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Context: In the 1990s, the American population-based study NHANES Il renewed the focus on
possible secular trends in male puberty. However, no conclusions could be made on pubertal onset
due to the lack of compatible data.

Objective: The aim of the study was to evaluate secular trends in pubertal onset during the recent
15 yr and their relation to body mass index (BMI) in boys.

Design and Setting: We conducted a cross-sectional study in 1991-1993 and a combined cross-
sectional and longitudinal study in 2006-2008 (The Copenhagen Puberty Study) at a tertiary center
for pediatric endocrinology.

Participants: A total of 1528 boys aged 5.8 to 19.9 yr participated (n = 824 in 1991-1993, and n =
704in 2006-2008). Genital and pubic hair stages as well as testicular volume by orchidometry were
evaluated. Blood samples were analyzed for LH, FSH, testosterone, and SHBG.

Main Outcome Measures: \WWe measured age at onset of pubertal markers.

Results: Onset of puberty, defined as age at attainment of testicular volume above 3 ml, occurred
significantly earlier in 2006-2008 [11.66 yr (11.49-11.82); mean (95% confidence interval)] than in
1991-1993 [11.92 yr (11.76-12.08); P = 0.025]. Significantly higher LH, but not testosterone, levels
were found in the 11-to 16-yr-old boys from 2006-2008 compared to 1991-1993 (P = 0.020). BMI
Z-score increased significantly from 1991-1993 [0.044 (—0.016 to 0.104)] to 2006-2008 [0.290
(0.219-0.361); P < 0.001]. Interestingly, pubertal onset and LH levels were no longer significantly
different between study periods after adjustment for BMI.

Conclusions: Estimated mean age at onset of puberty has declined significantly during the recent 15 yr. This
decline was associated with the coincident increase in BMI. (J Clin Endocrinol Metab 95: 263-270, 2010)

ge of sexual maturation is considered a marker of
A general public health. From the late 19th century to
the mid 20th century a gradual decline in age at puberty
has been reported in girls (1), after which this trend ceased
most likely as a result of increased stability in socioeco-
nomic conditions, nutritional status. and hygiene. How-
ever, in the mid 1990s, data from the Third National
Health and Nutrition Examination Survey (NHANESIIT),
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an American population-based study, revived focus on
possible current trends toward earlier age at puberty in
both boys and girls (2-6). In NHANES III, boys had a
markedly lower age at pubertal onset (2, 3, 5) than pre-
viously reported from the United States (4, 7-9). However,
due to lack of data on pubertal onset from the previous
population-based study [Third National Health Exami-
nation Survey (NHES III)] (8), some controversy has ex-

Abbreviations: BMI, Body mass index; CPP, central precocious puberty; CV, coefficient(s)
of variation.
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isted as how to interpret the NHANES III findings (2,
4-6). A secular trend analysis between NHES III and
NHANES III did not find persuasive evidence in favor of
earlier age at puberty, although some indications were
present in non-Hispanic white boys (4). An expert panel
has subsequently concluded that the currently available
data are insufficient in quality and quantity to confirm a
recent change in pubertal timing in U.S. boys (1). In ad-
dition, the incidence of idiopathic central precocious pu-
berty (CPP) has not been reported to increase in the United
States, and lowering the age limit for the diagnosis of CPP
has, in contrast to girls, not been recommended in boys
(10). Contemporary European studies (11-15) have re-
ported markedly higher ages at pubertal onset in compar-
ison with NHANES III. However, only a limited number
of secular trend studies exist from Europe, and those avail-
able do not support a secular trend toward earlier age at
pubertal onset in boys from the mid 1960s to the late
1990s (11, 13). In accordance, Danish data on the inci-
dence of CPP have recently been shown to be stable (16).
However, we recently demonstrated a decline in age at
voice break in Danish choir boys over a 10-yr period cross-
ing the millennium (17), indicating a recent trend toward
earlier onset or faster progression of puberty.

The current obesity epidemic has received special at-
tention with respect to earlier pubertal development
due to the coincident time periods at which these
changes have occurred (18-21). Despite increasing ev-
idence in support of a link between increased adiposity
and early onset of pubertal markers in girls (7, 18), data
in boys are more ambiguous (7,19,22,23). No previous
studies have evaluated the influence of adiposity on pu-
bertal onset based on testicular volume, despite being
considered a more reliable measure of pubertal timing
(1, 24). In addition, the onset of testicular growth is
preceded by activation of the hypothalamic-pituitary-
gonadal axis in boys (25, 26). Thus, determination of
reproductive hormone levels may support the clinical
evaluation of puberty. However, previous studies on
secular trends in pubertal development in boys did not
measure reproductive hormone levels to back up their
findings (4, 11).

In the present study, we evaluated pubertal develop-
ment by visual assessment of genital and pubic hair
stages as well as orchidometry-estimated testicular vol-
ume in a large cohort of healthy boys to look for secular
trends in pubertal onset in the same geographical area
between 1991-1993 and 2006-2008. In addition, sec-
ular trends in pubertal onset were evaluated in associ-
ation with body mass index (BMI) and reproductive
hormone levels.

Recent Changes in Pubertal Timing in Healthy Boys

J Clin Endocrinol Metab, January 2010, 95(1):263-270

Subjects and Methods

Study subjects

A total of 1528 boys aged 5.8 to 19.8 yr participated in the
Copenhagen Puberty Study that was conducted at schools in the
same geographic area in Copenhagen in two time periods: 1991-
1993 and 2006-2008. All boys from the selected schools were
invited to participate. To avoid confounding from differences in
ethnic makeup over the study period, all participants of non-
Caucasian origin were excluded from the analyses. Participants
with previous or current medical conditions potentially affecting
pubertal timing were likewise excluded. In 1991-1993 (1991-
cohort), a total of 824 boys were included for final analyses
(overall participation rate, 35%). Other details have previously
been published (13,27, 28). In 2006-2008 (the 2006-cohort), a
total of 3101 boys were invited to join the study, of which 767
boys were examined (overall participation rate, 24.7%). Of
these, 63 boys were excluded due to disease (n = 1) or non-
Caucasian origin (n = 62), leaving 704 boys for the final anal-
yses. Sixty-three of the boys examined in the 2006-cohort were
part of a longitudinal study and were examined every 6 months.
The number of examinations for these boys ranged from two to
four, resulting in a total of 835 observations in the 2006-cohort.
All examinations in both cohorts were done using similar meth-
odologies and equipment.

Clinical examination

Pubertal stages were assessed by clinical examination ac-
cording to the methods by Marshall and Tanner (29). Testic-
ular volume was estimated by palpation to the nearest 1 ml using
Prader’s orchidometer (30). In case testicular volumes of the two
testes were not equal, the larger testis measurement was used.
Pubertal onset was defined as a testicular volume of more than
3 ml (1, 9, 15). All evaluations of puberty were done by one of
three pediatric endocrinologists, one of whom was involved in
both cohorts.

Standing height was measured to the nearest 0.1 cm using a
portable stadiometer (Holtain Ltd., Crymych, United Kingdom).
Weight was measured on a digital electronic scale (Seca delta,
model 707; Seca, Hamburg, Germany) with a precision of 0.1 kg.
The children were weighed without shoes, wearing light cloth-
ing. BMI was calculated as weight (in kilograms) divided by
height (in meters) squared. BMI Z-score was generated from the
Centers for Disease Control and Prevention 2000 reference (31).
Overweight was defined as BMI from the 85th to below the 95th
percentile and obesity as BMI at least in the 95th percentile.
Blood samples were withdrawn from an antecubital vein be-
tween 0830 and 1300 h and were available in 344 boys in the
1991-cohort and in 621 boys in the 2006-cohort. Blood samples
were clotted and centrifuged, and serum was stored at —20 C
until hormone analyses were performed.

Laboratory analysis

Serum FSH and LH were measured by time-resolved immun-
ofluorometric assays (Delfia; PerkinElmer, Boston, MA) with
detection limits of 0.06 and 0.05 IU/liter for FSH and LH, re-
spectively. Intra- and interassay coefficients of variation (CV)
were less than 5% in both gonadotropin assays. Testosterone
was measured with the DPC Coat-A-Count RIA kit (Diagnostic
Products, Los Angeles, CA). The detection limit was 0.23 nmol/
liter, and the intra- and interassay CV were 7.6 and 8.6%, re-
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TABLE 1. Estimated mean ages at attainment of pubertal stages in 1528 healthy school boys from the Copenhagen
area in two different time periods

1991-1993 2006-2008
Mean 95% CI 95% PI Mean 95% ClI 95% PI P
TV >3 ml 11.92 11.76-12.08 10.25-13.59 11.66 11.49-11.82 9.62-13.70 0.025
G2 11.83 11.66-12.00 9.95-13.71 11.59 11.42-11.76 9.37-13.81 0.052
G3 13.30 13.11-13.49 11.11-15.49 13.13 12.91-13.35 10.81-15.45 0.256
G4 14.31 14.12-14.50 12.21-16.41 13.61 13.39-13.83 11.59-15.63 <0.001
G5 15.40 15.18-15.61 12.89-17.91 14.31 14.08-14.54 12.46-16.15 <0.001
PH2 11.89 11.66-12.07 9.48-14.30 12.38 12.16-12.61 9.51-15.25 0.001
PH3 13.45 13.26-13.64 11.28-15.62 13.25 13.03-13.47 11.01-15.48 0.182
PH4 14.28 14.09-14.48 12.08-16.48 13.67 13.44-13.89 11.56-15.78 <0.001
PH5 15.56 15.34-15.78 12.97-18.15 14.45 14.21-14.68 12.51-16.39 <0.001

Data are presented as mean, 95% confidence intervals (Cl), and 95% predictions intervals (Pl) for age at attainment of testicular volume above 3
ml (TV >3 ml), entry into genital stages 2-5 (G2-G5), and pubic hair stages 2-5 (PH2-PH5), respectively.

spectively. SHBG was determined by a time-resolved immuno-
fluorescence assay (Delfia; Wallac Oy, Turku, Finland) with a
detection limit of 0.20 nmol/liter. Intra- and interassay CV were
5.8 and 6.4%, respectively.

Statistical analyses

The data were cross-sectional as well as longitudinal in 63
boys participating in the 2006-cohort. The cross-sectional data
constituted a so-called current-status design in that each person’s
ageatentry into a certain puberty stage (including whether or not
attainment of a testicular volume above 3 ml had occurred) was
unknown except for the fact that he had either already entered
the stage, in which case the current age at examination was
known to be an upper bound for the true age at entry (left cen-
sored), or he had not yet entered the stage, in which case the
currentage was a lower bound (right censored). The longitudinal
data similarly yielded an upper bound, a lower bound, or an
interval that contained the true age of entry (interval-censored
data). Only the interval in which the change occurred was in-
cluded. Thus, no participants were included with multiple mea-
surements. The age distributions at entry into the various stages
of puberty were estimated, taking into account the current-status
design as well as the prospective follow-up study design. Two
analytical approaches were employed. The first assumed a
Gaussian distribution for the ages at entry into a puberty stage
that allowed using all the data, including the follow-up data, in
the estimation and resulting in easily interpretable mean ages of
entry into each puberty stage. This approach is also called a
Probit analysis. In the other approach, the Gaussian assumption
was omitted, and the Turnbull estimator was used to estimate the
age distribution function while allowing for interval-, left-, or
right-censored data. The Turnbull estimator is a generalization
of the Kaplan-Meier estimator and is the natural nonparametric
version of the Probit analysis. The two analytical approaches
were in agreement, allowing straightforward reporting of the
results based on the Gaussain distribution model. Results are
presented as mean age at entry into the different pubertal stages
along with a 95% confidence and prediction intervals. Reference
curves for BMI, testicular volume, and reproductive hormones as
a function of age were obtained in both cohorts using locally
weighted regression quantiles.

Comparisons of testicular volume, BMI, and hormone levels
between the 1991- and 2006-cohorts were done by univariate
ANOVAs. LH and testosterone was square-root-transformed,

and testicular volume, BMI, FSH, and SHBG were log-trans-
formed to approximate normal Gaussian distribution of the re-
siduals as well as to obtain a residual variance, which did not
depend on the level. We divided the analysis into three age groups
[below 11.0 yr (n = 403), from 11.0 to 16.0 yr (n = 376), and
above 16.0 yr (n = 186)] to look for differences between the two
cohorts in hormone levels in these age periods approximately
corresponding to the prepubertal, pubertal, and postpubertal
periods. All ANOVAs were performed age-adjusted with age
included as 1-yr age intervals. Differences in the prevalence of
overweight and obesity as well as differences in testosterone lev-
els between the two cohorts were tested by Fisher’s exact test.

Ethical considerations

The study was approved by the local ethical committee (KF 01
282214 and V200.1996/90) and was conducted in accordance
with the Second Helsinki Declaration. All participants and their
parents gave informed consent.

Results

Puberty

Mean estimated ages at attainment of a testicular vol-
ume above 3 ml as well as age atentry into genital (G2-GS5)
and pubic hair (PH2-PHS5) stages are presented in Table 1.
Pubertal onset based on testicular volume and genital
stages declined from the 1991-cohort to the 2006-cohort,
although this was only borderline significant for differ-
ences in age at entry into G2 (Fig. 1). In contrast, the
estimated mean age at entry into PH2 increased over the
study period (Table 1). Estimated ages at onset of G2,
PH2, and testicular volume greater than 3 ml were all
inversely associated with BMI (P < 0.001). The between-
cohort differences in ages at onset of testicular and genital
development were no longer significant (P = 0.105 and
P = 0.152, respectively) after adjustment for BMI. Tes-
ticular volumes in relation to age were significantly higher
in the 2006-cohort compared with the 1991-cohort (Fig.
2). In addition, the yearly increment in testicular volume
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FIG. 1. Pubertal development in healthy boys from the Copenhagen
Puberty Study. Lines represent the probabilities of observing genital
stage 2 or more (G2+) (A) or a testicular volume greater than 3 ml
(TV >3) (B) in relation to age in 1528 healthy school boys in two study
periods; the 2006—2008 (orange line) and the 1991-1993 (blue line)
study periods. The nonparametric Turnbull estimates are presented as
thin black lines. Mean age at entry into G2+ and attainment of TV >3
were lower in the 2006-cohort compared with the 1991-cohort

(P =0.052 and P = 0.025, respectively).
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was significantly greater in 2006 [3.8 ml/yr (3.6-4.1)
(95% CI)] compared with 1991 [3.7 ml/yr (3.4-4.0), P <
0.001] in boys aged 11 to 16 yr.

Reproductive hormones
Reproductive hormone levels in relation to age in the
two cohorts are shown in Fig. 3. In the pubertal period (11
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FIG. 2. Testicular volumes (milliliters) in relation to age in 1528
healthy school boys from the Copenhagen area in two different
time periods: the 2006-2008 (orange triangles) and 1991-1993
(blue squares) study periods. Median, 2.5th, and 97.5 percentiles
are presented for 2006-2008 (orange lines) and 1991-1993 (blue
lines). Significant larger testicular volumes were found in 2006 -
2008 compared with 1991-1993 (all included P < 0.001 by age-
adjusted univariate ANOVA).
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to 16 yr), the age-adjusted LH levels were statistically sig-
nificantly higher in 2006 compared with 1991 (P =
0.020). However, the difference was no longer significant
after additional adjustment for BMI (P = 0.068). No sig-
nificant differences were found for age-adjusted FSH, tes-
tosterone, or SHBG levels between the two cohorts in this
age group. Age-adjusted BMI was positively associated
with LH, FSH, and testosterone levels and negatively as-
sociated with SHBG (all P < 0.001). Due to some testos-
terone measurements below detection limit in this age
group, we analyzed the proportional distribution above
and below the median testosterone levels in 2006 but
found a similar nonsignificant difference between cohorts.
In boys aged 16 yr and above, the testosterone levels were
significantly lower in 2006 compared with 1991 (P <
0.001), independent of BMI. No differences in other re-
productive hormones were found in the above 16-yr-old
or below 11-yr-old boys.

BMI

Age-adjusted BMI was significantly higher in the 2006-
cohort compared with the 1991-cohort (Fig. 4). The BMI
Z-score increased significantly from the 1991-cohort
[0.044 (—0.016 to 0.104); mean (95% confidence inter-
val)] to the 2006-cohort [0.290 (0.219-0.361); P <
0.001]. The number (prevalence) of overweight and obese
boys was statistically significantly higher in the 2006-co-
hort [68 (9.7%) and 66 (9.4%), respectively] compared
with the 1991-cohort [48 (5.8%) and 44 (5.3%), respec-
tively; P < 0.001 and P = 0.003, respectively].

Discussion

In this large clinical study on pubertal development in
healthy Caucasian boys, we found a significant decline in
age at pubertal onset based on testicular volume assess-
ment and genital staging during a short period of 15 yr.
Furthermore, significantly higher LH levels were found in
the 2006-cohort compared with the 1991-cohortin the 11
to 16 yr olds. BMI increased significantly between the
study periods, and the significant secular trends toward
earlier onset of testicular growth and higher LH levels
were no longer present after adjustment for BMI.

In the mid 1990s, data from the American population-
based study NHANES III initiated speculations on a cur-
rent downward secular trend for pubertal development in
boys (2, 5, 6). Although, secular trend analysis between
NHANES IIT and population-based data from the late
1960s (NHES III) did not find persuasive evidence for
earlier puberty in the United States, some indications were
present in white boys (4). However, secular trends in pu-
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FIG. 3. LH (A), FSH (B), testosterone (C), and SHBG (D) in relation to age in 968 healthy school boys from the Copenhagen area in two different
time periods: the 2006—-2008 (orange triangles) and the 1991-1993 (blue squares) study periods. Median, 2.5th, and 97.5th percentiles are
presented for 2006-2008 (orange lines) and 1991-1993 (blue lines). In boys aged 11 to 16 yr, significantly higher LH levels were found in
2006 compared with 1991 (P = 0.020 by age-adjusted univariate ANOVA). In the above 16-yr-olds, testosterone was significantly lower in
2006 compared with 1991 (P < 0.001). No significant differences were found in other hormones between the two cohorts in either age group.

bertal onset could not be evaluated due to lack of pubertal
evaluation before the age of 12 in the NHESIII. In Europe,
no secular trend in pubertal onset has previously been
reported in boys (11). In the present study, pubertal onset
defined as mean age at attainment of a testicular volume
above 3 ml had declined approximately 3 months between
1991 and 2006. A similar tendency was found for mean
age at entry into genital stage 2. The age at pubertal onset
found is in agreement with the majority of previous Eu-
ropean studies (11, 14, 15), and far higher than the low
figures reported in white non-Hispanic boys from the
NHANES III (2, 3, 5). A concomitant increase in the in-
cidence of idiopathic central precocious puberty would be
expected if pubertal onset were as early as found in
NHANES III. However, no such trends have been docu-

mented, and the diagnostic age limit recommendation in
the United States has accordingly not been decreased from
the current 9 yr (10). The incidence and prevalence of
precocious puberty in boys does not seem to have in-
creased in Denmark, at least during the narrow time win-
dow between 1993 and 2001 (16). However, distinction
of idiopathic from organic central precocious puberty was
impossible in this study. In the present study, the lower
limit of the 95% prediction interval was approximately
9.5 yr, which is still far from the current 9 yr diagnostic age
limit for CPP (32).

Differences in study design may explain some of the
disparity between NHANES Il and the present study. The
strengths of our study rely on the fact that all pubertal
examinations were done by one of three pediatric endo-

2202 1snBny. g uo3sanB Aq-89ZGE8Z/EIZ/1/S6/I0IME/WSN/L0D:ANO-OILISPEOE//ASARY WO PAPEOIUMOQ



268 Sgrensen et al.

30 q

25 4

BMI (kg/m?)
5

« 2006-08
« 1991-93

Age (years)

FIG. 4. BMI (kilograms per meter?) in relation to age in 1528 healthy
school boys from the Copenhagen area in two different time periods;
the 2006-2008 (orange triangles) and the 1991-1993 (blue squares)
study periods. Significantly higher BMI was found in the 2006-2008
compared with 1991-1993 (all included, P < 0.001 by age-adjusted
univariate ANOVA).

crinologists, one of whom participated in both cohorts to
ensure consensus of the evaluations. Examination in-
cluded orchidometry by palpation that, in contrast to vi-
sual grading of genital stages (33), has a lower inter- and
intraobserver variability (24). In addition, palpation is
strongly correlated to testicular volume measurements by
water displacement and ultrasonography (34). Thus,
quantification of testicular volume will improve repro-
ducibility and reliability in the determination of pubertal
onset (1). In the NHANES III, pubertal development was
classified solely by visual grading of genital stages by mul-
tiple examiners. Thus, the low age at entry into genital
stage 2 in the NHANES III may be related to a possible
overclassification of prepubertal boys as being early pu-
bertal. In accordance, Biro et al. (9) found that age at
pubertal onset based on longitudinal estimations of tes-
ticular volume in a mixed cohort of black and white Amer-
ican boys was in accordance with most contemporary
European studies. In addition, age at onset of pubic hair
development in the NHANES III (5) was not earlier than
contemporary European studies (11, 13, 15). Surprisingly,
we found that the age at onset of pubic hair was delayed
approximately 5 months in 2006 compared with our find-
ings from 1991, indicating that the time interval from on-
set of testicular growth to onset of pubic hair development
has lengthened between the two study periods. In addi-
tion, we found thatage atentry into genital as well as pubic
hair stages 4 and 5 was reached significantly earlier in
2006 compared with 1991 and that these differences seem
to be more pronounced as puberty progressed. In accor-
dance, age-adjusted testicular volume, which is likely a
more precise estimate of progression of puberty, was
found to be higher and to increase faster in 2006 compared
with 1991. This was in contrast to the findings of slower
progression from genital stage 3 to 5 in white boys be-

Recent Changes in Pubertal Timing in Healthy Boys
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tween the recent American population-based studies (4).
Importantly, one should have in mind that time intervals
between occurrences of different pubertal markers as well
as progression of puberty should be interpreted with great
caution in cross-sectional studies like our present study.

The onset of pubertal testicular growth is preceded by
central activation of the hypothalamic-pituitary-gonadal
axis (25, 26). If centrally mediated, secular trend in pu-
bertal timing should be paralleled by changes in gonado-
tropin levels. In accordance, we demonstrated signifi-
cantly higher LH levels in the 11- to 16-yr-old boys in 2006
compared with 1991. Although testosterone levels seemed
to increase at an earlier age in 2006 compared with 1991,
mean levels were not significantly different. Participation
rates for blood sampling were much higher in 2006 than
1991, but the age and BMI distribution between those
with and without blood samples did not differ, making it
unlikely to have influenced the results.

The worldwide obesity epidemic has received special
attention in relation to the recent changes in pubertal de-
velopment (18-21). In the present study, we found a sig-
nificant secular trend toward higher BMI. In addition,
prevalence of overweight and obesity nearly doubled be-
tween the two study periods. However, the degree of ad-
iposity was still markedly lower than reported from the
NHANES III (35). Despite the convincing evidence for a
relationship between the coincident changing trends to-
ward higher adiposity and earlier pubertal timing in girls,
this relationship remains controversial in boys (18). The
highest prevalence of overweight and obesity has been
associated with late (19) as well as with early sexual mat-
uration in boys (23). However, none of these studies used
testicular volume estimations for pubertal timing. In the
presentstudy, age-adjusted BMIwas negatively associated
with age at onset of testicular growth as well as of genital
and pubic hair development. Thus, the higher the BMI for
a given age, the more likely a boy would have entered
puberty. In accordance, the differences in age at onset of
genital and testicular growth between the study periods
became less pronounced and statistically nonsignificant
after adjustment for BMI. Importantly, due to the primar-
ily cross-sectional design, the temporal cause-and-effect
relationship could not be determined from these data.
However, consistent evidence from longitudinal studies
indicates that higher childhood BMI is associated with
earlier timing of late pubertal markers such as peak height
velocity (36) and voice-break (17), indicating that higher
childhood adiposity may be implicated in earlier onset or
faster progression of puberty. Thus, our present data sup-
port the hypothesis that increasing adiposity in the general
population may positively influence pubertal onset in boys
through earlier activation of the hypothalamic-pituitary-
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gonadal axis. However, to which extent obesity per se is
involved in this trend remains unknown. Most studies
showing positive associations between childhood BMI
and early pubertal timing have been performed in nono-
bese subjects (17, 36). In addition, hormonal factors as-
sociated with increased adiposity such as insulin and leptin
act in permissive manners to allow puberty to progress if
fat and energy stores are adequate but may by themselves
be insufficient to initiate sexual maturation (21, 37, 38).
Thus, the observed secular trend in pubertal onset may
theoretically be more strongly correlated to a shift toward
fewer lean rather than more overweight and obese ado-
lescents in the population. In addition, the influence of
adiposity may influence different pubertal markers differ-
ently. The secular trend toward higher age at onset of
pubic hair development seems discordant, taking into ac-
count the negative association found to BMI in the entire
cohort. However, high adiposity has been associated with
attenuated steroidogenesis in the testes as well as with
increased aromatization of androgens to estrogens (39,
40). Thus, some of the explanation for the apparent sec-
ular trend toward higher age at pubic hair development
may be related to a higher percentage of overweight and
obese in 2006 compared with 1991. However, adiposity is
most likely not the only explanation. Other nonadiposity
factors need to be considered.

In summary, ages at pubertal onset based on testicular
volume assessments and genital staging in healthy Cauca-
sian boys have declined by approximately 3 months from
1991 to 2006. In addition, BMI increased significantly
during the study period. Importantly, the earlier age at
onset of pubertal testicular growth in 2006 compared with
1991 was no longer significant after adjustment for BMI,
indicating that BMI, at least partly, explained these find-
ings. The existing data on the association between adi-
posity and pubertal timing in boys remain unresolved and
still merit further attention.
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