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Context: Few data exist on the diagnostic criteria, and on the effects of puberty induction, in boys
with constitutional delay in growth and puberty (CDGP).

Objective: To develop puberty nomograms based on Danish boys with normal pubertal develop-
ment. To evaluate the different diagnostic criteria and the effect of oral testosterone undecanoate
(TU) in boys with CDGP.

Design: A cross-sectional and longitudinal study of Danish boys with normal pubertal development
(COPENHAGEN puberty study). A retrospective observational study of 451 boys evaluated for
delayed puberty between 1990 and 2013.

Setting: Tertiary referral center for pediatric endocrinology.

Participants: One hundred and sixty-four (36%) boys evaluated for CDGP were excluded due to
missing data, reclassification, or associated comorbidities, yielding 287 (64%) eligible for analysis.

Main Outcome Measures: The number of patients with CDGP classified by the puberty nomogram
(genital stage � �2 SD for age) versus the classical criteria (genital stage 1 at �14 years). The effect
of one year of oral TU treatment on pubertal progression, circulating hormones, height, and
predicted adult height (PAH).

Results: Seventy-eight (27%) of the 287 boys had delayed pubertal onset according to the classical
criteria, whereas 173 (60%) of the 287 boys had impaired pubertal progression according to the
puberty nomogram. Ninety-six (56%) of these 173 boys were treated with oral TU for 0.8 years (0.5;
1.3) [median (25th; 75th percentiles)], which resulted in beneficial effects on pubertal progression.
Height increased from �1.9 SD (�2.5; �1.2) to �1.5 SD (�2.1; �0.7) (P � .001), and PAH increased
from 172.3 cm (170.3; 182.8) to 178.1 cm (171.4; 191.7) (P � .001) following one year of treatment.

Conclusions: The puberty nomogram evaluates both delayed pubertal onset as well as delayed
pubertal progression and allows separation of normal versus abnormal pubertal development.
Oral TU treatment was followed by pubertal induction and progression and short-term growth
without compromising final height. (J Clin Endocrinol Metab 100: 1376–1385, 2015)

Pubertal onset marks the transition from childhood into
adulthood and is characterized by elevated levels of

gonadotropins, resulting in an increase in circulating sex

hormone levels. Compared to 20 years ago, pubertal onset
currently occurs at an earlier age in both boys and girls in
Denmark (1, 2). The average age at pubertal onset in Dan-
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ish boys is 11.6 years and ranges from 9 to 14 years (1).
The large interindividual variability and temporal trend in
pubertal onset appear to be due to a mix of environmental,
lifestyle, metabolic, and genetic factors (3).

According to classical criteria, prepubertal boys at the
age of 14 years or more are defined as having delayed
pubertal onset (corresponding to approximately 2 SD
later than the population mean). Usually, these patients
have a family history of delayed puberty, and they are
likely to enter puberty spontaneously although they may
have a marked delay. In addition to the visible and dis-
tressing lack of virilization of external genitalia, boys with
delayed puberty have not yet begun their pubertal growth
spurt, and they are therefore shorter than their peers. This
situation is considered an extreme variant of the normal
spectrum, and it is commonly referred to as constitutional
delay in growth and puberty (CDGP). Pubertal delay can
often lead to psychological distress and social isolation (4)
and may also have somatic long-term health conse-
quences, such as unfavorable metabolic profile and os-
teopenia (5).

Correct classification of boys with pubertal delay is
essential, not only in prepubertal boys who have reached
14 years of age, but also in older boys with delayed pu-
bertal progression.

The stage line diagram was recently introduced and
offers an alternative to the classical criteria by providing
status (in SD) and tempo (in SD/y) of pubertal develop-
ment based on Dutch boys (6). These Dutch data have
been implemented in the UK growth charts, which allows
clinical use of nomograms in daily clinical practice
(www.growthcharts.rcpch.ac.uk).

Boys with CDGP often experience psychosocial dis-
tress and are very eager to initiate testosterone supple-
mentation. However, in many cases, these boys should
not be offered any therapy; rather, they should simply
be reassured, after thorough clinical and biochemical
evaluation, that their puberty is imminent and/or pro-
gressing and that their final height will not be severely
compromised. The administration of testosterone to ad-
olescent boys with CDGP has been controversial be-
cause of the possibility of premature epiphyseal closure
resulting in reduced adult height. Intramuscular depot
injections of testosterone esters have been widely used
for this indication (7), but the treatment frequently
completely suppresses gonadotropin secretion. Treat-
ment of boys with CDGP should aim at virilization and
acceleration of height velocity without disproportion-
ate acceleration of bone maturation and without com-
promising final height. Ideally, such treatment should
allow endogenous gonadotropin secretion to progress
while the boy is virilized, and the dose should be ad-

justed gradually. Daily administration of weaker an-
drogen preparations appears to meet such require-
ments, although existing studies are of small sample size
(8, 9).

Only a few studies have described the etiologies and
clinical characteristics of boys with delayed puberty (10–
12), and few data exist on the diagnostic criteria, and on
the effects of puberty induction, in boys with CDGP.

We therefore evaluated the different diagnostic criteria
as well as the effect of oral testosterone undecanoate (TU)
on pubertal progression, circulating hormones, growth,
and predicted adult height (PAH) in a large cohort of boys
with CDGP.

Subjects and Methods

Construction of the new puberty reference data
(the puberty nomogram)

Data on pubertal stages in Danish boys from the cross-sec-
tional part of the COPENHAGEN Puberty study (1, 2) were
included. Details on this specific cross-sectional cohort of 1528
boys have recently been described (13). The puberty nomograms
were validated using pubertal data from boys participating in the
longitudinal part of the COPENHAGEN Puberty study (n �
114) from which other aspects have been published (14, 15).
Pubertal staging of the genitalia and evaluation of pubic hair
growth were performed according to the methods of Marshall
and Tanner (16), and testicular volume was determined to the
nearest 1 mL using the Prader orchidometer (17).

Patients
The patient population consisted of boys who were referred

with delayed puberty at a pediatric endocrine unit (Department
of Growth and Reproduction at Rigshospitalet in Copenhagen,
Denmark) between January 1, 1990 and February 15, 2013. A
total of 451 patients were identified, and the diagnosis was re-
evaluated as part of the present study. The definitive diagnosis of
CDGP was registered in our local registry (ICD-8 code 258.92 or
ICD-10 code DE300).

Clinical data and medical history
Medical history was obtained using a structured review of

patient record files. Special attention was given to reported con-
ditions known to be associated with delayed puberty, including
cryptorchidism, micropenis, and hypospadias, as well as relevant
comorbidities such as cystic fibrosis (CF), Crohn’s disease, severe
asthma, and anorexia. Clinical data on pubertal development
were obtained from each patient visit. Puberty was evaluated by
inspection and palpation of axillary hair growth and sweat pro-
duction, palpation of the breasts to rule out gynaecomastia, in-
spection of the genitalia to look for micropenis or hypospadias,
and staging of the genitalia and pubic hair growth according to
the methods of Marshall and Tanner (16). Palpation of the scro-
tum and testis was performed to rule out cryptorchidism and to
measure the testicular volume (Tvol) to the nearest 1 mL using
the Prader orchidometer (17). A wall-mounted stadiometer
(Holtain Ltd.) was used to measure standing height to the nearest
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0.1 cm. The boys were weighed on a digital electronic scale (Seca
delta, model 707; Seca) with a precision of 0.1 kg while wearing
light clothing and no shoes. Body mass index (BMI) was calcu-
lated as weight (kg) divided by height (m2). We used the Danish
growth references published by Andersen et al (18). Bone age was
calculated according to the methods of Greulich and Pyle (19).
Target height was calculated as the sum of the mother’s and
father’s height (cm) plus 13 cm divided by 2.

Testosterone treatment
Oral TU treatment was started if puberty had not started at all

or was delayed and not progressing during a brief observation pe-
riod of 2–3 months. Oral TU was administered in increasing doses;
starting with 40 mg once daily rapidly increasing to 40 mg twice
daily and subsequently 80 mg twice daily. The speed of dose incre-
ments depended on the individual boy (age and maturity). If basal
LH and/or testicular volume increased significantly during oral TU,
therapy was paused for 2 weeks followed by measurement of LH
and testosterone. Treatment was stopped if a significant increase in
LH and testosterone was observed. In patients treated with testos-
terone supplementation, the type of product, dose, and duration of
treatment were registered. Oral TU treatment was in the form of
either Restandol® (Organon) or Andriol® (MSD). Clinical and
biochemicalvalueswere recordedatbaselineandateachyear there-
after (�0.2 years).

Laboratory analysis
Blood samples were drawn from the antecubital vein between

8 AM and 1 PM in the nonfasting state. Blood samples were
clotted and centrifuged, and serum was stored at �20°C until
hormone analyses were performed. Serum follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) were measured by
time-resolved immunofluorometric assays (Delfia, Wallac). The
detection limits (dL) for FSH and LH were 0.06 and 0.05 IU/L,
respectively. Intra- and interassay coefficients of variation (CV)
were �5% in both gonadotropin assays. Testosterone was mea-
sured by radioimmunoassay (RIA) (Coat-a-count, Diagnostic

Products Corporation) with a dL of 0.23 nmol/L and intra- and
interassay CVs both �10%. Serum SHBG was measured by
time-resolved immunofluorometric assays (Delfia, Wallac) with
a dL of 0.20 nmol/L, and intra- and interassay CVs of 5.8% and
6.4%, respectively. Serum IGF-I was measured using a highly
sensitive in-house RIA as previously described (20). The intra-
and interassay CVs were 3.9% and 8.7% (at B/B00.4), respec-
tively. From 2008 IGF-I levels were determined by conventional
immunoassays (IMMULITE 2000 IGF-1; Siemens Healthcare
Diagnostics) on automated IMMULITE 2000 (Siemens). The
intra- and interassay CVs were less than 4% and 9%, respectively
(1). Between 1990 and 2010, serum inhibin B was measured
using one of two double antibody enzyme immunometric assays
(Inhibin B DSL or Oxford Bio-Innovation Inhibin B), both with
a dL of 20 pg/mL and intra- and interassay CVs �16%. From
2010, inhibin B was measured using the Beckman Coulter In-
hibin B genII assay, with a dL of 3 pg/mL and intra- and inter-
assay CVs �11%. The old and new inhibin B methods were
compared and showed similar results for boys, and no correction
factor was needed. Estradiol was measured by RIA (Pantex; be-
fore 1998 distributed by Immuno Diagnostic Systems) with a dL
of 18 pmol/L, and intra- and interassay CVs �8% and �13%,
respectively. Only assays for IGF-I and inhibin B changed during
the 23-year study period, and we compared the two assays rig-
orously and ensured that they yielded similar results before
changing the assay. Thus, change of the two assays is not likely
to influence the results.

Statistical analysis
Data are displayed as the median with interquartile range

(25th; 75th percentiles) and/or the range (min-max). Hormone
values below the dL of the assay were assigned a value corre-
sponding to the dL/2. The Mann-Whitney U test was used to
determine significance when comparing clinical, auxological,
and laboratory data between groups, and Wilcoxon test was
used when comparing the effect of treatment within the group of
boys treated with oral TU. All statistical analyses were per-
formed using SPSS software (IBM Corporation, version 20). The

puberty nomogram was constructed as a
stage line diagram, as described by van
Buuren et al (6) based on the new Danish
reference data for genital stages, pubic
hair stages, and testicular volume. From
these nomograms, age- and gender-spe-
cific SD scores in each individual subject
with CDGP were calculated. The pu-
berty nomograms were estimated in R (R
Foundation for Statistical Computing).

Ethical considerations
The study on CDGP boys was ap-

proved by the local ethics committee
(KF01328087). Clinical data and blood
samples were collected as part of the pa-
tient’s routine clinical follow-up, and re-
sults were stored in a clinical research da-
tabase approved by the Danish Data
Protection Agency (2006-41-7251). The
protocol was approved by ClinicalTrials.
gov (identifier number NCT02034487).
The COPENHAGEN Puberty Study was

Figure 1. Diagnostic classification of boys with delayed puberty. G1 � genital stage 1. Tvol �
testicular volume.
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approved by the local ethical committee (KF 01 282 214 and
V200.1996/90).

Results

Diagnostic classification
Four hundred fifty-one patients were identified, of

which 164 (36%) were excluded due to verified hyper- or
hypogonadotropic hypogonadism, associated comorbidi-
ties suspected to delay puberty (Supplemental Table 1),
missing data, or reclassification (Figure 1). The remaining
287 (64%) patients were all registered with a diagnosis of
CDGP and were otherwise healthy. We classified the boys

using the classical criteria of genital stage 1 in boys �14
years old (78 boys, 27%) or Tvol �4 ml in boys �14 years
old (43 boys, 15%). In addition, we classified the boys
according to the puberty nomogram based on longitudinal
measurements of genital stages (173 boys, 60%) or Tvol
(146 boys, 51%) (Figure 1). Note that a considerable num-
ber of boys fulfilled more than one diagnostic criterion.
We chose to further evaluate the 173 boys classified by the
puberty nomogram for genital stages.

Puberty nomograms
The puberty nomograms (Figure 2, left panels, and Sup-

plemental Table 2) illustrate the transition through each

Figure 2. Age specific SD scores for the different genital stages (top panels), pubic hair stages (middle panels), and testicular volume groups
(lower panels). Puberty nomograms based on Danish cross-sectional data of boys with normal pubertal development (left panels) were validated
using the longitudinal cohort of 114 boys with normal pubertal development (middle panels), and illustrated in our longitudinal cohort of 173 boys
with CDGP (right panels). How to use and interpret the nomograms: Start by estimating the genital stage, pubic hair stage, and/or testicular
volume in the boy and make a mark on the relevant stage line corresponding to the age of the boy. If the mark is between �2 SDS and �2 SDS,
then pubertal development is within normal limits for Danish boys. If the mark is below �2 SDS, then the pubertal development is delayed.
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stage of puberty in Danish boys with normal pubertal devel-
opment. This is validated in the longitudinal cohort of 114
boys that are followed through puberty (Figure 2, middle
panels). Data from our present cohort of 173 boys with
CDGP show a marked developmental delay in genital stage,
pubic hair stage, and testicular volume (Figure 2, right
panels).

Baseline characteristics
Fourteen (8%)of the173boyswithCDGPwereexcluded

from further analysis because they had received other forms
of testosterone supplementation than oral TU during the
treatment period. Of the remaining 159 (92%) boys, 96
(60%) received oral TU and 63 (40%) were never treated.

Clinical, auxological, and biochemical parameters at
the time of diagnosis are shown in Table 1 and illustrated
according to chronological age and appropriate age-re-
lated references in Figure 3. The group of boys who never
received treatment had significantly larger testes and
higher concentrations of LH, FSH, and testosterone at the
time of diagnosis, compared to the group of boys who
would later receive treatment (Table 1). Most boys had a
BMI in the lower part of the normal range, although there
was a subgroup of boys who were either overweight or
underweight (Figure 3). The LH, FSH, and inhibin B levels
were subnormal forageor clustered in the lowerpartof the
normal range (Figure 3). Serum testosterone levels were
undetectable in a large group of boys (23 out of 125 in-
dividual values), subnormal, or in the lower part of the
normal range (Figure 3).

Puberty induction with testosterone
In the 96 boys treated with oral TU, treatment was

initiated with an average start dose of 40 mg per day (10–

160 mg), reaching a max dose of 80 mg (20–160 mg)
during the treatment period. The average duration of TU
treatment was 0.8 years (0.5; 1.3). Thirty-seven (39%)
boys responded to the start of treatment with a short-term
suppression of LH during the first 0.3 years (0.2; 0.4) of
treatment and another group of 16 (17%) boys responded
with either no change or an increase in the concentration
of LH (Figure 4). The remaining 43 (45%) boys were not
categorized in any of the two groups, since measurements
of LH in these patients had been performed too far from
the start of treatment. We compared the two groups and
found no differences in clinical, biochemical, or auxologi-
cal parameters at the time of diagnosis (Supplemental Ta-
ble 3). Serum testosterone levels increased significantly in
most boys following the start of treatment, reaching high
peripubertal levels (Figure 4). Serum SHBG levels de-
creased and IGF-I levels increased significantly following
the start of TU treatment (Figure 4). Puberty was induced
and progressed in all 96 treated boys (Supplemental Figure
1). CDGP boys who were never treated also progressed
through puberty, although a proportion of these boys ap-
peared to reach complete puberty (that is reaching genital
stage 5) at later ages compared to those receiving treat-
ment (Supplemental Figure 1).

Testosterone treatment was followed by a significant
increase in height and PAH without accelerated bone age
advancement (Figure 5). Height increased from �1.9 SD
(�2.5; �1.2) to �1.5 SD (�2.1; �0.7) (P � .001) and
PAH increased from 172.3 cm (170.3; 182.8) to 178.1 cm
(171.4; 191.7) (P � .001) following one year of TU treat-
ment (Figure 5). The change in predicted adult height
(�PAH/y), bone age advancement (CA-BA), and the ratio
of chronological age advancement divided by bone age

Table 1. Clinical, Auxological, and Laboratory Data in 159 Boys With CDGP at the Time of Diagnosis

Treated With Oral TU

75p

Never Treated With
Oral TU

75p
P
Valuen Median 25p n Median 25p

Chronological Age (CA, years) 96 15.19 14.27 15.91 63 15.56 15.14 16.11 .016
Bone Age (BA, years) 71 12.6 11.8 13.3 54 13.1 12.3 13.9 .064
CA-BA (years) 71 2.6 1.8 3.5 54 2.4 1.7 3.3 .450
Largest Testis (ml) 95 4 3 6 60 6 5 10 �.001
Height (cm) 84 153.1 146.3 160.5 62 158.5 152.7 165.2 .008
Height (SDS) 84 �1.8 �2.4 �1.2 62 �1.7 �2.0 �0.9 .184
Target Height (cm) 79 178.4 174.3 181.8 58 177.3 174.1 183.2 .869
Target Height (SDS) 79 �0.1 �0.8 0.5 58 �0.3 �0.8 0.7 .836
Predicted Adult Height (cm) 53 175.5 170.9 182.9 27 178.4 173.9 185.5 .151
BMI (kg/m2) 84 18.2 16.1 20.5 61 18.0 16.9 20.5 .405
BMI (SDS) 84 �0.5 �1.5 0.6 61 �0.5 �1.3 0.4 .648
LH (IU/L) 55 0.85 0.33 1.17 49 1.28 0.87 1.63 �.001
FSH (IU/L) 55 1.63 1.29 2.29 49 2.14 1.72 2.81 .006
Testosterone (nmol/L) 57 0.85 0.12 2.31 49 2.39 0.75 7.65 .001
SHBG (nmol/L) 53 75 55 104 48 80 48 107 .833
Estradiol (pmol/L) 37 9 9 29 36 9 9 28 .795
Inhibin B (pg/mL) 53 178 133 213 45 203 170 227 .022
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advancement (�CA/�BA) did not show detrimental
changes with increasing circulating testosterone levels
(Supplemental Figure 2).

Discussion

In this large cohort study of 451 boys, we reviewed the
diagnostic criteria of delayed puberty. Testosterone treat-
ment advanced pubertal progression, increased height,
and increased adult height prediction.

This study focused on CDGP, and after exclusion of
patients with hyper- or hypogonadotropic hypogonadism

and comorbidities, we evaluated the remaining 287 (64%)
patients using available diagnostic criteria to standardize
the classification. Interestingly, only 78 (27%) subjects
were diagnosed with CDGP according to the classical cri-
teria of genital stage 1 at age �14 years, while 173 (60%)
adolescents were diagnosed with CDGP using the puberty
nomogram for genital stages, which defined delayed pu-
berty as a genital stage ��2 SD for age. Because the pu-
berty nomogram evaluates both delayed pubertal onset
and delayed pubertal progression, we believe this repre-
sents a more rational separation of normal from abnormal
pubertal development compared to simply identifying pre-
pubertal boys (in genital stage 1) aged 14 years or older.

Figure 3. Height, testicular volume, BMI, LH, FSH, estradiol, testosterone, SHBG, and inhibin B according to age in 159 boys with CDGP at the
time of diagnosis. Ninety-six boys with CDGP received oral TU treatment (red circles) and 63 boys never received treatment (black circles). Dashed
lines represent detection limits of the hormone assays. Black reference lines are estimated from Danish cross-sectional data of boys with normal
pubertal development.
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It can be argued that puberty has begun as evidenced
by FSH stimulation of seminiferous tubules once the
testicular volume reaches 3 mL (21), rather than 4 mL
as stated in most textbooks and in our present study.
However, most clinicians continue to use a testicular
volume of 4 mL or above as definite sign of central
puberty.

In boys with CDGP, height at the time of diagnosis was
lower than in normal reference cases by �1.8 SD in the
group of TU-treated boys. This is in accordance with find-
ings in British boys with CDGP, where height was found
to be significantly affected with baseline values of �2.7 SD
below the mean (22). Bone age at diagnosis was delayed by
2.6 years in the group of TU-treated boys, which corre-

Figure 4. LH, FSH, testosterone, estradiol, SHBG, and IGF-I during follow-up in 96 boys with CDGP, who received oral TU treatment.
Measurements prior to oral TU treatment (black circles), during oral TU treatment (red circles), and after oral TU treatment (blue circles). Dashed
lines represents detection limits of the hormone assays.
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sponds well with the findings of others (1.9–3.0 years)
(10, 23) in boys with CDGP. Most CDGP boys in our
cohort had a BMI in the lower part of the normal range,
although a subset of boys was overweight or obese. This
may suggest two distinct categories of CDGP boys with or
without obesity who may have different aetiologies, as
suggested by Nathan et al (24).

In the group of boys who were treated with TU, LH
levels were found to be 0.85 IU/L (0.33; 1.17) at the time
of diagnosis prior to the start of treatment, which is
slightly higher than the upper cut-off for prepubertal boys
of 0.6 IU/L found by Resende et al (25). Grinspon et al (26)
found that a FSH value below 1.2 IU/L was diagnostic of
hypogonadotropic hypogonadism (HH) when differenti-
ating between HH and CDGP, and our finding of FSH
values above this cut-off value in boys with CDGP sup-
ports this observation. Wu et al found that 77% of boys
who had early morning plasma testosterone levels �0.7
nmol/L entered puberty within 12 months (27). In the
group of boys who were treated with TU, the average
testosterone level was 0.85 nmol/L at the time of diagnosis
prior to the start of treatment, suggesting that most of our
patients will enter and/or progress to pubertal develop-
ment eventually. Inhibin B levels were mostly within the
normal range, which supports previous findings showing
that levels of inhibin B below a threshold of 35 pg/mL are
indicative of HH (28).

Testosterone treatment has positive effects on sexual
maturation in boys with CDGP (7, 29, 30). Despite short-
term beneficial effects on height, exceedingly rapid mat-
uration of the otherwise delayed bone could compromise
adult height. However, predicted adult height was not
negatively affected in our present study, in accordance
with previous studies (7, 30, 31). In addition, bone age
delay was not significantly altered following the start of
testosterone treatment, which is in accordance with find-
ings by Soliman et al (29). Theoretically, androgen therapy
could lower LH levels and result in lowered LH drive on
Leydig cells, which could ultimately result in lower en-
dogenous 24-h testosterone levels. Therefore, it was reas-
suring to observe that pubertal progression was complete
and appeared to occur at earlier ages compared to un-
treated CDGP boys.

Our findings suggest that oral TU results in adequate
progression of secondary sex characteristics in boys with
CDGP. In addition, increased short-term growth and in-
creasing IGF-I levels were observed following puberty in-
duction with oral TU. Importantly, no inappropriate bone
age advancement was observed in subjects receiving oral
TU independent of the obtained serum testosterone
concentration. Thus, no threshold appears to exist for cir-
culating testosterone levels above which final height pre-
dictions are impaired. We demonstrated that a small sub-
groupofpatients respondedwitha short-termsuppression
of LH and FSH following the start of treatment with oral
TU, whereas others did not. This could theoretically be
due to compliance issues or differences in absorption (32,
33), but we found that serum testosterone levels did not
differ significantly between subjects whose LH decreased

Figure 5. Height SDS, CA-BA, and PAH during follow-up in 96 boys
with CDGP, who received oral TU treatment. Measurements prior to
oral TU treatment (black circles), during oral TU treatment (red circles),
and after oral TU treatment (blue circles).
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and those whose LH did not (Supplemental Table 3),
which indicate that it may be a physiological response
rather than lack of compliance. Most likely, the findings
represent differences in sensitivity of the pituitary-gonadal
axis upon feedback from exogenous androgens, but the
clinical implications of this varying sensitivity remain to be
clarified.

In this large observational study we found beneficial
effects of oral testosterone treatment of boys not showing
signs of imminent puberty or appropriate progression, ac-
cording to the described puberty nomograms. However,
we recognize that large randomized clinical trials are nec-
essary for proper evidence-based recommendations.

Strengths of the study
Our present study represents the largest evaluation of

CDGP boys before and during oral TU treatment. This
was a single-center study, and therefore auxological
methods, bone age evaluation, and hormone assays
were similar during the entire study period. In addition,
detailed normative data were available based on the
same technologies.

Limitations of the study
Different physicians examined the patients over the

study period, which implies a risk of interobserver vari-
ation concerning both Tanner staging and frequency of
blood sampling. Our study was an open observational
study, not a randomized trial, which clearly introduces
potential bias. Furthermore, blood sampling was not
standardized according to time of day or administration
of oral TU.

Conclusions
Our analysis implemented thepubertynomogram,which

we believe represents a more rational approach when eval-
uating pubertal development compared to the classical cri-
teria. The advantage of the puberty nomogram is that it al-
lows the clinician to evaluate whether pubertal progression
is delayed at any time during pubertal development, and we
believe that the nomogram allows meaningful separation of
normal vs abnormal pubertal development, including both
onset and progression. Importantly, oral testosterone treat-
ment of boys with CDGP was considered safe and was fol-
lowed by pubertal induction and progression and short-term
growth without compromising final height.
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