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Abstract 

This narrative review explores the intricate relationship between thyroid disorders, both hyperthyroidism 

and hypothyroidism, and their impact on bone health and fracture risk. Hyperthyroidism, whether overt 

or subclinical, has been associated with an increased risk of fractures, emphasizing the significance of 

addressing thyroid dysfunction to prevent fractures. Surgical treatment for hyperthyroidism was found to 

reduce fracture risk in a nationwide follow-up study, while overt hyperthyroidism was linked to 

heightened bone turnover, diminished bone density, osteoporosis, and an elevated fracture risk. 

Additionally, hyperthyroidism's potential to accelerate linear growth and strain on bones further 

contributes to fracture susceptibility. In older men, lower levels of thyroid-stimulating hormone (TSH) 

were associated with a higher risk of hip fractures, indicating a specific connection between thyroid 

function and hip fracture risk. Graves' disease, often leading to prolonged untreated hyperthyroidism, can 

result in bone density loss and an increased risk of osteoporosis. The impact of thyroid hormones and 

thyroid autoantibodies on bone mineral density in premenopausal women with Graves' disease was also 

explored, revealing a clinically relevant influence of thyroid function on bone modulation. Furthermore, 

the review discusses the potential protective role of TSH receptor antibodies (TRAb) on bones in patients 

with Graves' thyrotoxicosis and Graves' orbitopathy. The review concludes by highlighting the 

importance of monitoring bone health in thyroid disease patients and the need for further research to fully 

understand these complex interactions. 
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Introduction 

Osteoporosis is a common bone disease 

characterized by a decrease in bone density and 

quality, leading to an increased risk of fractures 

and is most frequently diagnosed in 

postmenopausal women and in older men [1,2]. 

According to a meta-analysis, the worldwide 

prevalence of osteoporosis was documented at 

18.3% (with a 95% confidence interval ranging 

from 16.2% to 20.7%), as reported in reference 

[3]. Bone density scan-confirmed osteoporosis 

was found to affect 7.8% of the population 

under study, with a notable gender disparity, as 

the prevalence was 2.2% in males and 12.7% in 

females [4].  A family history of the disease, 

low body weight, smoking, excessive alcohol 

consumption, and a lack of physical activity are 

its risk factors [5,6]. The endocrine system 

plays a crucial role in regulating bone health. 

diabetes, thyroid issues, and hormonal 

imbalances can lead to secondary osteoporosis 

[7]. Various hormones fluctuations cause 

osteoprosis. Low testosterone levels in men 

have been associated with a higher risk of 

osteoporotic fractures [8] and vitamin D status 

is linked to bone mineral density and bone 

turnover [9]. Insulin-like growth factor 1 (IGF-

1) plays a significant role in bone health and 

osteoporosis [10]. The liver releases IGF-1 in 

response to the stimulation of growth hormone 

(GH). Both GH and IGF-1 play essential roles 

in maintaining bone health. A deficiency in 

either GH or IGF-1 can result in reduced bone 

density and an elevated risk of developing 

osteoporosis [11]. When severe 

hyperthyroidism is left untreated, it can elevate 

the risk of osteoporosis by affecting bone 

density and encouraging a high rate of bone 

turnover, ultimately contributing to bone loss 

[12]. This review aims to comprehensively 

explore the intricate relationship between 

thyroid diseases and osteoporosis, two medical 

conditions that often intersect and impact each 

other. Thyroid disorders, including 

hyperthyroidism and hypothyroidism, can have 

substantial consequences on bone health due to 

their influence on bone remodeling processes 

and hormonal imbalances. While 

hyperthyroidism is associated with increased 

bone turnover and the potential for 

osteoporosis, hypothyroidism can result in 

reduced bone density. The review will delve 

into the pathophysiological mechanisms 

underpinning these connections, the impact of 

thyroid medications on bone health, and 

clinical management strategies to mitigate 

osteoporosis risk in individuals with thyroid 

diseases. A thorough examination of the latest 

research findings and clinical guidelines will 

provide a comprehensive overview of the 

complex interplay between these conditions 

and offer insights into effective preventative 

and treatment approaches. 

Osteoporosis pathophysiology  

Osteoporosis has a multifaceted 

pathophysiology. It primarily results from an 

imbalance in bone remodeling, where the rate 

of bone resorption exceeds bone formation, 

resulting in a gradual loss of bone mass and 

increased susceptibility to fractures  [13]. 

Hormonal changes, especially the decline in 

estrogen levels in postmenopausal women, 

play a critical role in accelerating bone loss. 

Aging is another significant factor, as bone 

density naturally decreases with age, making 

older individuals more susceptible to 

osteoporosis  [13,14].  Additionally, genetic 

predisposition, such as a family history of the 

condition, can heighten the risk. Lifestyle 

factors, including inadequate calcium and 

vitamin D intake, a sedentary lifestyle, and 

smoking, further compound the issue by 

negatively impacting bone health and 

exacerbating the condition [13,14]. 

Pathways of endocrine secondary osteoporosis 

Secondary osteoporosis is a form of osteoporosis 

that is caused by underlying medical conditions 

[15]. Conditions such as hyperthyroidism, 

hypogonadism , and Cushing's syndrome can lead 

to bone loss and osteoporosis[16]. Diabetes 

mellitus, particularly type 1, is a common 

secondary cause of osteoporosis [17]. 

Dysregulation of the thyroid and parathyroid 

glands can disrupt the balance of calcium and  [
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other minerals in bones, contributing to 

osteoporosis[18]. 

Thyroid hormones and osteoporosis 

Overt hypothyroidism, can negatively affect bone 

turnover, leading to an increased risk of 

osteoporosis [19]. This condition impairs bone 

metabolism, potentially resulting in decreased 

bone mineral density, a hallmark of osteoporosis 

[20]. Research suggests that TSH has a role in 

bone health. TSH may improve bone volume, 

microstructure, and strength by inhibiting certain 

processes [21]. Thyroid hormones can influence 

serum calcium levels. Hyperthyroidism can lead 

to hypercalcemia, while hypothyroidism can 

result in hypocalcemia [22]. Thyroid hormones 

can influence how much calcium is stored in 

bones. In hyperthyroidism, excessive thyroid 

hormone levels can affect calcium storage in 

bones [22]. Studies in rats have shown that thyroid 

dysfunction, specifically hypothyroidism induced 

by propylthiouracil, can lead to a slow decline in 

serum calcium levels over several weeks[23]. This 

suggests a negative correlation between thyroid 

dysfunction and calcium levels. Thyroid 

hormones affect the transcellular transport of 

calcium in rats[24]. There is also a strong negative 

correlation between TSH and serum calcium 

levels in both hyperthyroid and hypothyroid 

conditions[23,24]. Systemic administration of low 

levels of TSH has been shown to increase bone 

volume, improve bone microarchitecture, and 

enhance bone strength in aged ovariectomized 

(OVX) rats. This suggests a positive effect of TSH 

on bone health in these rats [25]. Thyroid 

autoimmunity, including conditions like 

Hashimoto's and Graves' disease, is associated 

with decreased bone mineral density in areas like 

the spine and hip. This decreased bone density can 

increase the risk of fractures, even in individuals 

with normal thyroid function (euthyroid)[26].  

Graves' disease, toxic multinodular goiter, and 

toxic adenoma are the main causes of 

hyperthyroidism; in regions with poor iodine 

intake, toxic multinodular goiter is the most 

frequent cause. Hyperthyroidism can also result 

from consuming too much iodine from 

prescription drugs or contrast agents. Early 

diagnosis is typically observed in clinically 

apparent cases, which are characterized by 

suppressed thyroid-stimulating hormone (TSH) 

and high free thyroxine (FT4) and/or free 

triiodothyronine (FT3). The cardiovascular 

system may be negatively impacted by 

hyperthyroidism, thus treatment for the condition 

must be started right once to reduce symptoms and 

avoid long-term consequences. Thankfully, 

clinical practice now only sometimes encounters 

severe and persistent hyperthyroidism. Overt 

hyperthyroidism causes a shorter bone remodeling 

cycle, higher indicators of both bone resorption 

and creation, and faster bone turnover, which 

drastically reduces bone density and raises the risk 

of brittle fractures. 

Hyperthyroidism: 

studies have shown that hyperthyroidism, both 

overt and subclinical, is linked to an increased risk 

of fractures. Subclinical hyperthyroidism, in 

particular, has been identified as an independent 

risk factor for fractures, highlighting the 

importance of addressing thyroid dysfunction to 

prevent fractures [27,28]. A nationwide follow-up 

study involving 16,249 patients revealed that 

surgical treatment for hyperthyroidism is linked to 

a reduced fracture risk after diagnosis (Relative 

Risk = 0.66, 95% Confidence Interval: 0.55-0.78) 

[29]. On the other hand, overt hyperthyroidism, 

characterized by excessive thyroid hormone 

production, is associated with heightened bone 

turnover, diminished bone density, osteoporosis, 

and an elevated risk of fractures [30].  

Hyperthyroidism can also accelerate linear growth 

in untreated cases. This can lead to increased 

strain on bones, potentially making them more 

susceptible to fractures [31]. A study, involving 

older men, found that while thyroid hormone 

levels (TSH and FT4) were not linked to bone 

loss, lower TSH levels were associated with an 

increased risk of hip fractures, even within the 

normal TSH range, suggesting a specific 

connection between thyroid function and hip 
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fracture risk in this demographic [32].  According 

to a different study by Amato  et al., even though 

the aberrant bone structure persisted, high levels 

of osteoprotegerin (OPG) in hyperthyroidism 

normalized after receiving medical treatment [33]. 

Graves' disease often results in prolonged 

untreated hyperthyroidism, which can lead to a 

loss of bone density, increasing the risk of 

osteoporosis [34]. Another study by Siderova et al. 

aimed to investigate the impact of thyroid 

hormones, TSH, TSH-receptor antibodies 

(TRAb), and glucocorticoid treatment on bone 

health in women with Graves' thyrotoxicosis and 

Graves' orbitopathy (GO). The results showed that 

both groups of patients (with and without GO) had 

significantly lower bone mineral density (BMD) 

in the spine and femur and a higher risk of 

fractures compared to healthy controls. Among 

hyperthyroid patients, those without orbitopathy 

had lower spine BMD. The study also found 

correlations between thyroid hormone levels and 

BMD, suggesting that hyperthyroidism negatively 

affects BMD. However, TRAb, often elevated in 

GO patients, may have a protective effect on 

bones, but more research is needed to understand 

this fully. The duration of thyrotoxicosis and 

cumulative steroid dose were also negatively 

correlated with BMD [35]. the impact of thyroid 

hormones and thyroid autoantibodies on bone 

mineral density (BMD) in premenopausal women 

with untreated Graves' disease was examined. The 

research revealed that the thyrotoxic state was 

associated with significantly lower BMD, which 

improved during antithyroid drug therapy (ATD). 

However, after discontinuing ATD, femoral neck 

BMD declined again, independent of age. 

Thyrotoxicosis affected calcium homeostasis, and 

TSH receptor antibodies (TRAb) were found to be 

a positive predictor for better BMD. The results 

suggest that thyroid function has a clinically 

relevant influence on bone health in 

premenopausal women with Graves' disease and 

imply a potential direct action of TRAb on bones 

[36]. 

 

Thyroid cancers 

In U.S. veterans with thyroid cancer, osteoporosis 

was found to have a higher prevalence compared 

to control groups, although there was no notable 

difference in the occurrence of fractures [37]. TSH 

suppression is a common practice in treating 

postoperative differentiated thyroid carcinoma 

(DTC). However, its link to osteoporosis has been 

debated. A meta-analysis examined the 

connection between TSH suppressive therapy and 

osteoporosis in DTC patients. After searching 

multiple databases, 15 studies with 36 cohorts 

were analyzed. The findings revealed a higher 

prevalence of osteoporosis and osteopenia in 

postmenopausal women on TSH suppression, 

while men and premenopausal women showed 

normal or higher bone density [38]. According to 

data gathered from observational studies, 

postmenopausal women who undergo TSH 

suppression therapy face an increased likelihood 

of having reduced bone mineral density (BMD). 

This highlights the importance of monitoring the 

long-term bone health of survivors of DTC to 

ensure their skeletal well-being [39].  

Hypothyroidism:  

Overtreated hypothyroidism with levothyroxine, 

can negatively affect bone health similar to 

hyperthyroidism [19].  

Conclusion: 

In conclusion, this comprehensive narrative 

review highlights the intricate relationship 

between thyroid disorders and their significant 

impact on bone health and fracture risk. 

Hyperthyroidism, whether overt or subclinical, 

has been consistently linked to an increased risk 

of fractures, emphasizing the critical importance 

of addressing thyroid dysfunction to prevent these 

potentially debilitating events. The review also 

sheds light on the potential protective role of TSH 

receptor antibodies (TRAb) in the context of 

thyroid diseases and their effects on bone health. 

However, the mechanisms underlying these 

associations remain complex and multifaceted, 

warranting further research to elucidate the 

precise interactions between thyroid function, 
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bone health, and fracture risk. As we strive for a 

better understanding of these relationships, it 

becomes increasingly vital to monitor and manage 

the bone health of individuals with thyroid 

disorders, offering them a chance for a healthier, 

fracture-free future. 
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