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Background: A common complication of thalassemia is secondary osteoporosis.

This study aimed to assess the prevalence and factors associated with low BMD in

thalassemic patients.

Method: This is a cross-sectional study. Eligible patients were males aged within

18–49 years or premenopausal women diagnosed with thalassemia in Chiang

Mai University Hospital between July 2021 and July 2022. The diagnosis of low

BMD by dual-energy x-ray absorptiometry (DXA) was defined as a Z-score of -2.0

SD or lower in either the lumbar spine or femoral neck. Clinical factors associated

with low BMD were analyzed using a logistic regression model.

Results: Prevalence of lowBMDwas 62.4% from210 patientswith amean age of 29.7

± 7.6 years. The predominant clinical characteristics of low BMD thalassemia patients

were being female, transfusion-dependent (TDT) and a history of splenectomy. From

multivariable analysis, the independent variables associated with low BMD were

transfusion dependency (odds ratio, OR 2.36; 95%CI 1.28 to 4.38; p=0.006) and

body mass index (BMI) (OR 0.71; 95%CI 0.61 to 0.82; p<0.001). Among patients with

low BMD, we observed a correlation between a Z-score with low IGF-1 levels (b=-
0.42; 95% CI -0.83 to -0.01; p=0.040), serum phosphate levels (b=0.40; 95% CI 0.07

to 0.73; p=0.016) and hypogonadism (b=-0.48, 95% CI -0.91 to -0.04, p=0.031).

Conclusion: This study found a prevalence of low BMD in 62.4% of subjects.

Factors associated with low BMD were TDT and BMI. Within the low BMD

subgroup, hypogonadism, serum phosphate and low serum IGF-1 levels were

associated with a lower Z-score.
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Introduction

Thalassemia results from a defect in hemoglobin synthesis,

leading to chronic anemia and ineffective red blood cell formation

(1). Thalassemia has currently been categorized into transfusion-

dependent thalassemia (TDT) and non-transfusion-dependent

thalassemia (NTDT). This distinction is considered beneficial for

the purposes of treatment planning (2).

One of the common complications associated with thalassemia

is secondary osteoporosis. According to a Taiwanese database, 17%

of thalassemia major patients had osteoporosis (3). In northeastern

Thailand, the prevalence of fractures, which are a complication of

osteoporosis, was 13.0–16.3% among thalassemic patients. The

characteristics associated with vertebral fracture were age, low

bone mineral density (BMD), low trabecular bone score (TBS),

history of splenectomy and endocrinopathy (4, 5). The most

common fracture sites were L1 and T12 (4).

Low BMD in thalassemic patients was found to occur at ages

earlier than 65 years old, which is the screening age for the general

population (4, 5). Nowadays, the non-invasive tool used to diagnose

osteoporosis via BMD is dual-energy x-ray absorptiometry (DXA)

(6). According to the World Health Organization (WHO),

osteoporosis in postmenopausal women is defined as a T-score of

-2.5 SD or lower in those aged more than 50years old. However, the

T-score is not aplicable to men younger than 50 years old or

premenopausal women. In our study, Z-score was indicative of a

BMD value that could be compared to an aged matched population.

Accordingly, this was more applicable for use in this study

population, especially in cases of thalassemia patients who were

determined to be younger than the expected age of onset. A Z-score

of -2.0 SD or lower is defined as a BMD score below the expected

range for the subject’s age (7). In a previous study, Tzoulis et al.

defined osteoporosis as a Z-score <-2.0 in patients aged over 18

years old with beta-thalassemia (8). Additionally, Vogiatzi MG,

et al. defined osteoporosis as a Z-score <-2.0 and osteopenia as a Z-

score between -1.0 and -2.0 in patients aged from 6 to 75 years. This

included both beta and alpha-thalassemia patients (9). However,

various studies have defined osteoporosis as a Z-score <-2.5 and

osteopenia as a Z-score between -1.0 to -2.5 (10–13). Thus, there

has been no established definition of osteoporosis in particular

groups, especially among the thalassemic population.

To date, osteoporosis is perceived as a multifactorial issue. Each

study reports different factors. Therefore, recognition of the
Abbreviations: ACTH, adrenocorticotropic hormone; Anti-HCV, Hepatitis C

virus antibodies; Anti-HIV, Human immunodeficiency virus antibodies; BMD,

Bone mineral density; BMI, Body mass index; CBC, Complete blood count; DM,

Diabetes mellitus; DXA, Dual-energy x-ray absorptiometry; FBS, Fasting Blood

Sugar; FGF23, Fibroblast growth factor 23; FT3, Free triiodothyronine; FT4, Free

thyroxine; FSH, Follicle-stimulating hormone; HbA1C, Hemoglobin A1C;

HBsAg, Hepatitis B surface antigen; HPLC, High-performance liquid

chromatography; HTN, Hypertension; IGF-1, Insulin-like growth factor-1; LH,

Luteinizing hormone; NTDT, Non-transfusion dependent thalassemia; PHT,

Pulmonary hypertension; TAO, Thalassemia-associated osteoporosis; TBS,

Trabecular bone score; TDT, Transfusion dependent thalassemia; TSH,

Thyroid stimulating hormone; VFA, Vertebral fracture assessment.
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significant risk factors of osteoporosis is crucial for identification

of high-risk patients. Features previously discovered to have a role

in bone metabolism include serum ferritin, type of iron chelator,

zinc levels, levels of insulin-like growth factor-1 (IGF-1),

hypothyroidism and calcium levels, physical activity and high

caloric intake measured indirectly by body mass index (BMI)

(14–17). However, the relationships between IGF-1, hematocrit,

vitamin D and BMD are still being debated (15–18).

The proportion of alpha-thalassemia cases in our region was

higher when compared with other regions included in previous

studies. The majority of the previous studies were predominantly

focused on beta-thalassemia. Therefore, the objective of this study

was to determine the prevalence of low BMD and to identify the risk

factors of low BMD in thalassemic patients, which could then be

applied to predict the probability of osteoporosis. This would help

in the selection of at-risk populations for early detection of

osteoporosis, especially in resource-limited countries.
Methods

Study design

This was a single-center, cross-sectional, retrospective study that

used data obtained from the thalassemia clinic located in Chiang Mai

University Hospital. The data were obtained from electronic medical

records. The study was approved by the Institutional Research Ethics

Committee at the Faculty of Medicine, Chiang Mai University (Study

number: MED-2564–08128).
Definition

Low BMD was defined as a Z-score of -2.0 or lower at either the

lumbar spine or femoral neck, as measured by DXA. Normal BMD

is defined as a Z-score higher than -2.0 at both the lumbar spine and

femoral neck.

Hypogonadism was characterized by low levels of sex

steroids according to age-specific reference ranges, with or

without symptoms such as delayed puberty (no testicular

enlargement by the age of 14 in boys and the absence of breast

development by the age of 13 in girls), infertility, and decreased

libido in men, and irregular or absent menstrual periods, hot

flashes, and infertility in women. Both hypergonadotropic (low

sex hormones, high gonadotropins), and hypogonadotropic (low

sex hormones and gonadotropins) hypogonadism fell under

this condition.

Adrenal insufficiency was defined by lowmorning cortisol levels

and confirmed by peak cortisol below 18 mcg/dL after

adrenocorticotropic hormone (ACTH) stimulation.

Hypothyroidism was defined by high thyroid stimulating

hormone (TSH) or low free thyroxine (FT4) compared to age-

specific reference ranges.

Hypoparathyroidism was defined by low serum calcium and

high serum phosphate and confirmed by low parathyroid hormone.
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Study population

Eligible patients were aged ≥ 18 years, diagnosed with thalassemia

using the high-performance liquid chromatography (HPLC) method

and those who had received treatment at the thalassemia clinic of

Chiang Mai University Hospital during the period between July 2021

and July 2022. In cases of multiple visits, the visit associated with the

least amount of missing data was chosen.

Patients were excluded if DXA was not done, if they were aged 50

years or older, were menopausal women, pregnant or had undergone

prior stem cell transplantation, secondary osteoporosis, and

osteomalacia. Osteomalacia was excluded by clinical and vitamin D level.

The clinical data exported from the electronic medical records

included demographic data, comorbidities, type of thalassemia and

DXA data. DXA data measured by dual-energy X-ray

absorptiometry (DXA; Hologic Discovery A, Hologic Company,

Marlborough, MA, USA). Laboratory data were as follows: CBC,

FBS, HbA1C, albumin, ferritin, calcium, phosphate, vitamin D

levels, PTH, FT4, FT3, TSH, LH, estradiol, testosterone, prolactin,

serum IGF-1 levels, HBsAg, anti-HCV and anti-HIV.
Outcomes

The primary outcome was to determine the prevalence of low

BMD in thalassemic patients. The secondary outcome was to identify

risk factors associated with low BMD scores in this population.
Statistical analysis

As has been reported in previous studies, the prevalence of low

BMD in thalassemic participants was approximately 50–60% (8, 9,

19, 20). Assuming a prevalence rate of 50% with an effect size of

10%, 95% level of significance and 80% power of test, the required

total sample size would be at least 194.

Categorical data were reported as numbers and percentages.

Continuous data were reported as mean and standard deviations, or

median with interquartile range depending on data distribution.

Each covariate and outcome was examined using a univariate

logistic regression model. The selected covariates with established

clinical significance, which were statistically significant with a p-value

less than 0.1, were analyzed with a multivariable logistic regression

model. The association was determined using an odds ratio (OR).

Additional analyses were conducted within the low BMD subgroup

using a linear regression model to demonstrate the degree of

correlation between each hormonal laboratory and a Z-score. All

analyses were conducted using Stata version 17 (StataCorp LLC, USA).
Results

Study population

A total of 210 patients were enrolled in this study, while 131

were identified with low BMD. The clinical characteristics of low
Frontiers in Endocrinology 03
BMD thalassemia patients were predominantly female (56.5%),

transfusion-dependent (68.7%), those who had undergone

previous splenectomy (66.4%) and those who had a mean age of

29.7 ± 7.6 years. The majority of subjects (86.2%) had at least one

abnormal hormonal function. The results showed 32 patients

(15.2%) had hypogonadism, 22 of 32 patients (68.8%) were taking

hormone replacement therapy, 23 patients (10.9%) had

hypothyroidism, 16 patients (7.6%) had adrenal insufficiency, the

dose of steroid treatment was mainly prednisolone with the dose of

2 . 5 to 5 mg per day , and 10 pa t i en t s (4 .8%) had

hypoparathyroidism. The prevalence of low BMD was 62.4%.

Other comorbidities and laboratory results are shown in Table 1.
Outcomes

Table 2 shows the univariate logistic regression analysis of each

variable and the associated outcome. The transfusion dependency

indicated double the odds of low BMD when compared with non-

transfusion dependency (OR 2.36; 95%CI 1.33 to 4.21; p=0.003).

Other variables associated with low BMD were a history of

splenectomy (OR 3.60; 95%CI 2.00 to 6.47; p<0.001) and serum

phosphate levels (OR 1.84; 95%CI 1.07 to 3.17; p=0.026). Protective

factors for low BMD were higher hemoglobin levels (OR 0.78; 95%

CI 0.62 to 0.99; p=0.041), higher serum albumin (OR 0.47; 95%CI

0.24 to 0.91; p=0.026) and higher BMI (OR 0.71; 95%CI 0.61 to 0.82;

p <0.001).

In the multivariable logistic regression model, BMI and

transfusion-dependency were found to be the variables

independently associated with low BMD, OR 0.71; 95%CI 0.61 to

0.82; p<0.001 and OR 2.36; 95%CI 1.28 to 4.38; p=0.006,

respectively, as is shown in Table 2.

In the low BMD subgroup, multivariate analysis showed that

variables associated with a lower Z-score were hypogonadism,

adrenal insufficiency, serum phosphate and low serum IGF-1, as is

shown in Supplementary Table 1. However, this study found no

significant relationship between vitamin D levels and Z-score. In the

multiple linear regression model, we analyzed the associated factor

separately. Itwas foundthat in thecaseof the femoralneck, a lowserum

IGF-1 levelwas associatedwith a lowerZ-score (b= -0.42; 95%CI -0.83
to -0.01; p=0.040), while an increase in serum phosphate was

associated with an increase in the Z-score (b=0.40; 95%CI 0.07 to

0.73; p=0.016). In addition, only hypogonadismwas related to a lower

Z-score at the lumbar spine (b=-0.48, 95%CI -0.91 to -0.04, p=0.031).
Discussion

Bone complications, including osteoporosis, are one of the most

common complications in both TDT and NTDT patients. Our

study confirmed a prevalence of 62.4% for these complications. We

also identified the predisposing factors for low BMD in these

patients, which combined the clinical type of thalassemia and the

relevant laboratory data. These risk factors will help in identifying

high-risk patients who require further investigation and treatment.
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This study aimed to identify the prevalence of low BMD in

thalassemic patients as the primary endpoint. The secondary

endpoint was to identify factors predisposing low BMD values.

The study found a relationship between transfusion-dependent

status, some hormonal laboratory values and the Z-score. The

subgroup analysis of low BMD indicated that each variable was

associated with a lower Z-score at different sites. Hypogonadism

was related to a lower Z-score in the lumbar spine, while low serum

IGF-1 levels and changes in serum phosphate levels only affected

the femoral neck. These results were consistent with those of

previous studies (5, 15–18).

The prevalence of low BMD in our study was 62.4%, which is

similar to the prevalence of thalassemia-associated osteoporosis

(TAO) reported by Hashemieh, et al. (65.6%) (21). Jensen CE,

et al. reported a higher prevalence of low BMD at 96.3%, which was

then categorized into very low BMD at 51.0% and low BMD at

45.0%. However, the Jensen study included TDT beta-thalassemia

major patients, which were determined to be clinically more severe
TABLE 1 Baseline characteristics.

Total, n
(%)
(N= 210)

Low
BMD
(n= 131)

Normal
BMD
(n= 79)

Demographic data

Age (years), mean ± sd 31.5 ± 8.5 29.7 ± 7.6 34.4 ± 9.3

Gender n(%)

• Male 83 (39.5) 57 (43.5) 26 (32.9)

• Female 127 (60.5) 74 (56.5) 53 (67.1)

BMI (kg/m2), mean ± sd,
n= 207

19.4 ± 2.3 18.8 ± 2.1 20.4 ± 2.2

Type of thalassemia n(%)

• TDT 128 (60.9) 90 (68.7) 38 (48.1)

• NTDT 82 (39.1) 41 (31.3) 41 (51.9)

• Alpha thalassemia 38 (18.1) 18 (13.7) 20 (25.3)

• Beta thalassemia 172 (81.9) 113 (86.3) 59 (74.7)

Splenectomy n(%)

• Yes 115 (54.8) 87 (66.4) 28 (35.4)

• No 95 (45.2) 44 (33.6) 51 (64.6)

Smoking, n= 156 n(%)

• Yes 3/156 (1.9) 3 (2.9) 0 (0)

• No 153/
156 (98.1)

99 (97.1) 54 (100)

Alcohol drinker, n= 157 n(%)

• Yes 5/157 (3.2) 4 (3.9) 1 (1.8)

• No 152/
157 (96.8)

98 (96.1) 54 (98.2)

Comorbidity n(%)

• Abnormal hormone

(Hypogonadism, Hypothyroid,
Adrenal insufficiency)

157/
176 (89.2)

100/
116 (86.2)

57/60 (95.0)

• Non-communicating disease
(HTN, DM)

15/210 (7.1) 11/131 (8.4) 4/79 (5.1)

• Chronic viral hepatitis
infection (HBV, HCV)

22/
192 (11.5)

15/
124 (12.1)

7/68 (10.3)

• Pulmonary hypertension 18/210 (8.6) 14/
131 (10.7)

4/79 (5.1)

Iron chelation n(%)

• Yes 178 (84.8) 116 (88.6) 62 (78.5)

• No 32 (15.2) 15 (11.4) 17 (21.5)

Steroid

• Yes 22 (10.5) 18 (13.7) 4 (5.1)

• No 188 (89.5) 113 (82.3) 75 (94.9)

(Continued)
TABLE 1 Continued

Total, n
(%)
(N= 210)

Low
BMD
(n= 131)

Normal
BMD
(n= 79)

Blood examination

• Hemoglobin (g/dl),
mean ± sd

7.46 ± 1.21 7.33 ± 1.29 7.69 ± 1.04

• Hematocrit (%), mean ± sd 24.57 ± 4.37 24.12 ± 4.59 25.32 ± 3.90

• Creatinine (mg/dl), median
[IQR], n= 206

0.52
[0.43, 0.63]

0.51
[0.41, 0.60]

0.54
[0.45, 0.70]

• Ferritin (mg/L),
median[IQR]

1.07
[0.67, 2.35]

1.14
[0.76, 2.38]

1.00
[0.62, 2.35]

• Serum albumin (g/dl),
mean ± sd, n= 209

4.38 ± 0.46 4.33 ± 0.49 4.48 ± 0.39

• Calcium (mg/dl), mean ±
sd,
n= 167

9.01 ± 0.48 8.99 ± 0.49 9.07 ± 0.43

• Phosphate (mg/dl),
mean ± sd, n= 165

4.00 ± 0.75 4.08 ± 0.71 3.77 ± 0.84

• Vitamin D level (ng/ml),
mean ± sd, n= 107

28.67
± 10.89

28.61 ± 9.64 28.85
± 13.90

• PTH (pg/ml), median[IQR],
n= 79

25.32
[18.30,
35.94]

25.30
[18.30,
34.99]

33.51
[24.45,
46.53]

• IGF-1 (ng/ml), median
[IQR],
n= 80

65.65
[39.15,
95.40]

65.60
[38.75,
95.40]

76.85
[58.85,
105.80]

History of extramedullary hematopoiesis, n(%)

• Yes 20 (9.5) 14 (10.7) 6 (7.6)

• No 190 (90.5) 117 (89.3) 73 (92.4)
fr
BMI, Body mass index; TDT, Transfusion dependent thalassemia; NTDT, Non-transfusion
dependent thalassemia; HTN, Hypertension; DM, Diabetes mellitus; HBV, Hepatitis B virus;
HCV, Hepatitis C virus; PTH, parathyroid hormone; IGF-1, Insulin-like growth factor 1.
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(10). The differences in prevalence could be explained by the

different populations that had been studied. Our study consisted

of both TDT and NTDT patients, for which NTDT patients

comprised about one-third of the population. Importantly, the

genotype of thalassemia varies worldwide. In Thailand, there is a

high prevalence of alpha-thalassemia and beta-thalassemia/HbE

patients, both of whom have been found to be less clinically

severe than thalassemia major patients (22). Another point to
Frontiers in Endocrinology 05
consider is the definition and cut-off point of the Z-scores in each

study, which also differed. Previous studies defined osteopenia as a

Z-score between -1.0 and -2.5, while osteoporosis was identified by

a Z-score below -2.5 according to the WHO 1994 criteria (10, 19).

In this study, the univariable analysis indicated that factors

associated with lower BMD values were older age, low BMI, low

hemoglobin levels, splenectomy and transfusion dependency status,

which were consistent with the factors that had been identified in
TABLE 2 Univariate and multivariate logistic regression.

Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

Age (year) 0.93 0.90–0.96 <0.001

Gender, Male 1.57 0.87–2.81 0.129

BMI (kg/m2), n= 207 0.71 0.61–0.82 <0.001 0.71 0.61–0.82 <0.001

Type of thalassemia

• TDT 2.36 1.33–4.21 0.003 2.36 1.28–4.38 0.006

• Beta thalassemia 2.12 1.04–4.32 0.037

Splenectomy 3.60 2.00–6.47 <0.001

Smoking 3.83 0.19–75.60 0.377

Alcohol drinker 2.20 0.24–20.21 0.485

Comorbidity

• Abnormal hormone (Hypogonadism,
Hypothyroid, Adrenal insufficiency)

0.32 0.09–1.17 0.087

• Non-communicating disease (HTN, DM) 1.71 0.52–5.59 0.368

• Chronic viral hepatitis infection (HBV, HCV) 1.19 0.46–3.10 0.708

• Pulmonary hypertension 2.24 0.71–7.07 0.168

Iron chelation 2.12 0.99–4.53 0.052

Steroid 2.98 0.97–9.17 0.056

Blood examination

• Hemoglobin (g/dl) 0.78 0.62–0.99 0.041

• Hematocrit (%) 0.93 0.88–1.00 0.056

• Creatinine (mg/dl), n= 206 0.60 0.20–1.78 0.366

• Ferritin (mg/L) 1.08 0.90–1.28 0.382

• Serum albumin (g/dl), n= 209 0.47 0.24–0.91 0.026

• Calcium (mg/dl), n= 167 0.69 0.32–1.47 0.348

• Phosphate (mg/dl), n= 165 1.84 1.07–3.17 0.026

• Vitamin D level (ng/ml), n= 107 0.99 0.95–1.03 0.918

• PTH (pg/ml), n= 79 1.00 0.99–1.00 0.903

• IGF1 (ng/ml), n= 80 0.99 0.97–1.01 0.719

History of extramedullary hematopoiesis 1.45 0.53–3.95 0.462
BMI, Body mass index; TDT, Transfusion dependent thalassemia; NTDT, Non-transfusion dependent thalassemia; HTN, Hypertension; DM, Diabetes mellitus; HBV, Hepatitis B virus; HCV,
Hepatitis C virus; PTH, parathyroid hormone; IGF-1, Insulin-like growth factor 1.
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previous reports (20, 23, 24). Marina Baldini et al. reported that

BMD deficit in beta thalassemia major subjects occurred in up to

92.7% of patients, despite these patients having received adequate

transfusions. Moreover, osteoporosis was mainly presented on the

lumbar spine, while osteopenia mostly affected the femur (25).

Teawtrakul N et al. also reported that the risk factors associated

with vertebral fractures were low BMD, low trabecular bone scores

and a history of splenectomy (5). The study conducted by Yu-

Guang Chen et al. reported a higher incidence of fractures in

thalassemia patients than in non-thalassemia patients with a

hazard ratio of 1.35. That study also found that thalassemic

patients without osteoporosis, when compared with a normal

population, had a higher risk of fracture with a hazard ratio of

1.42 (26). All of these factors were likely correlated with the severity

of the disease, which was confirmed by multivariable analysis in our

study showing that transfusion-dependent thalassemia was the

most significant factor. Lower BMI is associated with poor

nutritional status, which could be a risk factor for low BMD

values. In our study, there were no associations with gender,

smoking, consumption of alcohol and serum ferritin levels, which

is consistent with the outcomes of previous reports (10, 27, 28). The

etiology might differ between studies because there are

multifactorial risks between osteoporosis and low BMD values.

In the subgroup analysis, our study indicated the importance of

serum markers in predicting low BMD values. Low serum IGF-1

levels were found to be a significant risk factor for a low Z-score.

Ebeling PR et al. reported that bone growth and mineralization were

effects of osteoblasts stimulated by IGF-1 (29). Furthermore, a study

conducted by Mahachoklertwattana P et al. determined that lower

serum IGF-1 levels were more likely to be found in transfusion-

dependent patients in comparison to non-transfusion-dependent

patients, which would then lead to lower BMD values (30).

Therefore, low serum IGF-1 levels could be considered a cause of

low BMD. In this group further MRI of pituitay should be done to

confirm growth hormone deficiency.

Phosphate homeostasis is essential for bone mineralization,

mainly through fibroblast growth factor 23 (FGF23), parathyroid

hormone and vitamin D. High serum phosphate stimulates FGF23

production by osteocytes, which increases phosphate renal

excretion and reduces active vitamin D production. This results

in lower phosphate and calcium absorption in the intestine, which

then leads to a reduction in bone mineralization (31). An increase

in serum phosphate and a decrease in serum calcium also result in

an increase in parathyroid hormone secretions, which increases

renal calcium reabsorption, inhibits phosphate reabsortion and

also results in bone resorption. Excess serum phosphate also binds

to calcium, resulting in a decrease in calcium for bone

mineralization, leading to a lower degree of BMD (32). The

cross-sectional study conducted by Lee AW et al. found that

high phosphate intake was associated with increased BMD

values with adequate calcium intake in a normal population

(33). Takeda E et al.’s study showed no effect of short-term high

phosphate intake on FGF23; however, long-term high phosphate

intake and long-term hyperphosphatemia were associated with

increased incidences of osteoporosis (34). A later study conducted
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by Michigami T et al. reported a positive correlation between

increased serum phosphate levels and an increase in FGF23, which

consequently increased phosphate excretion via the kidney

resulting in demineralization of the bones (31). Campos-

Obando N et al. also found a correlation between increased

serum phosphate levels and fracture risk (35). However, our

study found an association between increased serum phosphate

and an increase in the Z-score at the femoral neck. Notably, the

association between phosphate and bone metabolism will require

further study.

Regarding endocrinology, our study found evidence of

hypogonadism and a worsening Z-score at the lumbar spine from

simple linear regression analysis, which is consistent with the

outcomes of previous reports (9, 36). Fung EB et al. reported a

higher fracture-prevalence in hypogonadal patients with a higher

prevalence in males than females (37). Another study conducted by

Anapliotou ML et al. found that hypogonadism was related to lower

spinal BMD; however, in this case bone density could be increased

by hormonal replacement therapy (38). Accordingly, a study

conducted by Baldini M et al. found that hypogonadal patients

had lower femoral BMD than eugonadal patients despite adequate

hormonal replacement therapy, whereas there were no significant

differences in spinal BMD (25). Scacchi M. et al. found a

significantly lower T-score on the femoral bone in hypogonadal

thalassemic patients when compared with those characterized as

eugonadal, indicating predominant demineralization in the femur

bone in patients with hypogonadism (39). Based on the studies

mentioned above, low BMD can be explained by bone

demineralization caused by hypogonadism.

The strengths of this study include a focus on the variations in

thalassemia type, including data obtained from both TDT and

NTDT patients, and that BMD could be measured using the

standard DXA, which is available in most hospitals as a standard.

The limitations of this study include its retrospective design, which

resulted in limited data availability for important factors and novel

bone markers such ALP, periostin, cathepsin K (catK), receptor

activator of nuclear factor kappa beta ligand (RANK-L), Dickkopf-1

(Dkk1), sphingosine-1-phosphate (S1P), osteocalcin, sclerostin,

fibroblast growth factor 23 (FGF23), klotho and miRNAs. In

addition, the generalizability of the study was limited due to its

study design. The endocrinopathy complications and secondary

osteoporosis need to be systemmatic evaluate and standard treatment

since these complications may contribute to the prevalence of low

BMD especially growth hormone deficiency. Further study should be

further investigated on the novelmarkers andbone architecture tofind

out the pathophysiology of low BMD in this population. This may

emphasize future treatment to prevent this complication.
Conclusion

The prevalence of low BMD in this study was 62.4%. Factors

associated with low BMD in thalassemic patients were transfusion-

dependent status and BMI. In the low BMD subgroup,

hypogonadism was associated with a lower Z-score at the lumbar
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spine, while serum phosphate and low serum IGF-1 levels were

associated with a lower Z-score at the femoral neck.
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13. Pirinççioğlu AG, Akpolat V, Köksal O, Haspolat K, Söker M. Bone mineral
density in children with beta-thalassemia major in Diyarbakir. Bone. (2011) 49:819–23.
doi: 10.1016/j.bone.2011.07.014
frontiersin.org

mailto:adisak.tan@cmu.ac.th
mailto:adisak.tan@cmu.ac.th
https://www.frontiersin.org/articles/10.3389/fendo.2024.1393865/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1393865/full#supplementary-material
https://doi.org/10.1016/j.bone.2018.02.019
https://doi.org/10.1111/ijlh.12527
https://doi.org/10.1002/pbc.26181
https://doi.org/10.1097/MPH.0b013e3182841574
https://doi.org/10.1097/MPH.0b013e3182841574
https://doi.org/10.1155/2020/4634709
https://doi.org/10.7326/aitc201708010
https://doi.org/10.1385/jcd:7:1:17
https://doi.org/10.3109/03630269.2014.905792
https://doi.org/10.1359/jbmr.080505
https://doi.org/10.1046/j.1365-2141.1998.01108.x
https://doi.org/10.1155/2012/573298
https://doi.org/10.1016/j.bone.2011.07.014
https://doi.org/10.3389/fendo.2024.1393865
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Ananvutisombat et al. 10.3389/fendo.2024.1393865
14. De Sanctis V, Soliman AT, Elsefdy H, Soliman N, Bedair E, Fiscina B, et al. Bone
disease in b thalassemia patients: past, present and future perspectives. Metabolism.
(2018) 80:66–79. doi: 10.1016/j.metabol.2017.09.012

15. Abbasi S, Asl JF, Zadeh LM, Mirdoraghi M. Measurement bone mineral density
(BMD) of patients with beta thalassemia. Data Brief. (2018) 19:1021–24. doi: 10.1016/
j.dib.2018.05.120

16. Scacchi M, Danesi L, Cattaneo A, Sciortino G, Radin R, Ambrogio AG, et al.
Bone turnover and mineral density in adult thalassemic patients: relationships with
growth hormone secretory status and circulating somatomedins. Endocrine. (2016)
53:551–7. doi: 10.1007/s12020–016-0865–1

17. Piriyakhuntorn P, Tantiworawit A, Phimphilai M, Shinlapawittayatorn K,
Chattipakorn SC, Chattipakorn N. Impact of iron overload on bone remodeling in
thalassemia. Arch Osteoporos. (2020) 15:143. doi: 10.1007/s11657-020-00819-z

18. Manolopoulos PP, Lavranos G, Mamais I, Angouridis A, Giannakou K, Johnson
EO. Vitamin D and bone health status in beta thalassemia patients-systematic review.
Osteoporos Int. (2021) 32:1031–40. doi: 10.1007/s00198-021-05821-w

19. Gaudio A, Morabito N, Catalano A, Rapisarda R, Xourafa A, Lasco A.
Pathogenesis of thalassemia major-associated osteoporosis: A review with insights
from clinical experience. J Clin Res Pediatr Endocrinol. (2019) 11:110–17. doi: 10.4274/
jcrpe.galenos.2018.2018.0074

20. Vogiatzi MG, Autio KA, Mait JE, Schneider R, Lesser M, Giardina PJ. Low bone
mineral density in adolescents with beta-thalassemia. Ann N Y Acad Sci. (2005)
1054:462–6. doi: 10.1196/annals.1345.063

21. Hashemieh M, Azarkeivan A, Radfar M, Saneifard H, Hosseini-Zijoud SM,
Noghabaei G, et al. Prevalence of osteoporosis among thalassemia patients from zafar
adult thalassemia clinic, Iran. Iranian J Blood Cancer. (2014) 6:143–48.

22. Weatherall DJ. The definition and epidemiology of non-transfusion-dependent
thalassemia. Blood Rev. (2012) 26 Suppl 1:S3–6. doi: 10.1016/s0268–960x(12)70003–6

23. Baldini M, Ulivieri FM, Forti S, Serafino S, Seghezzi S, Marcon A, et al. Spine
bone texture assessed by trabecular bone score (TBS) to evaluate bone health in
thalassemia major. Calcif Tissue Int. (2014) 95:540–6. doi: 10.1007/s00223–014-9919–7

24. Fung EB, Xu Y, Kwiatkowski JL, Vogiatzi MG, Neufeld E, Olivieri N, et al.
Relationship between chronic transfusion therapy and body composition in subjects
with thalassemia. J Pediatr. (2010) 157:641–7. doi: 10.1016/j.jpeds.2010.04.064

25. BaldiniM, Forti S, Marcon A, Ulivieri FM, Orsatti A, Tampieri B, et al. Endocrine and
bone disease in appropriately treated adult patients with beta-thalassemia major. Ann
Hematol. (2010) 89:1207–13. doi: 10.1007/s00277–010-1007–0

26. Chen YG, Lu CS, Lin TY, Lin CL, Tzeng HE, Tsai CH. Risk of fracture in transfusion-
naïve thalassemia population: A nationwide population-based retrospective cohort study.
Bone. (2018) 106:121–25. doi: 10.1016/j.bone.2017.10.016

27. Shamshirsaz AA, Bekheirnia MR, Kamgar M, Pourzahedgilani N, Bouzari N,
Habibzadeh M, et al. Metabolic and endocrinologic complications in beta-thalassemia
Frontiers in Endocrinology 08
major: a multicenter study in Tehran. BMC Endocr Disord. (2003) 3:4. doi: 10.1186/
1472–6823-3–4

28. Mahachoklertwattana P, Pootrakul P, Chuansumrit A, Choubtum L,
Sriphrapradang A, Sirisriro R, et al. Association between bone mineral density and
erythropoiesis in Thai children and adolescents with thalassemia syndromes. J Bone
Miner Metab. (2006) 24:146–52. doi: 10.1007/s00774–005-0661–0

29. Ebeling PR, Jones JD, O’Fallon WM, Janes CH, Riggs BL. Short-term effects of
recombinant human insulin-like growth factor I on bone turnover in normal women. J
Clin Endocrinol Metab. (1993) 77:1384–7. doi: 10.1210/jcem.77.5.8077337

30. Mahachoklertwattana P, Chuansumrit A, Sirisriro R, Choubtum L,
Sriphrapradang A, Rajatanavin R. Bone mineral density, biochemical and
hormonal profiles in suboptimally treated children and adolescents with beta-
thalassaemia disease. Clin Endocrinol (Oxf). (2003) 58:273–9. doi: 10.1046/j.1365-
2265.2003.01707.x

31. Michigami T. Roles of osteocytes in phosphate metabolism. Front Endocrinol
(Lausanne). (2022) 13:967774. doi: 10.3389/fendo.2022.967774

32. Jacquillet G, Unwin RJ. Physiological regulation of phosphate by vitamin D,
parathyroid hormone (PTH) and phosphate (Pi). Pflugers Arch. (2019) 471:83–98.
doi: 10.1007/s00424-018-2231-z

33. Lee AW, Cho SS. Association between phosphorus intake and bone
health in the NHANES population. Nutr J. (2015) 14:28. doi: 10.1186/s12937–015-
0017–0

34. Takeda E, Yamamoto H, Yamanaka-Okumura H, Taketani Y. Increasing dietary
phosphorus intake from food additives: potential for negative impact on bone health.
Adv Nutr. (2014) 5:92–7. doi: 10.3945/an.113.004002

35. Campos-Obando N, Koek WNH, Hooker ER, van der Eerden BC, Pols HA,
Hofman A, et al. Serum phosphate is associated with fracture risk: the rotterdam study
and mros. J Bone Miner Res. (2017) 32:1182–93. doi: 10.1002/jbmr.3094

36. Vogiatzi MG, Macklin EA, Fung EB, Vichinsky E, Olivieri N, Kwiatkowski J,
et al. Prevalence of fractures among the Thalassemia syndromes in North America.
Bone. (2006) 38:571–5. doi: 10.1016/j.bone.2005.10.001

37. Fung EB, Harmatz PR, Milet M, Coates TD, Thompson AA, Ranalli M, et al.
Fracture prevalence and relationship to endocrinopathy in iron overloaded patients
with sickle cell disease and thalassemia. Bone. (2008) 43:162–68. doi: 10.1016/
j.bone.2008.03.003

38. Anapliotou ML, Kastanias IT, Psara P, Evangelou EA, Liparaki M, Dimitriou P.
The contribution of hypogonadism to the development of osteoporosis in thalassaemia
major: new therapeutic approaches. Clin Endocrinol (Oxf). (1995) 42:279–87.
doi: 10.1111/j.1365-2265.1995.tb01876.x

39. Scacchi M, Danesi L, Cattaneo A, Valassi E, Pecori Giraldi F, Argento C, et al.
Bone demineralization in adult thalassaemic patients: contribution of GH and IGF-I at
different skeletal sites. Clin Endocrinol (Oxf). (2008) 69:202–7. doi: 10.1111/j.1365-
2265.2008.03191.x
frontiersin.org

https://doi.org/10.1016/j.metabol.2017.09.012
https://doi.org/10.1016/j.dib.2018.05.120
https://doi.org/10.1016/j.dib.2018.05.120
https://doi.org/10.1007/s12020&ndash;016-0865&ndash;1
https://doi.org/10.1007/s11657-020-00819-z
https://doi.org/10.1007/s00198-021-05821-w
https://doi.org/10.4274/jcrpe.galenos.2018.2018.0074
https://doi.org/10.4274/jcrpe.galenos.2018.2018.0074
https://doi.org/10.1196/annals.1345.063
https://doi.org/10.1016/s0268&ndash;960x(12)70003&ndash;6
https://doi.org/10.1007/s00223&ndash;014-9919&ndash;7
https://doi.org/10.1016/j.jpeds.2010.04.064
https://doi.org/10.1007/s00277&ndash;010-1007&ndash;0
https://doi.org/10.1016/j.bone.2017.10.016
https://doi.org/10.1186/1472&ndash;6823-3&ndash;4
https://doi.org/10.1186/1472&ndash;6823-3&ndash;4
https://doi.org/10.1007/s00774&ndash;005-0661&ndash;0
https://doi.org/10.1210/jcem.77.5.8077337
https://doi.org/10.1046/j.1365-2265.2003.01707.x
https://doi.org/10.1046/j.1365-2265.2003.01707.x
https://doi.org/10.3389/fendo.2022.967774
https://doi.org/10.1007/s00424-018-2231-z
https://doi.org/10.1186/s12937&ndash;015-0017&ndash;0
https://doi.org/10.1186/s12937&ndash;015-0017&ndash;0
https://doi.org/10.3945/an.113.004002
https://doi.org/10.1002/jbmr.3094
https://doi.org/10.1016/j.bone.2005.10.001
https://doi.org/10.1016/j.bone.2008.03.003
https://doi.org/10.1016/j.bone.2008.03.003
https://doi.org/10.1111/j.1365-2265.1995.tb01876.x
https://doi.org/10.1111/j.1365-2265.2008.03191.x
https://doi.org/10.1111/j.1365-2265.2008.03191.x
https://doi.org/10.3389/fendo.2024.1393865
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Prevalence and risk factors predisposing low bone mineral density in patients with thalassemia
	Introduction
	Methods
	Study design
	Definition
	Study population
	Outcomes
	Statistical analysis

	Results
	Study population
	Outcomes

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


