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Background: The present study aimed to determine the prevalence of anemia and its associated risk factors among under-five children aged 24–59 months in Gaza Strip, Palestine.

Method: This cross-sectional study was conducted in 2023 before Gaza war, among a representative sample of under-five children. A total of 750 children, aged 24–59 months, were selected from all Gaza Strip governorates, using a cluster random sampling method. Children and their parents were assessed using an interview-based questionnaire, anthropometric measurements, biochemical measurements, and clinical examination. Statistical analysis was performed using SPSS version 25.

Results: The prevalence of anemia (Hb <11 g/dL) among under-five children was 35.6%. Of them, 77.5% had mild anemia and 22.5% had moderate anemia. The prevalence of iron deficiency anemia (IDA) (Hb <11 g/dL and SF <12 μg/L) among under-five children was 4.0%. Various risk factors were found to be statistically significant in relation to nutritional anemia. These included child-related factors such as age, weight, height, sibling arrangement, governorate, and place of residence. Family characteristics like the father’s age, smoking habits, the mother’s education, employment, marital history, income, housing ownership, and a history of anemia during pregnancy also played a role. Additionally, dietary factors such as tea, meat, crisps, cola, fruits, breastfeeding practices, malnutrition, appetite, and hereditary diseases were significantly associated with anemia in these children (p-values <0.05 for all).

Conclusion: Our study clearly demonstrates that anemia is highly prevalent (35.6% anemia, and 4.0% IDA) among under-five children in Gaza Strip governorates. Different risk factors including the child’s and family characteristics, and the consumption of some of food items were associated with a high prevalence of anemia. The high prevalence of anemia should be seriously considered and policy makers should take steps to reduce it.
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Introduction

Anemia has been recognized as a significant global public health issue, mostly impacting young children, adolescent girls, women of reproductive age (WRA), pregnant and postpartum women (1). Anemia is a deficiency in the size or number of red blood cells (RBCs), or a lower-than-normal level of hemoglobin (Hb) within the RBCs (2). The pathophysiology of anemia involves various mechanisms depending on its underlying cause. These mechanisms can be grouped into three main categories: impaired red blood cell production, increased red blood cell destruction, and blood loss (1, 2). In 2019, the World Health Organization (WHO) estimated that approximately 40% of under-five children, 37% of pregnant women, and 30% of WRA worldwide are anemic (3).

Nutritional anemia is a result of inadequate nutritional needs to meet the requirements for the production of Hb and RBCs (4). Iron is a vital element in Hb; however, other micronutrients like vitamin A, vitamin B2, vitamin B6, vitamin B9, vitamin B12, vitamins C, D, and E, as well as minerals like copper and zinc are also essential for Hb formation or play distinct roles in iron absorption and immune function (5). Their deficiency or impaired absorption can potentially increase the risk of anemia (6). The most prevalent cause of anemia globally is believed to be iron deficiency, present in around 25 to 50% of children under-five and WRA with anemia, although other nutritional deficiencies also contribute to anemia (7). Symptoms of anemia vary depending on its severity. However, common symptoms include fatigue, dizziness, shortness of breath, chills at the extremities, headache, palpitations, decreased physical endurance, inadequate nutrition, and reduced productivity (8).

In children, anemia can increase susceptibility to infections and have adverse effects on physical growth, motor and cognitive development, productivity and school performance, thus impairing their growth, while also increasing the risk of other health-related problems (9). Anemia and iron deficiency anemia (IDA) remain a high burden and a malnutrition challenge in the Eastern Mediterranean Region, particularly among children and women (3).

Among under-five children, the prevalence of anemia in the Eastern Mediterranean Region ranged between 11.9 and 79.5%, whereby the lowest estimate was reported in Jordan and the highest in Yemen (10). The importance of studying anemia in children under five in the Gaza Strip lies in the fact that there are no previous studies focusing on this age group in the region (3, 10). Anemia represents a significant public health issue that greatly affects children’s physical and mental growth and development. Understanding the factors contributing to anemia is crucial for improving children’s health and reducing associated risks. Through this study, the main causes of anemia in the Gaza Strip can be highlighted, which will help design preventive and therapeutic strategies aimed at improving the health of children in this age group and alleviating the health and economic burdens on the community. Therefore, the current study aimed to determine the prevalence of anemia and its associated risk factors among under-five children aged 24–59 months in Gaza Strip, Palestine.



Materials and methods


Study design

This observational, analytical, cross-sectional study was conducted among a representative sample of under-five children aged 24–59 months in the Gaza Strip governorates.



Study location and period

The current study was conducted in 2023 before Gaza war, in the households of the Gaza Strip, Palestine. The estimated population of the Gaza Strip is about 2,106,745 million (11). The Gaza Strip is divided into five governorates: North Gaza, Gaza City, Middle-Area, Khan Younis, and Rafah (12).



Study population

A total of 750 children and their proxy were selected from all Gaza Strip governorates, using a cluster random sampling method. Households having at least one child (male or female), aged 24 to 59 months, and living with his/her mother in the same household, and mothers and fathers aged ≥18 years and having under-five children aged 24 to 59 months were included in the present study. On the contrary, households without under-five children, under-five children with disabilities or chronic disease, preterm infants (<37 weeks), infants of diabetic mothers, and under-five children who have a history of complications during delivery (aspiration or trauma) were excluded from the present study.



Sample size and sampling technique

The current study used the Charan and Biswas formula (13) to obtain a representative sample size of 680 under-five children, both gender, aged 24 to 59 months, and to which we added 10% as an expected non-response rate. Finally, a total of 750 under-five children and their proxy were responded and recruited. The sample was proportionally selected from the five governorates of the Gaza Strip, using a cluster random sampling method based on the population density in each of them as follows: 240 children from North Gaza, 219 from Gaza City, 150 from the Middle Area, 105 from Khan Younis, and 36 from Rafah governorate.



Data collection


Interview-based questionnaire

A pretested structured questionnaire was used, the questionnaire was consisting of demographic socio-economic characteristics of the children and their families; children health and nutrition characteristics including feeding practices, food consumption pattern and the health condition. Ten trained interviewers conducted the poll in all five governorates at the same time.



Anthropometric measurements

The height (cm) and weight (kg) of children were measured following standard recommended procedures. A digital weighing scale (to the nearest 0.1 kg) (SECA, Germany) and a body meter (with the precision of 0.1 cm) (SECA, Germany) were used. The measurement for each child was carried out twice, and the average reading was documented as the final reading (14).



Biochemical measurements

After 12 h fasting, a venous blood samples were collected from the children participating in the study at their homes by five qualified nurses trained to handle children during the blood collection process. The blood collection was carried out with the help of the children’s mothers or fathers to ensure the children’s cooperation. To avoid pre-analytical errors, several steps were taken to ensure the accuracy and safety of the samples including: selection of qualified nurses, use of sterile equipment, proper sample storage procedures, timely sending of samples, and accurate documentation. Venous blood (4.0 mL) was drawn into two vacutainer tubes and was used for blood analysis. One mL of blood was used for Hb test (mg/dL), and the remaining 3.0 mL of blood was used for serum ferritin (SF) test (μg/L). In the current study, the cyanmethemoglobin method was used for measuring of Hb level using a hemoglobinometer device; in addition, Mindray BS-300 chemistry analyzer instrument was used to measure SF using ARCHITECT Ferritin 7K59 kit (15). Furthermore, Hb test was measured for all children, and if the children had anemia (Hb <11 mg/dL), the SF test was conducted. The laboratory tests were analyzed in a private licensed laboratory.

In the current study, anemia was diagnosed, and categorized as mild, moderate, or severe by assessing the levels of Hb in the blood and based on the WHO specific cut-offs for under-five children aged 24 to 59 months as follows: mild (Hb = 10.0–10.9 g/dL), moderate (Hb = 7.0–9.9 g/dL), severe (Hb <7.0 g/dL), and normal (Hb ≥11.0 g/dL). Additionally, IDA is defined according to Hb and SF levels, as follows: Hb <110 g/L and SF <12 μg/L for under-five children (10).



Clinical examination

The study participants were examined by the physicians for signs and symptoms of anemia which includes: pallor, fatigue, dizziness, shortness of breath, chills at the extremities, headache, palpitations, decreased physical endurance, inadequate nutrition, and reduced productivity (8).



Pilot study

A pilot study was conducted with a sample of 20 participants to test the questionnaire and data collection procedures. Based on the feedback from this pilot, necessary adjustments were made to the questionnaire to ensure clarity and accuracy in the main study.



Statistical analysis

Statistical analysis was performed using SPSS version 25. Data are expressed as means ± SD for continuous variables and as percentage for categorical variables. The differences between means were tested by using independent sample t-test. The chi-square test was used to examine differences in the prevalence of different categorical variable. p-value less than 0.05 was considered as statistically significant.





Results

A total of 750 under-five children aged 24 to 59 months were included in the final analysis. Of them, 43.6% were males and 56.4% were females. The mean age of the study participants was 3.58 ± 0.61 years. The findings demonstrated that 65.2% of children aged four to less than 5 years old. The mean weight of children at birth was 3,187 ± 416.3 grams, the child’s current weight (kg) was 16.81 ± 3.08, and the child’s current height (cm) was 108.53 ± 8.59. The mean of the child’s arrangement between his brothers and sisters was 2.11 ± 1.09. In addition, 4.8% of the participants were from Rafah, 14.0% were from Khan Yunis, 20.0% were from the Middle Area, 29.2% were from Gaza City, and 32.0 were from North Gaza. Regarding the place of residence, the results revealed that 49.2, 15.2, and 35.6% were residents in city, village, and camp, respectively. A large percentage (78.8%) of the study participants were refugees, and only 21.2% were citizens as shown in Table 1.



TABLE 1 The characteristics of the study participants (under-five children).
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In addition, the findings revealed that the prevalence of anemia (Hb <11 g/dL) among under-five children in Gaza governorates was 35.6%. Of them, 77.5% had mild anemia and 22.5% had moderate anemia. Furthermore, the prevalence of iron deficiency anemia (Hb <11 g/dL and SF <12 μg/L) among under-five children in Gaza governorates was 4.0% (Table 1).

The prevalence of anemia (Hb <11 g/dL) among under-five children aged 24 to 59 months by Gaza Strip governorates is shown in Figure 1. The findings revealed that the highest prevalence of anemia was in the Khan Yunis governorate (51.4%), while the lowest prevalence of anemia was in the Middle Are governorate (16.0%). In addition, the prevalence of anemia among under-five children aged 24 to 59 months by Gaza governorates was distributed as follows 50.0, 51.4, 16.0, 39.7, and 35.0% in Rafah, Khan Yunis, Middle Area, Gaza city, and North Gaza, respectively.

[image: Figure 1]

FIGURE 1
 The prevalence of anemia among under-five children aged 24 to 59 months by Gaza governorates.


Relationship between the characteristics of under-five children with nutritional anemia in Gaza governorates is shown in Table 2. The findings demonstrated that for the following variables (age of the children, child weight at birth, the child’s current weight, current height, the child’s arrangement between his brothers and sisters, governorates, and place of residence) statistically significant associations were found between under-five children with and without anemia (p-values <0.005 for all).



TABLE 2 Relationship between the characteristics of under-five children with nutritional anemia in Gaza governorates.
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Relationship between the characteristics of the child’s family with nutritional anemia in Gaza governorates is shown in Table 3. The findings demonstrated that for the following variables (father’s age, smoker father, mother’s educational level, mother’s work, number of years of marriage, mother’s history of miscarriages, monthly income of the family, enough income, housing ownership, mothers history of anemia during pregnancy, delivery date, and types of delivery) statistically significant associations were found between under-five children with and without anemia (p-values <0.005 for all).



TABLE 3 Relationship between the characteristics of the child’s family with nutritional anemia in Gaza governorates.
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Relationship between the characteristic of the child health and nutrition with nutritional anemia in Gaza governorates is shown in Table 4. The findings demonstrated that for the following variables (child drinks tea, times of tea drinking per day, drinking of tea immediately after eating or with food, number of meals per day, times of meat (calf/birds/fish/liver) eating per week, times of crisps (chips and their derivatives) eating per week, times of cola and soft drinks drinking per week, eat of fruits regularly, type of breastfeeding, suffering from malnutrition, child’s appetite, hereditary diseases in the family/family, and types of hereditary diseases) statistically significant associations were found between under-five children with and without anemia (p-values <0.005 for all).



TABLE 4 Relationship between the characteristic of the child health and nutrition with nutritional anemia in Gaza governorates.
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Discussion

Anemia remains a significant public health concern, with the most vulnerable being under-five children, adolescent girls, WRA and pregnant women (1). Anemia mainly affects low-income and middle-income countries with the heaviest burden, specifically populations residing in rural areas, economically disadvantaged households, and those lacking formal education (3). Globally, it was estimated that 40% of under-five children are affected by anemia (16). To the best of our knowledge no recent data about the prevalence of anemia among under-five children in Palestine and in the Gaza Strip. In addition, national studies on IDA in the EMR countries are quite limited (3, 10). Therefore, the current study aimed to determine the prevalence of anemia and its associated risk factors among under-five children aged 24–59 months in Gaza Strip, Palestine.

The main findings of the current study revealed that anemia is highly prevalent (35.6%) among under-five children aged 24 to 59 months in Gaza Strip governorates. In addition, the highest prevalence of anemia was in Khan Yunis governorate, while the lows prevalence was in Middle Area governorate. In the EMR, the prevalence of anemia ranged between 11.9 and 79.5% among under-five children, whereby the lowest estimate was reported in Jordan and the highest in Yemen (10). In 2019, the WHO estimated that approximately 40% of under-five children are anemic (3). This difference between countries in the prevalence of anemia among under-five children, could be attributed to the variation in the characteristics of the study population, as well as variation in the demographic socio-economic status, as it is documented that the prevalence of anemia increases with increasing poverty and lacking formal education (17). Furthermore, our results are comparable to the results of a previous study, which reported significantly different prevalence’s of anemic children between the different regions of the Gaza Strip, Palestine (18).

The findings showed that among the anemic children, 77.5% had mild anemia and 22.5% had moderate anemia. The WHO in 2024, reported that the majority of EMR countries fall into the moderate category for anemia. Pakistan, Somalia and Yemen fall into the severe category for all three age/population groups that were considered, i.e., under five children, WRA and pregnant women. As for the mild category, Jordan and Kuwait have reported mild anemia prevalence’s among under five children, while only Jordan reported mild anemia among pregnant women (3). The results of the current study showed that the majority (77.5%) of anemic under-five children had mild anemia.

In the current study, the prevalence of IDA among under-five children aged 24 to 59 months in Gaza governorates was 4.0%. National studies on IDA in the EMR are quite limited; in general, the prevalence of IDA was lower among under five children as compared to WRA, with the exception of Iraq and Pakistan. As for under five children, the range was between 2.9% in Oman, 5.1% in Jordan and 28.6% in Pakistan (3).

On the other hand, the findings demonstrated that different risk factors including the child’s and family characteristics, and the consumption of some of food items were associated with a high prevalence of anemia. Previous studies conducted in low-income countries showed that young age was a significant independent risk factor associated with anemia, and children with low age were twice as likely to have anemia compared to children with high age (19, 20). Baranwal et al. (21) showed that there was no impact of place of residence on anemia. A previous study showed that anemic children had significantly lower body weight, height and weight for age (22). The results of the current study support these findings.

A previous study in Gaza Strip showed that low education level of the parents and smoking are significant risk factors for anemia in children (23). The results of the current study support these findings. In addition, increased years of marriage could increase the number of family members and due to high poverty level in the Gaza Strip all could increase the risk of household’s food insecurity and risk of anemia. Furthermore, a previous study showed that mothers with spontaneous abortion could increase the risk of anemia in children aged 3–7 years old (24). Andargie et al. (25) showed that low family income and poverty were significantly associated with anemia, which resulted in insufficient nutrition and inadequate health care as well as educated states. Endris et al. (26) showed that the prevalence of anemia was higher among children of anemic mothers. Moreover, Li et al. (27) showed that cesarean delivery is associated with increased anemia in children aged 12 and 58 months. The results of the current study support these findings. Our findings support those from other studies that reported reduced placenta-to-fetus cord blood transfusion and decreased iron storage at birth in cesarean-delivered infants (28, 29). Additionally, inappropriate dietary choices and frequently consumption of tea, chips and their derivatives and cola with meals are associated risk factors for anemia (30). Our results also, agrees with previous studies reporting that the intake of tea was significantly high among anemic subjects (31, 32). In addition, the results of the current study showed that children who consumed fruits regularly were at low risk of anemia as these foods contains micronutrients which could decrease the risk of anemia among under-five children. Moreover, another study reported that cola consumption significantly increased the risk of anemia (33). The harmful effect of high caffeine beverages (tea, coffee, and cocoa) on anemia may be justified as they contain polyphenols (tannins) that inhibit absorption of iron from intestine (32). Moreover, breastfeeding remains overwhelmingly beneficial for a child’s development (34). Anemia in under-five children is most often attributed to iron deficiency; other nutritional, infectious, and hereditary factors could contribute to high risk of anemia (35). The results of the current study support these findings. Additionally, dietary inhibitors of iron absorption including whole grains due to the presence of bran, polyphenols, phytate, and calcium. However, because calcium is an essential nutrient, it cannot be considered as an inhibitor of iron absorption in the same way as phytates or polyphenols. To minimize this interaction, certain practices should be adopted, such as increasing iron intake and its bioavailability, or avoiding the consumption of calcium-rich foods and iron-rich foods in the same meal. When these foods are consumed, they should be consumed 1–2 h after having the iron-rich meal or snack (3). Moreover, these inhibitors were shown to have a notable effect on non-heme iron mainly (present in plant food sources), whereas heme iron (present in animal food sources) is affected to a lesser extent (3, 32).

Finally, given the complex etiology of anemia, successful and effective anemia reduction efforts should not focus solely on iron, but rather should identify all additional contributing nutritional and social factors in order to develop and implement an evidence-based set of interventions, tailored to the context and to the locally identified determinants.


Strengths and limitations

The main strength of our study was its being one of the first studies, which shows the prevalence of anemia and its associated risk factors among under-five children aged 24–59 months in Gaza Strip, Palestine, and its large, representative sample size. On contrary, this study shares the standard limitation of cross-sectional design, challenging to make a causal association. Besides, information was collected from household heads (mothers/fathers) it was likely to have recall bias.




Conclusion

Our study clearly demonstrates that anemia is highly prevalent (35.6%) among under-five children aged 24 to 59 months in Gaza Strip governorates. Of them, 77.5% had mild anemia and 22.5% had moderate anemia. The prevalence of IDA among under-five children aged 24 to 59 months in Gaza governorates was 4.0%. The prevalence of anemia (Hb <11 g/dL) by Gaza governorates was distributed as follows 50.0, 51.4, 16.0, 39.7, and 35.0% in Rafah, Khan Yunis, Middle Area, Gaza city, and North Gaza, respectively. In addition, different risk factors including the child’s and family characteristics, and the consumption of some of food items were associated with a high prevalence of anemia. The high prevalence of anemia among under-five children aged 24 to 59 months in the Gaza Strip governorates should be seriously considered and policy makers should take steps to reduce it.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethical Approval Committee at the University of Palestine. Additionally, the Ministry of Health, and the Ministry of Interior in the Gaza Strip granted permission for the study. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

AB: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The author wish to thank and appreciate the study participants and their parents for their significant participation in the study.



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Kumar, SB, Arnipalli, SR, Mehta, P, Carrau, S, and Ziouzenkova, O. Iron deficiency anemia: efficacy and limitations of nutritional and comprehensive mitigation strategies. Nutrients. (2022) 14:2976. doi: 10.3390/nu14142976 

 2. Gupta, A. Iron deficiency anemia In: Decision making through problem based learning in hematology: a step-by-step approach in patients with anemia. Singapore: Springer (2024). 1–16. doi: 10.5281/zenodo.1028473

 3. Al-Jawaldeh, A, Taktouk, M, Doggui, R, Abdollahi, Z, Achakzai, B, Aguenaou, H , et al. Are countries of the eastern Mediterranean region on track towards meeting the world health assembly target for anemia? A review of evidence. Int J Environ Res Public Health. (2021) 18:2449. doi: 10.3390/ijerph18052449 

 4. Bhadra, P, and Deb, A. A review on nutritional anemia. Indian J Nat Sci. (2020) 10:18466–74.

 5. Hoque, M, Emon, K, Malo, PC, Hossain, MH, Tannu, SI, and Roshed, MM. Comprehensive guide to vitamin and mineral sources with their requirements. Indiana J Agric Life Sci. (2023) 3:23–31.

 6. Chaudhary, R, Chaturvedi, S, Sharma, R, and Tiwari, S. Global scenario of vitamin deficiency and human health In: Advances in agri-food biotechnology. Singapore: Springer (2020). 199–220.

 7. Gedfie, S, Getawa, S, and Melku, M. Prevalence and associated factors of iron deficiency and iron deficiency anemia among under-5 children: a systematic review and meta-analysis. Glob Pediatr Health. (2022) 9:2333794X221110860. doi: 10.1177/2333794X221110860 

 8. Gonzales, GF, and Suarez Moreno, VJ. Hemoglobin levels for determining anemia: new World Health Organization guidelines and adaptation of the national standard. Rev Peru Med Exp Salud Publica. (2024) 41:102–4. doi: 10.17843/rpmesp.2024.412.13894 

 9. Jayamanna, U, and Jayaweera, JS. Childhood anemia and risk for acute respiratory infection, gastroenteritis, and urinary tract infection: a systematic review. J Pediatr Infect Dis. (2023) 18:061–70. doi: 10.1055/s-0042-1760237

 10. World Health Organization. Guideline on haemoglobin cutoffs to define anaemia in individuals and populations. Geneva: World Health Organization (2024).

 11. Abuzerr, S, Zinszer, K, Shaheen, A, El Bilbeisi, AH, Al Haj Daoud, A, Aldirawi, A , et al. Impact of the coronavirus disease 2019 pandemic on the Palestinian family: a cross-sectional study. SAGE Open Med. (2019) 9:20503121211001137. doi: 10.1177/20503121211001137 

 12. El Bilbeisi, AH, Hosseini, S, and Djafarian, K. Prevalence of metabolic syndrome and its components using two proposed criteria among patients with type 2 diabetes in Gaza Strip, Palestine. BAOJ Nutr. (2018) 4:054.

 13. Charan, J, and Biswas, T. How to calculate sample size for different study designs in medical research? Indian J Psychol Med. (2013) 35:121–6. doi: 10.4103/0253-7176.116232 

 14. El Bilbeisi, AH, Al-Jawaldeh, A, Albelbeisi, A, Abuzerr, S, Elmadfa, I, and Nasreddine, L. Association of household food insecurity with dietary intakes and nutrition-related knowledge, attitudes, and practices among school-aged children in Gaza Strip, Palestine. Front Nutr. (2022) 9:890850. doi: 10.3389/fnut.2022.890850 

 15. Majoni, SW, Nelson, J, Graham, J, Abeyaratne, A, Fernandes, DK, Cherian, S , et al. Comparison of two ferritin assay platforms to assess their level of agreement in measuring serum and plasma ferritin levels in patients with chronic kidney disease. BMC Nephrol. (2023) 24:198. doi: 10.1186/s12882-023-03255-6 

 16. Givens, DI, Anitha, S, and Giromini, C. Anaemia in India and its prevalence and multifactorial aetiology: a narrative review. Nutrients. (2024) 16:1673. doi: 10.3390/nu16111673 

 17. Chauhan, S, Kumar, P, Marbaniang, SP, Srivastava, S, and Patel, R. Prevalence and predictors of anaemia among adolescents in Bihar and Uttar Pradesh, India. Sci Rep. (2022) 12:8197. doi: 10.1038/s41598-022-12258-6 

 18. Abdeen, Z, Greenough, G, Shahin, M, and Tayback, M. Nutritional assessment of the West Bank and Gaza Strip, 2003. Jerusalem: Ministry of Health, Al Quds University, US Agency for International Development and Care International (2003).

 19. Kuziga, F, Adoke, Y, and Wanyenze, RK. Prevalence and factors associated with anaemia among children aged 6 to 59 months in Namutumba district, Uganda: a cross-sectional study. BMC Pediatr. (2017) 17:25. doi: 10.1186/s12887-017-0782-3 

 20. Semedo, RM, Santos, MM, Baião, MR, Luiz, RR, and da Veiga, GV. Prevalence of anaemia and associated factors among children below five years of age in Cape Verde, West Africa. J Health Popul Nutr. (2014) 32:646–57.

 21. Baranwal, A, Baranwal, A, and Roy, N. Association of household environment and prevalence of anemia among children under-5 in India. Front Public Health. (2014) 2:196. doi: 10.3389/fpubh.2014.00196 

 22. El Bilbeisi, AH, El Afifi, A, Baloushah, S, Alblbeisi, A, Albelbeisi, AH, and Taleb, M. Maternal dietary patterns during early pregnancy and their association with pregnancy outcome among obese women in Gaza Strip, Palestine: a prospective cohort study. Austin J Nutr Food Sci. (2020) 8:1138.

 23. Sirdah, MM, Yaghi, A, and Yaghi, AR. Iron deficiency anemia among kindergarten children living in the marginalized areas of Gaza Strip, Palestine. Rev Bras Hematol Hemoter. (2014) 36:132–8. doi: 10.5581/1516-8484.20140030 

 24. Mou, J, Zhou, H, Feng, Z, Huang, S, Wang, Z, Zhang, C , et al. A case-control study of the factors associated with anemia in Chinese children aged 3–7 years old. Anemia. (2023) 2023:8316658. doi: 10.1155/2023/8316658 

 25. Fentaw, W, Belachew, T, and Andargie, A. Anemia and associated factors among 6–59 months age children attending health facilities in Northeast Ethiopia: a facility based cross sectional study. BMC Pediatr. (2022) 23:209. doi: 10.1186/s12887-023-04031-z

 26. Endris, BS, Dinant, GJ, Gebreyesus, SH, and Spigt, M. Risk factors of anemia among preschool children in Ethiopia: a Bayesian geo-statistical model. BMC Nutr. (2022) 8:2. doi: 10.1186/s40795-021-00495-3 

 27. Li, HT, Trasande, L, Zhu, LP, Ye, RW, Zhou, YB, and Liu, JM. Association of cesarean delivery with anemia in infants and children in 2 large longitudinal Chinese birth cohorts. Am J Clin Nutr. (2015) 101:523–9. doi: 10.3945/ajcn.114.092585 

 28. Kakkilaya, V, Pramanik, AK, Ibrahim, H, and Hussein, S. Effect of placental transfusion on the blood volume and clinical outcome of infants born by cesarean section. Clin Perinatol. (2008) 35:561–70. doi: 10.1016/j.clp.2008.07.002 

 29. Feng, XL, Xu, L, Guo, Y, and Ronsmans, C. Factors influencing rising caesarean section rates in China between 1988 and 2008. Bull World Health Organ. (2012) 90:30–9. doi: 10.2471/BLT.11.090399 

 30. Al-Alimi, AA, Bashanfer, S, and Morish, MA. Prevalence of iron deficiency anemia among university students in Hodeida Province, Yemen. Anemia. (2018) 2018:4157876. doi: 10.1155/2018/4157876 

 31. Nelson, M, and Poulter, J. Impact of tea drinking on iron status in the UK: a review. J Hum Nutr Diet. (2004) 17:43–54. doi: 10.1046/j.1365-277X.2003.00497.x 

 32. Belgnaoui, S, and Belahsen, R. Anaemia and iron deficiency anaemia during pregnancy in an agricultural region of Morocco: effects of dietary intake and iron supplementation. Res J Biol Sci. (2007) 2:118–26.

 33. Gad, A, Al-Quaiz, J, Khoja, T, As-Sharif, A, Al-Manea, H, Al-Edriss, A , et al. Anemia among primary school children (5–12 years) in Riyadh Region, Saudi Arabia: a community-based study. Can J Clin Nutr. (2013) 1:27–34. doi: 10.14206/canad.j.clin.nutr.2013.01.04

 34. Buck, S, Rolnick, K, Nwaba, AA, Eickhoff, J, Mezu-Nnabue, K, Esenwah, E , et al. Longer breastfeeding associated with childhood anemia in rural south-eastern Nigeria. Int J Pediatr. (2019) 2019:9457981. doi: 10.1155/2019/9457981 

 35. Foote, EM, Sullivan, KM, Ruth, LJ, Oremo, J, Sadumah, I, Williams, TN , et al. Determinants of anemia among preschool children in rural, western Kenya. Am J Trop Med Hyg. (2013) 88:757–64. doi: 10.4269/ajtmh.12-0560 


Copyright
 © 2025 El Bilbeisi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-12-1496494-t004.jpg
483 (64.4)

Does the child drink tea?
Yes 74 (83.1) 61(37.9) 0.001
No 15(169) 100 (62.1)

If the answer is yes, how many times a day?

One time 56 (62.9) 45(28.0) 0.001
Two times 18(20.2) 14(87)
“Three times 00(0.0) 20(1.2)
Not drink tea 15(169) 100 (62.1)

Does the child drink tea immediately after eating or with food?
Yes 58(65.2) 46(28.6) 0.001
No 31(34.8) 115 (71.4)

How many meals does the child eat daily?

One meal 00(00) 40235 0.001
“Two meals 49(55.1) 48(29.8)

Three meals 36 (40.4) 100 (62.1)

Four meals. 4.0(45) 9.0(5.6)

How many times does a child eat meat (calf/birds/fish/liver) per week?

Mean £ SD 128£0.69 202130 0.001
How many times does a child eat crisps (chips and their derivatives) per week?

Mean £ SD 5134239 3614259 0.001
How many times does a child drink cola and soft drinks per week?

Mean £ SD 3524281 2084248 0.001
Does the child drink ready-made juices?

Yes 55(61.8) 89(55.3) 0.194
No 34(382) 72(44.7)

Does the child eat fruits regularly?

Yes 15(169) 90(55.9) 0.001
No 74 (83.1) 71(44.1)

Type of breastfeeding

Natural 59 (66.3) 115(7.4) 0.029
Artificial milk 17(19.1) 13(8.1)
Both types 13 (146) 33(205)

Did the child suffer or is suffering from malnutrition?

Yes 56 (62.9) 21(13.0) 0.001
No 33(37.1) 140 (87.0)

Did the child suffer from parasitic worms?

Yes 20(225) 32(19.9) 0371
No 69(77.5) 129 (80.1)

Has the child suffered or is suffering from recurrent or chronic
Yes 60(67) 15(93) 0327
No 83(93.3) 146 (90.7)

Has the child received or is he receiving iron or vitamins during the past two months?

Yes 2022 0.0(0.0) 0126
No 87(97.8) 161 (100)

How you evaluate the child's appetite?

Good 20(22) 72(44.7) 0.001
Acceptable 58(65.2) 71(44.1)
Poor 29(326) 18(11.2)

Does the child suffer from any diseases?

No 89 (100) 161 (100) -
Are there hereditary diseases in the family/family?

Yes 22(247) 17(106) 0003
No 67(753) 144 (89.4)

If the answer is yes, mention it

Hypertension 9.0 (10.1) 12(7.5) 0002
Diabetes mellitus 70(79) 50(3.1)
CVDs 60(67) 0.0(0.0)
No hereditary diseases 67(75.3) 144 (89.4)

Data are expressed as means S for continuous variables and as percentage for categorical variables, The differences between means were tested by using independent sampl I-est. The
chi-square test was used {0 examine differencesin the prevalence of diferent categorical variable. p-value less than 0.05 was considered as staistically sgnificant. SD, standard deviation;
CVDs, cardiovascular
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Variables Children with anemia 267 Children without anemia 483 p-value

(35.6) (64.4)
Gender
Males 114 (427) 213 (44.1) 0468
Females 153 (57.3) 270(55.9)

The age of the child (years)

Mean + SD 341£075 3.67 £0.50 0.001
Two to < three years 2(157) 90(19)

“Three to < four years 72(27.0) 138 (28.6)

Four to < five years 153 (57.3) 336 (69.6)

Child weight at birth (grams)
Mean + SD 30202+ 4059 32795+ 3937 0.001

The child’s current weight (kg)

Mean £ SD 15.68+339 17444271 0001
Child's current height (cm)

Mean £ SD 104,04 £832 1101 £7.71 0001

The child’s arrangement between his brothers and sisters

Mean £ SD 2304115 2004105 0040
Governorate

Rafah 18(67) 18(3.7) 0.008
Khan Yunis 54(20.2) 51(10.6)

Middle Area 29.0) 126 (26.1)

Gaza 87(32.6) 132(273)

North Gaza 84 (31.5) 156 (32.3)

Place of residence

City 171 (640) 198 (41.0) 0,002
Village 27 (10.1) 87 (18.0)

Camp 69(258) 198 (41.0)

Citizenship

Refugee 219 (82.0) 372(77.0) 0.226
Citizen 48 (18.0) 111(23.0)

Data are expressed as means + SD for continuous variables and as percentage for categorical variables. The differences between means were tested by using independent sample -test. The
chi-square test was used to examine differences in the prevalence of different categorical variable. p-value less than 0.05 was considered as statistically significant, SD, standard deviation,
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AELELIES Children with anemia 267 Children without anemia

(35.6) 483 (64.4)

Father’s age (years)
Mean £ SD 3702626 3448+ 486 0.001

Father’s educational level

Primary 3001 90(1.9) 0775
Preparatory 90(3.4) 30(62)
Secondary 51019.1) 72(149)
Diploma 36(13.5) 72(149)
University 168 (62.9) 300(62.1)

Is the father work?
Yes 246 (92.1) 432(89.4) 0325
No 21(7.9) 51(10.6)

Is the father a smoker?

Yes 186 (69.7) 258(53.4) 0.009
No 81(30.3) 225 (46.6)

Mother's age (years)

Mean + SD 3220+7.16 30.83 £ 4.67 0.069

Mother’s educational level

ary 30(11) 15(25) o011
Preparatory 0.0 (0.0) 0.0(0.0)
Secondary 102(38.2) 105 (21.7)
Diploma 21(79) 93(19.3)
University 141(528) 273 (56.5)

Is the mother work?

Yes 36(13.5) 120(248) 0023
No 231(86.5) 363(75.2)

Is there a relationship between the father and the mother?

Yes 54(20.2) 138 (28.6) 009
No 213(79.8) 345 (71.4)

If the answer is yes, what is the degree of kinship?

Cousin 54(20.2) 138 (28.6) 009
No relationship 213(79.8) 345 (71.4)

Number of years of marriage

Mean £ SD 9374412 8274356 0029
Number of children

Mean £ SD 3064124 3204148 0458
Has the mother suffered from previous miscarriages?

Yes 108 (40.4) 102 21.1) 0.001
No 159 (59.6) 381 (78.9)

Is the mother a smoker?

Yes 00(00) 12(25) 0170
No 267 (100) 471(97.5)

The monthly income of the family (Shekels)

Mean + SD 1589.8 + 840.0 18714 £ 13125 0040
<2,000 Shekels. 174 (65.2) 285 (59.0)
22,000 Shekels 93(34.8) 198 (41.0)

Enough income

Sufficient for needs with savings 00(00) 15(.1) 0.001
Just enough 12(45) 138 (28.6)
Not enough 255(95.5) 330 (86.3)

Housing ownership

Rent 66(24.7) 69(14.3) 0031
Ownership 201 (75.3) 414(857)

Number of family members inside the house

Mean £ SD 5124131 5164114 0812
Did the mother suffer from anemia during pregnancy?

Yes 195 (73.0) 150 (31.1) 0.001
No 72(27.0) 333 (68.9)

Did the mother receive iron or vitamins during pregnancy?

Yes 186 (69.7) 369 (76.4) 0156
No 81(303) 114(23.6)

Delivery date

Completed 222(83.1) 462 (95.7) 0.001
Early 45(16.9) 21(43)

Type of delivery

Normal 162 (60.7) 363 (75.2) 0013
Cesarean section 105 (39.3) 120 (24.8)

Data are expressed as means  SD for continuous variables and as percentage for categorical variables. The differences between means were tested by using independent sample t-test. The
chi-square test was used to examine differences in the prevalence of different categorical variable. p-value less than 0.05 was considered as statistically significant. SD, standard deviation
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Variables N 100%

Gender

Males 327 56

Females a 564

The age of the child (years), mean + SD: 3.58 + 0.61

Two to less than three years 51 68

Three to less than four years 210 280

Four to less than five years 489 652

Child weight at birth (grams)

Mean £ SD 3,187£4163

The child's current weight (kg)

Mean £ SD 16814308

Child’s current height (cm)

Mean £ SD 108.53 4859

The child’s arrangement between his brothers and sisters

Mean £ SD 211109

Governorate

Rafah 36 48

Khan Yunis 105 140

Middle Area 150 200

Gaza 219 292

North Gaza 240 320

Place of residence

City 369 92

Village 14 152

Camp 267 356

Citizenship

Refugee 591 788
zen 159 22

The child’s blood hemoglobin concentration (mg/dL)

Mean + SD 1121089

Hemoglobin <11 mg/dL (anemia) 267 356

Hemoglobin 11 mg/dL or more (no anemia) 483 644

Hemoglobin <11 g/dL and serum ferritin <12 pg/L

Tron deficiency anemia 30 40

No iron deficiency anemia 720 96.0

The following laboratory tests only for the child’s with anemia (n = 267)

Mild anemia

Hemoglobin 10.0-10.9 g/dL. 207 775

Moderate anemia

Hemoglobin 7.0-9.9 g/dL. 60 25

Severe anemia

Hemoglobin <7.0 g/dL 00 00

Data are expressed as means * SD for continuous variables and as percentage for categorical variables.
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