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1 | INTRODUCTION
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Abstract

Klinefelter syndrome is highly underdiagnosed and diagnosis is often delayed. With
the introduction of non-invasive prenatal screening, the diagnostic pattern will
require an updated description of the clinical and biochemical presentation of infants
with Klinefelter syndrome. In the first months of life, the hypothalamic-pituitary-
gonadal (HPG)-axis is transiently activated in healthy males during the so-called
minipuberty. This period represents a “window of opportunity” for evaluation of the
HPG-axis before puberty and without stimulation tests. Infants with Klinefelter syn-
drome present with a hormonal surge during the minipuberty. However, only a lim-
ited number of studies exist, and the results are contradictory. Further studies are
needed to clarify whether infants with Klinefelter syndrome present with impaired
testosterone production during the minipuberty. The aim of this review is to describe
the clinical and biochemical characteristics of the neonate and infant with Klinefelter
syndrome with special focus on the minipuberty and to update the clinical recom-

mendations for Klinefelter syndrome during infancy.
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chromosome aneuploidies (SCA), based on genetic analysis of cell-free
DNA isolated from maternal blood (Bianchi & Wilkins-Haug, 2014).

Patients with Klinefelter syndrome (47,XXY) are diagnosed through-
out life. In our single-center evaluation of approximately 200 patients
with Klinefelter syndrome in Denmark, 20% were diagnosed prena-
tally, 30% were diagnosed during childhood due to excessive growth
and/or behavioral problems, and the remaining half were diagnosed in
adulthood, mainly as part of infertility evaluation (Aksglaede
et al., 2011). Importantly, Klinefelter syndrome is highly under-
diagnosed, and because of subtle symptoms before puberty diagnosis
is often delayed (Bojesen et al., 2003; Berglund et al., 2019). Until
recently, Klinefelter syndrome was rarely detected prenatally and
always as an incidental finding during invasive diagnostic testing by
chorionic villus sampling or amniocentesis because of increased risk
for autosomal aneuploidy or advanced maternal age.

With the introduction of non-invasive prenatal screening (NIPS) it

has become possible to detect fetal aneuploidies including sex

Despite limitations (e.g., false positive results) in the detection of
SCAs by NIPS (Gil et al., 2017), some countries offer routine NIPS
including screening for SCA. Klinefelter syndrome may therefore be
identified prenatally more frequently because of suspected SCA
on NIPS.

A recent Australian study of the trends in prenatal diagnosis of
SCAs before and after the introduction of NIPS showed that SCAs
now represent a larger proportion of the prenatal results. However,
the prenatal prevalence of SCAs as a percentage of births remains
unchanged due to a decline in invasive prenatal diagnostic testing
(Howard-Bath et al., 2018). These positive fetal screening results were
not followed antenatally, therefore it is unknown how many were
confirmed positive after birth. More advanced techniques may also
improve the sensitivity and specificity in the detection of SCAs by
NIPS, and the future prenatal diagnostic pattern of Klinefelter
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syndrome may therefore necessitate novel updated clinical manage-
ment plans for the care of these infants.

The aim of this review is therefore to describe the clinical and
biochemical characteristics of the neonate and infant with Klinefelter
syndrome with special focus on the minipuberty, and to update the

clinical recommendations for Klinefelter syndrome during infancy.

2 | MINIPUBERTY IN HEALTHY MALE
INFANTS—A “WINDOW OF OPPORTUNITY”

In healthy males the hypothalamic-pituitary-gonadal (HPG)-axis is
transiently activated in the second trimester of fetal life (Clements
et al, 1976; Kaplan & Grumbach, 1976; Massa et al, 1992;
Winter, 1982) and in the first months of life during the so-called
minipuberty (Andersson et al., 1998; Forest et al, 1974; Winter
et al., 1975, 1976). Minipuberty is followed by a relatively quiescent
period until reactivation at puberty when secondary sexual character-
istics develop, and reproductive capacity is attained. The biological
purpose for this transient activation of the entire HPG-hormone-axis
in the first months of life remain unknown. It is believed to be funda-
mental for the normal development of male reproductive organs
including completion of testicular descent, and may potentially con-
tribute to sexual differentiation of multiple tissues, including modulat-
ing masculine neurobehavioral development (Alexander, 2014; Boas
et al., 2006; de Mello et al., 2012; Dkhil et al., 2015; Ghahramani
et al., 2014; Hines et al., 2016; Kuiri-Hanninen et al., 2011; Kuiri-
Hanninen et al., 2014; Kuiri-Hanninen et al., 2019; Kung et al., 2016;
Lamminmaki et al.,, 2012; Lanciotti et al., 2018; Main et al., 2000;
Nugent et al., 2015; Pasterski et al., 2015; Swift-Gallant et al., 2016).
One study demonstrated that testosterone during the first months of
life correlated with an increase in longitudinal growth, accounting for
~15% of sex differences in adult height (Kiviranta et al., 2016). Fur-
thermore, boys with congenital hypogonadotropic hypogonadism
(CHH) appear to have diminished linear growth during minipuberty
(Varimo et al., 2016). The mini-puberty period also appears to be a
key time that lifelong sex differences in body composition begin, with
males accumulating more lean mass and ultimately lower percent fat
mass than females (Davis et al., 2019). There is much to learn about
the immediate and programming effects of this transient HPG activa-
tion (Copeland & Chernausek, 2016).

In healthy male infants the concentrations of luteinizing hormone
(LH) and follicle stimulating hormone (FSH) are low in cord-blood, but
both increase shortly after birth, as the suppressive effects of placen-
(Schmidt &

Schwarz, 2000). The resulting activation of the testicles leads to

tal hormones (especially estrogens) disappear
increasing secretion of testosterone (T), inhibin B, anti-Midillerian hor-
mone (AMH), and insulin-like3 (INSL3) (Aksglaede et al., 2010;
Andersson et al., 1998; Bay et al., 2007; Bergada et al., 2006; Forest
et al.,, 1980). LH peaks at 2-10 weeks of age and decreases to prepu-
bertal concentrations at 4-6 months of age, whereas T concentrations
peak at 1-3 months and decline by 6 months of age. In line with the

concentration of FSH, AMH, inhibin B and INSL3 also increase. AMH
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peaks during the minipuberty, followed by a slight decline around
12 months, but remains elevated until puberty, whereas inhibin B
decreases slightly around 15 months of age (Aksglaede et al., 2010;
Bergada et al., 2006; Kuiri-Hanninen et al., 2014; Kuiri-Hanninen
et al., 2019; Lanciotti et al., 2018). After the minipuberty period, LH,
FSH, and T all decline to very low concentrations until reactivation of
the HPG-axis at the time of central puberty. Inhibin B and AMH
decrease less dramatically and remain at measurable concentrations
during the quiescent childhood period, seemingly independent of
gonadotropin concentrations.

During the transient activation of the HPG-axis in infancy, the
number of Leydig cells increases, but after 3 months of age, the num-
ber gradually declines due to apoptosis of fetal Leydig cells (Codesal
et al., 1990). Likewise, the Sertoli cells start to develop and the num-
ber of germ cells increases (Cortes et al, 1987; Muller &
Skakkebaek, 1984), but because of lack of androgen receptors, sper-
matogenesis is not initiated (Boukari et al., 2009). Also related to the
absence of androgen receptors at this time point, there is no inhibi-
tory effect on the Sertoli cells, and the secretion of AMH remains
high, despite high T concentrations. Clinically, testicles and penis
increase in size during this period, although the testicular volume
decreases slightly after the minipuberty (Boas et al., 2006; Kuiri-
Hanninen et al., 2011; Main et al., 2006).

During the quiescent period following minipuberty the reproduc-
tive hormones are suppressed to very low or unmeasurable concen-
trations by most conventional immunoassays. The minipuberty,
therefore, represents a “window of opportunity” for evaluation of the
HPG-axis before puberty and without stimulation tests (for review,
Grumbach, 2005). Knowledge about the reproductive hormones dur-
ing the minipuberty is interesting from a physiological point of view,
but it is also relevant from a diagnostic point of view. However, only
limited studies from this period exist. Evaluation of the reproductive
hormones during male minipuberty is relevant in infants with
suspected CHH or differences in sex development (DSD) (Bouvattier
et al., 2002; Johannsen et al., 2018; Kaiserman et al., 1998). If the
diagnosis of primary versus secondary hypogonadism is not identified
in infancy, the diagnosis may be delayed until adolescence or even
adulthood.

3 | TREATMENT OF HYPOGONADISMIN
MINIPUBERTY

In addition to an opportunity to evaluate the HPG-axis, the
minipuberty period has been proposed as a time-sensitive opportunity
for testosterone treatment in conditions with an impaired HPG-axis.
Most experience about testosterone treatment during infancy comes
from the treatment of micropenis, which can occur with either pri-
mary or secondary hypogonadism. Traditionally this treatment
includes a short course of testosterone supplementation during
minipuberty, an effective and well-tolerated regimen (Bin-Abbas
et al.,, 1999; Hatipoglu & Kurtoglu, 2013) without virilization or distur-
bances of growth. Testosterone enathate or cypionate is typically
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used at the dose of 25-50 mg/month for 3 months. Treatment may
either be administrated as intramuscular injections, topical application
or suppositories.

Treatment with testosterone is effective with regards to penile
growth if the tissue has normal androgen sensitivity. A few reports of
infants with hypogonadotropic hypogonadism treated with gonado-
tropin during minipuberty exist (Bougneres et al., 2008; Main
et al., 2002; Stoupa et al., 2017). These indicate that short-term treat-
ment with recombinant FSH and LH may mimic the physiological
minipuberty by stimulating the production of T, inhibin B and AMH,
and potentially stimulating the proliferation of Sertoli cells (for review
Swee & Quinton, 2019). However, treatment with gonadotropin ago-
nists would not likely be beneficial in primary hypogonadism.

4 | MINIPUBERTY IN KLINEFELTER
SYNDROME

Only a limited number of studies of the minipuberty in Klinefelter syn-
drome exists (Aksglaede et al., 2007; Cabrol et al., 2011; Lahlou
et al., 2004; Ross et al., 2005), and the first publications from 2004 to
2007 were limited by low numbers of boys (total of 30 infants
[n = 10, n = 10, and n = 10]; Aksglaede et al., 2007; Lahlou
et al., 2004; Ross et al., 2005). The results of the first studies using
sensitive immunoassays were contradictory, with one study reporting
high-normal T (Aksglaede et al., 2007), and the others reporting lower
than expected T (Lahlou et al., 2004; Ross et al., 2005).

A more recent study including 38 infants with Klinefelter syn-
drome presented detailed biochemical evaluation of the HPG-axis
including T measured by means of liquid chromatography/tandem
mass spectrometry (LC-MS/MS), which is now considered gold stan-
dard (Cabrol et al., 2011; Lahlou et al., 2011). In that study, T concen-
trations turned out to be significantly lower in the infants with
Klinefelter as compared with controls, although the majority of the
infants with Klinefelter presented with T concentrations within the
low normal range. In contrast, INSL3 and LH concentrations were nor-
mal, and LH correlated positively with INSL3 and T. T and INSL3 are
both markers of the Leydig cell function, and the result indicates that
the Leydig cells are sensitive to LH action, although some degree of
Leydig cell insufficiency during minipuberty, at least based on the
findings about T, cannot be excluded (Cabrol et al., 2011; Lahlou
etal, 2011).

In the study by Cabrol et al., (2011) FSH concentrations were sig-
nificantly elevated in the infants with Klinefelter despite normal
inhibin B. In a subset of these infants (17%) inhibin B was reduced
despite normal FSH, and in 25%, inhibin B was normal despite ele-
vated FSH. The authors reported a positive correlation between
inhibin B and FSH, and that the Sertoli cells may be at least relatively
resistant to FSH in some of these infants. AMH concentrations were
in the normal range during minipuberty. There was no correlation
between AMH and FSH or T, which is in accordance with the absence

of androgen receptors on the Sertoli cells.
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FIGURE 1 Summary of results from studies reporting
testosterone concentrations in the minipuberty period in infants with
Klinefelter syndrome. Violin plots display the median, interquartile
range, and the distribution with the entire range for each study and
with all the data combined (gray). Normal values are estimated from
laboratory reference ranges and publications. Nine of these subjects
were published in Aksglaede et al., 2007 and were not duplicated in
the combined summary

Accepting the limitations inherent in combining studies with dif-
ferent methods, Figure 1 demonstrates previously reported testoster-
one concentrations during the minipuberty in infants with KS. Taken
together, the total number of boys with Klinefelter syndrome repre-
sented in these studies on serum hormone concentrations during the
first 6 months of life is <100. All the studies conclude that activation
of the HPG-axis does occur, but whether or not differences in testicu-

lar hormone production exist needs further investigation.

5 | CLINICAL PRESENTATION IN INFANTS
WITH KLINEFELTER SYNDROME

Features of Klinefelter syndrome in the prepubertal period are vari-
able and there are no symptoms that are present in all diagnosed
cases. Birth length, weight and head-circumference are generally
within normal limits although slightly smaller than in males without
Klinefelter syndrome (Aksglaede et al., 2008; Cabrol et al., 2011;
Lahlou et al., 2011; Ross et al., 2005). Subtle dysmorphic signs such as
fifth finger clinodactyly, high-arched palate, epicanthal folds and
hypertelorism may be observed (Ross et al., 2005; Zeger et al., 2008)
but none of these symptoms are pathognomonic. Congenital anoma-
lies such as renal malformations, cardiac defects, cleft lip or palate,
and club foot are rarely reported in infants with Klinefelter syndrome.
Infants with Klinefelter syndrome are often noted to have some
degree of hypotonia as well as an overall passive temperament.
Developmental delays are common and most receive early interven-
tion services (Robinson et al., 1990; Tartaglia et al., 2020).
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Micropenis and cryptorchidism are found more frequently in
infants with Klinefelter syndrome as compared with boys with a nor-
mal karyotype (Bojesen et al., 2006), however they are still uncommon
(<10%) (Ross et al., 2005). Reduced penile length and testicular vol-
ume have been reported in most of the existing studies of infants with
Klinefelter syndrome, and growth of the penis between infancy and
childhood has also been reported as sub-normal (Davis et al., 2019;
Lee et al., 2007; Ratcliffe et al, 1986; Ross et al., 2005; Zeger
et al., 2008; Zinn et al., 2005).

Only a few studies of testicular histology from fetuses and neo-
nates with Klinefelter syndrome exist. These have shown that the
number of germ cells is reduced already at this early age, whereas the
number of Leydig cells appear normal (Autio-Harmainen et al., 1980;
Coerdt et al., 1985; Murken et al., 1974; Ratcliffe, 1982).

6 | TESTOSTERONE TREATMENT DURING
MINIPUBERTY IN KLINEFELTER SYNDROME

Based on the findings of T concentrations in the lower range of normal
during minipuberty and the reduced penile length and testicular volume
suggesting testicular dysfunction, T replacement has been offered to an
increasing number of infants with Klinefelter syndrome. Samango-
Sprouse et al. retrospectively evaluated the neurodevelopmental
effects of T replacement (monthly injection of 25 mg testosterone
enanthate for 3 months) in infants with Klinefelter syndrome aged
4-15 months. At age 36 and 72 months the treated group was com-
pared to an untreated group, and the treated group had higher scores
in some domains of behavior, anxiety, neuromotor, speech and lan-
guage, intellectual, and reading
et al.,, 2013, 2015, 2019). Importantly, some limitations of these studies

should be noted. They were retrospective, nonrandomized, and likely

function  (Samango-Sprouse

subject to ascertainment bias, and the boys were treated at different
ages with the majority being treated after the minipuberty.

One randomized study of T replacement in Klinefelter syndrome
during the minipuberty, including 20 infants who were randomized to
either no treatment or treatment with testosterone cypionate
200 mg/ml IM injection of 25 mg (0.125 ml) every 4 weeks for a total
of three doses was recently published. Excess accumulation of adipos-
ity was observed in the untreated boys, whereas the treated boys had
normal body composition measures at 5 months of age. In the treated
group linear growth and stretched penile length increased signifi-
cantly, whereas no difference in testicular volume was observed
(Davis et al., 2019). A larger, randomized and placebo-controlled study
is underway to investigate the potential beneficial or unanticipated
side effects of testosterone in infants with Klinefelter syndrome
(P Davis, NCT03325647).

7 | RECOMMENDATIONS

Until more data emerge, it is difficult to provide evidence-based rec-

ommendations to guide clinical care in infants with Klinefelter
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syndrome. However, based on our experience and the limited studies
summarized in this review, we provide several considerations for

clinicians:

¢ Infants identified prenatally should have a postnatal chromosome
analysis either on cord blood or peripheral blood to confirm prena-
tal findings, particularly if only a prenatal screening test (i.e., cell-
free fetal DNA) was obtained.

e Clinical examination, assessing for any dysmorphic features, con-
genital anomalies, hypotonia, cryptorchidism, and micropenis
should be conducted by an experienced medical provider.

e Given ~1/4 of infants with Klinefelter syndrome will have a testos-
terone concentration below the normal range (Figure 2), measure-
ment of serum testosterone by LC-MS/MS at ~2 months of age
(between 1 and 5 months) can be considered for additional infor-
mation of individual testicular function. Measuring testosterone in
infants older than 6 months of age is not useful.

e If micropenis (<2.5 standard deviations below the mean for age) is
present, a short course of testosterone can be considered to
improve functional limitations.

o Testosterone treatment in the absence of micropenis should not
be considered standard of care given the limited evidence, but may
be considered on an individual basis. If pursued, this should be
done under the guidance of a medical provider with training and
experience in prepubertal testosterone treatment, and the infant
should be appropriately monitored for any side effects.

The ideal study of the minipuberty in Klinefelter syndrome would
include an adequately powered cohort study of infants with
Klinefelter syndrome and age-matched healthy controls, comparing
biochemical measurements of LH, FSH, inhibin B, INSL3, AMH, and T
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FIGURE 2 Testosterone treatment normalizes body composition
in infants with Klinefelter syndrome. Data are mean and standard
deviations
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(measured by LC-MS/MS), all measured in the same lab. Ideally these
infants would also be followed over time to assess whether there is a
relationship between early hormonal concentrations and the physical

and neuropsychological manifestations of Klinefelter syndrome.
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