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Abstract

Keywords:

Purpose: This study used data from the National Longitudinal Study of Youth 1979 to examine the
association between body mass index (BMI) in adolescence and obesity in adulthood.

Methods: Measurements of height and weight from 1981 and 2002 were used to calculate BMI for
a cohort of 1309 adolescents at baseline and during adulthood. Associations between BMI at age
16/17 and obesity (BMI =30) at age 37/38 were analyzed using logistic regression analysis.
Results: When the predicted probability of adult obesity equaled 0.5, the point on the adolescent
BMI distribution was close to the 85th percentile for both sexes (83rd percentile for females and
86th percentile for males). Among adolescents with a BMI in the 85th—<<95th percentile, 62% of the
males and 73% of the females became obese adults. Among those with a BMI =95th percentile,
80% of the males and 92% of the females became obese adults. Versus those with a BMI <85th
percentile, those with a BMI in the 85th—<<95th percentile were more likely to be obese (odds ratio =
7 for males, 11 for females) as adults, and those with a BMI =95th percentile were most likely to
be obese (odds ratio = 18 for males, 49 for females) as adults.

Conclusion: Adolescents with a BMI =85th percentile are at elevated risk for obesity in adulthood.
To prevent the development of obesity and its associated health risks, population-based efforts
combined with targeted interventions for these high-risk adolescents are needed. © 2008 Society for
Adolescent Medicine. All rights reserved.
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During the past 2 decades, the prevalence of overweight
(defined as a body mass index [BMI] =95th percentile) has
nearly tripled, from 6.5% to 18.8%, for children aged 6 to
11 years and risen even more, from 5.0% to 17.4%, for
adolescents aged 12 to 19 [1,2]. The primary concern about
these trends is their potential impact on physical health, not
only in childhood but also in adulthood [3]. For most chil-
dren and adolescents, complications of overweight do not
become apparent for decades, but severely overweight
young people may suffer serious morbidity such as hyper-

*Address correspondence to: Li Yan Wang, M.B.A., M.A., Division of
Adolescent and School Health, NCCDPHP, CDC, 4770 Buford Hwy, MS
K-33, Chamblee, GA 30341.

E-mail address: 1lgw0@cdc.gov

cholesterolemia, impaired fasting glucose, gallstones, hep-
atitis, sleep apnea, and increased intracranial pressure
[4-6]. In addition, the metabolic and physiologic changes
associated with overweight in childhood and adolescence
tends to track into adulthood [3]. Obesity in adults is associated
with increased risks of premature death, heart disease, type 2
diabetes, stroke, several types of cancer, osteoarthritis, and
many other health problems [4,5]. Accordingly, obtaining a
good understanding of the associations between BMI during
childhood and adolescence and obesity in adulthood would be
beneficial for prevention efforts. First, it would help identify
boys and girls with a high risk of becoming obese adults so that
targeted interventions might be implemented at an early stage.
Second, it would help researchers to predict the long-term
impact of prevention programs.

1054-139X/08/$ — see front matter © 2008 Society for Adolescent Medicine. All rights reserved.

doi:10.1016/j.jadohealth.2007.10.010


mailto:lgw0@cdc.gov

L. Wang et al. / Journal of Adolescent Health 42 (2008) 512-518 513

Although several investigators have examined the track-
ing of BMI from childhood to adulthood [7—-13], most of the
studies followed their cohorts only to young adulthood
(early 20s to early 30s) [7—12]. Just one study tracked BMI
from childhood to age 35 [13]. However, the cohort of this
study was Caucasian only, and grew up in the 1930s and
1940s when obesity was not the major epidemic as it is now.
To better reflect the effects of overweight in adolescence on
the risk of adulthood obesity among today’s population, we
need assessments on the tracking of BMI to adulthood in a
more current and diverse population. The purpose of the
present study was to use data from the National Longitudi-
nal Study of Youth 1979 (NLSY79) to examine the associ-
ation between BMI in adolescence and obesity in adulthood.

Methods

The NLSY79 is a nationally representative sample of
12,686 young men and women who were aged 14-22 years
when initially interviewed in 1979. They were interviewed
annually through 1994 and biennially from 1996 to the
present. Sponsored by the Bureau of Labor Statistics of
the U.S. Department of Labor, the primary purpose of the
NLSY79 is to collect data on the experiences of the labor
force. However, the actual content of the survey covers a
broad range of topics, including educational attainment,
training investments, income and assets, health conditions,
workplace injuries, insurance coverage, alcohol and substance
abuse, sexual activity, and marital and fertility histories.

Although the NLSY79 was first conducted in 1979, ques-
tions about height and weight were first asked in 1981. We
assessed the risk of obesity in 2002 among a subsample of
respondents who were aged 16/17 years in 1981. Height and
weight were self-reported; height was reported in 1981, 1982,
and 1985 and weight in 1981, 1982, 1985, 1986, 1988—-1990,
and 1992-2002. Height was assumed to remain constant after
1985, when our study population was already 20/21 years old.

A total of 2513 youth aged 16/17 years in 1981 partici-
pated in the NLSY79. We excluded 1204 youth who had
missing data for height or weight in either 1981 or 2002 or
notably inconsistent data for height (decline in stature =2
inches from 1981-1982, 1981-1985, or 1982-1985). Of the
1204 excluded, 837 had missing data for height or weight in
2002 because of several reasons: refusal, unable to locate,
deceased, difficult cases, dropped, and other. We compared
sample characteristics between the study sample and the
excluded sample to determine whether certain subgroups
were more likely to be excluded than others. Therefore, this
study was based on a cohort of 1309 persons, including 189
whose reported reduction in stature was no more than 1 inch
(in such case, an average of the two different reported
heights [from 1981, 1982, and 1985] was used for 1981 and
2002). We calculated BMI for each participant based on the
data for height and weight from 1981 and 2002. Adult
obesity was defined as BMI at or above 30.

The analysis was conducted in two steps. First, we used
logistic regression to predict obesity status at age 37/38
from a participant’s baseline BMI, race/ethnicity, baseline
age, and educational attainment at age 37/38. The logistic
regression model was log (p/l — p) = o + BX;, where p
was the probability of obesity in adulthood and X; were
predictor variables. The regression model was run for males
and females separately. A set of predicted individual prob-
abilities of adult obesity was generated and compared be-
tween different racial/ethnic groups based on adolescent
BMI. There was one point on the baseline BMI distribution
where participants were equally likely to be obese (BMI
=30) or not obese (BMI <30) as adults. This point occurs
when p = 0.5, and thus we used a + B,X; = 0 to identify
cutoff points on the BMI distribution for demarcating
groups we would analyze for their risks of obesity in adult-
hood. (This approach has been used in previous research
[9].) BMI cutoff points were further converted into sex- and
age-specific BMI percentiles by using the 2000 revised
CDC growth chart [14]. Second, we employed logistic re-
gression to examine the associations between groups de-
fined by the BMI percentile cutoff points and being obese in
adulthood while controlling for age, race/ethnicity, and ed-
ucational attainment in adulthood. Exact odds ratios (ORs)
were computed because the data set contained some small
cells. Multivariate-adjusted group probabilities of adult obe-
sity were computed as predicted marginal values from the
logistic model, and the significance of differences was de-
termined from z-tests. SAS (version 9) was used for the data
analysis [15].

Results

The size and characteristics of the study sample and the
excluded sample are summarized in Table 1. Of the 1309
study cohort, 39% were aged 16 and 61% aged 17 years at
baseline. The sample was 20% Hispanic, 28% black, and
52% white/other (classified as nonblack/non-Hispanic in the
NLSY79 data). Fifty-two percent (n = 684) were males,
47% had a college degree or above by 2002, and 50% had
a family income above $20,000 in 1981. At age 16/17 years,
11% of the cohort had a BMI =85th percentile and 3% had
a BMI =95th percentile. At age 37/38 years, 69% of the
sample was overweight and 26% was obese. Compared to
the study sample, those who were excluded were more
likely to be white/other in race/ethnicity, had lower family
income at baseline, lower education attainment at follow-
up, and a higher prevalence of at risk for overweight at
baseline.

In the logistic regression model that quantified risk for
adult obesity, both baseline BMI and race/ethnicity were
significant predictors of adult obesity in both sexes when
there was control for baseline age and educational attain-
ment in adulthood. The model had good predictive ability,
with an area under the receiver operating characteristic
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Table 1
Characteristics of the sample
Study sample n (%) Excluded sample n (%) p-value®
Sample size 1309 1204
Age in 1981 (age in 2002), years
16 (37) 516 (39) 434 (36) 0.089
17 (38) 793 (61) 770 (64) 0.089
Race/ethnicity
Hispanic 256 (20) 199 (17) 0.055
Black 366 (28) 287 (24) 0.021
White/other 687 (52) 718 (60) 0.000
Sex
Male 684 (52) 625 (52) 0.896
Female 625 (48) 579 (48) 0.896
Education attainment (2002)°
12th grade or less 698 (53) 291 (67) 0.000
College or above 611 (47) 144 (33) 0.000
Family income in 1981 ($)°
Mean 22233 18551 0.000
Median 20000 15000 na
BMI percentile in 1981, n (%)°
<85th 1163 (89) 540 (85) 0.013
85th—-<<95th 101 (8) 72 (11) 0.012
=95th 45 (3) 25 (4) 0.686
Weight status in 2002, n (%)
Nonoverweight (BMI <25) 405 (31) na na
Overweight (25 =BMI <30) 559 (43) na na
Obese (BMI =30) 345 (26) na na

BMI = body mass index.

#The bolded p-values indicate significant differences in proportions or means between the study sample and excluded sample.
® In the study sample, 1002 subjects had data available for family income. In the excluded sample, 435 subjects had data available for education attainment,

826 for family income and 637 for BMI at baseline.

(ROC) curve of 0.80 for both sexes. When baseline BMI
increased by 1 unit (1 kg/m?) the odds of adult obesity
increased by a factor of 1.5 (95% confidence interval [CI],
1.4-1.6) in both sexes. Among males, Hispanics and blacks
were respectively 2.7 (95% CI, 1.6—4.4) and 2.3 (95% CI,
1.4-3.6) times as likely as whites/others to be obese adults.

Among females, blacks were 2.0 (95% CI, 1.3-3.2) times as
likely as whites/others and 2.1 (95% CI, 1.2-3.8) times as
likely as Hispanics to be obese adults.

The predicted individual probabilities of adult obesity
based on adolescent BMI are presented in Table 2. As
expected, the predicted probabilities increased with greater

Table 2
Predicted probabilities of adult obesity at age 37/38 based on adolescent BMI at age 16/17
BMI Male Female

All White/other Black Hispanic All ‘White/other Black Hispanic
16 0.02 0.02 0.04 0.04 0.03 0.03 0.05 0.02
18 0.05 0.03 0.08 0.09 0.07 0.05 0.10 0.05
20 0.11 0.07 0.16 0.18 0.13 0.11 0.21 0.11
22 0.21 0.15 0.29 0.32 0.26 0.22 0.36 0.21
24 0.38 0.28 0.48 0.52 0.43 0.39 0.56 0.37
26 0.57 0.47 0.67 0.70 0.63 0.58 0.74 0.57
28 0.75 0.66 0.82 0.84 0.79 0.76 0.86 0.75
30 0.87 0.81 0.91 0.92 0.89 0.87 0.93 0.87
32 0.94 0.91 0.96 0.96 0.95 0.94 0.97 0.94
34 0.97 0.96 0.98 0.98 0.98 0.97 0.99 0.97
36 0.99 0.98 0.99 0.99 0.99 0.99 0.99 0.99
38 0.99 0.99 1.00 1.00 1.00 0.99 1.00 0.99
40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

BMI = body mass index.



L. Wang et al. / Journal of Adolescent Health 42 (2008) 512-518 515

l—o—White/other —e—Black Hispanic‘

1.00
0.90 /’7
0.80

]

—— & &
/L"'

0.70
> / /
= 0.60
e
[]
S / /
8 0.50
°
Q
30.40
o

/S
i

0.10 //

P

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
BMI at ages 16/17

Figure 1. Predicted probability of males becoming obese adults by ract/ethnicity.

values for the adolescent BMI. For example, a female ad- panics, followed by blacks and whites/others. In females,
olescent with a BMI of 24 had a 43% chance of being obese the probability was greatest in blacks, followed by whites/
as an adult; if the BMI was 26 the chance was 63%. As others and Hispanics.
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Figure 2. Predicted probability of females becoming obese adults by ract/ethnicity.
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Table 3
Probability of obesity at age 37/38 by sex and BMI at age 16/17

Sex BMI percentile at No. of participants obese as Predicted probability of obesity Adjusted exact odds
age 16/17 adults/total no. of participants® as adults (95% CI)° ratio (95% CI)°
Male <85th 123/602 0.21 (0.17-0.24) 1
85th—<<95th 33/53 0.62 (0.49-0.75) 6.7 (3.5-13.1)
=95th 24/29 0.80 (0.65-0.96) 17.9 (6.4-62.3)
Female <85th 114/561 0.21 (0.17-0.24) 1
85th—<<95th 36/48 0.73 (0.60-0.86) 10.7 (5.2-23.5)
=95th 15/16 0.92 (0.78-1.00) 49.3 (7.3-2107.3)

BMI = body mass index; CI = confidence interval.
#In adulthood, obesity is defined as BMI =30.
® Differences in age, race/ethnicity, and education level were adjusted.

females. These cutoff points varied by race/ethnicity and
sex. In males, Hispanics had the lowest cutoff point (78th
percentile of BMI), followed by blacks (81st), and whites/
others (91st). In females, blacks had the lowest cutoff point
(75th percentile of BMI), followed by whites/others and
Hispanics (85th). Because the BMI cutoff points were close
to the 85th percentile for both sexes, we used the 85th
percentile to define the high-risk (BMI =85th percentile)
and low-risk (BMI <85th percentile) groups. We further
divided the high risk group into two subgroups: BMI =85th
but <95th percentile and BMI =95th percentile.

The predicted group probabilities of adult obesity based
on baseline BMI categories are shown in Table 3 by BMI
group (below the 85th percentile, =85th but below the 95th
percentile, and =95th percentile). Adolescents with a BMI
=95th percentile had the highest probability of adult obesity
(males, 80%; females, 92%), followed by the intermediate
group and then the group with BMI below the 85th percen-
tile. Versus adolescents with a BMI <85th percentile, those
with a BMI between the 85th and 95th percentiles were
more likely to be obese (male, OR = 7; female, OR = 11)
adults, and those with a BMI =95th percentile were most
likely to be obese (male, OR = 18; female, OR= 49) adults.

Discussion

The present study fills a void in the current literature by
using recent data (from 2002) to determine risk for adult
obesity among males and females who were aged 16—17
years in 1981. As we expected, youth who were classified as
high risk (in this case, at the 85th percentile or higher in
terms of BMI) were at significantly greater risk for obesity
as adults than were their counterparts who were not consid-
ered high risk. When we examined youth whose BMI was at
the 95th percentile or higher, we found that the OR was
quite high indeed; among girls this value reached 49 for risk
of obesity (using those below the 85th percentile as the
referent).

We derived both predicted and observed probabilities in
this study, but direct comparison of our estimates with those
of other studies is difficult because of differences in birth

years and the ages at which follow-up assessments were
performed. The most comparable cohort we could find in
earlier studies is a subgroup of 15—17-year-olds in the recent
Bogalusa Heart Study [12]. This study followed a cohort of
2610 children (from Bogalusa, LA) aged 2—17 years for an
average of 17.6 years; a subgroup of 15-17-year-olds in
1975 was followed into their early 30s in 1993. In this
group, the probabilities of adult obesity among those with a
BMI between the 85th and 94th percentile were 59% among
males and 69% among females; among those with a BMI
=95th percentile these probabilities rose to 86% among
males and 90% among females. These estimates are very
close to those of our study (62% among males and 73%
among females for the 85th—<<95th percentile group; 80%
among males and 92% among females in the group with a
BMI =95th percentile).

The set of predicted individual probabilities of adult
obesity we developed provides an easy way to assess an
adolescent’s risk of becoming an obese adult. Understand-
ing the associations between adolescent BMI and the like-
lihood of adult obesity can help adolescents to set goals for
themselves; for example, if a male adolescent with a BMI of
30 wants to drop his risk of adult obesity from 87% to 75%,
he will need to reduce his BMI from 30 to 28. The actual
reduction in the probability of adult obesity may be different
from our prediction because factors other than those in-
cluded as controls (i.e., genetic and environmental factors)
were not considered in our study.

The set of predicted group probabilities of adult obesity
that we derived might enable researchers to predict an
intervention’s long-term impacts. Because overweight dur-
ing childhood involves both immediate and long-term risks
to physical health, it is important for those who evaluate
interventions to capture both their immediate and long-term
impacts. The study of remote aftereffects, however, requires
long-term follow-up to obtain information on morbidity and
mortality. And yet, such investigations are unusual, because
most current evaluation studies assess only immediate im-
pacts [16—19], such as increases in physical activity, reduc-
tion in fat intake, decreases in BMI, or reduction in percent
body fat. An alternative approach to long-term follow-up is
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to project an intervention’s long-term reduction of risk
based on participants’ risk reduction in the immediate term.
For example, if an intervention program can help female
adolescents aged 16/17 years reduce BMI from the =95th
percentile to the 85th—<<95th percentile, their probabilities
of adult obesity will drop from 92% to 73%. This approach
was previously used in an economic study of a school-based
program for preventing obesity [20].

A few limitations of our study should be considered.
First, this study was based on self-reported data for height
and weight. Although large national studies have shown older
adolescents and young adults can self-report their height
and weight fairly accurately [21-23], other studies have
shown larger differences between self-reported and mea-
sured BMI [24,25]. All of these studies, however, found that
self-reported and measured BMI were highly correlated
[21-25]. Thus, in our study cohort, bias in the self-reported
heights and weights at ages 16/17 and at 37/38 should not
affect significantly the validity of our findings on tracking.
Second, the study cohort was a subgroup of the NLSY79,
and thus it was no longer a nationally representative sample.
Furthermore, 1204 (48%) of the 2513 persons aged 16/17
years in 1981 who participated in the NLSY79 were ex-
cluded from this study, 70% of them because of missing
data at follow-up. Versus those who were included in our
study, those who were excluded were more likely to be
white/other in race/ethnicity, had lower family income at
baseline, lower education attainment at follow-up, and a
higher prevalence of at-risk for overweight at baseline.
Third, because of the lack of sufficient data on family
income, it is not known whether the probabilities for track-
ing BMI from adolescence to adulthood differ by family
income.

In the present study, we found that adolescents with a
BMI =85th percentile were at high risk for obesity in
adulthood. We believe that targeted interventions should
be offered to these high-risk adolescents. The greatest
probabilities of adult obesity were found among Hispanic
males and black females. In previous research, similar
racial/ethnic differences were observed in the time to onset
of obesity for 17/18-year-old adolescents who were not
obese. Using data from the NLSY79, McTigue et al. [26]
found that Hispanic males demonstrated the most rapid
onset of obesity, followed by black males and white males.
Among females, being black was associated with the most
rapid onset of obesity, followed by Hispanic and then white.
One possible explanation for such racial/ethnic differences
in risk of adult obesity is self-perceived body image. Re-
searchers have suggested that body images of black females
may contribute to their high risk for obesity, although such
impact varies by socioeconomic status (SES). Compared to
their white counterparts, black females with low SES are
more likely to choose heavier body ideals, see themselves as
thinner than physicians’ ratings, and more satisfied with
their bodies; while black females with high SES have body

images more like those of white females [27,28]. Our find-
ings highlight the need for culturally diverse interventions
that target adolescents at high risk for the development of
obesity.

Our finding of a strong association between adolescent
and adult BMI, along with findings from other studies
[7,12,13], suggests that early intervention in preadolescence
is important to prevent the high risk of adult obesity and its
related health risks in adulthood. Population-based efforts
combined with targeted interventions for these high-risk
adolescents are needed.
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