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Abstract 
Nutritional deficiencies in children can be reflected in growth parameters, such as body weight, 
height, and Body Mass Index (BMI). Iron Deficiency Anemia (IDA) is the most common nutritional 
deficiency manifested in various BMI categories. Aim: The present study evaluated the association 
between age, BMI, and iron deficiency anemia among Libyan children. An observational retrospective 

study was conducted at the pediatric hematology clinic, Benghazi Medical Center, Libya, from 
December 1, 2019, to December 31, 2024. This study of 128 Libyan children aged 2-16 years with 
low iron status collected data including demographic parameters (age and sex), and hemoglobin and 
serum ferritin were recorded, and anthropometry (weight, height, and BMI), and three nutritional 
anthropometric categories (healthy weight, underweight, and overweight). We assess the association 
between ag, IDA, and BMI. The data were analyzed using SPSS 27.0, and the statistical significance 
level was considered as 0.05. The rate of IDA is 66.4%, and age ≥12 years had the highest proportion 
of IDA, with a statistically significant association between age group and IDA (χ² = 14.155, p = 0.001), 
and the majority (70%) of IDA children had normal BMI (healthy weight). However, there is no 
statistically significant association between BMI category and IDA (χ² = 1.274, p = 0.529). A healthy 
weight was most common among 12- to 16-year-olds, with a statistically significant association 
between age group and BMI category (χ² =10.300, p = 0.036). Our study shows no association 
between BMI and IDA. Iron deficiency anemia is more common among healthy children. This study 
emphasizes the necessity of screening for IDA, irrespective of the nutritional status, especially in the 
risk age group, teenagers, preschoolers, and adolescents.  
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Introduction 
Iron deficiency anemia (IDA) is the most common anemia globally, affected 30% of the population [1]. It 
poses a significant health challenge, particularly in developing nations. IDA accounts for about 50% of 

anemias [2]. It is frequently observed in children aged 6 to 59 months, who account for 40% of childhood 

iron deficiency anemia (IDA) [3]. Severe IDA results in poor cognitive, growth, and motor development in 

young children, and it decreases school performance in school-age children [4-7]. 

Iron deficiency anemia could be due to a poor iron diet, excessive or chronic bleeding, increased physiological 

demand, such as in the infant and adolescent age group [8]. Anthropometric parameters serve as indicators 
of nutritional status and encompass measurements such as weight, height, and body mass index, which 

are analyzed in relation to age and sex. BMI is an indicator of body fat percentage and a measure of an 

individual's weight relative to their height for age and sex [9]. Body Mass Index (BMI) is categorized into 

underweight, healthy weight, overweight, and obese.  

Ideally, a normal child has a healthy weight; a shift of BMI out of the normal percentile range for age and 
sex is an indicator of a major health problem.    Underweight: BMI is below the 5th percentile for age, gender, 

and height. Healthy weight: BMI is equal to or greater than the 5th percentile and less than the 85th 

percentile for age, gender, and sex. Overweight: BMI is at or above the 85th percentile but less than the 95th 

percentile for age, gender, and sex. Obese: BMI is at or above the 95th percentile for age, gender, and sex 

[10]. The prevalence of iron deficiency anemia is higher among underweight and overweight/obese people 

compared to those with normal BMI. Co-existence of iron deficiency and malnutrition, either undernutrition 
and overweight or obesity, has been reported, and they inflict a double burden on the affected children. They 

result in long-term sequelae and mortality among affected children. Iron deficiency anemia and body mass 

index (BMI) were indirectly associated. In an overweight or obese child, an elevated BMI is associated with 

increased hepcidin production, a master hormone of iron regulation, which controls iron delivery to the 

bloodstream. An increase in hepcidin inhibits iron absorption and recycling of iron by macrophages, 

eventually leading to iron deficiency anemia [11]. 
An obese patient has an excess of adipose tissue, which is associated with inflammation, resulting in low 

iron status observed in obese adults [12, 13].  Increased adipose tissue leads to macrophage infiltration and 

inflammatory cytokines, such as interleukin- 6, which stimulate the synthesis of ferritin and hepcidin, an 

inflammatory marker; hepcidin is the master regulator of iron [12]. Hepcidin prevents intestinal iron 

absorption and macrophage iron release, resulting in low serum iron levels [13]. The underweight children, 
especially the preschool and teenage age groups, are at risk of iron deficiency with subsequent iron 

deficiency anemia [14,15].  
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In adolescents, age as well as their abnormal body mass index are the main predisposing risk factors for 
IDA [16,17], and overweight or obese children and adolescents also have high BMI, which leads to 

abnormally low iron status and thus increased risk of anemia [18,19]. Nutritional deficiencies, including 

iron, zinc, and vitamins, were commonly associated with undernutrition in children and young people. 

Overnutrition increased the risk of ID, with an inverse relationship observed between iron status and body 

weight [20]. Our study aimed to evaluate the association between age, BMI, and iron deficiency anemia 

among Libyan children. 
 

Methods 
Study design and participants 

This is a retrospective study of 128 children aged 2- 16 years with low iron status, followed up at the pediatric 
hematology clinic at Benghazi Medical Centre, Benghazi, Libya, from December 12019 to December 2024. 

The collected study data in follow-up form included age, gender, weight, height, Hemoglobin (Hb), and serum 

ferritin.  

 

Study Population and Sample Size 

A total of 128 Libyan children aged 2–16 years with latent iron deficiency (ID) were enrolled and followed up 
at the pediatric hematology clinic. Eligibility was restricted to children within the specified age range who 

had documented iron deficiency and were under regular follow-up at BMC between January 2019 and 

August 2024. 

 

Exclusion Criteria 
Children were excluded if they presented with infection, chronic disease, inflammation, hematological 

disorders other than latent iron deficiency or iron deficiency anemia, incomplete or missing data, febrile 

illness with elevated C-reactive protein (CRP), or if they did not meet the inclusion criteria (e.g., age <2 years 

or >16 years, absence of iron deficiency). 

 

Classification of Iron Status 
All enrolled children with low serum ferritin levels were classified as having iron deficiency (ID). Those with 

concomitant low hemoglobin levels, adjusted for age, were categorized as iron deficiency anemia (IDA). 

 

Definitions and Cut-Offs 

Iron deficiency was defined according to World Health Organization (WHO) guidelines: plasma ferritin <12 
µg/L or <30 µg/L in the presence of inflammation for children <5 years, and <15 µg/L or <70 µg/L in the 

presence of inflammation for children ≥5 years [21]. 

Anemia was diagnosed and graded based on WHO hemoglobin thresholds for age and sex [22]: 

• Children 6–23 months: <10.5 g/dl 

• Children 24–59 months: <11.0 g/dl 

• Children 5–11 years: <11.5 g/dl 

• Children 12–14 years (boys and non-pregnant girls): <12.0 g/dl 

Accordingly, the study population was stratified into two groups: iron deficiency (ID) and iron deficiency 

anemia (IDA). 

 
The anthropometric measurements 

 The anthropometric measurements, including weight, height, and body mass index, were estimated using 

the formula: body mass (kg)/height (m2) in line with the World Health Organization. 

Measures were plotted using the WHO growth charts for ages 2–20. Organization’s (WHO) criteria for the 

classification of underweight, healthy, overweight, and obesity. Under-weight: BMI is below the 5th percentile 

for age, gender, and height. Healthy weight: BMI is equal to or greater than the 5th percentile and less than 
the 85th percentile for age, gender, and sex. Overweight: BMI is at or above the 85th percentile but less than 

the 95th percentile for age, gender, and sex. Obese: BMI is at or above the 95th percentile for age, gender, 

and sex [23]. 

 

Statistical Analysis 
Data were entered and analyzed using the Statistical Package for the Social Sciences (SPSS) version 27[24]. 

Descriptive statistics were used to summarize participants’ characteristics. Categorical variables such as 

age group, sex, BMI category, and iron deficiency status, including iron deficiency(ID) and iron deficiency 

anemia (IDA), were presented as frequencies and percentages. The association between categorical variables 

and ID status was assessed using the chi-square (χ²) test. When appropriate, Fisher’s exact test was 

considered for 2×2 tables. A p-value of less than 0.05 was considered statistically significant. 
Crude odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to estimate the strength and 

direction of the association between independent variables (age group and sex) and iron deficiency status 
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categories, using reference categories for comparison. The odds ratios were computed from 2×2 contingency 
tables. 

 

Results  
A total of 128 children were included in the study, with ages ranging from 2 to 16 years (mean = 6.87 ± 4.09 

years). Nearly half of the participants (44.5%) were aged 5–11 years, while 39.1% were between 2–4 years 
and 16.4% were between 12–16 years. More than half of the children were females, representing 53.5% of 

the sample, while males accounted for 46.5% (Table 1). 

 

Table 1. Demographic Characteristics of the Study Children 

Variable Category 
Frequency 

(n) 
Percentage (%) 

Age Group (years) 

2–4 50 39.1 

5–11 57 44.5 

≥12 21 16.4 

Sex 
Female 69 53.5 

Male 60 46.5 

 
Table 2 shows the distribution of participants by age group and sex. In the 2–4 years age group (n = 50), 

males were slightly more represented (56.0%) than females (44.0%). In contrast, females were more 

represented in the 5–11 age group (57.9%) compared to males (42.1%). The highest proportion of females 

was observed in the ≥12 years age group, where females accounted for 66.7% and males 33.3%. 

 
Table 2. Distribution of Participants by Age Group and Sex 

Age Group Female n (%) Male n (%) Total n (%) 

2–4 years 22 (44.0%) 28 (56.0%) 50 (39.1%) 

5–11 years 33 (57.9%) 24 (42.1%) 57 (44.5%) 

≥12 years 14 (66.7%) 7 (33.3%) 21 (16.4%) 

Total 69 (53.9%) 59 (46.1%) 128 (100%) 

 

The mean body weight was 24.24 ± 12.41 kg, and the mean height was 120.59 ± 23.27 cm. The average 

body mass index (BMI) was 15.76 ± 3.35 kg/m² (Table 3).  

 

Table 3. Descriptive Statistics of Anthropometric  

Variable Minimum Maximum Mean Standard Deviation (SD) 

Weight (kg) 9 66 24.24 12.41 

Height (cm) 89 161 120.59 23.27 

BMI (kg/m²) 11 37 15.76 3.35 

 
As presented in Table 4, the majority of children (62.5%) had a healthy weight according to BMI 

classification. However, a considerable proportion (32.0%) were underweight, indicating a notable burden of 

undernutrition in the study population. Only a small percentage of children were classified as overweight 

(5.5%) (Table 4).  

 
Table 4. Distribution of Body Mass Index (BMI) Categories Among Children 

BMI Category Frequency (n) Percentage (%) 

Healthy weight 80 62.5 

Underweight 41 32.0 

Overweight 7 5.5 

Total 128 100.0 

 

The prevalence of IDA differed across age groups: Age ≥12 years had the highest proportion of IDA (85.7%), 

followed by Age 2–4 years (78.0%), while Age 5–11 years had the lowest prevalence (49.1%). A Pearson Chi-

square test showed a statistically significant association between age group and IDA status (χ² = 14.155, p 

= 0.001) (Table 5).  
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Table 5. Association Between Age Group and IDA Status 

Age  
IDA   

n (%) 
ID   

n (%) 
Total n (%) χ²  p-value 

2–4 years 39 (78.0%) 11 (22.0%) 50 (39.1%) 

14.155 0.001 
5–11 years 28 (49.1%) 29 (50.9%) 57 (44.5%) 

≥12 years 18 (85.7%) 3 (14.3%) 21 (16.4%) 

Total 85 (66.4%) 43 (33.6%) 128 (100%) 

 

The prevalence of IDA was higher among females (71.0%) compared to males (61.0%). However, a Pearson 

Chi-square test showed that this difference was not statistically significant (χ²= 1.425, p = 0.233) (Table 6). 

 
Table 6. Association Between Sex and IDA Status 

Sex IDA n (%) ID n (%) χ² p-value 

Female 49 (71.0%) 20 (29.0%) 

1.425 0.233 Male 36 (61.0%) 23 (39.0%) 

Total 85 (66.4%) 43 (33.6%) 

 

 Of the 128 children included in the study, 85 children (66.4%) were diagnosed with iron deficiency anemia 

(IDA), while 43 children (33.6%) had iron deficiency (ID) without anemia (Table 7).  
 

Table 7. Distribution of Iron Deficiency Status  

Diagnosis 
Frequency  

(n) 

Percentage  

(%) 

Iron Deficiency (ID) 43 33.6 

Iron Deficiency Anemia (IDA) 85 66.4 

Total 128 100.0 

 

The prevalence of IDA varied significantly across age groups, with the ≥12 years (85.7%) and 2–4 years 

(78.0%) showing higher proportions than the 5–11 years group (49.1%). The association between age group 

and IDA was statistically significant (χ² = 14.155, p = 0.001). In contrast, although females had a higher 
prevalence of IDA (71.0%) compared to males (61.0%), the association between sex and IDA was not 

statistically significant (χ² = 1.425, p = 0.233). This indicates that the age group is significantly associated 

with IDA status, whereas sex is not significantly associated with IDA in this study (Table 8). 

 

Table 8. Association Between Age, Sex, and Iron Deficiency Status  

  IDA  
 n (%) 

ID  
 n (%) 

χ²  p-value 

Age  

2–4 years 39 (78.0%) 11 (22.0%) 

14.155 0.001 5–11 years 28 (49.1%) 29 (50.9%) 

≥12 years 18 (85.7%) 3 (14.3%) 

Sex 
Female 49 (71.0%) 20 (29.0%) 

1.425 0.233 
Male 36 (61.0%) 23 (39.0%) 

 

Among the study population with a healthy weight, 56 (70.0%) had iron deficiency anemia (IDA), while 24 

(30.0%) had ID. In the underweight group, 25 (61.0%) had IDA and 16 (39.0%) had only ID. Similarly, among 

overweight students, 4 (57.1%) had IDA, whereas 3 (42.9%) had ID. Overall, 85 (66.4%) of the total 

participants had IDA, and 43 (33.6%) had ID. The chi-square test showed no statistically significant 
association between BMI category and IDA (χ² = 1.274, p = 0.529), indicating that the prevalence of IDA did 

not significantly differ across BMI categories in this study (Table 9). 

 

Table 9. Association Between BMI Categories and Iron Deficiency Status  

BMI Category 
ID 

n (%) 

IDA 

 n (%) 
χ² p-value 

Healthy weight 24 (30.0%) 56 (70.0%) 

1.274 0.529 
Underweight 16 (39.0%) 25 (61.0%) 

Overweight  3 (42.9%) 4 (57.1%) 

Total 43 (33.6%) 85 (66.4%) 
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Among the 128 participants, the association between age, sex, and iron deficiency anemia (IDA) was 
examined using crude odds ratios. Using the 2–4 age group as the reference category, children aged 5–11 

years had lower odds of IDA (OR = 0.56, 95% CI: 0.23–1.37), while those aged 12–16 years had nearly similar 

odds (OR = 0.99, 95% CI: 0.38–2.56). Regarding sex, females had 1.57 times higher odds of having IDA 

compared to males (OR = 1.57, 95% CI: 0.74–3.31). Since all confidence intervals include 1, neither age nor 

sex showed a statistically significant relationship with IDA in this study (Table 10). 

 
Table 10. Odds Ratios for the Association Between Age, Sex, and IDA Status 

Variable Category OR 95% CI 

Age (Years) 

2–4 (Ref) 1.00 — 

5–11 0.56 0.23 – 1.37 

12–16 0.99 0.38 – 2.56 

Sex 
Male (Ref) 1.00 — 

Female 1.57 0.74 – 3.31 

 

Among females, 69.6% were of a healthy weight, 26.1% were underweight, and 4.3% were overweight, 

whereas among males, 54.2% were of a healthy weight, 39.0% were underweight, and 6.8% were overweight. 

Although underweight was more common among males and healthy weight among females, the Pearson 

Chi-square test showed that this difference was not statistically significant (χ² = 3.191, p = 0.203) (Table 
11). 

Table 11 Association Between BMI Category and Sex 

BMI  
Female  

n (%) 

Male  

n (%) 

Total  

n (%) 
χ²  p-value 

Healthy weight 48 (60.0%) 32 (40.0%) 80 (62.5%) 

3.191  0.203 
Underweight 18 (43.9%) 23 (56.1%) 41 (32.0%) 

Overweight 3 (42.9%) 4 (57.1%) 7 (5.5%) 

Total 69 (53.9%) 59 (46.1%) 128 (100%) 

 
Healthy weight was most common among 12–16-year-olds (85.7%), followed by 5–11-year-olds (61.4%) and 

2– 4-year-olds (54.0%). Underweight was most prevalent in the age group 2–4 years (44.0%), while 

overweight was relatively more common in the age group 5 to 11 years (8.8%). The Pearson Chi-square test 

showed a statistically significant association between age group and BMI category (χ² = 10.300, p = 0.036) 

(Table 12). 

 
Table 12. Association Between Age Group and BMI Category 

BMI  
2–4 years 

n (%) 

5–11 years 

n (%) 

12–16 years 

n (%) 

Total 

 n (%) 
χ²  p-value 

Healthy weight 27 (54.0%) 35 (61.4%) 18 (85.7%) 80 (62.5%) 

10.30 0.036 
Underweight 22 (44.0%) 17 (29.8%) 2 (9.5%) 41 (32.0%) 

Overweight 1 (2.0%) 5 (8.8%) 1 (4.8%) 7 (5.5%) 

Total 50 (39.1%) 57 (44.5%) 21 (16.4%) 128 (100%) 

 

Discussion 
IDA is a major health issue worldwide, especially in developing countries such as Libya. It can be a double 

burden problem coexisting with other malnutritional problems, such as being overweight or underweight.  

This study investigated the associations between age, BMI, and IDA in Libyan children. The current study 

of our low iron status children shows that the prevalence of IDA anemia was 66.4 %, while 43.6% had ID. 

This indicates the IDA is more common than latent ID in our population study, explained by low educational 
level regarding IDA and absence of screening, and improper management programs, which make IDA a 

significant health problem in our society. The highest prevalence of IDA (85.7%) was among children aged 

≥12 years, followed by (78.0%) in 2–4-year-old children. This indicates children aged ≥12 years were more 

likely to be anemic than the younger age group, with a significant association of IDA with age (It is 

inconsistent with a recent study in Nepal, a past study in Rwanda, and in Kenya, which reported that 
younger children were more likely to develop anemia than older children [25 - 27]. 

In the current study, the older adolescent children are more prone to developing IDA. This can be elucidated 

by age-related risk factors associated with IDA, as individuals aged 12 years and older are in puberty, a 

stage characterized by heightened physiological iron requirements for muscle building, hemoglobin 

synthesis, and the pubertal growth spurt [28]. A low iron and vitamins diet for these children is a causative 

factor of nutritional deficiencies, including IDA. Furthermore, menstrual bleeding serves as an additional 
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contributing factor to IDA in adolescent females, resulting in iron deficiency and finally IDA.[29]. Our study 
also shows that female children are slightly more likely than males to be anemic, with no significant 

association of IDA with gender. 

Among the study population a significant proportion, nearly 2/3 (70.0%) of our healthy weight study group 

had iron deficiency anemia (IDA), followed by (61.0%) of underweight and overweight (57.1%), which shows 

an insignificant difference between the frequencies of IDA in healthy and undernourished children, and with 

no significant association between BMI and IDA in Libyan children (p = 0.529). Our finding, supported by 
Kamruzzaman M's (2021) study, and Ripa Chakma, et al, studies which finding no association between BMI 

and anemia among the children [30] [31], and study in Jordan, which revealed that 60.7% of anemic 

adolescent girls had a normal BMI, and no significant association was found between BMI categories and 

anemia [32]and is consistent with findings in Kuwait, where overweight/obesity did not play a major role in 

anemia among adolescents [33]. This finding is inconsistent with Tazeen Khan et al.'s (2018) study, which 
found that abnormal body mass index, either underweight or overweight/obesity, has a risk of iron 

deficiency anemia. While a normal body mass index (healthy weight) has a positive correlation between the 

body mass index (BMI) and hemoglobin concentration [34]. Our study shows that (61.0%) underweight 

children had IDA, which is consistent with Agho, K.E et al (2024) study, and Tatala, S et al. (2008) study, 

which found that underweight children had an increased risk of developing anemia [35,36]. 

 
Limitations 
This is a retrospective study of only iron-deficient children who follow up at the hematology clinic; it is only 

in a single health center with a small number of patients. This research was conducted among children with 

iron deficiency who attended the hematology clinic, thus limiting it to a single health center and a limited 

number of patients. 
 

Conclusion 

Iron deficiency anemia is a significant public health dilemma in our country, more common among healthy 

children. This study heigh light to the necessity of screening for IDA, even in otherwise healthy children, 

especially in the risk age group, teenagers, preschoolers, and adolescents. Health care providers need 
targeted public health programs, including education, screening, supplementation, and food fortification, 

for all children regardless of their nutritional status, especially risk groups, to improve children's health and 

prevent short and long-term sequelae. 

 

Author Contributions 
Haloom Abdel Salam Elhashmi conceived & design of the study, contributed data or analysis tools, 

performed the analysis/ interpretation of data, drafted the manuscript, revised for important intellectual 

context, and approved the final version of the manuscript. Fatma Aldarat collected the data, contributed 

data or analysis tools, and provided approval of the final version of the manuscript.  

 

Ethics 
Ethical approval for this retrospective study was obtained from the Faculty of Medicine, University of 

Benghazi, ethics committee. The patient consent was waived as this was a retrospective chart review. 

 

Conflicts of Interest: The authors declare no conflict of interest. 

 
Acknowledgement: The authors acknowledge all the study participants' parents 

 
References 

1. World Health Organization. Haemoglobin concentrations for the diagnosis of anaemia and assessment of 
severity. Vitamin and Mineral Nutrition Information System. Geneva: World Health Organization; 2011. 

2. World Health Organization. Iron deficiency anaemia: assessment, prevention, and control. Geneva: World Health 
Organization; 2001. 

3. Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca F, et al. Global, regional, and 
national trends in haemoglobin concentration and prevalence of total and severe anaemia in children and 
pregnant and non-pregnant women for 1995–2011: a systematic analysis of population-representative data. 
Lancet Glob Health. 2013;1(1):e16-25. 

4. l-Mekhlafi MH, Surin J, Atiya AS, Ariffin WA, Mahdy AK, Abdullah HC. Anaemia and iron deficiency anaemia 
among aboriginal schoolchildren in rural Peninsular Malaysia: an update on a continuing problem. Trans R Soc 
Trop Med Hyg. 2008;102(10):1046-52. 

5. Hasimun P, Aligita W, Nopitasari I. Anti-anemic and analgesic activity of Sauropus androgynus L. Merr on 
female mice model. Int J Pharm Phytopharm Res. 2018;8(1):98-102. 

6. Bailey RL, West KP Jr, Black RE. The epidemiology of global micronutrient deficiencies. Ann Nutr Metab. 
2015;66 Suppl 2:22-33. 

https://doi.org/10.54361/ajmas.269516


Alqalam Journal of Medical and Applied Sciences. 2026;9(5):1242-1248 

https://doi.org/10.54361/ajmas.269516 

 

 

Copyright Author (s) 2026. Distributed under Creative Commons CC-BY 4.0 

Received: 01-03-2026 - Accepted: 23-04-2026 - Published: 01-05-2026     1248 

7. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. Maternal and child undernutrition 
and overweight in low-income and middle-income countries. Lancet. 2013;382(9890):427-51. 

8. Aigner E, Feldman A, Datz C. Obesity as an emerging risk factor for iron deficiency. Nutrients. 2014;6(9):3587-
600. 

9. Adewale B, Osuolale KA, Rahman NO. A study of anthropometric indices among pupils in rural communities 
around Kainji Dam, Niger State. J Biosci Med. 2020;8(6):169-78. 

10. Gahagan S. Overweight and obesity. In: Kliegman RM, St. Geme JW, Blum NJ, Shah SS, Tasker RC, Wilson 
KM, editors. Nelson Textbook of Pediatrics. 21st ed. Philadelphia, PA: Elsevier; 2020. p. 1600. 

11. Skiba A, Logmani E, Orr DP. Nutritional screening and guidance for adolescents. Adolesc Health Update. 
1997;9:1-8. 

12. Hutchinson C. A review of iron studies in overweight and obese children and adolescents: a double burden in 
the young. Eur J Nutr. 2016;55(7):2179-97. 

13. González-Domínguez Á, Visiedo-García FM, Domínguez-Riscart J, González-Domínguez R, Mateos RM, 
Lechuga-Sancho AM. Iron metabolism in obesity and metabolic syndrome. Int J Mol Sci. 2020;21(15):5529. 

14. Khan ZA, Khan T, Bhardwaj A, Aziz SJ, Sharma S. Underweight as a risk factor for nutritional anaemia a cross-
sectional study among undergraduate students of a medical college of Haryana. Indian J Comm Health. 

2018;30(1):63-9. 
15. Sumarmi S, Puspitasari N, Handajani R, Wirjatmadi B. Underweight as a risk factor for iron depletion and iron-

deficient erythropoiesis among young women in rural areas of East Java, Indonesia. Mal J Nutr. 2016;22(2):219-

32. 
16. DiMeglio G. Nutrition in adolescence. Pediatr Rev. 2000;21(1):32-3. 
17. Keikhaei B, Askari R, Aminzadeh M. Adolescent with unfeasible body mass index: a risk factor for iron deficiency 

anemia. J Health Med Informat. 2012;3(1):109. 
18. Moayeri H, Bidad K, Zadhoush S, Gholami N, Anari S. Increasing prevalence of iron deficiency in overweight 

and obese children and adolescents (Tehran Adolescent Obesity Study). Eur J Pediatr. 2006;165(11):813-4. 
19. Aigner E, Feldman A, Datz C. Obesity as an emerging risk factor for iron deficiency. Nutrients. 2014;6(9):3587-

600. 
20. Tan X, Py P, Gong YY, et al. Overnutrition is a risk factor for iron, but not for zinc or vitamin A deficiency in 

children and young people: a systematic review and meta-analysis. BMJ Glob Health. 2024;9(5):e015135. 
21. World Health Organization. WHO guideline on the use of ferritin concentrations to assess iron status in 

individuals and populations. Geneva: World Health Organization; 2020. 
22. Assefa S, Mossie A, Hamza L. Prevalence and severity of anemia among school children in Jimma Town, 

Southwest Ethiopia. BMC Hematol. 2014;14:3. 
23. Gahagan S. Overweight and obesity. In: Kliegman RM, editor. Nelson Textbook of Pediatrics. 21st ed. 

Philadelphia, PA: Elsevier; 2020. 
24. IBM Corp. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp; 2020. 
25. Agho KE, Chitekwe S, Rijal S, Paudyal N, Sahani SK, Akombi-Inyang BJ. Association between child nutritional 

anthropometric indices and iron deficiencies among children aged 6–59 months in Nepal. Nutrients. 
2024;16(5):698. 

26. Mupfasoni D, Karibushi B, Koukounari A, Ruberanziza E, Kaberuka T, Kramer MH, et al. Polyparasite helminth 
infections and their association to anaemia and undernutrition in Northern Rwanda. PLoS Negl Trop Dis. 
2009;3(9):e517. 

27. Ngesa O, Mwambi H. Prevalence and risk factors of anaemia among children aged between 6 months and 14 
years in Kenya. PLoS One. 2014;9(11):e113756. 

28. World Health Organization. Prevention of deficiency anaemia in adolescence: role of weekly iron and folic 
supplementation. New Delhi: WHO Regional Office for South-East Asia; 2011. 

29. Sekhar DL, Murray-Kolb LE, Kunselman AR, Weisman CS, Paul IM. Association between menarche and iron 
deficiency in non-anemic young women. PLoS One. 2017;12(5):e0177183. 

30. Kamruzzaman M. Is BMI associated with anemia and hemoglobin level of women and children in Bangladesh: 
A study with multiple statistical approaches. PLoS One. 2021;16(10):e0259116. 

31. Chakma R, et al. Prevalence of anemia in relation to body mass index (BMI) among students of Faculty of 
Nursing and Public Health, Bhutan. SSRG Int J Nurs Health Sci. 2017;3(3):6-8. 

32. Alomari DZ, Alghwairy H. Prevalence of anemia and its association with body mass index among adolescent 
schoolgirls in Zarqa, Jordan. BMC Nutr. 2026;12:78. 

33. Shaban L, Al-Taiar A, Rahman A, Al-Sabah R, Mojiminiyi O. Anemia and its associated factors among 
adolescents in Kuwait. Sci Rep. 2020;10(1):5857. 

34. Khan T, Khan ZA, Kochhar S, Singh B, Goyal GL, Sharma R. Unfeasible body mass index and its association 
with low haemoglobin concentration: a correlation study among undergraduate medical students. Int J Res Med 
Sci. 2018;6(12):4002-7. 

35. Agho KE, Chitekwe S, Rijal S, Paudyal N, Sahani SK, Akombi-Inyang BJ. Association between child nutritional 
anthropometric indices and iron deficiencies among children aged 6–59 months in Nepal. Nutrients. 
2024;16(5):698. 

36. Tatala S, Kihamia C, Kyungu L, Svanberg U. Risk factors for anaemia in schoolchildren in Tanga Region, 
Tanzania. Tanzan J Health Res. 2008;10(4):189-202. 

 
 

https://doi.org/10.54361/ajmas.269516

