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Abstract
Summary This manuscript describes the role of low vitamin D
in bone metabolism of Klinefelter subjects. Low vitamin D is
frequent in this condition and seems to bemore important than
testosterone in inducing low bone mineral density (BMD) and
osteoporosis. Supplementation with vitamin D restores BMD
after 2 years of treatment, whereas testosterone alone seems to
be ineffective.
Introduction Decreased bone mineral density (BMD) in
Klinefelter syndrome (KS) is frequent, and it has been tradi-
tionally related to low testosterone (T) levels. However, low
BMD can be observed also in patients with normal T levels
and T replacement therapy does not necessarily increase bone
mass in these patients. Nothing is known about vitamin D
levels and supplementation in KS. In this study, we determine
vitamin D status and bone mass in KS subjects and compare
the efficacy of T therapy and vitamin D supplementation on
BMD.
Methods A total of 127 non-mosaic KS patients and 60 age-
matched male controls were evaluated with reproductive hor-
mones, 25-hydroxyvitamin D, PTH, and bone densitometry
by dual-energy X-ray absorptiometry (DEXA). Patients with
hypogonadism and/or 25-hydroxyvitamin D deficiency were
treated with T-gel 2 % and/or calcifediol and re-evaluated after
24 months of treatment.

Results 25-hydroxyvitamin D levels were significantly lower
in KS patients with respect to controls, and they had signifi-
cantly lower lumbar and femoral BMD. The percentage of
osteopenia/osteoporosis in subjects with 25-hydroxyvitamin
D deficiency was higher with respect to subjects with normal
25-hydroxyvitamin D and was not related to the presence/
absence of low T levels. Subjects treated with calcifediol or
T + calcifediol had a significant increase in lumbar BMD after
treatment. No difference was found in T-treated group.
Conclus ions These da ta h igh l igh t tha t low 25-
hydroxyvitamin D levels seem to have a more critical role
than low T levels in inducing low BMD in KS subjects. Fur-
thermore, vitamin D supplementation seems to be more effec-
tive than T replacement therapy alone in increasing BMD.
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Introduction

Klinefelter syndrome (KS) is the most common sex chromo-
somal disorder, with a prevalence of 1:600, and it is a frequent
form of male hypogonadism and infertility [1]. The clinical
features of KS commonly include hypergonadotropic
hypogonadism, gynecomastia, small testes, and azoospermia
[2], but KS may be associated also with an increased risk of
systemic diseases including malignancies, venous thrombo-
embolism [3], diabetes, cardiovascular diseases [4, 5], and
osteoporosis [6].

In particular, reduced bone mass affects 25–48 % of cases
and full-blown osteoporosis is present in 6–15 % of cases
[7–9]. Alterations in KS bone mass have an early onset, with
a decreased pubertal peak bone mineral density (BMD) and
accelerated bone loss during adulthood [7], and are
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attributable to both reduced bone formation and higher bone
resorption [10].

Reduced bone mass in KS has been usually ascribed to low
testosterone (T) plasma level [7, 8], but its pathogenetic role is
not well-established [11], and conflicting data are reported
about this hypothesis [11–16]. In particular, the prevalence
of low BMD is similar in KS men with low and normal T
levels [9, 15] and even prolonged androgen replacement ther-
apy may not reverse decreased bone mass in men with KS,
low T levels and low bone mass [6, 8, 16].

Vitamin D levels might be another possible modulator of
bone metabolism in KS. Vitamin D is a key regulatory factor
of bone mineralization and calcium homeostasis in both men
and women [17]. In order to be biologically active, vitamin D
must be converted to its active form, 1,25-dihydroxyvitamin
D3, by two sequential hydroxylation steps catalyzed by 25-
hydroxylase and 1α-hydroxylase. In the presence of inade-
quate vitamin D status, calcium absorption is lower than op-
timal and there is a compensatory increase in PTH levels (sec-
ondary hyperparathyroidism), with a subsequent stimulation
of bone reabsorption and accelerated bone loss. The high bone
turnover associated with elevated PTH levels is characterized
by a lower degree of mineralization [18].

It has been demonstrated that the male reproductive tract
expresses most of the enzymes involved in vitamin D metab-
olism. In particular, the testis is featured by the highest expres-
sion of CYP2R1, a member of cytochrome P450 family [19],
considered to be a key enzyme of vitamin D activation
through its 25-hydroxylase activity [20].

The physiological importance of CYP2R1 expression in
the testis has been highlighted in the past few years in studies
that suggested a pathophysiological link between testicular
damage, reduced levels of 25-hydroxyvitamin D, and reduced
bone mass [21]. Although definitive data are not available,
there is an increasing evidence suggesting that an impairment
of testicular function leads to low levels of 25-hydroxyvitamin
D and consequently to an increased risk of osteopenia and
osteoporosis [21].

No studies evaluated the possible role of vitamin D levels
and vitamin D supplementation in bone metabolism in KS.
The aim of this study was to determine vitamin D status and
bone mass in a cohort of KS subjects and to compare the
efficacy of T therapy and vitamin D supplementation on
BMD.

Materials and methods

Subjects

We retrospectively studied 127 non-mosaic KS patients (mean
age 31.5±8.5 years; range 20–53 years), diagnosed at the
Centre for Human Reproduction Pathology at the University

of Padova from January 2007 to November 2010 after referral
for fertility problems or testicular hypotrophy. As controls, 60
age-matched healthy (good general condition) and fertile
(who recently fathered) males (mean age 30.9±8.4 years;
range 19–45 years) were recruited through an andrological
screening program. The study was approved by the Hospital
Ethics Committee, and each participant gave his written in-
formed consent. All subjects (patients and controls)
underwent peripheral karyotype analysis, evaluating at least
50 peripheral blood lymphocyte metaphases, and had never
received T or vitamin D substitution at the time of evaluation.

Patients with more than one supernumerary X chromo-
some, mosaicisms, or with any endocrine dysfunction differ-
ent from hypogonadism, and subjects assuming any drugwere
excluded from the study.

Subjects’ evaluation included complete medical history
(pubertal history, lifestyle, physical activity, smoking, alcohol
misuse), physical examination (weight, height, body mass in-
dex (BMI), waist circumference, arm span), lipid and glucose
metabolism (total cholesterol, HDL, triglycerides, fasting glu-
cose), hemochrome, serum insulin, and PSA.

Serum levels of total T, estradiol, LH, FSH, PTH, and 25-
hydroxyvitamin D were measured in all subjects, and 25-
hydroxyvitamin D levels were evaluated in the same period
of the year between November and February.

Homeostasis model assessment for insulin resistance
(HOMA-IR) was calculated as fasting insulin (μIU ml)−1×
fasting glucose (mmol l)−1⁄22.5.

Hypogonadism was defined as total testosterone
<10.4 nmol/l [22]. Vitamin D deficiency was defined as 25-
hydroxyvitamin D levels <50 nmol/l [23].

Measurement of bone densitometry was done by dual-
energy X-ray absorptiometry (DEXA) using a Hologic QDR
4500 C densitometer (Hologic, Waltham, MA, USA) in the
femoral neck and lumbar spine (L1–L4), by the same techni-
cian, and a spine phantom was used before each exam. The
mean BMD index (total BMD CV was 1 %) and the mean T-
score were considered. T-score was calculated as the number
of SD that the bone mineral density (BMD) was above or
below the mean for young healthy adults of the same race
and gender. Low bone mass was defined based on T-score
(−2.5 SD < score <−1 SD for osteopenia; score ≤−2.5 SD
for osteoporosis) [24].

Treatment

The treatment protocol included T supplementation when
T levels were <8 nmol/l or between 8 and 12 nmol/l
associated with hypogonadal symptoms (n 39) and
calcifediol supplementation when 25-hydroxyvitamin D
levels were <50 nmol/l (n 21). Combined treatment was
used for men with low T and 25-hydroxyvitamin D
levels (n 39). Data presented here refer to 34 patients
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for whom complete data were obtained after 2 years of
treatment, including 12 treated with T, eight treated with
calcifediol, and 14 treated with both T and calcifediol. T
treatment was performed with T-gel 2 % (Tostrex®,
ProStrakan), dose-adapted to maintain plasma T levels
between 12 and 26 nmol/l. Calcifediol treatment was
performed with Didrogyl (Bruno Farmaceutici), from a
starting dose of 4000 IU/week, adjusting the dosage to
maintain 25-hydroxyvitamin D levels above 50 nmol/l,
by determining the levels every 6 months. Total T, estra-
d i o l , LH , FSH , 25 -hyd roxyv i t am in D , PTH ,
hemochrome, PSA, bone-specific alkaline phosphatase
(BAP), and carboxyl-terminal telopeptide of collagen
type I (ICTP), and DEXA were compared before and
after treatment.

Hormone assays

Blood was collected in the fasting state between 0800 and
1000 hours. Serum FSH, LH, total T, and estradiol were eval-
uated by commercial electrochemiluminescence immunoas-
say methods (Elecsys 2010, Roche Diagnostics, Mannheim,
Germany). For all parameters, the intraassay and interassay
coefficients of variation were 8 and 10 %, respectively. PTH
serum levels were determined with a direct, two-site,
sandwich-type chemiluminescent immunoassay (LIAISON
N-TACT PTH, DiaSorin Inc., Stillwater, MN, USA). 25-
hydroxyvitamin D was determined with direct, competitive
chemiluminescent immunoassay (LIAISON 25 OH Vitamin
D TOTALAssay, DiaSorin Inc.). Bone-specific alkaline phos-
phatase plasma levels were determined with OCTASE, a

Table 1 Baseline clinical, metabolic, hormonal parameters and anthropometric measures in 127 Klinefelter patients compared with 60 controls

Variable KS (N 127) Controls (N 60) P

Age (year) 31.5±8.5 30.9±8.4 n.s.

Height (cm) 181.3±7.9 179.8±6.2 n.s.

Weight (kg) 85.4±16.8 77.5±12.4 <0.001

BMI (kg/m2) 26.0±4.6 23.6±3.7 <0.001

Waist (cm) 98.9±14.9 85.8±10.2 <0.0001

Arm span (cm) 181.7±14.3 178.9±7.1 n.s.

Total testosterone (nmol/l) (r.v. 10–29) 10.5±4.9 17.4±3.8 <0.0001

LH (IU/l) (r.v. 1–9) 19.6±6.8 4.1±2.2 <0.0001

FSH (IU/l) (r.v. 1–8) 33.6±12.9 3.8±1.8 <0.0001

Estradiol (pmol/l) (r.v. 25–130) 106.1±34.2 95.2±33.0 <0.005

LH/T 2.32±2.07 0.3±0.15 <0.0001

T/E 0.10±0.03 0.2±0.1 <0.0001

Glycemia (mg/dl) (r.v. 50–110) 79.4±13.1 77.8±7.4 n.s.

Insulin (mU/l) (r.v. <29.1) 9.8±7.8 4.3±6.4 <0.0001

HOMA-IR 1.90±1.60 0.79±0.56 <0.0001

Total cholesterol (mg/dl) (r.v. 120–200) 194.8±44.2 181.4±42.4 n.s.

HDL (mg/dl) (r.v. >40) 50.0±15.3 52.2±8.0 n.s.

PSA ( g/l) (r.v. <4) 0.69±0.99 0.74±1.04 n.s.

Triglycerides (mg/dl) (r.v. <150) 119.6±163.6 102.6±43.8 n.s.

Mean testicular volume (cc) 2.0±0.7 18.2±3.6 <0.0001

25-hydroxyvitamin D3 (nmol/l) (r.v. 50–125) 52.3±27.3 74.9±36.0 <0.0001

PTH (ng/l) (r.v. 17–73) 69.3±43.2 46.3±14.0 <0.0001

Calcium (nmol/l) (r.v. 2.10–2.55) 2.4±0.1 2.3±0.1 n.s.

Phosphorus (nmol/l) (r.v. 87–1.45) 1.0±0.2 1.1±0.2 n.s.

Lumbar BMD (g/cm2) 1.00±0.15 1.25±0.1 <0.05

T-score (lumbar) −0.8±1.29 1.0±0.1 <0.05

Femoral neck BMD (g/cm2) 1.00±0.13 1.28±0.2 <0.05

T-score (femoral) −0.3±0.85 1.0±0.1 <0.05

Osteopenia (N (%)) 50/127 (39.4 %) 0/60 (0 %) <0.0001

Osteoporosis (N (%)) 10/127 (7.9 %) 0/60 (0 %) <0.05

r.v. reference value

n.s. not statistically significant
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paramagnetic particle-linked chemiluminescent immunoassay
(Access Immunoassay System Beckmann Coulter, Roma, It-
aly). ICTP were quantified by electrochemiluminescent im-
munoassay (CrossLaps/serum, Cobas, Roche diagnostics,
Mannheim, Germany). All determinations were performed
according to manufacturer’s instructions.

Statistical analysis

Data in the tables are reported as mean±SD of the mean. Data
in the figures are reported as median and interquartile range.
Differences between KS patients and controls were evaluated
by unpaired two-sided Student’s t test and Wilcoxon sum of
ranks test, where appropriate. Relationships between continu-
ous variables were assessed using linear regression model
with partial correlation corrected for BMI, and Pearson corre-
lation coefficients are reported in figures. Differences between
subgroups of KS patients were analyzed by ANOVA using
BMI as covariate. Differences between basal and post-
therapy were evaluated by paired two-sided Student’s t test.
Regression analysis for the relation between the change in 25-
hydroxyvitamin D levels and the change in T levels vs the
change in BMD after correction for BMD was performed to
assess the difference in BMD increase after the different treat-
ment. Comparisons between the percentages were performed
with χ2 test. The significance level was set to P<0.05.

All tests were performed with SAS version 9.2 (SAS Insti-
tute, Cary, NC, USA) for Windows.

Results

Table 1 reports that KS patients had, as expected, significantly
higher weight, waist circumference, BMI, gonadotropins, es-
tradiol, and LH/T ratio and significantly reduced levels of total
T and estradiol/T ratio with respect to controls.

Age, height, arm span, PSA, and metabolic parameters
(total and HDL cholesterol, triglycerides, glycemia) did not
show significant differences between patients and controls.
Only insulin and HOMA-IR were significantly higher in KS
patients with respect to controls.

25-hydroxyvitamin D plasma levels were significantly
lower and PTH significantly higher in KS patients with re-
spect to controls (P<0.0001).

DEXA scans showed a significantly lower BMD at both
lumbar and femoral sites in KS patients with respect to con-
trols. T-score was also lower, both at lumbar and femoral site.
Out of 127 KS patients, 10/127 (7.9 %) had osteoporosis, 50/
127 (39.4 %) osteopenia, and 67/127 (52.8 %) normal BMD.

Since T levels correlated negatively with BMI (r=−0.53,
P<0.0001), the relationship between 25-hydroxyvitamin D
levels, T, and BMD was corrected for BMI. This analysis
showed that in KS, 25-hydroxyvitamin D was positively

related to lumbar and femoral BMD and T (Fig. 1). On the
contrary, no relation was found between lumbar and femoral
BMD with T or LH/T ratio (data not shown). Also in control
group, 25-hydroxyvitamin D was positively related to lumbar
and femoral BMD (r=0.32, P<0.001 and r=0.35, P<0.001,
respectively, data not shown).

We subgrouped KS patients on the basis of 25-
hydroxyvitamin D plasma levels (<50 nmol/l or ≥50 nmol/l)
and T levels (<10.4 nmol/l or ≥10.4 nmol/l) (Fig. 2). With
respect to KS group with vitamin D ≥50 nmol/l (N=67/127;
52.8 %), patients with 25-hydroxyvitamin D deficiency (N=
60/127; 47.2 %) had lumbar and femoral BMD (0.96±0.15 vs
1.03±0.14 g/cm2 and 0.96±0.13 vs. 1.04±0.13 g/cm2, respec-
tively; P<0.05) significantly reduced (Fig. 2). The percentage
of patients with osteopenia or osteoporosis was higher in 25-
hydroxyvitamin D deficient group (40/60; 66.7 %) with re-
spect to the group of KS patients with vitamin D ≥50 nmol/l
(20/67; 29.8%;P<0.0001), independently of T levels (30.8%
in men with low T, 28.6 % in men with normal T) (Table 2).
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Fig. 1 Correlations of 25-hydroxyvitamin D levels with lumbar BMD
(upper panel), femoral BMD (middle panel), and total T (bottom panel)
in 127 KS
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On the contrary, analysis of subgroups of KS patients with
reduced T plasma levels (78/127; 61.4 %) with respect to the
subgroup with normal T plasma levels (49/127; 38.6 %)
showed no significant difference in lumbar and femoral
BMD (0.99±0.15 vs 1.00±0.15 g/cm2 and 0.99±0.13 vs
1.01±0.13 g/cm2, respectively) (Fig. 2). Also, the percentage
of patients with osteopenia or osteoporosis was similar be-
tween the two considered subgroups: 38/78 in hypogonadal
group (48.7 %) vs 22/49 in eugonadal group (44.9 %). After
adjusting for BMI, among patients with normal T, those with
low vitamin D had significantly reduced lumbar and femoral
BMD with respect to those with vitamin D ≥50 nmol/l
(Table 2). Among patients with low T levels, those with low
vitamin D had significantly reduced femoral BMD with re-
spect to those with vitamin D ≥50 nmol/l (Table 2).

Table 3 reports the data of KS patients treated with Tand/or
calcifediol. In calcifediol or T + calcifediol groups, we found a
significant increase in lumbar BMD and lumbar T- and Z-
score after treatment (P<0.05). On the contrary, in T-treated
group, we did not find any significant difference in BMD
before and after therapy. Figure 3 shows that the change in
lumbar and femoral BMD after treatment with calcifediol was
12.5 and 3.8 % respectively, whereas no change in BMD was
observed after treatment with T.

Discussion

This study showed for the first time that in KS subjects, low
25-hydroxyvitamin D levels have a more critical role than low
T levels in inducing low BMD in KS subjects. Furthermore,
vitamin D supplementation seems to be more effective than T
replacement therapy alone in increasing BMD. We found that
25-hydroxyvitamin D levels are significantly lower in KS pa-
tients with respect to controls, and they had significantly lower
lumbar and femoral BMD. The percentage of osteopenia/
osteoporosis in subjects with 25-hydroxyvitamin D deficiency
is higher with respect to subjects with normal 25-
hydroxyvitamin D and is not related to the presence/absence
of low T levels. Subjects treated with calcifediol or T +
calcifediol significantly increased lumbar BMD after treat-
ment. On the contrary, no difference was found in T-treated
group.

Reduced bone mass in KS has been usually ascribed to low
T plasma levels [7, 8]. Hypogonadism, in fact, represents one
of the most important causes of male osteoporosis, highlight-
ing the important role of androgens in bone metabolism [25].
T promotes periosteal bone formation during puberty [26] and
reduces bone reabsorption during adult life [27]; thus, early
onset of T deficiency, as observed in KS, is considered an
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important risk factor for osteoporosis. However, the pathoge-
netic role of low T in osteoporosis of KS is not supported by
robust data and additional mechanisms might be involved
[11–16].

We found no relation between lumbar and femoral BMD
with Tor LH/T ratio, and lumbar and femoral BMD, T-score at
lumbar and femoral sites in KS patients with and without
hypogonadism, were similar. Furthermore, the percentage of
patients with osteopenia or osteoporosis was similar between
the two groups. These results confirm that T is not the key
regulator of BMD in KS and are in accordance with previous
data [9, 13, 15]. In fact, although a positive correlation be-
tween BMD and T concentrations has been demonstrated in
normal men and KS subjects with osteoporosis, a considerable
variation in the bone phenotype of men with KS is present
[13–15]. More specifically, the findings of the present study
confirm previous data showing that the prevalence of low
BMD is similar in KS men with low and normal T levels [9,
15]. Altogether, these data suggest that bone loss in KS might
be, at least in part, independent from the presence of
hypogonadism and might be related to other hypothetical ge-
netic (related to the chromosomal abnormality) and hormonal
(estradiol, vitamin D) factors.

The function and sensitivity of the androgen receptor (AR)
have been also postulated to modulate the effects of T on the
bone in KS [25]. The AR gene is located on the X chromo-
some (and, therefore, it is present in double copy in 47, XXY
KS), and a nonrandom X inactivation in men with more than

one X chromosome has been reported [28]. Furthermore, the
AR gene contains the highly polymorphic CAG repeat, the
length of which is inversely correlated with sensitivity to an-
drogens [29]. Although one study found a negative correlation
between BMD evaluated by phalangeal ultrasound and the X-
weighted biallelic mean of CAG repeats [30], we previously
demonstrated that the CAG repeat length is not different be-
tween KS patients with normal and low bone mass [9].

Vitamin D is another obvious possible modulator of bone
metabolism in KS, but previous studies never considered this
parameter. Apart from our previous study [9], only one recent
report determined 25-hydroxyvitamin D levels in KS [31].
Together with findings in the present study, these data agree
that KS subjects have 25-hydroxyvitamin D levels lower than
healthy controls, with mean levels of 50–55 nmol/l.

It has been demonstrated that the male reproductive tract
expresses most of the enzymes involved in vitamin D metab-
olism. In particular, the testis is featured by the highest expres-
sion of CYP2R1, a member of cytochrome P450 family [19],
considered to be a key enzyme of vitaminD activation from its
precursor cholecalciferol through its 25-hydroxylase activity
[20]. Patients with hypogonadism and testiculopathy have fre-
quently low levels of 25-hydroxyvitamin D due to a lower
expression of this enzyme [21, 32–34]. We also recently
showed that the administration of the 25-hydroxylated form
of vitamin D (calcifediol), and not the administration of the
precursor cholecalciferol, restores 25-hydroxyvitamin D
levels in subjects with Leydig cell dysfunction [35].

Table 2 Principal hormonal and bone parameters in 127 KS subjects, subdivided on the basis of T and 25-hydroxyvitamin D plasma levels

Group 1 (N 39)
T <10.4 nmol/l,
vit. D <50 nmol/l

Group 2 (N 39)
T <10.4 nmol/l,
vit. D≥50 nmol/l

Group 3 (N 21)
T ≥10.4 nmol/l,
vit. D <50 nmol/l

Group 4 (N 28)
T ≥10.4 nmol/l,
vit. D ≥50 nmol/l

Total testosterone (nmol/l) (r.v. 10–29) 7.0±2.9* 7.7±2.4* 15.5±3.4 15.3±3.7

LH (IU/l) (r.v. 1–9) 18.4±6.1 19.3±6.1 17.9±5.9 22.2±8.8

FSH (IU/l) (r.v. 1–8) 29.3±12.1 31.5±11.7 32.6±14 29.5±11.7

Estradiol (pmol/l) (r.v. 25–130) 92.3±28.4* 96.9±33.6* 122.4±29.3 123.9±34.5

25-hydroxyvitamin D (nmol/l) (r.v. 50–125) 29.8±11.0□ 68.6±13.7 27.6±11.6□ 79.1±25.3

PTH (ng/l) (r.v. 17–73) 78.2±37.6° 62.7±25.3 72.8±22.9♦ 57.3±25.1

BMI (kg/m2) 28.9±4.9 27.6±4.0 23.2±3.2§ 23.5±3.3§

Lumbar BMD (g/cm2) 0.98±0.17 1.02±0.16 0.93±0.11♦ 1.04±0.15

Femoral neck BMD (g/cm2) 0.95±0.12╪ 1.02±0.15 0.99±0.15♦ 1.06±0.11

N (%) of patients with osteopenia 20/39 (51.3 %) 10/39 (25.6 %) 12/21 (57.1 %) 8/28 (28.6 %)

N (%) of patients with osteoporosis 6/39 (15.4 %) 2/39 (5.2 %) 2/21 (9.5 %)° 0/28 (0 %)

*P<0.001 vs group 3 and 4
□P<0.001 vs group 2 and 4

°P<0.05 vs group 2 and 4

♦P<0.05 vs group 4

╪P<0.05 vs group 2 and 4

§P<0.001 vs group 1 and 2
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Furthermore, it reduces PTH levels, the best marker in
assessing the effectiveness of supplementation. Therefore,
calcifediol supplementation overcomes the decline in testis
function and represents the ideal treatment in these cases, like-
wise in cases with a decline in hepatic function.

On the basis of these data, low 25-hydroxyvitamin D
levels in KS subjects could well be interpreted as a con-
sequence to the severe testicular hypotrophy and Leydig
cell impairment, which are characteristic signs of these
subjects. However, we cannot exclude that low vitamin
D status in KS might be simply the results of different
lifestyle and/or yet unexplored genetic factors related to
the chromosomal abnormality.

We found that lumbar and femoral BMD in KS were pos-
itively associated with 25-hydroxyvitamin D, and patients
with 25-hydroxyvitamin D deficiency have lumbar and fem-
oral BMD significantly reduced with respect to KS subject
with 25-hydroxy vitamin D ≥50 nmol/l. These findings are
supported by the significantly higher percentage of patients
with osteopenia or osteoporosis among men with 25-
hydroxyvitamin D deficiency with respect to KS patients with
vitamin D ≥50 nmol/l. These data confirm previous studies in
non-KS subjects in which 25-hydroxyvitamin D levels have
been found related to BMD [36] and to cortical bone mineral
density, total bone mineral content, cortical thickness, and the
polar and axial strength strain index at the distal radius and
tibia [37].

To better support our data, we also evaluated the effi-
cacy of therapy with T, calcifediol, or combined treat-
ment (T + calcifediol) on BMD in KS. In the T-treated
group, we did not find any significant difference in lum-
bar and femoral BMD, in lumbar and femoral T-score
before and after therapy. These data agree with most of
the studies that demonstrated that T treatment does not

reverse decreased bone mass in these patients [8, 19, 20].
On the contrary, we observed that only calcifediol or T +
calcifediol replacement treatments increased BMD after
2 years of supplementation. Although limitations exist
in our study (low number of treated subjects, retrospec-
tive data, 2 years of follow up), these findings, other
than supporting a minor role of low T levels in deter-
mining low BMD in KS, further support the key role of
vitamin D in bone metabolism. In fact, several trials
demonstrated that vitamin D supplementation improves
bone density and reduces fractures and falls, above all
when baseline levels of 25-hydroxyvitamin D are in the
25 to 40 nmol/l range and furthermore has beneficial
impacts on cortical thickness [38–42].

Indeed, the increase in BMD (12.5 % at lumbar spine
and 3.8 % at femoral neck) after 2 years of vitamin D
supplementation is remarkable. Apart from the very low
number of treated cases that does not allow generalizing
the results, comparison with other reports is not immedi-
ate because most of the data on vitamin D supplementa-
tion and BMD are obtained with cholecalciferol and not
with calcifediol. Nevertheless, these men represent a spe-
cial group of patients, represented by young KS with
very low vitamin D levels, and we cannot exclude that
they might have defects in mineralization (osteomalacia)
due to vitamin D deficiency.

In conclusion, although the limitations listed above do
not allow having definitive evidence and our findings
should be confirmed prospectively in larger groups of
KS (and possibly older KS subjects), we suggest that
25-hydroxyvitamin D has a determinant role in bone me-
tabolism of these patients and that adequate supplemen-
tation should be considered to prevent bone loss or im-
prove low BMD.
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Fig. 3 Change (in percent) of lumbar and femoral BMD in relation to change in 25-hydrohyvitamin D (left panel) and T (right panel) levels after 2 years
of treatment with calcifediol or T
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