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Background: School-aged children (6–14 years old) are susceptible to malnutrition and micronutrient deficiencies. Environmental and behavioral factors greatly influence their nutritional status. This study aimed to examine the association between dietary factors and the nutritional status of school-aged children attending public and private schools in Addis Ababa.

Methods: A community-based cross-sectional study design was employed from March to August 2023. A total of 309 study participants were randomly selected from 10 schools. Data were entered into Epidata version 3.1 and exported to SPSS version 23.0 for analysis. WHO Anthro Plus 1.0.4 was used to assess the measurements of weight-for-age (WAZ), height-for-age (HAZ), and BMI-for-age (BAZ) for overweight, stunting, and underweight, while wasting was assessed using MUAC. A Poisson regression model was used to determine the association between predictor variables and stunting, wasting, underweight, and overweight, with adjusted prevalence ratios (APR). APR and 95% CI were used to identify statistically significant variables.

Results: Findings revealed the prevalence of wasting (15%), stunting (24%), underweight (36%), and overweight (19%) among school-aged children. Factors influencing stunting include marital status, house ownership, education level of parents/caregivers, child sex, and meal skipping. Wasting was linked to wealth index, child age, dietary diversity, dietary habits, water access, and toilet facilities. Underweight predictors include parent/caregiver age, marital status, and meal frequency. Moreover, school type appeared as a significant factor for overweight.

Conclusions: The overall nutritional status of school-aged children is suboptimal, influenced by sociodemographic, environmental, and behavioral factors. Addressing these factors through targeted interventions is crucial, particularly for the most vulnerable groups.
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1 Introduction

Childhood malnutrition remains a pressing global health crisis, particularly in urban low-income settings where complex socioeconomic, environmental, and cultural factors significantly impact dietary habits and contribute to a multifaceted issue affecting millions worldwide (1).

According to the World Health Organization (WHO), malnutrition encompasses deficiencies, excesses, or imbalances in energy and nutrient intake, leading to undernutrition, overweight, overweight and obesity, or micronutrient-related issues (2). Malnutrition affects many people worldwide, with particularly severe consequences in low-income settings (3). In 2023, United Nations International Children's Emergency Fund (UNICEF), World Health Organization (WHO), and the World Bank reported the existence of 148 million stunted, 45 million wasted, and 39 million overweight children around the globe (4). These numbers highlight the urgent need to address malnutrition.

The risk of malnutrition in urban low-income settings increases as there is a high population density, environmental pollution, social marginalization, and violence (5). Also, the abundance of processed, energy-dense foods which lack essential nutrients, contribute to malnutrition problems (6). In urban areas, income, disparities within and between communities highlight the prevalent social and economic inequalities, particularly for the urban poor who dwell in informal settlements or slums (7). The coexistence of both under nutrition and over nutrition shows the complexity of interplay between socioeconomic factors and malnutrition (8). The complex nature of the interaction between malnutrition and socioeconomic factors such as education and income greatly affect women and children. For instance, the households with high level of education and income could have better health knowledge and access to nutritious foods when we compare them to the households with low levels of education and income who could have a high risk of food insecurity and infections (9).

In recent years, Ethiopia has been challenged by a widespread malnutrition crisis which has been exacerbated by conflicts, climate change, and the COVID-19 pandemic. In 2023, it was reported that 31.4 million people required humanitarian aid, including 16.5 million children, with a 19% rise in severely malnourished children (10). School-aged children in Ethiopia experience high rates of stunting, underweight, and wasting compared to the broader African context. Particularly, in Addis Ababa, there were high rates of malnutrition which was a result of a high prevalence of poverty, food insecurity, limited dietary diversity, and susceptibility to diseases (11).

Low-income households are challenged by stunting, wasting, and underweight due to a lack of foods while high-income households are affected by overweight or obesity due to high consumption of processed food (12). As many low-income families cannot afford nutritious foods, they rely on micronutrient-lacking staples, which intensify health risks for (10).

The Ethiopian government, in collaboration with UNICEF and the World Food Programme (WFP), has been attempting to reduce stunting among under-five children by targeting interventions in vulnerable districts (13). Despite their attempt, socioeconomic disparities and the malnutrition issues among the communities in urban poor areas of Addis Ababa persist. This could affect the school-aged children who live in the area too. Therefore, this study aimed to examine the association between dietary factors and nutritional status among school-aged children in urban poor areas of Addis Ababa to provide insights for targeted interventions and policy formulation.



2 Materials and methods


2.1 Study settings and population

The study was conducted in Addis Ababa, the capital city of Ethiopia. It has an estimated total population of 3,945,000, with a high population density of around 5,165 individuals per square kilometer across its 527 km2 (14). Nearly a quarter of Ethiopia's urban population resides in Addis Ababa. The city is administratively divided into 11 sub-cities and 120 districts. The study areas were chosen based on its diversity regarding the socioeconomic landscape of Addis Ababa. Peripheral areas such as Kolfe Keraniyo and Nifas Silk Lafto sub-cities were selected to capture locations characterized by poor infrastructure and housing conditions (15). In addition, inner-city areas, which have modern housing, well-developed road infrastructure, and access to essential amenities, thus catering to high-income individuals, were also included in the study.



2.2 Study design

From March 2023 to August 2023, a community-based cross-sectional study was conducted, targeting a cohort of 309 school-aged children in urban low-income settings in Addis Ababa. The study specifically focused on children aged 6–14 years who were enrolled in elementary school (grades 1–8) across 10 districts in two sub-cities: Kolfe Keraniyo and Nifas Silk Lafto. From Kolfe Keraniyo, five districts were included, with each district (referred to as “Woreda”) containing one school: Woreda 04—Jemo No. 1 Primary School, Woreda 05—Addis Hiwot Academy, Woreda 06—Yemane Birhan Academy, Woreda 07—Betel Academy, and Woreda 09—Tinbite Eremyas. Similarly, from Nifas Silk Lafto, five districts were included, each with one school: Woreda 05—Gofa Primary School, Woreda 08—Sibiste Nagash, Woreda 09—Addis Amba Academy, Woreda 13—Abay Academy, and Woreda 15—Hidase Academy. The students' roster was used to select participants from all grades within the study cohort.



2.3 Inclusion and exclusion criteria

The study included households that met specific criteria. The households that had at least one child between the ages of six and fourteen, who attended school, and living in the two sub-cities, and the parents or caregivers who signed the consent form to confirm their willingness to participate in this study were included.



2.4 Ethics

The study procedures were approved by the Institutional Review Board (IRB) of the College of Natural and Computational Sciences at Addis Ababa University (AAU) (with the code of approval: CNCSDO/515/15/2023). This research protocol adhered to the Ethical Principles for Medical Research Involving Human Subjects as outlined in the Helsinki Declaration amended in Fortaleza, Brazil, in October 2013 (16). All study participants and their guardians were informed to read and sign a voluntary consent form.



2.5 Sampling and sampling procedure

The required sample size was determined using the formula for a single population proportion [image: image] (17). The parameters used in the calculation were as follows: a 24% prevalence of underweight among school children in Addis Ababa (18), a Z-score of 1.96 for a 95% confidence level, a margin of error of 0.05, and a non-response rate of 10%.

[image: image]

A multi-stage sampling technique using community-based approaches was employed as the sampling strategy. First, the sample size was distributed proportionally to the two sub-cities. Then, five schools were randomly selected from each sub-city using simple random sampling (SRS). Next, a number of school children were systematically sampled from each school by calculating the sampling interval (K). Then, students from (1–8 grade) were randomly chosen from each private and public school using the students' roster, with two public schools and eight private schools (Figure 1). Finally, 309 households were selected based on children's guidance. To assess dietary intake, one child per household was selected. One child was chosen randomly from a household that had more than one school–aged child.


[image: Figure 1]
FIGURE 1
 Flow chart of sample selection in urban low-income settings of Addis Ababa. n, number of sample calculated; kp1, the ratio of number of students at 1 public school to the total number of students at 5 schools; k1, the ratio of students at four private schools to the total number of students at 5 schools; sp & s, the number of sutdents selected from a public school and private schools; kp1, the ratio of number of total primary school students selected at 1 public school to the same total number of students at 1 public school; k1, the ratio of total number of students at four private schools to the total number of students at 5 private schools; sp1 & s1, sample students sleeted from public school and private schools; Kp1, the ratio of students choosen at each grade in public school to the total number of students from (1–8 grade) in 1 school; Sp1, the number of sample students choosen from each grade in the school; Sk & Sn, the final number of students choosen from all 1–8 grade students at both private and public schools from Kolfe Keraniyo and Nifas Silk Lafto sub-cities.




2.6 Data collection procedures

In this study, the data were collected in two rounds. The first-round data collection was carried out during a fasting period when followers of the Orthodox religion refrained from consuming animal- source foods. The second-round data collection was carried out after the fasting period, during which all children consumed all types of food. A structured interviewer-administered questionnaire was used to collect the data. The questionnaire encompassed sociodemographic factors, namely, age, sex, gender, education, income, occupation, marital status, household size, religion, household wealth index derived using factorial analysis from a polychoric correlation matrix using a 0.22 cutoff point, grade level of children, and school type. Additionally, it included the following dietary factors: dietary diversity, meal frequency, meal skipping, awareness of nutrition, dietary habits, and absorption inhibitors. Dietary diversity was calculated from the 24-h recall record and categorized into six groups based on the Ethiopian food-based dietary guidelines. Awareness of nutrition was estimated by transforming the two-knowledge-based questions “Which types of foods are included in organic meats? Do you think they are good sources of dietary iron?” and responses (1) beef, lamb, veal, chicken, fish, (2) none, (3) I don't know; and “Which types of foods do you think are good sources of vitamins?” and the responses (1) sweet potato, pumpkin/squash, carrot, kale, papaya, mango, grape, watermelon, liver, egg, milk, (2) none, and (3) I don't know. Then, we assigned one point for a correct answer and 0 points for the incorrect answer according to the FAO (19). Responses falling under category (1) were seen as signs of “awareness,” making up over 50% of correct responses from the respondents. On the other hand, answers in categories (2) and (3), which were < 50% of correct responses from the respondents, were considered as showing a “lack of awareness.”

Dietary habit was also derived from the questions “Do you consume fruits and vegetables daily?” and “Do you usually keep fruits at home and buy lots of vegetables?” and the responses (1) yes, (2) no. Then, based on the number of correct responses from the respondents, more than 50% of the respondents chose yes (1), which transformed into a good habit, and < 50% of them chose (2) and (3), which transformed into no (0) “poor habit.” Meal frequency was determined based on regular mealtime patterns. Children who consumed meals three and more than three times per day, adhering to the typical meal schedule, were categorized as “three and more than three mealtimes.”

Conversely, those who ate meals less than three times per day were classified as “Less than three mealtimes.” Meal skipping was assessed through the question, “How many meals did you skip yesterday?” with responses categorized as (1) one mealtime skipped or less from the usual three mealtimes, classified as “not skipped,” and (2) two or more mealtimes skipped from the usual three mealtimes, classified as “skipped.” The absorption inhibitor was also calculated after the children were asked a question like “Do you drink coffee or tea daily?” and responses (1) “yes,” (2) “no.” This study used sex as a biological attribute to differentiate male and female and gender as social and cultural norms as per the Sex and Gender Equity in Research (SAGER) guideline (20). This guideline helped researchers to ensure that this study would be inclusive and provide insights into potential sex and gender differences.



2.7 Wealth index determination

In this study, the asset ownership wealth index was used to determine the economic disparity. A common factor score was assigned to each household using the polychoric correlation matrix. This process included variables that ranged from 0 to 1. Only variables with a cutoff point above 0.22 were used to calculate the factor score. The factor scores were then summed up and divided into three groups of socioeconomic status: poor, medium, and rich. Household assets such as electricity, toilet facilities, televisions, radios, beds, tables, bicycles, motorbikes, refrigerators, and the type of floor material were the factors that determined these groups. The wealth index values were derived from the PCA with the highest eigenvalues and then split into three wealth categories: poor, medium, and rich. This index is a relative measure of household economic status (21).



2.8 Dietary diversity assessment

The dietary assessment questionnaire consisted of six food groups: cereals, grains, roots, and tubers; legumes, nuts, and oilseeds; milk and dairy products; meat, fish, and eggs; fruits and vegetables; and fats and oils. These groups, as outlined in the Ethiopian FBDG, were used to assess dietary diversity (22). These groups included cereal, grains, white roots, and tubers; legumes, nuts, and oil seeds; milk and dairy foods, meat, fish, and egg; fruits and vegetables; and fats and oils. To record all food consumption, the 24-h dietary recall method was utilized. Parents/caregivers reported the ingredients and quantities of foods, whether consumed or not, with the aid of photographs for each item to aid in the recall and verification of consumption within the past 24 h. The NutriSurvey software (https://www.nutrisurvey.de/) was employed to calculate the energy and nutrient content based on the 24-h recall protocol (23). Dietary diversity scores (DDS) were calculated from the food groups using a “yes”/“no” response and categorized as high (if four and more than four food groups were consumed) or low (if less than four food groups were consumed), following the Ethiopian FBDG. The adequacy of macronutrient and micronutrient intake was evaluated according to the Dietary Reference Intakes (DRI) set by The Institute of Medicine of The National Academies (24). Reported energy intakes were compared to minimal energy requirements to assess the adequacy.



2.9 Anthropometrics indices

Anthropometric measurements were obtained for all school children at their respective schools. The average weight, height, and Mid-Upper Arm Circumference (MUAC) measurements were recorded for each child. The anthropometric indices, such as weight-for-age (WAZ), BMI-for-age (BAZ), and height-for-age (HAZ) standard Z-scores, were calculated using the WHO Anthro Plus 1.0.4 software (25). However, the software did not calculate the WAZ for children above 10 years old, resulting in missing data in the SPSS analysis. To address this issue, the MUAC measurement was used to classify the children's nutritional status as either wasting or normal, following the Food and Nutrition Technical Assistance (FANTA) guidelines (26). Children were classified as stunted or underweight when their HAZ and BAZ scores were below −2 SD, and as overweight when their BAZ scores were above +2 SD, respectively.



2.10 Statistical analysis methods

Data analyses were conducted using IBM SPSS Statistics version 23 (27). Frequency and percentage were computed for categorical variables. The association between nutritional status and dietary diversity with sociodemographic factors was evaluated separately by a binary logistic regression model in univariate analysis. Following this, adjusted prevalence ratios (APR) in the form of incidence rate ratios (IRR) were estimated using Poisson robust regression in STATA version 16 (28), with a 95% confidence interval (95% CI). A significance level of 5% (p-value < 0.05) was applied. Outliers were checked, and multicollinearity was examined using the variance inflation factor (VIF) with a cut-off set below 5.



2.11 Data quality control

Three data collectors, one of them as a supervisor, were assigned to collect the data. The questionnaire was initially written in English and subsequently translated into the Amharic language. The translation was carried out by a higher institution English language instructor and a native speaker of Amharic. Data collectors were trained for 2 days focusing on interviewing techniques, questionnaire content, and anthropometric measurements. Several steps were taken to minimize bias during this study. Firstly, the data collectors were not informed about the survey's purpose or content. Similarly, the study's hypothesis was kept hidden from the study respondents to ensure unbiased responses. A pre-test of the study tool was conducted using 10% of the sample from outside the study subjects and made the necessary corrections to address spelling errors and grammar problems based on the pre-test data.

To establish a trusting relationship with the participants, they were encouraged to be transparent about the importance of truthful answers. Clear instructions were provided on how to complete surveys or questionnaires and highlighted the significance of accuracy. To minimize reliance on the participants' memories, questions were designed focusing on recent or significant events.

Lastly, we allowed participants to choose the “Don't Know” or “Prefer Not to Answer” options. A multiple 24-h recall questionnaire including photographs of various food groups and equipment was used to minimize recall bias. Multivariate logistic regression for confounders was used to control for confounding. With these measures in place, the reliability and unbiasedness of the research were enhanced. For data cleaning, Epi-data version 3.1 (29) was used to identify and correct errors, inconsistencies, and anomalies in the data.



2.12 Ethical issue

The study was conducted as per the Declaration of Helsinki, and approved by The Institutional Review Board (IRB) of the College of Natural and Computational Sciences of Addis Ababa University (AAU) (code of approval: CNCSDO/515/15/2023, date of approval 20 February 2023).




3 Results


3.1 Sociodemographic characteristics of caregivers/parents and children

In this study, 309 households participated with response rate of 100%. The sociodemographic characteristics of the parents/caregivers are presented in Table 1. The majority of the parents/caregivers were married (67%), had a diploma or higher education (61.2%), and worked in the private sector (35%). The ages of the parents/caregivers ranged from 18 to 65 years old, with an average age of 33.3 years. On average, the parents/caregivers had a family size of five. Compared to high-income and wealthy caregivers, those with lower incomes and poorer parents were more likely to have larger families, lower education levels, and government-subsidized rent.


TABLE 1 Sociodemographic characteristics of caregivers/parents in urban low-income settings of Addis Ababa, Ethiopia, 2023.

[image: Table 1]

The sociodemographic characteristics of the school-aged children in their age group were evenly distributed, with 49.8% falling into the 6–10 years category and 50.2% falling into the 11–14 years category. Similarly, the distribution of school type was almost equal, with 55.7% attending public school and 44.3% attending private school. However, as it can be seen in Table 2, there were more females (57.6%) than males (42.4%).


TABLE 2 Sociodemographic characteristics, nutritional status, and dietary diversity score of children in urban low-income settings of Addis Ababa, Ethiopia, 2023.

[image: Table 2]

More than half (59.5%) of school-aged children had poor dietary habits, as evidenced by meal skipping (56.6%) and the consumption of an undiversified diet (less than four food groups) (65.7%). The mean (±SD) height-for-age, BMI-for-age, MUAC, weight, and height were recorded as −0.78 (±1.59), −1.03 (±2.08), 194 (±29) mm, 32.1 (±9.7) kg, and 139.8 (±15.3) cm, respectively. Furthermore, the prevalence of wasting, stunting, underweight, and overweight among children was 14.9%, 24.3%, 35.9%, and 18.8%, respectively.

More than half of the children had access to a water supply (60.5%) and consumed absorption inhibitors (53.1%). However, less than half had access to toilet facilities (44%) and only 50.5% ate three or more meals per day.



3.2 Macro and micronutrient intake of school-age children

The average macronutrient intake for school-aged children fell within the following acceptable ranges: 302.7 g of carbohydrates (45%−65% of energy), 69 g of protein (10%−35% of energy), and 36.8 g of fat (20%−35% of energy). The average energy intake was 1,803.8 kcal, which is slightly below the recommended levels. Micronutrient intake raised the following concerns: calcium at 507.2 mg is below the recommended 1,000 mg, iron at 133.6 mg exceeds the recommended value, and vitamin A at 375.4 μg surpasses the recommended value. However, the intake of polyunsaturated fatty acids was 4.2 g, which is below the adequate daily intake (10.5–17.5 g for boys and 9.1–22.3 g for girls) (30, 31). Additionally, potassium was deficient at 2,322.7 mg compared to the recommended 4,700 mg. The average nutrient intake among school-age children is presented in Figure 2.


[image: Figure 2]
FIGURE 2
 The average intake of nutrients by school-age children vs. the recommended daily value.




3.3 Macro- and micronutrient intake by school type

There is a statistically significant difference in the macro- and micronutrient intake between private- and public-school students. Public school children had a slightly lower mean energy intake level (1,723.39 Kcal) compared to private school children (1,905.91 Kcal; p < 0.05). Similarly, the mean fat intake (26.67 g), carbohydrate intake (291.45 g), dietary fiber intake (20.56 g), calcium intake (483.37 mg), and iron intake (124.51 mg) were lower than those of the private school children. However, their mean protein intake (70.59 g), and zinc intake (13.28 mg) were slightly higher than those of the private school children (Figure 3).


[image: Figure 3]
FIGURE 3
 The distribution of nutrient intake within school type.




3.4 Dietary diversity and nutritional gaps in urban low-income school children

In low-income urban areas within Addis Ababa (in Addis Ababa the population is mixed, some are poor and some are rich), school-aged children exhibited distinct food consumption patterns (Figure 4). Generally, school-aged children's diets were dominated by fats and oils, constituting 79.3% of the diet, which reflects a notable reliance on fat sources. The legumes closely followed (70.2%), providing significant protein and fiber. Fruits and vegetables contributed substantially (66.3%), offering essential vitamins and minerals. Cereals, grains, roots, and tubers (CGTR) constituted 68.3%, highlighting their significance. Milk and dairy foods, meat, fish, and eggs (DMFE) accounted for 52.4%, while nuts and oilseeds represented a lower proportion (11.7%). Emphasizing a balanced approach across food groups is essential for a comprehensive nutrient intake. The nutritional gap appears to be related to the consumption of nuts and oil seeds, with a frequency of only 11.7%. This shows a potential deficiency in essential fatty acids and other nutrients in this food group.


[image: Figure 4]
FIGURE 4
 Percentage distribution of food categories consumed by school children in urban low-income areas of Addis Ababa.




3.5 Nutritional status of school-age children

The mean (±SD) of BMI-for-age, height-for-age, and MUAC of school-aged children were −1.03 (±2.08), −0.78 (±1.59), and 194 (±29), respectively. According to the WHO growth reference for school-aged children, 24% (95% CI: 20.08–28.46) were stunted, 15% (95% CI: 11.65–18.13) were wasted, 36% (95% CI: 31–41) were underweight, and 19% (95% CI: 15–23) were overweight.



3.6 Factors associated with stunting among school-age children

The findings of the adjusted prevalence ratios from Poisson regression, highlighting the variables associated with stunting in school-aged children, are presented in Table 3. The results indicate that children from single-parent households were 2.5 times more likely to experience stunting (APR: 2.5, 95% CI: 1.62, 3.86) compared to those from married households. Additionally, children from divorced households were 2.1 times more likely to be stunted (APR: 2.1, 95% CI: 1.23, 3.54) compared to those with married parents. Renting from private or government sources increased the prevalence of stunting by 2.13 times (APR: 2.13, 95% CI: 1.36, 3.34), and (APR: 2.2, 95% CI: 1.25, 3.76), respectively, compared to private ownership. Lower levels of parental education were strongly associated with increased prevalence of stunting. Children whose parents were able to read and write had 2.7 times higher prevalence of stunting (APR: 2.7, 95% CI: 1.40, 5.11) compared to those with a diploma or higher education. Additionally, female school-aged children had significantly lower prevalence of stunting compared to males (APR: 0.65, 95% CI: 0.0.45, 0.96), while skipping meals increased in the prevalence of stunting 2.03 times (APR: 2.03, 95% CI: 1.33, 3.10). School-aged children whose caregivers lack awareness about nutrition had a 1.5 times higher prevalence of stunting (APR: 1.5, 95% CI: 1.02, 2.16) compared to those whose caregivers or parents are more aware of nutrition.


TABLE 3 A Poisson regression for factors associated with stunting among school-aged children (n = 309) in urban low-income settings of Addis Ababa, Ethiopia, 2023.

[image: Table 3]



3.7 Factors associated with wasting among school-age children

Table 4 outlines the results of the Poisson regression analysis of the factors linked to wasting in school-aged children. Findings indicate that children from affluent households had significantly lower prevalence of wasting compared to those from poor households (APR: 0.88, 95% CI: 0.80, 0.96). Similarly, children aged 11–14 exhibited lower prevalence of wasting than those aged 6–10 (APR: 0.90, 95% CI: 0.82, 0.98). Lower prevalence of wasting was associated with consuming four or more food groups (APR: 0.86, 95% CI: 0.77, 0.95) and having access to a water supply (APR: 0.84, 95% CI: 0.77, 0.92), while higher prevalence of wasting was associated with poor dietary habits (APR: 1.17, 95% CI: 1.06, 1.29) and the presence of absorption inhibitors (APR: 1.15, 95% CI: 1.05, 1.26).


TABLE 4 A Poisson regression analysis for factors associated with wasting among school-aged children (n = 309) in urban low-income settings of Addis Ababa, Ethiopia, 2023.

[image: Table 4]



3.8 Factors associated with underweight and overweight among school-age children

Table 5 displays the results of a Poisson regression analysis of factors influencing the prevalence of underweight and overweight in school-aged children, with Adjusted Prevalence Ratios (APR) calculated using Poisson robust regression. Findings indicate that children with parents/caregivers aged 26–35 faced a lower underweight risk (APR: 0.57, 95% CI: 0.39, 0.84) compared to those with older caregivers (36 years and above). Children with divorced parents/caregivers had a lower prevalence of underweight (APR: 0.22, 95% CI: 0.07, 0.65). Less than three meals per day correlated with a higher prevalence of underweight (APR: 1.4, 95% CI: 1.04, 1.88), attending public schools reduced the risk of being overweight (APR: 0.44, 95% CI: 0.27, 0.72).


TABLE 5 A Poisson regression analysis for factors associated with underweight and overweight among school-aged children in urban low-income settings of Addis Ababa, Ethiopia, 2023.

[image: Table 5]




4 Discussion

The finding, in this study, indicates acceptable macronutrient intake among school- aged children, with a notable reliance on fats and oils, and legumes as the second most consumed food group; however, there is lower consumption of micronutrients, which underscores the importance of achieving a balanced nutrient intake across various food groups. Consumption of diets lower in micronutrients by school-aged children could have an impact on their physical and cognitive development in their later age (32).

The finding, in this study, also reveals nutrient imbalances when compared to recommended values. Low intake of energy, calcium, polyunsaturated fatty acids, and potassium may contribute to stunted growth, weakened bones, and an increased risk of cardiovascular issues (33). Conversely, excessive intake of iron and vitamin A, exceeding recommended levels, could lead to toxicity and other health complications (34).

With regard to stunting, school-aged children in Addis Ababa were found to have stunting with the rate of 24.3%. This signifies that there is still a significant proportion of children in the city who are experiencing growth faltering. In line with this, studies have shown that stunting in school- aged children has a significant impact on their physical growth, cognitive development, and academic performance (35). This study finding shows consistency with a study from Jimma (36) however, this is quite lower than estimates from several other regions in Ethiopia including Arba Minch city (41.9%) (37), Gondar town (46.1%) (38), and Humbo District (57%) (39). On the other hand, it is higher than estimates from Bahir Dar City (15.13%) (36). This variation is likely due to differences in study settings, methods, sample sizes, socioeconomic factors, dietary practices, environmental conditions, and healthcare services among the diverse communities. Therefore, it is imperative to prioritize interventions and strategies aimed at addressing stunting to ensure the healthy growth and development of children in Addis Ababa.

In this study, significant factors associated with stunting in school-age children were identified. It was found that the marital status of parents/caregivers and house ownership were significant factors for stunting. It was also found that school-aged children whose parents/caregivers are single were more likely to experience stunted growth. This indicates that single parents/caregivers faced challenges in providing adequate nutrition and psychosocial stimulation. A previous study support this finding that single parents/caregivers often experience higher levels of stress and have less time and resources available to devote to their children compared to two-parent households (40).

The results indicate that school-aged children living in rented houses have a higher prevalence of stunting compared to those residing in privately owned homes. This finding suggests a potential link between housing stability and nutritional status. Additionally, it was noted that children in rented or government-owned houses often have limited access to essential water, sanitation, and hygiene facilities. In this regard, other studies confirmed that a lack of basic infrastructure in households leads to increased rates of waterborne diseases and poor hygiene practices (41). This could increase the risk of infections and malnutrition (42).

The educational level of the parents/caregivers was also found to be significant, with lower levels of education being associated with higher prevalence of stunting. With this perspective, the current study is consistent with similar research about the educational level of parents/caregivers and stunting in Ethiopia and Indonesia (43). Moreover, according to a WHO report from 2018, mothers with a lower level of education are more likely to have stunted children (44). Therefore, as it can be seen in the finding of this study, the education level of the parents can be considered as a factor for the prevalence of stunting among school-aged children, and this requires effective interventions aimed at improving parental education and awareness about nutrition and the importance of a balanced diet.

Concerning the school-aged children sex and stunting, the finding confirmed a significant association between school-aged children sex and stunting, with female children being less likely to suffer from stunting than male children. In addition, other researchers also confirmed that childhood stunting is consistently associated with male sex (45, 46); however, studies which were conducted in China and Pakistan showed different results; for instance, female children compared to male children were more likely to be stunted (47, 48). In this regard, stunted growth in male children can have long-term economic consequences for a country. Stunted children are more likely to experience developmental delays, cognitive impairment, and reduced physical capabilities, which can impact their productivity as adults (49). Therefore, investing in improving childhood nutrition is not only crucial for the wellbeing of individuals but also for the overall economic growth and development of a nation.

In this study, it was found that school-aged children who skipped meals were more likely to experience stunted growth. A study conducted in Egypt provides evidence that irregular meal times, skipping breakfast, and consuming fewer than three meals per day were correlated with stunted growth (50). Thus, this finding emphasizes the importance of regular and sufficient meals in preventing undernutrition and promoting healthy development in children. Therefore, efforts should be made at all levels to address the issue of chronic undernutrition in children, including providing access to nutritious food and promoting the importance of adequate meal times to ensure proper growth and development.

In this study, it was found that caregivers' nutritional knowledge had shown an impact on the risk of stunting in school-aged children. School-aged children whose parents/caregivers did not have awareness about nutrition had a higher risk of stunting. This indicates the importance of educating caregivers about nutrition and its impact on children's growth and development. In this regard, a study conducted in Tanzania emphasized the importance of nutrition education in influencing food quality and diversity in children (51). Therefore, it can be said that nutrition education programs should be implemented in communities and schools to raise awareness about proper nutrition and improve food quality and diversities among the community.

Regarding wasting among school-aged children, there was a prevalence rate of 15%. More than half of school-aged children in this study skipped over two mealtimes and this may contribute to the prevalence of wasting. In line with this, other research suggested that wasting could be a consequence of insufficient food intake (52). Compared to other studies, the result of this study is lower than the study conducted in the Gedeo Zone, South Ethiopia, which found a prevalence of 18.2%; however, higher than that of Gondar Town, northwest Ethiopia, with a prevalence of 9%−11% (53). Thus, it can be seen in the finding, there are a significant proportion of children who are undernourished and this may hinder children's growth and development, both physically and cognitively.

The other important findings in this study were factors linked to wasting in school-aged children. There was a statistically significant association between the wealth index (WI) and wasting among school-aged children. In line with this, the study conducted in other areas showed that household wealth index was significantly associated with wasting (54, 55). Families with lower economic status may struggle to afford an adequate diet, access healthcare services, or provide a hygienic living environment, all of which can contribute to a higher risk of malnutrition, including wasting, among children (56). Hence, addressing the underlying socioeconomic determinants of malnutrition, such as poverty alleviation, improving access to education, healthcare, and social safety nets, is essential to effectively combat wasting and other forms of malnutrition among school-aged children.

Furthermore, the prevalence of wasting was significantly lower for school-aged children aged 11–14 years compared to those aged 6–10 years. Concerning this, studies conducted in Gondar town, northwestern Ethiopia (35), and Gedeo Zone in South Ethiopia (51) showed the same result. Children between 11 and 14 years old are typically going through adolescence, a period of rapid growth and development (57). This phase requires higher nutritional intake compared to younger children. However, challenges such as inadequate diet, social pressures, and resource constraints can result in malnutrition, including wasting, and it will have profound consequences on an individual's health in later life, as well as the health of any potential children (58). From this, it can be suggested that focused interventions are needed to address the distinct nutritional requirements and challenges of this age group, which may involve educating them about healthy eating habits, ensuring access to nutritious foods, and tackling social and economic factors contributing to malnutrition.

Regarding the food groups that children consume, the finding shows that the school-aged children who consumed four or more food groups had lower prevalence of wasting. This finding is also supported by a similar study conducted in the Semien Bench district in Ethiopia (59). The implication of children who consumed more than four groups of foods associated with lower odds of wasting suggests a potential protective effect of dietary diversity against malnutrition, particularly wasting (60). Therefore, children who consume a diverse range of foods may have better access to essential nutrients necessary for growth, potentially reducing the risk of wasting. This finding highlights the importance of promoting dietary diversity and ensuring access to a wide range of nutritious foods to combat malnutrition among children.

The study also identified a significant link between dietary habits and wasting, which is supported by previous studies conducted in Tabriz, Iran (61), and the Abuja Municipal Area Council (62). Poor dietary habits, such as consuming a diet high in processed foods, sugar, and unhealthy fats while lacking essential nutrients like vitamins, minerals, and protein, can lead to malnutrition and wasting, compromising overall health and wellbeing (63). Thus, addressing this issue requires interventions focused on improving access to essential nutrients from vegetables and fruits, promoting education on healthy eating habits.

The other important factor identified in this study is that school-aged children who did not consume any absorption inhibitors (AI = No) had a 15% lower prevalence of wasting compared to those who consumed an absorption inhibitor (AI = Yes). This finding is consistent with that of a previous study conducted in Gondar town, northwest Ethiopia (35). Absorption inhibitors being associated with wasting suggests that factors interfering with the body's ability to absorb nutrients contribute to the development of wasting. Inhibitors such as phytates in tea and coffee can bind to minerals like iron and zinc, making them less available for absorption (64). Thus, addressing absorption inhibitors may involve improving dietary quality, or enhancing nutrient bioavailability through food processing or supplementation.

Furthermore, access to water supplies was associated with significantly lower prevalence of wasting, which is in agreement with studies conducted in rural Ethiopia (65) and Bangladesh. This finding highlights the multifaceted impacts of socioeconomic factors, dietary practices, and access to basic amenities on the prevalence of wasting among school-aged children. Access to clean water supplies and proper toilet facilities is essential for maintaining good hygiene practices, preventing waterborne diseases, and ensuring overall health and wellbeing (66). Hence, improving access to clean water supplies and sanitation facilities is critical for reducing the incidence of wasting and improving the nutritional status of populations.

The study found that 36% of school-aged children were underweight. This prevalence of underweight was higher than that reported in a previous study elsewhere in Ethiopia (41), but lower than that reported in studies from Gondar Zuria District (67) and Central India (68). This might be differences in study design, sample size, sampling methodology, data collection strategy, data quality, sociodemographic traits, food habits, degree of physical activity, and environmental factors can contribute to these discrepancies (69). Thus, addressing underweight prevalence often requires comprehensive interventions aimed at improving access to nutritious food, promoting healthy eating habits, enhancing healthcare services, addressing socioeconomic determinants of malnutrition, and implementing policies that support food security and nutritional wellbeing.

In this study, positive correlations between parental age and the risk of underweight among school aged children were identified. This finding is also consistent with a study conducted in Terengganu, Malaysia (70). In addition, children born to younger mothers had a lower likelihood of underweight. This might be due to the fact that younger mothers may be more likely to engage in healthier behaviors during pregnancy, such as eating a balanced diet and getting regular prenatal care. These factors contribute to better fetal growth and development (71). Hence, this finding highlights the importance of considering maternal characteristics, including age, in efforts to understand and address childhood undernutrition.

Moreover, the finding showed that children who had less than three mealtimes per day were more likely to be underweight. This highlights the significance of having regular and sufficient meals to prevent undernutrition. Among this sample, dietary changes are required to ensure that children follow a well-balanced diet for optimum health and development. This finding is further supported by research conducted in Bangladesh (72).

With regard to overweight, it was found that 19% of school-aged children were overweight, which implies most children in the study area are at risk of developing health complications related to excess weight. This finding is consistent with a study conducted in Kenya (73). However, it was higher than those of a previous study in Ethiopia reported by Kyallo et al. (74) and other developing countries, and Southern Nigeria (75). On the other hand, the finding was lower than the prevalence observed in Argentina (76) and Bangladesh (77). These differences could be attributed to variations in the methods of measuring and defining overweight, sample size and characteristics, socioeconomic and environmental factors, dietary and physical activity patterns, and genetic and biological factors among different populations (78).

The study also found a significant association between school type and being overweight among school-age children. Those attending public schools had a 56% lower chance of being overweight compared to their counterparts in private schools. This finding coincides with previous studies conducted in Dire Dawa in Eastern Ethiopia (79), Tanzania (74), and Kerman province, Iran (80). However, it was inconsistent with a study conducted in Spain (81), which showed that children from public schools were more likely to have excess weight than those from private schools. This discrepancy could be explained by different government funding for school feeding programs in high-income nations such as Spain and low-income nations such as Ethiopia.



5 Limitations of the study

This study had several limitations that should be acknowledged. These limitations include its cross-sectional design, reliance on self-reported data, and limited generalizability. However, despite these limitations, the study still provides valuable information for policymakers, healthcare professionals, and researchers. It reveals the factors that influence the nutritional status of school-age children and also offers recommendations for comprehensive, context-specific interventions.



6 Conclusions

Generally, there are high levels of both undernutrition and overnutrition among school-age children in urban low-income settings in Addis Ababa. The adjusted analysis identified key factors that influence stunting, wasting, underweight, and overweight, including parents' marital status, house ownership, education, child's gender, meal habits, and nutrition knowledge.

Interventions should target socioeconomic factors, parental education, and dietary practices. This study emphasizes the need for coordinated efforts by the government, scholars, and communities to address the complex nature of malnutrition. Furthermore, it suggests comprehensive nutrition education programs to empower parents and caregivers with the essential knowledge to provide adequate nutrition and psychosocial stimulation to their children, thereby mitigating the risk of stunting. Moreover, it recommends interventions aimed at improving housing conditions, particularly for families residing in rented or government-owned accommodations, which are crucial in enhancing access to water, sanitation, and hygiene facilities and can significantly reduce the susceptibility to infections and malnutrition among school-aged children.



7 Areas for further research

Our study's conclusions point to a number of areas that need more investigation to improve our knowledge of Addis Ababa's school-age population's nutritional status.

• Investigate how cultural beliefs and practices influence dietary choices and nutritional status among school-aged children, emphasizing the integration of these cultural dimensions into intervention programs.

• Assessing the availability and impact of community resources, such as food banks and nutrition centers, on the nutritional status of children in urban low-income settings.

• Evaluating the effectiveness of school feeding programs on improving the nutritional status of children in public vs. private schools could inform strategies for optimizing these programs for better outcomes.

• Conducting food environment assessments to evaluate the availability and accessibility of nutritious foods vs. processed foods would further illuminate how these factors influence dietary choices.



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 Institutional Review Board (IRB) of the College of Natural and Computational Sciences of Addis Ababa University (AAU) (code of approval: CNCSDO/515/15/2023). 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

YM: Conceptualization, Data curation, Formal analysis, Methodology, Resources, Writing – original draft, Writing – review & editing. AA: Funding acquisition, Supervision, Validation, Writing – review & editing. TZ: Funding acquisition, Supervision, Validation, Visualization, 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

We extend our gratitude to all the staff at the College of Menelik II Health Science and Medicine for their cooperation. Additionally, we thank the staff at the Center of Food Science and Nutrition at Addis Ababa University for their collaboration. The authors would also like to acknowledge the data collectors, supervisors, and study participants.



Conflict of interest

The authors declare 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. Birhanu F, Yitbarek K, Bobo FT, Atlantis E, Woldie M. Undernutrition in children under five associated with wealth-related inequality in 24 low- and middle-income countries from 2017 to 2022. Sci Rep. (2024) 14:3326. doi: 10.1038/s41598-024-53280-0

 2. FAO Publications. The State of Food Security and Nutrition in the World (2024). Available at: https://www.fao.org/publications/home/fao-flagship-publications/the-state-of-food-security-and-nutrition-in-the-world/2022/en (accessed July 24, 2024).

 3. Owolade AJJ, Abdullateef RO, Adesola RO, Olaloye ED. Malnutrition: an underlying health condition faced in sub Saharan Africa: challenges and recommendations. Ann Med Surg. (2022) 82:104769. doi: 10.1016/j.amsu.2022.104769

 4. UNICEF. Levels and trends in child malnutrition. Key findings of the 2020 edition. (2023). Available at: https://www.unicef.org/reports/joint-child-malnutrition-estimates-levels-and-trends-child-malnutrition-2020 (accessed May 5, 2021).

 5. Mertens A, Benjamin-Chung J, Colford JM, Hubbard AE, van der Laan MJ, Coyle J, et al. Child wasting and concurrent stunting in low- and middle-income countries. Nature. (2023) 621:550–7. doi: 10.1038/s41586-023-06480-z

 6. Khongrangjem T, Marwein A. Assessment of malnutrition and its underlying causes among vulnerable populations dwelling in the urban slums of Nongstoin Town, Meghalaya. Clin Epidemiol Glob Health. (2020) 8:473–6. doi: 10.1016/j.cegh.2019.10.012

 7. FAO. Food for the Cities: Food security, nutrition and livelihoods. (2023). Available at: https://www.fao.org/fcit/nutrition-livelihoods/en/

 8. Caleyachetty R, Kumar NS, Bekele H, Manaseki-Holland S. Socioeconomic and urban-rural inequalities in the population-level double burden of child malnutrition in the East and Southern African Region. PLOS Glob Public Health. (2023) 3:e0000397. doi: 10.1371/journal.pgph.0000397

 9. CDC. Healthy Eating Learning Opportunities and Nutrition Education. (2023). Available at: https://www.cdc.gov/healthyschools/nutrition/school_nutrition_education.htm (accessed January 10, 2023).

 10. ReliefWeb. Situation Report- Ethiopia. (2023). Available at: https://reliefweb.int/report/ethiopia/ethiopia-situation-report-4-aug-2023 (accessed August 4, 2023).

 11. W/kidan A, Tafesse A. Determinants of smallholder Farmers' income diversification in Sodo Zuria District, Southern Ethiopia. Adv Agric. (2023) 2023. doi: 10.1155/2023/6038569

 12. Shiferaw N, Regassa N. Levels and trends in key socioeconomic inequalities in childhood undernutrition in Ethiopia: evidence from Ethiopia demographic and health surveys 2000-2019. Discov Soc Sci Health. (2023) 3:5. doi: 10.1007/s44155-023-00034-4

 13. UN World Food Programme (WFP). UNICEF and WFP launch partnership to help fight malnutrition in Ethiopia. (2023). Available at: https://www.unicef.org/ethiopia/press-releases/unicef-and-wfp-launch-partnership-help-fight-malnutrition-ethiopia (accessed June 25, 2024).

 14. Population Projection (2024). Available at: https://www.statsethiopia.gov.et/population-projection/ (accessed July 1, 2023).

 15. Issa EH. Life in a slum neighborhood of Addis Ababa, Ethiopia: morphological facts and their dysfunctions. Heliyon (2021) 7:e07139. doi: 10.1016/j.heliyon.2021.e07139

 16. World Medical Association Declaration of Helsinki: ethical principles for medical research involving human subjects. JAMA (2013) 310:2191–4. doi: 10.1001/jama.2013.281053

 17. Enderlein G, Lemeshow S, Hosmer DW, Klar J, Lwanga SK. Adequacy of Sample Size in Health Studies. Chichester: J. Wiley & Sons (1991), p. 504. doi: 10.1002/bimj.4710330419

 18. Zerfu M, Mekasha A. Anthropometric assessment of school age children in Addis Ababa. Ethiop Med J. (2006) 44:347–52.

 19. Marías YF, Glasauer P. Guidelines for Assessing Nutrition-related Knowledge, Attitudes and Practices. Rome: Food and Agriculture Organization of the United Nations (2014).

 20. Heidari S, Babor TF, De Castro P, Tort S, Curno M. Sex and gender equity in research: rationale for the SAGER guidelines and recommended use. Res Integr Peer Rev. (2016) 1:2. doi: 10.1186/s41073-016-0007-6

 21. Rutstein SO. Steps to Constructing the New DHS Wealth Index, Vol. 6. Rockville, MD: ICF Intenational (2015), p. 11–2.

 22. Ethiopian Public Health Institute. Ethiopia. Food-Based Dietary Guidelines Booklet (2022). Available at: https://ephi.gov.et/wp-content/uploads/2021/02/Booklet_web.pdf (accessed March 1, 2014).

 23. -Hour dietary recalls. IN: DAPA Measurement Toolkit (2024). Available at: https://www.measurement-toolkit.org/diet/subjective-methods/24-hour-dietary-recall (accessed September 1, 2020).

 24. Institute of Medicine. Dietary Reference Intakes: The Essential Guide to Nutrient Requirements. Washington, DC: The National Academies Press (2006), p. 1344.

 25. WHO Anthro Survey Analyser for persenal computers (2022). Available at: https://www.who.int/tools/child-growth-standards/software (accessed September 1, 2020).

 26. Guide to Anthropometry: A Practical Tool for Program Planners Managers and Implementers. Available at: https://www.fantaproject.org/tools/anthropometry-guide (accessed September 13, 2018).

 27. IBM SPSS Statistics for Windows (Version 23.0) [Computer Software]. IBM Corp. Available at: https://www.ibm.com/support/pages/release-notes-ibm-spss-statistics-23 (accessed June 27, 2022).

 28. Stata Statistical for Windows (V 16.1). StataCorp. (2023). College Station, TX: StataCorp LLC. Available at: https://www.stata.com/support/updates/stata16.html (accessed May 14, 2024).

 29. EpiData Software. Available at: https://epidata.dk/download.php (accessed June 1, 2004).

 30. López-Sobaler AM, Aparicio A, Rubio J, Marcos V, Sanchidrián R, Santos S, et al. Adequacy of usual macronutrient intake and macronutrient distribution in children and adolescents in Spain: a National Dietary Survey on the Child and Adolescent Population, ENALIA 2013-2014. Eur J Nutr. (2019) 58:705–19. doi: 10.1007/s00394-018-1676-3

 31. Lázaro Cuesta L, Rearte A, Rodríguez S, Niglia M, Scipioni H, Rodríguez D, et al. Anthropometric and biochemical assessment of nutritional status and dietary intake in school children aged 6-14 years, Province of Buenos Aires, Argentina. Arch Argent Pediatr. (2018) 116:e34–46. doi: 10.5546/aap.2018.eng.e34

 32. Awasthi S, Kumar D, Mahdi AA, Agarwal GG, Pandey AK, Parveen H, et al. Prevalence of specific micronutrient deficiencies in urban school going children and adolescence of India: a multicenter cross-sectional study. PLoS ONE. (2022) 17:e0267003. doi: 10.1371/journal.pone.0267003

 33. Beal T, Ortenzi F. Priority micronutrient density in foods. Front Nutr. (2022) 9:806566. doi: 10.3389/fnut.2022.806566

 34. Wiafe MA, Apprey C, Annan RA. Dietary diversity and nutritional status of adolescents in rural Ghana. Nutr Metab Insights. (2023) 16:117863882311584. doi: 10.1177/11786388231158487

 35. Sokolovic N, Selvam S, Srinivasan K, Thankachan P, Kurpad AV, Thomas T. Catch-up growth does not associate with cognitive development in Indian school-age children. Eur J Clin Nutr. (2014) 68:14–8. doi: 10.1038/ejcn.2013.208

 36. Abate KH, Belachew T. Care and not wealth is a predictor of wasting and stunting of ‘The Coffee Kids' of Jimma Zone, southwest Ethiopia. Nutr Health. (2017) 23:193–202. doi: 10.1177/0260106017706253

 37. Tariku EZ, Abebe GA, Melketsedik ZA, Gutema BT. Prevalence and factors associated with stunting and thinness among school-age children in Arba Minch Health and Demographic Surveillance Site, Southern Ethiopia. PLoS ONE. (2018) 13:e0206659. doi: 10.1371/journal.pone.0206659

 38. Getaneh Z, Melku M, Geta M, Melak T, Hunegnaw MT. Prevalence and determinants of stunting and wasting among public primary school children in Gondar town, northwest, Ethiopia. BMC Pediatr. (2019) 19:207. doi: 10.1186/s12887-019-1572-x

 39. Bogale TY, Bala ET, Tadesse M, Asamoah BO. Prevalence and associated factors for stunting among 6–12 years old school age children from rural community of Humbo district, Southern Ethiopia. BMC Public Health. (2018) 18:653. doi: 10.1186/s12889-018-5561-z

 40. Balistreri KS. Family structure and child food insecurity: evidence from the current population survey. Soc Indic Res. (2018) 138:1171–85. doi: 10.1007/s11205-017-1700-7

 41. He Z, Bishwajit G, Zou D, Yaya S, Cheng Z, Zhou Y. Burden of common childhood diseases in relation to improved water, sanitation, and hygiene (WASH) among Nigerian children. Int J Environ Res Public Health. (2018) 15:1241. doi: 10.3390/ijerph15061241

 42. Hassan F, Asim M, Salim S, Humayun A. House ownership, frequency of illness, fathers' education: the most significant socio-demographic determinants of poor nutritional status in adolescent girls from low income households of Lahore, Pakistan. Int J Equity Health. (2017) 16:122. doi: 10.1186/s12939-017-0621-z

 43. Yisak H, Tadege M, Ambaw B, Ewunetei A. Prevalence and determinants of stunting, wasting, and underweight among school-age children aged 6-12 years in South Gondar Zone, Ethiopia. Pediatr Health Med Ther. (2021) 12:23–33. doi: 10.2147/PHMT.S287815

 44. World Health Organization. Reducing stunting in children: Equity considerations for achieving the Global Nutrition Targets 2025. Geneva: World Health Organization (2018).

 45. Hailegebriel T. Prevalence and determinants of stunting and thinness/wasting among schoolchildren of Ethiopia: a systematic review and meta-analysis. Food Nutr Bull. (2020) 41:474–93. doi: 10.1177/0379572120968978

 46. Altare C, Delbiso TD, Mutwiri GM, Kopplow R, Guha-Sapir D. Factors associated with stunting among pre-school children in Southern Highlands of Tanzania. J Trop Pediatr. (2016) 62:390–408. doi: 10.1093/tropej/fmw024

 47. Khuwaja S, Selwyn BJ, Shah SM. Prevalence and correlates of stunting among primary school children in rural areas of southern Pakistan. J Trop Pediatr. (2005) 51:72–7. doi: 10.1093/tropej/fmh067

 48. Song Y, Agardh A, Ma J, Li L, Lei Y, Stafford RS, et al. National trends in stunting, thinness and overweight among Chinese school-aged children, 1985–2014. Int J Obes. (2019) 43:402–11. doi: 10.1038/s41366-018-0129-7

 49. Akseer N, Tasic H, Nnachebe Onah M, Wigle J, Rajakumar R, Sanchez-Hernandez D, et al. Economic costs of childhood stunting to the private sector in low- and middle-income countries. eClin Med. (2022) 45:101320. doi: 10.1016/j.eclinm.2022.101320

 50. Metwally AM, El-Sonbaty MM, El Etreby LA, El-Din EMS, Hamid NA, Hussien HA, et al. Stunting and its determinants among governmental primary school children in Egypt: a school-based cross-sectional study. Open Access Maced J Med Sci. (2020) 8:650–7. doi: 10.3889/oamjms.2020.4757

 51. Saha J, Chouhan P, Malik NI, Ghosh T, Das P, Shahid M, et al. Effects of dietary diversity on growth outcomes of children aged 6 to 23 months in india: evidence from national family and health survey. Nutrients. (2023) 15:159. doi: 10.3390/nu15010159

 52. Arimond M, Borghi E, Croft T, De-Regil LM, Flores-Ayala R, Hayashi C, et al. Prevalence thresholds for wasting, overweight and stunting in children under 5 years. Public Health Nutr. (2019) 22:175–9. doi: 10.1017/S1368980018002434

 53. Molla W, Argaw D, Kabthymer RH, Wudneh A. Prevalence and associated factors of wasting among school children in Ethiopia: multi-centered cross-sectional study. Clin Epidemiol Glob Health. (2022) 14:100965. doi: 10.1016/j.cegh.2022.100965

 54. Dela Luna KLG, Talavera MTM. Factors affecting the nutritional status of school-aged children belonging to farming households in the Philippines. Philipp J Sci. (2021) 150:1627. doi: 10.56899/150.6B.02

 55. Toma TM, Andargie KT, Alula RA, Kebede BM, Gujo MM. Factors associated with wasting and stunting among children aged 06-59 months in South Ari District, Southern Ethiopia: a community-based cross-sectional study. BMC Nutr. (2023) 9:34. doi: 10.1186/s40795-023-00683-3

 56. Leng SK, Nazri NS, Vanoh D. Malnutrition, low diet quality and its risk factors among older adults with low socio-economic status: a scoping review. Nutr Res Rev. (2021) 34:107–16. doi: 10.1017/S0954422420000189

 57. Evans YN, Dixon Docter A, editors. Adolescent Nutrition: Assuring the Needs of Emerging Adults, 1st Edn. Cham: Springer International Publishing (2020). doi: 10.1007/978-3-030-45103-5

 58. Norris SA, Frongillo EA, Black MM, Dong Y, Fall C, Lampl M, et al. Nutrition in adolescent growth and development. Lancet. (2022) 399:172–84. doi: 10.1016/S0140-6736(21)01590-7

 59. Fufa DA, Laloto TD. Factors associated with undernutrition among children aged between 6–36 months in Semien Bench district, Ethiopia. Heliyon (2021) 7:e07072. doi: 10.1016/j.heliyon.2021.e07072

 60. UNICEF. Review of national Food-Based Dietary Guidelines and associated guidance for infants, children, adolescents, and pregnant and lactating women. New York, NY: UNICEF (2021).

 61. Alipour B, Abbasalizad Farhangi M, Asghari S, Amirkhizi F, Dahri M, Abedimanesh N, et al. Child-specific food insecurity and its sociodemographic and nutritional determinants among Iranian schoolchildren. Ecol Food Nutr. (2016) 55:231–40. doi: 10.1080/03670244.2015.1129324

 62. Otuneye AT, Ahmed PA, Abdulkarim AA, Aluko OO, Shatima DR. Relationship between dietary habits and nutritional status among adolescents in Abuja municipal area council of Nigeria. Niger J Paediatr. (2017) 44:128–35. doi: 10.4314/njp.v44i3.1

 63. Sandberg AS. The effect of food processing on phytate hydrolysis and availability of iron and zinc. In:Friedman M, , editor. Nutritional and Toxicological Consequences of Food Processing. Boston, MA: Springer (1991), p. 499–508. doi: 10.1007/978-1-4899-2626-5_33

 64. Van Cooten MH, Bilal SM, Gebremedhin S, Spigt M. The association between acute malnutrition and water, sanitation, and hygiene among children aged 6–59 months in rural E thiopia. Matern Child Nutr. (2019) 15. doi: 10.1111/mcn.12631

 65. Hasan MM, Asif CAA, Barua A, Banerjee A, Kalam MA, Kader A, et al. Association of access to water, sanitation and handwashing facilities with undernutrition of children below 5 years of age in Bangladesh: evidence from two population-based, nationally representative surveys. BMJ Open. (2023) 13. doi: 10.1136/bmjopen-2022-065330

 66. Joy A, Anilkumar S, Mohammed Firoz C. WASH (water, sanitation, and hygiene): infrastructure as a measure of sustainable development. In: The Palgrave Encyclopedia of Urban and Regional Futures. Cham: Springer International Publishing (2020), p. 1–7. doi: 10.1007/978-3-030-51812-7_304-1

 67. Tebeje DB, Agitew G, Mengistu NW, Aychiluhm SB. Under-nutrition and its determinants among school-aged children in northwest Ethiopia. Heliyon (2022) 8:e11235. doi: 10.1016/j.heliyon.2022.e11235

 68. Prabhu S, Shukla N, Mandala S. Assessment of nutritional status of rural children (0-18 years) in central India using world health organization (WHO) child growth standards 2007. Indian J Community Med. (2020) 45:323–7. doi: 10.4103/ijcm.IJCM_348_19

 69. Gebrie A, Alebel A, Zegeye A, Tesfaye B, Ferede A. Prevalence and associated factors of overweight/ obesity among children and adolescents in Ethiopia: a systematic review and meta-analysis. BMC Obes. (2018) 5:19. doi: 10.1186/s40608-018-0198-0

 70. Mohamad RH, Hakim BNA, Mitra AK, Shahril MR, Mohamed W, Wafa S, et al. Higher parental age and lower educational level are associated with underweight among preschool children in Terengganu, Malaysia. J Gizi Pangan. (2022) 17:11–8. doi: 10.25182/jgp.2022.17.1.11-18

 71. Fuchs F, Monet B, Ducruet T, Chaillet N, Audibert F. Effect of maternal age on the risk of preterm birth: a large cohort study. PLoS ONE. (2018) 13:e0191002. doi: 10.1371/journal.pone.0191002

 72. Enbeyle W, Bitew D, Marzo RR, Pandey D, Abebaw S, Belay A. Multilevel analysis of factors associated with underweight among under-five Children in Ethiopia. J Pediatr Neuropsychol. (2022) 8:45–51. doi: 10.1007/s40817-021-00118-6

 73. Khanam SJ, Haque MA. Prevalence and determinants of malnutrition among primary school going children in the Haor Areas of Kishoreganj district of Bangladesh. Heliyon. (2021) 7:e08077. doi: 10.1016/j.heliyon.2021.e08077

 74. Kyallo F, Makokha A, Mwangi AM. Overweight and obesity among public and private primary school children in Nairobi, Kenya. Health. (2013) 5:36214. doi: 10.4236/health.2013.58A3012

 75. Ene-Obong H, Ibeanu V, Onuoha N, Ejekwu A. Prevalence of overweight, obesity, and thinness among urban school-aged children and adolescents in southern Nigeria. Food Nutr Bull. (2012) 33:242–50. doi: 10.1177/156482651203300404

 76. Kovalskys I, Rausch Herscovici C, De Gregorio MJ. Nutritional status of school-aged children of Buenos Aires, Argentina: data using three references. J Public Health. (2011) 33:403–11. doi: 10.1093/pubmed/fdq079

 77. Tariqujjaman M, Sheikh SP, Smith G, Hasan AMR, Khatun F, Kabir A, et al. Determinants of double burden of malnutrition among school children and adolescents in Urban Dhaka: a multi-level analyses. Front Public Health. (2022) 10:926571. doi: 10.3389/fpubh.2022.926571

 78. Tong Z, Kong Z, Jia X, Zhang H, Zhang Y. Multiscale impact of environmental and socio-economic factors on low physical fitness among Chinese adolescents and regionalized coping strategies. Int J Environ Res Public Health. (2022) 19:13504. doi: 10.3390/ijerph192013504

 79. Desalew A, Mandesh A, Semahegn A. Childhood overweight, obesity and associated factors among primary school children in dire dawa, eastern Ethiopia; a cross-sectional study. BMC Obes. (2017) 4:20. doi: 10.1186/s40608-017-0156-2

 80. Sanjari M, Amirkhosravi L, Hosseini SE, Tavakolinejad Kermani M, Abdollahi F, Maghfoori A, et al. Underweight, overweight, obesity and associated factors among elementary school children: a cross-sectional study in Kerman province. Iran Obes Med. (2023) 38:100477. doi: 10.1016/j.obmed.2023.100477

 81. López-Gil JF, López-Benavente A, López PJT, Lucas JLY. Sociodemographic correlates of obesity among spanish schoolchildren: a cross-sectional study. Children. (2020) 7:201. doi: 10.3390/children7110201

Copyright
 © 2024 Mihretie Adugna, Ayelign and Zerfu. 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/xhtml/Nav.xhtml




Contents





		Cover



		Suboptimal nutritional status of school-age children in Addis Ababa: evidence from the analysis of socioeconomic, environmental, and behavioral factors



		1 Introduction



		2 Materials and methods



		2.1 Study settings and population



		2.2 Study design



		2.3 Inclusion and exclusion criteria



		2.4 Ethics



		2.5 Sampling and sampling procedure



		2.6 Data collection procedures



		2.7 Wealth index determination



		2.8 Dietary diversity assessment



		2.9 Anthropometrics indices



		2.10 Statistical analysis methods



		2.11 Data quality control



		2.12 Ethical issue







		3 Results



		3.1 Sociodemographic characteristics of caregivers/parents and children



		3.2 Macro and micronutrient intake of school-age children



		3.3 Macro- and micronutrient intake by school type



		3.4 Dietary diversity and nutritional gaps in urban low-income school children



		3.5 Nutritional status of school-age children



		3.6 Factors associated with stunting among school-age children



		3.7 Factors associated with wasting among school-age children



		3.8 Factors associated with underweight and overweight among school-age children







		4 Discussion



		5 Limitations of the study



		6 Conclusions



		7 Areas for further research



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/math_1.gif
n = 2803 + (10% non response ate) »
3083 ~ 300,






OPS/images/inline_1.gif
2)’p(1
a2 ~
)












OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







OPS/images/fpubh-12-1409202-t001.jpg
Background Categories

characteristics

Caregivers/parents age 18-25 years 94 (30.4)
26-35 years 102 (33.0)
36 and above 113 (36.6)
Gender Male 146 (47.2)
Female 163 (52.8)
Family size 2-4 family size 142 (46.0)
5-8 family size 94 (30.4)
Above 8 families 73 (23.6)
Marital status Married 207 (67.0)
Single 53(17.2)
Divorced 29(9.4)
Widowed 20(6.5)
Educational status Diploma and above 189 (61.2)
9-12 grade 62(20.1)
1-8 grade 23(7.4)
Read and write only 18 (5.8)
Unable to read and write 17 (5.5)
Occupation Government 72(233)
Private 108 (35.0)
Farmer 11(3.6)
Merchant 68 (22.0)
Housewife 50 (16.2)
Household income Low (<7,000 birr) 88 (28.5)
Middle (8,000-10,000 birr) 78(25.2)
High (11,000 birr) 143 (46.3)
Religion Orthodox Christian 141 (45.6)
Muslim 75 (24.3)
Protestant 64(20.7)
Others* 29(9.4)
House owner Private Owned 162 (52.4)
Rent from private 105 (34.0)
Rent from gov't 42 (13.6)
Wealth index Poor 85(27.5)
Middle 106 (34.3)
Rich 118 (38.2)

9%, percentage of respondent; n, number of respondents.
*Catholic, Jehovah, and wake feta.
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Characteristics Categories n (%)
Age in years 6-10 years 154 (49.8)
11-14 years 155 (50.2)
Sex Male 131 (42.4)
Female 178 (57.6)
School type Public school 172 (55.7)
Private school 137 (44.3)
Children school grade 1-4 Grade 150 (48.5)
5-8 Grade 159 (51.5)
Meal frequency Less than three meal times 153 (49.5)
Three and above 3 meal 156 (50.5)
times
Dietary diversity score <4 food groups 203 (65.7)
4and above food groups 106 (34.3)
Skipping meal Not skipped 134 (43.4)
Skipped 175 (56.6)
Dietary habit Good dietary habit 125 (40.5)
Poor dietary habit 184 (59.5)
Absorption inhibitor No 145 (46.9)
Yes 164 (33.1)
Water supply No 122 (39.5)
Yes 187 (60.5)
Toilet No 173 (56.0)
Yes 136 (44.0)
Wasting Wasting 46 (14.9)
Stunted indices Stunted 75 (24.3)
BMI Indices Underweight 111 (35.9)
Overweight 58 (18.8)
Height for age Mean =+ SD —0.78 £ 1.59
BMI for age Mean £ SD —1.03 £2.08
MUAC (mm) Mean % SD 194 429
Weight (kg) Mean % SD 321+97
Height (cm) Mean =% SD 139.8 £153

%, percentage of the respondent; MUAC, mid-upper arm circumference; BMI, body mass

index; mean, average value; SD, standard deviation.
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Variables Underweight (Z < —2SD) Overweight (Z > 2SD)

Yes (%) APR (95% ClI) p<0.05 APR (95% ClI) p<0.05
Caregivers/parents age
18-25 years 56 (28.3) 38(34.2) 0.99 (0.73, 1.37) 0.987 0.71(0.36, 1.41) 0.325
26-35 years™ 77 (38.9) 25 (22.5) 057 (039, 0.84) 0.005 1.67 (1.01,2.78) 0.046
36 and above 65 (32.8) 48 (43.2) Ref Ref

Marital status

Married 122 (61.6) 85 (76.6) 0.89 (0.3, 1.49) 0649 0.57 (024, 1.35) 0201
Single 39(19.7) 14 (12.6) 0.57 (030, 1.10) 0.096 0.96 (037, 2.51) 0939
Divorced* 26 (13.1) 327) 0.22 (007, 0.70) 0.01 126 (050, 3.16) 0625
Widowed 11(5.6) 9(8.1) Ref Ref

Meal frequency

<3 meal times* 89 (44.9) 64 (57.7) 1.4 (1.04, 1.88) 0.025 1.00 (0.64, 1.59) 0.987
>3 meal times 109 (55.1) 47 (42.3) Ref Ref

School type

Public school** 99 (39.4) 38 (65.5) 1.10 (0.82, 1.48) 0.517 0.44 (0.27,0.72) 0.001
Private school 152 (60.6) 20(34.5) Ref

SD, standard deviation; Ref, reference category; Z < —2SD, z score below negative 2 standard deviation from the normal (reference category) is undernutrition; Z > 25D, z score above positive
2 standard deviation from the normal is overweight.

*p-value < 0.05.

**p.value < 0.01.
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Predictor variables Stunting (height for age) HAZ < —2SD?

Yes (%) APR (95% CI)

Marital status

Married 174 (74.4) 33 (44.0) Ref

Single*™* 29 (12.4) 24(32.0) 2.5(1.62,3.86) 0.000
Divorced™ 18(7.7) 11(14.7) 2.1(1.23,3.54) 0.006
Widowed 13(56) 7(9.3) 1.4(0.70, 2.61) 0366
House owner

Private owned 139 (59.4) 23 (30.7) Ref

Rent from private™ 68 (29.1) 37 (49.3) 2.13 (1.36, 3.34) 0.001
Rent from gov't™* 27 (11.5) 15 (20.0) 22 (1.25,3.76) 0.006

Education level of parents

Diploma and above 161 (68.8) 28(37.3) Ref

9-12 grade** 41(17.5) 21(28.0) 2(1.22,3.27) 0.006
1-8 grade™ 13 (5.6) 10(13.3) 2.6 (1.46, 4.48) 0.001
Read and write only** 10 (4.3) 8(10.7) 2.7 (1.40,5.11) 0.003
Unable to read and write* 9(3.8) 8(10.7) 1.9 (1.09, 3.30) 0.023
Child gender

Male 87 (37.2) 44(58.7) Ref

Female* 147 (62.8) 31(413) 0.65 (045, 0.96) 0.031
Meal skipping

Not skipped 115 (49.1) 19(25.3) Ref

Skipped** 119 (50.9) 56 (74.7) 2.03(1.33,3.10) 0.001

Information about nutrition

Awareness 157 (67.1) 32(427) Ref

Lack of awareness® 77 (32.9) 43(57.3) 15(1.02, 2.16) 0.04

*Except for the p-value, all figures in the table are rounded to two digits.
APR, adjusted prevalence ratio; CI, confidence intervals HAZ, height for age z-score; Ref, reference category.
*p-value < 0.05.

**p.value < 0.01.
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Predictor variables Wasting (MUAC in cm) (Z < —2SD)

Yes (%) APR (95% ClI)
Wealth index (W1)

Poor 115 (43.7) 7(152) Ref

Middle** 78 (29.7) 17 (37.0) 0.88 (0.80, 0.96) 0.007
Rich** 70 (26.6) 22(47.8) 082 (0.73,0.92) 0.001
Child age

6-10 years 140 (53.2) 14 (30.4) Ref

11-14 years* 123 (46.8) 32(69.6) 0.90 (0.82, 0.98) 0.02
Child DDS*

<4 food groups 181 (68.8) 22 (47.8) Ref

>4 and above™ 82(312) 24(52.2) 0.86 (0.77,0.95) 0.004
Dietary habit

Good DH 95 (36.1) 30(65.2) Ref

Poor DH** 168 (63.9) 16 (34.8) 1.17 (1.06, 1.29) 0.002
Absorption inhibitor (Al)

No 112 (42.6) 33(71.7) Ref

Yes™* 151 (57.4) 13(28.3) 1.15 (1.05, 1.26) 0.002
Water access

No 114 (43.3) 8(17.4) Ref

Yes*™ 149 (56.7) 38 (82.6) 0.84(0.77,0.92) 0.000

MUAC, mid-upper arm circumference; cm, centimeter.
*Dietary diversity score.

*The variable is significant at 0.05 level.

**The variable is significant at 0.01 level.
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