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Objectives. To examine changes in active life expectancy in the United States over 30

years for older men and women (aged ‡ 65 years).

Methods. We used the 1982 and 2004 National Long Term Care Survey and the 2011

National Health and Aging Trends Study to estimate age-specific mortality and disability

rates, the overall chances of survival and of surviving without disability, and years of

active life for men and women.

Results. For oldermen, longevity has increased, disability has been postponed to older

ages, disability prevalence has fallen, and the percentage of remaining life spent active

has increased. However, for older women, small longevity increases have been ac-

companied by even smaller postponements in disability, a reversal of a downward trend

inmoderate disability, and stagnation of active life as a percentage of life expectancy. As

a consequence, older women no longer live more active years than men, despite their

longer lives.

Conclusions. Neither a compression nor expansion of late-life disability is in-

evitable. Public health measures directed at older women to postpone disability

may be needed to offset impending long-term care pressures related to pop-

ulation aging. (Am J Public Health. 2016;106:1079–1085. doi:10.2105/AJPH.2016.

303089)

As the US population has aged, concerns
about meeting the nation’s late-life

disability and care needs have grown.1

Questions about just how pressing needs
will be are magnified by statistics about the
large baby boom generation, whose long-
term care demands are expected to peak
around 2030. In that year, 1 in 5 persons in the
United States will be aged 65 years or older,
compared with 15% in 2015.2

The future long-term care needs of older
men and women will depend in part on
longevity increases and on whether they are
accompanied by an expansion or compression
of end-of-life disability and dependency.
More than 3 decades ago, competing theories
about the implications of population aging
for late-life functioning were proposed.3–5

The first posited that medical advances would
necessarily lead to increased survival of
persons with chronic morbidity and would
expand the proportion of life spent in ill
health.3 Another suggested that health
promotion and disease prevention would

increase the age at onset of disease and dis-
ability and yield a shorter period of infirmity
before death.4 A third perspective recognized
that mortality and disability were dynamic
interrelated processes and that population-
level changes in disability would depend on
the particular combination of factors driving
mortality decline (e.g., postponement of
onset and reductions in severity and pro-
gression of chronic disease).5 Implicit in the
latter theory is the possibility that different
subgroups, such as men and women, might
experience different outcomes, and that
episodes of disability that were longer on
average but also milder could materialize.

Implications of mortality shifts for dis-
ability in later life are challenging to assess.
Because population-level changes in health
and longevity tend to occur slowly, long-
term data are ideal for investigating such shifts,
yet population-based measures of disability
were not consistently collected in the United
States until the early 1980s. Nevertheless,
several studies have pointed to a pattern
consistent with an overall compression of
morbidity through the 1980s and 1990s.6–10

More recent analysis focusing on the 2000s
raises the question of whether such a com-
pression has continued. For example, small
increases in remaining years free from activity
limitations were found for men but not
women at age 65 years for the 1999-to-2008
period,11 and declines in years remaining
free from mobility impairments were found
for both men and women for a similar
time period.12

Despite well-established evidence that
women are more likely than men to have
activity restrictions in later life,13,14 little
attention has focused on gender differences
in long-term trends. Whether women’s dis-
advantage has grown with respect to late-life
disability, and, if so, why, are important
questions, as women make up a substantial
share—57%—of the population aged 65 years
or older in the United States and an even
larger share—68%—of those receiving
assistance with daily tasks.1

Several factors have changed in recent
years that suggest that men and women may
be experiencing different long-term patterns.
First, demographers have long recognized
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that women in the United States outlive
men, as they do in most countries,15 yet men
in the United States have gained substantial
ground in life expectancy relative to women
over the past few decades as cardiovascular-
related deaths have declined.16 Some of
this narrowing has been attributed to shifts
in smoking histories of US women, which
now more closely mirror those of men.17

Second, causes of death have also shifted; US
women are now as likely as men to die
from chronic respiratory disease and 30%
more likely thanmen to die fromAlzheimer’s
disease.18,19 Third, a substantial decline in
late-life disability prevalence has been
documented for this country for the 1980s
and 1990s,20–23 but a recent flattening sug-
gestive of an impending reversal has been
identified, along with increased prevalence
relative to earlier decades among those
approaching later life.24,25 Others have noted
recent increases in more moderate disability
among older adults.26

Our interest is in highlighting gender
differences in mortality and disability linkages
in the United States since the early 1980s.We
examined changes over 3 decades in the
chances of survival beyond age 65 years
overall and without disability, mortality rates
by age and disability status, the prevalence
of disability, and the number and percentage
of remaining years expected to be lived free
from disability. For the latter, we considered
both severe and more moderate forms of
disability.

METHODS
In this study, we drew on cross-sections

from 2 longitudinal data sources that were
designed to track long-term disability trends
in the United States: the 1982 and 2004
National Long Term Care Survey (NLTCS)
screener samples and the 2011 National
Health and Aging Trends Study (NHATS).
Both the NLTCS and the NHATS samples
are representative of Medicare enrollees
aged 65 years or older drawn from the
Medicare Enrollment File. Although
NHATS developed and administered an
innovative disability protocol, the initial
2011 round also reproduced the disability
screening questions used in the NLTCS to
support comparisons with earlier decades.

The NLTCS was first conducted in 1982,
and its sample was replenished to achieve
cross-sectional representation in each of 5
subsequent waves through 2004, its final
year.27 The NLTCS administered a brief
disability screening interview to all sample
members in 1982 and repeated the screener
for all sample members (except those known
to be living in institutions) in 2004. Initial
screening attempts were conducted by tele-
phone; nonrespondents and those without
telephones had screening attempted in per-
son. The screening data are available for
19 650 respondents in 1982 and 15 993 in
2004. Response rates to the screener in-
terview were 87.3% and 80.6% in 1982 and
2004, respectively.

The first round of NHATSwas conducted
in 2011 with 8245 respondents drawn from
the Medicare enrollment file. This baseline
round had a response rate of 70.9%.28 Like
the NLTCS, the NHATS sample represents
the population aged 65 years or older in all
settings, including institutions. The NHATS
interviews were conducted in person, and
8077 respondents either completed the
sample person interview or were living in
a nursing home and had a facility question-
naire completed by facility staff.

Measures
Activity limitations were measured

with the same questions in both studies.
Respondents were told,

The next few questions are about your ability to
do everyday activities without help. By help,
I mean either the help of another person,
including the people who live with you, or the
help of special equipment.

They were then asked if they had any
problem with eating without the help of
another person or special equipment, getting
in or out of bed without help, getting in
or out of chairs without help, walking around
inside without help, going outside without
the help of another person or special
equipment, dressing without help, bathing
without help, and getting to the bathroom or
using the toilet. Next they were asked if they
were able to prepare meals without help,
do laundry without help, do light house-
work such as washing dishes, shop for gro-
ceries without help, manage money (such as

keeping track of bills and handling cash), take
medicine without help, and make telephone
calls without help. For each negative re-
sponse, a follow-up question asked, “Does
a disability or a health problem keep you from
[activity]?”

Respondents were considered to have
a limitation if they reported a problem with
(or that they could not or did not do) any of
the mobility or self-care activities or were
unable to carry out a domestic activity because
of a disability or health problem. In all 3 years,
we assumed that respondents living in
nursing facilities had a limitation. For analysis
of active life expectancy, we further distin-
guished between having severe disability,
which we defined as a problem carrying out
3 or more personal care activities without
help or living in a nursing facility, and
moderate disability, defined as a problemwith
1 or 2 personal care activities or being unable
to carry out only household activities.

The NLTCS recorded deaths through
1984, from the 1984 follow-up to the 1982
survey and linkages to Medicare records,
yielding a 2-year mortality rate. Similarly,
NHATS recorded mortality during
follow-up attempts in 2012 and 2013, also
yielding a 2-year mortality rate. We bench-
marked the NLTCS and NHATS mortality
rates to 2-year rates estimated from the
National Center for Health Statistics for 1982
to 1983 and for 2011 to 2012 and found
very close agreement (not shown). Therefore,
we approximated 1-year mortality rates in
1982 and 2011 with one half the 2-year rate
calculated from each survey.

Statistical Methods
We calculated survival curves by using

standard abridged life table methods.29

Using 1-year mortality rates calculated from
each survey, we calculated the conditional
probability of dying in each 5-year age in-
terval (with a final interval of 10 years). We
applied these probabilities to a hypothetical
cohort of 100 000 to calculate the corre-
sponding number and percentage expected
to survive to the beginning of each age
category. We then calculated life expec-
tancy at age x for men and women in 1982
and in 2011 by dividing the total person-
years lived from age x by the number sur-
viving to age x.
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We apportioned life expectancy into years
to be lived with and without disability by
using Sullivan’s methodology,30–32 which
divides person-years expected to be lived in
each age group (nLx) according to the per-
centage in each age group with (px) and
without (1-px) disability. We calculated the
number surviving to each age x without
disability by transforming person-years lived
without disability according to

ð1Þ 2 1�pxð ÞnLx=n
� �þ ndx
� �

=2

where ndx is the number of deaths expected in
the interval among those without disability
and n is thewidth of the interval—in this case, 5.

We calculated disability-free life expec-
tancy for men and women in 1982 and in
2011 for each age interval n by dividing the
total years to be lived without disability from
age x forward to the final category (w) by the
number surviving to age x (lx). The variance
of this estimate is

ð2Þ
�Xw

x

Lx � Lx�Vx

�
= ðlx �lxÞ

where Vx is the survey-adjusted variance of
px. We calculated test statistics for differences
in disability-free life expectancy between

men and women in 1982 and in 2011 and
between 1982 and 2011 for men and
for women.32 We repeated the active life
expectancy analysis by using the previously
described measure of severe disability.

We decomposed the change in active life
expectancy for men and women into 2
components: (1) changes attributable to the
number of person-years lived (i.e., mortality
changes) and (2) changes attributable to the
risks of not having disability. We calculated
the former by multiplying, for each age
group, the average proportion living
without disability in 1982 and 2011 by the
change in person-years lived in that age group
between 1982 and 2011; the latter is the
product of the average number of person-
years lived in the age group in 1982 and 2011
and the change between 1982 and 2011 in
the proportion in that age group living
without disability.33

We also report stratified 1982 and 2011
1-year mortality estimates by 5-year age
group, gender, and whether an activity lim-
itation was reported. For disability prevalence
estimates in all 3 years, we standardized
estimates in each year to the 2010 age dis-
tribution of themale population.We calculated
age-adjusted estimates of having any

disability, limitations in each individual ac-
tivity, and severe and moderate disability.

We calculated all estimates by using survey
weights that take into account differential
probabilities of selection and differential
nonresponse.34,35 Reports of statistical sig-
nificance are based on standard errors that
reflect the complex designs of the surveys.

RESULTS
Between 1982 and 2011, the chances

beyond age 65 years of overall survival and
survival without disability have increased, but
different patterns of change are evident for
men and women (Figure 1). For men, the
2 curves have shifted about equally toward
older ages, with a notable flattening at the
younger ages. For women, the shifts toward
later ages have been much smaller than for
men, concentrated above age 70 years,
and greater for overall survival than for sur-
vival without disability.

Underlying mortality risks have shifted
for both men and women according to age
and disability status (Figure 2). Although
women without disability had the lowest
mortality rates in 1982, they had experienced
only small absolute improvements in mortality
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FIGURE 1—Overall Probability of Surviving and Probability of Surviving Without Disability Conditional on Surviving to Age 65 Years Among
(a) Men and (b) Women: United States, 1982 (Broken Line) and 2011 (Unbroken Line)
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by 2011. By contrast, substantial improvements
occurred for men both with and without
disability (for all but the oldest age group) and
forwomen in their late 70s livingwithdisability.

During the same period, disability preva-
lence declined for women and then began to
reverse course (Table 1).Whenwe controlled
for differences in age structure over time
and between men and women, the per-
centage of older men living with a disability
fell from 1982 to 2004 by nearly 7 percentage
points and then rose an insignificant amount
from 2004 to 2011 (P= .13 for difference
from 2004). By contrast, for women, the
prevalence fell from 1982 to 2004 by 5.6
percentage points and then rose from 2004 to
2011 by 4 percentage points (P < .01 for
difference from 2004). As a consequence, the
age-adjusted gap between men and women
has nearly doubled from less than 4 percentage
points in 1982 to more than 7 percentage
points in 2011.

The growing gap is attributable to in-
creases for women in less-severe forms of
disability, notably limitations in household
activities. A greater percentage of women in
2011 than in 2004 reported being unable,

because of their health or disability, to shop,
manage money, or do laundry without help.

Although expected years lived with
disability at age 65 years did not change
substantially for men and women, life
expectancy and active life expectancy
patterns shifted differentially for the 2
groups (Figure 3). Over the full 30-year
period, men’s active life expectancy at age
65 years increased by 4.5 years (from just
under 11 years in 1982 to more than 15
years in 2011); women’s active life ex-
pectancy increased by only 1.4 years (from
just under 13 years in 1982 to more than 14
years in 2011). For men and women, at age
65 years, the number of years expected to
be lived with severe disability remained
stable between 1982 and 2011 at 1.5 years
for men (P= .24 for difference between
1982 and 2011) and at about 3 years for
women (P= .70).

As a consequence, the advantage over men
in disability-free life expectancy that women
experienced at age 65 years in 1982 was no
longer present in 2011.Women aged 85 years
and older, whose disability-free life expec-
tancy was on par with men in 1982 (2.5 years
for both groups), were expected to live

without disability for fewer years than men
in 2011 (2.6 vs 4.4; P < .01). For men and
women, more than three fourths of the
growth in disability-free years is attributable
to declines in mortality rates rather than
changes in disability prevalence.

The increasing gap between men and
women is also evident from an examination
of the percentage of years expected to be
lived without disability. For a 65-year-old
man, this figure increased—from 78% in 1982
to 81% in 2011—but it remained stable for
women at 70%. At older ages, the im-
provement for men is even more marked:
43% of remaining years at age 85 years were
expected to be active in 1982 compared
with 60% in 2011. For women, the pro-
portion of remaining years at age 85 years
expected to be active was stable at about 35%.

DISCUSSION
Our evidence suggests that neither

a compression nor expansion of disability is an
inevitable result of population aging. Instead,
mortality and disability have changed in
different ways for men and women in the
United States over the past 30 years. For men,
longevity has increased and disability has been
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postponed to older ages, disability prevalence
has fallen, and the percentage of remaining
life spent active has increased, especially at
much older ages. For women, small longevity
increases have been accompanied by even
smaller postponements in disability onset, a re-
versal of the downward trend in moderate
disability prevalence, and overall stagnation
of active life as a percentage of life expectancy.As
a consequence, the gap between men and
women in disability prevalence has increased,
and women have lost ground relative to men in
both life expectancy and active life expectancy.

Our findings extend earlier studies of
active life expectancy by focusing on gender
differences over 3 decades. Largely because of
data constraints, with few exeptions,10 pre-
vious studies have focused on somewhat

narrower (generally 10- or 20-year) time
periods.6–9,11,12 On balance, our findings are
consistent with these studies, which have
found compression of morbidity at age 65
years during the 1980s and 1990s and some
evidence of expansion for the first decade of
the 21st century. By focusing on gender
differences we extend this literature by
demonstrating that despite longer lives, older
women no longer live a greater number of
active years than men. We further demon-
strate that the change from the early 1980s has
been driven largely by changes in mortality
rates—which have fallen among older
women living with disability—rather than
changes in disability prevalence.

An encouraging finding also emerged: we
found no evidence that the average duration

of severe disability at the end of life has
increased among either men or women
during this 30-year period.Givenother research
that suggests that the majority of individuals
with severe limitations are low-income and
receive paid care, and more than 40% live in
residential care settings (i.e., nursing homes,
assisted living, or other supportive-care set-
tings),1 the lack of such a trend undoubtedly has
beneficial implications for publicly financed
long-term care. Nevertheless, close monitoring
of this group is needed between now and
2030 when the baby boom generation’s
long-term care demands are expected to peak.

Placing theseUS trends in context of other
developed countries is challenging because
long-termdisability data of the kind presented
here are not generally available over 3

TABLE 1—Age-Adjusted Percentages of US Men and Women Aged 65 Years and Older With Specific Types of Activity Limitations:
1982, 2004, and 2011

Variables

Men Women

1982,
%

2004,
%

2011,
%

P, 2011 vs
1982

P, 2011 vs
2004

1982,
%

2004,
%

2011,
%

P, 2011 vs
1982

P, 2011 vs
2004

Limitation severity

Any limitation 22.3 15.5 16.6 < .01 .13 25.8 20.2 24.2 .04 < .01
Moderate: limited in only household activities or 1 or 2

personal care activities

11.6 8.5 9.3 < .01 .17 12.6 10.4 14.0 .02 < .01

Severe: limited in 3 or more personal care activities or in

a nursing facility

10.7 7.0 7.3 < .01 .55 13.2 9.8 10.2 < .01 .45

Personal care activities: any problem with (or cannot do or

does not do)

Eating without the help of another person or special

equipment

6.3 3.7 3.9 < .01 .58 7.7 5.1 4.7 < .01 .31

Getting in or out of bed without help 8.3 5.1 5.8 < .01 .14 10.4 7.2 8.1 < .01 .09

Getting in or out of chairs without help 9.0 5.9 6.4 < .01 .34 11.1 8.2 9.0 < .01 .12

Walking around inside without help 12.1 8.4 7.0 < .01 .03 14.5 11.2 10.0 < .01 .02

Going outside without the help of another person or

special equipment

15.0 10.8 9.4 < .01 .03 19.5 15.1 16.1 < .01 .11

Dressing without help 9.0 5.7 6.8 < .01 .05 10.3 7.2 8.6 < .01 .01

Bathing without help 10.8 6.7 7.4 < .01 .19 13.3 9.5 9.5 < .01 .99

Getting to the bathroom or using the toilet 7.8 4.9 5.0 < .01 .87 10.0 7.1 6.9 < .01 .77

Household activities: because of a disability or health

problem unable to

Prepare meals without help 12.2 7.4 7.2 < .01 .68 12.8 9.3 9.8 < .01 .32

Do laundry without help 14.2 8.0 8.0 < .01 .99 15.4 10.2 11.4 < .01 .04

Do light housework such as washing dishes 11.7 7.2 7.0 < .01 .79 11.6 8.6 8.3 < .01 .64

Shop for groceries without help 15.9 9.9 9.5 < .01 .47 20.5 14.2 15.6 < .01 .04

Manage money, such as keeping track of bills and

handling cash

10.5 6.9 7.8 < .01 .14 11.7 8.4 9.6 < .01 .01

Take medicine without help 9.1 6.3 7.0 < .01 .20 9.8 7.4 8.1 < .01 .09

Make telephone calls without help 11.4 6.0 5.0 < .01 .02 10.4 6.5 6.1 < .01 .37

Note. Estimates adjusted to the age distribution for men based on the 2010 US Census. Individuals in nursing facilities were assumed to have all limitations.
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decades. Nevertheless, a few countries have
identified worsening health expectancies
among very old women over somewhat
shorter time frames.36,37 Moreover, simi-
larities exist between gender patterns found
in 2011 for the United States and for 11 of
33 European nations, where older women
were expected to live fewer years without
limitations than men, despite their longer
lives.38 More research is needed to un-
derstand why such patterns have emerged
in particular countries, including the
United States.

Limitations
Our analysis has several limitations. First,

because we had only 3 cross-sectional sets
of measures, we were unable to explore the
role of disability onset and recovery in
changes in active life expectancy or pinpoint
the turning point for moderate disability
prevalence for women. However, in this
analysis, we found that shifts in mortality,
rather than shifts in disability, were more
important in accounting for changes in active
life expectancy, and other studies have
pointed to the early 2000s as the likely

beginning of the emergence of increased
prevalence in moderate disability.26

Second, although we focused on a widely
used measure of disability that is highly rel-
evant for long-term care planning purposes—
limitations in self-care, mobility, and
household activities—our findings are limited
to active life expectancy and do not generalize
to broader measures of healthy life, which
have improved over the past few decades.39

Third, there are measurement-related is-
sues that, although unlikely to account for
findings, we could not fully control. For
instance, a large share of the NLTCS in-
terviews was conducted over the telephone
whereas NHATS was conducted in
person. A review of experimental evidence
evaluating the influence ofmode on reports of
disability suggests, however, that substantial
effects are unlikely.40,41 Response rates also
differed, which could introduce bias if the
chances of responding changed differentially
over time by disability status; however, the
use of nonresponse adjusted weights reduces
this concern.34,35 We also explored whether
differences in placement of the disability
questions inNHATS (near the end) and in the

NLTCS (as a free-standing initial interview)
could distort findings. If placement at the
end led to inflated affirmative reports, we
would expect to see less severe disability
(e.g., fewer reports of assistance) among those
meeting the screener criteria in 2011 com-
pared with earlier years. On the basis of re-
sponses to more detailed questions about help
received with activities available in both
studies, we found no such pattern. Hence, we
conclude that placement is unlikely to be
substantially distorting results.

Conclusions
Despite these limitations, ourfindings have

implications for public health officials in-
terested in improving functioning of the older
population in the United States. Our analysis
suggests that greater focus on quality rather
than quantity of life, emphasizing risk factors
more commonly found among women,
may be an effective strategy for extending
active life. Women are more likely than men
to develop a number of debilitating condi-
tions including arthritis, depressive symp-
toms, fall-related fractures, and Alzheimer’s
disease and related dementias that have
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implications for active life.42–47 Older women
are also more likely to be sedentary and
obese,43 and their smoking behaviors appear
more detrimental than for men.48 Finally,
older women continue to have fewer eco-
nomic resources than men with which to ac-
commodate declines in functioning inways that
stave off disability.49,50 Enhanced attention to
these and other preventable causes of limitations
among older women could extend active life
and help offset impending long-term care
pressures related to population aging.
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