


EVALUATION OF THE RESPONSE TO HYDROXYUREA TREATMENT IN PATIENTS WITH SICKLE CELL DISEASE ATTENDING THE HEMATOLOGY CLINIC AT JITIMAI DISTRICT HOSPITAL

[bookmark: _GoBack]Abstract
Background: Sickle Cell Disease (SCD) is the most common and serious inherited disorder worldwide and ranks among the top 50 leading causes of non-communicable disease-related deaths globally. Africa bears a disproportionately large burden of these deaths. Various interventions have been implemented to reduce SCD-related mortality, with the use of Hydroxyurea (HU) demonstrating significant positive outcomes in decreasing both morbidity and mortality.
Objectives: to evaluate the response of patients with Sickle Cell Disease (SCD) treated with Hydroxyurea (HU) attending the haematology clinic at Jitimai District Hospital.
Methodology: The study was a descriptive hospital-based cross-sectional study conducted at the Haematology clinic. It involved a sample size of about 180, comprising both males and females of different age groups (children and adults) attending the Haematology clinic. 
Result: The study showed that there is a significant positive response of hydroxyurea treatment to sickle cell disease patients both clinically and hematologically. Notably, there was a marked reduction in the frequency of painful crises, with the mean number dropping from 3.83 ± 0.8 before treatment to 1.80 ± 0.9 following treatment. Hospitalization rates also decreased dramatically, falling from 3.09 ± 0.5 to 1.20 ± 0.5. The mean number of blood transfusions per patient dropped from 2.49 ± 0.9 to 1.11 ± 0.3. Perhaps most notably, there was a considerable increase in haemoglobin (Hb) levels, rising from a mean of 5.49 ± 1.2 g/dL to 7.82 ± 1.0 g/dL, demonstrating an enhanced oxygen-carrying capacity and overall improvement in patient health status. All observed changes were statistically significant using the T student test with p-values less than 0.001, strongly supporting the efficacy of hydroxyurea in reducing disease burden and improving hematologic parameters.
Conclusions: The study demonstrates that hydroxyurea therapy offers significant clinical and haematological benefits to SCD patients at Jitimai District Hospital, resulting in reduced hospitalisations, crises, and blood transfusions, increased haemoglobin levels, and improved quality of life, all within a favourable safety profile and with excellent patient adherence. The low side effects of these findings strongly support continued and expanded use of hydroxyurea as part of standard SCD management in this setting. 
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Introduction 
Sickle Cell Disease (SCD) is an inherited blood disorder caused by a point mutation in the beta-globin gene, resulting in the substitution of valine for glutamic acid at the sixth position of the beta-globin chain. This genetic mutation leads to the production of abnormal haemoglobin, known as haemoglobin S (HbS). SCD was first discovered over 100 years ago, at a time when the mortality rate associated with the disease was extremely high. However, advancements in medical technology and early detection methods have significantly reduced mortality rates in developed countries[1].
Globally, the prevalence of SCD was estimated to be 7.74 million in 2021, marking a 41.4% increase from 2000, when 5.46 million people were living with the disease. In 2021, approximately 515,000 babies were born with SCD worldwide, and an estimated 376,000 deaths were attributed to the disease, with most of these deaths occurring in low- and middle-income countries[2][3].
In Africa, the prevalence of SCD in 2021 was estimated at 5.68 million, with approximately 405,000 babies born with the condition. Tanzania is one of the countries with the highest annual births of children with SCD, with an estimated 8,000–11,000 affected children born each year[4].

Upon deoxygenation, the mutated haemoglobin (HbS) polymerizes, forming rigid bundles that distort the shape of red blood cells (RBCs) to a sickle-cell shape. These "sickled" cells lose their flexibility and impair normal RBC function, resulting in occlusion of small blood vessels and tissue ischemia; hence, recurrent painful events, known as vaso-occlusive crises, are the hallmark symptom of SCD. Others are anaemia, fatigue and increased susceptibility to infections. SCD presents with diverse clinical features that vary in severity among SCD individuals[5].
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Various treatment approaches have been employed to manage SCD, including chemotherapy, blood transfusions, bone marrow transplant and gene therapy. Hydroxyurea (HU), also known as hydroxycarbamide, is an oral anti-neoplastic drug and an inhibitor of ribonucleotide reductase. It has demonstrated numerous positive effects, such as increasing fetal haemoglobin (HbF) concentrations, improving nitric oxide metabolism, and reducing red cell-endothelial interactions[6]. These effects collectively decrease the morbidity and mortality associated with SCD. However, despite its benefits, Hydroxyurea is associated with potential side effects, necessitating regular monitoring of blood cell counts[7]. As a result, the goal of this research is to determine the prevalence of hydroxyurea use among SCD patients in Zanzibar and to assess their clinical and haematological responses, as well as the side effects of hydroxyurea.
 Objectives 
The broad objective of this study was to evaluate the response to hydroxyurea therapy in patients with sickle cell disease attending the haematology clinic at Jitimai District Hospital. Specifically, the study aimed to: (1) identify the socio-demographic characteristics of sickle cell disease patients attending the clinic; (2) assess the clinical response to hydroxyurea therapy in these patients; (3) evaluate their hematological response to the treatment; (4) determine patient compliance with hydroxyurea therapy; and (5) identify any side effects associated with the use of hydroxyurea among patients receiving care at Jitimai District Hospital in Zanzibar.

Methodology
[bookmark: _Toc202934386]This was a cross-sectional study conducted at Jitimai District Hospital, located on M/Kwerekwe Street in West B District, Zanzibar. The study was carried out over six months, from December 2024 to May 2025, beginning immediately after receiving ethical clearance from the Zanzibar Health Research Ethics Committee (ZAHREC). The study population consisted of patients diagnosed with sickle cell disease (SCD) who were undergoing hydroxyurea therapy and regularly attending the hospital’s haematology clinic. Inclusion criteria were patients with confirmed SCD by haemoglobin electrophoresis who had been on hydroxyurea therapy for at least one year. Exclusion criteria included individuals who had used hydroxyurea for less than one year, those who declined to provide informed consent, and patients who chose not to continue participating in the study. The sample size was calculated using Cochran’s formula: N = z²pq / e², where z is the confidence level (1.96 for 95% confidence), p is the estimated population proportion from previous studies (0.17), q = 1 – p, and e is the margin of error (5%). Based on this formula, the required sample size was 180 participants. A purposive sampling technique was used to recruit patients who met the inclusion criteria, focusing specifically on individuals with confirmed SCD who had been on hydroxyurea therapy for at least one year.

Variables, Data Collection, and Ethical Considerations
The dependent variables in this study included: hydroxyurea therapy, number of hospitalisations, haemoglobin levels, number of blood transfusions, frequency of pain episodes, number of admissions, feelings of well-being, side effects, and adherence to therapy. Medication adherence was assessed using a validated self-report scale developed by Gehi et al., where participants rated their adherence as: "all of the time (100%)," "nearly all of the time (90%)," "most of the time (75%)," "about half of the time (50%)," or "less than half of the time (<50%)." Respondents who selected "all of the time" or "nearly all of the time" were categorized as adherent, while all other responses were considered non-adherent. 
Independent variables included age, sex, level of education, residence, and occupational status. Data collection was conducted at the haematology clinic of Jitimai District Hospital. Upon arrival, patients with confirmed sickle cell disease were informed about the study and its potential benefits. Data were gathered using a structured questionnaire, and laboratory values were retrieved from clinic records. Primary data were collected through face-to-face interviews using an open-ended questionnaire, while secondary data were obtained from updated patient files and laboratory reports. Before full implementation, the questionnaire was pretested on a sample of 10 patients who met the inclusion criteria but were not included in the final study, ensuring clarity, relevance, and reliability of the instrument. The collected data were organized by variable, tabulated, and analyzed using SPSS version 23. Descriptive statistics such as frequencies and percentages were applied, and comparisons were made using Student’s t-test where appropriate. 
The study adhered to ethical standards set forth by the State University of Zanzibar (SUZA) and received approval from the Zanzibar Health Research Ethics Committee (ZAHREC). All participants provided informed consent after being fully briefed on the study’s purpose, procedures, and potential risks and benefits. Participation was entirely voluntary, and patients were assured they could withdraw at any time without repercussions. Confidentiality and privacy were strictly maintained, with personal identifiers omitted and all data securely stored for research purposes only. This study conformed to the ethical principles of the Declaration of Helsinki and applicable local regulations regarding research involving human subjects.

Results
[bookmark: _Toc202934398]Sociodemographic characteristics of the respondents
About 180 respondents were enrolled in this study, of whom more than half (107, 57.2%) were female and 73 (42.8%) were male, which could indicate gender-related differences in healthcare-seeking behaviour, disease presentation, or social factors influencing diagnosis and treatment.
More than half of the respondents, 107 (59.4%) were pediatric population aged 1-12 years, suggesting early detection of SCD and frequent pediatric consultations. Nearly half of the respondents, 73 (40.6%), were aged more than 13 years and are still present in significant numbers, reinforcing the need for ongoing adolescent and adult SCD care.
More than half of the respondents were students 125, 69.5%), highlighting the young age of the population. Employment was low, 13 (7.2%), and nearly a quarter of respondents, 42 (23.3%), reported no formal employment.
Nearly half of the respondents had only primary education 84, 46.7%), while 50 (21.8%) have no formal education, which may impact health literacy, treatment adherence, and disease management strategies. Only 3.8% had a tertiary education, with the majority of respondents in this group being at the university.
The highest patient representation comes from MWERA and MAGOGONI 11 (6.1% each), indicating potential geographical concentration of SCD cases.


Table 1: Socio-demographic characteristics of the sickle cell patients attending hydroxyurea treatment at Jitimai Hospital
	Item
	Category
	Frequency (n)
	Percentage (%)

	Gender
	Female
	103
	57.2

	
	Male
	77
	42.8

	Education Level
	Primary
	84
	46.7

	
	Secondary
	50
	27.7

	
	Tertiary
	7
	3.8

	
	No Education
	39
	21.8

	Age Group
	1–12
	107
	59.4

	
	>12
	73
	40.6

	Employment Status
	Student
	125
	69.5

	
	Employed
	13
	7.2

	
	Not Employed
	42
	23.3

	Residence
	Mwera
	11
	6.1

	
	Magogoni
	11
	6.1







[bookmark: _Toc202934399]Table 2: Clinical response of Hydroxyurea treatment in SCD patients attending the haematology clinic at Jitimai District Hospital 
	
	PARAMETER
	Frequency
(Percentage) before treatment
	Pre-treatment(Mean ± SD)
	Frequency
(Percentage)
after treatment
	Post-treatment(Mean ± SD)
	t-test
	p-value

	Painful crises in a year

	More than 5
3 to 5
1 to 2
NO
	155 (86.1%)
22  (12.2%)
3      (1.7%)
    
	3.83 ± 0.8
	12 (6.7%)
15 (8.8%)
78 (43.3%)
75 (41.7%)
	1.80 ± 0.9
	28.25
	<0.001

	Hospitalization in a year
	More than 5
3 to 5
1 to 2
NO

	67 (37.2%)
68(37.8%)
41 (22.8%)
4   (2.2%)
	3.09 ± 0.5
	3      (1.7%)
4       (2.2%)
28   (15.5%)
145 (80.3%)
	1.20 ± 0.5
	35.07
	<0.001

	Blood transfusion in a year
	More than 5
3 to 5
1 to 2
NO
	26 (14.4%)
60 (33.3%)
70 (39%)
24 (13.3%)

	2.49 ± 0.9
	2 (1.1%)
1 (0.6%)
18 (10%)
159 (88.3%)


	1.11 ± 0.3
	44.4
	<0.001

	Well-being sensation  
	Much better
Better
No change
Bad
Worse

	15(8.5%)
45 (24.9%)
68 (37.9%)
42 (23.3%)
9 (5%)


	3.1 ± 1
	106 (58.6%)
54    (29.8%)
14    (8%)
2       (1.1%)
4       (2.4%)
	4.4 ±0.8
	69.1
	<0.001


P-value <0.05 (statistically significant)
Painful Crises: Before treatment, the majority of patients (86.1%) experienced more than five painful crises per year, with a high mean frequency (3.83 ± 0.8). Following hydroxyurea therapy, only 6.7% continued to experience >5 crises, and the majority (85%) reported ≤2 crises or none at all. The mean number of crises was reduced to 1.80 ± 0.9, a statistically and clinically significant change (t = 28.25, p < 0.001). This strongly supports hydroxyurea’s well-documented role in reducing vaso-occlusive episodes.
Hospitalizations: There was a dramatic reduction in hospitalization rates. Before treatment, 75% of patients required at least three hospital admissions annually. After treatment, 80.3% of patients had no hospitalizations, with the mean frequency falling from 3.09 to 1.20 ± 0.5. This not only highlights the therapeutic efficacy but also suggests a substantial reduction in healthcare utilization and burden on the health system (t = 35.07, p < 0.001).
Blood Transfusions: Transfusion dependency, a common issue in SCD management, was significantly mitigated. Pre-treatment data show that 46% of patients required ≥3 transfusions per year, compared to only 1.7% post-treatment. Notably, 88.3% required no transfusions after treatment, and the mean number dropped from 2.49 ± 0.9 to 1.11 ± 0.3 (t = 44.4, p < 0.001). This is important not only for reducing the risk of iron overload but also for minimizing complications of alloimmunization.
Subjective Well-being: Patient-reported outcomes also improved markedly. Before hydroxyurea, nearly two-thirds of patients reported no improvement or worsening in well-being. Post-treatment, 88.4% reported feeling “better” or “much better”, with the well-being score improving from 3.1 to 4.4 ± 0.8 (t = 69.1, p < 0.001). This underscores the quality-of-life benefits of hydroxyurea and suggests positive psychosocial impacts beyond hematologic stabilization. 
Hydroxyurea therapy significantly enhanced patients’ perceived quality of life, likely due to reduced pain, fewer hospital visits, and improved overall well-being.

  
[bookmark: _Toc202934400]  Table 3: Haematological response of Hydroxyurea treatment in SCD patients attending the Haematology clinic at Jitimai District Hospital
	PARAMETER
	Frequency
(Percentage) before treatment
	Pre-treatment(Mean ± SD)
	Frequency
(Percentage)
after treatment
	Post-treatment(Mean ± SD)
	t-test
	p-value

	Hb level (g/dl)
	3-3.9
4-4.9
5-5.9
6-6.9
7-7.9
8-8.0
9-9.9
10-10.9
11-11.9

	4 (2.2%)
17 (9.4%)
33 (18.3%)
67 (37.2%)
44 (24.5%)
13 (7.2%)
2    (1.2%)
       -----
       -----

	5.49 ± 1.2

	       ----
       ----
1   (0.6%)
16   (8.9%)
47 (26.2%)
76 (42.1%)
32 (17.8%)
7   (3.8%)
1   (0.6%)

	7.82 ± 1.0

	101.8
	<0.001 



P-value <0.05 (Statistically significant)
Before treatment, a large proportion of patients had dangerously low Hb levels. 3.72% had Hb between 6–6.9 g/dL.18.3% were even lower at 5–5.9 g/dL. Smaller but concerning groups had Hb below 5 g/dL, with 2.2% as low as 3–3.9 g/dL. Only 1.2% had Hb in the 9–9.9 g/dL range, with no patients recorded above 10 g/dL. This result accounts for the mean Hb level of (5.49 ± 1.2 g/dL)
After treatment, a striking improvement was observed; 42.1% had Hb in the 8–8.9 g/dL range.26.2% improved to 7–7.9 g/dL. A small number (0.6%) reached 11–11.9 g/dL, a level previously unseen before treatment. Those with critically low Hb (below 6 g/dL) drastically decreased. Combined, only 9.5% remained under this threshold, compared to 29.9% before treatment. This accounts for the mean Hb of (7.82 ± 1.0 g/dL)
The mean Hb level increased significantly by over 2 g/dL after treatment. With a t-test value of 101.8 and a p-value of < 0.001, the difference is highly statistically significant. This underscores Hydroxyurea’s strong role in improving haemoglobin synthesis in SCD patients.
A total of 86.7% of patients required at least one blood transfusion annually before treatment, with a mean of 2.49 ± 0.9. Post-treatment, 88.3% of patients needed no transfusions, and the mean decreased to 1.11 ± 0.3 (t = 44.4, p < 0.001).
 The marked reduction in transfusion needs reflects improved hematologic stability and reduced anaemia-related complications due to Hydroxyurea therapy.

[bookmark: _Toc202934401]    Fig. 1 Patient adherence to Hydroxyurea treatment attending the Haematological clinic at Jitimai District Hospital, Zanzibar.


Among 180 SCD patients attending the Haematology Clinic at Jitimai District Hospital, 91.1% (164 patients) demonstrated good adherence to Hydroxyurea therapy. This indicates a high level of treatment commitment, likely influenced by positive therapeutic outcomes, patient education, and regular follow-up, and accessible healthcare support.
8.9% (16 patients) exhibited moderate to poor adherence. Factors contributing to this may include forgetfulness, side effects, lack of understanding of the therapy's benefits, financial or logistical barriers, or fear of long-term medication use. 


[bookmark: _Toc202934402]Figure 2: Side effects of Hydroxyurea treatment on the SCD patient attending the Haematology clinic at Jitimai District Hospital.
	

Considering the side effects, 87.8% reported no side effects, indicating strong tolerability. The most common adverse effects were nausea and vomiting (6.7%), followed by fatigue (3.3%), hair loss (1.1%), and mouth ulcers (1.1%). All reported side effects were mild and manageable, reinforcing Hydroxyurea's favourable safety profile in this setting.

[bookmark: _Toc202934404]DISCUSSION

This study enrolled 180 respondents, with a higher proportion of females (57.2%) compared to males (42.8%). This gender distribution may reflect differences in health-seeking behaviour, disease perception, or care access, particularly among caregivers of pediatric patients. Similar gender disparities have been reported in studies from Nigeria and Ghana, where male predominance among clinic attendees was attributed to higher caregiver involvement by mothers or differing disease severity perceptions between genders[8][9]. The majority of participants (59.4%) were children aged 1–12 years, suggesting early diagnosis and regular pediatric follow-up of sickle cell disease (SCD). This aligns with findings by Kilungu in Tanzania[10], who emphasised the importance of early SCD detection through newborn screening programs. However, the presence of a significant proportion of adolescents and adults (40.6%) underlines the necessity of continuity of care beyond childhood, a challenge echoed by studies in Uganda due to limited adult-focused SCD services[11] 
In terms of occupation, the majority of respondents were students (69.5%), highlighting the young age distribution of the cohort. Employment among participants was low (7.2%), and 23.3% reported being unemployed. These findings are consistent with studies in similar contexts, where chronic illness often disrupts education and employment opportunities. Educational levels were also concerning, with nearly half of the respondents having only primary education (46.7%) and 21.8% reporting no formal education at all. Limited educational attainment can adversely affect health literacy, treatment adherence, and long-term disease management, as shown in studies by Amour in Zanzibar[12]. The highest geographic representation came from Mwera and Magogoni wards (6.1% each), suggesting possible clustering of cases or referral patterns from these areas.
There was significant clinical benefits associated with hydroxyurea therapy. Notably, there was a marked reduction in the frequency of painful crises. This substantial decline suggests improved disease management and a considerable enhancement in patients’ quality of life, aligning with Rankine-Mullings in a systematic review, who described that Hydroxyurea probably improves pain alteration (using measures such as pain crisis frequency, duration, intensity, hospital admissions, and opioid use.[13] 

Hospitalization rates also decreased dramatically, falling from 3.09 ± 0.5 to 1.20 ± 0.5, which may reflect a reduction in severe disease-related complications and a corresponding decrease in the burden on healthcare resources. The mean number of blood transfusions per patient dropped from 2.49 ± 0.9 to 1.11 ± 0.3 this reduction is clinically meaningful, as frequent transfusions pose risks such as iron overload, alloimmunization and infections perhaps most notably, similar Abdullahi in Nigeria, in a multicenter double blind study reported that the moderate-dose of hydroxyurea group could lower incidence rates for all-cause hospitalizations[14][15] There was a considerable increase in hemoglobin (Hb) levels, rising from 5.49 ± 1.2 g/dL to 7.82 ± 1.0 g/dL. A similar study by Kumar and other researchers shows that Haemoglobin (g/dL) – Before treatment, patients had a low mean haemoglobin level of 7.5 g/dL. After treatment, haemoglobin levels significantly increased to 9.3 g/dL[16][17]. Albohassan in the Eater Region of Saudi Arabia also reported the reduction of the number of vaso-occlusive crisis (VOC) episodes (per year) from 3.8 to 1.2 per year and the hospitalizations per year[18] .. In our study, the patients significantly improved their sense of well-being after treatment. Mbiya-Mukinay, assessing the quality of life using the SF-36 questionnaire, found an Improvement in pain management and a reduction in misperception of role limitations related to emotional issues after treatment with hydroxyurea.  The Pain was the main factor affecting quality of life. It is significantly associated with physical functioning, energy/ fatigue, functional and emotional well-being[19].  Another study conducted at King Saud Medical City in Riyadh, Saudi Arabia, demonstrated that hydroxyurea leads to significant improvements in both clinical and haematological responses in patients with sickle cell disease  [20][21] [22]
Regarding adherence to Hydroxyurea treatment, 164 (91.1%) of respondents demonstrated good adherence to Hydroxyurea therapy. This indicates a high level of treatment commitment, likely influenced by positive therapeutic outcomes, patient education, regular follow-up, and accessible healthcare support.8.9% (16 patients) exhibited moderate to poor adherence. In the present study, patients demonstrated good adherence to hydroxyurea therapy. This adherence rate is notably higher than that reported in Oman, where 82.5% of patients adhered to treatment. Another study conducted at King Abdul Aziz, Saudi Arabia, involving adolescents and young adults aged 15–24, found a similar adherence rate of 82.5% to hydroxyurea. [23][24]. One study conducted in Oman [25] reported that among 80 patients with sickle cell disease receiving hydroxyurea therapy, 66 (82.5%) were adherent to the treatment, while only 14 (17.5%) were non-adherent. Similarly, a high level of adherence was also observed at Bugando Medical Centre in Tanzania[26]. These findings highlight the importance of treatment adherence in achieving favourable outcomes for patients with sickle cell disease undergoing hydroxyurea therapy. 
The results of this study suggest that hydroxyurea is generally well tolerated among the participants. A substantial majority (87.8%) of patients reported no side effects, underscoring the favourable safety profile of hydroxyurea in this population. Notably less tolerance was described by Chianumba et al. in Nigeria who found that among 378 patients with sickle cell disease, 51.3% reported none to minimal side effects. In contrast, 89.7% continued with therapy, indicating strong tolerability[27], many reported that hydroxyurea is well tolerated among sickle cell disease patients, with only a few experiencing mild side effects, but a systematic review reported that insufficient evidence about the long-term risks of hydroxyurea, including its impact on fertility and reproduction. Evidence is also limited on the effects of hydroxyurea on individuals with the HbSC genotype[28]. The findings collectively support the notion that hydroxyurea remains a safe and effective treatment option, with minimal adverse effects in most patients and a low incidence of malignancies secondary to the treatment [29] 

[bookmark: _Toc202934407] Conclusion

The study revealed that more than half of the respondents were pediatric patients aged 1–12 years, with early detection of sickle cell disease (SCD) and frequent engagement with pediatric healthcare services. The findings demonstrate that hydroxyurea therapy offers significant clinical benefits, including a reduction in vaso-occlusive crises, hospitalizations, and the need for blood transfusions. It also provides notable haematological improvements and enhances patients’ overall sense of well-being. With a favourable safety profile, high adherence rates, and few side effects, hydroxyurea proves to be a highly effective treatment in this population. These results strongly support the continued and expanded use of hydroxyurea as a standard component of SCD management in this setting. Strategic efforts in patient education, regular monitoring, and robust support systems will be essential to sustain and further enhance these positive outcomes.


[bookmark: _Toc202934408]6.2 Recommendations
To sustain and maximize the benefits of hydroxyurea therapy in sickle cell disease (SCD) management, efforts should focus on expanding its availability to other health facilities, given its proven effectiveness and tolerability. Strengthening patient and caregiver education on adherence, benefits, and side effect monitoring is crucial. Establishing standardized follow-up protocols, including hematologic monitoring and safety surveillance, will help optimize treatment outcomes. Additionally, integrating psychosocial support and school health programs is essential, particularly for the predominantly school-aged population.  Further longitudinal research is needed to evaluate hydroxyurea’s long-term effects on organ protection, growth, development, fertility, and overall survival.
.
[bookmark: _Toc202934409]6.3 Limitations of the study
This study has limitations that may affect the interpretation and generalizability of its findings. The absence of a control group limits the ability to attribute observed improvements solely to hydroxyurea therapy. Additionally, the small sample size and short follow-up period restrict the strength of the conclusions, particularly regarding long-term outcomes. As a single-centre study conducted at Jitimai District Hospital, the results may not be representative of broader patient populations or healthcare settings. Furthermore, the lack of randomization may introduce selection bias, potentially influencing the accuracy and validity of the observed treatment effects. Lack of randomization: Patients were not randomly assigned to treatment, which may introduce bias and affect the accuracy of the results.

Ethical Approval and Consent
Ethical considerations were observed by obtaining permission from the School of Health and Medical Sciences at SUZA and ethical approval from the Zanzibar Health Research Ethics Committee (ZAHREC) with reference number ZAHREC/02/ST/MAR/2025/215. Participants, including their guides in the case of children, were provided with detailed information about the study and gave informed consent before participation. Confidentiality was assured, and the data were used solely for research purposes. Participants were also informed of their right to decline participation or withdraw at any time without any consequences.
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