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The link between body weight and both
morbidity and mortality has been examined
extensively, but relatively little research has
investigated the relation between body
weight and disability." Among the studies
that have investigated this relation, the find-
ings are inconsistent. Some of these studies
showed that body weight is related to func-
tional disability,>™® whereas others found no
such link.*" Although the inconsistency may
be a result of different research designs and
analytic approaches, the measurement of
both disability and body weight may be
partly responsible for the discrepant findings.

First, disability is defined here as a restric-
tion or lack of ability to perform an activity in
any domain of life."""? Although it may be
helpful in some circumstances to consider a
global construct of overall disability, most of
the literature has moved to defining domains
of disability, such as upper- and lower-body
disability, to better elucidate the process of
disablement.®*> In addition, the literature
suggests a hierarchy in the disablement pro-
cess such that many of the lower-body or mo-
bility functions, including balance and lower-
extremity strength, are the most difficult to
maintain, whereas upper-body functions, such
as manual dexterity and upper-extremity
strength, are easier to maintain.>* Thus,
studies that combine various domains of dis-
ability into a single global construct' or that
consider only a limited range of activities’
may not be as likely as other studies to un-
cover a link. Some evidence indicates that
obesity is associated with a greater risk for
both lower-body'®"” and upper-body osteo-
arthritis™® leading to disability, but the relation
between body weight and different domains
of disability must be systematically and longi-
tudinally studied.

Second, the measurement of body weight
may itself contribute to inconsistent findings.
One empirical generalization that may be
gleaned from the studies that found a link be-
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raises the risk of disability in adulthood.

stances.

tween body weight and disability is that the
relation is not linear. Rather, similar to the
findings on body mass index (BMI) and mor-
tality, most studies find that the extremes of
the BMI distribution are associated with
higher disability.>*° If only a linear relation
between BMI and disability were considered,
then the effects associated with low and high
BMI would cancel each other, especially
when studying an older adult population.

The reasons that obesity and underweight
are related to disability are probably a result
of different mechanisms. Obesity in adult-
hood may lead to disability because of 1 or
more biological processes: skeletal stress,"
protein glycation in connective tissue,”**' or
atherogenesis.”* Underweight in adulthood,
on the contrary, is more often the result of
disability, especially among older people.?*™
In more developed countries, underweight is
likely the result of disablement processes
whereby disease progression during terminal
illness leads to reduced muscle mass and
strength.?® (Although weight gain is common
in middle age, weight loss is common in ad-
vanced ages.”)

The current study systematically examined
the relation between BMI and upper- and
lower-body disability in a longitudinal study.
We anticipated that both obese and under-
weight persons would manifest higher levels
of both types of disability but that the rela-

Objectives. This study examined whether body mass index (BMI) or change in BMI

Methods. The relation between BMI and upper- and lower-body disability was exam-
ined among adult subjects from a national longitudinal survey (n=6833). Tobit regres-
sion models were used to examine the effect of BMI on disability 10 and 20 years later.

Results. Obesity (BMI>30) at baseline or becoming obese during the study was as-
sociated with higher levels of upper- and, especially, lower-body disability. In persons who
began the study with a BMI of 30 or more and became normal weight, disability was not
reduced. Underweight persons (BMI < 18.5) also manifested higher disability in most in-

Conclusions. Disability risk was higher for obese persons, but overweight was not
consistently associated with higher disability. (Am J Public Health. 2002;92:834-840)

tions would be stronger for lower-body dis-
ability.>*"*® Although it is unclear if over-
weight also raises disability risk, such an ef-
fect was tested with the National Heart, Lung,
and Blood Institute (NHLBI) guidelines.*
Our findings should enhance epidemiological
knowledge of BMI and disability risk, includ-
ing the utility of the NHLBI guidelines for
such analyses, and be helpful for health pol-
icy and health education efforts to minimize
disability in American society.

METHODS

Sample

Data from the National Health and Nutri-
tion Examination Survey I (NHANES I) and
its Epidemiologic Follow-Up Study (NHEFS)
were used in this research.’® The baseline
NHANES I was conducted from 1971 to
1975. The sampling design was a multistage,
stratified probability sample of noninstitution-
alized persons aged 25 to 74 years. Data
from the baseline survey and 2 follow-ups
were used. The second wave of data was col-
lected during 1982 to 1984; the third wave
was collected in 1992, resulting in an approx-
imate 20-year observation period.*

The analyses were completed with the
White and Black respondents of the NHEFS
subsample, who were administered the “de-
tailed component,” including the Health Care
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Needs Questionnaire, at baseline (n=6833).
The sample used in this study was composed
of 5955 White and 878 Black respondents
(12.8%) at baseline; unweighted data were
used throughout.***® The percentage of
cases receiving the detailed component at
baseline and traced through follow-ups was
excellent (92.6% of the survivors at the sec-
ond wave of data; 96.5% of the survivors at
the third wave). The number of cases lost to
mortality, inability to trace, and refusals to
participate was 1644 by wave 2 and 2696
by wave 3.

Measurement of Disability

Disability was not measured during the
baseline survey but was measured at the fol-
low-up surveys. Thus, the logic of the analy-
ses was to use the prospective nature of the
data to examine the lagged effect of BMI on
disability. For the follow-up surveys, items
from the Stanford Health Assessment Ques-
tionnaire Disability Index were used. The
index asks about very specific tasks with the
following question: “Please tell me if you
have no difficulty, some difficulty, much diffi-
culty or are unable to do these activities at all
when you are by yourself and without the
use of aids. . . . Lift and carry a full bag of
groceries?” The tasks span a wide range of
functions in 8 domains. The original index
included 26 items, but several items were ei-
ther deleted or modified in later interviews.*
Nineteen items (common to both waves)
were used. Responses for each item ranged
from 1 (no difficulty) to 4 (unable to do).

Consistent with the literature, we devel-
oped measures of upper- and lower-body dis-
ability.>* The upper-body disability index
used 9 items (range: 9 to 36) and included
items from the following domains: dressing
and grooming, eating, reaching, and gripping.
The lower-body disability index used 10
items (range: 10 to 40) and included items
from the following domains: hygiene (and toi-
leting), arising, walking, and activities (er-
rands). A complete list of the items for each
index is presented in Table 1. Reliability coef-
ficients (o) for upper-body disability were
0.91 and 0.97 at the second and third waves,
respectively; reliabilities for lower-body dis-
ability were 0.94 and 0.93, respectively.
Missing data were imputed to group means
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defined by age, sex, and race/ethnicity if the
subject had missing data on 4 or fewer of the
items in each index. If respondents missed
more than 4 items, they were treated as miss-
ing on the index.*

Body Mass Index

BMI was defined as weight in kg/(height in
meters)’. BMI was measured continuously for
each respondent and was analyzed both con-
tinuously and categorically according to the
NHLBI guidelines (also adopted by the World
Health Organization for international compar-
isons). For the first 2 waves of the NHEFS,
research staff measured weight and height. At
the baseline survey, weight was measured by
a Toledo self-balancing scale to a quarter
pound.®® For the second wave, weight was
measured with a Health-O-Meter, Model 32,
weight scale. For the third wave of the
NHEFS, weight was self-reported. Although
self-reported weight is closely related to phys-
ical measurement, it may slightly underesti-
mate the tails of the weight distribution.>”>®
Such bias is probably minimal to the main
conclusions of this study, however, because it
would exist only at the third wave. (To exam-
ine potential bias, we created predicted scores
for wave 3 BMI from measured BMI at
waves 1 and 2 and selected baseline covari-
ates. The correlation between the third wave
predicted and reported BMI values was 0.84,
suggesting minimal bias due to reported
weight at wave 3.)

Table 1 presents cases in each category of
BMI at the 3 survey waves and mean disabil-
ity at waves 2 and 3. Based on the NHLBI
guidelines, 46% of the sample was normal
weight at baseline. Fewer than 4% of the sub-
jects were underweight, whereas about 34%
were overweight, and almost 17% were obese.

Measurement of Covariates

Health measures were assessed in the base-
line interview and were used as control varia-
bles. Morbidity was derived from the follow-
ing question: “Has a doctor ever told you that
you have. . . hypertension or high blood pres-
sure?” (36 conditions were presented). Unlike
some surveys that ask if a person has a condi-
tion, the NHANES question solicited re-
sponses based on evaluation by a physician.
Each condition was coded as a binary varia-

ble (0, 1). The conditions were then classified
into those that were life threatening or serious
and all remaining conditions. Serious condi-
tions included cancer, diabetes, heart failure,
hypertension, and stroke. Examples of chronic
nonserious conditions included arthritis,
asthma, bone fracture, cataracts, gout, psoria-
sis, and ulcer. The serious and chronic nonse-
rious conditions were then summed sepa-
rately. Supplementary analyses treated the
diseases as separate binary variables. Interac-
tions of several of the diseases (e.g., diabetes
and arthritis) also were tested, but none was
statistically significant in predicting disability.

Although the NHEFS did not include a
measure of disability at baseline, respondents
were asked 2 questions about their exercise
from both recreational and nonrecreational
activities. Respondents who were quite inac-
tive based on their responses to both ques-
tions were scored as 1 for restricted activity;
all others were scored as not restricted (0).

The remaining independent variables span
a broad range of factors related to disability
or BMI, either directly or indirectly, and their
measurement is summarized in Table 2.
These variables include indicators of health
risk behaviors, such as smoking—based on
self-reported consumption of cigarettes, cigars,
and pipe tobacco at the time of the interview
and during one’s lifetime. Current smokers
were classified as light or heavy based on the
number of cigarettes smoked per day (<20
and >20, respectively). NHEFS respondents
were asked at baseline whether they had a
regular physician (scored as 0, 1). BMI has
been linked with socioeconomic status,*® and
relevant variables in the NHEFS included ed-
ucation, family income, availability of private
health insurance, and Medicaid status. The
measurement of the remaining independent
variables was fairly straightforward.® All bi-
nary variables were coded as O and 1, with 1
equal to the variable name.

Analytic Plan

More than 70% of the respondents re-
ported no upper- or lower-body disability.
The skewed distribution of the disability mea-
sures created a floor effect—what is often re-
ferred to as censoring—and violated the as-
sumptions of ordinary least squares
regression. Ordinary least squares regression
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TABLE 1—Descriptive Statistics for the National Health and Nutrition Examination Survey I:
Epidemiologic Follow-Up Study, 1971-1992: Number of Cases and Upper- and Lower-Body
Disability for Waves 2 and 3, by Weight Categories at Baseline

Wave 2 Wave 3
Weight Category® Baseline Upper-Body Disability” Lower-Body Disability® Upper-Body Disability Lower-Body Disability
Underweight Mean 10.112 11.745 10.301 11.784
BMI<18.5 SD 3.020 4.158 4.301 5.548
n=230 (3.4%) n (%) 142 (2.8) 142 (2.8) 111(2.7) 110 (2.7)
Normal weight Mean 9.684 11.027 9.673 11.020
18.5>BMI<25.0 SD 2523 3.401 2.661 4.000
n=3143 (46.0%) n (%) 2406 (46.8) 2406 (46.8) 2013 (49.2) 2008 (49.3)
Overweight Mean 9.759 11.313 10.117 11.913
25>BMI<30.0 SD 2497 3.527 3.494 5.546
n=2327 (34.1%) n (%) 1783 (34.7) 1783 (34.7) 1388 (33.9) 1385 (34.0)
Obese Mean 10.325 12.522 10.798 13.102
BMI>30.0 SD 3.299 5.198 4.398 6.592
n=1126 (16.5%) n (%) 811(15.8) 812 (15.8) 577 (14.1) 571 (14.0)
Total Mean 9.823 11.382 10.000 11.636
SD 2,675 3.837 3.317 5.075
n=6826 (100%) n (%) 5142 (100) 5143 (100) 4089 (100) 4074 (100)

Note. BMI=body mass index.

is designed for normally distributed interval-
or ratio-dependent variables. In the case of
highly skewed and censored data, ordinary
least squares estimates are inconsistent (bi-
ased intercepts and slopes). Logistic or probit
regression models, whether binomial or or-
dered, are another option, but they would not
make full use of the variability among persons
with different levels of disability. (One would
need to collapse the original metric of the dis-
ability variables—with ranges of 28 and 31—
into a small number of categories. This would
reduce or potentially eliminate differences
among the persons reporting disability.)

Tobit models, sometimes referred to as cen-
sored regression models, are specifically de-
signed for variables distributed with a large
percentage of cases at the lower or upper
limit.* Tobit models assume clustering at a
limit and simultaneously account for (1) prob-
ability of being censored and (2) variability
among those at different levels of the out-
come. Multivariate tobit models were used in
the current analysis to conveniently distin-
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“Weight categories defined by the National Heart, Lung, and Blood Institute.?
*Upper-body disability includes the following 9 items: dress self, including tying shoes, working zippers; comb and shampoo hair; cut meat; lift a full cup or glass to mouth; open a new milk carton;
reach and get down a 5-pound object from above head; bend down and pick up clothing from the floor; open jars that have been previously opened; and use a pen or pencil.

‘Lower-body disability includes the following 10 items: get into and out of bathtub; wash and dry the whole body; get on and off toilet; stand up from an armless chair; get into and out of bed; walk
a quarter of a mile; walk up and down at least 2 steps; get into and out of a car; run errands and shop; and do light chores such as vacuuming.

guish the cases with no disability from those
with any disability and to account for the con-
siderable variability among the latter. Unlike
ordinary least squares or logistic regression
methods, tobit estimates are consistent and ef-
ficient for censored data. The tobit model
uses the same structural form as the probit
model but preserves the information within
the limit via maximum likelihood.**

Although case tracing and reinterview rates
were high in the NHEFS, it is always possible
that attrition in longitudinal analyses may in-
fluence sample estimates of relationships and
lead to bias in the estimates. Thus, selection-
bias models, originally developed by Heck-
man,*® were used to correct parameter esti-
mates for differential selectivity due to death,
refusal to participate, or inability to trace. The
procedure was first to estimate a probit model
to distinguish subjects who participated from
those who did not. The second step was to
use the probit results to create a selection in-
strument (lambda) based on the inverse Mills
ratio and add the selection instrument to the

regression model of interest.** This 2-step ap-
proach has been extended to incorporate 2
hazard-rate instruments for different forms of
attrition*® and is conveniently handled in
LIMDEP*®

The results presented below differentiate at-
trition due to mortality from that due to non-
response by estimating separate probit equa-
tions. The probit model estimating mortality
during the survey showed that deaths were
more likely among Black, older, male respon-
dents who had more physician-evaluated mor-
bidity and less income. The probit model esti-
mating nonresponse during the survey waves
showed that subjects more likely to drop out
of the analysis were Black, younger, missing
on occupational status, urban, and of lower in-
come. These 2 probit selection equations also
included instrumental variables (i.e., at least
one variable that was not included in the sub-
stantive equation for disability). For the nonre-
sponse equation, missing on income, missing
on occupation, rural, South, and marital status
at wave 1 variables were included; for the
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TABLE 2—Tobit Estimates of Disability at Wave 2 of the National Health and Nutrition
Examination Survey I: Epidemiologic Follow-Up Study

Mortality lambda
Nonresponse lambda
Constant

n

Log likelihood

7.832%** 1.514
7.414%* 2454
-6.615%** 1.807

7.578*** 1.512
7.450** 2451
-5.8T7*** 1.673

5071 5071
-4867.6

-4857.9

Upper Body Upper Body Lower Body Lower Body
Unstandardized Unstandardized Unstandardized Unstandardized
Coding Algorithm Coefficient SE Coefficient SE Coefficient SE Coefficient SE
BMI kg/m? 0.047 0.027 0.154*** 0.030
Normal weight® 1=(18.5>BMI<25),0=no
Obesity 1=(BMI=30),0=no 1.068** 0.394 2397***  0.439
Overweight 1=(25>BMI<30),0=no -0.223 0.326 0.378 0.361
Underweight 1=(BMI<18.5) 2.753*** 0.768 3.272%**  0.878
Restricted activity 1=yes,0=no 2.404*** 0.499 2.488*** 0.496 2.640%** 0.562 2.793***  0.559
Serious illness 0-4,4=4+ 1.205%+* 0.221 1.184*** 0.221 1.364*+* 0.250 1.371%**  0.249
Chronic illness 0-4,4=4+ 2.310%** 0.278 2.339%** 0.277 2.709%** 0.311 2.772%**  0.311
Age,y 24-77 0.069** 0.024 0.077*+ 0.024 0.088*** 0.026 0.097***  0.026
Female 1=female, 0=male 2.391 %+ 0.393 2213**+ 0.395 3.167*** 0.435 2.965%**  0.438
Black 1=yes, 0=no -2.128*** 0.567 -2.109%** 0.565 -2.412%** 0.628 -2.345%**  0.626
Live alone 1=yes,0=no -0.347 0.505 -0.358 0.505 -0.219 0.563 -0.186 0.562
Widowed 1=yes,0=no -0.314 0.546 -0.307 0.546 0.196 0.610 0.186 0.609
Education 0-7, 7 =graduate school -0.408*** 0.108 -0.408*** 0.108 -0.376** 0.120 -0.376** 0.120
Income 1-12,12=>$25000 -0.005 0.079 0.006 0.079 0.007 0.088 0.023 0.088
Regular physician 1=yes,0=no 0.148 0.427 0.109 0.426 0.390 0.476 0.339 0.476
Other health insurance 1=yes,0=no 0.058 0.416 0.101 0.415 -0.072 0.462 -0.068 0.461
Medicaid 1=yes,0=no 1.161 0.734 1.104 0.733 1.922% 0.814 1.879* 0.813
Nonsmoker® 1=yes,0=no
Past smoker 1=yes,0=no 0.242 0.360 0.284 0.360 0.135 0.401 0.197 0.400
Heavy smoker 1=yes,0=no 0.837* 0.377 0.731 0.377 1.516%+* 0.417 1.382%** 0418
Light smoker 1=yes, 0=no 1.100** 0.382 1.042** 0.382 1.410%** 0.428 1.341%* 0.428

11.727%** 1.704 11.392*** 1702

6.851* 2.737 7.007* 2.734
-10.751*** 2.006 -7.795***  1.851
5072 5072
-6112.3 -6104.9

Note. BMI=body mass index.
“Reference group.
*P<.05; **P<.01; ***P<.001.

mortality equation, self-rated health worries
and 2 measures of physician-evaluated mor-
bidity were included.*”

Although this study examines the conse-
quences of body weight, women who gave
birth 1 year before or after any survey wave
were omitted from the analysis. Given the
large number of cases available, emphasis
was placed on findings based on a more con-
servative probability level of .01.

RESULTS

Table 2 shows the results of the tobit
analyses predicting upper- and lower-body
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disability at the second wave. The first 2
equations are for upper-body disability and
reflect the continuous and categorical forms
of BMI, respectively. The simple linear mea-
sure of BMI is not predictive of upper-body
disability at wave 2, but the NHLBI cate-
gories in the second equation (second col-
umn) show that both obese and under-
weight persons had more disability
approximately 10 years later. Higher disabil-
ity also was observed among persons with
restricted activity and more morbidity. Sup-
plementary analyses substituting binary var-
iables for the count of chronic nonserious
illnesses showed the strongest effects for

arthritis; diabetes and heart trouble
emerged as important among the serious ill-
nesses. Upper-body disability also was
higher among older people and women. The
importance of correcting for selection bias
becomes clear when one examines the
lambda coefficients in Table 2: those who
died and those who were not reinterviewed
would have had much higher levels of
upper-body disability (i.e., their departure
from the study was likely, in most cases, a
result of their poorer health status).

The last 2 columns of Table 2 show the re-
sults for lower-body disability at the second
wave. BMI was significantly associated with

Ferraro et al. | Peer Reviewed | Research and Practice | 837



lower-body disability, and most of the effects
of the other variables were similar to what
was observed for upper-body disability. The
effects due to smoking, especially heavy
smoking, were stronger in the equations for
lower- than for upper-body disability. The
supplementary analyses for individual dis-
eases again showed the effects of arthritis, di-
abetes, and heart trouble, but hip fracture
also emerged as important to lower-body dis-
ability. The results based on the NHLBI cate-
gories again indicated that both obese and
underweight (BMI<18.5) persons had higher
disability at wave 2. Overweight respondents
(BMI>25 and<30) did not differ from the
normal-weight respondents on lower-body
disability.

The results showed that both forms of dis-
ability were more likely among persons at the
tails of the BMI distribution and confirmed
the utility of the NHLBI guidelines for study-
ing disability. Thus, in the analyses to follow,
we used NHLBI guidelines to more closely
examine changes over the duration of the
study.

We next considered the role of BMI
change in disability and extended the analysis
to the full 20-year follow-up (presented in
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Table 3). All of the covariates included in the
models for Table 2 also were included in
these analyses, but only the BMI categories
are shown in Table 3 (an elaborated version
of Table 3 that includes the covariates is
available from the authors on request).

The first 2 equations in Table 3 examine
the association between change in BMI
from wave 1 to wave 2 and upper- and
lower-body disability at wave 2. These
equations include a series of binary varia-
bles (scored 0, 1) to capture change in BMI
based on the NHLBI guidelines (normal
weight serves as the reference group
throughout). Underweight was associated
with more upper-body disability, but 2
forms of BMI change were statistically sig-
nificant. First, subjects who had a normal
BMI at the first wave and became obese by
the second wave also had higher disability.
Second, subjects who had a normal BMI at
the first wave and became underweight by
the second wave also likewise had higher
disability, suggesting problems associated
with the progression of the serious and
chronic illnesses. The results for lower-body
disability were similar to those for upper-
body disability: being or becoming obese or

TABLE 3—Tobit Estimates of Disability at Waves 2 (W2) and 3 (W3) of the National Health and
Nutrition Examination Survey I: Epidemiologic Follow-Up Study, by Changes in Body Mass Index

underweight was associated with more
disability.

The remaining equations (3 to 6) in
Table 3 are for disability at the third wave
and treat disability at the second wave as an
independent variable; thus, these equations
report residualized change analyses (inter-
preted as change in disability). The third
equation uses the categorical forms of BMI
and BMI change observed by wave 2 in pre-
dicting upper-body disability by wave 3. This
equation examines the lagged effects of BMI
and BMI change on disability. The results
showed that obesity at the baseline interview
was associated with increased upper-body dis-
ability by wave 3. The results also showed
that persons who had a normal BMI at base-
line but became obese by wave 2 manifested
an increase in upper-body disability by wave
3. Underweight at baseline was associated
with more upper-body disability, but note
that underweight persons who became nor-
mal weight experienced a decline in disability.

The next equation (4) in Table 3 shows
that both being obese at baseline and becom-
ing obese by wave 2 were associated with
greater lower-body disability by wave 3.
Being underweight at baseline remained a

Disability, W2 Disability, W3
Upper Body Lower Body Upper Body Lower Body Upper Body Lower Body
Unstandardized Unstandardized Unstandardized Unstandardized Unstandardized Unstandardized
Coefficient SE Coefficient SE Coefficient SE Coefficient SE Coefficient SE Coefficient SE

Obesity, W1 0.963** 0.371 2.508*** 0.432 1.716**  0.560 4.655*** 0.759 2.115%** 0.590 5.317*** 0.798
Overweight, W1 -0.304 0.294 0.258 0.344 0.454 0.442 1.544*  0.602 0.315 0.453 1.375*  0.616
Underweight, W1 3.098**  0.951 4.300%** 1.154 4.298*  1.676 6.583**  2.294 5.532*%*  2.011 9.152**  2.782
Normal weight, W1; obese, W2 1.603**  0.490 2.229*** 0.575 1.955**  0.708 4.027*** 0.949 2.596*** 0.782 4.983*** 1,041
Obese, W1; normal weight, W2 0.916 0.614 -0.205 0.745 -0.613 1.130 -0.114 1.456 -1.411 1.174 -1.391 1.519
Normal weight, W1; underweight, W2 3.005** 0971 3.881*%*  1.183 1.493 1.982 3.612 2.807 3.390 2.733 7.369*  3.755
Underweight, W1; normal weight, W2 -1.608 1.274 -2.628 1.546 -5.265*  2.229 -5.547 2.958 -6.567**  2.489 -8.333* 3348
Normal weight, W2; obese, W3 1.665*  0.723 2.585**  0.966
Obese, W2; normal weight, W3 -0.874 0.867 -1.215 1.158
Normal weight, W2; underweight, W3 3.569** 1244 7.288*** 1.687
Underweight, W2; normal weight, W3 -2.389 2.655 -4.838 3.625
n 4965 4966 3719 3710 3719 3710

Log likelihood -4393.3 -5612.3 -3754.9 -4467.5 -3747.4 -4453.6

*P<.05; **P<.01; ***P<.001.
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Note. W1=wave 1. Covariates in each model include those listed in Table 2. The equations for disability at W3 include W2 disability.
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significant predictor, but becoming under-
weight was not related to lower-body disabil-
ity. Once the change variables were consid-
ered, baseline overweight was associated with
greater lower-body disability.

The final 2 equations in Table 3 include
BMI transitions across all waves, and the re-
sults showed fairly consistent effects on
upper-body disability for both obesity and un-
derweight, whether measured at baseline or
moving into these categories during the study.
Note also that those who were underweight at
baseline and became normal weight by the
second wave had a reduction in upper-body
disability. The risk of lower-body disability
also was higher for obese and underweight
respondents, both at baseline and during the
course of the study. Note that the conse-
quences of becoming obese by wave 2 and of
becoming obese by wave 3 were the same:
greater lower-body disability. Again, baseline
overweight was associated with greater lower-
body disability.

Finally, we replicated these analyses with
alternative categoric forms of BMI and found
very similar results. It is clear that the effect
due to obesity is robust across various models
and that obesity’s effect on disability is not
short-lived: obesity at the inception of the
study was consistently related to higher dis-
ability, regardless of subsequent weight loss.
Also, persons who began the study with a
BMI of 30 or more and lost weight did not
see a reduction in their disability.

DISCUSSION

The current study systematically examined
the relation between BMI and disability in a
prospective longitudinal study. The study
adds evidence to the accumulated body of
knowledge on the health consequences of ex-
cess body weight. First, the findings were
quite robust across lag times that obesity was
associated with higher levels of both upper-
and lower-body disability and more rapid in-
creases in each over time.>>*® Moreover, the
findings showed that obesity’s effect on dis-
ability is not short-lived. Obesity at the incep-
tion of the study was consistently related to
higher long-term disability, especially lower-
body disability. In addition, persons who be-
gan the study with a normal BMI and be-
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came obese had higher disability at waves 2
and 3. It is also striking that persons who
began the study with a BMI of 30 or more
and lost weight did not see a reduction in
their disability.

One should not conclude that obesity’s ef-
fect on disability is irreversible, but the evi-
dence from the NHEFS makes it clear that
adult obesity greatly raises the long-term risk
of disability. These findings speak to the fol-
lowing research question: What else besides
weight loss is required to reverse the long-
term effects of obesity on disability risk?

Although obesity was consistently related
to disability, overweight as defined by the
NHLBI was not. Based on the NHLBI defini-
tion of overweight across different lag times,
the analysis found only 2 instances in which
overweight was associated with higher disabil-
ity: in both cases, baseline overweight in-
creased lower-body disability. In no instance
did overweight increase upper-body disability
risk. More research is needed, however, on
the long-term consequences of overweight, es-
pecially as it pertains to overweight associated
with a larger waist circumference.”

The relations between underweight and
disability also became clearer across the mod-
els tested with these data. Baseline under-
weight often was related to disability, and be-
coming underweight was associated with
greater upper- and lower-body disability. The
effect due to incident underweight during the
NHEFS, however, was not as long term as for
incident obesity. For example, becoming
obese between waves 1 and 2 was associated
with more disability at both wave 2 and wave
3, but becoming underweight between waves
1 and 2 did not regularly influence disability
at wave 3. The findings on underweight sug-
gest a mechanism due to the progression of
disease: incident weight loss is likely a conse-
quence of incident morbidity and disability.”
Further research on the relation between dis-
ease progression and weight loss is needed.
Shorter-term longitudinal studies may be ben-
eficial for the purpose of identifying rapid
weight loss associated with terminal decline.

Research predicting the course of disabil-
ity has proliferated in recent years, but many
of these studies—even fairly recent ones—
have not examined the influence of BMI.
The findings from the NHEFS strengthen

empirical generalizations that a nonlinear re-
lation exists between BMI and various
health-related outcomes.>* It is clear that
simply adding BMI as a covariate to studies
of disability may be misleading—the relation
between BMI and disability is curvilinear.
Given the different consequences for over-
weight (25 >BMI<30.0) and obesity (BMI>
30) observed in the current analysis, we
urge disability researchers to include cate-
gorical measures of BMI in analyses of the
disablement process.

This study adds to the modest but grow-
ing literature on the consequences of BMI
on disability and quality of life.” These find-
ings from the NHEFS were quite clear that
obesity has long-term consequences on the
functional status of adults and showed the
importance of avoiding a BMI of 30 or
more. Although the current study could not
identify the precise etiologic mechanism for
the relation between obesity and disability,
the consistency of the findings across 2 do-
mains of disability suggests that it merits fur-
ther attention. m
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