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Abstract
Background  Klinefelter syndrome (KS) frequently causes skeletal fragility characterized by profound alterations in bone 
microstructure with increased risk of fractures. Increased body fat mass associated with decreased body lean mass are 
frequent features of KS with possible detrimental effects on skeletal health. In this cross-sectional study, we evaluated the 
associations between body composition parameters, vertebral fractures (VFs) and trabecular bone score (TBS) in adult 
subjects with KS.
Methods  Seventy-one adult males (median age 41 years, range 18–64) with 47, XXY KS were consecutively enrolled 
by two Endocrinology and Andrology Units (IRCCS Humanitas Research Hospital in Milan and ASST Spedali Civili in 
Brescia). Dual-energy X-ray absorptiometry (DXA) was performed to assess bone mineral density (BMD) at lumbar spine, 
femoral neck and total hip, TBS and body composition. Prevalence of VFs was assessed by quantitative morphometry on 
lateral spine X-rays.
Results  VFs were detected in 14 patients (19.7%), without significant association with low BMD (p = 0.912). In univari-
ate logistic regression analysis, VFs were significantly associated with truncal/leg fat ratio (OR 2.32 per tertile; 95% CI 
1.05–5.15; p = 0.038), whereas impaired TBS (detected in 23.4% of subjects) was associated with older age at study entry 
(p = 0.001) and at diagnosis of disease (p = 0.015), body mass index (BMI; p = 0.001), waist circumference (p = 0.007), 
fat mass index (FMI; p < 0.001), FMI/lean mass index (LMI) ratio (p = 0.001). Prevalence of VFs was not significantly dif-
ferent between subjects with impaired TBS as compared to those with normal TBS (26.7 vs. 18.4%; p = 0.485). Skeletal 
end-points were not significantly associated with duration of testosterone replacement therapy and serum testosterone and 
25hydroxyvitamin D values.
Conclusion  Body composition might influence bone quality and risk of VFs in subjects with KS.

Keywords  Klinefelter syndrome · Hypogonadism · Bone health · Body composition · Trabecular bone score · Vertebral 
fractures · Testosterone

Introduction

Klinefelter syndrome (KS) is the most common sexual chro-
mosome aneuploidy, with an estimated prevalence around 
1–2/1000 male newborns, characterized by the presence of 
one or more supernumerary X-chromosomes [1]. Notwith-
standing infertility and hypergonadotropic hypogonadism 
are the hallmarks of KS, subjects with KS frequently have 
wide and heterogeneous spectrum of comorbidities [2, 3], 
including altered body composition, obesity and impaired 
bone metabolism with higher incidence of fragility fracture 
as compared to the general population [1, 4, 5]. Interest-
ingly, our group recently reported in subjects with KS a 
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high prevalence of symptomatic vertebral fractures (VFs), 
which developed regardless of serum testosterone values [6]. 
Moreover, as previously observed for other forms of sec-
ondary osteoporosis, in KS fragility fractures might occur 
even in the context of normal BMD [6], confirming the low 
reliability of dual X-ray absorptiometry (DXA) in assessing 
bone health and predicting fractures in this clinical setting 
[7, 8]. Indeed, recent studies showed that subjects with KS 
can have altered bone microarchitecture, as assessed by high 
resolution computed tomography (HR-pQCT) [9, 10] and 
DXA-measured trabecular bone score (TBS) [11].

The relationship between body composition and skeletal 
health is an emerging area of research and clinical interest 
[12, 13]. As a matter of fact, recent studies provided evi-
dence that increase in adiposity and decrease in lean body 
mass (LBM) may induce detrimental effects on bone micro-
architecture in hypogonadal subjects with KS [10]. However, 
whether alterations in body composition may influence the 
risk of fracture in KS, such as demonstrated in other clinical 
settings [12], is still unknown.

In this cross-sectional study, we aimed to assess the rela-
tionship between body composition parameters, VFs and 
TBS in a relatively large population of individuals with KS.

Materials and methods

This is a multicenter, cross-sectional-observational study 
carried out in two referral centers of Northern Italy. Seventy-
one patients (median age 41 years, range 18–64) with karyo-
type-confirmed diagnosis of 47,XXY KS were consecutively 
enrolled between 1st March 2021 and 31st September 2021 
at two Endocrinology Units (IRCCS Humanitas Clinical and 
Research Hospital in Milan and ASST Spedali Civili Hos-
pital in Brescia). Exclusion criteria were age < 18 years; (2) 
use of drugs causing osteoporosis; (3) previous history of 
traumatic injury or surgical intervention to spine; (4) treat-
ment with bone-active medications, except calcium and vita-
min D. The enrolled subjects had been already involved in 
a previous study [6] evaluating different endpoints from the 
present study.

All included subjects underwent physical examination for 
anthropometric measures: body height was recorded to the 
nearest 0.5 cm and body weight to the nearest 0.1 kg; body 
mass index (BMI) was calculated as the ratio “weight (kg)/
height (m2); waist circumference (WC) was measured as the 
midpoint between the lower border of the rib cage and the 
iliac crest using a flexible inch tape [14].

The primary end-point was the evaluation of body com-
position in KS subjects with VFs. As secondary end-points 
we explored the associations between body composition, 
TBS and BMD.

The study was approved by the Ethics Committees and 
all subjects gave informed consent to use their clinical data 
for research purposes.

Assessment of body composition

Body composition was evaluated in all enrolled subjects by 
total body DXA measuring fat body mass (FBM) (kg) and 
LBM (kg) in specific anatomical regions (limbs, trunk,). The 
fat amount was expressed as fat mass index (FMI), calcu-
lated as FBM/height2 (kg/m2) and trunk/leg fat mass ratio 
(TLR). Lean mass assessment was performed through lean 
mass index (LMI), calculated as lean mass/height2 (kg/m2). 
To have an integrated measure of FBM and LBM, we cal-
culated the FMI/LMI ratio.

VF assessment

VFs were detected on lateral spine X-rays using a qualitative 
evaluation of vertebral shape and quantitative morphomet-
ric assessment. According to the quantitative morphometry 
method, the fractures were defined as mild, moderate, and 
severe based on height ratio decreases of 20–25%, 25–40%, 
and more than 40%, respectively [15]. For each vertebra, a 
grade of 0, 1, 2, or 3 was assigned for no fracture or mild, 
moderate, or severe fracture, respectively, and the spine 
deformity index (SDI) was calculated by summing the frac-
ture grades of the 13 vertebrae from T4 to L4 [16]. The 
assessment of VFs was performed by two experienced clini-
cians in each center.

Measurement of BMD and TBS

BMD was measured in all enrolled subjects by DXA (Hol-
ogic Discover A) at lumbar spine, total hip and femoral neck. 
All scans were acquired and analyzed by two trained bone 
densitometrists adhering to protocols recommended by the 
International Society for Clinical Densitometry [17]. For 
patients aged ≥ 50 years, BMD was evaluated using the T 
score, comparing the results with those obtained in a sex-
matched Caucasian population at the peak of bone mass 
[18]. Normal BMD was defined as all sites T score > − 1.0 
SD, osteopenia was defined as a T score between − 1.0 SD 
and − 2.5 SD, and osteoporosis was defined as a T score 
equal or lower than − 2.5 SD. For patients younger than 
50 years, BMD was evaluated using the Z score, comparing 
the results with those obtained in age- and sex-matched Cau-
casian population [18]. A Z score equal to or lower than − 2.0 
SD was used to define a BMD “below the expected range 
for age.” For the study purposes, patients with osteopenia, 
osteoporosis or BMD “below the expected range for age” 
were classified as to have “low BMD.”
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TBS was measured in 64 subjects using lumbar spine 
DXA images. Based on results of a meta-analysis, subjects 
were categorised as with normal TBS (values ≥ 1.310), par-
tially degraded TBS (values between 1.230 and 1.310), and 
degraded TBS (values ≤ 1.230) [19]. For the study purposes, 
patients with partially degraded and degraded TBS were 
classified as to have “impaired TBS.”

Biochemical analyses

All blood samples were collected in the morning 
(08.00–11.00 a.m.) on a fasting state. Testosterone (T) was 
measured using Access Testosterone assay (Beckman Coul-
ter Inc, Fullerton, CA) [20] and following appropriate timing 
in relation to testosterone replacement therapy (TRT) formu-
lation: (a) at least 2 h after application of T gel (N = 29); (b) 
14 days after injection of propionate T (N = 2); (c) a week 
before their repeat injections of undecanoate T, according to 
patient scheduling (N = 32). Vitamin D status was assessed 
by measuring serum 25hydroxyvitamin D [25(OH)D] and 
vitamin D sufficiency was defined by values ≥ 30 ng/ml 
[21]. Measurements of serum glucose and insulin were also 
obtained using standardized methods; HOMA-IR index was 
calculated according to the formula: HOMA-IR = [glucose] 
(mmol/l) × [insulin] (µU/ml)/22.5 [22].

Statistical analyses

Data were presented as median and absolute range, unless 
otherwise stated. Since most of variables were non-normally 
distributed as assessed by Kolmogorov–Smirnov test, non-
parametric tests were used. The comparisons between con-
tinuous variables were performed by Mann–Whitney’s test. 
Frequencies were compared by the Chi-squared test, with 
Fisher correction when appropriate. A univariate logistic 
regression analysis was performed and the odds ratio (OR) 
with 95% confidence interval (95% CI) were calculated to 
evaluate the determinants of impaired TBS and prevalent 
VFs. Body composition parameters were expressed in ter-
tiles. P value < 0.05 was considered as significant.

Results

The study involved a total of 71 patients, with a median age 
at study entry of 41 years (range 18–64) and a median age 
at KS diagnosis of 25 years (range 1–57). Sixty-two patients 
were receiving TRT at study entry, and the median duration 
of therapy was 6.5 years (range 1–37). At study entry, 62 
subjects (87.3%) were receiving vitamin D supplementation 
and 42 of them resulted to have vitamin D sufficiency.

Anthropometric, skeletal and body composition data of 
study population are summarized in Table 1. Low BMD 

at any skeletal site was found in 16 patients (22.5%; 8/57 
subjects younger than 50 years, 8/14 older than 50 years), 
whereas 55 (77.5%) had normal BMD all skeletal sites. Of 
the 64 patients in whom TBS was measured, 15 (23.4%) 
showed an impaired TBS (10 with partially degraded and 5 
with degraded TBS).

VFs were observed in 14 patients (19.7%) with median 
SDI 1 (range 1–8) and mean SDI 2.57. A total of 26 VFs 
were detected and according with Genant classification, 16 
fractures were mild (66%), 10 were moderate (33%) whereas 
no severe fractures were detected. The prevalence of VFs 
was comparable between subjects with low BMD and those 
with normal BMD (18.8 vs. 20.0%; p = 0.912). Moreover, 
no significant difference in prevalence of VFs was observed 
between subjects with impaired TBS and those with normal 
TBS (26.7 vs. 18.4%; p = 0.485). Skeletal end-points were 
not significantly associated with duration of TRT, serum 
testosterone and 25(OH)D (Table 2).

Table 1   Clinical, anthropometric and DXA-derived parameters of 
study population. Data were presented as median and ranges

BF body fat, BMI body mass index, FBM fat body mass, FMI fat 
mass index, FN femoral neck, LBM lean body mass, LMI lean mass 
index, LS lumbar spine, TBS trabecular bone score, TH total hip, 
TLR truncal/leg fat mass ratio, TRT​ testosterone replacement ther-
apy, VAT visceral adipose tissue, WC Waist circumference, 25(OH)D 
25hydroxyvitamin D
# Measured in 64 subjects

Median Range

Age at study entry (years) 41 18–64
Age at diagnosis (years) 23 1–57
TRT duration (years) 6.5 1–37
Serum testosterone (nmol/L) 14.2 4.6–2.5
25(OH)D (ng/ml) 35.4 16–83
Height (Cm) 180 167–200
Weight (Kg) 83 60–137
BMI (Kg/m2) 25.4 17–40.0
WC (cm) 97.0 73–124
Bilateral testicular volume (ml) 4 2–12
LS T Score (SD) − 0.7 − 4.1 to + 3.8
LS Z Score (SD) − 0.6 − 3.5 to + 4.4
FN T Score (SD) − 0.5 − 2.4 to + 2.1
FN Z Score (SD) − 0.1 − 1.9 to + 2.1
TH T Score (SD) − 0.2 − 2.3 to + 2.1
TH Z Score (SD) 0.0 − 2.2 to + 2.1
TBS# 1.410 0.972–1.597
LBM (Kg) 55.96 43.97–73.79
FBM (Kg) 24.31 9.47–68.33
LMI (Kg/m2) 16.50 12.50–20.8
FMI (Kg/m2) 7.08 3.09–20.00
%TLR 1.09 0.68–1.76
FMI/LMI ratio 0.42 0.20–1.06
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In the univariate logistic regression analysis, impaired 
TBS was found significantly associated with age of subjects 
at study entry (OR 1.14, 95% CI 1.04–1.19; p = 0.001), age 
of subjects at diagnosis of the disease (OR 1.07, 95% CI 
1.01–1.12; p = 0.015), BMI (OR 1.28, 95% CI 1.10–1.49; 
p = 0.001), WC (OR 1.09, 95% CI 1.03–1.17; p = 0.007). 
FMI (OR 8.99 per tertile, 95% CI 2.75–29.42; p < 0.001), 
FMI/LMI ratio (OR 6.48 per tertile, 95% CI 2.24–18.73; 
p = 0.001) (Table 2). In fact, subjects with impaired TBS 
were older (Fig.  1a), received a later diagnosis of KS 
(Fig. 1b), had higher BMI (Fig. 1c), WC (Fig. 1d), FMI 
(Fig. 1e) and FMI/LMI ratio (Fig. 1f) as compared to sub-
jects with normal TBS. VFs resulted to be associated only 
with TLR (OR 2.32 per tertile, 95% CI 1.05–5.15; p = 0.038; 
Table 2).

Discussion

We found that increased body fat, but more specifically 
the altered distribution of adipose tissue with an increase 
of visceral fat, has a significant negative association with 
bone quality as assessed by DXA-derived TBS in sub-
jects with KS. Furthermore, significantly higher levels of 
abdominal fat were found in patients with VFs compared 
to non-fractured patients, without any significant differ-
ence in overall weight and T levels.

The role of hypogonadism in pathogenesis of skeletal 
fragility in KS is still a matter of uncertainty, since in 
several studies serum T levels resulted to be not directly 
associated with the entity of bone loss in this clinical set-
ting [23–26]. Moreover, in a remarkable number of KS 
subjects exposed to TRT BMD are still low as compared to 
the general population [27]. Consistently, in our subjects 
with KS skeletal end-points did not correlate with duration 
of TRT and serum T values. One could argue that a single 
measurement of T values serum T is not able to reflect 
the real long-term compliance to TRT. However, besides 
low testosterone values other factors might affect skeletal 
heath in subjects with KS, such as increased FSH values 
and genetic factors [3, 8, 27–32].

Beyond bone mass loss, bone microarchitectural 
changes have been reported in KS men [9, 10]. Using HR-
pQCT, lower trabecular density and number as well as 
reduced bone cortical area have been found in men with 
KS [9, 10]; however, pQCT is far from clinical practice 
application due to its high costs. In this concern, TBS has 
proved to be a sensitive tool to detect bone abnormali-
ties in different conditions in which fracture susceptibility 
coexists with normal BMD [33], but only one study so far 
evaluated TBS in KS subjects [11]. Among our patients, 
impaired bone structure as assessed by TBS was found in 
26%, which is noteworthy considering the relatively young 
age of the population and the absence of other known risk 
factors for bone disorders.

A novelty provided by this study was the analysis of 
association between skeletal end-points and body compo-
sition in KS. KS subjects harbour early-onset modification 
of body composition, with unfavorable metabolic profile, 
increased body fat and decreased lean mass [34–36]. Inter-
estingly, recent evidence suggests a complex interaction 
between adipose tissue and bone, involving the role of 
visceral-fat derived proinflammatory cytokines and the 
chronic low-grade systemic inflammation, that can favour 
bone resorption by stimulating osteoclast activity [37]. 
Moreover, body composition can influence bone mar-
row adiposity that in turn has a role in regulation of bone 
remodelling and body energy metabolism [38]. Therefore, 
increased visceral adiposity could contribute to alterations 

Table 2   Univariate regression model to investigate determinants of 
impaired TBS and VFs

BMI body mass index, BMD bone mineral density, FMI fat mass 
index, KS  Klinefelter syndrome, LMI lean mass index, TBS trabecular 
bone score, TLR truncal/leg fat mass ratio, TRT​ testosterone replace-
ment therapy, VFs vertebral fractures, WC waist circumference, 
25(OH)D 25hydroxyvitamin D
*p-value < 0.05

OR 95% CI P values

Determinants of impaired TBS (64 cases)
 Age at study entry 1.14 1.04–1.19 0.001*
 Age at diagnosis of KS 1.07 1.01–1.12 0.015*
 TRT duration 1.05 0.99–1.12 0.090
 Serum testosterone 0.93 0.85–1.01 0.080
 25(OH)D (ng/ml) 0.96 0.86–1.02 0.085
 BMI 1.28 1.10–1.49 0.001*
 WC 1.09 1.03–1.17 0.007*
 FMI (tertiles) 8.99 2.75–29.42  < 0.001*
 TLR (tertiles) 1.04 0.53–2.04 0.918
 LMI (tertiles) 2.04 0.95–4.36 0.066
 FMI/LMI 6.48 2.24–18.73 0.001*
 HOMA-IR 1.43 0.68–3.00 0.346

Determinants of VFs (71 cases)
 Age 1.02 0.98–1.07 0.366
 Age at diagnosis 1.01 0.97–1.06 0.602
 TRT duration 1.04 0.97–1.10 0.255
 Serum testosterone 0.96 0.89–1.03 0.270
 25(OH)D (ng/ml) 1.01 0.97–1.06 0.608
 BMI 1.03 0.92–1.15 0.654
 WC 0.99 0.94–1.05 0.869
 Low BMD 0.92 0.22–3.81 0.912
 FMI (tertiles) 0.78 0.38–1.62 0.510
 TLR (tertiles) 2.32 1.05–5.15 0.038*
 LMI (tertiles) 1.37 0.67–2.83 0.388
 FMI/LMI 0.90 0.44–0.85 0.769
 HOMA-IR 1.69 0.86–3.34 0.131
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of bone microstructure in KS [39]. In agreement with the 
working hypothesis, we found a significant association 
between impaired bone microarchitecture and body fat 
(BMI and FMI) as well as with parameters of central adi-
posity (WC, FMI and FMI/LMI). This is also consistent 
with what reported by Tahani et al. [11], who found a 
worse glycol-metabolic profile in subjects with lower TBS 
in a cohort of KS adults. Taken together, this evidence pro-
vides further support to the hypothesis that unfavourable 
body composition parameters negatively influence trabecu-
lar bone quality in KS men and highlights a possible new 
mechanism of skeletal damage, at least in part independent 
of T levels, as well as a potential therapeutic target.

VFs represent the most common and earliest compli-
cation of osteoporosis and are associated with disabil-
ity, decreased quality of life, loss of independence and 
increased overall mortality [40, 41]. Indeed, data on frac-
tures in KS are scanty and mostly limited to retrospective 
observations [42]. In a recent study, we reported radio-
logical VFs in about 15% of young adults with KS and, in 
remarkable number of them, fractures resulted to be clini-
cally relevant determining back pain [6]. In the present 
cohort, we found VFs in 19% of subjects, which is still 
lower than what observed in other forms of male hypog-
onadism [43–45], but significantly higher compared to the 
average male population of similar age (7.5%) and of the 

Fig. 1   Differences in age at 
study entry (a); age at diagnosis 
of KS (b);  body mass index 
(BMI) (c); waist circumference 
(d); fat mass index (FMI) (e) 
and FMI/lean mass index (LMI) 
ratio (f) between subjects with 
impaired trabecular bone score 
(TBS) and those with normal 
TBS
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overall prevalence of VFs in all age groups (13.8%) [46]. 
Moreover, for the first time we investigated the impact of 
body composition parameters in the development of VFs. 
Noteworthy, KS subjects with vertebral fractures showed 
high values of TLR, that is a reliable marker of central 
truncal fat deposition associated with increased cardiomet-
abolic risk [47] and diabetes mellitus [48] which in turn 
might contribute to determining skeletal fragility [49, 50].

This study has several limitations. First, the absence of 
an age-matched control group did not allow a compari-
son of skeletal and body composition parameters of KS 
subjects with healthy subjects. Second, since most of our 
patients were undergoing long-term TRT as well as cal-
cium and vitamin D supplementation it was not possible 
to assess the potential impact of untreated hypogonadism 
and hypovitaminosis D on different skeletal end-points. 
The cross-sectional nature of the study did not allow draw-
ing causal relationships and to assess the timing of VFs 
occurrence. Moreover, the size of study group and the low 
number of patients with VFs did not permit to perform a 
multivariate analysis of potential risk factors of fractures. 
Also, no functional tests (e.g. handgrip strength, gait speed 
test) were carried out, not allowing us to draw any conclu-
sion in concern of possible relationship of skeletal and 
body composition parameters changes and impaired physi-
cal condition. Lastly, due to technical limitation linked to 
the poor/large amount of soft tissue overlying the measure-
ment area, TBS assessment is recommended when BMI 
ranges from 15 to 35 kg/m2 and is not validated beyond 
this limit [51]. Nevertheless, in view of the body composi-
tion impairment of KS subjects, we need to acknowledge 
the possible underestimation of TBS measurement due to 
interposition of abdominal adiposity.

Notwithstanding the aforementioned limitations, this 
cross-sectional study might provide clinical relevant infor-
mation for management of individuals with KS. Since VFs 
are hallmark of skeletal fragility predisposing individuals 
to develop new fractures [52], it is reasonable to propose 
the use of bone-active drugs in subjects in whom VFs are 
discovered by a morphometric analysis, similarly to other 
forms of secondary osteoporosis in which fractures occur 
independent of BMD values [53]. In this context, assess-
ment of body composition might provide more information 
on bone quality and fracture risk. As a matter of fact, our 
study highlights how in KS subjects, similarly to other forms 
of hypogonadism [12, 54], the holistic approach aimed at 
management of the “full blown syndrome” and complica-
tion associated (e.g. impairment of bone, lipid and glucose 
metabolism) should be embraced to improve general health 
and treatment outcomes [3, 55]. Indeed, future studies will 
clarify whether treatments oriented to improve body com-
position might favourably influence the effects of TRT and 
vitamin D replacement on skeletal end-points.

In conclusion, we report the first evidence of negative 
relationship between unfavourable body composition and 
bone microarchitecture in KS subjects, likely to enhance and 
stimulate research to clarify the role of adipose tissue, in 
particular visceral fat, in concern to bone quality and frac-
ture risk in men with hypogonadism.
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