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Abstract
This study aimed to analyze the spatial patterns and determinants of malnutrition among children in Ed Dueim Locality from a medical geographic perspective, focusing on the environmental, health, social, and economic factors influencing the prevalence of this phenomenon. The study adopted a descriptive-analytical approach using the Statistical Package for the Social Sciences (SPSS). Data were collected through questionnaires, interviews, official health reports, records, and field observations. The results revealed a clear spatial disparity in malnutrition rates across the areas of Ed Dueim Locality, linked primarily to low economic levels, poor health and nutritional awareness, inadequate healthcare services, poor water and sanitation facilities, and environmental factors such as recurring diseases like malaria. The study further identified a statistically significant relationship between socio-economic conditions and childhood malnutrition levels. The study recommends strengthening therapeutic and preventive nutrition programs, improving health and environmental services, implementing nutritional awareness programs for mothers, and identifying the most affected areas for targeted intervention.
Keywords: Malnutrition, Children, Medical Geography, Spatial Analysis, Ed Dueim Locality, Public Health, Environmental Factors.

Introduction
Malnutrition represents one of the most prominent health challenges facing developing societies, due to its direct and indirect impacts on children's health and their physical and mental development. It is also a critical indicator of the level of health, social, and economic development within a community. The severity of this phenomenon increases in environments suffering from inadequate health, economic, and environmental services, where children become more susceptible to diseases associated with food deficiency or poor nutritional quality. The importance of Medical Geography emerges in studying diseases and health problems by analyzing their relationship with the environment and location, and by uncovering spatial disparities in their prevalence. From this perspective, this study aims to analyze the spatial patterns and determinants of malnutrition among children in Edduiem Locality, as it is an area facing multiple health, environmental, and economic challenges that may contribute to the spread of this phenomenon.


Significance of the Study
The study is significant for the following reasons:
a) Shedding light on the problem of malnutrition as one of the critical health issues in the community.
b) Highlighting the role of medical geography in studying diseases and health problems.
c) Contributing to the identification of areas most affected by malnutrition within Ed Dueim Locality.
d) Supporting decision-makers with the necessary information for health and nutritional planning.
e) Providing a scientific database that can be utilized in future studies.
Objectives of the Study
The study aims to achieve the following objectives:
a) Identify the spatial patterns of malnutrition among children in Ed Dueim Locality.
b) Determine the environmental, social, and economic factors influencing malnutrition.
c) Analyze the relationship between health services and the prevalence of malnutrition.
d) Uncover the spatial disparities of the phenomenon within the locality.
Problem Statement
The study problem lies in the increasing rates of malnutrition among children in Ed Dueim Locality, in light of the disparities in environmental, health, social, and economic conditions across the locality's regions. This raises questions regarding the nature of spatial patterns and the determinants of this phenomenon. Therefore, the problem is formulated in the following main question: What are the spatial patterns and determinants of malnutrition among children in Ed Dueim Locality: A study from a medical geographic perspective?
This is further branched into the following sub-questions:
a) What are the spatial patterns of malnutrition among children in Ed Dueim Locality?
b)What are the most significant environmental, social, and economic factors associated with malnutrition?
c) Is there a relationship between the level of health services and the prevalence of malnutrition?
d) Which areas within the locality are most affected by malnutrition?
Study Hypotheses
The study assumes that there are specific spatial patterns and determinants of malnutrition among children in Ed Dueim Locality. This is derived from the following sub-hypotheses:
a)There are clear spatial differences in malnutrition rates in Ed Dueim Locality.
b)There is a statistically significant relationship between economic determinants and malnutrition.
c)There is a statistically significant relationship between inadequate health services and high rates of malnutrition.
d) There is a statistically significant relationship between environmental determinants and malnutrition.
Study Methodology
The study adopted the descriptive-analytical approach, the spatial approach, and the statistical approach.
Data Collection Methods: Field questionnaires, interviews, official health reports and records, field observations, as well as literature, journals, and previous studies.

Previous Studies
1. Global Studies
WHO, UNICEF, and World Bank Study (2024): Aimed to assess the global status of malnutrition among children under five and identify recent trends in stunting, wasting, and underweight. The study relied on statistical analysis of health and demographic survey data across more than 150 countries. It concluded that malnutrition rates remain high in low- and middle-income countries, identifying poverty, food insecurity, and armed conflict as key drivers. It also noted that children in rural areas are more susceptible than those in urban areas, emphasizing the need for integration between health services, nutrition, water, and environmental sanitation.
Relevance: Highlights the importance of examining environmental and health factors affecting malnutrition, aligning with medical geography.
Masters et al. Study (2022): Analyzed the relationship between economic and nutritional transitions and childhood malnutrition. It found that malnutrition is not limited to food shortages but also includes micronutrient deficiencies, and that poverty and poor dietary systems increase rates of stunting and wasting. It recommended developing food policies and enhancing food security.
Contribution: Underscores the role of economic and social factors in explaining the prevalence of malnutrition.
2. African Studies
Study on Malnutrition Challenges in Sudan and Conflict-Affected Areas (2024): Analyzed the impact of armed conflict on childhood malnutrition using health data and humanitarian reports. It found that most children suffering from wasting and stunting reside in conflict zones, where war has led to deteriorating food security, increased malnutrition, and a notable rise in acute malnutrition-related mortality.
Relevance: Illustrates the importance of environmental and political conditions in increasing malnutrition risks.
Study on School Nutrition Programs in Africa (2025): Evaluated the impact of school feeding programs on improving children’s nutritional status. It concluded that these programs contributed to improving nutrition for millions, helped reduce hunger and school dropout rates, and affirmed that investing in school nutrition is an investment in human development.
3. Arab Studies
Study on Food Security and Malnutrition in Arab Countries (n.d.): Analyzed the relationship between food security and child malnutrition. It found a direct link between food poverty and malnutrition, particularly in rural areas and among low-income families. It recommended developing primary healthcare and nutritional awareness programs.
Relevance: Supports the importance of improving health and environmental services to curb malnutrition.
Study on the Impact of Humanitarian Crises on Child Health in the Arab Region (n.d.): Concluded that displacement and war are primary causes of malnutrition, and that lack of clean water and poor sanitation increase intestinal diseases leading to malnutrition. It recommended integrating health programs with food relief efforts.
4. Local (Sudanese) Studies
Study on Stunting Inequality among Sudanese Children (2022): Analyzed social and geographic disparities in stunting prevalence using Multiple Indicator Cluster Survey (MICS) data in Sudan. It found higher stunting rates in rural areas compared to urban ones, with disparities linked to poverty and maternal education. It recommended focusing interventions on the most vulnerable areas.
Study on Determinants of Acute Malnutrition in Port Sudan (2024): Aimed to identify factors associated with acute malnutrition. It found that malnutrition is linked to improper complementary feeding practices and that low maternal education increases the likelihood of a child becoming malnourished. It recommended intensifying nutritional awareness programs for mothers.
Study on the Situational Analysis of Health and Nutrition in Sudan (2026): Evaluated the state of health and nutrition services in crisis-affected Sudanese states. It concluded that millions of children suffer from malnutrition, a problem linked to weak health services, lack of water, and poor environmental sanitation, identifying malnutrition as one of the leading causes of death for children under five.
Review of Previous Studies
The previous studies clearly demonstrate the following:
Malnutrition among children is a global health challenge. Poverty, food insecurity, infectious diseases, poor water and sanitation services, and armed conflict are identified as the primary drivers of malnutrition. Global and African studies have largely focused on the humanitarian and security dimensions, whereas Sudanese studies have concentrated on geographic and social disparities.
Research Gap
The current study distinguishes itself by:
Focusing on the Sudanese reality amidst recent environmental and health variables. Establishing a link between malnutrition and geographical, environmental, and health factors. Seeking to provide indicators that assist decision-makers in developing plans to curb malnutrition and improve child health.
Malnutrition
Concept of Malnutrition: Malnutrition is one of the most significant health problems facing both developing and developed societies due to its serious health, social, and economic consequences, particularly among children. In general, it refers to an imbalance between the body's nutritional requirements and the actual intake of nutrients, whether through deficiency, excess, or imbalance.
Scientific Definition: The World Health Organization (WHO) defines malnutrition as: "Deficiencies, excesses, or imbalances in a person’s intake of energy and/or nutrients." This includes under nutrition, vitamin and mineral deficiencies, overweight, obesity, and resulting diet-related no communicable diseases. In Medical Geography, malnutrition is viewed as a health phenomenon linked to spatial, environmental, economic, and social factors that influence its distribution and prevalence among populations.



Types of Malnutrition
Under nutrition: Occurs when the body lacks essential nutrients and energy. Its primary forms include:
Wasting: Acute weight loss resulting from food shortages or recurring illness; often observed during emergencies and famines.
Stunting: Chronic malnutrition leading to impaired physical and cognitive growth in children.
Underweight: Low weight for a child's age.
Micronutrient Deficiency: Includes deficiencies in iron (anemia), Vitamin A (vision and immune health), iodine (cognitive disorders), and zinc (immune deficiency and growth delays).
Over nutrition: Includes obesity, overweight, and diet-related diseases such as diabetes and heart disease.
Causes of Malnutrition
The causes of malnutrition are multifaceted and interrelated, categorized as follows:
Economic: Poverty, low income, high food prices, and unemployment.
Health: Infectious diseases, recurring diarrhea, inadequate healthcare, and lack of vaccinations.
Environmental: Water contamination, poor sanitation, drought, desertification, and climate change.
Social/Cultural: Poor nutritional awareness, harmful dietary habits, low maternal education, and large family size.
Health Impacts of Malnutrition
Physical: Stunted growth, weight loss, weakened immune system, and increased mortality rates.
Cognitive: Poor academic performance, reduced mental capacity, and cognitive delays.
Economic: Reduced productivity, increased healthcare costs, and hindered human development.
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Food Security in Sudan
Sudan faces multiple challenges that impact food security, including armed conflicts, fluctuations in agricultural production, rising food prices, poor infrastructure, and climate change. These challenges have a direct impact on children's health and the prevalence of malnutrition.
Spatial Distribution of Malnutrition
The distribution of malnutrition is influenced by several factors: poverty, food availability, the level of healthcare services, water quality, and the residential environment. Malnutrition rates are often higher in rural areas, conflict zones, and marginalized/impoverished environments.
Spatial Distribution of Disease from a Medical Geography Perspective
Medical geography posits that disease does not spread randomly; rather, it is linked to place, environment, and the social characteristics of the population. Therefore, understanding the spatial patterns of diseases assists in: prevention, health planning, achieving health equity, and reducing health disparities between regions.
Definition: The study of geographic patterns of disease spread and the analysis of their relationship with environmental, social, and economic factors. It aims to identify disease hotspots, explain the causes of spatial variation, and support health planning.
Significance: It is crucial for identifying high-risk areas, detecting influential environmental factors, efficiently directing health services, aiding in epidemic control, and supporting health decision-making.
Factors Influencing the Spatial Distribution of Disease
Natural Factors: Climate, temperature, rainfall, topography, and water sources.
Human Factors: Population density, poverty, migration, and health habits.
Economic Factors: Income levels, healthcare services, and food availability.
Patterns of Disease Spatial Distribution
Clustered Pattern: Disease is concentrated in specific areas.
Dispersed Pattern: Disease spreads sporadically and widely apart.
Uniform Pattern: Disease is distributed relatively evenly.
Tools for Analyzing Spatial Distribution of Disease
Health Mapping: Illustrates areas of disease prevalence.
Geographic Information Systems (GIS): Used for spatial analysis, map production, and identifying disease hotspots.
Remote Sensing: Assists in studying the environment and natural factors associated with diseases.
Environmental and Social Determinants of Health and Health Equity
Environmental Determinants of Health: Environmental determinants are fundamental concepts in public health, as human health is closely linked to the surrounding environment. The environment directly and indirectly affects disease prevalence, nutritional status, and quality of life, particularly among children—the group most vulnerable to environmental factors. Environmental determinants of health refer to: "the natural, physical, chemical, and biological factors surrounding humans that influence their health status." Medical geography maintains that environmental disparities between regions lead to clear differences in disease patterns, health, and nutritional levels.
Elements of Environmental Determinants of Health:
Water: Clean water is essential for public health, while water contamination leads to the spread of diseases such as diarrhea, cholera, intestinal parasites, and typhoid. These diseases cause the body to lose nutrients and suffer from poor absorption, exacerbating childhood malnutrition.
Sanitation: Inadequate sanitation contributes to environmental pollution, the spread of insects and microbes, and the transmission of infectious diseases. The absence of sanitation networks leads to residential environmental degradation and high rates of intestinal diseases, directly linked to malnutrition.
Environmental Pollution: Includes air, water, and soil pollution, as well as solid and medical waste. Pollutants affect the respiratory and digestive systems and the immune system, especially in children, leading to higher rates of chronic and acute diseases.
Climate: Plays a significant role in public health by affecting food availability, disease spread, agricultural production, and water sources. Drought and high temperatures lead to reduced food production, higher prices, food insecurity, and increased malnutrition.
Housing and Residential Environment: Housing quality is linked to public health through ventilation, lighting, hygiene, and overcrowding. Unhealthy housing increases the transmission of infectious diseases among children, negatively impacting their nutritional and health status.
Agricultural and Nutritional Environment: Many rural communities depend on agriculture for food and income. Therefore, weak agricultural production, land degradation, desertification, and floods or droughts are all factors that influence food availability and proper nutrition.
Environmental Determinants and Malnutrition
Environmental determinants are linked to malnutrition through several pathways: environmental factors, health impacts, water contamination, diarrhea and parasites, poor sanitation, infectious diseases, drought, food shortages, environmental pollution, weakened immunity, and unhealthy housing that facilitates infection. From a medical geography perspective, regions with degraded environments often record higher rates of malnutrition and associated diseases.
Social Determinants of Health
Social determinants of health refer to the social and economic conditions in which individuals live, which influence their health outcomes. The World Health Organization (WHO) has emphasized that health is not determined solely by biological or medical factors but is significantly influenced by social, economic, and cultural factors.
Economic Income: One of the most critical determinants; it affects the ability to purchase food, access medical care, and ensure quality housing and education. Malnutrition rates are often higher among low-income households due to limited food and health resources.
Education: Plays a vital role in improving health and nutrition, particularly maternal education, which contributes to increased health awareness, improved feeding practices, hygiene, and healthcare seeking. Studies indicate that low educational levels correlate with higher rates of malnutrition and disease in children.
Culture and Social Habits: Dietary customs and social traditions influence the quality of food provided to children (e.g., poor meal organization, reliance on unbalanced diets, and lack of focus on preventive nutrition). Some social beliefs also affect healthcare-seeking behaviors for children.
Family Size: As the number of family members increases, the per-capita share of food decreases, healthcare access declines, and the probability of malnutrition rises, especially in low-income families.
Health Services: The availability of health services is a fundamental factor in preventing and treating malnutrition-related diseases, including: vaccinations, primary care, child growth monitoring, and therapeutic feeding programs. Weak health services exacerbate nutritional and health problems.
Social and Political Stability: Conflicts and instability lead to displacement, food insecurity, the deterioration of health services, and the spread of diseases, all of which increase malnutrition rates among children.
Health Equity
Concept of Health Equity: Health equity refers to the provision of equal opportunities for all individuals to reach a good state of health without social, economic, or geographic discrimination. It focuses on eliminating unfair health disparities among different populations and regions.
Health Equity vs. Health Equality:
Health Equality: Means providing the same services to everyone.
Health Equity: Means providing services based on the actual need of each group or region; thus, poorer and more disease-stricken areas require greater support and services to achieve equity.
Dimensions of Health Equity: Includes equity in the distribution of health services, equity in access to food, environmental equity, social equity, and spatial equity.
Health Equity and Medical Geography: Medical geography analyzes health disparities between regions, the distribution of health services, and the relationship between "place" and health status. Studies show that rural and marginalized areas often suffer from a lack of health services, high poverty rates, food insecurity, and high malnutrition rates.
Health Equity and Malnutrition: Malnutrition is linked to health inequity through unequal access to food, weak health services in peripheral areas, socio-economic disparities, and poor infrastructure. Therefore, addressing malnutrition requires improving the distribution of health services, supporting food security, reducing developmental gaps between regions, and directing resources to the most needy areas.
Health Equity in Sudan: Sudan faces numerous challenges regarding health equity, including: urban-rural disparities, weak health services in peripheral areas, poverty, conflict, and a shortage of health personnel. This has led to clear variations in health and nutritional indicators among different states and localities, including Ed Dueim Locality.
Significance of Health Equity in this Study: The importance of health equity in this study lies in: explaining the spatial disparities of malnutrition, analyzing the distribution of health and nutritional services, uncovering developmental gaps between the regions of the locality, supporting equitable health planning, and directing health interventions to the most vulnerable areas.
Field Study Procedures
Study Methodology and Procedures: The study employed a descriptive-analytical approach to analyze the spatial patterns and determinants of malnutrition among children in Ed Dueim Locality from a medical geographic perspective (2025).
Study Population and Sample: The study population consisted of all healthcare personnel, as well as mothers and fathers in Ed Dueim Locality, with a total size of (1,500). A random sample of (150) individuals was selected from the children's parents in the locality. The stratified spatial sampling technique was used to achieve a balanced geographical representation of the various study areas according to demographic, environmental, and health characteristics.
The study population was divided into three main sectors: urban, rural, and peripheral/marginalized areas, based on the nature of population distribution, the level of health services, and the prevailing environmental conditions. The sample was distributed as follows:
Urban areas: (40%) with (60) questionnaires.
Rural areas: (45%) with (68) questionnaires.
Peripheral and marginalized areas: (15%) with (22) questionnaires.
This distribution was intended to facilitate spatial comparison between the different regions of the locality and to uncover geographical disparities in malnutrition rates and their determinants. Additionally, the study utilized the systematic random sampling method within the selected neighborhoods and villages; households were selected systematically to ensure neutrality and reduce bias in the data collection process.
Table (1): Questionnaire Items for the Study Sample
	Number of Items
	Dimension
	No

	
	Dimension Number 
	Dimension Name 
	1

	7
	First 
	First Hypothesis
	2

	5
	Second 
	Second Hypothesis
	3

	5
	Third
	Third Hypothesis
	4

	5
	Fourth 
	Fourth Hypothesis
	5


               Source: Prepared by the researchers, 2025
Questionnaire Design and Scoring
The questionnaire was designed using a five-point Liker scale (Strongly Agree, Agree, Neutral, Disagree, Strongly Disagree). Each option was assigned a score from 5 to 1, respectively (Strongly Agree = 5, Agree = 4, Neutral = 3, Disagree = 2, Strongly Disagree = 1).
The scale used in the study was processed as follows:
Mean score of the scale: The total score of the item divided by the number of statements = (5+4+3+2+1) / 5 = 3.
Range interval (Category length): (Maximum alternative value – Minimum alternative value) / Number of levels = (5 - 1) / 5 = 0.80.
And by rounding to one decimal place = (0.79), and the weighted means for these categories are as shown in the following table:"
Table (2): Weights and Weighted Means of the Study Scale
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly disagree
	Choice

	5
	4
	3
	2
	1
	Weight

	(4.2 -5)
	(4.19- 3.4)
	 (3.39- 2.6)
	(2.59- 1.8)
	(1.79- 1.0)
	Mean


Source: Prepared by the researchers, 2025
Validity and Reliability of the Instrument
Content Validity: Content validity for the scale items was assessed to ensure the validity of the concepts and the clarity of the questions. This is crucial as interpretations may vary due to cultural differences or as a result of translating scales from one language to another. The researchers presented the questionnaire to three (3) specialized experts to analyze the content of the scale items and determine the level of consistency among the items of each scale.
[image: ]Figure (1) Validity and Reliability of the Instrument






Source: Prepared by the researchers, 2025
Reliability Tests (Data Credibility): Reliability refers to the degree to which the measurement scales are free from errors—specifically, the internal consistency among the various items measuring a single variable. Reliability implies stability, meaning that the measurement tool yields the same values when reused, thereby producing consistent or compatible results each time the scale is administered. The higher the degree of reliability and stability of the tool, the greater the confidence in it. To test the reliability of the responses, the researchers used the Cronbach’s Alpha coefficient method.
Table (3): Cronbach’s Alpha (reliability) and validity test results for the first hypothesis items
	Validity
	Reliability
	Statement
	n

	0.88
	0.77
	Malnutrition rates vary significantly across the neighborhoods and villages of Ed Dueim Locality.
	1

	0.87
	0.75
	Malnutrition cases increase in areas far from health centers compared to those nearby.
	2

	0.79
	0.62
	Malnutrition is more prevalent in rural areas compared to urban areas in Ed Dueim Locality.
	3

	0.82
	0.68
	The availability of basic services (water and sanitation) influences the variation in malnutrition rates among different areas.
	4

	0.91
	0.83
	Low-income areas suffer from higher rates of malnutrition compared to other areas.
	5

	0.79
	0.63
	Variations in food availability in local markets contribute to spatial differences in malnutrition within Ed Dueim Locality.
	6

	0.88
	0.78
	The spatial map of Ed Dueim Locality reflects a concentration of malnutrition in specific areas over others.
	7

	0.85
	0.72
	Reliability and Validity Coefficients for the Scale as a Whole


Source: Prepared by the researchers based on SPSS software output, 2025.
Table (3) reveals that the Cronbach’s Alpha (reliability) and validity values for all items in the first dimension are greater than 60%. These values indicate a high degree of internal consistency for all items, both individually and at the level of the entire scale. The total Cronbach’s Alpha values for the scale reached 0.72 and 0.85, respectively, which reflects high reliability and validity. Consequently, it can be concluded that the internal consistency of the items related to the relationship between "Spatial Distribution and Malnutrition" is robust, allowing us to rely on these results to achieve the study's objectives.
Table (3): Cronbach’s Alpha (reliability) and validity test results for the second hypothesis items
	Validity
	Reliability
	Statement
	n

	0.89
	0.80
	The distance of health centers from residential areas increases the likelihood of children developing malnutrition.
	1

	0.81
	0.65
	The lack of child growth monitoring services contributes to higher rates of malnutrition.
	2

	0.87
	0.76
	The weakness of nutritional health awareness programs affects the prevalence of malnutrition among children.
	3

	0.94
	0.88
	The shortage of specialized health personnel leads to poor early detection of malnutrition cases.
	4

	0.91
	0.83
	The irregularity of primary healthcare services contributes to the exacerbation of malnutrition problems in the local community.
	5

	0.88
	0.74
	Reliability and Validity Coefficients for the Scale as a Whole


Source: Prepared by the researchers based on SPSS software output, 2025.
Table (4) indicates that the Cronbach’s Alpha (reliability) and validity values for all items in the second dimension are greater than 60%. These values demonstrate a high degree of internal consistency for all items, whether considered individually or at the level of the overall scale. The total Cronbach’s Alpha values for the scale were 0.74 and 0.88, respectively, indicating high reliability and validity. Therefore, it can be concluded that the scales employed by the study to analyze the relationship between "Economic Determinants and Malnutrition" possess internal consistency, enabling us to rely on these responses to achieve the study's objectives.
Table (5): Results of the Cronbach’s Alpha (reliability) and validity tests for 
the third hypothesis items.
	Validity
	Reliability
	Statement
	n

	0.85
	0.73
	The distance of health centers from residential areas increases the likelihood of children developing malnutrition.
	1

	0.92
	0.85
	The lack of child growth monitoring services contributes to higher rates of malnutrition.
	2

	0.96
	0.92
	The weakness of nutritional health awareness programs affects the prevalence of malnutrition among children.
	3

	0.87
	0.76
	The shortage of specialized health personnel leads to poor early detection of malnutrition cases.
	4

	0.89
	0.79
	The irregularity of primary healthcare services contributes to the exacerbation of malnutrition problems in the local community.
	5

	0.89
	0.82
	Reliability and Validity Coefficients for the Scale as a Whole


 Source: Prepared by the researchers based on SPSS software output, 2025.
Table (5) indicates that the Cronbach’s Alpha (reliability) and validity values for all items in the first dimension are greater than 60%. These values demonstrate a high degree of internal consistency for all items, whether considered individually or at the level of the overall scale. The total Cronbach’s Alpha values for the scale reached 0.82 and 0.89, respectively, which reflects high reliability and validity. Consequently, it can be concluded that the scales employed by the research to measure the relationship between "Inadequate Healthcare Services and Malnutrition in Ed Dueim Locality" possess internal consistency, enabling us to rely on these responses to achieve the study's objectives.




Table (6): Results of the Cronbach’s Alpha (reliability) and validity tests for 
the fourth hypothesis items.
	Validity
	Reliability
	Statement
	n

	0.92
	0.84
	Contamination of drinking water sources contributes to the increased prevalence of malnutrition among children.
	1

	0.82
	0.67
	Sanitation issues and improper waste disposal lead to a higher incidence of diseases.
	2

	0.89
	0.79
	Environment-related diseases, such as diarrhea and parasitic infections, contribute to the exacerbation of malnutrition.
	3

	0.93
	0.86
	The poor level of environmental hygiene in the local community negatively affects the nutritional status of children.
	4

	0.94
	0.89
	Malnutrition is associated with the lack of access to a healthy environment, specifically regarding clean water and sanitation.
	5

	0.90
	0.81
	Reliability and Validity Coefficients for the Scale as a Whole


 Source: Prepared by the researchers based on SPSS software output, 2025.
Table (6) indicates that the Cronbach’s Alpha (reliability) and validity values for all items in the first dimension are greater than 60%. These values demonstrate a high degree of internal consistency for all items, whether considered individually or at the level of the overall scale. The total Cronbach’s Alpha values for the scale reached 0.81 and 0.90, respectively, which reflects high reliability and validity. Consequently, it can be concluded that the scales employed by the research to measure the relationship between "Environmental Determinants and Malnutrition" possess internal consistency, enabling us to rely on these responses to achieve the study's objectives.
Table (7): Chi-square test results for the first hypothesis items.
	Interpretation of the Results
	Chi-value
	Degree of Freedom 
	Probability value 
	The Relationship Between Spatial 
Distribution 
and Malnutrition

	Significant
	2.126
	4
	0.003
	


Source: Prepared by the researchers based on SPSS software output, 2025.
Table (7) shows that the Chi-square ($\chi^2$) value for all items of the first hypothesis reached (2.126), with (4) degrees of freedom and a probability value (p-value) of (0.003), which is less than the significance level ($\alpha = 0.05$). This indicates the validity of the study's first hypothesis: "There is a relationship between spatial distribution and malnutrition in Ed Dueim Locality."
Table (8): Chi-square test results for the second hypothesis items.
	Interpretation of the Results
	Chi-value
	Degree of Freedom 
	Probability value 
	The Relationship Between Economic
Determinants and Malnutrition

	Significant
	3.233
	4
	0.004
	


Source: Prepared by the researchers based on SPSS software output, 2025.
Table (8) shows that the Chi-square ($\chi^2$) value for all items of the second hypothesis reached (3.233), with (4) degrees of freedom and a probability value (p-value) of (0.004), which is less than the significance level ($\alpha = 0.05$). This indicates the presence of statistically significant differences, which confirms the validity of the study's second hypothesis: "There is a relationship between economic determinants and malnutrition in Ed Dueim Locality."
Table (9): Chi-square test results for the third hypothesis items.
	Interpretation of the Results
	Chi-value
	Degree of Freedom 
	Probability value 
	The Relationship Between Inadequate Health Services and Malnutrition

	Significant
	1.211
	3
	0.005
	


Source: Prepared by the researchers based on SPSS software output, 2025.
Table (9) shows that the Chi-square ($\chi^2$) value for all items of the third hypothesis reached (1.211), with (3) degrees of freedom and a probability value (p-value) of (0.005), which is less than the significance level ($\alpha = 0.05$). This indicates the validity of the study's third hypothesis: "There is a relationship between inadequate healthcare services and malnutrition in Ed Dueim Locality."
Table (10): Chi-square test results for the fourth hypothesis items.
	Interpretation of the Results
	Chi-value
	Degree of Freedom 
	Probability value 
	The Association Between Environmental Factors
and Malnutrition

	Significant
	2.224
	3
	0.007
	


Source: Prepared by the researchers based on SPSS software output, 2025.
Table (10) above shows that the Chi-square ($\chi^2$) value for all items of the fourth hypothesis reached (2.224), with (3) degrees of freedom and a probability value (p-value) of (0.007), which is less than the significance level ($\alpha = 0.05$). This indicates the validity of the study's fourth hypothesis: "There is a relationship between environmental determinants and malnutrition in Ed Dueim Locality."
Analysis and Discussion
The results of the study indicated that malnutrition is more concentrated in areas with poor health services and low income levels. It was also found that children in low-income families are more susceptible to malnutrition compared to those in high-income families. The study revealed a correlation between water quality and the prevalence of intestinal diseases, which in turn contribute to the exacerbation of malnutrition. Furthermore, the findings highlighted a lack of nutritional awareness among some families, particularly regarding balanced nutrition for children. Spatially, a clear disparity was observed between the neighborhoods and regions of the locality, with higher rates of malnutrition in peripheral and rural areas compared to urban areas.
Findings
1.Spatial Disparity: There is a clear spatial disparity in malnutrition rates within Ed Dueim Locality.
2.Economic Correlation: Malnutrition is strongly linked to poverty and low household income.
3.Impact of Healthcare: Inadequate healthcare services contribute significantly to the prevalence of the phenomenon.
4.Water and Health: There is a significant correlation between water contamination and malnutrition.
5.Lack of Awareness: There is a notable lack of nutritional awareness among some families.
6.Rural-Urban Gap: Malnutrition rates are higher in rural areas compared to urban areas.
Recommendations
1.Improve Health Services: Enhance healthcare services across the different regions of the locality.
2.Therapeutic Nutrition: Strengthen therapeutic feeding programs for children.
3.Public Awareness: Promote nutritional and health awareness campaigns for mothers.
4.Infrastructure Development: Improve water and sanitation services.
5.Food Security Support: Support impoverished families through food security programs.
6.GIS Utilization: Utilize Geographic Information Systems (GIS) for effective health planning.
7.Further Research: Conduct more medical-geographical studies on childhood diseases.
References
Abdallah, Mohammed Ahmed. (2020). Child Malnutrition in Sudan and its Relationship to Economic Factors. Khartoum: Khartoum University Press.
Mohammed, Ahmed, & Ibrahim, Khalid. (2021). The Impact of Environment and Health Services on Malnutrition in White Nile State. Sudanese Journal of Health Studies, 12(2), 44-67.
World Health Organization (WHO). (2022). Malnutrition among children in developing countries. Geneva: WHO Press.
Smith, J., & Brown, T. (2021). Spatial analysis of child malnutrition in rural Africa using GIS techniques. International Journal of Health Geography, 20(4), 112-128.
United Nations Children’s Fund (UNICEF). (2021). Child nutrition and health report. New York: UNICEF.
Food and Agriculture Organization (FAO). (2020). Food security and child malnutrition. Rome: FAO.
United Nations Children's Fund (UNICEF), World Health Organization (WHO), & World Bank Group. (2025). Levels and trends in child malnutrition: UNICEF/WHO/World Bank Group joint child malnutrition estimates: Key findings of the 2025 edition. World Health Organization. 
World Health Organization. (2024). The UNICEF-WHO-World Bank Joint Child Malnutrition Estimates (JME) standard methodology: Tracking progress on SDG indicators 2.2.1 and 2.2.2. WHO
United Nations Children's Fund (UNICEF), World Health Organization (WHO), & World Bank Group. (2025). Joint Child Malnutrition Estimates (JME). UNICEF Data. 
Wogderes, B., Shibre, G., & Zegeye, B. (2022). Inequalities in childhood stunting: Evidence from Sudan multiple indicator cluster surveys (2010–2014). BMC Public Health, 22(1), 728. https://doi.org/10.1186/s12889-022-13145-5⁠
Roccella, M., et al. (2024). Determinants of undernutrition among children admitted to a pediatric hospital in Port Sudan, Sudan. Nutrients, 16(6), 787. https://doi.org/10.3390/nu16060787⁠
World Health Organization. (2023). Levels and trends in child malnutrition: UNICEF/WHO/World Bank Joint Child Malnutrition Estimates. Key findings of the 2023 edition. WHO. 
World Health Organization. (2024). Joint Child Malnutrition Estimates (JME). Global Health Observatory. 


1

image1.png
Participatory
Interviews

Immersion

Boini
Leader
[nterviewing,

participatory





