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Background: Understanding the natural history of obesity in a
population may be a critical step toward developing effective
interventions.

Objective: To assess the development of body mass and exam-
ine the role of race or ethnicity, sex, and birth year in obesity
onset in young U.S. adults.

Design: Prospective cohort study.

Setting: The National Longitudinal Survey of Youth 1979, a
national sample with oversampling of minority ethnic groups.

Participants: 9179 persons.

Measurements: Body mass index (BMI) calculated from 12 self-
reported height and weight samples recorded between 1981 and
1998. Logistic regression identified predictors of obesity at age 35
to 37 years. Cox proportional hazards models compared the inci-
dence of obesity by ethnicity and birth year.

Results: Overall, 26% of men and 28% of women were obese

(BMI > 30 kg/m2) by age 35 to 37 years. Race or ethnicity and
baseline BMI were significant predictors of obesity. Obesity onset
was 2.1 (95% CI, 1.6 to 2.7) times faster for black women and 1.5
(CI, 1.1 to 2.0) times faster for Hispanic women than for white
women. The pattern for men differed: Overall, obesity developed
most rapidly in Hispanic men, but relative rates of obesity onset
for white men compared with black men varied according to age.
The rate of obesity onset increased 26% to 28% over an 8-year
span in birth year.

Conclusions: Marked ethnic-based differences were found in
rates of weight accumulation in young U.S. adults, with later birth
cohorts experiencing earlier onset of obesity. To alter the course
of obesity in the United States, interventions should target young
adults, especially those of minority ethnic groups.
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The proportion of Americans who are overweight or
obese is increasing at an alarming rate. From 1960

to 1999, the prevalence of excess weight (body mass
index [BMI] � 25 kg/m2) increased from 44% to 61%
of the adult population (persons aged 20 to 74 years)
and the prevalence of obesity (BMI � 30 kg/m2) dou-
bled from 13% to 27% (1, 2). Obesity has been linked
to increased mortality and chronic morbidity from such
diverse causes as hypertension, diabetes, sleep apnea, cer-
tain types of cancer, and depression. In the context of this
rising prevalence, obesity is increasingly being recognized
as an important medical and public health problem (3–6).

Treatment options are available for obesity. How-
ever, they can be expensive, often involve difficult life-
style modifications, and pose adherence problems for
many patients. In addition, weight loss, once achieved,
is difficult to sustain. Because the health consequences
are often long term, the cost–benefit ratio of treatment
may be more favorable if people who have recently be-
come obese are targeted. Similarly, prevention should
focus on those at immediate risk for becoming obese or
overweight. Such approaches require a clear understand-
ing of who is at highest risk for obesity, when this risk is

greatest, and how excess weight develops over time. Al-
though inactivity and high caloric intake are the primary
risk factors for obesity, other risk factors have been es-
tablished. Three of the most influential are age, sex,
and race or ethnicity (1, 7–9). To better identify people
at risk for obesity and those who might benefit from
early intervention, we assessed the relationship between
weight development and these influential factors.

Despite the morbidity and mortality burden of obe-
sity, its natural history has not been well characterized.
Current knowledge is based largely on cross-sectional data.
Although several large studies have examined weight devel-
opment in adults, they have important limitations. Only a
few tracked weight long enough to detect age-based trends.
The first National Health and Nutrition Examination Sur-
vey (NHANES I) Epidemiologic Follow-up Study exam-
ined a representative group of U.S. residents but sampled
only two time points, spaced 10 years apart, and had insuf-
ficient follow-up to track weight patterns in most minority
groups (10). The Coronary Artery Risk Development in
Young Adults study followed weight development in a
large cohort of young black and white Americans but did
not provide data for other populations and was geograph-
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ically restricted (8). Other studies have been performed
outside of the United States, but the results may not apply
here (10, 11).

We designed our study to address the limitations
described earlier. We examined data from the National
Longitudinal Survey of Youth 1979 (NLSY79). This
large, prospective cohort study allowed longitudinal ex-
amination of weight trends over a time frame sufficient
to capture the dynamics of such a slowly changing prob-
lem and of an age range during which obesity becomes
prevalent. Because not all weight gain has been docu-
mented to be harmful, our analysis focused on obesity
onset (defined as the time at which a person reaches
obesity) rather than weight gain. We used the clinical
definition of obesity (BMI � 30 kg/m2) as our end
point because it reflects a point at which mortality risk
increases substantially (12). Understanding how obesity
develops over time, who is at greatest risk, and when
that risk is highest may be essential in reversing the
population trend toward excess weight.

METHODS

Study Group and Obesity Measurement
We analyzed data from the NLSY79, which was

initiated by the U.S. Department of Labor, Bureau of

Labor Statistics. This survey was designed to gather in-
formation about the labor market activities and other
life events of young U.S. citizens. It has been used ex-
tensively in economic and sociologic analyses, and the
sample design is described elsewhere (13–16). The co-
hort of men and women, born between 1957 and 1964,
has been followed for more than two decades. It consists
of a nationally representative group, with supplemental
samples overrepresenting minority racial and ethnic
groups and poor persons. We excluded a sample of mil-
itary personnel because this population was removed
from the study in 1985 and because physical activity
requirements for these individuals could lead to atypical
weight patterns. We included only persons who re-
ported that the ethnicity with which they most closely
identified was Hispanic, black, or white (or European
origin). Height and weight data were self-reported;
height was reported in 1981 and 1985, and weight was
reported 12 times between 1981 and 1998.

Examination of Age-Specific Body Mass Index Patterns
Age-specific BMI was calculated for all participants.

Height was assumed to remain constant after age 21
years. Standard clinical definitions were used for over-
weight (BMI 25 to 29.9 kg/m2) and obesity (BMI � 30
kg/m2). Trends in age-specific BMI were examined by
race or ethnicity and birth year.

Cohort Differences
We examined whether rates of obesity onset differed

for people maturing at different times in our sample.
Birth cohorts were grouped by 2-year increments. To
standardize relative rates to age rather than calendar
year, time was expressed as the number of years until a
person reached obesity, starting from a standard age. In
the cohort analysis, obesity onset was evaluated from age
24 years (the baseline age of the oldest participants). The
outcome of interest was obesity, and the time variable
was years from age 24 years to obesity. People who were
already obese at age 24 years were excluded. Kaplan–
Meier plots visually demonstrated differences in rates of
obesity onset. Cox proportional hazards modeling esti-
mated the ratio of rates (hazard ratio) between groups.
For this method to be correct, the ratio of rates must be
constant over time (proportional). To assess this as-
sumption, we used two methods: a statistical test of the

Context

Studies of the natural history of obesity have had limita-
tions, such as cross-sectional design, short follow-up, or
narrowly defined populations.

Contribution

Using data from a national study of Americans born be-
tween 1957 and 1964 and followed for nearly two de-
cades, these investigators found that more than 25% were
obese by age 35 years.

Obesity developed most quickly in black women, with
moderate rapidity in Hispanic women, and most slowly in
white women. Hispanic men developed obesity more
quickly than other men.

More recent birth cohorts became obese faster than earlier
cohorts.

Implications

Understanding ethnic differences in the age of onset and
rate of progression of obesity may help efforts to prevent
obesity.

–The Editors
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scaled Schoenfeld residuals, with a P value greater than
0.05 implying that the rates were proportional and a
visual method with parallel lines implying proportional
rates. In all our analyses, results of proportional hazards
testing were reported whenever the assumption was vi-
olated.

Timing of Obesity Onset by Race or Ethnicity and Sex
We evaluated relative rates of obesity onset in 17-

and 18-year-old persons of different race or ethnicity
who were not obese at the start of the study; different
models were used for men and women. Time was ex-
pressed as the number of years from age 17 years until
reaching obesity. To control for birth cohort differences,
models were adjusted for birth year. As before, Kaplan–
Meier plots were examined and hazard ratios were esti-
mated by using Cox proportional hazards modeling. To
determine relative importance of weight gain during
childhood compared with adulthood in terms of the
timing of obesity onset, we adjusted the models for base-
line BMI at 17 or 18 years of age and examined the
effect on hazard ratio estimation.

Prevalence and Incidence of Obesity in Early Adulthood
For this analysis, we defined “early adulthood” as

the period from 20 to 22 years of age to 35 to 37 years
of age. Persons born between 1959 and 1963 were que-
ried about their weight one to two times during each of
these age intervals. We calculated the prevalence and
incidence of obesity across the early adulthood range.
Logistic regression modeling predicted obesity status at
age 35 to 37 years from an individual’s race or ethnicity,
sex, and BMI at age 20 to 22 years. The model was
adjusted in 2-year increments for year of birth. Its pre-

dictive ability was quantified by using receiver-operating
characteristic (ROC) curves.

This study was evaluated and exempted from review
by the Institutional Review Board of the University of
North Carolina at Chapel Hill.

Role of the Funding Sources
Primary funding was through the Robert Wood

Johnson Clinical Scholars Program, with additional sup-
port from the National Institute of Child Health and
Human Development. Neither entity had a role in the
design, conduct, or reporting of this study.

RESULTS

Description of the Study Sample
The total sample included 9179 people: 19% His-

panic, 31% black, and 50% white (Table). People who
did not report ethnicity (n � 106) were not included.
Age (sample year minus birth year) ranged from 17 to
24 years in 1981 to 34 to 41 years in 1998, and partic-
ipants were equally distributed across 8 years of birth.
Baseline weight was 31.7 to 136.1 kg, and baseline BMI
was 11.3 to 51.5 kg/m2.

Relationship of Body Mass Index to Time
Mean age-specific BMI increased with time. This

relationship between weight and time has two compo-
nents, illustrated with data from the oldest and youngest
birth cohorts of our sample (Figure 1). The first is the
natural history of body weight: Average BMI increased
with age throughout early adulthood. The second is a
secular weight trend: Persons born in later calendar years
tended to have larger age-specific BMI values. In every

Table. Sample Characteristics in 1981

Variable All Patients Men Women

Race or ethnicity, n (%)
Hispanic 863 (19) 905 (19)
Black 1379 (31) 1417 (30)
White 2246 (50) 2369 (51)

Total 4488 (100) 4691 (100)
Mean age � SD (range), y* 20.4 � 2.2 (17–24)
Mean body mass index � SD (range), kg/m2† 22.7 � 3.6 (11.3–51.5)
Mean weight � SD, kg‡ 65.6 � 13.3 (31.7–136.1)

* 9179 patients.
† 8789 patients.
‡ 8794 patients.
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case in which the same age was sampled for both birth
cohorts, the group born in 1957 had a lower mean BMI
than the group born in 1964. Intermediate birth cohorts
had intermediate-range mean BMI values.

In the complete sample, there were striking differ-

ences in the development of BMI by ethnicity (Figure
2). Black women had the highest average BMI values at
each age sampled, and white women had the lowest.
Mean BMI values for Hispanic women were between
those for the other two groups. Average BMI reached
overweight status (BMI � 25 kg/m2) in black women
by age 26 years, in Hispanic women by age 28 years,
and in white women by age 35 years. By age 39 years,
the average BMI of black women was in the obese range
(BMI � 30 kg/m2), whereas that of white women was
in the mildly overweight range.

Ethnic-based differences in average BMI were also
seen in men. However, Hispanic men consistently had
the highest mean age-specific BMI values. Average BMI
values for black and white men were similar until age 30
years, at which time they diverged, with the mean BMI
in black men increasing more rapidly. Average BMI
reached overweight status by age 25 years in Hispanic
men and by age 27 years in all other men.

Birth Cohort Differences
After adjustment for ethnicity, birth cohort vari-

ables were statistically significant in Cox proportional

Figure 1. Mean age-specific body mass index (BMI),
based on age and birth cohort.

Circles represent mean BMI for people born in 1964 (n � 1228), and
squares represent mean BMI for people born in 1957 (n � 1196). Error
bars represent 95% CIs.

Figure 2. Mean age-specific body mass index (BMI), based on sex and race or ethnicity.
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hazards models of time to obesity from age 24 years for
men (n � 3946) and women (n � 4043), quantifying
the trend seen in Figure 1. The hazard ratio for birth
year, in 2-year increments, was 1.06 (95% CI, 1.03 to
1.10); for each 2-year increment in birth year, obesity
onset occurred 6% faster. Hazard ratios were nearly
identical for men and women. Overall, across 8 birth
years sampled, the latest-born men became obese 26%
more rapidly and the latest-born women 28% more rap-
idly than those of the earliest birth cohort.

Ethnic Differences in Time to Onset of Obesity
We analyzed relative rates of obesity onset in 1089

men and 1053 women who were 17 and 18 years of age
and not obese. In women, Kaplan–Meier curves showed
the same ethnic-based patterns seen in the BMI plots
(Figure 3). Cox proportional hazards modeling quanti-
fied relative rates of obesity onset: Black women reached
obesity 2.1 (CI, 1.6 to 2.7) times faster and Hispanic
women reached obesity 1.5 (CI, 1.1 to 2.0) times faster
than did white women.

Hazard was proportional between Hispanic and
white men, and the hazard ratio quantified obesity onset

as 2.5 (CI, 1.9 to 3.3) times faster among Hispanic men.
When obesity onset in black men was compared with
that in white men, the proportional hazards assumption
was violated. This can be seen from the Kaplan–Meier
curves: Hispanic ethnicity was associated with the most
rapid onset of obesity at all ages, but differences between
black and white men in time to onset of obesity were
age-dependent (Figure 3). Both black men and white
men showed similar rates of obesity onset at the transi-
tion into adulthood, but obesity developed more rapidly
in black men after approximately age 28 years. Because
of the proportional hazards violation, black and white
men were compared across two periods. From age 17 to
28 years, there was no significant difference between the
time to onset of obesity between these two groups,
whereas after age 28 years, obesity developed signifi-
cantly more rapidly in black men (hazard ratio, 2.2 [CI,
1.5 to 3.4]). The proportional hazards assumption for
the latter model was met by both graphical and Schoen-
feld criteria.

When the Cox proportional hazards models were
repeated and baseline BMI at age 17 to 18 years was
adjusted, results were similar, although ethnic differ-
ences were slightly less pronounced. Black women
reached obesity 1.5 (CI, 1.2 to 2.0) times faster than did
white women, and Hispanic women showed a nonsig-
nificant trend (hazard ratio, 1.1 [CI, 0.8 to 1.5]) toward
more rapid onset of obesity than did white women. His-
panic men reached obesity 2.1 (CI, 1.5 to 2.7) times
faster than did white men. No significant association
was found between rates of obesity onset in black and
white men between ages 17 and 28 years, but after age
28 years, black men became obese 2.4 (CI, 1.6 to 3.6)
times more rapidly than did white men.

Prevalence, Incidence, and Predictors of Weight
Problems in Early Adulthood

Obesity prevalence at age 35 to 37 years was sub-
stantial. Of 2998 men and 3134 women sampled at
these ages, 26% (CI, 24.5% to 27.7%) of men and 28%
(CI, 26.3% to 29.5%) of women were obese. More than
80% of men and women who were obese in their mid-
30s became obese during early adulthood. When obesity
status at age 35 to 37 years was compared with BMI
values at age 20 to 22 years, the observed prevalence of
obesity at age 35 to 37 years increased with early adult-

Figure 3. Kaplan–Meier survivor curves: time to obesity
for 17- and 18-year-old men and women who were not
obese.
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hood BMI (Figure 4). This relationship differed by race
and ethnicity. For example, 41% of white, 47% of His-
panic, and 66% of black women who had a BMI of 24
to 25 kg/m2 became obese by age 35 to 37 years. A
similar pattern was seen for men.

In the logistic regression model that quantified risk
for obesity at age 35 to 37 years, baseline BMI, race or
ethnicity, and sex were statistically significant predictors
when adjusted for birth year. The model had good pre-
dictive ability, with an area under the ROC curve of
0.86. Predicted probability of obesity increased with in-
creasing baseline BMI. Each additional 1 kg/m2 at age
20 to 22 years was associated with a 1.67-fold (CI, 1.6-
fold to 1.7-fold) increase in the odds of being obese at
age 35 to 37 years. Black persons had the highest odds
for obesity onset (odds ratio, 2.3 [CI, 1.9 to 2.8]), fol-
lowed by Hispanic persons (odds ratio, 1.6 [CI, 1.3 to
1.9]), and finally white persons. Men were less likely
than women to develop obesity (odds ratio, 0.5 [CI, 0.4
to 0.6]). If a 60% risk for obesity by age 35 to 37 years
is considered substantial, then all women, regardless of

race or ethnicity, were at substantial risk even if BMI
values were only mildly elevated (25 to 27 kg/m2) at age
20 to 22 years. Men reach this level of risk with slightly
higher baseline BMI values (26 to 28 kg/m2).

DISCUSSION

Much attention has been focused on the role of
weight loss in treating chronic health conditions, espe-
cially diabetes, hypertension, and heart disease. Yet, the
development of weight problems in adults has not been
well described. This study uses unique longitudinal data
from a large random sample of Hispanic, black, and
white young adults to show substantial obesity incidence
in early adulthood. We found that differences based on
race or ethnicity were due to differential pediatric and
young adult weight gain. Individuals at high risk for
obesity could be identified at entry to adulthood. In
addition, a 2-year increment in birth year was linked
with more rapid onset of obesity.

Because we analyzed subgroups of the NLSY79 and
examined data longitudinally, we cannot extrapolate our
findings to national prevalence. However, more than
one quarter of our sample was obese by the time they
reached their mid-30s, an age much younger than the
age at which most of the long-term harmful health con-
sequences of obesity begin. Early treatment may prevent
a significant health burden and, thus, should be a prior-
ity. Of note, fewer than 15% of those who were obese at
age 20 to 22 years were nonobese at age 35 to 37 years,
suggesting that although obesity can be reversed, such
reversal is uncommon. This may underscore the diffi-
culty in treating obesity or reflect patterns of medical
practice that overlook obesity intervention (17).

It is critical to note that not only is obesity poten-
tially preventable, but persons at high risk for obesity
could be identified at a young age. In all racial and
ethnic groups, being mildly or moderately overweight at
age 20 to 22 years was linked with substantial incidence
of obesity by age 35 to 37. Prevention efforts should
focus particularly on persons just transitioning into
adulthood who exhibit any level of being overweight. In
this sample, the risk for obesity reflects weight accumu-
lation in childhood and early adulthood, suggesting that
interventions should incorporate both pediatric and
adult health care concerns and providers. Overweight
children are at increased risk for becoming obese adults,

Figure 4. Observed obesity at age 35 to 37 years in
relationship to baseline body mass index (BMI) at age
20 to 22 years.

Within each ethnic group and 2-point range of baseline BMI at age 20 to
22 years, bar height represents the proportion of persons who reached
obesity at age 35 to 37 years.
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and obese adults are, in turn, at risk for raising obese
children. Effective public health intervention must ad-
dress the links between these two populations (18, 19).
In addition, women were twice as likely as men to be-
come obese by age 35 to 37 years, adjusted for race or
ethnicity, pediatric weight development, and birth year.
Women should therefore receive particular attention.

We confirmed ethnic differences in weight develop-
ment, which may contribute to the high prevalence of
obesity in black and Hispanic populations. In our sam-
ple, black women and Hispanic men were at highest
risk. Efforts to prevent or treat obesity in black men
should take into consideration the delay in elevated risk
in this group until late in the third decade of life. Al-
though we cannot assess the cause of such differences in
our study, it is important to note that race or ethnicity
and sex are likely surrogates, totally or in part, for other
factors, such as dietary and exercise standards, income,
education, and parity. Here, we merely identify groups
in which further examination is essential if we are to
understand underlying culture-specific contributors to
obesity.

A secular trend toward increasing overweight and
obesity prevalence as well as weight gain in a particular
group over time has been previously noted (1, 8). How-
ever, earlier studies have not quantified a shift in the age
of obesity onset. We found a 26% to 28% more rapid
onset of obesity in birth years from 1957 to 1964. This
alteration in human weight development is too rapid to
reflect a plausible shift in population genetics and more
likely reflects a change in societal dietary and exercise
patterns. We cannot determine whether this societal
shift has concluded or is still in progress. It has disturb-
ing implications for the incidence of obesity-related
morbidity as the U.S. population ages.

This study has limitations. One is the use of self-
reported weight and height. Our study probably pro-
vides a conservative estimate of the sample’s obesity in-
cidence and prevalence. Self-reporting bias tends to
underestimate obesity that is based on BMI, especially
for people at height or weight extremes (11, 20). This
bias varies with age and is minimized in young adults
(21, 22). In the NHANES III population, the sensitivity
of self-reported BMI values for correctly classifying peo-
ple as overweight (BMI � 25 kg/m2) was 86% to 94%
in the age range examined here (22). Most important,
for the NHANES III participants, self-reported com-

pared with measured BMI values revealed no apprecia-
ble, consistent difference across non-Hispanic white,
non-Hispanic black, and Mexican-American groups
(22). Therefore, we expect that our ethnic-based differ-
ences are not due to systematic reporting error. A second
limitation is attrition. Weight reporting decreased over
time, with only 70% of the sample reporting weight in
1998. About one third of the loss was due to exclusion
of a white, impoverished subsample in 1992, which al-
tered the socioeconomic structure of the white group
and potentially introduced bias. The baseline BMI val-
ues of those excluded did not differ from the general
sample, and the response rate of eligible participants did
not vary by race or ethnicity. A third limitation is the
difficulty of accurate adjustment for clustering by re-
gion. Even with a conservative adjustment for such clus-
tering, conclusions were unchanged: All results that were
initially statistically significant remained so.

As we looked for insights into how to combat the
slow-moving epidemic of obesity in our society, we re-
viewed the experience of more traditional outbreak in-
vestigations, which are based on evaluation of disease in
terms of place, person, and time. We have addressed the
“place” domain with a geographically diverse sample of
the U.S. population. The identification of people at
highest risk for obesity helps target further investigation,
both in terms of clarifying the mechanisms of increased
risk and by exploring how this risk can best be com-
bated. The “time” domain of the obesity problem is
complex because weight develops on such a slow time
scale. However, this aspect may provide the most insight
to the underlying problem. Time of highest risk refers
not just to an age range at which an individual is at
highest risk for weight gain but also to the era in which
the person matures. Both must be accounted for in un-
derstanding an individual’s risk, and both can be tar-
geted for intervention. This can be done by recognizing
that treatment of obesity in young adults should be a
health priority and that society must work to alter di-
etary and exercise standards.

It is disquieting to note that obesity is a risk factor
for four of the six most frequent causes of death in 1999
(5, 6, 12, 23). This observation underscores the impor-
tance of reversing the trend of obesity and the fact that
chronic disease is the dominant cause of death in the
United States. As a slowly developing health problem
that is difficult to treat, frustrating for patients and pro-
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viders, and subject to a behavioral component, obesity
may be a good model for planning clinical guidelines
and public health interventions for chronic disease. Ex-
amining the development of a chronic disease on a time
scale specific to that disease allows us to effectively focus
on factors that structure the population dynamics and
potential opportunities for intervention. This study pro-
vides important evidence that for obesity, more empha-
sis needs to be placed on the young adult period and
particularly selected subpopulations.
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