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                                                                Abstract 
Background: β-thalassemia major encompasses a wide range of hematological and endocrinological 

complications. High levels of serum ferritin in individuals with β-thalassemia indicate transfusion-

related complications including significant iron overload, which can contribute to endocrine disorders 

such as hypogonadism and subsequent sexual underdevelopment. Therefore, the aim of our study is to 

investigate the association of sexual development with sociodemographic and hematological 

parameters in multi-transfused Patients of β-thalassemia Major.   

Materials and Methods: This multicentric cross-sectional study consisted of 147 β-thalassemia patients 

who got enrolled. The sexual development of the participants was evaluated utilizing the Patterson 

staging system. Data regarding hematological and other demographic variables were collected. 

Statistical analyses was done using SPSS version 26.  Data analysis was done using independent-

samples t-test, chi-square test was used for the analysis of collected data. 

Results: Among the total of 147 patients, 79(53.74%) were males and 68(46.26%) were females. Based on 

the Patterson staging system, 63(42.85%) of the patients were in the pre-pubertal, early pubertal and 

mid pubertal/sexually under-developed stage, while 84 (57.15%) of the patients were in the pubescent 

and post-pubescent/sexually developed stage. Based upon serum ferritin level stratification there was 

a significant different in sexually developed and underdeveloped patients. 

Conclusion: Increased serum ferritin levels resulting from transfusion in β-thalassemia is significantly 

associated with hypogonadism in these patients.  

Keywords: β-thalassemia, hypogonadism, blood transfusion, ferritin, iron overload. 
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Introduction 

 

β-thalassemia, a genetic disorder involving the β-

globin gene, presents with a wide range of 

hematological symptoms resulting in microcytic 

anemia.1 Its high incidence is observed in regions 

such as the Indian subcontinent and Southeast 

Asia, as well as affecting large population of 

Middle East and Mediterranean countries, 

collectively referred to as the "World Thalassemia 

Belt".2  Globally, approximately four out of every 

100,000 live births are affected by β-thalassemia, 

and a significant number of individuals carry the 

gene without experiencing symptoms.3 In 

Pakistan, statistics indicate that around 70,000 

individuals are afflicted with β-thalassemia 

major, while 6,000 patients are currently under 

treatment as registered ones, with the number 

steadily increasing.1 

Thalassemia is a condition marked by the 

spectrum ranging from partial impairment to 

complete dysfunction in the production of α and 

β-globin chain, which are essential components of 

adult hemoglobin (α2β2).4 Individuals with a 

complete deficiency of α or β-globin chain rely on 

lifelong blood transfusions and are classified as 

transfusion dependent thalassemia(TDT) 

patients. With regular transfusions, the survival 

rates and life expectancy of individuals with 

thalassemia have shown significant 

improvements from the initial decade of life to 

the fifth decade. Historical data from the 1950s 

indicated that less than 9% of patients with β-

thalassemia lived past the age of 6 years. By the 

1970s, more than 50% of Italian thalassemic 

affected population had succumbed to the 

disease before turning age of 12.5 However, 

significant advancements in treatment, including 

safe transfusions, regular chelation therapy, and 

bone marrow transplantation have led to a 

notable improvement in patient survival rates. 

β-thalassemia patients are dependent on regular 

and multiple blood transfusions for their 

survival. Nevertheless, this condition leads to the 

accumulation of ferrous compounds in various 

tissues, including endocrine glands, which 

disrupts their normal functioning. Among the 

complications, gonadal dysfunction is the most 

prevalent. Patients who undergo 15-20 blood 

transfusions face a significantly increased risk of 

developing secondary hemochromatosis.6 The 

excess iron overwhelms the binding and storing 

capability of serum ferritin and plasma 

transferrin, leading to the circulation of free 

unbound iron ions in the plasma. The presence of 

free iron ions contributes to the production of 

various radicals, causing various endocrine 

pathologies and complications7.  

Literature reveals a disturbingly higher mortality 

rates among beta-thalassemic patients with 

elevated ferritin levels.1 In addition, β-

thalassemia has been associated with several 

endocrine disorders, such as diabetes mellitus, 

hyperparathyroidism, hypopituitarism, 

hypothyroidism and hypogonadism.8 

Hypogonadism often results in delayed sexual 

development and is a frequent complication 

arising from ferrous compound deposits in the 

hypothalamus, pituitary gland, and gonads. 

While timely use of chelating agents including 

deferoxamine can improve survival rates, 

concerns remain for both patients and 

pediatricians alike.9 

The Patterson staging system is employed as a 

tool for evaluating sexual development.10 It is a 

simple and cost-effective method widely 

employed for documentation of progression in 

secondary sexual characteristics while patients 

are going through phase of puberty. In our study, 

we seek to investigate the impact of ferritin levels 
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on sexual underdevelopment in individuals with 

β-thalassemia, using the Patterson staging system 

as the standard measure. This paper aims to 

evaluate the comparison of hematological and 

sociodemographic parameters in patients with β-

thalassemia major on multiple transfusions.  

 

Materials and Methods 

 

This cross-sectional study was conducted in 

Rawalpindi and Islamabad, a total of 160 patients 

diagnosed with β-thalassemia major and 

registered in Jamila Sultana Foundation, Holy 

Family Hospital, and Pakistan Institute of 

Medical Sciences were included. Data was 

collected from March 2018 to May 2019, 

employing convenience sampling method. The 

study included patients from both genders (male 

as well as female) with age range of 13 years to 30 

years, while individuals with comorbidities such 

as diabetes, hypothyroidism, or metabolic 

disorders, as well as those with underlying 

infectious or inflammatory conditions, were 

excluded. Following the application of the 

exclusion criteria, the final analysis included 147 

eligible patients.  

The patients and their parents provided written 

informed consent, and the Patterson staging 

system was used to assess the sexual 

development of the patients. The pubertal staging 

on the Patterson scale11 was used to classify the 

sexual maturation of the patients. Secondary 

sexual characteristics were assessed in patients, 

like growth of pubic hair, development of 

genitalia and breast. According to the Patterson 

staging, patients at stage 1 or stage 2 were judged 

as sexually underdeveloped (pre-pubescent), 

while those at stage 3, 4, or 5 were considered 

sexually developed (pubescent or post-

pubescent). After obtaining consent from the 

patient and parents, a senior doctor conducted 

examinations to define the stage of secondary 

sexual development in the children. The ethical 

approval for this study was obtained from the 

institutional research review board Rawalpindi 

Medical University. 

Comparisons were made between the results of 

Patterson staging and several laboratory values 

like hemoglobin level and serum ferritin level, as 

well as demographic variables (age, height, and 

weight). The comparison was conducted using an 

independent-samples t-test. Statistical 

significance was determined by a p-value of 

<0.05, and data analysis was performed using 

Statistical Package for Social Sciences (SPSS), 

version 23.0, developed by IBM in Armonk, NY, 

USA. 
 

 Results 

 

Among the individuals who met the inclusion 

and exclusion criteria for the study, a total of 160 

questionnaires were distributed. Out of these, 147 

participants completed the questionnaire in its 

entirety, while 8 participants were unable to 

provide complete responses. Additionally, the 

data of 5 participants were excluded due to their 

inability to provide laboratory values for ferritin 

and hemoglobin during the follow-up. Therefore, 

the data from 147 patients were analyzed, 

resulting in a response rate of 91.87%. 

For the interviews and examinations, they were 

done on all of 147 participants, consisting of 79 

(53.74%) were males and 68 were females 

(46.26%). The mean age of the patients was 

17.58±5.36 years, with the maximum age being 31 

years, while the minimum 12 years. Using the 

Patterson staging system, it was determined that 

63 (42.85%) of the patients were in the pre-

pubertal, early pubertal and mid 

pubertal/sexually under-developed stage, while 
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84 (57.15%) of the patients were in the pubescent 

and post-pubescent/sexually developed stage. 

(Table I) 

                   Table I: Patterson Staging among the participants. 

Patterson Staging Frequency Percent 

Pre-pubertal 8 5.44% 

Early pubertal 13 8.84% 

Mid pubertal 42 28.57% 

Late pubertal 23 15.64% 

Post-pubertal 61 41.49% 

Total 147 100.0 

 

Table II presents the statistically significant 

differences in the mean values of age, height, 

weight, serum ferritin levels and hemoglobin 

concentration levels between sexually 

underdeveloped and sexually developed 

individuals. The p-values indicate that there is no  

significant difference in gender distribution and 

age at the start of transfusion treatment between 

the two groups. (Table II) 

In terms of gender (male), out of the total 

participants, 32 (40.5%) were sexually 

underdeveloped, and 47 (59.49%) were sexually 

developed, having p-value of 0.492. The mean 

age for sexually underdeveloped individuals was 

13±2.3 years, while for sexually developed 

individuals it was 20±6.7 years, having p-value of 

<0.001. The mean height for sexually 

underdeveloped individuals was 139±11.45 cm, 

and for sexually developed individuals, it was 

152±16.7 cm, with having p-value of 0.031. The 

mean weight for sexually underdeveloped 

individuals was 33.6±7.2 kg, and for sexually 

developed individuals, it was 42.78±6.3 kg, with 

having p-value of <0.001. The mean age at the 

start of transfusion treatment for sexually 

underdeveloped individuals was 10.78±4.3 years, 

while for sexually developed individuals, it was 

12.9±1.8 years, with having p-value of 0.614. The 

mean recent ferritin level for sexually 

underdeveloped individuals was 4278±531 

ng/mL, and for sexually developed individuals, 

it was 3089±489 ng/mL, with a p-value of 0.043. 

The mean current Hb level for sexually 

underdeveloped individuals was 7.67±1.9 g/dL, 

and for sexually developed individuals, it was 

8.21±1.7 g/dL, with having p-value of 0.001. 

 

    Table II: Comparison between sexually under-developed and sexually developed participants 

Variable 

Sexually Underdeveloped 

P-

value 

Yes No 

Frequency/ Mean and 

Standard Deviation 

Frequency/ Mean and 

Standard Deviation 

Gender (Male) 32 (40.5%) 47 (59.49%) 0.492 

Age of the Patient 13±2.3 20±6.7 <0.001* 

Height of the Patient 139±11.45 152±16.7 0.031* 

Weight of the Patient 33.6±7.2 42.78±6.3 <0.001* 

Age at Start of 

Transfusion Treatment 
10.78±4.3 12.9±1.8 0.614* 
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*Independent Sample T-test 

  **Chi-square Test 

Discussion 

 

Thalassemia, a hereditary disorder, is widely 

recognized as the most prevalent genetic 

condition worldwide. Individuals with 

thalassemia often experience various endocrine 

disorders that adversely affect their health.1 

Among these complications, hypogonadism is the 

most common in individuals with β-thalassemia 

major, affecting approximately 70-80% of 

patients.12 The development of hypogonadism in 

thalassemia patients can be attributed to the 

accumulation of iron in the pituitary gland's 

gonadotrophic cells.13 This iron deposition 

disrupts the normal production of gonadotropins, 

which are hormones responsible for regulating 

the functioning of the gonads (testes in males and 

ovaries in females). As a result of this disruption, 

hypo-gonadotrophic hypogonadism occurs, 

leading to impaired reproductive function and 

hormonal imbalances. 

Out of 147 patients included in our study, 63 

(42.85%) of the patients were in the pre-pubertal, 

early pubertal and mid pubertal/sexually under-

developed stage, while 84 (57.15%) of the 

participants were having the pubescent and post-

pubescent/sexually developed stage. This 

finding slightly coincides with previously 

performed studies as one study in Bangladesh 

showed prevalence of hypogonadism reaching 

35.11%.11 According to that study, among 

individuals with hypogonadism, 18.1% exhibited 

normo-gonadotropic characteristics, 11.7% 

displayed hypogonadotropic features, and 5.3% 

showed hypergonadotropic attributes. In contrast 

to that, a cohort study in Taiwan demonstrated 

lower rate of hypogonadism (23.1%), out of total 

studied 454 transfusion dependent thalassemia 

patients. 

Our research reveals that individuals with 

incomplete sexual development have higher 

levels of ferritin compared to those with normal 

sexual development (4278±531 ng/ml vs 

3089±489 ng/ml) with p-value of 0.043. This 

suggests that severe iron overload may contribute 

to hypogonadism. These findings align with 

previous studies that have established a direct 

correlation between serum ferritin levels and the 

presence of various endocrine disorders such as 

diabetes mellitus, hypoparathyroidism, 

hypogonadism and hypothyroidism.1,14 In their 

study, Chowdhury R et al observed that 

hypogonadal patients had a statistically 

significant increase values of average serum 

ferritin level in comparison to eugonadal patients 

(2,174.79±749.12 ng/ml versus 3,572.59 ± 1,199.49 

ng/ml).11 Likewise, a study conducted in Turkey 

emphasized the importance of regular and 

frequent monitoring for diverse endocrinopathies 

in individuals with β-thalassemia who exhibit 

elevated serum ferritin levels.15 By recognizing 

the correlation between elevated serum ferritin 

levels and the presence of endocrine disorders, 

the study highlighted the importance of proactive 

healthcare measures. 

In our study, we were unable to find any 

statistically significant association between 

gender and hypogonadism (p-value=00.492). 

These findings align with previous studies 

conducted by Chowdhury R et al and Hamed AT 

et al with p-values of 0.125 and.833 

respectively.11,16 However, our results differ from 

Dumaidi et al.'s study, which reported a higher 

Recent Ferritin Level 4278±531 3089±489 0.043* 

Current Hb Level 7.67±1.9 8.21±1.7 0.001* 



                                                Student Supplement of Journal of Rawalpindi Medical College (SJRMC); 2023; 27(1) 

 

 

prevalence of hypogonadism in males, 

suggesting that males are more susceptible to 

hypogonadism compared to females.17 

In the existing literature, various approaches 

have been documented for assessing 

hypogonadism in individuals with thalassemia. 

These methods encompass the utilization of 

magnetic resonance imaging as well as 

measuring serum values of estradiol, 

testosterone, follicle-stimulating hormone and 

luteinizing hormone.1 However, implementing 

these diagnostic techniques can be both time-

consuming and costly, particularly within a 

resource-constrained health providing system of 

an underdeveloped nation like Pakistan, with the 

higher prevalence rate of β-thalassemia and is 

documented to be increasing. Consequently, 

there exists a pressing need to establish a prompt 

and cost-effective laboratory parameter for 

monitoring sexual underdevelopment in β-

thalassemia patients. 

Early assessment and prompt treatment of 

gonadal dysfunction in thalassemic patients 

through chelating regimen can bring down its 

occurrence, enhance the life quality, and prevent 

complications. However, base line data on 

functionality of gonads in this context is lacking. 

Hence, our study objected to determine the 

functional status of gonads in thalassemia 

patients dependent on transfusion and assess the 

predictive role of serum ferritin levels in 

hypogonadism. Hypogonadism secondary to 

hypogonadotropic chain disturbance can be 

effectively managed with iron chelating therapy 

and replacement of hormones alongside regularly 

performed monitoring, aiming to sustain 

achieved secondary sexual characters, fertility, 

and normal puberty onset. Combined use of 

deferiprone and deferoxamine has shown 

promising results in improving sexual 

development in thalassemia patients. 

Additionally, serum ferritin levels can serve as a 

useful indicator for monitoring of effectiveness of 

chelating regimen. However, replacement of 

hormones should be carefully employed in 

thalassemia patients due to associated 

complications. 

Despite the limitations of our study being a cross-

sectional and convenient sampling, our study 

emphasizes the conduction prospective studies in 

future to define and determine the exact 

association between serum ferritin value and 

underdevelopment of sexual characteristics. 

Exploring other markers of inflammation and 

hematological parameters, including C-reactive 

protein, in addition to ferritin, can provide a 

more comprehensive understanding of this 

association. The evaluation of the ratio between 

ferritin and CRP ratio may also be valuable in 

assessing sexual hypo-development. These efforts 

will contribute to the development of cost-

effective laboratory tests for evaluating sexual 

hypo-development in individuals with β-

thalassemia major, paving the way for further 

research in this field. 

 

Conclusion 

  

Delayed puberty, which indicates sexual 

underdevelopment, is a significant concern 

among individuals with β-thalassemia. Our study 

concluded that hematological and 

sociodemographic factors serve as a crucial 

parameters for assessing sexual 

underdevelopment. We suggest conducting 

additional case-control and prospective cohort 

studies to explore the relationship between serum 

ferritin, iron overload, and the prediction of 

sexual underdevelopment in individuals with β-

thalassemia. 

 



                                                Student Supplement of Journal of Rawalpindi Medical College (SJRMC); 2023; 27(1) 

 

 

References 
 

1.           Shahid Z, Hassan S, Ghazanfar S, Kaneez M, Khan MS, 

Tariq HT, Jawad A, Shuaib A, Bhatti AA, Razzaq MT, 

Bhatti AA. Investigating the role of ferritin in 

determining sexual underdevelopment in beta-

thalassemia major patients: a cross-sectional analysis 

from Pakistan. Cureus. 2021 Jun 10;13(6).  

2.  Ahmed SO, El Fakih R, Elhaddad A, Hamidieh AA, 

Altbakhi A, Bazarbachi A, Adil S, Al-Khabori M, Othman 

TB, Gaziev J, Khalaf M. Strategic priorities for 

hematopoietic stem cell transplantation in the EMRO 

region. Hematology/Oncology and Stem Cell Therapy. 

2021 Oct 18. 

3.  Colah R, Gorakshakar A, Nadkarni A. Global burden, 

distribution and prevention of β-thalassemias and 

hemoglobin E disorders. Expert Review of Hematology. 

2010 Feb 1;3(1):103-17. 

4.  Pavani G, Fabiano A, Laurent M, Amor F, Cantelli E, 

Chalumeau A, Maule G, Tachtsidi A, Concordet JP, 

Cereseto A, Mavilio F. Correction of β-thalassemia by 

CRISPR/Cas9 editing of the α-globin locus in human 

hematopoietic stem cells. Blood advances. 2021 Mar 

9;5(5):1137-53. 

5.  Cazzola M, Malcovati L. Myelodysplastic syndromes—

coping with ineffective hematopoiesis. N Engl J Med. 

2005 Feb 10;352(6):536-8. 

6.  Bedrick BS, Kohn TP, Pecker LH, Christianson MS. 

Fertility preservation for pediatric patients with 

hemoglobinopathies: Multidisciplinary counseling 

needed to optimize outcomes. Frontiers in Endocrinology. 

2022 Oct 24; 13:985525. 

7.  Sobhani S, Rahmani F, Rahmani M, Askari M, Kompani F. 

Serum ferritin levels and irregular use of iron chelators 

predict liver iron load in patients with major beta 

thalassemia: a cross-sectional study. Croat Med J. 

2019;60(5):405-413. doi:10.3325/cmj.2019.60.405 

8.  Carsote M, Vasiliu C, Trandafir AI, Albu SE, Dumitrascu 

MC, Popa A, Mehedintu C, Petca RC, Petca A, Sandru F. 

New Entity—Thalassemic Endocrine Disease: Major 

Beta-Thalassemia and Endocrine Involvement. 

Diagnostics. 2022 Aug 9;12(8):1921. 

9.  Shalitin S, Carmi D, Weintrob N, Phillip M, Miskin H, 

Kornreich L, Zilber R, Yaniv I, Tamary H. Serum ferritin 

level as a predictor of impaired growth and puberty in 

thalassemia major patients. European journal of 

haematology. 2005 Feb;74(2):93-100. 

10.  Patterson, C. J. (1995). Adolescent development. In A. E. 

Kazdin (Ed.), Encyclopedia of psychology (Vol. 1, pp. 37-

39). Oxford University Press. 

11.  Chowdhury R, Iktidar MA, Ahmed MN, Hasan MM, 

Tapan MM, Shaheen SS, Rahman A, Khatun A. 

Prevalence of hypogonadism in transfusion-dependent 

β-thalassemia patients of Bangladesh: investigating the 

role of serum ferritin level as a diagnostic tool. 

Hematology, Transfusion and Cell Therapy. 2022 Aug 

11. 

12.  Gaber MA, Elbana RE, Mahmoud AA. Risk factors for 

hypogonadism in multitransfused    thalassemia major 

male patients. Menoufia Medical Journal. 2022 Apr 

1;35(2):439. 

13.   Knutson MD. Non-transferrin-bound iron transporters. Free 

Radical Biology and Medicine. 2019 Mar 1; 133:101-11. 

14.   Belhoul, K.M., Bakir, M.L., Saned, MS. et al. Serum ferritin 

levels and endocrinopathy in medically treated patients 

with β thalassemia major. Ann Hematol 91, 1107–1114 

(2012). https://doi.org/10.1007/s00277-012-1412-7 

15.   Isik P, Yarali N, Tavil B, Demirel F, Karacam GB, Sac RU, 

Fettah A, Ozkasap S, Kara A, Tunc B. Endocrinopathies in 

Turkish children with Beta thalassemia major: results 

from a single center study. Pediatric hematology and 

oncology. 2014 Oct 1;31(7):607-15. 

16.   Hamed AT, Zughbur MR, Shaheen EA. Prevalence of 

Hypogonadism in β-Thalassemia Major Patients from 

Gaza Strip. Jordan Journal of Pharmaceutical Sciences. 

2021 Sep 1;14(3). 

17.   Dumaidi K, Al-Jawabreh A, Al-Assi S, Karmi B. Assessment 

of gonadal and thyroid function for adult transfusion- 

dependent- b- thalassemic patients in Palestine. Jordan 

Med J. 2015;49(1):17–26. 

 

 

 

 

 

 

 

 

 


