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Background: Cross-sectional analyses of national data have found that
persons with high baseline body mass index (BMI) gain weight faster
than persons at the median and that those whose weight was below the
median gain very little weight. However, it is not clear whether these
population-level changes reflect patterns at the individual level.
Methods: We examined longitudinal changes in BMI in initially
underweight, normal-weight, overweight, and obese US men and
women using individual-level repeat data from the Health and
Retirement Study (n = 15,895; age range, 40–69 years at baseline).
Linear mixed-effect regression was used to model 6-year change in
self-reported BMI during 4 study periods (1992/1994–1998/2000,
1996/1998–2002/2004, 2000/2002–2006/2008, and 2004–2010).
Results: In the first 6-year period, the mean increase in BMI was greatest among persons who were initially normal weight (0.3 kg/m2 [95%
confidence interval = 0.2 to 0.4]) and overweight (0.2 kg/m2 [0.1 to 0.3]).
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Weight gain accelerated in these groups with each subsequent period.
Weight gain was less for initially class-I obese participants, and a net
decrease in BMI was observed for class-III obese participants.
Conclusion: These analyses suggest that the change in mean BMI
among middle-aged and older US adults between 1992 and 2010
resulted mainly from accelerated weight gain among persons who
were initially normal weight and overweight.
(Epidemiology 2015;26: 165–168)

O

ver the past 4 decades, the United States and many other
countries have seen a dramatic increase in the mean
level of body mass index (BMI).1 According to the most
recent National Health and Nutrition Examination Surveys,
more than two thirds of US adults are overweight or obese.2
Previous research based on cross-sectional surveys has shown
that at the population level, the patterns of weight gain have
differed markedly by initial BMI, with person of higher BMI
gaining weight at an increased rate relative to the median and
very little weight gain occurring among those whose baseline
weight was below the median.3–5 However, changes in the
BMI distribution of population may differ from individuallevel changes.
In this study, we used individual-level longitudinal data
from the US Health and Retirement Study to examine the
change in self-reported BMI among initially normal-weight,
overweight, and obese middle-aged and older US adults.
Our aim was to determine whether there were dissimilarities in weight change depending on the persons’ initial BMI
categories.

METHODS
Participants
The target population of the Health and Retirement
Study is a representative sample of approximately 26,000
Americans.6 The first cohort was interviewed in 1992.
Between 1994 and 2010, 5 additional cohorts were included.
Ethical approval was obtained from the University of Michigan Institutional Review Board.
In the present longitudinal analysis, we used data from
1992 to 2010. The following four 6-year study periods were
www.epidem.com | 165
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defined: from 1992/1994 to 1998/2000, from 1996/1998 to
2002/2004, from 2000/2002 to 2006/2008, and from 2004 to
2010. We included participants aged 40–69 years at the baseline of each period and with no missing data for BMI during
the 6-year period. Thus, participants could contribute to one
or more of the 4 study periods. The total study population was
15,895 men and women with 38,760 BMI measurements from
an average of 2.5 periods from repeated data collections.

Measurements
The BMI was calculated on the basis of self-reported
weight and height. Our outcome was the 6-year change in
self-reported BMI calculated across 4 BMI measurements
during each 6-year period for each participant. Baseline BMI
was defined as the average of the participants’ first and second
BMI measurements (rather than the first measurement alone),
to reduce bias due to regression to the mean (a tendency of
extreme values in the first measurement to be followed by
measurements closer to the mean).7 Participants were divided
into 6 groups at the baseline of each study period: underweight
(BMI, <18.5 kg/m2), normal weight (BMI, 18.5–24.9 kg/m2),
overweight (BMI, 25–29.9 kg/m2), class-I obesity (BMI,
30–34.9 kg/m2), class-II obesity (BMI, 35–39.9 kg/m2), and
class-III obesity (BMI, ≥40 kg/m2).8 Baseline covariates were
TABLE.

age (40–49, 50–59, and 60–69 years), ethnicity (white, black/
African American, and other), and education (low, lower than
high school; medium, high school or some college; and high,
college and higher).

Statistical Analysis
We report the characteristics of the study population at
baseline for each period as mean values for continuous variables and as proportions for categorical variables. The outcome
measure was the 6-year change in self-reported BMI calculated as a slope from the linear regression analysis obtained
from 4 BMI measurements from the participants during each
6-year period. For people who participated in more than 1
study period, the 6-year trend was calculated separately for
all the available study periods. To take into account correlation among the repeated observations within an individual, we
applied linear mixed-effect regression models in examining
the differences in BMI change across the baseline BMI categories and periods with an interaction term of baseline BMI
× period and their main effects included in the model.9 We
also examined whether there were differences according to
age, sex, and race by including BMI × period × age/sex/race
interaction terms in the model. Adjusted mean estimates were
calculated to represent the average change in BMI in each

Baseline Characteristics of the Study Participants According to the Study Periods—The Health and Retirement Study
Study Period (Baseline–Follow-up)

Baseline characteristic
Age in years; mean (SD)
Age group (years); %
 40–49
 50–59
 60–69
Men; %
Ethnicity; %
 White
 Black
 Other
Education; %
 Low (less than high school)
 Medium (high school)
 High (college and above)
Body mass index (kg/m2); mean (SD)
Body mass index; %
 Underweight (<18.5 kg/m2)
 Normal weight (18.5–24.9 kg/m2)
 Overweight (25–29.9 kg/m2)
 Obesity class I (30–34.9 kg/m2)
 Obesity class II (35–39.9 kg/m2)
 Obesity class III (≥40 kg/m2)

1992/1994–1998/2000
(n=9645)

1996/1998–2002/2004
(n=10,844)

2000/2002–2006/2008
(n=9381)

2004–2010
(n=8890)

55.9 (5.4)

58.3 (5.7)

60.4 (5.7)

59.6 (6.5)

9.1
66.0
25.0
43.7

5.8
52.1
42.1
43.0

3.9
36.0
60.0
41.5

5.7
40.5
53.9
41.4

81.5
15.0
3.5

81.7
14.3
4.0

81.2
14.7
4.1

79.3
14.8
6.0

30.1
52.2
17.7
27.2 (5.0)
1.0
35.1
40.9
16.3
4.7
2.0

26.8
52.6
20.6
27.6 (5.2)
0.9
31.6
40.7
18.5
5.8
2.5

26.0
53.2
20.7
28.0 (5.4)
0.6
29.9
39.7
20.1
6.6
3.1

21.9
54.3
23.8
28.4 (5.7)
0.6
27.0
38.8
21.6
8.0
4.0

Total number of observations = 38,760.
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baseline BMI category and study period. All of the models
were adjusted for age, sex, ethnicity, and education. The SAS
9.3 Statistical Package was used for all of the analyses (SAS
Institute Inc., Cary, NC).

RESULTS
The Table shows the baseline characteristics of the
study population at the beginning of each study period. The
mean 6-year change in BMI, adjusted for age, sex, ethnicity, and education, for each baseline BMI category according to study period is shown in the Figure. The weight gain
in the normal-weight, overweight, and class-I obese groups
accelerated with each subsequent period (test for trend, P <
0.001). The mean increase in BMI was greatest among the
initially normal-weight participants (0.3 kg/m2 [95% confidence interval (CI) = 0.2 to 0.4] in the first 6-year period and
0.5 kg/m2 [0.4 to 0.6] in the last 6-year period) and among
the initially overweight (0.2 kg/m2 [0.1 to 0.3] in the first and
0.6 kg/m2 [0.5 to 0.7] in the last period). Weight gain was less
for initially class-I obese participants (0.00 kg/m2 [−0.2 to
0.2] in the first and 0.4 kg/m2 [0.2 to 0.5] in the last period).
A net decrease in BMI was observed for initially class-III
obese participants. Mean BMI change across study periods
confirms this general pattern and is in contrast to crosssectional population-level analyses, which shows a relative
small increase in BMI among persons in the lower segments
of the baseline BMI distribution but a large increase in the
upper segments (eFigure 1B, http://links.lww.com/EDE/
A863). There were no appreciable differences in how weight
changed by initial BMI status across age, sex, or race groups
(eTable 1, http://links.lww.com/EDE/A863).

Weight Gain Patterns in US

DISCUSSION
Our analysis of individual-level data from the US Health
and Retirement Study extends previous research on BMI
trends at the population and individual levels.3–5,10–13 The longitudinal within-participant analyses showed that weight gain
increased the most among the underweight, normal weight,
overweight, and class-I obese and that these groups accelerated with each subsequent period. By contrast, the proportion
of participants losing weight was the highest in the obese categories, leading to a net reduction in BMI among persons in
the baseline class-III obese category.
The accelerated weight gain among normal-weight and
overweight persons has also been reported in previous study
examining long-term trajectories of BMI,11,14 but those studies
have not focused on differences between initial BMI categories.
It is possible that the observed increase in body weight reflects
secular changes in obesogenic environments, which affect certain groups disproportionally.11,12 These could include changes
in the food environment, physically inactive lifestyles, and the
rise in environmental endocrine disrupting chemicals.10,15,16
As the effects of environmental factors on body weight may
take time to accumulate, the current results may not reflect the
impacts of the most recent environment or obesity policies.
The reasons for the observed weight loss among
severely obese participants are unknown. Interventions of
conservative weight management by means of diet and physical exercise may have contributed to this weight loss, although
they have shown disappointing outcomes in the long run.17,18
Unintentional weight loss is another plausible explanation as
several chronic diseases, including those particularly common among the obese (eg, type-2 diabetes, cardiovascular diseases, and cancer), can lead to weight loss.19,20 Supporting this

FIGURE. Six-year change in BMI according to
baseline BMI category and study period. Results
shown as mean estimates adjusted for age, sex,
ethnicity, and education. Baseline BMI category
was defined as an average of the participants’
first and second BMI measurements. The 6-year
change in BMI was calculated as a 6-year slope
from the linear regression analysis including all
4 BMI measurements from the participants during the 6-year period. Period 1: 1992/1994–
1998/2000; Period 2: 1996/1998–2002/2004;
Period 3: 2000/2002–2006/2008; Period 4:
2004–2010.
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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possibility, the greatest weight losses were observed among
those with the most severe forms of obesity and the highest
prevalence of chronic diseases. Bariatric surgery is increasingly used to promote weight loss and manage obesity-related
comorbidities among morbidly obese patients; thus, it may
partly explain our findings.
The statistical phenomenon of regression to the mean
operates in repeated measurement data. We sought to overcome this issue by using the participants’ first and second
BMI measurements (instead of the first measurement only)
to define the baseline BMI category.15 Furthermore, the use
of all 4 BMI measurements per period to calculate the 6-year
change with linear regression analyses is less affected by
regression to the mean than the use of only the first and last
measurements. Previous studies suggest that overweight persons tend to underreport, and underweight persons to overreport, their weight21–24; this underestimation of self-reported
weight may have increased over time, leading to an increase
in underestimation of BMI. Thus, the observed mean weight
loss in obese persons may be partially attributable to changes
in self-reporting in addition to real weight changes.25
The results of this study suggest that, in addition to paying attention to obese people who are already at a high risk of
developing chronic diseases, programs to prevent weight gain
among normal-weight and overweight people are needed.
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