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Repeated blood transfusions in thalassemia patients is followed by endo-
crinopathies as diabetes, hypothyroidism, hypogonadism, hypoparathy-
roidism, and disorders in calcium and vitamin D homeostasis. The aim 
of this study was to evaluate the association of beta-thalassemia patients 
endocrinopathies and osteoporosis. Serum level of some factors related to 
the function of gonads, thyroid, adrenal, and pancreas along with serum 
levels of calcium, phosphate, albumin, vitamin D, and iron were measured. 
Bone marrow density was tested via dual-energy x-ray absorptiometry 
(DXA densitometry). In this study, 56 patients with major thalassemia were 
investigated. Paraclinical analysis indicated osteopenia in 17 (30.4%) and 
osteoporosis in 39 patients (69.6%) in addition to other types of endocrine 
disorders, such as hypogonadism in 29 (51.8%), hypothyroidism in 13 
(23.2%), hypoparathyroidism in 1 (1.8%), hypocortisolism in 2 (3.6%), and 
diabetes in 9 (16.1%) patients. Endocrinopathies had no significant rela-
tionship with osteoporosis and osteopenia in men. However, hypogonadism 
had a significant relationship with osteoporosis and osteopenia in women 
with thalassemia. Estradiol level was lower in women with osteoporosis 
in comparison with women with osteopenia. Ferritin levels had neither 
association with osteoporosis nor with LH levels (P>0.05). Secondary hy-
pogonadism disorders are the main causes of osteoporosis and osteopenia 
in female beta-thalassemia patients. 
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1. Introduction 

Thalassemia is a genetic disorder resulting in disorders 
of hemoglobin synthesis which is diagnosed by a lack or 
shortage of human hemoglobin globin chains [1]. Patients 

with major beta thalassemia are in need of frequent blood 
transfusion. Frequent blood transfusion increases iron level 
of the body [2]. The human body has a limited capacity for 
controlling such kind of iron overload [3]. Liver, heart, and 
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endocrine glands have the highest sensitivity toward iron 
overload. However, iron deposits in most of the organs, 
such as the pancreas, pituitary gland, and parathyroid [4].  
The most common disorder of endocrine glands in patients 
with major thalassemia is hypogonadism which is more 
commonly caused by iron deposit in pituitary gland [5]. Che-
lator agents as Deferoxamine (DFO) are used for the pre-
vention of iron overload in major thalassemia patients [6].  
However, inappropriate application of chelator agents 
reduces bone density and causes growth retardation in 
patients with major thalassemia [7]. Bielinsk et al. reported 
that all the patients with major thalassemia are exposed to 
reduced bone density [8]. Reduced bone density emerges as 
osteoporosis and osteopenia disorders which are the main 
underlies of disabilities in patients with major thalassemia 
and increase the risk of bone fracture [9]. Iron overload may 
cause calcium and vitamin D homeostasis disorders [10].  
Vitamin D deficiency in patients with major thalassemia 
along with iron overload will intensify their bone disor-
ders [11]. Due to the high prevalence of thalassemia in our 
country, we have decided to investigate the reasons caus-
ing osteoporosis in these patients.

2. Materials and Methods

This is an analytic-cross sectional study which investi-
gates patients with major thalassemia who have referred 
to Motahari Hospital in Jahrom. This study was approved 
by Research Ethical Committee of Jahrom University 
of medical sciences (with registration code of IR.JUMS.
REC.1395.108). Major thalassemia was diagnosed in the 
patients based on their number of blood transfusions (more 
than 8 blood transfusions) in the year before participating 
in the study and Hb electrophoresis. Excluding criteria is 
age below 10 or more than 50 years old, celiac and mal-
absorption and patients who were receiving treatments 
with growth hormone and glucocorticoids were excluded. 
Participants’ at least have had ten to fifty years of disease 
duration based on their age and all of them were on chela-
tion/blood transfusions more than 8 times in a year. 

3. Evaluation

T-score based densitometry determines the osteoporosis 
(T-score lower than –2.5 indicates standard deviation in 
DXA densitometry) and osteopenia (T-score ranging from 
–1 to –2.5 indicates standard deviation in densitometry) 
in participants more than 45 years old and z score were 
used to determine secendary osteoprosis in younger par-
ticipants, Z Score –2.5 or less is compatible with criteria 
for definition of secondary osteoporosis [12]. Densitometry 
in this study was carried out using Hollogic discovery WI 

DXA device, made in Germany. Cortisol and adrenocor-
ticotropic hormone (ACTH) were investigated via Elec-
trochemiluminescence (ECL) method (ACTH was only 
estimated in patients with hypocortisolism). T4 level was 
estimated via ECL method. TSH levels were estimated via 
ECL method. Thyroid peroxidase autoantibody (TPOAb) 
was only analyzed in patients with hypothyroidism.

Fasting blood sugar was analyzed by SELECTRA E. 
Hemoglobin A1c (HbA1C) was only analyzed in patients 
with diabetes via chemical machine.

Calcium and Phosphate were analyzed by the pho-
tometric method. Albumin, which is used for determining 
hypocalcemia, was analyzed via bromocresol green method. 
Vitamin D deficiency is lower than 15 ng/mL levels, vitamin 
D insufficiency is between 15 ng/dL ~ 20 ng/dL levels, and 
normal vitamin D is higher than 20 ng/mL levels [13].

4. Statistical Analysis

Data analysis was done via SPSS software version 21. 
The relationships between endocrine disorders were com-
pared based on the Chi-square test. Nonparametric Mann–
Whitney test was used to compare the levels of variables in 
patients with the osteoporosis. Moreover, the correlation be-
tween data was analyzed by Pearson test. Normal data were 
reported as mean ± standard deviation, and nonparametric 
data were reported as median (first and fourth quartiles). P < 
0.05 was considered as the significance level. 

5. Results 

In this study, 56 patients with major thalassemia and 
the average age of 27.37 ± 7.93 were investigated. Demo-
graphic data of the participants are presented in Table 1. 
Paraclinical analysis indicated osteopenia in 17 (30.4%) 
and osteoporosis in 39 patients (69.6%) in addition to 
other types of endocrine disorders, such as hypogonadism 
in 29 (51.8%), hypothyroidism in 13 (23.2%), hypopara-
thyroidism in 1 (1.8%), hypocortisolism in 2 (3.6%), and 
diabetes in 9 (16.1%) patients. 

The relationship between Hypogonadism and Os-
teoprosis has been described in Table 2. According to 
this table, although there was no significant relationship 
between hypothyroidism, hypocortisolism, type 1 dia-
betes, hypoparathyroidism, and hemochromatosis with 
osteoporosis or osteopenia disaggregated by gender, there 
was a significant relationship between osteoporosis and 
hypogonadism in women under investigation (P < 0.05). 
This kind of relationship was not observed in male pa-
tients. Hypogonadal women with major thalassemia were 
7.55 times more exposed to the risks of osteoporosis in 
comparison with non-hypogonadal women (CI%95:1.49-
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38.20). The results of paraclinical tests are presented in 
Table 3.

The results of the Mann-Whitney test in comparison 
of estradiol level in women with osteoporosis and women 
with osteopenia, indicated that women with osteoporosis 
had lower estradiol median (Mann-Whitney U = 37.00, 
p-value = 0.001). The results of paraclinical tests are pre-
sented in Table 3. These results indicate that patients with 
osteopenia had significantly higher Luteinizing hormone 
(LH) levels in comparison with patients with osteopo-
rosis (P < 0.01). No significant difference was observed 
between vitamin D levels of patients with osteopenia and 
osteoporosis. 

Correlation of different variables indicated that with an 
increase in age of osteoporosis patients, parathyroid hor-
mone (PTH) level increases (r = 0.324, p = 0.032), how-
ever, albumin level decreases (r =–0.384, p = 0.035). With 
an increase in the weights of patients with osteoporosis, 
Bone Mineral Density (BMD) increases (r = 0.322, p = 
0.045). Increased levels of follicle stimulating hormone 
(FSH) and LH in patients with osteoporosis are correlated 
with decreased levels of BMD (r = 0.362, p = 0.024 and 
r = 0.392, p = 0.012 respectively). Thyroid function tests 
indicated that T4 increases along with BMD and vitamin 
D in patients with osteopenia (r =0.528 p = 0.029 and  
r =0.553 p = 0.021 respectively). 

Table 1. Basal characteristics of study subjects. 

Characteristic Men Women P Value

 Number, n (%) 22  34 - 

Age, y 27.63±8.66 27.20±8.07 >0.05

Weight, cm 56.86±8.9 48.35±8.96 0.002

height, kg 163±8.22 153.70±6.85 <0.01

Education * 2(9.09) 8(23.52) >0.05

Diabetes mellitus History, n (%) 3(13.63) 5(14.70) >0.05

Fracture History, n (%) 0(0) 7(20.58) 0.023

 Heart disease History†, n (%) 0(0) 2(5.88) >0.05

Thyroid disease History, n (%) 1(4.54) 2(5.88) >0.05

Dairy consumption**, n (%) 18(81.81) 32(94.11) >0.05

Sunlight exposure***, n (%) 1(4.54) 14(14.17) <0.01

Vitamin D****, n (%) 2(9.09) 10(29.41) 0.006

cm: centimeters. y: years of old. kg: kilograms. †: history of being admitted in hospital for cardiac disease. *: university educated 
patients. **: number of patients with lower than 5 unit dairy consumption per day. ***: number of patients with lower than 30 
minutes sunlight exposure per day. ****: number of Vitamin D deficient patients.

Table 2. The relationship between Hypogonadism and Osteoporosis

No.
Osteoporosis Osteopenia

Chi square
test

% No. %

Women

Hypogonadal 17 50 17 50 OR=7.55(CI%95:1.49-38.20)
p-value=0.010

chi-square value=6.68Non-Hypogonadal 6 17.64 6 17.64
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6. Discussion

Bone changes in patients with major thalassemia, and 
their expansive effects on physiology of endocrine system, 
have transformed thalassemia into a great dilemma [14]. 
Osteopenia was observed in 17 (30.4%) and osteoporosis 
in 39 patients (69.6%) and no healthy person underwent 
BMD analysis. These results were consistent with the 
reported results of Bielinski et al. on patients with thalas-
semia who were exposed to osteopenia and osteoporosis [8].  
Anapliotou et al. claimed that all the patients with thal-
assemia experience decreased the level of BMD [15]. The 
most common disorders in patients with thalassemia are 
bone disorders which emerge as rickets, scoliosis, severe 
bone pains, deformation of spinal cord, severe osteope-
nia and osteoporosis, and multiple fractures. Pathogens 
of bone disorders are caused by the endocrine disorders, 
nutrition disorders, iron overload, reduced trabecular 
bone, thinning of cortex, and inefficient hematopoiesis [16].  
Patients with major thalassemia have low levels of BMD. 
Most of them suffer from severe bone fractures and pains [17].  
The results of this study indicated that, unlike men, there 
was a significant relationship between osteoporosis and 
hypogonadism in women. Moreover, there was no signif-
icant relationship between other types of endocrine disor-
ders, such as diabetes, hemochromatosis, hypoparathyroid-

ism, hypocortisolism, hypothyroidism, and osteoporosis 
in both men and women. Hypogonadism in women refers 
to weak or abnormal axis of hypothalamus- pituitary 
gland-ovary which may be observed as estradiol deficien-
cy and increased levels of LH and FSH [18]. Primary hypo-
gonadism or hypergonadotropic hypogonadism due to iron 
overload and iron deposits in gonads, is a possible mech-
anism of secondary osteoporosis in thalassemia also other 
mechanism is, hypogonadotropic hypogonadism  or sec-
ondary hypogonadism due to iron deposits in pituitary and 
its dysfunction [19]. Estradiol protects the bones and pre-
vents osteoporosis by decreasing apoptosis of osteoblasts 
and increasing apoptosis of osteoclasts [20]. Our study 
revealed that lower levels of estradiol are connected to 
osteoporosis, and patients with hypogonadism have lower 
levels of estradiol. These findings are consistent with the 
reposted findings of Anapllotou et al. who indicated that 
an increase in the level of estrogen of female major thal-
assemia patients will improve the BMD status [15]. There-
fore, Hypogonadal women with major thalassemia were 
7.55 times more exposed to the risks of osteoporosis in 
comparison with non-hypogonadal women (CI%95:1.49-
38.20). These findings are consistent with the results of 
previous researches. Iron overload causes hypogonadism 
in gonadotropic cells of the pituitary gland of patients with 

Table 3. Para clinical Results

BMD

p-valueOsteopeniaOsteoporosis

-3917n

0.09026(22-27)29(21-33)Age

0.0107.2(4.95-13.25)4.2(1.1-7.6)LH

0.8172.5(1.84-4.25)2.4(0.6-5.5)FSH

0.2694.965(1.92-7.22)2.13(0.777-5.61)Testosterone

0.001103.3(33.9-21)8.37(5-59)Estradiol

0.34018.7(14.4-28)19(11.9-23)Cortisol

0.0648.7(7.3-10)7.7(6.6-8.9)T4

0.5683.4(1.715-4.235)2.8(1.8-4)TSH

0.31890(81-120.5)95(87-109)FBS

0.4328.1(6-8.5)7.1(4.875-7.8)HBA1c  

0.7549.5(9.35-10)9.7(9.4-10)Ca

0.4924.6(4-5.15)4.8(4.2-5.4)p

0.8934.5(4.15-4.8)4.5(4.3-4.7)Alb

0.22213.9(7.05-23.15)21.4(9.1-30.5)PTH

0.95722.1(10.65-25.85)18.7(10.5-26)Vitamin D

0.206951(711.5-1439)895(677-1004)Ferritin

0.1421.8(0.95-3.05)3.75(1.725-7)TPOAb

TSH: thyroid-stimulating hormone, FBS: Fasting blood sugar, LH: Luteinizing Hormone, FSH: follicle stimulating hormone, HbA1C: 
Hemoglobin A1C, PTH: parathyroid Hormone, TPOAb: thyroid peroxidase antibody, Alb: Albumin, Ca: Calcium, P: phosphorus



14

Journal of Endocrinology Research | Volume 04 | Issue 02 | July 2022

major thalassemia [21]. In the present study higher levels of 
ferritin was correlated with reduced serum level of calci-
um in men (p = 0.06, r = 508). These results are consistent 
with the reported results of Li Wang et al. They claimed 
that extracellular iron overload reduces absorption of cal-
cium [22]. The role of calcium deficiency in development 
of osteoporosis is well documented [23,24]. Furthermore, 
our study indicated that high levels of FSH and LH in 
patients with osteoporosis will reduce BMD. However, 
women with osteopenia had significantly higher levels 
of LH than patients with osteoporosis. The exact role of 
LH in skeletal hemostasis is an area of uncertainty [25].  
Bone protection is caused by strong effect of FSH hor-
mone on bones and gender differences. Jie Wang also has 
referred to destructive role of FSH on bones [26]. But our 
subjects were patients with thalassemia which may reduce 
the value of this comparison. Berge et al. stated that fer-
ritin has not a direct relationship with the level of female 
sex hormones [27], however, it has a direct relationship 
with male sex hormones [28]. Xu ZR et al.’s study, which 
was carried out on the society of Chinese women, indicat-
ed that increased LH decreases BMD [29]. These results are 
consistent with our findings. It seems that the relationship 
between LH level and osteoporosis or osteopenia is not 
dependent on the number of blood transfusions in patients 
with thalassemia. In fact, iron overload and its deposit in 
gonads may be followed by a simultaneous increase of LH 
and FSH levels, while this was not the case with our sub-
jects. Therefore, primary ovarian failure was not observed 
in our subjects and we should look after other factors for 
hypo-gonadotropic hypogonadism. Thyrotoxicosis or ex-
cessive increase in thyroid hormones is associated with 
osteoporosis. Hypothyroidism can also reduce BMD [30].  
But our study showed that T4 increase is positively cor-
related with an increase in BMD scores. However, the in-
crease in T4 of our patients occurred in the normal range. 
So the appropriate increase in T4 levels can reduce the 
risk of osteoporosis in thalassemia patients. T4 accelerates 
bone remodeling. High levels of thyroid hormones in hy-
perthyroidism, due to excessive increase in the velocity of 
the bone remodeling cycle, can lead to incomplete cycles 
and osteoporosis [31]. In a cohort study in patients under-
going thyroidectomy, it was shown that thyroidectomy 
increases the chance of osteoporosis [32]. While several 
researches revealed that in the absence of endogenous 
thyroid hormone production after total thyroidectomy, 
replacement therapy with exogenous T4 does not affect 
BMD [33], it seems that thyroid hormones at normal con-
centrations tend to regulate bone metabolism and reduce 
the risk of BMD. Increased T4 was also correlated with 
increased vitamin D in osteoporosis patients. According to 

studies, thyroid hormones in hyperthyroid patients reduce 
the level of vitamin D by suppressing the transcription 
of the 25-Hydroxyvitamin D3 1α-Hydroxylase gene that is 
responsible for the production of vitamin D in the kidney [34].  
It seems that these results are not consistent with our 
study, but changes in the T4 concentration of our subjects 
are occurring in normal range and vary with changes due 
to abnormal levels. However, there was no relationship 
between vitamin D levels of our participants and osteopo-
rosis. 

7. Conclusions

Hypogonadotropic hypogonadism is the most common 
endocrine disorder which was observed in our subjects 
(51.8%). Moreover, there was a significant relationship 
between osteoporosis and hypogonadism in our female 
subjects. It can be deducted that secondary hypogonadism 
disorders in women may lead in osteoporosis and osteo-
penia. However, there was no significant relationship be-
tween hypogonadism, hypothyroidism, hypocortisolism, 
type-1 diabetes, and hypoparathyroidism with osteoporo-
sis or osteopenia in men.
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