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To the editor.  

Thalassemia is a group of hereditary hematological 

disorders caused by defects in α- or β-globin chain 

synthesis. Thalassemia syndromes are classified into 

non-transfusion-dependent thalassemia (NTDT) and 

transfusion-dependent thalassemia (TDT) based on 

clinical severity and transfusion requirements.1 NTDT 

includes thalassemia intermedia (TI), hemoglobin H 

(HbH) disease, and mild-to-moderate hemoglobin E/β-

thalassemia.2 Many women with thalassemia are 

subfertile, largely due to hypogonadotropic 

hypogonadism caused by transfusional iron overload, 

which affects 70-80% of patients worldwide.3-5 At 

present, most research on ovarian function in 

thalassemia focuses on TDT, while data on fertility in 

NTDT patients are limited. 

Key clinical indicators for assessing ovarian reserve 

include sex hormones, antral follicle count, and anti-

mullerian hormone (AMH). Sex hormone assessment is 

limited to the early follicular phase of the menstrual 

cycle, making it less convenient for patients, especially 

those with irregular cycles. Antral follicle count 

measurement requires ultrasound, which can be 

influenced by operator variability. AMH, produced by 

granulosa cells of antral and pre-antral follicles, reflects 

the ovarian reserve.6 It is unaffected by the 

hypothalamic-pituitary-ovarian axis and shows minimal 

fluctuation throughout the menstrual cycle, allowing 

measurement at any time. This study aims to evaluate 

serum AMH levels and fertility in women with NTDT. 

 

Materials and Methods. This study included 64 NTDT 

patients aged 16-40 years treated at the 923rd Hospital 

of the Joint Logistics Support Force between March 

2021 and March 2024. Patients with severe medical 

conditions, malignant tumors, history of chemotherapy 

or radiotherapy, autoimmune diseases, pregnancy, or 

polycystic ovary syndrome were excluded. A control 

group of 69 healthy women aged 16-40 years was also 

analyzed. The participants were divided into age 

subgroups: 16-20, 21-25, 26-30, 31-35, and 36-40 years. 

Data collected included demographic and laboratory 

parameters such as age, menstrual history, hemoglobin, 

serum ferritin (SF), and AMH. This study was approved 

by the Ethics Committee of the 923rd Hospital. 

  

Statistical analysis. Data were analyzed using SPSS 

Statistics 26.0 (SPSS Inc., Chicago, IL, USA). 

Continuous variables were presented as mean ± standard 

deviation or median (range). Between-group differences 

were assessed using the Student t-test for parametric 

data and the Mann-Whitney test for non-parametric 

data. Correlations between AMH and other parameters 

were analyzed using Pearson's correlation or Spearman's 

rank test. P-values <0.05 were considered statistically 

significant. 

 

Results. The median age at menarche in NTDT patients 

was 13 years (range: 13-15). Moreover, 54 had regular 

menstrual cycles, nine had irregular cycles, and one 

patient, aged 28, had not yet started menstruating. In 

total, 84.4% of the patients had regular menstruation, 

while 14.1% had irregular menstruation. The number of 

women in each age subgroup is shown in Table 1. The 

NTDT group comprised 32 HbH patients, 28 with TI, 

and four with α-thalassemia combined with β-

thalassemia. Five patients were diagnosed with 

subclinical hypothyroidism, and one patient had 

diabetes mellitus. Hemoglobin levels showed no 

significant differences across age subgroups in NTDT 

patients (P > 0.05). Among the 64 patients, 15 had 

ferritin levels between 800 and 2500 ng/mL, and 11 had 

ferritin levels greater than 2500 ng/mL, with the 

majority of these patients being older than 26 years. Of 

these, four patients did not receive iron chelation 

therapy, five patients received regular treatment with 

deferoxamine, deferasirox, or deferiprone, and the 

remaining 17 received irregular chelation therapy. SF 
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Table 1. Characteristics of the NTDT patients and controls at baseline. 

Parameter 16-20 years 21-25 years 26-30 years 31-35 years 36-40 years P value 

Controls 5 13 21 14 16  

NTDT 13 13 16 12 10  

TI 4 6 9 3 6  

   HbH 7 7 7 8 3  

   TI with α-Thal 2 0 0 1 0  

HbH with β-Thal 0 0 0 0 1  

   Hemoglobin (g/L) 78.3±5.8 79.3±19.5 79.8±12.2 78.5±10.4 75.9±6.7 0.951 

SF (ng/ml) 
206 

(122-107) 

365 

(212-780) 

788 

(404-2248) 

621 

(157-1471) 

2058 

(898-3305) 
0.020 

AMH (ng/ml) 3.95±2.09 3.63±1.97 2.01±1.03 1.60±0.77 0.76±0.78 <0.001 

Abbreviations: NTDT: non-transfusion-dependent thalassemia; TI: thalassemia intermedia; HbH: hemoglobin H disease; SF: serum ferritin; 

AMH: anti-mullerian hormone. 

 

levels increased with age, with the 16-20 and 21-25 age 

groups showing significantly lower SF levels than the 

26-30 and 36-40 age groups (P < 0.05 for all).  

The peak AMH levels in NTDT patients were seen 

in the 16-20 and 21-25 age groups, with a steep decline 

after the age of 26. AMH levels in the 16-20 and 21-25 

age groups were significantly higher than those in the 

26-30, 31-35, and 36-40 age groups (P < 0.05 for all) 

(Figure 1). No significant difference in AMH levels was 

observed between NTDT and control groups in the 16-

20 and 21-25 age groups (P > 0.05 for all). However, in 

the 26-30, 31-35, and 36-40 age groups, AMH levels 

were significantly higher in the control group than in the 

NTDT group (P < 0.05 for all) (Figure 2).  

No significant difference in AMH levels was found 

between HbH and TI patients (Figure 3). However, 

3.1% (1/32) of HbH patients had abnormally low AMH, 

 

 

Figure 1. Comparison of anti-mullerian at different ages in the 

patients with non-transfusion-dependent thalassemia. Asterisks. 

Indicate statistically significant differences: *P < 0.05, **P < 0.01, 
***P < 0.001. 

 

Figure 2. Comparison of anti-mullerian between non-transfusion-

dependent thalassemia (NTDT) and control groups. Asterisks 

indicate statistically significant differences: *P < 0.05, **P < 0.01, 
***P < 0.001. 
 

 

Figure 3. Comparison of anti-mullerian between thalassemia 

intermedia (TI), hemoglobin H (HbH) disease, and control groups. 

Asterisks indicate statistically significant differences: *P < 0.05. 
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compared to 25% (7/28) of TI patients (P = 0.035), 

indicating that TI patients were more likely to have 

reduced AMH levels. No significant correlation was 

found between AMH levels and hemoglobin or SF 

levels in NTDT patients (P > 0.05). 

 

Discussion. This study utilized AMH levels, a simple 

and accessible clinical marker, to assess ovarian 

function in NTDT patients. The findings indicate that 

AMH levels, a marker of ovarian reserve, were 

significantly lower in NTDT patients over the age of 25 

compared to healthy controls. Ovarian function in 

NTDT patients appeared to decline 5-10 years earlier 

than in the general population. Furthermore, patients 

with TI were at a higher risk of decreased ovarian 

function compared to those with HbH, suggesting that 

women with NTDT, especially those with TI, should 

plan for pregnancy before the age of 25. 

AMH is a more reliable indicator of ovarian reserve 

than follicle-stimulating hormone (FSH), as it starts to 

decline earlier and is more sensitive to changes in 

ovarian function.7 AMH levels tend to rise from infancy, 

peak between ages 15.8 and 25, and begin to decline 

after 25.8 In this study, NTDT patients had the highest 

AMH levels between 16 and 25 years, consistent with 

the literature. However, while healthy women 

experience a sharp decline in AMH between 30 and 35 

years, NTDT patients showed a rapid decline between 

26 and 30 years, about 5 to 10 years earlier than 

expected. 

Hypogonadism is a common endocrine disorder in 

TDT patients, and AMH levels are inversely related to 

ferritin levels, with hypogonadism often resulting from 

iron deposition in hypothalamic-pituitary cells or 

gonads.9,10 Although hypogonadism is less common in 

NTDT compared to TDT, its prevalence remains 

significant.11,12 NTDT is characterized by ineffective 

erythropoiesis, leading to increased intestinal iron 

absorption and lower hepcidin levels, which results in 

iron overload and organ damage.13,14 SF levels in NTDT 

patients are associated with the risk of hypogonadism.15 

Iron accumulation increases with age, even without 

transfusion therapy, and ferritin levels were significantly 

higher in older NTDT patients in this study.16,17 In this 

study, SF levels in the 16-20 and 21-25 age groups were 

lower than that in the 26-30 and 35-40 age groups, which 

may explain the sharp decline in ovarian function after 

age 25, as SF gradually accumulates with age in NTDT 

patients. 

The study also found that TI patients were more 

likely to have lower AMH levels than HbH patients, 

suggesting a greater risk of diminished ovarian function 

in TI patients. This may be due to the more severe 

anemia and iron overload seen in TI patients, who are 

more prone to iron overload than those with HbH, 

particularly the patients with deletion HbH.18,19 Long-

term anemia can lead to hypoxia and ischemia in organs 

and tissues, triggering compensatory hyperplasia. 

Improving basal hemoglobin levels can help address 

growth retardation.1 Additionally, studies have 

confirmed that serum ferritin levels ≥800 ng/ml serve as 

a threshold for organ damage in these patients.20 In our 

study, some patients had low baseline hemoglobin 

levels, and most did not receive regular iron removal 

therapy. We recommend that patients with low AMH 

levels undergo close monitoring of hemoglobin, ferritin, 

and sex hormone levels, along with liver and cardiac 

magnetic resonance imaging to assess iron deposition. 

Appropriate blood transfusions and iron removal 

therapy should be considered to prevent further ovarian 

function decline. 

This study had several limitations, including the 

small sample size, particularly in the age-stratified 

analysis, which prevented direct comparisons of AMH 

levels between HbH and TI patients by age. 

Additionally, due to the limited number of cases, we 

could not assess whether co-inherited α-thalassemia 

combined with β-thalassemia affected AMH levels. 

Larger studies are needed to validate these findings. 

 

Conclusions. Our findings suggest that AMH levels 

decline 5-10 years earlier in NTDT patients compared to 

healthy controls, with a particular risk of ovarian 

insufficiency in patients with TI. Low ovarian reserve 

could be a contributing factor to subfertility in many 

women with NTDT. These results require further 

confirmation in larger, multicenter studies. 
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