess morbidity and disability should
certainly be addressed in the care of the older person.

TREATMENT OF DEPRESSION IN LATE LIFE

We have already seen that depression is under-appreciated and under-
treated in older people, as it is in younger people. The reasons for this
neglect in late life are apparent from what we have already noted. A
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first reason has to do with the medical and psychosocial context of
aging. Because most older people have a variety of medical conditions,
it is tempting for physicians, families, and even the elder himself to
assign symptoms of depression to these conditions. Similarly, it may be
difficult in some cases to distinguish normal grief after loss of a spouse,
for example, from depression.

A second reason for under recognition is the "softer" presentation of
depressive symptoms in older people, described above, and the greater
prevalence of subthreshold disorders rather than disease of accepted
levels of clinical severity. The lack of affective symptoms in some cases,
such as sadness, makes depression hard to diagnose for practitioners
who do not have experience with geriatric mental health. The de-
pressed elder may stress physical symptoms, reducing the likelihood of
a mental health referral.

Finally, there is garden-variety ageism. Unfortunately, many provid-
ers and many elderly themselves still think that misery is normal in late
life. After all, the reasoning goes, late life is the time of physical and
mental health decline, so of course depression should be expected. This
reasoning is absolutely fallacious, however, as we know from studies of
patients at the end of life. Depression is more common in terminal
patients but far from universal. Even in these patients risk of depression
appears to reflect life long mental health more than illness and the
dying process (Rabkin, Wagner, & Del Bene, 2000). And, most impor-
tantly, depression responds to treatment even in patients who are
dying. Affective suffering should be considered a medical issue as signif-
icant as any other health indicator.

Treatment for depression in older people may rely on pharmacologic
agents, psychosocial interventions, or a combination of the two. Re-
sponse rates in older people appear to be comparable to those in
younger people, as both age groups respond in about 80% of cases
(Surgeon General, 1999). However, older people may take longer to
respond to therapy and may face a greater risk of relapse.

NEGLECT AND ABUSE

Victimization of the elderly takes many forms and extends across a
continuum of behavior. On one extreme of this continuum we might
place neglect of the elderly, whether self-neglect or inattention to an
elder's needs by others. On the other extreme, we might place active
abuse and exploitation. Somewhere in the middle lies purposeful ne-
glect designed to injure or coerce. These are often lumped within a
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single category of "mistreatment," which is defined differently across
surveys. Adult Protective Services, municipal agencies that assess and
intervene in the case of victimization of the elderly, define three forms
of mistreatment (Lachs, Williams, O'Brien, Pillemer, & Charlson, 1998):

Abuse: Willful infliction of pain or mental anguish, or purposeful
withholding of resources necessary to meet basic needs;

Neglect: Failure of an elder to satisfy basic needs (food, shelter,
medication management, medical care) either because of incom-
petence in the elder or because another person charged with
care for the elder fails to meet these needs (abandonment, poor
custodial care);

Exploitation: Taking advantage of an elder to steal or dispossess the
elder of money, wealth, or valued goods.

Over an 11-year period, the cumulative incidence of abuse in the
New Haven component of the Established Populations for Epidemio-
logic Studies of the Elderly (EPESE) was 7.2% (202/2802). These 202
people came to the attention of the Connecticut Ombudsman and
Elderly Protective Services. Of the 202, 44 were verified as cases of
abuse, 120 were verified as cases of self-neglect, and 38 were non-
verified allegations. Thus, the incidence of abuse over this 11-year
period was 1.6% (44/2802) and self-neglect 4.3% (120/2802). If we
take the total incidence of 7.2% and convert it to a yearly estimate, the
annual incidence is about 6.5 cases per 1000 per year (.072/11 x
1000). We can compare this estimate to the 32 per 1000 reported in
a random sample prevalence survey (Pillemer & Finkelhor, 1988). This
suggests that about one in five cases of abuse, neglect, or exploitation
comes to the attention of protective services.

A variety of research is now available on correlates of elder mistreat-
ment. Using the merged EPESE-protective services data set described
earlier, Lachs and colleagues (1998) have shown that elders referred to
protective services were at an increased risk of mortality, a threefold
increase in the case of abuse and nearly a two-fold increase in the case of
self-neglect (Lachs, Williams, O'Brien, Pillemer & Charlson, 1998).
This excess risk was calculated in models that adjusted for many
predictors of mortality, including sociodemographic characteristics, chron-
ic disease status, functional and cognitive status, social networks, and
depressive symptoms.

Elders referred to protective services also faced an increased risk
of nursing home placement. In the same EPESE cohort followed
over 11 years, 31.8% of elders not referred to protective services
were admitted to skilled care facilities. In elders referred to protec-
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tive services for abuse, the rate was 52.3% and for elders referred
for self-neglect, the rate was 69.2% (Lachs, Williams, O'Brien, &
Pillemer, 2002).

What factors predispose elders to mistreatment? In the case of self-
neglect, key risk factors are cognitive impairment and depression, though
one study identified additional risk associated with living alone, poverty,
male gender, and a particular profile of chronic conditions, such as
stroke and hip fracture (Abrams, Lachs, McAvay, Keohane, & Bruce,
2002). The case of abuse involves both elder and family features.
Elders with cognitive impairment and greater needs in care because of
disability are more likely to be abused (and less likely to report it).
Family caregivers with substance abuse problems, mental and physical
health symptoms, lower socioeconomic status, and poor coping and
caregiving skills are more likely to be abusers.

SOCIAL ISOLATION

One result of poor mental health is social isolation, which in turn is
associated with poor outcomes in a variety of areas, including greater
risk of suicide, poor medication management, inferior nutrition, over-
use of laxatives and other over-the-counter medicines, and poor living
environments (i.e., greater risk of exposure to extremes of heat and
cold). The connection between comorbid disease, poor mental health,
social isolation, and these additional negative outcomes has been called
a "spiral of deterioration" (Alexopoulos et al., 2002).

Yet it also appears that social isolation in itself is a risk factor for
poor outcomes. In one study, for example, poor health, physical dis-
ability, and social isolation were all independently associated with de-
pression. Once controlling for these factors, the association between
depressive symptoms and lower socioeconomic status was no longer
significant, leading the authors to suggest that "money cannot buy
happiness" in the elderly (West, Reed, & Gildengorin, 1998).

Social isolation and loneliness also increase the risk of nursing home
admission, even when the effects of other predisposing factors (such as
age, education, income, mental status, physical health, morale, and
social contact) are controlled (Russell, Cutrona, de la Mora, & Wallace,
1997). Why should loneliness or social isolation predict nursing home
admission? Russell and colleagues suggest that this association may
indicate that some lonely and isolated older adults in their rural Iowa
sample may have sought out nursing home admission as a strategy to
gain social contact.
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SUMMARY

Burden of Mental Illness. The effect of mental disorders on daily life
should not be underestimated, in the young as in the old. By any
measure, whether a national estimate of lost productivity or reports of
daily symptoms, mental illness is as disabling as physical illness.

Presentation and Prevalence of Mental Health Symptoms in Late
Life. Mental health symptoms appear to change with older age. In later
life, depressive disorders fulfilling diagnostic criteria are relatively rare;
"subthreshold disorders" are more common. Subthreshold depression,
for example, includes symptoms of depression that are not severe,
frequent, or disruptive enough to be labeled as clinical depression. In
the National Health Interview Survey, 2000, less than 2% of people
aged 65+ reported "serious psychological distress," less than half that
reported by people aged 45-64. However, evidence is now available to
suggest that subthreshold depression is a risk factor for poor outcomes,
including declining function, increased disability, cognitive impairment,
and death.

Mental Health in a Disabled Older Population. In the most disabled
third of women, mental health is related to severity of disability, but
mental health is, on the whole, good, with low rates of clinical and
symptomatic depression. This speaks to adaptation in late life and
psychological resiliency, and reminds us again that mental and physical
health are separate but related spheres.

Outcomes Associated with Mental Illness in Late Life. The Cardio-
vascular Health Study showed that people with pronounced depressive
symptoms were at risk for higher mortality (23.9% vs 17.7% in people
with few depressive symptoms). This finding persisted when analyses
controlled for other factors that increase mortality risk. Similar findings
have been reported for depression, and risk of disability, cognitive
decline, nursing home placement, suicide, and a host of other negative
public health outcomes.

Treatment of Depression in Late Life. Evidence suggests that older
people respond to treatment at rates comparable to younger people,
though differences in metabolism, polypharmacy, and the presence of
other chronic conditions complicate treatment. A major obstacle is
an ageist expectation that affective suffering is a part of late age
and frailty.
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Neglect and Abuse. Despite difficulty in defining these domains, it is
now clear that self-neglect is more common than outright abuse, that
the most vulnerable elderly are most often victims, and that both forms
of mistreatment have major public health consequences.

Social Isolation. Older people desire less novelty in social life than the
young and may be more comfortable with a smaller set of friends. Yet
isolation is a public health issue to the extent it is associated with
medication misuse, poor nutrition, and greater risk of depression and
suicide.
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Aging, Public Health, and
Application of the Quality of

Life Paradigm

Research on "quality of life" actually involves two distinct domains,
which unfortunately are not always clearly distinguished (Albert, 1997;
Albert & Teresi 2002; Spilker & Revicki, 1999). One domain is health-
related quality of life, or more simply, "health status assessment,"
which emerged from efforts to develop measures of disease impact that
would be useful across a variety of clinical trial and program evaluation
settings. The other is not a health impact measure but rather registers
the effect of personal resources or environmental factors on daily expe-
rience. This might be called non-health or environment-based quality
of life. This second set of measures emerged from efforts to identify
community-level indicators of well-being and belongs to the "social
indicators" or "social ecology" research tradition.

Maintaining this distinction is important. Health-related quality of life
domains—patient reports of functional status, discomfort, pain, energy
levels, social engagement—will track more closely with clinical mea-
sures of disease status than non-health-related QOL indicators, such as
the capacity to form friendships, appreciate nature, or find satisfaction
in spiritual or religious life. The latter are also quality of life domains,
and severe health limitation will ultimately affect these as well, but they
are less related to clinical indicators of health. Health-related QOL will
therefore be correlated with clinical indicators, while non-health-related
personal or environmental indicators of QOL may or may not be.

Recognizing this distinction eliminates much of the confusion about
the "idiosyncrasy" or instability of QOL ratings (Leplege & Hunt, 1997).
In this chapter, we briefly define the two quality-of-life fields and assess
their relevance for research on public health and aging.

195
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IDENTIFICATION OF QOL DOMAINS

Health-related QOL encompasses domains of life directly affected by
changes in health. Jaeschke, Singer, and Guyatt, (1989) provide a
good thumbnail test of whether a domain falls within the category of
health-related QOL. They ask, if a patient is successfully treated by a
physician, what aspects of his or her life are likely to improve? These
are health-related QOL domains. Alternatively, if a patient reports chang-
es in status that lead a care provider to seek a different medication or
a change in a care environment, these changes are also likely to fall
within the realm of health-related QOL (Berzon, Leplege, Lohr, Lenderk-
ing, & Wu, 1997).

What features of daily life or changes in status are likely to be
medically relevant in this sense, and hence count as health-related
QOL? Obvious candidates include functional status (i.e., disability,
whether a patient is able to manage a household, use the telephone, or
dress independently); mental health, affective status, or emotional
well-being (i.e., depressive symptoms, positive affect); social engage-
ment (i.e., involvement with others, engagement in activities); and symp-
tom states (i.e., pain, shortness of breath, visual acuity, fatigue).

Non-health-related QOL domains, by contrast, include features of
the natural and built environment (such as economic resources, hous-
ing, air and water quality, community stability, access to the arts and
entertainment), as well as personal resources. These factors clearly
affect quality of life but, unlike health-related QOL domains, are less
likely to improve with appropriate medical care.

The two components of QOL differ in other ways as well. Non-
health related QOL is more heterogeneous, with less consensus about
the range of domains that should be included in the measure. For
example, no one would suggest that severe abdominal pain is preferred
to a runny nose; everyone would agree that the runny nose is associ-
ated with a better health-related QOL state. Research on ratings of the
severity of health conditions is remarkably consistent across age groups
and in cross-national research (Patrick, Sittampalam, Somerville, Cart-
er, & Bergener, 1986), though people with disease conditions appear
to rate their health-related QOL somewhat higher than non-patients
asked to rate the same health state (Torrance, 1987). Consensus of this
sort is harder to establish for spirituality, friendship, or access to the
arts.

It is valuable to obtain information on both kinds of QOL, but health-
related QOL is likely to be the more important measure for public
health efforts involving older adults. First, older people are at risk for
chronic conditions, and effective disease management in large part
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consists of finding treatments that minimize the QOL impact of disease.
Second, measurement efforts for health-related QOL are further ad-
vanced than efforts related to non-health-related QOL. Finally, while
housing, air quality, and other components of the environment are
clearly important features of QOL, they are important mainly because
of their effect on health and health-related QOL. On the other hand,
Lawton (1991) reminds us that the two are sometimes hard to sepa-
rate: successful treatment by a physician may improve one's capacity to
make friends, for example.

As mentioned earlier, health-related QOL as a field of inquiry emerged
from research on "health status." Early measures, such as the Sickness
Impact Profile (SIP) (Bergner, Bobbitt, Pollard, Martin, & Gilson, 1976),
sought to identify common domains affected by disease that would
allow clinicians to gauge the impact of diverse clinical conditions. This
goal was a major motivation for development of more recent measures
as well, such as the Medical Outcomes Study (MOS) short-form QOL
questionnaires (Stewart 1989) and FACT battery (Cella & Bonomi,
1996).

A key element of the SIP, and also of almost all QOL measures that
have followed, is that patients themselves rate how impaired they are.
This subjective element is the essential feature of health-related QOL,
for who can better report on the QOL impact of a medical condition
than the patient (Gill & Feinstein, 1994)? Indeed, health-related QOL
is sometimes called "patient-reported outcomes" (PRO) to stress this
subjective focus. The SIP identified 12 health-related QOL domains:
ambulation, mobility, body care and movement, communication, alert-
ness behavior, emotional behavior, social interaction, sleep and rest,
eating, work, home management, and recreation. The MOS identified
a different set of domains: health perception, pain, physical function,
social function, mental health, role limitation from physical causes, and
role limitation from mental health causes. Others, such as the Health
Utilities Index (HUI), stress still different domains, in this case a "within
the skin" approach to health status, that is, domains that are more
closely connected to clinical conditions. Thus, the HUI Mark II measure
includes sensation, mobility, emotion, cognition, self-care, pain, and
fertility (Feeny, Furlong, Boyle & Torrance, 1996).

Apart from differences in the specification of QOL domains, the
measures also differ in the ways they are used to derive a global health
state or health-related QOL score. In the MOS, for example, domains
are grouped according to their primarily "physical" or "mental" health
basis, as established in factor analysis. Pain, physical function, and role
limitation-physical form a "physical health component," mental health
and role limitation-emotional a "mental health component." Scores
within each set of domains are aggregated. Keeping the two separate
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as distinct indicators or dimensions of health-related QOL is appropri-
ate because studies show that the correlation between mental and
physical health is about 0.50, only a moderate correlation.

Other measures cross-walk health states and respondent-rated global
reports to derive a single score. For example, the EuroQOL (Dolan,
Gudex, Kind, & Williams, 1996) contains five domains (mobility, self-
care, usual activity, pain/discomfort, and anxiety/depression), each with
three levels. If each combination of the five domains were a true health
state, even this simple 5-domain categorization would generate, 35 or
243 health states. Luckily, not all of these health states are possible (for
example, it is impossible to be "confined to bed" on the mobility
dimension and have "no problems with self-care" on the self-care di-
mension). After eliminating these empirically null states, a more man-
ageable (but still large) number remain. Global scores can be assigned
to the states by having respondents with the state rate their global
health on a visual analogue scale (ranging from 0-100). More complicated
generation of global scores from QOL domains is also possible. In the
HUI, each domain is weighted, and global scores reflect the combina-
tion of domain weightings and levels reported for each domain.

Interest in assigning scores to subjective reports of health-related
QOL draws on early research in psychophysics. Early on, psychologists
noted that ratings of a subjective state (e.g., pain) corresponded to the
intensity of a stimulus (e.g., increasingly cold temperature). These inves-
tigations suggested that subjective ratings were reliably associated with
objective states. Thus, to return to our earlier example, people should
give a higher score to "severe abdominal pain" on a measure of dis-
comfort or interference with work than "runny nose." The challenge is
to determine how much higher.

In fact, large-sample investigations have allowed researchers to esti-
mate how much worse one state is relative to another. For example,
suppose we establish two numeric anchors: 1.0 for the state of no
symptoms/no daily limitations and 0.0 for death (recognizing, however,
that some people consider certain health states, such as coma or intrac-
table pain, as worse than death). Kaplan's Quality of Well-Being/Gen-
eral Health Policy Model (Kaplan & Anderson, 1996) subtracts 0.17
for the state of "runny nose"; thus, someone with a runny nose alone
is at about 83% of optimal health. "Sick or upset stomach, vomiting"
is associated with a subtraction score of -0.29; someone with this
condition alone would therefore be at about 71% of optimal health.
The difference between the two ratings is a measure of how much
worse abdominal pain is than runny nose. These numerical ratings,
derived from respondents who rated descriptions of a wide variety of
health states, confirm our intuitions and establish the impact of one
health state compared to another in terms of health-related QOL.
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The underlying metric for these evaluations is abstract. It is essen-
tially a measure of how preferred or "dispreferred" one health state is
relative to another, in other words, a "utility." An alternative tradition
in QOL measurement avoids specification of numeric values on such an
underlying dimension. This tradition relies on naturally occurring indica-
tors of morbidity or disability. Thus, Sullivan (1966), as we have seen
in chapter 5, early on developed an index of morbidity, or health state,
based on disability. Living arrangement (nursing home or community),
severity of mobility impairment, ability to perform major age-appropri-
ate roles (school, work, home maintenance, personal self-maintenance),
and limitation in usual, daily activities formed a natural hierarchy of
disability. This mutually exclusive classification generates five health-
impact or QOL states, ranging from institutional residence at one end
to community residence without disability or limitation in daily activities
at the other.

Another approach, intermediate between these two, is to seek a
single, common measure of health impact in terms of some other
dimension of daily life. These dimensions include time use (Albert 2001;
Moss & Lawton 1982), mood states (Larson, Zuzanek, & Mannell,
1985), or mental health stress (Testa & Simonson, 1996). The Behav-
ioral Risk Factors Surveillance System (BRFSS) used by the Centers for
Disease Control adopts this approach. It relies on reports of "not good
health days," days when a component of health is adversely affected
(Hennessey, Moriarty, Scherr, & Brackbill, 1994). Respondents are
asked, "Thinking of the past 30 days, how many days were there when
your physical health was not good?" Other questions ask about mental
health, sleep, energy, anxiety, and related domains in the same format.
This approach allows a conjoint measure of "healthy days" (30 minus
the sum of "not good physical health days" and "not good mental
health days") (Hennessey et al., 1994), which can serve as a global
health-related QOL indicator. Thus, someone reporting 3 not good
physical health and 4 not good mental health days would have a total
of 7 not good days, or 23 healthy days. (Following BRFSS conven-
tions, we adopt the conservative approach of a sum, allowing that the
same day may have been a "not good" day in both physical and mental
health.) Someone reporting this profile over the last month would have
a global QOL score of 23/30 (0.77), or 77% of optimal health-related
QOL.

The different approaches converge on a common central question.
Can we determine how much better life is at a higher level of health
than at a lower level? Or, more starkly, how much better than death a
state of compromised health is? Patrick and Erickson (1993) rightly
stress these questions when they define health-related QOL as "the
value assigned to the duration of life, as modified by impairment" (p.
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22, emphasis added). The goal of measurement of health-related QOL
is first to define health states, that is, to develop measures that capture
the impact of changes in health. The second goal is to assign plausible
numeric indicators for such changes. While this second task may seem
difficult, we should remember that people already implicitly assign val-
ues to these health changes. Every day people evaluate symptom states
and make treatment decisions based on their judgment of the likely
impact of treatment or non-treatment. The QOL paradigm attempts to
formalize this process.

It is also worth noting what the QOL paradigm does not assess.
Health-related QOL measures do not tell us what puts quality into life.
They have the much more limited goal of establishing the effect of
changes in health on everyday life. Nor do QOL measures tell us
anything about the value of life, or what makes someone attached to
living. We know that many people with very low scores on QOL
measures find life satisfying and meaningful. For example, they may
score very high on measures of mental health despite very severe
limitations in physical status. Or they may even score poorly on phys-
ical and mental health measures and yet still express strong attachment
to life. The QOL score only specifies the degree of health impact. It
is not a measure of attachment to life or the perceived value of life.

As a final illustration of the position of QOL domains relative to
other indicators of health, it is worth comparing clinical outcomes to
health-related QOL outcomes. Take, for example, a randomized clinical
trial in cancer therapy. Clinical outcomes for this trial would include
survival time, disease-free survival time, tumor response, and perhaps
treatment-associated toxicities (which together might be used to gener-
ate a "Q-Twist measure," time without symptoms or toxicity). By con-
trast, QOL outcomes for this trial would capture the effects of treatment
and disease on someone's ability to function in everyday life, which
might include productivity at work, independence in self-care tasks,
emotional stability, and engagement in valued activities. Ware and
Stewart (1992) summarize the differences this way: "Clinical mea-
sures of functioning do not characterize human functioning well. They
reveal little about how well the individual functions in everyday life or
how that person feels, both of which are affected by disease and
treatment."

CLINICAL SIGNIFICANCE OF QOL MEASURES

How much must a QOL indicator change for us to be confident that an
intervention has produced a meaningful improvement in patient status?
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Lydick and Epstein (1993) remind us that this question is a problem for
all clinical research, not just research in health-related QOL. They
describe a therapy for benign prostatic hypertrophy that increased
urine flow 3 ml/sec compared to urine flow in a placebo group. By
itself, this effect is hard to interpret. Could this degree of change fall
within normal variability? This question became clear only when an
epidemiological study showed that urine flow rates decline 0.2-0.3 ml/
sec per year of life. A 3-ml/sec improvement is thus equivalent to
about 15 years of "urinary aging." Thus, an improvement of 3 ml/sec
is indeed a clinically meaningful change.

An alternative way to establish clinical significance in this case would
have been to ask men with slower urine flow rates if urination is a
problem for them. Do men with slower urine flow rates find urination
more uncomfortable, more time consuming, or more embarrassing?
Are men who differ by 3-ml/sec or more in urine flow more likely to
report such problems? This would be an alternative indicator of clinical
significance and may be required for definitive proof of clinical signifi-
cance, even in the presence of age differences in urinary flow.

These thoughts suggest a view of clinical significance in terms of a
"minimal clinically significant difference" (Jaeschke et al., 1989). This,
as we stated above, is a change in patient-reported status that would
lead a care provider to seek a different medication or a change in care
environment. Otherwise stated, these are changes that would lead a
clinician to make a change in patient management ("in the absence of
troublesome side effects and excessive cost"). Again, patient behavior is
a good guide here. If patients report such changes to a clinician, and
the clinician is not impressed enough to alter management, patients are
apt to go elsewhere.

To identify these minimal clinically significant differences, we can
rely on distribution-based statistical tests or external criteria to anchor
them. The basic distribution-based test to assess clinical significance is
effect size. This examines the importance of a change by comparing the
magnitude of the change in some measure to variability in the measure in
a group at baseline, before implementation of the intervention. This ratio
gives an indication of change over and above normal variation.

Anchor-based indicators are probably more useful for establishing
the clinical significance of changes in QOL measures. The most obvi-
ous anchor is the patient's global rating of change in quality of life
(Jaeschke et al., 1989). That is, do patients who report improvements
of a certain magnitude in a particular QOL domain (for example, pain
or fatigue) also report improvements in global quality of life or well-
being? The minimal clinically significant difference in the pain or fatigue
measure would be the score change associated with a difference in the
global rating.
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Other anchors include life events or mental health stress. These are
perhaps most useful for measures of mental health. A mental health
score difference of 3 points, for example, was shown to be equivalent
to the effect of a major life event, such as losing a job. Testa and
Simonson (1996) have generalized this approach.

But the best and most meaningful anchor for assessing changes in
quality of life may be age. Given the pervasive effect of age on quality
of life states because of senescence and the increasing prevalence of
chronic conditions, age provides a natural metric for assessing the QOL
effects of clinical interventions. If we know that an intervention im-
proves quality of life by 5% on some scale, and also that a 5% differ-
ence is typical of two age strata (say, ages 75 and 80) for this measure,
then the intervention is associated with a 5-year "reduction" in age. To
establish clinical significance requires that we have QOL or clinical
norms for different age groups, which are not always available. Still,
age offers a natural scale for this sort of investigation, as we show
below.

THE QUALITY OF LIFE PARADIGM IN AGING

Introduction of a quality-of-life focus in research on aging was pio-
neered by Katz and colleagues (1963) and Lawton (1969, 1991), with
their focus on functional status and behavior, which is now universal in
gerontology and geriatrics. Lawton summarized the QOL emphasis for
care of older people very well when he wrote, "function and behavior,
rather than diagnosis, should determine the service to be prescribed"
(Lawton & Brody, 1969; p. 185). The common, final pathway of
different diseases is their impact on functional ability and other domains
of QOL; thus, the focus in later life should be development of strate-
gies, both clinical and environmental, to minimize these effects and
work with the strengths older people continue to retain.

However it is measured, health-related QOL declines with age. This
is a central, inescapable consequence of the increased prevalence of
chronic disease with greater age and the effects of senescent changes
in many physiologic domains. Senescence, as we have seen, is evident
in a variety of changes across biologic systems: for example, declines in
working memory, psychomotor speed, touch sensibility, vision, and
hearing; loss of skeletal muscle and strength; and reduction in joint
range of motion. These changes affect health-related QOL: for exam-
ple, pain in arthritic joints leads to circumscription of choice in daily
activities, lower-extremity weakness means difficulty climbing stairs or
standing up long enough to prepare a meal, and slowing of psychomo-
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tor skills may mean inability to drive safely. Older people adjust their
daily lives to accommodate these decrements, and adjustment strategies
may reduce the effects of such decrements on health-related QOL.

Still, cross-sectional studies show strong declines in health-related
QOL with increasing age. The effect of age on the "healthy days"
measure of the BRFSS, described above, is shown in Table 8.1. The
mean number of days over the past month in which respondents re-
ported problems with physical health increases monotonically with age,
from 1.8 in the 18-24 year-old group to 6.2 in people aged 75+.
Differences are small between the younger adjacent age strata (1.8 vs.
2.1 in people aged 18-24 and 25-44, respectively). These differences
increase in later ages, from 3.5 in people aged 45-64, to 4.7 in
people aged 65-74, and finally to 6.2 in the oldest age group.

Mental health shows the opposite trend, consistent with results from
chapter 7. The youngest group reports the greatest number of "not
good" mental health days, 3.4 out of the last 30 days, and this number
declines with age until it reaches its low, 1.9, among people aged 75+.

The composite "healthy days" measure declines from 25.1 in the
youngest age group to 23.0 in the oldest. Using the convention de-
scribed above, these values represent global health-related QOL values
of 83.7 and 76.7 on a scale of 0-100, a fairly small difference. As an
indicator of clinical significance, people of all ages unable to work
because of a health condition reported a mean of 10.7 healthy days, or
35.7 on the same transformed 0-100 scale.

An alternative indicator of the effect of age on health-related QOL
is the "well year" equivalent developed by the National Center for

TABLE 8.1 Healthy Days by Age, Behavioral Risk Factors
Surveillance System (BRFSS), 1993

Age Group

18-24
25-44
45-64
65-74
75+

n

4,279
19,756
11,445
4,975
3,064

Good Health
Days

25.1
25.2
24.6
24.2
23.0

Not Good
Physical Health
Days

1.8
2.1
3.5
4.7
6.2

Not Good Mental
Health Days

3.4
3.1
2.8
1.9
1.9

Data based on 21 states and District of Columbia. Not good days represent mean number of
days in last 30 where component of health was "not good." "Good health days" is the
subtraction of sum of not good physical and mental health days from 30, with the restriction
that this sum cannot be negative.

Source: MMWR, May 27, 1994: 378.
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Health Statistics to track progress toward the Healthy People 2000
goal of increasing active life expectancy (Erickson et al., 1995). This
measure uses two items from the National Health Interview Survey
(HIS) to define health states. Self-ratings of health (excellent, very good,
good, fair, poor) are cross-classified with self-reports of activity limita-
tion (not limited, limited in some activity but not major activity, limited
in major activity, unable to perform major activity, limited in IADL, and
limited in ADL). Self-reported health serves as a subjective global sum-
mary of health, while self-rated activity limitation reflects a more clearly
behavioral indicator of health and performance. The 5x6 cross-classi-
fication yields 30 health states, where the best health state is excellent
health with no activity limitation, and the worst state poor health with
ADL limitation.

Weaknesses of this approach are clear. The measure does not con-
tain a true mental health component (except insofar as mental health
figures in global ratings of health), and we lose information on the
many domains that go into people's ratings of their health and partic-
ipation in activity. Still, as a summary measure it offers the advantage
of brevity, broad application, and availability from a large, well-conduct-
ed national survey. Every American can be assigned to one of the 30
states based on answers to the two questions. The distribution of the
American population in 1990 across the 30 health states is shown in
Table 8.2.

TABLE 8.2 Percent of Persons in the Civilian Noninstitutionalized
U.S. Population, by Health State Defined in Terms of Activity
Limitation and Perceived Health Status: National Health Interview
Survey, 1990

Perceived Health Status
Very

Activity Limitation Excellent Good Good Fair Poor

Not limited
Limited-other
Limited-major
Unable-major
Limited in IADL1

Limited in ADL2

38.1
0.6
0.5
0.1
0.1

<0.1

26.3
1.1
0.7
0.2
0.2
0.1

18.2
1.8
1.3
0.5
0.5
0.2

3.3
1.3
0.7
0.6
0.6
0.3

0.3
0.4
0.2
0.5
0.6
0.5

MADL is instrumental activities of daily living.
2ADL is activities of daily living.

Source: National Health Interview Survey, Centers for Disease Control and Prevention,
National Center for Health Statistics.
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The largest proportion of Americans assigned themselves to the
optimal health state of excellent health and no activity limitation, 38.1%.
Another 26.3% and 18.2% assigned themselves to the no activity
limitation category but with "very good" and "good" health, respective-
ly. The next largest group, 3.3% assigned themselves to the no activity
limitation category but with "fair" health. Thus, these four health states
accounted for 85.9% of the American population. This distribution is
welcome to the extent that it indicates high health-related QOL among
a large majority of Americans. It is unwelcome, however, from a mea-
surement point of view. It suggests that the "no activity limitation"
anchor for this dimension does not differentiate QOL states well. That
is, large proportions of people with vastly different ratings of health all
endorse "no limitation" in activity. This suggests a ceiling effect in the
activity limitation dimension, that is, need for additional differentiation
of the state of "no activity limitation."

Note in Table 8.2 that each of the other health states contains less
than 2%, and in most cases less than 1%, of the U.S. population. The
worst health state, poor health and ADL limitation, is endorsed by just
0.5%. Since the HIS excludes institutional populations, this, as we have
seen, is an underestimate of the proportion of people with low health-
related QOL. Note, too, the off-diagonal cells (left-and rightmost corner
cells of the table). A very small number, less than 0.1%, rate their
health as excellent yet report maximum limitation in activity, that is,
limitation in ADL. And 0.3% report poor health yet no limitation in
activity. Are these QOL states possible, or should we assume error in
people's answers? Can we imagine scenarios in which these answers
would be plausible?

The small number who rate their health as excellent yet report
maximum limitation in activity may include people with severe disability
but non-progressive disease, such as the quadriplegic who relies on
personal assistance but is able to work in an adapted environment. On
the other hand, this person may also be among those reporting no
activity limitation. The group reporting poor health yet no limitation in
activity may represent people forced to be active despite their poor
health, the "obligatorily active." Or this group may truly face no current
limitation in activity but face a poor prognosis in the near future, such
as persons recently diagnosed with cancer.

We can assess the effect of age on the likelihood of falling into one
or another of these health states by re-examining Table 8.2, limiting
the health state cross-classification to people in the oldest age groups.
Table 8.3 is a similar table for people aged 85+. Remember that these
older people are also community-resident, which is true for the HIS
sample generally, and thus not representative of the oldest old (see
below).
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TABLE 8.3 National Center for Health Statistics: National Health
Interview Survey. Population Aged 85+, 1990

Excellent Very Good Good Fair Poor

Not Limited in
Major Activity

Limited-Other
Activity

IADL Disability
ADL Disability

7.0

1.9
2.3
1.2

11.7

2.6
3.1
1.6

16.4

4.7
7.0
4.9

6.3

4.1
6.8
5.8

2.0

1.0
3.1
6.5

Entries are proportion of non-institutionalized U.S. population, aged 85+, weighted to rep-
resent U.S. population.

Courtesy of Ronald Wilson, Office of Analysis, Epidemiology, and Health Promotion,
National Center for Health Statistics.

We see a great migration to cells downward and to the right, reflect-
ing an increased prevalence of poorer health-related QOL. In 1990,
only 7% of the community-resident 85+ population fell within the
optimal health-related QOL state. Almost as many, 6.5%, fell into the
poorest QOL state. Note that the same ceiling effect is apparent in self-
reports from the oldest-old: people with very different self-rated health
states were still all able to endorse the "no activity limitation" category.
Overall, among people aged 85+ all the health states were well popu-
lated. The modal health state was "no activity limitation-good health,"
rather than "no activity limitation-excellent health," which was the modal
state in the population as a whole.

An important extension of the 30-state model was the assignment
of QOL values or utilities to each state, shown here as Table 8.4. The
optimal health state was assigned 1.0, the poorest state 0.10, reserving
0.0 for death. (Sensitivity analyses varying the 0.10 utility did not
change differences between other states in large ways [Erickson, Wil-
son, & Shannon, 1995].) The values were established in the following
way. First, a statistical technique was applied to determine differences
between levels of the self-rated health and activity limitation dimen-
sions. For this effort, correspondence analysis showed that levels of
self-rated health and activity limitation were not equally spaced (for
example, "very good," "good," and "fair" had values of 0.85, 0.70,
and 0.30, respectively). Consistent with the utility estimation approach,
these values specify numeric differences between states on a common
scale of utility, how much more or less one state is preferred to anoth-
er. Second, survey data were used to assign a value to one of the off-
diagonal cells (use of the Health Utilities Index). Finally, the two sets of
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TABLE 8.4 Values for Health States Defined in Terms of Activity
Limitation and Perceived Health Status, 19??

Perceived Health Status

Activity Limitation

Not limited
Limited-other
Limited-major
Unable-major
Limited in IADL1

Limited in ADL2

Excellent

1.00
0.87
0.81
0.68
0.57
0.47

Very
Good

0.92
0.79
0.74
0.62
0.51
0.41

Good

0.84
0.72
0.67
0.55
0.45
0.36

Fair

0.63
0.52
0.48
0.38
0.29
0.21

Poor

0.47
0.38
0.34
0.25
0.17
0.10

MADL is instrumental activities of daily living.
2ADL is activities of daily living.

Source: National Health Interview Survey, Centers for Disease Control and Prevention,
National Center for Health Statistics.

values were combined in a multiplicative model to assign values to each
joint state.

The final results, seen in Table 8.4, show that the state of excellent
health/no activity limitation (1.0) is 0.08 units superior to the state of
very good health/no activity limitation (0.92) and 0.19 units superior to
the state of excellent health/limited in major activity. The latter differ-
ence suggests that disability at this level reduces health-related QOL by
about 20%. Someone with "good heath" and limitation in his or her
major activity is assigned a score of 0.67, or two-thirds of optimal
health-related QOL.

These abstract values can be made more concrete if we view them
as percentages of a full year of healthy life. For someone in the excel-
lent health/no activity limitation state, which is assigned a utility of 1.0,
a year of life is equivalent to a year of healthy life. For someone in the
state of very good health/no activity limitation, with its utility score of
0.92, a year of life is equivalent to 0.92 years of healthy life (Erickson
et al., 1995). Each year lived by someone in good health but with
limitation in major activity (0.67) would be equivalent to 0.67 years of
healthy life.

Each age group will have a distribution across the 30 health states
and therefore a mean health-related QOL value. These values give a
health-related QOL prevalence at each age and can accordingly be
used in life table calculations to estimate a healthy life expectancy, on
analogy with the disability-free life expectancy method of Sullivan (Sul-
livan, 1971). For the non-institutionalized population covered in the
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HIS, mean QOL state values in 1990 were 0.77 for people age 65-
70, 0.75 for age 70-75, 0.72 for age 75-80, 0.67 for age 80-85,
and 0.60 for age 85+. People aged 40-45, by contrast, had a mean
of 0.86 (Erickson et al., 1995).

To generate health-related QOL scores for age groups in the entire
U.S. population, institutional populations must be included and values
assigned to these groups, which include prisoners (mean value of 0.74:
very good health, limited in major role), nursing home residents (mean
value of 0.21: fair health, ADL limitation), long-term hospital residents
(mean value of 0.45: good health, IADL limitation), residential care
facilities (0.72), and the military (1.0). Including these populations (with
these imputations of mean QOL state) lowers scores slightly in each of
the older age groups. For the total U.S. population covered in 1990,
mean QOL state values were 0.76 for people age 65-70, 0.74 for age
70-75, 0.70 for age 75-80, 0.63 for age 80-85, and 0.51 for age 85+.

These values are entered in the lifetable model to convert person-
years lived by people in given age intervals to "healthy person-year"
equivalents. Thus, people born in 1990 who reach age 85 contribute
an additional 193,523 person-years to this birth cohort's total years of
life before they die. However, because the mean QOL value for this
age group is 0.51, these 193,523 person-years are equivalent to 98,697
(193,523 x 0.51) healthy years. Summing up these quality-adjusted
years across all age groups yields the cumulative sum (Tx) we have seen
in chapters 2 and 5. If we divide the cumulative sum at each age
interval by the number of people entering this age interval, the result is
healthy life expectancy, the quality-adjusted analogue to life expec-
tancy.

In 1990, healthy life expectancy in the U.S. for men and women
combined was 64.0 years and life expectancy 75.4 years. People born
in 1990, then, had a "healthy proportion of life" expectancy of 84.9%
(64/75.4), that is, about 85% of life in the state of optimal health, as
defined above. This proportion of life remaining that can be expected
to be lived in optimal health shrinks with advancing age: 68.5% at age
40-45, 57.2% at age 65-70, and 37.3% at age 85+.

Thus, the increasing prevalence of chronic conditions and senescent
changes lowers mean QOL scores (by increasing the proportion of
people in less optimal states), which means fewer years of healthy life
in later age intervals and a smaller proportion of remaining years in
healthy life. These trends differ by socioeconomic status. Healthy life
expectancy at birth in 1990 was 65.0 among whites, 56.0 among
African Americans, and 64.8 among Hispanics. The three groups had
very different life expectancies: 76.1 for whites, 69.1 for African
Americans, 79.1 for Hispanics. The proportion of total years in which
individuals in each race-ethnicity group could expect to be in optimal
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health reflects both life expectancy and healthy life expectancy. This
proportion was 85.4% for whites, 81.0% for African Americans, and
81.9% for Hispanics in 1990. These are significant findings, as they
suggest the important public health goal of eliminating a health dispar-
ity and the need to improve the experience of all groups.

GENERALIZATION OF THE QUALITY-
ADJUSTMENT PARADIGM

We have seen that health-related quality of life research depends on
two key assumptions: specification of plausible, discrete health states,
and assignment of numeric values to these states. The first assumption
implies clear boundaries between health states and the ability to calcu-
late survival in particular health states. The second implies reasonable
consensus on how much worse one health state is relative to another.
These distinctions can be difficult to draw for health states that are
similar. Thus, if we return to Table 8.4, we note that adjacent health
states sometimes differ by only a few units on the utility scale. This
reflects our experience of being "indifferent" between states that are
more or less equally good or bad.

If we accept these assumptions, the utility- or quality-adjusted life-
year (QALY) can be a powerful tool for health services research. Let us
examine a simple example. Table 8.5a presents data for a hypothetical
individual who died at age 80. He occupied four health states during his
life. From birth to age 60, his QOL state was valued at 1.0, optimal
health. Thus, the healthy-year equivalent for this state of health was 60
years. At age 60, he suffered a heart attack, which prevented him from
working, his major activity. The utility for this state was 0.80. He lived
in this state for 5 years, resulting in a healthy-year equivalent of 4 years
(0.80 x 5). At age 66 he suffered a second major health event. He was
diagnosed with Parkinson's disease, forced to take a set of extensive
medications, alter his daily activity (for example, limiting driving), and
began to think himself as an old person in relatively poor health. The
utility for this state was 0.60 and the duration of the state 10 years,
resulting in a healthy-year equivalent of 6 years. Finally, at age 76 he
was diagnosed with dementia secondary to Parkinson's disease. The
QOL valuation for this state was 0.40 (see chapter 6), and he lived 5
years in the state before death, resulting in a healthy-year equivalent of
only 2 years. If we sum down the columns in Table 8.5a, we see that
he lived 80 years, but was in optimal health only 72 years.

Looking across the 80 years he lived, we see that the proportion of
life in optimal health was 90% (72/80) (alternatively, his mean QOL
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TABLE 8.5 Calculation of Years of Healthy Life (YHL)

a. Without Intervention

Age Span

0-60
61-65
66-75
76-80
Death

Health
State

1
2
3
4

Duration

60
5

10
5

HQOL
Value

1.00
.80
.60
.40

YHL

60
4
6
2

280

b. With Intervention

272

Age Span
State

0-60
61-65
66-76
77-82
Death

Health
Value

1
2
3a
4a

Duration

60
5

11
6

HQOL

1.00
.80
.65
.45

YHL

60
4

7.15
2.70

282 2 73.85

value across the life span was 0.90). But note the very different picture
in later life beginning at age 66. The proportion of life lived in optimal
health from age 66 until death was only 53% (8/15), and his mean
QOL state during this period was 0.53, quite low, equivalent, as we
have seen, to the mean state for people age 85+.

If we look now at Table 8.5b, we can assess the effect of a health
intervention using the same quality-adjusted model. In this simple mod-
el, some kind of health intervention, say, an effective disease manage-
ment program for his Parkinson's disease, begins at age 66, state 3a.
This program involves better pharmacotherapy (less adverse effects
from his medication, easier dosing schedule and better adherence, bet-
ter management of tremor and slowness). The QOL value for this state
is 0.65, rather than 0.60 and he gains an additional year of life in this
state because the drug therapy also delays onset of Parkinson's demen-
tia. He lives in this state 11 years, the equivalent of 7.15 years in
optimal health (11 x 0.65). He reaches the dementia milestone at age
77, but with excellent custodial care and perhaps moderation of de-
mentia progression because of his prior drug therapy, the QOL state is
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valued at 0.45, rather than 0.40. He lives 6 years in this state for a
healthy-year equivalent of 2.7 years (6 x 0.45).

With these interventions, the man lived 82 years, the equivalent of
73.85 years in optimal health. This is again 90% (73.85/82) of the life
span in optimal health, no different than the prior model. Interventions
often add years to life, which must be considered in calculated benefit.
The true benefit is seen in the last years of life. From age 66, when the
intervention was introduced, to death, he lived 17 years, the equivalent
of 9.85 years in optimal health. Thus, the proportion of life lived in
optimal health from age 66 on was 58% (9.85/17), an improvement
of 5% over the non-intervention model. Through this intervention, our
hypothetical individual lived an additional 2 years at a higher mean
QOL (0.58 vs. 0.53).

Is this a large difference? Should we be impressed by a 5% improve-
ment in mean QOL? This speaks to the issue of the clinical relevance
of change in QOL scores, discussed above. A difference of 0.05 in
mean QOL scores is equivalent to about a 5-year age difference in late
life. For example, the mean QOL score for people aged 70-75 is 0.74
and for people aged 75-80 0.70. The intervention, then, brought
about a change roughly equivalent in magnitude to the difference in
QOL between people aged 70-75 and 75-80.

Even with this benefit measured on the scale of age, one can still ask
if such an intervention is worth mounting. How does this benefit com-
pare to the costs of implementing such a program? The quality-adjusted
model can be used to develop a ratio of cost to utility helpful for
answering such questions. In this effort we ask, "What does an extra
year of healthy life cost?"

To answer this question, we need the cost of care with the interven-
tion and the usual cost of care. Let's say that the cost of current, non-
intervention care for this man was $5,000 a year, and the cost with the
intervention $7,000 a year. These costs, incurred over the duration of
the intervention, serve as the numerator for the cost-utility ratio. To
return to the examples shown in Table 8.5(a and b], the numerator is
(7000 x 17) minus (5000 x 15), that is, 17 years of life with the
intervention ($119,000) versus 15 years of life without ($75,000), or
$44,000. The denominator is the additional years of healthy life pro-
vided by the intervention. With the intervention, the man lived the
equivalent of 9.85 years of healthy life or optimal health; without it, he
lived only 8 years in this state. The difference, then, is 1.85 years.
Given these values, the cost-utility ratio is 44,000/1.85, or $23,784.
Thus, this program of effective disease management provides an addi-
tional year of healthy life at a cost of $23,784. (More complex calcu-
lations would include a discounting factor to control for the effect of
inflation over long periods.)
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Is this a good deal? Here one must compare this incremental cost to
the cost of other interventions. In fact, this is a reasonable investment.
It is comparable to the cost of an additional healthy life-year in hyper-
tension management programs (Patrick & Erickson, 1993).

HEALTH-RELATED AND ENVIRONMENT-RELATED
QOL IN OLD AGE

In contrast to health-related QOL, environmental or non-health QOL
may remain high throughout life and may even improve with age. With
retirement, for example, older people have greater leisure time; with
children gone, houses paid for, and successful investments, they may
have greater disposable income as well. As a result, older people have
increased opportunities to develop interests and create satisfying envi-
ronments. These freedoms and opportunities counterbalance declines
in health-related QOL and may be responsible for the great resiliency
older people show in the face of declining health and impending death.
Since person-and environment-based QOL do not decline with age,
older people may have advantages in building environments that pro-
mote QOL.

Lawton (1991) has expressed the relevance of non-health, environ-
ment-based QOL for old people very well. He asks, "Do frail people do
better if they have a loved spouse, a fulfilling relationship with a child,
an area of expertise that can be applied despite the illness, a sphere of
life where autonomy can still be exercised, or an ideology that organiz-
es the meaning of pain, suffering, life, and death?" (p. 8). The answer,
of course, is yes. In the presence of declining health and declines in
health-related quality of life, these factors may become even more
important. They become the basis for continuing attachment to life but
also play a role in effective adjustment to limitations in health and
maximization of health-related QOL.

SUMMARY

Health-related and environment-based quality of life must be distin-
guished. Health-related quality of life is inexorably linked to age and
shows clear declines across the life span, in keeping with senescent
processes and increased susceptibility to chronic disease. Nonhealth or
environment-based quality of life is not a health impact measure but
rather registers the effect of personal resources or environmental fac-
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tors on daily experience. The two come together in the ability of older
people to modify environments in ways that limit the QOL impact of
poor health.

Identification of QOL Domains. A good test of whether a domain falls
within the category of health-related QOL is to ask what aspects of a
person's life are likely to improve if a patient is successfully treated by
a physician. These are health-related QOL domains, which typically
include measures of physical, affective, and social function, along with
symptom states.

Measuring QOL. Can we determine how much better life is at a
higher level of health than at a lower level? Patrick & Erickson (1993)
define health-related QOL as "the value assigned to the duration of life,
as modified by impairment" (emphasis added). The goal of measure-
ment of health-related QOL is to develop measures that capture the
impact of changes in health and to assign plausible numeric indicators
for such changes. While this second task may seem difficult, we should
remember that people already implicitly assign values to these health
changes. Every day people evaluate symptom states and make treat-
ment decisions based on their judgment of the likely impact of treat-
ment or nontreatment.

"Minimal clinically significant difference" in QOL. Clinical signifi-
cance in self-reported QOL is identified by a change in patient-reported
status that would lead a care provider to seek a different medication or
a change in a care environment. Otherwise stated, these are changes
that would lead a clinician to make a change in patient management.
Patient behavior is a good guide here. If patients report such changes
to a clinician, and the clinician is not impressed enough to alter man-
agement, patients are apt to go elsewhere.

Age as an Anchor for Assessing Change in Health-Related QOL.
Given the pervasive effect of age on quality of life states because of
senescence and the increasing prevalence of chronic conditions, age
provides a natural metric for assessing the QOL effects of clinical
interventions. Quality of life changes can be referenced to norms at
different ages, allowing one to associate changes in a health-related
QOL domain to age equivalents. Thus, increasing urine flow 3 ml/sec
in men with benign prostatic hypertrophy is equivalent to lowering their
"urinary age" 10-15 years.

Health-Related QOL and Healthy-Year Equivalents. In the Healthy
People 2000 "years of healthy life" measure, health states are defined
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by the cross-classification of self-rated health and reported activity lim-
itation. These states are assigned QOL values on a 0-1.0 scale. Given
one's QOL state and its assigned value, the number of years lived in
this state can be converted to a "healthy years equivalent," or the
number of years lived in optimal health. This is a quality-adjusted mea
sure. Thus, 5 years of life in a health state with a value of 0.80 would
be equivalent to 4 years of optimal health (5 x 0.80).

For the total U.S. population covered in 1990, mean QOL state
values in 1990 were 0.76 for people age 65-70, 0.74 for age 70-75,
0.70 for age 75-80, 0.63 for age 80-85, and 0.51 for age 85+. The
increasing prevalence of chronic conditions and senescent changes at
later ages lowers mean QOL scores (by increasing the proportion of
people in less optimal states), which means fewer years of healthy life
in later age intervals, and a smaller proportion of remaining years in
healthy life.

These trends differ by socioeconomic status. Healthy life expectancy
at birth in 1990 was 65.0 among Whites, 56.0 among African Amer-
icans, and 64.8 among Hispanics. The three groups had very different
life expectancies: 76.1 for Whites, 69.1 for African Americans, 79.1
for Hispanics. The proportion of total years in which individuals in each
race-ethnicity group could expect to be in optimal health was 85.4%
for whites, 81.0% for African-Americans, and 81.9% for Hispanics in
1990. This difference suggests the important public health goal of
eliminating a health disparity and also the need to improve the expe-
rience of all groups.

Health-Related and Environment-Related QOL in Old Age. In con
trast to health-related QOL, person-and environment-based QOL d
not decline with age. Older people can use this to their advantage in
building environments that promote QOL even in the presence of
chronic conditions.



Emerging Applications of the
Aging and Public Health

Paradigm

In prior chapters we have stressed the heavy chronic disease burden
associated with older age. About 80% of people aged 65+ have one or
more chronic conditions, and 50% two or more. Nearly 20% have
diabetes. Some 60% have arthritis. 6-10% have Alzheimer's disease,
with AD prevalence increasing to nearly 50% in people aged 85+
(CDC, 2003). The number of Americans who will have to contend with
disability due to chronic disease will triple by 2050 (Boult et al., 1996).

We have also stressed the severe disability and mortality burden
associated with these chronic conditions. About 20% of older adults
report difficulties with household and personal self-maintenance activi-
ties required for independent living. While this prevalence has declined
in the last decades, declines have mainly been limited to early, mild
IADL disability, not the basic ADL that require the most expensive
long-term care services (Freedman, Martin, & Schoeni, 2002). Mortal-
ity continues to decline at each age as it is postponed to later ages, a
clear public health victory, but the continuing, substantial proportion of
the life span lived with disability (about 15% of the total life span, and
nearly half the life span beyond age 65 [Erickson, Patrick, Shannon,
1995]) suggests that public health must now respond to the challenges
created by this achievement (CDC, 2003).

Given this picture, prevention of physical and cognitive disability in
late life is now increasingly recognized as an important public health
goal. "To address the challenges posed by an aging population, public
health agencies and community organizations worldwide should contin-
ue expanding their traditional scope from infectious diseases and mater-
nal/child health to include health promotion in older adults, prevention
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of disability, maintenance of capacity in those with frailties and disabil-
ities, and enhancement of quality of life" (CDC, 2003 p. 104). We
have argued that an adequate public health response to this challenge
requires a life span approach to health and disease risk: recognition of
the early-life origin of processes that increase the risk of chronic dis-
ease, frailty, and disability in late life; identification of behaviors in early
and middle life that place a person at risk for poor outcomes in late life;
and implementation of interventions in early and mid-life that will pre-
vent or postpone disease that would otherwise develop in late life. This
area of public health research and practice is still in its infancy.

However, a great deal of progress has been made in understanding
the origin of frailty in late life, which may suggest ways to reduce the
risk of physical and cognitive disability in people who have already
entered old age. In this chapter we first examine progress in this area,
beginning with recent advances in the biology of frailty, and then examine
recent evidence regarding falls and preservation of independence. Evi-
dence from clinical trials suggests that falls can be prevented through a
multifactorial intervention. Likewise, recent trials suggest that indepen-
dence can be preserved through physical and cognitive "pre-habilitation."

We then turn to two other major areas in which a public health
perspective is likely to improve prospects in late life. These include
promotion of chronic disease management for people with such condi-
tions, and enhancement of custodial care for people who have already
crossed the threshold into disability.

PREVENTING PHYSICAL AND COGNITIVE
DISABILITY

Insights on the Biology of Frailty

An important finding from the Cardiovascular Health Study was the
unexpected association between frailty and preclinical cardiovascular
disease (CVD), apart from the expected relationship between frailty and
disease. The frailty phenotype, discussed earlier in chapter 2, includes
three or more of five clinical signs and symptoms: low strength ("weak-
ness"), slow walking speed ("slowness"), low physical activity ("seden-
tariness"), unintentional weight loss ("shrinking"), and self-reported
exhaustion ("lack of energy") (Fried, Tangen et al., 2001). A "pre-frail"
group, or group at risk for frailty, was defined in this research by the
presence of 1-2 of the signs and symptoms. Frailty represents clinically
significant loss of physiologic reserve, a general slowing, shrinking, and
weakening that indicate marginal functioning and high risk for disabil-
ity, hospitalization, and mortality.
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The prevalence of congestive heart failure was 1.8% in the non-frail
group, 4.6% in the "pre-frail" group, and 14.0% in the frail group
(Newman et al., 2001). Similar gradients in prevalence were seen for
myocardial infarction, angina, and intermittent claudification (problems
with peripheral circulation). Thus, as expected, CVD was more com-
mon in people with greater frailty (though a majority of the frail group
did not have one of the cardiovascular diseases).

Importantly, in the group without cardiovascular disease, measures
of preclinical or early disease followed the same pattern. Abnormal
values for blood pressure, carotid stenosis (an indicator of stroke risk),
ankle-arm brachial index (an indicator of peripheral vascular disease),
ECG (a measure of cardiac function), and cerebral MRI (an indicator of
vascular disease) were all related to frailty level. On all the measures,
the intermediate frailty group was likely to have abnormal values rela-
tive to non-frail elders. Newman and colleagues (2001) conclude, "In
those with no history of clinical CVD, measures of the extent of CVD
measured noninvasively were also associated with frailty, suggesting
that subclinical, as well as clinically manifest CVD, can have a substan-
tial impact on the health of older adults," (p. 164).

Newman and colleagues (2001) suggest two possible mechanisms
for the association between frailty and CVD indicators in people with-
out frank CVD. One mechanism is end-organ damage, which decreases
physiologic reserve and results in frailty. The noninvasive CVD indica-
tors indicate abnormalities in the arterial tree, or defects in general
cardiovascular integrity, which lead to damage in the heart, brain, and
kidneys. In people without CVD, these defects have not yet led to frank
disease but may still impair organ function. The result is a subclinical
reduction in end organ reserve, which is manifest as frailty.

The second mechanism is actually a result of the body's success in
avoiding acute cardiovascular events. People with extensive arterial
plaques who avoid stroke or heart attack (for reasons unclear) still suffer
inflammatory and thrombotic events in vessel walls. These states of
chronic inflammation are visible in elevations in interleukin-6, fibrinog-
in, C-reactive protein, and tumor necrosis factor-alpha, and decreases
in serum albumin. Inflammation accompanies the healing and remodeling
of vessel walls that have been damaged by plaque or other processes.
Chronic inflammatory states are associated with loss of lean muscle mass
(shrinking), low energy, decreased appetite, and the other symptoms of
frailty. Newman and colleagues (2001) suggest that "the cost of surviving
acute cardiovascular events may be that a chronic inflammatory state is
maintained to continue to heal these extensive lesions, with resulting loss
of strength, weight loss, inactivity, and poor appetite," (p. 165).

Frailty in the absence of chronic disease, then, may be a conse-
quence of a disease process that has failed to cause frank disease, as in
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the end-organ damage hypothesis. Or frailty may be a consequence of
the body's response to this disease process, as in the inflammatory
hypothesis. More research is required to clarify which best characterizes
its origins.

The significance of inflammatory processes for frailty and risk of
disability has also been investigated in the Women's Health and Aging
Study (WHAS) and Health, Aging, and Body Composition Study (Health
ABC). High levels of interleukin-6 (IL-6) and C-reactive protein were
shown to predict incident disability in the WHAS cohort, independently
of other risk factors (Ferrucci et al., 1999). The mechanism for this
effect is the catabolic effect of IL-6 on muscle, which leads to sarcope-
nia and hence loss of muscle strength in the lower extremities. This, in
turn, leads to disability in both mobility and ultimately ADL. Examina-
tion of changes in knee extensor strength and walking speed suggests
that IL-6 affects muscle mass, and that this effect is responsible for the
increased risk of disability. That is, the effect of IL-6 on risk of disability
was attenuated when changes in muscle mass were introduced into
regression equations. This attenuation in risk suggests that "change in
muscle strength is intrinsic to the causal pathway leading from high IL-
6 to the development of new disability" (Ferrucci et al., 2002). This is
an indirect demonstration of the causal mechanism, but it is consistent
with other research showing an association between high levels of IL-
6 and lower muscle mass and strength (Visser, Pahor, Taafe, Goodpas-
ter, 2002), as well as lower muscle mass and poorer lower extremity
function (Visser, Kritchevsky, Goodpaster, Newman, Nevitt, Stamm,
Harris, 2002). A stronger demonstration would show an increased risk
of disability among people whose IL-6 serum levels have increased (or
a lower risk of disability in a group whose IL-6 levels have declined,
perhaps as a result of a therapeutic intervention).

What do these findings on the biology of frailty imply for public
health and the prevention of disability at older ages? We know that IL-
6 increases with age (Hager et al., 1994); that a 1 sd increase in IL-6
level is associated with significantly lower strength (a 1.1.-2.4 kg differ-
ence in grip strength), a smaller muscle area, and greater fat infiltration
(Visser, Pahor et al., 2002), raising the risk of disability; and that
increases in IL-6 (as well as other proinflammatory cytokines) are a
feature of both chronic medical conditions and a more general chronic
inflammatory process.

These considerations suggest a number of intervention strategies.
Certainly, reduction of the incidence of chronic disease, postponement
of its onset, and attenuation of its effects would likely reduce inflamma-
tion from this source. This primary prevention approach might be
supplemented with treatment strategies for elders who develop chronic
conditions. Once elders have developed this inflammatory response,
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whether from disease or the more general process described earlier,
pharmacologic agents might be used to prevent IL-6 and other cytok-
ines from affecting muscle. Finally, exercise and strength training in-
creases muscle mass in older people (Fiatarone et al., 1990). A carefully
planned program of exercise and activity in frail elders may offer ben-
efit, but to our knowledge no such trial has been conducted.

Preventing Falls

Falling is a common event among older people. About 30% of commu-
nity-resident people aged 65+, and 40% of people aged 80+, fall each
year (Tinetti et al., 1988). About 5% of these falls result in fractures
and another 5% in serious soft-tissue injury requiring hospitalization or
long-term immobilization and recovery. Falls occupy a prominent posi-
tion in the case of deaths due to injury and also play a role in the
institutionalization of older people.

In a study of non-nursing home elderly aged 75+, Tinetti and col-
leagues (1988) found that 32% fell during the course of a year; a
quarter of the fallers had serious injuries and 6% fractures. Risk factors
for falling in this cohort included sedative use, cognitive impairment,
functional limitation in the lower extremities, poor reflexes, abnormal-
ities of balance and gait, and foot problems. The many different risk
factors for falling, representing disparate physiological systems, again
suggest that falling is a geriatric syndrome (like urinary incontinence,
slow gait speed, or lower extremity weakness), a syndrome of poor or
inefficient function with many causes. People with none of the risk
factors were very unlikely to fall; only 8% of this group reported a fall
over 12 months. By contrast, people with all eight risk factors were
extremely likely to fall: 78% of this group fell. Notably, only 10% of the
falls occurred during acute illnesses and only 5% during hazardous
activity.

An important finding from this study was the important role of
environmental and ergonomic factors in falls. While 77% of the falls
occurred at home, in a familiar environment, 44% involved modifiable
home hazards. In these falls, people tripped over objects or slipped on
stairs. Also, a majority of falls involved particular kinds of activities,
mainly those that displaced a person's center of gravity. These activities
included getting up or sitting down, bending over or reaching, or step-
ping up or down. These particular environmental and ergonomic fac-
tors, along with medical risk factors identified in this effort, suggest a
number of interventions to reduce the risk of falling. In fact, a series of
randomized clinical trials have shown that fall risk can be reduced.
These trials were multifactoral: one addressed physical activity, hearing,
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vision, alcohol use, psychotropic drug use, and safety in the home
(Wagner et al., 1994); a second examined psychotropic drug use, poly-
pharmacy (see below), muscle weakness, problems with balance, gait,
and transfers, and postural hypotension (Tinetti et al., 1994); and a
third studied home modification, recommendations about physical ac-
tivity, and health counseling (Hornbrook et al., 1994). All showed
benefit.

One of the intervention studies is notable for explicitly linking reduc-
tion in the risk of falling to modification of particular fall risk factors. In
the trial conducted by Tinetti and colleagues (1994), the Yale FICSIT
trial (Frailty and Injuries Cooperative Studies of Intervention Techniques),
35% of the intervention group fell, compared to 47% of controls, over
a 1-year period. In this trial, one inclusion criterion was use of four
prescription medications, a risk factor for falling, and one target of this
multifactorial intervention. As part of the intervention, medication use
for people in the intervention group was evaluated and adjusted as
needed. In this trial, 63% of the intervention group continued to take
four or more medications, compared to 86% of controls. The trial also
showed that many other risk factors for falling were modifiable, includ-
ing balance impairment, difficulty with toilet transfer, and gait impair-
ment. Each was modified through a combination of behavioral training,
an exercise program, and-or environmental change. The prevalence of
impairments in the intervention group declined relative to controls; this
reduction appears to have been responsible for the reduction of falls.

One limitation in this trial was inability to establish that the lower
incidence of falls was a direct consequence of reduction in risk factors.
This issue was addressed in a follow-up analysis of this trial (Tinetti et
al., 1996). Re-analyses showed that improvements in balance and re-
duction in blood pressure (to lower fall risk associated with orthostatic
hypotension) were associated with lower rates of falling. Also, the re-
analysis showed that fall risk declined in both treatment and control
groups according to degree of reduction in a composite measure of fall
risk. In the treatment group, the average number of risk factors de-
clined by about one (of 7 different risks), but this degree of risk factor
reduction was enough to reduce falls by about 35% (Buchner, 1999).
Together, these findings suggest that altering or eliminating specific risk
factors for falls can reduce fall risk.

This conclusion, straightforward and not surprising at first glance, is
quite important. It is a clear demonstration that the pathway from
impairment to disability, in this case fall risk, can be modified. Table
9.1 shows in detail the relevant risk factors, criteria for defining risk,
and FICSIT interventions that successfully altered the risk factor. A
meta-analysis of the FICSIT trials showed that exercise and balance
interventions (which varied across studies in duration, intensity, and
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TABLE 9.1 Risk Factors for Falls in Yale FICSIT Trial

Risk Factor Criteria for Defining Risk Intervention

Postural hypotension <20 mmHg drop or drop to
<90 mmHg when moving
from lying to standing
position

Use of sedative-hypnotic Use of benzodiazepines or
agents other medications for

sleeping

Use of 4 medications

Unsafe tub or toilet
transfer

Gait impairment

Balance impairment

Strength or range-of-
motion limitation,
arms or legs

Use of one centrally acting
antihypertensive, nitrate
diuretic, histamine blocker,
or non-steroidal anti-inflam-
matory; report of fatigue,
dizziness, or fall

Unsafe performance

Postural exercises;
elevate head of bed;
medication adjustment

Taper off and discon-
tinue; use of non-
pharmacologic
treatments

Medication review and
adjustment by
physician

Transfer training;
environmental
adjustments

Defect in step length, Gait training; use of
height, symmetry, continuity, assistive devices;
path deviation, trunk sway, exercise
turning

Defect in progressively hard Balance exercises
static stances or retropulsion

Less than full range against Resistance exercises
full resistance

Source: Tinetti, McAvay, Glaus, 1996; Tinetti, Speechley, & Ginet, 1988.

type [including a tai chi dynamic balance component]) were associated
with significant reductions in fall risk (Province et al., 1995).

An additional set of findings from the Seattle FICSIT study provides
an important lesson in targeting fall prevention interventions (Buchner
et al., 1997). HMO enrollees, all selected for lower extremity weakness
or gait abnormalities and hence at risk for falling, were randomized to
an exercise intervention or control group. The goal was to improve
balance, gait, and self-reported physical health status to see if these
improvements were associated with lower risk of falls over an 18-
month follow-up period.
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This trial was negative; gait, balance, and physical health did not
significantly differ between intervention and control groups at the end
of the trial, despite improvements in strength and aerobic capacity in
the experimental group. However, fall risk was lower in the interven-
tion group: 42% of intervention subjects reported a fall compared to
60% of controls. Buchner and colleagues (1997) note that the 42%
rate is typical, as we have seen, of 1-year fall risk in community-
resident elders; the exceptional finding, then, is the very high rate of
falling (60%) in controls. They reason that the eligibility criteria for this
study resulted in a sample on the verge of substantial decline. The
exercise intervention prevented this decline. That is, without the inter-
vention both groups would likely have shown fall rates of 60%. Selec-
tion criteria for this study identified a group with very little physical
reserve and great risk of further decline. Thus, intervention outcomes
must be interpreted in light of the position of elders on the curvilinear
function that relates impairment to disability outcomes (see chapter 5)
(Buchner et al., 1996). This intervention blunted the very high fall risk
typical of older people with little physical reserve. Thus, while they did
not lower fall risks typical of community elders in this study, fall inter-
ventions may offer benefit even to quite frail elderly.

Strengthening Independence

Can the skills required for independent living be taught or bolstered in
such a way that the risk of disability is reduced? This is the premise of
"pre-habilitation" (Gill et al., 2002) or "preventive occupational thera-
py" (Clark et al., 1997).

This preventive approach to disability has two targets. One involves
factors extrinsic to aging that are nevertheless associated with disable-
ment. These factors include safety awareness in the home and commu-
nity (to prevent falls), efficient use of adaptive equipment or assistive
technologies (to foster a sense of control and personal efficacy), exer-
cise (to promote strength, balance, and stamina), energy conservation
(to allow effective use of diminished capacities), and efficient use of
public transportation. A second target, which sometimes overlaps with
the first, includes the intrinsic features of aging that lead to disability.
The primary target is functional limitation (see chapter 5), such as
performance on tests of balance, strength, and mobility below norms
expected for a given age group. Both sets of factors have served as
targets for "prehabilitation" or remediation in randomized clinical trial
settings.

Clark and colleagues (1997) compared an OT training group with
two control groups, a social activity group and no treatment group, to
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assess remediation of extrinsic factors relevant to disablement. In this
trial, the OT group received 2 hours of group training each week over
9 months, as well as 9 hours of individual OT training. "The key intent
of the program was to help the participants better appreciate the
importance of meaningful activity in their lives, as well as to impart
specific knowledge about how to select or perform activities so as to
achieve a healthy and satisfying lifestyle," (p. 1324). Participants re-
ceived specific guidance in promoting safety, using transportation, making
use of available adaptive equipment, exercise, and related areas. Use of
the social-recreational control group allowed the researchers to sepa-
rate the effect of OT-specific training from possible benefits of simple
group participation.

Participants were residents of senior housing who volunteered in
response to advertisements and posted announcements of the project.
Outcomes in the research included a variety of health status measures:
disability, life satisfaction, depressive symptoms, self-perceived health,
and health-related quality of life. Attrition after randomization was about
15% in all three groups, and about 65% of participants randomized to
the OT and social activity arms attended at least half the sessions, a
measure of effective delivery of the behavioral intervention.

The social activity and non-intervention groups were equivalent in
almost all outcomes, so the two groups were pooled and compared to
the OT training intervention group. Participants in the OT program
showed significant benefit in a variety of self-reported psychosocial
outcomes, including quality of interaction, life satisfaction, health per-
ception, pain, physical and role function, and mental health. Five of 15
outcomes (covering depression, IADL and ADL disability, social activity)
did not show benefit, but may have been subject to ceiling effects (i.e.,
most people were already scoring low on measures of disability or
depression). Clark and colleagues (1997) concluded that the program
helped participants construct daily routines that were health promoting
and meaningful given the context of their lives and in this way promot-
ed well-being.

This is a provocative study, in that a relatively low-cost (and cost-
effective [Hay et al., 2002]) intervention was associated with significant
benefit, where the benefit also appears to be specific to OT training
directed toward extrinsic sources of disability. However, the mechanism
for this benefit is not completely clear. The authors suggest that health
and subjective well-being improve when people are given greater op-
portunity to engage in health-promoting activities that are consistent
with what they find important or meaningful. But no direct evidence is
provided for this effect. Still, this is a first suggestive demonstration of
the benefit of preventive occupational therapy training for healthy eld-
erly.
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The alternative approach, with remediation directed toward anteced-
ent functional impairment before the onset of disability, was demon-
strated in a randomized trial conducted by Gill and colleagues (2002).
This controlled trial of prehabilitation recruited frail elderly, with a
mean age of 83, from primary care practices. The intervention group
received a physical therapy assessment and review of the home envi-
ronment, with an average of 16 visits by the intervention team over 6
months. Particular regimens of exercise, home modification, and activ-
ity were designed according to results from individual evaluations. Dis-
ability outcomes in this group were compared to outcomes in a group
receiving a health education program. The control group received
monthly visits from a health educator over 6 months. Both groups
received follow-up calls over an additional 6 months to maintain con-
tact, answer questions, and provide encouragement.

In the intervention group, 65% completed the program. Withdrawal
was due mainly to worsening health or other illness in families. Partic-
ipants in the program, on the whole, followed through on exercise
recommendations, with over 70% reporting completion of balance train-
ing, leg-conditioning, and arm-strengthening regimens. Of the control

Participants in the intervention reported less disability than the con-
trol group at 7 and 12 months. Benefit was more pronounced among
participants who began the study with moderate, rather than severe,
frailty. This is an important finding, as it suggests that prehabilitation
can delay disablement, but also that different interventions may be
required for the most frail elderly. The use of an active control here
suggests that the mechanism for this reduction in disability risk was the
linked physical therapy-exercise regimen rather than health education
or attention from the study team.

Preventive Cognitive Remediation

If physical prehabilitation can retard disablement, could a program of
preventive cognitive remediation have the same effect in the realm of
cognitive decline? The Advanced Cognitive Training for Independent
and Vital Elderly (ACTIVE) trial investigated this question in the setting
of a randomized clinical trial (Ball et al., 2002). A volunteer sample of
nearly 3,000 older adults without cognitive or physical impairment was
randomized to one of three intervention groups or a no-contact control
group. The three intervention arms involved 10 sessions devoted to
training in memory skill (verbal episodic memory), reasoning (problem-
solving strategies), or speed of processing (visual search and identifica-
tion). The intervention program was delivered in small-group settings,

group 785 completed the study.
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with a focus on teaching strategies designed to improve memory, speed,
or problem solving. Intervention groups were given exercises to prac-
tice and retain skills. In the memory training arm, for example, partic-
ipants were instructed how to organize word lists into meaningful
categories and to form visual images and mental associations to recall
words and text. In this 2-year study, a subset of participants received
booster training just before the 1-year evaluation.

Outcomes in the trial included ability on cognitive tests of these
remediated skills, such as episodic memory, identification of patterns,
and speed of processing. The trial also examined performance-based
and self-reported everyday skills related to these cognitive domains.
These included everyday problem-solving (e.g., the ability to handle
medication information), everyday speed (e.g., the speed with which
one looks up a telephone number), driving habits, and ADL and IADL
disability.

The trial showed that these cognitive interventions helped normal
elderly perform better on the specific cognitive skills for which they
were trained. These benefits suggest that the slow cognitive declines
reported for non-demented elders can be remediated. For example,
ACTIVE participants receiving memory training improved about 0.25
sd over 2 years, while older adults without dementia typically decline at
about this rate over a 7-year period. However, these proximal cognitive
benefits did not translate into improvements in everyday performance.
The authors suggest that the absence of transfer to real-world outcomes
is best explained by a ceiling effect in the everyday performance mea-
sures. Most subjects were not impaired in driving, in looking up tele-
phone numbers, or in reasoning about medications. The pronounced
ceiling effect may have obscured true benefit in this area. In fact, the
control group did not decline on many of the everyday performance
measures. The authors conclude, "it is not yet clear whether differential
functional decline across treatment groups will be observed in the future
as this select cohort enters more fully into an age of functional loss"
(Ball et al., 2002 p. 2280).

This important trial demonstrates that cognitive remediation in non-
demented elders offers benefit that is sustained over 2 years. It does not
follow from this finding that such training reduces the risk of impending
dementia or disability, or that such remediation concurrently increases
independence or activity in older people. The latter is an important
limitation of the promise of cognitive remediation. It may be that ceiling
effects prevented demonstration of benefit, but it may also be that
these sorts of training are too limited to affect everyday function. For
this translation to real-world outcomes we may be on safer grounds
with the occupational and physical remediation efforts described
earlier.
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PROMOTING CHRONIC DISEASE MANAGEMENT

Five to 10% of older people incur 60-70% of the health care expenses
of the older population (Boult & Pacala, 1999). An effective means of
identifying this group at highest risk for medical care would be an
important addition to the armamentarium of public health. As Boult
and Pacala argue, "This dense concentration of morbidity and use of
health-related services is unfortunate for those afflicted, but it offers
hope for effectively focusing resources where they will do the most
good," (p. 65).

Who is the high-risk senior? In ambulatory and hospitalized patients,
one way to identify the high-risk elder is to identify factors associated
with hospitalization (and repeated hospitalization). An effective tool for
identifying the high-risk elder is the Pra, the Probability of Repeated
Admission (Pacala, Boult, Reed, & Aliberti, 1997). The 8 items of the
P reliably identify people with high likelihood of repeated hospital
admissions. The items include self-rated health, hospital stays over the
prior 12 months, number of physician visits in the prior 12 months,
diabetes, heart disease (coronary heart disease, angina, myocardial in-
farction), gender, presence of a person "who would take care of you for
a few days, if necessary," and age. Thus, a male with coronary artery
disease, angina pectoris, diabetes in past year, and a self-rating of only
"fair" health faces a high risk for hospitalization. He meets 5 of the 8
Pra risk factors. Pacala and colleagues have developed regression equa-
tion weights for combining the factors into a single risk index. We could
also add additional risk factors. If this person also has a medication
regimen of 5 or more prescriptions and a medical condition that re-
quires regular injections or catheter care, he would obviously be at even
higher risk. The P is useful for its identification of eight simple indica-
tors that reliably i3entify high-risk elders.

Once the high-risk elder is identified, how should this person's med-
ical care be managed to maximize effective treatment and minimize
disability? Three areas of progress in this area, offering major benefit to
older people, include geriatric evaluation and management, self-man-
agement of chronic disease, and reduction in polypharmacy.

Geriatric Evaluation and Management

The core of geriatric evaluation and management (GEM) is comprehen-
sive geriatric assessment. This assessment includes a medical, psycho-
logical, and functional assessment that is integrated to develop an overall
plan for treatment and follow-up (Boult & Pacala, 1999; Rubenstein,
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Stuck, Siu, & Wieland, 1991). Interdisciplinary teams meet to establish
a comprehensive care plan for each patient that takes into account the
full picture of this person's medical risks, ongoing preserved abilities,
personal resources, and preferences for care. GEM works best when
the team making the care plan is also involved in its implementation;
otherwise, recommendations from comprehensive geriatric assessment
may go unfulfilled (Stuck, Siu, Wieland, & Rubenstein, 1993).

A meta-analysis of controlled clinical trials involving GEM showed
that effects were stronger in inpatient than outpatient settings (Stuck et
al., 1993). A number of randomized trials in inpatient settings have
shown benefits for GEM in a variety of areas, such as improvement in
diagnostic accuracy, reduction in disability risk, improvement in mental
health, and reduction in nursing home admission and mortality. Elders
in the treatment arms of these trials were more likely to report satisfac-
tion with medical care, and their family caregivers also reported lower
stress. Finally, some of the trials reported decreases in hospital and
emergency department services. While the interventions usually involve
greater use of home care and other long-term care services, these
expenses are balanced and in some cases offset by lower hospitaliza-
tion costs.

However, GEM results must be interpreted cautiously, that is, in light
of the particular program elements involved and specific outcomes (and
time frame) assessed. In a recent set of randomized clinical trials assess-
ing GEM in inpatients, one showed no benefit in mortality risk, disabil-
ity or health status over 12 months (Reuben et al., 1995). The 1-year
mortality rate in the two arms of the study was about 25%, typical of
mortality risk in older people discharged from hospitals. A second study
showed no benefit in survival but significant reductions in disability risk
and admission to long-term care facilities (Landefeld, Palmer, Kresevic,
Fortinsky, & Kowal, 1995). However, the two studies are not truly
comparable. The second only examined change from hospital admis-
sion to discharge, while the former involved a full year of follow-up.

Improvements in discharge status, as shown in this second GEM
program, should translate into longer-term benefit. If they do not, as
shown in the first trial, it may be because selection criteria in these
trials do not always identify people likely to benefit (i.e., they may be
too ill or, conversely, too healthy to show benefit), or because the trials
take place in settings where control group participants already receive
services and assessment protocols typical of GEM.

Table 9.2 shows key elements in the GEM program that successfully
improved outcomes at hospital discharge. The program illustrates well
how hospital care can be modified to promote appropriate discharge
planning from the point of admission, using the many resources re-
quired for such a focus. The hospital environment was remodeled to
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TABLE 9.2 Inpatient Geriatric Evaluation and Management
Protocol

Key Element Features

Prepared environment Make hospital ward approximate adapted natural living
conditions: carpeting, handrails, uncluttered hallways,
large clocks, calendars; elevated toilet seats, door levers

Patient-centered care Daily nursing assessment; nursing interventions to
improve self-care, continence, nutrition, mobility, sleep,
skin integrity, mood, cognition; daily multidisciplinary
assessment

Planning for discharge Emphasis on return to home; early involvement of case
manager/social worker to develop appropriate discharge
plan

Medical care review Daily review of medications; protocols to minimize
iatrogenesis

Source: Landefeld, et al., 1995.

concentrate on readying the patient for the return home, the patient-
centered care protocol stressed skills and interventions that patients
would need to bring with them when they returned home, and the
barrier between the hospital and home care was broken down through
active involvement of case management teams.

GEM has also been applied outside the inpatient and ambulatory
care setting. In a randomized controlled trial of annual in-home GEM,
Stuck and colleagues (1995) showed that a program of home visits by
geriatric nurses, who consulted with geriatricians, reduced disability risk
(12% vs. 22% in ADL) and nursing home admission (4% vs. 10%) over
3 years. These benefits came with the additional cost of significantly
more visits to physicians, but the total incremental cost of the program
was very favorable, about $6000 for each additional well (disability-free)
year. Other in-home intervention studies have shown benefit with differ-
ent program elements (i.e., preventive home visits without comprehen-
sive geriatric assessment, one-shot comprehensive assessment with
follow-up, telemedicine contact). Unfortunately it is not clear which
element of the program was most responsible for the beneficial effect.

A less extensive application of GEM principles is visible in geriatric
case management. In this approach, a specially trained case manager
arranges social and health-related services and coordinates these servic-
es across long-term care settings. Results from this approach to GEM
have been mixed. One randomized assessment of geriatric case man-
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agement to increase access to primary care did not show a benefit in
hospitalization or quality of life (Weinberger, Oddone, & Henderson,
1996). This was a study of veterans with a variety of conditions. Stud-
ies involving other elderly patient groups, such as patients with conges-
tive heart failure, have shown benefit (Rich et al., 1995).

Making Patients and Families Partners in Medical Care

Chronic disease is highly prevalent among older people, as we have
seen. People aged 60+ have a mean of over 2 chronic conditions,
conditions that account for the vast majority of health care expendi-
tures (Hoffman, Rice, & Sung, 1996; Rothenberg & Koplan, 1990).
Clinical and personal experience suggests that people differ in their
capacity to manage the disability and symptoms typical of chronic
disease. Some adapt well and maintain relatively active lifestyles, while
others are less able to do so. Given these differences, it would be
valuable to know what is involved in successful management of chronic
disease. Second, assuming these tasks can be identified, it would be
valuable to know whether such skills can be taught. Finally, it would
also be valuable to know if disease management in this sense is asso-
ciated with important health outcomes, such as physician utilization or
hospitalization.

Recent research has examined the elements of effective chronic
disease self-management. Long and colleagues (1999) identified twelve
common features of successful disease self-management. These allow
people to adapt to states of limited health and minimize the effects of
disease on function. They include "recognizing and acting on symp-
toms, using medication correctly, managing emergencies, maintaining
nutrition and diet, maintaining adequate exercise, giving up smoking,
using stress reduction techniques, interacting effectively with health
providers, using community resources, adapting to work, managing
relations with significant others, and managing psychological responses to
illness" (p. 8 ). These elements have been incorporated into a program of
patient education, the Chronic Disease Self-Management Program
(CDSMP), which has been used to teach patients with a variety of chronic
conditions to manage symptoms well, to communicate effectively with
health professionals, and to develop realistic appraisals of the health risks
they face. Principles of this program include use of peer patient educators,
mobilization of small groups of patients who develop joint problem-solving
strategies, and a stress on self-efficacy, that is, development of weekly
action plans with realistic goals and expectations of success.

A randomized trial of this model involving different chronic disease
groups showed encouraging results for a variety of outcomes. For the
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664 participants in the self-management treatment arm, 108 CDSMP
groups were convened. Outcomes for these patients were compared to
the experience of a waiting-list control group (n = 476) over 6-months
of follow-up. Participants were drawn from people with a diagnosis of
chronic lung disease, heart disease, stroke, or arthritis. People in the
treatment arm completed a mean of 5.5 of 7 program sessions, show-
ing effective delivery of the intervention, an important consideration in
behavioral interventions of this type.

The trial showed significant benefit for CDSMP on a variety of
outcomes, including health behaviors (self-reports of exercise, symptom
management, effective communication with physicians), health status
(self-rated health, disability, fatigue, and distress over health), and health
service use (physician visits, hospitalization). These benefits were main-
tained over two years (Lorig et al., 2001) and were replicated when the
control was offered the intervention. Comparing the CDSMP group to
other samples assessed with a common measure of disability (HAQ, the
Health Assessment Questionnaire) showed that CDSMP participants
were more or less stable in disability scores, where other samples,
matched for age and health status, declined.

These are impressive findings, and as a result CDSMP has been
embraced by large HMOs, such as Kaiser Permanente, and by the
National Health Service's (UK) Expert Patient program (AHQR, 2002).
Still, some caution is in order. Lorig and colleagues (1999) do not
report participation rates in their initial randomization (i.e., how many
patients randomized to the intervention declined to participate). They
do report that only 72% of controls agreed to enter the intervention
when offered the chance to do so after the end of the initial 6-month
trial. This suggests that the intervention group may have been enriched
with more highly motivated participants, that is, people able to benefit
from the program or more motivated to self-manage their disease in
any case. These selection effects are difficult to assess in behavioral
trials.

CDSMP can also be faulted for ignoring a number of other factors
that may be central to effective self-management. One is the availability
of objective ways to monitor a chronic disease condition, such as urine
or blood tests to identify hypoglycemia, as in the case of diabetics.
Access to these indicators allows patients to monitor and adjust medi-
cations or behaviors (Tattersall, 2002). Another factor is fostering effec-
tive partnerships between patients and health professionals. The "copy
letter," in which physicians send patients a copy of their recommenda-
tions and the results of jointly planned care plans, is one way to build
such partnerships. Finally, more needs to be done from the physician
side, especially giving patients approval, or permission, to take a more
active role in their care. Tattersall (2002) suggests that many doctors
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and other healthcare professionals are uncomfortable with the idea of
empowering their patients.

Apart from promotion of effective self-management of chronic dis-
ease, it is also worth asking how older people actually manage chronic
conditions. In fact, for the most disabled and oldest patients, manage-
ment usually involves a patient-physician-family triad, rather than the
traditional patient-physician dyad. Little is known about self-manage-
ment behaviors in the home, or outside of contact with physicians or
other health professionals. Up to a third of older people are accompa-
nied by other family in their physician consults (Silliman et al., 1996).
Presumably, the patient's family plays an even larger role in manage-
ment decisions beyond physician contact. This would be an important
topic for future research on self-care.

Avoiding Inappropriate Medication Use and Managing
Polypharmacy

Inappropriate medication use is a common problem in older people.
One community-based study of people aged 75+ found that 14% were
using at least one inappropriate drug (Stuck et al., 1994), and a second
study found a higher prevalence of 23.5% over a 1-year period (Willcox,
Himmselstein, & Woolhandler, 1994). Forty percent of nursing home
residents have been reported to receive one or more inappropriate
drugs (Beers et al., 1992). "Inappropriate medications" in these studies
are defined as drugs that should generally be avoided by older people,
as specified in expert consensus panels. The drugs have all been shown
to be ineffective or have been replaced by safer alternatives. For exam-
ple, long-acting benzodiazepines (sedative-hypnotic agents) have been
replaced by short-acting benzodiazepines with better side effect profiles.
The same is true for a number of antidepressant agents, antihyperten-
sives, non-steroidal anti-inflammatory agents, oral hypoglycemic agents,
analgesics, dementia therapies, platelet inhibitors, muscle relaxants, and
gastrointestinal antispasmodic agents (Stuck et al., 1994).

In these efforts to identify inappropriate medication use, the authors
obtained valuable information on the prevalence of medication use in
older people generally. In the sample of community-resident people
aged 75+, medication use was fairly high. People were taking an
average of 2.4 prescription and 2.4 non-prescription medications. A
very small proportion, less than 5%, managed to avoid all medications,
and about a third were taking six or more. The 14% of the sample
taking at least one inappropriate drug were more likely to be older, on
an antidepressant, and taking many medications (Stuck et al., 1994).
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A distinction should be drawn between inappropriate and excessive
use of medications on the one hand, and polypharmacy on the other
(Stuck, 2001). Inappropriate or excessive medication involves use of
medications in which harm exceeds benefit, as described above. Polyp-
harmacy, by contrast, is simply use of many medications, all potentially
appropriate. It is a problem, however, because of the greater risk of
adverse events associated with a greater number of medications, which
is complicated further by interactions between medications (drug-drug
interactions) and between medications and non-indicated medical con-
ditions (drug-disease interactions). Also, the greater the number of
medications, the less likely compliance, and hence the greater the risk
that people will not take medications they should be taking.

One operational definition of polypharmacy is regular use of four or
more prescription medications. By this definition, about 50% of the
oldest old meet criteria for polypharmacy. A challenge to geriatric care
is to determine which medications are inappropriate, because it is
possible for diseases to be poorly managed and symptoms under-treat-
ed even with an excessive number of medications. The following tests
can be used to determine the appropriateness of medications: Is there
an indication for the drug and is the drug effective for the condition? Is
the dosage correct (taking into account changes in renal clearance and
other features of pharmacokinetics and pharmacodynamics associated
with aging)? Are there drug-drug or drug-disease interactions? Are di-
rections for administering the drug reasonable for the patients, that is,
is the patient likely to be able to take the drug according to directions
and for as long as indicated? Does the drug duplicate an existing drug?
Can the drug be replaced with something less expensive? (Stuck, 2001).

In pursuit of proper polypharmacy, physicians may have to take
patients off medications as part of a comprehensive examination of
medication profiles. It is much easier to add a medication than to
remove one, but good management of patients may also require taking
patients off drugs. Evidence suggests that physicians, like patients them-
selves, are reluctant to remove medications that have been prescribed
for a long time. For example, in-home evaluations of medicine cabinets
show a great number of expired and obsolete medications, stored "just
in case" (Rubenstein, 1999). Likewise, with passage of time patients
are likely to accumulate medications, with a comprehensive assessment
of medications undertaken by physicians only when adverse events or
a medical event requires it.

The rational management of polypharmacy is a major challenge for
public health and aging. Some success in this effort will likely come
from new partnerships between physicians and pharmacists (Weinberg-
er et al., 2002), as well as greater consumer awareness, and perhaps
from increased regulatory pressure.
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ENHANCING CUSTODIAL CARE

Kane (2003) has specified goals for the care of custodial populations,
such as people with Alzheimer's disease or severe psychiatric illness, or
people dependent on extensive medical technologies. For these popu-
lations, rehabilitation or cure is not a reasonable goal, nor, in some
cases, is extended survival. That is, for the severely demented individual
receiving formal home care services, or the older patient receiving
ventilator care in a nursing home, excellent custodial care should be the
goal but will most likely not extend survival or lead to regained function.
What, then, are goals for enhanced custodial care? What outcomes
would be reasonable targets for interventions in these populations?
Table 9.3 shows supportive care goals for custodial populations.

These goals (for example, dignity, privacy, a sense of security, or the
opportunity to participate in meaningful activity or reciprocal social
relationships) are the essence of sensitive treatment of any person. The
goals are no more difficult than ones we set for ourselves and expect
in daily activity. Thus, an important conclusion from research with
custodial populations is that the same goals apply. Privacy is as impor-
tant in the nursing home as anywhere else. Allowing someone to
maintain individuality, perhaps through the use of personal objects or
"memory cases," is appropriate in institutions just as it is in homes.
"Meaningful activity" is a goal even for someone with severe memory
impairment, even if attempts at such activity strike the observer as
terribly primitive or unsatisfying.

In fact, one additional conclusion from Kane's approach is that we
cannot presume to know, without detailed investigation, the valence of
behaviors for people with severe dementia. Agitation is almost always
a negative behavior (patients appear distressed, risk injuring themselves,

TABLE 9.3 Goals for Enhanced Custodial Care

Sense of security and order
Enjoyment
Meaningful activity (opportunity to accomplish goals)
Social relationships (opportunity for reciprocity)
Dignity
Privacy
Individuality (identity with past)
Autonomy (opportunity to express preferences)
Spiritual well-being
Functional competence
Physical comfort

After Kane, 2000.
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and elicit negative responses both from caregivers and other patients).
Likewise, a patient's demonstration of a preference, or assertion of
continuity with the past, or clear pleasure in activity is easily recognized
as positive behavior (as indicated by facial expressions of happiness,
contentment, or interest) (Lawton, Van Haitsma, Perkinson, & Rutde-
schel, 2001). But the valence of other behaviors is less clear (see
Chapter 6). Wandering, perseveration, delusions, and vocalizations are
disturbing to observers but may represent sources of pleasure or en-
gagement to the person with severe dementia (Albert, 1997).

For custodial care populations, the following areas have recently
become topics of research: recognition of older people's care prefer-
ences and designing care regimens that respect such preferences; up-
grading home attendant and nursing assistant care; developing special
care units for people with Alzheimer's disease; expanding options for
supportive housing; supporting family caregivers; and upstreaming pal-
liative care, that is, moving palliative care away from the point of death
to allow the dying or chronically ill patient to benefit from the more
intensive person-centered care typical of hospice. We examine each
below.

Taking Older People's Care Preferences Seriously

Are family caregivers, even when they are in daily contact with demen-
tia patients, good judges of patient preferences? Reason for doubt on
the accuracy of caregiver perceptions is evident in Logsdon's finding of
high correlations between caregiver mental health, particularly depres-
sion, and caregiver ratings of a patient's quality of life (Logsdon, Gib-
bons, McCurry, Ten, 2001). Depressive symptoms in caregivers were
associated with lower ratings of patient quality of life, suggesting that
caregivers are not accurate reporters, but rather transfer their own
negative perceptions onto patients.

A related result is shown in Figure 9.1, which displays patient re-
ports of enjoyment in activity, caregiver perceptions of patient enjoy-
ment in activity, and the relationship between each of these reports and
patient reports of depressive symptoms. The figure is based on reports
from 161 patient-caregiver pairs in a clinical cohort of mildly demented
Alzheimer's patients followed at Columbia University. Patient reports of
enjoyment in activity were correlated with patient depressive symp-
toms. Caregiver reports of patient enjoyment were less clearly related to
patient depressive symptoms. Thus, at least in the case of enjoyment of
activity, patient reports may be more accurate than caregiver reports.

This situation contrasts with other domains of patient experience, in
which caregiver reports may, in fact, be more accurate than patient
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FIGURE 9.1 Mild Dementia: Patient Reports of Enjoyment in Activity
Correlated with Patient-Reported Depressive Symptoms.
n = 161, ratings from patients with mild dementia and caregivers.

reports. In the same Columbia clinical cohort, for example, caregiver
reports of the frequency of patient activity were significantly correlated
with the patient's Mini-Mental Status score. By contrast, patient reports
of activity frequency were not related to patient cognitive status. Thus,
for these mildly demented elders reports of affective experience (enjoy-
ment in activity) are likely to be more accurate than reports of the
frequency of behaviors or symptoms.

A recent area of research has been the care and more general
psychosocial preferences of community-dwelling elders. As Carpenter
and colleagues point out, "Just as people have unique wishes about the
medical care they receive [as in the case of advanced directives], they
may have unique wishes about the personal care they receive as they
become more dependent" (Carpenter, Van Haitsma, Ruckdeschel, &
Lawton, 2000 p. 335). Documenting these preferences is useful for
the concurrent delivery of care, but may also be useful for establishing
an "advanced psychosocial directive," a statement about preferred care
delivery and living situation that can be consulted when a person is no
longer able to state these preferences. This approach would likely allow
individualized care planning rather than current standard service plans.

In a pilot concept-mapping approach to psychosocial preferences,
Carpenter and colleagues (2000) found that preferences for care and
caregiving formed a well-defined cluster, distinct from other domains
(such as "growth activities," "leisure," or "self-dominion"). On a scale of
1-5 to indicate importance, preferences in this domain ranged from
4.35 ("caregivers should know about my medical conditions and treat-
ment") to 1.90 ("caregivers should address me by my first name"). Mid-
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range preferences included "having friends involved in my care," "using
alternative medicine providers," "having caregivers call me by a partic-
ular name," and "accepting restrictions for my safety." The investiga-
tors are conducting a larger study using a more extensive inventory to
assess daily preferences, the Preferences for Everyday Living Inventory.

We used a modified version of this preference inventory to examine
concordance between family and formal caregivers on the perceived
preferences of people with dementia for particular activities. For this
study, we enrolled patients with mild to moderate dementia who were
attending an adult day care program at a senior center. We identified
the primary family caregiver (the person making sure the needs of the
patient were met, either directly or by arranging services). The formal
caregiver in every case was a home attendant who provided care in the
patient's home and also accompanied the elder to the adult day care
program. The families and home attendants in this study were Spanish-
speakers. We reasoned that concordance between the two different
types of caregiver would indicate that mild to moderately demented
patients are able to communicate preferences (even if they cannot state
them in an interview or research questionnaire). Each type of caregiver
was asked to rate how important particular behaviors or activities were
to the patient on a 4-point Likert scale (very, some, little, or no impor-
tance).

Concordance between family and formal care providers was quite
good. We examined the proportion of patients for whom family care-
giver and home attendant maximally disagreed (i.e., where one said the
activity was "very important" and the other said "no importance"). For
activities with low frequency (< 25% of patients reported to consider it
very important or of some importance), pairs were discordant less than
15% of the time. These preferences included the wish to be left alone,
to have a challenging task, to talk about worries, and to keep to a
particular routine. For more commonly preferred activities (reported to
be preferred by > 40% of patients), such as choosing what clothes to
wear, hearing the news, spending time outside, and having visitors,
discordance was also relatively uncommon and was again about 15%.
We conclude that mild to moderately demented patients can express
preferences, as evident in joint recognition of such preferences by
people who spend time with these elders.

Upgrading Home Attendant and Nursing Assistant Care

As we have seen, home care paraprofessionals are an important ele-
ment in the long-term care spectrum. They provide support for elders
with ADL needs severe enough to require nursing home levels of care.
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These paraprofessionals do not have medical training and are barred
from providing help with prescriptions or medical equipment. Low-
income elders are eligible for Medicaid-waiver home attendant services,
as in New York City's Home Care Services Program, which provides
ADL support to 60,000 elders in the city. In fact, Health Care Financ-
ing Administration data show that New York City has the highest
percentage of Medicaid recipients using home care services and the
highest expenditures for such services (HCFA, 1997).

Nearly a third of the elders receiving home care through this program
have moderate to severe dementia and half some degree of cognitive
impairment (Hokenstad, Ramirez, Haslanger, & Finneran, 1997). In fact,
in a study of elders with Alzheimer's disease living in the community, we
noted that more than half the sample received ADL support from home
care paraprofessionals. Moreover, a quarter of the sample received all
ADL care from such paraprofessionals (Albert et al., 1998).

Home care paraprofessionals are typically referred to as "home at-
tendants" (HA). A typical care arrangement might include a block of
daily home attendant time (4, 8, 12, or 24 hours), with weekly visits
from a visiting nurse service and quarterly re-evaluation of the elder by
the home care-agency. Home care agency care coordinators supervise
groups of attendants, and HA's are required to meet in-service require-
ments on a regular basis.

The difficulty of the HA-client relationship is apparent in a number
of ways: HA's are family and not family; they perform roles typically
assumed by family but are also performing a job. They may care for
more than one client at a time, sometimes in "cluster care" arrange-
ments. They are often asked to perform tasks outside the scope of
their duties. They have to get along with other family members. They
are isolated for a large part of the day with a person who has some
authority over them but is also dependent on them.

We interviewed 70 home attendants, from two home health care
agencies, in 1997-1998 to better understand their situation. These
were seasoned paraprofessionals; inclusion criteria required that they
had at least 1 year of experience. We found that HA's in New York
City are almost exclusively female, members of minority groups, and
largely immigrants. Their median age was 49 and the median length of
time in the U.S. was 17 years, suggesting that these women were well-
established breadwinners for their families. They had worked as HA's
for a median of 9.5 years, and most were working full time (with
overtime) in this capacity. The median number of clients they had been
assigned over time was 12, with one of every four clients reported to
be demented.

In their current situation, the median number of hours spent with the
index client was 55.0/week over a median of 4 days per week. The
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high number reflects the large number of HA's spending 24 hours per
day with clients for 3-4 days per week. It also reflects the low-wage
nature of the work and the need for these women to work extremely
long hours. In fact, 44% of the HA's had another client, and the
median number of hours for such second clients was 12.0/week.

The median age of their clients was 82, of whom 86% were women.
HA's reported that more than half the elders showed signs of depres-
sion and that about 40% had Alzheimer's disease or stroke. Symptoms
of poor health were highly prevalent among clients. About a third were
reported to suffer from dyspnea, difficulty swallowing, or severe pain.
Cognitive symptoms were also highly prevalent: 62% were reported to
have a memory problem, 32% were said to be disoriented, and 5%
were said to be vegetative. HA's provided help with bathing, dressing,
and outdoor mobility in almost every case, and the majority of clients
were also receiving aid in toileting, indoor mobility, and bed/chair
transfer. Half the client sample was incontinent, a third were limited to
bed or chair, and 16% could not be taken outside. Thus, these elders
were receiving support equivalent to nursing home care.

We asked home attendants to rate how difficult it was to provide care
for their clients and examined correlates of these ratings. The strongest
correlate of perceived "easiness" was client emotional status. "Easy" cli-
ents were reported to demonstrate positive affects more frequently than
other clients (r = 0.40, p < .01). They were also seen as more satisfied
with the care provided by the HA (r = 0.30, p < .05). The presence of
daily medical symptoms was associated with greater difficulty in providing
care (r = -0.27), but none of the other indicators of poor function or
general medical status achieved statistical significance. Severity of func-
tional deficit was not strongly associated with HA judgments of client
difficulty, suggesting that HA's view this aspect of their work as a "job,"
without the emotional valence family caregivers attribute to such care.

We have found that almost all in-services for home attendants stress
the physical demands of care, and not help with practical issues that
might mitigate the more emotionally charged challenges of home care.
We have developed a manual, based heavily on our interviews with
home attendants, to remedy this gap (Albert, 2002). To give the flavor
of this approach, Table 9.4, provides an excerpt from the manual.

Developing training in this practical approach to the dilemmas of
home care would go a long way. A second approach would be to
"credentialize" paraprofessional care, that is, make it more of a profes-
sion, with standardized training, licensure, and opportunity for contin-
ued training leading to nursing degrees. This would likely result in wage
increases and improvement of work conditions.

Similar challenges appear to be at work among certified nursing
assistants (CNA), who provide the bulk of care, as we have seen, in
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TABLE 9.4 Excerpt: Home Attendants Speak About Home Care

What You Do ... When You Feel You Can't Handle the Job but Feel
You Can't Give the Job Up

Sometimes conditions in a home or with a particular client are just not
acceptable. You can notify the agency and complain, or give up the job. But
because of the wait to get a new long-term client assignment, you may be
reluctant to complain or leave.

One home attendant reported that she did put up with a terrible home
situation, where they would not even let her use the toilet, because she did not
feel she could afford to give up the job. Another mentioned that she did not
report neglect of the client to the agency for the same reason. She was afraid
the agency would call the family, and that the family would dismiss her. As she
put it, "You cannot tell them. You have to walk into that house everyday.
You don't know what they will do to you."

But other home attendants disagreed. "// you feel the family might threat-
en you or something, you don't want to be there. You don't go back there."
Or, as another said, "/ am not going to put myself in that kind of predica-
ment. I will tell the agency that they better take me out of there." Even
home attendants who had put up with terrible conditions in the past because
they felt they needed a job now agreed that it was not a good strategy. Better
to quit the job than face abuse.

One complication, though, is concern for neglected or abused clients. "// /
see something like that, I don't stay on the job but you feel sorry for the
client." Still, no one benefits, neither you or the client, if you keep quiet about
a situation of neglect or abuse. The welfare of clients requires that you report
the problem to the agency. This allows the agency to arrange for the proper
intervention.

How do you let the agency know about a problem with a client or home?
Using the telephone in the home may be a problem because of privacy. Clients
and families may listen in. One solution is to call while you are out doing
errands: "When I call the agency to speak to the coordinator, I always try to
call when the client sends me to the store. So I call when I am out in the
street."

nursing homes. They provide almost all "bed and body work" for
residents and, as a result, have the most daily contact with residents. As
we have described in chapter 6, new efforts are underway to take
advantage of CNA's greater contact with residents to improve resident
care, especially in the setting of special care units for people with
Alzheimer's disease (see below).

Do CNA's view residents the same way as nurses or nurse managers
do? Or does their greater contact with residents lead them to rate
residents differently? We examined this issue in a pilot study. Forty
CNA's were asked to nominate a "difficult" and an "easy" resident
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under their care. They then completed eight questions regarding these
residents' behaviors, which were drawn from the nursing home Mini-
mum Data Set form. CNA ratings were compared to the nurse-rated
MDS record within the same month.

On the whole, agreement between CNA ratings and MDS scores
was low. For example, in the case of verbal abuse, 24 of 40 CNA's
reported verbal abuse from the resident, which was recorded in only
one MDS chart for this set of residents. On almost every indicator,
CNA's reported more symptoms (depressive mood, memory problems,
dependence in daily tasks, and physical abuse) than the MDS record.
These findings need to be investigated further. It may be that CNA's
use different criteria when completing MDS forms, or, more likely, daily
contact with residents allows them to identify greater deficits. If CNA
ratings were incorporated into MDS records, different resident assessment
protocols would be triggered and perhaps more intensive care plans.

Special Care Units for People with Alzheimer's Disease

Freiman and Brown (2001) point out that today's nursing home pop-
ulation is more functionally and cognitively disabled and requires more
skilled and/or specialized care than ever before. Special care units
(SCU) for Alzheimer's disease have been developed to meet this need.
The Medical Expenditures Panel Study (MEPS) found that over 10% of
nursing homes in the United States, 2,130 homes, had an Alzheimer's
unit, for a total of 73,400 SCU beds. These SCU's are relatively small,
in keeping with the greater staff time and more specialized staff assign-
ments typical of the units. The MEPS survey found that Alzheimer's
units contained a mean of 34 beds (Freiman & Brown).

Despite the growth in specialized care for Alzheimer's disease, at this
point there is still no standard definition of an SCU. Units called "SCU's"
differ considerably in environmental design, physical separation from
other units in nursing homes, specialized dementia care training for
staff, staffing ratios, and activity programming (Morris, Emerson-
Lombardo, 1994; Teresi, Holmes, Ramirez, & Kong, 1998). This vari-
ation has posed difficulties for the assessment of the SCU as a superior
approach in Alzheimer's care.

Outcome studies have not found an SCU benefit in slowing the
trajectory of functional or cognitive decline (McCann, Bienas, & Evans,
2000; Phillips et al., 1997). The SCU setting, however, may offer
benefit in promoting participation in activity (as measured by behavior
stream real-time observation) and resident well-being (as observed in
ratings of resident affective expression) (Holmes, Teresi, & Ory,
2000).
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While results to date have been mixed for SCU evaluations, the
evaluation effort has been useful in drawing attention to features of
environment and staffing that affect resident well-being. One finding of
interest is that environmental simplification for residents with Alzhe-
imer's in the absence of increased staffing may have negative effects
(Van Haitsma, Lawton, & Kleban, 2000). On the other hand, changes
in lighting may affect sleep patterns, which may in turn affect agitation
behaviors (Kutner & Bliwise, 2000). Low levels of light, excess glare,
noise, and other environmental sounds may be easily altered sources of
excess morbidity for Alzheimer's patients (Sloan, Mitchell, Calkins, &
Zimmerman, 2000). Changing staff assignments so that particular cer-
tified nursing aides (CNAs) are assigned to particular residents may
promote resident participation in organized activity (Lindeman, Arns-
berger, & Owens, 2000).

The role of nursing home staff, particularly the CNA, as an agent of
resident well-being is only now being fully appreciated. Innovations in
the delivery of nursing home care are now underway and undergoing
evaluation to see if giving staff greater latitude to change the way they
deliver care offers benefit to residents. For example, in one labor-
management partnership in New York City, staff on certain demonstra-
tion units is free to assign more time to certain activities (such as
bathing or feeding), based on their understanding of resident needs and
unit dynamics. In another nursing home, CNAs are being encouraged
to upgrade clinical skills, communicate information they have obtained
about resident health, and participate in comprehensive care planning
meetings for residents. The role of labor-management partnerships in
this effort is critical.

Expansion of Options for Supportive Care and Housing

Kane (1995) has identified a series of policy challenges for home care
that would give adequate scope to the preference of frail older people
to live in homes, rather than institutions, and that would also give
greater flexibility to service providers to cross current, fixed service
categories. She urges policymakers to think beyond the rigid service
categories that have been linked to particular living environments, such as
home care, board and care or assisted living care, and nursing home care.

This change has already begun. "Home care" paraprofessionals now
assist clients outside the home as they travel, shop, go to physician
appointments, attend adult day care, or simply go outside for exercise
or entertainment. "Home care" paraprofessionals also provide ADL
care and housekeeping support to frail elderly who do not live in
"homes" in the traditional sense, but who instead reside in group
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settings, such as board and care homes or single room occupancy
hotels (that have become de facto sites for long-term care). This is a
welcome development, for it suggests that people can hold on to
"home" despite severe ADL needs, and that providing ADL support
can be made flexible enough to accommodate different kinds of home
settings and preferred personal lifestyles.

Implicit in this expansion of the home care concept is recognition
that the nursing home is mostly a residence rather than a site for
medical or nursing care. The 24-hour care designation of the nursing
home is a fiction. Kane (1995) points out that these prescribed settings
provide remarkably little nursing care. One study of nursing home care,
reported by Kane, showed that 39% of residents received no care from
a registered nurse in a 24-hour period. The mean duration of nursing
care over this 24-hour period was quite small: for RN care, 7.9 min-
utes; for LPN care, 15.5 minutes; and for CNA care 76.9 minutes.
Thus, the nursing home is mainly a residence, and care of this sort or
degree could be brought into homes, though not necessarily in as cost-
effective a manner. "This modest amount of care cannot be replicated
at home for the same price because the nursing home efficiently pro-
vides stand-by assistance and can meet unscheduled, quickly arising
needs" (Kane, 1995, p. 171). The program for All Inclusive Care of the
Elderly (PACE) has developed models, however, that allow cost-effective
home care service in lieu of nursing home care, provided that housing
services are altered to create more easily serviced groups of elders.

While extending what we mean by "home care," it is also worth
thinking about ways to extend the flexibility of "service provision." Two
such efforts are underway. One is to allow greater delegation of nursing
skills in home care settings. Traditionally, only nurses could administer
medications, care for wounds, monitor vital signs, perform catheter or
ostomy care, or suction patients who are on ventilators. Kane (1995)
reminds us that families have always performed these tasks, and that
family members learn these skills from nurses. There really is no reason
less skilled formal caregivers, such as home care paraprofessiondls,
cannot take on these tasks. It would mean an upgrading of their skills,
a boon to family members, and a significant cost savings.

A second development in the expansion of services is a shift in the
balance of authority between home care providers and families. The
"consumer-directed care" movement allows elders and their families to
use funds assigned for a home care benefit (such as the Medicaid
personal assistance home care benefit) to hire, train, and employ home
care aides as they think best. In practice, families are helped by home
care agencies in this process. The agencies suggest lists of potential
workers, provide training and counseling on how to be an employer,
and usually manage disbursement of funds. A major demonstration to
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assess consumer-directed care is underway for this program, which is
likely to become more important.

Supporting Family Caregivers

Family caregiving, as we have mentioned earlier (chapters 5 and 6), is
a major challenge in care of the frail or demented elder. Families
overwhelmed by the stresses of caregiving may resort to nursing home
placement even when this is not a preferred choice. They may simply
feel they have no other option once the stresses of caregiving and lack
of respite have undermined coping resources and family function. A
program of psychosocial support might strengthen caregivers resources
and help them manage the stresses of care better. Would such a pro-
gram, if effectively delivered, also reduce rates of nursing home place-
ment? This difference in outcome would be a powerful demonstration
of the effects of psychosocial support to vulnerable families, and in the
case of spouse caregivers, highly vulnerable elders.

Mittelman and colleagues designed such a program for caregiving
spouses of people with Alzheimer's disease and tested it in a random-
ized controlled trial of nursing home placement. The intervention was
designed to guide and support caregivers through the challenging peri-
od when spouses progressed to increasingly severe dementia. In the
first 4 months of the study, spouses received two individual counseling
sessions and four family sessions. "Counseling sessions were task ori-
ented, promoting communication among family members, teaching
techniques for problem solving and management of troublesome pa-
tient behavior, and improving both emotional and instrumental support
for the primary caregiver." This phase was followed by participation in
a support group and finally by continuing availability of contact with
counselors. The control group received usual follow-up and information
and referral. Thus, "if control subjects asked about obtaining paid help
at home, they were given the names of service providers, whereas
treatment subjects were given as much help as they needed to find and
appropriately use such services" (Mittelman et al., 1996 p. 1729).

After 3.5 years, 58.7% of patients in this sample of 206 families
had entered nursing homes and 26.2% had died at home. In addition,
not all caregivers in the intervention group agreed to support group
participation; only 72% joined support groups. However, 42% of con-
trols joined such support groups. Despite this combined drop-out and
"drop-in" dilution of the experiment, patients in the treatment group
remained at home significantly longer than patients in the control group.
Treatment group patients entered nursing homes about a year later
than controls. This difference was obtained in survival models that



244 Public Health and Aging

controlled for age and gender of caregivers, socioeconomic resources,
caregiver mental health, and severity of dementia.

Mittelman and colleagues (1996, p. 1730) conclude that "continu-
ously available support and information can enable spouse caregivers of
AD patients to withstand the difficulties of caregiving and avoid or defer
institutionalization of the patients." This conclusion is supported by the
design of the experiment but also by absence of differences in patient
care between intervention and control groups. For example, patients in
the two groups were equally likely to receive psychotropic medications
and medical care. Thus, the intervention appears to have affected
caregivers rather than patients. Patients were equally likely to develop
urinary incontinence and equally likely to receive medical care for the
condition, but intervention group caregivers, through support from train-
ing and counseling, were better able to manage the demands of care
related to incontinence.

This finding is reassuring, given the absence or unclear benefit for a
variety of other interventions involving patient and caregiver outcomes,
including respite programs (Lawton, Brody, & Pruchno, 1991) and
home attendant care (Weissert, Chernow, & Hirth, 2003). On the
other hand, benefit has been reported for caregiver mental health, as
in the Medicare Alzheimer's Disease Demonstration (Newcomer, Spital-
ny, Fox, & Yordi, 1999). As the United States moves toward increasing
incentives for family caregivers (mostly in the form of tax breaks) and
a greater diversity of services that can be provided in homes, it will
become increasingly important to figure out what kinds of resources
families need to be effective caregiving units.

Upstreaming Palliative Care

In chapter 4 we already mentioned that most of the expense of medical
care in late life is related to end-of-life care, and that the costs of dying
decline with a greater age at death. We know also that the use of life-
sustaining treatments at the end of life in older people is still quite high.
For example, among people aged 80+ who died in the Hospitalized
Elderly Longitudinal Project (HELP), 54% were admitted to an intensive
care unit, 43% were put on ventilators, 18% received cardiopulmonary
resuscitation, 18% had feeding tubes placed, 14% received blood trans-
fusions, and 6% had hemodialysis—even though 70% stated they want-
ed comfort care only and 80% had completed do-not-resuscitate orders
(Somogyi-Zalud, Zhong, Hamel, & Lynn, 2002).

Limiting aggressive care for people at the end of life should be
complemented by greater use of palliative care principles when people
are still outside the traditional window of eligibility for hospice services.
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This window is currently 6 months, as established in the Medicare
hospice benefit. Hospice benefits are available to Medicare beneficiaries
if a physician certifies that the patient is terminally ill and has a life
expectancy of less than 6 months (though the benefit can be extended
if patients are recertified). Recipients must also sign a form that they
accept the hospice benefit and are willing to forego curative treatment
related to this terminal condition (but not necessarily curative treatment
for other conditions). It is, of course, difficult to predict survival, as we
have already shown (chapter 4). Currently, users of the Medicare ben-
efit spend about 50 days on hospice (Gage, Miller, Mor, Jackson, &
Harvell, 2000), suggesting underuse and missed opportunities for pal-
liation even in the minority of dying elders who do make use of the
benefit.

Moving palliative care back in time, that is, away from the point of
death, is the premise of "upstreaming." It suggests a breaking down of
the current mostly rigid boundary between curative and palliative care.
What would happen if the hospice care benefit were offered to people
with a life expectancy of 1 year, rather than 6 months? Or what
outcomes would likely change if hospice services were made available
earlier for people with specific progressive, terminal diseases? Would
people accept the service? Would physicians suggest it? How might
hospice service itself have to change to accommodate the needs of
people 9 or 12 months from death? The current hospice benefit has
saved the Medicare system significant expense. Would an expanded
benefit result in further cost savings? These questions need to be inves-
tigated if the full benefits of the palliative orientation are to be realized.

SUMMARY

Preventing Frailty. Great progress has been made in understanding
the origin of frailty in late life, which may suggest ways to reduce the
risk of physical and cognitive disability in people who have already
entered old age. Frailty in the absence of chronic disease may be a
consequence of a disease process that has failed to cause frank disease,
as in the end-organ damage hypothesis. Or it may be a consequence of
the body's response to a disease process, as in the inflammatory hy-
pothesis.

Reducing the Risk of Falling. Falls occupy a prominent position in the
case of deaths due to injury and also play a role in the institutionaliza-
tion of older people. The many different risk factors for falling, repre-
senting disparate physiological systems, suggest that falling is a geriatric
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syndrome (like urinary incontinence, slow gait speed, or lower extrem-
ity weakness), a syndrome of poor or inefficient function with many
causes. Fall risk can be reduced if risk factors are addressed. In the
FICSIT trials, improvements in balance and reduction in orthostatic
hypotension were each associated with lower rates of falling.

Preserving Independence through Pre-habilitation. Can the skills or
abilities required for independent living be taught or bolstered in such a
way that the risk of disability is reduced? This is the premise of "pre-
habilitation." Randomized clinical trials have addressed two targets for
such pre-habilitation. One target includes factors extrinsic to aging that
are nevertheless associated with disablement, such as safety awareness,
efficient use of adaptive equipment, energy conservation, and efficient
use of public transportation. The second target, which sometimes
overlaps with the first, stresses functional limitation, an intrinsic
feature of aging. Randomized clinical trials have shown benefit for
both approaches.

Cognitive Remediation. A similar approach has been developed for
cognitive disability. Cognitive interventions helped normal elderly per-
form better on the specific cognitive skills for which they were trained.
These benefits suggest that the slow cognitive declines reported for
nondemented elders can be remediated.

Identifying the At-Risk Elder and Effectively Managing Disease. The
core of geriatric evaluation and management (GEM) is comprehensive
geriatric assessment. This assessment includes medical, psychological,
and functional assessment that is integrated to develop an overall plan
for treatment and follow-up. GEM now includes a variety of program
elements, which have been combined in many different ways, with
mixed results. Still, the overall benefit of GEM is clear, provided that
GEM units are able to see that recommendations are followed.

Promoting Self-Management and Family Involvement in Chronic
Disease Care. People differ in their capacity to manage the disability
and symptoms typical of chronic disease. It would be valuable to know
what is involved in successful management of chronic disease. It would
also be valuable to know whether such skills can be taught, and if
disease management in this sense is associated with important health
outcomes, such as physician utilization or hospitalization. The Chronic
Disease Self-Management Program (CDSMP) has been used to teach
patients to manage symptoms well, communicate effectively with health
professionals, and develop realistic appraisals of the health risks they
face. Randomized clinical trials of the program have shown the accept-
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ability of the intervention and its ability to promote more effective use
of health care services.

Managing Po/ypfiarmacy. Polypharmacy is not inappropriate medica-
tion use, but simply use of many medications, all potentially appropri-
ate. It is a problem, however, because of the greater risk of adverse
events associated with a greater number of medications. Also, the
greater the number of medications, the less likely compliance, and
hence the greater the risk that people will not take medications they
should be taking. An important task for public health in aging is con-
tinual reassessment of medications and elimination of medications that
have been supplanted or which can no longer be justified.

Enhancing Custodial Care. For the severely demented individual re-
ceiving formal home care services, or the older patient receiving ven-
tilator care in a nursing home, excellent custodial care should be the
goal but will most likely not extend survival or lead to regained
function. What, then, are goals for enhanced custodial care? Digni-
ty, privacy, a sense of security, and the opportunity to participate
in meaningful activity or reciprocal social relationships are the essence
of sensitive treatment of any person. Thus, goals for care in this case
are no more difficult than ones we set for ourselves and expect in daily
activity.

Taking the Care Preferences of Older People Seriously. It may be
valuable to obtain the care preferences of people, just as we currently
obtain advanced directives for hospital care. These preferences can
be elicited and incorporated into care plans. Even mild to moderate-
ly demented patients express preferences, as evident in joint recog-
nition of such preferences by people who spend time with these
patients.

Upgrading Home Attendant and Certified Nursing Assistant Care.
Training in the practical dilemmas of home care would go a long way
in improving the position of home attendants, who provide an increas-
ingly large amount of home care. A second approach would be to
credentialize paraprofessional care, that is, make it more of a profes-
sion, with standardized training, licensure, and opportunity for contin-
ued training leading to nursing degrees. This would likely result in wage
increases and improvement of work conditions.

Certified nursing assistants (CNA) in nursing homes face similar chal-
lenges. New efforts are underway to take advantage of CNA's greater
contact with residents to improve resident care, especially in the setting
of special care units for people with Alzheimer's disease.
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Special Care Units for People with Alzheimer's Disease. Outcome
studies have not found an SCU benefit in slowing the trajectory of
functional or cognitive decline. The SCU setting, however, may offer
benefit in promoting participation in activity and resident well-being.
Because SCU's differ considerably in features, assessment of this ben-
efit is difficult.

Expanding the Concept of "Home Care" and "Service Delivery."
Home care now is delivered outside the home and to people who do
not live in traditional homes. Likewise, people who traditionally did not
deliver services now deliver services and consumers, rather than provid-
ers, now supervise the delivery of such services. This may be a positive
development, as it allows greater autonomy for elders and greater
flexibility for providers.

Supporting Family Caregivers. Providing support and information can
enable caregivers of AD patients to cope with the challenges of home
care and avoid or defer institutionalization of patients. These sorts of
support are critical and are increasingly being recognized as important
by providers and legislators.

Upstreaming Palliative Care. Hospice benefits are available to Medi-
care beneficiaries if a physician certifies that the patient is terminally ill
and has a life expectancy of less than 6 months. Moving palliative care
back in time, that is, away from the point of death ("upstreaming")
would help break down the current mostly rigid boundary between
curative and palliative care. It remains to be seen if early use of pallia-
tive care would be acceptable to patients and families, and how this
change would affect outcomes in the last year of life.
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