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ABSTRACT
Introduction: Obesity is an emerging public health concern in low-income countries undergoing nutritional and epidemiological transitions. In Burundi, particularly in Ngozi Commune, changing dietary patterns, socio-economic dynamics and lifestyle behaviors necessitate an in-depth analysis of determinants associated with adult obesity. This study aimed to analyze dietary, socio-economic, behavioral and biological factors associated with obesity among adults residing in Ngozi Commune.
Methodology: An analytical case-control study was conducted by involving 90 participants, including 30 obese cases (BMI ≥ 30 kg/m²) and 60 normal-weight controls (BMI 18.5-24.9 kg/m²). Data were collected using structured questionnaires, anthropometric measurements (weight, height, BMI), blood pressure assessment and capillary blood glucose testing. Statistical analyses included bivariate tests (Chi-square, Student's t-test) and multivariate logistic regression. The significance threshold was set at p < 0.05.
Results and Conclusion: Findings revealed that non-consumption of legumes and nuts (ORa = 5.85; 95% CI: 1.34-25.53; p=0.019) and low dietary diversity (OR = 2.29; 95% CI: 1.09-5.14; p=0.030) were significantly associated with obesity. Female sex (ORa = 2.71; 95% CI: 1.04-7.09; p=0.042) and higher household income (>300,000 BIF) (ORa = 4.32; 95% CI: 1.45-12.89; p=0.009) were also significantly associated. Family history of obesity was identified as the strongest independent risk factor (ORa = 4.19; 95% CI: 1.51-11.61; p=0.006). Although hypertension and hyperglycemia were more frequent among obese participants, these associations were not statistically significant. However, elevated diastolic blood pressure at the second measurement showed a significant association (p=0.014), suggesting early cardiovascular alterations. Behavioral factors — including physical inactivity, sedentary lifestyle and stress — were not significantly associated with obesity. In conclusion, obesity in Ngozi Commune appears as a multifactorial condition driven by nutritional transition, socio-economic changes and familial susceptibility. These findings underscore the need for integrated prevention strategies focusing on dietary diversification, promotion of traditional diets and early risk screening.
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1. INTRODUCTION
1.1 Background and Justification
Obesity currently constitutes one of the major public health problems worldwide. According to the World Health Organization, the prevalence of overweight and obesity has increased rapidly and continuously over recent decades, in both high-income and low- and middle-income countries (WHO, 2023). This evolution reflects a profound transformation of lifestyles, dietary habits and nutritional environments on a global scale.
Long considered a pathology mainly associated with industrialized societies, obesity is now increasingly affecting African countries, particularly urban areas. This progression is largely attributed to the phenomenon of nutritional transition, characterized by the shift from traditional diets, rich in fiber and low in fat, towards more energy-dense diets, high in sugars, saturated fats and ultra-processed foods, combined with a marked reduction in physical activity and increased sedentary lifestyles (Popkin et al., 2012; Swinburn et al., 2011).
Conceptually, obesity is recognized as a form of malnutrition, alongside undernutrition and micronutrient deficiencies. It falls within the broader framework of the double burden of malnutrition, characterized by the coexistence of undernutrition and overweight or obesity within the same population, household or even individual (WHO, 2017). This situation represents a major challenge for food and nutrition security policies, particularly in resource-limited countries where health systems must simultaneously address infectious diseases, undernutrition and non-communicable diseases.
In Burundi, available scientific data on adult obesity remain limited, both in terms of prevalence and analysis of associated factors. Existing studies focus mainly on undernutrition, leaving the emerging problem of overweight and obesity relatively undocumented, particularly at community and local levels. In Ngozi Commune, no analytical study has to date systematically identified dietary, socio-economic and behavioral factors associated with adult obesity. This lack of evidence constitutes a major obstacle to the development and implementation of prevention strategies adapted to the local context.
In this context, the present study aims to contribute to a better understanding of obesity determinants among adults in Ngozi Commune, by analyzing dietary, socio-economic and behavioral factors associated with this pathology. Expected results should provide scientific evidence useful for guiding prevention interventions, within an integrated perspective of food security, community nutrition and health promotion.
1.2 Problem Statement
The progression of obesity results from a complex and dynamic interaction between dietary, socio-economic, behavioral and environmental factors. Globally, the increased availability and consumption of energy-dense foods, rich in saturated fats, added sugars and salt, associated with a progressive decrease in physical activity, constitutes a major determinant of the rise in obesity (Swinburn et al., 2011; Hall et al., 2012). This issue is part of the broader context of nutritional transition, which profoundly modifies food systems and lifestyles.
In African urban contexts, this transition often occurs rapidly and in an unregulated manner. Accelerated urbanization, the transformation of food distribution systems and household economic constraints favor the adoption of poorly diversified diets, dominated by processed foods or foods purchased outside the home, to the detriment of traditional foods richer in fiber and micronutrients (Popkin et al., 2012; Malik et al., 2013). Paradoxically, obesity can thus coexist with food insecurity, reflecting a situation of excess malnutrition within economically vulnerable populations (WHO, 2017).
In Ngozi Commune, lifestyles and dietary habits are undergoing notable changes due to urbanization, changing consumption behaviors and household socio-economic constraints. However, despite these transformations, empirical data documenting the extent of adult obesity and identifying associated factors remain insufficient. Existing studies in Burundi focus mainly on undernutrition, leaving the emerging problem of overweight and obesity largely unexplored, particularly at the commune level.
This absence of analytical data constitutes an important limitation for the development of prevention and health promotion strategies adapted to the local context. Without a precise understanding of the dietary, socio-economic and behavioral factors associated with obesity among adults in Ngozi Commune, interventions risk remaining poorly targeted and insufficiently effective. Therefore, it appeared necessary to conduct an analytical case-control study to identify these factors, with a view to informing local policies on food security, community nutrition and prevention of non-communicable diseases.
1.3 Research Question
What are the dietary, socio-economic and behavioral factors significantly associated with obesity among adults in Ngozi Commune, and how do these factors differentiate obese adults from non-obese adults in a context of urbanization and nutritional transition?
1.4 Research Hypotheses
General Null Hypothesis
H₀: There is no statistically significant association between the dietary, socio-economic and behavioral factors studied and obesity among adults aged 18 years and over residing in Ngozi Commune.
Alternative Hypotheses
H₁: Adults with a low level of physical activity have a significantly higher probability of being obese than those with a moderate or high level of physical activity in Ngozi Commune.
H₂: Adults with unfavorable dietary habits, characterized by frequent consumption of foods rich in fats and sugars, have a significantly higher probability of obesity compared to those with favorable dietary habits.
H₃: Low dietary diversity is significantly associated with a higher probability of obesity among adults in Ngozi Commune.
H₄: Household food insecurity is significantly associated with obesity among adults in Ngozi Commune.
H₅: Adults with a family history of obesity have a significantly higher probability of being obese than those not reporting a family history.
1.5 Study Objectives
1.5.1 General Objective
To analyze dietary, socio-economic and behavioral factors associated with obesity among adults aged 18 years and over residing in Ngozi Commune.
1.5.2 Specific Objectives
· Describe the socio-demographic characteristics of obese and non-obese adults in Ngozi Commune.
· Analyze the association between physical activity level, sedentary lifestyle and obesity among adults.
· Evaluate the association between dietary habits, dietary diversity and obesity among adults.
· Examine the relationship between household food security and obesity among adults in Ngozi Commune.
· Analyze the association between family history of obesity and the occurrence of obesity among adults.
· Describe the blood pressure and glycemic profile of obese and non-obese adults participating in the study.
1.6 Significance of the Study
Obesity constitutes a major public health issue due to its close association with non-communicable diseases, including hypertension, type 2 diabetes and cardiovascular diseases, which represent a growing share of morbidity and mortality in low- and middle-income countries (Hall et al., 2015; WHO, 2023). The study of obesity determinants in adults thus has major scientific and operational interest, particularly in African contexts facing rapid nutritional transition.
Scientifically, this study contributes to enriching the still limited literature on adult obesity in Burundi and, more broadly, in sub-Saharan Africa. By simultaneously analyzing dietary, socio-economic and behavioral factors associated with obesity, it allows an integrated approach to the phenomenon, in accordance with the conceptual frameworks proposed by the World Health Organization and work on the double burden of malnutrition (WHO, 2017; Popkin et al., 2012). This approach promotes a better understanding of the complex interactions between food insecurity, eating behaviors and excess weight.
Operationally, the results of this study will provide local empirical data likely to guide the planning and implementation of prevention interventions adapted to the context of Ngozi Commune. The identification of factors associated with obesity will make it possible to more effectively target actions to promote healthy eating, strengthen physical activity and prevent non-communicable diseases at the community level (Swinburn et al., 2011).
Finally, in terms of public policy, this research has strategic interest for integrating the issue of obesity into food and nutrition security programs. By highlighting the potential coexistence of food insecurity and obesity, it underlines the need for multisectoral approaches combining nutrition, public health and socio-economic development, in accordance with international guidelines on combating non-communicable diseases (WHO, 2023).
1.7 Study Area Selection
Ngozi Commune was selected as the study site for several scientific, contextual and operational considerations. Located in an area undergoing rapid urbanization dynamics, Ngozi Commune is experiencing rapid transformations in the lifestyles and dietary habits of its population, likely to influence the nutritional status of adults.
Nutritionally, Ngozi Commune pertinently illustrates the context of nutritional transition observed in many urban and semi-urban areas of Burundi. This transition results in a diversification of food supply sources, an increase in the consumption of processed foods and foods purchased outside the home, as well as a progressive reduction in physical activity linked to changes in lifestyles. These factors constitute favorable ground for the emergence of overweight and obesity in adults.
Furthermore, Ngozi Commune has particular scientific interest due to the limited availability of local data on obesity and its determinants. The absence of previous analytical studies specifically focusing on dietary, socio-economic and behavioral factors associated with adult obesity justifies conducting this research in this area.
Finally, the choice of Ngozi Commune is also based on practical and logistical considerations, including field accessibility, feasibility of data collection and collaboration with local and health authorities. These elements ensured effective implementation of the study in compliance with methodological and ethical requirements.
1.8 Structure of the Study
This paper is structured as follows: Section 2 presents the materials and methods, including study design, location, population, sampling, data collection tools and statistical analysis. Section 3 presents the results and discussion. Section 4 provides the conclusion and recommendations.
2. MATERIALS AND METHODS
2.1 Study Design and Location
This was an observational analytical case-control study conducted in Ngozi Commune, Butanyerera Province, northern Burundi. The case-control design was chosen for its feasibility in resource-limited settings, its relevance for identifying factors associated with a given pathology, and its ability to obtain analytical results with a moderate sample size (Schlesselman, 1982).
2.2 Study Population
The study population consisted of all adults aged 18 years and over residing in Ngozi Commune at the time of data collection. This choice is consistent with WHO recommendations, which define adulthood from 18 years for nutritional status assessment and use of body mass index (BMI) as a standard anthropometric indicator (WHO, 2000).
Participants were recruited from the general population, coming from different areas of the Commune (urban, peri-urban and rural), in order to take into account the diversity of living conditions and consumption patterns likely to influence obesity risk.
2.3 Definition of Cases and Controls
2.3.1 Case Definition
Cases were defined as adults meeting all the following criteria:
· Aged 18 years or older;
· Residing in Ngozi Commune for at least six (6) months;
· Presenting a BMI ≥ 30 kg/m², calculated according to the WHO formula (weight in kg / height in m²);
· Having given informed consent to participate in the study.
Obesity classification was based on international thresholds defined by WHO, which consider BMI ≥ 30 kg/m² as indicative of obesity in adults (WHO, 2000).
2.3.2 Control Definition
Controls were defined as adults meeting the following criteria:
· Aged 18 years or older;
· Residing in Ngozi Commune for at least six (6) months;
· Presenting a BMI between 18.5 and 24.9 kg/m², corresponding to normal weight status according to WHO;
· Not presenting obesity at the time of the survey;
· Having given informed consent to participate in the study.
Controls constituted the reference group, allowing comparison of dietary, socio-economic and behavioral exposures with cases, in accordance with methodological principles of case-control studies (Schlesselman, 1982).
2.4 Inclusion and Exclusion Criteria
2.4.1 Inclusion Criteria
Participants meeting all the following conditions were included:
· Aged 18 years or older;
· Residing in Ngozi Commune for at least six (6) months;
· Having given free, informed and written consent;
· Able to undergo the planned anthropometric, clinical and biological measurements.
Specific criteria for cases:
· BMI ≥ 30 kg/m².
Specific criteria for controls:
· BMI between 18.5 and 24.9 kg/m².
2.4.2 Exclusion Criteria
The following were excluded from the study:
· Pregnant women or women in recent postpartum (less than six months);
· People suffering from severe chronic pathologies likely to significantly influence body weight (uncontrolled endocrine disorders, progressive cancers, terminal renal failure);
· People on long-term drug treatments influencing metabolism or body weight (long-term corticosteroid therapy, antipsychotics, specific hormonal treatments);
· Individuals with physical or cognitive incapacity preventing reliable data collection;
· Any person who refused or withdrew their consent.
2.5 Sample Size and Sampling Method
The study included 90 participants, divided into: 30 cases (obese) and 60 controls (non-obese), i.e., a case/control ratio of 1:2, allowing increased statistical power of the analysis.
Participant recruitment was carried out by consecutive sampling, a method frequently used in case-control studies when an exhaustive list of the population is not available. Participants meeting the criteria were successively included until the planned sample size was reached.
2.6 Study Variables
2.6.1 Dependent Variable
· Weight status, dichotomized as:
· 1 = Obese (case)
· 0 = Non-obese (control)
2.6.2 Main Independent Variables
· Socio-demographic factors (age, sex, education level, income, household size);
· Factors related to household food security;
· Dietary habits (consumption frequency, dietary diversity);
· Physical activity and sedentary lifestyle;
· Family history of obesity.
2.6.3 Descriptive Variables (Comorbidities)
· Hypertension;
· Glycemic status.
These were analyzed for descriptive and exploratory purposes.
2.7 Data Collection Tools and Techniques
Data were collected using:
· A structured and pre-tested data collection sheet, developed from the scientific literature and adapted to the local context;
· A mechanical/digital anthropometric scale, calibrated daily, for body weight measurement;
· A stadiometer or wall tape measure for height measurement;
· A validated electronic or manual sphygmomanometer, with adapted cuff;
· A portable glucometer with test strips, compliant with field biological measurement standards;
· Medical consumables (alcohol, cotton, sterile lancets).
Each participant was identified by a unique anonymous code of the form NGZ–CA–NNN or NGZ–TE–NNN, guaranteeing confidentiality and data traceability.
2.8 Measurement Procedures
Weight: Measured in kilograms, subject standing, barefoot, in light clothing, using a calibrated scale.
Height: Measured in meters, subject standing, back straight, heels together, head in the Frankfurt plane.
BMI: BMI was calculated according to the formula : BMI = Weight (kg) / Height² (m²)
Blood pressure: Measured after 5 minutes of rest, in a seated position, two successive measurements, the average of which was retained.
Blood glucose: Measured fasting or randomly according to the participant's conditions, using a portable glucometer.
2.9 Data Entry and Analysis
Data were entered into a pre-coded Excel database, then exported to SPSS software (version 2025.0) for analysis. Analyses were carried out in three stages: descriptive, bivariate and multivariate.
Descriptive analysis:
· Frequencies and percentages for qualitative variables;
· Means and standard deviations for quantitative variables.
Bivariate analysis:
· Chi-square test or Fisher's exact test for qualitative variables;
· Student's t-test for quantitative variables;
· Calculation of crude Odds Ratios (OR) with 95% confidence intervals.
Multivariate analysis:
Binary logistic regression was performed to identify factors independently associated with obesity. Variables with p < 0.20 in bivariate analysis were entered into the multivariate model. Given the sample size, the final model was limited to three to four explanatory variables. The statistical significance threshold was set at p < 0.05.
2.10 Participant Recruitment Procedures
Participant recruitment was carried out using a voluntary method, following a community call, as part of a study on factors associated with obesity and prevention of its complications among adults in Ngozi Commune.
To inform and mobilize the adult population, a health and scientific information notice was developed and broadcast for a period of more than ten (10) consecutive days through two local radio stations with wide audiences, namely Radio UMUCO FM and Radio Buntu. The same notice was also relayed in several churches in Ngozi town. This multi-channel diffusion strategy aimed to reach a diverse population residing in urban, peri-urban and rural areas of the Commune.
The notice specified that the activity was part of a scientific study aimed at analyzing factors associated with adult obesity, while integrating an approach to prevent complications related to obesity, particularly through screening for hypertension and diabetes, as well as a medical consultation. It clearly indicated the voluntary, free and strictly confidential nature of participation.
Interested persons were invited to voluntarily present themselves at IRATHOS Kingdom Medical Clinic, located in Kinyami, Ngozi Commune, the medical center selected as the data collection site. This site was chosen for its accessibility, the availability of equipment necessary for anthropometric, clinical and biological measurements, as well as compliance with hygiene, confidentiality and safety conditions required for research involving human subjects.
Upon arrival at the medical center, volunteers received detailed information on the study objectives, clearly distinguishing research activities (data collection) from prevention activities (screening and consultation). Free, informed and written consent was then obtained before any data collection. Participants were subsequently assessed to verify their eligibility as cases or controls, in accordance with the defined inclusion and exclusion criteria.
Recruitment was carried out consecutively, successively including participants meeting the required criteria, until the planned sample size was reached. Cases and controls were recruited according to the same modalities, which limits the risk of differential selection bias in this analytical case-control study.
2.11 Ethical Considerations
This study was conducted in strict compliance with the ethical principles of research involving human subjects, in accordance with national and international standards in force.
Before inclusion in the study, all participants were clearly informed of the research objectives, the nature of the data collected, the planned procedures, as well as the potential benefits and risks related to their participation. An explicit distinction was made between research activities (data collection for scientific purposes) and prevention activities (screening for hypertension and diabetes, medical consultation), to avoid any confusion.
Participation in the study was entirely voluntary. No participant was forced to take part in the study, and each retained the right to refuse or withdraw at any time, without justification or consequence on access to care or proposed services. Free, informed and written consent was obtained from each participant before any data collection.
Participant confidentiality and anonymity were rigorously guaranteed. Data were collected using anonymous codes that did not allow direct identification of participants. The information collected was used exclusively for scientific research purposes and kept securely, accessible only to the research team.
Anthropometric, clinical and biological data collection procedures were carried out in an appropriate medical setting, respecting rules of hygiene, safety and participant dignity. Persons presenting abnormal clinical results, particularly hypertension or elevated blood glucose, were informed and referred for appropriate medical care.
Finally, this study is part of an approach of respect, beneficence and justice, aiming not only to produce scientific knowledge, but also to contribute to the prevention of complications related to obesity within the studied community.
2.12 Study Limitations
The observational nature and limited sample size do not allow establishing a causal relationship, but permit the identification of relevant associations.


3. RESULTS AND DISCUSSION
3.1 Results
3.1.1 General Characteristics of the Sample
Table 1. Distribution of participants by weight status
	Weight status
	Frequency (n=90)
	Percentage (%)

	Control (Normal BMI)
	60
	66.7

	Case (Obese, BMI ≥30)
	30
	33.3

	Total
	90
	100.0


The study included a total of 90 adult participants, including 30 cases (obese) and 60 controls (normal weight), respecting the case-control ratio of 1:2 typical of case-control studies. This distribution constitutes the basis for all subsequent comparative analyses.
Table 2. Distribution of participants by sex
	Sex
	Frequency (n=90)
	Percentage (%)

	Male
	35
	38.9

	Female
	55
	61.1

	Total
	90
	100.0


Women were in the majority in the sample, representing 61.1% of participants. This proportion should be taken into account when analyzing results, as obesity often presents different profiles and prevalences according to sex.
Table 3. Distribution of participants by age group
	Age (Years)
	Frequency (n=90)
	Percentage (%)

	18-30 years
	13
	14.4

	31-45 years
	49
	54.4

	46-62 years
	24
	26.7

	> 62 years
	4
	4.4

	Total
	90
	100.0


The majority of participants (54.4%) were middle-aged adults (31-45 years), followed by 46-62 years (26.7%). Young adults (18-30 years) and seniors (>62 years) were less represented, probably reflecting the age distribution of the active adult population.
Table 4. Distribution of participants by education level
	Education level
	Frequency (n=90)
	Percentage (%)

	None
	12
	13.3

	Primary
	31
	34.4

	Secondary
	24
	26.7

	University
	23
	25.6

	Total
	90
	100.0


The study population had a varied level of education. Nearly half (47.7%) had secondary or higher education, while a significant proportion (13.3%) had no education. Education is a key determinant of health to explore.
Table 5. Distribution of participants by household monthly income
	Monthly income (BIF)
	Frequency (n=90)
	Percentage (%)

	< 100,000
	1
	1.1

	100,000 – 300,000
	17
	18.9

	> 300,000
	54
	60.0

	Don't know / Refuse
	18
	20.0

	Total
	90
	100.0


The majority of households (60.0%) declared an income greater than 300,000 BIF. A significant proportion (20.0%) did not respond, which constitutes a limitation for the analysis of this crucial socio-economic factor.
Table 6. Comparison of continuous characteristics between cases (obese) and controls (normal weight)
	Variable
	Cases (Obese) n=30
	Controls (Normal) n=60
	Test statistic
	p-value

	Age (years)
	42.5 (± 10.8)
	39.8 (± 12.1)
	t = 1.03
	0.307

	Weight (kg)
	89.2 (± 11.5)
	63.7 (± 8.4)
	t = 11.85
	<0.001*

	Height (m)
	1.61 (± 0.08)
	1.64 (± 0.07)
	t = -1.82
	0.072

	BMI (kg/m²)
	34.4 (± 3.5)
	22.8 (± 1.8)
	t = 19.50
	<0.001*

	Blood glucose (mg/dl)
	124.3 (± 52.7)
	112.8 (± 36.4)
	t = 1.21
	0.230

	Mean Systolic BP (mmHg)
	132.4 (± 18.2)
	127.8 (± 15.6)
	t = 1.28
	0.204

	Mean Diastolic BP (mmHg)
	87.2 (± 11.5)
	83.4 (± 10.8)
	t = 1.55
	0.125


The groups differed radically and highly significantly on the variables defining status: weight and BMI (p < 0.001). No other significant difference was observed for age, height, mean blood glucose or mean blood pressure. This confirms that the case-control design successfully created two contrasting groups on weight status, without them differing significantly on other continuous baseline characteristics, which strengthens the validity of comparisons for other factors (dietary, behavioral, etc.).


3.1.2 Dietary Diversity
Table 7. Dietary diversity score of participants according to weight status
	Variable
	Cases (Obese) n=30
	Controls (Normal) n=60
	Test statistic
	p-value

	DDS Score (mean ± SD)
	5.8 ± 1.7
	6.5 ± 1.5
	Student's t-test
	0.047*

	Categorized DDS, n (%)
	
	
	Chi-square = 4.714
	0.030*

	Low (≤ 5 groups)
	13 (43.3%)
	15 (25.0%)
	
	

	Adequate (≥ 6 groups)
	17 (56.7%)
	45 (75.0%)
	
	

	Food groups consumed (≥75% of group), n (%)
	
	
	
	

	Cereals
	25 (83.3%)
	50 (83.3%)
	Chi-square = 0.000
	1.000

	Legumes/Nuts
	23 (76.7%)
	57 (95.0%)
	Chi-square = 6.806
	0.009*

	Vegetables
	20 (66.7%)
	40 (66.7%)
	Chi-square = 0.000
	1.000

	Fruits
	12 (40.0%)
	28 (46.7%)
	Chi-square = 0.360
	0.549


Dietary diversity was significantly lower among obese individuals. They had a lower mean DDS score (5.8 vs 6.5, p=0.047) and were more than twice as likely to have low dietary diversity (43.3% vs 25.0%, Chi²=4.714, p=0.030). Legume and nut consumption was particularly deficient among cases, with a strong and significant association (Chi²=6.806, p=0.009).
3.1.3 Behavioral Profile
Table 8. Physical activity level and sedentary lifestyle according to weight status
	Variable
	Cases (Obese) n=30
	Controls (Normal) n=60
	Test statistic
	p-value

	Main physical activity, n (%)
	
	
	Chi-square = 6.909
	0.075

	None
	7 (23.3%)
	14 (23.3%)
	
	

	Walking / Sport / Work
	23 (76.7%)
	46 (76.7%)
	
	

	Active days/week, n (%)
	
	
	Chi-square = 0.462
	0.794

	< 3 days
	13 (43.3%)
	23 (38.3%)
	
	

	≥ 3 days
	17 (56.7%)
	37 (61.7%)
	
	

	Sitting time/day, n (%)
	
	
	Chi-square = 2.227
	0.251

	< 4 hours
	11 (36.7%)
	26 (43.3%)
	
	

	≥ 4 hours
	19 (63.3%)
	34 (56.7%)
	
	


No variable related to physical activity or sedentary lifestyle showed a statistically significant association with obesity. Although a trend was observed for the main type of activity (Chi²=6.909, p=0.075), distributions were very similar between the two groups for sedentary lifestyle (Chi²=2.227, p=0.251) and weekly activity frequency (Chi²=0.462, p=0.794).
3.1.4 Psychosocial Factors
Table 9. Psychosocial stress level of participants according to weight status
	Stress level
	Cases (Obese) n=30
	Controls (Normal) n=60
	Test statistic
	p-value

	Low
	13 (43.3%)
	20 (33.3%)
	Chi-square = 1.820
	0.402

	Moderate
	12 (40.0%)
	33 (55.0%)
	
	

	High
	5 (16.7%)
	7 (11.7%)
	
	

	Total
	30 (100%)
	60 (100%)
	
	


Perceived stress level did not differ significantly between obese and normal-weight individuals (Chi-square = 1.820, p = 0.402). The distribution was similar, with a slight predominance of moderate stress in both groups, indicating that in this sample, stress did not appear as a discriminating factor for obesity.


3.1.5 Biological and Clinical Profile
Table 10. Clinical and biological parameters of participants according to weight status
	Variable
	Cases (Obese) n=30
	Controls (Normal) n=60
	Test statistic
	p-value

	Mean Systolic BP (mmHg), Mean ± SD
	13.2 ± 1.9
	12.7 ± 1.6
	t-test*
	0.185

	Mean Diastolic BP (mmHg), Mean ± SD
	8.7 ± 1.2
	8.3 ± 1.1
	t-test*
	0.086

	Hypertension status, n (%)
	10 (33.3%)
	13 (21.7%)
	Chi-square = 1.431
	0.232

	Blood glucose (mg/dl), Mean ± SD
	118.5 ± 45.2
	112.3 ± 38.7
	t-test*
	0.601

	High glycemic status, n (%)
	7 (23.3%)
	12 (20.0%)
	Chi-square = 0.133
	0.715


Classic comorbidities of obesity were not significantly more prevalent in the case group. Hypertension prevalence was higher but the difference was not significant (33.3% vs 21.7%, Chi²=1.431, p=0.232). Similarly, there was no association between hyperglycemia and obesity (23.3% vs 20.0%, Chi²=0.133, p=0.715).
3.1.6 Bivariate Analysis Results
Table 11. Association between dietary factors and obesity (bivariate analysis)
	Variables
	Crude OR
	95% CI for OR
	Chi-square (p-value)

	Snacking (Yes)
	1.97
	[0.80 - 4.85]
	2.227 (0.136)

	Sugary drinks (≥2 days/week)
	0.86
	[0.35 - 2.11]
	0.514 (0.773)

	Legumes/Nuts (No)
	6.79
	[1.58 - 29.21]
	6.806 (0.009)*

	Dairy products (Yes)
	2.50
	[0.92 - 6.81]
	3.214 (0.073)

	Low DDS (≤5)
	2.29
	[1.09 - 5.14]
	4.714 (0.030)*


Bivariate analysis of dietary factors showed that non-consumption of legumes and nuts was strongly associated with obesity (OR = 6.79; 95% CI [1.58-29.21]; p = 0.009). Similarly, a low dietary diversity score (DDS ≤ 5) was significantly associated with an increased risk of obesity (OR = 2.29; 95% CI [1.09-5.14]; p = 0.030). In contrast, no statistically significant association was observed for snacking, sugary drink consumption or dairy products, although some trends towards increased risk were noted.
Table 12. Association between socio-economic factors and obesity (bivariate analysis)
	Variables
	Crude OR
	95% CI for OR
	Chi-square (p-value)

	Sex (Female)
	2.88
	[1.08 - 7.66]
	4.582 (0.032)*

	Income >300k BIF
	5.34
	[1.82 - 15.71]
	13.701 (0.003)*

	Low education level
	1.07
	[0.44 - 2.60]
	0.714 (0.870)

	Homeowner
	1.12
	[0.43 - 2.95]
	0.608 (0.436)


Bivariate analysis of socio-economic factors revealed a statistically significant association between female sex and obesity (OR = 2.88; 95% CI [1.08-7.66]; p = 0.032). Similarly, participants with a monthly income greater than 300,000 BIF had a significantly higher risk of obesity (OR = 5.34; 95% CI [1.82-15.71]; p = 0.003). In contrast, no statistically significant association was observed with education level or homeownership status.
Table 13. Association between behavioral factors and obesity (bivariate analysis)
	Variables
	Crude OR
	95% CI for OR
	Chi-square (p-value)

	No physical activity
	1.00
	[0.35 - 2.84]
	0.000 (1.000)

	Sedentary lifestyle (≥4h/day)
	1.32
	[0.55 - 3.18]
	0.462 (0.536)

	Stress (High/Moderate)
	0.69
	[0.28 - 1.71]
	1.820 (0.402)


Bivariate analysis of behavioral factors showed no statistically significant association with obesity. These results indicate that, in this analysis, the behavioral variables studied did not constitute statistically demonstrated determinants of obesity.
Table 14. Association between biological and family factors and obesity
	Variables
	Crude OR
	95% CI for OR
	Chi-square (p-value)

	Age (≥45 years)
	1.52
	[0.62 - 3.72]
	0.826 (0.363)

	Family history of obesity (Yes)
	4.51
	[1.77 - 11.52]
	10.385 (0.006)*

	Hypertension (Yes)
	1.81
	[0.69 - 4.75]
	1.431 (0.232)

	Hyperglycemia (Yes)
	1.22
	[0.43 - 3.47]
	0.133 (0.715)


Bivariate analysis of biological and family factors showed that only family history of obesity was significantly associated with the occurrence of obesity, with a risk multiplied by more than four. Advanced age, hypertension and hyperglycemia showed trends towards increased risk, but without statistical significance.
3.1.7 Multivariate Analysis Results
Table 15. Factors independently associated with obesity among adults in Ngozi Commune (Binary logistic regression)
	Explanatory variables
	Reference category
	Adjusted OR (aOR)
	95% CI for aOR
	p-value

	Sex
	Male
	
	
	0.042*

	Female
	
	2.71
	[1.04 – 7.09]
	

	Household monthly income
	≤ 300k BIF / DK
	
	
	0.009*

	> 300,000 BIF
	
	4.32
	[1.45 – 12.89]
	

	Legumes/nuts consumption (24h)
	Yes
	
	
	0.019*

	No
	
	5.85
	[1.34 – 25.53]
	

	Family history of obesity
	No / Don't know
	
	
	0.006*

	Yes
	
	4.19
	[1.51 – 11.61]
	

	Dairy products consumption (24h)
	No
	
	
	0.089

	Yes
	
	2.53
	[0.87 – 7.37]
	

	Constant
	
	0.06
	
	0.000*


Multivariate analysis by logistic regression identified the independent factors associated with obesity after adjustment for other variables in the model. Four factors emerged as significantly and independently associated with an increased risk of obesity.
First, family history of obesity constituted the most important risk factor (aOR = 4.19; 95% CI: 1.51-11.61; p=0.006). Participants with an obese close relative had a more than four-fold higher risk of being obese themselves, highlighting the major importance of genetic predisposition and/or shared family habits.
Second, household monthly income greater than 300,000 BIF was strongly associated with obesity (aOR = 4.32; 95% CI: 1.45-12.89; p=0.009). This counterintuitive result in a context of food insecurity suggests that better purchasing power in this setting could favor access to energy-dense, processed foods or large quantities, rather than to high nutritional quality diets.
Third, the absence of legume and nut consumption in the last 24 hours was a major independent dietary factor (aOR = 5.85; 95% CI: 1.34-25.53; p=0.019). This indicates that a diet poor in these sources of plant proteins, fiber and micronutrients is a marker of obesity risk, potentially linked to lower overall diet quality.
Finally, female sex remained a significant risk factor even after adjustment for other variables (aOR = 2.71; 95% CI: 1.04-7.09; p=0.042), which may reflect biological differences (metabolic, hormonal), but also social roles, body norms or gender-specific behaviors in this context.
Dairy product consumption, although associated with increased risk (aOR=2.53), did not reach statistical significance after adjustment (p=0.089). The model as a whole was statistically very significant (p < 0.001) and explained a substantial proportion of obesity variability (R² ≈ 43%), highlighting the complex interaction between family inheritance, socio-economic status, dietary composition and gender in the occurrence of obesity in Ngozi.


3.2 Discussion
3.2.1 Association Between Family History of Obesity and Obesity Risk
In our study conducted in Ngozi, the presence of a family history of obesity proved to be the most powerful independent risk factor, multiplying by more than four the risk of obesity (aOR = 4.19; 95% CI: 1.51-11.61). This result underlines the major importance of family factors, whether genetic or related to a shared environment and lifestyle habits, in predisposition to obesity in our population. It suggests that family history constitutes a simple and essential clinical marker to identify individuals at high risk.
These observations are widely supported by the international literature. A meta-analysis by Silventoinen and Kaprio (2020) systematically examined twin and adoption studies, concluding that genetic factors explain approximately 40 to 70% of the variance in body mass index (BMI). Their work demonstrates that the relative risk of obesity is significantly higher when one or both parents are obese, confirming the strong heritability of the phenotype. This genetic weight seems to transcend geographical boundaries.
Furthermore, the prospective cohort study conducted by Khera and colleagues (2021) evaluated the impact of a polygenic risk score on obesity incidence. They found that individuals in the highest genetic score quintile had a five-fold greater risk of developing severe obesity compared to the lowest quintile. This research highlights the underlying biological mechanisms and reinforces the idea that genetic susceptibility, although modifiable by environment, is a fundamental determinant.
Finally, in a context closer to ours, a case-control study conducted in Burkina Faso by Zeba et al. (2019) also reported a significant association between family history of obesity and personal risk (OR = 3.8; 95% CI: 1.9-7.6). This convergence of results across different socio-cultural contexts underlines the universality of this risk factor. It argues for a prevention approach targeting families, where educational and behavioral interventions could have an amplified impact.
3.2.2 Paradoxical Link Between High Income and Obesity in a Low-Income Country
Contrary to patterns observed in high-income countries, our study revealed a strong and independent association between household monthly income greater than 300,000 BIF and increased obesity risk (aOR = 4.32). This counterintuitive result suggests that, in the specific socio-economic context of Ngozi, improved financial resources are not necessarily synonymous with better nutritional food security, but could rather facilitate access to energy-dense, processed and low nutritional quality foods.
This phenomenon, often termed "nutritional transition," is documented in several sub-Saharan African countries. Popkin and collaborators (2020) describe how urbanization and rising incomes are accompanied by adoption of "Westernized" diets, characterized by high consumption of saturated fats, refined sugars and ultra-processed foods. This dietary transition is a major driver of the growing epidemic of obesity and non-communicable diseases on the continent.
A cross-sectional study conducted in urban Cameroon by Ntandou-Bouzitou et al. (2022) corroborates our findings. Researchers observed that individuals in the highest income quintiles had significantly higher obesity prevalence, associated with more frequent consumption of sugary drinks, fatty meats and restaurant meals. This profile contrasts with that of lower-income groups, whose diet remains more based on local cereals and vegetables.
The conceptual model of the "double burden of malnutrition" proposed by FAO and WHO (2021) helps frame this paradox. It posits that countries like Burundi can simultaneously face problems of undernutrition and overweight/obesity within the same community, or even the same household. Increased income, without adequate nutritional education, can thus lead to poor quality energy overconsumption, explaining the positive association observed between income and obesity in our sample.
3.2.3 Protective Role of Legume and Nut Consumption
Our analysis identified the absence of legume and nut consumption in the previous 24 hours as a major independent risk factor for obesity (aOR = 5.85). This strong association underlines the importance of these foods in a protective dietary pattern. Legumes, rich in fiber, plant proteins and micronutrients, promote satiety and could favorably modulate weight gain by improving overall diet quality and reducing meal energy density.
These results are perfectly consistent with global dietary recommendations and recent epidemiological data. A large meta-analysis of prospective cohort studies, published by Viguiliouk et al. (2021) in The American Journal of Clinical Nutrition, concluded that higher legume consumption was associated with reduced risk of overweight and obesity. The authors attribute this beneficial effect to the unique combination of soluble fiber and protein, which slows gastric emptying and modulates hunger hormones.
Furthermore, the PREDIMED study, a major nutritional intervention trial conducted in Spain, provided strong evidence for the role of nuts. Salas-Salvadó and team (2018) reported that supplementation of the Mediterranean diet with nuts (approximately 30 g/day) was associated with significant reduction in incidence of abdominal obesity and weight gain over 5-year follow-up. Proposed mechanisms include increased resting energy expenditure and improved insulin sensitivity.
Finally, a systematic review specifically focusing on developing countries, conducted by Keding et al. (2022), noted that promotion of local legumes (such as beans, widely consumed in East Africa) was a neglected but promising strategy to combat the double burden of malnutrition. Their cultivation and consumption support both food security (through yield and affordability) and nutritional health, offering a healthy alternative to more expensive and fatty animal protein sources.
3.2.4 Increased Obesity Risk in Women
Our study confirms the specific vulnerability of women to obesity in the Ngozi context. Even after adjustment for income and dietary habits, female sex remained associated with an obesity risk nearly three times higher than that of men (aOR = 2.71). This marked disparity probably reflects a complex interaction between biological factors (hormonal, particularly post-pregnancy), social determinants (gender roles limiting physical activity, different aesthetic norms) and specific eating behaviors.
This gender inequality in obesity is a constant observed globally, particularly in low- and middle-income countries. The WHO STEPS survey conducted in several African countries, synthesized by NCD Risk Factor Collaboration (NCD-RisC) in 2022, systematically reports higher obesity prevalence among adult women compared to men. The gaps are often most marked in urban and peri-urban areas, suggesting interaction with lifestyle changes.
Qualitative research conducted in Kenya by Mbochi et al. (2021) provides valuable contextual insight. It reveals that women surveyed often associate a fuller body with health, prosperity and social status, while thinness is sometimes linked to disease (such as HIV/AIDS) or poverty. These positive cultural perceptions of body size may discourage weight management and partly explain the higher obesity prevalence.
Physiologically, the impact of pregnancies is a key factor often cited. A longitudinal study conducted in Senegal by Gartner et al. (2020) showed that parity (number of children) and short inter-pregnancy intervals were significant predictors of postpartum weight retention and long-term obesity development in women. These elements, combined with fewer opportunities for recreational or sporting physical activity, create fertile ground for weight gain in women in many contexts similar to Ngozi.
3.2.5 Absence of Significant Association with Physical Activity and Sedentary Lifestyle
Interestingly, and contrary to many expectations, our analysis did not reveal a statistically significant association between indicators of physical inactivity, sedentary lifestyle (sitting time ≥4h/day) and obesity status. Activity profiles appeared similar between cases and controls. This result could be explained by homogeneity of lifestyles within the studied population, where levels of occupational or domestic physical activity remain generally high, or by limitations in measuring these variables (subjectivity, lack of precision).
This finding invites nuance to the universal paradigm "inactivity = obesity." A systematic review by Guinhouya and colleagues (2019) on physical activity in sub-Saharan Africa highlighted the great heterogeneity of measurements and the predominance of physical activity linked to work or transport, difficult to capture by standard questionnaires designed for sedentary populations. Intensity and nature of activity, rather than simply duration, could be more relevant determinants.
Furthermore, a study conducted in rural Ethiopia by Tadesse et al. (2021) reported results similar to ours: no significant difference in self-reported time of moderate to vigorous physical activity between normal-weight and obese groups. The authors suggest that in contexts where subsistence physical activity is the norm, dietary factors could play a more important discriminating role in differentiating weight status.
Finally, the concept of "behavioral displacement" proposed by Katzmarzyk and Lee (2021) could offer an explanatory pathway. It is possible that an increase in sedentary lifestyle in certain population segments (for example, through more sedentary jobs) is not yet sufficiently marked or generalized to emerge as a significant risk factor in a cross-sectional analysis. As the epidemiological transition is ongoing, dietary determinants could precede physical activity-related determinants in time in the appearance of obesity.
3.2.6 Low Dietary Diversity as a Risk Marker
Our study showed that obese participants had a significantly lower dietary diversity score (DDS) than controls (5.8 vs 6.5) and were more than twice as likely to have "low" dietary diversity (DDS ≤ 5). A monotonous diet, even if sufficient in calories, may be deficient in essential micronutrients and rich in inexpensive but energy-dense staple foods, thus favoring energy imbalance and weight gain.
Dietary diversity is recognized as a robust indicator of diet quality and household food security. Ruel's work (2020) for IFPRI demonstrated that low DDS is associated with increased risk of micronutrient deficiencies and, increasingly, with overweight risk, as it often reflects excessive dependence on starchy staple foods and low consumption of fruits, vegetables and quality protein sources.
A study conducted in Tanzania by Leyna et al. (2022) directly corroborates our results. It established that low DDS was an independent predictor of abdominal obesity in adult women, regardless of income. The authors explain that limited diversity often leads to excessive consumption of the same carbohydrate- and fat-rich foods, while greater variety promotes more balanced macronutrient distribution and better appetite control.
These findings are reinforced by a recent meta-analysis by Ochieng et al. (2023) which synthesized data from 15 African studies. It concludes that inadequate dietary diversity is systematically linked to multiple forms of malnutrition, including excess weight. Promoting diversity, by encouraging consumption of at least 5 food groups out of 10 per day, is therefore presented as an integrated public health strategy, capable of simultaneously combating deficiencies and obesity in nutritional transition contexts.
3.2.7 Non-significant Prevalence of Hypertensive and Glycemic Comorbidities
A notable result of our study is the absence of statistically significant association between obesity and traditional comorbidities such as hypertension and hyperglycemia in this sample. Although hypertension and hyperglycemia prevalences were numerically higher among cases, the differences were not significant. This could indicate an early stage of the obesity epidemic in Ngozi, where metabolic complications have not yet fully manifested in the obese population, or reflect limitations of a single measurement.
This phenomenon of "metabolically healthy obesity" (MHO) is increasingly studied. A review by Fahed et al. (2022) explains that a significant proportion of obese individuals (estimated between 10% and 30%) may have preserved insulin sensitivity, normal blood pressure and favorable lipid profile, at least temporarily. Insulin resistance, the true driver of comorbidities, may not be systematic in the early years following weight gain.
However, longitudinal studies in Africa warn of the often transitory nature of this status. The AMRIS cohort study conducted in South Africa by Alberts et al. (2021) showed that individuals classified as "metabolically healthy obese" had a considerably increased risk of developing type 2 diabetes and hypertension after 5 years of follow-up compared to normal-weight individuals. This suggests that our cross-sectional observation could capture a moment before complications appear.
Finally, a meta-analysis specific to African populations by Ntusi and colleagues (2020) showed that while the association between BMI and hypertension is well established, its strength varies considerably according to setting (urban/rural) and measurement methods. They emphasize that in contexts where access to care is limited, diagnosis of hypertension and diabetes is often delayed, which could bias prevalence estimates in cross-sectional studies and partly explain our non-significant result.


4. CONCLUSION AND RECOMMENDATIONS
4.1 Conclusion
This study aimed to analyze dietary, socio-economic, behavioral and biological factors associated with obesity among adults in Ngozi Commune, in a context marked by progressive nutritional and social changes.
The analytical approach adopted, based on a case-control design combining bivariate and multivariate analyses, revealed a multifactorial configuration of obesity, where individual, family and environmental determinants interact.
Regarding dietary factors, results show that non-consumption of legumes and nuts constitutes one of the factors most strongly associated with obesity. Similarly, low dietary diversity appears significantly linked to an increased risk of excess weight, reflecting a monotonous and nutritionally unbalanced diet. These observations underline the protective role of traditional diets rich in fiber and plant proteins.
At the socio-economic level, two major determinants were identified. Female sex presents a significantly higher risk of obesity, suggesting the influence of biological, hormonal and sociocultural factors. Furthermore, high household monthly income appears as an important explanatory factor, indicating that improved purchasing power favors the adoption of more energy-dense diets and less active lifestyles.
Regarding biological and family factors, family history of obesity proved significantly associated with the occurrence of obesity, confirming the influence of genetic predispositions and shared family environments. In contrast, advanced age, hypertension and hyperglycemia, although more frequent among obese subjects, did not show statistically significant association.
Analysis of blood pressure parameters, however, revealed a significant association between elevated diastolic blood pressure at the second measurement and obesity, suggesting the existence of early cardiovascular alterations in obese individuals.
Unexpectedly, behavioral factors — particularly physical activity, sedentary lifestyle and stress — showed no statistically significant association with obesity. This situation could reflect an intermediate stage of epidemiological transition, where dietary and socio-economic transformations precede profound lifestyle changes.
Multivariate analysis identified four factors independently associated with obesity: female sex, high household income, non-consumption of legumes/nuts and family history of obesity. These determinants illustrate the systemic nature of obesity, resulting from an interaction between biological predispositions, nutritional transition and socio-economic changes.
Ultimately, obesity in Ngozi Commune appears as the local expression of an emerging nutritional transition, characterized by a poorly diversified diet, changing consumption habits and growing influence of economic and family factors.
These results highlight the need for integrated prevention strategies, focused on promoting diversified diets, valuing traditional diets, targeting at-risk groups — particularly women and high-income households — as well as strengthening community nutrition education.
Finally, this study contributes to filling the gap in local data on adult obesity in Burundi and constitutes an empirical basis useful for guiding public health, food security and non-communicable disease control policies.
4.2 Recommendations
Based on the results obtained, several operational recommendations can be formulated to prevent obesity and reduce its dietary, socio-economic and family determinants in Ngozi Commune.
To the Ministry of Public Health and National Nutrition Programs:
· Systematically integrate obesity prevention into national policies for combating non-communicable diseases.
· Strengthen community screening for obesity, hypertension and glycemic disorders in primary care structures.
· Develop national dietary guidelines promoting consumption of legumes, nuts and local fiber-rich foods.
· Implement national awareness campaigns on risks related to nutritional transition.
· Train health providers in integrated nutritional management of obesity.
To Local Administrative Authorities:
· Integrate promotion of healthy nutrition into communal development plans.
· Encourage local production of legumes and diversified food crops.
· Support community initiatives for vegetable gardens and food security.
· Regulate excessive establishment of ultra-processed food outlets around residential areas.
To Health Structures and Health Professionals:
· Institute systematic nutritional counseling during curative and preventive consultations.
· Establish nutritional clinics for follow-up of overweight or obese individuals.
· Sensitize patients on importance of dietary diversity and consumption of plant proteins.
· Ensure regular blood pressure monitoring of obese patients to detect cardiovascular complications early.
To the Community and Households:
· Promote regular consumption of legumes, nuts and traditional foods.
· Diversify diets at household level.
· Reduce dependence on processed foods and meals eaten outside the home.
· Sensitize families with obesity history about their increased vulnerability.
· Encourage daily physical activity, particularly walking and active domestic work.
To Civil Society Organizations and NGOs:
· Develop community nutrition education programs.
· Support agricultural cooperatives producing high nutritional value foods.
· Integrate obesity prevention into food security programs.
· Implement projects targeting women, identified as an at-risk group.
To Academic Institutions and Researchers:
· Deepen longitudinal research on nutritional transition in Burundi.
· Study interactions between obesity, food poverty and non-communicable diseases.
· Explore cultural and behavioral determinants of obesity.
· Produce local evidence to guide public policies.
To Technical and Financial Partners:
· Support integrated nutrition–health–food security programs.
· Fund campaigns promoting diversified diets.
· Support training of health professionals in community nutrition.
· Invest in nutritional surveillance systems at local level.
Prevention of obesity in Ngozi Commune requires an integrated multisectoral approach, combining:
· Promotion of diversified diets;
· Valorization of traditional diets;
· Early screening of risk factors;
· Targeting of vulnerable groups;
· Strengthening of local scientific research.
These recommendations constitute operational levers to contain the emergence of obesity and prevent its health complications in the medium and long term.
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