
ABSTRACT 

The Impact of Nutrition and Body Mass Index on Malaria in Rural Western Kenya 

Ivy Godana 

Director: Lisa Baker, MD PhD 

 

In order to alleviate the burden of malaria in sub-Saharan Africa it is important to 
understand the impact of lifestyle variables for public health efforts to be effective at the 
level of the household. This cross-sectional study analyzes clinical data collected from a 
sample population of 480 patients from the Luo tribe who attended a clinic in May 2011 
in rural western Kenya. Data trends are inferred from the patient’s physical examination, 
and a food questionnaire detailing the daily diet of the patient. The average age in this 
sample was 34.66 years; the average BMI was 20.05 kg/m2 and the prevalence of malaria 
was approximately 8.5%. Data indicates that among those who had the most diverse daily 
diet, only 5% had malaria, while 9% of those who did not eat a daily diverse diet had 
malaria. Patients with a severely thin Body Mass Index (BMI) were found to be at a 
higher risk (12.8%) of having malaria, whereas the pre-obese and obese had no (0%) 
malaria. Data also indicated that with the average prevalence of worms being 7% in the 
sample, the severely thin manifested a proportion of 17%, with the pre-obese and obese 
manifesting no diagnoses of worms.  Thus, for the patients who consume the most 
diverse diet, the presence of worms decreases their BMI, increasing the chances of 
suffering from malaria.  Overall, these results show that nutrition and BMI are clinically 
important tools for combating malaria; however the presence of worms adversely affects 
the association. !
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CHAPTER ONE 

Introduction 

Malaria is a well-known disease in sub-Saharan Africa. According to the World 

Health Organization (WHO) World Malaria report in 2009, there were approximately 

81,735,305 of confirmed cases of malaria, globally, with the vast majority of 68,925,435 

in sub-Saharan Africa 98 . The high volume of confirmed cases in sub-Saharan Africa in 

relation to the global statistic indicates that the disease is highly endemic to the region. 

Malaria is the 5th leading cause of death from infectious diseases in low-income 

countries, which are vastly concentrated in sub-Saharan Africa14, 99. In sub-Saharan 

Africa, statistics indicate that malaria is the leading cause of disease mortality second 

only to HIV/AIDS 102, 14.There are multiple reasons that malaria is so prevalent in Africa. 

First, the predominant parasite, plasmodium falciparum which is one of the four species 

of human malaria parasites, is the leading cause of severe malaria14, 41 Second, the warm 

and wet weather conditions in equatorial regions provide the mosquito with ideal 

conditions in which to thrive 14, 55. Studies also show that global warming contributes to 

the crisis by increasing the areas in which the mosquito and the plasmodium can 

survive11. Third, and perhaps most importantly, the lack of resources and the socio-

economic instability in sub-Saharan African countries increases the burden of malaria.14, 

28, 34, 97. Although it is a health crisis, malaria also has grave economic impact, burying 

communities in cycles of poverty. 
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In order to understand the relationship between this disease and poverty, we must 

first understand the etiology and pathophysiology of malaria. As mentioned before, 

plasmodium falciparum is the most common parasite and the leading cause of malaria in 

sub-Saharan Africa. The vector that transmits the parasite to the human host is the female 

anopheles mosquito 13.  

Once a female anopheles mosquito becomes infected with the plasmodium 

falciparum the parasite must undergo development before it is capable of infecting a 

human. Depending on the conditions such as temperature and humidity, full development 

of the parasite takes between 10-21 days within the mosquito gut 13  .If the female 

anopheles mosquito lives past this incubation period then she will be able to transmit the 

parasite to a human host.  

Once the mosquito infected with the plasmodium falciparum feeds on a human, 

the parasites are transmitted into the blood of the human host. The parasites that are in the 

‘sporozite’ stage enter the blood stream and are carried to the liver. Once they penetrate 

and infect liver cells, they develop into a large ‘hepatic schizont’ over a period of about 7 

days 20. Within the large ‘hepatic schizont’ are almost 30,000 highly invasive parasites 

called merozoites. When liver cells rupture, the merozoites are released into the blood 

where they invade red blood cells. After about 20 minutes the merozoite becomes a 

‘feeding trophozoite’ that is capable of phagocytizing all the cellular contents of the red 

blood cells. Once the ‘feeding trophozoite’ phagocytizes the organelles, it also breaks 

down hemoglobin into amino acids and heme 20. The trophozoite then divides into 12-32 

merozoites and completely fills the cell as it becomes an ‘erythrocytic schizont’. The cell 

then ruptures, and the merozoites invade other red blood cells, repeating the cycle and 



$"
"

multiplying the amount of infected red blood cells. This is known as the ‘blood cycle’ 

and significantly amplifies infection. An example of a clinical manifestation of the 

processes of this cycle is the fever symptom of malaria. During the cycle when the 

merozoites are released following lysis of the red blood cell, there is also a consequent 

release of pyrogens 27. Pyrogens are chemicals released from macrophages that induce 

fever by acting upon the thermo-regulator in the hypothalamus 27. About every 48 hours, 

a large release of merozoites and pyrogens result in the fever characteristic of malaria. A 

few of the merozoites form a sexual stage of gametocytes that take 10-12 days to develop 

into plasmodium falciparum 20. The early stage gametocytes lurk in organs such as the 

brain and bone marrow while the later stage gametocytes circulate in the blood. Another 

mosquito can take up these later stage gametocytes during a blood meal infecting the 

mosquito and repeating the infection cycle 20.  

Symptoms of malaria include fevers, chills, headaches, sweats, fatigue, nausea 

and vomiting 61. They typically appear in cycles and vary with duration and intensity 

depending on the life cycle of the parasite. Typically, the time between infection and 

clinical manifestation of plasmodium falciparum malaria is between 7-14 days 18. 

Although severity varies with the life cycle of the parasite, there are certain population 

groups that are at a greater risk of developing severe malaria.  

Due to their underdeveloped immune system, young children are always at a 

higher risk of developing malaria 61. These risks are greatly increased for a malnourished 

child. According to UNICEF, malaria kills a child somewhere in the world every thirty 

seconds 98. Malaria is also the cause of 1 in 5 child mortalities in Africa 98. Children 

living in highly endemic regions are susceptible to developing severe malaria from the 
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ages of 6 months to 5 years. During this critical period, their growth and development is 

impaired. If they do survive this critical stage, they acquire a relative immunity whereby 

malaria attacks become modified and less severe 28. Pregnant women are also at an 

increased risk of developing malaria. During pregnancy, women lose some immunity to 

malaria acquired through childhood. Maternal malarial infection increases the risk of 

spontaneous abortion, still birth, low birth weight, and premature delivery which are all 

leading causes of infant mortality in sub-Saharan Africa48. This can be attributed to the 

fact that infected red blood cells in late developmental stages aren’t found in the 

peripheral circulation of the mother. Instead they are localized at the endothelial lining of 

the placenta 80. Thus as the parasite favors the placenta, the child’s risk of mortality is 

greatly increased.  

The current action being taken to combat malaria includes the use of drugs and 

various vector control methods 41, 72. Proper malaria treatment requires that effective and 

safe drugs are appropriately used to maximize life span of the drug as well as to prevent 

the development of parasite resistance. Resistance is likely to emerge when the 

background immunity is weak, when parasite numbers in an individual are high, when 

pressure to prescribe drugs is intense, and when use is uncontrolled 72. One of the most 

widely used drugs is Chloroquine, which prevents the development of malaria in the 

blood 16. Due to its widespread and uncontrollable use, parasites developed resistance to 

chloroquine 77. In 1978, the first documented parasite resistance to chloroquine occurred 

in Kenya and Tanzania and began to spread to several malaria endemic regions in sub-

Saharan Africa34. As a result the most prevalent strain, plasmodium falciparum, became 

variably resistant to Chloroquine. Currently, Chloroquine-resistant plasmodium 
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falciparum is widespread across all malaria endemic areas 34.  According to WHO, the 

best available treatment for plasmodium falciparum is artemisinin-based combination 

therapy also known as ACT 96. In order to prevent the development of resistance, WHO 

recommends routine monitoring of drug usage and resistance and supports countries in 

strengthening these efforts. Also available are two forms of vector control, the primary 

public health intervention. They are Insecticide Treated Nets (ITNs) and Indoor Residual 

Spraying (IRS) 96. Both are accessible and available for use without the requirement of 

monitoring or administration by health care providers. It has been shown that sleeping 

under ITNs can reduce overall child mortality by 20% 38. Similarly, IRSs have also 

proven to be effective in malaria prevention. A study conducted in Equatorial Guinea, a 

malaria endemic region, monitored an IRS program for two years following 

implementation. Mosquitoes were captured daily using window traps with IRS and were 

analyzed for species identification. All three types of vectors that were responsible for 

malaria transmission before the start of the program were captured. As the program 

progressed significantly fewer mosquitoes per night were captured leading to successful 

control of the vectors 86.  These efforts have proven to be significant for the prevention of 

malaria where healthcare may not be accessible to many.  

It is widely known that poverty and disease go hand in hand. Regions that suffer 

economically also bear the burden of disease. According to WHO, rates of death due to 

infectious or parasitic diseases in low income countries are almost 25% higher than those 

of high income countries 8. Regions that are poverty-stricken typically also have high 

rates of malnutrition. While it is a result of poverty, malnutrition also perpetuates a 

generational cycle of poverty because it serves as an underlying cause of infectious 
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diseases. According to the International Food Policy Research Institute (IFPR), the 

prevalence of undernourishment in sub-Saharan Africa is about 33%. In countries 

experiencing armed conflict, these rates exceed 50% 8. The IFPR asserts that a key tool in 

fighting undernutrition is economic growth1. Such economic growth is a product of 

enhanced economic productivity. Enhanced productivity in turn comes about through 

improvements in intellectual and technical capacity of the population. Furthermore, 

improvements in the intellectual and technical capacity of the population are highly 

dependent on nutrition especially for growing children. Therefore a well-nourished 

population is better equipped to combat poverty and disease. This also means that poor 

nutrition can only be relieved by improving the economy by people who are well 

nourished.  

Edward Mellanby’s Nutrition and Disease is a well-known publication that 

highlights the significance of certain vitamins in the prevention of diseases55. Such works 

give the medical community and the public health community more means for improving 

the global health condition through proper nutrition. One of the most fundamental 

challenges to human health and economic growth is food and nutritional security76. Food 

security is the measure of food energy intake at the household level66. Nutritional security 

is the dietary quality of food intake that has significant health implications. Diets lacking 

certain micronutrients such as vitamin A, vitamin C, and Iodine result in nutrient 

deficiencies that increase population susceptibility to disease and also increase the 

severity of diseases86. Micronutrient deficiencies affect people whose energy intake is 

low, however even a person who eats a large quantity may be a victim of micronutrient 

deficiencies.  
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In conclusion, nutrition is an important tool in combating disease and poverty and 

is therefore capable of combating malaria in sub-Saharan endemic region. 
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CHAPTER TWO 

Hypothesis Chapter 

Primary Research Question: Within the general objective of reducing the incidence of 

malaria, this study will investigate the types of diets associated with the presence of 

malaria. 

Hypothesis 1: Persons eating the most diverse diet (consisting of starches, vegetables, and 

protein) will be less likely to have malaria than persons not eating the most diverse diet. 

Null Hypothesis 1: The diversity of diet will have no association with the presence of 

malaria.  

Hypothesis 2: Persons eating the most diverse diet (consisting of starches, vegetables, and 

protein) will be the most likely to have a body mass index (BMI) classification of obese 

or pre-obese and the least likely to be classified as thin or severely thin, according to the 

BMI classification criteria of the World Health Organization (WHO). 

Null Hypothesis 2:  The diversity of diet will have no association with BMI as classified 

by the WHO. 

 Hypothesis 3:  Persons with a WHO BMI classification of thin and severely thin will be 

more likely to have malaria. 

Null Hypothesis 3:  BMI will not be associated with the presence of malaria. 
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Hypothesis 4:  Persons diagnosed as having worms will be more likely to be classified as 

thin or severely thin than those people without worms. 

Null Hypothesis 4:  A diagnosis of having worms will not be associated with BMI as 

classified by the WHO. 
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CHAPTER THREE 

Review of Literature 

The diet of populations throughout sub-Saharan Africa varies widely according to 

regional, economic, agricultural, environmental and cultural factors. Africans typically 

rely on one or two staple crops such as sweet potato, cassava, maize, and plantain. To 

balance the diet, a variety of legumes and animal foods are added to complement meals 

and to increase the nutritional value. However, the main dishes are typically starchy 

foods that are cheap, low in nutritional value, but high in energy provision. For example, 

in numerous central and southern countries in Africa, a dish called ugali is prepared by 

flour that comes from the Sorghum Moench grain35. It is one of the most important food 

constituents in arid regions of Africa because it is a main source of energy and protein.  

Ugali contains about 70% of plain starch and only about 10% protein93. The low 

nutritional value is attributable to the low lysine content of the grain and preparation 

techniques that significantly decrease the digestibility of the available protein 100. The 

stiff consistency, low nutritive value, and the high energy density of ugali is an example 

of the dietary problem that is associated with malnutrition in children throughout sub-

Saharan Africa. Starch has been found to be a major contributor in foods that provide 

energy without nutrition 6, 47.  

Another commonly eaten carbohydrate in Africa is mealie meal, a cereal grain 

derived from maize, which is also very low in nutritional value 60.  Mealie meal is loaded 
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with carbohydrates, contains very little protein, traces of vitamin B6, and very 

little magnesium59. Porridge is another form in which starch is consumed, also a bulky 

food low in nutrient density30. Although starches are an important component of a good 

diet, consumption of this food type alone can lead to nutritional deficiencies. A cross-

sectional survey in an urban area in South Africa where more than 80% of the infants 

usually consumed cereals, such as porridge, showed that many of these infants were 

anemic (83%), deficient in vitamin A (23%) or zinc (32%) 47.  

Beans are also a common component in the diet of populations in sub-Saharan 

Africa. All varieties of beans are good sources of protein, fiber, and lysine, an essential 

amino acid. Lysine is missing from most grains and starchy foods, which is why the 

combination of “rice and beans” makes a complete protein meal 2, 60, 91. Although they do 

provide protein, beans are primarily a complex carbohydrate, consisting of long, complex 

chains of simple sugars17, 46.Essentially, beans are a starch.  

Sweet potato is the second most economically important root crop as well as the 

third greatest food production in East Africa 95 . Unfortunately, most sweet potato 

varieties in sub-Saharan are cream colored or white containing little to no beta-carotene, a 

precursor to vitamin A in the body. Currently, new programs introducing orange colored 

flesh sweet potato containing beta-carotene show promise in combating the Vitamin A 

deficiencies, prevalent in sub-Saharan Africa 54, 95 . Cassava, also a staple crop, is largely 

produced and widely consumed because of its provision of food energy 5 . The most 

consumed portion of the crop is the root, which is very rich in calories but low in 

nutritional value. About 72% of cassava root is carbohydrate and only 1-2% is protein 74 . 

Studies show that populations consuming cassava as a main staple food are at risk for 
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inadequate protein intake 93, 103.  Although low in protein, cassava is reasonably rich in 

calcium and vitamin C, which are important nutrients 74. The nutritional value of these 

crops however is low, similar to that of other widely consumed starches.  

Kale is a widely consumed vegetable with exceptional nutritional value. 

Approximately one cup of Kale contains 5 grams of fiber, 5% of the daily requirement of 

calcium and vitamin B6, 40% of magnesium, 180% of vitamin A, 200% of vitamin C, 

and 1,020% of vitamin K. They are also a good source of copper, potassium, iron, 

manganese, and phosphorus 19, 50, 58. In addition to the immense nutritional value, kale is 

also cheaply available. When the crop is sufficiently fertilized with manure and well 

watered, it produces large volumes of leaves. So they can be harvested repeatedly with 

little cost for production, making them cheaply available to households with low incomes 

58 .  

The consumption of fruits in sub-Saharan Africa varies with location and 

agriculture. There is a great diversity of agricultural climates that enable the production 

of particular fruits; however, most fruit production is concentrated in the tropics of Africa 

43 . Market prices then determine the availability of fruits for other regions.  The most 

available fruits are those that are grown locally; for example, humid forest countries in 

central Africa primarily produce and consume bananas and plantain as their main source 

of fruits. This situational consumption results in very few countries reaching the 

recommended intake of fruits per day 78. Studies show that the consumption of fruits in 

sub-Saharan Africa is significantly lower than that of vegetables with only urban 

populations consuming the recommended minimum 78. Considering a vast majority of 

African populations are rural, these studies indicate that the majority of sub-Saharan 
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Africans are not consuming enough fruits. Thus the primary source of dietary vitamins 

and minerals is vegetables.  

Consumption of animal products contributes to diet diversity by providing 

additional micronutrients and food energy. Statistics show that the consumption of milk 

and meat increases with income and urbanization meaning that there are populations 

without access to animal products 73 . On average, meat and meat products make up 3.2 % 

of the dietary energy requirements in sub-Saharan Africa which is significantly low 90. 

Meat is a good source of high quality protein, important for virtually all body functions. 

Studies show that protein malnourishment is associated with greater malaria morbidity 

and mortality 85 . Meat also contains iron, zinc and all of the B-Vitamins including a 

small amount of folic acid. Unlike the iron found in some vegetables, the iron obtained 

from chicken, meats, and eggs provides a significant amount of the daily requirements of 

iron 31 . Fish is also a great source of proteins, vitamins A and D, and minerals such as 

iodine. In the Lake Victoria area of Western Kenya, dagaa, a type of dried fish, is widely 

consumed. Dagaa is of economic importance and is a proper protein source to low 

income households 63. Also widely consumed are omena, which are small fish typically 

found in Eastern Africa. These fish are also high in protein and are significantly 

important to the Kenyan economy 51. Another animal product, milk, is the most 

nutritionally complete of all foods, containing virtually all nutrients important for the 

human body only lacking in some vitamin C, D, and iron 31, 90. 

As nutrition plays a major role in health, malnutrition generates vulnerability to a 

wide range of diseases with increasing morbidity and mortality rates 7. Specific 

micronutrients such as vitamin A, iron, and zinc, have shown to possess great health 
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implications that become pronounced in the face of disease. Vitamin A is an essential 

nutrient in the immune response and in eye health. In sub-Saharan Africa, Vitamin A 

deficiency manifests as night blindness and if left untreated, can cause corneal ulcerations 

and blindness 32. In many of the developing countries of the world, Vitamin A is obtained 

through fruits and vegetables. However the daily per capita intake is usually less than the 

adequate requirements, and as a result, vitamin A deficiency is prevalent in many of the 

developing countries of the world. Statistics show that global Vitamin A deficiency is 

concentrated in sub-Saharan Africa where there is over 20% decrease in serum retinol, a 

potent biochemical indicator of vitamin A 15, 24. A study evaluated the effect of retinol on 

plasmodium falciparum growth finding that the addition of free retinol reduced parasite 

replication 23. This indicates that Vitamin A plays a role in modulating malaria infection. 

In addition, statistics show that more than 90% of worldwide malarial deaths attributable 

to Vitamin A occur in Africa 12. Animal studies have also shown that animals deficient in 

Vitamin A are more vulnerable to malarial infection 52. Vitamin A is also an important 

nutrient for host resistance to malarial morbidity and mortality. Primary sources of 

vitamin A include kale and other vegetables, however, the increased production and 

continued introduction of orange-fleshed sweet potato shows promise in combating 

Vitamin A deficiencies in sub-Saharan Africa.  

Another important nutrient is zinc. Zinc serves as a biological requirement in 

basic biological systems such as cell growth and gene expression. Its deficiency can also 

result in depressed immunity 44. Affecting immune responses, zinc deficiency has also 

been hypothesized to exacerbate malaria and other infectious diseases that rely on 

antibody production or macrophage killing 85. In Papua New Guinea, a study found a 
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38% reduction in clinic visits for a slide confirmed malaria group that received zinc 

supplementation 85 . A 32% reduction in malaria clinic visits was also seen in Gambia 

following zinc supplementation indicating that zinc plays an important role in the 

immune response against malaria6 . The amount of protein in a meal is positively 

correlated with increased zinc absorption in the body 56. So the adequate absorption of 

zinc requires adequate consumption of proteins with foods such as red meat and poultry.  

Iron is an important element that aids the body in transporting oxygen as well as 

in cellular processes that affect growth and division 12. Deficiency of this micronutrient 

causes decreased hemoglobin concentrations causing anemia, as well as increased risk of 

cardiovascular events 10 . Adversely, malaria can also cause anemia by inhibiting 

hematopoesis when erythrocytes become vulnerable to clearance following plasmodium 

falciparum injection 37. There also exists a paradox in the lack of iron in the body. On one 

hand, the lack of iron in the body creates an uninhabitable internal environment 

preventing the parasite from fully proliferating. On the other hand, the effects of iron 

deficiency in the body are a suppressed immune system where T-lymphocyte production, 

natural killer cell activity and neutrophil production is impaired 12. An individual whose 

resistance to infection is compromised by a deficiency in iron, large doses of iron from 

either supplementation or from the diet supplies the infectious agent with iron for 

replication before the host immune system accesses it. However studies have shown that 

an adequate dose of iron supplementation in poorly nourished adults decreases morbidity 

of infectious diseases 79, 82, 94 . Although a consensus has not been reached on the impact 

of iron supplementation on malaria, current knowledge suggests that alleviation of iron 
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deficiency is likely to benefit the health and nutrition of populations in sub-Saharan 

Africa. 

Body Mass Index is directly impacted by nutritional status as well as health 

condition. The overall spectrum of malnutrition or undernutrition encompasses problems 

where there is an imbalance in dietary energy or nutrient intake. At the lower end of the 

spectrum is the problem of undernourishment due to lack of food or macronutrient 

deficiencies, marked by low BMI. At the opposite end of the spectrum, marked by high 

BMI, is the problem of overnourishment that leads to cardiovascular diseases. Problems 

of undernourishment are much more common in sub-Saharan Africa, making over 

nourishment less of an issue. However, with increasing globalization, obesity is now 

beginning to affect urban city dwellers and even rural areas. Nevertheless, 

undernourishment continues to be the main issue in many populations of sub-Saharan 

Africa. Due to the fact that nutrient deficiencies impair resistance to infection, low BMI 

has been associated with the pathogenesis of severe malaria 71. However, the infections 

themselves have adverse effects on nutritional status.  Infections associated with diarrhea, 

such as amoebic dysentery and malaria, causes protein loss, improper nutrient absorption, 

low ascorbic acid concentrations, decreased serum iron, and decreased zinc 82. Therefore, 

low BMI can be caused by malarial infection. The understanding of causality between 

low BMI and undernutrition is not definite. However, there is general consensus that the 

two are associated with one another. 

Malaria, and other diseases target vulnerable groups, who are mostly women and 

children. Women typically need about 25 percent less dietary energy than men per day 

since they have lower metabolic rates and less muscle on average 87. Yet at the same 



!)#
#

time, nutrient requirements are the same for both men and women, meaning that to 

compensate for their smaller portions, women have to eat much more nutrient-rich foods. 

Undernourishment, then poses an even greater risk, for women, of contracting and 

developing severe malaria. In addition, pregnancy exacerbates malaria susceptibility 34, 68. 

Red blood cells infected by the late developmental stages of P. falciparum parasites are 

not found in the peripheral circulation, because they adhere to receptors on the 

endothelial lining. This adhesion is called sequestration and is mediated through parasite-

encoded, variant surface antigens (VSA). VSA are inserted into the membrane of the 

infected red blood cells and are thought to be an immune evasion strategy 9, 21.  Studies 

show that the placenta constitutes a niche for distinct VSA that mediate sequestration at 

this site 65, 80. So the parasites prefer the placental environment. Pregnancy-associated 

malaria (PAM) is characterized by accumulation of parasites in the intervillous space of 

the placenta, causing maternal anemia as well as low birth weight, prematurity, and 

increased infant mortality 65. BMI is also an indicator of the outcome of the pregnancy, as 

malnourished expectant mothers typically give birth to underweight babies 7. These 

children, if not adequately fed, become subject to stunted growth and wasting, 

perpetuating the cycle of disease and poverty.  

Another confounding factor affecting malaria severity is age. Severe plasmodium 

falciparum malaria annually causes at least one million deaths, most of which occur in 

African children less than five years of age 40, 67. Poor nutrition also plays a role in at least 

five million child deaths each year (2011) and about 57% of malaria deaths in children 

are caused by undernutrition 11, 64. Since the immune system has not fully developed, the 

impact of nutrition becomes more pronounced in children exposing them to severe 
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malaria 40. One possible reason is that children who develop severe disease have had less 

exposure to malaria infection, and hence have less acquired immunity, than children who 

develop a mild clinical attack. A study in Kenya revealed that newborns and infants that 

have been previously sensitized or exposed to the malaria parasite while in the placenta 

have T cells that mount a more immediate and effective response to new malarial 

parasites 62. This indicates that immunity to malaria is acquired in the early years of life. 

The only differences between acquiring immunity and developing severe malaria are the 

transmission intensity as well as the nutritional status of the child. Areas of high malaria 

transmission intensity see children developing severe malaria increasing their risk of 

fatality as opposed to marking the beginning of acquired immunity48. Thus the impact of 

nutrition and BMI on malaria severity is also affected by age, as younger children are 

more susceptible and vulnerable to malaria.  

Co morbid conditions that affect malaria severity are illnesses that plague the 

immune system and/or the blood condition of the individual. Of course, with debilitating 

conditions such as HIV/AIDS, malaria infection and severity is more likely. A study 

conducted in an urban area of Ghana found that patients previously diagnosed with type 2 

diabetes had a 46% increased risk of infection with plasmodium falciparum 21. This 

information is clinically relevant primarily because sub-Saharan Africa is facing the 

highest world increase in diabetes type 2 due to western lifestyle adaptations as well as 

genetic predispositions 100.  

Sickle cell anemia is also a very common disease in sub-Saharan Africa because it 

plays a huge role in preventing malaria infection. Sickle cell anemia is a disease that 

changes normal, round red blood cells into cells that are sickled, and shaped like a 
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crescent moon45, 49. These sickled cells do not move so easily throughout the bloodstream 

and often get stuck and block blood vessels, obstructing oxygen transport throughout the 

body. Symptoms of this problem include pain in the extremities where blood flow has 

been obstructed. The gene that causes this disease is a recessive gene, meaning that two 

copies of this gene must be inherited for the disease to be present 84. However in cases 

where only one copy is inherited, the heterozygosity is known as a co-dominant condition 

called sickle cell trait where both alleles are expressed 3, 24.  The main difference between 

sickle cell trait and sickle cell disease is that having the sickle cell trait does not confer 

the disease and symptoms. It only marks the presence of the trait in the genes. A study on 

the Luo tribe in Western Kenya found that individuals without the sickle cell trait 

established infection while those with the trait were less likely to establish infection 45. In 

addition, it was also found that in groups with sickled cells, the malaria parasites have a 

difficulty establishing themselves. This is attributed to the fact that sickled hemoglobin 

has slightly different physico-chemical properties, notably in the insolubility of the 

hemoglobin. The parasites are greatly affected by this different environment and thus fail 

to infect the cells. It has been concluded that individuals with only the sickle cell trait 

suffer far less than those with sickle cell disease and also suffer less than those without 

the trait because, not only do they have relative immunity to malarial infections, but they 

do not have to suffer the painful symptoms of the sickle cell disease 1, 3, 57. This is what is 

now known as the heterozygote advantage. The advantage, however, depends on the 

expressivity of the sickle cell gene, which may be responsible for up to 50% of sickled 

blood cells present. This advantage also explains the high frequency of malaria in sub-

Saharan Africa26. It has been found that indigenous populations in East Africa have very 
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high frequencies of the allele acquired for the protection against the endemic malaria 45.  

Thus we can conclude that those having a medical history indicating the presence of the 

sickle cell disease among family members may have one allele that prevents the 

establishment and development of severe malaria.   

Other confounding factors include schistosome and soil-transmitted helminthic 

infections which have also been shown to modulate the immune response to plasmodium 

falciparum, leading to increased susceptibility and severity of malaria 26, 70.  

Malaria’s complex etiology and pathology is affected by various factors. 

However, for research findings to be clinically relevant to indigenous populations in 

Africa, factors that can be changed at the household level must be illuminated so that 

preventive measures can be taken. Addressing the impact of nutrition in the context of the 

available foods equips the population with knowledge to combat malaria susceptibility 

and severity. The aim of this study is to demonstrate lifestyle trends that reduce the 

severity of malaria. 

#
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CHAPTER FOUR 

Methods 

This is a cross-sectional study using data collected during a 9 day period from 

May 18 to May 27, 2011. In 2011, a U.S. team consisting of 39 students, physicians, and 

other volunteers conducted a medical clinic on the Nyakach Plateau in Western Kenya; 

two U.S. trained and boarded physicians saw approximately 800 patients, mostly native 

to the area.  

Most patients were of Luo ethnicity. The primary language of communication was 

Luo so translators were present. Typical occupations of the patients included subsistence 

farming and pastoral herding and most lived in villages and compounds located relatively 

close to the clinic. The Nyakach Plateau is located 36km (22.3mi) from the city of 

Kisumu and 12km (7.5mi) from Lake Victoria and at approximately 155 meters above 

sea level. It is part of the Nyando District in the upper Nyakach division where malaria is 

a common disease. Food Security Statistics in 2005 showed that approximately 31.1% of 

the population in the Nyando district suffered from wasting and approximately 15.6% of 

the population was underweight33. Approximate numbers for each division within the 

Nyando district may vary; however, statistics indicate that undernutrition and food 

insecurity were common to the region.  
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Nutrition: 

This study utilized clinical data and data collected from a hunger survey 

administered during the clinical visits. Patients were simply asked what type of food they 

consumed during breakfast, lunch, and dinner. Food types were analyzed and grouped 

into 3 food categories: starch, vegetable, and protein as seen in Appendix I. 

Communication with local Bethlehem Home director Habil Ogolla, helped verify 

contents of Chai, a beverage in which components and ingredients vary. Since the Luo 

people primarily consume the beverage with milk and sugar, it was grouped into starch.   

Diets primarily consisting of starches only were the least diverse and categorized 

as “diversity 1”. Diets consisting of all three food groups, starch, vegetables, and protein, 

were the most diverse and categorized as “diversity 6” or Most Diverse Diet.  

 

 

 

 

 

 

 

 

Diversity Levels 
 

1. Starches Only (Least Diverse 
Diet) 

 
2. Vegetables only 

 
3. Protein only 

 
4. Starch and vegetables 

 
5. Starch and protein 

 
6. Starch, protein, and vegetables 

(Most Diverse Diet) 
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Body Mass index: 

 Height was measured by having the patients stand with their backs against a wall 

to which a measuring tape was attached. Appropriate figures were recorded in 

centimeters. Weight was measured by a locally purchased scale and recorded in 

kilograms. Body Mass Index (BMI) was calculated using the formula: 

 Weight (kg)/ Height (m) !  

The normal range of BMI used for this study was 18.50-24.99 as suggested by the World 

Health Organization (WHO).  

Presence of Malaria: 

Rapid Diagnostic Tests (RDT) were used to diagnose malaria. Since complete 

information was not available on every chart, patients were classified as having malaria if 

the RDT was recorded as positive, if malaria was marked on the patients record, or if the 

record indicated that medication for malaria was given. Temperature was measured by 

TAT 5000 Temporal Scanning Thermometer manufactured by Exergen Corporation 

(Watertown, Massachusetts) using appropriate techniques and was recorded in degrees 

Fahrenheit.  

The medical history of patients was recorded based on the patients’ self report. 

Malaria symptoms were recorded as reported. A physician assessed the presence of 

worms, splenomegaly, hepatomegaly, appearing lethargic, wasted, or malnourished, and 

poor chronic feeding, during the physical exam. In addition, any seizures that occurred 

were recorded.  
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Statistical Analysis: 

 The statistical analyses were on two levels.  An important initial step was a 

descriptive analysis of the major variables pivotal to this study: diet diversity; body mass 

index, and malaria.  The bivariate, or, second, level of analysis will rely on contingency 

table analysis. Alpha was set at 0.05. 
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CHAPTER FIVE 

Results 

General Overview: 

 Of the approximately 800 patients who attended the clinic in May 2011, 480 

persons completed the diet diversity questionnaire. The average age of the persons in 

this sample who completed the diet diversity questionnaire was 34.66 years of age; the 

average BMI was 20.05 kg/m2 (Table 1).  The proportion eating a diverse diet of 

starches, vegetables, and protein was 0.17 (Table 2).  A person was classified as having 

malaria if any of the following were the case: a positive diagnosis by the rapid diagnosis 

test, a positive field stain, a diagnosis of malaria by one of the physicians in the clinic, or 

the presence of a prescription for an anti-malarial medication by one of the physicians.  

The proportion of the sample with malaria was 0.085 and the proportion diagnosed with 

worms was 0.069.  Those persons with a severely thin BMI as classified by the WHO 

made up 0.1848 of the sample, whereas the obese were 0.038 of the sample (Table 2).  

The majority of patients (69%) ate starches and vegetables.    The diet with the least 

proportion of patients (4%) was made up of starch and protein.  There were no patients 

who ate vegetables or protein alone.
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Table I: Continuous Variables 

 

 

 

 

* Weight (kg)/ Height (m) ! 

** Years 

Table II: Discrete Variables 

Continuous 
Variables 

n Mean SD 

BMI * 422 20.0461 4.8209 

Age ** 463 34.6612 23.9503 

Discrete Variables n Proportion 
   

Diet Diversity 
Starch  50 0.1042 
Starch and Vegetables  329 0.6854 
Starch and Protein  21 0.0438 
Starch, Protein, and Vegetables  80 0.1667 
Total 480 1.0000 
Diverse Diet (starches, vegetables 
      And protein) 

80 0.1667 

Not Diverse Diet 400 0.8333 
Total 480 1.0000 

Malaria 
Yes 41 0.0854 
No 439 0.9146 
Total 480 1.0000 

Worms 
Yes 33 0.0688 
No 447 0.9313 
Total 480 1.0000 

BMI 
Severely Thin 78 0.1848 
Very Thin 40 0.0948 
Thin 59 0.1398 
Moderate BMI 182 0.4313 
Pre-Obese 47 0.1114 
Obese 16 0.0379 
Total 480 1.0000 
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Diet Diversity and Malaria 

Hypothesis 1: Persons eating the most diverse diet (consisting of starches, vegetables, and 

protein) will be less likely to have malaria than persons not eating the most diverse diet. 

Null Hypothesis 1: The diversity of diet will have no association with the presence of 

malaria.  

 

 As seen in Table 3, 8.5% of the sample had malaria.  Among those who had the 

most diverse daily diet (starches, vegetables, and protein), only 5% had malaria; while 

9% of those who did not eat a daily diverse diet had malaria (!2 =1.5414, df=1, p = 

0.2144).  While the association between diet diversity and the presence of malaria did not 

reach statistical significance, the proportions having malaria among the diverse diet group 

and the non-diverse diet group were in the direction hypothesized. 

 

Table III: The Association of Diet Diversity and Malaria 
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Malaria 
 1 0 Total 
1 4 

0.0500 
76 
0.9500 

80 
 

0 37 
0.0925 

363 
0.9075 

400 

Total 41 
0.0854 

439 
0.9146 

480 

!2 = 1.5414 ;  p = 0.2144 ;  df = 1 
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Diet Diversity and BMI 

Hypothesis 2: Persons eating the most diverse diet (consisting of starches, vegetables, and 

protein) will be the most likely to have a body mass index (BMI) classification of obese 

or pre-obese and the least likely to be classified as thin or severely thin, according to the 

BMI classification criteria of the World Health Organization (WHO). 

Null Hypothesis 2:  The diversity of diet will have no association with BMI as classified 

by the WHO. 

 Table 4 manifests the relationship between diet diversity and BMI.  The 

proportion of obese persons who ate a diverse diet was 0.25, while the proportion of 

severely thin persons who ate a diverse diet was 0.14 (!2 = 3.7304, df = 5, p = 0.5888).  

Although the proportions were in the hypothesized direction, the null hypothesis could 

not be refuted.   
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Table IV: The Association of Diet Diversity and Body Mass Index 

 

 

BMI and Malaria 

Hypothesis 3:  Persons with a WHO BMI classification of thin and severely thin will be 

more likely to have malaria. 

Null Hypothesis 3:  BMI will not be associated with the presence of malaria. 

 The presence of malaria by WHO BMI groups (Table 5) revealed an almost 

perfect dose-response trend: the proportions of malaria across the six BMI groups, from 

the severely thin to the obese, were: 13%, 10%, 10%, 4%, 0%, and 0% (LR !2 = 13.2662, 

df = 5, p =0.0210).  The null hypothesis can be refuted.   With the overall prevalence of 

malaria being 8.8% in the sample, the severely thin were at a higher risk (12.8%) of 

having malaria, whereas the pre-obese and obese had no (0%) malaria. 

Body Mass Index (WHO) 

 Severel
y Thin 

Very 
thin 

Thin Moderate Pre-
Obese 

Obese Total 

M
os

t D
iv

er
se

 D
ie

t 

1 11 
0.1410 

4 
0.1000 

12 
0.2034 

36 
0.1978 

8 
0.1702 

4 
0.2500 

75 
0.1777 

0 67 
0.8590 

36 
0.9000 

47 
0.7966 

146 
0.8022 

39 
0.8298 

12 
0.7500 

347 
0.8223 

Total 78 
 

40 
 

59 
 

182 
 

47 
 

16 
 

422 
1.0000 

!2 = 3.7304 ;  p = 0.5888 ;  df = 5 
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Table V: The Association of Malaria and Body Mass Index 

 

Worms and BMI 

Hypothesis 4:  Persons diagnosed as having worms will be more likely to be classified as 

thin or severely thin than those people without worms. 

Null Hypothesis 4:  A diagnosis of having worms will not be associated with BMI as 

classified by the WHO. 

 A diagnosis of worms was compared across the WHO BMI groups (Table 6).   A 

strong dose-response trend was manifested.  The proportions of patients having worms 

across the six BMI groups, from the severely thin to the obese, were: 17%, 12.5%, 12%, 

3%, 0%, and 0% (!2 = 24.6355, df = 5, p = 0.0002).  The null hypothesis can be refuted.  

With the average prevalence of worms being 7% in the sample, the severely thin 

manifested a proportion twice that high, with the pre-obese and obese manifesting no 

diagnoses of worms. 

Body Mass Index (WHO) 

 Severel
y Thin 

Very 
thin 

Thin Moderate Pre-
Obese 

Obese Total 

M
al

ar
ia

 

1 10 
0.1282 

4 
0.1000 

6 
0.1017 

17 
0.0934 

0 
0.0000 

0 
0.0000 

37 
0.0877 

0 68 
0.8718 

36 
0.9000 

53 
0.8983 

165 
0.9066 

47 
1.000 

16 
1.0000 

385 
0.9123 

Total 78 
 

40 
 

59 
 

182 
 

47 
 

16 
 

422 
1.0000 

LR !2 = 13.2662 ;  p = 0.0210 ;  df = 5 
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Table VI: The Association of Body Mass Index and Worms 

 

 

 

Non-Hypothesized Associations 

Diet Diversity and Number of Meals per Day 

 It was possible from the diet survey to ascertain the proportion of persons who ate 

only one meal a day.   This proportion was compared to the diversity of the participants’ 

diets (Table 7).  None of the persons who ate a daily diverse diet of starches, vegetables, 

and protein ate only one meal a day, whereas 4% of those not eating a diverse diet ate 

only one meal a day (LR !2 = 6.3226, df = 1, p=0.0110).   

 

 

Body Mass Index (WHO) 

 Severely 
Thin 

Moderately 
thin 

Underweight Moderate Overweig
ht 

Obese Total 

W
or

m
s 

 

1 13 
0.1667 

5 
0.1250 

7 
0.1186 

5 
0.0275 

0 
0.0000 

0 
0.0000 

30 
0.0711 

0 65 
0.8333 

35 
0.8750 

52 
0.8814 

177 
0.9725 

47 
1.0000 

16 
1.0000 
 

392 
0.9289 

Total 78 
 

40 
 

59 
 

182 
 

47 
 

16 
 

422 
1.0000 

!2 = 24.6355 ;  p = 0.0002 ;  df = 5 
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Table VII: The Association of Diet Diversity and Number of Meals 

 

 

 

 

 

 

 

 

 

Number of Meals Per Day and BMI 

 Persons who ate only one meal per day were compared to those eating two or 

more meals a day across WHO BMI groups (Table 8).  The proportion of the severely 

thin and very thin who ate one meal a day were 7.7% and 7.5%; the proportion among the 

thin and moderate BMI groups were 3.4% and 2.7%; and, the proportion among the pre-

obese and obese were 0% and 0% (!2 = 7.8148, df = 5, p = 0.1667).  This relationship, 

although not statistically significant, adds face validity to the questionnaire itself, with a 

question about numbers of meals eaten per day relating to the physical measurement such 

of BMI. 
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Meals 
 One Meal 

Daily 
Two + Meals 
Daily 

Total 

1 0 
0.0000 

80 
1.0000 

80 
 

0 17 
0.0425 

383 
0.9575 

400 

Total 12 
0.0354 

439 
0.9646 

480 

LR!2 = 6.3226 ;  p = 0.0119 ;  df = 1 
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Table VIII: The Association of Body Mass Index and Number of Meals.  

 

#

Body Mass Index (WHO) 

 Severely 
Thin 

Moderately 
thin 

Underweight Moderate Overweig
ht 

Obese Total 

M
ea

ls
 

 

One 
Meal 
Daily 

6 
0.0769 

3 
0.0750 

2 
0.0339 

5 
0.0275 

0 
0.0000 

0 
0.0000 

16 
0.0379 

Two + 
Meals 
Daily 

72 
0.9231 

37 
0.9250 

57 
0.9661 

177 
0.9725 

47 
1.0000 

16 
1.000 

347 
0.8223 

Total 78 
 

40 
 

59 
 

182 
 

47 
 

16 
 

422 
1.0000 

!2 = 7.8148 ;  p = 0.1667 ;  df = 5 
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CHAPTER SIX 

Discussion and Conclusion 

Nutrition 

Hypothesis: Diets containing the greatest diversity of foods will be the most associated 

with the lowest prevalence of malaria. 

The data obtained illuminates an interesting trend regarding the dietary habits of 

the patients. First, all patients consumed starches throughout the day. There were no 

patients that only consumed proteins or vegetables alone. Approximately 69% of all 

patients ate starch and vegetables, 17% ate starch, protein, and vegetables, 10% ate 

starch alone, and only 4% ate starch and protein. This could be attributed to the fact that 

starches are cheaply available to low income households, vegetables are a reliable crop, 

and protein is perhaps the most expensive food group of the three. It is also interesting to 

note that of the patients who ate the most diverse diet, all were eating two or three times 

a day. The fact that there was not a single patient who ate only once a day who was able 

to meet the most diverse diet criterion indicates that the patients may not have access to 

enough diverse food groups for one meal. This means that people who are too poor to eat 

three meals a day are also too poor to eat a diversity of foods, especially protein.  

Of the patients who ate the most diverse diet, a majority had a moderate Body 

Mass Index, according to WHO categories. However, a significant proportion of patients 
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who ate the most diverse diet had a severely thin BMI for reasons that will be addressed 

by the confounding factors.  

The association of diet diversity and malaria revealed that the lowest proportion 

of patients with malaria ate the most diverse diet, supporting the hypothesis.  As the diet 

diversity level increases, the proportion of patients with malaria decreases, with the 

exception of the starch and protein diet. In that case, a starch and protein diet is 

associated with a higher prevalence of malaria. The data supported the hypothesis that the 

most diverse diet is associated will be associated with the lowest prevalence of malaria.  

 

Body Mass Index 

Hypothesis: A very low BMI will be the most associated with the severity of malaria. 

Overall, most patients had a moderate BMI.  The lowest proportion of patients 

had a very high (obese) BMI and the second greatest proportion of patients had a severely 

thin BMI. It is unusual for a population to have a significant proportion of individuals fall 

into the extremely thin BMI category. The relationship between BMI and malaria 

indicated that, of the severely thin patients, a greater proportion had malaria compared to 

those who were not severely thin. The data obtained supported the hypothesis.  

 

Worms 

Hypothesis:  Persons diagnosed as having worms will be more likely to be classified as 

thin or severely thin than those people without worms. 
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Of the patients who had worms, most had a severely thin BMI. In addition, most 

patients that were eating the most diverse diet and had worms were found to have a 

severely thin BMI.  This indicates that the worms are getting most of the nutrition, 

benefiting from the diet diversity. For patients who consume the most diverse diet, the 

presence of worms decreases their BMI, increasing the chances of suffering from malaria.   

 

Conclusion 

This study illuminated the dietary habits of the patients who attended the clinic.  

The predictors studied were are only a few of the possible causative factors of malaria 

that were measured during the clinic. The significance of research on diet and body mass 

index is that it provides a framework for implementation of preventive measures at the 

level of the household.  This equips communities with knowledge and new means to 

combat malaria.  
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HUNGER SURVEY FOOD GROUPS 

BRE Breakfast:  What do you (or your child if the child is the patient) usually eat and drink in 
the morning? 

  0=nothing 
  1=water 
  2=tea (starch) 
  3=porridge (starch) 
  4=bread (starch) 
  5=tea and porridge (starch) 
  6=tea or porridge (starch) 
  7=tea and bread (starch) 
  8=tea and cassava (starch) 
  9=tea and potatoes (starch) 
  99=missing 
LUN Lunch:  What do you (or your child if the child is the patient) usually eat and drink at 

mid-day? 
  0=nothing 
  1=water 
  2=tea (starch) 
  3=ugali (starch) 
  4=kales (vegetables) 
  5=porridge (starch) 
  6=potatoes (starch) 
  7=sweet potatoes (starch) 
  8=vegetables (vegetables) 
  9=mealie (maize) (starch) 
  10=githeri (starch) 
  11=ugali and kales (starch and vegetables) 
  12=ugali and dagaa (starch and protein) 
  13=ugali and vegtables (starch and vegetables) 
  14=ugali and meat (starch and protein) 
  15=ugali and fish (starch and protein) 
  16=ugali, kales and meat (starch, protein, vegetables) 
  17=rice and beans (starch) 
  18=beans and chapatti (starch) 
  19=ugali, meat, and eggs (starch and protein) 
  20=kales and mealie (starch and vegetables) 



 
 

39 

  21=cassava and rice (starch) 
  22=cassava and potatoes (starch) 
  23=potatoes or porridge (starch) 
  24=sweet potatoes and porridge (starch) 
  25=sweet potatoes and ugali (starch) 
  26=sweet potatoes and tea (starch) 
  27=githeri and tea (starch) 
  28=githeri and porridge (starch) 
  29=ugali, vegetables, and bread (starch and vegetables) 
  30=ugali, vegetables, and meat (starch, protein, vegetables) 
  31=ugali, vegetables, and porridge (starch and vegetables) 
  32=uagli, kales, and porridge (starch and vegetables) 
  33=ugali, omena, and meat (starch and protein) 
  34=ugali or mealie (starch) 
  35=water and soft drinks (starch) 
  97=depends 
  98=any food available 
  99=missing 
DIN Dinner:  What do you (or your child if the child is the patient) usually eat and drink in 

the evening? 
  0=nothing 
  1=milk 
  2=tea (starch) 
  3=ugali (starch) 
  4=kales (vegetables) 
  5=porridge (starch) 
  6=potatoes (starch) 
  7=sweet potatoes (starch) 
  8=cassava (starch) 
  9=dagaa (protein) 
  10=fish (protein) 
  11=ugali and kales (starch and vegetables) 
  12=ugali and dagaa (starch and protein) 
  13=ugali and vegtables (starch and vegetables) 
  14=ugali and meat (starch and protein) 
  15=ugali and fish (starch and protein) 
  16=ugali, kales, and meat (starch, protein, vegetables) 
  17=rice and beans (starch) 
  18=dagaa and fish (protein) 
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  19=dagaa and mealie (starch and protein) 
  20=fish and mealie (starch and protein) 
  21=ugali and beans (starch) 
  22=ugali and meat stew (starch and protein) 
  23=ugali and porridge (starch) 
  24=ugali and omena (starch and protein) 
  25=ugali, kales, and omena (starch, protein, vegetables) 
  26=ugali, kales, and rice (starch and vegetables) 
  27=ugali, vegetables, or rice (starch and vegetables) 
  28=tea and bread (starch) 
  29=tea and rice (starch) 
  97=depends 
  98=any food available 
  99=missing 
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