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Case Report

Klinefelter syndrome in an adolescent with severe obesity, 
insulin resistance, and hyperlipidemia, successfully treated 
with testosterone replacement therapy
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Abstract. Klinefelter syndrome (KS) is a sex chromosome disorder characterized by the presence of one or more extra X 
chromosomes. KS is well known by the common karyotype 47, XXY and presents as male infertility with hypogonadism in 
adults. Pediatric patients with KS commonly show neurodevelopmental disorders and cryptorchidism. We have reported 
a case of a 14-yr-old boy with KS and severe obesity (body mass index, 38.1 kg/m2), insulin (IRI) resistance (homeostatic 
model assessment 1 IRI resistance, 9.26), hyperlipidemia (serum low-density lipoprotein cholesterol level, 192 mg/
dL; serum triglyceride level, 239 mg/dL), hypergonadotropic hypogonadism, and learning difficulties. The karyotype 
was 47, XXY, t(4;5) (q21.2;q32). Initially, he was unwilling to accept dietary restrictions and perform physical exercise 
against obesity. Testosterone replacement therapy was initiated at 16 years of age, which successfully improved the 
body composition, IRI resistance, and hyperlipidemia and increased the serum testosterone levels. Additionally, he 
adhered to recommendations for exercise and dietary restrictions. Patients with KS have risks of obesity and metabolic 
syndrome with sarcopenic conditions due to hypergonadotropic hypogonadism. Pediatricians should be aware of KS as a 
primary disease causing obesity. Testosterone replacement therapy could help ameliorate obesity and its comorbidities 
in patients with obesity and KS.
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Introduction

Klinefelter syndrome (KS) is a sex chromosome 
disorder characterized by the presence of one or more 
extra X chromosomes. The classical KS karyotype is 47, 
XXY, and the incidence of KS is approximately 1 in 660 
births (1). KS in adults is characterized by tall stature, 
gynecomastia, late-onset puberty, azoospermia, erectile 
dysfunction, reduced libido, and neurodevelopmental 
disorders (1). Stereotypically, patients with KS are tall 
and slender with narrow shoulders, long extremities, 
and sparse body hair. In recent studies, 44% and 42.6% 
patients with KS aged >18 yr had metabolic syndrome (2) 
and obesity (3), respectively. Some adult patients with KS 
have insulin (IRI) resistance and type 2 diabetes mellitus 
(2–5). In patients with KS, the risks of obesity, metabolic 
syndrome, and type 2 diabetes mellitus increase from 
adolescence to adulthood. Diabetes-related mortality 
and comorbidities are serious problems in adulthood 
in patients with this syndrome (6, 7).

In prepubertal patients, the common features 

of KS are cryptorchidism and neurodevelopmental 
disorders, whereas those in pubertal patients are small 
penises, small testes, cryptorchidism, gynecomastia, and 
neurodevelopmental disorders. In pediatric patients, 
obesity is seldom observed as a clinical symptom of KS 
(8).

Here, we have reported a case of a pubertal 
patient with KS who developed severe obesity and 
hypergonadotropic hypogonadism. Testosterone 
replacement therapy led to an improvement obesity and 
hyperlipidemia. We suggest that testosterone therapy 
not only improves sexual development but also has anti-
obesity and metabolic effects in adolescent patients with 
KS.

Patient and Methods

A 14-yr-old boy with severe obesity, developmental 
delay, microphallus, and small testes was referred to our 
outpatient clinic. He was born to non-consanguineous 
Japanese parents at 38 wk of gestation by urgent cesarean 
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section with fetal distress. His birth weight was 2,576 
g, and Apgar scores were 4 and 7 at 1 and 5 min after 
birth, respectively. However, he immediately recovered 
from neonatal asphyxia, and no other abnormalities were 
observed during the neonatal period. His progress was 
normal at the developmental milestones throughout the 
infancy and toddler periods. At 6 yr of age, he became 
significantly obese, although the growth in height was 
within the normal range (Fig. 1). At 10 yr of age, he 
required educational support due to learning difficulties. 
At 13 yr of age, his developmental quotient was 75.

At the first referral at 14 yr of age, his height 
and weight were 177.6 cm (+ 1.84 standard deviation 
score [SDS]) and 120.2 kg (+ 6.19 SDS), respectively. 
His body mass index (BMI), percentage of overweight 
(POW; calculated using the method by Murata et al. (9, 
10)), and body fat percentage (BF%) were 38.1 kg/m2, 
87.3, and 50.9%, respectively. These values corresponded 
to “severe obesity,” defined by the 2017 update of the 
Japanese guideline for childhood obesity. His blood 
pressure and heart rate were 122/96 mmHg and 78/
min, respectively. The Tanner stage (rating of sexual 
maturity) was 1 (pubic hair, absent; penile length, 3 cm; 
testis volume, 4 mL). Blood tests revealed the following 

results: aspartate transaminase (AST) level, 50 U/L; 
alanine transaminase (ALT) level, 84 U/L; fasting blood 
glucose (FBG) level, 91 mg/dL; serum IRI level, 41.2 
μIU/mL; homeostatic model assessment 1 IRI resistance 
(HOMA1-IR), 9.26; glycated hemoglobin (HbA1c) level, 
5.5%; total cholesterol level, 261 mg/dl; low-density 
lipoprotein cholesterol (LDL-C) level, 192 mg/dL; high-
density lipoprotein cholesterol (HDL-C) level, 59 mg/dL; 
triglyceride (TG) level, 239 mg/dL; leptin level, 65.2 ng/
mL; TSH level, 2.464 μIU/mL; free T3 level, 3.51 pg/mL; 
free T4 level, 1.28 ng/dL; LH level, 10.92 mIU/mL; FSH 
level, 21.66 mIU/mL; and testosterone level, 1.28 ng/
mL. Although a 75-g oral glucose tolerance test showed 
IRI resistance, glucose tolerance was preserved (Figs. 
2A and 2B). Indirect calorimetry showed a resting 
oxygen consumption and resting energy expenditure 
of 339 mL/min and 2,357 kcal/d, respectively. Abdominal 
ultrasonography revealed fatty liver, and FibroScan 
documented high lipid accumulation and high stiffness 
of the liver (controlled attenuation parameter index, 288 
dB/m; liver stiffness measurement index, 5.4 kPa). He 
was diagnosed with KS with karyotype 47, XXY, t(4;5) 
(q21.2;q32). We found no structural abnormalities in 
chromosome 15 on fluorescence in situ hybridization 

Fig. 1. Growth chart of the patient (height and weight); testosterone replacement therapy improved severe obesity.
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analysis. A clinical nutritionist estimated that his daily 
calorie intake was 3000–4000 kcal/d.

After admission, dietary restriction (1800–1900 
kcal/d) and routine exercise using an exercise bike were 
indicated. Two weeks after admission, his weight, BMI, 
and POW reduced to 118.3 kg (+ 6.01 SDS), 36.1 kg/m2, 
and 77.2%, respectively. After discharge, he exercised 
for 30 min per day using an exercise bike. Nevertheless, 
he had difficulty in adhering to a calorie-restricted diet.

Fifteen months after admission (at 16 yr of age), 
we found no improvement in obesity. He continued 
the prescribed physical exercise; however, his dietary 

energy intake increased (2500–3000 kcal/d), leading to 
weight gain. His height and weight were 180 cm (+ 1.83 
SDS) and 124.3 kg (+ 6.08 SDS), respectively, whereas 
his BMI, POW, and BF% were 38.4 kg/m2, 87.6%, and 
58.7%, respectively. Blood test results revealed worsened 
hyperlipidemia and fatty liver, and IRI resistance 
persisted (Table 1). The testicular volume was 4 mL 
(Tanner stage 2). Testosterone therapy was initiated 
to induce normal sex development (50-mg injection of 
testosterone enanthate monthly). At the age of 16 yr 
and 6 mo, the dose of testosterone was increased to 125 
mg monthly.

Fig. 2. (A) Plasma glucose levels during a 75-g oral glucose tolerance test (75 g OGTT); (B) Insulin reactivity during a 75-g 
OGTT.

Table 1. Clinical findings after testosterone replacement therapy in an adolescent patient 
with Klinefelter syndrome

Before treatment 3 mo later 1 yr later 2 yr later

Age (yr) 16 16.3 17.3 18.1
Height (cm) 180 180 180 180.1
Height SDS 1.83 1.78 1.62 1.6
Weight (kg) 124.3 122.9 105.7 96.7
Weight SDS 6.08 6.03 4.21 3.31
BMI (kg/m2) 38.4 37.9 32.6 29.8
Body fat percentage (%) 58.7 50.6 39.6 39.7
Tanner stage 2 2 3 3
Testis volume (mL) 4 4 6 8
AST (U/L) 38 31 24 20
ALT (U/L) 67 59 31 25
Blood glucose (mg/dL) 83 93 81 83
HbA1c (%) 5.4 5.4 5.2 5.1
Insulin (μIU/mL) 31.2 None None 7.09
HOMA1-IR 6.39 None None 1.45
Total cholesterol (mg/dL) 314 265 224 222
LDL choleaterol (mg/dL) 225 188 159 156
HDL cholesterol (mg/dL) 56 59 50 55
TG (mg/dL) 264 173 99 74
LH (mIU/mL) None None 9.21 4.27
FSH (mIU/mL) None None 14.87 9.53
Testosterone (ng/mL) 0.87 None 1.11 1.62
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Results

Twelve months after the initiation of testosterone 
therapy (at 17 yr of age), his weight, BMI, POW, and 
BF% reduced to 105.7 kg (+ 4.21 SDS), 32.6 kg/m2, 46.8%, 
and 39.6%, respectively; however, his height remained 
unchanged at 180 cm (+ 1.62 SDS).

Two years later, at the age of 18 yr, his height, 
weight, BMI, obesity index, and BF% were 180.1 cm 
(+ 1.60 SDS), 96.7 kg (+ 3.31 SDS), 29.8 kg/m2, 35.5%, 
and 39.7%, respectively. Testosterone treatment was 
continued at 125 mg monthly, and his testicular volume 
was 8 ml (Tanner stage 3). Blood test results showed 
the following findings: AST level, 20 U/L; ALT level, 25 
U/L; FBG level, 83 mg/dL; HbA1c level, 5.1%; IRI level, 
7.09 μIU/mL; HOMA1-IR, 1.45; total cholesterol level, 
222 mg/dL; LDL-C level, 156 mg/dL; HDL-C, level 55 
mg/dL; TG level, 74 mg/dL; LH level, 4.27 mIU/mL; FSH 
level, 9.53 mIU/mL; and testosterone level, 1.62 ng/mL. 
Abdominal ultrasonography showed improvement in 
fatty liver.

Discussion

We have reported a case of KS in an adolescent 
presenting with severe obesity, IRI resistance, 
hyperlipidemia, and primary hypogonadism. Bejesen 
et al. have described higher incidences of metabolic 
syndrome and IRI resistance in adult patients with 
KS than in an age-matched control population (2). In 
fact, 44% of Danish adult patients with KS aged > 18 
yr had obesity and metabolic syndrome associated with 
hypoandrogenemia and low serum HDL values (2). Han 
et al. reported that the prevalence of obesity (BMI ≥ 25 
kg/m2) in patients with KS was 42.6% (3). Moreover, a 
low testosterone level was an independent risk factor 
of obesity and hyperglycemia in patients with KS (3). 
In summary, these results establish that KS is a risk 
factor for obesity, metabolic syndrome, diabetes mellitus, 
and dyslipidemia.

According to Aksglaede et al., physicians should be 
aware of the comorbidities of KS such as obesity, metabolic 
syndrome, hyperlipidemia, diabetes mellitus, and IRI 
resistance, even if patients are young or prepubertal (9). 
A study in 89 prepubertal boys with KS revealed that 
37% boys had elevated LDL-C levels, 24% boys had IRI 
resistance, and 7% boys had metabolic syndrome (10). 
In our case, obesity was assumed to have developed at 
the age of 6 yr. We speculate that hyperphagia must 
have begun in the background of difficult behavioral 
development in our patient. Subsequently, in prepuberty, 
obesity accelerated by hyperphagia resulted from 
developmental characteristics due to the duplicated 
X-chromosome abnormality rather than hypogonadism.

Obesity supposedly induces hypogonadism (9), 
and low levels of testosterone, free testosterone, and 
sex hormone-binding globulin have been found in both 
men with obesity (11) and diabetes (12). Additionally, 
increased amounts of body fat in prepubertal boys with 

KS indicate causes other than low testosterone levels 
(4). In summary, these findings suggest the presence of 
a vicious circle between obesity and hypogonadism that 
accelerates sarcopenic adiposity in patients with KS 
having metabolic morbidities; this might have occurred 
in our patient.

We concluded that testosterone replacement 
therapy was effective in improving obesity, IRI 
resistance, metabolic syndrome, and dyslipidemia in our 
patient. Moreover, testosterone therapy could improve 
body composition by decreasing fat accumulation. In 
a previous study, testosterone replacement therapy 
increased the prostate volume and testosterone levels 
and improved HOMA1-IR, total cholesterol levels, TG 
levels, and visceral obesity in adult patients with KS 
(13). Similarly, testosterone therapy improved BMI, 
waist circumference, and hypertension in hypogonadal 
men who were overweight or obese in another study 
(14). The anti-obesity effects of testosterone therapy 
may be explained by various mechanisms. Testosterone 
therapy improves sarcopenic obesity by increasing the 
muscle mass in hypogonadal men (15); thus, testosterone 
increases the lean body mass and basal metabolic rate 
(16). Androgens, including testosterone, play a critical 
role in the regulation of adipogenesis and body fat 
distribution. Testosterone inhibits the differentiation 
of human adipose stem cells into preadipocytes by 
activating bone morphogenetic protein 4 (17). Androgen 
receptor expression is greater in visceral adipocytes 
than that in subcutaneous adipocytes (18). Moreover, 
testosterone improves IRI sensitivity by upregulating 
the expressions of IRI receptors and glucose transporter 
4 and suppressing inflammation. Similarly, it increases 
the expression of anti-inflammatory cytokine (interleukin 
10) and decreases those of proinflammatory cytokines 
such as interleukin 6 and tumor necrosis factor alpha 
(19, 20). These mechanisms may explain the anti-
obesity effect of testosterone on visceral fat obesity and 
metabolic syndrome in KS. The common assumption 
is that the effects of testosterone treatment in patients 
with KS are equivalent to those in hypogonadal men, 
and there is a consensus that testosterone treatment 
should be offered to most patients with KS. Treatment 
should be initiated in the peripubertal period to ensure 
optimal masculine development of sexual characteristics, 
whole muscle mass, and bone structure to prevent the 
long-term negative consequences of hypergonadotropic 
hypogonadism (21).

The timing of initiating testosterone therapy in 
children with KS is controversial. Aksglaede et al. 
reported no significant difference in BMI between the 
studied groups, but reported a significant increase in the 
BF% in patients with KS aged 4–18 yr compared to that 
in healthy controls (9). In contrast, Mehta et al. reported 
that testosterone replacement therapy in adolescents 
with KS aged 10–21 yr increased the serum testosterone 
levels to those within the normal range with no adverse 
effects (22). Testosterone therapy can have adverse 
side effects such as acne, oily skin, hypercythemia, 
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exacerbation of gynecomastia, and dysregulation of 
spermatogenesis (23). In children requiring testosterone 
therapy, the recommended starting dose is 50–75 mg, 
which is followed by a 50-mg increase every 4–6 mo 
to a maximum dose of 150 mg (23). In our case, the 
starting dose was 50 mg monthly, and after 6 mo, 
the dose was increased to 125 mg monthly. This was 
followed by a marked decrease in the weight and body 
fat percentage. At 14 yr of age, he was admitted to the 
hospital for education, and he underwent a regimen of 
increased physical exercise and dietary restriction, which 
resulted in weight loss. After being discharged from the 
hospital, he continued to exercise for approximately 30 
min/d; however, his dietary energy intake increased to 
approximately 2,500–3,000 kcal/d, and he had difficulty 
adhering to the strict diet; therefore, he gradually 
gained weight. Notably, our patient adhered to the 
prescribed physical exercise regimen during testosterone 
replacement therapy. However, the patient dramatically 
lost weight after testosterone therapy. The significant 
weight loss after testosterone replacement suggests 
that testosterone therapy may be an effective option 
for the treatment of obesity in patients with KS. The 
goals of testosterone therapy for patients with KS are 
promotion of linear growth, development of secondary 
sexual characteristics, normal distribution of body fat, 
and increased muscle mass and bone mineral content 
(23).

Although most boys and men with KS have various 
cognitive disabilities, the most common disability is 
verbal deficits (24). Similarly, patients with KS are 
at risks of depression, autistic disorder, anxiety, and 
attention-deficit/hyperactivity disorder (24). Moreover, 
testosterone is known to influence brain development 
(25). In our case, the patient was highly motivated and 
had a positive attitude toward daily exercise during 
the testosterone replacement therapy. Additionally, 
he seemed to be more fluent in verbal communication 
after testosterone replacement therapy was initiated. In 

KS, prenatal and postnatal androgen deficiency affects 
the neuropsychological phenotype and brain volume. 
However, evidence regarding the effects of testosterone 
replacement therapy on neuropsychological aspects is 
lacking. The development of the neuropsychological 
phenotype and changes in brain volume may be 
gene dosage-related effects due to the presence of a 
supernumerary X chromosome (24). Nielsen et al. 
reported that testosterone therapy elevated mood; 
reduced irritability, fatigue, and the need for sleep; 
increased energy, drive, endurance, strength, and 
concentration ability; and improved relations with 
others. They suggested that testosterone therapy could 
be beneficial in patients with KS and that therapy should 
be preferably initiated at 11–12 yr of age (26). We agree 
with this opinion, considering our experience with the 
current patient.

Conclusion

Testosterone therapy not only induced pubertal 
development but also exerted anti-obesity and 
metabolic effects in an adolescent case of KS, while 
also ameliorating hyperlipidemia and IRI resistance. In 
pediatric and adolescent patients with KS, testosterone 
replacement therapy can improve excessive adiposity, 
metabolic syndrome, and IRI sensitivity.
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