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Male osteoporosis is an increasingly important health problem worldwide. Though androgen deficiency
leads to bone loss in men, information on the relative contribution of aromatizable and non-aromatizable
androgens in maintaining bone mineral density (BMD) and the mechanisms involved are unclear. This
cross-sectional study was designed to explore the same. Hundred osteoporotic men with age matched
normal were studied for serum levels of sex steroids, PTH, IGF system components, cytokines and bone

Keywords: turnover markers. Our findings show that serum DHT, IGF-I, IGF-1I and IGFBP-3 levels were significantly
Androgens . L . . .

DHT decreased while IL-1f3 and bone turnover markers were significantly increased in osteoporotic men com-
IGFs pared to normal. Pearson correlation analysis revealed that serum DHT, IGF-I, IGF-II and IGFBP-3 levels
IGFBPs were positively and strongly correlated with BMD, while serum IL-1f3 levels were negatively correlated
Cytokines with BMD. Serum PTH, testosterone, estradiol, IGFBP-4, TNF-c, IL-4 and IFN-vy levels were similar between

BMD the two groups. We observed that DHT levels significantly declined with age. However, the significant
difference in DHT between the osteoporotic and normal groups is the same regardless of age. A multi-
ple regression model adjusted for age demonstrated that DHT/BMD association is fairly stronger among
those with osteoporosis than the normal. Our findings for the first time point out that DHT is an impor-
tant determinant of BMD in men. Most importantly, the strong positive correlation of serum DHT with
BMD offers new perspectives in understanding the role of non-aromatizable androgen in regulating bone
metabolism in men, and might serve as a potential clinical marker in the diagnosis of male osteoporosis.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Male osteoporosis has become a formidable health prob-
lem worldwide. Despite the considerable public health burden
attributable to male osteoporotic fractures, the causative factors of
this metabolic bone disease are largely unknown. Sex steroids play
key role in the construction and conservation of the adult skele-
ton [1]. Over the last three decades, it has become apparent that
androgens play a significant role in the maintenance of bone mass
[2]. Although androgens are crucial for both skeletal development
and maintenance in men [3], several clinical studies have indicated
a major role for estrogens in the regulation of male skeleton [4,5].
Accumulating evidences suggest that the actions of androgens may
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be mediated primarily by conversion to estrogens. Therefore, the
relative contribution of estrogens versus androgens in regulating
bone mass in men is yet to be clarified. In addition, the relative roles
of testosterone (aromatizable androgen) and dihydrotestosterone
(DHT, non-aromatizable androgen) in regulating bone mineral den-
sity (BMD) are also yet to be identified.

Parathyroid hormone (PTH) is a stimulator of bone resorption.
However, it is also known to have anabolic effect on bone possi-
bly by stimulating osteoblasts [6]. The role of growth factors and
cytokines on bone metabolism has received much attention as
bone cells could produce and respond to these factors [7,8]. The
findings that serum levels of insulin-like growth factor (IGF) sys-
tem components are altered during physiological and pathological
states when bone metabolism is distorted provide evidence for an
important role for IGF system components in bone remodeling [9].
There is now an increasing body of evidence that bone-resorbing
cytokines, such as interleukin (IL)-1, IL-6, tumor necrosis factor-a
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(TNF-at) and macrophage-colony stimulating factor (M-CSF) may be
potential candidates for mediating the bone loss following estrogen
deficiency [10]. In contrast, IL-4, interferon-y (IFN-vy) and trans-
forming growth factor-8 (TGF-3) inhibit both osteoclast formation
and its activity [7]. Nevertheless, the relationship between systemic
cytokine levels and BMD is still unclear.

Therefore, to understand the mechanisms that underlie in main-
taining BMD in men by sex steroids and other factors, the present
study was designed to estimate the serum levels of sex steroids,
PTH, IGF system components, cytokines and bone turnover mark-
ers, and correlate them with BMD.

2. Subjects and methods
2.1. Study subjects

All men participated in this study were living in and around
the Chennai city, India. Bone density screening camps were con-
ducted with the help of orthopaedicians and the subjects were
chosen by the convenience sampling method in a cross-sectional
population. A standardized questionnaire was completed which
included informations about cigarette smoking, alcohol use, phys-
ical activity and medication use of the participants. All the subjects
who attended the camps were initially enrolled in the study and
were categorized into normal and osteoporotic based on the cal-
caneal BMD T-scores. Later, we excluded the subjects who were
smokers and/or alcoholics as these factors influence the hormonal
profiles and BMD. Based on the questionnaire, very few subjects
reported low or high physical activities. Due to the low number of
subjects in these categories, they were not included in this study.
Therefore, all the subjects in this study had moderate physical
activity. In the present study, 100 osteoporotic men (age range
40-70 years) and 100 healthy volunteers who served as normal
(age range 40-70 years) were investigated for various hormonal
and biochemical parameters. None of the subjects selected for
this study were receiving any treatments known to interfere with
bone metabolism. This study was approved by institutional human
ethical committee and all participants gave written informed con-
sent.

2.2. Anthropometric measurements

Body weight and height were recorded, and body mass index
(BMI) was calculated as the body weight in kilograms divided by
the square of the height in meters (kg/m?2).

2.3. BMD measurements

BMD was measured at the calcaneum using peripheral dual
energy X-ray absorptiometry (DEXA). The current World Health
Organization (WHO) definition of osteoporosis applied to post-
menopausal women was used to identify osteoporotic men as
the International Society for Clinical Densitometry (ISCD) recom-
mended and recently reaffirmed use of a BMD T-score of —2.5 or
below to diagnose osteoporosis in men [11].

2.4. Laboratory methods

Fasting blood samples were collected from the antecubital
vein of the normal and osteoporotic men between 08:00 and
09:00 h. Samples were immediately centrifuged, sera separated
and then stored at —86°C until assayed. Serum total DHT (DSL,
USA; sensitivity, 4 pg/ml; intra- and inter-assay coefficient of varia-
tions (CV), 3.1-6.2% and 2.3-8.5%, respectively) and estradiol (DSL,
USA; sensitivity, 4.7 pg/ml; intra- and inter-assay CV, 3.2-5.3%

and 8.1-9.3%, respectively) were measured by radioimmunoas-
say (RIA) kits. Testosterone was quantified by liquid phase RIA
(sensitivity, 0.3 ng/ml; intra- and inter-assay CV, 6-8% and 4-6%,
respectively) adopting the WHO procedure [12]. Intact human PTH
(1-84) was measured by immunoradiometric assay (IRMA) kit
(DiaSorin, USA; sensitivity, 0.7 ng/ml; intra- and inter-assay CV,
2.0-3.6% and 3.4-4.9%, respectively).

Serum IGF-I (DSL, USA; sensitivity, 2.06 ng/ml; intra- and inter-
assay CV, 3.9-7% and 3.8-7.4%, respectively) and IGF-II (DSL,
USA; sensitivity, 12ng/ml; intra- and inter-assay CV, 3.4-6.5%
and 4.5-6.3%, respectively) were measured using non-extraction
IRMA Kkits. IGF binding protein-3 (IGFBP-3) (DSL, USA; sensitiv-
ity, 0.5ng/ml; intra- and inter-assay CV, 1.8-3.9% and 0.5-1.9%,
respectively) and IGFBP-4 (DSL, USA; sensitivity, 1 ng/ml; intra-
and inter-assay CV, 2.8-6.4% and 2.3-6.7%, respectively) were
determined using IRMA and enzyme-linked immunosorbent assay
(ELISA) kits, respectively.

Serum concentrations of TNF-a, IL-1(3, IL-4 and IFN-y were
measured using the sandwich ELISA Kkits, according to the man-
ufacturer’s instruction (R&D Systems, Minneapolis, USA). Human
osteocalcin (OCN) was measured using IRMA kits (DSL, USA;
sensitivity, 0.3 ng/ml; intra- and inter-assay CV, 1.4-3.4% and
3.3-5.3%, respectively). Serum concentrations of total alkaline
phosphatase (ALP) [13] and tartrate-resistant acid phosphatase
(TRAP) [14] were estimated by the standard biochemical meth-
ods using p-nitrophenyl phosphate as substrate. Serum calcium
(Crest Biosystems, Goa, India) and phosphorus (Agappe Diagnos-
tics, Maharashtra, India) were determined by using commercial kits
according to the manufacturer’s instruction.

2.5. Statistical analysis

Values are represented as mean & SEM. Univariate analysis was
performed by Student’s ‘t’ test using SPSS statistical software
(Version 7.5). Correlation analyses were performed using Pearson
correlation and the independent predictors of the various parame-
ters were tested using linear regression analysis using SAS (Version
9.1.3). Correlations were only calculated for the variables of interest
and possible associations were indicated by scatter plots. P<0.05
was considered statistically significant.

3. Results
3.1. Characteristics of the population

In the present study, 100 osteoporotic men (mean age 62+ 1.1
years, range 40-70 years) and 100 healthy volunteers who served
as normal (mean age 60 + 1.3 years, range 40-70 years) were inves-
tigated for various hormonal and biochemical parameters. Clinical
and biochemical data from the normal and osteoporotic men are
shown in Tables 1 and 2. There was no significant difference in BMI
between normal and osteoporotic men. BMD T-score was obviously
decreased (P<0.05) in osteoporotic men when compared with nor-
mal (Table 1). There was no significant difference in the serum
level of PTH between the normal and osteoporotic men (Table 2),

Table 1
Values of BMD T-score and BMI in normal and osteoporotic men.

Parameters Normal (n=100) Osteoporotic (n=100)
BMD T-score -0.17 + 0.09 —3.02 + 0.06
BMI (kg/m?) 248 +1.2 241 £ 1.1

Each value is mean + SEM.
The study subjects were assigned as normal or osteoporotic based on the BMD T-
score values.

* Statistical significance at P<0.05.
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Table 2
Serum PTH and bone turnover markers in normal and osteoporotic men.

Parameters Normal (n=100) Osteoporotic (n=100)
PTH (pg/ml) 19+15 21+ 1.6
OCN (ng/ml) 57+ 04 7.1 +0.5
Total ALP (IU/1) 38.18 £ 2.9 53.12 +3.32°
TRAP (IU/1) 9.96 + 0.99 18.26 + 1.33°
Calcium (mg/dl) 8.94 +£ 04 9.02 £ 0.5
Phosphorus (mg/dl) 3.5+£0.2 34+£0.2
Each value is mean 4+ SEM.
" Statistical significance at P<0.05.
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Fig. 1. Serum levels of testosterone in normal and osteoporotic men. Each value is
mean + SEM. Normal (n=100) and osteoporotic (n=100).

ruling out the possibility of hyperparathyroidism (a risk factor of
osteoporosis). The bone turnover was assessed by measuring the
markers of bone formation and bone resorption. Increased levels
of bone formation markers (OCN, ALP) with concomitant increase
in bone resorption marker (TRAP) in osteoporotic men reflect high
bone turnover. However, there was no significant change in the
serum levels of total calcium and phosphorus between these groups
(Table 2).

3.2. Serum sex steroids in normal and osteoporotic men

Sex steroids are essential for the skeletal development and
maintenance of bone health throughout adult life. In this study,
there was no significant difference in the serum levels of
total testosterone and estradiol between normal and osteo-
porotic men (Figs. 1 and 2). Interestingly, a significant decrease
(P<0.0001) in the level of non-aromatizable androgen (DHT)
was observed in osteoporotic men when compared with normal
(Fig. 3).
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Fig. 2. Serum levels of estradiol in normal and osteoporotic men. Each value is
mean + SEM. Normal (n=100) and osteoporotic (n=100).
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Fig. 3. Serum levels of DHT in normal and osteoporotic men. Each value is
mean £ SEM. *Statistical significance at P<0.05 compared with normal. Normal
(n=100) and osteoporotic (n=100).

3.3. Serum IGF system components in normal and osteoporotic
men

IGF system plays an important role in the maintenance of bone
mass in adult as well as longitudinal growth of bone in child-
hood. We observed a decrease of 23% for IGF-I, 24% for IGF-II and
16% for IGFBP-3 in osteoporotic men compared with normal. This
decrease was statistically significant (P < 0.05) for IGFs and IGFBP-3.
However, there was no significant difference in the IGFBP-4 levels
between the two groups (Table 3).

3.4. Serum cytokines in normal and osteoporotic men

Among the cytokines studied, we observed a 29% increase
(P<0.05) in IL-1p3 in osteoporotic men when compared with
normal. Although anincrease (16%)in TNF-a was observed in osteo-
porotic men, it was not statistically significant. Also, there was
no significant change in the levels of IL-4 and IFN-y between the
two groups. Thus, the cytokines involved in bone resorption were
increased, but the cytokines known to inhibit bone resorption were
unaltered (Table 4).

3.5. Relationship of sex steroids, IGF system components and
cytokines with BMD

Correlation analyses were performed using Pearson correla-
tion to assess the relationship between the sex steroids, IGF
system components and cytokines with BMD. Among the sex

Table 3
Serum levels of IGF system components in normal and osteoporotic men.

Serum IGF system
components (ng/ml)

Normal (n=100) Osteoporotic (n=100)

IGF-1 174 + 10 135+ 8
IGF-II 955 + 45 722 + 35
IGFBP-3 3651 + 155 3055 + 145
IGFBP-4 542 + 39 608 + 48

Each value is mean & SEM.
" Statistical significance at P<0.05.

Table 4
Serum levels of cytokines in normal and osteoporotic men.

Serum cytokines (pg/ml) Normal (n=100) Osteoporotic (n=100)

IL-1B8 1175 2= O%) 15.1 £ 0.9
TNF-a 70 £ 6 81+6
IL-4 97.0 £ 8 958 +£7
IFN-y 388 +£2 40.1 £ 2.5

Each value is mean + SEM.
" Statistical significance at P<0.05.
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steroids, serum DHT correlated positively with the BMD (r=0.691,
P<0.0001). However, no such correlation exists for serum testos-
terone (r=0.133) and estradiol (r=0.112) with BMD. Pearson
correlation analysis also showed a strong positive correlation
between the levels of testosterone and DHT (r=0.444, P<0.001).

We compared the strength of the DHT/BMD association using a
multiple regression model that included two groups (osteoporotic
and normal), BMD, and their interaction. Presence of a group-
BMD interaction (P<0.01) is evident that the positive association
between DHT and BMD is not the same in the two groups. Within-
group correlations confirm that the association is fairly stronger
(r=0.661, P<0.0001) among those with osteoporosis than normal
(r=0.397, P<0.0001).

Relationship between IGF system components and BMD
revealed that serum total IGF-I (r=0.528, P<0.01), IGF-II (r=0.303,
P<0.01) and IGFBP-3 (r=0.281, P<0.01) were positively corre-
lated with BMD, whereas serum IGFBP-4 (r=-0.227, P<0.05) was
negatively correlated with BMD. Interestingly, IL-13 (r=-0.537,
P<0.01)and TNF-a (r=-0.389, P<0.05) were negatively correlated
with BMD in men. However, no correlation was observed for IL-4
(r=0.102) and IFN-vy (r=-0.189) with BMD.

3.6. Relationship of the sex steroids with age and BMI

We plotted testosterone, DHT and estradiol versus age in the two
groups (osteoporotic vs. normal) and assessed whether there are
age-specific differences by scatter plot. We used multiple regres-
sion analysis to verify that, for each of the three steroids studied,
no interaction exists between age and group (for testosterone

P=0.244; for DHT P=0.907 and for estradiol P=0.673). Associa-
tions between the steroids and age, whether or not they exist, do
not differ between the groups; differences between the groups
are consistent across the age. The scatter plot graphs and our
statistical analyses further show that no differences exist in testos-
terone (Fig. 4A) and estradiol (Fig. 4B) between the osteoporotic
and normal groups whether or not we adjusted the analysis for
age.However, DHT declines significantly with age; linear regression
estimates that DHT decreases about 11.8 points for an additional
year of age in our sample (P<0.0001). Accordingly, we adjusted the
analysis for the association between DHT and age. Fig. 4C shows
that DHT levels in normal and osteoporotic subjects decline with
age at the same rate, but the difference in DHT between the two
groups is the same regardless of age.

We assessed the association between DHT and BMD using a mul-
tiple regression model that estimated between group differences in
DHT adjusted for BMI and age. Interaction terms were investigated
in the model and discarded when no interactions were detected.
Because information on BMI did not contribute to the estimation
of DHT in a no-interaction model (P=0.220), we report differences
in between the two groups for DHT that are adjusted only for age.

4. Discussion

Our findings demonstrate for the first time that DHT is an impor-
tant determinant of calcaneal BMD in men. The determination
of BMD in the calcaneum in this study is validated by various
prospective studies that have demonstrated and confirmed that
the correlation between reduced calcaneal quantitative ultrasound
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Fig. 4. Relationship of (A) testosterone vs. age, (B) estradiol vs. age, and (C) DHT vs. age by scatter plot. Normal (n=100) and osteoporotic (n=100).



136 R. Ilangovan et al. / Journal of Steroid Biochemistry & Molecular Biology 117 (2009) 132-138

(QUS) values and the risk of humeral and hip fractures is similar to
that obtained with DEXA [15,16].

In the present study, we observed a significant decrease in DHT
levels in osteoporotic men when compared with normal. Also, DHT
is strongly and positively correlated with BMD. Indeed, DHT is the
parameter that best correlated with BMD. These results are some-
what surprising. Amory et al. [17] demonstrated that testosterone
therapy in older men increased the BMD when administered alone
and when combined with finasteride suggesting that DHT is not
essential for the beneficial effects of testosterone on BMD. The lack
of a significant change in BMD in the presence of low DHT in their
study could be explained by two distinct but non-exclusive possi-
bilities. First, finasteride is a selective 5a-reductase type 2 inhibitor
and it incompletely blocks the conversion of testosterone to DHT
[18]. The finding that type 1, but not type 2, is the predominantly
active form of the 5a-reductase in human osteoblastic cells [19]
might explain the lack of differences in BMD observed between
men treated with testosterone alone or testosterone combined
with finasteride. Therefore, the possibility of testosterone being
converted to DHT and its action on bone cannot be completely ruled
out. Secondly, our data clearly show that there is a significant dif-
ference in DHT values between normal and osteoporotic subjects
at any given age. Furthermore, in our study, the mean DHT value
of osteoporotic subjects was almost half of the mean DHT value
of normal. In their study, Amory et al. [17] observed decrease in
DHT that is of low magnitude when compared to our study, and
therefore might failed to observe a major impact on BMD. In con-
trast with the report of Amory et al. [17], and in support of our data,
Hanadaet al.[20] demonstrated a significant increase in BMD when
orchidectomized and ovariectomized rats were treated with DHT,
emphasizing the importance of DHT in regulating BMD.

Anderson et al. [21] demonstrated a significant decrease in BMD
at the lumbar spine when hypogonadal men were administered
with 7a-methyl-19-nortestosterone (MENT), while testosterone
treatment demonstrated no significant change but maintained the
lumbar spine BMD. MENT is a potent synthetic androgen that is
resistant to 5a-reduction, but can be converted by the aromatase
to an active estrogen [22]. It is reasonable to speculate that testos-
terone effects in maintaining the BMD might be mediated by DHT.
This suggests that androgens have definite role on BMD rather than
being converted to estrogen as MENT treatment was not able to
maintain lumbar BMD.

In support of the role of androgens in maintaining skeletal mass
in adults, clinical studies have shown that castration and decreased
testicular function resultin osteoporosis in men and treatment with
androgens prevents its occurrence [23]. Moreover, androgen treat-
ment of osteoporotic women demonstrated that androgen therapy
is effective in increasing BMD [23]. In men, androgen deficiency is
associated with premature bone loss and testosterone substitution
increases or stabilizes bone mass in hypogonadal men [24]. Thus,
the role for androgens in skeletal regulation is substantiated by
numerous studies in humans [25] and rodents [26], demonstrating
that chemical or surgical castration, as well as untreated hypog-
onadism in men, leads to accelerated bone loss. Importantly, the
deleterious effects of these conditions on bone can be reversed
by treatment with androgens. The maintenance of BMD in men is
testosterone dependent, and it is lower in hypogonadal men and
increased by exogenous testosterone administration [24]. Recent
study by Basurto et al. [27] illustrated that testosterone treatment
in healthy elderly men with low testosterone resulted in a signifi-
cantincrease in lumbar BMD. Studies have demonstrated the direct
effects of testosterone and 5a-reductase mediated effects on bone
[28,19].

In our study, there was no association between testosterone and
BMD. This is in apparent contrast with other reports [29]. Never-
theless, our study shows a positive correlation between the levels

of testosterone and DHT. Also our multivariate analysis shows the
DHT is significantly associated with BMD. Since testosterone can
be converted into DHT, we cannot rule out the possibility of DHT
mediated bone protective effects in those studies.

The present finding that DHT is more correlated with BMD than
testosterone is strongly supported as DHT binds more tightly to the
androgen receptor (AR), and the DHT-AR complex is more read-
ily transferred to the DNA-binding site and activates a receptor
reporter gene more efficiently than testosterone [30]. In addition,
DHT amplifies a weak androgen signal and also regulates specific
genes that do not respond to testosterone [19]. Both in vitro and in
vivo, non-aromatizable androgens have similar or more effects on
bone compared with testosterone. These data clearly indicate that
androgens can act directly on bone and suggest that these actions
may be physiologically relevant [31].

Our result is corroborated by the observations that administra-
tion of non-aromatizable androgens prevented castration-induced
bone loss in adult rats [32]. Vandenput et al. [3] pointed out that
administration of testosterone prevented orchidectomy-induced
bone loss in estrogen receptor-a knock out (ERaKO) male mice.
This suggests that androgen has direct effect on bone and need not
be converted to estrogen by aromatase for its action, ruling out the
possibility of ERo mediated action of androgen. The stimulatory
role of testosterone and DHT on periosteal bone formation in male
rats strengthens the importance of androgens in bone mass accre-
tion [33]. Taken together, it is obvious that DHT plays an important
role in bone metabolism and the decrease in DHT might contribute
to diminished BMD in osteoporotic men. The possible reasons for
the decrease in serum DHT might be due to defective expression
and activity of 5a-reductase or increased metabolic clearance of
DHT in osteoporotic men.

In our study, there was no association between estradiol and
BMD, which is consistent with the previous studies from other
groups [34,35]. However, contrary to this, others have reported that
BMD seems to correlate more with estrogen than androgen [36,37].
Amin et al. [38] demonstrated higher incidence of hip fracture in
the group of men with low estradiol (2-18.1 pg/ml) when compared
with those men in the middle (18.2-34.2 pg/ml) and high estradiol
(>34.3 pg/ml) groups. Curiously, in our study the estradiol levels
range between 20 and 35 pg/ml. So, it is also possible that the com-
paratively high range of estradiol levels in osteoporotic subjects in
the present study might contribute for no detectable association
between estradiol and BMD.

Fink et al. [39] demonstrated that older men with both low
testosterone and estradiol were more likely to be osteoporotic. In
our population, there was no relationship between testosterone
and estradiol with BMD. However, our findings show that DHT is
significantly decreased in osteoporotic men. There are several dif-
ferences between these two studies. In their study, the subjects
were Caucasian with the mean age of 73 (range 65-99) and BMD is
measured at hip, femoral neck and lumbar spine, whereas our study
subjects are Asian with mean age of 62 (range 40-70) and BMD is
measured at calcaneum. Thus the discrepancy can be attributed to
the differences in race, age and the site of BMD assessed.

In the present study, osteoporotic men showed a reduced
levels of IGF-I, IGF-II and IGFBP-3 with no change in IGFBP-4
when compared with normal. Boonen et al. [40] suggested that
decrease in serum levels of IGF system components could lead to
a decrease in the endocrine actions of IGFs. The finding that sys-
temic administration of IGF-I caused a marked increase in bone
formation in both animals and humans [41,42] provides evidence
forendocrine actions of IGFs. Further Mohan et al. [43] reported that
the age-related decrease in serum levels of stimulatory IGF system
components may in part, reflect decreased bone cell production of
stimulatory IGF system components. Thus the decrease in both local
and endocrine actions of IGFs might result in decreased osteoblast
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proliferation and differentiation and a subsequent reduction in
bone formation [40]. This suggests the possibility that the decrease
in stimulatory IGF system components may be the other impor-
tant factors in the etiology of male osteoporosis. Therefore, the
decreased level of IGF system components recorded in osteoporotic
men might also be responsible for the decreased BMD. The posi-
tive correlation of IGFs and IGFBP-3 with BMD in this study is in
accordance with the earlier reports [44,45].

Gori et al. [46] reported that DHT increased the levels of IGF-I
and IGFBP-3 in human osteoblastic cell line (hFOB/AR-6). Further,
Kasperk et al. [47] demonstrated that DHT enhances the mitogenic
effect of IGF-II in bone cells. These reports suggest the stimulatory
effect of DHT on IGF production and actions in bone cells. Thus, the
decreased DHT might result in impaired stimulatory IGF system
components. Therefore, it appears that the decreased DHT and the
associated decrease in IGFs and IGFBP-3 production and/or actions
might collectively contribute for the decreased bone formation and
ultimately cause decreased BMD in osteoporotic men.

Secondary hyperparathyroidism contributes to osteoporosis in
the elderly population [40]. The normal levels of PTH in osteo-
porotic men rule out the possibility of hyperparathyroidism in
these subjects. Increase in bone resorption and bone formation
markers recorded in this study reflects high bone turnover in
osteoporotic men. IL-1 and TNF-a are potent stimulators of
bone resorption, but also inhibit collagen synthesis although they
increase DNA synthesis in bone [48]. These cytokines are also
potent stimulators of prostaglandin production in bone [49] and
such stimulation may result in a secondary increase in bone forma-
tion [48]. Since increased resorption, even when accompanied by
increased formation, can cause bone loss [50], an increased bone
turnover might result in decreased BMD.

The increase in IL-13 in osteoporotic men could be due to
decreased DHT as our in vitro study demonstrated that DHT
significantly decreased the secretion of IL-13 by Sa0S-2 cells
(unpublished data). Khalkhali-Ellis et al. [51] also reported that
DHT exerts a suppressive effect on IL-1[3 induced IL-6 production
by synoviocytes. In addition, IL-1- or PTH-stimulated PGE, pro-
duction in mouse calvarial cells was suppressed by 5a-DHT [52].
Therefore, it is reasonable to suggest that decreased DHT might
contribute to increased IL-1f3 in osteoporotic men. Our results
demonstrated that decreased DHT in osteoporotic men was not
associated with a significant increase in TNF-a. Takei et al. [53]
reported that the treatment of human leukemia T cell line, Jurkat
with 5a-DHT resulted in a 50% decrease in the level of TNF-oo mRNA.
Our recent in vitro study also demonstrated that DHT significantly
decreased the secretion of TNF-a in the conditioned media of SaOS-
2 cells (unpublished data). A significant increase in serum IL-1(3
might result in decreased BMD in osteoporotic men. Pearson cor-
relation coefficients strongly support our results as both IL-13 and
TNF-a are negatively associated with BMD. Our data on serum IL-4
and IFN-vy suggest that these cytokines are not associated with BMD
in men. However, many in vitro and in vivo studies have shown that
IL-4 and IFN-y inhibit bone resorption [7,54]. Thus, it appears that
the availability of cytokines at the bone microenvironment than at
systemic level may determine its influence on bone function and
regulate BMD.

The present investigation has revealed some important findings.
In addition to the serum levels of total sex steroids, further studies
on measurement of bioavailable hormones in osteoporotic subjects
might reveal some additional information on sex steroids and their
relation to BMD. The subjects participated in this study were chosen
by convenience sampling method in a cross-sectional population.
Probably, a longitudinal study of cohort population might provide
stronger correlation between serum hormone profiles and BMD.

In conclusion, we demonstrate for the first time that DHT
is an important determinant of BMD in men and suggests that

non-aromatizable androgen has distinct effect from aromatizable
androgen in bone. A strong positive correlation of serum DHT with
BMD offers new perspectives in understanding the role of non-
aromatizable androgen in the regulation of bone metabolism in
men and might serve as a potential clinical marker in the diagnosis
of male osteoporosis.
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