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Purpose: While high levels of obesity prevalence and incidence have been well documented, there is less
research on obesity dynamics over time. In this article, we sought to understand the body mass index
(BMI) trajectories in and out of obesity from adolescence to adulthood.
Methods: We used the National Longitudinal Study of Adolescent to Adult Health to explore American
obesity dynamics from mean ages 15e28 years. We analyzed six BMI trajectories from 1994 to 2008 and
examined their contextual sociodemographic correlates using ordinal logistic regression models.
Results: More than 50% of adolescents with normal BMI moved to overweight/obesity by adulthood; only
8% of overweight and 2% of obese adolescents achieved normal BMI in adulthood. While some socio-
demographic characteristics such as sex, race/ethnicity, place of residence, and parents’ education were
associated with being in certain BMI trajectories among adolescents with normal BMI, they were not so
associated among adolescents starting at obesity.
Conclusions: Transitioning to higher BMI categories was common, whereas the opposite direction was
rare. Pathways to obesity prevention might be easier to identify than those to reversal, as contextual
factors had more explanatory power for youths with normal BMI than for those with obese BMI.

© 2019 Elsevier Inc. All rights reserved.
Purpose

It has beenwell established that body mass index (BMI) tends to
track over the long-term [1e13]. Because elevated BMI is a risk
factor for many adverse health conditions [14,15], its current level
could set the stage for health in the long run. Research has shown
that habits and behaviors are strongly associatedwith BMI [16e20].
Thus, the period from adolescence to adulthood, a time when
habits and behaviors with lasting health implications are poten-
tially still malleable, can be particularly critical for health over the
long term.While studies have examined obesity incidence, and to a
lesser extent, obesity reversal, during this stage of the life course,
fluctuations in and out of obesity have not been explicitly consid-
ered. BMI categories are not absorbing states from which people
cannot exit, so it is crucial to consider them at not only one or two
discrete time points, but their dynamics over time.

Certain population subgroups have been found to have higher
risk of obesity at any given point in time. For example, women and
people of color have been identified as more vulnerable to obesity
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at most ages [21,22]. There are also differences in obesity measures
by other contextual characteristics, such as socioeconomic status
and urbanicity [22e24]. To enhance our understanding of patterns
of obesity dynamics, we used the National Longitudinal Study of
Adolescent to Adult Health (Add Health), a nationally representa-
tive cohort of Americans followed from their young teenage years
in 1994e1995 to around 30 years of age in 2008. We defined and
analyzed various pathways that people could take in and out of
obesity in this critical life stage, and identified sociodemographic
characteristics associated with these trajectories.

Moreover, the trajectories to obesity begin early in life and those
who are obese in adolescence might already be fundamentally
different from those who are not with respect to sociodemographic
characteristics [25,26]. Consequently, their long-term BMI dy-
namics might differ. Therefore, we examined their subsequent BMI
progression separately. Once trajectories are stratified by adoles-
cent BMI status, are sociodemographic characteristics similarly or
differently associated with certain trajectories within the various
strata?

Methods

Add Health is a nationally representative longitudinal study of
adolescents in grades seven through twelve in the United States in
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1994e1995. Almost 21,000 adolescents were interviewed at wave I,
and three follow-up waves were conducted through 2008. Wave II,
by design, was a subsample of wave I and excluded those already in
the twelfth grade at wave I. The mean ages of the cohort were 15,
16, 22, and 28 years at these four waves.

At the first wave of Add Health, height and weight were self-
reported; at all subsequent waves, height and weight were addi-
tionally measured by interviewers. BMI was calculated in kg/m2,
with self-reported data for wave I and measured data for waves II
through IV. Heights of seven feet or taller, weights of 700 pounds
and heavier, and BMI values less than 10 kg/m2 or greater than
75 kg/m2 were considered biologically implausible and coded as
missing. These constituted a very small proportion of the sample.

Age-appropriate classifications of BMI category were used. In
line with clinical recommendations, we used BMI z-scores for age
and sex, calculated with reference to the Centers for Disease Con-
trol and Prevention growth curves, for adolescents under age
18 years. Overweight was defined as a BMI z-score greater than or
equal to 85th percentile and less than 95th percentile and obesity
as a BMI z-score greater than or equal to 95th percentile. For adults,
we used BMI values of BMI greater than or equal to 25 kg/m2 and
less than 30 kg/m2 for overweight and BMI greater than or equal to
30 kg/m2 for obesity [27,28]. All others values were coded as a
normal BMI.

Sociodemographic covariates from the baseline were used to
track BMI trajectories according to contextual adolescent charac-
teristics. These included sex (men ¼ reference, women), race (non-
Hispanic white ¼ reference, non-Hispanic black, Hispanic, Asian,
other), place of residence (rural ¼ reference, suburban, urban), and
coresiding parents' education (no coresiding parent graduated from
college ¼ reference, one coresiding parent graduated from college,
both coresiding parents graduated from college). Information on
parents' education was collected from an adolescent's parent
(preferably the resident mother) by asking “How far did you go in
school?” and “How far did your current (spouse/partner) go in
school?” Even though the current spouse/partner might not have
been the respondent's biological parent, this person was in the
household with the respondent at the baseline.

We first looked at mean BMI at each wave and calculated the
likelihood of experiencing various transitions between the BMI
categories of normal, overweight, and obese, conditional on the
starting state. Looking at shifts across BMI categories between
consecutivewaves allowed us to zero in on shorter windowswithin
the period from adolescence to adulthood.

We then analyzed trajectories across the four data waves from
adolescence to adulthood. Because obesity is more strongly linked
Table 1
All possible obesity dynamics and their BMI trajectory groups

BMI trajectory group W

(1) Stayed not obese throughout the waves N
(2) Started not obese and became obese without reverting to not obese N

N
N

(3) Started not obese and fluctuated N
N
N
N

(4) Stayed obese throughout the waves O
(5) Started obese and became not obese without reverting to obese O

O
O

(6) Started obese and fluctuated O
O
O
O
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with adverse health outcomes than overweight [29], we focused on
this more severe form of adiposity and combined the normal and
overweight categories in the following analyses of trajectories.
Those with anthropometric data at all four waves were classified
into six mutually exclusive and exhaustive groups as follow (see
Table 1):

(1) Not obese at all four waves: most healthy BMI trajectory from
adolescence to adulthood.

(2) Not obese at wave I but made exactly one upward transition
into obesity status by wave IV: healthy BMI in adolescence
but became obese for the long-term.

(3) Not obese at wave I and fluctuated at least twice between not
obese and obese across waves: healthy BMI in adolescence
but fluctuated thereafter.

(4) Stayed obese throughout all four waves: least healthy BMI
trajectory from adolescence to adulthood.

(5) Obese at wave I but made exactly one downward transition
into normal status by wave IV: unhealthy BMI in adolescence
that achieved healthy BMI in adulthood.

(6) Obese at wave I and fluctuated at least twice between obese
and not obese across waves: unhealthy BMI in adolescence
but fluctuated thereafter.

Note that study subjects in groups (3) and (6), those with fluc-
tuations across data waves, could end up obese or nonobese at
wave IV. They likely oscillated around the obesity threshold, and
were probably similar regardless of their BMI category at wave IV.

For the three trajectory groups that were not obese at the
baseline, there was a natural ordering of groups based on expected
severitydstayed not obese, not obese and fluctuating, and not
obese to obese without reverting. Similarly, for the three trajectory
groups that were obese at the baselinedobese to not obesewithout
reverting, obese and fluctuating, and stayed obese. We calculated
the proportion in each of these BMI trajectory groups and the mean
BMI at each wave for each of these groups.

We estimated two ordinal multivariate logistic regressions, one
using as dependent variable BMI trajectory groups for those who
were not obese at the baseline, and the other using as dependent
variable BMI trajectory groups for those who were obese at the
baseline. The sociodemographic characteristics described previ-
ously were included as explanatory variables to investigate which
subgroups were associated with more or less severe BMI trajec-
tories. For each of these two sets of dependent variables, Brant
tests indicated that the proportional odds assumption was not
violated.
ave I Wave II Wave III Wave IV

ot obese Not obese Not obese Not obese
ot obese Obese Obese Obese
ot obese Not obese Obese Obese
ot obese Not obese Not obese Obese
ot obese Not obese Obese Not obese
ot obese Obese Not obese Not obese
ot obese Obese Not obese Obese
ot obese Obese Obese Not obese
bese Obese Obese Obese
bese Not obese Not obese Not obese
bese Obese Not obese Not obese
bese Obese Obese Not obese
bese Obese Not obese Obese
bese Not obese Obese Obese
bese Not obese Obese Not obese
bese Not obese Not obese Obese
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Fig. 1. Mean BMI (with 95% confidence intervals) across waves I to IV (mean ages 15e28 years). Sample sizes for waves I through IV were 18,416, 13,367, 13,535, and 14,562,
respectively. The adulthood overweight (25 kg/m2) and obesity (30 kg/m2) thresholds are denoted with the horizontal lines. Data: National Longitudinal Study of Adolescent to
Adult Health.
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To account for the complex survey design of Add Health, we
used cross-sectional survey weights and longitudinal survey
weights, as appropriate [30]. Analyses were performed in Stata
15.1 [31].

Results

Figure 1 illustrates population-level BMI, which steadily
increased as the cohort aged frommean ages 15e28 years between
1994e1995 and 2008.

From the increase in mean BMI over time, it would be expected
that people transitioned into higher BMI categories over this
Table 2
Percentage experiencing each BMI transition between waves I and IV (mean ages 15 and

(n ¼ 9043)

Wave I (mean age 15)
BMI category

Normal
Overweight
Obese

(n ¼ 9040)

Wave I (mean age 15)
BMI category

Normal
Overweight
Obese

(n ¼ 8824)

Wave II (mean age 16)
BMI category

Normal
Overweight
Obese

(n ¼ 8861)

Wave III (mean age 22)
BMI category

Normal
Overweight
Obese

Sample sizes differ because only common observations between the two waves of inter
Data: National Longitudinal Study of Adolescent to Adult Health.
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period. Table 2 shows the empirical probabilities (in percentages) of
BMI transitions over the entire period and between consecutive
waves. In the table, we distinguished between normal and over-
weight within the nonobese category to provide more detail.

From adolescence to adulthood, 46% of people who had a
normal BMI at the baseline maintained that status; this entails that
a majority transitioned upward to overweight or obesity. Mean-
while, only 8% of overweight adolescents and 2% of obese adoles-
cents made downward transitions to normal BMI status in the same
15-year period.

Aside from waves I to II (mean ages 15 to 16), there were about
six years between consecutive waves. Across these consecutive six-
28 years) and between consecutive waves, conditional on starting BMI category

Wave IV (mean age 28) BMI category

Normal Overweight Obese

45.63 32.78 21.59
8.11 24.36 67.52
1.81 9.68 88.51

Wave II (mean age 16) BMI category

Normal Overweight Obese

91.58 7.47 0.95
26.06 51.74 22.19
6.12 15.84 78.05

Wave III (mean age 22) BMI category

Normal Overweight Obese

66.02 26.09 7.89
14.17 39.39 46.44
3.02 14.02 82.96

Wave IV (mean age 28) BMI category

Normal Overweight Obese

62.82 29.68 7.50
11.75 46.04 42.21
1.61 8.95 89.44

est were used.
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Fig. 2. BMI trajectory groups betweenwaves I and IV (mean ages 15 and 28 years), overall and conditional on BMI category in wave I. (A) Percentage of people in each BMI trajectory
group. (B) Percentage of people in each BMI trajectory group, conditional on BMI category at wave I. Data: National Longitudinal Study of Adolescent to Adult Health.

C.D. Ng, S.A. Cunningham / Annals of Epidemiology 41 (2020) 14e20 17
year periods, people were most likely to stay in the same BMI
category and were least likely to move to a lower category. How-
ever, those who were overweight had similar chances of staying
overweight or of becoming obese. Even though the percentage of
people who moved upward to a higher BMI category between any
two consecutive waves was never particularly high, most of the
cohort eventually moved to a higher BMI category over the course
of 15 years.

There are several trajectories in and out of obesity, and it is
important to understand how such a large proportion of young
adults ended up with elevated levels of BMI. Figure 2 depicts
the distribution of the cohort across our six defined BMI
trajectories.

Around 60% of the cohort stayed not obese throughout the
waves and the next largest group at about 25% was started not
obese and became obese without reverting back (Fig. 2A). Condi-
tional on BMI category at mean age 15 years (Fig. 2B), the majority
stayed in the same category (around 65% for both groups). Among
those who were not obese at the baseline, becoming obese was
more common than fluctuating across BMI categories (30% vs. 5%).
On the contrary, among those who were obese at the baseline,
fluctuating across BMI categories was more common than
becoming not obese (25% vs. 10%).
Downloaded for Anonymous User (n/a) at GEORGE WASHINGTON 
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Figure 3 displays the mean BMI at each wave for the six BMI
trajectory groups. This is akin to Figure 1, but demonstrates the
mean BMI pathways that the different trajectory groups took over
the course of almost 15 years.

By definition, the BMI trajectory groups that started not obese at
the baseline had lower starting mean BMIs than the BMI trajectory
groups that started obese. Those starting not obese continued to
have lower mean BMI at wave II (mean age 16 years) than those
starting obese, but the curves began to overlap by wave III (mean
age 22 years). By wave IV (mean age 28 years), the ordering of
lowest to highest mean BMI among the six groups was as fol-
lowsdstayed not obese throughout the waves, started obese and
became not obesewithout reverting to obese, started not obese and
fluctuated, started not obese and became obese without reverting
to not obese, started obese and fluctuated, and stayed obese
throughout the waves. By mean age 28 years, those who stayed
obese throughout the waves had an average BMI over 40 kg/m2, the
threshold for severe obesity.

Next, we explored associations between sociodemographic
characteristics and BMI trajectories from adolescence to adulthood.
The odds ratios from ordinal logistic regressions for those who
were not obese at the baseline and for those who were obese at the
baseline are presented in Table 3.
UNIVERSITY from ClinicalKey.com by Elsevier on June 
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Fig. 3. Mean BMI across waves I to IV (mean ages 15e28 years) by BMI trajectory group. The “started obese and became not obese without fluctuations” curve (in purple) began at a
mean BMI under 30 kg/m2, the adult threshold for obesity, but were classified as obese according to BMI z-scores, as appropriate for their age. For those under 18 years of age,
obesity was defined based on sex and age reference curves for adolescents, not the threshold of 30. Data: National Longitudinal Study of Adolescent to Adult Health. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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In the model for those started off as not obese (column 1), the
BMI trajectory groupswere ranked from least to most severe, giving
the ordering of the ordinal-dependent variable from low to high as
follows: staying not obese, fluctuating, and becoming obese
without reverting to nonobese. Among those who were not obese
when first observed in adolescence, women were more likely to be
in a higher BMI trajectory group thanmen, non-Hispanic blacks and
Hispanics were more likely to be in a higher trajectory group than
non-Hispanic whites, suburban residents were less likely to be in a
Table 3
Odds ratios from ordinal logistic regressions of BMI trajectory groups between waves I a

Variable

Sex (reference ¼ men)
Women

Race (reference ¼ non-Hispanic white)
Non-Hispanic black
Hispanic
Asian
Other

Place of residence (reference ¼ rural)
Suburban
Urban

Parents' education (reference ¼ no co-residing parent graduated from college)
One coresiding parent graduated from college
Two coresiding parents graduated from college

Categories from lowest to highest among those who started out not obese: stayed not o
became obese without reverting to not obese.
Categories from lowest to highest among those who started out obese: started obese and
obese throughout the waves.
CI, confidence interval.
Data: National Longitudinal Study of Adolescent to Adult Health.
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higher trajectory group than rural residents, and those with more
coresiding educated parents were less likely to be in a higher tra-
jectory group than those who had no coresiding parent who
graduate from college.

In the model for those who started off as obese (column 2), the
ordering of categories from low to high was becoming not obese
without reverting to obese, fluctuating, and staying obese, again
ranking the BMI trajectory groups from least tomost severe. Among
those who were obese when first observed in adolescence, none of
nd IV (mean ages 15 and 28 years), conditional on obesity status at the baseline

(1) Not obese BMI category in wave I
(mean age 15 years)
(n ¼ 7331)

(2) Obese BMI category in wave I
(mean age 15 years)
(n ¼ 817)

Odds ratio (95% CI) Odds ratio (95% CI)

1.206 (1.053, 1.382) 1.502 (1.000, 2.256)

1.354 (1.143, 1.604) 0.980 (0.651, 1.475)
1.244 (1.002, 1.544) 0.818 (0.514, 1.301)
0.738 (0.493, 1.106) 2.015 (0.824, 4.925)
1.124 (0.821, 1.540) 1.104 (0.478, 2.550)

0.847 (0.720, 0.996) 0.897 (0.537, 1.499)
1.001 (0.838, 1.196) 1.076 (0.717, 1.616)

0.812 (0.685, 0.962) 0.845 (0.478, 1.494)
0.564 (0.451, 0.706) 0.606 (0.264, 1.392)

bese throughout the waves, started not obese and fluctuated, started not obese and

became not obese without reverting to obese, started obese and fluctuated, stayed
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the sociodemographic characteristics were significantly associated
with BMI trajectory. Thus, while personal characteristics (sex and
race) and contextual characteristics (place of residence and parents’
education) were associated with the likelihood of changing BMI
category among adolescents with normal BMI, they were not
associated with the likelihood of being in certain BMI trajectories
among adolescents with obese BMI.

Conclusions

This study explored BMI trajectories during the developmen-
tally important period from adolescence to adulthood following a
U.S. cohort of today's adults over a period of 15 years. Themean BMI
of the cohort increased as they progressed into adulthood. Fewer
than 50% of people who had a normal BMI in adolescence still had a
normal BMI by adulthood, suggesting that upward movement in
BMI status occurred for most people. Furthermore, only 8% of
overweight adolescents and 2% of obese adolescents fell to a
normal BMI in adulthood. These patterns are consistent with pre-
vious studies of this cohort [7,13].

To explore obesity dynamics, we combined normal and over-
weight into one category and compared the BMI trajectories of
adolescents who were and were not obese at wave I (mean age 15).
The most commonly followed BMI trajectory was to stay in the not
obese category. Among those who were not obese as adolescents,
becoming obese was more common than fluctuating; among those
who were obese at the baseline, fluctuating was more common
than becoming not obese. That is, people starting not obese and
transitioning upward were unlikely to come back down. For people
starting obese, even if they transitioned downward at some point,
they tended to go back up again instead of maintaining healthier
levels of body mass, demonstrating the “sticky” state of obesity and
the difficulty of sustained weight loss [32e34].

Among those who were not obese at the baseline, women, non-
Hispanic blacks and Hispanics, rural and urban (compared with
suburban) residents, and those with fewer coresiding parents with
a college education were more likely to be in higher trajectory
groups, that is, more likely to fluctuate or become obese than to
remain not obese. These characteristics are consistent with previ-
ous studies on obesity risk [21e24]. By contrast, these character-
istics were not associated with the BMI trajectories of youths who
were obese at the baseline. That is, while there seem to be some not
obese adolescent subgroups that could be considered for obesity
prevention, our study did not identify obese adolescent subgroups
for obesity management or reversal. This again indicates that
obesity is a sticky state.

Another possible reason resulting in the various characteristics
having no significant associationwith the BMI trajectories of youths
who were obese at the baseline was the relatively small size of the
obese group. As a sensitivity check, the BMI classifications were
instead split between normal versus overweight or obese; this
approach has the advantage of having a larger sample starting off in
the heavier category (n ¼ 2013) versus the lighter category
(n ¼ 6135). Results from ordinal logistic models were generally
consistent with those shown previously. An exception is that
women with normal BMI in adolescence were less likely to be in
higher trajectory groups than men, whereas women with over-
weight/obese BMI at adolescence were more likely to be in higher
trajectory groups than men. These patterns may point to potential
nuances in the differences in the overweight category between
men and women.

In addition, although Brant tests did not reject the proportional
odds assumption for our ordinal logistic regression models, we also
relaxed this assumption and ran multinomial logistic regression
models for our trajectory groups conditional on baseline
Downloaded for Anonymous User (n/a) at GEORGE WASHINGTON
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classification. Significance conclusions and magnitudes of the es-
timates were similar in corresponding models in this robustness
check.

There are a few limitations to these analyses. First, information
on pregnancy status was not consistently asked across the waves of
Add Health, so some womenmight have had an overestimated BMI
at some data points, thus increasing the likelihood of women being
in more severe BMI trajectories than men. Second, we might not
have observed all BMI fluctuations, as survey waves were con-
ducted at discrete time points. Not observing some fluctuations
decreased the likelihood of being in the fluctuating groups. Third,
we classified adolescents and adults into BMI categories based on
age-appropriate, but differing, classification schemes. Therefore,
there could be a discontinuity between the two classification
schemes. This is a challenge for all studies examining BMI patterns
across the transition to adulthood, and future research should
explore techniques for modeling this transition.

While there are national estimates on the prevalence of obesity
and studies documenting the characteristics associated with
obesity, less is known about its dynamics in the years from
adolescence to adulthood. Obesity has long-term social, economic,
and health implications, and a better understanding of its dynamics
will help us understand how these implications play out. In an
effort to explore such dynamics in this critical period, we analyzed
BMI trajectories across 15 years of a nationally representative lon-
gitudinal survey of adolescent and adult health. The results pre-
sented here show that transitioning to higher BMI categories is
common, and transitioning to lower BMI categories is rare. These
findings emphasize the importance of prevention. Pathways to
prevention may be easier to identify than those to reversal, as
contextual factors had more explanatory power in explaining
likelihood of being in certain BMI trajectory groups among youths
with normal BMI than among youth with obese BMI. Further
research is necessary to identify the sociodemographic subgroups
for which targeted interventions in adolescence could potentially
be directed for obesity management and reversal.
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