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a b s t r a c t

Objectives: Graves' disease (GD) is the most common cause of thyrotoxicosis. There are many studies that
have evaluated bone mineral density (BMD) in Graves’ disease. However, the strength of a bone also
depends on its microarchitecture which can be assessed by various techniques. Trabecular bone score
(TBS) is a new method for assessing bone microarchitecture that is non-invasive and easily performed.
Methods: The present study was a cross-sectional study that involved 50 patients with active GD and 50
healthy controls. Both groups were subjected to an assessment of biochemical parameters followed by
measurement of BMD and TBS on the same dual energy X-ray absorptiometry (DXA) machine.
Results: The mean age of patients with active GD (N ¼ 50) was 31.9 ± 10.9 years while that of controls
was 31.2 ± 4.9 years (P ¼ 0.640). The female: male ratio was the same for both groups (F ¼ 31, M ¼ 19).
The mean lumbar spine BMD, femoral neck BMD, total hip BMD, and distal radius BMD were significantly
reduced in GD when compared to that in controls. The mean absolute lumbar spine TBS in GD was
1.263 ± 0.101 while that in controls was 1.368 ± 0.073 (P < 0.001). On multivariate regression analysis,
the factors that predicted TBS were serum thyroxine (T4) and L1-L4 BMD.
Conclusions: Patients with Graves’ disease had reduced bone density at all sites and degraded micro-
architecture. Long-term studies are required to understand the pattern of recovery of bone micro-
architecture after the restoration of euthyroidism.
© 2023 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Thyroid hormones regulate bone metabolism by influencing the
rate of bone turnover or bone remodeling [1]. Untreated thyro-
toxicosis can negatively influence bone health by increasing the
rate of bone remodeling [1]. This can lead to increased osteoclastic
bone resorption, not compensated by osteoblastic bone formation
[1]. Thyroid hormones are known to preferentially affect the
remodeling of cortical than that of trabecular bone [2].

Graves’ disease (GD) is the most common cause of thyrotoxi-
cosis. Active GD has been known to be a major risk factor for sec-
ondary osteoporosis [3,4]. A meta-analysis has reported low bone
mineral density (BMD) scores at the lumbar spine, hip, and distal
radius in hyperthyroidism [5]. The same study has also reported an
increased prevalence of vertebral fractures in hyperthyroid patients
ociety of Osteoporosis.

osis. Publishing services by Elsev
[5]. Studies have reported improvement in BMD after the restora-
tion of euthyroidism, evenwithout the use of any anti-osteoporotic
drugs [6,7]. However, a few studies have not shown a similar
pattern of improvement [8].

Most of these studies have primarily focused on BMD measured
on dual-energy X-ray absorptiometry (DXA). The strength of a bone
is not determined by BMD alone. A key determinant of bone
strength and fragility is its microarchitecture [9]. Trabecular bone
score (TBS) has been an emerging tool to assess bone micro-
architecture. It is entirely non-invasive and has been shown to be a
predictor of skeletal strength and fracture risk, independent of BMD
[10]. TBS is a gray-level textural metric that can be extracted from
two-dimensional images of lumbar spine DXA [10,11]. TBS is found
to correlate with trabecular number, separation, connectivity
density, and bone volume fraction [10,11].

Our study is planned to analyze the involvement of bone
microarchitecture in addition to BMD, in active GD compared to
that in healthy euthyroid controls. Bone microarchitecture was
assessed using TBS software installed on the same DXA machine
measuring BMD. To the best of our knowledge, there are only 3
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previous studies assessing bone microarchitecture with TBS in
active GD [12e14].

2. Methods

History was obtained through a pre-designed clinical proforma.
Patients were inquired about the symptoms of thyrotoxicosis like
palpitations, weight loss, tremors, increased frequency of stools,
and heat intolerance. All females included in our study were pre-
menopausal. A general examination was done to note height, and
weight and calculate body mass index (BMI). Physical examination
was done to look for goiter-its consistency, size, and presence of
thyroid bruit. An examination was done to look for any evidence of
orbitopathy or dermopathy. Patients with Graves’ orbitopathy/
dermopathy who were taking glucocorticoids were excluded from
the study.

Patients with GD were either treatment-naïve or thyrotoxic
despite taking anti-thyroid medicines. None of the patients took
calcium, vitamin D, or any other drug that could affect bone
metabolism during the study.

Healthy controls (N ¼ 50) matched for age and sex were
recruited for the study. They were the patients’ relatives and hos-
pital staff free from any disease, and also not taking any drug. Both
patients and controls were subjected to an assessment of
biochemical parameters and measurement of BMD and TBS.

2.1. Measurements

Blood samples were drawn in the fasting state. Samples for
serum total thyroxine (total T4), free thyroxine (FT4), serum tri-
iodothyronine (T3), free-tri-iodothyronine (FT3), thyroid stimu-
lating hormone (TSH) were measured using an electro-
chemiluminescence immunoassay (ECLIA, Elecsys-2010, Roche,
Germany). The normal ranges for various biochemical parameters
were as follows: T4 as 65.6e181.5 nmol/L, FT4 as 11.9e21.8 pmol/L,
T3 as 1.2e3.1 nmol/L, FT3 as 3.1e6.7 pmol/L, and TSH as 0.27e4.2
mIU/mL.

Samples for serum calcium (Ca), serum inorganic phosphorus
(PO4), and serum alkaline phosphatase (ALP) were measured using
Hitachi 917, Roche, Germany (normal ranges as 2.1e2.6 mmol/L,
0.8e1.5 mmol/L, and 80e240 IU/L, respectively). The intra-assay
and inter-assay coefficients of variation were 3.5e5.0%. Serum
intact parathyroid hormone (iPTH) was measured by chem-
iluminescence (CLIA, Elecsys-2010, Roche, Germany; minimum
detection limit ¼ 0.1 pmol/L, normal range as 1.5e6.8 pmol/L).
Serum 25-hydroxy [25(OH)] vitamin D was measured by CLIA
(LIAISON, DiaSorin, Inc., Stillwater, MN, USA, normal range as
50e125 nmol/L) with a coefficient of variation of 2.9e5.5%.

After obtaining their biochemical parameters, patients and
controls were subjected to assessment of BMD at the lumbar spine,
femoral neck, total hip, and distal non-dominant forearm. BMDwas
measured on DXA (Discovery A 84,023, Hologic Inc, Marlborough,
MA, USA), as per the guidelines of the International Society of
Clinical Densitometry. TBS was measured using TBS iNsight soft-
ware (version 3.0.2.0, Medimaps, Merignac, France) installed on the
same DXA machine. Vertebrae with syndesmophytes, osteophytes,
and fractured vertebrae were excluded from the analysis. T scores
and Z scores for BMD and TBS were not considered in the final
analysis due to a lack of normative data for the Indian population.

2.2. Statistical analysis

Statistical analysis was done using IBM SPSS Statistics© 23
(Armonk, New York, USA). Normative data are expressed as
mean ± standard deviation. Non-normative data are expressed as
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median with interquartile range (IQR 25th-75th). Parametric tests
(independent sample t-test) were used to test the significance be-
tween two independent means. Wilcoxon sign rank test andMann-
Whitney U test were used to test the significance between non-
parametric variables (paired and unpaired variables respectively).
Univariate and multivariate linear regression analysis was used to
test the association of various parameters with TBS in both groups.
A value of P < 0.05 was considered significant.

3. Results

3.1. Demographic and biochemical parameters

The comparison of demographic and biochemical parameters
between GD and healthy controls is shown in Table 1. The mean age
of patients with active GD (N ¼ 50) was 31.9 ± 10.9 years while that
of controls was 31.2 ± 4.9 years (P ¼ 0.640). The female: male ratio
was the same for both groups (F¼ 31, M¼ 19). Themedian duration
of symptoms in GDwas 15months (IQR 6e30months). Therewas a
significant difference in the BMI between the 2 groups [mean BMI
of 20.8 ± 4.0 kg/m2 in GD vs 25.7 ± 4.4 kg/m2 in controls
(P < 0.001)].

Themean serum T4 level [normal range (N): 65.6e181.5 nmol/L]
in GD was 240.7 ± 63.1 nmol/L versus 104.3 ± 20.5 nmol/L in
controls (P < 0.001). The mean serum T3 level [N: 1.2e3.1 nmol/L]
was 5.9 ± 2.4 nmol/L in GD versus 1.6 ± 1.2 nmol/L (P < 0.001) in
controls. The values for free hormones were as follows: FT4 [N:
11.9e21.8 pmol/L], 60. 4 (IQR 37.3e99.1) pmol/L in GD vs 15.6 (IQR
12.1e20.1) pmol/L in controls (P < 0.001); FT3 [N: 3.1e6.7 pmol/L],
21.3 (IQR 9.6e30.5) pmol/L in GD vs 4.6 (IQR 3.6e5.9) pmol/L in
controls (P < 0.001). Serum TSH [N: 0.4e4.2 mIU/L] was less than
0.001 mIU/L in all patients with GD while that in controls was
3.3 ± 0.2 mIU/L.

The mean serum Ca [N: 2.1e2.6 mmol/L] was 2.3 ± 0.2 mmol/L
in GD vs 2.3 ± 0.1 mmol/L in controls (P ¼ 0.067). The mean serum
PO4 [N: 0.8e1.4 mmol/L] was 1.4 ± 0.3 mmol/L in GD vs
1.1 ± 0.2 mmol/L in controls (P < 0.001). The median serum ALP [N:
80e240 IU/L] was higher in GD, 436.5 (IQR 307.7e574.0) IU/L
compared to that in controls, 220.0 (IQR 181.5e288.5) IU/L
(P < 0.001), suggestive of a ‘high bone turnover state’ in GD. The
median serum 25(OH) Vit D level [N: 50e125 nmol/L] in GD was
45.4 (IQR 35.2e67.6) nmol/L while that in controls was 35.9 (IQR
24.7e47.9) nmol/L (P ¼ 0.074). The median serum iPTH [N:
1.6e6.9 pmol/L] in GD was 4.9 (IQR 2.6e6.7) pmol/L vs 5.2 (IQR
3.6e6.8) pmol/L in controls (P ¼ 0.378). Significant differences
were also noted in liver function tests, that is, serum total bilirubin
[N: 5.1e17.1 mmol/L]: 10.2 (IQR 6.8e15.3) mmol/L in GD vs 8.5 (IQR
6.4e10.2) mmol/L in controls (P ¼ 0.022); serum alanine trans-
aminase (ALT) [N: 4e36 IU/L]: 34.0 (IQR 22.0e59.0) IU/L in GD vs
24.0 (IQR 15.0e33.7) IU/L in controls (P ¼ 0.002); serum aspartate
transaminase (AST) [N: 8e33 IU/L]: 33.0 (IQR 23.0e45.0) IU/L in GD
vs 24.0 (IQR 18.7e29.2) IU/L in controls (P ¼ 0.001); total protein
[N: 60.0e83.0 g/L]: 73.0 (IQR 70.5e76.2) g/L in GD vs 75.5 (IQR
72.0e77.2) g/L in controls (P ¼ 0.019) and serum albumin
[N:35.0e50.0 g/L]: 45.0 (IQR 40.0e49.0) g/L in GD vs 48.0 (IQR
46.0e50.2) g/L in controls (P ¼ 0.001). A significant difference was
also noted in serum creatinine [N: 53.0e97.2 mmol/L] between GD,
44.2 (IQR 35.3e53.0) mmol/L and controls, 61.8 (IQR 53.0e70.7)
mmol/L (P < 0.001).

3.2. Bone mineral density

The comparison of densitometric parameters between GD and
controls is shown in Table 2. The mean lumbar spine BMD (L1-L4
BMD) in GD was 0.843 ± 0.146 g/cm2, while that in controls was



Table 1
Comparison of demographic and biochemical parameters between Graves’ disease (N ¼ 50) and healthy controls (n-50).

Parameter Graves' disease (N ¼ 50) Healthy controls (N ¼ 50) P-value

Age, yr 31.9 ± 10.9 31.2 ± 4.9 P ¼ 0.640
Sex, F:M 31:19 31:19
BMI, kg/m2 (N: 18.5e24.9) 20.8 ± 4.0 25.7 ± 4.4 P < 0.001
Serum Ca, mmol/L (N: 2.1e2.6) 2.3 ± 0.2 2.3 ± 0.1 P ¼ 0.067
Serum PO4, mmol/L (N: 0.8e1.4) 1.4 ± 0.3 1.1 ± 0.2 P < 0.001
Serum ALP, IU/L (N: 80e240) 436. 5(IQR 307.7e574.0) 220. 0 (181.5e288.5) P < 0.001
Serum 25(OH)D, nmol/L (N:50e125) 45.4 (IQR 35.2e67.6) 35.9 (IQR 24.7e47.9) P ¼ 0.074
Serum iPTH, pmol/L (N: 1.6e6.9) 4.9 (IQR 2.6e6.7) 5.2 (IQR 3.6e6.8) P ¼ 0.378
Serum T4, nmol/L (N:65.6e181.5) 240.7 ± 63.1 104.3 ± 20.5 P < 0.001
Serum FT4, pmol/L (N:11.9e21.8) 60. 4 (IQR 37.3e99.1) 15.6 (IQR 12.1e20.1) P < 0.001
Serum T3, nmol/L (N:1.2e3.1) 5.9 ± 2.4 1.6 ± 1.2 P < 0.001
Serum FT3, pmol/L (N:3.1e6.7) 21.3 (IQR 9.6e30.5) 4.6 (IQR 3.6e5.9) P < 0.001
Serum TSH, mIU/L (N:0.4e4.2) <0.001 3.3 ± 0.2
Serum T Bil, mmol/L (N: 5.1e17.1) 10.2 (IQR 6.8e15.3) 8.5 (IQR 6.4e10.2) P ¼ 0.022
Serum ALT (SGPT), IU/L (N: 4e36) 34.0 (IQR 22.0e59.0) 24.0 (IQR 15.0e33.7) P ¼ 0.002
Serum AST (SGOT), IU/L (N: 8e33) 33.0 (IQR 23.0e45.0) 24.0 (IQR 18.7e29.2) P ¼ 0.001
Serum urea, mmol/L (N: 1.8e7.1) 3.6 (IQR 2.6e4.8) 3.5 (IQR 2.9e3.8) P ¼ 0.332
Serum creatinine, mmol/L (N: 53.0e97.2) 44.2 (IQR 35.3e53.0) 61.8 (IQR 53.0e70.7) P < 0.001
Serum T protein, g/L (N: 60.0e83.0) 73.0 (IQR 70.5e76.2) 75.5 (IQR 72.0e77.2) P ¼ 0.019
Serum albumin, g/L (N:35.0e50.0) 45.0 (IQR 40.0e49.0) 48.0 (IQR 46.0e50.2) P ¼ 0.001

Data are expressed as mean ± standard deviation or median [Interquartile range (IQR)].
BMI, body mass index;, Ca, calcium; PO4, phosphorus; ALP, alkaline phosphatase; 25(OH)D-25-hydroxy-vitamin D; iPTH, intact parathyroid hormone; T4, thyroxine; FT4, free
thyroxine; T3, tri-iodothyronine; FT3, free tri-iodothyronine; TSH, thyroid stimulating hormone; T Bil, total bilirubin; ALT, alanine transaminase; AST, aspartate transaminase.

Table 2
Comparison of densitometric parameters between Graves’ disease (N ¼ 50) and healthy controls (N ¼ 50).

Parameter Graves' disease (N ¼ 50) Healthy controls (N ¼ 50) P-value

L1-L4 BMD, g/cm2 0.843 ± 0.146 0.964 ± 0.096 P < 0.001
FN BMD, g/cm2 0.684 ± 0.116 0.801 ± 0.105 P < 0.001
TH BMD, g/cm2 0.769 ± 0.121 0.919 ± 0.095 P < 0.001
Distal radius BMD, g/cm2 0.588 ± 0.122 0.697 ± 0.064 P < 0.001
L1-L4 TBS 1.263 ± 0.101 1.368 ± 0.073 P < 0.001

Data are expressed as mean ± standard deviation.
L1-L4, lumbar spine; BMD, bone mineral density; FN, femoral neck; TH, total hip; TBS, trabecular bone score.

Fig. 1. Percentage distribution of patients with Graves' disease based on trabecular
bone score (TBS) values.
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0.964 ± 0.096 g/cm2 (P < 0.001). The mean femoral neck (FN) BMD
in GD was 0.684 ± 0.116 g/cm2 while that in controls was
0.801 ± 0.105 (P < 0.001). The total hip (TH) BMD in GD was
0.769 ± 0.121 g/cm2 while that in controls was 0.919 ± 0.095 g/cm2

(P < 0.001). The distal radius (DR) BMD in GD was 0.588 ± 0.122 g/
cm2 while that in controls was 0.697 ± 0.064 (P < 0.001). Whenwe
calculated the percentage differences, we found that in GD
compared to healthy controls; L1-L4 BMD was reduced by 12.5%, FN
BMD by 14.6%, TH BMD by 16.3%, and DR BMD by 15.6%.

3.3. Trabecular bone score

The mean absolute lumbar spine trabecular bone score (L1-L4
TBS) in GD was 1.263 ± 0.101 while that in controls was
1.368 ± 0.073 (P < 0.001). Bone microarchitecture has been divided
into 3 categories based upon TBS values: TBS � 1.2-fully degraded
microarchitecture; TBS 1.21e1.34-partially degraded micro-
architecture; TB � 1.35 enormal microarchitecture. In our study,
50% (N ¼ 25) of the patients had partially degraded micro-
architecture, 26% (N ¼ 13) had normal microarchitecture and 24%
(N ¼ 25) had fully degraded microarchitecture (Fig. 1).

3.4. Linear regression analysis

Linear regression analysis was applied to look for an association
between various parameters and TBS in GD and controls (Table 3).
Univariate analysis was applied when an individual variable was
tested. On univariate analysis, the parameters: age [Beta regression
co-efficient (b) ¼ �0.213, P ¼ 0.033], BMI (b ¼ 0.275, P ¼ 0.006),
72
serum T4 (b ¼ �0.554, P < 0.01), serum TSH (b ¼ 0.314, P ¼ 0.002),
L1-L4 BMD (b¼ 0.733, P < 0.001), FN BMD (b¼ 0.619, P < 0.001), TH
BMD (b ¼ 0.651, P < 0.001) and DR BMD (b ¼ 0.555, P < 0.01) were
found to have significant association. Onmultivariate analysis, after
adjustment of all these parameters, only 2 were found to retain a
significant statistical association with TBS, that is, serum T4
(b ¼ �0.356, P ¼ 0.001) and L1-L4 BMD (b ¼ 0.545, P < 0.001).



Table 3
Univariate and multivariate linear regression models predicting TBS in Graves’ disease and healthy controls.

Univariate analysis Multivariate analysis

Beta regression coefficient (b) (CI) Univariate p Beta regression coefficient (b) (CI) Multivariate p

Age �0.213 (�0.005-0.000) P ¼ 0.033 �0.092 (�0.003- 0.000) P ¼ 0.165
BMI 0.275 (0.002e0.010) P ¼ 0.006 �0.120 (�0.006-0.001) P ¼ 0.127
Serum T4 �0.554 (�0.012e�0.006) P < 0.001 �0.356 (�0.009e�0.003) P ¼ 0.001
Serum FT4 �0.215 (�0.023- 0.004) P ¼ 0.161
Serum T3 �0.218 (�0.033- 0.005) P ¼ 0.145
Serum FT3 �0.147 (�0.06- 0.002) P ¼ 0.401
Serum TSH 0.314 (0.006e0.023) P ¼ 0.002 �0.113 (�0.012-0.002) P ¼ 0.157
25(OH)D �0.118 (�0.003- 0.001) P ¼ 0.328
iPTH �0.027 (�0.001- 0.000) P ¼ 0.830
L1-L4 BMD 0.733 (0.445e0.649) P < 0.001 0.545 (0.260e0.553) P < 0.001
FN BMD 0.619 (0.380e0.638) P < 0.001 0.053 (�0.220-0.309) P ¼ 0.741
TH BMD 0.651 (0.389e0.626) P < 0.001 0.061 (�0.249-0.344) P ¼ 0.752
DR BMD 0.555 (0.358e0.665) P < 0.001 0.058 (�0.114-0.220) P ¼ 0.529

Data are expressed as beta regression coefficient (b), with 95% confidence interval (CI).
BMI, bodymass index; T4, thyroxine; FT4-free thyroxine; T3, tri-iodothyronine; FT3, free tri-iodothyronine; TSH, thyroid stimulating hormone; 25(OH)D, 25-hydroxy-vitamin
D; iPTH, intact parathyroid hormone; BMD, bone mineral density; TBS, trabecular bone score; L1-L4, lumbar spine; FN, femoral neck; TH, total hip; DR, distal radius.
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4. Discussion

The present study compared biochemical and densitometric
parameters between Graves’ disease and healthy controls. The
diagnosis of GD was made according to the guidelines of the ATA
[15]. The ATA, 2016 guidelines state that in patients who have
moderate-severe hyperthyroidism with symmetric goiters and
recent onset orbitopathy, further tests are not required [15]. In
patients with hyperthyroidism, who lack these features, further
tests in the form of TSHR antibodies or radio-active iodine uptake
(RAIU), or Technetium-99-thyroid scans are required [15]. In our
institute, due to logistic issues, TSHR antibodies could not be done;
rather Technetium-99-thyroid scans were done and the scans with
diffusely increased uptake in bilateral lobes of the thyroid were
diagnosed with GD [15]. Yoshihara et al [16] used artificial intelli-
gence and logistic regression models for the prediction of GD
among normal subjects and those with thyrotoxicosis. The study
found that age, serum creatinine, total cholesterol, ALP, and total
proteinwere strong predictors of GD in normal subjects, and serum
ALP, creatinine, total protein, gamma-glutamyl transferase (GGT),
and white blood cells (WBC) were strong predictors of GD in pa-
tients with thyrotoxicosis. In our study, we had data on serum ALP,
creatinine, total protein of GD and controls. However, we did not
have data on total cholesterol, GGT, and WBC to satisfy the pre-
diction model.

The present study found a reduction in bone density at all the
sites, that is, at the lumbar spine, femoral neck, total hip, and distal
radius, in GD compared to that in healthy controls. Previous studies
have shown that there is a reduction of bone density up to 10e20%
in overt hyperthyroidism [17e19] which was similar to that
observed in our study. GD is known to preferentially affect cortical
bone more than trabecular [2]. However, in our study, the per-
centage reduction in distal radius BMDwas almost similar to that in
the hip or lumbar spine.

The recovery of bone density after the restoration of euthyr-
oidism has been found to be variable. Two previous studies using
single photon absorptiometry showed a reduction in bone density
up to 12e28% in patients with overt hyperthyroidism that
normalized after treatment with anti-thyroid drugs [19]. One pre-
vious study from our institute reported a reduction in bone density
that did not normalize after the restoration of euthyroidism in the
vitamin D-deficient population [8].

The present study also found a significant deterioration in bone
microarchitecture in GD, compared to that in healthy controls.
73
There are several techniques to assess bone microarchitecture such
as biopsy of invasively obtained bone specimens, micro CT, micro
MRI, and high-resolution peripheral quantitative CT (HRpQCT).
However, these may not be feasible in routine clinical practice due
to high radiation exposure or its invasive nature. Trabecular bone
score (TBS) is a non-invasive technique that can be installed on DXA
machines and is found to correlate with bone microarchitecture
parameters such as trabecular number, connectivity, and density.
Previously, there have been very few studies assessing bone
microarchitecture using TBS in Graves' disease. Ock et al [12]
included 30 patients with GD (M: F ¼ 17:13) and followed up for
20.7 ± 8.5 months after initiation of anti-thyroid drugs. They found
an improvement in lumbar spine BMD and TBS [TBS ¼ 1.377 (IQR
1.299e1.422) at baseline to TBS ¼ 1.390 (IQR 1.327e1.430) after
treatment (P ¼ 0.038)]. Rymuza et al [14] included 15 patients with
Graves’ orbitopathy who received 12 pulses of methylprednisolone
and found that TBS values decreased in 5 out of 15 patients (33%).
The mean TBS value decreased by 2.4% than the baseline (P < 0.05).
We, however, excluded patients with orbitopathywho had received
glucocorticoids since the latter are known to influence bone
metabolism.

In the current study, on univariate analysis, the following pa-
rameters were found to have a significant associationwith TBS: age,
BMI, serum T4, serum TSH, L1-L4, FN, TH and DR BMD. It is inter-
esting to note that GD may cause significant weight loss which in
itself can lead to low bone mass. However, 1 previous study from
Rotterdam found that thyroid hormones affected bone density in-
dependent of weight in a large sample of the elderly Caucasian
population [20].

In the present study, we performed multivariate analysis after
adjusting for age, BMI, T4, TSH, L1-L4, FN, TH, and DR BMD. Sub-
sequently, only 2 parameters, serum T4 (b¼�0.356, P¼ 0.001) and
L1-L4 BMD (b ¼ 0.545, P < 0.001) were found to have a statistically
significant association with TBS. Thus, deterioration in bone
microarchitecture can be attributed to the direct effects of thyroid
hormones.

It was, however, observed that TBS did not have a statistically
significant association with the bioactive hormones, FT4 and FT3.
FT4 and FT3 were measured by ECLIA, rather than liquid
chromatography-mass spectrometry (LC-MSMS). The free hormone
immunoassays may not be as robust as free hormonemeasurement
by LC-MSMS [21,22]. Measurement of T3, FT3, and FT4 by the
immunoassay methods (commonly used by the majority of labo-
ratories) is problematic, especially at the low or high end of the
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range, and does not correlate with both log TSH and patients’
clinical conditions. We did not get a significant association of TBS
with FT4 or FT3 possibly due to assay limitations [21,22].

Thyroid hormones (T3 and T4) are known to influence bone
health. The T3 receptor has been found in rat and human osteoblast
cell lines and also in osteoclasts, derived from osteoclastoma [23].
In addition, TSH is also found to be an independent regulator of
bone health [24]. TSH receptors are present in osteoblast and
osteoclast precursors [25]. Isolated suppression of TSHwith normal
T3 and T4 has been found to be associated with poor bone density
in many studies [26,27].

Once the bone is fully formed, it undergoes a continuous process
of remodeling to remove old, micro-damaged bone and replace it
with a newer and mechanically stronger bone to preserve bone
strength. It is a tightly coupled process where bone resorption oc-
curs at the same rate as new bone formation occurs. Each remod-
eling cycle takes approximately around 200 days or 5 months. In
overt hyperthyroidism, the process of remodeling is hastened, with
the uncoupling of resorption and formation. The increased
remodeling rate may be attributed to the direct effects of thyroid
hormones and suppression of TSH.

Due to increased bone turnover, there may be hypercalcemia
with hypercalciuria leading to net negative calcium balance.
Studies have observed hypercalcemia in up to 8% of patients with
Graves’ disease [28]. In the present study, however, themean serum
calcium was within normal limits in GD.

Vitamin D deficiency is also very common in the Indian popu-
lation, with prevalence rates varying from 70 to 100% [29]. In the
present study, both the patients and the healthy control groups had
a median 25(OH) vitamin D level below the lower limit of normal.
Vitamin D deficiency can contribute to overall poor bone health,
due to impaired intestinal calcium absorption from the gut, and
increased calcium resorption from bone (due to secondary
hyperparathyroidism).

GD is also a state of excess cytokines. Kuzma et al [13] studied
the association of the chemokine serum fractalkine with bone
health in GD and in healthy controls. They found that serum frac-
talkine levels had a positive correlationwith serum FT4 levels and a
negative correlation with TBS values. TBS was the lowest in active
GD compared to cured Graves’ and healthy controls.

Overt or subclinical hyperthyroidism is an important risk factor
for fracture [30,31]. In 1 study, it was found that TSH <0.1 mIU/L
was associated with a 4.5-fold increased risk of vertebral fracture
and 3.6 fold increased risk of hip fracture [32]. Another cross-
sectional study found a 31% fracture risk (for the forearm, hip,
and vertebral bone) in patients with TSH < 0.10 mIU/L [33]. In the
present study, fractured vertebrae were not included in the final
analysis of BMD and TBS. However, as our study showed low bone
density and degraded microarchitecture in the patients, it is pru-
dent for the clinician to educate patients about fracture prevention
measures. Also, patients should be adequately provided with bone
protective measures like calcium and vitamin D supplements.

Our study had a few limitations. We did not measure bone
turnover markers osteocalcin, or C- or N-telopeptide, bone-specific
ALP and Tracp-5b due to logistic issues. We also did not follow up
with the patients to assess the pattern of recovery of BMD and TBS
after the achievement of euthyroidism.

5. Conclusions

Our study showed that patients with active Graves' disease had
a significant decline in bone health. Both the bone density and
trabecular bone score were significantly reduced in GD compared
to that in healthy controls. The factors that predicted bone micro-
architecture were serum T4 levels and lumbar spine BMD. Long-
74
term studies are required to predict the recovery of bone micro-
architecture in active Graves’ disease after the restoration of
euthyroidism.
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