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Abstract
As U.S. life expectancy has increased, questions arise as to how
the quality of health and functioning in the elderly population has
changed. Data from the 1982–2004 National Long-Term Care Sur-
vey (NLTCS) suggested that chronic disability prevalence above age
65 declined at an increasing rate with a 2.2% per annum rate of de-
cline from 1999 to 2004 (71). Inflation-adjusted per capita Medicare
expenditure rates in nondisabled persons also declined, 0.9% per
annum from 1982 to 2004, which suggests that declines in disabil-
ity were driven by improving health—not by increases in per capita
health expenditures. Declines in disability prevalence were found in
other U.S. national health surveys. Analyses of U.S. Civil War veter-
ans suggest recent disability declines were continuations of declines
in both chronic disease and disability occurring over the past century
due to improved nutrition, sanitation, and education. Concerns ex-
ist about whether disability declines will continue because of recent
increases in obesity prevalence.
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Long-term care
(LTC): services
from either paid or
family sources
provided to support
chronically disabled
persons

INTRODUCTION

We examine recent trends in chronic disabil-
ity in the U.S. elderly population and the
health dynamics that drive them. Scientists
questioned, until recently, whether chronic
disability in the elderly was so intrinsically
linked to human senescence that its age-
specific risk could not be readily modified.
This idea implied that, as the U.S. popula-
tion ages, the economic and social dependence
of the elderly population would increase and
demands for both acute health care and long-
term care (LTC) would grow, fiscally stressing
the Medicare, Medicaid, and Social Security
systems.

In fact, a range of recent data indicates
that, although the prevalence of disability was
already declining in 1982, the prevalence of
chronic disability in the U.S. elderly popula-
tion was declining at an accelerating per an-
num rate; the period with the highest rate
of decline being observed between 1999 and
2004. The effects of these declines are illus-
trated in Figure 1. The prevalence, adjusted
for age, has declined from 26.5% to 19.0%,
1982 to 2004 (7.5 percentage points or a rel-
ative decline of 28.3%).
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Figure 1
Disabled population and rates for NLTCS 1982–2004. Decline prevalence is illustrated (left axis, dotted
line). The right axis (solid line) is the absolute number of elderly persons expected to be chronically
disabled after adjusting rates for changes in the age distribution of the population.

Notably, the decline (7.5%) in the chronic
disability prevalence rate was sufficient to
keep the number of disabled persons similar in
1982 (7.1 million) and 2004 (6.9 million), de-
spite the growth of the U.S. elderly population
by 34.6% (i.e., from 26.9 to 36.2 million per-
sons). This stability suggests that the observed
declines in chronic disability are important
factors in determining the recent fiscal sta-
tus of Medicare and Medicaid. Thus it is cru-
cial to assess what current morbidity and ag-
ing health dynamics imply for future disability
trends. A central factor in this assessment is to
determine how changes in obesity prevalence
may affect trends as the post–World War II
(WWII) baby boom cohorts age.

To assess current and future disability
trends we start by assessing various types of
evidence (e.g., morbidity and cause-specific
mortality trends in addition to disability
changes) on how health improved, and
chronic disability declined, from 1980 to
2005. We then evaluate how the current sta-
tuses of obesity and diabetes may interact with
major circulatory diseases, and their risk fac-
tors, to determine future chronic disability
trends. This evaluation is then extended to
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consider other chronic diseases (e.g., cancer
and arthritis) and younger age groups. Fi-
nally, we assess the future social, health care,
and economic consequences of those disabil-
ity trends.

BACKGROUND ON
DISABILITY TRENDS AND
HEALTH DYNAMICS

The existence of declines in chronic morbidity
and disability rates in the U.S. elderly popula-
tion has only recently been generally accepted
by epidemiologists, geriatricians, and health
policy makers. Specifically, after large declines
in mortality at younger ages in the U.S. popu-
lation in the first half of the twentieth century,
the social and economic disruption of WWII
and the Korean conflict led to increases in
male cardiovascular disease (CVD) risks start-
ing in 1954 in the U.S. and continued to 1968.
U.S. females continued to manifest decreases
in mortality over that period.

Increases in male CVD mortality from
1954 to 1968 led a number of authors to spec-
ulate on the adverse effects of industrialized
society on public health, especially on the risks
of aging-associated chronic degenerative dis-
eases such as cancer and CVD and, by exten-
sion, related functional states such as chronic
disability. This hypothesized relation was at-
tributed to increased environmental hazards,
increased social and economic stress, and the
apparent failure of modern medicine to treat
chronic degenerative diseases effectively (82).
Omran (89) characterized health hazards as-
sociated with three stages of the epidemiolog-
ical transition; the third phase was increases
in chronic, degenerative, and manmade dis-
ease risks in modern industrial societies.
McKinlay & McKinlay (83) focused on the
apparent lack of efficacy of the clinical treat-
ment of chronic diseases and the growth in the
health effects of well-known behavioral risk
factors such as cigarette smoking, unhealthy
diet, and lack of physical exercise (5). Kramer
(56) and Gruenberg (40) suggested that mod-
ern medicine had prolonged life, but most of-

Morbidity
compression: the
concept that the
number of years lived
without disability is
increasing faster than
total life expectancy

ten in impaired health states. A prime exam-
ple they gave was that surgical repairs of the
myocardium allowed individuals with Down’s
syndrome to survive to reproductive ages. A
pandemic of chronic degenerative and mental
disorders was postulated (56).

Many of these arguments were linked
to a model of the biological determinism
of changes in health and function with age
where, in the latter part of the twentieth cen-
tury, further large increases in life expectancy
would have to occur at later ages and be due to
progress against chronic degenerative diseases
and, eventually, even against the aging process
itself. Many academic demographers (e.g., 7)
and federal actuaries (86) accepted this bio-
logical determinism and assumed, even in of-
ficial federal projections of the Social Security
entitlement population (e.g., in 1977), that
the biological limits to human life expectancy
had been, or would shortly be, reached in the
United States.

Fortunately, in 1969 the increase in male
CVD mortality rates stopped and declines in
male CVD mortality began. It became clear,
by 1980, that the conclusions about health
trends based on mortality trend data from
the 1950s and 1960s needed to be scrutinized
on many levels, i.e., for specific, interrelated
chronic diseases, such as CVD, cerebrovascu-
lar disease, diabetes, and cancer, and as the
conclusions related such chronic diseases to
human senescence, the loss of physical func-
tion, and the emergence of frailty at late ages
(33). Theorists who recognized this need for
new models included Fries (34, 35), with his
model of morbidity compression, which still
assumed age trajectories of mortality were bi-
ologically fixed even though morbidity and
disability trajectories could be altered, and
Manton (64, 65), who in a model of “dynamic
equilibrium” argued against strict biological
determinism when applied to any health out-
come, i.e., that making health changes re-
quired modifying a stochastic dynamic equi-
librium with positive age-related correlations
of improvements in morbidity, disability, and
mortality. Analysts of all types initially worked
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Longitudinal:
persons are sampled
at specific ages and
followed and
reinterviewed over
time

National Long
Term Care Survey
(NLTCS): a
national survey of
Medicare-enrolled
persons aged 65+
with detailed
questions on
disability and LTC
use

CMS: Centers for
Medicare and
Medicaid Studies

HIPAA: Health
Insurance Portability
and Accountability
Act

with significant limitations on nationally rep-
resentative longitudinal data (18).

The initial evidence on population health
(e.g., 1950–1980) came primarily from na-
tional total and cause-specific mortality analy-
ses at late ages (78). The evidence for progress
against CVD mortality became overwhelming
by 1980 so that Senate action was undertaken
in 1982 and 1983 to raise SSA’s normal retire-
ment age from 65 to 67 starting in 2000, to be
completed by 2022. The adjustment was de-
signed to be conservative owing to the lack of
reliable longitudinal data in 1980 empirically
linking disabling processes and morbid events
for a lengthy time period before an individual’s
death (18).

A national health survey [the National
Long Term Care Survey (NLTCS)] focus-
ing on health status and disability of el-
derly Medicare enrollees was started in 1982
by the Health Care Finance Administration
[now the Centers for Medicare and Medicaid
Studies (CMS)] and the Office of the Assis-
tant Secretary for Policy Evaluation (ASPE)
at the Department of Health and Human
Services. Analyses of the 1982, 1984, and
1989 NLTCS suggested that chronic disabil-
ity prevalence rates in the U.S. elderly popu-
lation had declined (66). Associated with that
data, other clinical and longitudinal epidemi-
ological studies suggested that greater plas-
ticity existed in the human aging process at
later ages than had been expected (60), indi-
cating that prior age rates of decline in spe-
cific physiological functions had been overes-
timated [e.g., by a factor of two in some cases
(55)] because many early studies had not con-
trolled for increases with age in the prevalence
of chronic degenerative diseases in the study
population. Consequently, occult chronic dis-
ease confounded estimates of the age rate of
loss of organ function with the more diffuse
effects of human senescence and chronic dis-
ease. For example, the effects of occult chronic
diseases were so large for immunosenescence
that special study protocols for case selec-
tion [e.g., the “Senieur” protocol (44)] were
instituted.

Because of the 1982–1989 NLTCS trends,
the National Academy of Sciences (NAS) con-
vened a panel in 1993 to examine the consis-
tency of population evidence for declines in
chronic disability in the U.S. elderly popula-
tion. The panel concluded that the NLTCS
evidence was consistent with a decline but
that conclusions should wait until the 1994
NLTCS (32) was done. Analyses of the 1994
NLTCS showed that the disability decline
had not only continued but accelerated (67).
Other analyses (97) suggested that disability
declines would be fiscally important for Medi-
care, Medicaid, and Social Security if they
continued at the observed rate (1.5% per an-
num). Declines continued and were found in
both 1999 (68) and 2004 (71) with evidence
of an acceleration of the decline rate of dis-
ability prevalence from 1982 to 2004. The
rate of decline averaged over the 22-year pe-
riod was 1.5%. It accelerated to 1.8% per
annum from 1994 to 1999 and to 2.2% per an-
num 1999 to 2004. In an independent analy-
sis using longitudinal sample weights, Stallard
(99) estimated for 1984 to 1999 a faster rate
of disability decline of 1.6% per annum us-
ing disability defined based on more stringent
Health Insurance Portability and Account-
ability Act (HIPAA) criterion. Other studies
examined the quality of the U.S. health survey
data on disability declines (31) and the consis-
tency of evidence on disability declines across
several national health surveys (29). The ev-
idence across surveys supported the NLTCS
observation of disability declines at later ages.
Stallard’s study (99) of declines in the commu-
nity disabled population defined using HIPAA
standards indicated that improvement was oc-
curring even for severely disabled persons.

Analyses also suggest that large declines
were evident for cognitive, as well as physical,
impairments. Severe cognitive impairment in
the NLTCS dropped 42% (nonage standard-
ized) from 1982 to 1999 (70, 74). Similar de-
clines (41%) were observed 1993 to 1998 in
the HRS (Health Retirement Survey) (28).
The cognitive declines in the NLTCS were
substantiated (70, 74) using Medicare service
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use data linked to the NLTCS, where ICD
(International Classification of Diseases)-9 di-
agnoses were provided (i.e., post 1990). For
the 1994 and 1999 NLTCS, we can deter-
mine if one, or more, of four ICD-9 demen-
tia diagnoses (ICD-9 codes 290, 310, 797,
and 331.0) were reported in Medicare service
use records. These four categories differen-
tiate between dementias due to Alzheimer’s
disease vs. dementias where circulatory dis-
ease (e.g., stroke) is the underlying mecha-
nism. Alzheimer’s disease had temporally sta-
ble rates. Severe cognitive impairment due to
stroke and other types of circulatory diseases
showed significant declines (74).

It is important to study disability declines
for population groups such as men vs. women
and for blacks vs whites. Health disparities
in terms of chronic disabilities still remain,
although recent disability declines for blacks
were faster than for whites. Education is one
factor underlying changes in those disparities;
declines in low levels of education for blacks
are larger than for whites with the propor-
tion of the black population with 9–12 years
of education increasing much faster (68). Ge-
ographic differences were also found in the
1999 and 2004 NLTCS with disability de-
clines more rapid in Southern regions pos-
sibly because of the effects of weather on out-
side mobility and other activities. Males and
females also showed differences with a higher
prevalence of chronic disability and nursing
home use by females, but disabled females had
greater longevity than did disabled males.

Such observations are consistent with data
on positive CVD risk factor trends in the
NHANES, even within obese and diabetic
groups (38, 45) and with continuing improve-
ment in the medical management of circula-
tory disease and diabetes mellitus type II (e.g.,
27). Cutler et al. (15) in analyses of the 1982–
1999 NLTCS found that improved medical
management of circulatory disease was re-
sponsible for much of the decline in disability
prevalence. Furthermore, as chronic disability
prevalence declined, the per-annum inflation-
adjusted Medicare costs for nondisabled per-

sons declined 0.9% per annum from 1982 to
1999 (75). Thus health had also improved in
the nondisabled U.S. elderly population from
1982 to 2004.

LONG-TERM CHRONIC
DISABILITY AND
DISEASE TRENDS

Fogel & Costa (24) analyzed long-term de-
clines in chronic disease and disability by ex-
amining changes in the prevalence of chronic
diseases and disability in the Gould sample of
Union Army Civil War recruits (13) and in
Union Army Civil War veterans who applied
for federal pensions in 1900 and 1910 (12, 13).
The prevalence of chronic morbidity and dis-
ability in these two groups was compared, in
one case, to more recent data on modern mil-
itary recruits (13) and, in the second case, to
general white male populations as assessed in
the National Health Interview Surveys and in
the National Health and Nutrition Examina-
tion Surveys in the 1980s and 1990s (12).

Fogel & Costa established from those data
(especially the Civil War veterans) that there
was a slow, long-term decline in chronic mor-
bidity and disability averaging 6% per decade.
These declines were related to improvements
in food and water quality, sanitation, hygiene,
and education, elements they referred to as
“techno-physiological evolution” (24). These
factors reduced infectious disease risks and
chronic disease related to infectious disease
insults and allowed body mass index (BMI)
and physical fitness to increase slowly over
time with positive economic and health bene-
fits (23). It is in the context of declines in mor-
bidity and disability over the past 100 years
that the recent acceleration of chronic disabil-
ity declines in the past 22 years of the NLTCS
occurred (71).

CHANGES IN DISABILITY
PREVALENCE

Changes in chronic disability prevalence can
be assessed a number of ways. The first
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Table 1 Estimates of the chronically disabled percent of the U.S. population aged 65+ [from
Manton et al. (71)]

1982 1984 1989 1994 1999 2004/5
Nondisabled 73.5 73.8 75.2 76.8 78.8 81.0
IADL only 5.7 6.0 4.5 4.4 3.3 2.4
1–2 ADLs 6.8 6.9 6.6 6.1 6.3 5.6
3–4 ADLs 2.9 3.0 3.7 3.4 3.7 3.8
5–6 ADLs 3.5 3.3 3.1 2.9 3.0 3.2
Institution1 7.5 7.0 6.9 6.3 4.9 4.0
Per annum %
declines

0.6 1.1 1.3 1.8 2.2

1Institution refers primarily to nursing home beds, i.e., beds in residential facilities where nursing or medical care is
available on a 24-hour basis.

Activities of daily
living (ADLs):
Activities (e.g., inside
mobility; bathing;
dressing) necessary
to be performed to
live independently

IADLs:
instrumental
activities of daily
living

ALF: assisted living
facility

method is to define a disability threshold for
specific physical activities in the U.S. elderly
population. One way to determine a disabil-
ity threshold is to use measures of the ability
to perform specific types of activities of daily
living (ADLs) (50, 51) or instrumental activ-
ities of daily living (IADLs) (61). Such mea-
sures, in addition to being used often in geri-
atrics and gerontology, are also commonly
used for federal and private actuarial and tax
purposes to define a threshold for the need for
LTC (99). In addition to ADLs and IADLs,
other measures, such as the ability to per-
form simple physical tasks, are sometimes
used (87). Also important in the definition
of disability is the setting of a time criterion,
e.g., how long the ADL or IADL impairment
has lasted, or is expected to last (90 or more
days).

Using these measures we examined
changes in the distribution of chronic disabi-
lity categories for elderly persons in the
NLTCS in Table 1.

The per annum rate of disability decline
increased from the background rate of 0.6%
found 1900 to 1980 by Fogel & Costa to the
1.5% per annum rate of change found 1982
to 2004. Whereas declines from 1982 to 1994
were concentrated among IADLs, which can
often be compensated for using assistive de-
vices and changes in the built environment,
recent declines were observed in both lightly
and heavily impaired (including institutional)

groups (71, 99). Changes in physical frailty
with high levels of impairment will likely re-
quire physical rehabilitation and medical care
innovation (e.g., new technologies for joint
replacement; use of stem cells for growth
of replacement ligaments and tendons)
(33, 71).

Important in the overall decline of chronic
disability in Table 1 are reductions in the U.S.
elderly institutional population, especially the
large post-1994 declines. This institutional
population reduction is due to three factors.
First is the emergence of assisted living facil-
ities (ALFs) as a residential LTC alternative
to nursing homes. The second is the passage
of the Balanced Budget Act in 1997 (and as
refined in 1999), which mandated a prospec-
tive payment system for skilled nursing facili-
ties, reimbursed by Medicare, which explicitly
provided for rehabilitative care. Third is the
growing popularity of home- and community-
based waivers whose use was facilitated by
the 1999 Olmstead court decision. The ef-
fects of the emergence of ALFs is illustrated
in Table 2.

The ALF population in 1994 was of neg-
ligible size. By 1999 there were 810,000
persons in ALFs, and by 2004, 1.24 mil-
lion. ALFs often provide a continuum of
care. Thus, both chronically disabled com-
munity residents, and persons in the equiva-
lent of nursing home beds, are found in ALFs
along with nondisabled, socially independent
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Table 2 Percentage of ALF and non-ALF use by disability groups. From 1982 to
2004 NLTCS tabulations

1994 1999 2004
ALF Nondisabled 41.30 39.06

Comm disabled 43.53 32.63

Institution 15.17 28.31

Total 2.30 3.42
Non-ALF Comm Nondisabled 76.75 80.32 82.24

Comm ADLs 12.76 12.32 14.56

Comm IADL only 4.50 3.21 2.37

Institution 5.98 4.16 3.26

Total 100.00 97.70 96.58

persons. Although the proportion of non-
ALF persons in institutions declined (from
6.0 to 3.3%) from 1994 to 2004, the pro-
portion of ALF residents in nursing beds
increased from 15.2% (123, 120 cases) to
28.3% (350,920 cases) between 1999 and
2004. Much of that shift was from disabled
community residence to institutional beds,
i.e., the intensity of care in ALFs increased
from 1999 to 2004.

Several problems exist in disability preva-
lence models. First, they only crudely reflect
the burden of disability on a population in
terms of the numbers (not intensity) of per-
sons affected. They are dependent on the spe-
cific disability measures made in a survey and
the disability thresholds assumed (29). For-
tunately the per annum rate of decline in dis-
ability prevalence is robust to the wording and
selection of ADLs and IADLs in U.S. health
surveys (29, 99). Disability declines were con-
firmed in the National Health Intervention
Survey (NHIS) and the 1984 and 1994 Sup-
plement on Aging (SOA) (e.g., 31, 63, 96), the
Current Medicare Beneficiary Survey (107),
the Health and Retirement Survey (29), and
the 1984, 1990, 1991, and 1993 Survey of
Income and Program Participation (30). De-
clines in disability prevalence were robust to
different features of the surveys (e.g., survey
type; list vs. household sample) and coverage
[i.e., whether only of community residents or
of the entire elderly population (31)].

Physical
performance:
measures of the
degree of difficulty in
performing common
physical tasks such as
climbing stairs

METHODOLOGICAL
SOLUTIONS TO DESCRIBING
THE POPULATION BURDEN
OF DISABILITY

Frailty Indices

Simple prevalence measures do not well de-
scribe features of individual disability dynam-
ics and risk factors. One methodological fix
is to use a frailty index, which is a sum of a
number (∼30) of measures of minor disabil-
ity traits. The intent is, instead of identify-
ing persons as disabled, to identify the level
of frailty manifest by individuals. The frailty
concept is intended to approximate better the
measures of the age-related physical acquisi-
tion of frailty as clinically defined (e.g., 38,
84). Results from analyses of the 1982–1999
NLTCS showed that frailty measures well de-
scribed the age rate of acquisition of frailty and
the dependence of mortality on frailty levels
(57, 58).

Multivariate Disability Indices

Alternately, one may apply multivariate
procedures to a wide battery of disabil-
ity measures (e.g., ADLs, IADLs, physical
performance items, sensory deficits). Because
disability items in surveys are generally dis-
cretely coded, an assumption of multivariate
normality is generaly not appropriate. Instead
one may use a multivariate procedure known
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Active life
expectancy (ALE):
years expected to be
lived after age X
without chronic
disability

LE: life expectancy

as grade of membership (GoM) analysis (81).
GoM identifies K disability profiles with
scores on each profile indicating the de-
gree to which the individual manifests the
traits characterizing a profile. Seven disability
types were identified in analyses of the 1982–
2004 NLTCS (72). Individual scores on those
profiles well predicted Medicare costs and
mortality (69, 75). Other indices have been
constructed (e.g., QALYS, DALYs) using uni-
dimensional scaling of the level of health im-
pairment based on either expert panel or in-
terview evaluations assuming the subjective
utility of perfect health is scored 1.0 and death
is 0.0 (95).

ALE

The construction of utility weights for specific
health states, whether based on a subjectively
or objectively determined score, does not di-
rectly reflect the effects of duration in a spe-
cific functional state. Disability dynamics can
be described using ALE measures (92). The
simplest ALE measure combines life table pa-

rameters and sample survey–derived disabil-
ity prevalence measures (102). We calculated
ALE using disability measures from Fogel &
Costa’s Civil War Veterans studies for 1935–
1980 and disability measures from the 1982–
1999 NLTCS. In Figure 2 ALE and LE are
presented for ages 65–100 for 1935 and 1999
and projections for 2080.

At age 65 LE increased from 11.9 years
in 1935 to 17.7 years in 1999 (+5.8 years),
whereas ALE increased from 8.8 to 13.9 years
(+5.1 years). This is an increase in the ALE
to LE ratio from 73.9% to 78.5%, suggesting
morbidity compression (34). Disability ini-
tially declined more slowly than mortality, i.e.,
0.6% per annum 1935 to 1980. Consequently
more morbidity compression occurred from
1980 to 1999 (i.e., from 72.8% to 78.5%).
The declines in the ratio at ages 85+ were
relatively larger and faster, i.e., the ALE/LE
ratio of 23.3% in 1935 increased to 46.9%
in 1999. The rate of morbidity compression
for persons 85+ is greater from 1982 to 1999.
Thus, the rate of morbidity compression is
changing not only over time but also with age
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Figure 2
Survival curves with (1LE), and without (2ALE), disability for 1935, 1999, and 2080 (Source: 72). 1LE
1935 is the curve describing the probability, starting at age 65, of surviving to a given age, starting in a
given year (i.e., including disabled persons). 2ALE 1935 is the curve describing the probability, starting at
age 65, of surviving to a given age, in a given year (e.g., 1935) without chronic disability.
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(72). Continuation of the 1982 to 1999 trends
to 2080 would have important consequences
for Medicare and Medicaid (see Figure 2).

Dynamic Equilibrium

The positive correlation of LE and ALE in the
United States is indicative of a dynamic equi-
librium (64, 65) for which evidence exists in
the United States and in other countries. The
dynamic equilibrium model is a generalization
of the compression of morbidity hypothesis.
It suggests that the correlation of the progres-
sion of morbidity and mortality processes re-
quires, if adult mortality declines, that there
be corresponding (but not one to one) reduc-
tions of the progression rate of morbidity and
disablement processes.

In New Zealand morbidity compression,
expansion of morbidity and dynamic equilib-
rium models were tested in large population
surveys done in 1981 and 1996 (36). Insti-
tutional use declined, but moderate commu-
nity disability increased, suggesting that the
prevalence of LTC service needs increased
but that the per capita intensity of service
use decreased. Thus, the dynamic equilibrium
model was argued to best fit this data, and
the investigators suggested that such a model
could imply slower growth of LTC needs even
if the prevalence of disability increased.

To study age- and disability-specific dy-
namics and age- and disability-specific mor-
tality, we need to track risk factor and disabil-
ity changes longitudinally in individuals. This

can be done using a cohort-based stochastic
process model to describe population changes
in disability intensity as attenuated by system-
atic mortality selection (73, 79, 80). The ef-
fects of disability dynamics on mortality are
presented in Table 3 for two birth cohorts,
one aged 65–74 and one aged 75–84, in 1982
(73).

In Table 3 θ is a parameter in the
Gompertz model that represents the age rate
of increase (percent per year of age) for mor-
tality rates for males and females in two birth
cohorts. The Gompertz function is a math-
ematical expression, used frequently by actu-
aries and demographers, that describes how
mortality rates increase with age (i.e., as θ%
per year of age). In the disability dynamic
model, θ is estimated conditionally on age
changes in disability. A comparison of θ for
the model with and without disability dynam-
ics indicates that 30% of the effect of age on
mortality (6.55/9.33) for females can be at-
tributed to disability dynamics. For males the
disability dynamic effect is smaller (20%).
Mortality increases more slowly in the
younger birth cohort (aged 65–74 in 1982).
In addition to having smaller θ values, in es-
timates of disability transition matrices the
younger cohort was more likely to stay at
lower disability intensities, i.e., the younger
cohort had both disability-specific mortality
advantages and disability-dynamic advantages
(73). These disability and mortality estimates
of dynamics are based on Markov assumptions
allowing disability dynamics and mortality

Table 3 Cohort differences of θ between a disability dynamic covariate model and a simple Gompertz mortality model.
From Manton et al. (73)

Female Male

65–74 75–84

θ difference
between 2
cohorts 65–74 75–84

θ difference
between 2
cohorts

Disability dynamic model θ (%) 6.55 7.55 1.00 6.24 7.01 0.77
Gompertz only θ (%) 9.33 10.37 1.04 7.73 8.59 0.86

(SE ) (0.08) (0.10) (0.13) (0.08) (0.16) (0.18)
θ difference between two models (%) 2.78 −2.82 −1.49 −1.58
t value −24.6 −20.0 −13.3 −7.1

www.annualreviews.org • Declines in Disability: Dynamics 99

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
8.

29
:9

1-
11

3.
 D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 I

N
SE

R
M

-m
ul

ti-
si

te
 a

cc
ou

nt
 o

n 
07

/1
5/

08
. F

or
 p

er
so

na
l u

se
 o

nl
y.



ANRV337-PU29-07 ARI 21 February 2008 12:55

to interact over time to describe better the
changes in individual disability trajectories net
of mortality selection. Estimates of dynamics,
however, are only as good as the assumption
of Markovity, i.e., that dynamics and mortal-
ity changes are independent given the disabil-
ity scores describing the person’s health state.
To generalize the disability dynamic model
one can modify health transitions to reflect
health changes between NLTCS using daily
Medicare service use records linked to the
NLTCS. This is done by modeling the acqui-
sition of medical conditions in a semi-Markov
generalization of the model where trajectories
incorporate interactions of disability-specific
dynamic coefficients with medical conditions
acquired at specific dates.

RISK FACTOR TRENDS AND
FUTURE DISABILITY

Obesity Trends

Although the evidence for disability declines
in the U.S. elderly population is persuasive,
recently a controversy has arisen over whether
improvement in the health and functioning of
the U.S. elderly population can continue be-
cause of the growing prevalence of obesity in
the U.S. population. Some researchers have
suggested that future increases in obesity and
disability may signal future declines in U.S.
life expectancy (88) and greatly increased fu-
ture Medicare costs (100).

Bleich et al. (6) examined the factors driv-
ing obesity changes in developed countries us-
ing macrodata from a variety of sources. They
found that 82% of the increase in adult obe-
sity was due to increased caloric consumption
with reductions in energy expenditure playing
a small role. They suggest that increases in
caloric consumption are driven by technolog-
ical innovations reducing the relative price of
food. One solution to the problem would be to
increase the relative price of food. This might
be done by better regulating the food supply
and enhancing its nutritional quality, e.g., by
trans fat elimination or folate supplementa-

tion. Improving health may also require im-
proved health care (e.g., better control of el-
evated cholesterol, blood pressure, and blood
glucose levels) to reduce the morbid conse-
quences of diet-related health problems, such
as diabetes. These increased health care costs
may partly compensate for lower food prices.
Additionally, it is not clear that the current
relative price advantage of food consumption
over other goods will be maintained, e.g., in-
creased use of corn and other grains for bio-
fuels is currently driving up the cost of foods
such as beef and milk and may have dire con-
sequences in less-developed countries.

Generally, increases in the prevalence of
obesity in the U.S. population are assessed
in terms of BMI. Because obesity (BMI >

30.0) has been linked to diabetes mellitus type
II and, consequently, to increased CVD and
stroke risks and certain cancers (esophageal
adenocarcinima, breast, pancreas), specula-
tion suggests that disability prevalence in the
elderly may begin to increase around 2012 be-
cause of increases in CVD morbidity and re-
lated physical and cognitive disability (59).

This speculation is consistent with recent
increases in disability benefits paid by So-
cial Security, i.e., from 3.8 million persons
qualifying for benefits in 1983 to 7.6 mil-
lion in 2002 (8). However, it is difficult to as-
sess the direction of the linkage of obesity to
work-related disability and loss of productiv-
ity. Analyses of the relation of obesity and dis-
ability to U.S. labor-force participation and
productivity have used such surveys as the
National Longitudinal Study of Youth and
the Panel Study of Income Dynamics (9, 10,
104). Unfortunately, the results of these kinds
of studies are not clear because of difficul-
ties in sorting out causation, e.g., does obesity
cause the work- and labor-force impairment
or does inactivity due to disability result in
increases in obesity (8)? Additionally, obesity
itself has sometimes been identified as a type
of disability for Social Security Program pur-
poses (2, 8). Furthermore, the physiological
heterogeneity of obesity (e.g., hypercellular
obesity in childhood, hypertrophic obesity in
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adulthood) is generally not well recognized in
national health survey instruments (3).

CVD and Diabetes

Some epidemiological and demographic ev-
idence suggests that dire predictions about
the effects of obesity on chronic disability and
Medicare expenses may not occur. One pre-
diction is that the strength of the relation of
obesity to mortality, above age 65, attenuates
(91). Flegal et al. (21, 22) conducted anal-
yses involving both corrections of method-
ological errors in earlier studies (e.g., (1)) and
use of more recent survey (NHANES) data
where the effects of medical innovations to
reduce morbidity in certain risk factor states
may strongly temper obesity-driven increases
in chronic morbidity and mortality (14).
Flegal’s results suggested that the health ef-
fects of obesity, at least on mortality, had been
overestimated in many studies.

For example, in Framingham (26) the age-
and sex-adjusted incidence of CVD declined
20% faster from 1950 to 1995 in diabetics than
in nondiabetics, although diabetics still have
significantly higher CVD incidence. Fox et al.
(26), analyzing 50-year results in the Fram-
ingham Heart Study, confirmed the decline
(from 3.0 to 2.5) in the hazard of diabetes as a
CVD risk factor, even though there was also
a significant decline in CVD among nondia-
betics. An increase in the attributable risk of
diabetes for CVD (from 5.4% to 8.7%) was
not significant after multivariate controls (for
CVD risk factors, age, and sex).

Jagger et al. (46) suggested that improved
management of stroke, cognitive impairment,
arthritis, and visual impairment could all in-
crease future disability-free LE on the ba-
sis of a 10-year follow-up study of 13,000
persons aged 65+ in the United Kingdom.
The United States is advantaged in that CVD
risk factor improvements and heart and stroke
mortality declines continued despite increases
in BMI (37, 38). Daviglus et al. (16) showed
that improved CVD risk factor profiles in
middle age were related to improved quality

of life in elderly persons. Other recent anal-
yses found that the obesity-related metabolic
syndrome was not strongly predictive of CVD
risks and renal dysfunction, suggesting that
current BMI may not be the best predictor
of health effects but instead perhaps whether
BMI was raised earlier in life and stayed raised
for a long (several decades) period of time (4).

In several recent large studies, the relation
of obesity to disability was found to be com-
plex. Snih et al. (98) followed 12,275 adults
aged 65+ who were not initially disabled when
interviewed between 1982 and 1993. During
the follow-up period, both underweight (BMI
< 18.5) and obese (BMI > 30.0) persons were
more likely to be disabled. Mortality was low-
est for persons with a BMI of 25.0 to 34.9,
and disability-free LE was highest for BMIs
of 25.0 to 29.9—consistent with Fogel’s (23)
long-term evidence showing that the current
health optimal BMI was in the range of 26 to
27.

Arthritis

The complexity of the obesity-disability rela-
tion may be due, in part, to selected health-
protective effects of obesity, especially at
late age. Disability-protective effects of mod-
erately elevated BMI might include such
factors as reduced fracture risk. A NIH
consensus conference suggested that a neg-
ative relation between osteoporosis and
osteoarthritis may exist with an elevated risk
of osteoarthritis in persons with high bone
density. Thus, hormone replacement ther-
apy and treatments for osteoporosis may
have a partly counterbalancing impact on os-
teoarthritis (19). Other studies suggest a para-
doxical effect of BMI on survival in rheuma-
toid arthritis mediated by comorbidity and
levels of systemic inflammation (17).

Leveille et al. (62) found, in the NHANES,
that although obesity increased over cohorts,
that increase was not related to cohort in-
creases in arthritis prevalence in either the
young or the old “baby boom” cohorts. One
explanation is that the older cohorts could
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have a greater arthritis burden from being
involved in occupations with greater physi-
cal demands (e.g., agricultural workers in pe-
riods when there was less farm mechaniza-
tion; manufacturing jobs before occupational
safety programs). Thus, the increase in obe-
sity might be due, in part, to the declining
physical (potentially debilitating) demands of
certain jobs. A second explanation offered
were changes in diagnostic criterion for os-
teoarthritis. The future burden of arthritis in
baby boomers may also be mediated by such
medical advances as improved medications
(e.g., NSAIDS, including over the counter
medications and new disease-modifying pre-
scription drugs for rheumatoid arthritis) and
innovations in knee and hip replacement.

Additionally, total and cause-specific mor-
tality trends continue to show strong declines:
Total LE increased 0.4 years from 2003 to
2004, cancer mortality now shows a decline,
and CVD continues to decline. From 1990
to 2004 cancer mortality rates have declined
more than 10%. These positive cause-specific
and total mortality trends can be linked to a
wide variety of survey (e.g., the NHANES)
evidence suggesting that, except for obe-
sity, major risk factor trends have been pos-
itive (e.g., reductions in hypertension, hyper-
cholesteremia, and smoking) and that among
both diabetics (27, 38) and the obese (37) there
has been improved management of risk factors
and chronic disease complications. For exam-
ple, in one study the use of statins (109) signif-
icantly lowered the risk of CVD in diabetics.
In another large study, improved clinical con-
trol of hypertension/hyperlipidemia and gly-
colated hemoglobin increased Qalys (95).

Childhood Obesity

Data on obesity increases in children in
the United States are difficult to interpret
because frank CVD morbidity usually occurs
much later. Furthermore, the risk factor
state in adults is often independent of BMI
in childhood when adult BMI is controlled,
suggesting imperfect tracking of BMI levels

from childhood to adulthood. Recent analyses
of longitudinal data, however from both the
Bogulusa Heart Study and the Cardiovascular
Risk in Young Finns Study suggest that risk
factors in childhood, including BMI, are
independently (of contemporaneous adult
risk factor values) associated with intima-
media thickness in adulthood. Chiolero
et al. (11), in contrast, did not find strong
evidence for longitudinal increases in blood
pressure associated with increasing obesity
in children. This caused the authors to
speculate whether “favorable secular trends
in other determinants of blood pressure (e.g.,
dietary factors, birth weight, etc.) may have
attenuated the apparently limited impact of
the epidemic of overweight on blood pressure
in children.” Ford et al. (25), after examining
the effects of obesity in children aged 2–17,
also concluded, “The obesity epidemic
among U.S. youths appears not to have had
serious effects on their metabolic health at
least in terms of trends in various risk factors
for cardiovascular disease” (p. 1543).

Overall the evidence on obesity risk factor
relations over time in children seems consis-
tent with the evidence on risk factor trends
for U.S. adults, although data on biomark-
ers of specific vascular changes in child-
hood raise concern (49). Although the adverse
health consequences of childhood obesity may
now be muted by health care interventions,
primary and secondary preventive steps are
preferred and likely more cost effective.
Several measures to reduce childhood obesity
have been suggested in a recent NAS (2004)
study, including increasing physical activity
and improving the quality of diet in children.

Cancer

In addition to questions about the effects
of obesity and diabetes on heart disease and
stroke, investigators have observed relations
of obesity, diabetes, and various types of
cancer. Empirical relations of obesity to
tumors have been noted for anatomic sites
such as breast, colorectal, endometrium,
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liver, esophageal, pancreatic, kidney, and
gallbladder.

These relations are complex: Up to one
third of such cancers occur in diabetics. The
National Cancer Institute indicates obesity
may be protective for premenopausal breast
cancer but may be a risk factor for post-
menopausal breast cancer (105, 106). This
finding is consistent with physiological dif-
ferences in the two types of tumors; pre-
menopausal breast tumors are highly aggres-
sive and related to family pedigree but are not
heavily estrogen dependent, which contrasts
with postmenopausal disease (77).

The relation of obesity and colorectal can-
cer may be mediated by diabetes through
the elevation of serum glucose, insulin resis-
tance, and select growth factors [e.g., insulin-
like growth factors (47, 54)] to colorectal
(and other) cancers in both European (British)
and Asian (Korean and Japanese) populations.
The relation exists even in Korean popula-
tions where the prevalence of obesity was rel-
atively low.

The linkage may be genetic in that certain
tumor suppressor proteins (LKB1) are linked
to enzymes that are targets for several drugs
designed to treat type 2 diabetes (42). Thus,
the observed relation may be due to genetic
factors determining hormonal states, increas-
ing susceptibility to both obesity and certain
types of tumor growth rather than to obe-
sity alone. The importance of determining the
correct causal path is that recent increases in
obesity prevalence are likely due to environ-
mental, and not genetic, factors so that the re-
cent obesity epidemic may produce a diluted
relation of obesity to cancer risks.

The increase in the diagnosis of diabetes
and recent major improvements in its treat-
ment (49) may also partly modulate certain
cancer risks through modification of insulin
and insulin growth factor production using
diabetes medications. For example the Quest
study indicated diabetes control [measured by
hemoglobin a1C (49)] improved by 44% from
2001 to 2006. Such a relation would also sug-
gest that improvements in diabetes control

by medication could reduce cancer mortality
risks among diabetics [especially males (39)].
Indeed, certain diabetes treatment agents may
even have value in treatments for multiple
myeloma and pancreatic cancer (90).

Heterogeneity in Obesity

A factor that has not been well studied is
the complex dynamics of the population
distribution of BMI. Specifically the BMI
categories used to define normal weight,
over weight, and obesity are based on global
World Health Organization standards. It
is arguable whether those standards define
optimal health in all ethnic groups in all
countries regardless of level of development
and over time. For example, owing to genetic
differences, diabetes prevalence may rise
faster in certain Asian countries (e.g., India)
as development progresses.

Studies by Su (101) and Henderson (43)
of the Union Army cohort and of men in
NHANES-I showed that the mean BMI had
increased 3 to 4 points in NHANES-I along
with an increase in the variance of the BMI
distribution; the BMI value associated with
the lowest mortality risk in the NHANES-I
was in the range of 26 to 28. One explanation
for this increase is suggested by Costa’s (13)
analysis of the Gould sample of Civil War re-
cruits where, although BMI had increased sig-
nificantly, much of the gain was concentrated
in lean body mass with demonstrable increases
in fitness and strength. The plausibility of this
argument is supported by the imperfect corre-
lation of BMI to body fat found in athletes and
persons with high levels of physical fitness.

Thus, one should perhaps be examining
better physiologically defined and measured
phenomena such as sarcopenic obesity driven
by conversion of lean to fat body mass with
age. This evidence seems consistent with the
role of sarcopenia in the acquisition of frailty
with age in Fried et al. (33). Sarcopenic obe-
sity requires study of the role of specific
inflammatory cytokines (e.g., C-reactive pro-
tein, IL-6, TNF-α) that may influence the
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Human capital: the
total number of
person years
expected to be lived
capable of productive
social and economic
activities

relation of muscle loss to fat gain (e.g., 93, 94).
Sarcopenic obesity interventions may involve
the use of inflammatory process mediators,
statins on hypercholesteremia, and multiple
agents in hypertension. Literature in children
suggests that the prenatal period, the period
of adiposity rebound, and adolescence may re-
flect growth stages where the development of
persistent obesity and comorbidities are quite
different (52).

Improvements have occurred not only in
the clinical management and treatment of risk
factors and early disease in individuals but
also in public health population interventions.
For example, continuing declines in smoking
may allow modest increases in BMI, offset-
ting part of their benefit. Yang et al. (108)
showed that the implementation of folic acid
supplementation of grain products in 1998 in
the United States and Canada may have ac-
celerated declines in stroke mortality. In the
United States, the decline in stroke mortal-
ity between 1990 and 1997 was 0.3% per an-
num. The rate of decrease grew to 2.9% per
annum between 1998 and 2002. In Canada
the decline rate increased from 1% (1990 to
1997) to 5.4% (1998 to 2002). These de-
clines were correlated with increases in av-
erage blood folate concentrations and reduc-
tions in homocysteine levels. In England and
Wales, which do not supplement with folate,
stroke mortality did not significantly change
between 1990 and 2002. Because of the role
of stroke in dementia there is reason to ex-
pect that these mortality declines will be re-
flected in future declines in dementia pro-
duced by circulatory diseases (46, 74). Thus,
recent population and individual risk factor
(14) and disease interventions have strongly
modulated the obesity-risk-factor-disease-
disability relations on which arguments about
future disability trends have been based
(100).

Currently the primary public health prob-
lem associated with obesity is that the distri-
bution of such risk factor and disease man-
agement services is not universal in the U.S.
population; education, income, and health in-

surance coverage determine how well obesity-
related risk factors are controlled in specific
populations (48, 53). This is an area that is
of crucial public health and research signifi-
cance as suggested by Ferrucci & Alley (20)
and emphasized by the economic arguments
in the next section. Consequently improve-
ment in studying disability risk-factor mecha-
nisms such as obesity, and the more complete
dissemination of such health services, will
be crucial to controlling the future popula-
tion health consequences of obesity. However,
broader dissemination of services to modify
those mechanisms, in addition to treatment
and secondary prevention innovations, may
cause U.S. disability declines to continue for
a long time into the future.

SOCIAL AND ECONOMIC
IMPLICATIONS OF
DISABILITY TRENDS

Just as changes in chronic disease risk factors
have consequences for the rate of progression
of disablement processes, changes in disabil-
ity and functioning at late age have important
consequences for social and economic pro-
cesses (97). We have mentioned the potential
effects on federal LTC service and health care
programs, but the risk factors also have conse-
quences more generally in that they determine
to what age persons can expect to continue to
contribute to the social and economic produc-
tivity of the United States.

Murphy & Topel (85) found that in-
creases in life expectancy from 1970 to 2000,
which tended to occur at later ages owing to
reductions in CVD mortality, increased U.S.
social wealth (both increases in GDP and
human capital) by $95 trillion dollars. They
also examined (85) the theoretical benefits of
health quality improvement, which, despite
not having good longitudinal data on health
and functioning, suggested that a year gain in
quality of health had a greater (perhaps dou-
ble) economic effect than a year’s gain in LE.
Consequences of decreases in the prevalence
of chronic disease and disability, and increases
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Figure 3
Projected (to 2080) Social Security, Medicare, and Medicaid GDP shares with, and without, adjustments
to Medicare and Medicaid cost for disability declines and improved health (from Reference 76).

in human capital, can be understood from
Figure 3.

In Figure 3 we examine the projected
long-term trajectory of increases in Medicare
and Medicaid spending assessed in terms of
the proportion of GDP consumed by each
program. In addition, we present the propor-
tion of GDP projected to be consumed by So-
cial Security.

Figure 3 shows that Social Security, to
2080, represents only 6.4%–6.8% of GDP.
Faster growth as a proportion of GDP is pro-
jected, however, for both Medicare and Med-
icaid. The growth of Medicaid is of particular
interest because much of Medicaid spending is
for LTC of disabled and institutionalized per-
sons, driven largely by increases in the U.S. el-
derly population. If disability prevalence does
not change further by 2080, 24.5% of GDP
could be expended on Medicare and Medicaid
combined. The alternate (dotted lines) tra-
jectories reflect the proportion of GDP con-
sumed by Medicare and Medicaid assuming
a continuation of the 1.5% per annum de-
cline in disability prevalence. The 1.5% de-
cline would reduce the proportion of GDP
spent on Medicare and Medicaid to ∼14%. If
the 1.5% per annum decline is not preserved
or, if as certain researchers suggest, disabil-
ity increases were to begin in 2012–2015, the

consequences for the U.S. economy would be
extremely serious.

Significant increases in health spend-
ing can be economically justified if that
investment results in increased health care
productivity measured in terms of improved
health and functioning. Hall & Jones (41)
suggest that health spending could rise to
30% of GDP by 2050 owing to increases in
the value of improved health as U.S. society
becomes more affluent, i.e., that the marginal
elasticity of health care consumption is higher
than for most nonhealth care consumer goods
(23). Furthermore, the labor force is aging
faster than the population owing to increased
demands for education (103). Thus preserva-
tion of human capital at later ages will become
increasingly important in promoting future
U.S. economic growth (76). This becomes a
critical issue for future biomedical research
in that, by 2040, the prevalence of chronic
disability below age 85 will have progressed to
levels such that, to preserve the 1.5% per an-
num rate of decline, improvements in health
and functioning will have to occur at in-
creasingly older ages—ages (e.g., 95+) where
interventions in chronic morbidity and dis-
ability processes have been less well studied. A
better scientific understanding of the relation
of obesity, sarcopenic obesity, inflammatory
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processes, and disability will thus be required
(20).

CONCLUSIONS

Substantial epidemiological, clinical, and de-
mographic evidence suggests that there have
been long-term improvements in health and
functioning in the U.S. elderly population
and that the rate of improvement has re-
cently increased. Evidence shows that recent
decreases in disability rates are increasingly
due to biomedical research and its translation
into clinical innovations, controlling risk fac-
tor levels and early disease and affecting the
rate of progression of major chronic diseases
such as CVD and, most recently, cancer.

Some economists and public health ex-
perts have expressed concern that increases
in obesity, especially in younger adults, may
reduce and eventually reverse the rate of dis-
ability improvement. Evidence against this
suggests that public health and clinical inno-
vations have already strongly attenuated the
historical linkage of obesity and CVD mor-
bidity. A question of importance is thus pre-
cisely how, and to what degree, this linkage has
been broken. Areas where substantial data in-
dicate that the linkage was most attenuated are
among obesity, diabetes mellitus type II, and
CVD.

The age-related linkages of obesity, in-
flammation, sarcopenia, and diabetes with dis-
ability and longevity are complex and cur-
rently not fully understood. Furthermore, no
current national longitudinal U.S. survey con-
tains the detailed obesity measures to assess
these linkages satisfactorily. Equally obvious
is that, despite medical progress, the lack of

a socio-economically and ethically equitable
distribution of existing clinical and public
health services effective against CVD and its
risk factors means there is still considerable
additional progress that can be made against
such diseases with existing biomedical inter-
ventions. Indeed, a study of the counterfac-
tual case (e.g., comprising the obesity, dia-
betes, CVD risk factor relation of 30–40 years
ago compared with the findings by Flegal
and others) suggests that without the progress
made against stroke and CVD risk factors,
in the intervening 40 years the health bur-
den of chronic disability, and health expendi-
tures, that would manifest because of observed
obesity prevalence increases would have been
considerable. Thus the story that is currently
being written may be one of a disability epi-
demic that has been largely avoided to date
by advances in the biomedical management
of the CVD consequences of obesity.

There still exist many areas where ad-
ditional significant progress in reducing
disability can be made with improvements
in the social and economically distributive
mechanisms of health care with a need for
additional biomedical research on the man-
agement of specific types of obesity and basic
metabolic processes. For improvements to
continue to 2080, interventions must be made
at increasingly late ages, taking advantage of
the move from palliative, or possibly curative,
health care to reliance on molecular medicine
with a health system focused increasingly
on underlying physiological processes (e.g.,
cytokine dynamics) and functional regenera-
tion, rather than on treating discrete disease
entities (i.e., regaining physiological reserves
of major organ systems).

SUMMARY POINTS

1. Significant declines in the prevalence of chronic disability have occurred between
1982 and 2005; the annual rate of decline is accelerating.

2. Concurrent with declines in chronic disability prevalence have been declines in
inflation-adjusted per capita Medicare expenditures for nondisabled persons.
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3. Slow but continuous declines in chronic disability prevalence have been observed
since the beginning of the twentieth century.

4. Declines in chronic disability have been observed concurrently with increases in U.S.
life expectancy.

5. CVD risk factor trends in the United States, except for BMI, have tended to be positive
in the past 40 years as assessed in the NHANES.

6. The prevalence of several major chronic diseases has tended to increase with increases
in diabetes mellitus type II explained in part by improvement in population screening.

7. Within certain groups (e.g., obese, diabetics), other risk factors and certain morbid
outcomes are being better managed.

8. Starting in 1994 the risk of entering, and over time, the absolute size of, the U.S.
elderly nursing home population has declined.

UNRESOLVED ISSUES

1. What will be the future effect on chronic disability of obesity in the elderly?

2. What is the relation of obesity at early and middle ages to late-age disability and
mortality?

3. What is the potential for reductions in disability at ages 95+?

4. With the growing ability to make more precise diagnoses, how will the average func-
tional consequences of the increased prevalence of specific disease diagnoses change?

5. What are the implications of recent changes of the lethality of diseases such as AIDS
and cancer for the future prevalence of chronic disability?

6. What will be the future balance of public health innovations, and new clinical treat-
ments, in controlling the prevalence of chronic disability?

7. How should disability be assessed for determining the growth of human capital in the
U.S. population aged 65 and above?

8. What are major controllable risk factors for chronic disability in the elderly?
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NY: Baywood

71. Reviews the
most recent
evidence from the
1982 to 2004
NLTCS on
disability declines.

71. Manton KG, Gu X, Lamb VL. 2006. Change in chronic disability from 1982 to
2004/2005 as measured by long-term changes in function and health in the U.S.
elderly population. Proc. Natl. Acad. Sci. USA 103:18374–79

72. Manton KG, Gu XL, Lamb VL. 2006. Long-term trends in life expectancy and active
life expectancy in the United States. Popul. Dev. Rev. 32:81–105

73. Manton KG, Gu XL, Lowrimore GR. 2007. Cohort changes in active life expectancy in
the U.S. elderly population: experience from the 1982–2004 NLTCS. J. Gerontol. B. In
review

74. Medicare data
on ICD-9
diagnoses linked to
the NLTCS, shows
declines in severe
cognitive
impairment due to
reduced circulatory
disease.

74. Manton KG, Gu XL, Ukraintseva SV. 2005. Declining prevalence of dementia in
the U.S. elderly population. Adv. Gerontol. 16:30–37

75. Manton KG, Lamb VL, Gu XL. 2007. Medicare cost effects of recent U.S. disability
trends in the elderly: future implications. J. Aging Health 19:359–81

76. Manton KG, Lowrimore GR, Ullian AD, Gu XL, Tolley HD. 2007. Labor force participa-
tion and human capital increases in an aging population: implications for U.S. investment
in research. Proc. Natl. Acad. Sci. USA 104:10802–7

77. Manton KG, Stallard E. 1980. A two-disease model of female breast cancer: mortality in
1969 among white females in the United States. J. Natl. Cancer Inst. 64:9–16

78. Manton KG, Stallard E. 1984. Recent Trends in Mortality Analysis. Orlando, FL: Academic
79. Manton KG, Stallard E. 1991. Cross-sectional estimates of active life expectancy for the

U.S., elderly and oldest-old populations. J. Gerontol. Soc. Sci. 48:S170–82
80. Manton KG, Stallard E, Liu K. 1993. Forecasts of active life expectancy: policy and fiscal

implications. J. Gerontol. 48(Spec. Issue):11–26
81. Manton KG, Woodbury MA, Tolley HD. 1994. Statistical Applications Using Fuzzy Sets.

New York: Wiley
82. McKeown T. 1979. The Role of Medicine: Dream, Mirage, or Nemesis? Princeton, NJ:

Princeton Univ. Press
83. McKinlay JB, McKinlay SM. 1977. The questionable contribution of medical measures

to the decline of mortality in the United States in the twentieth century. Milbank Q.
55:405–28

84. Mitnitski AB, Song X, Rockwood K. 2004. The estimation of relative fitness and frailty
in community-dwelling older adults using self-report data. J. Gerontol. A 59:M627–32

85. Assesses the
economic
consequences of
improvements in
U.S. life expectancy
and quality of life,
1970 to 2000.

85. Murphy KM, Topel RH. 2006. The value of health and longevity. J. Polit. Econ.

114:871–904
86. Myers GC. 1981. Future age projections and society. In Aging: A Challenge to Science and

Social Policy, ed. A Gilmore, pp. 248–60. Oxford: Oxford Univ. Press

www.annualreviews.org • Declines in Disability: Dynamics 111

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
8.

29
:9

1-
11

3.
 D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 I

N
SE

R
M

-m
ul

ti-
si

te
 a

cc
ou

nt
 o

n 
07

/1
5/

08
. F

or
 p

er
so

na
l u

se
 o

nl
y.



ANRV337-PU29-07 ARI 21 February 2008 12:55

87. Nagi S. 1976. Epidemiology of disability among adults in the United States. Milbank Q.
54:439–68

88. Olshansky SJ, Passaro DJ, Hershow RC, Layden J, Carnes BA, et al. 2005. A potential
decline in life expectancy in the United States in the 21st century. N. Engl. J. Med.
352:1138–45

89. Omran AR. 1971. The epidemiologic transition: a theory of the epidemiology of popu-
lation change. Milbank Q. 49(Pt.1):509–38

90. Ray DM, Bernstein SH, Phipps RP. 2004. Human multiple myeloma cells express perox-
isome proliferators-activated receptor γ and undergo apoptosis upon exposure to PPARγ

ligands. Clin. Immunol. 113:203–13
91. Reynolds SL, Saito Y, Crimmins EM. 2005. The impact of obesity on active life ex-

pectancy in older American men and women. Gerontologist 45:438–44
92. Robine JM, Michel JP. 2004. Looking forward to a general theory on population aging.

J. Gerontol. A 59:590–97
93. Roubenoff R. 2000. Sarcopenic obesity: Does muscle loss cause fat gain? Ann. NY Acad.

Sci. 904:553–57
94. Roubenoff R. 2004. Sarcopenic obesity: the confluence of two epidemics. Obes. Res.

12:887–88
95. Schmittdiel J, Vijan S, Fireman B, Lafata J, Oestreicher N, et al. 2007. Predicted quality-

adjusted life years as a composite measure of the clinical value of diabetes risk factor
control. Med. Care 45:315–21

96. Schoeni RF, Martin LG, Andreski PM, Freedman VA. 2005. Persistent and growing
socioeconomic disparities in disability among the elderly: 1982–2002. Am. J. Public Health
95:2065–70

97. Singer B, Manton KG. 1998. The effects of health changes on projections of health
service needs for the elderly population of the United States. Proc. Natl. Acad. Sci. USA
95:15618–22

98. Snih SA, Ottenbacher KJ, Markides KS, Kuo YF, Eschbach K, et al. 2007. The effect of
obesity on disability vs mortality in older Americans. Arch. Intern. Med. 176:774–80

99. Examines
changes in the 1982
to 1999 NLTCS of
disability defined
using HIPAA
criteria.

99. Stallard E. 2007. Aging: long-term care. In Encyclopedia of Public Health. Amster-
dam: Elsevier

100. Sturm R, Ringel J, Andreyeva T. 2004. Trends increasing obesity rates and disability
trends. Health Aff. 23:199–205

101. Su DJ. 2005. Body mass index and old age survival: a comparative study between the
Union Army records and the NHANES-I epidemiological follow-up sample. J. Hum.
Biol. 17:341–54

102. Sullivan D. 1971. A single index of mortality and morbidity. HSMHA Health Rep. 86:347–
54

103. Toossi M. 2005. Labor force projections to 2014: retiring boomers. Mon. Labor Rev.
128(11):25–44

104. Tunceli K, Li K, Williams LK. 2006. Long-term effects of obesity on employment and
work limitations among U.S. adults, 1986 to 1999. Obesity 14:1637–46

105. Vainio H, Bianchini F, eds. 2002. IARC Handbooks of Cancer Prevention. Vol. 6: Weight
Control and Physical Activity. Lyon, Fr.: IARC Press

106. van den Brandt PA, Spiegelman D, Yuan SS, Adami HO, Beeson L, et al. 2002. Pooled
analysis of prospective cohort studies on height, weight, and breast cancer risk. Am. J.
Epidemiol. 152:514–27

107. Waidmann TA, Liu K. 2000. Disability trends among elderly persons and implications
for the future. J. Gerontol. B 55:S298–307

112 Manton

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
8.

29
:9

1-
11

3.
 D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 I

N
SE

R
M

-m
ul

ti-
si

te
 a

cc
ou

nt
 o

n 
07

/1
5/

08
. F

or
 p

er
so

na
l u

se
 o

nl
y.



ANRV337-PU29-07 ARI 21 February 2008 12:55

108. Yang Q, Botto L, Erickson J, Berry R, Sambell C, et al. 2006. Improvement in stroke
mortality in Canada and the United States, 1990 to 2002. Circulation 113:1335–43

109. Zhang Q, Safford M, Miller D, Crystal S, Rajan M, et al. 2007. Short-term statin exposure
is associated with reduced all-cause mortality in persons with diabetes. Med. Care 45:308–
14

www.annualreviews.org • Declines in Disability: Dynamics 113

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
8.

29
:9

1-
11

3.
 D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 I

N
SE

R
M

-m
ul

ti-
si

te
 a

cc
ou

nt
 o

n 
07

/1
5/

08
. F

or
 p

er
so

na
l u

se
 o

nl
y.



AR337-FM ARI 22 February 2008 17:45

Annual Review of
Public Health

Volume 29, 2008Contents

Commentary

Public Health Accreditation: Progress on National Accountability
Hugh H. Tilson � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �xv

Symposium: Climate Change and Health

Mitigating, Adapting, and Suffering: How Much of Each?
Kirk R. Smith � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �xxiii

Ancillary Benefits for Climate Change Mitigation and Air Pollution
Control in the World’s Motor Vehicle Fleets
Michael P. Walsh � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1

Co-Benefits of Climate Mitigation and Health Protection in Energy
Systems: Scoping Methods
Kirk R. Smith and Evan Haigler � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 11

Health Impact Assessment of Global Climate Change: Expanding
on Comparative Risk Assessment Approaches for Policy Making
Jonathan Patz, Diarmid Campbell-Lendrum, Holly Gibbs,

and Rosalie Woodruff � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 27

Heat Stress and Public Health: A Critical Review
R. Sari Kovats and Shakoor Hajat � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 41

Preparing the U.S. Health Community for Climate Change
Richard Jackson and Kyra Naumoff Shields � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 57

Epidemiology and Biostatistics

Ecologic Studies Revisited
Jonathan Wakefield � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 75

Recent Declines in Chronic Disability in the Elderly U.S. Population:
Risk Factors and Future Dynamics
Kenneth G. Manton � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 91

vii

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
8.

29
:9

1-
11

3.
 D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 I

N
SE

R
M

-m
ul

ti-
si

te
 a

cc
ou

nt
 o

n 
07

/1
5/

08
. F

or
 p

er
so

na
l u

se
 o

nl
y.



AR337-FM ARI 22 February 2008 17:45

The Descriptive Epidemiology of Commonly Occurring Mental
Disorders in the United States
Ronald C. Kessler and Philip S. Wang � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �115

The Women’s Health Initiative: Lessons Learned
Ross L. Prentice and Garnet L. Anderson � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �131

U.S. Disparities in Health: Descriptions, Causes, and Mechanisms
Nancy E. Adler and David H. Rehkopf � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �235

Environmental and Occupational Health

Industrial Food Animal Production, Antimicrobial Resistance,
and Human Health
Ellen K. Silbergeld, Jay Graham, and Lance B. Price � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �151

The Diffusion and Impact of Clean Indoor Air Laws
Michael P. Eriksen and Rebecca L. Cerak � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �171

Ancillary Benefits for Climate Change Mitigation and Air Pollution
Control in the World’s Motor Vehicle Fleets
Michael P. Walsh � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1

Co-Benefits of Climate Mitigation and Health Protection in Energy
Systems: Scoping Methods
Kirk R. Smith and Evan Haigler � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 11

Health Impact Assessment of Global Climate Change: Expanding on
Comparative Risk Assessment Approaches for Policy Making
Jonathan Patz, Diarmid Campbell-Lendrum, Holly Gibbs, and

Rosalie Woodruff � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 27

Heat Stress and Public Health: A Critical Review
R. Sari Kovats and Shakoor Hajat � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 41

Preparing the U.S. Health Community for Climate Change
Richard Jackson and Kyra Naumoff Shields � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 57

Protective Interventions to Prevent Aflatoxin-Induced Carcinogenesis
in Developing Countries
John D. Groopman, Thomas W. Kensler, and Christopher P. Wild � � � � � � � � � � � � � � � � � � �187

Public Health Practice

Protective Interventions to Prevent Aflatoxin-Induced Carcinogenesis
in Developing Countries
John D. Groopman, Thomas W. Kensler, and Christopher P. Wild � � � � � � � � � � � � � � � � � � �187

Regionalization of Local Public Health Systems in the Era of
Preparedness
Howard K. Koh, Loris J. Elqura, Christine M. Judge, and Michael A. Stoto � � � � � � � �205

viii Contents

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
8.

29
:9

1-
11

3.
 D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 I

N
SE

R
M

-m
ul

ti-
si

te
 a

cc
ou

nt
 o

n 
07

/1
5/

08
. F

or
 p

er
so

na
l u

se
 o

nl
y.



AR337-FM ARI 22 February 2008 17:45

The Effectiveness of Mass Communication to Change Public Behavior
Lorien C. Abroms and Edward W. Maibach � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �219

U.S. Disparities in Health: Descriptions, Causes, and Mechanisms
Nancy E. Adler and David H. Rehkopf � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �235

The Diffusion and Impact of Clean Indoor Air Laws
Michael P. Eriksen and Rebecca L. Cerak � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �171

Public Health Services and Cost-Effectiveness Analysis
H. David Banta and G. Ardine de Wit � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �383

Social Environment and Behavior

Creating Healthy Food and Eating Environments: Policy
and Environmental Approaches
Mary Story, Karen M. Kaphingst, Ramona Robinson-O’Brien,

and Karen Glanz � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �253

Why Is the Developed World Obese?
Sara Bleich, David Cutler, Christopher Murray, and Alyce Adams � � � � � � � � � � � � � � � � � � �273

Global Calorie Counting: A Fitting Exercise for Obese Societies
Shiriki K. Kumanyika � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �297

The Health and Cost Benefits of Work Site Health-Promotion
Programs
Ron Z. Goetzel and Ronald J. Ozminkowski � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �303

The Value and Challenges of Participatory Research: Strengthening
Its Practice
Margaret Cargo and Shawna L. Mercer � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �325

A Critical Review of Theory in Breast Cancer Screening Promotion
across Cultures
Rena J. Pasick and Nancy J. Burke � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �351

The Effectiveness of Mass Communication to Change Public Behavior
Lorien C. Abroms and Edward W. Maibach � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �219

U.S. Disparities in Health: Descriptions, Causes, and Mechanisms
Nancy E. Adler and David H. Rehkopf � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �235

Health Services

A Critical Review of Theory in Breast Cancer Screening Promotion
across Cultures
Rena J. Pasick and Nancy J. Burke � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �351

Nursing Home Safety: Current Issues and Barriers to Improvement
Andrea Gruneir and Vincent Mor � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �369

Contents ix

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
8.

29
:9

1-
11

3.
 D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 I

N
SE

R
M

-m
ul

ti-
si

te
 a

cc
ou

nt
 o

n 
07

/1
5/

08
. F

or
 p

er
so

na
l u

se
 o

nl
y.



AR337-FM ARI 22 February 2008 17:45

Public Health Services and Cost-Effectiveness Analysis
H. David Banta and G. Ardine de Wit � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �383

The Impact of Health Insurance on Health
Helen Levy and David Meltzer � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �399

The Role of Health Care Systems in Increased Tobacco Cessation
Susan J. Curry, Paula A. Keller, C. Tracy Orleans, and Michael C. Fiore � � � � � � � � � � �411

Indexes

Cumulative Index of Contributing Authors, Volumes 20–29 � � � � � � � � � � � � � � � � � � � � � � � �429

Cumulative Index of Chapter Titles, Volumes 20–29 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �434

Errata

An online log of corrections to Annual Review of Public Health articles may be found
at http://publhealth.annualreviews.org/

x Contents

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
8.

29
:9

1-
11

3.
 D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 I

N
SE

R
M

-m
ul

ti-
si

te
 a

cc
ou

nt
 o

n 
07

/1
5/

08
. F

or
 p

er
so

na
l u

se
 o

nl
y.


	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Public Health Online
	Most Downloaded Public Health Reviews
	Most Cited Public Health Reviews
	View Current Editorial Committee
	Annual Review of Public Health Errata

	All Articles in the Annual Review of Public Health, Vol. 29
	Public Health Accreditation: Progress on National Accountability
	Mitigating, Adapting, and Suffering: How Much of Each?
	Ancillary Benefits for Climate Change Mitigation and Air Pollution Control in the World’s Motor Vehicle Fleets
	Co-Benefits of Climate Mitigation and Health Protection in Energy Systems: Scoping Methods
	Health Impact Assessment of Global Climate Change: Expanding on Comparative Risk Assessment Approaches for Policy Making
	Heat Stress and Public Health: A Critical Review
	Preparing the U.S. Health Community for Climate Change
	Ecologic Studies Revisited
	Recent Declines in Chronic Disability in the Elderly U.S. Population: Risk Factors and Future Dynamics
	The Descriptive Epidemiology of Commonly Occurring Mental Disorders in the United States
	The Women’s Health Initiative: Lessons Learned
	U.S. Disparities in Health: Descriptions, Causes, and Mechanisms
	Industrial Food Animal Production, Antimicrobial Resistance, and Human Health
	The Diffusion and Impact of Clean Indoor Air Laws
	Protective Interventions to Prevent Aflatoxin-Induced Carcinogenesis in Developing Countries
	Regionalization of Local Public Health Systems in the Era of Preparedness
	The Effectiveness of Mass Communication to Change Public Behavior
	Public Health Services and Cost-Effectiveness Analysis
	Creating Healthy Food and Eating Environments: Policy and Environmental Approaches
	Why Is the Developed World Obese?
	Global Calorie Counting: A Fitting Exercise for Obese Societies
	The Health and Cost Benefits of Work Site Health-Promotion Programs
	The Value and Challenges of Participatory Research: Strengthening Its Practice
	A Critical Review of Theory in Breast Cancer Screening Promotion across Cultures
	The Impact of Health Insurance on Health
	The Role of Health Care Systems in Increased Tobacco Cessation




