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Fetal hemoglobin (HbF) is the predominant hemoglobin during fetal 

development, usually replaced by adult hemoglobin after birth. In certain 

individuals, low levels of HbF production persist into adulthood, leading to a 

benign genetic condition referred to as Hereditary Persistence of Fetal 

Hemoglobin (HPFH). The aim is to investigate cases of elevated HbF in 

individuals with otherwise normal complete blood count (CBC) parameters 

by comparing hematological indices and hemoglobin fractions. A cross-

sectional study was conducted on 50 children aged 1–10 years, with 

demographic data including age and gender recorded. Hematological 

parameters were measured using the NANA-5 Geno TEK analyzer, and 

hemoglobin fractions were determined with the Bio-Rad D-10 High-

Performance Liquid Chromatography (HPLC) system. Statistical analysis was 

performed utilizing SPSS version 25. The methods employed included the 

Kruskal–Wallis test, Mann-Whitney U test, and Chi-square test. In this 

context, p-values less than 0.05 were regarded as statistically significant. A 

male predominance (60–73%) was noted across groups. The study group 
showed lower RBC counts (4.3 ×10⁶/μL) and Hb (11.5 g/dL) than controls but 

higher MCV (78.5 fL) and MCH (26 pg) than control positive group. HbF 

was intermediate in the study group (4.1%), significantly higher than control 

negative group (0.9%) but lower than control positive group (9.85%). 

HbA₂ was normal (2.45%) versus elevated in control positive group (4.9%). 

The findings indicate that elevated HbF with normal red cell indices represents 

a benign phenotype, most consistent with HPFH or regulatory variation rather 

than β-thalassemia minor. Normal HbA₂ and red cell indices distinguished the 

study group from β-thalassemia minor, which showed microcytosis, 

hypochromia, and elevated HbA₂. Integrating CBC parameters and 

hemoglobin fractionation is essential for accurate differentiation, particularly 

in regions with a high prevalence of thalassemia such as the Kurdistan Region 

of Iraq. 

Keywords: 

Fetal hemoglobin.  

β-thalassemia. 

Hemoglobinopathy.  

Hereditary Persistence of Fetal 

Hemoglobin (HPFH). 

This is an open access article under the CC BY license. 

 

 

Corresponding Author: 

Brwa G. Muhammed 
Medical Laboratory Department, Technical College of Health and Medical Technology,  

Suleimani Polytechnic University, Kurdistan, Iraq 
Email: Brwa.mohamed.chmt@spu.edu.iq 

 

1. INTRODUCTION 

Hemoglobin is a protein containing iron that facilitates oxygen transport and imparts the red color to blood [1]. 

Structurally, it comprises 2 (α β)like globin chains, each joined to a clump of heme group, enabling reversible oxygen 

binding [2]. Hemoglobin expression evolves throughout development, with eight globin genes producing six major 

hemoglobin types. Embryonic hemoglobin—Hb Gower I (ζ₂ε₂), Hb Gower II (α₂ε₂), and Hb Portland (ζ₂γ₂)—dominate 

early development, while HbF (α₂γ₂) is predominant during fetal life [3, 4].  

 

Hemoglobin switching is tightly regulated and occurs in phases. Initially, hematopoiesis occurs in the yolk sac, then 

shifts toward the fetal liver by weeks six to eight, leading to the replacement of embryonic ε-globin (HBE) by fetal γ-

https://acadscij.uodiyala.edu.iq/index.php/Home/index
https://creativecommons.org/licenses/by-sa/4.0/
mailto:Brwa.mohamed.chmt@spu.edu.iq


                          Academic Science Journal (E-ISSN: 2959 5568, P–ISSN: 2959 4612) 
 

 Elevated Fetal Hemoglobin with Normal Hematological Indices in Kurdish Children: A Cross-Sectional Study 

(Brwa G. Muhammed) 

114 

globin (HBG1, HBG2) [5, 6]. Eventually, hematopoiesis transitions to the bone marrow, where γ-globin is suppressed 

and replaced by β-globin expression from the HBB gene on chromosome 11 [7, 8]. 

At birth, HbF accounts for 60–80% of total hemoglobin but by six months, HbF levels drop to approximately 5%, and 

decline to <1% by age two, remaining confined to F cells in adults. Adult hemoglobin composition is primarily HbA 

(96–98%), with HbA₂ (2.5–3.5%) and HbF (<1%) [9, 10]. HbF’s higher oxygen affinity, due to weak 2,3-BPG 

binding, facilitates placental oxygen transfer [11]. Postnatally, HbA-expressing erythroid cells expand, reducing HbF 

levels [12]. Elevated HbF levels in adults can lead to tissue hypoxia, triggering erythropoietin production and an 

increase in RBC mass as a compensatory response. Environmental and physiological factors can also elevate HbF, 

including hypoxia, stress erythropoiesis, anemia, lung diseases, cyanotic heart disease, bone marrow disorders, thyroid 

dysfunction, and high-altitude. These factors often activate the VHL-HIF1α signaling pathway, enhancing HbF 

production [13-15]. 

Hereditary Persistence of Fetal Hemoglobin (HPFH) is a harmless genetic situation in which fetal hemoglobin (HbF) 

production lasts to maturity. Normally, HbF constitutes 0.8% to 5% of total hemoglobin but can exceed 30% in some 

cases [16]. Large deletions in the β-globin gene cluster, change to the promoters in HBG1 and HBG2, or various in 

administrative genes like BCL11A and MYB, can all causes HPFH [17]. It is often detected incidentally during 

hemoglobinopathy screenings [18]. HPFH can ameliorate β-thalassemia and sickle cell illness by compensating for 

defective β-globin or reducing HbS polymerization [19, 20]. Molecular analysis is essential to differentiate HPFH 

from other etiologies of elevated HbF [18].  

Hemoglobinopathies, affect 300,000-400,000 infants annually, particularly in Southeast Asia, the Mediterranean, and 

sub-Saharan Africa [21]. These disorders arise from mutations in the HBB gene [22]. In Iraq, the β-thalassemia carrier 

rate is high, with a 4.1% prevalence reported in Sulaymaniyah [23]. Quantifying HbF is vital for diagnosing 

hemoglobinopathies and evaluating feto-maternal hemorrhage. While advanced diagnostic tools like HPLC, capillary 

electrophoresis, and molecular techniques are effective, many regions still rely on CBC and conventional 

electrophoresis, which offer limited sensitivity [24-26]. 

 

Gap statement  

Hemoglobinopathies are highly prevalent in the Middle East, including Iraq, and represent a major public health 

concern. In Sulaymaniyah, β-thalassemia is common and well-studied; however, a distinct phenotype has been 

observed in some individuals who present with elevated fetal hemoglobin (HbF) despite normal complete blood count 

(CBC) parameters. This finding does not fit the classical features of β-thalassemia minor or other hemoglobinopathies 

and remains unexplained. 

Elevated HbF is typically linked to pathological conditions such as β-thalassemia, sickle cell disease, and hereditary 

persistence of fetal hemoglobin (HPFH), or to physiological states like pregnancy and infancy. Its occurrence in 

otherwise healthy individuals with normal hematological indices is uncommon and has not been systematically studied 

in Sulaymaniyah. Without molecular characterization, these cases may be misclassified as hemoglobinopathy carriers, 

leading to unnecessary anxiety and inappropriate counseling. Addressing this knowledge gap is essential to improve 

diagnostic accuracy, refine laboratory practices, and expand understanding of HbF regulation beyond disease contexts. 

This study aims to detect characterization of elevated HbF levels in individuals with normal CBC parameters by 

analyzing hematological parameters and hemoglobin fractionation. 

2. METHOD  

This present study is a cross-sectional comparative analysis conducted to examine the laboratory 

characteristics of individuals exhibiting elevated fetal hemoglobin (HbF) levels despite having normal complete blood 

count (CBC) parameters, at the Technical College of Health and Medicine, Polytechnic University of Sulaymaniyah, 

Iraq. Blood samples were collected from a private clinical laboratory in Sulaimani City from October 2024 to July 

2025, over a ten-month period. Ethical approval was obtained at 15/11/2024, and written informed consent was 

obtained from all members or their legal guardians before admission. 

  

The study included a total of 50 participants from the population aged 1 to 10 years (pediatric age group) recruited 

from the Sulaimani Governorate, divided into three groups.  The study group (Group I) comprised 30 individuals with 

elevated HbF levels (>2%) in the presence of normal CBC parameters, including hemoglobin concentration, MCV, 

MCH, MCHC, RBC, and RDW, all within established reference ranges. This group included 22 males and 8 females 

all aged between 1-10 years and represented individuals with isolated elevation of HbF.  

The control positive group (Group II) consisted of 10 individuals diagnosed with β-thalassemia minor, characterized 

by abnormal CBC indices and diagnostic HPLC patterns consistent with β-thalassemia trait. This group included 6 

males and 4 females. Participants with other hemoglobinopathies, or other types of thalassemia, were excluded. The 
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control negative group (Group III) included 10 individuals (6 males and 4 females) with normal CBC parameters and 

normal HPLC findings, including normal HbF levels. Selection of both control groups was based on the earliest 

eligible individuals identified during the screening period. To ensure age comparability with the study group, inclusion 

was restricted to individuals aged ≤10 years. After hematological classification, all 50 individuals across the three 

groups demographic variables, including age and sex, were recorded for all participants to facilitate subgroup analysis 

and accurate interpretation of HbF variability. 

 

From each participant, 5 mL of peripheral blood was drawn by venipuncture from the median cubital vein into K₃-

EDTA tubes (manufacture in China), which were gently mixed to prevent clotting and were maintained at room 

temperature prior to analysis. All specimen were processed within three hours of collection. Hematological 

parameters, were measured using the NANA-5 Geno TEK (Nana American Origin 5-Differential system) automated 

blood cell counter. The hematology analyzer was calibrated daily using manufacturer-provided control materials. 

 

This analyzer utilizes a combination of electrical impedance, flow cytometry, and light scattering technologies to 

differentiate and quantify blood cells. The results were displayed on the analyzer screen, printed. Then transferred to 

a Laboratory Information System (LIS) for further review by laboratory personnel.  Then compared with Children’s 

Reference Ranges (Reference range: Blood Sciences, Department of Hematology. (n.d.) Reference ranges for FBC. 

Q Pulse Reference No: HA/WE/003. Version 5. Authorized by: Paul Virgo), (Figure 5). 

 

To investigate hemoglobin variants, hemoglobin fractionation was performed using high-performance liquid 

chromatography (HPLC) with the Bio-Rad D-10 automated ion-exchange system (USA) at accredited private 

laboratories. Samples were analyzed promptly after collection or, when immediate analysis was not possible, stored 

at 3–4°C for up to 7 days. The D-10 system separates hemoglobin fractions by cation-exchange chromatography 

according to their ionic charge. Fractions were eluted using buffers of increasing ionic strength and detected by 

absorbance at 415 nm. The resulting chromatograms allowed the qualitative identification and quantitative 

determination of hemoglobin fractions based on their retention times and peak areas. The principal fractions analyzed 

were HbA₀, HbA₂, and HbF. Typical adult reference values are HbA₀: 95–98%, HbA₂: 2.0–3.5%, and HbF: <2%.  

 

The variables analyzed in this study included demographic factors (age and gender), hematological parameters (Hb, 

MCV, MCH, MCHC, RDW, and RBC count), and hemoglobin fractions (HbA0, HbA2, and HbF). All statistical 

analyses were conducted using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA). The level of 

statistical significance was set at p < 0.05 for all tests.  

 

Descriptive statistics were used to summarize both categorical and continuous variables. Categorical data, such as 

participant sex, were presented as frequencies and percentages. Continuous variables, including age, RBC count, Hb 

concentration, and Hb fractions (HbA0, HbA₂, and HbF), were expressed as median values. For more detailed age-

related analysis, participants were stratified into four subgroups: 1 year, 2 years, 3 years, and ≥4 years.  

 

Data normality was assessed using the Shapiro–Wilk test, which demonstrated that most continuous variables were 

not normally distributed; therefore, non-parametric tests were applied in most comparisons. Variables that met 

parametric assumptions, such as RBC count, were analyzed using the independent-samples t-test for two-group 

comparisons and one-way ANOVA for comparisons involving more than two groups. 

 

Comparative analyses were conducted among three groups: individuals with elevated HbF and normal CBC (Study 

group), β-thalassemia minor (Control positive), and healthy individuals (Control negative). For non-normally 

distributed variables, the Kruskal–Wallis H test was used as a non-parametric alternative to one-way ANOVA. This 

test was appropriate for identifying statistically significant differences in hematological and biochemical parameters 

among the three groups. Gender-based differences in percentages HbF levels within each group were evaluated using 

the Mann–Whitney U test. This non-parametric method was chosen due to the non-normal distribution of HbF levels.  

All results were reported with corresponding descriptive measures and p-values. 

 

3. RESULTS AND DISCUSSION  

Fetal hemoglobin (HbF) is the predominant hemoglobin during fetal life and normally declines substantially 

after birth as γ-globin expression is progressively silenced and β-globin synthesis becomes predominant [27]. The 

present study evaluated individuals from Sulaimani City, Kurdistan Region of Iraq, who demonstrated elevated HbF 

despite relatively preserved hematological parameters. Participants were categorized into three groups: the study 

group, comprising individuals with elevated HbF and normal CBC parameters; the β-thalassemia minor control-

positive group; and the control-negative group, consisting of individuals with normal HbF and hematological findings. 
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3.1: Demographic data 

3.1.1 Gender and Age Distribution 

Table 1 and Figures 1–2 demonstrate that the groups differed in both gender and age composition; therefore, these 

demographic differences should be considered when interpreting subsequent HbF comparisons. The study included 

30 children with elevated HbF and comparatively preserved hematological indices, 10 children with β-thalassemia 

minor (control-positive group), and 10 children with physiologically low HbF (control-negative group). The study 

group was predominantly male (73.3%), whereas males accounted for 60.0% of each control group (Figure 1). The 

predominance of males in the study group is more likely to reflect the composition of this relatively small cohort than 

a biological difference, particularly because participant selection was not sex-specific. Similar male predominance 

has been reported in some pediatric hematological screening cohorts [28, 29]. 

 

Table 1. Distribution of age groups among three groups. This table that showed the number and percentage of 

children individuals in all three groups according to sub-age groups. 
Variable Study group (n=30) 

(Elevated HbF with normal 

CBC) 

Control positive (n=10) 

(Beta thalassemia minor) group 

Control negative group 

(n=10) 

Age groups 

(year)s 

Number of 

individuals 

Percentage 

(%) 

Number of 

individuals 

Percentage (%) Number of 

individuals 

Percentage 

(%) 

1 10 33.3% 2 20.0% 1 10.0% 

2 13 43.3% 2 20.0% 2 20.0% 

3 4 13.3% 2 20.0% 3 30.0% 

≥ 4 3 10.0% 4 40.0% 4 40.0% 

Total 30 100% 10 100% 10 100% 

 

Age distribution differed among the groups (Table 1; Figure 2). In the study group, 76.6% of participants were aged 

1–2 years, with 33.3% aged 1 year and 43.3% aged 2 years. Only 23.3% were aged ≥3 years. In contrast, 40.0% of 

both control groups were aged ≥4 years. Thus, elevated HbF in the study group was predominantly identified during 

the first two years of life. Because HbF normally declines rapidly after birth as γ-globin expression is progressively 

suppressed, persistent elevation beyond infancy warrants consideration of inherited or regulatory mechanisms 

affecting HbF expression [27]. 

 

 
Figure 1. Distributions of gender among study individuals. This chart illustrating the proportion of male and female participants 

across the study group, control patient group, and control normal group, expressed as percentages. 
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Figure 2. Comparisons of age groups among study individuals. This chart showing the percentage distribution of individuals 

across predefined age categories (1 year, 2 years, 3 years, and ≥4 years) within the study group, control patient group, and control 

normal group. 

 

3.2: Comparison of Hematological Parameters  

Marked differences in hematological indices were observed among the three groups (Table 2–4). Compared with the 

β-thalassemia minor group, the study group had a significantly lower RBC count (4.38 vs. 5.55 ×10⁶/µL), but 

significantly higher MCV (78.5 vs. 58.5 fL), MCH (26.0 vs. 19.0 pg), and Hb concentration (11.5 vs. 10.6 g/dL), with 

all differences reaching P = 0.0001. RDW was also substantially lower in the study group than in the β-thalassemia 

minor group (12.55% vs. 16.5%, P = 0.0001), whereas MCHC did not differ significantly (P = 0.548) (Table 2). This 

pattern is consistent with the characteristic microcytic and hypochromic phenotype of β-thalassemia minor, in which 

reduced MCV and MCH and relatively increased RBC counts are commonly observed [30-32]. 

 

Table 2. Comparison of hematological parameters between Study group and Control positive group. These range 

compared with children references range. 
 Study group (n=30) 

(Elevated HbF with normal CBC) 

Control positive (n=10) 

(Beta thalassemia minor) group 

 

Variables Median Median P-value 

RBC (106 /μl) 4.38 (mean) 5.55 (mean) 0.0001* 

MCV (fl) 78.5 58.5 0.0001* 

MCH (pg) 26 19 0.0001* 

MCHC (g/dl) 34 34 0.548 

Hb (g/dl)  11.5 10.6 0.0001* 

RDW (%) 12.55 16.5 0.0001* 

P-value < 0.05 statistical significance.  

 

Compared with the control-negative group, the study group had lower RBC count (4.38 vs. 4.95 ×10⁶/µL, P = 0.002), 

Hb concentration (11.5 vs. 13.4 g/dL, P = 0.001), and MCV (78.5 vs. 85.5 fL, P = 0.010), while MCH and RDW were 

not significantly different (P = 0.062 and 0.988, respectively). MCHC was significantly higher in the study group (34 

vs. 32 g/dL, P = 0.001) (Table 3). These findings indicate that the study group was hematologically distinct from 

healthy controls but did not show the marked microcytosis, hypochromia, and increased RDW characteristic of β-

thalassemia minor. 
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Table 3. Comparison of hematological parameters between Study group and Control negative. These range 

compared with children references range. 
 Study group (n=30) 

(Elevated HbF with normal CBC) 

Control negative group (n=10)  

Variables Median Median P-value 

RBC (106 /μl) 4.38 (mean) 4.95 (mean) 0.002* 

MCV (fl) 78.5 85.5 0.010* 

MCH (pg) 26 27 0.062 

MCHC (g/dl) 34 32 0.001* 

Hb (g/dl)  11.5 13.4 0.001* 

RDW (%) 12.55 12.85 0.988 

P-value < 0.05 statistical significance.  

 

When all three groups were compared, significant differences were observed for RBC count, MCV, MCH, Hb, 

MCHC, and RDW (Table 4). The β-thalassemia minor group showed the most pronounced microcytic–hypochromic 

profile, whereas the control-negative group had the highest MCV, MCH, and Hb values. The study group generally 

showed intermediate values. The relatively preserved MCV, MCH, and RDW in the study group, together with the 

absence of the typical β-thalassemia minor pattern, supports the interpretation that its elevated HbF is not simply a 

consequence of the hematological phenotype associated with β-thalassemia trait. Similar distinctions between HbF-

persistent phenotypes and β-thalassemia carriers have been reported previously [30, 33, 34]. The higher RDW in β-

thalassemia minor indicates greater red-cell size heterogeneity, although RDW is not specific for β-thalassemia and 

can also be affected by iron deficiency and other microcytic disorders [31, 35]. 

 

Table 4. Comparison of hematological parameters across three groups. 
 Study group (n=30) 

(Elevated HbF with normal CBC) 

Control positive (n=10) 

(Beta thalassemia minor) 

group 

Control negative 

group (n=10) 

 

Variables Median Median Median P-value 

RBC (106 /μl) 4.38 (mean) 5.55 (mean) 4.95 (mean) 0.0001* 

MCV (fl) 78.5 58.5 85.5 0.0001* 

MCH (pg) 26 19 27 0.0001* 

MCHC (g/dl) 34 34 32 0.009 

Hb (g/dl)  11.5 10.6 13.4 0.0001* 

RDW (%) 12.55 16.5 12.85 0.0001* 

These range compared with children references range. P-value < 0.05 statistical significance.  

 

Importantly, the study group's Hb concentration was lower than that of the control-negative group. Therefore, rather 

than describing the participants categorically as having a completely "normal CBC," the findings are more 

appropriately interpreted as relatively preserved red-cell indices with no characteristic β-thalassemia minor pattern. 

This distinction is important for accurate journal reporting. 

 

3.3 Comparison of hemoglobin Fractions 

HPLC demonstrated clear differences in HbF, HbA₀, and HbA₂ among the three groups (Tables 5–7). The study group 

had a median HbF of 4.1%, significantly higher than the control-negative group (0.9%, P = 0.0001) but significantly 

lower than the β-thalassemia minor group (9.85%, P = 0.0001) (Tables 5–7). Thus, the study group showed a consistent 

intermediate HbF phenotype between the two controls. 

 

The HbA₀ concentration was significantly higher in the study group than in the β-thalassemia minor group (82.0% vs. 

75.5%, P = 0.0001) but lower than in the control-negative group (86.0%, P = 0.0001) (Tables 5). The relatively 

preserved HbA₀ concentration in the study group, together with its comparatively preserved CBC profile, does not 

suggest substantial impairment of β-globin production. In contrast, the lower HbA₀ in β-thalassemia minor is 

consistent with altered globin-chain synthesis associated with reduced β-globin production [36, 37]. HbA₂ further 

differentiated the groups, with a significantly higher median level in the β-thalassemia minor group (4.90%) than in 

the study group (2.45%, P = 0.0001), while no significant difference was observed between the study and control-

negative groups (2.45% vs. 2.50%, P = 0.914) (Tables 5–7). This elevated HbA₂, together with the microcytic and 

hypochromic profile described above, is consistent with the established laboratory phenotype of β-thalassemia trait, 

in which HbA₂ is generally elevated above approximately 3.5% [33, 38, 39]. In contrast, the normal HbA₂ level in the 

study group, comparable to that of the control-negative group, further supports the absence of a typical β-thalassemia 

trait phenotype and suggests that the observed HbF elevation may have a different underlying basis, such as HPFH or 

other HbF-regulatory mechanisms. Definitive identification of the underlying cause requires molecular analysis. 
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Table 5. Comparison of hemoglobin fractions between Study group and Control positive. 
 Study group (n=30) 

(Elevated HbF with normal CBC) 

Control positive (n=10) 

(Beta thalassemia minor) group 

 

Variable Median (%) Median (%) P-value 

HbA0 82 75.5 0.0001* 

HbA2 2.45 4.9 0.0001* 

HbF 4.1 9.85 0.0001* 

* P-value < 0.05 statistical significance.    

 

Table 6. Comparison of hemoglobin fractions between Study group and Control negative. 
 Study group (n=30) 

(Elevated HbF with normal CBC) 

Control negative group (n=10)  

Variable Median (%) Median (%) P-value 

HbA0 82 86 0.0001* 

HbA2 2.45 2.5 0.914 

HbF 4.1 0.9 0.0001* 

* P-value < 0.05 statistical significance.   

  
The combination of HbF elevation, normal-range HbA₂, and relatively preserved red-cell indices in the study group 

differentiates it from β-thalassemia minor. The HbF level of 4.1% is within the range reported in individuals with 

HPFH or other HbF-persistent phenotypes who lack major hematological abnormalities. Amato et al. (2014), for 

example, reported HbF values of approximately 5.9–6.5% among individuals with HPFH and normal hematological 

findings. Similarly, variation in HbF among individuals carrying β-globin-related or HbF-regulatory variants has been 

attributed to differences in γ-globin regulation and genetic modifiers [40-42]. 

 
Overall, the gradient of HbF—9.85% in β-thalassemia minor, 4.1% in the study group, and 0.9% in controls—

indicates that elevated HbF can occur through different biological mechanisms (Table 7). In β-thalassemia, increased 

HbF may partially compensate for reduced β-globin production, whereas persistent HbF in individuals without the 

characteristic β-thalassemia phenotype may reflect HPFH or other regulatory variation affecting γ-globin expression 

[37, 43]. Definitive discrimination between these possibilities, however, requires molecular characterization rather 

than hematological findings alone. 

 

Table 7. Comparison of hemoglobin fractions across three groups. 
 Study group (n=30) 

(Elevated HbF with normal CBC) 

Control positive (n=10) 

(Beta thalassemia minor) 

group 

Control negative 

group (n=10) 

 

Variable Median (%) Median (%) Median (%) P-value 

HbA0 82 75.5 86 0.0001* 

HbA2 2.45 4.9 2.5 0.0001* 

HbF 4.1 9.85 0.9 0.0001* 

* P-value < 0.05 statistical significance.    

 

3.4 Gender- and Age-Based Analysis of Fetal hemoglobin Levels 

Sex-stratified analysis showed relatively small differences in HbF within the study group, with median values of 

4.10% in males and 4.05% in females. In the β-thalassemia minor group, females had higher HbF than males (12.35% 

vs. 8.90%), whereas HbF remained low in both sexes in the control-negative group (1.05% vs. 0.70%) (Figure 3, 

Table 8). Given the small subgroup sizes, these differences should not be interpreted as evidence of a definitive sex-

dependent effect. HbF variation is primarily influenced by developmental and genetic regulation of γ-globin 

expression, including BCL11A, KLF1, and HBS1L-MYB, rather than sex itself [43-45]. 
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Figure 3. Gender based comparison of fetal hemoglobin levels across three groups. The figure illustrates differences in HbF 

distribution between males and females across all groups, highlighting gender-related variations in HbF expression among the 

study population. 

 

HbA₂ showed the clearest sex-related difference in the β-thalassemia minor group, with values of 5.00% in males and 

3.85% in females. In comparison, HbA₂ remained within the expected range in both sexes in the study and control-

negative groups (Table 8). The elevated HbA₂ in the β-thalassemia minor group is consistent with its established 

diagnostic value in β-thalassemia trait. Previous studies have reported sex-related variation in HbA₂ among β-

thalassemia carriers, although such differences have not been consistently observed across populations [46-48]. 

 

HbA₀ showed the opposite pattern, being highest in the control-negative group (86.25% in males and 85.80% in 

females), intermediate in the study group (82.55% and 81.00%), and lowest in the β-thalassemia minor group (76.45% 

and 72.50%) (Figure 3, Table 8). The reduction in HbA₀ in β-thalassemia minor is compatible with altered globin-

chain synthesis associated with reduced β-globin production, whereas the relatively preserved HbA₀ in the study group 

further supports the absence of a typical β-thalassemia phenotype [36]. 

 

Table 8. Gender based Comparison of hemoglobin fractions across three groups. Median percentages of HbF, HbA₀, 

and HbA₂ are presented separately for males and females in the study group, control positive, and control negative. 
 Study group (n=30) 

(Elevated HbF with 

normal CBC) 

Control positive (n=10) 

(Beta thalassemia minor) 

group 

Control negative group 

(n=10) 

 

 Male Female Male Female Male Female  

Variable Median 

(%) 

Median 

(%) 

Median 

(%) 

Median 

(%) 

Median 

(%) 

Median 

(%) 

P-value 

HbF 4.10 4.05 8.90 12.35 1.05 0.70 0.0001* 

HbA0 82.55 81.00 76.45 72.50 86.25 85.80 0.0001* 

HbA2 2.45 2.60 5.00 3.85 2.50 2.45 0.0001* 

* P-value < 0.05 statistical significance.    

 
Because the present cohort consisted predominantly of young children, the observed sex differences should be 

interpreted cautiously. Hormonal influences on HbF are less likely to account for substantial variation before puberty; 

therefore, genetic and developmental factors may be more relevant in this age group. Importantly, the small sample 

size and unequal sex distribution limit the ability to draw definitive conclusions regarding sex-specific regulation of 

HbF. 

 

HbF demonstrated distinct age-related patterns among the three groups (Table 9, Figure 4). In the study group, median 

HbF remained relatively stable during the first three years of life, increasing slightly from 4.05% at one year to 4.40% 

and 4.60% at two and three years, respectively, before declining to 3.10% among children aged ≥4 years. This 

persistence of HbF beyond the period of physiological γ-globin suppression is consistent with a delayed or incomplete 

developmental switch from γ- to β-globin expression. 
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In contrast, the β-thalassemia minor group demonstrated a pronounced age-related decline in HbF, from 15.75% at 

one year to 10.90%, 8.90%, and 7.20% at ages 2, 3, and ≥4 years, respectively (Table 9, Figure 4). This progressive 

decline is compatible with continued developmental suppression of γ-globin expression, although HbF remained 

substantially higher than in the control-negative group. Increased HbF in β-thalassemia may also partially compensate 

for reduced β-globin synthesis by increasing formation of HbF [37]. 

 

The control-negative group maintained consistently low HbF concentrations across age categories, ranging from 

0.55% to 1.10%, consistent with the expected postnatal decline in HbF (Table 9, Figure 4). The persistence of HbF 

at approximately 3–5% in the study group despite increasing age is therefore unlikely to represent normal 

physiological HbF alone. Similar persistent HbF phenotypes have been associated with HPFH and genetic variation 

involving HbF regulatory pathways, including BCL11A, HBS1L-MYB, and the HBG1/HBG2 loci [43, 49, 50]. 

 
Table 9. Age group-based Comparison of Fetal hemoglobin (HbF %) across three groups. 

 Study group (n=30) 

(Elevated HbF with 

normal CBC) 

Control positive (n=10) 

(Beta thalassemia minor) 

group 

Control negative 

group (n=10) 

 

Age groups Median Median Median P-value 

1 4.05 15.75 1.00 0.0001* 

2 4.40 10.90 0.55 0.0001* 

3 4.60 8.90 1.10 0.0001* 

≥ 4 3.10 7.20 1.05 0.0001* 

* P-value < 0.05 statistical significance. 

 

 
Figure 4. Age groups-based comparison of fetal hemoglobin levels across three groups. The figure presents median HbF values 

stratified by age in all groups, demonstrating age-related trends and differences in HbF expression among the groups. 

 

Taken together, the hematological and HPLC findings distinguish the study group from both β-thalassemia minor and 

physiologically normal controls. The study group had intermediate HbF (4.1%), preserved HbA₀ (82%), normal-range 

HbA₂ (2.45%), and substantially less microcytosis and hypochromia than the β-thalassemia minor group (Tables 2–

7). This combination suggests that the elevated HbF is unlikely to be explained by β-thalassemia minor alone. 

 

The phenotype is compatible with persistent or increased γ-globin expression, potentially resulting from HPFH or 

other genetic modifiers of HbF production. Variants affecting transcriptional regulators such as BCL11A, KLF1, and 

HBS1L-MYB, as well as variants within the γ-globin regulatory regions, can produce increased HbF without the 

marked red-cell abnormalities characteristic of β-thalassemia [43, 45, 51]. Nevertheless, the present hematological 

and chromatographic findings cannot establish the underlying molecular cause. 

 

Therefore, the combination of CBC parameters, HPLC-derived hemoglobin fractions, age-related HbF assessment, 

and targeted molecular analysis provides a more appropriate diagnostic framework for children with unexplained HbF 

4.05 * 4.4* 4.6*
3.1*

15.75

10.9

8.9

7.2

1 0.55 1.1 1.05

0

2

4

6

8

10

12

14

16

18

1 years 2 years 3 years ≥ 4 years

M
ed

ia
n

 H
b

F
 (

%
)

Age groups

Age group-based Comparison of Fetal hemoglobin (HbF %) 

Study group Control positive Control negative



                          Academic Science Journal (E-ISSN: 2959 5568, P–ISSN: 2959 4612) 
 

 Elevated Fetal Hemoglobin with Normal Hematological Indices in Kurdish Children: A Cross-Sectional Study 

(Brwa G. Muhammed) 

122 

elevation. This is particularly relevant in populations with a high prevalence of hemoglobinopathies, where isolated 

elevation of HbF may otherwise be incorrectly attributed to β-thalassemia or another hemoglobin disorder [52-54]. 

 

The present findings consequently support further molecular investigation of the study group, particularly analysis of 

HBG1/HBG2 regulatory regions and established HbF-modifying loci, to determine whether the observed mild HbF 

elevation represents HPFH, a γ-globin regulatory polymorphism, or another inherited mechanism. 

 

 

Children’s Reference Ranges for Routine Hematology Tests 

Age Group Hb (g/L) RBC (×10¹²/L) HCT 

Birth 140–240 3.7–6.5 0.47–0.75 

2 weeks 134–198 3.9–5.9 0.41–0.65 

4 weeks 134–198 3.2–5.9 0.41–0.65 

2–6 months 94–130 3.1–4.3 0.28–0.42 

6 months–1 year 111–141 4.1–5.3 0.33–0.41 

1–6 years 115–140 3.9–5.3 0.34–0.40 

6–12 years 115–155 4.0–5.2 0.35–0.40 

12–18 years (Female) 120–160 4.1–5.1 0.36–0.46 

12–18 years (Male) 130–170 4.5–5.3 0.37–0.49 

 
Age (years) MCV (fL) MCH (pg) MCHC (g/L) 

1 72–84 25.0–29.0 320–360 

2 71–83 23.1–28.2 320–359 

3 74–87 24.8–28.9 313–352 

4 71–85 23.4–29.1 319–356 

5 73–87 24.0–30.0 320–348 

6 74–91 24.5–29.6 323–360 

7 73–87 23.6–31.0 319–369 

8 78–97 26.0–29.4 327–358 

9 73–89 25.3–29.8 323–361 

10 76–88 24.9–30.2 317–355 

11 77–95 25.0–33.0 310–370 

 
Figure 5. Children’s Reference Ranges (Blood Sciences, Department of Hematology. (n.d.) Reference ranges for FBC. Q 

Pulse Reference No: HA/WE/003. Version 5. Authorized by: Paul Virgo). 

 

 

4. CONCLUSION 

The hematological findings indicate that individuals with elevated HbF and normal red cell indices 

represent a benign phenotype, most consistent with hereditary persistence of fetal hemoglobin (HPFH) or 

regulatory polymorphisms, rather than β-thalassemia minor. The study group showed normal hemoglobin levels, 

red cell indices, and HbA₂, in contrast to the β-thalassemia minor group, which demonstrated microcytosis, 

hypochromia, and elevated HbA₂. Persistent and relatively stable HbF levels, particularly during early childhood, 

further supported a benign pattern. These findings highlight the importance of integrating CBC parameters and 

hemoglobin fractionation to accurately distinguish benign HbF persistence from β-thalassemia carriers. This 

distinction is particularly important in the Kurdistan Region of Iraq, where thalassemia is prevalent and 

misclassification during screening may have important clinical and social consequences. 
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