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	ABSTRACT
The dietary diversity of pregnant women in Gitaramuka is largely inadequate and influenced by multiple socio-economic and knowledge-related factors. Promoting diversified diets through education, income-generating activities, and supplementation, alongside leveraging locally available nutrient-rich foods, is crucial for improving maternal and fetal health outcomes. This study aimed to assess the dietary diversity, associated factors, and micronutrient content of commonly consumed foods among pregnant women in Gitaramuka commune, Burundi, to inform strategies for improving maternal nutrition. A cross sectional study with a descriptive and analytical component was conducted. The study was conducted in five health facilities (HEFA) of Gitaramuka commune, Karusi province, Burundi, during April and August 2024. A sample of 224 pregnant women was selected using systematic random sampling. Data were collected via a pre-tested questionnaire using KoboCollect, assessing socio-demographic, economic, and dietary factors. Dietary Diversity Scores (DDS) and Food Consumption Scores (FCS) were calculated according to FAO guidelines. Laboratory analyses at the National Food Technology Centre (CNTA) determined the iron, zinc, protein, and iodine content of the six most consumed foods (amaranth, avocado, beans, sweet potato, corn flour, palm oil). Data were analyzed using SPSS version 20, with bivariate analysis (Chi-square, Fisher tests) performed to identify factors associated with dietary diversity (p<0.05). The results revealed a low level of dietary diversity among pregnant women: 44.64% had a low DDS, 45.09% a medium DDS, and only 10.27% a high DDS. Similarly, 27.68% had a poor FCS. Significant factors associated with inadequate dietary diversity included low education level (p=0.036), large household size (≥5 persons, p=0.007), low household income (p=0.012), agricultural occupation of the woman or household head (p=0.006 and p<0.001, respectively), lack of knowledge about nutritional advice (p<0.001), and lack of iron-folic acid supplementation (p<0.001). Laboratory analysis showed varying micronutrient levels; for instance, sweet potatoes were rich in iron (54.9 mg/kg), while beans were high in protein (16.45%) and zinc (148.6 mg/kg). No single food contained all essential nutrients in sufficient quantities to meet daily requirements.
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1. INTRODUCTION
Adequate maternal nutrition is crucial for a healthy pregnancy and harmonious foetal growth. Proper nutrition not only ensures the well-being of the pregnant woman, but also influences foetal development, thereby reducing the risk of obstetric and neonatal complications. However, many pregnant women, particularly in low- and middle-income countries, face major nutritional challenges due to various socio-economic, cultural and environmental factors (Black et al., 2013). It is important to remember the need for a varied and balanced diet throughout pregnancy in order to meet essential nutritional needs (Lecorguille et al., 2021).
“Nutrition during pregnancy is a key determinant of maternal and child health. Maternal malnutrition, which can manifest as undernutrition or overnutrition, is a major public health problem. On the one hand, undernutrition is characterised by deficiencies in essential macronutrients and micronutrients such as iron, folic acid, calcium and vitamins A and D. It increases the risk of anaemia, intrauterine growth retardation and maternal and infant mortality” (WHO, 2020). On the other hand, “overnutrition is often observed in urban areas due to dietary transition and increasing sedentary lifestyles. It is associated with maternal obesity, gestational diabetes and hypertension. It thus increases the risk of obstetric complications” (Popkin et al., 2020).
Nutritional needs increase significantly during pregnancy in order to meet the increased physiological demands of the mother and foetus. According to the World Health Organisation (WHO), “a balanced diet includes sufficient amounts of protein, fat and carbohydrates, as well as an adequate intake of essential micronutrients to ensure a healthy pregnancy and proper foetal development” (WHO, 2022). In addition, recent studies have demonstrated “the importance of a diet rich in omega-3 fatty acids, fibre and probiotics in preventing metabolic complications in pregnant women” (Berti et al., 2019). Meeting the nutritional needs of pregnant women, either through regular food intake or micronutrient supplementation, plays a very important role in preventing adverse effects. Infant mortality increases significantly if prematurity is associated with intrauterine growth retardation. The health benefits for the foetus of certain nutritional supplements during pregnancy have been demonstrated: this is the case for increased calorie or protein intake in areas where malnutrition is endemic, and more recently for maternal micronutrient supplementation (Darmaun et al., 2019).
For years, Burundi has made nutrition a public health priority. The government has therefore committed, with the support of its technical and financial partners, to strengthening nutrition interventions in general and nutrition activities in health services and at the community level in particular. In the specific area of food and nutrition, the situation in Burundi is dominated by a high prevalence of malnutrition, which is a major public health problem. This commune was also chosen as a pilot because there are NGOs such as World Vision and Concern Worldwide working on nutrition for children under 5 years of age to see whether intervention among pregnant women is necessary.
However, multidisciplinary factors affecting pregnant women remain an obstacle (Angoran, 2004). This affects the entire country, including the population of the Gitaramuka commune in Karusi Province, where the study was conducted.
Given all these shortcomings, a study was conducted to assess the nutritional needs of pregnant women and associated factors in order to address immediate malnutrition problems and establish a solid foundation for the future development of children. 

2. material and methods
2.1. Study Design and Location
A cross-sectional study, both descriptive and analytical in nature, was conducted in the Gitaramuka commune, located in the Karusi province of Burundi. Data collection took place within five health facilities (Formations Sanitaires - HEFA) in the commune: Gitaramuka, Ntunda, Nyakabugu, Nyaruhinda, and Cirambo. These sites were selected as they provide antenatal care services and cover the entire population of the commune within their respective catchment areas. The study was carried out over two months, April and August 2024, to account for potential seasonal variations in food availability.


2.2. Study Population and Sampling
The study population consisted of pregnant women attending antenatal clinics at the selected HEFAs. The total monthly population of pregnant women across the five HEFAs was projected to be 538. The sample size was calculated using the Krejcie and Morgan formula for a finite population (Krejcie & Morgan, 1970), with a 95% confidence level (Z=1.96), a margin of error of 5%, and a population proportion of 0.5. This yielded a minimum sample size of 224 participants.
A proportional allocation method was used to determine the number of participants from each HEFA based on their client load (Table 1). A systematic random sampling technique with a sampling interval of 2 was then applied to select the pregnant women on the days of data collection until the required sample size per HEFA was achieved.
Table 1. Distribution of pregnant women surveyed by health facility
	Health Facility (HEFA)
	Projected Monthly Population
	Calculated Sample Size (n)

	Health Centre Nyaruhinda
	103
	43

	Health Centre Nyakabugu
	88
	37

	Health Centre Ntunda
	142
	59

	Health Centre Gitaramuka
	89
	37

	Health Centre Cirambo
	116
	48

	Total
	538
	224



2.3. Inclusion and Exclusion Criteria
Pregnant women on any pregnancy trimesters who were present for an antenatal consultation on the data collection days and who provided written informed consent were included in the study. Women who were absent or who declined to participate were excluded.
2.4. Data Collection Tools and Techniques
Data were collected using a structured questionnaire that was developed, coded, and deployed on mobile devices using the KoboCollect application. The questionnaire was pre-tested on ten pregnant women in the neighboring Nyabikere commune to ensure clarity and validity.
The questionnaire comprised several sections:
· Socio-demographic and economic characteristics: Age, education level, gestational age, marital status, parity, household size, occupation, and income.
· Dietary Assessment: A 24-hour dietary recall and a 7-day food frequency questionnaire were used to calculate the Women's Dietary Diversity Score (WDDS) and the Food Consumption Score (FCS), following standard FAO guidelines. The WDDS was calculated based on the consumption of 9 predefined food groups (Table 2), with scores categorized as low (≤3 groups), medium (4-5 groups), or high (≥6 groups). The FCS was calculated by multiplying the frequency of consumption of different food groups by their nutritional weightings, with scores classified as poor (≤28), borderline (28.5-42), or acceptable (>42).
· Knowledge and practices: Questions assessed knowledge of nutritional advice, consumption of iron and folic acid supplements, and food-related beliefs or restrictions.


Table 2. Food groups used for calculating the Women's Dietary Diversity Score (WDDS)
	Question Number
	Aggregated Food Group

	1, 2
	Starchy staples (Cereals, white roots and tubers)

	4
	Dark green leafy vegetables

	3, 6
	Vitamin A-rich fruits and vegetables

	5, 7
	Other fruits and vegetables

	8
	Organ meats

	9, 11
	Meat and fish

	10
	Eggs

	12
	Legumes, nuts and seeds

	13
	Milk and dairy products


Five research assistants were trained on the use of the questionnaire and the KoboCollect application prior to data collection. Interviews were conducted individually in a private setting after obtaining informed consent.

2.5. Laboratory Analysis of Food Samples
Based on the survey results, the six most frequently consumed foods (amaranth leaves, avocado, beans, sweet potato, corn flour, and palm oil) were identified and selected for laboratory analysis. Samples of these foods were analyzed at the National Food Technology Centre (CNTA) to determine their content of key micronutrients. The analyses included:
· Iron and Zinc: Quantified using Atomic Absorption Spectrophotometry (AAS) according to APHA and AFNOR methods.
· Proteins: Determined using the Kjeldahl method (APHA, AFNOR).
· Iodine Value (for palm oil): Determined using the Wijs reagent method.
Due to logistical and financial constraints, analyses for other nutrients such as calcium, vitamins A, D, C, and omega-3 fatty acids could not be performed.
2.6. Data Management and Statistical Analysis
Collected data were centralized in a KoboToolbox database, then exported to Microsoft Excel 2016 for cleaning and preliminary validation. The cleaned dataset was subsequently imported into SPSS software (Version 20) for statistical analysis.
Descriptive statistics (frequencies, percentages, means, and standard deviations) were used to summarize the socio-demographic, economic, and dietary characteristics of the participants. The dependent variable, Dietary Diversity Score, was dichotomized into "adequate" (≥5 food groups) and "inadequate" (<5 food groups) for analytical purposes. Bivariate analysis using Chi-square tests (or Fisher's exact test where appropriate) was performed to identify factors associated with inadequate dietary diversity. The level of statistical significance was set at p < 0.05.


3. results and discussion
3.1. Socio-Demographic and Economic Characteristics of Participants
A total of 224 pregnant women participated in the study. The socio-demographic profile (Table 3) reveals that the majority (70.09%) were under 35 years of age, with a median age of 30. Most women were married (85.71%) and had achieved a primary level of education (49.11%). A significant proportion were multiparous (45.54%), and over half (61.16%) lived in households with five or more members. In terms of economic factors (Table 4), agriculture was the dominant occupation for both the women (84.37%) and their household heads (79.91%), and it was also the primary source of income (79.91%). Most households (76.79%) did not have a kitchen garden, and while access to a market was generally good (91.07%), over 60% reported a monthly household income of less than 100,000 Burundian Francs.
Table 3. Socio-demographic characteristics of the pregnant women surveyed (n=224)
	Characteristic
	Category
	Frequency
	Percentage (%)

	Age
	18-24 years
	73
	32.59

	
	25-34 years
	84
	37.50

	
	35-40 years
	67
	29.91

	Education Level
	None
	59
	26.34

	
	Primary
	110
	49.11

	
	Secondary
	45
	20.09

	
	University
	10
	4.46

	Marital Status
	Single
	32
	14.29

	
	Married
	192
	85.71

	Household Size
	< 5 persons
	87
	38.84

	
	≥ 5 persons
	137
	61.16

	Parity
	Nulliparous
	33
	14.73

	
	Primiparous
	66
	29.46

	
	Multiparous
	102
	45.54

	
	Grand Multiparous
	23
	10.27





Table 4. Socio-economic characteristics and food access of the surveyed households (n=224)
	Characteristic
	Category
	Frequency
	Percentage (%)

	Woman's Occupation
	Agriculture
	189
	84.37

	
	Commerce
	17
	7.59

	
	Civil Servant
	18
	8.04

	Household Head's Occupation
	Agriculture
	179
	79.91

	
	Commerce
	28
	12.50

	
	Civil Servant
	17
	7.59

	Main Income Source
	Agriculture
	179
	79.91

	
	Commerce
	27
	12.05

	
	Salary
	18
	8.04

	Monthly Household Income
	< 50,000 FBu
	33
	14.73

	
	50,000 - 100,000 FBu
	106
	47.32

	
	100,000 - 300,000 FBu
	67
	29.91

	
	> 300,000 FBu
	18
	8.04

	Kitchen Garden
	Yes
	52
	23.21

	
	No
	172
	76.79


3.2. Dietary Diversity and Food Consumption Scores
The assessment of dietary patterns revealed significant inadequacies. As shown in Fig. 1, nearly half of the participants (44.64%) had a low Dietary Diversity Score (DDS), while 45.09% had a medium DDS. Only 10.27% of the women achieved a high DDS, indicating a consumption of six or more food groups. Similarly, the Food Consumption Score (FCS) was poor for 27.68% of the women and borderline for the majority (57.14%); merely 15.18% had an acceptable FCS (Fig. 1). This widespread low dietary diversity is a major public health concern, as it directly reflects a high risk of micronutrient deficiencies. These findings align with studies in similar low-income settings, where monotonous diets based on starchy staples are common and access to nutrient-dense foods like animal products, fruits, and vegetables is limited. The low DDS and FCS scores suggest that the diets of these pregnant women are likely insufficient in essential vitamins and minerals, which are critical for supporting maternal physiological changes and ensuring optimal fetal development (Black et al., 2013).
3.3. Factors Associated with Dietary Diversity
Bivariate analysis identified several factors significantly associated with inadequate dietary diversity (DDS < 5). Lower levels of education were strongly linked to poorer dietary diversity (P = .036), with only 20.3% of women with no education having an adequate DDS, compared to 42.2% of those with secondary education (Table 5). This underscores the critical role of education in enabling better nutritional knowledge and practices, as educated women are more likely to understand and act upon dietary recommendations [3].
Economic factors were also pivotal. Women from households where the head was engaged in agriculture were significantly less likely to have an adequate DDS compared to those from households involved in commerce or salaried work (P < .001) (Table 5). Furthermore, lower monthly household income was significantly associated with inadequate dietary diversity (P = .012). This finding is consistent with the literature, where financial constraints are a primary barrier to accessing a variety of nutritious foods, often forcing households to rely on cheaper, energy-dense but nutrient-poor staples [4].
Knowledge and practice-related factors played an equally important role. Receiving nutritional advice during antenatal care (P < .001), knowing the recommended foods for pregnancy (P = .020), and taking iron and folic acid supplements (P < .001) were all significantly associated with a more diverse diet (Table 6). This highlights the potential impact of targeted health education and supplementation programs in improving maternal nutrition. The most frequently cited obstacle to adequate nutrition was a lack of money (59.38%), which was also significantly associated with poorer dietary diversity (P = .042).


Table 5. Association between socio-demographic/economic factors and adequate dietary diversity (n=224)
	Characteristic
	Category
	Adequate DDS n (%)
	Inadequate DDS n (%)
	P value

	Education Level
	None
	12 (20.3)
	47 (79.7)
	.036

	
	Primary
	25 (22.7)
	85 (77.3)
	

	
	Secondary
	19 (42.2)
	26 (57.8)
	

	
	University
	4 (40.0)
	6 (60.0)
	

	Household Size
	< 5 persons
	32 (36.8)
	55 (63.2)
	.007

	
	≥ 5 persons
	28 (20.4)
	109 (79.6)
	

	Household Head's Occupation
	Agriculture
	36 (20.1)
	143 (79.9)
	< .001

	
	Commerce
	16 (57.1)
	12 (42.9)
	

	
	Civil Servant
	8 (47.1)
	9 (52.9)
	

	Monthly Income
	< 100,000 FBu
	44 (22.9)
	148 (77.1)
	.012

	
	≥ 100,000 FBu
	30 (35.3)
	55 (64.7)
	



Table 6. Association between knowledge/practice factors and adequate dietary diversity (n=224)
	Characteristic
	Category
	Adequate DDS n (%)
	Inadequate DDS n (%)
	P value

	Received Nutritional Advice
	Yes
	40 (38.1)
	65 (61.9)
	< .001

	
	No
	20 (16.8)
	99 (83.2)
	

	Knows Recommended Foods
	Yes
	24 (37.5)
	40 (62.5)
	.020

	
	No
	36 (22.5)
	124 (77.5)
	

	Takes Fe-FA Supplements
	Yes
	22 (51.2)
	21 (48.8)
	< .001

	
	No
	38 (21.0)
	143 (79.0)
	


3.4. Micronutrient Content of Commonly Consumed Foods
Laboratory analysis of the six most consumed foods revealed a varied micronutrient profile (Table 7). Sweet potatoes had the highest iron content (54.9 mg/kg), followed by beans (33.07 mg/kg). For zinc, amaranth leaves (153.4 mg/kg) and beans (148.6 mg/kg) were the richest sources. Beans were also the best source of protein (16.45%), while palm oil was the only food found to contain iodine. A critical finding is that no single food analyzed contained sufficient levels of all four analyzed nutrients to meet the daily requirements of a pregnant woman. For instance, to meet the daily iron requirement of 27 mg, a woman would need to consume approximately 0.5 kg of sweet potatoes, which is impractical and would not provide adequate amounts of other essential nutrients like protein or zinc. This underscores the indispensable role of dietary diversification. Relying on a few staple foods, even those with relatively high concentrations of certain micronutrients, is an ineffective strategy for ensuring nutritional adequacy during pregnancy [5]. The absence of iodine in all foods except palm oil is particularly concerning, as iodine is crucial for fetal brain development, and its deficiency can lead to severe and irreversible cognitive impairments [6].


Table 7. Micronutrient content of the most commonly consumed foods and comparison with daily requirements for pregnant women
	Food Item
	Iron (mg/kg)
	Zinc (mg/kg)
	Protein (%)
	Iodine (mg/kg)

	Amaranth
	8.29
	153.4
	5.31
	0

	Avocado
	18.92
	94.3
	0.86
	0

	Beans
	33.07
	148.6
	16.45
	0

	Sweet Potato
	54.90
	70.36
	1.13
	0

	Corn Flour
	11.30
	99.21
	6.53
	0

	Palm Oil
	0
	0
	0
	107.7
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Figure 1: Food diversity score of pregnant women
This figure shows that 44.64% of pregnant women surveyed have a low food diversity score, compared to 45.09% with an average FDS and 10.27% with a good FDS.


4. Conclusion

This study concludes that the dietary diversity among pregnant women in Gitaramuka commune is predominantly inadequate, with the vast majority (89.73%) having low or medium dietary diversity scores. This poor nutritional status is significantly influenced by a constellation of interconnected factors, including low education levels, large household sizes, low household income dependent on agriculture, and a lack of nutritional knowledge and supplementation practices. The laboratory analysis of commonly consumed foods confirms that no single local food is nutritionally complete, unequivocally demonstrating the critical necessity of a diversified diet to meet the increased micronutrient demands of pregnancy. Therefore, addressing the nutritional needs of pregnant women in this region requires a multi-faceted approach that integrates strategies to improve economic empowerment, enhance nutritional education, promote dietary diversification, and strengthen the distribution and uptake of micronutrient supplements.
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