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Abstract

Purpose Several clinical studies testify the critical role
played by estrogens in male bone metabolism. The aim
of our study is to assess the effect of a single injection
of testosterone enanthate in a group of hypogonadal men
on 17f estradiol serum levels and some bone metabolic
parameters.

Method Twenty-one hypogonadal males were given one
testosterone enanthate injection (250 mg). Blood samples
were drawn before the injection and after 1, 2 and 3 weeks.
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The following variables were measured: Total testosterone
(TT), 178 estradiol (178 E2), Sex hormone binding globu-
lin, total alkaline phosphatase, osteocalcin, and C-telopep-
tide of type I collagen (CTx).

Results After testosterone injection, both TT and 178
E2 increased, peaking 1 week after the injection. Individ-
ual observation of the response of 178 E2 to testosterone
showed that a subgroup (n = 9) failed to respond with any
increase in 178 E2 at any of the weekly tests (group E2—),
while the remainder (n = 12) showed a significant increase
in 17p E2, which reached a mean value three times higher
than at baseline (group E2+). The E2— patients reached a
TT peak lower than that observed in the E4 group. CTx
serum levels declined progressively in the E24 group,
reaching the significance (p = 0.03) at the end of the study,
while it did not change in E— group.

Conclusion This study suggests that a single injection
of testosterone might have different effects on the pro-
duction of endogenous estrogens, and a significant reduc-
tion of bone resorption parameters takes place only in the
patients who show a significant increase of 178 estradiol in
response to testosterone administration.

Keywords Testosterone - Estrogens - Bone metabolism -
Bone turnover markers - Hypogonadism

Introduction

Sex hormones (androgens and estrogens) act independently
on bone, by regulating modeling during growth and reduc-
ing bone loss during aging [1-3]. Reduced levels of testos-
terone and estrogens correlate with decreased BMD and
increased fracture risk in both sexes [4-7]. Both testoster-
one and estrogen have specific receptors in bone cells [1,
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8, 9]. In primary cultures of human and rodent osteoblasts,
androgens increase osteoblast proliferation and inhibit oste-
oblast apoptosis [10-12]. Furthermore, estrogens stimulate
osteoclast apoptosis [13] and enhance bone formation by
increasing osteoblast differentiation and activity [14-17],
and inhibiting osteoblasts apoptosis. Until a few years ago
it was thought that testosterone was the major regulator of
bone metabolism in men, as estrogens in women.

In 1994, a 28-year-old man with an estrogen receptor
gene mutation was first described [18] and, in the following
year, a mutation of the gene encoding for aromatase was
identified in a 24-year-old man [19]. Both were found to
have osteoporosis, suggesting that estrogen could play a
major role in regulating bone metabolism in males too. This
hypothesis was subsequently confirmed by other AA, who
reported a restoration of bone mass after estrogen treatment
in two males suffering from aromatase deficiency [20, 21].

Many clinical studies have been conducted to assess the
effect of testosterone replacement therapy on BMD and, in
most cases, there is a general agreement that the hormone
treatment determines an increase of BMD in hypogonadal
men [22-24].

At present, several clinical studies testify the critical role
played by estrogens in male bone metabolism [25-28]. It
is common knowledge that male hypogonadism is associ-
ated with bone loss and increased risk of fractures, but to
what degree this might be due to androgen deficiency or
to any consequent estrogen deficiency has yet to be fully
elucidated.

In most cases, data on the effect of testosterone on bone
remodeling parameters are related to the long-term effect
of the hormone.

The aim of our study is to assess the effect of a single
injection of testosterone enanthate in a group of hypogo-
nadal men on 178 estradiol serum levels and some bone
metabolic parameters.

Materials and methods

Our study involved 21 males with hypogonadism (total
testosterone: range 2.44-12.15 nmol/L; mean =+ SD:
7.57 £ 3.00 nmol/L; normal range 10.5-31.4 nmol/L)
referring to our outpatients clinic from April to September
2011.

Eight patients had hypergonadotropic hypogonadism
(LH 12.9 + 5.09 mIU/mL, normal range: 1.5-9.2; FSH
35.16 + 12.46 mIU/mL, normal range: 1-12): Five patients
had karyotype XXY (Klinefelter), one had received
abdominal radiotherapy for lymphatic leukemia, and two
had testicular atrophy. Thirteen patients had hypogon-
adotropic hypogonadism (LH 0.77 £+ 0.34 mIU/mL; FSH
2.28 + 2.6 mIU/mL): three of them had undergone surgery
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for pituitary adenomas and received hormonal replacement
therapy for thyroid and adrenal insufficiency, one had suf-
fered a cranial trauma due to an accident, four were idi-
opathic, two were hypothalamic, and three had Kallman
syndrome.

Twelve patients had been on testosterone enanthate
[Geymonat S.p.A. Anagni (FR), Italy] treatment, 250 mg
im. every 3 weeks, for a period ranging from a few months
to 6 years, while nine patients did not receive any prior tes-
tosterone therapy. The endocrine deficiencies other than
hypogonadism were corrected with appropriate replace-
ment therapies.

None of the patients suffered from any other diseases or
took any other medication that might interfere with bone
metabolism.

For each participant, plasma samples were drawn before
the injection and after 1, 2 and 3 weeks (at 3 weeks, sam-
ples were only obtained from 14 individuals for BGP and 9
individuals for ALP). Fasting blood samples were collected
from 0800 to 1000 hours. Each sample collected at the
baseline was tested for total testosterone (TT), 178 estra-
diol (178 E2), sex hormone binding globulin (SHBG), cal-
cemia, phosphoremia, plasma creatinine, luteinizing hor-
mone (LH) and follicle-stimulating hormone (FSH), total
alkaline phosphatase (ALP), osteocalcin (OC), 25-hydroxy
vitamin D (25-OHD), parathyroid hormone (PTH), and
serum C-telopeptide of type I collagen (CTx).

The following variables were measured in all blood
samples drawn after the testosterone injection: TT, 178
E2, SHBG, ALP, OC, CTx. At each sample, we calculated
the free androgen index (FAI), an indirect indicator of the
amount of free testosterone, according to the formula:

FAI = (TT nmol/L : SHBG nmol/L) x 100.

Serum calcium, phosphorus, creatinine, urinary calcium,
and ALP were determined with common laboratory meth-
ods. Parathyroid hormone (PTH) was measured by IRMA
(Intact PTH Bridge, Adaltis, Milano, Italy): inter- and
intra-assay coefficient of variation (CV) were 4 and 3.5 %,
respectively; detection limit was 10 pg/mL. 25-hydroxy
vitamin D was determined by radioimmunoassay method
using a commercial kit from DiaSorin, Saluggia, Italy:
inter- and intra-assay CV were 9 % in both cases; detec-
tion limit was 1.5 ng/mL. Serum OC was determined by
IRMA using a commercial kit from Adaltis, Milano, Italy:
inter- and intra-assay CV were 5 and 3 %, respectively;
detection limit was 0.3 ng/mL. Serum CTx was determined
with immunoenzymatic assay using a commercial kit from
Nordic Bioscience Diagnostics, Herlev, Denmark: inter- and
intra-assay CV were 5.4 and 5 %, respectively; detection
limit was 0.010 ng/mL. TT was determined by radioim-
munoassay using a commercial kit from Adaltis, Milano,
Italy: inter- and intra-assay CV were 8—4 %, respectively;
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detection limit was 0.09 nmol/L. 178 estradiol was deter-
mined by estradiol MAIA kit from Adaltis, Milano, Italy:
inter- and intra-assay CV were 9.7 and 8.8 %, respectively;
detection limit was 6.5 pg/mL. LH and FSH were deter-
mined by immunoenzymometric assay using a commercial
kit from Adaltis, Milano, Italy: inter- and intra-assay CV
were 8.6 and 4.6 %, respectively, for FSH, and 11.8 and
8 %, respectively, for LH; detection limit was 0.084 IU/L
for FSH and 0.8 IU/L for LH. Individual values of TT and
178 estradiol have been also calculated after BMI adjust-
ment, considering for all patients BMI = 23. The formula
used is

TT (or 17p — estradiol) x 23/BMI.

SHBG was measured by immunoenzymometric assay
using a commercial kit from Adaltis, Milano, Italy: inter-
and intra-assay CV were 5.9 and 2.5 %; detection limit was
1 nmol/L.

Statistical analysis was performed using the SPSS
software rel. 17.0 and PRISM 5.0 (GRAPH PAD, CA,
USA). Differences between the parameters were calcu-
lated using Student’s ¢ test for paired data when com-
paring values for the same subject, and with the Mann—
Whitney nonparametric method for unpaired data in the
other cases.

One-way analysis of variance (ANOVA) was used to
test differences between means for each variable measured
before and after testosterone administration.

The response of 17f estradiol to testosterone enabled
us to identify two subgroups of patients responding or not
responding to the treatment (see “Results”). Bone remod-
eling parameters (ALP, OC and CTx) were checked for
normality with Shapiro-Wilk test and were compared in
responders and not responders with a mixed linear model
of analysis of covariance for repeated measures with com-
pound symmetry variance—covariance matrix considering
the baseline values as covariate. Statistical significance was
set at the 5 % level.

All the individuals had been informed of the purposes of
the study and gave their oral informed consent. The local
ethical committee approved this study.

Results

Table 1 provides personal and anthropometric details,
as well as the baseline values of the various biochemical
parameters for the patients.

After testosterone enanthate injection, there was a sig-
nificant increase in both TT and 178 E2 (absolute values
as well as values adjusted for BMI), showing a trend that
peaked 1 week after the injection (Fig. 1; Table 2). The
increase in testosterone levels coincided with a significant

Table 1 Anthropometric parameters and basal laboratory values of
patients

Variable Mean + SD Reference range
Age (years) 37.71 £16.22

Weight (kg) 78.33 £ 18.18

Height (cm) 173.93 + 6.64

BMI (kg/m?) 2579 +5.22

Total testosterone (nmol/L) 7.57 + 3.00 10.5-31.4
SHBG (nmol/L) 25.48 £ 13.31 10-57
FAT* 31.84 £+ 18.87 30-150
LH (U/L) 5.30 £ 6.42 1.5-9.2
FSH (U/L) 16.40 £+ 19.63 1.0-12.0
178 estradiol (pg/mL) 15.62 + 11.28 30-60
BGP (ng/mL) 23.54 +14.20 4-26
ALP (UI/L) 99.27 +27.25 40-115
Serum CTx (ng/mL) 0.50 + 0.24 0.20-0.65
250HD (ng/mL) 24.69 £ 11.53 30-90
PTH (pg/mL) 50.62 + 32.34 15-65

% Free androgen index (FAI) is expressed in arbitrary units and is
calculated according to the following formula: FAI = (TT nmol/L:
SHBG nmol/L) x 100

drop in serum levels of LH and FSH (Fig. 2). Individual
variations of TT and 178 E2 were similar in pre-treated and
in naive patients (Fig. 3).

Among the other parameters, only the FAI increased sig-
nificantly 1 week after testosterone injection (Table 2).

When the hypogonadal patients were observed individ-
ually, it became evident that a subgroup (n = 9) failed to
respond with any increase in 178 E2 at any of the weekly
tests (group E2—), while the remainder (n = 12) showed a
significant increase in 178 E2, which reached a mean value
three times higher than that found at baseline at week 1 and
then progressively decreased to levels comparable to base-
line measurements (group E2+) (Fig. 4a). The two sub-
groups did not differ in age, BMI and any of the other labo-
ratory variables (Table 3). The peak of testosterone levels
was significantly lower in E2— subgroup than in E24 one
(Fig. 4b).

Although the baseline bone formation parameters (ALP
and OC) were higher in the E2— subgroup, the difference
was not significant and the trends after injection were simi-
lar in the two subgroups.

In contrast, CTx serum levels showed a significant
decrease at the end of the study in E2+ group (p = 0.035)
while it did not significantly change in the E2— group.
In the E24 group the percent reduction at the end of the
study was —15.4 £ 6.2 compared to baseline (p = 0.03),
while in the group E2— the values found at any time
did not significantly differ from baseline. The estradiol
response effect on CTx resulted statistically significant
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Fig. 1 Sex hormones behavior a b
after testosterone injection. = 40~ __ 30
Total serum testosterone (on the = E * p=0.0019
left side, a) and 17p estradiol g 301 * p<0.0001 3
(on the right side, b) after s = 20+
testosterone enanthate injec- 2 50 -_g
tion in hypogonadal patients. e o
In both cases peak is reached "3 10 § 10
1 week after the injection, and ..3 T =y
returned to baseline at the end ° =
of the study, 3 weeks after the 0- 0-
njection (') é :|5 :1 (I) 1I 2I 1I3 ‘Ii
weeks weeks
Table 2 Metabolic parameters behavior after a single injection of testosterone enanthate in hypogonadal male
Baseline Week 1 Week 2 Week 3 ANOVA (p value)
Serum Ca (mg/dL) 8.57 £0.26 8.71 £0.35 8.68 £ 0.35 8.60 £ 0.51 0.35
Serum P (mg/dL) 2.76 £ 0.53 2.67 £0.49 2.68 + 0.54 2.61 £0.62 0.43
Serum Creat (mg/dL) 1.01 £0.10 1.01 £0.10 0.91 £0.08 0.98 +1.11 0.89
BGP (ng/mL) 2423 + 14.19 23.56 + 13.72 2240 +12.43 23.72 £ 13.77 0.61
ALP (UI/L) 99.27 +27.55 97.47 +23.88 93.33 £23.48 112.30 £ 27.60 0.19
Serum CTx (ng/mL) 0.50 £ 0.24 0.50 +0.29 0.48 £0.28 0.49 +0.29 0.97
Total testosterone (nmol/L) 7.57 +2.99 33.94 + 12.87 1345 £ 541 10.10 £5.15 <0.0001
TT adjusted for BMI 6.67 £2.78 30.49 £ 13.10 12.00 = 5.08 5.79 £5.39 <0.0001
178 estradiol (pg/mL) 15.62 = 11.28 26.14 +£12.83 16.95 + 8.41 16.60 £+ 12.61 0.0002
178 estradiol adjusted for BMI 1443 +£2.73 23.81 +£13.20 15.05 +7.14 10.86 + 13.82 0.0002
SHBG (nmol/L)* 25.5+133 23.6 £12.0 nd nd 0.71
FAT* 31.84 +18.87 206.3 + 180.5 nd nd <0.0001
250HD (ng/mL) 24.69 £ 11.53 224 +£12.8 22.3+10.0 193 +£11.7 0.47
PTH (pg/mL) 50.6 £23.3 475+ 179 54.6 £ 30.1 71.7 £33.1 0.19
Values are expressed as mean = SD. For all parameters, except SHBG and FAI one-way ANOVA was used to test
% For SHBG and FALI statistical analysis has been performed using Mann—Whitney test
- FSH  «p<0.05 ,,, |_P=0374,
30- -0 LH *x p<0.01 g 1500 -
= [¢]
>
¢}
2 10004
20 3 p=0.299
= £ 500 . _%
*% 1
=) 0 * 1] 'ﬁ‘. FS AA;‘ A
] 2 . i A h— AR —
- ___ s -9 2
8- -0~ © testosterone 178 estradiol
0- = .500-
I T T T 1 0
0 1 2 3 4
weeks

Fig. 2 Serum FSH (continuous line) and serum LH (dotted line) after
testosterone enanthate injection. FSH and LH significantly decreased
in the weeks 1 and 2 after injection and returned to baseline at the end
of the study (week 3)

(p = 0.0105), showing that the behavior of CTx is signifi-

cantly different between E2+4 and E2— group (Table 4;
Fig. 5).
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Fig. 3 Percent individual variations of total testosterone and estradiol
(1 week vs baseline) in patients previously treated (closed figures)
or untreated (open figures) with testosterone enanthate. The circles
indicate total testosterone, the triangles indicate 178 estradiol. For
both parameters the difference between patients previously treated or
untreated is not significant

There is not any difference in the data observed at base-
line and after testosterone injection between patients who
had been already treated with testosterone and those who



J Endocrinol Invest (2015) 38:389-397

a
= -o- E2 +
£
5 -o- E2 -
=
= * p<0.0001
._g (between curves)
o
b7
4
(<=1
~
-~
O‘
r T T T 1
0 1 2 3 4
weeks

Fig. 4 17 estradiol and total testosterone behavior among hypogo-
nadal patients after testosterone enanthate injection. On the left side
(a), patients are divided into two groups according to the response of
178 estradiol to testosterone. The dotted line indicates patients who
failed to increase 17f estradiol (group E—), while the continuous

just started therapy. Similarly, there was not any difference
in the etiology of hypogonadism.

Discussion

Our data show that, when the whole population is consid-
ered, a single testosterone injection was unable to signifi-
cantly affect the behavior of the bone metabolism markers
in our hypogonadal patients as a whole. This leads us to
believe that testosterone is unable to appreciably modify
bone turnover when administered acutely, and that such an
effect emerges only after prolonged treatment, as amply
demonstrated by various studies [29, 30]. Since more than
half of our patients had already been on testosterone treat-
ment for few months to several years, we might believe that
any testosterone-induced changes in skeletal turnover had
already taken place as a consequence of the previous treat-
ment, and that the bone was therefore no longer responsive
to a single androgen dose. However, the lack of response of
markers of bone remodeling to a single injection of testos-
terone also occurs in patients who were given the hormone
for the first time.

Looking at individual cases, there is a wide range of
response of 178 E2 to testosterone, some patients being
unresponsive, and others showing a rise in estrogens three
times or more compared to baseline levels.

A limited conversion into estrogens might be influenced
by the patient’s body composition because the enzyme
activity is prevalent in the adipose tissue [31, 32]. Laksh-
man et al. [33], after weekly administration of testosterone
enanthate in man with gonadotropin-releasing hormone
(GnRh) agonist-induced hypogonadism, demonstrated
that the estrogen increase was higher in the older subjects,
partly related to their higher percentage of fat mass.

393
b
50+
) * o E2+
© 404 -O- -
g E2
£
2 ] \
S . p = 0.003
7] (between curves)
@
S 104
0
P
O;
r T T T 1
0 1 2 3 4
weeks

line indicates those who showed a three-fold average increase of 178
estradiol (group E+). On the right side (b) is shown the response of
testosterone after testosterone enanthate injection in the two groups of
patients (E+ and E—). The E— group shows a weaker response than
the E+ group

The long-term therapy with testosterone is known to
have significant effects on body composition, increas-
ing lean body mass and decreasing fat tissue. Because
fat tissue is the main site of conversion of androgens to
estrogens [34], we also evaluated possible differences in
estradiol values after adjustment for BMI, but we did not
detect any difference between pre-treated and untreated
patients.

Although in our case the two subgroups of patients did
not differ in terms of age and BMI, we can not exclude a
relationship between our data and adipose tissue because
we did not measure the total amount of fat or its distribu-
tion or waist circumference, which more accurately reflects
the central adiposity.

Another hypothesis is that the lack of estrogen response
might correlate with a potential aromatase down-regulation
mechanism induced by repeated testosterone injections;
however, we found the same situation in patients who had
just started testosterone replacement therapy.

Nakazawa et al. [35] measured the hormone profiles
after intramuscular injection of testosterone enanthate
in nine hypogonadal patients and found that 178 E2 was
increased 1.7-fold 1 day after injection, returning to base-
line after 14 days. Curves for the individual behavior of
estrogen are not shown in the paper, but the large standard
deviation suggests that in some patients the increase was
very modest or absent.

In patients in which 178 E2 did not change, all markers
of bone metabolism remained stable, while patients who
had a significant increase in estrogen, showed a significant
decrease in CTx, beside the substantial stability of ALP
and OC.

This finding is consistent with two studies, in which
healthy males were first treated with GnRh analogues to
make them become hypogonadal, then given different
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Table 3 Baseline values

(mean =+ SD) in patients who B2+ E2= {J/Svglzui)( 2+
had shown an increase (E+)
or no changes (E—) of 178 Age (years) 389+ 174 36.1 + 153 0.700
estradiol BMI (kg/m?) 253+ 43 268472 0.666
SHBG (nmol/L) 26.0 £ 14.3 247 £ 127 0.825
FAI 46.30 + 32.65 39.43 £+ 46.15 0.749
ALP (UI/L) 92.4 4+ 233 107.1 +£31.2 0.331
BGP (ng/mL) 20.4 £ 14.0 2824138 0.215
Serum CTx (ng/mL) 0.52 +£0.27 0.47 +0.19 0.831
PTH (pg/mL) 425+ 116 61.4 £ 30.7 0.064
250HD; (ng/mL) 275+ 14.1 20.26 £ 3.09 0.42
Testosterone (nmol/L) 8.55+2093 6.79 £ 3.07 0.344
178 E2 (pg/mL) 17.8 £ 14.5 12.7+£34 0.256
LH (UI/L) 6.8 +6.6 32459 0.207
FSH (UI/L) 2294222 76+ 11.6 0.058
L BMD (g/em?) 0.971 £ 0.131 0.946 + 0.142 0.714
Z-score L BMD —1.124£1.25 —141 4147 0.667
T-score L BMD —1.36 +1.10 —1.67 £ 1.45 0.616
Most of the abbreviations are FN BMD (g/cm?) 0.787 £ 0.171 0.802 £ 0.123 0.849
citedinthe text Z-score FN BMD —0.36 % 0.95 —0.47 +0.95 0.822
g;’r‘;f;’g;?sg 2e;;;gnffiltfar T-score FN BMD —0.80 + 0.98 —0.94 4091 0.777
spine bone mineral density, TF BMD (g/cm?) 1.002 & 0.204 0.911 £0.128 0.321
FN BMD femoral neck bone Z-score TF BMD —0.01 £ 1.34 —0.59 £ 0.89 0.342
mineral density, 7F BMD total T-scoreTF BMD 021+ 135 ~0.81 £ 0.85 0.326

femur bone mineral density

Table 4 Serum levels of bone remodeling parameters (mean + SD) before and after testosterone injection in patients who had shown an

increase (E+) or no changes (E—) of 17f estradiol and in controls (C)

ALP (U/L) OC (ng/mL) CTx (ng/mL)

E+ E— E+ E— E+ E—
Baseline 924 £233 107.1 £31.7 204 £+ 13.9 28.2+14.3 0.52 £0.26 0.47 £0.21
1 week 93.7 £24.1 101.7 £24.7 19.5 £ 13.1 289+44 0.45 £ 0.29 0.56 £ 0.29
2 weeks 87.7+16.2 99.7 £29.8 17.1£2.7 29.5 +£12.7 0.45 +£0.27 0.53 £0.30
3 weeks 103.4 £31.8 123.5 £ 19.5 19.8 + 34 289+ 17.5 0.43 +0.26 0.56 £ 0.33
p value 0.2522 0.9982 0.0105

For each value, the behavior observed in the 2 subgroups was compared with a mixed linear model of analysis of covariance for repeated meas-
ures with compound symmetry variance—covariance matrix, considering the baseline values as covariate

supplementation, i.e. one group took testosterone plus an
aromatase inhibitor, the other took testosterone alone. This
enabled an assessment of the independent effect of andro-
gens and estrogens, showing that the latter is more effective
in reducing bone resorption [36, 37].

This finding is also consistent with a reported reduction
of CTx and NTx after treatment with raloxifene and micro-
nized estradiol in osteopenic males [38—41].

Other studies have shown that age-related bone loss and
fracture risk are lower in patients who have a particular

@ Springer

type of polymorphism of the gene encoding for aromatase,
increasing its activity [42-44].

Despite the presence of androgen receptors on osteo-
blasts, no significant changes were observed in the bone
formation parameters after a single injection of testosterone
enanthate. The lack of response of bone formation indices
might be explained by the fact that estrogens mainly exert
an anti-resorption activity and the bone formation phase
following the resorption blockade takes much longer to
become apparent.
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Fig.5 a CTX values before and after injection of testosterone in
responders and not responders patients. Points indicate the mean val-
ues calculated with a linear mixed model of analysis of covariance
for repeated measures with compound symmetry variance—covariance
matrix, considering the baseline values as a covariate. b, ¢ individual
changes of CTX at baseline and at the end of the study. Patients who

The reason why in some patients estrogen levels increase
after the administration of testosterone while in others do
not, remains to be elucidated. It may be that patients whose
estrogen levels fail to increase have a significantly lower
testosterone peak than the others.

The evidence that only the patients who reached a
higher testosterone peak had an increase in 17 E2 might
lead us to believe that a sufficient amount of substrate
(testosterone) must be available to reach such an effect,
although there are no experimental grounds supporting this
hypothesis.

In conclusion, this study suggests that a single injection
of testosterone might have different effects on the produc-
tion of endogenous estrogens, and a significant reduc-
tion of bone resorption parameters takes place only in the
patients who show a significant increase of 17 estradiol in
response to testosterone administration. This finding could
have a clinical implication, when testosterone treatment is
given to prevent bone damage: in these cases it might be
useful to assess the estrogens’ response to testosterone
administration to verify the efficacy of the androgen ther-
apy on bone metabolism.
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showed a significant increase of estrogens after testosterone injec-
tion (E2+ group) showed a significant decrease in CTx values, while
those that showed no changes in estrogen serum levels (E2— group)
did not show any significant changes in CTX values. d Percent indi-
vidual changes in CTx values measured at baseline and at the end of
the study in both groups of patients (E2+ and E2—)
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