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ABSTRACT

Objectives To compare the usefulness of the classical
definition of delayed puberty (DP) in boys with puberty
nomograms and to describe the management of DP in
boys in a hospital-based setting.

Study design Observational retrospective multicentre
study with a short-term follow-up.

Setting and participants Boys diagnosed with DP during
2013-2015 at paediatric departments in four counties in
central Sweden. The medical records of 165 boys were
reviewed.

Primary and secondary outcome measures Number of
boys with DP after re-evaluation of the diagnosis according
to the classical definition in comparison with puberty
nomograms. Description of investigations performed and
treatment provided to boys with DP.

Results In total, 45 and 58 boys were found to have DP
according to the classical definition and the nomograms,
respectively. Biochemical and/or radiological testing

was performed in 91% of the 58 boys, but an underlying
disease was only found in 9% of them. Approximately
79% of the boys received testosterone treatment, either
as injections of testosterone enanthate or as testosterone
undecanoate.

Conclusions Puberty nomograms may be helpful
instruments when diagnosing pubertal disorders in boys
as they are not limited to an age close to 14 years and
also identify boys with pubertal arrest. The majority of boys
with DP undergo biochemical or radiological examinations,
but underlying diseases are unusual emphasising the need
for structural clinical practice guidelines for this patient
group.

INTRODUCTION
Central puberty starts when the hypothalamic-
pituitary-gonadal axis has been activated. The
first clinical sign of puberty in boys is testic-
ular enlargement." The exact mechanisms
regulating the onset of puberty are not fully
understood, but genetic, metabolic and life-
style factors appear to be involved.*”

Delayed puberty (DP) has classically been
defined as lack of pubertal signs at the age

! Eva Rask,?® Maria Lodefalk'®

Strengths and limitations of this study

» The re-evaluation of the diagnosis by a thorough
review of medical records in a hospital-based, geo-
graphically well-defined population including both
secondary and tertiary paediatric centres.

» The highly accessible medical service of the Swedish
healthcare system increasing the opportunity to in-
clude a broad sample of boys with delayed puberty.

» The small study population and the retrospective
design were limitations of the study.

nomograms has been suggested for the
improvement of the diagnostic process, as
they can also identify slow pubertal progres-
sion.* Puberty nomograms have been intro-
duced in the Netherlands’® and are in use in
the UK.” Furthermore, they have been used
for the evaluation of DP in Danish boys* and
for the description of pubertal progress in
Danish girls.8 However, as far as we know, no
previous study has evaluated puberty nomo-
grams in a Swedish setting.

DP is much more common in boys than
in girls.” The most common cause of DP in
boys is constitutional delay of growth and
puberty (CDGP), which is a self-limiting
condition characterised by short stature at
the time of diagnosis and a positive family
history of DP.”'* However, persistent or func-
tional hypogonadism needs to be excluded,
leading to a variable use of biochemical and
radiological investigations. The diagnostic
approach to boys with DP has been reported
to vary substantially between practitioners,'’
indicating a need for a structured evaluation
of the clinical management of these patients.
Furthermore, previous descriptions of boys
with DP have often been limited to tertiary
paediatric centres,®? ' which may result in
over-reporting of the most severe cases.

Dr Maria Rodanaki: of 14 years in boys. In addition to the clas- DP in boys can be treated with testos-
maria.rodanaki@oru.se sical definition of DP, the use of puberty terone."” A short treatment period with
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low-dose testosterone usually initiates pubertal onset in
boys with CDGP. Intramuscular injections of testosterone
every month are most often used, but transdermal testos-
terone patches, gels and oral testosterone have also been
proposed.'*

The aims of the present study were to compare the
usefulness of the classical definition with that of puberty
nomograms in diagnosing DP in Swedish boys and to
describe the clinical management of these patients,
in terms of investigations performed and treatment
provided in a geographically well-defined, hospital-based
population including both secondary and tertiary paedi-
atric centres.

PATIENTS AND METHODS
Participants
Every paediatric department in four counties in central
Sweden (Orebro, S6édermanland, Vistmanland and
Dalarna) was included in the study. These departments
provide secondary and tertiary medical care for all adoles-
cents with a suspected pubertal disorder in the area. The
total population in this area was 1108024 inhabitants
in 2014. All outpatient visits at these departments are
routinely registered with patient’s International Statis-
tical Classification of Diseases and Related Health Prob-
lems (ICD) code. These registers were run through for
all boys diagnosed with DP (ICD-10 code E30.0) from 1
January 2013 to 31 December 2015. To ensure that all
boys with DP were identified, patients with diagnoses
potentially related to DP were also included in the search
by the use of the following ICD-10 codes: E30, E30.8 and
E30.9 (disorders of pubertal development); E22.1 (hyper-
prolactinaemia); E23.0, E23.0E and E23.0F (hypopituita-
rism); E29.1, E29.8 and E29.9 (testicular dysfunction);
and E34.3 (short stature due to endocrine disorder).
Identified patients were given written information on
the study, and consent for the review of their medical
record was requested. After the approval of the second
application to the Regional Board of Ethics, it was possible
to include all patients (even when written consent was
missing) at the Department of Paediatrics, Orebro
University Hospital (the main centre), except for those
who had actively declined participation.

Patient and public involvement
There was no patient or public involvement in the design
of the study nor in the interpretation of findings.

Procedures and definitions

The medical records were reviewed using a data capture
form (see online supplemental material) to verify the
diagnosis of DP using the classical definition: testicular
volume <4mL by the age of >14 years.1 However, many
boys did not attend the paediatric outpatient clinic at
exactly 14 years of age and many boys had entered puberty
at the time of the visit. Therefore, the accuracy of the diag-
nosis based on the classical definition was evaluated by

combining pubertal stage and age at the time of the visit
while keeping in mind that puberty usually progresses by
one Tanner stage per year."” After this structural evalua-
tion, each diagnosis was labelled as certain, probable, inac-
curate or unclear as shown in online supplemental table
S1. For example, when a 14.5-year-old boy had a testic-
ular volume of 5 mL and was in Tanner stage 2, the label
‘probable’ DP was used. The puberty nomogram used for
comparison with the classical definition was developed in
Denmark.* In agreement with its instruction, a boy with a
genital stage or testicular volume >2 SD below the mean
for his age was considered to have DP.

Data on clinical characteristics, investigations
performed, treatment provided and short-term outcome
of the treatment were collected from the medical records.
Body weight and height were transformed into SD scores
using Swedish reference growth data.'®

Laboratory and radiological analyses

Investigations were performed at the discretion of each
paediatrician. Blood and urine samples were analysed
at each hospital’s Department of Laboratory Medicine
except for karyotype analysis, which was performed at
the Department of Clinical Genetics, Uppsala University
Hospital, Uppsala, Sweden. Radiological investigations
were performed at each hospital’s radiological depart-
ment. The Greulich and Pyle method'” was used to
describe bone age.

Statistics

Data are presented as absolute numbers (per cent), the
mean (SD) or median (min-max), as appropriate. The >
test, Student’s t-test and the Mann-Whitney U test were
used, as appropriate. Statistical significance was set at
p<0.05 for two-sided tests. Calculations were performed
in IBM SPSS Statistics for Windows V.24 (IBM).

RESULTS

Study population

The search identified 215 boys with the diagnosis of DP
(ICD-10 code: E30.0), of whom 42% consented to partic-
ipate. After the approval of the second application to the
Regional Board of Ethics, the inclusion rate in Orebro
county (the main centre) increased to 83%. The search
also identified 186 boys with other ICD-10 codes, and
74 of them could be included in the study, but after the
review on their medical records, none of them were
found to have DP. In total, the medical records of 165
boys were reviewed, and of them, 91 were diagnosed with
DP in the records. After the re-evaluation of the diagnosis
based on the classical definition, 30 boys were considered
as certain DP cases and 15 as probable cases. After the
nomogram evaluation, 58 boys were found to have DP
or slow pubertal progression (figure 1). Boys with DP or
slow pubertal progression according to the nomogram
living in the counties of S6dermanland, Vastmanland or
Dalarna (where the inclusion rate was low) did not differ
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significantly in clinical characteristics from boys living in
Orebro county (where the inclusion rate was sufficient).
Therefore, all boys with DP according to the nomograms
(n=58) were analysed as one group regarding investiga-
tions performed and treatment provided.

Comparison of the classical definition and puberty
nomograms

Based on the classical definition, 45 of the 91 boys (49%)
diagnosed with DP in the clinical setting were found
to have certain or probable DP and the corresponding
number based on nomogram evaluation was 64%. The
majority of boys (42 of 45, ie, 93%) identified as having
DP according to the classical definition were also classified
as having DP by the use of the nomograms. However, only
72% of the boys defined as having DP or slow pubertal
progression by the nomograms were identified as having
DP by the classical definition (42 of 58 boys, table 1).

Clinical characteristics, investigations performed, treatment
provided and short-term follow-up

Short stature according to the pubertal growth chart was
found in 39 of the 58 boys (67%) with DP according to
the nomograms. The majority of the boys (86%) had
CDGP. Of the 37 patients with information available in
the medical record on psychosocial distress, 65% reported
such a complication, including feelings of sadness, social
withdrawal, giving up sport activities and bullying. Most
of the boys had another medical problem prior to the
pubertal delay, such as asthma or allergies (n=10), atten-
tion deficit and hyperactivity disorder (ADHD) (n=7), or

Table 1 Concordance between the classical definition and
the puberty nomograms in diagnosing delayed puberty in
boys

Delayed puberty according to

Delayed puberty
puberty nomograms

according to classical

definition Yes No
Yes 42 3
No 16 30

Certain Probable Nomogram No d|agn05|5
of DP found

Flow chart of the study population. DP, delayed puberty; ICD-10, International Statistical Classification of Diseases

epilepsy or another neurological disease, including intel-
lectual disability (n=7) (table 2).

Biochemical testing and/or radiological assessment was
performed in 91% of the boys. Serum levels of insulin-
like growth factor 1 were lower than expected in nine of
20 tested boys. Bone age assessment was performed in 12
boys and all of them had delayed bone age (mean delay: 26
months (+11)). Karyotype testing was performed in seven
boys; all had normal results. A gonadotropin-releasing
hormone stimulation test was performed in three boys,
growth hormone testing was performed in four boys and
human chorionic gonadotropin testing was performed
in one boy. MRI of the brain and the pituitary gland was
performed in seven boys. The following diagnoses were
found: Kallmann syndrome (n=2), congenital pituitary
malformation (n=1), hypergonadotropic hypogonadism
(n=1) and coeliac disease (n=1).

Testosterone treatment was prescribed to 45 boys. An
intramuscular injection of testosterone enanthate (75

Table 2 Clinical characteristics of boys with delayed
puberty in central Sweden

Age (years) (n=58) 15.2 (0.83)
Weight SDS (n=54) -1.42 (1.81)
Height SDS (n=56) -2.31(1.23)

Referred from the school healthcare system 37%
(n=43)

Positive family history of delayed puberty  85%
(n=40)

Any comorbidity (n=58) 60%
Any reported psychosocial distress (n=37) 65%
Diagnosed with CDGP (n=57) 86%
Treated with testosterone (n=57) 79%

Values are mean (SD) or per cent. Height SDS was based on the
pubertal growth spurt and not the prepubertal growth rate.

n is the number of patients with information on that variable
available in the medical record.

CDGP, constitutional delay of growth and puberty; SDS, SD score.
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mg) was given monthly to 33 of them (73%). The median
duration of the treatment was 6 months (4-12 months).
Patients with permanent gonadotropin deficiency
received prolonged treatment. Twelve boys were given
two intramuscular injections of testosterone undecanoate
separated by an interval of 12 weeks (the most commonly
used dose was 200 mg per injection). Some of these 12
patients required higher doses or prolonged therapy.

The testosterone treatment was successful (ie, a
higher Tanner stage or the patient was satisfied with the
outcome) in 80% of the treated boys regardless of type of
testosterone given. Both types of treatment regimens were
well tolerated in 89% of the patients. Reported potential
adverse events were few but included a sickle cell crisis
and priapism in a patient with sickle cell anaemia, and
reactive arthritis or aphthous stomatitis in one patient
each.

DISCUSSION

In this hospital-based observational study of a geograph-
ically well-defined population including both secondary
and tertiary paediatric centres, we found a high concor-
dance between the classical definition and puberty
nomograms in boys with DP even though the nomograms
identified more patients. Short stature and psychosocial
distress were common complaints. A high proportion of
the boys (91%) underwent some type of biochemical or
radiological investigation, but investigations performed
varied widely, and in only approximately 9% of the patients
an aetiological disorder was found. The diagnosis of DP
could only be verified in approximately half of the cases
after the structured re-evaluation of data. Similar low veri-
fication rates have been presented before in a Danish*
and an American study.'® In the latter, only 71% of the
practitioners used the classical cut-off age for defining
DP. The low verification rate found in the present study
may be due to the variable ages of the patients at the
time of the visit to the paediatrician, making it difficult
to use the classical definition, and the strict criteria used
in the study when re-evaluating the diagnosis. In the clin-
ical situation, paediatricians may be less strict taking into
account a combination of clinical data, biochemical test
results and the psychosocial burden of the patients when
diagnosing the condition."

The superiority of puberty nomograms to the classical
definition found in the present study was probably due
to the fact that nomograms are not restricted to an age
close to 14 years and many of the patients reviewed in this
study (n=61) did not see their doctor at 14 years of age
or they were not completely prepubertal making it hard
to diagnose them with DP by a strict use of the classical
definition. Puberty nomograms also identify adolescents
with slowly progressing puberty and, consequently, they
would identify more patients with pubertal disorders, as
shown in both the Danish study® and the present study.
Patients with diagnoses other than CDGP, for example,
Klinefelter syndrome, may have a normal pubertal onset

but an abnormal pubertal progression, and for this
subgroup, puberty nomograms are useful for monitoring
the pubertal progression.'’ However, most boys with signs
of late puberty have CDGP and if they are assessed at an
older age than 14 years and then have some pubertal
signs, we propose that puberty nomograms are helpful
in diagnosing DP, as well as monitoring their pubertal
progression.

The clinical characteristics found in the present
study are in good agreement with previous findings.**
However, the proportion of boys diagnosed with CDGP
in this study (86%) was higher than that in other studies
(63%-82%)," ' which may be due to differences in
study populations where our study did include tertiary
and secondary centres and due to differences in acces-
sibility to health services between countries. More than
half of the patients in our study had some comorbidities,
possibly partly explained by the study design, including
patients from paediatric departments only. Older” as well
as more recent studies have described a possible associa-
tion between DP and ADHD, which could also be seen in
our study, where 12% of the boys with DP also had ADHD.
This prevalence is higher than that described globally, as
well as in Sweden (5%-7%).%° ?' It has been speculated
that genetic factors, hormonal effects, ADHD medication
side effects or increased awareness of growth deviations
may be possible explanations of this association, but more
studies are needed for a deeper understanding of the
observation.” *

Although psychosocial distress has previously been
mentioned as a common feature of DP in boys,* **** the
types of distress and their frequencies are not completely
known. In the present study, a considerable proportion
(65%) of the boys with DP reported psychosocial distress,
indicating a need for high awareness of this complication
in this patient group.

The large proportion of boys investigated with blood
samples, stimulation tests or radiological examinations in
the present study underlines that a more structured diag-
nostic approach is needed to avoid unnecessary testing
and to optimise the cost-effectiveness as suggested previ-
ously."® This is especially important considering the fact
that the majority of boys with DP have CDGP, which is
an extreme variant of the normal spectrum of pubertal
development. No Swedish guidelines on the management
of DP existed during the study time period, which possibly
can explain some of the variation seen in the manage-
ment of the condition in the present study. However, this
variation has also been shown in previous studies from
other countries.'®

The traditional treatment for DP in boys is monthly
intramuscular injections of testosterone enanthate.'* In
the present study, most boys were given this treatment
regimen, but some boys were given intramuscular injec-
tions of testosterone undecanoate, which is approved
for adult men with hypogonadism®**® and for pubertal
induction in adult men.?* In addition, testosterone unde-
canoate has been used orally in prepubertal boys,* but
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to the best of our knowledge, this is the first report on
intramuscular injections of testosterone undecanoate
in prepubertal boys. The administration of testosterone
undecanoate has the advantage of a longer injection
time interval. This treatment regimen seemed to be
well tolerated and the short-term outcome seemed to
be favourable, but these findings should be interpreted
with caution since only very few patients received this
treatment and because of the design of the present study.
Future randomised controlled intervention studies are
needed to appropriately investigate which treatment
regimen is most suitable in boys with DP.

Strengths of the present study are the Swedish health-
care system including regular medical check-ups of
growth and development of all children and adolescents
at school healthcare units and the low economic cost for
the patient, making medical advice highly accessible and
thus increasing the possibility to include a broad sample
of boys with DP in the study; the thorough review of the
medical records to validate the diagnoses; and the well-
defined geographical population including patients from
both secondary and tertiary centres. One of the limita-
tions of the present study is the small sample size, which
was due to the low response rate, and it may affect the
implication of our findings. The retrospective design of
the study is another limitation, as well as data collection
from medical records only. Additionally, the inclusion of
several centres and practitioners may explain some of the
variation found in clinical management. On the other
hand, the multicentre design may increase the gener-
alisability of our findings. Despite the inclusion of both
secondary and tertiary centres, some boys with DP may
not be aware of the diagnosis or may not be disturbed
by the late development and consequently may not seek
medical advice introducing a risk of selection bias in the
present study.

In conclusion, puberty nomograms identify more boys
with pubertal disorders compared with the classical defi-
nition of DP since they are not limited to an age close to
14 years or to late pubertal onset. The majority of boys
with DP undergo biochemical or radiological examina-
tions, but underlying diseases are seldom detected indi-
cating a need for improved clinical guidelines for this
patient group in order to reduce the number of unneces-
sary investigations.
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