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hypogonadotropic and hypergonadotropic hypogonadal
men after prolonged testosterone treatment

M. De Rosa*, L. Paesano*, V. Nuzzo*, S. Zarrilli*, A. Del Puente**, P. Oriente**,

and G. Lupoli*

*Department of Molecular and Clinical Endocrinology and Oncology; **Rheumatologic Unit, School of

Medicine, University “Federico II”, Naples, Italy

ABSTRACT. After prolonged treatment (76.4x10
and 70.1£12.3 months, respectively) (meanz= SE)
with testosterone enanthate (250 mg im every 3
weeks), bone mineral density (BMD) and bone
metabolism were evaluated in 12 patients (aged
29.3+1.4 yr) affected by idiopathic hypogo-
nadotropic hypogonadism (IHH), in 8 patients
(29.6+2.6 yr) affected by Klinefelter’s syndrome
(KS), and in 10 healthy men (30.6+1.7 yr) mat-
ched according to age and BMI. Spinal BMD in
IHH was significantly lower than in controls
(0.804+0.04 vs 1.080+0.01 g/cm?; p<0.001),
while there was no difference in neck BMD
(0.850+0.01 vs 0.948+0.02 g/cm?). Neither spinal
(0.978+0.05 g/cm?2) nor neck (0.892+0.03 g/cm?)
BMD in KS were significantly different from con-
trols. Six IHH and one KS subjects were osteo-
porotic, while 6 IHH and 2 KS subjects were
osteopenic. A significant inverse correlation was
found between spinal BMD and age at the treat-

INTRODUCTION

Osteoporosis is a well known complication of male
hypogonadism (1), particularly of Klinefelter's syn-
drome (KS), idiopathic hypogonadotropic hypogo-
nadism (IHH), hyperprolactinemia, hemochromato-
sis and primary testicular failure (2).

Testosterone (T) is certainly the major determinant
of bone mass in men. In fact, the presence of an-
drogen receptors on normal human osteoblast-
like bone cells (3, 4) has been shown; it has also
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ment onset in IHH (r=-0.726, p=0.007). In IHH
there were significant increases in bone forma-
tion (alkaline phosphatase=318.3%33.9 vs
205.4x20.0 1U/l; osteocalcin=13.44%1.44 vs
8.57+0.94 ng/ml; p<0.05) and in bone resorption
(urinary cross-linked N-telopeptides of type | col-
lagen=149.1x 32.3 vs 47.07+8.4 nmol bone col-
lagen equivalents/mmol creatinine; p<0.05) com-
pared to controls, while such differences were
not present in KS. Our results outline the impor-
tance of BMD evaluation in all hypogonadal
males. Nevertheless, bone loss is a minor char-
acteristic of KS, while it is a distinctive feature
of IHH. Therefore, early diagnosis and age-relat-
ed replacement therapy coupled with a specific
treatment for osteoporosis could be useful in
preventing future severe bone loss and associ-
ated skeletal morbidity.

(J. Endocrinol. Invest. 24: 246-252, 2001)
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been demonstrated that T determines a direct
stimulation of osteoblast proliferation and the dif-
ferentiation of bone cells in vitro (5). Moreover, in
hypogonadal males, T therapy increases the rela-
tive osteoid volume, the total osteoid surface, the
linear extent of bone formation and bone minerali-
zation (6).

The effects of T deficiency on bone mass are also re-
lated to contemporaneous estrogen (E) deficiency,
probably due to the reduced amount of T available
for peripheral conversion (7, 8). In male hypogonadal
osteoporosis, low serum T levels may account for re-
duced bone formation while low serum E levels for
an increase in bone resorption (9).

The aim of this study was to evaluate the bone mass
and metabolism in both hypogonadotropic and hy-
pergonadotropic hypogonadal males after pro-
longed T therapy.
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PATIENTS AND METHODS
Patients

Twenty male patients were studied. They were select-
ed from a pool of patients who had been in our Cli-
nical Hospital Department over the previous 10 years.
Twelve patients (aged 23-37 yr) were affected by IHH
diagnosed by a history of absence of any pubertal de-
velopment beyond 18 yr of age, basal T levels <1
ng/ml, normal pituitary RMN, reduced testicular vol-
ume to prepubertal levels, normal other pituitary hor-
mones and low serum levels of gonadotropins (Table
1). None of them had anosmia, but 2 showed various
degrees of hyposmia.

Eight patients (aged 19-41 yr) were affected by KS
diagnosed on the basis of increased gonadotro-
pins, low T serum levels and a 47,XXY karyotype
(Table 1).

All patients had been treated with T enanthate, 250
mg administered im every 3 weeks for a variable pe-
riod (Table 1). The IHH patients did not use go-
nadotropin treatment because they did not want to
induce a pregnancy in their spouses. T levels had
been within the normal adult range for at least 3 years.
All patients were free of other significant medical
illnesses and none used medications known to af-
fect pituitary or gonadal function or bone metabo-
lism. None of them was an alcohol consumer. All
patients had a normal calcium intake (800-1200
mg/day) and normal physical activity. Twelve of
them (7 IHH and 5 KS) smoked cigarettes, with a
range of consumption between 5 and 10 per day.
As controls we used 10 healthy males (aged 22-40
yr) matched according to age and BMI. Their spous-
es had conceived in the 6-month period preceding
this study. They were selected on the basis of the
following criteria: normal pubertal development, no
disorders or use of medications known to affect
bone and mineral metabolism, normal serum cal-
cium (Ca), phosphate (P), creatinine , alkaline phos-
phatase (ALP) and T concentrations (Table 1). None
of the patients or controls had a history of bone
fracture.

All subjects gave their informed consent to be en-
rolled in the study.

Sex hormones and biochemical measurements

To test the effectiveness of T replacement, blood
samples were taken every day for 3 days during the
second week after the injection.

Serum levels of FSH [normal range (NR)=0.7-11.1
mlU/ml], LH (NR=0.8-7.6 mlU/ml), PRL (NR=2.5-17
ng/ml), E2 (NR=20-56 pg/ml), total T (NR=2.7-17.3
ng/ml), DHEAS (NR=80-560 pg/dL), intact PTH
(NR=12-72 pg/ml) were determined by chemilu-
minescent immunometric assays using commercial
available kits for the IMMULITE Automated Ana-
lyzer [Diagnostic Products Corporation (DPC), Me-
dical System, Genova, ltaly]. Serum levels of A, an-
drostenedione (A4 A) (Active Androstenedione
Diagnostic Systems Laboratories, Inc.) (NR=1.0-3.5
ng/ml), 17 OH-progesterone (17 OH-P) (Active 17
a-OH-progesterone DSL-5000, Diagnostic Systems
Laboratories, inc.) (NR=0.6-3.3 ng/ml), CT (Double
Antibody Calcitonin, DPC, Medical System, Geno-
va) (NR=0-50 pg/ml) and osteocalcin (OC) (Osteo-
calcina Myria, TechnoGenetics-Bouty) (NR=5-18
ng/ml) were measured by radioimmunoassay us-
ing commercial available kits. Intra- and interassay
coefficients of variation were, respectively, for FSH
5.4% and 8.1%, for LH 4.8% and 10.6%, for PRL
6.8% and 9.6%, for E2 15% and 16%, for T 13%
and 16%, for DHEAS 7.6% and 15%, for PTH 5.4%
and 5.0%, for Ay A 3.2% and 4.1%, for 17 OH-P
9.3% and 9.7%, for CT 8% and 10%, for OC 4.0%
and 5.1%.

Serum Ca (Calcium Biolab, Italy) (NR=8.8-10.2
mg/dl), P (Inorganic phosphorus determination,
Seradyn, Italy) (NR=2.5-4.8 mg/dl) and ALP (Alkaline
Phosphatase Biolab, Italy) (NR=98-275 1U/l) were
tested with a colorimetric method.

Urinary cross-linked N-telopeptides of type | colla-
gen (Ntx) levels were measured by enzyme-linked
immunosorbent assay (Osteomark, Ostex Interna-
tional, Seattle) and corrected because of the con-
current excretion of creatinine, determined by rou-
tine colorimetric methods [NR=23-110 nmol bone
collagen equivalents (BCE)/mmol creatinine (Cr)];
the intra- and interassay coefficients of variation
were 5% and 7%, respectively.

Table 1 - Clinical features (mean=SE) of 12 patients affected by idiopathic hypogonadotropic hypogonadism (IHH), 8 patients af-
fected by Klinefelter’s syndrome (KS) and 10 normal healthy males (NC).

Age Height Weight BMI Treatment Treatment

{yr) (em) (kg) (kg/m?) (months) (start age)
[HH 29.3x1.4 173.7£1.3 77.2+2.9 25712 76.4+10.0 21.2x0.7
KS 29.6+£2.6 180.1+1.2 82.3+3.3 25.3+0.9 70.1£12.3 21.6+2.2
NC 30.6x1.7 173.4£1.7 73.7+2.0 24.5+0.6 -
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Bone mineral density

Radiographs were made of the hand and wrist of
all patients and controls to assess bone age to be
compared with chronological age. They all showed
to have fused epiphyses. The method of Tanner
and Whitehouse was used.

BMD, at lumbar spine (L1-L4) and right proximal fe-
mur (neck) levels, was assessed by dual-energy X-
ray absorptiometry (DEXA), using a Hologic QDR
1000 densitometer (Hologic Inc., Waltham, Mass.,
USA). Data were expressed in gcm?2.

For the evaluation of the BMD data, the interna-
tional reference pooled sample age-sex matched
provided by the densitometer manufacturer (10)
was used as young adult reference range because
it did not differ significantly from the data obtained
from a local sample in a previous study performed
when the machine was being set (unpublished da-
ta). Individual values of vertebral and femoral BMD
in our patients and controls were also expressed as
Z-scores and T-scores, calculated on the basis of
this reference range. In line with previous reports,
patients were considered osteopenic when the T-
score was between -1 and -2.5 standard deviation
(SD) and were considered osteoporotic when the
T-score was lower than -2.5 SD. Ninety-five% of the
confidence interval (95% Cl) of the Z-score was
compared with the Z-score mean value of subjects
of the same sex and age. The difference is consid-
ered statistically significant if the 95% Cl does not
include zero.

All scans were analysed by the same operator, who
was blind with respect to the pathological (or not)
status of subjects.

Statistical analysis

The Newman-Keuls test was used to compare
BMD, hormonal patterns and biochemical markers
in patients and control subjects. Linear regression
analysis was used to determine the correlation be-
tween BMD and characteristics of hormonal treat-
ment. The significance level was set at p<0.05. In
particular, the analysis was performed by compar-

Male hypogonadal osteoporosis

ing the control group (10 subjects) first with the IHH
group (12 patients) and then with the KS group (8
patients). Lastly, the KS group was compared with
the IHH group.

RESULTS
Hormones and biochemical measurements

Serum FSH and LH levels in IHH were lower than
normal adult range and significantly lower than in
KS and controls (p<0.001); on the contrary, go-
nadotropins levels in KS were above the normal
range and significantly higher than controls (for FSH
p<0.001, for LH p<0.01) (Table 2). Although all the
patients had received a substitutive treatment and
serum T levels were maintained within the normal
range, both groups of patients showed T to be sig-
nificantly lower than controls (p<0.001) (Table 2).
PRL, E2, 17 OH-P, A4, A, DHEAS were within the
normal range and there was no significant differ-
ence between the two groups of patients and the
controls (Table 2).

In the IHH group, serum ALP, OC and urinary Ntx
levels were significantly higher than controls
(p<0.05). However, no significant difference in such
levels was found either between the two groups of
hypogonadal patients or between the KS subjects
and the controls (Table 3). Serum levels of intact
PTH, CT, Ca and P in the patients did not differ
from those in the controls (Table 3).

Bone mineral density

Lumbar spine BMD in IHH was significantly lower
than controls (p<0.001), while femoral neck in IHH
and both sites BMD in KS did not significantly dif-
fer from controls. Moreover, IHH showed a lumbar
BMD significantly lower than KS (p<0.05), while no
significant difference was found in femoral neck
BMD between hypo- and hypergonadotropic hy-
pogonadal patients (Table 4, Fig. 1).

In addition, in order to compare our data with the
international pooled sample, we calculated for each
patient the 95% Cl of the BMD Z-score. Data sho-

Table 2 - Hormonal patterns (mean+SE) in 12 patients affected by idiopathic hypogonadotropic hypogonadism (IHH), 8 patients af-
fected by Klinefelter's syndrome (KS) and 10 normal healthy males (NC).

FSH LH PRL T before T E2 17 OH-P Dg A DHEAS

(mIU/ml) {miU/ml) (ng/ml) therapy (ng/ml) (ng/ml) (pg/ml) (ng/ml) (ng/ml) (ug/d))
IHH 0.3x0.05* 0.45%£0.07* 6.7+0.5 0.6+0.1*° 4.0+0.1* 28.6x4.0 1.4+0.14  25x0.24 261+27.6
KS 28.7+£3.3* 18.0+4.8** 8.5x0.4 2.6x0.4** 4.0+0.2* 33.6+3.1 2.1+0.32 2.4+0.29 246%18.9
NC 4.7+0.5 3.3x0.3 7.9x0.6 - 6.3x0.4 28.0x3.7 1.4+0.17 2.1+0.25 253.4+32

*<0.001 vs NC; **p<0.01 vs NC; °p<0.001 vs KS. 17 OH-P: 17 OH-progesterone; Ay A: A4 androstenedione.
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Table 3 - Markers of bone metabolism (mean=SE) in 12 patients affected by idiopathic hypogonadotropic hypogonadism (IHH), 8 pa-
tients affected by Klinefelter’s syndrome (KS) and 10 normal healthy males (NC).

Ca P ALP PTH CT ocC NTx
(mg/dl) (mg/dl) (1U/1) (pg/ml) (pg/ml) (ng/ml) (nmol BCE/mmol Cr)
IHH 9.6+0.1 3.9+0.1 318.3+33.9* 47.4+3.6 31.0+2.7 13.44+1.44* 149.1+£32.3*
KS 9.7x0.1 3.6=0.1 243.2+27.1 43.5+5.0 29.8+2.8 10.82+1.25 80.9+£25.7
NC 9.8+0.1 3.8+0.1 205.4x20.0 46.4+4.1 27.8x2.7 8.57+£0.94 47.07x8.4

*p<0.05 vs NC. ALP: alkaline phosphatase; Ca: calcium; NTx: cross-linked N-telopeptides of type I collagen; OC: osteocalcium; P: phosphate.

wed that mean lumbar and femoral BMD in hy- ing puberty might be impaired so that subsequent
pogonadotropic hypogonadal patients were sig- androgen therapy may not be able to restore nor-
nificantly lower in comparison with the reference mal bone mass (14). Moreover, the currently used
population matched according to age and sex. androgen replacement therapy does not mimic the
Neck BMD in hypergonadotropic hypogonadal pa- physiological serum concentration and secretory
tients was not significantly different from the refer- pattern of T production in normal men (15). Even
ence mean value, while lumbar BMD was slightly though serum T levels are within the normal range,
lower (Table 5). they are not able to maintain normal bone meta-
Evaluating T-scores, osteoporosis and/or osteope- bolism (13). Behre et al., on the contrary, demon-
nia were diagnosed in all IHH subjects and in 3 out strated that in hypogonadal men, before treatment,
of 8 KS subjects, whereas 5 KS patients had normal a significant association of BMD with T levels and
BMD. In particular, at the lumbar spine level 6 IHH age was present, while there was no relation be-
and 1 KS patients were osteoporotic, while 6 IHH tween age at treatment onset and the increase in
and 2 KS subjects were osteopenic. At the femoral BMD during T treatment (16). Guo et al. did not
level, no IHH or KS patient was osteoporotic, while find a correlation between the BMD and the dura-
3 IHH and 2 KS patients were osteopenic. tion of treatment, probably because the response
A significant inverse correlation was found only in of bone formation to T is dependent on dose,
IHH patients between L1-L4 BMD and the age at T length of course and serum E levels (13). In partic-
replacement treatment onset (r=-0.726; p=0.007) ular, no significant association was detected be-
(Fig. 2). tween the duration of a therapy lasting more than

1 year and BMD. These observations have led us
to hypothesize that prolonged androgen treatment

DISCUSSION maintains the BMD achieved during the initial pe-
Severe osteopenia showed in patients with isolated riod of the therapy, without any further significant
GnRH deficiency and hormonal treatment did not increase (16).

normalize BMD, despite the fact that serum T lev- In our IHH patients, BMD is lower than in controls
els were maintained within the male reference and age-matched reference range, above all at
range for at least 2 years (11). Probably bone im- lumbar spine level, in spite of prolonged T treat-
provement is related to the age at the treatment ment for a mean of 76.4 months and serum T levels
onset (12), thus confirming that there is a critical pe- being in the normal range. On the contrary, after
riod of skeletal response to sex hormones (13). the same therapy for a mean of 70.1 months, KS
Adequate bone development and formation dur- patients had a BMD not significantly different from

Table 4 - Bone mineral density (BMD, mean+SE) in 12 patients affected by idiopathic hypogonadotropic hypogonadism (IHH), 8 pa-
tients affected by Klinefelter's syndrome (KS) and 10 normal healthy males (NC).

BMD L1-L4 Z-score T-score BMD neck Z-score T-score
(g/cm?) (g/cm?)
IHH 0.804+0.04*** -2.59+0.34 -2.60+0.35 0.850+0.01 -0.81+0.11 -0.77+0.11
KS 0.978+0.05 -0.97+0.41 -1.02+0.42 0.892+0.03 -0.41x0.37 -0.39+0.31
NC 1.080+0.01 -0.06+0.09 -0.07+0.09 0.948+0.02 +0.14+0.25 +0.12+0.22

*p<0.001 vs controls; **p<0.05 vs KS. BMD L1-L4: BMD at lumbar spine; BMD neck: BMD at femoral neck.
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Fig. 1 - Comparison between mean bone mineral density
(g/cm?) at lumbar spine (BMD L1-L4) and at femoral neck (BMD
neck) in 12 patients affected by idiopathic hypogonadotropic
hypogonadism (IHH), 8 patients affected by Klinefelter's syn-
drome (KS), both after prolonged testosterone treatment, and
10 normal controls (NC).

controls. As regards bone metabolism, the bio-
chemical markers (ALP, OC and Ntx) are high in the
IHH suggesting that T treatment stimulates bone
formation, but it is not able to suppress increased
bone resorption; thus all the IHH patients are af-
fected by osteoporosis or osteopenia despite hor-
monal therapy. It has been reported that T re-
placement significantly reduces bone remodelling
and suppresses bone resorption (17) and it in-
creases bone mineralization and density (18), al-
though the increase seems to be only a feature of
patients with open epiphyses (19).

In our patients the diagnosis was made after pu-
bertal development, when skeletal maturation had

Male hypogonadal osteoporosis

already taken place. Androgen replacement was
probably started too late and therefore it was not
successful in restoring normal bone mass. More-
over, a significant inverse correlation has been
found between lumbar BMD of IHH patients and
the age at treatment onset. Probably, hormonal
therapy before or during puberty is more success-
ful in preventing bone loss. BMD increases during
gonadal steroid replacement, particularly in men
who are skeletally immature, but despite these in-
creases, bone density does not reach the normal
levels (19). In our opinion, T treatment cannot re-
store the pubertal muscular and skeletal growth,
but it can only modify the post-pubertal bone re-
modelling. In fact, bone growth is complete by the
mid-twenties and peak bone density is reached by
the third decade in men with a history of constitu-
tionally delayed puberty. In these conditions, their
BMD could not improve or even normalize over
time, suggesting that the timing of puberty is an
important determinant of bone mass peak (20). It
is unknown whether, in hypogonadal men, early ad-
ministration of androgens would lead to normal
bone density and to a reduction in the risk of sub-
sequent osteoporosis (18). It was also demonstrat-
ed that androgen replacement, before puberty,
leads to increase both trabecular and cortical bone
while, after puberty, only cortical bone (21), sug-
gesting a skeletal site-specific effect. Our results
suggest that the hormonal therapy is not able to
restore bone mass in IHH patients, therefore a spe-
cific therapy for osteoporosis could be useful in as-
sociation with T replacement.

As regards KS patients, BMD and bone metabolism
did not show any significant difference with con-
trols, according to Luisetto et al. Probably, KS pa-
tients are not affected by osteoporosis because
their hypogonadism is only minor (22). In fact, it has
been reported that KS subjects with normal T levels
have normal bone structure, while KS subjects with
low T levels have variable degrees of osteoporosis
(23). Horowitz et al. found a lower mean forearm
mineral density and no significant difference was
found between those patients who had been pre-

Table 5 - Bone mineral density Z-scores (mean=SE) and 95% of their confidence interval (95% Cl) in 12 patients affected by idio-
pathic hypogonadotropic hypogonadism, and 8 patients affected by Klinefelter’s syndrome.

Idiopathic hypogonadotropic hypogonadism

Klinefelter's syndrome

Z-score 95% Cl Z-score 95% ClI
Lumbar spine -2.59+0.34 -3.30/-1.88* -0.97+0.41 -1.85/-0.09*
Femoral neck -0.81+0.11 -1.04/-0.58* -0.41+0.37 -1.20/+0.38

*significantly different from the international reference mean value.
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IHH
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BMD L1-L4 (g/cm?)

Fig. 2 - Correlation between bone mineral density at lumbar
spine (BMD L1-L4) and age at the beginning of prolonged
testosterone treatment in 12 patients affected by idiopathic hy-
pogonadotropic hypogonadism (IHH).

viously treated with T and those who had not; thus
demonstrating that decreased BMD occurs only in
about 25% of KS patients (9). It has also been ob-
served that, in patients with a left proximal femur
BMD which is markedly lower than in normal con-
trols, sufficient T replacement does not restore the
decreased bone mass (14). Nevertheless, T re-
placement significantly increases BMD at all skele-
tal sites (24). In our KS patients, the BMD and the
bone markers did not significantly differ from con-
trols, suggesting that bone loss affects only some
patients and also that it is usually a minor occur-
rence that can probably be reversed by androgen
therapy.

Differences in bone metabolism and mass between
the two kinds of male hypogonadism may be re-
lated to the pubertal development of these pa-
tients. In fact, the timing of puberty in KS patients
is less impaired than in IHH, resulting in a major and
better bone growth.

In conclusion, T replacement therapy should be
started during puberty to obtain a normal skeletal
development, above all in IHH patients. However,
also in boys with delayed puberty an earlier begin-
ning of T treatment could be useful. In fact, T treat-
ment at low doses in relation to age could increase
bone formation as it does in normal subjects.

Our results outline the importance of an evalua-
tion of bone density in all hypogonadal males, be-
cause osteoporosis is a clear feature of hypogo-
nadism: an early diagnosis of hypogonadism and
replacement therapy are necessary to increase
their peak bone density and prevent severe bone
loss and associated skeletal morbidity. Never-
theless, the therapeutic approach to low bone
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mass should not be limited to testosterone treat-
ment: regular clinical checks and a specific treat-
ment for osteoporosis might be necessary, besides
hormonal therapy.
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