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Background: Endocrinopathies and metabolic complications are common in beta thalassemia major patients receiving blood 
transfusions. Chelation therapy has a role in preventing or delaying such complications. However, patients may face difficulties 
adhering to chelation therapy for several reasons.
Aim: To evaluate endocrine complications in beta thalassemia major patients (2–30 years) in the Eastern Province of Saudi Arabia and 
compare the onset of endocrine complications among compliant and noncompliant patients. Moreover, we assessed the barriers that 
hinder compliance with chelating therapy.
Methods: A cross-sectional study was conducted on 89 patients (43 males and 46 females) aged 2 to 30 years attending different 
hospitals in the Eastern Province of Saudi Arabia. A semi-structured questionnaire was used to collect demographic data and medical 
histories. The questionnaires were completed by face-to-face interviews with the patients or their caregivers, and the required 
laboratory data were retrieved from the medical records of patients.
Results: The most prevalent abnormality was underweight detected in (40.9%) of patients, followed by subclinical hypothyroidism 
(37.7%), short stature (35.2%), hypothyroidism in (17.0%) and diabetes mellitus in (13.6%). A significant difference between those 
who were compliant with iron chelation therapy and those who were not in terms of the prevalence of short stature (P value=0.05) and 
hypothyroidism (P value=0.05). The percentage of patients who were not compliant with chelation therapy was 21.6% and 9.1% of 
patients were not taking them at all.
Conclusion: Despite the role of chelation therapy in the management of iron overload, the risk of secondary endocrine and metabolic 
complications remained considerable. Subclinical hypothyroidism and short stature were the most frequent endocrine complications 
encountered in this study.
Keywords: iron overload, metabolic complications, hereditary blood diseases, blood transfusions

Introduction
Beta-thalassemia is a group of hereditary blood disorders characterized by anomalies in the synthesis of the beta chains 
of hemoglobin.1 These anomalies result in variable phenotypes ranging from severe anemia to clinically asymptomatic 
individuals. Beta thalassemia (“β-thal”) is classified into three forms depending on the severity of symptoms: thalassemia 
trait, thalassemia minor and thalassemia major. Among the three forms of thalassemia, thalassemia major is considered 
the most severe.2
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The prevalence of beta-thalassemia is considered to be one of the highest among autosomal recessive disorders 
worldwide including in the Middle East. The prevalence of β-thal globally is approximately 1.5%3 and 0.05% in Saudi 
Arabia.4 Regarding β-thal prevalence in Saudi Arabia, there is a noticeable variance by region. The highest rates were 
observed in the region of Jazan, with 2% for the β-thal trait and 06% for the β-thal major. The second highest rate was 
reported in the eastern region with 37% for the β-thal trait and 04% for the β-thal major.5

Treatment options include transfusion along with chelation or stem cell transplantation with the latter being the only 
curative method with a success rate greater than 80.0%. However, due to its limited availability, transfusion along with 
chelation therapy becomes the common choice of management in most centers.6 Standard iron chelation therapy is based 
on the usage of deferoxamine. The effectiveness of this modality of treatment depends primarily on compliance with the 
medication.7 Deferiprone (Ferriprox) is another oral chelator that was recently approved in many countries, including the 
United States.8 The most common post-therapeutic complication due to iron chelation is liver fibrosis.9

Regularly observed endocrine complications in beta thalassemia patients (TM) include hypothyroidism, osteoporosis, 
delayed puberty, hypogonadism, short stature and failure to develop secondary sexual characteristics, with iron toxicity as 
the most likely cause of these complications. Delayed puberty and hypogonadism are the most common endocrine 
complications of iron overload respectively.8

Blood transfusion in beta thalassemia patients is mandatory to overcome and eliminate anemia, but iron overload that 
follows the transfusion process is the primary cause of endocrine and metabolic complications. These complications are 
frequently faced by TM patients, and for this reason chelation therapy is a necessity.

Several studies have suggested lack of awareness about receiving chelating therapy, especially among patients’ 
parents, and for that reason, awareness must be increased for a better outcome from chelation therapy.10

This study aims to assess the endocrine and metabolic complications in regularly transfused β thalassemia patients, 
and to study the relation of age, gender, and the compliance to iron chelation therapy to the prevalence of these 
complications. As well as the barriers, or reasons for not being compliant to iron chelation.

Despite the fact that, previous studies aimed to provide a better understanding of the prevalence of endocrine and 
metabolic complications, very few highlighted the efficiency of chelating agents in reducing these complications and the 
influence of different factors that affect patients’ intake and compliance with chelation.

Research Aim
1. To evaluate endocrine complications that might occur in β thalassemia patients.
2. To compare the onset of endocrine complications among patients who are compliant with chelation therapy and 

those who are not.
3. To assess the barriers that hinder compliance with chelating therapy.

Materials and Methods
Type of study: Cross-sectional
Study population: Saudi patients aged 2–30 years, of either sex, diagnosed with beta-thalassemia, who have received blood 
transfusion and had been followed up in public hospitals or medical centers in the Eastern Province of Saudi Arabia.

Data Sources
Haematology Units in public hospitals and medical centres in the Eastern Province of Saudi Arabia, including:

1. Qatif Central Hospital
2. King Fahad University Hospital- Al Khobar
3. Hereditary Blood Disease Center- Al-Ahsa’a
4. Maternity and Children Hospital- Dammam
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Inclusion Criteria
Not establishing any of the above with the study population and exclusion criteria is sufficient to have the general 
characteristics of this study population.

Exclusion Criteria
1. Patients with no medical history or no updates within one year.
2. Pediatric patients who are not accompanied by their parents.

Sample size
A convenience sample of 89 patients was included in the study.

Study instrument
The tool used to collect the data was a semi-structured questionnaire. It is written in English and Arabic and contains three 
sections. The questionnaires were completed by face-to-face interviews with the patients or their caregivers. The first section of 
the questionnaire included the sociodemographic data of the child. The second section is composed of six questions to explore 
the history of the disease and the management received. The second section includes both open and closed-ended questions. 
Close-ended questions include yes/no and multiple choices with open-ended options in some of them. Endocrine abnormalities 
were assessed by evaluating the growth parameters, hormonal level and other laboratory data, which are included in the 3rd 
section of the questionnaire. Growth parameters consist of the weight, height, BMI for age and Z-score. Laboratory investigation 
result retrieved from the electronic files included the levels of fasting blood glucose, ferritin, serum thyroxine 3 and 4, thyroid 
stimulating hormone and parathyroid hormone. For participants aged 16 and above, females were asked about their menstrual 
history and testosterone levels were retrieved from medical records for males to assess gonadal complications. The results were 
considered normal or abnormal according to the World Health Organization and other international laboratory reference ranges 
attached in Appendix 1–3. Evidence for growth failure includes the assessment of height, body mass index for participants aged 
above 5 years and weight-height ratio for participants less than 5 years of age. All of these are abnormal in the event of 
a standard deviation less than −2. (Appendix 4–9) In addition, evidence for diabetes mellitus was based on the American 
Diabetes Association and World Health Organization criteria. Glucose tolerance was classified into 3 categories based on fasting 
blood glucose: (1) fasting blood glucose < 5.5 mmol/l was considered normal; (2) fasting blood glucose of 5.5–7 mmol/l was 
defined as impaired fasting glucose; and (3) fasting blood glucose ˃ 7 mmol/l warranted the diagnosis of diabetes (Appendix 1).

Evidence for the existence of primary hypothyroidism was considered when free thyroxine was less than normal ˂ 0.8 
ng/dl and thyroid-stimulating hormone was greater than normal ˃ 4 mIU/l. evidence for subclinical hypothyroidism was 
when free thyroxine was normal at 0.8–1.8 ng/dl and thyroid stimulating hormone was greater than normal ˃ 4 mIU/l 
(Appendix 2 and 3).

Ethical Consideration
The research proposal was approved by the research committee of Arabian Gulf University. Additionally, approval from 
the Saudi Ministry of Health and the assigned hospitals was obtained.

Prior to data collection, verbal and written consent was obtained from the participants. We introduced ourselves as 
medical students and gave the patient an overview of the research topic and aim. Participants were informed that 
participation was voluntary, refusal to participate would not affect the treatment or involve any penalties, and the 
information would be confidential.

Statistical Analysis
The data were entered and analyzed using SPSS software version 23. Frequencies and percentages were computed for 
categorical variables. The mean and standard deviation were computed for quantitative variables. Cross-tabulation was 
performed between two categorical variables. A simple bar chart and pie chart were plotted to present a categorical 
variable. The chi-square test was used to determine whether there was a significant association between two categorical 
variables. A P-value =0.05 was considered statistically significant.
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Results
The clinical data of 89 patients (43 males and 46 females) with thalassemia major were obtained from four hospitals in 
the Eastern Province of Saudi Arabia. Most participants were from the hereditary disease center in Al-Ahsa’a, accounting 
for 44.9% of the total study population. Participants ranged in age from 2 to 30 years. The mean age of the participants 
was 15.5 years [σ ± 8.3; CI 95%: 13.7–17.2], of which 20 males and 21 females were above 16 years of age. The 
majority of participants were between the ages of 11 and 20 years (37.1%) (Table 1).

Most of the participants were diagnosed before the first year of life with a mean age of 1.91 years [σ ± 2.50; CI 95%: 
1.34–2.48] with a minimum of 0 years and a maximum of 13 years and had started blood transfusion around the same age 
of diagnosis (mean age 2.12 years) [σ ± 2.72; CI 95%: 1.49–2.76]. Sixty four percent received blood transfusions once 
every month (Table 2).

Information obtained from interviews with patients or their caregivers showed that 69.3% of participants were 
compliant with chelating agents, while 21.6% were not compliant (Figure 1).

Regarding receiving chelating agents, 21.6% of the study population were not compliant with taking chelating agents. 
At the same time (9.1%) of the same study population were not taking chelating agents at all. The main reason for non 
compliance was the fact that, it must be taken daily early in the morning on an empty stomach lifelong. On the other 
hand, the second most common reason was fearing side effects, which included nausea and vomiting (Figure 2).

Endocrine and metabolic complications were assessed in the study, with the most prevalent abnormalities being under-
weight (40.9%) followed by short stature (35.2%). Primary hypothyroidism was observed in 17.0% of participants with 
a mean age of 24.00 years [σ ± 7.43; CI 95%: 18.29–29.71], subclinical hypothyroidism was present in 37.7% and diabetes 
mellitus was observed in 13.6% of participants with a mean age of 19.56 years [σ ± 5.92; CI 95%: 15.01–24.10] (Table 3).

Table 1 Demographical Characteristics of Patients with Beta Thalassemia Major in Eastern 
Province of Saudi Arabia

n (%)

Hospital Qatif central hospital 32 (36%)
Materinity and child hospital 8 (9%)
Hereditary diseases in Al-Ahsa’a 40 (44.9%)

King Fahad university hospital 9 (10.1%)

Total 89 (100%)

Living area Qatif 14 (15.7%)
Dammam 18 (20.2%)

Khobar 8 (9%)

Jubail 2 (2.2%)
Al-Ahsa’a 39 (43.8%)

Others 8 (9%)

Total 89 (100%)

Gender Male 43 (48.3%)
Female 46 (51.7%)

Total 89 (100%)

Gender (Patient Age>16 years) Male 20 (48.8%)
Female 21 (51.2%)

Total 41 (100%)

Age in years ≤10 years 29 (32.6%)
11–20 years 33 (37.1%)

>20 years 27 (30.3%)

Total 89 (100%)
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The results of fasting blood glucose, serum T4, serum thyroid stimulating hormone (TSH), serum parathyroid (PTH) 
and testosterone were retrieved from the patients’ folders after interviewing the patients or their caregivers at the time of 
data collection, and the results showed that 25.8% of participants had impaired levels of glucose, while 10.6% had high 
levels. Moreover, 3.8% had T4 levels lower than normal, with 46.3% of participants having high levels of TSH. 
Testosterone levels for males aged 16 years or above showed that 36. %of them had low levels. Differences between 
the diagnosed cases and obtained serum levels could be explained by either the effect of receiving medications or failure 
to diagnose the cases early. Not all participants were featured in this table due to missing laboratory data from the 
participants’ records at the time of collection (Table 4).

Table 2 Blood Transfusion and Chelation Therapy in the Study Population

n (%)

Age at diagnosis in years <1 35 (46.1%)
1–2 24 (31.6%)

>2 17 (22.4%)
Total 76 (100%)

Receiving blood transfusion Yes 86 (96.6%)
No 3 (3.4%)

Total 89 (100%)

Age at starting blood transfusion in years <1 34 (46.6%)
1–2 20 (27.4%)
>2 19 (26%)

Total 73 (100%)

Number of times of receiving blood transfusion Not every month 1 (1.2%)
Once a month 55 (64%)
Twice a month 27 (31.4%)

Three times a month 3 (3.5%)

Total 86 (100%)

Figure 1 Percentage of compliance to chelation therapy among the study participants.
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The relationship between receiving chelating agents and endocrine disorders among beta thalassemia major patients 
in Eastern Province of Saudi Arabia was studied and showed that patients who were compliant with chelation therapy 
had a statistically significant lower prevalence of short stature (P value=0.05). and hypothyroidism (P value=0.05). In 
contrast, BMI (P value <0.289) and diabetes (P value <0.521) were poorly correlated with compliance with chelation 
therapy (Table 5).

The relationship between gender and age with endocrine disorders among beta thalassemia major patients in the 
Eastern Province of Saudi Arabia showed that the prevalence of short stature was statistically significantly lower in 
females than in males (P value=0.05). Nonetheless, no significant difference was seen between males and females in the 
prevalence of BMI (P value <0.177), diabetes (P value <0.430) and Hypothyroidism (P value <0.146) (Table 6).

Figure 2 Reasons of non-compliance to chelation therapy among the study participants.

Table 3 Prevalence of Endocrinopathies and Menstrual Abnormalities in Beta 
Thalassemia Major Patients in Eastern Province of Saudi Arabia

Disorder n (%)

Having menses for female > 16 years Yes 14 (70%)
No 6 (30%)

Total 20 (100%)

Hypothyroidism Clinical 9 (17%)
Subclinical 20 (37.7%)
Normal 24 (45.3%)

Total 53 (100%)

Diabetes Diabetic 9 (13.6%)
Pre-Diabetic 15 (22.7%)
Normal 42 (63.6%)

Total 66 (100%)

Height Normal 57 (64.8%)
Short stature 31 (35.2%)

Total 88 (100%)

BMI Underweight 36 (40.9%)
Normal 47 (53.4%)

Overweight 5 (5.7%)

Total 88 (100%)
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Moreover, Endocrine Disorders were poorly correlated to a specific age group in the study. The proportion of patients 
with short stature (P value <0.366), BMI (P value <0.473), diabetes (P value <0.139) and Hypothyroidism (P value 
<0.239) was not significantly distinctive between different age groups (Table 7).

Table 4 Hormonal and Biochemical Tests Related to Endocrine Disorders in Beta 
Thalassemia Major in Eastern Province of Saudi Arabia

Test Results n (%)

Level of fasting blood glucose Normal 42 (63.6%)
Impaired 17 (25.8%)
High 7 (10.6%)

Total 66 (100%)

Serum level of T4 Low 2 (3.8%)
Normal 47 (88.7%)
High 4 (7.5%)

Total 53 (100%)

Serum level of Thyroid stimulating hormone (TSH) Normal 29 (53.7%)
High 25 (46.3%)

Total 54 (100%)

Serum level of parathyroid hormone (PTH) Low 2 (4.4%)
Normal 37 (82.2%)

High 6 (13.3%)

Total 45 (100%)

Serum level of testosterone Low 4 (36.4%)
Normal 7 (63.6%)
Total 11 (100%)

Table 5 Relationship Between Receiving Chelating Agents and Endocrine Disorders Among Beta Thalassemia Major 
Patients in Eastern Province of Saudi Arabia

Disorder Receiving Chelating Agents P-value

Yes No Yes, But Non-Compliant

n (%) n (%) n (%)

Height Normal 45 (75%) 4 (50%) 7 (36.8%) 0.007*
Short stature 15 (25%) 4 (50%) 12 (63.2%)

BMI Underweight 22 (36.7%) 3 (37.5%) 11 (57.9%) 0.289
Normal 35 (58.3%) 5 (62.5%) 6 (31.6%)
Overweight 3 (5%) 0 (0) 2 (10.5%)

Diabetes Diabetic 4 (8.7%) 1 (25%) 4 (25%) 0.521
Pre-Diabetic 11 (23.9%) 1 (25%) 3 (18.8%)

Normal 31 (67.4%) 2 (50%) 9 (56.3%)

Hypothyroidism Clinical 5 (15.2%) 3 (60%) 1 (6.7%) 0.024*
Subclinical 11 (33.3%) 0 (0) 9 (60%)
Normal 17 (51.5%) 2 (40%) 5 (33.3%)

Note: The text in bold indicates a p-value of <0.05, which is considered statistically significant.
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Discussion
This study aims to evaluate endocrine complications that might occur in beta thalassemia patients, and the relationship 
between receiving chelation therapy, and the onset of these complications. The sample consisted of 89 patients, 2–30 
years of age, attending hospitals in the Eastern Province of Saudi Arabia in 2019–2020. Endocrinopathies are common 

Table 6 Chi-Square Test for Relationship Between Gender and Each of Height, BMI, Diabetes, and 
Hypothyroidism

Gender P-value

Male Female

N (%) N (%)

Height Normal 20 (47.6) 37 (80) 0.001

Short stature 22 (52.4) 9 (19.6)

BMI Underweight 19 (45.2) 17 (37) 0.177

Normal 19 (45.2) 28 (60.9)

Overweight 4 (9.5) 1 (2.2)

Diabetes Diabetic 6 (19.4) 3 (8.6) 0.430

Pre-Diabetic 7 (22.6) 8 (22.)

Normal 18 (58.1) 24 (68.6)

Hypothyroidism Clinical 3 (9.4) 6 (28.6) 0.146

Subclinical 12 (37.5) 8 (38.1)

Normal 17 (53.1) 7 (33.3)

Note: The text in bold indicates a p-value of <0.05, which is considered statistically significant.

Table 7 Chi-Square Test for Relationship Between Age and Each of Height, BMI, Diabetes, and Hypothyroidism, 
Having Period

Age P-value

≤10 Years 11–20 Years >20 Years

N (%) N (%) N (%)

Height Normal 16 (55.2) 22 (66.7) 19 (73.1) 0.366

Short stature 13 (44.8) 11 (33.3) 7 (26.9)

BMI Underweight 11 (37.9) 12 (36.4) 13 (50) 0.473

Normal 15 (51.7) 19 (57.6) 13 (50)

Overweight 3 (10.3) 2 (6.1) 0 (0)

Diabetes Diabetic 1 (5.9) 5 (20.8) 3 (12) 0.139

Pre-Diabetic 1 (5.9) 7 (29.2) 7 (28)

Normal 15 (88.2) 12 (50) 15 (60)

Hypothyroidism Clinical 1 (11.1) 1 (5.3) 7 (28) 0.239

Subclinical 5 (55.6) 8 (42.1) 7 (28)

Normal 3 (33.3) 10 (52.6) 11 (44)
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among beta thalassemia major patients, as has been reported by several studies.11–13 Chelation therapy has a major role in 
decreasing or delaying such complications. The findings of this study might help improve the quality of healthcare 
services provided to these patients by exploring barriers that hinder compliance with chelating therapy.

Underweight was observed less frequently in our population (40.9%), compared to other studies including a study 
conducted in Tehran, where the prevalence of underweight participants reached 64.2% with a positive association 
between patients age and BMI (P value <0.002) as opposed to our study which no significant difference was seen 
between different age groups (P value <0.473). Moreover, there was no significant relationship between gender and BMI 
in the study (P value <0.89), along with ours (P value <0.177).12 Participants were considered underweight according to 
The Growth Charts for Saudi Children and Adolescents endorsed by The Health Services Council of Saudi Arabia, where 
a BMI less than −2 standard deviations was identified as underweight.

In this study, the prevalence of short stature (35.2%) is lower compared to data from a study performed across 16 
countries and reported that 53.0% were short, with a positive association between gender and short stature 
(P value<0.006) showing prevalence of 61.49% in males and 38.5% in females.13 While, the prevalence of short stature 
in our study was statistically significantly lower in females than in males (P value=0.05). Short stature was present in 
29% of female patients based on the growth charts for Saudi children and adolescents compared to 71% of males in the 
study.

However, the prevalence of short stature in our study was higher than that reported from a study of endocrinopathies 
in beta-thalassemia major northwest Saudi Arabia, which was identified in 20.9% of their cohort. Along, with a positive 
association between age and short stature (P value<0.02) with a prevalence of 31.1% in those aged 10–28 years.11 In 
contrast, there was no marked association between age and short stature in this study (P value <0.366).

On the contrary, primary hypothyroidism was observed to have a higher prevalence than that reported in other studies 
conducted in Tehran,14 Italy15 and Northwest Saudi Arabia.11 This difference in prevalence from other countries could be 
explained by the difference in cut-off hormone levels and/or variation in management protocols and patient compliance 
between different centers. The prevalence of hypothyroidism in the study was based on participants diagnosed with 
hypothyroidism and participants who met the diagnostic criteria at the time of data collection.

Moreover, the rate of diabetes mellitus in this study was higher 13.6% (66.7% males, 33.3% females), than that 
reported in a study conducted in Tabriz, Iran (8.9%).16 In addition to that, no significant difference was seen between 
males and females in the prevalence of diabetes mellitus (61.1% male, 38.9% female).16

This has been suggested to be due to risk factors for diabetes, including age, increased amount of blood transfusion, 
serum ferritin level, compliance with iron chelating therapy, family history of diabetes and pubertal status. The 
prevalence of diabetes in the study was calculated based on those who had high levels of glucose at the time of data 
collection and those who were already diagnosed with DM.

To our knowledge, no other studies have compared receiving chelation therapy and the onset of complications. 
However, in this study, there was a statistically significant association between compliance with iron chelation therapy 
and the prevalence of some endocrine complications. Those who were compliant with chelation therapy had a lower 
prevalence of short stature (P value=0.05) and hypothyroidism (P value=0.05). In contrast, there was no significant 
difference in BMI (P value <0.289) or diabetes (P value <0.521).

Although most of the patients knew the importance of chelation therapy, some of them were non-compliant. There is 
a number of reasons, for patients to refuse or to not comply to iron chelation therapy, with the major reason being, that 
the chelation therapy is a lifelong medication that must be taken daily on an empty stomach, which is difficult to 
incorporate into their daily life routine. The second most common reason was fearing the side effects, which included 
nausea and vomiting and a minority thought it was not important or available.

When compared with a study that assessed the reasons behind patients missing chelation therapy in several 
countries, including Iran, India and the United States.17 It has been shown that access to the drug was the main 
concern in India (51.0%), which was also a common response in Iran (25.0%), which was not the major cause in our 
study.

In other countries, however, the most common reason for non-compliance was related to their beliefs in taking the 
treatment (58.0%). The second most common reason was the side effects of the treatment (42.0%).
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Conclusion
Despite the role of chelation therapy in the management of iron overload, the risk of secondary endocrine and metabolic 
complications remains considerable. Subclinical hypothyroidism and short stature were the most frequent endocrine 
complications encountered in this study. Hypothyroidism, hypoparathyroidism, diabetes mellitus and hypogonadism were 
also detected. Evaluating patients with TM should be carried out at an early age and regularly. Patient education 
regarding the importance of compliance with chelation therapy since it has a role in decreasing several iron overload- 
related endocrine and metabolic complications is essential.

Data Sharing Statement
All relevant data are within the paper. The questionnaire used is included in (Appendix 10 and 11).

Recommendations
Endocrinopathies and metabolic complications are common beta thalassemia major patients receiving blood transfusions. 
Chelation therapy has a role in preventing or delaying such complications. Further longitudinal studies with a larger 
sample size are needed to assess such complications and evaluate the role of chelation therapy. Proper protocols and 
guidelines should be developed and implemented by a multidisciplinary team with the emphasis of endocrine and 
metabolic complication screening to improve the quality of care provided to this group of patients.

Limitations
There are a few limitations to be considered in relation to the findings of our study.

First, the initial estimate of the sample size was 200, and we aimed to conduct random sampling. However, the 
duration of data collection was limited to the summer in which most of the patients were away or traveling; hence they 
were not within easy reach. For that reason, we had a convenience sample of 89 patients.

Second, we could not attain approval from hospitals easily; for instance, one of the hospitals that was included in our 
protocol did not have the chance for data collection at all, making the sample size smaller; therefore, the statistical 
analysis remains of limited power.

In addition, the cohort is young which must have had an influence on the prevalence of age-related complications 
such as diabetes.

Another point to consider is the fact that many of the laboratory tests required to assess endocrinopathies were not 
conducted or documented in some of the centers, which made the assessment of complications challenging.

Data Sharing Statement
A semi-structured questionnaire was used to collect demographic data and medical histories. The questionnaires were 
completed by face-to-face interviews with the patients or their caregivers, and the required laboratory data were retrieved 
from the medical records of patients attending hematology clinics across four different centers in Eastern Province, Saudi 
Arabia.

Ethics Approval and Consent to Participate
This study complies with the declaration of Helsinki. The research and ethical committee of Arabian Gulf University 
approved the research. Signed written consent was obtained from all participants above the age of 18 and from the 
caregivers of participants who were below 18 (Appendix 12).

Consent for Publication
The authors affirm that the participants provided informed consent for publication.
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