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Abstract: Objective: To analyze the clinical characteristics of bone loss in hospitalized patients with Graves’ disease.
Methods: The clinical data of hospitalized patients with Graves’ disease were collected. According to the results of bone
density examinations, they were divided into a normal bone density group, a low bone mass group, and an osteoporosis
group. The normal bone density group was used as the control group to analyze the clinical characteristics of bone loss.
Results: The incidence of bone loss in patients with Graves’ disease was 80.72%, with osteoporosis accounting for 39.16%
and low bone mass accounting for 41.57%. The incidences of hyperthyroid heart disease, Graves’ ophthalmopathy, and
leukopenia in the osteoporosis group and the low bone mass group were significantly higher than those in the normal bone
density group, reaching 84.62%, 60.87%, and 34.38%, respectively (P < 0.05). The age of the osteoporosis group with
Graves’ disease was 50.88 + 12.03 years old, which was higher than that of the normal bone density group (40.03 + 12.58
years old). The disease course was 55.66 + 14.21 days, longer than that of the normal bone density group (43.38 £+ 8.55
days). FT4 was 61.69 + 8.42 pmol/L, higher than that of the normal bone density group (51.01 = 6.77 pmol/L), while TSH
was 0.08 £ 0.51 pIU/ml, lower than that of the normal bone density group (0.22 4+ 0.55 pIU/ml). The blood phosphorus was
1.25 £ 0.29 mmol/L, lower than that of the normal bone density group (1.34 + 0.27 mmol/L), with statistical significance
(P < 0.05). In the low bone mass group, FT3 (13.08 + 9.05 pmol/L) and FT4 (46.14 + 3.46 pmol/L) were lower than those
in the normal bone density group, with statistical significance (P < 0.05). Logistic regression analysis revealed that age,
disease course, and TSH were contributing factors to bone loss. Conclusion: Patients with Graves’ disease are prone to

bone loss, and age, disease course, and TSH are contributing factors to bone loss.
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1. Introduction

Thyroid hormones are essential for normal bone development and play a crucial role in the differentiation and
maturation of bone tissue cells. Excessive thyroid hormones can affect normal bone metabolism and lead to bone
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loss. This article analyzed 166 patients with Graves’ disease admitted to the Endocrinology Ward from April
2018 to April 2025 who had undergone bone density examinations. Taking normal bone density as the control,
the clinical characteristics of bone loss in Graves’ disease were obtained by analyzing the differences in clinical

conditions among osteoporosis, low bone mass, and normal bone density. The results are reported as follows:

2. Subjects and methods
2.1. Subjects

The clinical data are sourced from 166 patients with Graves’ disease admitted to the Endocrinology Ward from
April 2018 to April 2025 who had undergone bone density examinations (70 male patients and 96 female patients).
Bone density examinations are all performed using the Hologic QDR4500A fan-beam bone densitometer produced
by Hologic, Inc., USA.

2.2. Research methods

A retrospective analysis of hospitalized cases is conducted. The patients’ gender, age, height, weight, disease
course, admission and discharge diagnoses, treatment processes, thyroid function and antibody tests, various
biochemical tests, electrocardiograms, bone density examination results, etc. are recorded in detail. The case
data of patients diagnosed with Graves’ disease and who had undergone bone density examinations are retrieved.
According to the results of bone density examinations, they are divided into a normal bone density group (32
patients, 19.28%), a low bone mass group (69 patients, 41.57%), and an osteoporosis group (65 patients, 39.15%).
Statistical analysis is performed using the SPSS17.0 software package. Statistical descriptions of the samples are
carried out. The differences in the means of the measurement data of the three groups are compared by analysis

of variance (expressed as X +SD). The chi-square test is used for count data and rank data. A P-value < 0.05 was
considered statistically significant.

3. Results

3.1. Different bone densities and other complications of Graves’ disease

The incidences of complications such as hyperthyroid heart disease, leukopenia, and Graves’ ophthalmopathy
in the osteoporosis group and the low bone mass group were significantly higher than those in the normal bone
density group, with statistical significance (P < 0.05). The numbers of occurrences and percentages were 55 cases
(84.62%), 42 cases (60.87%), and 11 cases (34.38%), respectively.

3.2. Clinical conditions of different bone densities (Table 1)

As shown in Table 1, the age, disease course, and FT4 of the osteoporosis group with Graves’ disease were higher
than those of the normal bone density group, while TSH and blood phosphorus were lower. The percentage of
normal-sized thyroids was higher than that of the normal bone density group, and the percentage of grade II
thyroids was lower than that of the normal bone density group, with statistical significance (P < 0.05). In the
low bone mass group, FT3 and FT4 were lower than those in the normal bone density group, with statistical
significance (P < 0.05). It can be seen that the degree of bone loss is not proportional to the thyroid hormone level
and the degree of goiter. There is also a trend that the lower the TSH level, the more severe the bone loss.
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Table 1. Clinical conditions of different bone densities in patients with Graves’ disease ( X +SD)

Items Normal bone density group Low bone mass group Osteoporosis group
Age (years) 40.03 £12.58 44.68 + 11.14 50.88 + 12.03°
Disease course (days) 43.38 +£8.55 45.02 +£9.50 55.66 £ 14.21°
T3 (mmol/L) 5.05+3.27 441+£291 7.49 +£4.15
T4 (mmol/L) 231.04 + 87.16 192.20 + 80.44 237.38 £ 145.47
FT3 (pmol/L) 15.24 £10.79 13.08 £9.05° 17.47 £11.80
FT4 (pmol/L) 51.01 £6.77 46.14 + 3.46° 61.69 + 8.42°
TSH (uIU/ml) 0.22 +0.55 0.15+0.57 0.08 £0.51*
Blood Calcium (mmol/L) 2.21+0.17 2.24+0.21 2.17+0.17
Blood Phosphorus (mmol/L) 1.34+0.27 1.32+0.27 1.25+0.29*
Normal-sized Thyroid (%) 15.28 32.34 49.38"
Grade I Thyroid (%) 19.05 21.20 16.28
Grade II Thyroid (%) 61.90 42.46 29.56%

*Note: Aindicates a significant difference compared with the normal bone density group (P < 0.05); the disease course is

expressed as X =SE.

3.3. Logistic regression analysis

A logistic regression analysis was performed with bone density as the dependent variable and clinical conditions
as independent variables. The results showed that age, disease course, and TSH were contributing factors to bone
loss, as shown in Table 2.

Table 2. Logistic regression analysis of bone density and clinical conditions

Parameters P-value OR 95%CI
Age 0.01 1.08 0.73-2.38
Disease Course 0.04 2.39 1.87-2.71
TSH 0.02 1.57 1.19-2.07

4. Discussion

In 1891, German scholars such as Gorka first confirmed that hyperthyroidism could promote the development of
osteoporosis "', Thyroid hormones can stimulate osteoclast differentiation and inhibit osteoblast differentiation.
Huang et al. believed that high thyroid hormone levels were important factors affecting the bone turnover rate
and osteoporosis in hyperthyroid patients . Many scholars believed that hyperthyroidism was one of the common
causes of osteoporosis ™ *. The reported incidence of osteoporosis complicated with hyperthyroidism at home
and abroad is approximately 20-50% "', In this study, the incidence of bone loss was 80.72%, and the incidence
of osteoporosis was 39.16%, which was consistent with the clinical reports. The age and disease course of the
osteoporosis group in this study were greater than those of the normal bone density group, which was consistent
with the clinical reports that the incidence and severity of bone loss in hyperthyroid patients increase with age and
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that bone density decreases with the prolongation of the duration of high-concentration thyroid hormones ",

Wang believed that both high thyroid hormones and low TSH could affect bone remodeling*. Many scholars
believed that the thyroid hormone that controls bone loss and bone density in adults was mainly T3, which mainly
acts through the thyroid hormone receptor-a . Simsek et al. clarified that it mainly acts through the thyroid
hormone receptor-al. Khamisi studied the role of vitamin D in the bone metabolism of patients with Graves’
disease and emphasized the risk of osteoporosis that may be caused by vitamin D deficiency *. Yang et al.
showed that T4 could reduce bone density and increase the risk of fractures"”. Qi studied the causal relationship
between thyroid dysfunction and bone loss and pointed out that an imbalance in thyroid hormone levels may have
a negative impact on bone health ", Branstetter explored the mechanism and treatment options for osteoporosis
caused by hyperthyroidism and emphasized the importance of early intervention and comprehensive management
in the prevention and treatment of such osteoporosis !'”. Wen et al. expounded on the impact of hyperthyroidism
on bone metabolism and its related mechanisms and emphasized the negative effects of thyroid hormones on
bone health under pathological conditions ". Zhou et al. analyzed the association between hyperthyroidism and
osteoporosis through epidemiological studies and pointed out that the incidence of osteoporosis in hyperthyroid
patients was significantly increased "'”. Delitala explored the clinical characteristics of hyperthyroid patients and
the risk factors for osteoporosis and emphasized the impact of hormone levels, age, and other health conditions
on the risk of osteoporosis "’ Hong reviewed the methods for evaluating and managing bone health in patients

[19]

with thyroid dysfunction

[20]

. Ma et al. explored the association between hyperthyroidism and osteoporosis and its
research progress

Chen et al. analyzed the related factors of decreased bone density in hyperthyroid patients . Fan et al.
described the clinical characteristics and treatment progress of bone loss in patients with Graves’ disease ' Tsevis
et al. explored the impact of hyperthyroidism on bone metabolism and its mechanism of action ™. In this study,
the FT3 and FT4 levels in the low bone mass group were lower than those in the normal bone density group,
but those in the osteoporosis group were higher, indicating that there was no direct relationship between FT3,
FT4, and bone loss. Chen found that in young and middle-aged hyperthyroid patients, bone density decreased
with the increase in serum FT3 and FT4 concentrations and gradually decreased with the decrease in serum TSH
concentration, and osteoporosis was most obvious in patients with the lowest TSH . Deng et al. also believed that
TSH had a protective effect on bones, and a low TSH level could lead to a decrease in bone density . Yao et al.
clarified that low TSH in hyperthyroidism could cause an increase in TNF-o, and the increase in TNF-a promoted
bone loss caused by high thyroid hormones Y. However, Wen et al. believed that bone loss in hyperthyroidism
did not depend on the TSH level in the circulation"'®. In this study, the TSH in the osteoporosis group was 0.08 =+
0.51 pIU/ml, lower than that in the normal bone density group, supporting the view that a low TSH level promotes

a decrease in bone density. Chae et al. reduced the risk of osteoporosis by adjusting the TSH concentration of
patients after thyroid cancer surgery to 1 mU/L ™.

Owen et al. attributed osteoporosis to abnormal bone mineralization from the perspective of the
biomineralization theory **. Fu found that the serum calcium and phosphorus levels in hyperthyroid patients were
increased, and the serum calcium and phosphorus levels were positively correlated with the thyroid hormone levels!”.
However, in this study, there was no difference in blood calcium. The blood phosphorus in the osteoporosis group
was 1.25 £+ 0.29 mmol/L, lower than that in the normal bone density group. This may be related to the increase in
the parathyroid hormone/calcitonin ratio in hyperthyroid patients, which promotes the excretion of phosphorus in

the urine ™,
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There are many factors that affect bone density, and hyperthyroidism is just one of them. It can be seen from
this study that the impact of thyroid function on bone density is certain. Gorka et al. believed that osteoporosis
caused by hyperthyroidism could be reversed after the thyroid function returned to normal for a certain period
of time ", Supplementation with vitamin D and bisphosphonates could increase bone density “”. Reddy et al.
believed that treating hyperthyroidism could reverse lost bone mass, improve bone metabolism, and reduce the risk
of fractures ™. However, Tuchendler et al. found that the low bone density of the femoral neck in hyperthyroid
patients increased significantly after 12 months of antithyroid treatment but was still lower than that of the normal
control group ™. In clinical work, it is necessary to monitor the bone density of hyperthyroid patients, especially
those with advanced age, long-term illness, extremely high thyroid hormone levels, and extremely low TSH levels.
Timely treatment of hyperthyroidism, supplementation with vitamin, and the use of bisphosphonates can prevent
the occurrence of osteoporosis.

5. Conclusion

This study analyzed bone loss in hospitalized Graves’ disease patients and found a high prevalence of bone density
abnormalities. Over 80% of patients experienced bone loss, with nearly 40% having osteoporosis. Bone loss was
linked to older age, longer disease duration, and lower TSH levels. Patients with bone loss also had higher rates
of complications like hyperthyroid heart disease and Graves’ ophthalmopathy. Notably, bone loss severity did not
directly correlate with thyroid hormone levels (FT3/FT4). Logistic regression identified age, disease duration,
and TSH as key risk factors. Graves’ disease is strongly associated with bone loss, requiring clinical attention to
monitor bone density, especially in older patients or those with long-term illness and low TSH. Early intervention
for thyroid dysfunction may help prevent osteoporosis.
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