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Background. Obesity is increasingly prevalent among older adults, yet little is known about the impact of health
behaviors on the trajectories of body weight in this age group.

Methods. We examined the effect of time-varying smoking, physical activity (PA), alcohol use, and changes thereof,
on the 14-year (1992-2006) trajectory of body- mass index (BMI) in a cohort of 10,314 older adults from the Health and
Retirements Study, aged 51-61 years at baseline. Hierarchical linear modeling (HLM) quantifies the effect of smoking,
PA, and alcohol use (user status, initiation and cessation) on intercept and rate-of-change in BMI trajectory, and tests for
variations in the strength of association between each behavior and BMI.

Results. Over 14 years (82,512 observations), BMI increased approximated by a quadratic function. Smoking and PA
(user status and initiation) were associated with significantly lower BMI trajectories over time. Cessation of smoking and
PA resulted in higher BMI trajectories over time. The weight-gaining effect of smoking cessation increased, while the
strength of association between BMI trajectories and PA or alcohol use were constant over time. Socio-economic and
health status differences explained the effects of alcohol use on BMI trajectory.

Conclusions. In older adults, smoking and PA, and changes thereof, vary in their long-term effect on trajectories of
BMI. Barring increases in PA levels, older smokers who quit today are expected to gain significantly more weight than
two decades ago. This knowledge is essential for the design of smoking cessation, physical activityPA, and weight-control

interventions in older adults.
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VERWEIGHT and obesity are increasingly prevalent

among older Americans. Excess weight in older age
has been associated with increased mortality (1), physical
and cognitive morbidity (2), and higher utilization of health
care services (3), accounting for approximately half of the
total $147 billion in obesity-attributable annual U.S. medical
expenditures (4). Reducing the risk factors for and the con-
sequences of excess weight in older adults is therefore a
critical clinical and public health goal.

Smoking (5), physical inactivity (6), and alcohol use (7)
are significant health issues among older adults. Investigations
into the relationship between health behaviors and body
weight in older adults consist predominantly of cross-sectional
or short-term longitudinal studies, and older age groups
have largely been excluded from clinical trials aimed at
reducing health risk behaviors (8). Consequently, the
long-term effect of health behaviors and modifications thereof
on body weight in older age is still unclear.

Three considerations based in the existing literature
motivate our study. First, to our knowledge, no study to date
has examined the impact of health behaviors on the trajectory
(ie, intercept and rate of change) of body weight over an
extended period of time. Trajectories of health indicators (in
this case, body weight) are useful outcomes in any age
group, mainly because health is the result of long-term
accumulation of biopsychosocial processes that occur over
time (9). In older adults, there is a particular interest in
understanding the long-term processes (trajectories) that
eventually lead to poor health, disability, or death, and in
evaluating how such trajectories can be modified through
interventions (behavioral or others) at various points in the
life course. The main reason for focusing on trajectories, as
opposed to two-point transitions, is that transitions between
a starting and an end point are often nonlinear (10) and that
two observations do not yield sufficient information for the
identification of the functional form depicting the rate of
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change. Although linear trajectories can be defined by
three observation points, a greater number of observation
points allows us to postulate and test for discontinuous (ie,
nonlinear) individual change and more flexibility in defining
the shape of change trajectories (11).

Second, most epidemiological studies assume that indi-
viduals have a stable lifestyle and do not account for fluc-
tuations in health behaviors over time (12) or for the
observed intraindividual clustering of risky health behav-
iors (high cigarette consumption, high alcohol intake, and
low physical activity [PA] [13]). Health behaviors are hardly
invariable over time (ie, smokers or drinkers who quit
and relapse), especially in old age (14). Trajectory analysis
allows the concomitant incorporation of multiple health
behaviors as time-varying covariates to more accurately
describe the actual change in behavioral patterns over the
life course.

Finally, over the last few decades, the prevalence of
smoking has declined steadily (5,15), as the reported rates
of involvement in physical activities have increased among
all age groups, including older adults (6). The strong correla-
tion between the rise in obesity and the reduction in smoking
in particular has led to suggestions of a causal relationship.
Although population-level studies have examined this link
(16), no study to date has evaluated whether the individual-
level association between obesity-related behaviors and
body weight increased or decreased over time.

This study has two aims. The first aim is to estimate the
effects of smoking, PA, and alcohol use status and variation
over time on the long-term trajectory of body mass index
(BMI) starting in middle age. Second, the study examines
whether the intraindividual association of aforementioned
health behaviors with the trajectory of BMI changed (increased
or decreased) over time.

METHODS

Study Population

The effects of smoking, PA, and alcohol use on the trajec-
tory of BMI were evaluated using longitudinal data from the
Health and Retirement Study (HRS; http://hrsonline.isr.
umich.edu/). To minimize the potential for cohort effects
on BMI trajectories (17), only the original HRS cohort
(birth years 1931-1941) was analyzed. The HRS cohort
consists of 13,565 individuals—12,899 in the original 1992
sample (95.1%) and the remaining 666 added as new
spouses and partners since the beginning of the study. Par-
ticipants were interviewed every 2 years from 1992 to 2006,
for up to eight repeated observations. The response rates
range from 81.7% (1992) to 89.15% (in 1994), with 55.7%
of the respondents completing all eight interviews. When
physical or cognitive limitations precluded participation,
a proxy interview was conducted. The rates of proxy
interviews range from 4.8% (1992) to 9.0% (2002). As of
2006, the cumulative mortality rate, validated through the
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Table 1. Stability and Change in Health Behaviors: 1992-2006
(N = 10,314 respondents)*

Smoking (%) Physical Activity (%) Alcohol Use (%)

Stable (no change) 92.3 68.4 86.9
Cessation 5.0 15.7 7.4
Initiation 2.7 16.0 5.7

Note: *Weighted distributions; respondent-level weights from the HRS
Cross-Tracker 2006 File.

National Death Index, was 19%. We excluded 3,116 (22.9%)
cohort-ineligible spouses (born before 1931 or after 1941)
and 135 (0.9%) individuals who did not respond to the
health assessment survey sections or who responded “other”
to the race or ethnic group question. This resulted in a final
analytic sample of 10,314 individuals with an average of
6.4 interviews.

Measures

Body mass index.—Self-reported weight was recorded
at each wave; height was self-reported at baseline (1992)
and verified in the second wave (1994). BMI was calculated
as BMI = [Weight (Ib)/Height (inches) %] x 703, using
current weight and initial height. For validation purposes,
interviewer-measured weight and height were available in
2004 and 2006.

Health behaviors assessment.—Current smoking and
alcohol use status were recorded at every wave, and partici-
pants were classified into “nonusers” (= 0) or “users” (= 1)
at each time point. The frequency of vigorous physical
activities (ie, aerobics, running, swimming, or bicycling)
was assessed at each wave. Coding for PA indicators varied
slightly across waves, so they were recoded into binary
measures, with a score of 0 for “once per week or less” and
1 for “more than once per week” for all time points.

Changes.—Changes in smoking, alcohol use, and PA
between two adjacent waves were captured by a difference
score (ie, difference between current [#;] and previous
observation [#;_;]) calculated for each wave (ie, —1 = cessation,
0=no change, 1 =initiation; aggregate rates shown in Table 1).

Other covariates.—Sociodemographic characteristics
known to be associated with BMI were included as poten-
tial confounders (18). This approach is also warranted be-
cause risky health behaviors are clustered among the low
socioeconomic status groups (19). Age-at-baseline, gender
(1 = female, 0 = male), race or ethnicity (ie, non-Hispanic
white—reference group, non-Hispanic black, and Hispanic),
and education (years of education completed) were mea-
sured at baseline (1992) and verified in subsequent waves.
Respondent’s income (quartiles), wealth/assets (quar-
tiles), and marital status (1 = married/living with a partner,
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0 = single/divorced/widowed/separated) were assessed at
each wave.

Because health events may trigger changes in health
behaviors (8,20) and to account for the potential confounding
effects of health status on BMI (ie, healthy survivor bias;
[21,22]), time-varying measures of physical and mental
health were included as control variables: index of chronic
diseases (count of seven chronic conditions—heart disease,
stroke, high blood pressure, diabetes, arthritis, chronic lung
disease, and cancer; range = 0-7), self-rated health (single-
item rating of respondent’s health; range = 1 [excellent] to
5 [poor]), Nagi index of functional limitations (count of
six items representing reported difficulties with common
activities; range = 0-6; [23]), and 9-item CES-D (depres-
sion) index (count of nine items from the Center for Epide-
miological Studies Depression Scale; range = 0-9 [24]).
Abridged CES-D versions have been previously used in
studies of health in older adults (25) and reportedly have
similar symptom dimensions as the original CES-D and
high internal consistency and validity in the HRS (26).

Data Analysis

Hierarchical linear models (HLMs [27]) estimated the
trajectory of BMI from 1992 to 2006. HLMs are well suited
for studies of individual changes over time, using repeated
measures of a construct to estimate a growth trajectory
defined by intercept (starting point) and slope (rate of
change). The analytical strategy employed a series of time-
based models sequentially adjusted to control for interpersonal
age-at-baseline and sociodemographic differences (28).

Intraindividual changes in BMI (Level 1 equations) were
specified as a function of time (ie, distance in years of assess-
ment from baseline) and lagged time-varying covariates (eg,
smoking, alcohol use, PA, and time-varying control vari-
ables). Alternative order equations were used to determine
whether the trajectory of BMI is best approximated by an
intercept-only, linear, quadratic, or cubic function. Time was
centered at its mean to minimize the possibility of multicol-
linearity when estimating nonlinear time functions; conse-
quently, the intercept for any given model should be
interpreted as the BMI at the mean follow-up time. To ensure
a clear time sequencing between dependent and independent
variables, each time-varying covariate was represented by
two distinct measures: a lagged measure (ie, observation
from the previous wave [t—1]) and a change term (ie, differ-
ence between current [7] and previous observation [7—1]). Two
interaction terms were created for each behavior to assess
whether the strength of the association between the lagged
status or the change score and the trajectory of BMI varied
over time (eg, [smoking x time] and [A smoking X time]).

Interindividual variations were tested by including time-
constant covariates, such as race or ethnicity, gender, education,
and age-at-baseline in the Level 2 equations. In longitudinal
studies of health in older populations, mortality and attrition

1077

(29) are potential confounders because they are nonrandom
events correlated with both BMI (22) and poor health (30).
Indicators for mortality (I = died, 0 = alive at the end
of study) and attrition (1 = attrited for reasons other than
mortality, 0 = completed the study period) were also
included in the Level 2 equation (31). Finally, the time-
varying proxy status was represented by a lagged measure
(ie, proxy status at previous wave; 1 = proxy respondent and
0 = self) and a change term (ie, change in proxy status from
previous wave).

To minimize the loss of participants due to item missing
(32), three complete Level 1 and Level 2 data sets were
imputed using the NORM software (33). Parameter esti-
mates and their standard errors were calculated by averag-
ing across the three imputed data sets and adjusting for their
variance (27).

The HRS sampling strategy involved oversampling of
blacks, Hispanics, and respondents from Florida. In accor-
dance with recommendations on the use of survey weights
in regression analysis (34,35), weighted sample descriptive
characteristics and unweighted multivariate regression results
are presented henceforth. This is warranted because many
of the attributes at the basis of sampling weights calculation
(eg, race, gender, marital status) are explicitly controlled for
in the adjusted models. As such, unweighted ordinary least
squares estimates are anticipated to be less biased than and
preferable over weighted estimates (35). In addition, all
models were tested with and without respondent-level sam-
pling weights and showed similar results.

Finally, because of the large HRS sample, a two-sided
p < .01 was considered to represent statistical significance.
All analyses were performed using the HLM version 6.0
software (Scientific Software International, Lincolnwood, IL.).

RESuULTS
Time-varying (Table 2) and baseline characteristics
(Table 3) of the study sample are presented below.

Trajectory of BMI

Using linear, quadratic, and cubic functions, we mapped
the trajectory of BMI between 1992 and 2006. BMI
increased approximated by a quadratic function, with an
intercept of 27.569 (p < .001), a linear slope of 0.048 (p <
.001), and a quadratic slope of 0.002 (p < .01; M;; Table 4).
The cubic slope coefficient was not significant, and it was
not included in subsequent analyses. However, the accelera-
tion (ie, quadratic slope) in BMI trajectory was explained by
sociodemographic and health status differences (M3 and My;
Table 4).

Effect of Health Behaviors on the Trajectory of BMI
Smoking, alcohol use, and vigorous PA, and initiation of
each activity, were all significantly associated with a lower
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Table 2. Variation in BMI and Health Behavior Status by Wave: 1992-2006 (N = 82,512 observations)*:f

1992 1994 1996 1998 2000 2002 2004 2006

Body mass index 26.98 (4.96)  27.11(4.95)  27.23(5.05)  27.30(5.05) 27.47(5.15) 27.59(5.22)  27.63(5.32)  27.97(5.43)
PA (lag) 0.32 (0.47) 0.33 (0.47) 0.58 (0.41) 0.53(0.50)  0.49 (0.50) 0.51 (0.50) 0.47 (.050) 0.42 (0.49)
Change? in PA 0.01(029) -0.17(0.63) -0.04(0.54) -0.01(0.55) —0.03(0.54)  -0.06(0.57)  —0.04 (0.53)
Smoking status 0.40 (0.49) 0.40 (0.49) 0.24 (0.43) 0.22(0.41)  0.19(0.39) 0.17 (0.38) 0.15 (0.36) 0.14 (0.35)
Change in smoking status —0.16 (0.41)  =0.01(0.25)  —0.03(0.25) —0.02(0.23)  —0.02(0.23)  —-0.01 (0.23) 0.06 (0.35)
Alcohol use 0.63 (0.48) 0.64 (0.48) 0.58 (0.49) 0.55(0.50)  0.53 (0.50) 0.51 (0.50) 0.52 (0.50) 0.51 (0.50)
Change in alcohol use -0.06 (0.37)  -0.03(0.39)  -0.02(0.39)  —0.02(0.39)  —0.01 (0.40)  —0.01 (0.40) 0.02 (0.39)

Notes: PA = physical activity.
*Values in Table 2 represent Mean (SD).

TWeighted descriptives shown; case weights are respondent-level 1992 weights from the HRS Cross-Tracker 2006 File.
#“Change” variables represent the difference between current (#;) and previous wave (¢;_;).

trajectory of BMI over time. Smokers had a lower BMI
compared with nonsmokers (b =—-1.263, p <.001; M), and
smoking cessation was associated with higher trajectories
of BMI over time (b = —1.048, p < .001; My; ie, 1.048 units
of BMI reduction for smoking initiation or 1.048 units of
BMI gained for smoking cession). Individuals engaged in
vigorous PA (b =-0.549, p <.001; M) and those who initi-
ated PA (b =-0.381, p <.001; M) had lower BMI trajecto-
ries over time. Finally, in unadjusted models, alcohol users
(b =-0.329, p < .01; M)) and those who initiated drinking
(b =-0.208, p < .001; M) had a lower trajectory of BMI
over time compared with nonusers and with quitters.

With the exception of smoking, the effects of health
behaviors on the trajectory of BMI remained constant over
time (ie, nonsignificant time interaction effects). The nega-
tive effect of smoking on BMI increased with time (b = —0.047,

Table 3. Sample Baseline Characteristics and Attrition Status
Indicators* (N = 10,314 respondents)

Covariates Mean/% (SD)

Sociodemographic

Age (1992) 55.83 (3.17)
Female 52.3%
Education® 12.34 (3.05)
Non-Hispanic black 10.3%
Hispanic 6.5%
Marital status 0.77 (0.42)
Income* 2.57 (1.11)
Assets? 2.46 (1.21)
Health status
Self-rated health 2.55(1.18)
Index chronic disease 1.15 (1.11)
Nagi index 1.44 (1.66)
CES-D score 3.77 (1.57)
Loss to follow up
Mortality® 18.7%
Attrition$ 7.1%
Proxy status 0.05 (0.21)

Notes: CES-D = Center for Epidemiological Studies Depression Scale.

*Weighted descriptives shown; respondent-level 1992 weights from the
HRS Cross-Tracker 2006 File.

“Education measured by “number of school years completed.”

#Income and assets quartile categories shown; quartile range provided in
the Supplementary Material online.

§ Mortality and attrition recorded between baseline (1992) and 2006.

p < .001; time interaction coefficient for smoker status in M,).
The same applies to change in smoking status (b = —0.038,
p < .001; time interaction coefficient for change in smoker
status in M»).

To what extent are the results confounded by socioeco-
nomic and health status differences? The effects of alcohol
use and its change over time on BMI appear to be explained
by heterogeneity in sociodemographic attributes and health
status (M3). In contrast, the effects of smoking and PA
remained significant, though attenuated and the time inter-
action effects of smoking and its change on BMI increased
when population heterogeneity was taken into account
(M3 compared with Mj; Table 4).

Figures 1-3 depict smoking, PA, and alcohol use differences
in trajectories of BMI, derived from Model 3 (adjusted for
socioeconomic and health status characteristics) and including
time interaction effects.

Finally, there are significant differences in the intercept
and linear slope between participants who died or dropped
out of the study and those who completed the study (M; to My;
Table 4). These results confirm that the trajectory parameter
estimates would be biased if mortality, attrition, and proxy
status measures are not incorporated in the models as poten-
tial confounders.

DiscusSION

The modification of health behaviors has long been advo-
cated as a solution to the growing problem of overweight and
obesity. This study assessed the effect of changes in smoking,
PA, and alcohol use on the long-term trajectory of BMI
starting in middle age. To our knowledge, this is the first
study of its kind. Because it is often the persistence or vari-
ability in lifestyle behaviors that influence various health
parameters (36), in this case BMI, trajectories are valuable
outcome measures, in that they allow for multiple transi-
tions, each distinguished by a specific level, direction, and
rate of change.

In this study, smoking was associated with a downward
BMI trajectory, but cessation of smoking resulted in an
ascending BMI trajectory. The magnitude of their effect is
nontrivial. The coefficient for smoking (between 1.05 and
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Table 4. Intrapersonal and Interpersonal Estimates of BMI Trajectory Coefficients: Hierarchical Linear Modeling Results (1992-2006)

Measures M, M, M; My
Fixed effects
Time-varying variables
Smoker (lag) —1.263%** —1.324%%* —1.383%** —1.054%**
A Smoker —1.048%* —1.068*#* —1.085%** —0.959%**
Smoker x Time —0.047%%* —0.051%%* —0.097%%*
A Smoker x Time —0.038%** —0.040%* —0.060**
Drinker (lag) —0.329%* —0.323%* -0.203 —-0.083
A Drinker —0.208*** —0.192%** -0.126 -0.074
Drink x Time 0.016 0.012 -0.011
A Drinker x Time 0.001 0.001 -0.011
PA (lag) —0.549%:* —0.561 % —0.437%%* —0.417%%*
APA —0.381*** —0.389%** —0.314%** —0.315%*
PA x Time -0.027 -0.028 -0.049
A PA x Time —-0.025 -0.024 —-0.032
Proxy (lag) —0.694*** —0.692 %% —0.745%** —0.537***
A Proxy —0.629%* —0.630%** —0.682%** —0.587%**
Assets (lag) -0.080 -0.043
A Assets 0.001 0.017
Income (lag) -0.083 -0.059
A Income —0.073%* -0.059
Marital status (lag) 0.314%%* 0.170%3%*
A Marital status 0.250%** 0.177**
A Self-rated health —-0.003 0.001
Index disease (lag) 0.003 0.004
A Index disease -0.001 —-0.002
Nagi (lag) 0.258 %3 0.135%%:%
A Nagi 0.209%*%* 0.156%**
CES-D (lag) -0.021 -0.029
A CES-D -0.014 -0.017
Intercept
Intercept 27.569%:#:* 27.572%%% 27.614%%** 27.698%**
Mortality -0.323 -0.318 —0.612%** —0.611%**
Attrition —0.632%%* —0.633%* —0.635%* -0.170
Black 1.2907%#* 0.080
Hispanic 0.106 -0.275
Female —0.385%** —0.163**
Age (1992) —0.089%:* —0.063%**
Education —0.085%*** -0.019
BMI (1992) 0.685%***
Linear slope
Intercept 0.048%%#%* 0.046%** 0.050%** 0.0571***
Mortality —0.076%%* —0.070%* —0.049** —0.052%**
Attrition 0.008 0.011 0.014 —0.006
Black —0.060%** -0.012
Hispanic —0.047** -0.033
Female 0.011 0.001
Age (1992) —0.006%*** —0.008***
Education —-0.001 —-0.003
BMI (1992) —0.026%**
Quadratic slope®
Intercept 0.002%** 0.002%** -0.001 -0.001
Random effect (variance)
Interceptl 19.105%*3* 19.080%*3 18.099%3#:* 6.805%%*
Linear 0.070%** 0.070%** 0.068*%#* 0.059%#*
Quadratic 0.001 % 0.00 1% 0.001%#:%* 0.001%%*
Levell R 7.477 7.475 7.451 7.023
AIC 444,322 4 444,201.3 443,555.6 433,092.7

Notes: AIC = Akaike information criterion; BMI = Body mass index; CES-D = Center for Epidemiological Studies Depression Scale; PA = physical activity.

*Nonsignificant regression coefficients (not shown) for all covariates in Models 1 through 4.
**p <.01; #*¥*p < .001. Significance p value level set at p < .01.

1.4 BMI units lower for smokers vs nonsmokers) corre-
sponds to a moderate effect of between 0.2 and 0.4 SD in
BMI (37) and translates into an actual difference of about

eight pounds for an average 5 feet 6 inches (5'6") tall indi-
vidual. A significant increase in BMI over time is observed
with smoking cessation—BMI increases by 1.1 units after
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Traectories of BM by Sroking Stabus
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Figure 1. Trajectories of BMI by smoking status, 1992-2006. Based on M3 with statistically significant time interactions (Table 4).

smoking cessation, an actual weight gain of six pounds for
an average 5’6" tall individual. These findings are consistent
with previously reported correlations between body weight
and tobacco wuse in older individuals (38,39),
yet they extend the existing research in at least two ways.
First, rather than describing cross-sectional or two time
points correlations, this study quantifies the effect of smoking
and smoking cessation on the long-term trajectory of BMI.

Second, it defines the trajectory of BMI as a function of
lagged measures of health behaviors, thus establishing a
clear time sequence between each behavioral assessment
and the subsequent BMI measurement while allowing for
repeated changes in behaviors between any two points in time.
It is important to consider multiple changes and subsequent
reversals in health behaviors (ie, initiation, cessation, and
relapse), to accurately represent the instability of actual

Trajectaries of BV by Alcohal Use Stabus

27124
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265,80 4— ——r ———
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Figure 2. Trajectories of BMI by alcohol use status, 1992-2006. Based on M3, nonsignificant time interactions for alcohol use and physical activity excluded

(Table 4).
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Traectaries of BVl by Physica Activity Status
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Figure 3. Trajectories of BMI by physical activity status, 1992-2006. Based on M3, nonsignificant time interactions for alcohol use and physical activity excluded

(Table 4).

lifestyles (12), especially in older ages, when adverse life
or health events have the potential to trigger sudden and
compound changes in health behaviors (20).

Older adults engaged in or initiating vigorous PA had
lower BMI trajectories compared with those consistently
inactive. Previous short-term studies report that reductions
in the level of PA, especially when coupled with smoking
cessation, result in weight gain and a metabolically adverse
body composition profile (40). The results of this study
show an analogous effect of smoking and PA, and of
changes thereof, on the long-term trajectory of BMI and
substantiate previous reports that the initiation or increase
in PA levels attenuate the degree of weight gain associated
with smoking cessation (41). Furthermore, even infrequent
(once per week) engagement in vigorous physical exercise,
considerably lower than the amount currently recommended
for older adults (42), is shown in this study to yield weight
control benefits. Another implication of particular relevance
for the design of interventions aimed at achieving and main-
taining healthy weight in older adults is suggested by the
difference in the magnitude of effects between PA and
smoking (approximately three times higher in absolute values
for smoking), which implies that a considerable increase in
PA is needed to counter the weight gaining effect of smoking
cessation. As Figure 4 shows, nonactive individuals who
quit smoking display BMI trajectories characterized by
a higher intercept and a more accelerated weight gain com-
pared with nonactive stable smokers and with nonactive in-
dividuals who initiate smoking.

In unadjusted models, alcohol users and those who initi-
ated drinking had a significantly lower BMI trajectory over

time. However, differences in BMI trajectories between
drinkers and abstainers were explained by differences in
health status. Other investigators also found that alcohol
users have lower BMI compared with abstainers (43) and
that participants with poorer health may be more likely to
drink in the first place (44). Yet an alternative explanation
may be that alcohol consumption acts as a proxy for other
deleterious health behaviors. In additional analyses (not
shown; results in Supplementary Material online), we found
that smoking and PA, but not socioeconomic or health mea-
sures, render the effects of alcohol use nonsignificant. This
supports our initial assertion that the observed clustering of
risky health habits (13,39) requires that multiple behaviors
be considered simultaneously and underscores the need to
account for preexisting morbidity status in studies of health
behaviors and body weight in older populations.

An often-raised conjecture is that the observed declines
in smoking and physical labor across all demographic
groups over the last 40 years may explain the concomitant
increase in the prevalence of obesity. Prior studies found
little support for this association at the population level
(16). Interaction models tested here show that, at the indi-
vidual level, the negative effects of smoking and smoking
cessation on the trajectory of BMI increased with time, but
the effects of PA and alcohol use remained constant. This
suggests that individuals who quit smoking nowadays may
expect to gain more weight than at the time this study
began. Although it is outside the scope of our study to
explore the causes underlying these findings, they should
not discourage cessation efforts among older smokers.
Smoking cessation in older ages has multiple health benefits,
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Trajectories of BV by CHANGE in Srroking and by Physical Adtivity Status
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Figure 4. Trajectories of BMI by change in smoking and by PA status, 1992-2006. Based on M3 with statistically significant time interactions (Table 4).

which potentially offset the negative consequences of post-
cessation weight gain (5). Furthermore, prevention of weight
gain in older ex-smokers is attainable (45), particularly
among individuals of lower socioeconomic status, given
that in this group, tobacco consumption is clustered with
other behavioral factors known to favor weight gain (eg,
poor diet, low levels of PA; [39,46]). Currently, most smoking
cessation programs do not encourage simultaneous attempts
at weight control through dietary modifications or increased
physical activities, partly because interventions aimed at
concurrently changing several health behaviors have not
been successful (47). Our findings, coupled with results
from lifestyle intervention studies aimed at improving dia-
betes or hypertension control (48-50), provide support for
clinical and public health multibehavior interventions aimed
at counterbalancing the weight-gaining effect of smoking
cessation in older adults.

Health behaviors and resistance to changing health life-
styles are differentially distributed by socioeconomic char-
acteristics, with a pooling of unhealthy behaviors at the
lower end of the socioeconomic hierarchy (19,51). As such,
we have adjusted our analyses to control for differentials in
socioeconomic characteristics. The coefficients for both
smoking and PA were slightly modified (increased and
respectively decreased) but remained significant, suggesting
that, although social heterogeneity needs to be considered,
the effects extend to all the groups considered in our study.
To test the assumption that the effects of health behaviors on
BMI differ by race, ethnicity, gender, or education, we tested
the appropriate interaction effects and found them to be non-
significant (not shown; results in Supplementary Material
online). This evidence, similar to other existing studies
(52), does not support interventions aimed at modifying
unhealthy behaviors, such as smoking reduction or PA

promoting interventions, as tools toward reducing health
inequalities in late life. Nevertheless, our results show that
modifications of risky health behaviors are a worthy public
health goal, as they may provide body weight control and
health benefits across the social divide, even without a less-
ening of social health disparities.

We should emphasize that the results presented here have
been derived from time-based models (ie, intrapersonal changes
in BMI over time) and that interpersonal age differences
were controlled in the prediction of both intercept and slope
by the introduction of age-at-baseline as a time-constant
covariate (28). We did not pursue an age-based analysis
because HRS data are unsuitable for the correct estimation
of the intrapersonal age effects on BMI (53). Briefly, because
HRS yields only data collected from respondents from
different birth years observed at different ages, cohort and
age effects are highly confounded, such that the observed
age effects represent a combination of cohort and “true” age
effects. Therefore, we cannot infer on the effects of age on
intrapersonal BMI development but only on the effect of
time in this specific age group.

Several limitations of this study should be noted. Given
that individuals tend to overestimate their height and under-
estimate their weight (54), BMI calculations based on self-
reported measures are likely to understate the true BMI.
However, if the bias in reporting is consistent over time, and
there is no indication in the literature to the contrary, the
analysis should yield valid estimates of changes in BMI.
Furthermore, we compared self-reported and interviewer-
measured weight and height (available for 2004 and 2006)
and, consistent with other studies (55), found only small dif-
ferences (results in Supplementary Material online). Second,
BMI may not be an adequate measure of overall and abdom-
inal fatness in elderly participants (56). More research is
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required to assess the trajectories of age-relevant body
composition indicators and their association with health
behaviors. Finally, measures of health behaviors could
be refined further. We are encouraged that even the crude
dichotomous measure of PA predicted a considerable
decrease in BMI over time. However, additional PA indica-
tors, either self-reported (eg, type of activity, intensity,
duration) and/or objective accelerator or activity-recording
monitor assessed measures (57), and alcohol use indicators
(amount and type of drink, drinking patterns, body size—
adjusted alcohol consumption) should be tested in their
effect on the long-term trajectory of body weight in older
adults.

Lifestyle interventions are feasible and may result in im-
proved disease risk profiles in obese older adults (58). Yet the
value in disease prevention among elderly individuals has
not been sufficiently recognized (8). Reducing obesity back
to the 1980s levels in people aged 65 years and older may
yield vast improvements in morbidity with cost savings of
over $1 trillion by 2030 (59). Our study expands the current
knowledge on body weight development in older adults by
quantifying the effect of stability and change in health behav-
iors on the 14-year trajectory of BMI, offers support for prior
observations that body weight is a modifiable outcome, and
suggests ways to achieve beneficial modifications.
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