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Abstract 
Introduction: Thalassemia, particularly α and β types, are characterized by mutations 
causing varied clinical manifestations such as anemia, skeletal deformities, and iron 
accumulation. Patients with transfusion-dependent thalassemia (TDTs) often face 
growth and puberty complications, which are influenced by the disease’s type and 
severity. These disruptions not only result from chronic anemia, iron chelation therapy, 
and endocrinopathies but also significantly impact the patient’s quality of life. 

Methods: A comprehensive guideline was formulated through a systematic literature 
review and stakeholder engagements. The protocol emphasizes diagnosing and managing 
growth and puberty disorders in TDT patients, integrating consistent monitoring, 
documentation, and patient-specific assessments. 

Results: The guideline proposes a detailed monitoring schedule from birth to adulthood, 
focusing on growth velocity norms and referral criteria to pediatric endocrinologists. It 
outlines protocols for hormone treatments in cases of delayed or arrested puberty, with 
distinctions for boys and girls. The treatment approach is multidisciplinary, combining 
growth monitoring, hormone therapy, and potential surgical interventions. The 
complexities demand continuous management, with treatment plans tailored to 
individual patient needs. 

Conclusions: The research provides a pivotal national protocol for addressing growth 
and puberty anomalies in TDT patients, aiming to enhance their well-being and 
standardize care. The emphasis on proactive, individualized strategies will bolster 
healthcare outcomes and reduce associated costs. 
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1. INTRODUCTION 

Thalassemia, a subset of hemoglobinopathies, arises from 
diminished or absent synthesis of specific globin chains. 
Depending on the affected chain, thalassemias are 
categorized as α, β, γ, δ, δβ, or εγδβ. The α and β 
thalassemia, resulting from mutations in the primary 
polypeptide chains (α or β) of the adult hemoglobin 
molecule (Hb A, α2β2), hold the most clinical significance 
(1-4). In these variants, an imbalanced alpha-to-beta chain 
ratio induces the accumulation of surplus chains, instigating 
premature degradation of erythroid precursors in both the 
bone marrow (ineffective erythropoiesis) and the 
bloodstream (hemolysis). Consequently, this imbalance 
produces symptoms ranging from varying anemia levels and 
extramedullary hematopoiesis to potential skeletal 
deformities, growth restrictions, and iron accumulation (5, 
6). Based on clinical manifestations and transfusion needs, 
thalassemia syndromes are phenotypically categorized into 
transfusion-dependent thalassemia (TDTs) and non-
transfusion-dependent thalassemia (NTDTs). TDTs 
necessitate regular transfusions for survival, encompassing 
conditions such as β thalassemia major and severe Hb E/β 
thalassemia, among others. Without sustained transfusion 
support, morbidity escalates, and lifespan diminishes (7, 8). 
Approximately 50% of children and adolescents with TDT 
exhibit growth and puberty disruptions (9). In adolescents 
and adults with thalassemia major, the prevalence of 
hypogonadism is 38% in females and 43% in males (10). 
Delayed puberty is defined as the absence of complete 
pubertal development in girls by the age of 13, and in boys 
by the age of 14 years old. Hypogonadism is a condition 
characterized by insufficient production of sex hormones, 
such as testosterone in males and estrogen in females, by the 
gonads (testes in males or ovaries in females). This hormonal 
deficiency can result in various physical and developmental 
challenges. In boys, hypogonadism is identified by the lack 
of testicular enlargement, typically measured as less than 4 
ml (11, 12). Testicular enlargement plays a crucial role in 
puberty, and its absence may cause delays or incompleteness 
in sexual maturation, impaired muscle development, and 
other related issues (13). Likewise, in girls, hypogonadism is 
indicated by the absence of breast development by the age 
of 16. Breast development, fueled by estrogen, is a 
fundamental aspect of female puberty. The absence of this 
development can lead to delays or incompleteness in sexual 
maturation, including the non-appearance of menstruation 
and other associated concerns (14). Distinctive 
manifestations encompass hindered linear growth, lag in 
skeletal maturity, insufficient weight gain, craniofacial 
alterations, atypical body proportions, and delayed onset of 

puberty. These outcomes arise from a complex interplay of 
underlying factors (15, 16), including chronic anemia, 
which reduces oxygen supply to tissues, causing nutritional 
deficits and cardiac strain, hindering growth (17, 18). The 
hypermetabolic state resulting from ineffective 
erythropoiesis can induce growth failure and bone 
demineralization due to increased metabolic demands (16). 
Nutrient deficiencies, linked to a hypermetabolic state or 
chelating agents, in vital nutrients like zinc, folate, and 
vitamins E and D can hamper growth (16, 19). Iron 
chelation therapy, while vital for managing iron overload, 
can lead to growth failure by disrupting endocrine functions 
and causing malnutrition (20). Moreover, The buildup of 
iron in the body raises labile iron levels and disrupts the 
Reactive Oxygen Species (ROS) system, resulting in 
oxidative stress and causing harm and impairment to cells 
(21, 22). Endocrinopathies, such as hypogonadism affecting 
70-80% of thalassemia major patients, primarily due to iron 
deposits in the gonads or pituitary, can impact growth. 
Complications also include hypothyroidism, growth 
hormone deficiency, and parathyroid issues, often from 
chronic iron overload or chelation, affecting growth (10). 
Chronic liver diseases impact growth by affecting nutrient 
absorption, protein synthesis, and causing hormonal 
imbalances (23, 24). Additionally, psychological stress can 
suppress growth hormone secretion and reduce adherence 
to essential medical treatments (25). The mechanism of 
growth and puberty defects in thalassemia patients is 
summarized in Figure 1. 
For effective management of growth disorders in patients 
with TDT, healthcare providers must adopt an integrated 
approach, swiftly identifying and addressing contributory 
factors. Due to the significant healthcare costs and the 
preventable nature of many complications, meticulous 
patient monitoring, strict adherence to treatments, and early 
problem identification are vital(16). This proactive strategy 
enhances patient well-being and reduces healthcare costs. 
This enhances patients’ quality of life and curtails treatment 
expenses(7).  
Established national guidelines promise uniform care, 
prompt interventions, and an emphasis on preventative 
measures. Creating and applying these guidelines are pivotal 
for refining patient outcomes and bolstering the 
effectiveness of healthcare systems. Consequently, this 
research endeavors to formulate a comprehensive national 
protocol for diagnosing and addressing growth and puberty 
anomalies in patients with TDT.  
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Figure 1. The mechanism of growth and puberty defects in thalassemia patients. 

 

2. METHODS 

2.1. Study Design and Objective 

This study was conceived to design a comprehensive, 
evidence-based national guideline to systematically address 
the myriad of growth and puberty disorders observed in 
TDT patients. 
 
2.2. Literature Review 

A systematic review of available literature was undertaken. 
We focused on diagnosing and managing growth and  

 

 

puberty impairments and multifaceted underlying causes in 
TDT. 

 

2.3. Stakeholder Engagement and Guideline 
Development 

A multidisciplinary team of specialists, including 
hematologists, endocrinologists, nutritionists, and 
pediatricians, were consulted. Their insights were 
instrumental in framing evidence-based recommendations. 
Central to this was the development of individualized 
treatment regimens catering to the unique needs of TDT 
patients. 
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2.4. Monitoring, Adherence, and Early Detection 

Given the implications on the healthcare system and the 
vital role of early detection, mechanisms were established 
for rigorous patient monitoring. This involves ensuring 
treatment adherence, instituting appropriate screenings, 
and facilitating timely intervention upon detecting 
disorders. 

 

2.5. Guideline Dissemination and Review 

The developed guideline will be disseminated extensively to 
healthcare professionals and other relevant stakeholders to 
ensure maximum efficacy. Recognizing the dynamic nature 
of clinical science, a provision for periodic review and 
updating of the guideline has been incorporated. 

 

3. ADDRESSING GROWTH ABNORMALITIES IN 
PATIENTS WITH TDT 

3.1. Principles of Growth Rate Screening 

To ensure comprehensive evaluation in TDT care, it is 
important to involve a healthcare professional experienced 
in TDT care. Consistent and regular monitoring of growth 
and development should be conducted. This includes 
documenting growth parameters such as height, weight, and 
head circumference. Additionally, determining bone age 
can be done using a left wrist radiograph (26). During 
assessments, it is crucial to consider patient-specific medical 
history, disease severity, nutritional status, and iron 
overload. The results obtained from screenings should 
inform the development of an individualized treatment 
strategy tailored to the specific needs of the patient (7, 27). 

 

3.2. Monitoring Schedule 

To assess growth and development, it is recommended to 
refer to the appropriate ethnically adjusted charts from 
birth. These assessments should be continued every 3-6 
months until the end of the growing period, which is 
typically until 18 years for females and 21 years for males 
(28). 

 
3.3. Key Milestones 

To ensure accurate tracking of growth and development, it 
is important to record the parents' height during the first 
visit. For children under two years, measure the recumbent 
length every 1-3 months. For children over two years, 
measure standing height every three months (29). 
Additionally, measure sitting height every six months to 

assess for truncal shortening associated with chelator 
toxicity (30). It is also important to track head circumference 
and weight every three months. Evaluating growth velocity 
should be done biannually every three months. Lastly, assess 
puberty progression using the Tanner classification system 
every three months (31). 
 

3.4. Growth Velocity Norms: 

• 0 to 6 months - 2.5 cm/month 
• 7 to 12 months - 1.25 cm/month 
• 12 to 24 months - Usually >10 cm/year 
• Age two to four years - 5.5 to 9 cm/year. 
• Age four to six years - 5 to 8.5 cm/year. 
• Age six years to puberty:  
o 4 to 6 cm/year for boys. 
o 4.5 to 6.5 cm/year for girls. 

 
3.5. Referral Criteria to a pediatric endocrinologist for 
patients with TDT 

Common indicators of growth impediments include short 
stature, which refers to height registering below the 3rd 
percentile, adjusted for gender and age following national 
growth standards (32). Another indicator is diminished 
growth velocity, characterized by annual growth progression 
measured in centimeters, falling beneath the 10th percentile 
when categorized by age and sex according to established 
growth velocity benchmarks (33). Additionally, indicators of 
potential pituitary hormone insufficiencies, such as 
gonadotropins, growth hormone, and central 
hypothyroidism, should be considered. Manifestations 
suggestive of underlying etiologies contributing to growth 
impediments can include nutritional insufficiencies, 
persistent hepatic disorders, or enduring cardiac 
insufficiency (34). 
 
3.6. Laboratory Screening for GH deficiency 

Standard examinations comprise biochemical analysis, 
thyroid function assessments involving thyroid-stimulating 
hormone (TSH) and free thyroxine (FT4), bone age 
determination through X-ray imaging of the wrist and hand, 
and evaluation of bone mineral density (BMD) (35). 
In cases of short stature, it is recommended to measure the 
levels of IGF-1 (insulin-like growth factor 1) and GFBP3 
(insulin-like growth factor-binding protein 3). If the results 
of IGF-1 or GFBP3 are abnormal or if growth velocity is 
reduced, it is advised to conduct two growth hormone (GH) 
stimulation tests (36). 
Evaluating the hypothalamic-pituitary-gonadal axis 
(hypogonadotropic hypogonadism) in individuals with 
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Figure 2. Addressing Growth Abnormalities in Transfusion-dependent Thalassemia 

 thalassemia major and delayed puberty/hypogonadism 
highlights the subsequent characteristics: Reduced basal 
secretion of follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH). A diminished LH/FSH 
response to gonadotropin-releasing hormone (GnRH) and 
irregular disturbance of the spontaneous pulsatile pattern 
of LH and FSH secretion. Lower baseline levels of sex 
steroids, including estradiol and testosterone. In specific 
cases, there is a decline in testosterone secretion in 
response to human chorionic gonadotropin (HCG). 
Performing a pelvic ultrasound to evaluate the dimensions 
of the ovaries and uterus in females (10, 37). 
 
3.7. Treatment and Follow-Up 

3.7.1. Growth Hormone Therapy 

In case of abnormal results in both GH stimulation tests, 
start with a daily dose of (0.025-0.05) mg/kg. Continue the 
treatment as long as the patient demonstrates a positive 
response (38). 

 

3.7.2. Follow-Up 

To ensure effective growth hormone (GH) therapy in 
patients with transfusion-dependent thalassemia (TDT), 
the following steps should be taken: Monitor growth 
velocity and IGF-1 levels every three months to assess 
treatment response. Adjust the GH dose based on IGF-1 
levels, growth response, and growth prediction models. 
Evaluate bone age annually to monitor skeletal maturation. 

Regularly assess thyroid and adrenal functions before and 
after starting GH therapy due to potential pituitary 
hormone disruptions in TDT. Perform regular assessments 
of fasting blood glucose levels before and during the 
treatment course to monitor the potential risk of 
exacerbating insulin resistance and developing Type 2 
diabetes after initiating GH therapy (39, 40). 
 
4. ADDRESSING PUBERTY DISORDERS 

4.1. Diagnosis of Delayed Puberty 

Delayed puberty and hypogonadism are the most apparent 
clinical complications of hemosiderosis in transfusion-
dependent thalassemia (TDT) (2, 41) .To ensure effective 
growth hormone (GH) therapy in patients with TDT, the 
following measures should be implemented: Monitor 
growth velocity and IGF-1 levels every three months to 
evaluate the response to treatment. Adjust the GH dose 
based on IGF-1 levels, growth response, and growth 
prediction models. Evaluate bone age annually to assess 
skeletal maturation. Regularly assess thyroid and adrenal 
functions before and after starting growth hormone 
therapy due to the potential pituitary hormone disruptions 
in TDT. Perform regular assessments of fasting blood 
glucose levels before and during the treatment course to 
monitor the potential risk of exacerbating insulin 
resistance and developing Type 2 diabetes after initiating 
GH therapy (39, 42). 
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4.2. Tanner staging system 

• (both males and females) 
o Stage 1: No hair 
o Stage 2: Downy hair 
o Stage 3: Scant terminal hair 
o Stage 4: Terminal hair that fills the entire triangle 

overlying the pubic region. 
o Stage 5: Terminal hair that extends beyond the 

inguinal crease onto the thigh (43). 
• Male External Genitalia Scale 

o Stage 1: Testicular volume< 4 ml or long axis < 2.5 
cm 

o Stage 2: 4 ml-8 ml (or 2.5-3.3 cm long), 1st pubertal 
sign in males 

o Stage 3: 9 ml-12 ml (or 3.4-4.0 cm long) 
o Stage 4: 15-20 ml (or 4.1-4.5 cm long) 
o Stage 5: > 20 ml (or > 4.5 cm long) (44) 

• Female Breast Development Scale 
o Stage 1: No glandular breast tissue palpable 
o Stage 2: Breast bud palpable under areola (1st 

pubertal sign in females)  
o Stage 3: Breast tissue palpable outside areola; no 

areolar development 
o Stage 4: Areola elevated above the contour of the 

breast, forming a “double scoop” appearance. 
o Stage 5: The areolar mound recedes back into a 

single breast contour with areolar 
hyperpigmentation, papillae development, and 
nipple protrusion (45). 

 

4.3. Hormonal Treatment Protocols 

The management of delayed or arrested puberty and of 
hypogonadotropic hypogonadism requires consideration 
of various factors, such as the age of onset, the degree of 
iron overload, the extent of hypothalamic-pituitary-gonadal 
axis impairment, the presence of chronic liver disease, and 
the psychological consequences of hypogonadism (46, 47). 

• For boys: 

o Objective: to mimic the normal adolescent 
development of boys with delayed puberty due to 
hypogonadism. 

o Initial treatment: starting from 13 years of age, 
administer testosterone enanthate (or another long-
acting testosterone ester) intramuscularly at a dose of 
50 mg per month for approximately nine months 
(range: 6-12 months). 

o Subsequent treatment: over the next 3-4 years, 
gradually increase the dose to the adult replacement 
dose of 200 mg every 2-3 weeks. 

o Initiate replacement therapy in boys with suspected 
hypogonadotropic hypogonadism by the time their 
bone age reaches 14 years or less (48). 

o Monitoring includes complete blood count (CBC) 
for all patients and prostate-specific antigen (PSA) for 
those above 40 years. 

o Modify testosterone dose based on hematocrit levels. 
If the hematocrit level exceeds 54%, the medication 
should be discontinued for 1-3 months, and the 
patient should be evaluated for hematocrit increase. 
If there is no other cause for elevated hematocrit, 
testosterone can be readministered at a lower dose 
after hematocrit correction (49). 

• For girls: 

o Objective: to simulate the normal adolescent 
development of girls with ovarian failure. 

o With a firmly established diagnosis of 
hypogonadism, begin hormonal substitution therapy 
at12-13 years of age. 

o Pre-treatment evaluation should include a lipid 
profile and vascular thrombosis history. 

o Initial treatment: administer ethinyl estradiol 2.5-5 
µg orally daily for six months (50). 

o If spontaneous puberty or breakthrough bleeding 
does not occur within six months from the end of 
treatment, ethinyl estradiol is re-introduced in 
gradually increasing dosages (2.5-5 μg daily) every 6 
months to a maximum dose of 50 μg of ethinyl 
estradiol or 0.675 mg of Conjugated estrogen (51). 

o After 12 months of therapy (or sooner if 
breakthrough bleeding occurs), begin cyclic therapy: 

▪ Estrogen: for the first 21 days of each month. 

▪ Progestogen (e.g., medroxyprogesterone acetate 5 
mg orally) from the 12th to the 21st day of each 
month. 

▪ Gradually increase the dose of estrogen over the 
next 2-3 years to conjugated estrogen 0.6-1.25 mg 
or ethinyl estradiol 10-20 mg daily for the first 21 
days of each month or estradiol patch (52, 53) . 
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Figure 3. Addressing Puberty Disorders in Transfusion-Dependent Thalassemia 

5. FOLLOW-UP AND ANNUAL SCREENING 

The following tests and assessments are recommended for 
evaluating various aspects: Serum thyroid stimulating 
hormone (TSH) and free thyroxine (FT4) should be 
measured to assess thyroid function. Additionally, serum 
levels of calcium, ionized calcium, inorganic phosphate, 
magnesium, and alkaline phosphatase should be evaluated 
to assess mineral and bone metabolism. An X-ray of the 
wrist and hand is recommended to determine bone age. In 
cases where growth velocity is abnormal, it is advisable to 
conduct two growth hormone (GH) provocation tests to 
assess GH secretion (54). 

 

6. RECOMMENDATIONS FOR PREVENTION OF 
GROWTH AND PUBERTY ABNORMALITIES IN 
TDT 

Ensure meticulous administration of blood transfusions 
and consistently maintain hemoglobin levels above nine 
g/dL. Administer iron chelators correctly and aim to keep 
ferritin levels under 1000 ng/mL to prevent iron overload 
(55). Opt for using advanced iron chelators that present 
reduced skeletal side effects for improved treatment 
outcomes. Address and rectify nutritional imbalances to 
support overall health and optimize treatment efficacy (56). 

Prescribe zinc supplements when a zinc deficiency is 
detected to address specific nutritional needs and promote 
well-being (57) (Figure 2, 3). 

 

5. PHYSICIANS AUTHORIZED BY MEDICAL 
UNIVERSITIES FOR THALASSEMIA CARE AND 
MEDICATION PRESCRIPTION 

• Subspecialists in Pediatric/Adult Hematology and 
Oncology 

• Subspecialists in Pediatric/Adult Endocrinology 
• Pediatric Medicine Specialists 
• Specialists in Internal Medicine 
• General Medical Practitioners 

 
8. CONCLUSION 

Thalassemia patients, especially those with TDT, face 
significant growth and puberty challenges. The presented 
guideline, derived from comprehensive research and 
expert input, offers a structured approach for diagnosing, 
managing, and preventing these challenges, promoting 
better health outcomes and improved quality of life for 
Transfusion-Dependent Thalassemia patients. 
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