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Abstract

Background and Aim: Recent studies revealed a novel association between thyroid-stimulating
hormone (TSH) and bone health status in healthy male populations. The present study aimed to
validate this association and provide new information on the relationship between TSH levels and
calcaneal speed of sound (SOS) in men.

Methods: This cross-sectional study recruited 681 men with complete data of calcaneal SOS, body
anthropometry, serum TSH, free triiodothyronine (FT3) and free thyroxine (FT4) levels.

Results: All subjects had FT3 and FT4 levels within the in-house reference range and |3 subjects had
lower than normal TSH levels. The results revealed that the SOS value of subjects was significantly
associated with TSH after multiple adjustments (p<0.05). When subjects were divided into quin-
tiles according to their TSH levels, the difference of SOS between men with low-normal TSH and
high-normal TSH contributed significantly to the association between TSH and bone health status
(p<0.05). The significance of the association persisted with the inclusion and exclusion of sub-
clinical hyperthyroid subjects.

Conclusions: There was a significant association between TSH levels and bone health status in men

as assessed by quantitative ultrasound. This age-independent association between TSH and SOS
might explain some of the individual variation of bone health status in men.
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Introduction

It has been well-established that overt hyper-
thyroidism is a risk factor for osteoporosis (1). The
observation of low bone health status among patients
with subclinical hyperthyroidism, a condition defined
by normal thyroid status but suppressed thy-
roid-stimulating hormone (TSH) level, evokes specu-
lation that TSH may have a direct effect on bone
health status apart from its traditional role as a regu-
lator of thyroid hormones (2-4). In a cross-sectional

study, postmenopausal women with low TSH levels
were found to have significantly lower femoral hip
and lumbar spine bone mineral density (BMD) and
higher levels of bone remodeling markers compared
to women with normal TSH levels (5). Nevertheless,
the prevalence of subclinical hyperthyroidism is low
in the general population (6). The association of TSH
with bone health status in a healthy euthyroid popu-
lation is a more intriguing research question because
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it may explain part of the individual variation of bone
health status in men.

The evidence for the association between TSH
and bone health status is growing. Thy-
roid-stimulating hormone receptor (TSHR) has been
found in bone cells (7). In TSHR knockout rodents,
severe osteoporosis associated with increased osteo-
clastogenesis was observed even when they were
given thyroid supplementation (8). Intermittent TSH
administration was shown to prevent and restore
bone health in rodents (9, 10). In some epidemiologi-
cal studies, TSH levels were found to be associated
with bone mineral density (BMD) in healthy eu-
thyroid males and post-menopausal females (11, 12).
In these studies, the association of TSH with BMD was
limited to subjects with high-normal and low-normal
TSH levels (11, 12). There were also studies reporting
no significant association between bone health status
and TSH in subjects with normal TSH levels (13, 14).
Hence, the significance of this relationship needs to be
validated in other populations. Besides, many of these
studies focused at females, whereas the relationship
between TSH and bone health was studied less in
men.

The current study was aimed to investigate the
association between TSH levels and bone health status
in healthy Malaysian men aged 20 years and above.
We assessed bone health status in the current study
population using the calcaneal quantitative ultra-
sound technique because previous studies had used
DXA to examine the relationship between TSH levels
and bone health status in men (11, 13, 15). There was
one study which used amplitude-dependent speed of
sound (Ad-SOS) at the proximal phalange to assess
the bone health status in pre- and postmenopausal
women with and without subclinical hyperthyroid-
ism (16). However, the sample size of the study was
small and included only female subjects. Besides,
proximal phalange was not a recognized site for
quantitative ultrasound assessment of bone (17). No
studies have been performed on healthy males using
the quantitative ultrasound method. This was a part
of our continuous efforts to examine various factors
that could influence quantitative ultrasound indices in
men (18, 19). We hoped this would generate infor-
mation on the role of TSH as a potential endogenous
factor associated with individual variations in bone
health status in men.

Materials and Methods
Study Design

This cross-sectional study was conducted as part
of the Malaysian Aging Male Study, which aimed at

assessing the general health status of Malaysian men,
specifically in the Klang Valley (19, 20). Subjects were
recruited via purposive sampling from September
2009 to September 2011. Recruitment was conducted
through advertisements in major newspapers, radio
broadcasts, flyers, public announcements in commu-
nity centres and religious places. The study protocol
was reviewed and approved by the Ethics Committee
of Universiti Kebangsaan Malaysia Medical Centre.
All subjects were briefed in details information re-
garding this study and they provided written consent
before participating in this study.

Subjects

The subjects recruited were Chinese and Malay
men aged > 20 years residing in the Klang Valley
(Kuala Lumpur and its surrounding areas), Malaysia,
who had visited our screening facility throughout the
study period. They answered a questionnaire on basic
demographic details and medical status. The age of
the subjects was obtained from their identification
cards and their ethnicity was self-declared. History
taking and physical examination were performed by
qualified physicians. Subject also underwent body
anthropometry and calcaneal speed of sound (SOS)
measurements, and blood collection. Subjects with the
following conditions were excluded from the study: 1)
those taking drugs known to affect bone metabolism,
such as thyroxine, testosterone, corticosteroids, anti-
depressants etc.; 2) those suffering from chronic dis-
eases known to cause changes in bone health status,
such as  hyper/hypoparathyrodism,  hyper/
hypocalcemia, Paget’'s disease, osteogenesis imper-
fecta, osteomalacia and osteoporosis; 3) those suffer-
ing from impaired mobility and needing a walking
aid; 4) those who suffered from a fracture within six
months prior to the screening session; 5) those who
were unable to complete the screening process.

Calcaneal speed of sound measurement

The calcaneal speed of sound measurement was
conducted using the Furuno CM-200 sonometer (Fu-
runo Electric, Nishinomiya City, Japan). It was a
gel-based system which generated speed of sound
(SOS) as the determinant of bone health status. In
general, a higher SOS indicated better bone health
status. The subjects were required to sit on a chair and
place their right feet on the foot pad so that their cal-
caneus was in close contact with both the transducers
on its lateral sides. Upon initiation, the ultrasound
wave would propagate from one transducer to the
other through the calcaneal bone. Each subject was
measured three times and the average values were
taken as the SOS values for the respective subjects. All
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measurements were performed by a trained techni-
cian using a single machine. Calibration was con-
ducted prior to each screening session. The short-term
in-vivo coefficient of variation (CV) value for CM-200
calculated (as per instructions of Bonnick et al (21))
was 0.19% (18).

Body anthropometry measurement

The weight of subjects with light clothing but
without shoes was determined using a weighing scale
(Tanita, Tokyo, Japan) and was recorded to the near-
est 0.1 kg. The height of the subjects without shoes
was measured using a portable stadiometer (Seca,
Hamburg, Germany) and was recorded to the nearest
0.1 cm. The body mass index (BMI) of the subjects was
calculated using the formula: BMI = (height of subject
in meter)? / (body weight of the subject in kg).

Hormonal measurement

Venous blood of the subjects was collected be-
tween 0830 and 1030 during each screening session
after an overnight fast. Phlebotomy was performed by
a qualified physician or phlebotomist. Serum was
extracted immediately and stored at -70°C until anal-
ysis. Free triiodothyronine (FT3), free thyroxine (FT4)
and TSH were determined using an ADVIA Centaur
(Siemens Healthcare Diagnostics, Illinois, USA) based
on competitive immunoassay with direct chemilu-
minescent technology. Inter-assay CV for FT4 was
5.34-11.50% (in-house reference: 9.0-25.0 pmol/1), FT3
was 1.46-2.57% (in-house reference: 3.5-6.5 pmol/I)
and TSH was 0.37-3.37% (in-house reference: 0.40-4.70
mlU/1)

Data analysis

Bivariate Pearson’s correlation analysis was
performed to assess the association between FT3, FT4,
TSH and SOS with age, body anthropometry and
ethnicity to identify potential confounding factors.
The characteristics of the Chinese and Malay subjects
were compared using univariate analysis with neces-
sary adjustments for confounders. Multiple regression
analysis was conducted to assess the relationship
between TSH (as a continuous variable) and SOS,
with adjustments for FT3 and FT4 levels, thus forming
Model 1. The model was further adjusted for age
(Model 2), body anthropometry (Model 3) and eth-
nicity (Model 4). Changes in standardized regression
(B) value were observed. Multivariate normality was
ensured by eliminating standardized residual of re-
gression model greater than 2.0. Normality of the
standardized residual was tested using the
Shapiro-Wilk test with the aid of a histogram. Next,
the TSH levels were divided into quintiles (Q1-Q5)

and entered into the multiple regression models to
assess the contribution of the differences between Q1
and Q2-Q5 towards the association between TSH and
SOS. This was performed to validate the previous
finding which showed that the difference between
low-normal (Q1) and high-normal (Q5) TSH was re-
sponsible for most of the associations between TSH
and SOS (11, 12). The significant value for all analysis
was set at p < 0.05. The analysis was performed using
the Statistical Package for Social Sciences (SPSS) ver-
sion 16.0 (SPSS Inc., Chicago, USA).

Results

A total of 840 men visited our screening facility,
from which 769 subjects consented to blood collection.
After eliminating subjects without calcaneal SOS
(n=8) and body anthropometry measurements (n==8),
753 subjects remained. After removing univariate and
multivariate outliers, the number of subjects used in
the final analysis was 681 men (81.1% of the total re-
cruitment), with a mean age of 48.5 years (range: 20-83
years). The subjects consisted of 45.5% Malay men
and 54.5% Chinese men.

All subjects had FT3 and FT4 levels within the
in-house normal range, while 98.1% of the subjects
had TSH levels within the in-house normal range and
1.9% of the subjects had TSH levels below the normal
range.

Bivariate correlation analysis revealed that there
were significant associations (p< 0.05) between SOS
with age, BMI and ethnicity; TSH with age; FT3 with
age, BMI and weight; FT4 with age. These associations
indicated possible confounding effects of age, ethnic-
ity and body anthropometry on the variables of in-
terest and they were adjusted for the following anal-
ysis (Table 1).

Univariate analysis indicated that there were
significant differences in age (p=0.009), weight
(p=0.003), height (p<0.001) and BMI (p<0.001) be-
tween Chinese and Malay men. The Chinese subjects
were older, taller, and lower in body weight and BMI
compared to Malay subjects. After adjustment for
confounding factors, no significant differences were
found in SOS (p=0.258), FI3 (p=0.197), FT4 (p=0.186)
and TSH (p=0.365) between Chinese and Malay sub-
jects (Table 2).

Multiple regression analysis revealed that TSH
was significantly and positively associated with SOS
after adjustment for age (p<0.05). The significance of
this association persisted even after further adjust-
ment for body anthropometry and ethnicity (p<0.05).
Free T3 and Free T4 were not associated with SOS
significantly in all models generated. These findings
were observed both in analyses that included (Table
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3A) and excluded (Table 3B) the subjects with lower
than normal TSH levels. However, the standardized
regression coefficient in models excluding subclinical
hyperthyroid subjects was reduced and the associa-
tions became marginally significant.

Subjects were divided into TSH quintiles to as-
sess the contribution of the differences in TSH levels
towards SOS in multiple regression models. The re-
sults showed that only the differences between sub-
jects in Q1 and Q5 were associated significantly with
the variation in SOS (p<0.05). This was observed in
analyses that included and excluded subclinical hy-
perthyroid subjects. In further analysis, subclinical
hyperthyroid subjects were categorized in a separate
group and the subjects with normal TSH were divid-
ed into quintiles. The differences in TSH levels be-
tween subjects with lower than normal TSH levels
and subjects with normal TSH levels were not associ-
ated significantly with variation in SOS (Table 4).

Table 1. Correlational analysis between demographic and
body anthropometry and variables of interest.

Variable Age Height ~ Weight BMI Ethnicity
SOS -0.283**  -0.024 0.065 0.076* -0.095*%
TSH 0.152** 0.015 0.062 0.052 0.064
FT4 -0.192*  0.012 -0.063 -0.074 -0.069
FT3 -0.271*  0.072 0.108** 0.087* -0.007

Abbr: SOS=speed of sound; TSH= thyroid stimulating hormone; FT3=free
tri-iodothyronine; FT4=free thyroxine. *indicates significance value of p<0.05
and ** indicates p<0.001.

Table 2. Characteristics of the subjects.

Variable Malay Chinese Overall P
(n=310) (n=371) (n=681)
Age (years) 47.0(160) 498(117) 486 (139)  0.009
Height (cm) 1658 (6.5) 1683 (6.2) 167.2(64)  <0.001
Weight (kg) 713(137)  68.4(109) 69.7(124)  0.003
BMI (kg/m2) 259 (453) 241(3.48) 249409  <0.001
Calcaneal SOS  1521.0 (27.5) 1515.8 (26.9) 1518.2 (27.3) 0.258
(m/s)t
TSH (mIU/D)tt 137 (0.61)  1.44 (0.60) 1.41(0.61)  0.197
FT4 (pmol/1)tt 1598 (1.89) 15.72(1.77) 15.84 (1.82) 0.186
FT3 (pmol/)t1t 5.11(046) 5.10(046) 511(0.46)  0.365

Abbr: SOS=speed of sound; TSH= thyroid stimulating hormone; FT3=free
tri-iodothyronine; FT4=free thyroxine. findicates the comparison is adjusted
for age and BMI, t1 for age only and 111 for age and weight. P-value in bold
indicates a significant comparison (p<0.05) between Chinese and Malay
subjects.

Table 3. Multiple regression analysis using TSH and thyroid hormones as predictors of calcaneal speed of sound, (A) with
the inclusion subclinical hyperthyroid subjects. B) excluding subclinical hyperthyroid subjects.

Model Model 1 Model 2 Model 3 Model 4
p P P P p P p P

A

TSH 0.047 0.222 0.081 0.031 0.083 0.025 0.084 0.025
FT4 0.063 0.116 0.031 0.423 0.036 0.349 0.035 0.364
FT3 0.042 0.300 -0.026 0.514 -0.043 0.280 -0.041 0.295
B

TSH 0.041 0.291 0.075 0.047 0.077 0.041 0.077 0.040
FT4 0.057 0.163 0.029 0.464 0.033 0.391 0.033 0.406
FT3 0.042 0.296 -0.024 0.554 -0.041 0.308 -0.040 0.323

Abbr: TSH= thyroid stimulating hormone; FT3=free tri-iodothyronine; FT4=free thyroxine; p=standardized coefficient of variation. P-value in bold indicates a

significant association between the variable tested and SOS value.

Model 1 is adjusted for FT3 and FT4. Model 2 is adjusted for variables in model 1 and age. Model 3 is adjusted for variables in model 2 and BMI. Model 4 is

adjusted for variables in model 3 and ethnicity.
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Table 4. Multiple regression models when subjects were divided into quintiles according to their TSH levels.

Model 1 Model 2 Model 3

TSHrange J3 P TSHrange p P TSH range B P

(mIU/1) (mIU/1) (mIU/1)
Subclinical hyperthyroid combined with Q1 0.11-0.40 excluded from analysis 0.11-0.40 reference group
Q1 0.11-0.88 reference group 0.40-0.91 reference group 0.40-0.91 -0.017 0.761
Q2 0.88-1.18 -0.006  0.895 0.91-1.20 -0.02 0.672 0.91-1.20 0.015 0.893
Q3 1.18-1.48 0.036 0.429 1.20-1.49 0.036 0.437 1.20-1.49 0.069 0.526
Q4 1.48-1.92 0.049 0.289 1.49-1.92 0.046 0.320 1.49-1.92 0.08 0.468
Q5 1.92-3.14 0.101 0.029 1.92-3.14 0.096 0.042 1.92-3.14 0.129 0.242

Abbr: TSH= thyroid stimulating hormone; f=standardized coefficient of variation. P-value in bold indicates a significant association between the variable tested
and SOS value. All models (1, 2 and 3) were adjusted for age, BMI and ethnicity.

Discussion

This study found a significant positive associa-
tion between TSH levels and calcaneal SOS value in a
group of Malaysian males, before and after the exclu-
sion of subjects with subclinical hyperthyroidism. The
significance of this positive association persisted
when TSH was analysed either as a continuous or as a
categorical variable. There was no significant associa-
tion between free thyroid hormones and bone health
in the study population. These results were similar to
some studies using DXA as the determinant of bone
health. Kim et al. (11) found that lumbar spine BMD
was correlated with TSH levels in a group of eu-
thyroid Korean men. Subjects in the lower TSH quin-
tiles had lower BMD compared to subjects in the
higher TSH quintiles. In a separate study by Kim et al.
(12), similar  results were observed in
post-menopausal Korean women, in which subjects
having low TSH levels (Q1) had 2.2 folds risk of suf-
fering from osteoporosis as compared to subjects
having high TSH levels (Q5). The inclusion of sub-
clinical hyperthyroid subjects in the analysis did not
significantly alter the results. In the Tromso study,
Grimnes et al. (15) observed that TSH levels were as-
sociated with BMD in both men and post-menopausal
women. Significant associations between TSH and
BMD at the distal forearm were only observed in
subjects below the 2.5th percentile and above the
97.5th percentile. There was no association between
TSH and BMD across the normal range of TSH. In the
third National Health and Nutrition Examination
Survey of the United States, Morris et al. (22) also
found that post-menopausal women in the highest
TSH quintile had significantly higher total hip and
intertrochanter BMD compared to subjects in the
lowest TSH quintile.

Nevertheless, there were also some studies re-
porting results that were different from the current
study. Lin et al. (13) found that total T4 but not TSH
was associated with BMD at the wrist in a group of

Taiwanese middle-aged euthyroid males. Roef et al.
(14) observed that in 677 healthy young male siblings,
there was no significant association between TSH and
DXA and pQCT measurements. In the same study,
they also found that free and total thyroid hormones
and thyroid binding globulin were significantly and
inversely associated with BMD, BMC, cortical and
trabecular area. In a six-year longitudinal study by
Murphy et al. (23), TSH was not associated with BMD
at the hip and lumbar spine in healthy euthyroid
women, although higher TSH levels were shown to be
protective against fracture. We suggested that these
discrepancies might arise due to intrinsic differences
in the population studied. A study by Van Der Deure
et al. (24) showed that TSH receptor (TSHR) poly-
morphism could explain some of the individual vari-
ations in BMD. The difference in the prevalence of
TSHR alleles protective to bone health among the
study population could alter the significance of the
association between TSH and bone health. However,
this remained speculative and further studies should
be conducted to prove it.

The current study measured bone health via
calcaneal quantitative ultrasound technique. The cal-
caneal region consisted of 90-95% trabecular bone
(25). Trabecular bone was found to be highly porous
compared to cortical bone. Its porosity was translated
to a large surface area per volume ratio, which al-
lowed stimuli to be exposed to larger bone area (26).
In an experimental study by Sun et al. (10), ovariec-
tomized rats given intermittent recombinant TSH in-
jection showed significant improvement in trabecular
number and trabecular separation but not in cortical
thickness. This implied that trabecular bone was more
responsive to the variation in TSH levels in the body
compared to cortical bone. Hence, measuring the tra-
becular-rich calcaneal region would better reflect the
association of TSH with bone health.

A total of 13 subjects with subclinical hyperthy-
roidism were found in this study. None of these sub-
jects were on thyroid suppressive therapy as declared.
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We generated various multiple regression models to
assess the effects of including and excluding these
subjects in the analysis. Excluding these subjects from
the analysis caused the significance of the association
between TSH and SOS to shrink, yet it was still statis-
tically significant (Table 3). This showed that subjects
with lower than normal and low-normal TSH levels
were associated with low SOS compared to those with
high-normal TSH levels. However, when TSH was
analysed as a categorical variable, the difference be-
tween subclinical hyperthyroid subjects and subjects
with high-normal TSH (Q5) was not significantly as-
sociated with SOS, although the standardized regres-
sion value was relatively high (Table 4). This was due
to a small number of subjects with subclinical hyper-
thyroidism, which rendered the comparison having
small power and thus not significant statistically.

In the models without adjustment for age, no
significant association was found between TSH and
SOS in the subjects (Table 3). We suggest that the as-
sociation was masked by the effects of age on both
variables. Based on the results of correlation analysis,
the level of TSH increased with age while SOS values
decreased in the study population (Table 1). Similar
observations on age-dependent changes in TSH and
SOS were demonstrated by previous studies (20, 27).
The direct association between TSH and SOS was
shown after the confounding effect of age was re-
moved. This indicated that the relationship between
TSH and SOS was age-independent. Besides, in fur-
ther studies examining the relationship between TSH
levels and SOS, age was a necessary confounding
factor which should be adjusted.

The relatively small standardized regression co-
efficient and p-value indicated that although TSH
levels contributed to the variance of SOS in men, there
were other more important factors in determining the
bone health status of the study population. We
demonstrated previously that various factors such as
age, body anthropometry, physical activity level and
testosterone levels were predictors of SOS values in
men (18, 19). Despite this, TSH levels still provided
additional = information in  explaining the
age-independent variance of bone health status in
men.

A remarkable study by Abe et al. (8) demon-
strated that TSHR knockout (TSHR”-) mice had se-
verely reduced BMD as compared to wild type and
supplementation of thyroid extract did not normalize
the BMD. They also showed that TSH influenced the
formation, resorption and survival of osteoclasts via
inhibition of JNK/c-jun and NFKB signalling. It also
inhibited bone remodelling by suppressing osteoblast
differentiation via inhibition of LRP-5 and Flk-1 ex-

pression. Thyroid-stimulating hormone also exerted
its antiresorptive effects by mediating the level of
tumour necrosis factor alpha (28). A recent study by
Baliram et al. (29) demonstrated that TSH stimulated
osteoblastogenesis in murine embryonic stem cells via
activation of protein kinase C6 and up-regulation of
Wnt5a. More intensive research would be required to
confirm the mechanism of the effects of TSH on bone.
This study suggests that TSH, a pituitary hor-
mone, may have a direct influence on bone health
status in men apart from its traditional role of regu-
lating thyroid hormones in the body. This encourages
a re-examination of the physiological functions of
pituitary hormones. Apart from that, TSH may also be
a viable treatment option for osteoporosis. Studies by
Sumpath et al. (9) demonstrated that TSH was able to
prevent and restore osteoporosis in ovariectomized
Sprague-Dawley rats at low doses. More importantly,
serum T3 and T4 levels in these rats were not in-
creased at these doses. Sun et al. (10) later showed that
intermittent administration of TSH at an interval of
two weeks in ovariectomized rats displayed powerful
antiresorptive effects and the effects lasted for four
weeks after termination of the regime as assessed by
femoral BMD. In postmenopausal women with thy-
roidectomy, acute administration of recombinant TSH
was accompanied by a suppression of C-telopeptide
of type-1 collagen and an increase of bone alkaline
phosphatase, hence displaying the antiresorptive ef-
fect of TSH (30). However, there was a paucity of
equivalent studies performed on male rodent models
of osteoporosis, as well as long-term intervention
studies on euthyroid osteopenic or osteoporotic pa-
tients. Thus, we were not sure of the effectiveness of
TSH intervention on bone health status in humans.
There are several limitations pertaining to this
study. A non-randomized sampling method was
adopted due to logistic difficulties, thus generaliza-
tion of the results of this study should be done with
caution. We were only able to recruit two major ethnic
groups in Malaysia, i.e. the Chinese and the Malays.
Thus the results might not be suitable to be extrapo-
lated to other ethnic minorities. This was a
cross-sectional study; therefore the cause-effect rela-
tionship could not be assessed. A longitudinal study
would be more appropriate in validating the rela-
tionship between SOS and TSH. The ultrasonometer
used, Furuno CM-200, was only able to generate SOS
as the determinant of bone health status of subjects.
The other commonly used quantitative ultrasound
parameter, which is the broadband attenuation (BUA)
of sound, was not determined. However, previous
studies had shown that SOS showed stronger associ-
ation with BMD compared to BUA (31, 32). Other po-
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tential confounding variables, such as thyroid binding
globulin and anti-thyroid antibodies were not tested
in this study.

In conclusion, TSH levels were significantly as-
sociated with SOS in men after multiple adjustments.
The significance of this association persisted with the
inclusion or exclusion of men with subclinical hyper-
thyroidism. Therefore, serum TSH levels may explain
some of the age-independent variation in bone health
status of men. More studies are needed to validate the
use of TSH as a pharmacological agent in the treat-
ment of osteoporosis, keeping in mind the various
other physiological effects of TSH on the body.
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