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ABSTRACT

The purpose of the present study was to investigate the correlation between serum testos-
terone levels and bone mineral density (BMD) in postmenopausal women.
The study group was made up of postmenopausal women admitted to our tertiary center. Serum
calcium, phosphorus, albumin, parathyroid hormone (PTH), thyrotropin (TSH), 25-OH vitamin D, and
total testosterone concentrations were measured. Subjects were categorized into three groups re-
garding bone mineral density (BMD) values: normal (n = 22), osteopenia (n = 21), and osteoporosis
(n = 21). Subjects were also categorized into three groups according to serum testosterone levels:
low testosterone (n = 10), normal testosterone (n = 42), and high testosterone (n = 12). No
significant difference was found for serum testosterone, TSH, calcium, phosphorus, albumin, PTH,
and 25-hydroxyvitamin D levels among patients with normal BMD, osteopenia, and osteoporosis (p
> 0.05). Lumbar spine, total femur, femoral neck, trochanteric, intertrochanteric, and Ward’s triangle
BMD values were similar for the different testosterone levels (p > 0.05). There was no
correlation between serum testosterone levels and patient age, body-mass index, or any measured
BMD values. Given the findings in our study, which failed to demonstrate a statistically significant
relationship between testosterone and BMD, adjustment of other risk factors for osteoporosis might
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have a more distinctive effect in this setting. Arch Endocrinol Metab. 2015;59(4):292-6
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INTRODUCTION

steoporosis is one of the most common skeletal
diseases associated with susceptibility to fractures
with minimal or no trauma, due to mechanical weak-
ness and reduced bone mineral density (BMD) (1). The
growth in the incidence of osteoporosis is attributed
to the increase in elderly population. Accordingly, os-
teoporosis-related fractures have become a worldwide
health problem. BMD is the current reference standard
for the diagnosis of osteoporosis (2). BMD mainly de-
pends on peak bone mass achieved during childhood,
the rate of bone loss during menopause, and aging fol-
lowing menopause in postmenopausal women (3).
Estrogen deficiency is a well-known major risk fac-
tors for osteoporosis in women (4). However, not all
women with estrogen deficiency develop osteoporosis.
A recent study showed that androgens play a role in
bone mass formation (5). In young women, androgen
excess was shown to prevent the detrimental effects of
estrogen deficiency (6). The most active androgen in
women, testosterone, is a major source of estradiol in
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older women. According to the studies cited above and
despite the possible role of androgens in the preven-
tion of osteoporosis in premenopausal women, this
issue has not been accurately clarified yet in postme-
nopausal women.

The aim of this study was to evaluate the eftect of
serum testosterone levels on BMD in postmenopausal
women.

MATERIALS AND METHODS

Study design

This cross-sectional study was approved by the our In-
stitution Review Board. Written informed consent was
obtained from all subjects. Postmenopausal women
admitted to the Division of Endocrinology and Me-
tabolism of our tertiary center between April 2010
and February 2012 constituted the study group. Post-
menopausal status was defined as no menses over 12
months, and FSH levels > 30 ng/mL. None of the
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study participants received any kind of medication for
osteoporosis, hormone replacement therapy, or ste-
roids.

Patients with diseases that could affect serum andro-
gen levels (eg., diabetes mellitus, thyroid disease, adre-
nal insufficiency, hypogonadism, pituitary adenoma) or
bone metabolism (¢.4. metabolic bone disease, Paget’s
disease, primary or tertiary hyperparathyroidism, renal
osteodystrophy, rheumatologic diseases, and malignan-
cies), current smoking, alcoholics were excluded from
the study.

Outcome parameters

History and demographic data (age, menopause age,
height, weight and body-mass index) were collect-
ed from all the patients; they were also submitted to
physical examination in outpatient clinics. Body-mass
index (BMI) was obtained by division of weight to
their height squared. Blood samples were collected af-
ter 8-12 hour overnight fastening, and serum calcium
(corrected according to serum albumin levels), phos-
phorus, albumin, parathyroid hormone (PTH), thyroid
stimulating hormone (TSH), 25-OH vitamin D and
total testosterone concentrations were also measured.

The ADVIA Centaur Testosterone assay, which is a
competitive immunoassay using direct chemilumines-
cence in Advia Centaur XP system, was used to measure
serum testosterone level.

Measurement of BMD was made in the right femur
and lumbar vertebra (L1-L4) using dual X-ray energy
absorptiometry (DEXA) (Hologic QDR2000 version
5.4; g/cm?). BMD values of the participants were cat-
egorized into three groups, according to World Health
Organization: normal (T scores of > -1.0) (n = 22), os-
teopenia (T score -1.0 to -2.5) (n = 21), and osteopo-
rosis (T scores of -2.50 or lower) (n = 21). Participants
were further categorized three groups considering their
serum testosterone levels: low testosterone (< 14 ng/
dL) (n = 10), normal testosterone (14-76 ng/dL)
(n =42), and high testosterone (> 76 ng/dL) (n = 12).

Statistical analysis

Data were analysed by the Statistical Package for Social
Sciences 16.0 for Windows (SPSS Inc., Chicago, IL).
Parametric tests were applied to data showing normal
distribution, and non-parametric tests were applied to
data of non-normal distribution. Pearson’s r was used
to calculate correlation coefficients. Data were ex-
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pressed as mean + SD or medians (interquartile range),
as appropriate. All differences associated with a prob-
ability of 0.05 or less were considered to be statistically
significant.

RESULTS

A total of 64 postmenopausal women met the inclu-
sion criteria for the study. Of the 64 patients whose
charts were reviewed, mean age was 57.8 + 8.9 (rang-
ing from 45 to 85) years; mean menopause age
was 45.4 + 5.4 (ranging from 40 to 66 years; mean
age of menopause in the country is 46) years; mean BMI
was 29.2 + 4.9 (ranging from 19 to 42.2) kg/m?; mean
total serum testosterone was 34.3 = 18.1 ng/dL; and
mean BMD values were 0.84 + 0.13 g/cm? for the lum-
bar spine, and 0.73 = 0.11 g/cm? for the femoral neck.

Demographic parameters and laboratory results of
groups according to measured BMD values are shown
in table 1. With respect to demographic parameters,
such as age (p = 0.058), menopausal age (p = 0.131),
and BMI (p = 0.450), no significant differences were
observed for any of the three groups. Similarly, no sig-
nificant difference was found for serum testosterone (p
= 0.712) (Figure 1), TSH (p = 0.126), calcium (p =
0.984), phosphorus (p = 0.684), albumin (p = 0.933),
PTH (p = 0.045) and 25-hydroxyvitamin D (p =
0.986) levels for the three groups. However, a slight
significant difference was found in serum PTH levels
between groups (p = 0.045).

BMI and measured BMD values in groups catego-
rized according to testosterone levels are shown in ta-
ble 2. No significant difference was found for lumbar
spine (p = 0.671) (Figure 2), total femur (p = 0.961),
temoral neck (p = 0.341), trochanteric (p = 0.601), in-
tertrochanteric (p = 0.891), and Ward’s triangle (p =
0.991) BMD values for the three groups.

Correlation analysis revealed absence of correlation
between serum testosterone levels and patients age,
BMI, or any measured BMD values (Table 3).

DISCUSSION

The purpose of the present study was to evaluate
the possible effects of andogens on BMD in post-
menopausal women. We showed that serum testos-
terone did not effect on BMD. In empirical studies,
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Table 1. Demographic parameters and biochemical laboratory results of the groups according to bone mineral density values

Normal bone density Osteopenia Osteoporosis
(n=22) (n=21) (n=21) p Value
Age (years) 54 +6.3 56+7.9 58+1.0 0.058
Menopausal age (years) 46 +4.0 44 +54 43 + 6.6 0.131
BMI (kg/m?) 30.5+5.1 28+53 276 £4.3 0.450
Testosterone (ng/dL) (14-76) 38.6 £20.2 271 147 28.6 £19.2 0.712
TSH (mlU/mL) (0.35-4.94) 2.29+2.08 2.20 £1.95 1.54 £ 3.0 0.126
Calcium_,__. . (mg/dL) (8.5-10.5) 9.45 = 0.56 9.40 = 0.42 9.40 = 0.57 0.984
Phosphorus (mg/dL) (2.3-4.7) 3.7+0.79 3.6 £0.59 3.5+0.48 0.684
Albumin (g/dL) (3.2-5.0) 4.4 +0.31 4.3 +0.40 3.5+0.48 0.933
PTH (pg/mL) (11-67) 55.1 + 2.98 60 = 3.5 436+1.37 0.045
25-hydroxyvitamin D (ng/mL) (25-80) 215+16.3 248+138 237142 0.986

BMI: body mass index; TSH: thyroid stimulating hormone; PTH: parathyroid hormone.

Table 2. Body mass index and bone mineral density values in groups categorized according to testosterone levels

Low testosterone Normal testosterone High testosterone

(n=10) (n = 42) n=12) pi¥alue
BMI (kg/m?) 296 +4.0 29.1+£5.1 31.2+1.76 0.641
Lumbar spine (L1-L4) BMD (g/cm?) 0.82+0.13 0.84+0.13 0.78 £0.19 0.671
Total femur BMD (g/cm?) 0.80 +0.10 0.81+£0.13 0.88 +0.23 0.961
Femoral neck BMD (g/cm?) 0.73+0.13 0.73+0.11 0.86 +0.14 0.341
Trochanteric BMD (g/cm?) 0.54 +0.06 0.58 +0.13 0.57 £ 0.16 0.601
Intertrochanteric BMD (g/cm?) 091 +0.13 092+0.14 1.00 +0.23 0.891
Ward'’s triangle BMD (g/cm?) 0.57 £0.15 0.56+0.14 0.57£0.15 0.991
Body weight 746 +11.0 71.7+138 73.3+14.0 0.364
Age 58.6+6.4 574+92 60 +10.3 0.665
Height 158 + 4.8 156 + 6.0 159 + 6.3 0.494
BMI: body mass index; BMD: bone mineral density.
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j Figure 1. Testosterone levels in the BMD groups. Figure 2. Lumbar BMD by testosterone level group.

294 Arch Endocrinol Metab. 2015;59/4



Table 3. Correlation between testosterone levels and age, body mass
index, and bone mineral density values

Variables ?:g:fff;ilgit;m p Value
Age (years) -0.109 0.391
BMI (kg/m?) 0.066 0.607
Lumbar spine (L1-L4) BMD (g/cm?) 0.043 0.739
Total femur BMD (g/cm?) 0.135 0.288
Femoral neck BMD (g/cm?) 0.197 0.119
Trochanteric BMD (g/cm?) 0.099 0.436
Intertrochanteric BMD (g/cm?) 0.122 0.338
Ward’s triangle BMD (g/cm?) 0.148 0.244

BMI: body mass index; BMD: bone mineral density.

stated to be directly or indirectly dependent of estro-
gen levels (7).

Previous reports showed that high androgen levels
are associated with increased BMD in premenopause
(5,8). In postmenopausal women with osteoporosis
and fractures, both estrogens and androgens are lower,
and estradiol and androgen therapy raised their BMD
(9-11). In contrast with premenopausal women, testos-
terone levels are not predictors of BMD in postmeno-
pausal woman (12).

A positive correlation with testosterone concen-
trations and increase in BMD was confirmed by Wu
and cols. (13). In contrast with the studies mentioned
above, no association between the levels of endogen
testosterone in each study group (normal, osteopenia,
osteoporosis) and BMDs of any site of the body (lum-
bar or femoral) was found in the present study. Fur-
thermore, there was no relationship between testoster-
one and BMI.

The effect of endogenous testosterone on BMD is
still controversial. Several studies found no difference
in serum testosterone levels between osteoporotic and
non-osteoporotic postmenopausal women, support-
ing the findings of the present study (14-17). In other
studies, no difference was found in serum testosterone
levels in groups with or without fractures (18-20), tes-
tosterone did not protect bone mass (21) and not re-
duce fracture risk (22).

Akatsu found no association between serum testos-
terone and age. Age is negatively correlated with serum
testosterone, androstenedione, and dehydroepiandros-
terone (DHEA) levels in premenopausal and postmen-
opausal women (23). This is also in agreement with our
findings. Navarro and cols. showed that serum estradiol
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levels decrease with aging; however, serum testosterone
levels do not (24). As mentioned above, the mean age
of menopause in our country is compatible with that of
Indian women, but it seems to be somewhat different
in the western population (25).

Several studies have assessed serum parathormone
levels in osteoporosis and a slightly decrease was found
in serum parathormone in the osteoporosis group com-
pared with the non-osteoporotic group (14,26). In our
study, we found a statistically reduction in parathor-
mone levels in osteoporosis group.

The limitations of our study are the relatively small
size, being carried out in a single center, the fact that
some factors that may affect the conclusions are still
not completely clear, and the fact that the prevalence of
bone fractures in our subjects according to the testoster-
one levels was not determined. Measurement of serum
testosterone levels by automated methods is currently
unsatisfactory. Finally, these limitations should be taken
in consideration before our results are generalized.

The studies mentioned above tried to prove
the importance of androgens in postmenopausal
women with relative estrogen deficiency. Neverthe-
less, the relationship between BMD and androgens
is still controversial in pre-perimenopausal periods.
Therefore, further trials are necessary. The results of
the presented study, taken together with similar trials
that failed to demonstrate statistically significant differ-
ences between testosterone and BMD, make it possible
to emphasize that adjustment of other risk factors for
osteoporosis might have a more significant effect in this
setting.

Disclosure: no potential conflict of interest relevant to this article
was reported.
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