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Background: The association between obesity and mor-
tality is reduced or eliminated in older subjects. In ad-
dition to mortality, disability is an important health out-
come. The objectives of this study were to examine the
association between body mass index (BMI), calculated
as weight in kilograms divided by height in meters
squared, and subsequent disability and mortality among
older Americans, as well as to estimate the effect of BMI
on life expectancy and disability-free life expectancy
among older Americans.

Methods: We studied 8359 non-Hispanic white Ameri-
cans, 1931 African Americans, and 2435 Mexican Ameri-
cans 65 years or older who were not disabled at baseline
from 5 sites of the Established Populations for Epide-
miologic Studies of the Elderly. Measures included BMI,
medical conditions, activities of daily living, and demo-
graphic information. Cox proportional hazards regres-
sion analysis was used to estimate the hazard ratios (HRs)
for subsequent disability and mortality during 7 years of
follow-up. Total life expectancy and disability-free life

expectancy were estimated using the interpolation of
Markov chain approach.

Results: The lowest HR (1.02; 95% confidence interval
[CI], 0.94-1.10) for disability was at a BMI of 25 to less
than 30. Subjects with BMIs of lower than 18.5 or 30 or
higher at baseline were significantly more likely to ex-
perience disability during the follow-up period. In con-
trast, the lowest HRs for mortality were seen among sub-
jects with BMIs of 25 to less than 30 (HR, 0.78; 95% CI,
0.72-0.85) and 30 to less than 35 (HR, 0.80; 95% CI, 0.72-
0.90), with subjects with BMIs of lower than 25 or 35 or
higher experiencing higher hazards for mortality. Dis-
ability-free life expectancy is greatest among subjects with
a BMI of 25 to less than 30.

Conclusion: Assessments of the effect of obesity on the
health of older Americans should account for mortality
and incidence of disability.
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S TUDIES HAVE DOCUMENTED AN

increase in the prevalence of
obesity in the United States,1,2

a trend that has been de-
scribed as an epidemic.3 In-

creases have been observed in men and
women, in all age and major racial/ethnic
groups, and at all educational levels.3 Lon-
gitudinal studies4-10 have shown a strong
association between obesity (usually as-
sessed by body mass index [BMI], calcu-
lated as weight in kilograms divided by

height in meters squared) and elevated
mortality; these findings, in turn, have led
to estimates of the current and projected
health burdens resulting from the obe-
sity epidemic.

A consistent and puzzling finding is that
the effect of obesity on mortality may be di-

minished among older persons. For ex-
ample, Stevens et al5 studied mortality dur-
ing 12 years as a function of BMI and age
in more than 300 000 participants in the
American Cancer Society Prevention Study.
For subjects younger than 55 years, BMIs
of lower than 20 were associated with the
lowest mortality, and BMIs in the mid 20s
were associated with 20% and 50% in-
creases in all-cause and cardiovascular mor-
tality, respectively. In subjects 75 years or
older, BMIs associated with the lowest mor-
tality were in the range of 27 to 29. Also,
the increase in risk of mortality associated
with each unit increase in BMI above the
optimal values declined sharply with age.5

The finding that BMIs in the near-
obese or obese range are associated with op-
timal survival among older persons has been
reproduced in several well-conducted stud-
ies.4,7-9 This association is not greatly af-
fected by attempts to control for reverse cau-
sation, whereby underlying poor health
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produces lower BMIs and increased mortality. This find-
ing has, in turn, led to calls for increasing the recom-
mended BMI from its current range of 18.5 of less than
25 to higher values for older subjects.9,11 Other investiga-
tors have disagreed, attributing the decrease in risk of mor-
tality associated with higher BMIs among older persons
to flaws in study design and to the fact that BMI is a less
accurate measure of adiposity in older subjects.12

Previous research and discussions have focused on the
effect of BMI on mortality. However, there are many im-
portant measures of health in addition to mortality. Diehr
et al suggested that “it may be preferable to base desir-
able weight on other outcomes, such as disability or risk
of disease.”8(p626) Several studies have found an effect of
obesity on health outcomes such as disability,13-15 and the
magnitude of the association is comparable to or greater
than the association between obesity and mortality.13,14

We examined the association between BMI and sub-
sequent mortality and incident disability during 7 years
and estimated the effect of BMI on life expectancy and
disability-free life expectancy in 12 725 initially nondis-
abled men and women enrolled at the 5 sites (East Bos-
ton, Mass; Iowa and Washington counties [Iowa]; New
Haven, Conn; and North Central, NC) for the Estab-
lished Populations for Epidemiologic Studies of the El-
derly (EPESE). We hypothesized that a higher BMI would
be associated with greater disability, greater mortality,
and lower disability-free life expectancy across all racial/
ethnic groups.

METHODS

SAMPLE AND PROCEDURES

This study is based on data from the 5 sites of the EPESE, a
series of prospective cohort studies of community-dwelling per-
sons 65 years or older in the United States. We studied 8359
non-Hispanic white Americans, 1931 African Americans, and
2435 Mexican Americans 65 years or older who were not dis-
abled at baseline. These studies are described briefly herein and
in detail elsewhere.16,17 The baseline surveys performed be-
tween 1982 and 1983 involved the entire population 65 years
or older living in East Boston, Mass (1982-1989 [n=3797]) and
in 2 rural counties of Iowa (Iowa and Washington) (1982-
1989 [n=3643]) and a stratified random sample of the New Ha-
ven, Conn, population (1982-1989 [n=2735]). In 1986, this
survey was extended to a fourth site in Durham, NC (1986-
1993 [n=4133]), and in 1993 the Hispanic EPESE (H-EPESE)
surveyed 3050 subjects in person from 5 southwestern states
(Texas, California, Arizona, Colorado, and New Mexico); all
subjects in the H-EPESE were Mexican Americans. Follow-up
data were collected annually for 7 years using in-person inter-
views (at baseline and the third and sixth follow-ups) and tele-
phone interviews (at the first, second, fourth, and fifth follow-
ups) for East Boston, rural Iowa, New Haven, and Durham.
Subjects from the H-EPESE site were followed up for 7 years
in person (at baseline and at 2, 5, and 7 years). The response
rate at baseline ranged from 80% to 85% for all sites.18,19 At base-
line and at each follow-up interview for all EPESE sites, inter-
viewers gathered information on health conditions, sociode-
mographics, and psychosocial characteristics of the subjects or
their proxies. In addition, blood pressure, anthropometric mea-
surements, and upper and lower body physical function mea-
sures were obtained.

Of 17 358 subjects, 2811 reported at least 1 limitation in ac-
tivities of daily living (ADLs) at baseline, 1197 subjects had miss-
ing BMI values, and 625 subjects had missing values in a co-
variate used in this study. These subjects excluded from analysis
were more likely to be older, to have a low BMI, to have less
formal education, and to have ever had cancer, diabetes melli-
tus, stroke, hip fracture, or heart attack. Therefore, the final
sample included 12 725 subjects who reported no ADL limi-
tations and were reinterviewed during the follow-up period (East
Boston, 2536 subjects; rural Iowa, 2655 subjects; New Haven,
2092 subjects; Durham, 3007 subjects; and H-EPESE, 2435 sub-
jects). At the end of follow-up, 3570 subjects reported any ADL
limitation (East Boston, 646 subjects; rural Iowa, 826 sub-
jects; New Haven, 642 subjects; Durham, 916 subjects; and
H-EPESE, 540 subjects), and 3122 subjects were confirmed dead
through death certificates, obituaries, or reports from rela-
tives (East Boston, 580 subjects; rural Iowa, 558 subjects; New
Haven, 646 subjects; and Durham, 723 subjects), as well as
through the National Death Index or reports from relatives
among 615 Mexican American subjects.

MEASUREMENTS

For East Boston, rural Iowa, New Haven, and Durham, height
and weight were obtained by self-report at baseline. Height and
weight were measured at baseline in the H-EPESE. Body mass
index was grouped according to the National Institutes of Health
obesity standards (�18.5, underweight; 18.5-24.9, normal
weight; 25.0-29.9, overweight; 30.0-34.9, obesity category I;
35.0-39.9, obesity category II; and �40.0, extreme obesity).20

Functional disability was assessed by self-report using 7 items
from a modified version of an ADL scale by Branch et al.21 Ac-
tivities of daily living included bathing, grooming, dressing, eat-
ing, using the toilet, walking across a small room, and trans-
ferring from a bed to a chair. Activity of daily living disability
was dichotomized as needing no help vs needing help with per-
forming or being unable to perform 1 or more of the 7 ADL
activities.

COVARIATES

Sociodemographic variables included age, sex, and years of for-
mal education. Race/ethnicity was determined by self-report.
Smoking status was assessed by asking subjects whether they
were current smokers, former smokers, or never smokers. The
presence of medical conditions was assessed by asking if sub-
jects had ever been told by a physician that they had cancer,
hypertension, diabetes mellitus, or a hip fracture, or had ever
had a heart attack or stroke.

STATISTICAL ANALYSIS

Cox proportional hazards regression analysis was used to es-
timate the hazard ratio of incidence of ADL disability and the
hazard ratio of mortality at each follow-up as a function of BMI
category at baseline among 12 725 subjects who reported no
limitation in ADLs at baseline. Those subjects who died or were
unable to be located were censored at the date of last fol-
low-up (last interview date for the 7-year follow-up). Analy-
ses for disability and mortality were stratified by sex, EPESE
site, race/ethnicity, and age (65-74 vs �75 years). All analyses
were controlled for age, sex, marital status, smoking status, years
of formal education, and selected medical conditions.

Body mass index was also analyzed as a continuous vari-
able on disability and mortality using Martingale residuals from
Cox proportional hazards models adjusted for relevant covar-
iates.22 Applying the locally weighted scatterplot smooth
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method23 to the Martingale residuals, we found a J-shaped or
U-shaped association between BMI and disability or mortal-
ity. The location knot (inflection point) on the curves was es-
timated by nonlinear least squares regression analysis23 and then
was used to fit piecewise Cox proportional hazards models to
estimate the hazard ratios from BMIs of 15 to 40. Three mod-
els were estimated. Model 1 was adjusted for baseline comor-
bidity, model 2 was not adjusted for comorbidity, and model 3
excluded current smokers and those who died during the first
2 years of follow-up and was controlled for comorbidity.

We also estimated total life expectancy and disability-free
life expectancy jointly for the sample of EPESE subjects who
were not disabled at baseline. We used the interpolation of
Markov chain method and software developed by Lièvre et al.24

This method estimates life expectancy by health status (dis-
ability free vs disabled) from longitudinal investigations that
track functional disability and vital status during a follow-up
period. The life and health expectancies are calculated from mul-
tinomial logistic estimates of age-adjusted transition probabili-
ties between health statuses during follow-up (ie, from non-
disabled to disabled, nondisabled to dead, disabled to
nondisabled, and disabled to dead). This analysis was strati-
fied by sex. We estimated 5 models for each sex, using in each
an indicator variable for 1 of 5 BMI categories (�18.5, 18.5 to

�25, 25 to �30, 30 to �35, and �35). For this analysis, we
put all subjects with BMI of at least 35 into a single group be-
cause the small number of these subjects did not permit sepa-
rate estimates for each BMI category using this method.

Data were managed and Cox proportional hazards models
were estimated using SAS software version 9.1.3 (SAS Insti-
tute, Cary, NC). Health life expectancies were calculated using
the interpolation of Markov chain approach (IMACH version;
Institut National d’Etudes Démographiques/Euro-REVES, Paris,
France).

RESULTS

Table 1 gives the baseline characteristics of the sample
by status at the end of the 7-year follow-up period. Sub-
jects who became disabled or who died during the fol-
low-up period were older and reported more comorbid
diseases than those without disability and those who were
lost to follow-up. The mean±SD BMI was 26.4±4.5 for
nondisabled subjects, 26.4±5.3 for disabled subjects,
25.7±4.8 for those who died, and 26.7±4.8 for those who
were lost to follow-up.

Table 1. Baseline Characteristics by Status at the End of the 7-Year Follow-up Period Among 12 725 Subjects*

Explanatory Variable†
Nondisabled
(n = 5681)

Disabled
(n = 3570)

Dead
(n = 2019)

Lost to Follow-up
(n = 1455)

Age, y 71.1 ± 4.9 75.7 ± 6.8 74.4 ± 6.6 70.9 ± 4.9
Body mass index‡

�18.5 106 (1.9) 159 (4.5) 92 (4.6) 30 (2.1)
18.5 to �25 1966 (34.6) 1272 (35.6) 818 (40.5) 491 (33.7)
25 to �30 2441 (43.0) 1301 (36.4) 739 (36.6) 601 (41.3)
30 to �35 919 (16.2) 585 (16.4) 272 (13.5) 255 (17.5)
35 to �40 199 (3.5) 189 (5.3) 77 (3.8) 52 (3.6)
�40 50 (0.9) 64 (1.8) 21 (1.0) 26 (1.8)
Mean 26.4 ± 4.5 26.4 ± 5.3 25.7 ± 4.8 26.7 ± 4.8

Female sex 3489 (61.4) 2312 (64.8) 856 (42.4) 849 (58.4)
Married 3222 (56.7) 1483 (41.5) 1013 (50.2) 804 (55.3)
Years of formal education 9.4 ± 5.8 8.6 ± 8.1 8.4 ± 7.2 8.2 ± 5.8
Race/ethnicity

White 3908 (68.8) 2367 (66.3) 1237 (61.3) 847 (58.2)
African American 807 (14.2) 663 (18.6) 301 (14.9) 160 (11.0)
Mexican American 966 (17.0) 540 (15.1) 481 (23.8) 448 (30.8)

EPESE site
East Boston, Mass 1105 (19.5) 646 (18.1) 391 (19.4) 394 (27.1)
Rural Iowa 1374 (24.2) 826 (23.1) 315 (15.6) 140 (9.6)
New Haven, Conn 858 (15.1) 642 (18.0) 394 (19.5) 198 (13.6)
Durham, NC 1378 (24.3) 916 (25.7) 438 (21.7) 275 (18.9)
Hispanic EPESE 966 (17.0) 540 (15.1) 481 (23.8) 448 (30.8)

Smoking status
Never 3270 (57.6) 2137 (59.9) 839 (41.6) 806 (55.4)
Former 1525 (26.8) 891 (25.0) 679 (33.6) 408 (28.0)
Current 886 (15.6) 542 (15.2) 501 (24.8) 241 (16.6)

Comorbidity
Heart attack 514 (9.0) 538 (15.1) 378 (18.7) 133 (9.1)
Stroke 162 (2.9) 171 (4.8) 269 (13.3) 29 (2.0)
Hypertension 3214 (56.6) 2286 (64.0) 1221 (60.5) 789 (54.2)
Cancer 645 (11.4) 430 (12.0) 318 (15.8) 139 (9.6)
Hip fracture 98 (1.7) 140 (3.9) 51 (2.5) 24 (1.6)
Diabetes mellitus 681 (12.0) 739 (20.7) 426 (21.1) 215 (14.8)

Abbreviation: EPESE, Established Populations for Epidemiologic Studies of the Elderly.
*Data are given as mean ± SD or number (percentage) and are from unweighted analyses.
†P�.001 for all explanatory variables.
‡Calculated as weight in kilograms divided by height in meters squared.
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Table 2 gives the results of Cox proportional haz-
ards models predicting the hazards for ADL disability and
mortality as a function of BMI category, controlling for
age, sex, race/ethnicity, marital status, level of formal edu-
cation, smoking status, comorbidity, and EPESE site. The
hazard for ADL disability was lowest among subjects in
BMI categories of 18.5 to less than 25 and 25 to less than
30. Subjects with BMIs of lower than 18.5 or 30 or higher
at baseline were significantly more likely to experience
disability during follow-up than subjects with BMIs of
18.5 to less than 25. Similar findings were obtained when
the disability thresholds were set at least 2 and 3 limita-
tions in ADLs. In contrast, the lowest hazards for mor-
tality were seen among subjects in BMI categories of 25
to less than 30 and 30 to less than 35, with subjects with
BMIs of lower than 25 or 35 or higher experiencing higher
hazards for mortality. Similar results were obtained when
the analyses for mortality included disabled and nondis-
abled subjects at baseline.

The Figure shows the results of a model examining
the hazards of disability and mortality with BMI treated
as a continuous variable. For disability and mortality out-
comes, 3 models are presented among nondisabled sub-
jects at baseline. Model 1 was adjusted for baseline co-
morbidity, model 2 was not adjusted for comorbidity, and
model 3 excluded current smokers and subjects who died
during the first 2 years of follow-up and was controlled
for comorbidity. The BMIs associated with the mini-
mum hazard of subsequent disability were 24.2 (95% con-
fidence interval [CI], 23.3-25.1) for model 1, 24.1 (95%
CI, 23.3-25.0) for model 2, and 24.2 (95% CI, 23.3-
25.2) for model 3, with a fairly steep increase in the haz-
ard of subsequent disability associated with lower and
higher BMIs. In contrast, the BMIs associated with the
minimum hazard of mortality were 27.2 (95% CI, 26.1-
28.3) for model 1, 26.1 (95% CI, 25.1-27.1) for model
2, and 25.1 (95% CI, 23.6-26.6) for model 3. For these
curves, there was a fairly steep rise in the hazard of mor-
tality associated with lower BMIs but a more gradual in-
crease in the hazard associated with higher BMIs. In mod-
els 1 and 2, the BMI associated with the lowest hazard of
disability was significantly lower than the BMI associ-
ated with the lowest hazard of mortality (P�.001 for both).
However, the CIs of inflection points for model 3 were
not statistically different for disability and mortality.

We examined whether the patterns in Table 2 and the
Figure were similar in various subgroups of subjects in
several ways. We repeated the analyses in Table 2, strati-
fying by sex, age, EPESE site, and race/ethnicity (65-74
vs �75 years). The associations between BMI and sub-
sequent disability or mortality were similar in all sub-
groups. This question was assessed formally by testing
for interactions between BMI and sex, age, EPESE site,
and race/ethnicity in the model shown in the Figure for
each of the 2 outcomes. The only significant interaction
(P=.04) was between BMI and age on the hazard of dis-
ability. The BMI associated with the lowest hazard of dis-
ability (approximately 24) was the same in both age
groups, but the curves for older subjects rose more steeply
for BMIs of lower than 24 and rose more gradually for
BMIs of higher than 24. We repeated the analysis, rede-
fining disability using thresholds of at least 2 and 3 re-
ported limitations in ADLs to define the disabled state.
Patterns were similar to those given in Table 2.

Finally, we calculated the total life expectancy and the
disability-free life expectancy as a function of BMI cat-
egory, stratified by age and sex (Table 3). For men, the
total life expectancy and the disability-free life expec-
tancy were greatest in subjects with BMIs of 25 to less
than 30. For women, the total life expectancy was higher
among those with BMIs of 30 to less than 35, while the
disability-free life expectancy was higher among those
with BMIs of 25 to less than 30, although the differ-
ences were generally not statistically significant. Also given
in Table 3 are the estimated percentages of total life ex-
pectancy that will be disability free. In general, these per-
centages fall sharply for subjects with BMIs of 30 of higher.

COMMENT

In this analysis of 5 longitudinal cohort studies of men and
women 65 years or older, BMI at baseline was strongly as-
sociated with risk of subsequent disability. In analyses treat-
ing BMI as a continuous variable, a BMI of 24 was asso-
ciated with the lowest risk of disability, with steep increases
in risk at higher and lower BMIs (Figure). When BMI was
treated as a categorical variable, the lowest hazard for dis-
ability was experienced by subjects with BMIs of 18.5 to
less than 25 or 25 to less than 30 (Table 2). The associa-

Table 2. Cox Proportional Hazards Models Predicting HR of ADL Disability and Mortality as a Function of BMI
Among 12 725 Nondisabled Subjects at Baseline During the 7-Year Follow-up Period

BMI Category
No. of Subjects

(N = 12 725)

ADL Disability Mortality

No. (%) of Subjects
(n = 3570)

HR
(95% CI)

No. (%) of Subjects
(n = 3122)

HR
(95% CI)

�18.5 387 159 (4.5) 1.52 (1.28-1.79) 172 (5.5) 1.53 (1.31-1.80)
18.5 to �25 4547 1272 (35.6) 1 [Reference] 1285 (41.2) 1 [Reference]
25 to �30 5082 1301 (36.4) 1.02 (0.94-1.10) 1110 (35.5) 0.78 (0.72-0.85)
30 to �35 2031 585 (16.4) 1.31 (1.19-1.45) 410 (13.1) 0.80 (0.72-0.90)
35 to �40 517 189 (5.3) 1.94 (1.65-2.27) 112 (3.6) 1.02 (0.84-1.24)
�40 161 64 (1.8) 2.49 (1.92-3.22) 33 (1.1) 1.13 (0.79-1.60)

Abbreviations: ADL, activities of daily living; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared);
CI, confidence interval; HR, hazard ratio.
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tion between BMI and subsequent mortality was differ-
ent, with somewhat higher BMIs associated with the low-
est hazard for mortality in continuous and categorical

analyses. The increasing risk of disability and mortality as-
sociated with BMI was similar in men and women and
among African Americans, Mexican Americans, and non-
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Figure. Hazard ratios predicting activities of daily living disability (A) and mortality (B) during 7 years of follow-up as a function of body mass index (BMI),
calculated as weight in kilograms divided by height in meters squared, among nondisabled older Americans at baseline. Values are given as mean
(95% confidence interval). Model 1 was adjusted for baseline comorbidity, model 2 was not adjusted for comorbidity, and model 3 excluded current smokers
and subjects who died during the first 2 years of follow-up and controlled for comorbidity.
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Hispanic white Americans. Estimates of disability-free life
expectancy or active life expectancy account for mortal-
ity and incidence of disability. In these analyses, the dis-
ability-free life expectancy was greatest for subjects with
BMIs of 25 to less than 30.

This study has some limitations. First, self-reported
heights and weights were used to compute BMI at 4 of 5
sites of the EPESE, which tends to produce somewhat lower
BMIs than when directly measured.25 Second, assess-
ments of ADL tasks were also obtained by self-report. How-
ever, investigations have demonstrated a high concor-
dance between self-reported data and direct observations
of ADL performance.26 Third, the assessments of comor-
bidity were also made through self-reports. Research find-
ings show good agreement between self-report and medi-
cal events and comorbid diseases or conditions.27 Fourth,
information on physical activities was not consistently avail-
able at baseline interviews for all EPESE sites. Physical ac-
tivity is related to disability and mobility. Fifth, the list of
self-reported comorbid conditions did not include arthri-
tis, a major cause of disability, because information about
this was not available for all EPESE sites. We analyzed the
data of those sites that included information about arthri-
tis at baseline, and the results did not change. More gen-
erally, there was insufficient information from all EPESE
sites to construct a Charlson comorbidity index or simi-
lar summary measure of comorbidity. Sixth, inference to
the national population of the United States is strictly specu-
lative because the pooled EPESE data set is a composite
of 5 discrete regional samples. However, the EPESE sites
constitute a broad range of population subgroups, includ-
ing rural and urban non-Hispanic white subjects and non-
Hispanic black subjects, as well as a Hispanic sample
representative of Mexican Americans living in the south-
western United States. Subgroup analysis by race/
ethnicity and by EPESE site demonstrated patterns simi-
lar to those we report across these distinct groups (data
available on request from the author).

In general, the findings reported herein are consis-
tent with prior studies examining the association be-

tween BMI and subsequent disability13-15 or mortal-
ity5,7-10 in older populations. In this discussion, we address
the following 2 issues: first, the possible explanations for
the effect of obesity on disability vs mortality in older sub-
jects and, second, the implications of these findings for
ideal body weight in older persons.

The link between obesity and subsequent disability
is probably established through multiple pathways. Obe-
sity is associated with several conditions that, in turn,
are risk factors for subsequent disability, including os-
teoarthritis of the weight-bearing joints, diabetes melli-
tus, and cardiovascular disease.28 In addition, while muscle
mass increases along with fat mass in obese individuals,
muscle strength per gram of muscle tissue actually de-
clines with increasing adiposity.29

There are 4 potential explanations for the weak asso-
ciation between elevated BMI and subsequent mortality
in older subjects. The first explanation is that comorbid-
ity, smoking status, and other risks obscure the associa-
tion between obesity and mortality.12,18,19 However, we
addressed this concern by adjusting for comorbidity, by
excluding current smokers, and by excluding subjects who
died during the first 2 years of follow-up (Figure) and
found little effect on the association between BMI and
mortality. A second explanation is that methodological
limitations obscure the association between BMI and mor-
tality. A suggestion is that BMI is a poor marker for adi-
posity in older persons. Another suggestion is that the
absolute increase in mortality rates should be assessed
rather than the relative rates that are produced by Cox
proportional hazards models.12 Our results provide in-
direct evidence against these methodological argu-
ments because the same methods that found little asso-
ciation between elevated BMI and subsequent mortality
found a strong association between elevated BMI and dis-
ability. A third explanation for the weak association be-
tween elevated BMI and mortality is that the relation-
ship is attenuated by selective survival. Elevated BMI is
clearly associated with increased mortality at younger
ages.5 It is possible that persons susceptible to increased

Table 3. Total Life Expectancy, Disability-Free Life Expectancy, and Disability-Free Percentage of Total Life Expectancy by Age
as a Function of BMI Estimated for Nondisabled Men and Women at Baseline

BMI
Category

Age 65 y Age 75 y Age 85 y

Total Life
Expectancy
(95% CI), y

Disability-Free
Life Expectancy

(95% CI), y

Disability-Free
Total Life

Expectancy, %

Total Life
Expectancy
(95% CI), y

Disability-Free
Life Expectancy

(95% CI), y

Disability-Free
Total Life

Expectancy, %

Total Life
Expectancy
(95% CI), y

Disability-Free
Life Expectancy

(95% CI), y

Disability-Free
Total Life

Expectancy, %

Men
�18.5 10.8 (8.9-2.6) 9.5 (7.9-11.1) 88.2 6.6 (5.4-7.8) 5.2 (4.2-6.2) 79.0 3.9 (3.0-4.7) 2.4 (1.8-3.0) 62.4
18.5 to �25 13.5 (12.8-14.2) 12.0 (11.4-12.6) 88.7 8.5 (8.1-9.0) 6.9 (6.5-7.3) 80.5 5.0 (4.6-5.4) 3.3 (3.0-3.6) 65.0
25 to �30 15.7 (15.1-16.4) 13.7 (13.2-14.3) 87.3 10.2 (9.6-10.8) 8.0 (7.6-8.5) 79.0 6.1 (5.5-6.7) 3.9 (3.5-4.3) 64.0
30 to �35 14.8 (13.6-16.0) 12.5 (11.6-13.4) 84.5 9.6 (8.6-10.6) 7.1 (6.4-7.8) 73.9 5.9 (4.9-6.9) 3.3 (2.7-3.8) 55.5
�35 13.3 (10.8-15.8) 10.6 (8.9-12.4) 80.0 8.5 (6.3-10.7) 5.7 (4.3-7.0) 66.6 5.3 (3.2-7.3) 2.4 (1.5-3.3) 46.0

Women
�18.5 15.9 (13.9-17.8) 12.6 (11.2-14.0) 79.4 10.5 (8.9-12.0) 6.9 (5.9-7.8) 65.5 6.9 (5.5-8.3) 2.9 (2.3-3.5) 42.6
18.5 to �25 19.9 (18.9-20.8) 16.1 (15.5-16.7) 80.9 13.5 (12.6-14.3) 9.4 (8.9-9.8) 69.6 8.8 (7.8-9.8) 4.4 (4.0-4.7) 49.5
25 to �30 21.4 (20.3-22.5) 17.4 (16.8-18.1) 81.4 14.5 (13.4-15.5) 10.3 (9.7-10.9) 71.3 9.3 (8.1-10.5) 4.9 (4.5-5.4) 53.2
30 to �35 23.0 (20.7-25.3) 16.4 (15.5-17.4) 71.6 16.2 (13.8-18.5) 9.3 (8.5-10.1) 57.6 11.3 (8.7-13.9) 4.1 (3.5-4.7) 36.5
�35 17.9 (15.5-20.4) 12.1 (11.0-13.2) 67.3 12.2 (9.7-14.6) 5.9 (5.1-6.7) 48.8 8.6 (5.9-11.4) 2.1 (1.6-2.6) 24.7

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval.
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early mortality associated with elevated BMI die at younger
ages, weakening the observed relationship at older ages.
A fourth explanation for the weak association between
elevated BMI and mortality in older persons is that obe-
sity might have a protective effect at older ages that is
less important at younger ages. This protective effect might
counterbalance the known adverse consequences of obe-
sity on survival.30 Examples of protective effects include
decreased risk of hip fractures and increased ability to
tolerate periods of low caloric intake associated with acute
illness.31

The controversy over the association between BMI and
mortality in older adults is important because various in-
terpretations may lead to different or conflicting recom-
mendations regarding the ideal BMI in older persons. Our
results suggest that the association between BMI and mor-
tality is only 1 factor in determining optimal BMI values
for older adults. Loss of independence is one of the most
feared outcomes experienced by older individuals and is
a major contributor to poor quality of life. The associa-
tion between elevated BMI and subsequent disability pro-
vides evidence that obesity in older populations is asso-
ciated with a substantial increase in risk for poor health
outcomes. If this risk is confirmed, values for BMI in older
adults should be interpreted accordingly and appropri-
ate prevention and intervention programs developed.
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