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The effect of early hormonal treatment (EHT) on expressive
and receptive language capabilities in boys with 47,XXY
(Klinefelter syndrome) during infancy and early childhood
Carole Samango-Sprouse 1,2,3✉, Michaela Reiko Brooks3, Patricia Lasutchinkow3, Teresa Sadeghin3, Sherida Powell4,
Mary Pat Hamzik3, Sophia Song3 and Andrea L. Gropman5,6

PURPOSE: 47,XXY is associated with variable neurodevelopmental outcomes including deficits in expressive and receptive
language development. Early hormonal treatment (EHT) has been associated with mitigating some deficiencies in boys with 47,XXY.
This study investigates these language capabilities of 47,XXY boys in the first five years of life and the associated effects of EHT on
these capabilities.
METHODS: One hundred and seventy-five boys with 47,XXY between the ages of 0 and 5 years, 11 months completed
neurodevelopmental assessments specific to age examining their expressive and receptive language capabilities. Subjects were
grouped by treatment (EHT and No-T) and differences were analyzed.
RESULTS: In the age groups of under 12 months, 24–35 months, 36–47 months, and 60–71 months, the EHT group scored
significantly higher on expressive language assessments than the No-T group (p= 0.09, p= 0.0002, p= 0.009, and p= 0.02,
respectively). In the age groups of under 12 months and 24–35 months, the EHT group scored significantly better on the auditory
comprehension domain of the PLS-4/5 (p= 0.02 and p= 0.05, respectively) than the No-T group.
CONCLUSION: Study data suggest EHT may be essential in optimizing receptive and expressive language development in 47,XXY
boys during early childhood, which is critical in fostering reading skills and later academic success.
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INTRODUCTION
47,XXY, or Klinefelter syndrome, is the most common sex
chromosome aneuploidy (SCA), occurring in about 1 of every
650 male births.1,2 The disorder, initially described in 1942, is
characterized by small testicular size, tall stature with eunochoid
body type, and aspermatogenesis.3 Since then, androgen defi-
ciency has been found to be a hallmark symptom of this disorder
and a possible contributor to the neurodevelopmental deficien-
cies associated with 47,XXY.4–6

The neurodevelopmental profile of males with 47,XXY has been
documented, and while there is wide variability in the phenotype,
often language-based learning disabilities, motor apraxia, speech
and language abnormalities, reading disorders, and neuromotor
dysfunction are present.5,7–10 Speech and language is one of the
most impacted domains of 47,XXY, with approximately 80% of
boys experiencing difficulties in these skills.11,12 During infancy
and early childhood, speech and language delays in this disorder
are very common, with their expressive ability being almost
always more impaired than their receptive skills.13,14 A study
conducted by Graham et al. in 1988 showed consistently lower
verbal intelligence quotients (VIQ) in boys with 47,XXY compared
with controls, while the performance intelligence quotients (PIQ)
remained about equal or were minimally impacted.14

Early studies on young children with 47,XXY report lower
performances in word retrieval, syntactic production, auditory
processing and memory, and narrative formation.14,15 Other
previous notable studies have identified diminished abilities in

phonological processes, oromotor skills, articulation, and motor
planning of speech in 47,XXY.7,11,16,17 Men with 47,XXY have been
shown to have more challenges in discriminating emotional
content during verbal tasks, and even more so, in tone of voice.
These men made significantly more errors in the affective prosody
condition (including loudness, timbre, intonation, etc.) than the
semantics condition, though they showed deficits in both.18 More
recent studies, such as one conducted by van Rijn et al. in 2014,
report two-thirds of boys with 47,XXY have poor social interactions
and communication skills in early childhood although boys
diagnosed prenatally were not segregated from those with
postnatal diagnoses.19 These early language deficits have been
shown to precede difficulties in academics, particularly in reading
and writing (dyslexia and dysgraphia),16,20 as well as contribute as
a risk factor for social anxiety, social isolation, and low self-
esteem.21,22

In the last 15 years, there has been in increasing focus on early
hormonal treatment (EHT) in boys with 47,XXY in which
testosterone is administered during a “mini-puberty” in infancy
to address their androgen deficiency (three injections of
testosterone enanthate, 25 mg, each). This mini-puberty is
believed to occur about two weeks after birth and continue until
at least 24 weeks,23,24 and is known to have a profound impact on
brain development, masculinization of the infant boys, and
promotion of social behaviors.25,26 EHT in young boys with 47,
XXY has been shown to be associated with mitigation of some of
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the physical, cognitive, and behavioral impairments related to the
disorder.6,27,28

While several studies have demonstrated the positive effect
associated with androgen treatment in adolescents and adults,
there are still few studies illustrating the potential influence of
testosterone on infants with 47,XXY on their early expressive and
receptive language skills. This study aims to investigate the
possible positive association of early hormonal treatment on
expressive and receptive language capabilities in boys with 47,
XXY during the first five years of life.

MATERIALS AND METHODS
Subjects
Two hundred forty boys with the karyotype of 47,XXY between the ages of
1 month and 71 months were referred by their physicians, parents, and/or
ancillary health-care providers throughout the country for a comprehen-
sive neurodevelopmental assessment at the Neurodevelopmental Diag-
nostic Center for Children in Davidsonville, Maryland. The respective
diagnoses were confirmed through karyotype analysis and documented in
the children’s medical records. The subjects included children with a
prenatal diagnosis only, with exclusion criteria of postnatally diagnosed
boys and the presence of copy-number variants (CNVs). None of the boys
with 47,XXY in either group had neonatal seizures, significant birth
complications requiring more than 3-day hospitalizations, or any other
brain abnormalities. Of that initial group of 240 boys with 47, XXY, 175
qualified for the investigations and completed the required testing (Fig. 1).
The Focus Foundation, a nonprofit foundation, provided scholarship

monies for those families in need to obtain neurodevelopmental
assessments to minimize ascertainment bias. Pediatric endocrinologists
throughout the country evaluated infants with 47,XXY and 85 (48.6%)
infants received testosterone injections as a course of treatment and 90
(51.4%) did not. The timing and dosage was assessed on an individual
basis, and necessary laboratory tests were determined by the pediatric

endocrinologists and were often not obtained prior to neurodevelop-
mental testing.

Neurodevelopmental testing
Comprehensive neurodevelopmental testing was administered and
selected based on the subject’s chronological age. For this study, a
neurodevelopmentalist (ND) was first trained to administer all assessments
and, to ensure study fidelity, established 95% reliability in all language
assessments with a licensed speech and language pathologist (SLP). The
ND then trained all other testers individually for more than two weeks on
all assessments according to specific guidelines outlined in each
assessment’s manual, and supervised the administration of these tests
on numerous neurotypical children, as well as children with various
genetic disorders. Reliability (95%) was achieved with these testers
through observation, and reviewing test scores of more than ten
neurotypical children prior to the administration of any assessments with
study participants. Throughout the study, the ND randomly and routinely
observed testing on subjects in both (EHT and No-T) groups. Testers
(including the SLP) were blinded to the treatment status of each subject at
the time of evaluation and assessments were randomly assigned to
minimize researcher bias.
The language portion of Bayley Scales of Infant and Toddler Develop-

ment 3rd/4th Edition was utilized to assess speech and language
development in children from birth to 42 months of age. The Early
Language Milestone Scale 2 (ELM-2) evaluates speech and language skills
from birth to 3 years of age. The Preschool Language Scale (PLS) 4 or 5 was
used to determine auditory comprehension and expressive communica-
tion ability for subjects from birth to 5 years, 11 months. The Verbal
Intelligence Quotient on the Wechsler Preschool & Primary Scale of
Intelligence 3rd Edition and Verbal Comprehension Index on the Wechsler
Preschool & Primary Scale of Intelligence 4th Edition (WPPSI-III VIQ or
WPPSI-IV VCI) was used to evaluate verbal reasoning, semantic knowledge,
and verbal comprehension and expression in subjects from 2 years,
6 months to 5 years, 11 months. The Receptive One Word Picture
Vocabulary Test–Revised (ROWPVT-R/4) and Expressive One Word Picture

Assessed for eligibility (n=240)

Excluded (n=65)

Did not receive allocated intervention
(n=90)

Received allocated intervention (n=85)

Lost to follow-up (n=0)Lost to follow-up (n=0)

Discontinued intervention (n=0)Discontinued intervention (give reasons) (n=0)

Analysed (n=90)Analysed (n=85)

Excluded from analysis (n=0)Excluded from analysis (n=0)

Not meeting inclusion criteria (n=65)
Declined to participate (n=0)
Other reasons (n=0)

Randomized (n=175)

Enrollment

Allocation

Follow-Up

CONSORT 2010 Flow Diagram

Analysis

Fig. 1 Participant enrollment and follow-up. A total of 175 prenatally diagnosed infants and children with 47,XXY were included for analysis
in this study (No-T total N= 90, T total N= 85).
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Vocabulary Test–Revised (EOWPVT-R/4) were utilized to evaluate receptive
and expressive vocabulary skills in children beginning at 2 years of age
(Table 1).
Not all children completed all assessments due to fatigue, which is a

common occurrence when evaluating infants and young children. Some
children were lost to follow-up for a variety of reasons such as relocation or
compliance. If multiple scores for an individual patient on a given subtest
were available, all test scores falling within the appropriate age range for
the subtest were used in the analyses.
Behavioral forms were completed by primary caregivers on the child’s

speech and language capabilities with the Child Behavior Checklist-
Language Scale (CBCL-Lang), MacArthur–Bates Communicative Develop-
ment Inventories (CDI): Words and Gestures (CDI-WG), Words and
Sentences (CDI-WS), and Vocabulary Checklist (CDI-VC).

Statistical analysis
The cohort was separated into six groups based on chronological age:
under 12 months, 12 to 23 months, 24 to 35 months, 36 to 47 months, 48
to 59 months, and 60 to 71 months. Neurodevelopmental data for each
age group were then further bifurcated into two cohorts for analysis based

on those infants who received EHT (EHT group) and those untreated (No-T
group).
The skewness–kurtosis test was used to assess normality of the groups,

then a test of significance was performed using the two-sample Wilcoxon
rank-sum test when normality was present and the Mann–Whitney test if
normality was absent. The null hypothesis is that there is no statistically
significant difference between the means of the group 1 (treated) and
group 2 (untreated) on any developmental domain or subtest.
To minimize confounding factors, subjects were evaluated by examiners

who were blinded to who had received early hormonal therapy. A data
coordinator scored all standardized assessments and was unaware of the
child’s treatment status. A program manager randomly reviewed charts
and data entry to ensure that all scores were consistent from testing
protocols, maintaining fidelity of the study process from data entry to data
analysis. A biostatistician completed the data analysis offsite and did not
directly interact with any patients.

RESULTS
Demographics of the EHT group and No-T group are similar
including maternal age, delivery, and parental education levels
(Table 2). The majority of subjects were Caucasian in each group

with one African American and seven Hispanics in the EHT group
and two African Americans and seven Hispanics in the No-T group.
The No-T group weighed an average of 3.32 kg at birth, while the
EHT group weighed an average of 3.26 kg; the two groups were
not significantly different.
A positive treatment effect on multiple stages of development

at the P= 0.05 level was associated with the EHT. In the under
12 months group, the auditory comprehension subtests revealed
significance at the P= 0.02 level for those in the EHT group
(Table 3). In expressive communication, there was a trend toward
significance for the EHT group at P= 0.08. On the Bayley language
assessment, the EHT group was significantly better than the No-T
group (P= 0.04).
In the 12 to 23 month group, on the Bayley language

assessment, there was a significant difference between the EHT
group and the No-T group (P= 0.05). In the 24 to 35 month group,
the PLS revealed greater significance between those boys in the
EHT group versus the No-T group on both the auditory
comprehension subtest and expressive communication subtest
(P= 0.05 and P= 0.0002, respectively) (Table 4). On the ELM
expressive language subtest (P= 0.03), EOWPVT-R/4 (P= 0.05),
and Bayley language (P= 0.05), the EHT group scored significantly
higher than the No-T group.
The EOWPVT-4 revealed significance in the 36 to 47 month

group at P= 0.01 (Table 3). In contrast, there was a trend toward
significance between the EHT compared with No-T on the
ROWPVT-4 in the same group.
There were no significant findings for the 48 to 59 month group

on any of the speech and language assessments. However, in the
60 to 71 month age group, there was a significant difference
between the two groups at P= 0.02 on the expressive

Table 1. Neurodevelopmental assessments.

Preschool Language Scale 4/5 (PLS-4/5)
• Auditory Comprehension
• Verbal Ability/Expressive Communication

Early Language Milestone Scale 2 (ELM-2)
• Expressive Ability
• Receptive Ability

Bayley Scales of Infant and Toddler Development 3/4
• Language Scale

Expressive One Word Picture Vocabulary Test–Revised (EOWPVT-R/
4)

Receptive One Word Picture Vocabulary Test–Revised (ROWPVT-R/4)

Wechsler Preschool & Primary Scale of Intelligence-III/IV (WPPSI-III/
IV)
• Verbal IQ/Verbal Comprehension Index (VCI)

Child Behavior Checklist (CBCL-Lang)
• Language Domain

MacArthur–Bates Communicative Development Inventories
• Words and Gestures (CDI-WG)
• Words and Sentences (CDI-WS)
• Vocabulary Checklist (CDI-VC)

Table 2. Parental patient characteristics and demographics of the
study population (N= 175).

47,XXY (N= 175)

Patient background Parental background

EHT group (N= 85)

Mean birth weight 3.26 kg (7.19 lbs) Mean maternal age 36.99

Delivery Vaginal, 44 Mean paternal age 38.40

Cesarean, 36 Mean maternal
education

5.47

Race Caucasian, 45 Mean paternal
education

5.45

Hispanic, 7

African
American, 1

Other, 6

No-T group (N= 90)

Mean birth weight 3.32 kg (7.32 lbs) Mean maternal age 37.45

Delivery Vaginal, 46 Mean paternal age 37.96

Cesarean, 28 Mean maternal
education

5.35

Race Caucasian, 49 Mean paternal
education

4.98

Hispanic, 7

African
American, 2

Other, 6

EHT early hormonal treatment, No-T no treatment.
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communication subtest. There was a trend toward significance
between the EHT group on the WPPSI verbal intelligence scale (P
= 0.06).
On the CDI-WS, in the 24 to 35 month age group, there was

significant difference between the EHT group and the No-T group
on the complexity of speech patterns at the P= 0.02 level and
trend toward potential significance on mean length (P= 0.08)
(Table 4). On the CBCL, the EHT group had significantly more
combinations of words on the Combines Words scale than the No-
T group (P= 0.06).

DISCUSSION
Our current study in infants and young boys with 47,XXY suggests
a positive association between early hormonal treatment and the
potential mitigation of early expressive and receptive language
deficits. Our findings suggest that an early course of testosterone is
associated with improved function in auditory comprehension,
expressive ability, and verbal intelligence. This provides further
support for the link between neurobiological treatment and
improved neurodevelopmental outcome in boys with XXY.5,6,9,28–30

We observed a positive effect of treatment in auditory
comprehension for the groups of under 12 months and between
24 to 35 months. A research study completed by Benasich and
Tallal in 2002 found that early deficits in rapid auditory processing
abilities both precede and predict subsequent language delays.31

Our findings of improved auditory comprehension in the EHT
groups within these ages suggest that testosterone may provide a
mechanism to foster improved speech development or conversely
may be a preventive measure for the early and common
expressive language delays seen in 47,XXY boys. Since the early
language dysfunction is an indicator of later language-based
learning disabilities, EHT may be impactful on one of the most
common phenotypic features of 47,XXY.
Our findings of delayed expressive language capabilities in the

untreated group are consistent with several previous studies in
older 47,XXY boys and men.9,14,27,29 However, this innovative
study identifies these expressive language delays in a large group
of prenatally diagnosed infants and toddlers with 47,XXY.
Furthermore, the EHT group had no expressive language delays,
which provides a possible pathway to minimize, if not eliminate,
these expressive differences prior to the associated social

Table 3. Neurodevelopmental results in age groups <12 months, 12–23 months, 36–47 months, 48–59 months, and 60–71 months.

Age group Subtest EHT Group No-T Group P value

N Mean Median N Mean Median

<12 months PLS-4/5 Auditory comprehension 51 100.04 100 50 95.38 93 0.02

PLS-4/5 Expressive communication 51 99.92 99 50 95.18 91 0.09a

Bayley language 3/4 33 106.25 108.5 20 101.1 100 0.05

12–23 months Bayley language 3/4 43 108.26 106 6 97.5 97 0.05

36–47 months EOWPVT-R/4 25 116 119 25 105.47 102 0.009

60–71 months PLS-4/5 Expressive communication 16 108.88 112 13 96.85 93 0.02

WPPSI-III/IV Verbal IQ 15 111.93 112.5 16 101 104 0.6a

EHT early hormonal treatment, EOWPVT-R/4 Expressive One Word Picture Vocabulary Test–Revised, No-T no treatment, PLS-4/5 Preschool Language Scale 4/5,
WPPSI-III/IV Wechsler Preschool & Primary Scale of Intelligence 3rd/4th Edition.
aP= 0.1 level.

Table 4. Neurodevelopmental results in 24–35 month age group.

Test type EHT group No-T Group P value

N Mean Median N Mean Median

PLS-4/5 Auditory comprehension 39 105.84 103.5 33 99.94 98 0.05

PLS-4/5 Expressive communication 38 105.03 106 33 95.36 91 0.0002

ELM-2 Expressive language 30 101.83 100 18 94.05 91 0.03

EOWPVT-R/4 30 105.4 106.5 25 100.32 100 0.05

ROWPVT-R/4 30 107.28 109 28 102.61 99.5 0.09a

Bayley Language Scale 3/4 22 109.32 109 4 97.25 98.5 0.05

CDI-WS Complexity 12 13.75 15.50 17 4.82 1 0.02

CDI-WS Mean Length 16 4.08 3.67 17 2.23 2.33 0.08a

CBCL Combines Words 3 0.83 1 23 0.33 0 0.06a

CBCL Child Behavior Checklist, EHT early hormonal treatment, ELM-2 Early Language Milestone Scale 2, EOWPVT-R/4 Expressive One Word Picture Vocabulary
Test–Revised, No-T no treatment, PLS-4/5 Preschool Language Scale 4/5, ROWPVT-R/4 Receptive One Word Picture Vocabulary Test–Revised, WPPSI-III/IV
Wechsler Preschool & Primary Scale of Intelligence 3rd/4th Edition, CDI-WS Words and Sentences.
aP= 0.1 level.
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interaction deficits and low self-esteem development. Though not
a focus of this current study, St. John et al. recently described
speech capabilities in boys with 47,XXY from infancy to
adolescence.16 Future studies should expand on this aspect of
the phenotypic presentation by exploring the role of EHT on
speech articulation, production, and phonological processing in
boys with 47,XXY.
The discrepancy between receptive and expressive ability in 47,

XXY is not well understood although it is a common and pervasive
aspect of this disorder. 47,XXY is commonly associated with low
muscle tone, which may lead to impaired oral motor skills. A
recently published paper by our group reported that there was
increased incidence of difficulties with latching on during feeding
in the first few months of life, which is associated with decreased
muscle tonus in the oral motor musculature.30 Decreased oral
muscle tonus contributes to reduced control of the mouth and
throat muscles, thereby negatively impacting speaking ability and
reflecting lower cognitive performance than true cognitive
level.8,9,32 A number of earlier studies have demonstrated that
the majority of two-year-olds with poor early expressive language
skills have a lasting impact in and continue to show these deficits
until at least four years of age,33,34 and testosterone is known to
impact the muscle strength and muscle tonus in these boys.5,10

EHT may indirectly improve expressive language capabilities by
enhancing oral motor skills in infants with 47,XXY, and subse-
quently foster a more appropriate developmental track commen-
surate with neurotypical children.
The 60 to 71 month age group is the only group in which the

untreated boys showed significantly lower verbal intelligence that
those with EHT. It is well recognized that speech and language
dysfunction in the early years of life is highly associated with later
various school challenges. Therefore, this significant difference
between the two groups may be likely attributed to the beginning
of academic difficulty children have when exhibiting language
delay in the preschool years.35–37 Difficulties in language
development may become more salient as well as impactful in
the school setting where children are learning to read and write.
Our observations suggest EHT may be associated with minimizing
this expressive and selected aspects of receptive language delays
and lower verbal intelligence in later development of 47,XXY boys.
In this study, the 24 to 35 month age group showed significance

associated with EHT across multiple language assessments. This is
not surprising, as there is a well-documented language explosion
that occurs from 18 to 26 months of age in which infants
substantially broaden their vocabulary and increase word
production.38,39 This age group is therefore where we would
expect (and found) the expressive delay in untreated 47,XXY
toddlers, and age appropriate expressive and receptive language
skills in the EHT toddlers, to be most evident. This early and
appropriate language explosion may be a later predictor of the
higher verbal IQ and decreased academic deficits in 47,XXY.
There are some limitations of this study. The CBCL and

MacArthur surveys may be prone to bias due to the parent-
reported measures. However, in our study, the parental measures
were not the only findings documenting the specific language
findings in 47,XXY. In many studies on 47,XXY there is a
predisposition to ascertainment bias since 75% of individuals are
not identified in their lifetime. However, our study provides the
largest study to date of those children prenatally diagnosed with
47,XXY. Additionally, the various confounding factors that are
common to many studies have been minimized whenever
possible. The differences between the EHT group and the No-T
group such as timing of diagnosis, socioeconomic status, and
parental education were homogenized to maximize our under-
standing of the relationship between neurobiological treatment
and neurodevelopmental outcome.

This study provides additional evidence of positive neurobio-
logical treatment effects within the first five years of life for 47,XXY
boys, which is important for several reasons. Our findings of
improved neurodevelopmental trajectory in association with EHT
treated infants with XXY further elucidate the value of early
detection and treatment. Our study showed no adverse side
effects in any of our infants at the time of the study. Equally
compelling, the oldest participants in previous EHT studies are
now approaching the end of adolescence and young adulthood,
and there have been no adverse effects, which is quite
encouraging that this is both safe and effective in addressing
some of the neurodevelopmental issues associated with 47,XXY.
With more infants with 47,XXY being identified prenatally due

to noninvasive prenatal screening (NIPS), there is considerable
opportunity for earlier treatment and fostering optimal outcome
for these boys. Additionally, the benefits of testosterone treatment
appear to be quite timely and during such a critical develop-
mental period, our findings suggest that the appropriate
development of expressive and receptive language capabilities
is essential, as it sets the foundation for success in later social
settings and academics. Continued research is needed to
determine the optimal timing of treatment, as well as the effect
of EHT on other aspects of neurodevelopment in infants with 47,
XXY.
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