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I.   INTRODUCTION 
 

The description of the thalassemic bone disease from the period of the very first 
communication concerning the disease by Cooley in 1925 until today allows a follow-
up of its different severe models – starting from severe bone deformations and early 
fractures and also covering well-controlled patients with a low bone mass deficit and 
even normal values of bone mineral density (BMD). [Cooley  and Lee , 1925; Katz  et 
al.,1994]  Despite the fact that no severe bone injuries due to this disease are observed 
nowadays, the problem with the low BMD as a biomechanical element impacting bone 
solidity, is still a challenge. [Exarchou et al., 1984; Vogiatzi  et al., 2009; Terpos  et al., 
2009; Toumba  et al., 2010; Haidar  et al., 2011; Skordis  et al., 2011] According to data, 
extracted from different sources, the prevalence of the osteoporosis-osteopenia 
syndrome (OOS) in well-treated patients with thalassemia major (TM) from different 
ethnic and racial groups, irrespective of sex, is approximately 40-50 % [Dresner  et al., 
2000;  Voskaridou  et al., 2001]. In 2004, Leung and his team present data on 
osteoporosis on a spinal level in 62 % of the 53 studied chinese patients at an average 
age of 14.[Leung  et al., 2005] An Iranian team informs of frequent cases of OOS in 
patients with TM reaching 65.6% among a group of 326 patients. [Hashemieh  et al., 
2014] In 2010, during a prospective examination of 42 Indian patients with TM. 
Merchant and team witnessed OOS affecting 80 % of the patients [Merchant et al., 2010]. 
Prior to the era of hypertransfusion and chelation therapy, bone fractures among patients 
with TM and thalassemia intermedia (TI) are reported with a prevalence of about 50 %, 
multiplicity of the phenomenon and almost in every single case - with persistent residual 
severe deformations.  [Dines et al.,1976; Exarchou et al.1984; Finsterbush  et al.1985; 
Karimi  et al., 2007] This leads to invalidating consequences, with the limitation of the 
possibility for these people to benefit from a normal social integration.  [Exarchou et al., 
1984] The characteristics of OOS in patients with TM and thalassemia intermedia (TI) 
are different from the ones of OOS affecting the population in general. Major risk factors 
in the latest are sex and age, and in patients with TM and TI - OOS and fracture risk are 
the consequence of a more complex pathologic and genetic interaction. The differences 
in comparison with the general population refer to the younger age of patients, the 
important number of risk factors, related to bone loss, the response to treatment with 
medicine aiming to influence bone alteration or to stimulate bone formation.  
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II. RELEVANCE OF THE PROBLEM WITH OSTHEOPOROSIS IN 

PATIENTS, AFFECTED BY THALASSEMIA, AND GROUNDS FOR THE 
RESEARCH ON THE PROBLEM IN BULGARIAN PATIENTS 

 

1. Relevance of the OOS problem in patients with thalassemia. Data from foreign 
scientific sources on osteoporosis and its connections with the basic parameters of 
thalassemia disease are mainly based on clinical surveys and empirical hypotheses on 
their major influence. To our knowledge, there are no data, defining which patients are 
at risk of a significant loss of BMD or fracture events. Most authors manifest scientific 
interest in studying the impact of endocrine deviations, leading to low BMD. 
Nevertheless, even in that domain of interest, the results obtained after the applied studies 
are equivocal and even contradictory in some of the cases.  

2. Grounds for the research on the problem in Bulgarian patients. 
Bulgaria is among the countries with a high prevalence of thalassemia disease.  
So far, Bulgarian patients with transfusion-dependent β-thalassemia (TDT) have not 
been thoroughly studied in relation to the so-called thalassemia bone disease (TBD). No 
scientific research or study has been carried out on the prevalence of fracture events or 
the prevalence and the severity of OOS in this specific group of patients.  The equivocal 
data, extracted from foreign sources, in combination with the aforementioned, are the 
grounds for the research and study work of which consists the present dissertation.   

 
 

III. SCIENTIFIC HYPOTHESIS 
  

Apart from the well-known mechanisms, responsible for bone loss, affecting the 
population in general, specifically related to the disease and its treatment, risk factors 
play a huge role in patients with TM and TI. The severity of the anemia syndrome, the 
extramedullary hematopoiesis (EMH), the iron overload, the type of the chelating agent 
and its dosage regimen seriously influence the evolution of OOS in patients with TM 
and TI.  By defining which ones are important, it is possible to influence the specific 
approach in prophylaxis, early diagnostics and treatment of OOS in this group of 
patients. 
 

IV.  OBJECTIVE AND TASKS OF THE STUDY  

 

1. Objective of the study:  To outline and to establish the prevalence, the severity and 
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the association of OOS in adult Bulgarian patients with TDT from a genetic and 
pathological aspect with the specific parameters of the disease and its complications.  
2.  Tasks of the study: 
2.1. To establish and effectuate a comparison between BMD markers at the level of the 
spinal cord and the femoral neck and BTMs (ß – CTx, OCN, RANKL, OPG, sclerostin) 
among: 
 1) patients with TDT from both sexes and respectively classified according to sex, age 
and anthropometric characteristics of individuals with healthy controls; 2) women with 
TDT and men with TDT gender-specific comparison); 3)patients with TM and TI 
(comparison according to the severity of the disease); 4) to effectuate an analysis of the 
impact of age, height and Body Mass Index (BMI) on the values of  spinal and femoral 
neck Z-scores.   
2.2.  To establish the prevalence of OOS in patients with TDT.  
2.3. To effectuate an analysis of the connection between BMD and the following BTMs 
in patients with TDT: ß – CTx, OCN, RANKL, OPG, sclerostin.     
2.4. To effectuate an analysis of the relationship between BMD and BTMs, which have 
manifested significant correlation with them with the following thalassemia-specific and 
endocrine parameters in the group of patients:1) mean pre-transfusion hemoglobin level; 
2) mean peripheral blood erythroblasts and platelets count; 3) serum ferritin levels  ; 4) 
liver iron concentration (LIC); 5) cardiac iron concentration (CIC); 6) splenectomy; 7) 
HCV positivity; 8) annual blood transfusion; 9) type of the chelation regimen; 10) 
gonadal function, parathyroid function; 11) serum level of  25(ОН)D. 
2.5.  To effectuate an analysis of fracture events in patients with TDT: 
2.5.1. To establish the prevalence of fracture events in patients with TDT;  
2.5.2. To look for severe osteoporosis risk factors – with osteoporotic fractures;  
2.6. To effectuate an analysis of the annual dynamics of BMD and to look for risk factors, 
related to this dynamics;  
2.7. To draw-up recommendations for the follow-up, the diagnosing, prophylaxis and 
treatment of OOS in Bulgarian patients with TM an TI. 

 
 

V.  DESIGN OF THE STUDY, MATERIALS AND METHODS 

	  

The study is diagnostic its nature and includes controls.  
1. Subject of the study. 
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1.1. BMD measurement. In patients and healthy controls, a BMD measurement in 
g/cm2, T-scores and Z-scores of the following zones has been carried by means of 
Dual-energy X-ray absorptiometry (DXA):1) lumbar vertebral bodies (L1- L4); 2) 
femoral neck. In patients with TDT, the indicated measurements have been repeated 
during a second visit - 12 months after the first one. 
1.2. Assessment of the serum levels of biochemical markers of bone turnover. 
During the first visit, a one-time assessment of the serum levels of biochemical 
markers of bone turnover ß – CTx, OCN, RANKL, OPG, sclerostin has been made 
for both groups. 
2. Subjects of the analysis. Every patient/control, matching the inclusion and 
exclusion criteria, is considered as a unit of analysis.    
2.1. Number and structural distribution of the examined subjects according to 
fundamental characteristics. Between April 2017 and May 2018, 92 people in total 
have been examined and subjected to a follow-up. They are distributed as follows: 
62 patients with TDT and 30 healthy controls volunteers. The healthy controls have 
been selected among healthy people, according to the age and anthropometric data 
of the examined cohort. 
2.2. Inclusion and exclusion criteria.  
2.2.1. The following have been set as inclusion criteria for the selection of the group 
of patients: 1) age: 18+; 2) β-thalassemia syndrome, confirmed at least with a 
Hemoglobin electrophoresis; 3) a written informed consent to participate in the 
study. 
2.2.2. The exclusion criteria for the entire examined cohort are: 1) age: 18+; 2) 
family history of bone diseases; 3) autoimmune diseases; 4) long-term corticosteroid 
use; 5) accompanying malignant disease; 6) diabetes; 7) suspicion of chronic 
inflammation; 8) clinical manifestations of kidney disease; 9) administration of 
bisphosphonate denosumab during the past two years.  
2.3. Planned visits for the studies. A prospective follow-up of the targeted group 
of patients for the study has been done in the frame of two planned visits, as follows:  

Visit 1:  capture of actual anthropometric data, draft of a detailed medical history in order 
to assess the inclusion and exclusion criteria, taking note of fracture events ; first 
measurement of BMD of patients/health controls by means of  DXA ; collection and 
storage of serum for the previously set for the study biochemical markers for bone 
formation and resorption.  

Visit 2: DXA control of the group of patients 12 months after the effectuation of the first 
measurement.  

2.4. Documentation and sources of information. The scientifical concept of this 
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doctoral thesis has been considered and approved with by Protocol № 02 /30.03.2017 of 
the Meeting of the Research Ethics Committee at the Medical University of Plovdiv. All 
the participants in the study have provided a written consent for their participation in the 
study. The socio-demographic and health-related data on the participants into the study 
are structured on individual cards.   

2.5. Methods of the study 

2.5.1. Anthropometric measurements. Height and weight are measured by a SECA 
Electronic Weighing And Measuring Station, and body mass – by an electronic scale in 
accordance with the Bulgarian State Standards (BDS). The body mass index (BMI) of 
every single participant has been calculated according to the following formula: BMI = 
weight (kg) / height (m)2 

2.5.2. Documentary method. Data on thalassemia-related characteristics of the disease 
were extracted from the available documentation on the patients: hematological 
parameters (pre-transfusion hemoglobin level; peripheral blood erythroblasts and 
platelets count) ; biochemical parameters (ferritin, calcium, phosphorus) ; hormones 
(TSH, free T4, PTH, estradiol, total testosterone, FSH, LH); HCV positivity.  Data on 
the liver iron  concentration were collected by examining the results from MRI T2* or 
MRI FerriScan measurements (not older that one year back in time) with the value of 
liver iron concentration being presented in  mg/g dw, and the one of cardiac iron 
concentration  - in relaxation time ( T2* ms).  
2.5.3. Imaging analyses  DXA was used for the measurement of BMD.  
2.5.4.   Measurement of the serum levels of BTMs. Fasting venous blood drawing from 
all the patients and controls was effectuated between 8 and 9 a.m. The time for a venous 
blood drawing in eugonadal women and women, taking HRT, was set between day 3 and 
day 5 of the menstrual cycle. The samples, taken from women with hypogonadism not 
taking HRT and men, were not subject to a specific time selection. After their 
centrifugation, the samples were frozen up to 60 minutes after they have been taken and 
they were stored at a temperature of −80 °C until the moment of the analysis. The serum 
levels of ß – CTx, OCN, RANKL, OPG, sclerostin and 25(ОН) D in all examined 
subjects were measured by Enzyme- linked immunosorbent assay (ELISA). During the 
analysis, all the requirements and protocols, established by the relevant manufacturers, 
were complied with.  

2.5.5. Statistical methods. The statistical manipulation of data was made in accordance 
to the types of data (nominal, ordinal, interval and ratio) and the distribution of the 
values. The measured values were checked for symmetry and normality of the 
distribution by Shapiro-Wilk test. In case of absence of statistical importance (p > 0.05) 
and values of assimetry distribution within the frame of the acceptable values ( -1/+1), 
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according to the Shapiro-Wilk test, the distribution is considered to be normal.  
Parametric statistical methods were used for continuous data with normal distribution, 
and in the case of absence of a normal distribution - nonparametric statistical methods 
have been applied.  Nominal, ordinal and binar values were manipulated using a 
frequency analysis and presented in numerical and percentage values. The parameters, 
measured according to the continuous scale with normal distribution, are presented in 
the form of an arithmetic mean ±the standard deviation. The following parametric 
analysis was applied: independent samples t-test for the comparison between two 
independent groups; Pearson’s correlation test for the study on the relationship between 
two continuous and normally distributed variables. The following nonparametric 
methods were used in the case of asymmetrical distribution of continuous variables: 
median and range for the minimum and maximum values; Mann–Whitney U test - for 
the comparison between two independent groups; Spearman's Rank correlation 
coefficient to study the connection between two asymmetrically distributed variables 
and/or the ones, measured on an ordinal scale. Nonparametric statistical analysis was 
applied for variables on nominal, ordinal and binar scales: frequency analysis, Pearson's 
chi-squared test (χ2) to establish the association between two variables, measured on 
nominal or ordinal scales; Fisher's exact test for the comparison of proportions; binary 
logistic regression; ROC curve with an area under the ROC curve, sensitivity, specificity 
and threshold criteria value.  

Statistical significance is noted when the acceptable probability of error level α (alpha) 
= 0.05 (p < 0.5). Data analysis was effectuated via the use of IBM SPSS software, version 
26 (2018), MedCalc statistical software for biomedical research, version19.0.7 (2019) 
and Minitab Statistical Software., version 18.1 (2017).  

 

VI. FINDINGS 

1. General characteristics of the participants in the study  
1.1 Demographic and anthropometric data on patients with TDT and healthy controls  
Before the targeted analyses, we effectuated a comparison between patients with TDT 
and healthy controls in relation to the following indicators: age, gender distribution, 
height, weight and body mass index (BMI). We used Pearson's chi-squared test to 
compare sex distribution and t-test for independent samples for the other parameters. No 
significant difference was noted between patients with TDT and healthy controls 
depending on age (p = 0.483); gender-specific distribution (p = 0.885); height (p = 
0.071); weight (p = 0.108); and BMI (p = 0.947) are concerned.  
1.2 β-thalassemia related characteristics of patients with TDT   

Thalassemia parameters of patients with TDT are presented in Table 1.  
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Parameters  Total 
TDT 
(n=62) 

                              Subgroups 
TM 
(n=47) 

TI 
(n=15) 

p 
 

PreHgb  gr/l  
Median (Min-
Max) 

 
78 
(53.50-
105) 

 
82 (53.50-105) 

 
74.90 (66-
95) 

 
0.117u 

Per Erbl x10^9/l 
Median (Min-
Max) 

 
19 (0-
147) 

 
14 (0-147) 

 
23.90 (8.50-
61) 

 
0.263 u 

Thromb. 
x10^9/л 
( 𝑋 ± SD) 

 
640.45±2
75 

 
643.74±288 

 
630.13±241 

 
0.869t 

Mean annual 
transfusion need 
(ml/kg)  
Median (Min-
Max) 

 
 
190 (50-
290) 

 
 
190 (120-290) 

 
 
130 (50-210) 

 
 
0.000 u 
** 

SF ng/mL 
Median (Min-
Max) 

 
1000(14
6-10000) 

 
1200(150-
10000) 

 
800(146-
5000) 

 
0.233 u 

LIC mg/g dw  
(dry weight)  
Median (Min-
Max) 

 
11.95(1.
03-
48.10) 

 
11.90(1.03-
48.10) 

 
12.35(4.40-
29.60) 

 
0.515 u 

CIC (Т2*/msec) 
Median (Min-
Max) 

 
31.80(4.
99-
41.22) 

 
30.38(4.99-
41.22) 

 
32(23.22-
35.70) 

 
0.455 u 

Splenectomy 
Number (%) 

 
45(72.6
%) 

 
36(76.6%) 

 
9(60%) 

 
0.318f 

Chelation 
regimen 

o  Desferal 
o  Deferiprone 
o  Deferasirox 
o  Combined 

 
3 (5%) 
8 (13%) 
42 (70%) 
7 (12%) 

 
1 (2.1%) 
6 (12.8%) 
34 (72.3%) 
6 (12.8%) 

 
2 (15.4%) 
 2 (15.4%) 
 8 (61.5%) 
1 (7.7%) 

 
 
 
0.286c 



	   11	  

The findings are shown for the whole group of patients with TDT and separately for the 
TM and TI subgroups. The values in patients with TM and TI were found to be with no 
significant difference (p > 0.05 for all the comparisons) except for the mean annual 
transfusion need.  
Table 1. β-thalassemia related characteristics of patients with TDT 

𝑋 – Mean value; SD - Standard deviation; Min.- Max. – Minimum /maximum value; 
Pre Hgb -hemoglobin; PerErbl- erythroblasts; SF- serum ferritin; LIC- liver iron 
concentration; CIC -cardiac iron concentration; u- Mann-Whitney U test;   t-t-test (t-test 
for independent samples); f- Fisher’s exact test; c- Pearson's chi-squared test(χ2); **- 
Statistically significant difference in cases with p ≤ 0.01; * - Statistically significant 
difference in cases with p < 0.05 
 
 
Depending on the characteristics of the parathyroid function (normoparathyroidism, 
hypoparathyroidism, Parathormone (PTH), serum calcium and phosphorus, the values 
in patients with TM and TI were found to be with similar – with no significant difference 
(p > 0.05 for all comparisons).  
Gender-differentiated gonadal status parameters, in patients with TDT, are presented in 
Table 2. The findings confirm the absence of a significant difference in patients wit 
TM and TI (p > 0.05) according to these characteristics. 

Table 2. Gender differentiated gonadal status parameters in patients with TDT  

Parameters  Total 
TDT 
(n=62) 

                              Subgroups 
TM 
(n=47) 

TI 
(n=15) 

p 
 

WOMEN n= 30 n = 24 n = 6  
Eugonadism 
Number (%) 

 
15(50%) 

 
11(45.8%) 

 
4(66.6%) 

 
0.802 f 

Hypogonadism 
With HRT 
Number (%) 

 
 
12(40%) 

 
 
11(45.8%) 

 
 
1(16.7%) 

 
 
0.263 f 

Hypogonadism     

HCV positive 
Number (%) 

o  No 
o  Yes  

         
 
 
       48 
(77.40%) 
       14 
(22.60%) 

 
 
 
            34 
(72.30%) 
            13 
(27.70%) 

 
 
 
       14 
(93.30%) 
         1  
(6.70%) 

 
 
 
0.155 f 
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Without HRT 
Number (%) 

 
3(10%) 

 
2(8.4%) 

 
1(16.7%) 

 
1.00 f 

FSH(МЕ) 
( 𝑋 ± SD) 

 
203.66±41.
64 

 
215.41±35.26 

 
156.66±32.0
4 

 
0.001 

t** 
LH (МЕ) 
( 𝑋 ± SD) 

 
7.82±13.30 

 
7.43±14.7 

 
9.39±4.67 

 
0.753 

Estradiol 
pmol/L 
Median (Min-
Max) 

 
242(30-
700) 

 
300(30-700) 

 
197(50-300) 

 
0.432 

u  

HRT Number 
(%) 

o   Yes 
o   No  

 
 8 (27%) 
22 (73%) 

 
  6(25%) 
18(75%) 

 
   2(33%) 
   4(67%) 

 
 
0.520 f 

МEN n= 32 n = 23 n = 9  
Eugonadism 
Number (%) 

 
20(62.5%) 

 
14 (61%) 

 
6(67%) 

 
0.532 f 

Hypogonadism 
With HRT 
Number (%) 

 
 
5(15.6%) 

 
 
4(17%) 

 
 
1(11%) 

 

0.809 f 

Hypogonadism 
Without HRT 
Number (%) 

 
 
7(21.9%) 

 
 
5(22%) 

 
 
2(22%) 

 

0.785 f 

FSH (МЕ) 
( 𝑋 ± SD) 

 
171.25±51.
40 

 
191±36.18 

 
120.55±51.1
3 

 
0.000 

t** 
LH (МЕ) 
( 𝑋 ± SD) 

 
4.60±2.46 

 
4.31±2.78 

 
5.42±0.83 

 
0.099 

Testosterone 
ng/mL 
Median (Min-
Max) 

 
6(0-37) 

 
6.24(0-37) 

 
4.73(0.49-8) 

 
0.229 

u 

HRT Number 
(%) 

o   Yes 
o   No 

 
1 (10%) 
29 (90%) 

 
  1(4.5%) 
21(95.5%) 

 
0(0%) 
    8(100%) 

 
 
0.733 f 

𝑋 – mean value; SD – Standard deviation; Min.- Max. – Minimum /maximum value; 
FSH - follicle-stimulating hormone; LH- Luteinizing hormone; HRT - Hormone 
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replacement therapy; f- Fisher’s exact test; t-t-test (t-test for independent samples);u- 
Mann-Whitney U test; **- Statistically significant difference in cases with p ≤ 0.01; * - 
Statistically significant difference in cases with p < 0.05 
 
4.2 Findings in Task 1. The following analyses were carried out: 1) gender-
differentiated comparison between bone mineral density and bone turnover markers 
among patients with TDT and healthy controls ; 2) gender- differentiated comparison 
between bone mineral density and bone turnover markers among women with TDT and 
men with TDT ; 3) comparison by the severity of the disease (TM againstTI); 5) 
relationship with the markers of age, height and BMI.  
 
4.2.1 BMD indicators and serum BTMs in male patients with TDT and male healthy 
controls  
Мen with TDT and men with healthy controls were compared by BMD indicators and 
BTMs  In all the analysed parameters, significant differences between men with TDT 
and healthy men were noted down. ( Table 3).  
 
Table 3. BMD indicators and BTMs  in male patients with TDT and male healthy 
controls  

Parameters TDT 
Men 
(N = 32) 

Healthy 
controls 
Men 
(N = 15) 

 
P 

Spinal Z-score at level 
(L1-L4) 
( 𝑋 ± SD) 
 

Spinal Т-score at level 
(L1-L4) 
( 𝑋 ± SD) 

 
-2.70±1.12 
 
 
-2.79±1.17 

 
-0.14±0.72 
 
 
-0.26±0.72 
 

 
0.000**t 
 

0.000**t 

Spinal BMD (gr/cm2) at 
level (L1-L4)  
( 𝑋 ± SD) 

 
0.79±0.12 

 
1.12±0.08 

 
0.000**t 

Femoral neck Z -score  
( 𝑋 ± SD) 
 

 
-1.36±1.11 

 
0.40±0.49 

 
0.000**t 

Femoral neck Т - score  
( 𝑋 ± SD) 

 
-1.47±1.12 

 
0.14±0.55 

 
0.000**t 
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Femoral neck BMD 
(gr/cm2) 
   Median (Min-Max) 
 

 
0.76 (0.47-
0.99) 

 
0.92(0.87-
1.12) 

 
0.000**
u 

ß- CTx pg/mL 
  Median (Min-Max) 
 

 
8360 (1560-
26100) 

 
238 (118-
646) 

 
0.000**
u 

OCN ng/mL 
  Median (Min-Max) 
 

 
4.90 (2.20-
10.40) 

 
12.00 (9.80-
13.40) 

 
0.000**
u 

OPG pmol/L 
  Median (Min-Max) 
 

 
5.34 (0.60-
16.40) 

 
2.84 (1.40-
5.48) 

 
0.008**
u 

 
RANKL pmol/L 
  Median (Min-Max) 
 

 
 
5.30 (1.70-
17) 

 
 
3.40 (1.0-
8.70) 

 
 
0.020*u 

Sclerostin pg/mL 
Median (Min-Max) 

 
658.00 (124-
1881) 

 
46.80 (17.80-
66.10) 
 

 
0.000**
u 

 
25(ОН)D ng/mL 
Median (Min-Max) 

 
13.9 (2.3-
24.3) 

 
20.78 (12.8-
37.1) 
 

 
0.000**
u 

 

 

 
𝑋 - mean value; SD - Standard deviation; Min.- Max. – Minimum /maximum value; 
BMD- bone mineral density; ß- CTx - (Beta-CrossLaps); ОCN- Osteocalcin; OPG – 
Osteoprotegerin; RANKL – receptor activator of nuclear factor- kappa- ß ligand; t-t-test;  
u- Mann-Whitney U test;  **- Statistically significant difference in cases with p ≤ 0.01;* 
- Statistically significant difference in cases with p < 0.05 
 
 

4.2.2 BMD indicators and BTMs in female patients with TDT and female healthy 
controls  
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The same way it was done for men, we compared BMD indicators and BTMs in female 
patients with TDT and the controlled group of healthy women. The findings showed 
significant differences between women with TDT and healthy women in all analysed 
parameters (Table 4).  
 
Table 4.  BMD indicators and BTMs in female patients with TDT and female healthy 
controls  

Parameters TDT 
Women 
(N = 30) 

Healthy 
controls 
Women 
(N = 15) 

 
p 

 
 

Spinal Z-score at level (L1-L4) 
    ( 𝑋 ± SD) 

 
 
-2.56±0.97 

 
 
-0.10±0.85 

 
 
0.000
**t 

 
Spinal Т-score at level (L1-

L4) 
    ( 𝑋 ± SD) 

 
-2.66±1.21 

 
-0.40±1.36 

 
0.000
**t 

 
Spinal BMD (gr/cm2 )at level 
(L1-L4)  
  ( 𝑋 ± SD) 
    

 
0.79±0.13 

 
1.08±0.14 

 
0.000
**t 

Femoral neck Z -score  
   ( 𝑋 ± SD) 
 
 

 
-1.54±0.74 

 
0.15±0.45 

 
0.000
**t 

Femoral neck Т -score  
   ( 𝑋 ± SD) 
 
 

 
-1.67±0.83 

 
0.31±1.65 

 
0.000
**t 

ß- CTx pg/mL 
  Median (Min-Max) 
 

 
8110 (1800-23-
800) 

 
333 (174-740) 

 
0.000*
*u 

OCN ng/mL 
  Median (Min-Max) 

 
4.20 (2.20-
10.60) 

 
12.40 (8.01-
13.80) 

 
0.000
**u 
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OPG pmol/L 
  Median (Min-Max) 
 

 
4.15 (1.05-
32.03) 

 
2.18 (1.11-6.61) 

 
0.001
**u 

 
RANKL pmol/L 
  Median (Min-Max) 
 

 
6.40 (1.0-16.80) 

 
4.10 (1-80-6.0) 

 
0.002
*u 

 
Sclerostin pg/mL 
Median (Min-Max) 

 
466 (110-1825) 

 
53.53(23.0-
77.0) 
 

 
0.000
**u 

25(ОН)D ng/mL 
Median (Min-Max) 

16.6 (2.5-25.6) 18.7(12.0-30.9) 
 

0.005
**u 

𝑋 - mean value; SD - Standard deviation; Min.- Max. – Minimum /maximum value; 
BMD- bone mineral density; ß- CTx - (Beta-CrossLaps); ОCN- Osteocalcin; OPG – 
Osteoprotegerin; RANKL – receptor activator of nuclear factor-kappa- ß ligand; t-t-test;  
u- Mann-Whitney U test;  **- Statistically significant difference in cases with p ≤ 0.01;* 
- Statistically significant difference in cases with p < 0.05 
   
4.2.3 Gender impact analysis  in patients with TDT on BMD indicators and BTMs.  
In order to establish what is the gender impact on BMD and BTMs, we carried over a 
gender-differentiated analysis beween male patients with TDT and female patients with 
TDT. No significant difference between both groups was shown by the findings. (Table 
5).  
Table 5. Gender-specific BMD indicators and BTMs in patients with TDT  

Parameters TDT 
Men 
(N = 32) 

TDT 
Women 
(N = 30) 

 
p 

Spinal Z-score at level (L1-
L4) 
    ( 𝑋 ± SD) 

 
-2.70±1.12 

 
-2.56±1.07 

 
0.610t 

 
Spinal BMD (gr/cm2) at level 
(L1-L4) 
    ( 𝑋 ± SD) 

 
0.792±0.12 

 
0.793±0.13 

 
0.992t 

 
Femoral neck Z-score  

 
-1.35±1.11 

 
-1.53±0.74 

 
0.461t 
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  ( 𝑋 ± SD) 

 
Femoral neck BMD (gr/cm2) 

   ( 𝑋 ± SD) 

 
0.73±0.11 

 
0.69±0.13 

 
0.196t 

 
ß- CTx pg/mL 
  Median (Min-Max) 
 

 
8360 (1560-
26100) 

 
8110 (1800-
23800) 

 
0.972u 

 
OCN ng/mL 
  Median (Min-Max) 

 
4.90 (2.20-
10.40) 

 
4.20 (2.20-
10.60) 

 
0.657u 

 
OPG pmol/L 
  Median (Min-Max) 
 

 
5.34 (0.60-
16.40) 

 
4.15 (1.05-
32.03) 

 
0.944u 

 
RANKL pmol/L 
  Median (Min-Max) 
 

 
5.30 (1.70-17) 

 
6.40 (1-16.80) 

 
0.461u 

 
Sclerostin pg/mL 
    ( 𝑋 ± SD) 

 
648.69±391 

 
597.27±380 
 

 
0.602t 

 
25(ОН)D ng/mL 
Median (Min-Max) 

 
14.5 (2.5-20.1) 

 
13.4 (3.1-
20.9) 

 
0.415u 

𝑋 - mean value; SD - Standard deviation; Min.- Max. – Minimum /maximum value; 
BMD- bone mineral density; ß- CTx - (Beta-CrossLaps); ОCN- Osteocalcin; OPG – 
Osteoprotegerin; RANKL – receptor activator of nuclear factor-kappa- ß ligand; t-t-test;  
u- Mann-Whitney U test;    
 
 4.2.4 Comparison of BMD indicators and BTMs between patients with TM and TI. 
47 patients, diagnosed with TM, and 15 patients with TI were included in the group of 
TDT patient. The comparative analysis showed no significant difference of BMD 
indicators and BTMs in the two subgroups of patients. (Table 6) 
 
Table 6. BMD indicators and BTMs in patients with TM and TI  
Parameters    ТМ 

(N = 47) 
   ТI 
(N = 15) 

 
P 
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Spinal Z-score at level (L1-
L4) 
   (X ± SD) 

-2.65±1.10 -2.55±1.10 0.73
6t 

 
Spinal BMD (gr/cm2) at level 
(L1-L4) 
    (X ± SD) 

 
0.80±0.12 

 
0.78±0.14 

 
0.61
0t 

 
Femoral neck Z-score  
   (X ± SD) 

 
-1.47±0.95 

 
-1.35±0.96 

 
0.67
5t 

 
Femoral neck BMD (gr/cm2)  
   (X ± SD) 

 
0.72±0.12 

 
0.69±0.13 

 
0.50
1t 

 
ß- CTx pg/mL 
    (X ± SD) 

 
9726±5814 

 
8030±5814 

 
0.32
9 t 

 
OCN ng/mL 
    (X ± SD) 

 
5.03±2.36 

 
5.22±2.65 

 
0.79
1 t 

 
OPG pmol/L 
  Median (Min-Max) 
 

 
4.35 (0.60-
32.03) 

 
4.10 (2.38-
27.60) 

 
0.77
4u 

 
RANKL pmol/L 
    (X ± SD) 
 

 
7.10±3.55 

 
6.10±3.81 

 
0.35
7 t 

 
Sclerostin pg/mL 
     (X ± SD) 

 
662.51±395 

 
502.53±327 
 

 
0.16
1t 

𝑋 - mean value; SD - Standard deviation; Min.- Max. – Minimum /maximum value; 
BMD- bone mineral density; ß-CTx - (Beta-CrossLaps); ОCN- Osteocalcin; OPG – 
Osteoprotegerin; RANKL – receptor activator of nuclear factor-kappa- ß ligand; t-t-test;  
u- Mann-Whitney U test;   

  

4.2.5   Impact analysis of age, height and BMI on the parameters of  spinal and 
femoral neck Z-score  
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In the group of TDT patients (N= 62) a follow-up of the impact of age, height and BMI 
indicators over the values of the spinal (L1-L4) and femoral neck Z-scores were carried 
over using Pearson's chi-squared test. The correlation coefficients were interpreted 
according to Cohen’s reference values (Cohen, 1988). Three significant correlations 
were established : 1) a weak  negative linear correlation between the age of the patients 
and the lumbar Z-score (L1-L4) has been observed, r = -0.257, p = 0.044;  2) a moderate 
positive association of BMI with spinal Z-score (r = 0.313, p = 0.013) and femoral neck 
Z-score (r = 0.319, p = 0.011).  No significant connection between the age of patients 
and femoral neck Z-score was established (p = 0.660). The patients’ height showed to 
have no significant relationship with lumbar (p = 0.250) and femoral neck (p = 0.963) 
Z-scores. (p = 0.963).  
Figure 1 illustrates the significant correlations of the present analysis. On Panels A and 
B we can see the graph with the positive correlations between BMI and lumbar (L1-L4) 
and femoral neck Z-scores. Higher BMI values are connected with higher Z-scores. It is 
followed by the graph with the negative correlation between age and lumbar (L1-L4) Z-
score. A decrease in the lumbar (L1-L4) Z-score values is observed with advancing age. 

 
  Figure 1. Significant correlations beween age, BMI and spinal and femoral neck Z-
scores at level (L1-L4)  
 
4.3 Findings in Task 2. The aim of task 2 is to establish OOS prevalence for the whole 
group of patients with TDT and for each one of the gender-differentiated groups in the 
following categories, based on the values for the spinal Z-score at level (L1-L4):  

o  normal bone mineral density: Т-score  ≥ -1.0 
o  osteopenia: Т-score  < -1.0 - > -2.5 
o  osteoporosis: Т-score  ≤  -2.5 
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Data were processed by using frequency analysis, cross tabulation and Chi-square test. 
The findings are summarized in Figure 2. The following distribution for the whole 
group of patients with TDT was observed: 54.80% (N = 34) of the patients were 
diagnosed with osteoporosis; 38.70% (N = 24) with osteopenia and 6.50% (N = 4)  - 
with normal bone mineral density. The relative ratio of patients with OOS is 93.50% in 
the whole group of patients with TDT.  

Gender-differentiated distribution is analogic to the whole sample, with no significant 
difference between men and women (p = 0. 950).  53.10% (N = 17) of male patients 
were diagnosed with osteoporosis ; 40.60% (N = 13) – with osteopenia and 6.30% (N = 
2)  - with normal bone mineral density. Male patients with OOS represent 93.70% of the 
subgroup.  

The distribution in the group of women is similar: 56.70% (N = 17) of patients were 
diagnosed with osteoporosis; 36.70% (N = 11) – with osteopenia and 6.70% (N = 2) - 
with normal bone mineral density. In the subgroup of female patients, the relative ratio 
of women with OOS reaches 93.30%.  

 

 
Figure 2. OOS prevalence in the group of patients with TDT and gender-differentiated 
presentation of the findings  
     

Total 93.50%
Men

93.70%
Women
93.30%
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4.4 Findings in Task 3. This task consisted in carrying out a correlation analysis 
between spinal and femoral neck Z-scores and BMD (g/cm2 ) and BTMs by using 
Pearson's chi-squared test in the group of patients with TDT (N= 62) : ß – CTx, OCN, 
OPG, RANKL and sclerostin.  In 8 of the 20 effectuated correlation analyses, the 
findings noted statistically significant negative correlations between each one of the 
four  parameters and  ß–CTx and sclerostin. Spinal Z-score at level (L1-L4) showed 
strong negative correlation with ß – CTx (r = -0.565, p < 0.001) and sclerostin (r = -
0.572, p < 0.001).  As it comes to femoral neck Z-score, significant correlations with 
the same two BTMs were observed, but with a low statistical power. A moderate 
negative correlation (r = -0.403, p = 0.001) was noted between femoral neck Z-score 
and ß – CTx, and the correlation with sclerostin is also moderate and negative (r = -
0.457, p < 0.001).  The tendency in spinal and femoral neck BMD (g/cm2 ) is similar. 
The findings acknowledged a strong negative correlation between spinal BMD (g/cm2 

) and ß – CTx (r = -0.620, p < 0.001), and also between spinal BMD(g/cm2 ) and 
sclerostin (r = -0.509, p < 0.001). On the other hand, significant correlations in femoral 
neck BMD (g/cm2 ) show moderate values : femoral neck BMD (g/cm2 ) with ß – CTx r 
= -0.473, p < 0.001); femoral neck BMD (g/cm2 ) with sclerostin (r = -0.415, p = 0.001).  
No significant correlations were found between spinal and femoral neck Z-scores and 
BMD (g/cm2 ) and the following BTMs : OCN ; OPG and RANKL (p > 0.05  in all 12 
correlation analyses, in which the mentioned parameters are included.  
 
 Figure 3 illustrates significant negative correlations between spinal and femoral neck 
Z-scores and BTMs : ß – CTx and sclerostin. Regression lines show the direction of the 
relationship – higher Z-score values are asociated to lower- ß – CTx and sclerostin 
values, and vice-versa – lower high Z-score values are asociated to higher- ß – CTx and 
sclerostin values.  
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Figure 3. Significant negative correlations between spinal and femoral neck Z-scores 
and BTMs: ß – CTx and sclerostin  

 

 On Figure 4, the significant negative correlations between spinal and femoral neck 
BMD and BTMs: ß – CTx and sclerostin are shown in the form of graphs. As it was the 
case for Z-scores, higher BMD values (g/сm2) are associated with lower ß – CTx and 
sclerostin values. And vice versa – lower BMD values (g/сm2) are associated with higher 
ß – CTx and sclerostin values.  
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Figure 4. Significant negative correlations between spinal and femoral neck BMD 
(g/сm2) and BTMs: ß – CTx and sclerostin. 
 
 
4.4 Findings in Task 4   

4.1 Findings on the relationship between BMD indicators and molecules , which 
showed to have a significant correlation with them : PreHgb, PerErbl, Тhromb., mean 
annual transfusion need, SF, LIC and CIC. 
In Task 2, we noted a significant correlation between BMD indicators and two of the 
analysed molecules, including sclerostin and ß – CTx. This result justified their inclusion 
in the correlation analysis with the β-thalassemia indicators as variables which are a 
matter of interest for the present study. Due to the lack of normal distribution in all β-
thalassemia indicators according to Shapiro-Wilk test of normality (p > 0.05), the 
correlation analysis was carried out via Spearman’s rank correlation. 42 Spearman’s 
rank correlation was conducted with 22 of them showing significant correlation between 
BMD indicators, ß – CTx, sclerostin and all or some of the following β-
thalassemia indicators: PreHgb, PerErbl, SF, LIC and CIC.   
All the examined variables (spinal and femoral neck Z-scores and BMD (g/сm2), ß – 
CTx and sclerostin) showed significant correlation with hemoglobin level (PreHgb) in 
patients with TDT.   All correlations have positive coeffcients, i.e. lower hemoglobin 
levels are associated with lower BMD values and vice versa: higher hemoglobin levels 
– with higher BMD. At a spinal level, both measurements showed a positive correlation: 
spinal Z-score and PreHgb (rs = 0.594, p < 0.001)  and spinal BMD (g/сm2) and и 
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PreHgb (rs = 0.502, p < 0.001). At a femoral neck level, the correlation is moderate: 
femoral neck Z-score and PreHgb (rs = 0.476, p < 0.001) and femoral neck BMD (g/сm2) 
and PreHgb (rs = 0.334, p = 0.008.) Descibed correlations are depicted in Figure 5.  

 
Figure 5. Significant positive correlations between spinal and femoral neck Z-scores 
and BMD (g/сm2) and hemoglobin (PreHgb)  
 
ß – CTx and sclerostin also showed a significant negative correlation with the pre-
transfusion haemoglobin level :  ß – CTx and PreHgb (rs = -0.403, p = 0.001);  sclerostin 
and  PreHgb (rs = -0.423, p < 0.001).  Higher ß – CTx  and sclerostine values are 
associated with lower hemoglobin levels (Figure 6).  
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Figure 6. Significant negative correlations between ß – CTx,  sclerostin and PreHgb.  
 
A significant negative correlation was noted between all BMD indicators (spinal and 
femoral neck Z-scores and BMD (g/сm2) and PerErbl values. At a spinal level, 
correlation coefficients show a moderate negative correlation: spinal Z-score and 
PerErbl (rs = -0.464, p < 0.001); spinal BMD (g/сm2) and PerErbl (rs = -0.417, p = 
0.001). At a femoral neck level, we noted again a moderate correlation between femoral 
neck Z-scores and PerErbl (rs = -0.359, p = 0.004), but with a lower value. The 
correlation between femoral neck BMD (g/сm2) and PreHgb PerErbl is weak (rs = -
0.294, p = 0.020.)  
Figure 7 show the significant negative correlation between spinal and femoral neck Z-
scores and BMD (g/сm2) and PerErbl values in patients with TDT.  
 

 
Figure 7. Significant negative correlations between spinal and femoral neck Z-scores 
and BMD (g/сm2) and erythroblast count in peripheral blood (PerErbl)  
ß – CTx and sclerostin values showed also a significant correlation with PerErbl, with 
the connection being positive : ß – CTx and PerErbl (rs = 0.356, p = 0.004); sclerostin 
and PerErbl (rs = 0.338, p = 0.007).  
Figure 8 illustrates the significant positive correlation between ß – CTx, sclerostin and 
PerErbl in patients with TDT.  
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Figure 8. Significant positive correlations between ß – CTx, sclerostin and PerErbl  
 
Thrombocytes and SF didn’t show significant relationship with spinal and femoral neck 
Z-scores and BMD (g/сm2), as well as with ß – CTx and sclerostin (p > 0.05 in all 
correlations with Thrombocytes and SF). 
Below, we see two significant correlations between spinal and femoral neck Z-scores 
and BMD (g/сm2) and mean annual transfusion need (MATN)  with the two correlations 
being negative and with a low power: femoral neck Z-scores and MATN (rs = -0.289, p 
= 0.023); femoral neck BMD (g/сm2) and MATN (rs = -0.277, p = 0.029). Spinal and 
femoral neck Z-scores and BMD (g/сm2), ß – CTx and sclerostin didn’t show a 
significant relationship with MATN (p > 0.05 in all correlations 
The two significant correlations between femoral neck Z-score and BMD (g/сm2) and 
mean annual transfusion need (MATN) are shown on Figure 9.  
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Figure 9. Significant negative correlations between femoral neck Z-score and BMD 
(g/сm2) and mean annual transfusion need (MATN)   
 
A significant negative correlation between BMD indicators and LIC values was noted in 
patients. At a spinal level, the two correlation coefficients demonstrated a moderate 
negative correlation: spinal Z-score and LIC (rs = -0.440, p < 0.001); spinal BMD (g/сm2) 
and LIC (rs = -0.302, p = 0.017).  
At a femoral level, the values of the coefficients are higher. Femoral neck Z-score and 
LIC manifested a moderate negative correlation, whether a high negative correlation was 
observed between femoral neck BMD (g/сm2) and LIC (rs = -0.517, p < 0.001).  
Figure 10 illustrates the significant negative relationship between spinal and femoral 
neck Z-scores and LIC values in patients. 
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Figure 10. Significant negative correlations between spinal and femoral neck Z-scores 
and BMD (g/сm2) and LIC.  
 
A significant correlation was also observed between LIC and the molecules of ß – CTx 
and sclerostin. In both parameters, the values of the coefficients showed a moderate 
correlation (rs = 0.430, p < 0.001 for  ß – CTx and  LIC; rs = 0.363, p = 0.003 for sclerostin 
and  ß – CTx).  
Figure 11 presents the significant correlations between ß – CTx, sclerostin and LIC.  
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Figure 11. Significant positive correlations between ß – CTx, sclerostin and LIC  
 

Significant correlations between cardiac iron concentration (CIC) and spinal and 
femoral neck Z-scores, respectively (rs = 0.285, p = 0.026) and (rs = 0.313, p = 0.014).   
Figure 12. For the remaining variables, spinal and femoral neck BMD (g/сm2), ß – CTx 
and sclerostin, CIC did not show a significant correlation ( p > 0.5 in correlations).  
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Figure 12. Significant positive correlations between spinal and femoral neck Z-scores 
and CIC  
 
Additionnally carried out Spearman’s analysis for correlations between spinal and 
femoral neck Z-scores and BMD (g/сm2) values and serum levels for 25(OH)D did not 
show any significant correlations (p > 0.05 for all the analysis for correlation, which 
were carried out).  
 
4.4.2  Comparative analysis of the spinal and femoral neck Z-scores and BMD 
(g/сm2) values in different subgroups of patients with TDT.   
 4.4.2.1 According to splenectomy.TDT splenectomized patients and non-
splenectomized patients were compared by spinal and femoral neck BMD (g/сm2) and 
molecules, that manifesting a significant correlation with them (ß – CTx and sclerostin). 
T-test for independent samples was included in the analyses (normal distribution in all 
the variables according to Shapiro-Wilk test, p > 0.05). A significantly lower mean value 
for spinal Z-score at level (L1-L4) was shown in splenectomized patients (-2.88) 
compared to non-splenectomized patients (p = 0.003). The values of femoral neck Z-
score in splenectomized patients were significantly lower compared to the non-
splenectomized ones: (-1.68)  versus (-0.98), p = 0.016. BMD (g/сm2). Spinal and 
femoral neck BMD did not show significant differences between splenectomized patients 
and non-splenectomized patients (p >0.05 for both comparisons), Figure 13. 
Higher mean values of ß – CTx and sclerostin were found out in the group of 
splenectomized patients, but the the difference is significant from a stastistical point of 
view only for sclerostin (splenectomized patients 703 - non-splenectomized patients 
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415, p = 0.001). For ß – CTx in splenectomized patients, only a tendency of higher 
values was noted without reaching the statistically significant level. ( Figure 14) 
  

 
Figure 13. Significantly lower values for spinal and femoral neck Z-scores in 
splenectomized patients and similar BMD values in both groups  
 
  

 
Figure 14. Significantly higher values for sclerostin in splenectomized patients and  
absence of a significant difference in ß – CTx values  
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4.4.2.2 According to gonadal status  
 According to gonadal status, patients were classified in three subgroups: eugonadism, 
hypogonadism with HRT and hypogonadism without HRT. The small number of patients 
in the group of patients with « hypogonadism without HRT » didn’t not allow for a 
comparative analysis between the three subgroups to be carried out. In order to study 
the potential relationship between BMD indicators, ß – CTx and sclerostin in the 
different groups of female and male patients with TDT, we applied Spearman’s rank 
correlation.  
The findings of the correlation analysis in the group of female patients show a 
relationship only with femoral neck Z-score, rs = 0.373, p = 0.042. The value of the 
coefficient remains in the frame of a moderate correlation (Figure 15). No significant 
relationship with gonadal status was noted in the remaining three BMD indicators : 
spinal Z-score, p = 0.104; spinal BMD (g/сm2), p = 0.207; femoral neck BMD (g/сm2), 
p = 0.081. 
  

 
  Figure 15. Significant relationship of gonadal status in women with femoral neck Z-
score. Absence of a significant relationship with spinal Z-score and BMD and femoral 
neck BMD  
 
ß – CTx and sclerostin molecules showed a high negative correlation with gonadal status 
of female patients as follows : rs = - 0.501 for ß – CTx, p = 0.005, and - rs = - 0.653, p < 
0.001 for sclerostin; Figure 16.   
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Figure 16. Significant relationship between gonadal status in women and ß – CTx and 
sclerostin levels  
 
 
By analogy with the group of female patients, in the group of male patients with TDT 
the correlation analysis in the three separate subgoups showed a significant positive 
relationship with spinal Z-score (rs = 0.355, p = 0.047) and femoral neck BMD (g/сm2), 
(rs = 0.357, p = 0.045), Figure 17.  
Gonadal status in men  did not show a significant relationship with twe following 
indicators : spinal BMD (g/сm2), p = 0.187; femoral neck Z-score, p = 0.154; ß – CTx, p 
= 0.676; sclerostin, p = 0.500,   
Figure 18. 
 4.2.3 According to parathyroid function. Patients with normoparathyroidism and 
hypoparathyroidism showed nonsignificant differences in spinal and femoral neck Z-
scores and BMD (g/сm2), as well as for ß – CTx and sclerostin molecules, (р> 0.05  for 
all comparisons, t-test for independent samples).  
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    Figure 17. Significant relationship between gonadal status in male patients and spinal 
Z-score and femoral neck BMD. Absence of a significant relationship with femoral neck 
Z-score and spinal BMD (g/сm2),  
 

 
  Figure 18. Absence of a significant relationship between gonadal status in male 
patients and ß – CTx and sclerostin  
 
4.4.2.4 According to HCV positivity. In order to study the relationship between the HCV 
positivity and spinal and femoral neck BMD indicators and ß – CTx and sclerostin, we 
carried out a comparative analysis between HCV positive and negative patients with 
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TDT via t-test for independent samples.  In terms of BMD indicators, a significant 
difference between HCV positive and negative patients was discovered in relation to 
spinal Z-score: (-3.20) for HCV positive and (-2.40) for HCV negative p = 0.024. For 
the remaining three BMD indicators: spinal BMD, femoral neck Z-score and femoral 
neck BMD, the values of the two subgoups were similar, with no significant difference 
p>0.005,  
Figure 19. Neither of ß – CTx and sclerostin molecules showed a significant relationship 
with HCV positivity (p> 0.05  for both comparisons).  
 
 

 
Figure 19. Significantly lower value for spinal Z-score in patients with HCV positivity 
and similar spinal BMD, femoral  neck Z-scores and femoral neck BMD values in both 
subgroups of patients  
 
4.4.2.5 According to  chelation regimen. Depending on the chelation regimen, patients 
were classified in four subgroups, including: desferal, deferiprone, deferasirox and 
combined. The unequal number of patients in the different subgroups and the relatively 
small number of patients in two of the subgoups did not allow the effectuation of an 
intergoup comparative analysis. This is why we used Spearman’s correlation for the 
analysis.  
The findings of Spearman’s correlation showed very low values of the correlation 
coefficients and lack of a significant relationship between the chelation regimen on the 
one hand and spinal Z-score, spinal BMD (g/сm2), femoral neck BMD (g/сm2) ,femoral 
neck Z-score, ß – CTx and sclerostin on the other hand; p> 0.05 for all carried out 
analyses. (Figure 20)  
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Figure 20. Similar spinal and femoral neck Z-scores and BMD (g/сm2) in patients with 
a different chelation regimen  
 

4.5 Findings in Task 5  

4.5.1  Prevalence of fracture events in the studied group and for both sexes.  In the 
group of patients with TDT, subject to the study, past fracture events were discovered 
for 19 of the patients (29.70%) and no past fracture events were discovered in the other 
43 of them (69.30%).  Gender-specific distribution of fracture events among patients 
shows a higher rate in male patients (37.50%) compared to the one in female patients 
(23.30%), but the difference is not statistically significant according to Fisher's exact 
test for the comparison of proportions (p = 0.270), Figure 21. 
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 Figure 21. Prevalence of fracture events in the studied group of patients and their 
gender-specific distribution  
 
4.5.2 Analysis of the relationship between fracture events, BMD indicators, β-
thalassemia related parameters and BTMs  

 4.5.2.1 Fracture events and BMD indicators. In order to establish the relationship 
between fracture events and BMD indicators we carried out a t-test for independent 
samples among patients with and without fractures. The findings showed a significant 
relationship in all four measurements. Spinal Z-score at level (L1-L4) in patients with 
fractures showed a significantly lower value (-3.25) in comparison with the one in 
patients without fractures (-2.33), p = 0.001. The value of femoral neck Z-score was 
significantly lower in patients with fractures (0.73), compared to the one in patients 
without fractures (0.82), p = 0.023. An analogic tendency was also noticed as it comes 
to BMD (g/сm2). Significantly lower values were observed in patients with fractures. 
Spinal BMD (g/сm2) showed a value of -0.73 in patients with fractures and -0.82 in the 
ones without fractures, p = 0.002. As it comes to femoral neck, BMD (g/сm2) showed a 
value of 0.66 in the group of patients with fractures and 0.74 in the one with no fracture 
events, p = 0.027, Figure 22. 
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Figure 22. Significant relationship between fracture events and spinal and femoral neck 
Z-scores and BMD  
 
The presence of a significant relationship between fracture events and BMD indicators, 
established above, gave us the grounds to carry out additional analyses in order to define 
tha diagnostic value of each one of the four parameters (spinal and femoral neck Z-
scores and BMD (g/сm2)). Statistical analysis includes a ROC curve; sensitivity and 
specificity and the respective value, delimiting patients with and without fractures 
according to Youden index. The largest area under the ROC curve is the one related to 
spinal Z-score (AUC = 0.744, p = 0.005). This indicator is considered to be with the 
highest level of overall precision (sensitivity and specificity) as it comes to differentiate 
patients with TDT with and without fractures (sensitivity 54% and specificity 88 % with 
a limit value ≤ -3.4 according to Youden index). ROC curves illustrating the diagnostic 
potential of the studied BMD parameters in relation to fracture events are shown Figure 
23. 
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Figure 23. ROC curves illustrating the diagnostic ability of BMD indicators in relation 
to fracture events  

   
 4.5.2.2 Fracture events, ß-thalassemia parameters and BTMs  

In order to define ß-thalassemia related parameters and BTMs, which have a prognostic 
role concerning fracture events in patients with TDT, we performed a binary logistic 
regression analysis. At the preliminary data check, we established that no 
multicollinearity and singularity existed between analysed variables – which are an 
important precondition for the validity of the analysis. 11 potential predictors are 
included in the first regression model (Pre Hgb -hemoglobin, PerErbl- erythroblasts, 
Thrombocytes, SF- serum ferritin; LIC- liver iron concentration; CIC -cardiac iron 
concentration, ß- CTx - Beta-CrossLaps; ОCN- Osteocalcin; OPG – Osteoprotegerin; 
RANKL – receptor activator of nuclear factor-kappa- ß ligand and sclerostin). Wald’s 
backward method was used to gradually eliminate the predictors with no statistical 
significance. 10 models were tested, the first of which included all the predictors 
described above.  

The findings showed that the following indicators have no significant prognostic role 
concerning fracture events: PerErbl (p = 0.341); Thrombocytes (p = 0.317); SF (p = 
0.944); LIC (p = 0.357); CIC (p = 0.074); ß- CTx (p = 0.699); OCN (p = 0.109);  OPG 
(p = 0.099); RANKL (p = 0.447). After having them eliminated, a restricted regression 
model was established with the parameters Pre Hgb and sclerostin, which manifested 
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significance (model significance, p = 0.001). This logistic regression was carried out by 
using the Enter method.  
80.3% of the patients have been correctly categorized in the groups with and without 
fractures, based on the values for hemoglobin and sclerostine (i.e. in two groups: 
osteoporosis and severe osteoporosis)  
Figure 24 illustrates the relationship between the probability for a patient with TDT to 
have fractures (resp. severe osteoporosis) and the values for hemoglobin and sclerostin. 
Panel A illustrates a negative relationship between Pre Hgb and fracture events. Panel 
B shows a positive relationship between sclerostin and fracture events. The fracture 
event probability increases with higher sclerostin levels.  

 
Figure 24. Binary curves illustrating the relationship between hemoglobin, sclerostin 
and fracture events  
 
A more detailed information on the role of hemoglobin and sclerostin in the prediction 
of fracture events is showed by a ROC curve, area under the ROC curve (AUC), 
sensitivity, specificity and limit value according to Youden’s index. Both parameters 
show significant AUC values, with PreHgb having a slighly larger area under the curve 
(AUC = 0.779, p < 0.001) than the one for sclerostin (AUC = 0.707, p = 0.006). 
Hemoglobin shows 69% sensitivity and 83% specificity, with a limit value ≤ 74.  As it 
comes to sclerostine, sensitivity has a lower value (60%), but specificity is higher 
(85.1%), with a limit value of > 826.(Figure 25)  
 

 



	   41	  

 
 

Figure 25. ROC curves illustrating the prognostic potential of PreHgb and sclerostin in 
relation to fracture events 
 
4.6 Findings in Task 6. The objective of Task 6 was to follow up the dynamics of BMD 
indicators between basic values and the ones a year later. The first analysis included a 
dependent samples t-test, through which we compared basic level mean values with the 
mean values obtained a year later. In the following analysis, we effectuated a 
proportional analysis of the following groups of patients: 1) the ones with a decrease in 
the values; 2) the ones with an increase of the values; 3) the ones with no change in the 
values. Fisher's exact test was used to compare the proportions in the different 
categories.  

4.6.1 Dynamics in the mean values of BMD indicators between the basic values and 
the level one year later. The annual dynamics evaluation of BMD indicators established 
a significant decrease in the mean values of: spinal Z-score (p < 0.001); femoral neck Z-
score (p = 0.001); spinal BMD (g/сm2) (p = 0.033). Femoral neck BMD (g/сm2) also 
showed a decrease in the mean value, but the difference did not reach a statistically 
significant value (p = 0.084),(Figure 26).  
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Figure 26. Dynamics in the mean values of BMD indicators between the basic values 
and the values one year later  

 
     Patients were distributed in three categories depending on the dynamics of BMD 
indicators between the basic level and the one a year later (decreasing, unchanged and 
increasing values), Figure 27. 
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Figure 27. Relative ratio of patients with decreasing, unchanged and increasing values 
of BMD indicators between the basic level and the one a year later.  
 
 
A binary logistic regression was  used to establish the predictors in the BMD indicators 
annual dynamics and the risk of a decrease in their values.  
14 potential predictors were initially tested. They included demographic and 
anthropometric data (gender, age and BMI) and the following thalassemia-related 
parameters and BTMs: PreHgb -hemoglobin, PerErbl- erythroblasts, thrombocytes, SF- 
serum ferritin; LIC- liver iron concentration; CIC -cardiac iron concentration, ß- CTx 
- Beta-CrossLaps; ОCN- Osteocalcin; OPG – Osteoprotegerin; RANKL – receptor 
activator of nuclear factor-kappa- ß ligand and sclerostin. Wald’s backward method 
was used to exclude variables, which have no significant connection with the dynamics 
of BMD indicators.   
Variables with no prognostic role are:  gender (p = 0.472); age (p = 0.774); BMI (p = 
0.774); PerErbl (p = 0.672); thrombocytes (p = 0.647); SF (p = 0.968); LIC (p = 0.252); 
CIC (p = 0.428); ß- CTx (p = 0.143); OCN (p = 0.261); RANKL (p = 0.752); sclerostin 
(p = 0.096).  The remaining two indicators, PreHgb and OPG, were included in a new 
reduced model according to the Enter method. The regression analysis model, which 
includes a constant (B = 7.062, p = 0.030),  hemoglobin (B = 0.77, p = 0.034) and OPG 
(B = 0.243, p = 0.030) is statistically significant (χ2 = 14.148, p = 0.003). On the basis 
of the significant predictors, 80.6% of the patients are correctly categorized with 
decrease or without decrease.  
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Figure 28 illustrates the correlation between PreHgb  and OPG values and the 
probability of a decrease in BMD in patients with TDT. Panel А shows a negative 
relationship between between PreHgb and the risk of BMD decrease (ordinal axis). 
Panel B shows a positive relationship between OPG and the risk of BMD decrease. The 
probability of a decrease in BMD indicators increases with higher OPG values.  
 

 
Figure 28. Binary graphs, illustrating the relationship between hemoglobin, OPG and 
the probability of a decrease in the values of BMD indicators  
 
The prognostic role of PreHgb and OPG in relation to the annual dynamics in BMD 
indicators is additionally presented by ROC curves (area under the ROC curve (AUC)), 
sensitivity, specificity and threshold values according to Youden’s index). Both 
indicators show significant values for AUC: with a greater AUC for PreHgb (AUC = 
0.779, p < 0.001) than the one for OPG (AUC = 0.688, p = 0.007). Hemoglobine shows 
sensitivity 79% and specificity 65%, with a threshold value of ≤ 78.  A lower sensitivity 
(40%) is found in OPG, but a maximum specificity (100%), with a threshold value of  > 
8.41( Figure 29).  
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Figure 29. ROC curves for the prognostic potential PreHgb  and OPG in relation to the 
dynamics in the values of BMD indicators.  
 
 

VII. ARGUMENT 
 

OOS prevalence. The prevalence in patients, responding to the criteria for osteoporosis 
in our study, demonstrates an intermediate position compared to the one, signalled by 
Dresner in 2000 (40-50%) and Hashemiech in 2014 (65,6 %) [Dresner et al., 2000; 
Hashemiech et al., 2014]. The comparative analysis between patients with thalassemia 
and healthy controls showed significantly lowel BMD values in patients compared to 
the ones in healthy controls for spinal and femoral neck Z-scores and in g/сm2. These 
data confirm that low BMD in patients with TDT is an important issue.  
 Fracture events and β-thalassemia. The prevalence of such signalled fractures in the 
examined cohort is of 30 %, i.e. one in every three patients has come across a fracture 
event. The members of the group with fractures determine osteoporosis as a severe one 
and thus set-up a subgroup at risk of further fracture events. When assessing risk factors 
incidence on the risk of a fracture event we found that the combined regression model, 
including PreHgb levels, and serum sclerostin have a high diagnostic potential (over 
80%) for the correct categorization of patients in a group with severe oteoporosis (i.e. 
with a fracture event).  

Thalassemia-related factors, BMD and BTMs  

1. Role of anemia. Scuterali, 1983 and Karimi, 2007 note a significant correlation 
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between low bone mass and the severity of the anemia condition, but Jensen 1998 and 
Origa 2004’ s teams do not.  The findings of our study present a statistical significance 
of the relationship between BMD indicators and the severity of the anemia condition. 
Due to the wide range of PreHgb values in the application of our model, it was possible 
to present the quantitative relationships between PreHgb levels and BMD values.  
 
2. Enhanced hematopoiesis is a negative factor in OOS evolution, not only beacuse of 
the mechanical loading on the bone, but also because of the impact of paracrine 
signaling by an overproduction of pro-resorption cytokines .[Gurevitch et al.,2006] Our 
study also shows that the values of periferal blood erythroblasts, as a indirect marker of 
enhanced hematopoiesis, remain in a moderate significant relationship with spinal and 
femoral neck BMD indicators and with higher levels of  ß –CTx and sclerostin.  

3. The impact of iron overload.  The relationship between iron concentration in bone 
marrow, which is part of the systemic one, and OOS severity is reflected by several 
teams in experimental models. [Bordat, et al., 1993; Tzai  et al., 2010; Jeney et al., 2017 
] . In our analysis, serum ferritin showed to be an insignificant marker for BMD 
measurement, but mean annual transfusion need manifested a significant negative 
correlation with BMD values (g/сm2), even a weak one. Our data on ferritin are in the 
same line with the ones of Vogiatzi et al. 2009 , Baldini et al., 2012 and Wong et al., 
2014., which doesn’t define it as a reliable indicator in the measurement of BMD and 
the follow-up of bone health, contrary to its role in the management of iron overload. 
Liver iron overload has a negative impact on BMD in patients with TDT. A direct 
relationship could exist between iron concentration in the liver tissue and the extent to 
which it is concentrated in the bone marrow, respectively by the manifestation of 
toxicity affecting the tissue. In addition, LIC proves to be a significant factor also for 
the alteration of bone turnover in our cohort of patients, manifesting significant 
correlations with ß- CTx and serum sclerostin levels. CIC shows a relationship only 
with spinal BMD indicators and no such for femoral neck measurements. Even if the 
latest does not reflect significantly systemic iron burden, its relationship with spinal 
BMD shows that it is a risk factor for spinal osteoporosis development.  The studies, 
made by Eibrahimpuret al.,2012, also demonstrate the influence of CIC on BMD 
indicators, but on a femoral neck level. In this sense, the analysis of a larger cohort of 
patients would benefit the assessment of its impact on BMD on different levels.   

4. The role of splenectomy. We established significantly lower BMD indicators, 
presented in Z-score, in splenectomized patients in comparison to the non-
splenectomized ones. Analogic data were published by Baldini’s team in 2017 in relation 
to a study on qualitative and quantitative bone parameters in 70 patients with TI. [Baldini 
et al.,2017] These results are very important from a practical point of view, having 
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regard to the possibility to cautiously consider whether a splenectomy is necessary. 
These data suggest that its role should be considered not only as an iron store, but also 
as an immune system organ, modelling the activity of lymphocyte populations, for 
which there are more and more data concerning their active involvement in bone 
turnover. [Weitzmann et al.,2005 Lee et al.,2015] In addition, spleen could exert an 
independent impact, by its participation in cytokine and other regulatory molecules 
metabolism, which have an impact on bone homeostasis.  

 The role of HCV infection. HCV infection is associated with a significantly lower 
femoral neck and lower arm BMD in studies on patients with thalassemia. [Naithani  et 
al., 2018] We established significantly lower spinal BMD values, expressed in Z-score, 
in patients with HCV positivity. Even if there is a lack of significance on all the studied 
levels, our findings, supported by data from other scientific teams, show that there is a 
ground for further studies on the role of HCV positivity on bone solidity in patients 
with β-thalassemia (systemic inflammatory response, impact on the hepatic functions 
in relation to bone turnover, eventual direct presence in the bone marrow 
microenvironment etc.).  

The role of the chelation regimen. The role of chelators on bone solidity is a fact, which 
has attracted specialists’ attention since the dawn of chelation therapy in cases when 
there is a decrease of the sitting height of patients having used higher doses of 
deferoxamine at an early age.[Virgiliis et al., 1998] Our study has not found a significant 
difference of BMD indicators in patients with a different treatment regimen 
(Desfеrrioxamine, Deferriprone, a regimen combining both medical products with 
Deferrasirox), but only a tendency of higher BMD indicators in the group to which 
Deferrasirox is administered.  Several facts should be noted in the present argument. 
Firstly, Deferriprone and combined chelation therapy groups are not numerous and this 
could impede the significance of the results. Secondly, new chelation regimens have 
been introduced for our patients after 2006, which means that the only chelator used 
during puberty for all the group was Desferrioxamine. This has probably had a similar 
impact in relation to the achievement of peak bone mass in the studied group, which has 
also impacted furtherly measured BMD values over the years. An additional factor is 
patients’ compliance with the applied chelation therapy.  

The role of accompanying endocrinopathies. One of the major issues in the severe 
form of the thalassemia disease -  growth delay is a process resulting from the  incidence 
of complex factors – from the improper functioning of the GF ->  IGF-1 axis [ Leger et  
al., 1989; Li et al., 1998] to chronic anemia condition and the accompanying nutritional 
deficencies. In our study, height has shown to be an insignificant factor for low BMD. 
The reason for that could be the homogeneity of this parameter in our thalassemia 
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sample (limited range of data). For us, the detailed study of the GF -> IGF-1 axis was 
not subject to analysis. 

Gonadal function. Througout the present study we discovered a statistically significant 
difference in several BMD indicators in female and male patients with TDT, with and 
without deviation in the gonadal function. Eugonadal female patients with TDT showed 
significantly better femoral neck Z-score values. No differences for the other three 
indicators were noted in the subgroups. No differences were found in the two subgoups 
of female patients: hypogonadism with HRT and hypogonadism without HRT. This 
could be partly due to the late introduction of a HRT and confirms the statements by 
other authors for inefficiency when a therapy has not been started in due time. Carmina 
et al., 2004] Unlike us, in 2003 Voskarodou and his team establish a significant impact 
of hypogonadism on low BMD in patients with TDT also on a spinal level. The average 
age of the group of patients, studied by Voskarodou, is 21 years.  Our patients are 
approximately 7 years older than his cohort. When comparing his findings with ours 
we find out that BMD values in his sample are more significantly impacted by the 
oestrogen level (the age of his patients corresponds to the period when peak bone mass 
has been reached) After a while, when peak bone mass has been reached, thalassemia 
characteristics could prevail in exercising their negative impact on bone turnover and 
this leads to a gradual disappearance of BMD differences between eugonadal and 
hypogonadal women in an advanced age (first at a spinal level, where there is a more 
significant presence of spongiosis). 

In male patients, the difference in BMD values between eugonadal and hypogonadal 
men with TDT has a borderline significance and not for all the measured parameters. 
For these threshold values, we consider that a larger sample of studied male patients 
with TDT is needed in order to obtain definitely reliable statistics on the relationship 
BMD <-> eugonadism/ hypogonadism (with and without HRT) in male patients. We 
should also add that the impact of female and male hormones on the process of bone 
formation and bone resorption evolves through different regulatory paths and we should 
not expect similar results for the relationship between gonadism and BMD indicators 
in men and women with TDT.[Almeida et al., 2017; Delgado- Calle et al.,2017] 

In practice, a clear clinical model for thalassemia – related to osteoporosis and without 
any endocrinopathies, are the patients with TI. In a 20 years-long restrospective analysis 
of 70 patients with TI, Baldini presents data on osteoporosis in 76 % of the cases of the 
group, with only 3 of them with hypogonadism. [ Baldini et al., 2014]  

Having in mind the stated above, we can say that hypogonadism could also have a 
negative impact on BMD measurement in adult patients with thalassemia and HRT 
could have a positive effect if it is applied timely and in the long-term.  
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The role of parathyroid dysfunction. Studies on BMD in patients with an isolated 
primary hyperparathyroidism reveal higher BMD values in such cases (the data being 
accompanied by histomorphometric analysis) [ Rubin et al., 2010]. This can be 
explained by the biological effects of PTH (anabolic effect in case of physiological 
levels, resorption effect in case of higher levels and probable protective effect in case 
of lower levels). In studying the Bulgarian cohort of patients with thalassemia and 
hyperthyroidism, we did not establish high BMD, but on the contrary – and insignificant 
tendency to a lower BMD in the group of patients with hypothyroidism. In cases of 
isolated hypothyroidism, where there is an impact of the hypoparathyroid condition on 
bone turnover, but in the case of a complex bone alteration, such an effect has not been 
detected.   

The role of serum levels of 25 (ОН)D. In the present analysis, the levels of 25 (ОН) D, 
established in patients with TDT from both sexes, are significantly lower than the 
respective ones in healthy controls distributed according to sex and age. Low Vitamine 
D levels in patients with thalassemia are noted also by other scientific teams.[ 
Shamshirsaz   et al., 2003; Napoli et al., 2006;  Fung  et al.,  2011; Solimann et al., 2013] 
We established a correlation neither between the serum levels of  25( ОН) D and BMD 
in the cohort of patients, nor  between the levels of 25( ОН) D in the serum and CIC 
indicators, contrary to the data, provided by  Solimann et al 2013.  [Solimann A.et al., 
2013].  The absence of correlations between the levels of 25( ОН) D and BMD values 
(Z-score and in g/сm2 ) might be due to the perturbed relationship : Vit.D deficiency-> 
inducing a secondary hyperparathyroidism.  

 Characteristics related to bone formation and resoption indicators, BMD and 
thalassemia  
 1.Osteocalcin (OCN). The low levels of OCN established during our analysis in both 
sexes with TDT, compared to the ones of healthy controls, determine the process of 
bone formation in adult patients with TDT as suppressed. Analogically, Moneim Е et 
al. 2016 also establish low OCN values when performing studies on 47 children with 
TM. [ Moneim Е  et al. 2016] Unlike our data,  Dunda et al., 2007  do not establish a 
significant difference between patients and healthy controls, but note the same tendency 
in the study of 25 patients with TM. We did not establish a correlation between OCN 
values and BMD indicators, represented by Z-score or in g/сm2 This might be due to 
the limited range of this indicator or the relatively small number of the studied patients.  
2. ß- CTx as a marker for collagene degradation (resp. bone resorption) showed 
significantly higher values than the ones in helthy controls, which confirms that the 
process of bone resorption in patients with TDT is enhanced.  Besides, significant 
correlations between them and thalassemia-specific parameters, as well as gonadal 
status in women additionally confirm their role for low BMD in patients with TDT. 
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2. The impact of signaling molecules on BMD in patients with TDT and relationships 
with characteristics of thalassemia disease.  
Osteoprotegerin (OPG). The analysis of OPG levels in patients with thalassemia shows 
contradictory data. According to Morabito  et al.,  2004 its values do not differ from the 
ones in healthy controls[ Morabito  et al., 2004]. Unlike this team, the one led by 
Pietrapertosa establishes higher OPG levels in the serum of patients with thalassemia 
[Pietrapertosa et al.,2009], and the team led by Voskarodou establishes even low OPG 
levels in the cohort with thalassemia. [Voskarodou et al., 2006]. We found higher OPG 
levels in the serum of patients with TDT compared to the ones in healthy controls, as it 
was the case for Pietrapertosa’s team (2009). Similarly to the findings of the teams, led 
by Morabito and Pietrapetrosa, we found no relationship between serum levels of OPG 
and BMD values. [Morabito  et al., 2004; Pietrapertosa et al., 2009] But during the 
analysis of BMD dynamics we noted a significant impact of OPG on BMD dynamics 
for a one-year period. Patients with higher OPG values showed to be at a higher risk of 
BMD loss within a year. Apart from Pietrapertosa’s team, which we have already 
mentioned for their findings of high OPG levels in the serum of osteoporostic patients 
with β-thalassemia [Pietrapertosa et al., 2009], in 2017 Sherief’s team also presents 
findings on high OPG levels in a cohort of patients with β-thalassemia in relation to 
atherosclerotic alterations affecting them. [Sherief et al., 2017] Having in mind that 
cardio-vascular alterations also represent a significant comorbidity in patients with 
thalassemia, closely related to the process of development of osteoporosis, we consider 
that high OPG in the serum of patients in our group could partly be due to such type of 
comorbidity, even if the latest is not a matter of interest for the present study. [Bennett 
et al., 2006] High OPG levels are not surprising having regard to data, presented by 
other authors, according to which OPG is a reflection of a proinflammatory profile 
which has a negative impact on bone turnover. [Jorgensen L et al., 2012; Rochette L, 
et al., 2019] The findings of our study on high OPG levels in patients with TDT in 
comparison to the healthy controls from both sexes are in line with the proinflammatory 
concept. This is also the case for the molecule as a predictor for BMD dynamics for a 
one-year period. The latest defines it as a potential prognostic marker for BMD 
dynamics in patients with TDT in everyday practice.  
RANKL. Being a key molecule in bone biology RANKL has turned into a target for 
pharmacological attacks against osteoporosis in patients from different nosological 
categories, including thalassemia-related bone disease.  In our study RANKL 
demonstrated significantly higher levels than the ones of healthy controls, which shows 
a potential for a significant intervention in bone biology in patients with TDT and also 
confirms the thesis of an enhanced resorption in patients with TDT.  In our study, the 
assessment of the relationships between its serum levels and BMD values in patients 
with thalassemia, like Morabito’s findings in 2004 and Pietrapertosa’s findings in 2009,  
did not show any significance.[Morabito et al., 2004; Pietrapetrosa et al., 2009] This 
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absence of significance could be due to the relatively small number of studied patients 
or the homogeneity of its levels in our cohort of patients. It is also possible that its 
values in the serum do not reflect its levels in bone area.  
Sclerostin. Data on measurement of sclerostin levels only in osteoporotic patients with 
β-thalassemia are published in scientific studies by a limited number of teams. 
Voskarodou and his team note a moderate positive relationship between its serum levels 
and BMD in osteoporotic patients with TM and TI.  [Voskarodou et al., 2012]. Tsartsalis 
and his team do not find any difference between its levels in patients with thalassemia 
and in healthy controls. [Tsartsalis  et al., 2019 ]. We established significantly higher 
sclerostine levels in patients with TDT, who have had a fracture, compared to the ones 
with no fracture event.    
We also established a negative correlation between serum sclerostine levels and spinal 
and femoral neck BMD indicators (Z-score and BMD g/сm2). The assessment of the 
relationships between serum sclerostin and thalassemia-specific parameters (PreHgb, 
SF, LIC, CIC) contributes to the nomination of sclerostin as an important mediator 
between thalassemia disease and bone alteration. A new finding of our study is that 
splenectomized patients have significantly higher values of serum sclerostin compared 
to non-splenectomized patients. It is interesting to interpret these data and to start a 
discussion on the role of the spleen in sclerostine metabolism. Additional studies are 
needed to establish whether the spleen has a primary role in this metabolism   or has 
just an indirect impact in redistributing iron concentration after its removal. We have 
also established a strong correlation between serum sclerostin and gonadal dysfunction 
in women.  These data are compatible with the studies on experimental models, 
demonstrating that SOST- gene expression is inhibited by 17-OH estradiol. [Fujita K 
et al.,2014; Mödder U et al., 2011; Almeida M et al., 2017; Drake MT et al.,2017] In 
men, the absence of a difference in sclerostin levels between functionally different 
gonadal groups presupposes a difference in the biological influence of testosterone on 
SOST-gene expression. Our data coincide with the ones, published by Mödder et al., 
2011, whose team demonstrates that low testosterone levels do not have an impact on 
sclerostin levels in the group of adult male patients, studied by his team. [Mödder et al., 
2011] 
 
Assessment of the annual dynamics in BMD risk factors concerning the dynamics.  
There are two essential determinants of BMD values. The first one is acquisition of 
peak bone mass during puberty and soon after. The second one is the the speed of bone 
loss after peack bone mass has been acquired. Even if osteoporosis in patients with 
thalassemia is noted as a significant problem by almost all scientific teams, there are 
relatively few studies – dedicated to BMD alterations in time.[Filosa et al., 1997;  
Molyvda-Athanasopoulou et al., 1999; Casale et al., 2014; Poggi et al., 2016] Data from 
our study showed a significant BMD loss for a one-year period. We created a binary 
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regression model, while looking for potential predictors of this significant loss. The 
model consisting of the combination of two variables – PreHgb and OPG. This model 
could be applied in practice in a clinical environment to establish the risk of a future 
significant BMD loss.   
 

VIII. CONCLUSIONS, DERIVED FROM THE PRESENT STUDY 

 

1. OOS in a disease-related issue in patients with TDT since early age. It equally affects 
both sexes and its severity does not depend on the form of the disease. 

2. OOS is a consequence of a parallel damage in both major precesses of bone turnover: 

o   suppressed bone formation  
o  enhanced bone resorption   
3.  The severity of anemia is a predictor of: Тежестта на анемичното състояние е 
предиктор: 

o   low BMD; 
o  a negative annual dynamics of BMD; 
o    a risk factor for severe osteoporosis (i.e. with fracture events). 
4. Splenectomy and high iron concentration have a negative impact on bone turnover 
processes leading finally to a low BMD.  

5. HCV positivity is a risk factor for OOS. 

6.Hypogonadism has a negative impact on BMD values in patients with TDT from both 
sexes.  

7. Hypoparatiroidism and vit D deficiency are secondary risk factors in the shaping of 
low BMD in adult patients with TDT.  
8. The combined model - PreHgb and OPG, is a significant predictor of important 
annual BMD loss in patients with TDT (over 80 % prognostic significance) 
9. The prognostic risk factors of severe osteoporosis (i.e with a fracture event) in 
patients with TDT are : 

Ø  femoral neck Z-score  ≤- 1.4;  
Ø  PreHgb ≤ 74 g/L;  
Ø  serum sclerostin above 826 pg/ml  
Ø  the combined regression model: PreHgb – sclerostin has a high prognostic 

potential concerning severe osteoporosis (in over 80 % of the cases)  
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IX. MAJOR SCIENTIFIC CONTRIBUTIONS OF THE DISSERTATION  

WITH AN IMPORTANCE FOR THE PRACTICAL APPLICATION 

 

1. It is the first time in Bulgaria that the prevalence of osteopenia and osteoporosis, as 
well as fracture events in patients with TDT have been subject to analyses.  

2. The present research constituates a scientific basis and a precondition for further 
studies in the domain of bone health in Bylgarian patients with TDT.  

3. The research enriches our knowledge on the impact of thalassemia-related 
parameters by presenting quantitative dependencies between BMD parameters and 
thalassemia-specific characteristics in the era of trasfusion and chelation therapy. These 
dependencies have a concrete practical contribution for the amelioration of OOS 
management in our everyday practice.  

4. Througout the research a significant relationship of a group of bone metabolism 
markers and regulation molecules of bone metabolism with BMD parameters in the 
frame of thalassemic disease nosology has been established.  Part of these molecules 
represent a matter of interest in relation to the development of farmacology agents to 
attack thalassemia bone disease.  

5. By the present research we establish risk factors, which define the negative yearly 
dynamics of BMD (PreHgb, OPG),  as well as factors, defining the fisk of severe 
osteoporosis in adilt patients with TDT (PreHgb and sclerostin).  

6. By establishing HCV positivity as a significant factor for low spinal BMD, our 
attention has been focused on an additional indicator for the necessity of a timely 
treatment of HCV infection in patients with TDT, namely the prevention of 
osteoporosis.  

7. Hypotheses on the role of the liver and the spleen for bone health in patients with 
TDT are arising in conclusion of our research, as well as ideas for further scientific 
studies in this domain.   
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Х. FINAL CONCLUSION 

	  

The present dissertation presents for the first time a n analysis on BMD in adult 
Bulgarian patients with TDT, as well as its relationship BTMs and major alterations 
of thalassemia disease.  Quantitative relationships between thalassemia-specific 
characteristics and BMD values, established by the present study, are a logical basis 
for the essential management of OOS in adult patients with TDT. The optimization 
of the transfusion regimen and the chelation therapy, as well as the thorough 
evaluation on the necessity to perform a splenectomy, are in practice closely linked 
to patients’s bone health. Additional measures, such as timely HRT for patients 
with hypogonadism and the treatment of an established HCV infection, can also 
have a positive contribution.  
Diagnosing patients at risk of a significant loss of BMD or severe osteoporosis is 
essential to provide a better treatment. By early screening, the possibilities for 
prevention by using medicine against osteoporosis arise, thus made possible before 
the manisfestation of a severe consequence – an osteoporotic fracture.  The findings 
of the present dissertation pave the way for a practical optimization of osteoporosis 
management in patients with β-thalassemia.  

 

XI. FREQUENTLY USED ABBREVIATIONS 

 

HCV hepatitis C virus 

LIC, ЧЖТ liver iron concentration 

OCN, ОК osteocalcin 

OPG, ОПГ osteoprotegerin 

RANKL, РАНКЛ receptor activator of nuclear factor-kappaB ligand 

BMD, КМП bone mineral density 
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CIC, СЖТ cardiac iron concentration 

WHO, СЗО World Health Organization  

OOS, СОО osteopenia/osteoporosis syndrome  

TDT, ТЗБТ transfusion-dependent β-thalassemia 

TI, ТИ thalassemia intermedia  

TM, ТМ thalassemia major  

HRT, ХЗ 

BTMs 

 

 

hormone replacement therapy  

bone turnover markers 
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