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Abstract 
Sickle cell anemia (SCA) is a major global health issue, particularly among pediatric 

population, influenced by factors such as malaria susceptibility and genetic distribution. 

On the other hand, hydroxyurea therapy has been a well-established and accepted 

treatment for SCA, with over 25 years of clinical experience. It has been proven to be safe 

and effective in preventing vaso-occlusive events and chronic organ damage. The aim of 

this study was to assess the efficacy of hydroxyurea in alleviating pediatric SCA. This study 

was comprised of a systematic literature search and meta-analysis in accordance with the 

PRISMA and the Cochrane Handbook guidelines. A systematic search was performed on 

PubMed, Cochrane, and ScienceDirect databases for relevant literature published as of 

January 2024. Placebo-controlled clinical trials reporting the efficacy of hydroxyurea in 

managing SCA among pediatric patients were included in the systematic review. The 

eligible studies were further assessed for its reporting quality using Risk of Bias 2.0. 

Pooled analysis was carried out using a random effect model, where the effect size was 

calculated based on the mean difference (MD) and 95% confidence interval (95%CI). 

Three randomized clinical trials comprised of 423 participants were included in the 

studies. Among patients receiving hydroxyurea, significant improvement was observed in 

fetal hemoglobin (HbF) with MD of 9.45% (95%CI: 2.15–16.75), but not in mean 

corpuscular volume (MCV) MD=8.77 fL (95%CI: -28.85–46.39). Hydroxyurea also 

significantly reduced white blood cell (WBC) MD=-4.21 cells/mm3; 95%CI: (-5.68)–(-

2.93), absolute neutrophil count (ANC) MD=-1.43 cells/mm3; 95%CI: (-2.11)–(-0.74), 

absolute reticulocyte count (ARC) MD=-141.85 cells/mm3; 95%CI; (-172.77)–(-110.94), 

and platelet count MD=-74.92 cells/mm3; 95%CI: (-117.05)–(-32.78). In conclusion, 

hydroxyurea is efficacious in treating pediatric SCA, as observed in the HbF, WBC, ANC, 

ARC, and platelet count.  

Keywords: Anemia, hydroxyurea, meta-analysis, pediatric, sickle cell 

Introduction 

Sickle cell disease (SCD) is a serious, inherited blood disorder that significantly impacts global 

health, with an estimated 100,000 individuals affected in the United States and millions 

worldwide [1]. This condition includes a range of congenital hemolytic anemias characterized by 

the predominance of sickle hemoglobin (HbS). The disease arises from a single mutation in the 

beta-globin gene, which results in the substitution of glutamic acid with valine at position six of 
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the beta-globin chain. This genetic alteration leads to the formation of abnormal HbS tetramers, 

which, under deoxygenated conditions, undergo rapid polymerization, damaging erythrocyte 

membranes and causing them to assume a rigid, sickle shape [2,3]. These sickled cells have a 

markedly reduced lifespan and lead to both acute and chronic hemolysis, as well as vaso-occlusive 

events that obstruct blood flow, cause tissue hypoxia, and contribute to significant morbidity and 

early mortality [4,5]. A systematic review suggested that among patients with sickle cell disease 

(SCD), severe malocclusion requiring orthodontic intervention is often observed [6]. 

Dysregulation of cholesterols among patients with SCA was found to be correlated with vaso-

occlusive seizures and acute thoracic syndrome [7].  The prevalence is found to be higher among 

people of color, as compared to Caucasians [8]. The clinical manifestations of this disease were 

found to be different among races and ethnicities [8]. 

Sickle cell anemia (SCA), the most severe form of SCD, is characterized by homozygosity for 

the HbS mutation, while other forms include HbSC and HbSβº thalassemia [9,10]. In resource-

rich settings such as the United States and Europe, newborn screening and preventive treatments, 

including penicillin prophylaxis and vaccinations, have significantly reduced early mortality 

[2,11]. However, in resource-limited areas, the burden of SCD remains high due to inadequate 

diagnostic and preventive measures, leading to elevated childhood mortality rates [12]. Most of 

the achievement in reducing the burden of SCA is due to the introduction of hydroxyurea [13]. In 

a cost-effectiveness evaluation based on the conditions in African countries, the addition of 

hydroxyurea to the standard care of SCA could reduce disability-adjusted life years by 1.37 and 

save USD 191 per individual [14]. In a systematic review, the use of hydroxyurea in SCA 

management could alleviate the economic burdens on patients and healthcare systems [15]. 

Studies have suggested that the early introduction of hydroxyurea to SCA management in 

pediatric patients can potentially result in better outcomes [16,17]. 

The efficacy of hydroxyurea is due to its ability to induce fetal hemoglobin (HbF), which 

inhibits the polymerization of HbS and mitigates sickling [18]. A systematic review comprised of 

9 randomized controlled trials (RCTs) participated by 1,104 patients revealed that hydroxyurea is 

effective in improving pain management, reducing neutrophil counts, and increasing HbF levels 

among general SCA patients [19]. Since its introduction in the 1990s, hydroxyurea has been 

associated with improvements in laboratory parameters, reduction in acute complications like 

vaso-occlusive events and acute chest syndrome, and decreased need for blood transfusions and 

hospitalizations [20]. Recent guidelines advocate for its broader use, including in infants as young 

as nine months [21]. Despite its proven efficacy and an acceptable safety profile, concerns persist 

regarding its long-term effects and optimal application, particularly in diverse patient 

populations and across varying disease severities. The aim of this study was to comprehensively 

evaluate the efficacy of hydroxyurea in managing SCA among pediatric patients. 

Methods 

Study design and search strategy 

This meta-analysis and systematic review were carried out in accordance with the PRISMA 

statement and the Cochrane Handbook for Systematic Reviews of Interventions, version 6.3, 

2022 [22,23]. The aim of this review was to evaluate the efficacy of hydroxyurea in managing SCA 

among pediatric patients based on HbF, mean corpuscular volume (MCV), and other outcomes 

such as absolute neutrophil count (ANC), absolute reticulocyte count (ARC), white blood cell 

count (WBC), and platelet count. 

This systematic review used the search engine from PubMed, ScienceDirect, and Cochrane 

to identify RCTs investigating the efficacy of hydroxyurea for sickle cell anemia in children among 

pediatric patients as of January 2024. The keywords combination was arranged using Boolean 

operators “AND” and “OR”, along with the terms from medical subject headings (MeSH). The 

keywords combination was as follows: (Hydroxyurea) AND (“Sickle Cell” OR "Sickle Cell 

Anemia") AND (Child OR Pediatric OR children OR “young children”). No restriction on the 

publication date. 
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Study eligibility criteria 

The inclusion and exclusion criteria were established based on the PICOS (population, 

intervention, control, outcome, and study design). The population was pediatric patients aged 

under 13 years who received a clinical diagnosis of SCA confirmed by hemoglobin electrophoresis. 

The intervention was hydroxyurea in addition to the standard of care, while a placebo was used 

as the control. Studies should measure HbF and MCV as the primary outcomes, while ANC, ARC, 

WBC, and platelet count were considered as the secondary outcomes. We only include studies 

adopting RCTs design. Reviews, case reports, conference abstracts, animal trials, and non-

English papers were excluded.  

Screening and selection 

Duplicate removal was performed automatically on Zotero 6.0.30 after importing all searched 

records into the software. Thereafter, the screening was carried out based on the title and 

abstract, followed by the full content screening based on the eligibility criteria stated previously. 

The whole screening and selection process was performed independently by two reviewers 

(M.B.D. and M.H.G.). The included studies in the final stage should be approved by the consensus 

agreement from the two reviewers. Any discrepancies that emerged were resolved by re-checking 

the articles, discussion, and consultation with the third reviewer (F.K.). 

Data extraction and quality appraisal 

The study used a predetermined outcome sheet in tabular form to extract data from the included 

studies. The table contained the following column headings: (1) author and year of publication; 

(2) study location, center, and duration; (3) study population including sample size and type of 

subjects; (4) intervention and control including the uptake dosage and frequency; (5) study 

outcome. Two reviewers (M.B.D. and M.H.G.) quantitatively evaluated the studies, while another 

author (F.K. and F.N.) double-checked the retrieved data. The risk of bias was evaluated using 

the Cochrane 5.2.0 Risk of Bias Tools, which consists of five domains for studies [24]. Four 

reviewers separately assessed the quality and any disagreements were settled by consensus 

between the reviewers. 

Quantitative data analysis   

Statistical analysis was carried out utilizing Cochrane Collaboration - Review Manager 5.4.1. The 

mean difference (MD), 95% confidence interval (95%CI), and p-value were calculated for data 

generated from Hb, HbF, ARC, ANC, MCV, WBC, and platelet counts. The pooled estimates were 

performed under the DerSimonian-Laird random-effects model. The I² index was used as a 

measure in determining the level of heterogeneity in meta-analysis [25]. We followed the 

recommendation by Higgins and colleagues suggesting that low, moderate, and high 

heterogeneities were indicated by I² values of 25%, 50%, and 75%, respectively [26].  

Results 

Search results and characteristics of the included studies 

The PRISMA flow diagram for the included studies based on the eligibility criteria in this review 

is presented in Figure 1. The initial identification yielded 1867 records, of which 787 were 

identified as duplicates and removed. The title and abstract screenings were performed on 1080 

records, where 957 were removed due to irrelevance. Among 54 retrievable full-text articles, 5 did 

not recruit control group, 38 were review articles, 1 was not relevant due to the patient’s age, 6 

did not report the outcomes of interest, and 1 was an animal study. Three RCTs involving 423 

pediatric patients in the intervention group and control group were finally included in the 

systematic review and meta-analysis [27-29]. Among these studies, the average age of 

participants ranged from 9 months to 11 years old. The research was conducted in Uganda (n=1) 

and the United States (n=2) and published between 2011 and 2017. A summary of the 

characteristics of the included studies, along with their outcomes, is presented in Table 1. 
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Figure 1. PRISMA diagram for the screening and selection process of the published studies. 

Table 1. Characteristics and outcomes of the included randomized clinical trials 

Author, year Characteristics Intervention (HU vs placebo) Outcomes 
Wang et al., 2011 
[27] 

n=97 versus 96 
Age: 9–18 months 

20 mg/kg/day for 2 years HbF, MCV, WBC, ANC, 
ARC, platelet count 

Opoka et al., 2017 
[29] 

n=104 versus 104 
Age: 1–4 years 

20±2.5 mg/kg/day for 12 
months 

HbF, MCV, WBC, ANC, 
ARC platelet count 

Hankins et al., 2015 
[28] 

n=11 versus 11 
Age: 2–11 years 

20–35 mg/kg/day for 30 
months 

HbF, MCV, WBC, ANC, 
ARC, platelet count 

ANC: absolute neutrophil count; ARC: absolute reticulocyte count; HbF: fetal hemoglobin; HU, 
hydroxyurea; MCV: mean corpuscular volume; WBC: white blood cell count 

Risk of bias of the included studies 

The results of the risk of bias analysis for each included study are presented in Figure 2. All three 

studies performed randomized sequence generation and concealed the allocation process [27-

29]. Two studies blinded the participants [27,29], and only one study had an unclear blinding 

mechanism [28]. Furthermore, there were two studies blinding the assessor when measuring the 

outcome [27,29], while only one study was unclear [28]. Two studies reported the complete 

outcome [27,29], except for one study having incomplete outcome data [28]. Overall, two studies 

reported the data selectively [27,29], while only one study was unclear  [28]. 

Effects on HbF and MCV 

Three studies that are reporting HbF and MCV [27-29]. The results of the random-effect pooled 

estimates on the two outcomes comparing the hydroxyurea and place are presented in Figure 

3A and 3B. For the HbF, the pooled effect was significant with an MD of 9.45% (95%CI: 2.15–

16.75) and p=0.01. Meanwhile, hydroxyurea was found to have no significant effect on MCV 
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(p=0.65), where the MD was 8.77 fL (95%CI: -28.85–46.39). The heterogeneity for both 

outcomes was negligible, as indicated by I²=0%. 

 

 

 

 

 

 

 

 
Figure 2. Study quality assessment based on Cochrane 5.2.0 risk of bias tools. 

 

 

 

 

 

 
Figure 3. Effects of hydroxyurea on HbF (A), MCV (B), WBC (C), ANC (D), ARC (E), and platelet 
count (F). The pooled estimates were computed with random-effect model.  
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Effects on WBC, ANC, ARC, and platelet count 

The effect of hydroxyurea on WBC was reported in three studies [27-29], where the pooled 

estimates are presented in Figure 3C. The effect was found to be significant (p<0.001) with MD 

of -4.21 cells/mm3 (95%CI: (-5.68)–(-2.93)). Similarly, the effect of hydroxyurea on ANC 

(p<0.001), ARC (p<0.001), and platelet count (p<0.001) were significant with MDs of -1.43 

cells/mm3 (95%CI: (-2.11)–(-0.74)), -141.85 cells/mm3 (95%CI: (-172.77)–(-110.94)), and -74.92 

cells/mm3 (95%CI: (-117.05)–(-32.78)), respectively. The I2 values were 0% across all outcomes, 

suggesting the absence of heterogeneity in the pooled estimate. 

Discussion 
The findings from the present study revealed that hydroxyurea treatment is significantly effective 

in managing HbS, as indicated by the significant increase of HbF and reductions of WBC, ANC, 

ARC, and platelet count. Hydroxyurea functions as an antineoplastic agent by increasing HbF 

levels in patients with sickle cell anemia [16]. As suggested by an in vivo study, the primary 

mechanism of hydroxyurea is through the reversible inhibition of ribonucleotide reductase (RR) 

[30]. This mechanism disrupts cellular progression through the S phase of the cell cycle [31,32]. 

Optimal therapy for SCA involves promoting the production of HbF (α2γ2), as well as its hybrid 

tetramer (α2βSγ) [33]. Both play a crucial role in preventing the polymerization of sickle 

hemoglobin under deoxygenated conditions, thereby mitigating the cellular damage typically 

caused by deoxygenated sickle hemoglobin [34,35]. Daily hydroxyurea administration induces a 

temporary cessation of hematopoiesis, leading to altered erythroid kinetics during the recovery 

phase. This process, known as 'stress erythropoiesis,' involves the recruitment of early erythroid 

progenitors capable of producing HbF, resulting in elevated HbF levels [36,37]. In patients with 

sickle cell disease, hydroxyurea therapy has been shown to significantly increase HbF levels, 

ranging from 5 to 18 times above baseline [2,9]. Erythrocytes with higher HbF levels also exhibit 

increased MCV [38]. Notably, MCV was significantly lower in anemic patients compared to non-

anemic ones, suggesting a direct relationship between increased HbF levels and cell volume [39]. 

Numerous studies have shown that leukocytes play a significant role in the progression of 

sickle hemoglobinopathies, with infections often triggering sickle cell crises and increasing 

morbidity and mortality [12,35,40]. Hydroxyurea therapy has been beneficial in managing SCD 

by reducing total WBC counts, although levels often remain above normal even after treatment, 

reflecting a substantial but incomplete reduction in chronic inflammation [41,42]. Additionally, 

hydroxyurea lowers neutrophil counts and reduces their adhesion to vascular endothelium, 

though this can lead to neutropenia [43]. A more comprehensive approach to managing SCD may 

involve targeting neutrophils to further reduce inflammation and related complications [44]. This 

study confirmed significant reductions in leucocyte and platelet counts after hydroxyurea 

therapy, which are known to trigger vaso-occlusive events [44]. In terms of its clinical use, the 

initial dosage of hydroxyurea recommended by the Food and Drug Administration of the United 

States for pediatric patients aged 2 years and older is 20 mg/kg per day [40]. In 2018, The Food 

and Drugs Authority of Ghana approved hydroxyurea for treating sickle cell disease in both adult 

and pediatric populations [45]. 

There are some limitations that are worth considering when interpreting the findings of this 

present study. The study included a relatively small sample size, with only three RCTs involving 

423 participants. While exclusively included RCTs could reduce the heterogeneity, the systematic 

review excluded real-world or post-licensure studies, which dismiss valuable insights from 

observational studies that reflect the drug's performance in broader real-world settings. We did 

not estimate the treatment effects on other important parameters, such as quality of life and 

safety. Moreover, a significant number of potentially relevant studies were not included because 

their full texts were not retrievable. Further, the present study relied solely on database searches 

without performing a manual search of reference lists or other sources.  

Conclusion 
The addition of hydroxyurea to the standard of care of SCA could effectively improve the 

management results, as indicated by the increased HbF and reduced WBC, ANC, ARC, and 
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platelet count. The study supports the clinical use of hydroxyurea in managing SCA for pediatric 

patients. We recommend further randomized control study to be conducted covering all 

important parameters (such as blood parameters, quality of life, and adverse effects) on this 

specific population.  
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