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Abstract
Despite substantial increases in the prevalence of adolescent overweight and obesity documented
in recent decades, few studies have prospectively tracked their development during the entire
adolescent period. The aims of this study were to characterize developmental trends in prevalence,
incidence, and remission of overweight and obesity using annual data collected from ages 12 to 19
for 496 adolescent females. Ethnic differences between African American (n = 37), Latina (n =
96), and European American (n = 348) adolescents were also compared. The prevalence of
overweight decreased slightly across adolescence and remission rates exceeded incidence (onset).
Obesity was more chronic, with increasing incidence accompanied by decreasing remission rates.
Middle through late adolescence was the period of greatest risk for the transition from overweight
to obesity. African American and Latina females had higher overweight and obesity prevalence
than European American females throughout adolescence. Differences in prevalence were driven
by higher onset rates for African American and Latina females, whereas remission rates were
comparable across ethnic groups. Results suggest that adolescence is not a high-risk period for
onset of obesity for European American adolescent females, but is for African American and
Latina adolescent females.
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Adolescent obesity is associated with serious medical problems including cardiovascular
disease, colon cancer, and diabetes mellitus, and has psychosocial consequences such as
higher body dissatisfaction, lower educational attainment, and higher rates of poverty
(Merten, Wickrama, & Williams, 2008; Must & Strauss, 1999; Pesa, Syre, & Jones, 2000;
Reilly & Kelly, 2010). An estimated 34% of adolescents are either overweight (16%) or
obese (18%) and the prevalence of adolescent obesity has more than tripled since the 1960s
(Ogden, Carroll, Curtin, Lamb, & Flegal, 2010; Troiano & Flegal, 1998). Increases in
prevalence have been especially pronounced among ethnic minority females; rates among
African American females have quadrupled since the 1960s (Troiano & Flegal, 1998) and
doubled among Latina females since the 1980s (Flegal, Ogden, & Carroll, 2004). Cross-
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sectional data from national and state surveys show relatively stable rates of overweight and
obesity for males across adolescence, but indicate a marginal drop for females during late
adolescence (Centers for Disease Control and Prevention, 2006; Troiano & Flegal, 1998).

Although cross-sectional studies such as the National Health and Nutrition Examination
Survey (NHANES) have provided valuable data on the prevalence of adolescent overweight
and obesity (e.g., Ogden et al., 2010), few studies have examined developmental trajectories
during adolescence by following a cohort longitudinally. One such study that followed rural
European American youth from late childhood (age 9) through middle adolescence (age 16)
found a marginal increase in the prevalence of obesity with age (Mustillo et al., 2003). Other
longitudinal studies have showed relatively stable prevalence of both overweight and obesity
throughout adolescence (Neumark-Sztainer, Wall, Eisenberg, Story, & Hannan, 2006;
Thompson et al., 2007). However, there is a dearth of data on African and Latino American
adolescents, who show the highest prevalence of overweight and obesity.

It is particularly important to study overweight and obesity among adolescent females since
ethnic differences are more pronounced than for males. Compared with Latino males, Latina
females are at higher risk for overweight (22% vs. 17%). Additionally, African American
females are at higher risk for overweight (17% vs. 13%) and obesity (29% vs. 20%)
compared with their male counterparts (Ogden et al., 2010). Across adolescence, an
estimated 30% of European American females are either overweight (15%) or obese (15%);
46% of African American females are overweight (17%) or obese (29%); and 40% of Latina
females are overweight (22%) or obese (18%). This trend persists into adulthood, as data
indicate that 50% of African American women and 43% of Latina women are obese,
compared with 33% of European American women (Flegal, Carroll, Ogden, & Curtin,
2010). Ethnic minority groups also exhibit greater developmental increases in weight
relative to European Americans (e.g., Burke et al., 1996; Kimm et al., 2001).

Most studies of adolescent overweight and obesity have focused exclusively on tracking
prevalence, typically the percentage of individuals meeting the BMI cutoff at a given age.
However, clarifying incidence and remission from overweight and obesity during
adolescence is particularly valuable in elucidating peak periods of risk for onset, providing
information on the chronicity of these conditions, and identifying key intervention windows.
We define incidence (onset) as the percentage of individuals who previously did not meet
criteria for overweight or obesity, but exceeded the BMI threshold the following year.
Conversely, we define remission as the percentage of individuals who previously met
criteria for overweight or obesity, but fell below the BMI threshold the following year. A 1-
year prospective study that examined onset and remission from obesity in children and
young adolescents aged 5-13 found that children were more likely to become obese than
their older counterparts and were at higher risk for remaining obese over the 1-year follow-
up, with African American females exhibiting the highest incidence followed by Latina
females and European American females (Kim et al., 2005). Although this study used a
large and ethnically diverse population, their investigation of onset and remission consisted
of cross-sectional cohorts rather than a single group followed over an extended period.
Thompson and colleagues (2007) examined the annual incidence of overweight from late
childhood to early adolescent in a longitudinal cohort and found that African American
females had twice the incidence in early adolescence compared to their European American
counterparts. However, there are no published studies to date that have examined both onset
and remission across the entire adolescent period.

Studies that have examined ethnic differences in body mass index (BMI) trajectories suggest
that differences in overweight and obesity emerge sometime between late childhood and
early adolescence, and increase during the transition to adulthood. A cross-sectional study of
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African and European American females aged 5 to 17 suggests that ethnic differences
emerge by middle adolescence, as African American females had a higher mean BMI than
European American females after age 13 – this difference increased steadily through age 16
and accelerated through late adolescence (Freedman, Kettel-Khan, Srinivasan, & Berenson,
2000). A prospective study following African and European American females from ages 9
to 19 found that the critical age for racial divergence in adiposity was age 12, the average
age at which African American females experience menarche (compared to an average age
of 13 for European American girls; Kimm et al., 2001). Although these studies shed light on
differences in the development of obesity among African and European Americans, they do
not include Latinas, who evidence the second highest rates of obesity (Ogden et al., 2010)
and represent the fastest growing minority group in the U.S. (U.S. Census Bureau, 2009).

Aims of the Present Study
This study addresses several gaps in the literature. First, we examine developmental trends
descriptively over the entire period of adolescence, an especially critical time in the
development of obesity in females. Second, we examine changes in incidence and remission,
which could elucidate the processes that drive changes in prevalence across adolescent
development and help to identify key intervention periods, which may differ by ethnicity.
Third, we investigate ethnic differences between Latina females and other groups with
respect to the development of adolescent overweight and obesity, for which there are limited
data. Thus, the aims of the study are to examine the prevalence, incidence, and remission of
overweight and obesity during adolescence for females and to test for differences in the
prevalence, incidence, and remission for various ethnic groups. Examining ethnic
differences in incidence and remission will help clarify whether the elevated prevalence of
overweight and obesity among African American and Latina females, relative to European
American females, occurs because of elevated incidence or because of lower remission (or
some combination). This study should contribute to a better understanding of the
development of overweight and obesity during adolescence, which is critical in informing
the design of more effective prevention and treatment programs targeting unhealthy weight
gain, as existing programs have been met with only limited success (see Stice, Shaw, &
Marti, 2006, for a review).

Methods
Participants

Participants were 496 adolescent females from four public (82%) and four private (18%)
middle schools in a metropolitan area of the southwestern U.S. Adolescents ranged in age
from 11 to 15 years (M = 13) at baseline. The sample included 68% European Americans,
18% Latinas, 7% African Americans, 4% who specified other or mixed racial heritage, 2%
Asian/Pacific Islanders, and 1% Native Americans. This was representative of the schools
from which we sampled (65% European Americans; 21% Latinas; 8% African Americans;
4% other or mixed; 2% Asian/Pacific Islanders). Average parental education was 29% high
school graduate or less, 23% some college, 33% college graduate, and 15% graduate degree,
which was similar to census data for comparably aged adults in the county (34% high school
graduate or less; 25% some college; 26% college graduate; 15% graduate degree).

Procedures
The study was described as an investigation of adolescent mental and physical health. An
active parental consent procedure was used to recruit participants. An informed consent
letter describing the study and a stamped self-addressed return envelope were sent to parents
of eligible females (a second mailing was sent to non-responders). Adolescent assent was
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also secured. This resulted in an average participation rate of 56% of all eligible females,
which was similar to that of other school-recruited longitudinal studies that required active
consent and involved structured interviews (e.g., 61% for Lewinsohn, Hops, Seeley, &
Andrews, 1993). The one-year prevalence rate of adolescent obesity in African Americans
(19%), Latinas (13%), and European Americans (4%) was representative of the region
sampled (Park, Menard, & Schoolfield, 2001). Participants completed a questionnaire,
participated in a structured interview, and had their weight and height measured by female
research assistants at baseline (T1) and at six annual follow-ups (T2-T7). The current report
examines data collected at all seven time points. Assessments generally occurred during
school hours or immediately after school at the schools. Participants received a $15 gift
certificate as compensation for participating in each assessment.

Measures
Body mass—The BMI (kg/m2) was used as a proxy measure of adiposity. Height was
measured to the nearest millimeter with a portable direct-reading stadiometer (Shorr Infant/
Child/Adult Height Measuring Board). Cole and colleagues (Cole, Faith, Pietrobelli, & Heo,
2005) demonstrated that non-transformed BMI was superior to BMI z-scores, and
comparable to BMI percentiles, for the longitudinal assessment of adiposity. Students were
measured without shoes and with the body positioned such that the heels and buttocks were
against the vertical support of the stadiometer and the head aligned so that the auditory canal
and lower rim of the orbit were in a horizontal plane. We assessed weight to the nearest 0.1
kg using digital scales (SECA 770 Digital Floor Scale), with participants wearing light
clothing without shoes or coats. At each assessment, two measures of height and weight
were obtained and averaged. When it was not possible to directly measure height and weight
because participants had moved out of the area, self-reported height and weight data were
used. Previous research has supported the adequacy of BMI calculated from self-report data
when direct measurements are not available; in one study adolescent obesity status correctly
classified 96% of the time using self-reported measurements (Goodman, Hinden, &
Khandelwal, 2000).

Socioeconomic status—Average parental education was used as a proxy index of
adolescent socioeconomic status (SES). At T1, participants self-reported their mother and
father’s highest level of educational achievement on a 6-point scale (grade school graduate,
some high school, high school graduate, some college, advanced degree). Mother and
father’s educational achievement were averaged to form an index of adolescent SES.
Average parental education is a frequently used and accepted measure of SES in
epidemiological studies of adolescent overweight and obesity (e.g., Delva, Johnston, &
O’Malley, 2007).

Criteria for Overweight and Obese
We used the terms overweight and obesity since this is the terminology currently endorsed
by the American Medical Association (Barlow, 2007). Because of the normative increases in
BMI that occur during adolescence as a function of physical maturation, we used the
international standards developed by Cole and colleagues (2000) that represent downward,
age-adjusted extensions of the 25.0 and 30.0 kg/m2 cut-points recommended by the World
Health Organization for overweight and obesity, respectively. The international standards
are based on data from a more ethnically diverse sample, which make them well suited for
testing ethnic differences. These cut points correspond to BMI values that are associated
with particularly increased risk for weight-related medical problems such as diabetes
mellitus (Cole, 2000; World Health Organization, 2000).
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Incidence of overweight and obesity was computed as the rate among those who exhibited
onset of each condition over each one-year follow-up (e.g., those who did not meet criteria
for obesity at one assessment and did at the subsequent assessment). Remission of
overweight and obesity was computed as the rate among those who previously met criteria,
but had dropped below threshold by the subsequent annual follow-up.

Statistical Methods
To examine overweight and obesity prospectively we applied longitudinal regression
analyses using generalized estimating equations (GEE). GEE is a multilevel analytic
technique that is appropriate for modeling dichotomous repeated-measures data (Diggle,
Heagerty, Liang, & Zeger, 2002; Liang & Zeger, 1986). A “working correlation” structure is
specified a priori and defines the hypothesized relation between repeated observations on a
subject. A first-order autoregressive correlation structure (AR-1) was chosen for all GEE
models. This assumption is appropriate in the context of balanced longitudinal data when
measurements closer in time are more correlated than measurements further apart. All GEE
models were estimated with a logit link function and robust standard errors. We first
examined the prevalence, incidence, and remission of overweight and obesity by participant
age in the full sample (aim 1). These models regressed each outcome on age. We next
examined ethnic differences in these outcomes across adolescence. In these models we
regressed each outcome on age and ethnicity (aim 2). All analyses controlled for average
parental education, a proxy for socioeconomic status.

The evaluation of ethnic differences focused on African American (n = 37), Latinas (n =
96), and European American (n = 348) ethnicity. Other ethnicities (n = 15) were dropped
from the analyses because of insufficient numbers. For the analyses of prevalence,
incidence, and remission by ethnicity, three contrasts were evaluated: African American
versus European American, Latina versus European American, and African American
versus Latina. Preliminary longitudinal GEE analyses tested whether the age ethnicity term
accounted for significant differences in the slopes of prevalence, incidence, and remission
across adolescence by ethnicity for both overweight and obesity (6 models total). In these
models, the dichotomous outcome was regressed on average parental education, age,
ethnicity, and the interaction of age and ethnicity. The interaction terms expressly tested
whether the changes in each outcome differed significantly across the ethnic groups. Of
these six models, the age ethnicity interaction was marginally significant only in the model
predicting obesity incidence (χ2[2] = 5.00, p = .08), and was therefore excluded from the
remaining 5 models.

Results
Missing Data

With respect to overall attrition, the percentages of participants missing both self-report and
direct measurement from ages 12-19 were 0%, 1%, 3%, 3%, 2%, 3%, 4%, and 6%
respectively. There were no statistically significant ethnic differences in the degree of
overall attrition at any age. The percentages of participants for whom we only collected self-
reported height and weight data were of the study were 0%, 1%, 4%, 8%, 13%, 14%, 28%,
& 45%, from ages 12-19 respectively. Across assessment points, BMIs calculated from self-
report versus direct measurement were highly correlated for the participants with both types
of data (Mean r = .84, p’s < .0001). Therefore, self-reported height and weight were used to
assess overweight and obesity when direct measurements were not available, to maximize
statistical power.
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Developmental Trends in Adolescent Overweight and Obesity
Yearly prevalence, incidence, and remission of overweight and obesity across adolescence
are presented in Figures 1, 2, and 3, respectively. Most diagnoses of overweight (85.4%) and
obesity (95.0%) were at least 0.5 BMI units from the clinical cut points, indicating that the
majority of diagnoses were not marginal cases.

Prevalence—Within the overweight category, prevalence decreased from early through
middle adolescence (ages 12-16) from 21.1% to 11.7%. The prevalence of overweight
rebounded slightly at the beginning of late adolescence before decreasing again from 15.8%
to 12.8% between ages 17-19. The effect of age was marginally significant (OR = 0.98, 95%
CI = 0.96 – 1.00, p = .08), suggesting a modest decrease in overweight prevalence across
adolescence. The prevalence of obesity was relatively stable across adolescence, ranging
between 6.5-8.9% from ages 12-19, with no significant effect of age (OR = 1.01, 95% CI =
0.98 – 1.03, p = .52).

Incidence—The average amount of weight gain was 7.2 kg for the transition to overweight
and 11.6 kg for the transition to obesity, suggesting that participants gained more than a
trivial amount of weight to cross each threshold. Rates of overweight incidence varied
between 3.4-4.8% during most of adolescence, peaking during middle adolescence to 7.4%
at age 17. To test for curvilinear trends, overweight incidence was regressed on linear and
quadratic contrasts of age. There were no significant linear (OR = 1.06, 95% CI = 0.93 –
1.20, p = .40) nor quadratic effects (OR = 0.97, 95% CI = 0.91 – 1.04, p = .41) of age
indicating that risk for onset of overweight was constant through adolescence.

Obesity incidence increased from 0.0 to 1.8% between ages 13-15 and remained relatively
stable through late adolescence. To test for curvilinear trends, obesity incidence was
regressed on linear and quadratic contrasts of age. The linear term was significant (OR =
1.27, 95% CI = 1.04 – 1.56, p = .02) indicating that risk for obesity onset increased through
adolescence. The quadratic term was non-significant (OR = 0.92, 95% CI = 0.81 – 1.04, p
= .18) suggesting that the increase in obesity onset was constant through adolescence. The
incidence of obesity was driven primarily by the transition from overweight into obesity
(84.8%), indicating that adolescents did not typically jump from normal BMI range to obese
status within any one-year interval.

Remission—The average weight loss was 2.8 kg for the transition out of overweight and
8.1 kg for the transition out of obesity. Overweight remission rates peaked at 40.3% during
early adolescence at age 14 and decreased to 21.3% at age 19. The effect of age on
overweight remission was statistically significant indicating that overweight remission
decreased through adolescence (OR = 0.90, 95% CI = 0.80 – 1.00, p = .05). In contrast,
obesity remission rates fluctuated from 8.0 to 24.1% during adolescence with no significant
effect of age (OR = 0.90, 95% CI = 0.80 – 1.00, p = .05). Of the cases of obesity remission,
79.3% transitioned into overweight while 20.7% jumped directly to normal range within the
one-year time frame.

Ethnic Differences in Developmental Trends
Prevalence—Ethnic differences in overweight were well established by early adolescence
and persisted through age 19 with average yearly prevalence of 26.5% for African
American, 19.4% for Latina, and 12.2% for European American females. The prevalence of
overweight in African American (OR = 2.89, 95% CI = 1.61 – 5.20, p = .0004) and Latina
females (OR = 1.64, 95% CI = 1.01 – 2.67, p = .04) was significantly higher than for
European American females. The prevalence of overweight for African American females
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was marginally greater than the rate among Latina females (OR = 1.77, 95% CI = 0.94 to
3.31, p = .08).

With respect to obesity, average yearly prevalence was 20.5% for African American, 13.4%
for Latina, and 4.2% for European American females. African American (OR = 3.94, 95%
CI = 1.74 – 8.95, p = .001) but not Latina (OR = 1.84, 95% CI = 0.81 – 4.17, p = .15)
females had significantly higher rates of obesity than European American females. African
American females had marginally greater rates of obesity than Latina females (OR = 2.15,
95% CI = 0.88 – 5.26, p = .09).

Incidence—Yearly incidence of overweight and obesity across adolescence by ethnicity is
presented in Figure 4. Ethnic differences in overweight onset were stable by age 15 with
average yearly onset rates of 13.6% for African American, 5.9% for Latina, and 3.3% for
European American females across adolescence. African American (OR = 4.04, 95% CI =
2.01 – 8.14, p = .0001) but not Latina (OR = 1.57, 95% CI = 0.81 – 3.01, p = .18) females
had significantly higher rates of overweight onset than European American females. African
American females had significantly higher rates of overweight onset than Latina females
(OR = 2.58, 95% CI = 1.13 – 5.89, p = .02).

Average obesity incidence was 4.5% for African American, 2.0% for Latina, and 0.7% for
European American females. African American females had significantly greater (OR =
5.69, 95% CI = 2.37 – 13.66, p = .0001) and Latina females marginally greater (OR = 2.15,
95% CI = 0.85 – 5.42, p = .11) incidence relative to European American females.
Additionally, African American females had marginally greater incidence relative to Latina
females (OR = 2.65, 95% CI = 0.96 – 7.32, p = .06). Obesity incidence among African
American females was at zero levels in early adolescence and increased to 14.3% by age 19.
Rates among Latina females were also at zero levels in early adolescence, peaking to 6.3%
at age 15 before dropping to 4% by age 19. Incidence among European American females
was the most stable with the lowest levels in early and late adolescence and peaking at 1.2%
at age 16. The interaction between age and the contrast of African American versus
European American ethnicity (OR = 1.74, 95% CI = 0.86 – 2.61, p = .0001) was significant
indicating a greater increase in obesity incidence with age among African American
compared with European American females. The interaction between age and the contrast of
African American versus Latina ethnicity approached significance (OR = 2.65, 95% CI =
9.06 – 7.32, p = .06) indicating a trend of greater increase in risk for obesity incidence
among African American females as they aged than Latina females.

Remission—Year-to-year rates of remission by ethnicity were somewhat unstable for both
overweight and obesity, particularly for African Americans and Latinas, due to low base
rates. Among initially overweight participants, the average yearly rate of remission for
overweight was 25.0% in African American, 30.1% in Latina, and 23.5% in European
American females. African American (OR = 1.37, 95% CI = 0.60 – 3.11, p = .19) and Latina
females (OR = 1.34, 95% CI = 0.69 – 2.60, p = .39) did not show significantly different rates
of remission relative to European American females and the rate of overweight remission for
African Americans was comparable to that of Latinas, OR = 1.02, 95% CI = 0.42 – 2.49, p
= .96.

Among initially obese participants, the average yearly rates of remission from obesity were
12.7% for African American, 14.3% for Latina, and 14.5% for European American females.
Differences in the rates of obesity remission for African American (OR = 0.87, 95% CI =
0.70 – 1.09, p = .23) and Latina females (OR = 1.27, 95% CI = 0.38 – 4.23, p = .69)
compared with European Americans were non-significant. The rate of overweight remission
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for African Americans not significantly different from that of Latinas, OR = 0.96, 95% CI =
0.20 – 4.60, p = .96.

Discussion
Substantial increases in the prevalence of adolescent overweight and obesity have been
documented in recent decades, with the most pronounced increases among African
Americans and Latinas. However, only a handful of studies have tracked the development of
overweight and obesity across the entire adolescent period using prospective data (e.g.,
Kimm, Barton, et al., 2002). We used a large prospective dataset to examine maturational
trends in female overweight and obesity status from ages 12 to 19 years. The aims were to
describe rates of prevalence, incidence, and remission by age and elucidate differences in
developmental trends among African American, Latina, and European American adolescent
females. The study contributes to the extant literature by examining the entire period of
adolescence, which allows identification of specific windows when intervention may be the
most successful, looks at incidence and remission in order to better understand changes in
prevalence, uses direct measures of height and weight, and includes Latina females.

Developmental Trends in Adolescent Overweight and Obesity
Adolescent overweight showed a trend towards decreasing prevalence, declining an average
of one percentage point per year from ages 12-19. The one other study that evaluated yearly
adolescent overweight prevalence (Terrell, 2002) showed comparable declines from early
through middle adolescence. Two-thirds of overweight adolescents (66%) remained
overweight at one-year follow-up with 27% dropping to healthy weight and 7% crossing to
full threshold obesity. Year-to-year incidence (5%) of overweight did not change
significantly across adolescence, indicating that the decline in prevalence was driven by
remission to healthy weight. However, although remission outpaced incidence during
adolescence, the rate of remission declined by an average of 2% per year, suggesting that
overweight was increasingly chronic with age among adolescents that did not remit.

In contrast to the trend towards decreasing overweight prevalence, the yearly prevalence of
full threshold obesity averaged a constant 8% across adolescence. Most obese adolescents
(85%) remained obese one year later, with 12% dropping to overweight and 3% moving to
healthy weight. The higher maintenance of rates of obesity indicates a greater chronicity for
obesity compared with overweight, which to our knowledge has not been studied previously.
Obesity incidence increased significantly from zero at age 13 to just under 2% at age 19. It
is notable that the majority (85%) of those who showed obesity onset were already
overweight, while only 15% shifted from healthy weight, supporting the importance of BMI
between 25 and 29.9 as a transitional category to obesity. Kim and colleagues (2005) found
that remission from obesity was lower among older children, suggesting an increased
chronicity with age. Our findings suggested that during adolescence the chronicity of female
obesity was driven by greater likelihood of becoming obese with no greater likelihood of
remitting.

Ethnic Differences in Developmental Trends
Average prevalence by ethnicity of overweight adolescent females in the present study was
comparable to national figures from NHANES 2007-2008 (Blacks: 17%; Hispanics: 22%,
Whites: 15%; Ogden et al., 2010). African American and Latina females had statistically
higher prevalence of overweight than European American females, consistent with previous
studies comparing African and European American females (Kimm et al., 2001), with rates
dropping comparably across all three groups through age 19. The average prevalence of
overweight among European American females was considerably lower than for the other
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ethnic groups with a tenth of European American females overweight at a given age
compared with a quarter of African American females and a fifth of Latina females. Over
two-thirds of overweight European American females (70%) remained overweight at one
year follow-up compared with just over half of overweight African American (57%) and
Latina (58%) females, indicating greater movement out of overweight for these two minority
groups.

Obesity incidence for African American, Latina, and European American adolescents were
similar to regional rates for the large Southwestern city from which the sample was drawn
(Blacks: 20%, Hispanics: 17%, Whites: 14%; Park et al., 2001), which were somewhat
lower than the national average (Ogden et al., 2010). As with overweight, ethnic differences
in the prevalence of obesity were present by age 12, however rates were relatively constant
for all groups through adolescence. The prevalence of obesity was lowest among European
American females and highest among African American and Latina females. However,
average year-to-year maintenance of obesity was similar for African American (86%),
Latina (86%), and European American (83%) females indicating that the chronicity of
adolescent obesity was comparable across all three groups.

One important finding was that the rates of overweight and obesity incidence were
significantly higher among African American and marginally higher among Latina females,
but the average rates of remission were comparable across all three groups. African
American females had a four-fold greater odds of obesity onset compared with European
American females, while there was a trend towards two-fold greater odds of obesity onset
among Latina females. This implies that African American and Latina females were at
higher risk for developing overweight and obesity during adolescence, but were no less
likely to remit. Collectively, these results indicate that elevated incidence was driving the
higher obesity prevalence for African American and Latina females rather than differences
in maintenance. For obesity incidence only, there was a marginally-significant interaction
between age and African versus European American ethnicity and time, suggesting that risk
of onset increased more by age for African American than European American females.

The similar trends in obesity and overweight prevalence in African versus European
American females found in the present investigation are consistent with a previous
prospective study, which found that the African-European American ratio in overweight and
obesity prevalence remained the same across adolescence (Kimm, Barton, et al., 2002). The
higher prevalence by age 12 of overweight and obesity with African American versus
European American females in the present study also supports research documenting the
emergence of African-European American differences in adiposity by early adolescence
(Kimm et al., 2001). These findings further build upon the developmental literature to
suggest that, by early adolescence, Latina females also have higher prevalence of
overweight than European American females.

Strengths and Limitations
To date, only a handful of studies (e.g., Park et al., 2001) have tracked the development of
overweight and obesity across the entire adolescent period using prospective data. The
strength of the present study was that it covered the entire period of adolescence, examined
incidence and remission in order to understand changes in prevalence, and used direct
measures of height and weight. Previous published studies examining ethnic differences in
adolescent overweight and obesity have focused primarily on African American and
European American adolescents so this investigation addresses an important gap in the
literature by also including Latina adolescents.
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Although this study had a number of strengths, it is important to consider its limitations.
First, the smaller number of African American and Latina participants may have limited our
ability to detect ethnic differences due to larger standard errors and confidence intervals for
these groups. This limitation was most pronounced in the models examining ethnic
differences in incidence and remission where the samples were further restricted to the
subset transitioning into or out of overweight or obesity. Second, because of insufficient
representation in the current sample, we were not able to examine ethnic differences in
overweight and obesity among Asian Pacific Americans and Native Americans. Third,
although BMI is the recommended measure of adiposity in epidemiologic research (Dietz &
Robinson, 1998), it can reflect elevations in other aspects of body composition, such as
muscle mass. Fourth, because the sample consisted exclusively of female adolescents,
results may not generalize to male adolescents. In spite of these limitations, our findings
offer important insight for clinicians and researchers seeking to understand the development
of adolescent overweight and obesity.

Clinical Implications and Directions for Future Research
The trends in overweight and obesity documented in this study suggest that overweight is
less chronic than obesity as remission from overweight outpaced onset to this condition for
adolescent females. In comparison, obesity became increasingly chronic with age with
escalating incidence accompanied by flat rates of remission. The peak of obesity onset
during middle to late adolescence indicates that this period is an important developmental
transition affecting the development of full threshold obesity. Dietary intake and physical
activity both contribute to unhealthy weight gain when caloric intake exceeds energy
expenditure (Weinsier et al., 2002). More African American and Latina females transitioned
into overweight and obesity than transitioned out, a difference that may reflect greater
declines in physical activity during adolescence in some minority groups (Kimm, Glynn, et
al., 2002). Additionally, lower intake of healthy (e.g., fruits and vegetables; Delva et al.,
2007) and increased intake of unhealthy (e.g., high fat) foods during adolescence may also
contribute to the ethnic differences in the chronicity of overweight and obesity observed in
this study.

Ethnic differences in overweight and obesity may also reflect disparities in treatment.
Analyses of pediatric records indicate that obesity is under diagnosed among Latina children
relative to their European American counterparts (Dorsey, Wells, Krumholz, & Concato,
2005) and that counseling children to exercise occurs half as often for African American
children during routine health maintenance visits (Cook, Weitzman, Auinger, & Barlow,
2005). These findings support calls for targeting obesity prevention programs during
childhood (National Task Force on Prevention and Treatment of Obesity, 1994), particularly
for African American and Latina children. Because ethnic differences in overweight and
obesity are present by age 12, childhood prevention programs might reduce the ethnic
disparity in these conditions.

Our findings indicate several directions for research on adolescent overweight and obesity.
First, given the emergence of African American, Latina, and European American differences
in overweight and obesity by early adolescence, a prospective study tracking the
maturational trends in prevalence, incidence, and remission beginning in childhood would
be particularly valuable. Second, since data on individuals of Asian Pacific and Native
American descent are scarce, a developmental examination of overweight and obesity for
these groups alongside African Americans, Latinas, and European Americans would
represent an important contribution to the literature. Third, comparing developmental trends
in overweight and obesity for males versus females would help elucidate potential gender
differences in the emergence of these conditions. Finally, the present study provides the first
comprehensive comparison of prevalence, onset and remission among African American,
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Latina, and European American adolescents, one that future prospective studies can build
upon with larger samples of ethnic minority groups to assess developmental trends with
increasing precision. A clearer developmental understanding of adolescent overweight and
obesity will provide valuable information to inform clinical decision-making.
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Figure 1.
Prevalence of Adolescent Female Overweight and Obesity. All ethnicities.
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Figure 2.
Incidence of Adolescent Female Overweight and Obesity. All ethnicities.
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Figure 3.
Remission from Adolescent Female Overweight and Obesity. All ethnicities.
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Figure 4.
Incidence of Adolescent Female Obesity by Ethnicity. African Americans, Latinas, and
European Americans only.
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