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Hidden Hunger in Sahelian Cities - Nutrient Adequacy and Food Security in Urban Mali 

Abstract
Background: In Mali, rapid urbanization has led to increasing food security challenges, but research on urban dietary patterns is limited. The objective of this analysis is to assess food security, dietary diversity and the associated socio-demographic determinants of Bamako households, between 2018 and 2022.
Methods: We analyzed 5,792 households based on data from the National Food Security and Nutrition Survey (ENSAN) in Mali with descriptive statistics, bivariate, and multivariable logistic regression. Primary predictors were Household Dietary Diversity Scores (HDDS), Food Consumption Scores (FCS), and wealth quintiles
Results: The household diet was cereal-based (99.3%) and largely devoid of protein-rich foods such as eggs (20.1%) and legumes (36.7%). We found a significant decrease in the prevalence of food security between 2018 (64.5%) and 2022 (59.2%) (p<0.01). Several important predictors of HHFS status were found in the multivariable regression. Urban and higher education were identified as strong positive predictors (AOR 1.8, CI:1.4-2.3 and AOR=2.1, CI:1.7–2.6, respectively), indicating associations between urban and being well-educated with better access to and use of food. On the other hand, households with the least wealth quintile (AOR=0.4, 95% CI:0.3-0.6) and polygamous family structures (AOR=0.7, 95% CI:0.5-0.9) witnessed a significant decrease in food security, thus pinpointing the combined burden of economic and complex household-based adversities. The findings emphasize the importance of targeted interventions directed to the socioeconomic and cultural dimensions of food insecurity.
Conclusion: The food insecurity of Bamako, however, was resultant of economic instability and educational imbalances even though there is fair dietary diversity. Policy responses must incorporate urban farming, nutrition-sensitive social protection and gender-sensitive instruction programs.
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Introduction
Food security is attained when every single individual has consistent and affordable access to sufficient safe, nutritive food to meet their dietetic requests and personal preferences, guaranteeing an active and healthy lifestyle at all times1. The Volta region of Mali, a Sahelian land-locked country in West Africa, faces chronic food insecurity induced by a combination of climate-triggered shocks, political instability and economic fragility2 (FAO, 2021). The capital city, Bamako, has been urbanized rapidly until the period 1987 to 2009 with an annual rate of 4.9%  and somewhat moderated but still high of the order of 4.5% in recent years 3. In 2023, the city’s population surpassed 3 million inhabitants, of whom approximately 65–70% resided in informal settlements (un-habitat, 2022; INS Mali projections)4,5. This urban pressure has put a strain on food systems, increasing food security and nutrition challenges in a situation where most people already have unreliable access to essential services6.
The urban poor of Bamako are especially vulnerable due to high levels of reliance on market-purchased foods, so that these account for over 80% of the city dwellers’ dietary source of consumption7,8 . If stability in millet (especially) and rice prices is achieved, household food security is likely to be greatly enhanced9,10. In addition, the nutrition transition resulting from urbanization has given rise to both undernutrition and the emergence of overweight and obesity, thus leading to a double burden of malnutrition11,12.
Despite being the focus of some research, there is a dearth of information on urban food systems and their particular challenges in Mali. Most studies to date have concentrated on agricultural production sides with little concern about urban consumption patterns and their nutritional implications6,13 . It’s an oversight that is particularly worrisome in Mali, where 4.9% of the country’s population is urbanizing each year, and its urban population is increasingly concentrated in cities like Bamako8,14.
This paper seeks to fill three major knowledge gaps with implications for food security policy and programming. We look, first, at dietary change in urban areas, asking how processes of urbanization shape diet patterns and nutritional outcomes. Second, we look at major socio-economic factors that determine food security, including education attainment, marital status, and wealth status, and how these conditions work differently in the rural and urban settings. Third, we aim for policy relevance by considering effective interventions that mirror Sustainable Development Goal 2 (Zero Hunger), specifically including urban-based solutions15.
The timeframe of the study (2018–2022) corresponds to a period of Mali’s development characterized by years of political transition and economic crises since the coup d’état in 2020. We can thus look at how these macro-level changes have influenced household food security in Bamako. Results of our analysis have implications not only for policymakers in Mali but also for those interested in supporting urban food systems across similarly Sahelian landscapes grappling with similar urbanization and food security challenges.
Addressing these research lacunae, this study seeks towards adding to the knowledge based on the food security dynamics in the urban areas of Mali in a more nuanced way, transit from the customary rural-centered approach, which has tended to dominate the Malian (urban) food security literature. The generated evidence will be of specific use for the design of targeted interventions to which interventions are the needs of urban inhabitants compared with national and regional food security objectives.
Methods
Study Design and Data Source
This analysis is based on Malian National Food Security and Nutrition Survey (ENSAN) data, collected biannually in a cross-sectional survey by the government’s Early Warning System (SAP) with partners, including WFP, FAO, UNICEF16. The survey uses a two-stage cluster sample design which provides national level representation and makes it possible to analyze data at the regional and district level17.
We restricted our analysis to the data from Bamako District, which is divided into 6 communal districts with different social economic profiles. The sample comprised 5,792 households surveyed between 2018 and 2022, and annual sample sizes varied from 444 households in 2018 to 1,963 in 2020 (Table 1).
Table 1. Distribution of Surveyed Households by Year
	Year
	Number of Households
	Percentage

	2018
	444
	7.7%

	2019
	1,504
	26.0%

	2020
	1,963
	33.9%

	2021
	1,242
	21.4%

	2022
	639
	11.0%

	Total
	5,792
	100%


Variables and Indicator
The study used two main outcome variables to adequately measure both household food security and nutrition status. First, the status of food security was assessed using the validated Household Food Insecurity Access Scale (HFIAS) that classifies households into four levels of food security according to their experience of food insecurity. The categories include very low food security (no food access problems of any kind) with very high food insecure (at least one person in the household was food insecure to the extent that they had inadequate food)18. This graduated scale adds nuance by providing a range of levels of food insecurity that urban households experience19,20.
Second, dietary diversity was examined through two complementary indicators which proxy for different aspects of household food consumption patterns21. The Food Insecurity Experience Scale (FIES)-based Food Insecurity index (FHI) is a measure developed by the Food and Agriculture Organization of the United Nations (FAO) in 2010 as part of the Voices of the Hungry (VoH) project22,23.The FHI captures access and affordability (not just production), reflects real-life experiences rather than just economic or agricultural data24.  The Household Dietary Diversity Score (HDDS) covers the HOW-WHAT, which is the count of different food groups consumed by the household members over a 24-hour recall period which offers a snapshot of the diversity of the household diet25,26. Additionally, the Food Consumption Score (FCS) provides a more holistic evaluation by considering both the consumption frequency and dietary significance of different food groups27,28. As such, these two measures offer a strong characterization of the quantity and quality of dietary intake patterns of Bamako household, facilitating more targeted nutritional interventions.
Predictor Variables
A wide range of socio-demographic and economic factors were considered to explore their effects on food security and diet diversity among households in Bamako.
Household Characteristics
Urban vs. rural place of residence was one of the primary identifiable household-level variables, given that it is possible that urban households and rural households experience different food access dynamics29. The number of members in the household size was also examined to ascertain if greater household size had influenced food security. Furthermore, age, gender and the education level of the head of the household were considered since they are likely to have affected stability of income, food purchase decisions and nutritional knowledge30,31. Marital status was coded as monogamous, polygamous, single and widowed households, since family setup might have an influence on resource allocation and household food sharing32.
Table 2. Household Dietary Diversity Score (HDDS)
	Food Group
	Description

	1. Cereals
	Rice, wheat, maize, millet, sorghum, bread, pasta, etc.

	2. Roots & Tubers
	Potatoes, yams, cassava, sweet potatoes, etc.

	3. Vegetables
	Leafy greens, tomatoes, carrots, onions, etc. (fresh or cooked).

	4. Fruits
	Fresh or dried fruits (e.g., mangoes, bananas, apples).

	5. Meat, Poultry & Offal
	Beef, chicken, goat, liver, etc.

	6. Eggs
	Chicken, duck, or other eggs.

	7. Fish & Seafood
	Fresh, dried, or canned fish/shellfish.

	8. Pulses, Legumes & Nuts
	Beans, lentils, peanuts, peas, soy products, etc.

	9. Milk & Dairy Products
	Milk, cheese, yogurt, or other dairy (excludes butter).

	10. Oils & Fats
	Cooking oils, butter, margarine, or fat-rich foods.

	11. Sugar & Honey
	Sugar, sweets, or honey.

	12. Spices, Condiments & Beverages
	Tea, coffee, spices 


Scoring (1 if consumed, 0 if not). 
The maximum attainable HDDS score, 12, reflects the consumption from all 12 food groups, over 24 h recall period (Table2)28. Scores are interpreted consistently: scores of 4 or less indicate low dietary diversity, which is indicative of low dietary variety and possibly food insecurity. 5–6 food-group scores indicate the medium level of diversity, indicating the average availability of mixed foods while still missing some major sources of nutrients26. Households that consume 7 or more food groups fall on the category of high dietary diversity, indicating good dietary quality and a wider access to different types of foods, a phenomenon that is related to better nutritional outcomes33. This score system promotes the rapid examination of household food access and dietary quality in food security surveys and nutritional programs.
Economic Status
Economic well-being was ascertained by a wealth index. Wealth quintiles (poorest, poor, middle, rich, richest) were used to assess inequalities in food access among the households34. Main sources of income were also measured as income-earning activities to determine a household’s capacity to access a variety of foods and other nutrients35.
Temporal Factors
Considering the dynamic nature of food security, this analysis also controlled temporal variations: the survey year was used to monitor changes over time across the years from 2018 to 2022 as a response to the political and economic shock of the 2020 coup and the global fluctuation in food prices. Seasonal variations were likewise controlled for, since food prices and availability in Mali usually vary depending on the lean or abundant season, consequently determining households’ consumption patterns. With those measurements combined, this study can insightfully address multiple dimensions of food security in urban Mali, offering suggestions for context-specific policy measures36,37.
Data Analysis
Statistical Approach
The study applied a comprehensive tri-level analytical approach to comprehensively assess the links between socio-economic determinants and food security in Bamako households.
Descriptive statistics were first calculated to obtain a full description of the data set. This formative analysis involved computing frequencies and percentages for categorical variables and calculating means and standard deviations for continuous variables. These data enabled an initial profile to be formed of the demographics, dietary patterns and food security situation of households in the study areas.
Second, bivariate analyses were performed to examine crude associations between main variables. An x2 tests were used when comparing relationships between categorical outcomes, (e.g., marital status, food security cateregories). T-tests were used to compare two groups, and ANOVA was performed to compare multiple groups for continuous variables. We also assessed temporal trends during the study period (2018-2022) to explore the dynamics of food security and dietary diversity over time.
Thirdly, the multivariate analysis was used to determine independent effects of different predictors after adjusting for the potential confounders. A logistic regression model was used to determine what significant factors associated with food security status, urban-rural differences, education level attained, and wealth quintiles were focused on. Models produced odds ratios adjusted for all other predictors (AOR) with 95% confidence intervals, providing strong evidence of effect size for each predictor variable. All quantitative analyses were run in SPSS Version 26 (IBM). Statistical significance throughout testing was set at the conventional level of p<0.05 to allow for strict interpretation of findings.
Ethical Considerations
The ENSAN was approved by Mali's National Ethics Committee. Field teams sought verbal consent from all participating households38. Data were de-identified to assure confidentiality of the participant and access allowed only to the authorized researcher. 
Results
Household Characteristics
Important demographic characteristics in the Bamako population were identified in the study (Table 3). The type of habitat was predominantly urban (88.8%), with 11.2% of the households surveyed in peri-urban and rural parts of the district. The proportion of women-headed households was 24.3% of survey respondents in 2022, a nonsignificant increase from 22.1% in 2018 (p=0.12).
Table 3. Socio-demographic Characteristics of Surveyed Households
	Characteristic
	2018 (%)
	2022 (%)
	p-value

	Urban residence
	86.5
	88.8
	0.03

	Female-headed
	22.1
	24.3
	0.12

	Education of household head
	
	
	<0.001

	- None
	31.1
	21.3
	

	- Primary
	28.4
	25.6
	

	- Secondary
	11.3
	16.9
	

	- Tertiary
	10.6
	21.9
	

	Marital status
	
	
	0.02

	- Monogamous
	68.2
	65.4
	

	- Polygamous
	18.9
	20.1
	

	- Single/Widowed
	12.9
	14.5
	



The education level of the head of households significantly increased during the study period. Those with tertiary education increased by more than two-fold, from 10.6% in 2018 to 21.9% in 2022 (p<0.001). But in 2022, 21.3% of household heads were still not formally educated.
Dietary Patterns and Food Consumption
There was a high consumption of staple foods demonstrated by 99.3% of households consuming cereals 24 hours prior to the survey (Table 4). Protein intake from protein-rich foods was low, and particularly for eggs (20.1%) and legumes (36.7%). These trends changed little between 2018 and 2022.
Table 4. Food Consumption Patterns in Bamako Households
	Food Group
	Consumed (%)
	Not Consumed (%)

	Cereals
	99.3
	0.7

	Tubers & roots
	26.7
	73.3

	Vegetables
	65.4
	34.6

	Fruits
	35.7
	64.3

	Meat
	43.9
	56.1

	Eggs
	20.1
	79.9

	Fish
	29.1
	70.9

	Legumes
	36.7
	63.3

	Milk/dairy
	45.4
	54.6

	Oils/fats
	93.1
	6.9

	Sugar
	87.6
	12.4

	Spices
	97.6
	2.4



The dietary diversity scores indicated that 82.5% of the households had high dietary diversity (intake of ≥6 types of food groups), whereas 0.9% had low dietary diversity (≤3 groups). But these aggregate numbers hide important differences. Households in the top quintile of the wealth distribution had a significantly higher dietary diversity score than those in the bottom quintile - 7.8 vs 5.2 mean food groups consumed (p<0.001).
Food Security Status
The survey inquired regarding food security trends (Table 5). The prevalence of food-secure households significantly decreased from 64.5% in 2018 to 59.2% in 2022 (p=0.008). Moderate food insecurity also grew from 29.7% to 35% during the same time frame with mild food insecurity seeing a parallel increase from 25.1% to 32.1%.
Table 5. Food Security Status Over Time
	Food Security Category
	2018 (%)
	2022 (%)
	p-value

	Food secure
	64.5
	59.2
	0.008

	Mildly insecure
	25.1
	32.1
	0.01

	Moderately insecure
	7.3
	5.6
	0.15

	Severely insecure
	3.1
	3.2
	0.89



Disparities across the communes of Bamako were observed by spatial analysis. Commune VI (the most populous) had the highest percentage of food-insecure households (27.3%) and Commune III, where the neighborhoods are the most affluent, had the lowest percentage of food-insecure households (18.1%). 
Determinants of Food Security
There were a number of significant predictors of food security via multivariate logistic regression (Table 6). Urban place of residence continued to be highly protective (AOR = 1.8; 95% CI: 1.4 - 2.3), as was higher education (AOR = 2.1; 95% CI: 1.7 - 2.6). The relationship between wealth and food security was dose-response; households in the highest wealth quintile were 3.2 times more likely to be food secure than those in the lowest quintile (95 per cent CI 2.5-4.1).
Table 6. Multivariate Analysis of Food Security Determinants
	Factor
	Adjusted OR
	95% CI
	p-value

	Urban residence
	1.8
	1.4-2.3
	<0.001

	Tertiary education
	2.1
	1.7-2.6
	<0.001

	Wealth (highest quintile)
	3.2
	2.5-4.1
	<0.001

	Polygamous household
	0.7
	0.5-0.9
	0.02

	Female-headed household
	0.9
	0.7-1.1
	0.32



Polygamous homes, which are likely to share a single resource between multiple households, were significantly associated with moderate levels of FNS (AOR: 0.7, 95% CI: 0.5–0.9). There were no differences in food security transition for female-headed households, compared to male-headed households (AOR: 0.9, 95% CI: 0.7-1.1).
Discussion
The analysis emphasizes several findings related to urban food security in Bamako. Dietary diversity seems relatively high a priori, as 82.5% of the respondents consume at least six food groups, but a closer view shows that this is largely due to staple cereals, oils and spices rather than nutrient-rich food like animal protein, fruits and vegetables. This is consistent with the idea of “hidden hunger” in which energy intake may be adequate but there are deficiencies at the micronutrient level39 . 
A decrease in food security from 64.5% in 2018 to 59.2% in 2022 probably relates to multiple pressures, including the economic consequences of political instability in Mali subsequent to the coup in 2020, global food price shocks brought on by the COVID-19 pandemic and the war in Ukraine, and climate-driven disruptions to agriculture production and market supplies40. 
The complementary trend analysis (Figure S1) supports our finding of worsening food security (64.5% to 59.2%) yet suggests a nonlinear trend: a large decrease in 2020 (−8.2%) concurrent with the political transition in Mali and global supply chain disruptions, and partial recovery by 2022. This is consistent with the wealth quintile information (Figure S2) indicating that on average the "poorest" expanded from 18.3% to 22.7% during the same period and emphasizes the manner in which macroeconomic shocks intensify urban poverty. Households in the "riches" quintile in fact experienced no change in dietary diversity (mean number of food groups = 7.8), while the poorest quintile experienced a decrease (5.2 to 4.9 groups), even though income protects from shocks at the systemic level and narrowing (though not eliminating) nutritional gradients.
Figure S3 shows the explosive demographic change. The proportion that tertiary education held in family heads was doubled (10.6 to 21.9), which corresponded to our regression findings (AOR=2.1 for tertiary education). But the fact that 21.3% of Indian households still have unlettered leaders in 2022 indicates a legacy of inequities. This discrepancy might elucidate why the reduction in food insecurity was clustered in richer communes (i.e., Commune III relative to VI), at the intersection of schooling level and wealth. Specific adult educational interventions and targeting women in particular (24.3% of the household heads in 2022), could enhance the protective effects of education seen in our models.
Changing diets and hidden hunger, (Figure S4) illustrates also the lack of progression dietary transition in the consumption of nutrient-rich foods (e.g., eggs: 20.1%; legumes: 36.7%), with high cereal intake (99.3%). This is consistent with (and supportive of) the "hidden hunger" hypothesis in which caloric sufficiency hides the adequacy gap between calories and micronutrients39. It is reassuring that these patterns persisted between 2018 and 2022, and that market interventions (for example, subsidies for legumes, fortification) should be targeted, in combination with production-based approaches, such as urban agriculture.
The study further highlights the powerful relationship between education and food security and lends credence to human capital theories that underscore the importance of education in increasing health and nutrition knowledge41 . Household heads with higher education may be more health literate and have greater access to formal employment, which may increase the capacity of the household to withstand food insecurity42. Using this evidence, the study suggests three priority interventions for urban food security. First, by bolstering urban food systems, including enhancing urban agriculture (e.g., rooftop farming and micro-gardening), implementing municipal grain reserves to help stabilize costs, and upgrading market conditions in informal settlements. Second, put in place nutrition-sensitive social protection programs such as targeted food subsidies for protein rich foods (eggs, milk, and legumes); integrating a nutrition education component into cash transfers; and diversifying school feeding menus. Third, gender-responsive programming by providing business training and microloans to women food vendors, mitigating cultural barriers that prevent women gaining access to nutritious foods and promoting childcare services to reduce the time burden on working mothers. 
Our finding is consistent with and adds to that of other similar studies conducted in Mali, in Africa, and globally. In Mali, things?? like Macalou et al. 6 and Agbendech et al. 43 have drawn attention to the threats of urbanization for diets via their associated dependency on market-purchased foods and consumption of cereal-based diets that align with findings on low protein intake and ‘hidden hunger’ in Bamako. In other parts of Africa, studies in Ethiopia19  and Burkina Faso44 have also reported wealth and education as key predictors of food security, which parallels our results regarding protective effects of higher education (AOR = 2.1) and urban residency (AOR = 1.8). Internationally, the measures of the RHS and HDS used in this study are commonly in use, for example in the work of Cafiero et al. (2018)22, supporting its application for cross-context comparisons. However, what distinguishes this study from other existing literature is that it provides a rare analysis of the time-dependence of political and economic shocks (e.g., the 2020 coup) on urban food security. Although similarities can be found between this and urbanization, and nutrition transition studies45 , our identifying polygamous households as a risk factor (AOR = 0.7) brought unique perspectives on socio-cultural causes of food insecurity in Sahelian cities.
There are some limitations to the study despite its richness of insight. Its cross-sectional nature does not allow causal inferences to be drawn, and self-reported data may underestimate snack foods and street foods, which could result in certain errors in dietary evaluations46,47. Furthermore, although the HFIAS is an established tool, there is a possibility that it does not capture culturally specific dimensions of food insecurity in urban Mali48. Another potential limitation for trend estimation is variability in the number of individuals sampled in different years49. Longitudinal designs should be used for future research to better assess change over time, and direct measures of dietary intake should be utilized to enhance precision along with mixed methods to further understand the urban food environment50. These advances would give scientific findings more robustness and make policy intervention more efficient.
Conclusion
This large cross-sectional study of Bamako households over 2018 to 2022 highlighted enduring food insecurity and undernutrition, despite moderate diversity of diets. Urban dwelling, education and wealth were still main factors significantly associated with household food security whereas living in polygamous family was observed to be a risky factor. The results also highlight the importance of multi-sectoral approaches of agricultural, social protection and education policies. 
The additional trends further underscore the need for adaptive social protection. For example, the 2020 deterioration in food security warrants crisis-mitigating actions (emergency grain reserves, price regulations) in times of political or economic turmoil. On the other hand, the continuous increase in education provides an opportunity towards long-term sustainability; the integration of nutrition education into vocational training pro-grammes can capitalize on this rise. 
As Mali advances through its urban transformation, promoting resilient urban food systems will be essential to realize Sustainable Development Goal 2 and secure nutrition for all city inhabitants. Further, longitudinal research should aim to understand why rich families managed to keep their diet diversity during shocks (Figure 2) and how polygamous nature can worsen food insecurity (AOR=0.7). Mixed-method studies may also situate the quantitative trends on a continuum by including cultural perspectives on food sharing or gendered decision-making in polygynous households.
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Figure1: Trend in food security prevalence in % from 2018 to 2022 in Bamako



Figure 2: Evolution of wealth index quintile in % from 2018 to 2022 in Bamako 


Figure3: Changes in the educational attainment of heads of households, 2018–2022 in Bamako


Figure 4: Trends in household food consumption patterns from 2018-2022 in Bamako 
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