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Abstract: Thyroid hormones have a direct effect on bone mineral homeostasis, leading to increased bone mineral 
resorption and calcium loss through the kidneys. Osteomalacia is conceptualized as a disorder of bone tissue 
characterized by inadequate or delayed mineralization of osteoid in mature cortical and spongy bone, and is associ-
ated with thyrotoxicosis. This article assessed the impact of thyrotoxicosis on the occurrence and development of 
osteomalacia for better diagnosis and treatment of the disease. We searched databases such as Pubmed with “os-
teomalacia” and “thyrotoxicosis”, 15 papers were found; with “osteopenia” or “osteomalacia” or “osteoporosis” and 
“thyrotoxicosis”, 129 papers were found. The causes of osteomalacia include insufficient intake of calcium, phos-
phorus and vitamin D, impaired absorption and metabolism of vitamin D, kidney diseases (nephrotic syndrome, 
chronic renal failure, renal tubular acidosis, Fanconi syndrome, etc.), hereditary and neoplastic hypophosphatemia, 
and other diseases such as heavy metal poisoning, high fluoride intake. At present, the pathogenesis of osteomala-
cia caused by thyrotoxicosis are mainly attributed to catabolism of vitamin D, vitamin D deficiency and mechanisms 
underlying calcium metabolism disorder. Since thyrotoxicosis can cause osteopenia and may coexist with osteo-
malacia, attention should be given to the changes of alkaline phosphatase, liver function and clinical symptoms. If 
necessary, chest X-ray and pelvic X-ray should be carried out to find out potential osteomalacia for timely treatment 
to avoid the occurrence of fracture and even deformity.
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Introduction

Von Recklinghausen described a case of osteo-
malacia in a thyrotoxic patient around a century 
ago. Since then, more cases of osteomalacia 
have been observed in patients with thyrotoxi-
cosis [1, 2]. Thyrotoxicosis is a well-known ca- 
use of metabolic bone disease [3]. However, 
metabolic bone disease resulted from thyroid 
diseases are frequently misdiagnosed, or sim-
ply missed, and fewer cases of osteomalacia 
are reported in the context of thyroid disease. It 
is important that clinicians remain alerted to 
the dangers of osteomalacia, which remains 
prevalent in emigrant and native Asians [3, 4]. 
To assess the impact of thyrotoxicosis on the 
occurrence and development of osteomalacia 
for better diagnosis and treatment of the dis-
ease, we reviewed the related original articles 
in databases such as Web of Science, PubMed, 
Springer and Clinical Key published before June 

6, 2020, with the following keywords: “osteope-
nia”, “osteomalacia” “osteoporosis” and “thyro-
toxicosis”. Previous studies of osteomalacia 
and thyrotoxicosis are scattered as case analy-
sis or case reports, and no review has been 
published on this topic recently. In the present 
review, we will address the common clinical 
manifestations and definitions of osteomalacia 
and thyrotoxicosis, the distinctions between 
thyrotoxic and osteomalacic myopathies and 
advance in the pathogenesis of thyrotoxicosis-
related osteomalacia. We showed that success-
ful treatment of such patients may be facilitat-
ed by proper identification of a related meta-
bolic disorder. 

Definition of thyrotoxicosis and osteomalacia 

The clinical syndrome that arises from the expo-
sure to excessive circulating free thyroid hor-
mones-thyroxine (3, 5, 3’, 5’-tetraiodo-L-thyro-
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nine, T4) and/or triiodothyronine (3, 5, 3’-triio-
do-L-thyronine, T3) is termed thyrotoxicosis. It 
affects approximately 1-1.5% of the world pop-
ulation [5], and is thus a prevalent presenta-
tion. It occurs 5-10 times more frequently in 
women than men. The overwhelming majority 
of cases (up to 80%) are the result of the 
Graves’ disease (GD), although it may poten-
tially stem from several other conditions, such 
as toxic adenoma (TA), toxic multinodular goitre 
(TMNG) and thyroiditis of any aetiology. In 
iodine-replete countries, thyrotoxicosis caused 
by GD is far more frequently than by other fac-
tors. GD is an autoimmune condition, where 
thyrotropin receptor antibodies (TRAbs) is stim-
ulated to bind with the thyrotropin receptor 
(TSHR) gene, leading to hyperthyroidism. The 
resulting thyroid hypertrophy causes a diffuse 
goitre in approximately 80% of patients. 

Thyroid hormones have receptors present in 
almost all human tissues, and impact both syn-
thesis and metabolism rate of proteins. Hence, 
the fact that the clinical symptoms and indica-
tions of thyrotoxicosis are pleiotropic is unsur-
prising. Inadequately treated or untreated thy-
rotoxicosis would therefore result in severely 
impaired quality of life, as we expect for cardio-
vascular mortality, osteoporosis, atrial fibrilla-
tion, thromboembolic events and neuropsychi-
atric states [6]. 

Osteomalacia, conceptualised as a bone-tissue 
disorder, is characterized by retarded or insuf-
ficient mineralisation of osteoid in mature cor- 
tical bone. Osteomalacia is linked to further 
growth-plate abnormalities or rickets (i.e. dis-
ruption of normal growth-plate mineralisation 
and development) in children [7]. Osteomalacia 
may be broadly classified into three categories 

of disorder, namely phosphate deficiency, cal-
cium deficiency or vitamin D deficiency. The 
aetiologies of hypophosphatemic bone disease 
include tumour-associated osteomalacia, vita-
min-D deficiency, aluminium hydroxide adju-
vant, renal hypophosphatemic osteomalacia, 
malabsorption, vitamin-D-dependent rickets, 
Fanconi syndrome and other hypophosphatem-
ic tubular diseases as well as hyperparathy-
roidism (Table 1). 

As a result of their disparate impacts on the 
parathyroid hormone, presentations that cause 
hypophosphatemia should be addressed sepa-
rately, rather than with conditions that cause 
vitamin-D- or calcium deficiency. Parathyroid 
levels increase when vitamin-D or calcium lev-
els are low. When phosphate is elevated, it 
would generate the typical imaging feature of 
bone resorption. In contrast, low phosphate 
levels do not increase parathyroid hormone  
levels nor generated the classic imaging fea-
tures of hyperparathyroidism [8]. An inherited 
X-linked abnormality, where phosphate is inef-
fectively reabsorbed by the renal tubes, is the 
most widespread cause of hypophosphatemic 
osteomalacia. Up to a third of the patients 
occur as sporadic cases, which probably result 
from mutation. In children, the condition has 
been termed “refractory rickets” or “vitamin-D-
resistant rickets”, since vitamin D supplements 
do not produce a good response [9]. Oncogenic 
hypophosphatemic osteomalacia (a tumour-
associated condition) and Fanconi syndrome (a 
collection of conditions with renal tubular dys-
function and loss of amino acids through urina-
tion) are additional potential causes of hypo- 
phosphatemic osteomalacia. 

Common clinical manifestations and related 
examinations of osteomalacia and thyrotoxi-
cosis  

Proximal myopathy

Both Graves [10] and von Basedow [11] report-
ed weakness as a symptom of thyrotoxicosis. 
Up to 50% of thyrotoxicosis patients show clini-
cally detectable chronic muscle weakness [12]. 
The extent of weakness is variable, with only a 
small minority of patients being bedridden. The 
known causes of myopathy include hypokalem-
ic periodic paralysis (up to 24% of glucose-
induced degradation-deficiency (GID)), myas-), myas-
thenia gravis (1% of Graves’ disease (GD)), and 

Table 1. Etiologies of hypophosphatemic 
bone disease
Etiologies 
Renal hypophosphatemic osteomalacia
Tumor-associated osteomalacia
Malabsorption
Vitamin D dependent rickets
Vitamin D deficiency
Fanconi syndrome
Other hypophosphatemic tubular disease
Aluminum hydroxide adjuvant
Hyperparathyroidism
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chronic thyrotoxic myopathy (50% of GID). Os- 
teomalacia is linked to thyrotoxicosis [1, 2]. 
Osteomalacia myopathy evinces a typical proxi-
mal distribution. Proximal muscle weakness 
may independently be caused by osteomalacia 
and thyrotoxicosis in 50% and 61% of cases, 
respectively [13]. Hypophosphatemic osteoma-
lacia presents diverse clinical features, depend-
ing on the causes of the condition. With the 
exception of X-linked hypophosphatemic os- 
teomalacia [9], muscle weakness has been re- 
ported with other causes of osteomalacia. Gait 
is a further significant indicator of hypophos-
phatemic osteomalacia, and is frequently des- 
cribed as “waddling”. Another simple indicator 
of myopathy is an inability to rise unaided from 
a seated position with one’s arms folded in 
front. However, if there is pain, myopathy may 
be difficult to diagnosis clinically. Even when 
myopathy is known to be present, it may not 
show specific electromyographic abnormalities 
or simply absent. Furthermore, misdiagnosis of 
myopathy can occur as a result of the vague-
ness of muscle weakness and pain in osteoma-
lacia patients [14]. 

Elevated alkaline phosphatase (ALP)

In 1952, marginally increased serum ALP levels 
in 10 of 14 cases of thyrotoxicosis were report-
ed. Subsequently, in 1968, significant increas-
es in mean serum ALP (SALP) levels in thyro-
toxic patients were found [15]. In a large study, 
between 42% and 89% of individuals present-
ing with thyrotoxicosis are shown to have in- 
creased total serum ALP [16]. Due to excess 
thyroid hormones, thyrotoxicosis is likely to gen-
erate metabolic impact that change the bio-
chemical profiles of blood, including increased 
levels of aspartate aminotransferase, SALP 
and alanine aminotransferase [17]. 

Osteoblasts secrete ALP, which has a half-life of 
40 hours. Osteoblasts are directly targeted by 
thyroxine through the thyroxine receptors on 
the cells. Once activated, osteoblasts will sub-
sequently stimulate bone resorption through 
osteoclasts. Usually, intestine alkaline phos-
phatase (IALP) may be detected in serum after 
fatty meal and this is especially true for indi-
viduals with type O and B blood [16]. High con-
centrations of ALP may also be found in the 
kidney. Nonetheless, kidney ALP (KALP) is be- 
lieved typically to be excreted into the urinary 
tract and has a short half-life. Therefore, it is 

generally not present in the serum. So far, thy-
roidally-derived ALP has not been detected in 
human sera. Hence, an increase in one or sev-
eral serum ALP isoenzymes may lead to 
increased total SALP. Total ALP may increase 
due to various conditions. In animal, total  
ALP was observed to increase during osteo- 
genesis. 

These results suggest that pathological chang-
es could occur in both liver and bone in the 
majority cases of feline thyrotoxicosis [16]. In 
normal peoples, total (T)-ALP or bone-derived 
alkaline phosphatase (B-ALP) will increase at 
least a month after treatment with exogenous 
thyroxine or triiodothyronine [18]. Moreover,  
in thyrotoxic GD patients, B-ALP is elevated, 
especially following treatment with anti-thyroid 
agents [19]. Bone ALP isoenzyme is the princi-
pal composition that causes the increase of 
serum ALP following treatment of hyperthyroid-
ism [20]. 

The bone isoenzyme may be determined in 
order to define bone involvement. Liver-function 
tests can be undertaken to exclude the possi-
bility of liver-function abnormality, if the bone 
isoenzyme cannot be detected. This is because 
ALP is elevated in biliary obstruction. In condi-
tions such as secondary calcium deposit, frac-
ture healing and growth, the bone isoenzyme 
level is also elevated. For hyperthyroid patients 
without liver-function abnormality, ALP may be 
used as a predictor for bone involvement [21]. 
In hyperthyroid cats with elevated SALP, BALP 
is also elevated in all the cats but only 44% of 
the cats evinced elevated serum osteocalcin 
[22]. Hence, serum osteocalcin is a less sensi-
tive parameter to predict bone turnover in thy-
rotoxic cats than serum BALP. Not only treated 
patients with GD, as well as patients with pain-
less thyroiditis evinced an increase in serum 
ALP. After the commencement of antithyroid 
drugs (ATD) for GD, ALP increases gradually and 
reaches the peak in 3-5 months. In parallel, 
compared with GD patients, patients with pa- 
inless thyroiditis have similar but more moder-
ate changes in ALP after ATD [23]. These data 
suggest that bone metabolism may be affect- 
ed even by thyrotoxicosis of relatively brief 
duration. 

Some patients with thyrotoxicosis have increa- 
sed ALP, stemming from mild, nonspecific 
abnormalities of liver function and liver histolo-
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gy. In the context of thyrotoxicosis in humans, 
these changes may be attributed to a variety of 
possible causes, including infections, conges-
tive heart failure, malnutrition, associations of 
intrinsic liver disease with intrinsic thyroid dis-
eases through autoimmune mechanisms and 
hepatic hypoxia. It is very likely that thyroid hor-
mones have a direct toxic effect on hepato-
cytes [16]. The cause of thyrotoxicosis derived 
from subacute thyroiditis is, as yet, unknown. 
Nonetheless, one current theory holds that the 
same virus that causes subacute thyroiditis 
may also give rise to subclinical hepatitis. Two 
reported instances of subacute thyroiditis and 
increased ALP have been associated with infec-
tious mononucleosis [23, 24]. It is well estab-

density 

In patients with either subclinical thyrotoxico- 
sis associated with over-supplementation of 
L-thyroxine, or spontaneous hyperthyroidism, 
osteopenia has been observed [16]. A variety  
of mechanisms that directly impact bone, or 
cumulatively generate negative calcium bal-
ance, may lead to reduced bone density in the 
context of thyrotoxicosis. These mechanisms 
may include steatorrhoea, effects of thyroid 
hormones on osteoblasts both directly by in- 
creasing cAMP level in these cells facilitating 
bone resorption and indirectly by elevating the 
sensitivity of β-adrenergic receptors to cate-
cholamines. Further possible mechanisms are 

Table 2. Common clinical manifestations and related examinations of 
osteomalacia and thyrotoxicosis
Common clinical manifestations and related examinations
Proximal myopathy
    Clinically detectable chronic muscle weakness thyrotoxicosis 
    the known causes of such myopathy
        myasthenia gravis [1% of Graves disease (GD)]
        hypokalemic periodic paralysis (up to 24% of GID)
        chronic thyrotoxic myopathy (50% of GID)
Osteomalacia myopathy
    other causes of osteomalacia except for X-linked hypophosphatemic 
    osteomalacia
Elevated alkaline phosphatase (ALP)
    the cause in human thyrotoxicosis
        malnutrition
        congestive heart failure
        hepatic hypoxia
        infections
        associations of intrinsic liver disease with intrinsic thyroid disease through
        autoimmune mechanisms
        direct toxic effect of thyroid hormones on hepatocytes
    subclinical hepatitis 
    the cause in patients with rickets or osteomalacia
    the disorder of bone mineralization  
Decreased Bone Mineral Density
    the cause in thyrotoxicosis
        malabsorption of calcium due to increased motility of the gut
        steatorrhoea
        effects of thyroid hormones on osteoblasts
        increased serum ionised calcium concentrations
        reduced renal tubular resorption of calcium
    the cause in osteomalacia
        retarded or insufficient mineralisation of osteoid

lished that infectious mo- 
nonucleosis may give ri- 
se to subclinical hepatitis 
as a complication. Alter- 
natively, the causes of ab- 
normal liver-function te- 
sts in patients with thy- 
rotoxicosis and subacute 
thyroiditis may be simil- 
ar. Hepatobiliary diseas-
es, e.g. chronic cholecys-
titis with gallbladder and 
cystic duct stones [25], 
may cause elevated ALP 
in patients with thyrotoxi-
cosis, and clinicians must 
take note of this possibili-
ty. In virtually all patients 
with osteomalacia or ri- 
ckets, serum ALP activi- 
ty is elevated except for 
patients with hypophos-
phatasia, which features 
hypophosphatemia [14]. 
Due to the disorder of 
bone mineralization, bo- 
ne formation is enhanced 
through coupling, and the 
level of ALP, an indicator 
of bone formation, is in- 
creased. The common cli- 
nical manifestations and 
related examinations of 
osteomalacia and thyro-
toxicosis are summarized 
in Table 2. 

Decreased bone mineral 
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reduced renal tubular resorption of calcium, or 
increased serum level of ionised calcium that 
reduces the secretion of parathyroid hormones 
that in turn decreases the formation of 1,25- 
dihydroxy vitamin D from vitamin-D. Moreover, 
malabsorption of calcium due to increased 
motility of the gut may also be significant here. 
In patients with thyrotoxicosis, the pathophysi-
ology of demineralisation of bone does not 
imply necessarily increased parathyroid hor-
mone secretion. In fact, this secretion is gener-
ally reduced in this cohort. Loss of bone mass 
stemming from thyrotoxicosis tends to be 
recovered readily after the administration of 
ATDs. In addition, for osteomalacia patients, 
retarded or insufficient mineralisation of oste-
oid in spongy and mature cortical bone also 
leads to reduced bone density. 

Differential diagnosis between osteomalacic 
and thyrotoxic myopathy

Ultrastructural study, muscle enzymes and el- 
ectromyography are unable to distinguish thyro-
toxic and osteomalacic myopathy [13]. Unless it 
is clinically suspected and biochemically con-
firmed, osteomalacia may coexist with thyro-
toxicosis but not be diagnosed. The metabolic 
disorder is, nonetheless, highly responsive to 
treatment. Therefore, it is recommended that 
thyrotoxicosis patients presenting with unusu-
ally severe myopathy should be examined for 
signs of vitamin-D deficiency. This is especially 
important for patients originating in regions 
where osteomalacia is known to be prevalent. 

Pathogenesis of osteomalacia with thyrotoxi-
cosis 

Direct catabolic effect

Skeletal development and the establishment  
of peak bone mass both require thyroid hor-
mones. In adults, bone mineral density (BMD) 
and bone turnover are regulated by 3,5,3’-triio-3,5,3’-triio-
do-L-tyronine (T3). Moreover, to maintain opti-
mal bone strength, euthyroid is essential [26]. 
Both in vivo and in vitro, thyroid hormones 
impact bone cells by increasing skeletal remod-
elling and stimulating osteoclastic bone resorp-
tion [27]. 

As a bone disease, thyrotoxicosis seems to be 
a high-turnover osteoporosis where bone res- 
orption is increased to a degree greater than 

bone formation. Bone mineral homeostasis is 
directly affected catabolically by thyroid hor-
mones. As a result, there is an increased calci-
um loss via the kidneys and heightened bone 
mineral resorption [28, 29]. Bone resorption is 
stimulated by thyroid hormones, perhaps via 
the activation of bone cells by a triiodothyro-
nine receptor [1]. 

Decreased BMD in thyrotoxicosis patients was 
demonstrated in an Indian study [27]. A further 
study showed the decreases in BMD in the 
osteoporotic patients were 22%, 36% and 20% 
at the lumbar spine, forearm and hip, respec-
tively [30]. It was found that 92% of participants 
from an Indian village presenting with hyperthy-
roidism evinced bone involvement, with 60% 
showing osteoporosis. Moreover, this condition 
has been shown to be reversible with ATDs 
[27]. In patients with GD, calcium and bone 
metabolism is generally characterised by en- 
hanced bone turnover in the cortical and can-
cellous bone, high levels of bone metabolic 
markers and hypercalcemia. It is possible that 
the accumulation of osteoid tissue is addition-
ally accelerated by the elevated bone turnover 
derived from thyrotoxicosis. 

Vitamin D deficiency 

For the maintenance of bone mineralisation 
and calcium homeostasis, vitamin D is indis-
pensable [31]. Indian patients with active thy- 
rotoxicosis were shown to be at increased risk 
of osteoporosis or osteomalacia, because of 
related vitamin-D deficiencies [32]. Research 
findings also suggested that bone loss in hyper-
thyroidism patients is worsened by vitamin-D 
deficiency. 

A case of apparent osteomalacia in a 37-year-
old woman with GD was reported [33]. For five 
years, she had been working in a darkened 
warehouse and had been a strict vegetarian 
since the age of 29. Severe vitamin-D deficien-
cy was suggested by the fact that serum vita-vita-
min 25(OH)D level was less than 5 nmol/L (nor-
mal range: 25-137).

Subclinical vitamin-D deficiency may become 
symptomatic if hyperthyroidism is present. One 
study showed that eight of 30 subjects newly 
diagnosed with hyperthyroidism (26%) showed 
vitamin-D deficiency (less than 25 nmol/L), and 
it was also found that 30% of Indian patients 
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with hyperthyroidism have osteomalacia [30]. 
Using the same criteria for vitamin-D deficiency, 
Yamashita et al. found hypovitaminosis D in 
18% and 40% male and female GD patients, 
respectively, in Japan [34]. A further Japanese 
study indicated vitamin-D deficiency in 35% of 
participants with thyrotoxicosis [35] (Table 3). 

Findings from bone biopsy conducted in 34 hy- 
perthyroidism patients showed increased sur-
face coverage by osteoid in the trabecular 
bone, raised osteoblastic activity and porosity 
in the cortical bone, however, the mean width 
of osteoid seams remained consistent [36]. 
This study measured mean 25(OH)D levels and 
this could be an explanation of why the chang-
es didn’t occur. 

increased metabolic clearance of 25(OH)-
vitamin D. A further relevant mechanism is that 
1-α-hydroxylase activity is inhibited by excess 
thyroid hormone, leading to sub-optimal levels 
of calcitriol [1]. 

It was found that female GD patients has lower 
serum 25(OH)D levels than their male equiva-
lents. This may be due to the fact that women 
often use sunscreen to avoid direct ultraviolet 
light, because of cosmetic concerns. On other 
hand, men are more likely to be engaged in out-
door work and activities [33]. 

Clements et al. suggested new mechanisms for 
vitamin-D depletion, proposing that metabo-
lism of 25(OH)D may be accelerated by calcium 

Table 3. Vitamin-D deficiency in thyrotoxicosis (vitamin-D <25 nmol/L)

Authors Number of Subjects Number of vitamin-D  
deficiency patients % vitamin D deficiency patients

Dhanwal DK et al. [30] F/M: 30 8 26% (8/30)
Yamashita et al. [34] F/M: 146/62 F/M: 58/11 Female: 40% (58/146)

  Male: 18% (11/62)
Doi Y et al. [35] (F/M): 343 120 35% (120/343)

Table 4. Pathogenesis of osteomalacia with thyrotoxicosis
Pathogenesis of osteomalacia with thyrotoxicosis
Direct catabolic effect
    increased bone mineral resorption
        the activation of bone cells by a triiodothyronine receptor
    increased calcium loss through the kidneys
Vitamin D deficiency
    malabsorption
    fat malabsorption
    steatorrhea
    negative nitrogen balance
    hyperpigmentation of skin
    poor exposure to sunlight 
    decreased intake of calcium and vitamin D
    increased metabolic clearance of 25(OH)-vitamin D
    inhibiting 1-a-hydroxylase activity
    avoiding ultraviolet rays and using sunscreen
    accelerated metabolism of 25(OH)D by calcium deficiency
Mechanisms of disturbed calcium metabolism
    increased urinary, fecal, and, sweat loss of calcium
    decreased production of 1,25 dihydroxy vitamin D
    decreased production of calcium binding protein
    negative calcium balance 
Previous potential metabolic bone diseases

There are a number of mechanisms 
underlying vitamin-D deficiency. Stea- 
torrhea linked to decreased fat absorp-
tion coefficient (COFA) was reversed in 
46% of GD patients [37]. Reversible 
steatorrhea is a recognized manifesta-
tion of thyrotoxicosis. Poor nitrogen 
balance (negative) may provoke a fall in 
the output of pancreatic enzyme out-
put resulting in worse fat malabsorp-
tion and decreased weight. Fat malab-
sorption may be a factor in the signifi-
cant weight loss in these patients. 
Moreover, the absorption of fat-soluble 
vitamins is probably impeded in such 
circumstances. Several new features 
of thyrotoxicosis in the later stages of 
GD have been reported, such as nega-
tive nitrogen balance and skin hyper-
pigmentation [37, 38]. Because of in- 
adequate exposure to sunlight and skin 
pigmentation, vitamin-D deficiency is 
widespread in both urban and rural 
India [39]. The vegetarian diet, which 
implies a reduced intake of vitamin D 
and calcium, also probably contributes 
to vitamin-D deficiency. Indeed, the 
deficiency is likely exacerbated by the 
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deficiency [40]. Gascon-Barre et al. [41] men-
tioned that urolithiasis patients on diets low in 
calcium (300 mg per day) would have notably 
decreased 25(OH)D and elevated 1, 25(OH)2D 
than those eating high calcium diet (1000 mg 
daily) [41]. The vitamin D deficiency may be 
explained by heightened clearance of 25(OH)D 
in GD patients, particularly for those whose 
supply of the vitamin is restricted. In the hyper-
thyroid state, steatorrhea may reduce the intes-
tinal reabsorption of vitamin-D metabolites in 
the enterohepatic circulation. This in turn may 
cause additional loss of vitamin-D metabolites 
[42]. 

Mechanisms of disturbed calcium metabolism

Assorted mechanisms of disturbed calcium 
metabolism in hyperthyroidism have been pro-
posed, including reduced production of 1, 25 
dihydroxy vitamin D and calcium binding pro-
tein, and heightened urinary, faecal and sweat 
loss of calcium [43]. Taken together, these fac-
tors would lead to a negative calcium balance 
and, subsequently, a fall in 24-hour urinary cal-
cium. Plausible causes for significant abnor-
malities in bone mineral homeostasis among 
thyrotoxic patients include increased skin pig-
mentation, malabsorption and also deficiency 
in vitamin D and lower calcium due to urinary 
loss.

Previous metabolic bone diseases

The effect of elevated thyroid hormone on bone 
appears to be relatively mild: thyrotoxic patients 

who develop fractures are typically post-meno-
pausal women [44], implying that thyrotoxic 
bone disease may become symptomatic only if 
there is another metabolic bone disease. If thy-
rotoxicosis had not developed, these patients 
may have continued to be asymptomatic. The 
Pathogenesis of osteomalacia with thyrotoxico-
sis is summarized in Table 4 and Figure 1.

Taken together, direct catabolic effect, vitamin 
D deficiency, mechanisms of disturbed calcium 
metabolism contribute to pathogenesis of thy-
rotoxicosis, which is partially responsible for 
osteomalacia. In addition, previous metabolic 
bone diseases can accelerate the process of 
osteomalacia in patients with thyrotoxicosis, 
and at the same time thyrotoxicosis can aggra-
vate the potential metabolic osteopathy. 

Conclusion

Thyrotoxicosis affects vitamin D and bone 
metabolism. A better understanding of thyro-
toxicosis would reveal the mechanism underly-
ing metabolic bone disease. In clinical practice, 
even subtle clinical and biochemical parame-
ters in unrecognized metabolic bone disease 
should be altered. 

For thyroid patients with abnormal myopathy, 
osteomalacia may be diagnosed via vitamin D 
deficiency, calcium metabolism disorder and 
bone mineral density decrease. Meanwhile, 
diagnosis of related metabolic disorders would 
help effectively treat these patients.

Figure 1. Pathophysiology of 
osteomalacia in relationship 
with thyrotoxicosis.



Thyrotoxicosis and osteomalacia

810 Am J Transl Res 2021;13(2):803-811

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Hongquan Du, 
Department of Endocrinology, Liaocheng People’s 
Hospital, 67 Dongchang West Road, Liaocheng 
252000, China. Tel: +86-13863568298; Fax: +86-
13863568298; E-mail: adu20042007@163.com

References

[1] Baranetsky NG, Chertow BS, Sivitz WI and 
Mullen JO. Renal hypophosphatemic osteoma-
lacia unmasked by hyperthyroidism. Am J Med 
Sci 1986; 292: 231-234.

[2] Clerkin EP, Haas HG, Mintz DH, Meloni CR  
and Canary JJ. Osteomalacia in thyrotoxicosis. 
Metabolism 1964; 13: 161-171.

[3] Datla R, Rao SR and Murthy KJ. A profile of  
nutritional osteomalacia in Hyderabad city. J 
Assoc Physicians India 1982; 30: 215-217.

[4] Nisbet JA, Eastwood JB, Colston KW, Ang L, 
Flanagan AM, Chambers TJ and Maxwell JD. 
Detection of osteomalacia in British Asians: a 
comparison of clinical score with biochemical 
measurements. Clin Sci (Lond) 1990; 78: 383-
389.

[5] Ross DS, Burch HB, Cooper DS, Greenlee MC, 
Laurberg P, Maia AL, Rivkees SA, Samuels M, 
Sosa JA, Stan MN and Walter MA. 2016 
American thyroid association guidelines for di-
agnosis and management of hyperthyroidism 
and other causes of thyrotoxicosis. Thyroid 
2016; 26: 1343-1421.

[6] Peter F. Juvenile thyrotoxicosis. Acta Endocrinol 
Suppl (Copenh) 1986; 279: 361-366.

[7] Resnick D and Niwayama G. Subchondral re-
sorption of bone in renal osteodystrophy. Ra- 
diology 1976; 118: 315-321.

[8] Kricun ME and Resnick D. Elbow abnormalities 
in renal osteodystrophy. AJR Am J Roentgenol 
1983; 140: 577-579.

[9] Jacobson JA and Kalume-Brigido M. Case 97: 
X-linked hypophosphatemic osteomalacia with 
insufficiency fracture. Radiology 2006; 240: 
607-610.

[10] Graves R. Clinical lectures. Lond Med Surg J 
1837; 7: 516-529.

[11] Von Basedow C. Exophthalmos Durch hyper- 
trophic des Zellgewebes in der augenhole. 
Wochenschr 1840; 6: 197-220.

[12] Havard CW, Campbell ED, Ross HB and Spence 
AW. Electromyographic and histological find-
ings in the muscles of patients with thyrotoxi-
cosis. Q J Med 1963; 32: 145-163.

[13] Goswami R, Shah P and Ammini AC. Thyroto- 
xicosis with osteomalacia and proximal myopa-
thy. J Postgrad Med 1993; 39: 89-90.

[14] Whyte MP. Atypical femoral fractures, bisphos-
phonates, and adult hypophosphatasia. J Bone 
Miner Res 2009; 24: 1132-1134.

[15] Cassar J and Joseph S. Alkaline phosphatase 
levels in thyroid disease. Clin Chim Acta 1969; 
23: 33-37.

[16] Foster DJ and Thoday KL. Tissue sources of se-
rum alkaline phosphatase in 34 hyperthyroid 
cats: a qualitative and quantitative study. Res 
Vet Sci 2000; 68: 89-94.

[17] Thoday KL and Mooney CT. Historical, clinical 
and laboratory features of 126 hyperthyroid 
cats. Vet Rec 1992; 131: 257-264.

[18] Smith SR, Lovejoy JC, Rood J, Most M, 
Wickersham PJ, Volaufova J, Ryan D, Tulley R 
and Bray GA. The effects of triiodothyronine on 
bone metabolism in healthy ambulatory men. 
Thyroid 2003; 13: 357-364.

[19] Yanagisawa T, Sato K, Kato Y, Shimizu S and 
Takano K. Rapid differential diagnosis of 
Graves’ disease and painless thyroiditis using 
total T3/T4 ratio, TSH, and total alkaline phos-
phatase activity. Endocr J 2005; 52: 29-36.

[20] Pantazi H and Papapetrou PD. Changes in  
parameters of bone and mineral metabolism 
during therapy for hyperthyroidism. J Clin 
Endocrinol Metab 2000; 85: 1099-1106.

[21] Chandrasekaran M and Sucharita V. Can pre-
operative serum alkaline phophatase and se-
rum calcium be used as a predictors of postop-
erative tetany. Otolaryngology Online Journal 
2012; 2: 1-3.

[22] Kubota S, Amino N, Matsumoto Y, Ikeda N, 
Morita S, Kudo T, Ohye H, Nishihara E, Ito M, 
Fukata S and Miyauchi A. Serial changes in 
liver function tests in patients with thyrotoxico-
sis induced by Graves’ disease and painless 
thyroiditis. Thyroid 2008; 18: 283-287.

[23] Dalovisio JR, Blonde L, Cortez LM and Pankey 
GA. Subacute thyroiditis with increased serum 
alkaline phosphatase. Ann Intern Med 1978; 
88: 505-507.

[24] Lewis DA. Alkaline phosphatase and thyroid-
itis. Ann Intern Med 1978; 89: 143-144.

[25] Green JD and Strassberg D. Liver disease and 
hyperthyroidism. Ann Intern Med 1979; 91: 
129.

[26] Williams GR. Actions of thyroid hormones in 
bone. Endokrynol Pol 2009; 60: 380-388.

[27] Udayakumar N, Chandrasekaran M, Rasheed 
MH, Suresh RV and Sivaprakash S. Mundy GR, 
Shapiro JL, Bandelin JG, Canalis EM and Raisz 
LG. Direct stimulation of bone resorption by 
thyroid hormones. J Clin Invest 1976; 58: 529-
534.

[28] Mundy GR, Shapiro JL, Bandelin JG, Canalis 
EM and Raisz LG. Direct stimulation of bone 
resorption by thyroid hormones. J Clin Invest 
1976; 58: 529-534.

mailto:adu20042007@163.com


Thyrotoxicosis and osteomalacia

811 Am J Transl Res 2021;13(2):803-811

[29] Burman KD, Monchik JM, Earll JM and War- 
tofsky L. Ionized and total serum calcium and 
parathyroid hormone in hyperthyroidism. Ann 
Intern Med 1976; 84: 668-671.

[30] Dhanwal DK, Kochupillai N, Gupta N, Cooper  
C and Dennison EM. Hypovitaminosis D and 
bone mineral metabolism and bone density in 
hyperthyroidism. J Clin Densitom 2010; 13: 
462-466.

[31] Garg MK, Tandon N, Marwaha RK, Menon AS 
and Mahalle N. The relationship between se-
rum 25-hydroxy vitamin D, parathormone and 
bone mineral density in Indian population. Clin 
Endocrinol (Oxf) 2014; 80: 41-46.

[32] Mithal A, Wahl DA, Bonjour JP, Burckhardt P, 
Dawson-Hughes B, Eisman JA, El-Hajj Fuleihan 
G, Josse RG, Lips P and Morales-Torres J;  
IOF Committee of Scientific Advisors (CSA) 
Nutrition Working Group. Global vitamin D sta-
tus and determinants of hypovitaminosis D. 
Osteoporos Int 2009; 20: 1807-1820.

[33] Nagasaka S, Shinohara Y, Kubota K and Mu- 
rakami T. Osteomalacia in a vitamin D-deficient 
woman with Graves’ disease. Endocr J 2001; 
48: 515-516.

[34] Yamashita H, Noguchi S, Takatsu K, Koike E, 
Murakami T, Watanabe S, Uchino S, Yamashita 
H and Kawamoto H. High prevalence of vitamin 
D deficiency in Japanese female patients with 
Graves’ disease. Endocr J 2001; 48: 63-69.

[35] Doi Y, Yamashita H and Noguchi S. High preva-
lence of secondary hyperparathyroidism due 
to vitamin D insufficiency in Graves’ disease. 
Clin Calcium 2005; 15 Suppl 1: 68-70; discus-
sion 70.

[36] Mosekilde L, Lund B, Sorensen OH, Christensen 
MS and Melsen F. Serum-25-hydroxycholecal- 
ciferol in hyperthyroidism. Lancet 1977; 1: 
806-807.

[37] Goswami R, Tandon RK, Dudha A and Ko- 
chupillai N. Prevalence and significance of ste-
atorrhea in patients with active Graves’ dis-
ease. Am J Gastroenterol 1998; 93: 1122-
1125.

[38] Goswami R and Kochupillai N. Adrenocortical 
reserves in patients with Graves’ disease. Eur 
J Endocrinol 2001; 144: 85.

[39] Goswami R, Kochupillai N, Gupta N, Goswami 
D, Singh N and Dudha A. Presence of 25(OH)D 
deficiency in a rural North Indian village de-
spite abundant sunshine. J Assoc Physicians 
India 2008; 56: 755-757.

[40] Clements MR, Johnson L and Fraser DR. A new 
mechanism for induced vitamin D deficiency in 
calcium deprivation. Nature 1987; 325: 62-
65.

[41] Gascon-Barre M, D’Amour P, Dufresne L and 
Perreault JP. Interrelationships between circu-
lating vitamin D metabolites in normocalciuric 
and hypercalciuric renal stone formers. Ann 
Nutr Metab 1985; 29: 289-296.

[42] Shafer RB and Gregory DH. Calcium malab-
sorption in hyperthyroidism. Gastroenterology 
1972; 63: 235-239.

[43] Mosekilde L, Eriksen EF and Charles P. Effects 
of thyroid hormones on bone and mineral me-
tabolism. Endocrinol Metab Clin North Am 
1990; 19: 35-63.

[44] Fallon MD, Perry HM 3rd, Bergfeld M, Droke D, 
Teitelbaum SL and Avioli LV. Exogenous hyper-
thyroidism with osteoporosis. Arch Intern Med 
1983; 143: 442-444.


