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Abstract  Background: The development of the skeletal system occur during childhood. Thyroid hormones play an 

important role in the skeleton's normal growth, maturation, and maintenance of the structure and mass of bones. Aimed: 

identify abnormalities in bone mineral density and the level of calciotropic hormones in juvenile hyperthyroidism to further 

improve the diagnosis of hyperthyroidism complications on bone metabolism. Methods: The study was conducted by 23 

health controls and 71 children and adolescents with hyperthyroidism. All studies were conducted in the Republican 

Specialized Scientific-Practical Medical Center of Endocrinology, Uzbekistan. Thyroid status and thyroid antibodies, 

osteocalcin, parathyroid hormone, vitamin D, calcium, phosphorus, alkaline phosphatase were determined using a 

closed-type immunochemistry analyzer Cobas e 411 Hitachi company Hoffman Le Roche (Switzerland) and its reagents. 

Bone mineral density was evaluated by dual-energy absorptiometry on a Stratos X-ray densitometer from Diagnostic Medical 

Systems, France. The results: 59.2% of children with hyperthyroidism were found to be underweight, there was a tendency 

to accelerated linear growth, low weight and body mass index, and 12.7% were tall. In juvenile hyperthyroidism, in 

comparison with the control, significantly low values of vitamin D and calcium in the blood serum were noted, the mean 

values of osteocalcin and alkaline phosphatase were substantially higher. Simultaneously, there was no significant difference 

in the levels of parathyroid hormone and phosphorus in the blood serum in the compared groups. In 45.1% of patients, a 

decrease in bone mass was diagnosed compared to the age norm. A reliable direct correlation of vitamin D and calcium with 

bone density was revealed in all X-ray densitometry parameters and a reliable inverse correlation of osteocalcin, alkaline 

phosphatase and bone mineral density, as well as Z-scores. Osteocalcin had a stronger inverse correlation with all 

dual-energy X-ray absorptiometry parameters and became a better biomarker than alkaline phosphatase. Conclusions: There 

is a decrease in bone mineral density in children and adolescents with hyperthyroidism. Changes in the level of calciotropic 

hormones indicate a deranged bone metabolism. Serum osteocalcin can be used as a biomarker of bone metabolism in 

children and adolescents with hyperthyroidism. It is recommended to assess the bones' condition during the initial 

examination of children and adolescents with hyperthyroidism. 
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1. Background 

The main thyroid hormones in humans are thyroxine   

(T4) and 3,3',5-triiodo-L-thyronine (T3), the synthesis and 

secretion of which are regulated by thyroid-stimulating 

hormone (TSH) [1]. There are two types of thyroid hormone 

receptors: TRα and TRβ. The genomic mechanism of action 

of thyroid hormones is mediated by the intracellular binding 

of T3 to the nuclear receptor, where it activates TRα and  

TRβ [2]. In the skeleton, TRα is expressed at a higher 

concentration than TRβ, and it mediates the effect of T3 on 

bones and cartilage [3]. The nuclear T3 receptor has been 

found in osteoblast cell lines and osteoclasts, where it 

directly stimulates bone resorption in vitro [4]. Dysfunction 
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of the TRα gene leads to a delay in bone maturation, while 

the lack of all TRβ isoforms does not affect bone cells [3]. 

Also, during the skeleton's development and growth,     

T3 regulates the rate of differentiation of chondrocytes, 

suppresses proliferation, and stimulates prehypertrophic and 

hypertrophic differentiation of chondrocytes [5].  

It has been suggested that TSH plays an additional role  

in bone metabolism, since the TSH receptor, although 

predominantly expressed in thyroid follicular cells, has  

been described in other tissues, including osteoblasts and 

osteoclasts [6]. TSH inhibits the proliferation and synthesis 

of the matrix, inhibits the differentiation and function of 

osteoclasts [7], and it is also assumed that TSH is a key 

negative regulator of bone metabolism, having a direct effect 

on bone resorption of osteoblasts due to a decrease in the 

local production of tumor necrosis factor-alpha [8]. However, 

this does not explain the cause of osteoporosis in patients 

with hyperthyroidism. Human studies are limited to the 
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effect of varying TSH concentrations on serum markers of 

bone metabolism. 

The relationship between thyroid pathology and the state 

of bone tissue was first noticed as early as 1891 when 

Recklinghausen described multiple fractures in a patient with 

untreated thyrotoxicosis [9]. In adults, thyrotoxicosis causes 

severe osteoporosis and increases fracture risk, but when 

compensation is quickly achieved, there is no significant 

decrease in bone mineral density (BMD) [10].  

At the same time, in childhood, up to 90% of genetically 

determined bone mass is accumulated, which determines the 

strength of the bone throughout a person's life. Although 

genetic factors account for 60 to 80% of the variability in 

skeletal bone mass, other health and lifestyle factors can 

significantly influence bone growth and remodeling [11]. 

Imbalance of bone metabolism in childhood leads to 

disruption of bone metabolism, changes in the skeleton, 

profound disorders of bone formation and mineralization 

[12]. 

The prevalence of Graves' hyperthyroidism in children is 

approximately 0.02 per cent (1:5000), mainly in the 11 to 15 

age group [13,14]. According to the market report of the 

endocrinological service of the dispensaries of the regions of 

the Republic of Uzbekistan for 2016, 58 children and 90 

adolescents were registered with thyrotoxicosis, which is 0.6 

and 5.0 cases, respectively, per 100,000 population of this 

age [15]. Published data on the frequency of distribution of 

reduced mineral density in children in the Republic of 

Uzbekistan, we are not ours. 

However, there is very little information regarding the 

effect of juvenile hyperthyroidism on bone metabolism; the 

mechanisms of the pathogenesis of osteoporosis in children 

with thyroid dysfunction are still not fully understood. 

Various aspects of the action of thyroid hormones on bone 

tissue continue to be studied to this day. Although the link 

between hyperthyroidism and impaired bone metabolism in 

adults is undeniable, there is little research on the effects of 

thyroid hormones on bone development in children and 

adolescents with hyperthyroidism [16,17]. 

Simultaneously, questions about the prevalence of 

reduced BMD remain poorly understood; data on the  

content of markers of bone metabolism in patients      

with thyrotoxicosis in childhood and adolescence are 

contradictory. Simultaneously, late detection, incomplete 

diagnosis, and delayed therapy of bone metabolism disorders 

can negatively impact the formation of the body of children 

as a whole. 

This study aimed to identify abnormalities in bone 

mineral density and the level of calciotropic hormones in 

juvenile hyperthyroidism to further improve the diagnosis of 

hyperthyroidism complications on bone metabolism. 

2. Material and Methods 

The study included 71 children and adolescents      

with the manifest, laboratory-confirmed endogenous 

hyperthyroidism who sought medical help from a pediatric 

endocrinologist at the clinic of Republican Specialized 

Scientific-Practical Medical Center of Endocrinology  

named after academician Ya.Kh. Turakulov (RSSPMCE)  

for 2018-2020. Inclusion criteria were childhood, 

uncompensated hyperthyroidism (TSH < 0.28 mIU/l,   

wT4 > 1.8ng/dl and wT3 > 4.3ng/dl) of various endogenous 

etiology (Graves' disease, nodular/multinodular toxic goiter, 

thyroid cancer with hyperthyroidism). Of these, 85.9%   

(61) were with newly diagnosed hyperthyroidism, 14.1%  

(10) - with recurrent hyperthyroidism. Among children and 

adolescents with endogenous hyperthyroidism, diffuse goiter 

was detected in 81.7% (58), nodular/multinodular goiter was 

diagnosed in 16.9% (12), while 4.2% (3) had thyroid cancer 

(from 2 of them - papillary cancer, 1 - follicular cancer). 

Antithyroid therapy with drugs registered in the Republic of 

Uzbekistan (thiamazole) was recommended to children   

and adolescents after diagnosing hyperthyroidism in doses 

depending on age, weight and severity of hyperthyroidism. 

Subsequently, patients with nodular/multinodular toxic 

goiter and thyroid cancer, and some adolescents with Graves' 

disease, underwent surgery and radioiodine therapy. The 

more detailed treatment of patients with hyperthyroidism 

will be presented in the next publication. 

The control group consisted of 23 children and 

adolescents of the corresponding age, whose parents agreed 

to the examination, without endocrine pathology, who were 

not under the influence of risk factors for reduced BMD. 

Their study was also carried out at the RSSPMCE. 

The study was carried out following the principles of the 

Declaration of Helsinki. The study protocol was approved by 

the Local Ethics Committee of the participating institution. 

The informed consent of the parents of the children was 

obtained for the research. 

Anthropometric measurements. 

Standing height and weight were measured using a 

standard medical height meter and weights. The body mass 

index (BMI) was calculated using the formula weight 

(kilograms)/height (meter)2. Weight, height, percentiles and 

standard deviation (SDS) for height, weight and BMI were 

calculated using the WHO Anthro Plus personal computer 

software, proposed by the WHO Research Group in 2007, 

which is used to assess the physical development of children 

regardless of ethnicity, socio-economic status and type of 

food [18]. The stage of puberty was evaluated using the 

Tanner scale [19]. Bodyweight was regarded as excessive 

with BMI within 85–95 percentile, over 95 - as obesity, up to 

3 - underweight. 

Biochemical assessment. 

The diagnosis of pathology of the thyroid gland and other 

systems was established based on anamnesis data, clinical 

manifestations, biochemical and hormonal laboratory studies, 

ultrasound of the thyroid gland, fine-needle aspiration biopsy 

of the thyroid gland according to indications), scintigraphy 

with Tc99, which were carried out at the Republican 

Scientific and Practical Medical Center of Endocrinology 

named after Academician Y. Kh. Turakulov, Tashkent, 
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Republic of Uzbekistan. The level of TSH, free thyroxine 

(fT4), free triiodothyronine (fT3) was determined in blood 

serum using a closed-type immunochemical analyzer Cobas 

e 411 Hitachi from Hoffman Le Roche (Switzerland) for 

biochemical and immunochemical analysis using its own 

commercial test kits, antibodies to TSH receptors (TSHRAb), 

antibodies to thyroid peroxidase (TPOAb), as well as 

biochemical markers of bone metabolism - osteocalcin 

(OSC), parathyroid hormone (PTH), vitamin D, calcium, 

phosphorus, alkaline phosphatase (ALP).  

Bone density measurement. 

Osteodensitometry, which is the most preferred method 

for assessing bone mass and bone mineral density (BMD) in 

children and adolescents, is considered the "gold standard" 

for diagnosing bone mineralization disorders. In the children 

and adolescents, BMD was assessed using dual-energy x-ray 

absorptiometry (DXA) on a Stratos X-ray densitometer from 

DMS, France using the standard curves of the Asian race M 

Pediatrics Rachis, left and right Femur and Total body from 

DMS normality curves 2003/2004. According to the 

generally accepted WHO diagnostic criteria for osteoporosis, 

the measurement results were expressed in absolute BMD 

values (g/cm2) and the form of a Z-score. Measurements 

were taken in two standard areas of the skeleton: the lumbar 

spine L1-L5 and the proximal thigh. When interpreting data 

for low BMD diagnosis, the Total body index is estimated  

in terms of standard deviations. In the recommendations of 

the International Society for Clinical Densitometry, it is 

indicated that BMD and BMC according to DXA results in 

children and adolescents can be assessed as low with a 

Z-score <-2 SD following the age and sex of the child 

[20,21]. 

Statistical analyses.  

Statistical analyses were carried out using IBM SPSS 

Statistics for Windows, version 23.0 (IBM Corp., Armonk, 

NY). All results are presented as mean ± SDS unless 

otherwise stated. Independent t-tests were performed to 

assess the differences between patients and controls. The 

coefficient of Pearson’s correlations was used to determine 

the relationship between BMD Z-scores at each site and the 

other clinical variables. Statistical significance was defined 

as p < 0.05 for all tests. 

3. Results 

Demographic, anthropometric and clinical features. 

The demographic indicators of the studied groups by age, 

sex and puberty did not significantly differ (Table 1). In the 

hyperthyroidism group, the average age was 13.8±3., the 

youngest was 5 years 2 months old, the oldest was 18 years 

old 1 month old. In the control group, the oldest was 18 years 

old and 4 months old. The youngest is 4 years 11 months old.  

Table 1.  Demographic indicators of the studied groups 

 
hyperthyroidism, 

М±SD 

Control, 

М±SD 
p-value 

Age, years 13,8±3,6 13,2±2,8 р>0,05 

Children, n (%) 20 (28,2%) 8(34,8%) р>0,05 

Adolescents, n (%) 51 (71,8%) 15(65,2%) р>0,05 

Boys, n (%) 16(22,5%) 9(39,1%) р>0,05 

Girls, n (%) 55 (77,5%) 14(60,9%) р>0,05 

M: mean, SD: Standard deviation 

The average height of children and adolescents with 

hyperthyroidism was significantly higher, while weight, 

BMI and body surface area (BSA, m2) were considerably 

lower than children in the control group. At the same time, 

59.2% (42) of children in the group with hyperthyroidism 

were found to be underweight, 4.2% (3) were found to    

be overweight and obese, these children had a history     

of the hypothalamic syndrome of puberty. The average 

anthropometric data of the studied children and adolescents 

are presented in Table 2. 

Table 2.  Average anthropometric data of children and adolescents with 
hyperthyroidism and control groups 

 

Hyperthyroidism, 

Мean±SD 

Control, 

Мean±SD 
p-value 

Height, cm 152,0±20 143±18,9 р<0,001 

Height percentile 51,8±32,6 41,2±31 р<0,001 

Weight, kg 39,8±13,5 43±15,4 р<0,01 

Weight percentile 23,4±25,7 56,7±29,5 р<0,001 

Body mass index, 

kg/m2 
16,5±3,2 18,2±3,1 р<0,05 

Body mass index 

percentile 
19,7±25,5 49,8±33,2 р<0,001 

Body surface area, m2 1,3±0,3 2,3±0,3 р<0,001 

SD: Standard deviation. 

As shown in tables 2 and 3, with juvenile hyperthyroidism, 

there is a tendency towards accelerated linear growth, low 

weight and BMI. Tallness was noted in 12.7% (9), at the 

same time, a delay in physical development was diagnosed in 

18.3% (13), a delay in puberty was detected in 15.5% (11) of 

children with hyperthyroidism. 

Thyroid function tests. 

The thyroid status of children with hyperthyroidism, 

whom we included in the statistical processing, during the 

clinical study is presented in Table 4. In 70.4% (50) of 

patients, thyrotoxicosis was of moderate severity, 15.5% (11) 

- severe, and 14.1% (10) - mild. In 14.1% (10) of adolescents 

with hyperthyroidism, the highest threshold for determining 

the level of antibodies to TSH receptors (40 IU/l) was 

revealed, indicating pronounced immune aggression of 

hyperthyroidism. 
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Table 3.  Distribution of anthropometric data of children and adolescents with hyperthyroidism by percentiles 

Percentile Height, cm 
Height 

percentile 

Weight, 

kg 

Weight 

percentile 

BMI,  

kg/m2 

BMI 

percentile 

BSA, 

m2 

3 93,6 0,0 14,2 0,0 10,1 0,0 0,3 

5 102,6 0,1 17,0 0,0 11,9 0,0 0,8 

10 126,8 4,2 21,6 0,2 12,4 0,0 0,9 

25 139,0 24,1 29,0 3,8 14,0 1,5 1,1 

50 157,0 47,8 42,0 11,2 16,4 9,9 1,4 

75 165,0 81,8 50,0 38,1 18,7 25,9 1,5 

80 166,8 85,3 52,0 49,1 19,1 32,2 1,6 

85 168,6 86,3 53,0 60,9 19,7 47,7 1,6 

90 170,0 93,6 56,0 68,3 20,6 59,2 1,6 

95 174,2 99,2 58,6 77,5 24,0 91,9 1,7 

97 176,4 99,7 69,6 86,6 25,8 96,0 1,9 

BMI: body mass index, BSA: body surface area. 

Table 4.  Thyroid status of examined children and adolescents with hyperthyroidism 

Indicator (norm) 
TSH (0.28-4.3 

mIU/ml) 

fT3 (2,5-4,3 

ng/dl) 

fT4 (1,1-1,8 

ng/dl) 

TPOAb (<34 

IU/ml) 

TSHRAb (<1,75 

IU/l) 

Mean 0,02 18,6 7,1 317,7 26,2 

Median 0,006 19,5 6,7 271,2 25,4 

Std. Deviation 0,04 12,9 1,8 218,4 15,4 

TSH: Thyroid stimulating hormone, fT3: Free triiodothyronine, fT4: Free thyroxine,  

TPOAb: antibodies to thyroid peroxidase, TSHRAb - antibodies to TSH receptor.  

Table 5.  Bone biomarkers for hyperthyroid children and adolescents and healthy controls 

Parameters Hyperthyroidism, Mean±SD Control, Mean±SD p-value 

Vitamin D, ng/ml 11,7±8,4 29,9±12,9 0,0058 

Osteocalcin (ng/mL) 86,3±14.8 27,9±4,5 <0.0001 

Parathyroid hormone (pg/ml) 56,4±28,5 64,9±24,2 0,52 

Alkaline phosphatase (mmol / l) 720,9±53,4 209,6±20,3 0.0001 

Phosphorus (mg/dL) 1,5±0.4 1,8±0.4 0,34 

Calcium (mmol /l) 1,91±0.4 2,1±0.8 <0.0001 

SD: Standard deviation 

Bone markers. 

Among the children and adolescents with hyperthyroidism 

studied by us, the revealed markers of bone metabolism are 

presented in Table 5. A significant difference was observed 

in the indicators of vitamin D, OSC, ALP and serum calcium 

in patients with hyperthyroidism compared with the control 

group's indicators. Our results in children and adolescents 

with hyperthyroidism indicate a significantly increased bone 

turnover. 

In the group of children with hyperthyroidism, not a single 

child with a normal vitamin D content in the blood serum 

was found; 28.2% (20) of children had an insufficient level 

(20-30 ng/ml), 71.8% (51) had a pronounced vitamin D 

deficiency (<20 ng / ml) (Figure 1). Nevertheless, at the same 

time, 2/3 of healthy children (65.2% (15)) revealed an 

insufficient vitamin D level, although the entire territory of 

Uzbekistan is a zone with a high level of insolation. 

 

Figure 1.  Vitamin D levels in children and adolescents with 

hyperthyroidism and control 

In children and adolescents with hyperthyroidism, BMD 

of the total body and the indices of the total Z-score, femoral 

neck, L1-L4 had a significant difference, indicating a 

decrease in bone mineral density, in comparison with the 

control group (Table 6). 

Analysis of BMD and Z-score's percentile values in 

34.8

0

65.2

28,1*

0

71.9

Control Hyperthyroidism

>30 ng/ml

20–30 ng/ml 

<20 ng/ml

*-р <0,05
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children and adolescents with hyperthyroidism showed     

a pronounced tendency towards the development of 

osteopenia and osteoporosis in these patients (Table 7). 

However, at the moment, we cannot determine whether 

osteoporosis is secondary as a complication of thyrotoxicosis, 

or it is of mixed etiology, also associated with vitamin D 

deficiency. 

Table 6.  DXA indicators in the studied children and adolescents 

Group 
BMD femoral neck, g/cm2 

(M±SD) 

Z-score 

femoral neck 

BMD of the 

lumbar spine 

L1-L4, g/cm2 

(M±SD) 

Z-score 

L1-L4 

BMD total, 

g/cm2 

(M±S) 

Z-score 

total 
 right left right left 

Control, n=23 0,804±0,16 0,801±0,18 0,3 0,4 0,776±0,19 0,5 0,718±0,14 -0,3 

Hyperthyroidism, 

n=71 
0,645±0,17 0,639±0,17 -2,1* -1,9* 0,622±0,18 -2,1* 0,613±0,17* -2,2* 

p-value 0,10 0,33 0,003 0,005 0,08 0,002 0,04 0,005 

BMD - bone mineral density, L1-L4: lumbar vertebrae, SD: Standard deviation,  

*- reliable difference in comparison with the control group 

Table 7.  Percentile values of X-ray densitometry indicators in children and adolescents with hyperthyroidism 

 BMD total Z-score total BMD L1-L4 Z-score L1-L4 
BMD femoral neck Z-score femoral neck 

right left right left 

3 0,103 -3,748 0,093 -3,600 0,106 0,111 -3,500 -3,400 

5 0,326 -3,500 0,328 -3,580 0,368 0,390 -3,480 -3,360 

10 0,398 -3,320 0,390 -3,460 0,432 0,429 -3,200 -3,100 

25 0,482 -2,900 0,472 -2,800 0,520 0,498 -2,700 -2,700 

50 0,634 -2,500 0,620 -2,300 0,622 0,620 -2,400 -2,500 

75 0,707 -1,550 0,701 -1,500 0,710 0,730 -1,500 -1,300 

80 0,747 -1,500 0,706 -1,160 0,735 0,757 -1,380 -1,000 

85 0,761 -1,330 0,799 -0,820 0,876 0,815 -1,120 -0,320 

90 0,882 0,240 0,904 0,480 0,997 1,015 -0,320 0,552 

95 1,037 0,810 1,134 1,760 1,106 1,047 2,600 3,240 

97 28,218 27,002 28,730 28,520 28,721 28,704 28,840 28,936 

BMD - bone mineral density, FN - femoral neck  

Table 8.  Correlation between indicators of bone metabolism and thyroid status in children and adolescents with hyperthyroidism 

  

BMD 

full 

body 

Z-score 

full 

body 

BMD 

back 

Z-score 

back 

BMD 

FN 

right 

BMD 

FN left 

Z-score 

FN 

right 

Z-score 

FN left 

Vitamin D 

Pearson 

Correlation 
,704** ,694** ,722** ,711** ,723** ,722** ,701** ,673** 

Sig. 

(2-tailed) 
,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000 

Osteocalcin 

Pearson 

Correlation 
-,500** -,549* -,499* -,533* -,501* -,500* -,555* -,527* 

Sig. 

(2-tailed) 
,001 ,004 ,009 ,004 ,007 ,008 ,006 ,008 

Calcium 

Pearson 

Correlation 
,999** ,985** ,999** ,981** ,999** ,999** ,981** ,973** 

Sig. 

(2-tailed) 
,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000 

ALP 

Pearson 

Correlation 
-,330* -,327* -,326* -,329* -,327* -,327* -,310* -,317* 

Sig. 

(2-tailed) 
,031 ,028 ,035 ,031 ,035 ,034 ,043 ,039 

ALP: Alkaline phosphatase, BMD - bone mineral density, FN - femoral neck,  

*p <0.05 Statistically Significant, **p<0.001 Statistically highly significant  
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Based on these data, we carried out a correlation analysis 

with the determination of the Pearson correlation coefficient 

for bone metabolism and thyroid status in children and 

adolescents with hyperthyroidism, which revealed a 

significant direct correlation of vitamin D and calcium with 

bone density for all DXA indicators. A reliable inverse 

correlation was revealed between osteocalcin, alkaline 

phosphatase and BMD, as well as the Z-score (Table 8). 

4. Discussion 

The period of childhood is of particular importance to the 

development of the skeletal system, since by the end of 

puberty the level of bone mass in many parts of the skeleton 

reaches 86%, and in certain areas - up to 100% of the    

bone mass of an adult [22]. Bone formation begins in the 

embryonic period and continues throughout life. The period 

of active osteohistiogenesis lasts up to 20-25 years [4]. 

Formation of peak bone mass is a crucial stage in age-related 

development of the skeleton and a critical physiological 

moment that determines bone strength throughout the entire 

subsequent life of a person [23]. Many factors during 

childhood and adolescence can influence the achievement of 

maximum peak bone mass. Bone strength, quality and value 

of bone mineral density are determined mainly by the 

maximum bone mass, which is achieved in childhood and 

adolescence. In this case, it is the thyroid hormones in the 

first two decades of human life that play an important role in 

the normal growth of the skeleton, maturation and 

maintenance of the structure and mass of bones, and 

metabolism [24,25,26]. Therefore, if hyperthyroidism occurs 

during childhood and adolescence, it can affect bone 

metabolism throughout life.  

Juvenile hyperthyroidism is characterized by accelerated 

skeletal development and rapid linear growth. In severe 

cases in infants, early closure of the skull sutures can lead to 

craniosynostosis [27], whereas maternal hyperthyroidism 

may also be a risk factor for craniosynostosis [28]. These 

observations additionally demonstrate the pronounced 

sensitivity of the developing skeleton to the action of thyroid 

hormones.  

Hyperthyroidism is an endocrine disorder associated with 

multisystem effects, but the bone loss in newly diagnosed 

juvenile hyperthyroidism is rarely reported. Elevated thyroid 

hormone levels directly accelerate bone remodeling and 

decrease bone density, which increases the risk of 

osteoporosis and fractures. These changes can be identified 

by increased levels of bone markers [29]. In children and 

adolescents with hyperthyroidism, in comparison with 

controls, significantly low values of vitamin D and calcium 

in the blood serum were noted, while the mean values of 

osteocalcin and alkaline phosphatase were significantly 

higher. Simultaneously, there was no significant difference 

in serum PTH and phosphorus levels in the compared groups. 

Our data do not coincide with the results of the work of   

Liu H. et al., which indicate that during the period of 

decompensated hyperthyroidism before treatment, the 

average levels of phosphorus and PTH in the serum in 

patients with hyperthyroidism were decreased, the levels of 

calcium in serum before and after treatment were within 

normal limits [30]. 

With thyrotoxicosis, the processes of resorption and 

synthesis of bone tissue are separated, areas of osteoporosis 

and osteosclerosis are formed; the time of all phases of bone 

remodeling decreases, and the frequency of occurrence of 

remodeling sites increases, i.e. the activity of osteoblasts and 

osteoclasts is increased. The remodeling cycle is reduced  

by 50%. These changes are disproportionate, resulting in   

a 10% loss of bone mass in 1 remodeling cycle [7,31]. 

Densitometry is assessed as the most informative and 

non-invasive method for the early diagnosis of bone lesions 

in thyrotoxicosis, which is especially necessary for iodine 

deficiency regions [32]. 

According to the DXA results, at the time of the study in 

children and adolescents of both groups, there was no 

significant difference in BMD of the femoral neck (FN) on 

the right and left and in the lumbar spine, but BMD of the 

total body and all Z-score indicators had a reliable difference 

(Table 6). Simultaneously, in the control group, 1 (4.2%) 

adolescent (16 years old) was diagnosed with a decrease in 

bone mass compared with the age norm according to the 

Z-score. At the same time, in the group with thyrotoxicosis, a 

low BMD was recorded 10.7 times more often compared 

with the age norm (32/45.1%) than in the control group, 

p≤0.001. Similar results have demonstrated Lee H. S. et al. 

(2020), where 26.8% of children and adolescents with 

Graves disease had low bone density (LS BMD Z-score<-2.0) 

[17]. 

Presumably, thyroid hormones increase ALP and OSC 

expression and stimulate osteoblast proliferation [11,33]. In 

our research, as shown in Table 8, the most significant direct 

relationship between BMD and Z-score is noted by vitamin 

D. But OSC has a stronger inverse correlation with all  

DXA indicators and is a better biomarker than ALP in 

assessing the risk of bone loss in patients with juvenile 

hyperthyroidism. Therefore, elevated serum osteocalcin 

levels in hyperthyroidism in children and adolescents can be 

used as a bone metabolism biomarker. Mhaibes S.H. et al. 

obtained similar values when assessing the correlation 

between OSC and BMD in adults with hyperthyroidism. In 

their study the sensitivity, specificity and cut-off point of 

thyroid profile and bone biomarker for hyperthyroidism 

patients were estimated by Receiver Operation 

Characteristic curve (ROC curve) ROC. In the current study, 

the hyperthyroidism patients had highly significant elevated 

(p-value<0.0001) OSC and ALP levels as compared to that 

of control group, results of ROC curve confirmed the 

validation of OSC as a superior marker in the early detection 

of bone disease in newly diagnosed hyperthyroidism patients. 

In addition, serum calcium levels were significantly 

increased, while no significant difference was observed in 

the serum phosphorus levels [34]. 

Thus, we have found an increased inverse correlation 

between an increased level of OSC and ALP in serum with a 



488 Muratova Shakhlo:  Changes in Bone Metabolism in Juvenile Hyperthyroidism  

 

 

decreased BMD and Z-score in children and adolescents 

with hyperthyroidism. Therefore, the assessment of OSC and 

ALP in serum can help diagnose bone diseases in patients 

with hyperthyroidism. We hypothesize that OSC is a more 

reliable biomarker than ALP in assessing the risk of bone 

loss in newly diagnosed hyperthyroid patients. Children and 

adolescents with newly diagnosed hyperthyroidism had 

lower bone mass than their healthy peers. These results 

suggest that BMD measurement at initial assessment may be 

necessary for this population. However, given that the study 

group's sample size is relatively small, and the metabolic 

status of bone minerals and bone markers after treatment  

has not been assessed, further research is required. So,     

we recommend assessing bone health and using serum 

osteocalcin determination in hyperthyroid children and 

adolescents as a biomarker of bone metabolism. However, 

given that the study group's sample size is relatively small, 

and the metabolic status of bone minerals and bone markers 

after treatment has not been assessed, further research is 

required. 

5. Conclusions 

In conclusion, our present study highlights the changing  

of bone mineral density and level of calciotropic hormones 

in juvenile hyperthyroidism. Osteocalcin levels can be an 

indicator of the development of osteoporosis in children  

and adolescents with hyperthyroidism. Long-term follow-up 

studies to monitor bone mineral status are needed to 

understand bone metabolism in these patients better. 
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