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Abstract 
 

Introduction:  Out of the seventeen sustainable development goals (SDGs) to transform our 

world (created by the United Nations), SDG2 aims to end hunger, achieve food security and 

improve nutrition, in addition to promoting sustainable agriculture. This goal includes 

eradicating health issues such as malnourishment in developing nations. In this study, the quality 

of diets were assessed using a dietary diversity proxy for nutrient adequacy and by testing 

hemoglobin levels for anemia.  

Methods:  This research measured household food access and consumption, which was then 

triangulated with other food-related information to approximate food and nutrition security in 

Senegal. Data was collected using household questionnaires that included information on dietary 

intake and food security. A baseline assessment of a cluster-randomized control trial was 

conducted with participants from 124 villages in three separate regions of Senegal. Hemoglobin 

levels of the women and children from each site were drawn to correlate anemia with the 

availability of food. 

Results:  Results show that women lack money and resources necessary to consume a nutrient-

rich diet. Data indicates that these restrictions for women and children link lower dietary 

diversity with the inability to meet nutrient requirements, leading to anemia. Lower hemoglobin 

levels in children were also related to the lack of food sources high in iron, such as red meat. 

Discussion:  In order to prevent disease, access to markets and food sources are necessary. The 

availability of tools to harvest (i.e. irrigation systems, seeds, etc.) as well as nutritional education, 

are vital to prevention. Additional steps along these lines may lead to better health for the 

Senegalese people.  
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1.0 Introduction: 

The United Nations has created the sustainable development framework that establishes goals 

towards ending poverty and hunger, ensuring good health and education, achieving women’s 

empowerment, and allowing access to water and energy (“Sustainable Development Goals - 

United Nations,” 2015). Yet, in order to truly understand a country’s nutritional status, three 

main topics must be observed: food security, dietary diversity, and health issues (“Assessing 

Nutritional Status and Vulnerability,” 2001). The first issue, food security, refers to the 

community’s access to available foods – these can be purchased at markets or harvested on farms 

(“Trade Reforms and Food Insecurity,” 2003). Food security also takes into account the financial 

standing of an area. An example of this would be how much of the crop production is being sold 

and how much is being saved for the family gathering the harvests? The next issue is dietary 

diversity, which in layman’s terms simply means the varied foods one can consume in a day 

(Swindale and Bilinsky, 2006). Are people in a region able to eat a balanced diet of fruits, 

vegetables, meats, etc.? The last factor that needs to be observed is health issues. Overall, how 

does lack of access to food sources (also known as food insecurity) and lack of a diverse diet 

contribute to specific health problems?  The health condition this study focuses on is anemia, 

which can be observed through people’s hemoglobin levels (“Anemia”, 2016) .  

 

In the publication, “The Role of Chemistry in Addressing Hunger and Food Security,” Fanzo et. 

al., highlights the regions of the world that are either making progress, insufficient progress or no 

progress toward ending the prevalence of undernourished children (Fanzo, 2011).  They conclude 

that most of the insufficient progress is in West Africa, Trans-Sahara Africa, and India – this 

study specifically focuses on Senegal, West Africa. They further define that undernourishment is 

insufficient food intake that fails to meet the dietary energy and nutrient needs. Other researchers 

have found a possible solution to this undernourishment. Some think if interventions are created 

at earlier stages of a child's life, there is a greater possibility that he/she will not become 

undernourished, thus establishing a more effective reduction of the overall childhood 

undernutrition (Ruel et. al, 2008). For example, over 600,000 children in Senegal under the age 

of five die from causes related to malnutrition, which contributes to 35 % of all the child deaths 

in the region (“Former President Fights Against Childhood Malnutrition in West Africa,” 2011). 
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Therefore, at the end of this study an intervention will be conducted to assist the families and 

villages in their agricultural techniques. 

 

Studies also show small farming productions are linked with high dietary diversity, but this 

connection is not apparent in all cases. In 2015, KT Sibhatu determined that when production 

diversity is already at a high, the connection with dietary diversity is either not significant or 

negative because of the income benefits from production (Sibhatu, 2015).  Thus, the mission of 

improving food security in Africa has become evident. Scientists have been in the process of 

developing a much-needed African Green Revolution (Negin, 2009).  The purpose of the 

revolution is to guide the African people in responding to chronic food shortages and extreme 

poverty. Another scientist, Laia Domenech, worked to demonstrate how bringing water to a poor 

region combined with education could possibly help improve that region's food insecurity issues 

(Domènech, 2015). Unfortunately, these interventions have been inconsequential. In the last ten 

years alone, both nutrition and agriculture have risen in importance in the global policy agenda, 

distinguishing the lack of improvement (Du, 2015). Furthermore, this study will use educational 

techniques to improve capacity among African families to improve their farming production to 

obtain a higher dietary diversity. 

 

Senegal has several regions that provide ample potential for both animal and nutritional 

advancement (Ravel, 2015). It is also one of the most vulnerable countries facing food crises in 

the Sahelian region and yet it is still doing better than other countries in the area. Over the last few 

years, the country has struggled to connect availability and access of food in its rural areas. In 

2013, Amadou Ndiye cited the World Bank saying that there are other factors, in Senegal, beyond 

the farming constraint that can affect agricultural yields (Ndiaye, 2015). These factors include 

disease, weather, and socio-political context. Diaw has shown that adaptation of strategies of small 

farmers has been almost non-existent (Diaw, 2013). 

 

As previously described, agriculture and related farming techniques play a large role in dietary 

diversity (Swindale and Bilinsky, 2016). Yet, another element that contributes to a well-balanced 

diet is education on specific topics in malnutrition, including insufficient calories and food, lack 

of essential nutrients, poor absorptions and excessive loss of nutrients (DeClerck, 2011). It has 
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been discovered that malnutrition stems from dysfunctional agricultural systems that cannot supply 

vital nutrients to meet daily requirements. Steps towards education and better agriculture will 

hopefully be connected to overall increased nutritional effects (Masters et. al, 2011). 

 

In Africa, women play a limited role in managing the money of the house and sales of harvest. 

Theories have arisen that if women were in control of more aspects of the home, their children 

would most likely be healthier (Upadhyay, 2012). In many African tribes, the men typically have 

more than one wife with multiple children. The men control all the finances of the house while the 

women tend the children, do daily house chores, and crop harvesting. Several new studies have 

been conducted in order to uncover the origins of gender inequalities in this region of the world 

(Upadhyay, 2012). Issues such as women’s empowerment, land grabbing, gender and language, 

all have been linked to the gender divide in West Africa (Chu, 2011). 

 

According to the Food and Agriculture Organization, 50% of the Sub-Saharan African agricultural 

labor force is made up of women (Amenyah, 2013). The International Fund for Agricultural 

Development mentions that there is evidence linking the improvement of women’s farming 

capabilities with poverty reduction, lower infant mortality and reduced child malnutrition 

("Promotion of Rural Employment for Poverty Reduction,” 2008). Hence, diminishing this gap 

between genders in the agricultural realm would improve food security, nutrition, education and 

health of the children (Centrone, 2015). 

 

It has become apparent that insufficient farming techniques used in Africa could improve by 

increasing gender equality in agriculture. Women’s role in agriculture has proved to be beneficial 

towards nutritional progress in Senegal (Black, 2013). Further studies, including this one, work 

to analyze various components of the region to increase dietary diversity among women and 

children (the two most commonly affected by malnourishment). Senegal is one of the fifteen 

countries in the world with the worst under the age of five mortality statistics, more specifically, 

seven of the fifteen countries are in West Africa and one in four children is underweight 

("Former President Fights Against Childhood Malnutrition in West Africa," 2011). This study 

will hopefully reduce the gap of hunger and food insecurity in West Africa, while distinguishing 

a connection to lack of food sources to health issues like anemia. 
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Anemia is a condition in which the blood does not have enough red blood cells to bring oxygen 

to the body's tissues (“Anemia,” 2016). Low hemoglobin levels, the molecules in red blood cells 

that carry the oxygen, can lead a person to become anemic and are often caused by lack of iron. 

Iron is not only important for oxygen transport and red blood cell production, but also for a 

healthy immune system ("Iron - Are You Getting Enough," 2016). Two ways in which one could 

receive adequate iron are eating food rich in haem iron and non-haem iron ("Iron," 2016). Haem 

iron is easily absorbed and found in meat, chicken and fish, while non- haem iron is not absorbed 

as well and is found in plant foods ("Iron," 2016). In this study, the focus will be on iron rich 

food, haem iron that the Senegalese consume.  If more people in Senegal have an inadequate 

dietary diversity and are food insecure, it is likely that they are anemic and aren’t eating as many 

haem iron based foods. 

 

2.0 Research Question and Hypothesis: 

The research question asks if dietary diversity is associated to the overall health of Senegalese 

people; specifically, will anemia be present among the women and children with lower dietary 

diversity scores? The expectation is to find a high number of participants impacted by their food 

insecure region. Many of the women will not have any influence on important decisions 

affecting the overall health of their family. Lastly, honing in the specific groups of food both 

mothers and children consume in Senegal will demonstrate how diverse their diet is in this 

specific food security situation. Using this information will identify missing groups of particular 

foods that can be linked to growth and developmental issues or diseases. This study will establish 

the status of Senegal as a food secure or insecure country. It will also provide key links between 

absences of food groups and health problems.   

 

The hypothesis of this study is that the Senegalese women and children will have a limited 

dietary diversity because of food insecurity, and lack of women’s influence. If people have a 

restricted diet based on only a few food groups they will lack key nutrients and will obtain 

different health issues. Hence, more people will have anemia than a typical population with a 

diverse diet. This will be due to the low amount of iron in the diet, since there will not be a large 

variety of foods. 



 Ballini 4 

 

3.0 Methods and Materials: 	

The study was conducted in 70 villages in three separate regions of Senegal. It is considered a 

cluster-randomized control trial in which participants were randomly selected from a pool of 140 

candidates’ sites. The participants were finger pricked for anemia to indicate the overall health 

status of the subject. The subjects, women and children, were then asked a series of questions 

regarding several topics including agriculture and diet. Eight specific questions were used as a 

guide for food security from the Food and Agriculture Organization’s Food Insecurity 

Experience Scale ("Voices of the Hungry," 2013). These questions were: during the last 12 

months were you (or did you)…(1) Worried you would not have enough food to eat because of 

lack of money? (2) Unable to eat healthy and nutritious food because of lack of money? (3) Eat 

only a few kinds of foods because of lack of money? (4) Have to skip a meal because there was 

not enough money or other resources? (5) Eat less than you thought you should because of lack 

of money? (6) Your household runs out of food because of lack of money? (7) Hungry but did 

not eat because there was not enough money? (8) You go without eating for a whole day because 

of lack of money? 

 

The participants were also asked what they’ve eaten in the last day in order to assess dietary 

diversity. Using a chart as seen on the Food and Agricultural Organization’s site, the food eaten 

by the Senegalese people was grouped into each of these categories. Each women was assigned a 

dietary diversity number out of ten. If an adult failed to have more than five of these foods 

groups they were considered malnourished. If a child failed to have four of their possible seven 

food groups, then they too were not receiving a balanced diet. Groups involved in this chart 

include starchy staple food, beans and peas, nuts and seeds, dairy, flesh foods, eggs, vitamin a-

rich green leafy vegetables, other vitamins A- rich vegetables and fruits, other vegetables and 

other fruits. The data was analyzed using a one-way anova with post-hoc tukey HSD calculator 

in SPSS Statistics. 

 

In this project, there were no particular risks because it was a questionnaire driven experiment. 

Despite the testing for anemia, which involved a prick of blood, standard procedure was 

followed with trained staff, most of which were nurses. Since all babies were above the age of 
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five months no young infants had to be pricked on their heels. If any participant was found 

anemic they were brought to the local Senegalese clinic which provided free health care for the 

babies. Furthermore, the dietary diversity and hemoglobin count for each individual were 

correlated to determine the food consumption status of the anemic people. Additionally, the data 

was further broken down by age and gender. When broken down by age, the anemic children 

were classified as severe, mild, moderate and normal – indicated using the UNICEF hemoglobin 

levels. 

 

4.0 Results: 

4.1 Food Insecurity:  

 

 

Figure 1: The 

Senegalese women’s 

responses to the food 

insecurity 

questionnaires.  

 

In this questionnaire, around 40% of the women classified their household as food insecure due 

to their responses to the eight main questions.  Leaving about 60% of the women to respond as 

food secure, meaning they were not concerned about where the next meal would come from or 

how they would afford it. 
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4.2 Dietary Diversity: 

Figure 2: Dietary diversity scores (DDS) of the Senegalese women. 

 

Figure 2 compiles the 1067 female participants and groups them by dietary diversity score. The 

dietary score is out of a possible 10 food groups, which include all starchy staple foods, beans 

and peas, nuts and seeds, dairy, flesh foods, eggs, vitamin A-rich dark green leafy vegetables, 

other vitamin A-rich vegetables and fruits, other vegetables, and other fruits. In this graph, 

almost half of the women met the five group minimum score to have a healthy enough diet. 

However, about half of the women had less than five of the essential food groups, failing to meet 

minimum. 
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Figure 3: Additional information on the diets of the Senegalese women 

 

Figure 3 shows the proportion of women consuming each food group by both women who were 

able to meet the dietary diversity minimum and those who were not able to meet the minimum. 

 

Figure 4: Dietary diversity scores (DDS) of the Senegalese children. 
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foods (meat, fish, poultry and liver/organ meats), eggs, vitamin –A rich fruits and vegetables, 

and other fruits and vegetables. This chart shows that more than half of the children were able to 

eat over four different food groups, which is the dietary diversity minimum requirement for 

children. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Additional information on the diets of the Senegalese children 

 

Figure 5 contains the food groups consumed by both children who met the dietary diversity 

minimum and those who didn’t. 

 
4.3 Anemia: 

 

Figure 6: The average 

hemoglobin levels for the 

Senegalese women and 

children. 
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Figure 7: The anemia status of the women and children. 

 

Using the World Health Organization’s classifications for hemoglobin levels, the status of the 

women and children were determined as normal, mild, moderate or severe. Figure 7 shows that 

one third of the children are classified as normal, another third as mild and the last third as 

moderate. Figure 7 also illustrates that around 64% of women have normal hemoglobin levels. 

 

 

Figure 8: Children’s hemoglobin levels 

based on gender. 

 

In figure 8, it is evident that the girls 

have a slightly higher hemoglobin level 

than the young boys. 
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Figure 9: Children’s Anemia Status Based on Age  

 

After classifying the children into groups based on severity, the children were further broken 

down into age. This figure shows that children ages 12 months to 35 months have the lowest 

percent of normal hemoglobin levels. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: The three-flesh group’s percentage consumed by Senegalese children. 
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In figure 10, it is evident that the children eat little to no red meat or chicken, which are two of 

the largest suppliers of iron. Out of the three flesh food groups, fish had the only significant p- 

value. Hence, children without anemia consumed a substantially more amount of fish than those 

with anemia. Children with anemia were more likely to consume a greater amount of chicken 

and red meat; however, this is not significantly proven and is just an overall trend.  

Figure 11: Flesh Food Groups Consumed by Senegalese Women 

In figure 11, it is evident that the Senegalese women aren’t consuming enough chicken or red 

meat, which is a large source of iron for the people. Out of the three flesh food groups consumed 

by women, chicken had the only significant p-value. Therefore, women without anemia 

consumed a substantially more amount of chicken than those with anemia. Women with anemia 

were more likely to consume a greater amount of fish, and women without anemia where more 

likely to consume red meat; however, this is not significantly proven and is just an overall trend. 
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Figure 12: Total Number of Children Consuming Flesh Foods by Age Group 

 

Figure 12 separates the consumption of flesh foods by age. It is clear that the children are not 

being fed enough red meat or chicken. Therefore, out of the three flesh foods in figure 12, the 

only p-value with a significant number was the fish. However, the children are consuming such 

low levels of flesh foods in general that it would be hard to define a significant difference at any 

one age for the flesh foods. Hence, the increase in red meat during months 12 to 35 is just a 

trend. Additionally, the constant low consumption of chicken is also considered a trend and not 

significantly proven. 
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educational importance – as seen in the large group of food insecure women in Senegal, West 

Africa. 

 

Another indication of the women’s nutritional status is their dietary diversity score (DDS). In a 

recent study in Ghana, the researchers examined any associations between DDS and iron 

deficiency anemia in reproductive women (Kubuga, 2016). Like this study, they used essential 

food groups that help to create a balanced diet; this includes all starchy staple foods, beans and 

peas, nuts and seeds, dairy, flesh foods, eggs, vitamin A-rich dark green leafy vegetables, other 

vitamin A-rich vegetables and fruits, other vegetables, and other fruits. In order to reach the 

minimum requirements for a well-balanced diet, the Senegalese women need to consume at least 

five of these food groups, while children need to consume at least four. These findings show that 

almost half of the women (513 women) did not consume five of the food groups. This 

observation can be linked to the forty percent of women who felt food insecure. Thus, food 

insecurity plays a large role in the nutritional status of the Senegalese women. Furthermore, the 

dietary diversity score was also conducted for the children. About forty percent of children did 

not consume enough food groups to meet the minimum requirements.  

 

The next step was to analyze the percent of consumption for each food group whether the person 

met the dietary diversity minimum or not. In doing this, it becomes evident which food groups 

are in abundance and which are lacking in the diet. The food groups that are missing in the diet 

can be related to common health issues in West Africa. One specific issue related to malnutrition 

is anemia. In a similar study in West Africa, researchers found that the prevalence of anemia in 

Guinea – Bissau was at 80.2% - a severe public health concern (Thorne and Roberts, 2013). 

Thus, by conducting standard procedure in this study, the average hemoglobin counts for women 

and children were found. 

 

After obtaining the hemoglobin levels, the participants were labeled as having mild anemia, 

moderate anemia, severe anemia, or normal levels. About a third of the children were moderate, 

another third were mild and the last third were normal. To understand why two thirds of the 

children were anemic, the children’s anemia status was further broken down based on age. In 

figure 9, children ages 12 months to 35 months have the lowest percent of normal hemoglobin 
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levels. In order to comprehend this dip in hemoglobin levels it is essential to see what the 

children are eating. In figure 10, the consumption of flesh foods was analyzed. It became evident 

that the children were not eating enough red meat or other animal sourced foods, which are 

important sources of iron. To link the flesh food consumption to age, use figure 12 as a 

reference. In this graph, the majority of the children ages 12 months to 35 months are only 

consuming fish. This deprivation of iron dense foods can be a large indicator to the two thirds 

majority of children with anemia. This information is consistent with a study among Jewish 

children, where children ages 1.5 to 3 years old had a higher prevalence of anemia than those 3 

to 6 years old due to their lower red meat consumption (Moshe, 2013). 

 

Additionally, in figure 11 it is clear that the mothers aren’t eating enough animal sourced foods- 

red meat or chicken. This may suggest  that the cost of these foods may be prohibitive. It is 

apparent that women’s role in nutrition has become vital for the well-being of their families.  

Other studies have shown significant progress in the nutritional status of individuals when 

women increased their roles in agriculture (Black et. al, 2013). Allowing these mothers to learn 

about healthy and well-balanced diets will hopefully close the gap on food related health issues. 

 

6.0 Conclusion: 

In conclusion, the results of this research are able to distinguish many helpful clues to solving the 

problem of inadequate dietary diversity in Senegal, West Africa. The first figure shows the 

Senegalese mothers’ responses to the food insecurity experience scale. From these answers we 

can conclude the women feel food insecure. Once again, food insecurity deals with the access to 

a food market or food source of reasonably priced goods. These women responded that lack of 

money and lack of resources caused them to eat less or eat only certain foods. This restriction of 

a well-balanced diet leads us to believe that the lower the dietary diversity the more likely they 

are unable to meet nutrient requirements.  

 

Overall, the hypothesis of this study was validated. The women and children’s diet was limited 

due to their food insecurity status. This ultimately resulted in a large population with anemia. 

Furthermore, the people with a limited/ lower dietary diversity were anemic. Thus, anemia is 
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present in restricted diets. For example, about two thirds of the children were anemic, which can 

be due to their lack of consumption of flesh foods.  

 

A lack of diverse diets can lead to a host of health issues. Lack of eggs or meat as seen in both 

the mothers and children of Senegal can lead to protein deficiencies. High sugar consumptions 

seen in starchy foods can lead to fluctuations in blood sugar levels.  Overall, a balanced diet that 

has more than five of the categories of food can lead to a healthier lifestyle. Thus, this study 

provides insight into the main groups of food lacking in West Africa that could be the source of 

many health problems. Further research could be piloted in order to prevent measures of disease 

by creating access to markets and food sources or giving the tools to Senegalese people to 

cultivate harvest by themselves (i.e. irrigational systems). An intervention of nutritional 

education can help the mothers learn about the types of food groups their children need to 

consume in order to avoid certain health conditions.  
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