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Abstract

In this study, it was aimed to assess effects of subclini-
cal hyperthyroidism (SH) on bone metabolism using
osteoprotegerin (OPG), sclerostin, Dickkopf-1 (DKK1)
and biochemical parameters. This cross-sectional prospec-
tive study included 40 patients with SH and 40 euthyroid
controls. Serum OPG, sclerostin, DKK-1, type-1 procol-
lagen, C-terminal polypeptide (CTx) and 24-hours urine
N-terminal telopeptide (NTx) were measures using ELISA
kit. Bone mineral density measurements were performed
using dual energy X-ray absorptiometry (DEXA). Risk for
10-years hip and major fracture was estimated by Turkish
version of FRAX. No significant difference was detected
in age, gender, body mass index, smoking and menopause
rates between SH and control groups. The risk for 10-years
hip fracture and major osteoporotic fracture were estimated
as 4.45% and 0.55% in SH group, respectively. The OPG
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levels were significantly lower in patients with SH than
controls (P=0.017). No significant difference was detected
in other bone formation and degradation parameters. No
significant correlation was detected between OPG level
and risk for major osteoporotic fracture (P>0.05); how-
ever, a negative correlation was detected between OPG
level and risk for hip fracture (rho=0.233; P=0.038).
Serum OPG is markedly affected in patients with SH. In
addition, OPG seemed to be associated with osteoporotic
fracture risk. Available data show that SH is significantly
associated with risk for fracture; thus, it is important to
assess risk for fracture in patients with SH.

Keywords Subclinical hyperthyroidism - Bone
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Introduction

There are many causes of osteoporosis and, in particu-
lar, hyperthyroidism is among major causes of secondary
osteoporosis. The overt hyperthyroidism has been linked to
increased bone turnover, osteoporosis and risk for fracture
[1]. The thyrotropin (TSH) can directly affect both osteo-
clastic bone resorption and osteoblastic bone formation
through distinct intracellular signaling pathways [2].
However, due to marked controversies and variations in
available studies, the net effect of subclinical hyperthyroid-
ism (SH) on bone turnover and osteoporosis has not been
clearly known yet. In previous studies, the effects of SH on
bone metabolism and osteoporosis was investigated using
biochemical parameters such as carboxy-terminal telopep-
tide of type 1 collagen (CTx), N-terminal telopeptide of type
1 collagen (NTx) and type 1 procollagen, radiology studies
and bone mineral density (BMD) measurements. However,
in recent years, it was shown that several endogenous medi-
ators including osteoprotegerin (OPG), a member of tumor
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necrosis factor (TNF) receptor family known to influence
on bone metabolism, Wnt signal, sclerostin and Dickkopf-1
(DKK1) play important role in the control of osteoblasto-
genesis and bone formation [3].

In the present study, the effects of SH on bone resorp-
tion and formation was investigated for the first time using
mediators OPG, sclerostin and DKK 1, which are thought to
have major effect on bone mineral density measurements
and bone turnover, in addition to conventional parameters
such as CTx, NTx, calcium (Ca), vitamin D (VitD), para-
thormone (PTH) and others used to assess bone metabolism
in previous studies.

Materials and Methods
Study Setting and Sample

This cross-sectional, prospective study was conducted at
Department of Endocrinology and Metabolism, Selguk Uni-
versity Faculty of Medicine between 2017 and 2018. The
study included 40 patients with SH and 40 euthyroid con-
trols in same period. The control group was selected among
patients who did not have any disease and applied to the
internal medicine outpatient clinic for check-up. Those who
met the exclusion criteria were informed about the study.
Written consent was first sought from those who agreed to
participate in the study. All subjects gave written informed
consent for their clinical data to be used in accordance with
the Declaration of Helsinki.

Exclusion Criteria

Patients received high-dose VitD supplementation within
prior 6 months, patients on steroid therapy, patients with
history of cancer, those with chronic hepatic and renal dis-
ease, those with heart failure, those using drugs that may
affect thyroid function tests, those with finding active infec-
tion, those with history of previous fracture and those with
subacute thyroiditis were excluded.

Data Collection and Blood Sample Analysis

The sociodemographic characteristics and exclusion cri-
teria were questioned in the patients. Urinary Ca levels
were analysed via Abbott Architect (USA) aoutoanalyzer.
Total serum DKKI1, osteoprotogerin, CTx, type 1 procol-
lagen, sclerostin and urinary NTx were measured using a
commercial enzyme-linked immunosorbent assay (ELISA)
(Sunred, Shangai, China) kit according to the manufactur-
er’s recommendations.
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Bone Densitometry Measurement and Fracture Risk
Estimation

BMD was measured by GE Lunar device using dual energy
x-ray absorptiometry (DEXA). Lumbar spine 1-4, femur
total and femoral neck T-scores were classified as normal
(SD>-1), osteopenia (SD:-1 to -2.5) and osteoporosis (SD<-
2.5). Ten-year hip and major fracture risks were estimated
by Turkish Version of Frax Risk Assessment Tool (FRAX)
accepted by WHO (https://www.sheffield.ac.uk/FRAX/tool.
aspx?lang=tu).

Statistical Analysis

Statistical analyses were performed using SPSS for Win-
dows version 20.0. Variables were compared between
groups using the Chi-square test. Student’s t test was used
to compare variables with normal distribution while Mann
Whitney U test was used to compare variables with skewed
distribution. Spearman’s correlation test was used to assess
relations between osteoprotegerin, sclerostin, DKK1 and
24-hours urine NTx values and other parameters. Data
with normal distribution are presented as mean * standard
deviation while those with skewed distribution as median
(min-max). A P value <0.05 was considered as statistically
significant.

Results

The study included 40 SH and 40 controls. Mean age, gen-
der distribution, body mass index (BMI) and smoking rate
were comparable between groups. No significant difference
was detected in menopause rate between groups. No signifi-
cant differences were detected in biochemical parameters
between groups. As expected, there were significant differ-
ences in TSH, fT3 and T4 levels between groups (Table 1).
The 10-year fracture risk estimation and BMD values calcu-
lated with FRAX in SH patients are given in Table 2.

OPG levels was found to be significantly lower in patients
with SH (P=0.017). Other bone formation and resorption
parameters were similar between the groups (P>0.05)
(Table 3).

In patients with SH, a significant, positive correlation
was detected between OPG levels and serum TSH, DKK1,
serum CTx and type 1 procollagen levels (P<0.05). No
significant correlation was detected between OPG level
and risk for major osteoporotic fracture (p>0.05) while
a negative correlation was detected with risk for hip frac-
ture (rtho=-0.233; P=0.038). Again, a significant negative
correlation was detected between sclerostin and urinary
NTx levels (tho=-0.252; P=0.024). A significant, positive
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Table 1 Demographic characteristics and laboratory data of the individuals included in the study

Control SH P

Female/Male 26/14 24/16 0.818
Age (Year) 50.6+10.6 52.9+13.5 0.399
BMI (kg/m?) 28.06 (18.69-33.30) 28.02 (20.05-43.56) 0.479
Postmenopause 11/26 12/24 0.777
Smoker 8/40 5/40 0.546
Graves’ disease 19

Toxic adenoma 15

Toxic MNG 6

Parathormone (ng/L) 57.14+19.70 51.34+19.98 0.195
Albumin (g/dL) 421+0.25 4.18+0.40 0.677
Calcium (mg/dL) 9.49+0.28 9.51+£0.37 0.812
Phosphorus (mg/dL) 3.39+0.50 3.55+0.60 0.220
Magnesium (mg/dL) 2.00(1.40-2.36) 1.96(1.66-2.25) 0.538
Alkaline phosphatase (U/L) 68.5(28-147) 80(42-142) 0.077
Vitamin D (ng/mL) 16.79(5.25-46.20) 20.05(2.00-48.17) 0.765
TSH (mlU/L) 1.66(0.53-3.80) 0.02(0.001-0.39) <0.001
fT4 (ng/dL) 1.26+0.19 1.37+0.26 0.030
fT3 (ng/dL) 3.16+£0.41 3.55+£0.57 0.001
Anti-TPO (+) (IU/mL) 4/40 8/40 0.348
Anti-Tg (+) (IU/mL) 4/40 10/40 0.139

BMI: Body mass index; MNG: multinodular goiters; TSH: Thyrotropin; fT4:Free T4; fT3:Free T3; Anti-TPO:Anti-thyroid peroxidase; Anti-

Tg:Anti-thyroglobulin

Table 2 Bone densitometry measurements and FRAX calculations of
SH patients

SH
L1-4 T-score -0.70 [(-5.4)-(2.8)
L1-4 Zcore -0.35[(-3.8)-(2.6)

]
]
Femur neck T-score -1.00 [(-3.8)-(0.8)]
-0.40 [(-2.0)~(1.5)]
1.116 £0.206

0.912+0.166

Femur neck Z-score

L1-4 BMD (g/cm?)
Femur neck BMD (g/em?)
FRAX - Major frakture risk (%) 4.45 (1.10-1.90)
FRAX - Hip frakture risk (%) 0.55 (0.10-6.80)
BMD: Bone mineral density; FRAX: Fracture Risk Assessment Tool

correlation was detected between DKK1 and serum CTx
level (tho=0.375; P=0.001). Again, there was a significant,
positive correlation between DKK1 and type 1 procollagen
(tho=0.247; P=0.027).

Discussion

Our study showed that SH was numerically associated with
fracture risk. The OPG is a member of TNF receptor family
that inhibits nuclear factor-kB ligand (RANKL)-mediated
osteoclastic bone resorption receptor activator, which was
found to be lower in patients with SH. This finding will help
to understand the hypothesis proposing that SH is a risk fac-
tor for decreased bone mineral density and increased bone
turnover.

Table 3 Comparison of bone formation and destruction parameters

Control SH P
Sclerostin 3211.73 3537.38 0.866
(pmol/L) (89.53-5698.37)  (128.43-3834.08)
DKKI1 (pg/mL)  894.59 1122.54 0.893

(215.4-3626.8)  (248.3-3764.0)

Osteoprotegerin ~ 5.61 (0.89-7.20)  3.90 (0.56-7.00) 0.017
(pg/mL)

Serum CTx (pg/ 0.195 0.160 (0.090-1.170)  0.501
mL) (0.065-0.935)

Type 1 Procolla-  840.53 686.63 0.154
gen (ng/mL) (19.31-1394.41)  (13.63-1304.09)

Urine NTx 204.06 222.41(3.06-781.88)  0.264

(nmol/mmol) (12.39-761.01)
Urine Ca (mg/day) 133.28
(40.99-363.52)
DKKI1: Dickkopf-1; CTx: carboxy-terminal telopeptide of type 1 col-
lagen; NTx: N-terminal telopeptide of type 1 collagen; Ca: Calcium

145.21 (26.62-475.00) 0.855

There is an increased bone turnover in patients with
apparent hyperthyroidism and such patients are at risk for
osteoporosis. However, the physiological effects of SH
hasn’t been fully elucidated since the symptoms and find-
ings are not as apparent as those in clinical hyperthyroidism
in SH [1, 4]. In recent years, SH has become focus of inter-
est and it is thought that SH is a potential risk for decreased
BMD and increased bone turnover. However, there is lim-
ited number of studies about effects of SH on bone with
contradictory outcomes. In our study, in addition to BMD,
we, for the first time used novel parameters such as scleros-
tin, DKK1 and OPG in order to evaluate bone metabolism.
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In a meta-analysis evaluating fracture risk, SH was linked
to increased risk for fractures at hip and other regions, par-
ticularly in those with TSH level<0.10 mIU/L [5]. In a
study on postmenopausal women, TSH levels were found to
be lower in women with osteoporosis and a positive correla-
tion was observed between TSH and BMD [6]. In previous
studies, osteoporosis seemed to have an independent asso-
ciation with serum TSH level.

The OPG and its ligand, RANKL receptor activator, are
important factors that mediate paracrine signaling between
osteoblasts and osteoclasts. OPG act as trapping receptor that
binds RANKL; thus, inhibits interaction between RANKL
and surface receptors on osteoclasts [7]. The key importance
of OPG in bone metabolism was shown by severe osteopo-
rosis due to increased osteoclastogenesis in OPG-knockout
adult mice [8]. Jorgensen et al. found that serum OPG and
gene polymorphism at OPG promoter region was associ-
ated to increased risk for osteoporosis and fracture risk [9].
In a cohort including patients with hyperthyroidism, OPG
concentrations were evaluated before and after metamizole
(MMI) therapy and serum OPG levels were found to be
higher in patients with hyperthyroidism when compared to
controls. Moreover, OPG levels were found to be higher in
patients with Graves’ disease (GD) than those with toxic
MNG. On month 6 after MMI therapy, a significant decrease
was observed in toxic MNG group but not in GD group. On
month 12, OPG was significantly decreased in both groups
[10]. In our study, we found a significantly decreased OPG
level in SH patients when compared to controls. Suppres-
sion of osteoprotegerin, which acts as an osteoclastogenesis
inhibitor, by thyroid hormones may increase bone resorp-
tion. These results suggest that thyroid hormones may have
effects on bone metabolism via OPG.

The current guidelines on diagnosis and management
of osteoporosis recommends estimation of absolute frac-
ture risk by FRAX. The FRAX predicts 10-years risk for
major osteoporotic fractures and osteoporotic hip fractures
by combination of age and gender with 7 clinical risk fac-
tors independently from BMD [11]. Traditionally, the BMD
is predictive factor for osteoporotic fractures. The studies
indicate that the addition of specialized FRAX models to
current DEXA-based assessment will improve identifying
patients at high-risk for fracture [12]. In a study on patients
with SH, major osteoporotic fracture and osteoporotic hip
fracture risk scores by FRAX were significantly higher in
the patient group when compared to controls [13]. In our
study, a negative correlation was found between OPG
level and hip fracture risk. The decreased OPG level in SH
patients may suggest an increased risk of hip fracture in
these patients.

In recent years, it was shown that Wnt signal pathway
plays an important role in the control of osteoblastogenesis
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and bone formation. The Wnt signaling is modulated by
various endogenous mediators including sclerostin and
DKKI1 [3]. The regulation of Wnt signaling pathway by
thyroid hormones has been investigated in vivo manner.
The decreased DKK1 and increased sclerostin levels were
detected in rats with hyperthyroidism while both sclerostin
and DKK1 levels were found to be increased in rats with
hypothyroidism [14]. The DKK1 depletion was not suffi-
cient to reverse effects of thyroid hormone on bone mass
and bone turnover in rats with global or osteocyte-specific
DKKI1 deletion [15]. Thus, it is unlikely that DKK1 block-
ade can be an effective strategy to prevent pathological
changes in bone tissue in patients with thyroid dysfunction.
In a study on sclerostin levels, no significant difference was
detected between patients with hyperthyroidism and con-
trols [16]. In our study, no significant association was shown
between SH and DKKI1 or sclerostin involved in Wnt sig-
naling pathway.

In recent years, specific markers for bone turnover have
been developed, which may help for assessment and moni-
toring bone turnover. Type 1 procollagen is mainly synthe-
sized by osteoblasts. CTx and NTx are degradation products
resulting from type 1 collagen [17]. The serum CTx lev-
els were found to be significantly higher in patients with
GD and toxic MNG when compared to controls. In addi-
tion, CTx showed a negative correlation with TSH whereas
a positive correlation with fT3 and fT4 [18]. In a study in
SH patients, CTx was found to be higher when compared
to controls [19]. On contrary, no significant correlation was
detected between SH and CTx; thus, SH was not identified
as a predictive factor for hip fracture [20]. In our study,
type 1 procollagen, CTx, NTx and 24-hour urine Ca levels
were found to be comparable among SH and control groups.
However, heterogeneities such as variations in SH duration
or mean age may lead differences in clinical outcome.

This study has some limitations: (1) the smaller sample
size; (2) lack of BMD data in control group; (3) lack of clear
data regarding duration of subclinical thyroid dysfunction in
the patients since it was established that there was a nega-
tive interaction between duration of thyroid dysfunction and
bone metabolism in previous studies [18]. However, this
study is valuable since it is the first study evaluating effects
of novel parameters such as OPG, sclerostin and DKK1 on
bone metabolism in SH and one of the limited studies evalu-
ating effects of SH on bone metabolism in the literature.

Conclusions

In this study, no significant difference was observed between
the SH and control groups with sclerostin, DKK1, serum
CTx, urine NTx and urine Ca levels. However, it was seen
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that serum OPG concentration was significantly decreased
in SH and a negative correlation was found between OPG
level and hip fracture risk. This supports the hypothesis that
OPG contributes to hyperthyroidism-related reduction in
bone mineral density. There is need for further studies with
larger sample size and subgroups according to TSH levels,
in which disease duration can be monitored.

Acknowledgements Not applicable.

Authors’ Contributions AE: Conceptualization, Project administra-
tion, Data curation, Investigation, Methodology, Writing — original
draft. HK: Conceptualization, Project administration, Data curation,
Formal Analysis, Writing — original draft, Writing — review & edit-
ing. MS: Supervision, Validation, Writing — review & editing SHI:
Methodology, Resources, Writing — review & editing. SA: Visualiza-
tion, Formal Analysis, Writing — original draft. COK: Investigation,
Methodology, Software. AU: Visualization, Formal Analysis, Writing
— original draft. LK: Conceptualization, Project administration, Meth-
odology, Supervision.

Funding The study was granted by Scientific Research Projects Coor-
dination ship of Selguk University (Project number: 17102024).

Data Availability The datasets used are available from the correspond-
ing author on reasonable request.

Declarations

Ethics Approval and Consent to Participate The study was approved
by Ethics Committee of Selguk University Medicine School (Approval
number 2017/131-19.04.2017).

Consent for Publication Written informed consent was obtained from
all individual participants included in the study.

Conflict of Interest Ayse Elverdi Ozbek, Hiiseyin Korkmaz, Mehmet
Sézen, Siileyman Hilmi Ipekgi, Sedat Abusoglu, Cem Onur Kirag, Ali
Unlii and Levent Kebapgilar declare that they have no confict of inter-
est.

References

1. Vestergaard P, Mosekilde L. Hyperthyroidism, bone mineral, frac-
ture risk - A meta-analysis. Thyroid [Internet]. Mary Ann Liebert
Inc.; 2003 [cited 2020 Dec 13];13:585-93. Available from: https://
www.liebertpub.com/doi/abs/10.1089/105072503322238854.

2. Abe E, Marians RC, Yu W, Wu X, Bin, Ando T, Li Y, et al. TSH
is a negative regulator of skeletal remodeling. Cell Cell Press.
2003;115:151-62.

3. Baron R, Kneissel M. WNT signaling in bone homeostasis and
disease: from human mutations to treatments. Nat Med [Inter-
net]. 2013 [cited 2020 Dec 14];19:179-92. Available from: http://
www.nature.com/articles/nm.3074.

4. Cooper DS, Biondi B. Subclinical thyroid disease. Lancet. Else-
vier; 2012. p. 1142-54.

5. Blum MR, Bauer DC, Collet TH, Fink HA, Cappola AR, Da
Costa BR, et al. Subclinical thyroid dysfunction and fracture risk
a meta-analysis. JAMA - J Am Med Assoc [Internet]. American

10.

12.

13.

14.

15.

16.

17.

18.

19.

Medical Association; 2015 [cited 2020 Dec 14];313:2055-65.
Available from: https://jamanetwork.com/.

Acar B, Ozay AC, Ozay OE, Okyay E, Sisman AR, Ozaksoy D.
Evaluation of thyroid function status among postmenopausal
women with and without osteoporosis. Int J Gynecol Obstet Else-
vier Ireland Ltd. 2016;134:53-7.

Hofbauer LC, Heufelder AE. Role of receptor activator of nuclear
factor-kB ligand and osteoprotegerin in bone cell biology. J. Mol.
Med. 2001. p. 243-53.

Mizuno A, Amizuka N, Irie K, Murakami A, Fujise N, Kanno
T, et al. Severe osteoporosis in mice lacking osteoclastogenesis
inhibitory factor/osteoprotegerin. Biochem Biophys Res Com-
mun Academic Press Inc. 1998;247:610-5.

Jorgensen HL, Kusk P, Madsen B, Fenger M, Lauritzen JB. Serum
osteoprotegerin (OPG) and the A163G polymorphism in the OPG
promoter region are related to peripheral measures of bone mass
and fracture odds ratios. J] Bone Miner Metab. 2004;22:132-8.
Amato G, Mazziotti G, Sorvillo F, Piscopo M, Lalli E, Biondi
B, et al. High serum osteoprotegerin levels in patients with
hyperthyroidism: Effect of medical treatment. Bone Elsevier.
2004;35:785-91.

Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E.
FRAX™ and the assessment of fracture probability in men and
women from the UK. Osteoporos Int [Internet]. Springer; 2008
[cited 2021 May 16];19:385-97. Available from: https://link.
springer.com/article/https://doi.org/10.1007/s00198-007-0543-5.
Lippuner K, Johansson H, Kanis JA, Rizzoli R. FRAX® assess-
ment of osteoporotic fracture probability in Switzerland. Osteopo-
ros Int [Internet]. Springer; 2010 [cited 2021 May 16];21:381-9.
Available from: https://link.springer.com/article/10.1007/
s00198-009-0975-1.

Polovina S, Mici¢ D, Milji¢ D, Mili¢ N, Mici¢ D, Popovi¢ V.
The Fracture Risk Assessment Tool (FRAX score) in subclinical
hyperthyroidism. Vojnosanit Pregl Institut za Vojnomedicinske
Naucne Informacije/Documentaciju. 2015;72:510-6.

Tsourdi E, Rijntjes E, Kohrle J, Hofbauer LC, Rauner M. Hyper-
thyroidism and Hypothyroidism in Male Mice and Their Effects
on Bone Mass, Bone Turnover, and the Wnt Inhibitors Sclerostin
and Dickkopf-1. Endocrinology [Internet]. Endocrine Society;
2015 [cited 2020 Dec 14];156:3517-27. Available from: https://
academic.oup.com/endo/article/156/10/3517/2422836.

Tsourdi E, Colditz J, Lademann F, Rijntjes E, Kohrle J, Niehrs
C, et al. The Role of Dickkopf-1 in Thyroid Hormone—Induced
Changes of Bone Remodeling in Male Mice. Endocrinol-
ogy [Internet]. Oxford University Press; 2019 [cited 2020 Dec
14];160:664—74. Available from: https://academic.oup.com/endo/
article/160/3/664/5299763.

Saritekin I, A¢ikgoz S, Bayraktaroglu T, Kuzu F, Can M, Giiven
B, et al. Sclerostin and bone metabolism markers in hyperthy-
roidism before treatment and interrelations between them. Acta
Biochim Pol [Internet]. Polskie Towarzystwo Biochemiczne;
2017 [cited 2020 Dec 14];64:597-602. Available from: https://
doi.org/10.18388/abp.2016_1303.

Shetty S, Kapoor N, Bondu J, Thomas N, Paul T. Bone turn-
over markers: Emerging tool in the management of osteoporosis
[Internet]. Indian J. Endocrinol. Metab. Medknow Publications;
2016 [cited 2020 Dec 14]. p. 846-52. Available from: https://
www.pmc/articles/PMC5105571/?report=abstract.

El Hadidy EHM, Ghonaim M, El Gawad SSA, El Atta MA.
Impact of severity, duration, and etiology of hyperthyroidism
on bone turnover markers and bone mineral density in men.
BMC Endocr Disord [Internet]. BioMed Central; 2011 [cited
2020 Dec 14];11:1-7. Available from: https://link.springer.com/
articles/https://doi.org/10.1186/1472-6823-11-15.

Belaya ZE, Belaya ZE, Melnichenko GA, Rozhinskaya LY,
Fadeev VV, Alekseeva TM, et al. Subclinical hyperthyroidism

@ Springer


https://jamanetwork.com/
https://link.springer.com/article/
https://link.springer.com/article/
http://dx.doi.org/10.1007/s00198-007-0543-5
https://link.springer.com/article/10.1007/s
https://link.springer.com/article/10.1007/s
https://academic.oup.com/endo/article/156/10/3517/2422836
https://academic.oup.com/endo/article/156/10/3517/2422836
https://academic.oup.com/endo/article/160/3/664/5299763
https://academic.oup.com/endo/article/160/3/664/5299763
http://dx.doi.org/10.18388/abp.2016_1303
http://dx.doi.org/10.18388/abp.2016_1303
https://www.pmc/articles/PMC5105571/?report=abstract
https://www.pmc/articles/PMC5105571/?report=abstract
https://link.springer.com/articles/
https://link.springer.com/articles/
http://dx.doi.org/10.1186/1472-6823-11-15
https://www.liebertpub.com/doi/abs/10.1089/105072503322238854
https://www.liebertpub.com/doi/abs/10.1089/105072503322238854
http://www.nature.com/articles/nm.3074
http://www.nature.com/articles/nm.3074

Ind J Clin Biochem

of variable etiology and its influence on bone in postmenopausal
women. Horm. 2007;6:62—70.

20. Siru R, Alfonso H, Chubb SAP, Golledge J, Flicker L, Yeap BB.
Subclinical thyroid dysfunction and circulating thyroid hormones
are not associated with bone turnover markers or incident hip
fracture in older men. Clin Endocrinol (Oxf) [Internet]. Black-
well Publishing Ltd; 2018 [cited 2020 Dec 14];89:93-9. Avail-
able from: https://doi.org/10.1111/cen.13615.

@ Springer

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this arti-
cle is solely governed by the terms of such publishing agreement and
applicable law.


http://dx.doi.org/10.1111/cen.13615

	﻿Evaluation of Bone Turnover Markers Such as Osteoprotegerin, Sclerostin and Dickkopf-1 in Subclinical Hyperthyroidism
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿Study Setting and Sample
	﻿Exclusion Criteria
	﻿Data Collection and Blood Sample Analysis
	﻿Bone Densitometry Measurement and Fracture Risk Estimation
	﻿Statistical Analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


