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Body Mass Index and Timing of Pubertal
Initiation in Boys
Joyce M. Lee, MD, MPH; Niko Kaciroti, PhD; Danielle Appugliese, MPH; Robert F. Corwyn, PhD;
Robert H. Bradley, PhD; Julie C. Lumeng, MD

Objective: To examine the association between body
mass index (BMI [calculated as weight in kilograms di-
vided by height in meters squared]) and timing of pu-
bertal onset in a population-based sample of US boys.

Design: Longitudinal prospective study.

Setting: Ten US sites that participated in the National
Institute of Child Health and Human Development Study
of Early Child Care and Youth Development.

Participants: Of 705 boys initially enrolled in the study,
information about height and weight measures and pu-
bertal stage by age 11.5 years was available for 401 boys.

Main Exposure: The BMI trajectory created from mea-
sured heights and weights at ages 2, 3, 4.5, 7, 9, 9.5, 10.5,
and 11.5 years.

Main Outcome Measure: Onset of puberty at age 11.5
years as measured by Tanner genitalia staging.

Results: Boys in the highest BMI trajectory (mean BMI
z score at age 11.5 years, 1.84) had a greater relative risk
of being prepubertal compared with boys in the lowest
BMI trajectory (mean BMI z score at age 11.5 years, −0.76)
(adjusted relative risk=2.63; 95% confidence interval,
1.05-6.61; P=.04).

Conclusions: The relationship between body fat and tim-
ing of pubertal onset is not the same in boys as it is in
girls. Further studies are needed to better understand the
physiological link between body fat and timing of pu-
bertal onset in both sexes.
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U NDERSTANDING THE ASSO-
ciation between fat mass
and pubertal timing is im-
portant given the cur-
rent epidemic of obesity

among US children. Obesity rates among
US girls and boys have nearly tripled since
the 1960s,1 prompting concern about the
effect of this excess weight on the timing
of pubertal development.

Despite a relatively extensive litera-
ture demonstrating an inverse associa-
tion between body fat and age at pubertal
onset in girls,2-5 similar studies in boys have
been lacking. One recent cross-sectional
study showed the opposite relationship be-
tween body fat and sexual maturation
among boys; boys with a higher body mass
index (BMI [calculated as weight in kilo-
grams divided by height in meters
squared]) were more likely to have later
rather than earlier sexual maturation.6 If
differences in body fat were to precede dif-
ferences in the timing of appearance of sec-
ondary sexual characteristics, this would

provide evidence for a possible causal link
between greater body fat mass and later on-
set of puberty in boys. Longitudinal stud-
ies are therefore needed to better under-
stand sex-based differences in the
relationship between body fat and puber-
tal timing as well as possible implications
of increasing BMI among US boys. We re-
port the findings of a population-based lon-
gitudinal study that tested the hypothesis
that a higher BMI z score trajectory from
ages 2 to 11.5 years would be associated
with remaining prepubertal at age 11.5
years among a socioeconomically diverse
sample of US boys.

METHODS

SAMPLE

The cohort consisted of boys enrolled in the
National Institute of Child Health and Human
Development Study of Early Child Care and
Youth Development, a study of child behav-
ior, growth, anddevelopment that recruited full-
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term singleton children born in 1991 in 10 geographic areas.7

Approval was obtained by the pertinent institutional review
boards. Of 1364 initial study participants, of which 705 were
boys, 1077 remained in the study at age 11.5 years.

MAIN EXPOSURE

Height and weight were measured during study visits at ages 2,
3, 4.5, 7, 9, 9.5, 10.5, and 11.5 years, and the BMI z score for
each age was calculated.8 Boys were classified into 1 of 3 BMI
trajectories generated from these data as described later. The BMI
trajectory group served as the primary predictor.

MAIN OUTCOME MEASURE

Similar to other previous studies of puberty in boys,6,9 we elected
to categorize pubertal initiation based on Tanner genitalia stag-
ing. Pubarche was not assessed as it is independent of the hy-
pothalamic-pituitary-gonadal axis. Tanner genitalia staging was
performed at ages 9.5, 10.5, and 11.5 years by visual inspec-
tion. Examiners were pediatric endocrinologists or trained nurse
practitioners who were certified in Tanner staging via the same
methods used for other large population-based studies of pu-
berty10 and were recertified every 6 months. The Tanner geni-
talia stage was rated separately from pubic hair development
using Tanner’s original criteria.11 Boys with Tanner stage 1 geni-
talia at age 11.5 years were defined as prepubertal; the remain-
der of the cohort was classified as pubertal. We selected age
11.5 years as the age at which to evaluate the outcome based
on an evaluation of the proportion of boys remaining prepu-
bertal at the different assessment ages. At age 11.5 years, 49
(12.2%) of the boys were prepubertal, which we felt repre-
sented both a clinically significant tail of the distribution and
a substantial enough sample size to allow meaningful statisti-
cal analysis.

Because pubertal development does not regress, if Tanner stage
data were missing at age 11.5 years but a boy had Tanner stage
2 development by ages 9.5 and 10.5 years, the participant was
classified as pubertal (n=43). Boys with Tanner stage 2 genita-
lia at age 9.5 or 10.5 years but noted to have Tanner stage 1 geni-
talia at age 11.5 years were considered to have implausible data
and were excluded from the analysis (n=14).

COVARIATES

The income-to-needs (ITN) ratio at 2 years, a measure of so-
cioeconomic status that represents total family income relative
to the federal poverty line for a family of a particular size, and
race (white vs nonwhite) were included as covariates, as higher
social class and black race are associated with earlier matura-
tion in boys.6,12

STATISTICAL ANALYSIS

Data analysis was performed using SAS version 9.1 statistical
software (SAS Institute, Inc, Cary, North Carolina). We used
!2 analysis and analysis of variance to describe the sample. To
assess the relationship between growth patterns and onset of
puberty, we performed growth curve or trajectory analysis, which
identified BMI trajectories from the population data, gener-
ated growth data for individuals, and then classified individu-
als into 1 of the BMI trajectories. This allowed us to incorpo-
rate all available BMI data.13

Owing to the limited number of boys with the primary
outcome of later onset of puberty, we elected to use a 3-group
trajectory model. We performed imputation with SAS version
9.1 statistical software using the ITN ratio at 2 years and all
available BMI measurements. We then defined BMI z score
trajectories controlling for the ITN ratio. We assessed the rela-
tive risk of being prepubertal according to trajectory member-
ship, adjusting for race and ITN ratio. Finally, unadjusted per-
centages of later onset of puberty by trajectory group were
calculated.

Attrition analyses comparing the sample of boys with com-
plete data for BMI trajectory and puberty assessed at age 11.5
years revealed no significant differences between children in-
cluded in this analysis (N=401) and children without com-
plete data and not included (n=304) for race (P=.22). How-
ever, boys in the sample had a lower ITN ratio compared with
boys excluded (mean [SD], 3.31 [2.80] vs 3.94 [3.65], respec-
tively; P=.03) as well as a lower BMI z score at age 11.5 years
(mean [SD], 0.54 [1.14] vs 0.81 [1.10], respectively; P=.05).
No child in this cohort had any chronic medical condition or
medicationuse thatwouldhavehadasubstantial effectonweight,
puberty, or the association between the two.

RESULTS

For the sample of 401 boys with BMI data contributing to
the trajectory analysis and data on Tanner genitalia stage
at age 11.5 years, 82 (20.5%) were nonwhite and 56 (14.8%)
had an ITN ratio less than 1 (indicating that they were liv-
ing in poverty). Rates of overweight (BMI "85th and #95th
percentiles) and obesity (BMI "95th percentile) at age 11.5
years were 14.4% and 19.4%, respectively. Overall, 49 boys
(12.2%) were prepubertal at age 11.5 years by Tanner geni-
talia staging.

The 3 BMI z score trajectories identified for this co-
hort of boys are shown in the Figure. The highest BMI
z score trajectory had a mean (SD) BMI z score of 1.84
(0.50) at age 11.5 years and included 114 boys (28.4%).
The lowest BMI z score trajectory had a mean (SD) BMI
z score of −0.76 (0.63) at age 11.5 years and included 91
boys (22.7%). The intermediate BMI z score trajectory
had a mean (SD) BMI z score of 0.41 (0.70) at age 11.5
years and included 196 boys (48.9%). Table 1 shows
characteristics of the overall sample and each trajectory
group.
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Figure. Highest, intermediate, and lowest body mass index (BMI [calculated
as weight in kilograms divided by height in meters squared]) trajectories and
percentage of boys who were prepubertal at age 11.5 years.
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The Figure shows the unadjusted percentages of boys
who were prepubertal at age 11.5 years by trajectory group
for each of the measures. We found significant differ-
ences in the number of boys who were prepubertal at age
11.5 years by Tanner genitalia staging between the high-
est and lowest trajectories: 16 boys in the highest trajec-
tory (14.0%) were prepubertal compared with 7 boys in
the lowest trajectory (7.7%). Table 2 presents the rela-
tive risk of being prepubertal at age 11.5 years by BMI
trajectory group, adjusting for race and ITN ratio. The
relative risk of being prepubertal was significantly greater
in the highest BMI trajectory compared with the lowest
BMI trajectory. Nonwhite race and lower ITN were as-
sociated with a lower relative risk of being prepubertal
at age 11.5 years.

We reran the analysis including the 14 boys with im-
plausible Tanner staging data assuming that all 14 boys
were at Tanner stage 2 at age 11.5 years and then assum-
ing that all 14 boys were at Tanner stage 1 at age 11.5
years. The association between trajectory group (high-
est trajectory vs lowest trajectory) and relative risk of being
prepubertal at age 11.5 years remained essentially un-
changed (adjusted relative risk=2.58; 95% confidence in-
terval, 1.03-6.46 for the highest trajectory; and adjusted
relative risk=2.25; 95% confidence interval, 1.07-4.73 for
the lowest trajectory).

COMMENT

To our knowledge, our study represents one of the first
longitudinal population-based studies to report that a
higher BMI z score trajectory during early to middle
childhood may be associated with later onset of puberty
among boys. Although further studies of this association
are needed, our findings do provide some evidence that
greater body fat mass is not linked to an earlier onset of
puberty among boys, contrary to what is seen in girls.2-5,14

Only a few published studies have evaluated the as-
sociation between excess weight and the timing of ap-
pearance of secondary sexual characteristics in boys. In

1972, a case-control study of 20 obese and nonobese ado-
lescents showed findings consistent with our study in that
Tanner stage 5 was reached later by obese boys than by
nonobese boys.15 However, this study was limited by its
small sample size, cross-sectional design, and possible
selection bias as participants were recruited from a sample
referred for obesity evaluation and treatment. Subse-
quently, in 1978, Laron et al16 compared pubertal tim-
ing among 136 obese boys and 48 nonobese control boys.
In contrast, they did not find significant differences in
the timing of puberty between the 2 groups, but their
population was drawn from a single medical center with
limited details of the sampling plan.

In a population-based study, Wang6 classified boys aged
8 to 14 years as early maturers if they reached a Tanner
genitalia stage earlier than the median age for that stage
within the cohort; otherwise, they were categorized as
late maturers. Consistent with our findings, boys with a
higher BMI were more likely to be classified as late ma-
turers. However, this study was limited by the cross-
sectional nature of its design as well as the definition of
early and late maturers, which was based on the age at
which boys reached any Tanner genitalia stage (stages
2-5) rather than on just stage 2 development, poten-
tially confounding an earlier progression of puberty with
an earlier initiation of puberty.17

Table 2. Relative Risks and 95% Confidence Intervals
for Being Prepubertal by Age 11.5 Years in 378 Boys

Covariates RR (95% CI)

Highest vs lowest BMI trajectory 2.63 (1.05-6.61)a

Intermediate vs lowest BMI trajectory 2.19 (0.94-5.14)
Nonwhite vs white 0.30 (0.10-0.94)a

ITN ratio at 2 y 1.10 (1.04-1.16)a

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); CI, confidence interval;
ITN, income-to-needs; RR, relative risk.

aP# .05.

Table 1. Characteristics of the Sample Overall and by Body Mass Index Trajectory Group

Characteristic
Total Sample

(N=401)
Lowest Trajectory

(n=91)
Intermediate Trajectory

(n=196)
Highest Trajectory

(n=114) P Value

BMI z score, mean (SD)
Age, y

2 0.24 (0.93) −0.67 (0.75) 0.40 (0.78) 0.74 (0.79) #.001a

3 0.18 (1.13) −0.96 (0.72) 0.26 (0.77) 1.06 (1.10) #.001a

4.5 0.37 (1.04) −0.66 (0.82) 0.34 (0.58) 1.42 (0.88) #.001a

7 0.50 (1.01) −0.67 (0.53) 0.40 (0.51) 1.68 (0.67) #.001a

9 0.61 (1.02) −0.63 (0.56) 0.45 (0.49) 1.86 (0.48) #.001a

9.5 0.54 (1.09) −0.76 (0.59) 0.42 (0.60) 1.83 (0.48) #.001a

10.5 0.59 (1.11) −0.73 (0.59) 0.47 (0.62) 1.89 (0.47) #.001a

11.5 0.54 (1.14) −0.76 (0.63) 0.41 (0.70) 1.84 (0.50) #.001a

Race, No. (%) .02
White 319 (79.6) 78 (85.7) 160 (81.6) 81 (71.1)
Nonwhite 82 (20.5) 13 (14.3) 36 (18.4) 33 (29.0)

ITN ratio 3.31 (2.80) 4.02 (3.27) 3.35 (2.71) 2.65 (2.38) .003b

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); ITN, income-to-needs.
aPost hoc Tukey tests show that all 3 trajectories’ means are significantly different from each other.
bPost hoc Tukey tests show that the highest trajectory is significantly different from the lowest trajectory.
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Also consistent with our findings, in a population-
based cohort of 346 boys, Biro et al18 found that boys who
had a greater fat mass as measured by the sum of skin-
folds had less advanced sexual maturation by age 12 years
and that boys who had a higher BMI and greater adipos-
ity reached any maturation stage at older ages. Similar
findings were reported from a Spanish male cohort in
which a positive correlation was found between age at
onset of puberty and BMI at pubertal onset,19 but both
studies were limited by the lack of available BMI mea-
surements during early childhood.

In contrast to these studies, Denzer et al20 reported no
delays in the timing of puberty as measured by gonadar-
che but did note decreased testosterone levels among a co-
hort of obese boys. This sample, however, included only
obese children and was drawn from a cohort of children
seeking obesity evaluation and treatment, introducing some
potential for bias. Another more recent longitudinal study
by Buyken et al21 found that prepubertal body composi-
tion was not associated with the timing of the pubertal
growth spurt in a population-based sample of German chil-
dren. However, anthropometric measures were used as a
proxy for timing of puberty and the sample size was small
(N=108).

Much larger male cohort studies from England22 and
Sweden23,24 have suggested that boys with a higher pre-
pubertal BMI experience an earlier onset of puberty. How-
ever, these studies used age at peak height velocity rather
than examination of secondary sexual characteristics as
a proxy for the timing of pubertal maturation. Given that
boys attain peak height velocity only when they reach
Tanner stage 3 puberty, an earlier onset of peak height
velocity could represent an earlier progression of pu-
berty rather than an earlier initiation of puberty or could
represent simply accelerated growth independent of pu-
berty. For example, studies have shown that obese chil-
dren will demonstrate accelerated growth throughout
childhood independent of the timing of puberty.25

Furthermore, the generalizability of these cohort stud-
ies to the US male population is unclear given the geo-
graphic location and age of the cohorts, which included
men born in England between 1927 and 195622 and Swed-
ish boys who were growing up in the early 1970s.23,24 Both
cohorts grew up well before the onset of the worldwide
childhood obesity epidemic.

Our findings have important implications for under-
standing sex differences in physiological mechanisms
of puberty. Given that puberty is regulated by the
gonadotropin-releasing hormone axis for both girls and
boys, it is unclear why we found such different associa-
tions between body fat and the timing of pubertal onset
for the boys compared with the girls in our cohort.5

Although no specific hormonal trigger has been identi-
fied as the responsible agent for activation of the
gonadotropin-releasing hormone axis, leptin (a hor-
mone produced by fat cells) has been proposed as the
hypothesized permissive factor linking body fat and the
initiation of puberty for both boys and girls.26 Cross-
sectional studies have shown that both boys and girls
experience significant elevation in leptin levels during
the prepubertal years and into early puberty.26,27 A longi-
tudinal study of 8 boys by Mantzoros et al9 found that

leptin levels reached their peak at the onset of puberty,
leading Mantzoros and colleagues to conclude that lep-
tin is an important signal responsible for the onset of
puberty in boys. However, it is unclear why boys with a
higher BMI and presumably a higher leptin level26 would
not experience the earlier onset of puberty that is seen in
girls. There are sex differences in leptin levels as chil-
dren progress through puberty; whereas leptin levels
continue to rise in girls, leptin levels decline sharply in
boys.27 We speculate that progression of puberty in boys
might require a decrease in leptin levels, which may be
blunted among obese boys.

Anotherpossiblemechanismfor this association inboys
may be related to increased estradiol production. In con-
trast to females, obese males have greater elevations of
estradiol levels compared with their normal-weight coun-
terparts,28,29 likely related to increased activity of aro-
matase—the enzyme responsible for conversion of an-
drogens to estradiol within adipose tissue.28 Estradiol has
been shown in adult men to exert a negative feedback
control on both the hypothalamus and pituitary. This re-
sults in decreases in both gonadotropin-releasing hor-
mone pulse frequency and pituitary responsiveness to go-
nadotropin-releasing hormone,30,31 contributing to
infertility in obese adult men.32 Therefore, it is possible
that excess estradiol levels in boys with greater body fat
mass may exert negative feedback on the hypothalamic-
pituitary-gonadal axis in an analogous fashion, leading
to a later onset of puberty. However, we do note that one
study did not find differences in estradiol levels between
obese and nonobese boys,33 although it was a small study
that included only 6 obese boys. Furthermore, we note
that the physical onset of puberty is not necessarily in-
dicative of pubertal hormone secretion in the absence of
pubertal progression. Future population-based studies to
better characterize the relationship between body fat and
timing of pubertal onset and progression in boys are
needed and will require physiological measurements of
a variety of hormones, including leptin and estradiol, to
better understand the mechanisms that lead to pubertal
initiation and progression in boys vs girls.

We recognize that there are multiple outcome mea-
sures for assessing puberty in boys. In-depth approaches
to measuring puberty include testicular ultrasonography
and serum testosterone measurement, which are outside
the scope of the data collection for large, longitudinal, popu-
lation-based cohorts. Puberty may also be measured via
Tanner genitalia staging or assessment of testicular vol-
ume by palpation and comparison with the Prader orchi-
dometer. Although testicular volume assessment is pre-
ferred by some investigators,34 the reliability and validity
of this method, even among experienced pediatric endo-
crinologists, has been called into question.35 For that rea-
son, we elected to use Tanner genitalia staging as our out-
come measure of puberty.

We note that most boys in our cohort had onset of
puberty by age 11.5 years, which is consistent with data
previously published by Herman-Giddens et al,36 who
evaluated the timing of secondary sexual characteristics
in a representative sample of US boys. They found that
the prevalence of Tanner stage 2 or greater genital de-
velopment was reached by approximately 90% of boys
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by age 12 years, which would be consistent with the preva-
lence of puberty among our cohort. Furthermore, they
reported a median age of 10.1 years for transition into
Tanner stage 2 puberty as assessed by genitalia staging.
In contrast, Biro et al37 reported a mean age of 12.2 years
for pubertal initiation; however, the study by Biro and
colleagues used a measure of puberty based on both tes-
ticular and pubic hair development, making compari-
son difficult as other studies have shown that pubic hair
development generally lags behind genital pubertal
development.36

It is unlikely that assignment of Tanner genitalia stage
in our cohort was influenced by pubarche (pubic hair
growth), which is due to the turning on of the adrenal
gland in boys,38 as examiners assessed puberty and pubar-
che as separate outcome measures. Subcutaneous tissue
could theoretically obscure the view of the genitalia in
morbidly obese children, leading to misclassification.
However, the mean BMI z score of boys in the highest
trajectory group was 1.84, which is unlikely to be se-
vere enough to lead to significant misclassification of the
Tanner stage of male genitalia. Furthermore, if there was
misclassification related to this issue, we would have ex-
pected lower rates of puberty compared with estimates
of the timing of puberty from nationally representative
samples.

There were limitations to our study. Although boys
in our sample had a slightly lower BMI than those with-
out height, weight, and pubertal measurements, the fact
that we identified an association within our sample would
suggest that our findings are relatively robust. We were
unable to perform subgroup analyses by race given the
small number of children classified as nonwhite. Body
fat mass was assessed with BMI, a surrogate measure of
adiposity, and studies have found that the relationship
between body fat and BMI may vary depending on sex
and race as well as overall percentage of body fat. Fu-
ture studies might consider using more in-depth mea-
surements of body fat such as dual-energy x-ray absorp-
tiometry. Finally, the assessment of pubertal initiation
in future studies would also benefit from the use of mul-
tiple simultaneous measures of puberty such as testicu-
lar ultrasonography in combination with serum testos-
terone measurement, which would provide convergent
validity. Despite these limitations, the primary strength
of our study lies in its large sample followed up longi-
tudinally over nearly 10 years from early childhood. In
addition, our sample included boys across the BMI spec-
trum and had significantly more socioeconomic and geo-
graphic diversity compared with prior cohorts.

This longitudinal study provides further evidence that
higher BMI during early and middle childhood is not as-
sociated with earlier pubertal onset in boys, contrary to
what is seen in girls. In fact, higher BMI in earlier child-
hood may be associated with and precede later onset of
puberty among a population-based sample of US boys.
Given the recent childhood obesity epidemic, addi-
tional studies are needed to further investigate the epi-
demiological link between body fat and pubertal initia-
tion and progression in boys as well as the physiological
mechanisms responsible.
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Announcement

Submissions. The Editors welcome contributions to
Picture of the Month. Submissions should describe
common problems presenting uncommonly, rather than
total zebras. Cases should be of interest to practicing
pediatricians, highlighting problems that they are likely
to at least occasionally encounter in the office or hospi-
tal setting. High-quality clinical images (in either 35-mm
slide or electronic format) along with parent or patient
permission to use these images must accompany the sub-
mission. The entire discussion should comprise no more
than 750 words. Articles and photographs accepted for
publication will bear the contributor’s name. There is no
charge for reproduction and printing of color illustra-
tions. For details regarding electronic submission, please
see: http://archpedi.ama-assn.org.
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