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Abstract
Objectives—This study considered the association between sexual maturation and adiposity in
children and adolescents, and examined the contribution of sexual maturation to ethnic differences
in total and depot-specific body fat.

Methods—The sample included 382 White and African American 5–18-year-olds. Body mass
index (BMI), waist circumference (WC) and sexual maturity status (breast/genital and pubic hair
stage) were assessed in a clinical setting. Total body fat (TBF) was measured by dual-energy X-
ray absorptiometry and abdominal subcutaneous (SAT) and visceral adipose tissue (VAT) were
measured by magnetic resonance imaging. Analysis of covariance adjusted for age was used to
examine the association between sexual maturity status and adiposity, and linear regression
adjusted for age was used to examine the influence of sexual maturation on ethnic differences in
adiposity. Analysis of VAT also controlled for TBF. Significance was accepted at P<0.05.

Results—Breast/genital stage was significantly associated with BMI, WC, TBF, and SAT in
girls of both ethnic groups and in White boys. Breast stage was associated with VAT. Stage of
pubic hair was significantly associated with TBF and VAT in White girls only. In girls, sexual
maturation attenuated the ethnic effects on BMI and WC, but the ethnic effect in VAT persisted.
In boys, sexual maturation did not attenuate ethnic differences on VAT and did not predict WC or
SAT. Sexual maturity status independently explained variance in adiposity in girls only.

Conclusions—Sexual maturity status is an important determinant of pediatric adiposity and
attenuates ethnic differences in girls’ adiposity.

Pediatric obesity is a major clinical and public health challenge. Increased adiposity during
puberty is a significant predictor of adult obesity (Guo et al., 2002) and associated
comorbidities including coronary heart disease (Baker et al., 2007). Pubertal changes in
estrogen, androgen, and growth hormone levels also influence adiposity (Loomba-Albrecht
and Styne 2009). Stage of sexual maturation at the time of examination may thus influence
total body fat (TBF) (Himes et al., 2004; Roemmich et al., 2002) and depot-specific
adiposity, including subcutaneous (SAT) and visceral adipose tissue (VAT) (Loomba-
Albrecht and Styne 2009). In a study of 7–16-year-old White and Hispanic youth, pubertal
status explained 18.6 and 12.4% of the variance in SAT and VAT, respectively, and had a
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greater influence on SAT and VAT than age, ethnicity or gender (Brambilla et al., 2006). In
contrast, pubertal status was moderately correlated with SAT and VAT in boys but not in
girls among youth aged 13.5 ± 0.4 years, and explained only 6.8 and 3.7% of the variance in
SAT and VAT, respectively (Benfield et al., 2008). Pubertal status, when adjusted for age,
did not explain the variance in body mass index (BMI), waist circumference (WC), TBF, or
VAT among a sample of 138 8–12 year-old African American girls (Hoffman et al., 2005).

Pubertal status is influenced by ethnicity: African American boys and girls begin puberty
before White boys and girls whether assessed by stage of breasts/genitals or pubic hair (Sun
et al., 2002). Overweight and obesity are more prevalent among African American girls
(41.3%) and boys (36.9%) compared to White youth (27.9%) (Ogden et al., 2012). African
Americans also have more abdominal SAT (Lee et al., 2008), a major component of body
fat. In contrast, White youth tend to have more VAT than African American youth (Liska et
al., 2007; Taksali et al., 2007). Of relevance to discussions of ethnic variation in adiposity,
comparisons of White and African American youth rarely control for variation in sexual
maturity status. The purpose of this study was to examine the association between sexual
maturation and adiposity among African American and White youth and to estimate the
contribution of variation in sexual maturity status to observed ethnic differences in total and
depot-specific body fat.

METHODS
Participants

Participants were drawn from a sample of 423 White and African American youth 5–18
years of age. All were involved in a cross-sectional study of the correlates of abdominal
adiposity. Exclusion criteria included being unwilling or unable to communicate with study
staff to provide an informed consent, or having a chronic medical condition or pregnancy
which could interfere with the measurements in this study. Additional exclusion criteria for
the present analysis included ethnicity other than White or African American (n=12), outlier
value (>±3 SD from the mean for age and sex) for a primary analysis variable (n=1), or
incomplete magnetic resonance imaging (MRI) or dual-energy X-ray absorptiometry (DXA)
scans (n=28) due to participant refusal, motion artifacts, or participant weight exceeding
equipment limits. The present analysis included 382 youth (84 African American and 96
White boys, and 118 African American and 84 White girls). Informed consent was obtained
from parents or guardians along with written assent from the participants. The Pennington
Biomedical Research Center (PBRC) institutional review board approved all study
procedures.

Anthropometry
Height and weight were measured in the PBRC outpatient clinic using established and
standardized procedures. The BMI (kg/m2) was calculated. BMI percentiles were
determined using the SAS macro program developed from the 2000 CDC Growth Charts for
the United States (Centers for Disease Control and Prevention, 2011). WC was measured to
the nearest 0.1 cm at the midpoint between the iliac crest and the lowest rib; the average of
two measurements was used for analysis (closest two of three if the difference exceeded 0.5
cm).

Sexual maturity status
Sexual maturation was assessed by a physician (for participants < 9 years) or self-assessed
(for participants ≥9 years) using the criteria developed by Tanner (Tanner, 1986). A series of
drawings depicted progressive stages of pubertal development from 1 (no development) to 5
(complete development) for female breasts or male genitalia and from 1 (no development) to
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6 (complete development) for pubic hair development (Tanner, 1986). Stages 5 and 6 of
pubic hair development were collapsed into a single category to represent the mature state.
Moderate to high concurrence has been previously demonstrated between physician
assessment and self-assessment in this pediatric age range (Matsudo and Matsudo, 1994).

Body composition
TBF (kilograms) was assessed by DXA on a Hologic QDR 4500A whole-body scanner
(Bedford, MA); analyses were conducted with QDR software for Windows V11.2.
Abdominal SAT and VAT were assessed by MRI on a General Electric (GE) Signa Excite
(3.0 Tesla) (GE Medical Systems, Waukesha, WI) scanner. Scans were obtained from the
highest point of the liver to the bottom pole of the right kidney. Depending on the stature,
five to eight slices with a slice gap of 4.78 cm were analyzed for each participant. Using the
AnalyzeV® software package (CNSoftware, Rochester, MN), one trained technician
manually drew SAT and VAT areas. Area (cm2) for each slice was calculated by the number
of pixels multiplied by voxel width by voxel height. Volume (ml) at each slice was then
calculated by the SAT or VAT area multiplied by the voxel depth by the slice gap by
0.000001. The five to eight slice volumes were summed for total SAT or VAT volume for
each participant. A sub-set of 20 images at the L4–L5 slice was reanalyzed (blinded) for
intrarater reliability. The average coefficient of variation, calculated as the ratio of the
standard deviation to the mean of each set of two measurements, was 0.99±1.00 for SAT
area and 6.63±6.35 for VAT area. Pearson correlation coefficients between first and second
analysis were high (r=0.99 for SAT area; r=0.97 for VAT area).

Statistical analysis
Analyses were performed using SAS VR statistical package V9.3 (SAS Institute, Cary, NC).
Analysis of covariance with age as the covariate was used to examine the relationship
between sexual maturity status (stage of breast/genital and pubic hair) with each measure of
adiposity (BMI, WC, TBF, SAT, and VAT). The analysis of VAT also controlled for TBF. P
values for linear trends across maturity categories are reported.

Sex-specific linear regression analysis was used to examine the relationship between sexual
maturity status (breast/genital stage) and ethnicity (White vs. African American) with each
measure of adiposity (BMI, WC, TBF, SAT, and VAT). Adiposity variables were
transformed using the natural logarithm to correct for skewness. Model 1 included the
independent variable of ethnicity with age as a covariate. Age squared, age cubed, and the
age by ethnicity interaction were included if significant (P<0.05). Model 2 included the
independent variables of sexual maturity status and ethnicity with age as a covariate. Age
squared, age cubed, and interaction terms (age by ethnicity, age by maturation) were
included if significant (P<0.05). For analysis of VAT, TBF was also included as a covariate
and the TBF by age interaction term was included if significant (P<0.05). Sex-specific
univariate analysis was used to estimate the variance explained by sexual maturity status for
each measure of adiposity.

RESULTS
Descriptive characteristics are reported by ethnicity and sex in Table 1. Means and standard
deviations in the total sample were as follows: age, 12.3±3.5 years; BMI, 23.1±6.6 kg/m2;
BMI percentile, 72.6±28.0%; WC, 74.4±16.9 cm; TBF, 16.8±11.8 kg; SAT, 4255.2±3878.7
ml; and VAT, 146.5±148.2 ml.

Breast stage in girls was significantly and positively associated with BMI, WC, TBF, and
SAT in White and African American girls (all ptrend <0.001), and with VAT in White girls
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(ptrend=0.021) (Figs. 1 and 2). Genital stage was significantly related to increased BMI
(ptrend=0.008), WC (ptrend=0.016), TBF (ptrend=0.004), and SAT (ptrend=0.006) in White
boys, but not in African American boys. Pubic hair stage was not associated with adiposity
in White or African American boys.

Linear regression models for girls adjusted for age indicated ethnicity as a significant
predictor of BMI, WC, and VAT (Table 2). African American girls had higher BMI and
WC, but lower VAT, compared to White girls. When sexual maturity status was added to
the model (breast stage), ethnic differences between White and African American girls
disappeared. Sexual maturity status (breast stage) significantly and positively predicted
BMI, WC, TBF, and SAT in girls. Ethnic effects persisted for VAT among girls and sexual
maturity status (breast stage) did not significantly predict VAT. Results of the univariate
analyses indicated that sexual maturity status (breast stage) explained 33.7% of the variance
in BMI, 34.5% of the variance in WC, 35.1% of the variance in body fat, 25.1% of the
variance in SAT, and 16.8% of the variance in VAT in girls. In contrast, ethnicity explained
less than 5% of the variance in each measure of adiposity. In the full model which included
age and ethnicity, sexual maturity status (breast stage) explained more of the variance in
several measures of adiposity than ethnicity in girls (partial R2=37% for BMI, 37% for WC,
43% for TBF, and 32% for SAT), with the exception of body fat-adjusted VAT (partial
R2=0%).

The linear regression models adjusted for age among boys indicated that ethnicity was a
significant predictor of VAT. African American boys had lower VAT compared to White
boys. When sexual maturity status (genital stage) was added to the model, ethnicity
remained significantly related to VAT, and sexual maturity status (genital stage)
significantly predicted VAT and TBF. Neither ethnicity nor sexual maturity status (genital
stage) significantly predicted BMI, WC, or SAT in boys. Results of the univariate analyses
indicated that sexual maturity status (genital stage) explained 13.7% of the variance in BMI,
19.8% in WC, 9.1% in body fat, 7.1% in SAT, and 5.2% in VAT in boys. In contrast,
ethnicity explained none of the variance in each measure of adiposity among boys in
univariate analyses. When age and ethnicity were controlled, sexual maturity (genital stage)
explained a negligible amount of the variance in all measures of adiposity in boys.

DISCUSSION
This study examined the association between sexual maturity status and adiposity in youth.
Later stage of sexual maturation was significantly associated with greater amounts of
adiposity even when controlling for age (Figs. 1 and 2), although sex and ethnic differences
emerged. Advanced sexual maturation (breast stage) was associated with greater BMI, WC,
TBF, and SAT in White and African American girls. Later stage of sexual maturation (pubic
hair stage) was associated with greater TBF and VAT in only White girls. Advanced sexual
maturation (genital stage) was associated with greater BMI, WC, TBF, and SAT in only
White boys. Corresponding relationships were not significant in African American boys.

This study also determined the influence of sexual maturity status on ethnic differences in
total and depot-specific adiposity. African American girls had higher BMI and WC
compared to White girls when age was statistically controlled. However, when sexual
maturity status (breast stage) was added to the model, the ethnic differences in these
adiposity variables disappeared. The sole exception was VAT. White girls had more VAT
than African American girls whether sexual maturity status was or was not included. The
results were partially consistent with the lack of differences in TBF, SAT, or VAT between
White and African American obese youth (11.8±0.5 years) after adjustment for stage of
puberty (indicator not specified) (Tershakovec et al., 2003).
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Among boys, ethnic differences in VAT were evident when age was statistically controlled.
Adding sexual maturity status (genital stage) in the analysis did not attenuate the ethnic
differences. White boys had higher VAT even when controlling for sexual maturity status.
The persistence of ethnicity effects on VAT was consistent with an earlier study of boys 11–
18 years: African American boys had more SAT but less VAT than White boys, despite
similar age, stage of puberty (pubic hair and genital) and BMI (Lee et al., 2011).

In contrast to ethnicity, sexual maturity status explained more of the variance in BMI, WC,
TBF, SAT, and VAT in both girls and boys in univariate analyses, but there were sex
differences in the explained variances. Sexual maturity status explained 25.1 and 16.8% of
the variance in SAT and VAT in girls, respectively, compared to 7.1 and 5.2%, respectively,
in boys. These observations were similar to estimates in a study of 7–16-year-old boys and
girls: sexual maturity status (indicator not specified) explained 18.6 and 12.4% of the
variance in SAT and VAT, respectively (Brambilla et al., 2006). Sexual maturity status
(breast and pubic hair) explained less variance, 6.8% for SAT and 3.7% for VAT, in a large
cohort of British children; however, maturity status (pubic hair) was correlated with SAT
and VAT in boys but not girls (Benfield et al., 2008). The variable findings may reflect the
indicator of sexual maturity status used in the respective analysis. In the study of British
youth (Benfield et al., 2008), stages of breast/genital and pubic hair were collapsed into
prepubertal (stage 1), early pubertal (stages 2–3) and late pubertal (stages 4–5). This study
used the five specific stages of breast and genital development in girls and boys,
respectively. This is an important analytical issue as stages of breast and pubic hair in girls
and genital and pubic hair in boys, though related, are not equivalent within each sex
(Malina et al., 2004). Stages of breast and genital development are also not equivalent
(Malina et al., 2004).

This study also examined the independent variance in adiposity attributable to sexual
maturity status (breast/ genital stage), controlling for ethnicity. The independent variance in
adiposity explained by sexual maturity status ranged from 6 to 43% in girls and from 2 to
9% in boys. The results emphasize a need to consider age, ethnicity and TBF when
examining the independent association between sexual maturity status and adiposity.

Differences in the associations between sexual maturation and adiposity were noted, but
varied depending on the indicator used. Breast stage was associated with every measure of
adiposity (in girls), and genital stage (in White boys) was associated with each adiposity
measure except VAT. Stage of pubic hair was associated only with TBF and VAT in White
girls and with none of the adiposity measures in boys of either ethnic group. Breast stage is
generally considered more reliable than pubic hair stage because breast tissue requires action
of the estrogen in the hypothalamic–pituity–gonadal axis (Euling et al., 2008). However,
given the increased prevalence of obesity in children and adolescents, the potential for error
in assessing breast stage is increased, especially self-assessments or assessments by
clinicians with limited experience. Some individuals may have difficulty distinguishing the
development of the breast per se from increased subcutaneous adiposity. Nevertheless,
differences in relationships between adiposity with pubertal stages warrant further study.

A cross-sectional trend among boys in the present study may warrant further study. The
present data suggest a decline in TBF, SAT, and VAT among White and African American
boys in stage 4 of genital and pubic hair (Fig. 2). Most boys reach peak height velocity at
Tanner Stage three or four, which may explain a relative decrease in body fat. However,
there is considerable variation in the sexual maturation stage represented at peak height
velocity (Malina et al., 2004), and this study was cross-sectional so that inferences about
changes in adiposity across stages of pubertal maturation need to be made with care. The
findings may be an artifact of the cross-sectional data, but observations from the Zurich
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Longitudinal Study (n=100) indicate the majority of boys were in pubic hair stage 3 (61) and
genital stage 4 (55) at the time of peak height velocity (Prader et al., 1984). Estimated rates
of growth in subcutaneous adiposity (by skinfold thicknesses or radiography) tend to
decelerate at the time of peak height velocity, and percentage body fat also declines at this
time (Malina et al., 2004). It is not certain if corresponding changes occur in VAT and SAT,
but a need for longitudinal study across the interval of sexual maturation and the growth
spurt is implicated.

The process of sexual maturation may influence relationships between depot-specific
adipose tissue and metabolic parameters. For instance, in overweight and obese prepubertal
children, insulin sensitivity was associated with SAT but not with VAT (Maffeis et al.,
2008). Similarly, VAT was related to glucose metabolism after puberty but not before
(Brambilla et al., 1999). In post-pubertal adolescents, VAT was related to insulin sensitivity
and high density lipoprotein cholesterol levels as seen among adults (Brambilla et al., 1994).
Many studies are cross-sectional so that causal implications are not warranted. The studies,
however, implicate a need for comprehensive longitudinal study of associations between
depot-specific adiposity and metabolic health during pubertal maturation in normal weight
and obese youth.

A major strength of this study was the broad age range, pubertal status spanning pre- to post-
puberty, and the variety of adiposity indicators in White and African American youth. MRI
and DXA were used to precisely assess depot-specific and TBF, respectively. Nevertheless,
the study has several limitations. First, the sample was cross-sectional and thus limited to
stage of sexual maturity at the time of assessment, without indication of the timing or tempo
of sexual maturation. The direction of the relationship between sexual maturity status and
adiposity is also unclear. Physiological and hormonal changes during puberty influence
adiposity (Euling et al., 2008). It has been suggested that obesity per se may accelerate the
timing to onset of puberty, as demonstrated in United States girls (Euling et al., 2008),
although the evidence indicates that body fat has limited influence (de Ridder et al., 1992).
Second, both physician- and self-assessments of pubertal status were used. Concordance of
self- versus physician-assessed maturation varied with indicator and among stages (Matsudo
and Matsudo, 1994). As noted earlier, assessment of breast stage may be problematic in
obese girls, as it may be difficult to distinguish adipose tissue per se from the elevation of
the breast. A related issue may be the fact that criteria for stages of puberty described by
Tanner (1962, 1975) were based primarily on studies of White youth (Malina et al., 2004).
Variation in the development of the secondary sex characteristics per se associated with
ethnicity warrants attention. Finally, there were limitations to the sample. Two ethnic groups
were included in this study, so it is not known how sexual maturation contributes to
adiposity differences across other ethnic groups. The four heaviest participants were
excluded due to exceeding weight limits of the DXA, which created a ceiling effect in the
adiposity measures that may have attenuated the associations between ethnicity, maturation
and adiposity. Additionally, the mean BMI of African American girls was equivalent to
overweight in adults, so the results may differ in populations with lower BMI.

CONCLUSION
Sexual maturity status is an important consideration for adiposity in White and African
American girls and in White boys. Sexual maturity status explained ethnic variation in
adiposity among girls, but not in boys. There is a need for longitudinal research to examine
the influence of individual differences in the timing and tempo of sexual maturation and its
relationship with changes in adiposity, as well as the influence of early pubertal onset on
cardiometabolic health in youth.
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Fig. 1.
Mean values of age-adjusted a) BMI and b) WC, stratified by sex, ethnicity, and sexual
maturation assessed by the criteria of Tanner (development of breasts/genitals). AA
indicates African American. Windicates White.
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Fig. 2.
Mean values of age-adjusted a) TBF, b) SAT, and c) VAT (also adjusted for TBF), stratified
by sex, ethnicity, and sexual maturation assessed by the criteria of Tanner (development of
breasts/genitals). AA indicates African American. Windicates White.
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TABLE 1

Descriptive characteristics of African American and Caucasian 5–18-year-old girls and boys

White girls African American girls White boys African American boys

n 84 118 96 84

Age, years 12.4 (3.4) 12.3 (3.6) 12.3 (3.5) 12.0 (3.4)

Tanner stage, % (by pubic hair development)

   I 25.0 19.5 33.3 32.1

   II 16.7 9.3 16.7 13.1

   III 4.8 11.9 6.3 13.1

   IV 14.3 15.3 10.4 9.5

   V 39.3 44.1 33.3 32.1

Tanner stage, % (by breast/genital development)

   I 23.8b 17.8 26.0 34.5

   II 17.9 13.6 26.0 17.9

   III 22.6 15.3 14.6 14.3

   IV 23.8 22.9 20.8 20.2

   V 11.9 30.5 12.5 13.1

BMI, kg/m2 21.9 (5.2) 25.1 (7.8)a 21.6 (5.6) 22.9 (6.6)

BMI percentile, % 70.0 (26.0) 78.1 (27.7)a 67.8 (29.5) 73.0 (27.9)

Waist circumference, cm 72.0 (13.9) 77.1 (18.0)a 73.5 (16.1) 73.9 (18.8)

Body fat, kg 16.9 (9.4) 20.8 (14.1)a 13.7 (10.2) 14.5 (11.0)

Body fat percent, % 31.1 (8.4)b 31.8 (9.6)a 24.0 (9.1) 24.0 (10.0)

SAT volume, ml 4246.6 (3153.8)a 5626.5 (4767.2)a 3171.3 (3075.2) 3576.3 (3428.2)

VAT volume, ml 162.3 (137.0) 139.4 (128.0) 167.7 (190.7)b 116.6 (124.6)

Parentheses indicate standard deviation. BMI—body mass index; SAT—subcutaneous adipose tissue; VAT—visceral adipose tissue.

a
Significant difference by ethnicity, within sex.

b
Significant difference by sex, within ethnicity.
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