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Objectives. We examined the relationship of regular exercise and body weight
to disability among healthy seniors.

Methods. We assessed body mass index (BMI) and vigorous exercise yearly
(1989–2002) in 805 participants aged 50 to 72 years at enrollment. We studied 4
groups: normal-weight active (BMI<25 kg/m2; exercise>60 min/wk); normal-weight
inactive (exercise≤60 min/wk); overweight active (BMI≥25 kg/m2); and overweight
inactive. Disability was measured with the Health Assessment Questionnaire (0–3;
0=no difficulty, 3=unable to do). We used multivariable analysis of covariance to
determine group differences in disability scores after adjustment for determinants
of disability.

Results. The cohort was 72% men and 96% White, with a mean age of 65.2
years. After 13 years, overweight active participants had significantly less dis-
ability than did overweight inactive (0.14 vs 0.19; P= .001) and normal-weight in-
active (0.22; P = .03) participants. Similar differences were found between nor-
mal-weight active (0.11) and normal-weight inactive participants (P< .001).

Conclusions. Being physically active mitigated development of disability in
these seniors, largely independent of BMI. Public health efforts that promote
physically active lifestyles among seniors may be more successful than those
that emphasize body weight in the prevention of functional decline. (Am J Pub-
lic Health. 2008;98:1294–1299. doi:10.2105/AJPH.2007.119909)
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Physical activity confers myriad health ben-
efits across age groups and among both nor-
mal-weight and overweight individuals.6,13,14

Participation in regular physical activity helps
to moderate or prevent disability and im-
proves functional ability, especially among
seniors. Mortality and morbidity are also posi-
tively affected among seniors who participate
in regular physical activity.15 As such, physi-
cally active older adults demonstrate higher
levels of physical functioning than their inac-
tive counterparts.10,16

Healthy weight maintenance and regular
participation in physical activity are important
goals of public health initiatives.17 In older
adults, investigators have compared physical
activity with functional status,18,19 body weight
with functional status,3,7,8 and overweight and
obesity with physical activity11,20 and have re-
ported lower disability both in overweight
and nonoverweight participants who were
physically active. In cross-sectional studies of
the association between leisure-time physical

activity, obesity, and disability among aging
men21 and aging women,22 the most disability
was found among inactive participants.

However, there are little longitudinal data
evaluating the specific relationship between
disability, body weight, and physical activity
among older healthy men and women, and
more specifically those who are classed as
overweight and who participate in regular
physical activity. Brach et al.20 examined this
relationship in older women in both cross-sec-
tional and longitudinal studies over 17 years
of follow-up and reported less disability in
physically active overweight and obese
women, although they were unable to control
for baseline disability. In their 16-year study
of living habits, obesity, and mortality in mid-
dle-aged and older Finnish men, Haapenen-
Niemi et al.23 concluded that being obese was
not an independent predictor of mortality, al-
though low levels of physical activity, per-
ceived physical fitness, and physical function-
ing predicted increased risk. In a cohort of

The United States is experiencing a senior
“boom” as increasing numbers of adults are
living longer and healthier than their parents.
By 2030, older adults will compose about
20% of the US population.1 However, this
group even now poses enormous challenges
to policymakers and health care providers to
meet their needs. Older adults are the largest
consumers of health care. Five of the 6 lead-
ing causes of death among seniors are from
chronic diseases1 that can be in part pre-
vented, delayed, or modified through lifestyle.

The identification of strategies to help
maintain health and independence as far
into the last years of life as possible is of
foremost importance to help alleviate the in-
creasing public health burden. However, the
sweeping national epidemic of overweight
and obesity as indicated by a body mass
index (BMI; weight in kilograms divided by
height in meters squared) of 25 kg/m2 or
more in parallel with the small proportion of
the elderly who are sufficiently physically ac-
tive to achieve health benefits are among
major pubic health concerns. More than two
thirds of seniors aged 65 to 75 years have a
BMI greater than 25 kg/m2, and nearly
three fourths are physically inactive.1 Being
overweight and physically inactive are recog-
nized risk factors for several chronic diseases
and are also important predictors of func-
tional impairment, or disability, among older
adults.3–7

Functional limitations in turn have been
shown to contribute to poorer health out-
comes and increased health care utiliza-
tion.3,8,9 Nearly 40% of overweight older
adults have impaired physical functioning to
the extent that it limits their ability to perform
common activities of daily living, including
walking and reaching.10 Moreover, as weight
increases, physical activity decreases, and
functional impairment increases.11,12
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older adults from the Health, Aging, and
Body Composition Study, Houston et al.
found that excess weight was linked with ob-
jective measures of physical performance.4

Our primary objective was to examine the
relationship of body weight and physical ac-
tivity to disability in a cohort of healthy, older
adults over 13 years of follow-up. We hypoth-
esized that physically active overweight and
normal-weight seniors would have less dis-
ability than their less-active counterparts.

METHODS

Participants were from a cohort of 1195
adults who were recruited between 1984
and 1991 from a national runners’ associa-
tion and from the local Stanford University
community to participate in a longitudinal
prospective study of the health effects of
running.24 Men and women were eligible for
study inclusion at time of enrollment if they
were aged 50 to 72 years, had at least a
high school diploma, and spoke English as
their primary language.24 There were no in-
clusion criteria regarding physical activity
level. An earlier publication described the
original cohort as being better educated and
having more professionals than national pop-
ulation samples at the time.24 Runners’ asso-
ciation members were also younger, in-
cluded more men, had significantly lower
BMIs, and the biggest difference was the
number of miles run, compared with the
community controls.24

Data for this study originated in 1989, the
first year that data for all relevant variables
were available (e.g., weight, physical activity,
and disability). Participant selection was based
on availability of relevant data regardless of
original group membership (i.e., whether from
the runners’ group or community sample). In
addition, investigators were blinded to origi-
nal group membership. Participants were eli-
gible for this study if they had at least 2 years
of follow-up with weight, physical activity,
and disability data during the 13-year study
period, from 1989 to 2002. Overall, two
thirds (66.5%) of the participants had an av-
erage of at least 11 years of follow-up data,
which ranged from 2 to 13 years. The study
protocol was approved by Stanford University’s
Administrative Panel on Human Subjects in

Medical Research, and each participant gave
written informed consent.

Data Collection
Self-report data were collected yearly by

mail with the Stanford Health Assessment
Questionnaire (HAQ).25 Rigorous, standard-
ized protocols were followed for data collec-
tion and quality control. These included fol-
low-up telephone calls to nonrespondents and
review of all returned questionnaires for com-
pleteness, ambiguities, or inconsistencies, with
subsequent telephone contact as needed by
trained outcome assessors.25

Demographic and health data. Participant
characteristics (age, gender, years of educa-
tion, race/ethnicity, years of follow-up, dis-
ability, medical history, exercise, smoking sta-
tus, comorbid conditions, pain, and global
health status) were obtained by self-report.
Racial/ethnic groups were derived from pa-
tient self-identification as non-Hispanic White,
non-Hispanic African American, Asian or Pa-
cific Islander, American Indian/Alaskan Na-
tive, Canadian Indian, Hispanic, or other.
Smoking status was assessed by whether re-
spondents were currently smoking cigarettes.
Comorbidity data were obtained by asking re-
spondents if they had ever been told by a
physician that they had cardiovascular, pul-
monary, neurological, endocrinological, gas-
trointestinal, or musculoskeletal conditions, or
cancer. Assessment of overall health and vital-
ity was measured on the Health Assessment
Questionnaire’s (HAQ’s) double-anchored
global health visual analog scale (scored
0–100; 100=very healthy). The HAQ global
health scale has been validated as a “generic”
measure of health-related quality of life.26

Assessment of disability. Disability was as-
sessed with the Stanford HAQ Disability Index
(HAQ-DI),25 which includes items that evalu-
ate fine movements of the upper extremity,
locomotor activity of the lower extremity, and
activities that involve both upper and lower
extremities. The HAQ-DI contains 20 items in
8 categories of functioning—rising, dressing,
eating, walking, hygiene, reaching, gripping,
and ability to do usual daily activities. Re-
sponses are made on a scale from 0 (no diffi-
culty) to 3 (unable to do). The maximum item
scores in each of the 8 categories were summed,
then averaged, to obtain an overall HAQ-DI

from 0 (no disability) to 3 (completely dis-
abled). The HAQ-DI has been extensively
studied and is valid and sensitive to change.25

Assessment of physical activity. Physical ac-
tivity was assessed as the number of minutes
spent weekly doing vigorous exercise. Vigor-
ous exercise was defined on the questionnaire
as “vigorous exercise that will cause you to
sweat and your pulse, if taken, will be above
120.” Activities under this definition included
running, swimming, bicycling or using a sta-
tionary bike, aerobic dance and exercise, stair
steppers, brisk walking, hiking or using a tread-
mill, racket sports, and also periods of rapid
walking at work and in daily activities. For
convenience, we chose to use the terms “ac-
tive” and “inactive” to describe physical activ-
ity groups in this study. Participants were cate-
gorized as active if they participated in vigorous
exercise for more than 60 minutes per week
or inactive if they participated in vigorous ex-
ercise for 60 minutes or fewer per week.

Assessment of body weight. Self-reported
body weight was classified by BMI. Partici-
pants were categorized as either normal
weight (<25 kg/m2) or overweight (≥25 kg/
m2) in accord with the National Institutes of
Health Clinical Guidelines on the Identifica-
tion, Evaluation, and Treatment of Over-
weight and Obesity in Adults.2 Frequency of
obesity (≥30 kg/m2) among participants was
also examined.

Study Groups
We formed 4 study groups based on BMI

and vigorous exercise level on the 1989
questionnaire, the first year that data were
available for all variables relevant to this
study, or on the respondent’s first question-
naire, which could have ranged from 1989 to
1991. Accordingly, respondents were assigned
to normal-weight active (BMI<25 kg/m2; ex-
ercise>60 min/wk); normal-weight inactive
(exercise≤60 min/wk); overweight (BMI≥
25 kg/m2) active; or overweight inactive.

Statistical Analyses
The primary comparisons for analysis were

the active participants compared with the in-
active participants within each weight group.
The HAQ-DI score was the primary depen-
dent outcome variable. The covariates chosen
for the model were correlated with disability
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TABLE 1—Baseline Participant Characteristics Among 805 Healthy US Seniors: 1989–2002

Normal Weighta Overweightb

Physically Physically Physically  Physically 
Activec Inactived Activec Inactived

(n = 442) (n = 123) (n = 153) (n = 87)

White, % 96 95 98 98

Men, % 74 53* 83 67*

Age, y, mean (SE) 64.8 (0.3) 66.6 (0.6)* 65.1 (0.5) 66.0 (0.7)

Education, y, mean (SE) 16.6 (0.1) 16.5 (0.2) 16.8 (0.2) 16.1 (0.3)

Follow-up, y, mean (SE) 11.5 (0.2) 10.9 (0.4) 11.2 (0.3) 10.7 (0.5)

Comorbid conditions, no. (SE) 0.07 (0.01) 0.15 (0.02) 0.09 (0.02) 0.14 (0.04)

Smokers, % 7 2* 9 3*

Global health scoree, mean (SE) 84.2 (0.6) 73.6 (1.7)* 79.9 (1.2) 74.2 (1.4)*

HAQ-DI scoref, mean (SE) 0.07 (0.01) 0.16 (0.02)* 0.12 (0.02) 0.17 (0.03)

Exercise, min/wk, mean (SE) 302.7 (9.8) 15.7 (2.1)* 251.0 (14.2) 12.3 (2.4)*

BMI, kg/m2, mean (SE) 22.2 (0.8) 22.3 (0.2) 27.1 (0.2) 28.3 (0.3)*

Note. HAQ-DI = Stanford Health Assessment Questionnaire Disability Index; BMI = body mass index.
aDefined as a BMI of < 25 kg/m2.
bDefined as a BMI of ≥ 25 kg/m2.
cDefined as vigorous exercise for more than 60 minutes per week.
dDefined as vigorous exercise for 60 minutes or less per week.
eMeasured 0 to 100; 100 = very healthy.
fMeasured 0 to 3; 0 = no difficulty, 3 = unable to do.
*P < .05, between the active and inactive categories within weight group.

at P<.05. These were age, gender, ethnicity
(categorized as White or non-White, because
numbers of participants in specific racial/eth-
nic groups were too small to analyze sepa-
rately), education (years), number of comor-
bid conditions, and baseline HAQ-DI score.
We also tested the data for any interactions
between weight and exercise at baseline.

Baseline differences in the HAQ-DI score
and covariates between the 2 exercise groups
within each weight group were compared
using the χ2 and 2-tailed t tests. Comparisons
at P<.05 were considered statistically signifi-
cant. Multivariable analysis of covariance with
disability as the dependent variable was used
to determine differences among the active
and inactive participants and the weight
groups after adjustment. We used generalized
estimating equations, a method of parameter
estimation analysis of longitudinal data that
includes repeated measures of an individual
or cluster of individuals over time.27 Thus,
changes in covariates were taken into account
in the multivariable analyses. Analyses were
performed in a staged manner to examine the
impact of specific covariates on group differ-
ences and were conducted with SAS version
9.1 (SAS Institute Inc, Cary, North Carolina).

RESULTS

Our findings were based on the 805 partic-
ipants from the original cohort of 1195 men
and women who had weight, exercise, and
disability data and met this study’s criterion
of having at least 2 years of follow-up during
the study period (1989–2002). In the cohort,
57% (n=460) of the participants were from
the runners’ association group and 43%
(n=345) were from the community sample.
Participants’ characteristics mirrored that of
the original cohort; the majority were well-
educated White men.

Of all participants, 70% (n=565) had a
normal BMI of less than 25 kg/m2. Of normal-
weight participants, 78% (n=442) fell into the
active group (exercise>60 min/wk), whereas
64% (n=153) of the overweight group was
active. About 14% (n=33) of the overweight
participants were obese (≥30 kg/m2), compos-
ing 6% (n=14) of the overweight active
group and 8% (n=19) of the overweight inac-
tive group.

Baseline values by study group are pre-
sented in Table 1 and show few differences
among the groups. The study cohort was pre-
dominantly White (96%) and well-educated
(>16 years of education). There were signifi-
cantly more physically active men than inac-
tive men in both weight groups (P<.05 for
each weight group). The normal-weight inac-
tive participants were slightly older than their
physically active counterparts (66.6 years vs
64.8 years; P<.05), and the age difference
between the overweight inactive and active
participants was similar (66.0 years vs 65.1
years; P>.05).

We found a significant interaction between
weight and exercise, because as body weight
increased, exercise decreased. This was not
unexpected, because research has shown that
heavier individuals tend to exercise less.11,12

Years of follow-up did not differ among study
groups. Comorbidities were infrequent in all
groups, indicating that this was a relatively
healthy cohort, but were slightly higher in the
inactive compared with active participants.
Overall, smoking prevalence was low, but in
both weight groups, there was a smaller pro-
portion of smokers in the physically inactive

than active groups (P<.05). Within each
weight group, the physically inactive partici-
pants reported statistically poorer overall
health (P<.05).

Although baseline disability was low in all
groups, it was higher in the normal-weight
physically inactive participants (P<.05) com-
pared with their active counterparts. Baseline
disability also trended higher among the over-
weight inactive respondents compared with
their active peers (P=.07). By design, exercise
minutes were significantly higher in active
compared with inactive participants in both
weight groups (P<.05). Body mass index was
slightly higher in the overweight inactive ver-
sus overweight active participants (28.3 vs
27.1; P<.05), but was nearly identical when
physical activity groups were compared in the
normal-weight participants (22.2 vs 22.3;
P>.05).

Data for the staged multivariable analyses
by weight group with disability as the depen-
dent variable are presented in Table 2. The
full model included adjustment for age, gen-
der, race/ethnicity (White vs non-White), ed-
ucation years, smoking status, number of co-
morbid conditions, and baseline HAQ-DI
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TABLE 2—Adjusted HAQ-DI Scores for Staged Multivariable Analysis of Covariance for
Differences Between Physical Activity Groups Within Each Weight Group Among 805 US
Seniors: 1989–2002

Normal Weighta Overweightb

Physically  Physically  Physically  Physically 
Activec Inactived Activec Inactived

(n = 442), Mean (SE) (n = 123), Mean (SE) (n = 153), Mean (SE) (n = 87), Mean (SE)

Age only 0.09 (0.01) 0.28** (0.03) 0.16 (0.02) 0.26** (0.02)

Age + gender 0.12 (0.01) 0.28** (0.03) 0.20 (0.02) 0.28** (0.02)

Age + race/ethnicitye 0.09 (0.02) 0.25** (0.03) 0.16 (0.02) 0.25** (0.03)

Age + education 0.09 (0.02) 0.25** (0.03) 0.16 (0.02) 0.25** (0.03)

Age + smoking 0.07 (0.03) 0.24** (0.04) 0.15 (0.03) 0.24** (0.04)

Age + number of comorbid conditions 0.08 (0.03) 0.24** (0.04) 0.15 (0.03) 0.24** (0.04)

Age + baseline HAQ-DI score 0.11 (0.03) 0.22** (0.03) 0.14 (0.03) 0.19* (0.03)

Note. HAQ-DI = Stanford Health Assessment Questionnaire Disability Index. Having a disability was the reference variable.
aDefined as a body mass index (BMI) of < 25 kg/m2.
bDefined as a BMI of ≥ 25 kg/m2.
cDefined as vigorous exercise for more than 60 minutes per week.
dDefined as vigorous exercise for 60 minutes or less per week.
eWhite vs non-White.
*P = .001; **P < .001, between active and inactive categories within weight group.

score. After adjustment, the physically inac-
tive participants had significantly more dis-
ability than the active participants regardless
of weight group.

Figure 1 presents adjusted data by both
weight and physical activity group showing
the differences among groups. Physically inac-
tive participants in both weight groups had

the highest levels of disability. Overweight ac-
tive participants had significantly less disabil-
ity than their normal-weight inactive counter-
parts (0.14 vs 0.22; P<.001). Normal-weight
active participants had the lowest disability,
which was significantly different from the
other groups, except for their overweight
peers.

DISCUSSION

Results from this longitudinal study of
healthy seniors with 13 years of observation
support the hypothesis that being physically
active helps mitigate development of disabil-
ity, largely independent of weight status. We
found significantly less disability among both
the overweight active and normal-weight ac-
tive participants compared with their inactive
counterparts, which is consistent with previ-
ous research by our group28 as well as with
Brach et al.’s longitudinal analysis of older
women.20

These findings likewise contribute to the
body of evidence documenting that regular
physical activity postpones disability, and that
seniors who are physically active report supe-
rior physical functioning compared with those
who do little or no physical activity.19,29,30

They further suggest that physical activity is
an important factor and may be a more com-
pelling component than body weight in miti-
gating development of disability in older
adults.31–33 There are also plausible biological
factors supporting these findings, which dem-
onstrate that physically active overweight
adults have improved physical indicators of
health status, such as muscle strength and
bone density, which contribute to better func-
tional ability.14,15,30 In addition, data support
lower risks of morbidity and mortality, such
as cardiovascular disease and diabetes, in this
population.6,30

Strengths and Limitations
The strengths of our study included the ad-

vantage of having been able to study a cohort
of healthy aging seniors with initial low levels
of disability, rather than a subset of seniors
who were frail or ill, in whom initial disability
may have been a confounding factor.3,34 Ours
is also one of the few longitudinal studies that
has examined these factors and used functional

Note. HAQ-DI = Stanford Health Assessment Questionnaire Disability Index; BMI = body mass index. Normal weight was defined
as a BMI of less than 25 kg/m2; overweight was defined as a BMI of 25 kg/m2 or more. Data were adjusted for age, gender,
race/ethnicity (White vs non-White), education, smoking status, comorbidities, and baseline disability. Active (exercise > 60
min/wk), Inactive (exercise ≤ 60 min/wk).

FIGURE 1—Selected adjusted mean (SE) disability scores, by weight and activity group.
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status as the primary outcome variable. More-
over, we had access to comprehensive annual
data and used a longitudinal study design that
enabled the assessment of disability progres-
sion over 13 years. Use of repeated-measures
analyses27 that took into account intrapartici-
pant correlations over time helped to improve
the estimation of model parameters and to
control for temporal changes in covariates
that could affect the outcome, including age,
gender, ethnicity, race, smoking, and comor-
bidities. In addition, because we controlled
for baseline disability, we could infer with
some confidence that these results were inde-
pendent of initial functional status.

Despite these strengths, there are factors
that limit the generalizability of our findings.
These include the homogeneous nature of the
cohort, which was predominantly well-edu-
cated White men. As such, this cohort may
not represent a broader range of apparently
healthy seniors who may have different or
less-healthy lifestyles. These findings may not
be applicable to aging seniors such as women,
other ethnic groups, the less-educated, the
morbidly obese, heavy smokers, seniors who
are ill or frail, or to octogenarians or older-
aged individuals. We also based physical ac-
tivity levels on the amount of vigorous activ-
ity compared with other studies that have
used less-vigorous kinds of activity such as
walking.20 Data on moderate or light activities
were not collected in earlier years of this
study, thus the impact of less-vigorous activity
could not be assessed. Consequently, whether
the same results would accrue for the casually
or lightly exercising senior is unknown. Use of
BMI to classify individuals also may have in-
fluenced the findings because BMI is not an
entirely accurate measure of body composi-
tion and may result in misclassification of cer-
tain groups, such as the elderly.2 In this study,
higher BMI among exercising individuals may
have been associated with greater muscle
mass, whereas the same BMI among inactive
individuals may have been associated with
greater adiposity.

On the other hand, the cohort’s homogene-
ity may favor these findings by limiting the
number of potential factors that could con-
found results, such as education and access to
health care. Also, there are no compelling rea-
sons to presume that benefits accrued from

participating in regular physical activity would
differ substantially for other groups of seniors,
because these results are consistent with an
increasing evidence base that supports im-
proved functional status in diverse cohorts of
physically active older adults, including
women,19 Blacks,33 and Asians.35,32

Although self-selection by study partici-
pants may affect the strength of the associa-
tion and cannot be ruled out completely, all
participants from the original cohort were in-
cluded in this study based solely on the avail-
ability of data relevant to this investigation.
We had no knowledge of original group
membership or other variables of interest.
Thus, there is no reason to expect that the
data would be systematically affected by re-
cruitment source. In addition, validation stud-
ies of reporting bias of physical function in
this cohort have shown no intergroup differ-
ences in self-report.24 Despite these factors,
this cohort may have been distinctive in char-
acteristics not captured in analyses, but that
may be in some way linked with exercise,
weight, and disability in aging.

All the same, these findings should be in-
terpreted with caution. They should not be
construed to imply that if people are over-
weight and are physically active then they do
not need to be at a relatively healthy weight.
Obesity is one of the nation’s most prevalent
epidemics of modern times and is among the
most compelling current public health con-
cerns. Regular physical activity in and of itself
is one of the principal means by which en-
ergy balance can be enhanced to promote a
healthy weight.36

Conclusions
With life expectancy increasing, delaying

or preventing physical disability in the elderly
is a key global issue, although many questions
have yet to be answered about the best and
most appropriate strategies for achieving this
goal. The rapidly growing numbers of
seniors,1 the escalating epidemic of over-
weight and obesity,37 the established relation-
ship between excess body weight and disabil-
ity,8,11 and the lack of consistently effective
interventions for long-term weight loss2 indi-
cate that modifiable risk factors need to be
identified to inform public health and clinical
recommendations so that interventions to

help delay onset of disability or improve func-
tional status can be developed. It may be
more attainable for overweight individuals to
become physically active than to lose body
weight and sustain that reduction. Shifting
some public health efforts to focus on preven-
tive approaches to reduce functional impair-
ment associated with overweight through
physical activity rather than to emphasize
body weight issues may be a more viable
strategy.
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