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Effects of short-term testosterone replacement on
areal bone mineral density and bone turnover in
young hypogonadal males

Prasun Deb, Sushil Kumar Gupta, Madan M. Godbole
Department of Medical Endocrinology, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, Uttar Pradesh, India

Context: Effect of parenteral testosterone esters administration on bone-mineral density (BMD) and bone turnover in young age onset
male hypogonadism is not studied in Indian subjects. Aims: To prospectively study the effect of short-term (6 months) replacement
therapy with parenteral testosterone enanthate-propionate combination on BMD and bone turnover markers in hypogonadal adult
patients. Settings and Design: Prospective, tertiary care academic center. Materials and Methods: Thirteen young, otherwise
healthy hypogonadal males (age 25.5 + 4.9 yrs, serum testosterone 2.56 + 4.29 nmol/l) were subjected to BMD measurements (DXA)
and estimation of urinary Crosslaps™ and serum osteocalcin at baseline. Twelve healthy age and BMI-matched males served as
controls for BMD measurements. The hypogonadal patients were administered parenteral testosterone esters (as mixed enanthate
and propionate) 250 mg i.m. every 2-3 weeks, and prospectively followed for 6 months. BMD and bone markers were studied at
the end of 6 months. Statistical Analysis Used: Mann-Whitney nonparametric test, paired ttest and Pearson’s test of two-tail
significance. Results: At baseline, BMD was significantly lower in hypogonadal males as compared to that in controls. With testosterone
replacement, there was significant improvement in BMD, both at trabecular and cortical sites, There was a decline in bone turnover
with treatment (Ur Crosslaps™:creatinine ratio: pretreatment 72.8 + 40.4, post-treatment 35.5 + 23.8 ug/mmol, P = 0.098; serum
osteocalcin: pre-treatment 41.0 + 16.8, post-treatment 31.7 + 2.1 ng/ml, P=0.393). Conclusions: Short-term parenteral testosterone
replacement significantly improves BMD at the hip, lumbar spine and forearm in hypogonadal young males.
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INTRODUCTION

Male hypogonadism in young adults is associated with low
bone-mineral density (BMD) and fractures.!"* Testosterone
(T) replacement in hypogonadal males improves the
BMD significantly.">"'? The bone turnover reduces on
testosterone replacement with decrease in bone resorption
markers and increase in osteoblastic activity.!'">!*!!
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In India, combination of parenteral testosterone enanthate
and propionate is a commonly used for testosterone
replacement. We prospectively studied BMD and bone
turnover in young untreated hypogonadal males, and
monitored the effects of short-term parenteral testosterone
replacement on bone density and bone turnover parameters.

MATERIALS AND METHODS

Twenty-four consecutive young adult men presenting
with complaints of poor development of secondary
sexual characters, impotence and/or infertility, and who
were found to have serum T levels less than 10 nmol/L
(adult reference range: 10-34 nmol/L), were screened for
enrollment into our study. The exclusion criteria were
chronic hepatic and renal disease, untreated hypothyroidism
ot hyperthyroidism, ingestion of glucocorticoids, residence
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in endemic fluorosis area, and malabsorption. Four
subjects were found to have other diseases that might
have affected bone turnover and hence were excluded.
Seven subjects refused for inclusion in the study. Thirteen
patients completed the initial work-up and were followed
prospectively while on T-replacement therapy. A detailed
clinical history was recorded, with particular emphasis on
anosmia and factors that are known to cause testicular or
pituitary failure. Informed consent was obtained from all
the patients and Institutional Human Experiments Ethics
Committee approved the study protocol.

A complete physical and anthropometric examination was
undertaken at baseline, and serum T and gonadotropin
levels were estimated. Pituitary imaging (contrast-enhanced
computerized tomography or magnetic resonance imaging)
was performed for all the cases with hypogonadotropic
hypogonadism (7 = 4).

Intramuscular testosterone was administered to all
13 subjects at 2-3 weeks intervals (Testoviron Depot™,
German Remedies, Mumbai, India, containing testosterone
propionate 250 mg and testosterone enanthate 250 mg).
The testosterone supplementation was started initially in
dose of 100 mg every 2 weeks for 1 month and subsequently
increased to 250 mg every 2-3 weeks. Adequacy of dosage
was assessed by estimating serum T-level at 10-14 days of
the last injection.'? A serum T level of >10 nmol/L was
considered as adequate replacement therapy. Twelve age
and body mass index (BMI)-matched healthy males from
hospital staft served as control subjects.

Blood samples were collected after overnight fast at
baseline and at the end of 6 months of T-replacement, and
serum was separated and stored at —20°C till the time of
assay. Serum alkaline phosphatase, albumin corrected total
calcium, inorganic phosphorus and alkaline phosphatase
were estimated on the same day by a Technicon® analyzer.
A 24-hours urine collection was also done at the beginning
and at the end of the study for estimation of urinary
C-terminal telopeptide of type I collagen (CTx, Crosslaps™)
levels and creatinine estimations. Serum osteocalcin (bone
GLA protein) were measured at baseline and at the end
of experiment.

Serum T was estimated by RIA (Diagnostic Products
Corporation, LA, USA; sensitivity 0.14 nmol /L, interassay
and intra-assay CV: 5.9-11%, 4.0-9.5%, respectively);
osteocalcin by IRMA (Active Osteocalcin™; Diagnostic
Systems Laboratoties Inc., TX, USA; sensitivity 0.3 ng/ml,
interassay CV 3.3-5.3%, intra-assay CV 1.4-3.4%); and
CTx by ELISA (Active Crosslaps™,; Diagnostic Systems
Laboratories Inc; sensitivity 50 ug/L, interassay CV

4.7-9.4%, intra-assay CV 2.9-5.7%). The values of CTx
(Crosslaps™) were corrected for creatinine concentrations
and the results expressed in Hg Crosslaps™/mmol
creatinine.

Areal BMD (aBMD) was measured at baseline in all cases and
at the end of 6 months of adequate T-replacement in seven
of them. The aBMD was measured at the nondominant
forearm (distal 1/3, mid-1/3, ultradistal, total), hip (neck
of femur, trochanter, intertrochanteric, total hip, ward’s)
and lumbar spine (AP, lateral) on a Hologic QDR 4500A
dual-energy X-ray absorptiometer (Hologic, Waltham,
MA, USA). The same operator, who was blind in respect
to patient’s treatment protocol, analyzed all scans. BMD
was expressed as grams per square centimeter (g/cm?). The
precision of BMD measurement in our laboratory was as
follows: lumbar spine 1.0%; femoral neck 1.5%; Ward’s
triangle 2.8%; trochanter 1.6%.

Statistical analysis

Mann-Whitney nonparametric test was employed to
compare between the BMD values at baseline of the
cases and the controls. Paired #test was performed for
all biochemical and bone densitometry parameters of
the patients before and following treatment. Correlation
between rate of change in bone densitometry parameters
and biochemical parameters was assessed by Pearson’s test
of two-tail significance.

REsuLTts

Clinical

Thirteen young adult hypogonadal men presenting to us
with complaints of absence of secondary sexual characters
(n = 7), diminished libido or impotence (7 = 6) were
included in the study. The mean age and BMI of patients
was 25.5 £ 4.9 years (M £ 1SD; range 20-35 years), and
22.2 £ 47 kg/m’ (range 14.9-34.4 kg/m?), respectively.
Theit pretreatment serum T-levels were 2.56 £ 4.29 nmol/L.
Nine patients had eunuchoid body proportions,” and
6 had gynecomastia. Nine cases had hypergonadotropic
hypogonadism (Klinefelter syndrome (47XXY)-1, mumps
orchitis 1, idiopathic 7). Four subjects had hypogonadotropic
hypogonadism. None had a history of anosmia.

Comparison of aBMD between Cases and Controls
Atbaseline, hypogonadal males had significantly (P < 0.05)
lower aBMD at the lumbar spine, hip and forearm [Table 1]
as compared to controls subjects.

Clinical response to testosterone replacement therapy
T-replacement was well tolerated by all the patients. One
patient experienced transient increase in gynecomastia and
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mastalgia after starting T. None of patients had deranged
liver function tests at beginning and at the end of treatment.
All cases achieved circulating T-levels of >10 nmol/L
(mean 16.22 £ 3.57 nmol/L, range 11.09-20.8 nmol/L)
at the dose of 250 mg every 3 weeks. All the cases were
followed up for minimum of six (range 6-11 months), and
their aBMD and bone turnover markers were assessed.

Bone-mineral density response to testosterone replacement
therapy

There was an increase in aBMD at all 11 sites following
T-replacement. The gain was statistically significant at
six sites (distal 1/3 forearm, total forearm, neck femur,
trochanter, total hip, AP spine) [Table 2]. However, the
aBMD values at the end of 6 months were significantly
lower than that of the control subjects at all sites except
one (femur-intertrochanteric region) [Table 3]. The degree
of gain in aBMD did not correlate statistically to baseline
BMD.

Biochemical response to testosterone replacement
therapy

There was an expected significant increase in serum
T-levels replacement as compared to baseline (P < 0.001).
There was no significant difference in serum calcium
and inorganic phosphorus levels before and during T
replacement (P> 0.05). There was a wide scatter of the serum
osteocalcin levels, both at pretreatment and post-treatment
period (pretreatment: 33.05 £ 21.01; post-treatment:
27.00 = 9.49 ng/ml), and the difference between the means
was not significant (P = 0.448). Serum levels of alkaline
phosphatase decreased following T therapy, but they
failed to normalize (pretreatment - 313.14 £ 166.43 TU/L,
post-treatment: 266.14 £ 160.45TU/L; P = 0.482). Urinary
CTx levels were suppressed following T replacement,
though this, too, did not achieve significance (P = 0.098).
Gain in a BMD at distal 1/3"- and mid-forearm correlated
positively with change in serum levels of alkaline
phosphatase. aBMD change did not have any correlation

Table 1: Baseline bone-mineral density (g/cm?) in hypogonadal and healthy males

BMD Variable Patients (n=13) Controls (n=12) P value
Age (years) 25.5+4.9 29.3+3.4 0.45
BMI (kg/m?) 22.22+4.71 23.86%+1.50 0.06
BMD: Forearm ultra distal 0.395+0.070 0.430£0.129 0.05
BMD: Femur neck 0.745+0.083 0.896+0.085 <0.001
BMD: hip total 0.827+0.081 0.948+0.099 0.01
BMD: Spine AP 0.784+0.128 0.970+0.101 0.002
BMD: Spine lateral 0.731+0.108 0.823+0.067 0.02

Data expressed as M + SD, BMD: Bone-mineral density

Table 2: Biochemical parameters and bone-mineral density (g/m?) at baseline and 6 months of testosterone

replacement in study patients

Variables Baseline (n=13) Post-treatment (n=13) Pvalue
S. testosterone (nmol/L) 2.56+4.29 16.22+3.57 <0.001
S. calcium (mg/dl) 9.22+1.71 9.80+0.87 0.356
S. phosphorus (mg/dl) 4.32+12.50 3.08+0.42 0.19
S. alkaline phosphatase (IU/L) 313.14+166.43 266.14£160.45 0.48
Serum osteocalcin (ng/ml) 33.05+21.01 27.0049.49 0.45
Urinary. creatinine (g/day) 1.30+0.71 1.95+0.69 0.04
Urinary Crosslaps™ (ug/mmol creatinine) 72.81+40.41 38.47+23.83 0.1
BMD: Forearm ultradistal 0.369+0.050 0.383£0.055 0.3
BMD: Femur neck 0.711£0.065 0.752+0.073 0.03
BMD: Hip total 0.799+0.066 0.834+0.065 0.002
BMD: Spine AP 0.728+0.137 0.778+0.134 0.003
BMD: Spine lateral 0.706+0.131 0.744+0.134 0.09

Data expressed as M + SD, BMD: Bone-mineral density

Table 3: Comparison of bone-mineral density (g/cm?) between hypogonadal and controls healthy subjects following

testosterone replacement

BMD Sites Patients (post-T) (n=13) Controls (n=12) P value
BMD: Forearm ultradistal 0.383+0.055 0.430+0.129 0.03
BMD: Femur neck 0.752+0.073 0.896+0.085 0.001
BMD: Femur total 0.834+0.065 0.948+0.099 0.04
BMD: Spine AP 0.778+0.134 0.970+0.101 0.01
BMD: Spine lateral 0.744+0.134 0.823+0.067 0.04

Data expressed as M + SD, BMD: Bone-mineral density
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with the change in serum osteocalcin, urinary CTx levels
or circulating T levels.

DiscussioN

Our study showed significantly lower aBMD at all the sites
in young hypogonadal males, as compared to age- and
BMI-matched controls. Adequate T-replacement therapy
for 6 months increased the aBMD significantly at all
trabecular sites. During treatment, mean serum osteocalcin,
serum alkaline phosphatase and urinary CTX:creatinine
ratio declined in our study subjects, though these were not
statistically significant.

Various authors have reported significantly lower BMD at
lumbar spine,!'*>#1"B) femoral neck,”>'? total hip,*!” and
distal radius!"**" in hypogonadal subjects as compared to
eugonadal males. However, BMD at cortical sites (proximal
1/3 radius) has been reported lower.”) We also observed
significantly lower aBMD in our hypogonadal men at the
hip, lumbar spine and distal 1/3 forearm.

The effects of testosterone replacement on BMD and bone
turnover have been studied. Various testosterone replacement
therapy increases the BMD at all trabecular sites.!>!*!!
However, transdermal testosterone patch (5 mg/day) for
12 months did not result in beneficial effect on BMD despite
attaining normal serum testosterone levels.” We found
significant improvement in aBMD at all skeletal sites studied
following 6 months of parenteral T-therapy with a mixture of
testosterone-propionate and -enanthate. Despite significant
rise in bone density in our study population, aBMD at all but
one of the sites still remained significantly lower than that of
the controls at the end of the study period [Table 3].

Long-term T replacement has resulted in BMD comparable
to age-dependent normal range in one study” while in
another study, BMD remained subnormal in another
study."! Setial study of volumetric BMD by QCT of lumbar
spine in 72 hypogonadal patients for 16 years showed
greatest increase in BMD during the first year of treatment
in previously untreated patients.”! Long-term testosterone
treatment maintained BMD in the age-dependent reference
range in all 72 hypogonadal men, independent of the
type of hypogonadism. Transdermal testosterone patches
applied to the scrotum were as effective in normalizing
BMD as intramuscular testosterone enanthate injections.
In another long-term (mean 70-76 months) study,!"! spinal
BMD in idiopathic hypogonadotropic hypogonadism
remained significantly lower than in controls, while there
was no difference in femoral neck BMD. There was
no difference in spinal or femoral neck BMD between

Klinefelter’s syndrome and control population. Long-term
studies are required in Indian hypogonadal subjects to
assess the BMD at various skeletal sites.

Most studies agree that T suppresses bone-resorption
parameters while bone formation markers have been variably
shown to be increased,!'™'*" decteased"”! or no changel”
with therapy. In our patients, serum levels of total alkaline
phosphatase and osteocalcin, and urinary CTx levels declined
with T therapy, though these changes were not statistically
significant. The lack of significance in these trends may be
due to the small study population and wide scatter in values.

We did not find any correlation between the rise in serum
T levels and the gain in aBMD in our subjects. However,
some studies have found positive correlation of serum
testosterone with spine BMD.P! The lowering of serum
osteocalcin and urinary CTx levels also did not correlate
with the rise in aBMD. Surprisingly, the change in BMD
at distal 1/3' and middle 1/3" of the forearm correlated
positively with the change in serum alkaline phosphatase
levels. This finding is difficult to explain, as the alkaline
phosphatase in our cohort actually declined during T
therapy along with a concomitant rise in aBMD. This needs
to be studied in a larger group of subjects.

We have treated our patients with a combination of
testosterone-enanthate and T—propionate as this is a
commonly used parenteral depot T available in our country.
Transdermal or oral testosterone preparations are sparingly
used in our country due to cost factor and nonavailability.
We did not find any significant changes in bone turnover
in our patients, which may be due to the small size of our
study cohort. This needs further study in a larger group
of hypogonadal subjects.
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