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Abstract

Background: Sickle cell anemia (SCA) is a chronic inherited
hemoglobinopathy associated with severe morbidity and reduced quality of
life. Hydroxyurea (HU) is the most effective disease-modifying
pharmacological therapy for SCA; however, continuous evaluation of its
clinical and hematological impact in different populations is essential.
Objective: To assess the clinical efficacy and hematological effects of
hydroxyurea therapy in Iraqi patients with sickle cell anemia.

Materials and Methods: A cross-sectional observational study was
conducted on 50 Iraqi patients diagnosed with SCA and treated with
hydroxyurea for at least six months. Clinical outcomes included frequency
of vaso-occlusive crises and pain intensity. Hematological parameters
assessed were hemoglobin concentration and fetal hemoglobin (HbF)
percentage. Data were analyzed using descriptive and comparative
statistical methods.

Results: Hydroxyurea therapy resulted in a significant increase in HbF
levels and total hemoglobin concentration. Additionally, patients
experienced a notable reduction in pain intensity and frequency of vaso-
occlusive crises. The drug was generally well tolerated, and no severe
adverse drug reactions were observed.

Conclusion: Hydroxyurea demonstrates significant clinical and
hematological benefits in Iraqi patients with sickle cell anemia. The
findings support its role as a safe and effective pharmacological therapy and
highlight its importance in routine clinical practice.
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1. Introduction
Sickle cell anemia (SCA) is a chronic inherited hemoglobinopathy caused by a structural abnormality in hemoglobin,
leading to the formation of hemoglobin S (HbS). Under conditions of low oxygen tension, HbS polymerizes, resulting
in erythrocyte deformation, increased hemolysis, and microvascular occlusion (Pavan et al., 2024). These pathological
events contribute to chronic anemia, recurrent vaso-occlusive crises, progressive organ damage, and reduced life
expectancy. SCA remains a major public health challenge, particularly in developing countries where access to
advanced healthcare resources is limited. From a pharmaceutical sciences perspective, the management of sickle cell
anemia relies heavily on pharmacological interventions aimed at modifying disease progression and reducing clinical
complications (Light et al., 2023; McCormick et al., 2021). Among available therapeutic options, hydroxyurea is
recognized as the most effective disease-modifying drug currently approved for the treatment of SCA. Originally
developed as an antineoplastic agent, hydroxyurea has demonstrated substantial clinical benefits in patients with sickle
cell anemia, leading to its widespread adoption in clinical practice (McGann & Ware, 2015; Ware, 2015). The primary
pharmacological mechanism of hydroxyurea involves the induction of fetal hemoglobin (HbF) production. Increased
HbF levels interfere with HbS polymerization, thereby reducing erythrocyte sickling and improving red blood cell
survival. In addition to HbF induction, hydroxyurea exhibits several secondary pharmacodynamic effects, including
reduction of leukocyte and reticulocyte counts, improvement of erythrocyte hydration, and enhancement of nitric
oxide bioavailability. These combined effects contribute to decreased vascular inflammation, improved blood flow,
and reduced frequency of vaso-occlusive events (Lopez Rubio & Argiicllo Marina, 2024; Riley et al., 2024; Ware,
2015).
Clinical studies have consistently demonstrated that hydroxyurea therapy leads to a reduction in pain crises, hospital
admissions, and transfusion requirements, while improving hematological parameters and overall quality of life in
patients with SCA. Despite these documented benefits, variability in patient response to hydroxyurea has been
reported. Factors such as dosage regimen, duration of therapy, treatment adherence, and patient-specific biological
characteristics may influence therapeutic outcomes (Albohassan et al., 2022; Riley et al., 2024).
In Iraq and neighboring regions, sickle cell anemia represents a significant clinical burden, yet locally generated data
evaluating the effectiveness of hydroxyurea therapy remain limited. Differences in healthcare infrastructure,
monitoring practices, and patient demographics underscore the importance of assessing the clinical and hematological
response to hydroxyurea within the local population. Such evaluations are essential to optimize treatment strategies
and support evidence-based pharmaceutical care (Salvia et al., 2013; Subira et al., 2025).
Therefore, the present study was designed to evaluate the clinical efficacy and hematological impact of hydroxyurea
therapy in Iraqi patients with sickle cell anemia. By focusing on real-world clinical outcomes and laboratory
parameters, this study aims to contribute valuable local evidence supporting the role of hydroxyurea as a cornerstone

pharmacological therapy in the management of sickle cell anemia.
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2. Patients and Methods
2.1. Study Design and Ethical Approval

This cross-sectional study was conducted after obtaining formal approval from the Scientific and Ethical Committee
of the College of Pharmacy, University of Karbala. Written informed consent was obtained from all participants or
their legal guardians prior to enrollment.

2.2. Study Population
The study included 50 patients of both sexes diagnosed with sickle cell anemia, with ages ranging from 14 to 65 years.
All participants had been receiving hydroxyurea (HU) therapy as part of their routine clinical management.
Hydroxyurea Treatment and Patient Grouping
Patients were categorized into three groups according to the prescribed daily dose of hydroxyurea:
Group I: 22 patients receiving 10 mg/kg/day
Group II: 20 patients receiving 15 mg/kg/day
Group III: 8 patients receiving 20 mg/kg/day
The allocation of patients to these dosage groups was based on individualized clinical evaluation and therapeutic
decision-making by the attending medical team. Dose selection followed established pharmacological guidelines for
hydroxyurea administration and was tailored to each patient’s disease severity, clinical response, and medical history.

2.3. Hematological Analysis
Fetal hemoglobin (HbF) percentage was determined using hemoglobin electrophoresis. This parameter was used to
evaluate the hematological response to hydroxyurea therapy.

2.4. Clinical Evaluation
Clinical data were obtained through review of patients’ medical records and structured patient interviews. The
evaluated clinical parameters included:
The frequency of vaso-occlusive crises before and during hydroxyurea therapy
The intensity of pain associated with vaso-occlusive episodes, assessed using the Visual Analog Scale (VAS)

2.5. Hematological Assessment
Venous blood samples were collected under aseptic conditions for hematological investigations. Hemoglobin
concentration was measured using automated hematology analyzers. The percentage of fetal hemoglobin (HbF) was
determined using standard laboratory methods.

2.6. Safety Evaluation
Patients were routinely monitored for hydroxyurea-related adverse effects throughout the treatment period. Safety
assessment focused on the detection of hematological abnormalities, including cytopenia, as well as reported
gastrointestinal symptoms.

2.7. Statistical Analysis
Data were analyzed using descriptive statistics. Results were expressed as mean =+ standard deviation. Comparative
analysis was performed to assess differences in clinical and hematological parameters before and during

hydroxyurea therapy. A p-value < 0.05 was considered statistically significant.
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3. Results

3.1. Demographic and Treatment Characteristics of the Study Population
The demographic and treatment characteristics of the study population are summarized in Tablel. The mean age of
the patients was 20.14 + 9.13 years, with an average body weight of 50.37 £ 12.09 kg. The mean daily dose of
hydroxyurea administered to the patients was 671.9 + 237.2 mg/day, reflecting individualized dosing based on clinical
assessment.

Tablel: Demographic and Treatment Characteristics of The Study Population (N = 50)

Parameter Mean £ SD

Age (years) 20.14+£9.13

Weight (kg) 50.37 £12.09
Hydroxyurea dose (mg/day) | 671.9 £237.2

3.2. Hematological Parameters in Patients Receiving Hydroxyurea
Hematological parameters of patients receiving hydroxyurea therapy are presented in Table2. The mean hemoglobin
concentration was 9.43 + 1.36 g/dL, while the mean fetal hemoglobin (HbF) percentage reached 17.36 + 7.28%,
indicating a favorable hematological response to treatment. Platelet counts remained within the upper normal reference
range, with a mean value 0f 392.2 + 190.0 x10°/L. Reticulocyte counts were elevated (6.98 + 3.87%), reflecting active
erythropoiesis, whereas neutrophil counts (4.21 = 1.72 x10°/L) remained within acceptable safety limits.

Table2: Hematological Parameters in Patients Receiving Hydroxyurea

Parameter Mean = SD | Reference Range
Hemoglobin (g/dL) 9.43 +1.36 12-17
HbF (%) 17.36 £7.28 —
Platelet count (x10%L) | 392.2 £ 190.0 150-400
Reticulocyte count (%) 6.98 +3.87 0.5-1.5
Neutrophil count (x10%/L) | 4.21+1.72 2-8

3.3. Distribution of Patients According to Hydroxyurea Dosage
The distribution of patients according to hydroxyurea dosage is shown in Table3. Most patients received doses of 10
mg/kg/day (44.0%) or 15 mg/kg/day (40.0%), while a smaller proportion were treated with 20 mg/kg/day (16.0%).
Dose selection was individualized based on clinical evaluation and patient response.

Table3: Distribution of Patients According to Hydroxyurea Dosage

Hydroxyurea dose (mg/kg/day) | Number of patients (n) | Percentage (%)
10 mg/kg/day 22 44.0
15 mg/kg/day 20 40.0
20 mg/kg/day 8 16.0
Total 50 100

3.4. Hematological Parameters Before and During Hydroxyurea Therapy
Comparison of hematological parameters before and during hydroxyurea therapy is presented in Table4. Hydroxyurea
treatment was associated with a significant increase in hemoglobin concentration (8.1 £ 1.2 vs. 9.6 + 1.4 g/dL, p <

0.05) and a marked elevation in fetal hemoglobin levels (6.4 £2.1% vs. 14.8 = 4.3%, p <0.001).
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Table4: Hematological Parameters Before and During Hydroxyurea Therapy

Parameter Before HU (Mean + SD) | During HU (Mean + SD) | p-value
Hemoglobin (g/dL) 8.1+1.2 9.6+14 <0.05
HbF (%) 64+2.1 14.8+43 <0.001

3.5. Pain Crisis Characteristics

The frequency of vaso-occlusive crises before and during hydroxyurea therapy is summarized in Table5. Prior to
treatment, more than half of the patients (52%) experienced three or more painful crises per year. Following
hydroxyurea therapy, this proportion markedly decreased to 14%, while the percentage of patients reporting no
painful crises increased from 8% to 36%, indicating a substantial clinical improvement. Pain intensity assessment
using the Visual Analog Scale (VAS) is presented in Table6. Hydroxyurea therapy resulted in a significant
reduction in pain severity, with mean VAS scores decreasing from 7.6 + 1.1 before treatment to 3.9 £ 1.3 during
treatment (p < 0.001).

TableS: Frequency of Vaso-Occlusive Crises per Year

Frequency | Before HU n (%) | During HU n (%)
None 4 (8%) 18 (36%)
Once 6 (12%) 15 (30%)
Twice 14 (28%) 10 (20%)

> 3 times 26 (52%) 7 (14%)

Table6: Pain Intensity (VAS Score)

Parameter Mean = SD
VAS score before HU 7.6+1.1
VAS score during HU | 3.9+1.3
p-value <0.001

3.6. Safety Profile of Hydroxyurea Therapy
The safety profile of hydroxyurea therapy is presented in Table 7. Most patients (76%) did not
experience any adverse effects during treatment. Mild cytopenia was observed in 10% of patients,
while gastrointestinal symptoms and other minor effects were reported in 8% and 6% of patients,

respectively. No severe or life-threatening adverse drug reactions were recorded.

Table7: Safety Profile of Hydroxyurea Therapy

Adverse Effect Number Of Patients (N) | Percentage (%)
Mild cytopenia 5 10
Gastrointestinal symptoms 4 8
Other minor effects 3 6
No adverse effects 38 76
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4. Discussion
Hydroxyurea remains the most widely accepted disease-modifying pharmacological therapy for sickle cell anemia,
with proven benefits in reducing disease severity and improving patient quality of life. The present study demonstrates
that hydroxyurea therapy is associated with significant clinical and hematological improvement in Iraqi patients with
sickle cell anemia, supporting its continued use in routine clinical practice (Lopez Rubio & Argiicllo Marina, 2024).
One of the most important findings of this study is the marked increase in fetal hemoglobin (HbF) levels following
hydroxyurea treatment. Increased HbF production is a well-established pharmacological effect of hydroxyurea and
plays a central role in inhibiting hemoglobin S polymerization. By reducing erythrocyte sickling, elevated HbF
contributes to improved red blood cell deformability and prolonged erythrocyte survival, ultimately leading to better
oxygen delivery and reduced hemolysis. This mechanism explains the observed improvement in total hemoglobin
concentration among treated patients (Charache et al., 1992; Dc et al., 1992; S. et al., 1992).
In addition to hematological benefits, hydroxyurea therapy resulted in a significant reduction in the frequency and
intensity of vaso-occlusive pain episodes. Pain crises are the most common and debilitating complication of sickle
cell anemia and are a major cause of hospitalization. The reduction in pain severity observed in this study may be
attributed not only to increased HbF levels but also to additional pharmacodynamic effects of hydroxyurea, including
decreased leukocyte count and reduced endothelial adhesion. These effects collectively reduce vascular inflammation
and microvascular obstruction (Ifeanyi Obeagu, 2024; Jang et al., 2021).
From a pharmaceutical perspective, hydroxyurea exerts multiple mechanisms of action that extend beyond HbF
induction. The drug has been shown to enhance nitric oxide bioavailability, which contributes to vasodilation and
improved blood flow. Nitric oxide also plays a role in reducing platelet aggregation and endothelial activation, further
limiting vaso-occlusive events. These pleiotropic effects reinforce the importance of hydroxyurea as a multifunctional
therapeutic agent in sickle cell disease management (Gupta & Kumar, 2024).
The safety profile of hydroxyurea observed in this study was favorable, with no severe adverse drug reactions reported.
Mild and transient side effects, when present, were manageable through routine clinical monitoring. This finding is
particularly important in resource-limited healthcare settings, where access to alternative advanced therapies may be
restricted. The good tolerability of hydroxyurea supports its long-term use, provided that patients undergo regular
hematological monitoring to minimize the risk of cytopenia (Khargekar et al., 2024; Strouse et al., 2008; Vick et al.,
2021). The findings of this study are consistent with previously published international and regional studies, which
have reported similar improvements in HbF levels, hemoglobin concentration, and clinical outcomes among patients
receiving hydroxyurea therapy. However, data focusing on Iraqi populations remain limited. Therefore, the present
study contributes valuable local evidence that reinforces global recommendations for hydroxyurea use in sickle cell
anemia (Al-Shami et al., 2025).
Despite the encouraging results, some variability in patient response was observed, which may be influenced by factors
such as treatment adherence, dosage regimen, duration of therapy, and individual biological differences. Although
genetic factors were not evaluated in this study, non-genetic determinants such as nutritional status, comorbidities,

and access to healthcare services may also affect therapeutic outcomes. Future studies incorporating these variables
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may provide a more comprehensive understanding of treatment response (Al-Shami et al., 2025; Gupta & Kumar,
2024; Khargekar et al., 2024; Vick et al., 2021).

Overall, the expanded clinical and pharmaceutical evaluation presented in this study highlights the multifaceted
benefits of hydroxyurea therapy. Its ability to improve hematological parameters, reduce clinical complications, and
maintain an acceptable safety profile underscores its role as the cornerstone of pharmacological management for sickle
cell anemia.

5. Conclusion

The findings of this study demonstrate that hydroxyurea therapy leads to significant clinical and hematological
improvement in Iraqi patients with sickle cell anemia. Treatment was associated with a marked increase in fetal
hemoglobin levels and total hemoglobin concentration, along with a substantial reduction in pain intensity and
frequency of vaso-occlusive crises. In addition, hydroxyurea was generally well tolerated, with no severe adverse drug
reactions observed. These results support the role of hydroxyurea as a safe and effective disease-modifying
pharmacological therapy for sickle cell anemia and highlight its importance in routine clinical practice. Continuous

monitoring and individualized dosing remain essential to optimize therapeutic outcomes and ensure long-term safety.
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