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Global trends in overweight and under-nutrition
In the twenty first century, food insecurity, hunger and malnutrition remain the most
devastating problems among the world’s poor (1). The Food and Agricultural Organization (FAO) reports that more than 870 million people were chronically undernourished
in 2010-2012 and the vast majority of these are in the developing countries (2). Most
of the under-nourished people of the world are in Asia and Africa and most affected
are children below the age of five years. Despite gains in food crop productivity and
agricultural development in the last fifty years across the globe, under-nutrition has
persisted in sub-Saharan Africa (3). According to the United Nations (UN) reports,
stunting is preventing at least 200 million children from reaching their full development and growth potential, under-nutrition is the cause for an estimated 35 percent of
all deaths among children under five years of age, and maternal and child undernutrition accounts for 11 percent of the global disease burden (4-6). While undernutrition continues to be a problem for policy makers, over-nutrition has been reported among countries that are still battling hunger and under-nutrition. The rising prevalence of overweight and obesity among developing countries has made combating the
double burden of malnutrition a pressing challenge and overweight has increased by
100 percent in some countries in the past 30 years (6).
The World Health Organization (WHO) reports that one-third of the 1.5 billion
overweight people in the world are obese (7). Overweight and obesity are defined as
abnormal or excess weight accumulations that impair health (8). It is estimated that in
2015, 2.3 billion adults will be overweight and 700 million adults will be obese (9). Of
the 43 million overweight children in the world, 35 million of them are in the developing countries and the largest numbers are in Asia, however, the fastest growth rates
are in Africa (7). Increasing rates of overweight and obesity are being identified in subSaharan Africa (SSA), especially among women and urban populations (10-12). The
estimated prevalence of childhood overweight and obesity in Africa in 2010 was 8.5%
and it is expected to reach 12.7% in 2020 (13)
There is a growing concern over the increasing number of overweight people in
developing countries particularly in Africa. Overweight and obesity have always been
regarded as diseases of the west and Africa has always struggled with under-nutrition
and persistent household food insecurity. The increase in the prevalence of overweight
and obesity in the developing countries is largely attributed to lifestyle changes that
are consistent with countries in transition. These changes are associated with industrialization, economic development (14), globalization and urbanization(15). Factors
characteristic to countries in transition are dietary changes, changes in nutritional
status and disease patterns, as well as changes in life expectancy (14). Dietary changes
include adopting unhealthy eating behaviors as a result of influx and penetration of
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supermarkets that sell highly processed foods. There is a shift from a traditional food
system to modern food distribution and sales. Traditional food systems entailed one
growing food and locally processing it (for example using grinding stones to mill grains
and fermentation of milk and grains). The shift in the food environment may enhance
intake of processed, lower quality foods (16). The concern regarding food processing
meshes well with the vast shift away from consumption of legumes, coarse grains high
in fiber, fruits and vegetables to consumption of refined grains, total fat, saturated fat,
high sugar and high salt intakes (15). Nutritional status has changed from persistent
underweight, stunting and wasting to overweight and obesity among children and
adults and more so a combination of under-nutrition and over-nutrition among children resulting in the now common phrase of ‘double burden of malnutrition.’ With the
changes in dietary patterns and reduced physical activity, there is an increase in numbers of overweight and obesity particularly among the poor and the urban and rural
populations (17). Physical inactivity has been reported in many developing countries,
particularly in Africa among the urban populations (18). In addition, there has been a
global increase in prevalence of chronic non-communicable diseases (NCDs) such as
hypertension, stroke, coronary heart diseases, and Type 2 diabetes and studies have
demonstrated a strong association between overweight and chronic NCDs (15) including some types of cancers. With the increase of non-infectious diseases and the high
prevalence of chronic and degenerative diseases, there have been increased mortality
and morbidity and disability associated with these diseases. Thus, life expectancy has
been dramatically shortened in these developing countries undergoing economic and
nutrition transition (14, 19). In these countries in transition, women work away from
home—leaving less time for growing and producing food and therefore rely on ready
foods available in the supermarkets and fast food chains (20). There is also an increase
in sedentary activities associated with urban jobs and increase in the availability of
television and computers (21) and reduced energy expenditure which has pushed the
overweight and obesity numbers upwards.

Malnutrition in Kenya and their risk factors among women and children
The Kenya Demographics Health Survey (KDHS) report of 2008-2009 indicates that 35%
of children under five years of age are stunted, while the proportion of severely stunted children was 14% (22). Underweight among children under five years of age was
16% and the proportion of severely underweight children was 4%. Wasted children
aged below five were 7% and 2% were severely wasted. Regionally, the North Eastern
province has the highest proportion of children exhibiting severe wasting (8%), while
the Eastern province has the highest levels of stunting among children (44%) (23). In
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rural areas higher rates of under-nutrition are reported compared to urban areas,
while in poor households also more underweight is observed compared to richer
households (22). Underweight and wasting are negatively associated with education
level, wealth and nutritional status of the mother (22). Levels of stunting, wasting and
underweight are declining across Kenya except in drought prone areas, while overweight is on the increase. Overweight has not been reported very much in Kenya,
however, in a government report of 2012, the prevalence of overweight among preschool children was reported to be 18%, while obesity was 4% (23). Overweight is
associated with imbalance between energy intake and expenditure, lack of physical
activity and genetic factors (24, 25). In children, being overweight has been known to
impact on self-esteem, possibility of developing juvenile diabetes and other diseases
association to excess weight.
The mean body mass index (BMI) among women aged 15-49 is 23 and 12% of the
women are considered thin (BMI<18.5) (22). A UNICEF report of 2006 indicates that
there was high malnutrition among pregnant women in Kenya and in some regions the
prevalence was higher than that of children especially in the drought prone areas (26).
The proportion of overweight and obesity among women has increased from 23% in
2003 to 25% in 2008-2009 (22, 23). Levels of overweight increase with age, education
levels and wealth (22). Regional disparities also cannot be ignored, with Nairobi Province reporting the highest number of overweight women at 41% and 11% with the
lowest reported in North Eastern Province (22).

Linking childhood under-nutrition and infant feeding to overweight later in
life
There is a concern over the association between stunting among children and overweight later in life. Research has shown that rapid growth during infancy as a result of
intervention after a period of stunting and underweight may result in overweight later
in childhood and into adulthood (27). Concern therefore, has been raised about the
promotion of rapid weight gain in children that are malnourished (27). In addition high
birth weight also increases the likelihood of childhood overweight and obesity later in
life (28). Breastfeeding and late introduction of solid foods is moderately protective
against childhood overweight whereas early introduction of solid foods had an impact
on childhood overweight by increasing the probability of one becoming overweight
(28). Rapid infant weight gain has been associated with increased overweight later in
life (29, 30). Systematic reviews estimate that rapid growth in the first one to two
years is associated with odds ratios of later obesity ranging from 1.4 to 5.7 (31, 32). A
study by Druet et al. suggests that regardless of its causal role, rapid weight gain adds
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substantially to the prediction of childhood obesity together with several factors that
include birth weight, infant weight gain, mothers’ body mass index (BMI) and sex of
the child. Rapid weight gain and faster growth during childhood is therefore associated
with increased risk of overweight later in life suggesting that interventions aimed at
inducing childhood growth at an optimum rate can prevent obesity later in adulthood
(31).

Association between food insecurity, physical inactivity and overweight in
Africa
The association between overweight/obesity and food insecurity status is now well
supported in the literature and has been identified in developed countries like in the
United States of America (33). Some studies indicate that a relationship exists between
low income households and obesity, as well as food insecurity and childhood and adolescent overweight/obesity are associated (34-37). In addition, a relationship is also
seen in overweight/obesity among women and household food insecurity (38). In developing countries a study in Colombia indicated no association between food insecurity and overweight among women (39), while in Brazil overweight in adolescents and
severe food insecurity were found to be associated (40).
Studies relating food insecurity to overweight and obesity among women and
children in Africa are limited. A study in Kenya by Steyn (15) links the association between food insecurity to overweight to a theory of behavior proposed by Basiotis
which indicates that when low income households are faced with uncertainty about
food, they buy less expensive foods and less variety in food products. A further decrease in income leads to reduced purchases of food within the home and therefore
food intake especially for children will also reduce (41). Faced with the inability to
grow food, or failure of crops and/or inadequate income to purchase food, families will
likely opt for the cheapest costs per calorie from the available choices (42). In most
cases these are energy dense, sugary and fatty foods that are cheap and easily available and that may predispose one to weight gain.
As a result of the impact of food insecurity, there is a need for strategies aimed at
reducing food insufficiency within households. Endorsing strategies directed at reducing food insecurity in these countries could directly reduce the prevalence of stunting
and at the same time indirectly reduce the prevalence of overweight and the consequent chronic Non-Communicable Disease (NCDs) (42). Food security will enable
households to select foods that are less fatty, not energy dense and therefore do not
promote weight gain.
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Research has shown that physical inactivity and overweight are on the increase in
Africa (43). Weight gain as a result of physical inactivity and obesity is a risk factor for
many chronic diseases such as hypertension, heart diseases, cancer etc. Physical inactivity is increasing due to automation (44), and in Africa more and more people, particularly in the urban areas use cars as means of transport. Many households own television sets and this has promoted inactivity and sitting for a long time. Women and children who stay home the whole day are affected by this. Physical activity in Africa is
normally achieved through the usual day-to-day chores and not many people partake
in xercise for fitness except professional athletes.

Conceptual and analytical Framework
This study focuses on two opposite forms of malnutrition: under-nutrition and overnutrition and to understand both, we have applied two conceptual frameworks to
develop an analytical framework.
The first framework is the United Nation Children’s Education Fund (UNICEF)
conceptual framework on child malnutrition (Figure 1) and the second is the conceptual framework on etiology of overweight and obesity in Africa (Figure 2) by Scott et
al.(45).

Figure 1: The UNICEF Conceptual framework on causes of malnutrition among children and women
The following conceptual framework that explains the etiology of overweight and obesity in Africa is
adapted from a study by Scott et al. (45).

13

Figure 2: The Scotts et al. (45) causality continuum model for obesity in sub-Saharan Africa.

The conceptual framework by UNICEF summarizes the causes of malnutrition into
immediate causes, underlying causes and basic causes. Immediate causes of undernutrition in this case are inadequate intake of food and diseases. When food is insufficient, children do not get enough to eat and therefore become undernourished. Disease may result in weight loss and wasting due to poor appetite, vomiting, and diarrhea from infections. Fever has also been known to be associated with wasting. To
incorporate overweight in this conceptual framework, the immediate causes of malnutrition would include inadequate intake of quality foods. Quality would encompass
foods that are balanced nutritionally.
The underlying causes include insufficient health care and unhealthy environment
which may include poor screening services at the health facilities and poor intervention measures put in place to deal with under-nutrition and overweight. Whereas
overweight may occur if an ‘obesogenic’ environment is provided to an individual i.e. a
cheaply available high fat and high sugar diet which is easily accessible as street food
or in the retail and supermarkets. This includes ready to eat packed foods that may not
require preparation. Another underlying factor in the UNICEF framework includes
inadequate access to food, which in this case is one of the dimensions of food insecurity. Food security has four dimensions: adequate access, availability, utilization, and
stability (46). Thus, to explain malnutrition, we would use food insecurity as whole and
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not just one dimensions for our study to explain causes of under-nutrition and overweight/obesity.
In the second conceptual framework by Scott et al. (45) there are distal, intermediate and proximate forces that interact to bring about the increase in overweight and
obesity in sub-Saharan Africa. The distant forces include globalization and urbanization, while intermediate forces are sedentary occupations, cultural perceptions of
weight, built environments and social relationships. The proximate forces known to
cause overweight/obesity include physical inactivity, genetic factors and caloric intake.
Genetic factors play a role in the general physical growth and development of an individual (47). In the continuum, globalization forces can impact on occupation, in that
with improved economies, occupations may change from labor intensive to high inactivity which may result in overweight, or with globalization also diets may change to
promote overweight.

Consequences & impact of malnutrition (under-nutrition and over-nutrition)
Consequences of malnutrition are varied and far reaching (1). It is estimated that 200
million children in developing countries fail to achieve their developmental and cognitive potential due to exposure to chronic poverty and its co-factors (48, 49). Undernutrition can retard growth and development, reduce physical activity, impair resistance to infection, increase morbidity and disabilities which may lead to death (1). In
pregnant women, under-nutrition can lead to increased prevalence of anemia, increased pregnancy and delivery problems, increased intrauterine growth retardation,
low birth weight, congenital malformation and other birth defects, perinatal mortality,
and poor health. Persistent under-nutrition can lead to reduced productivity, reduced
physical activity and reduced intellectual performance (1).
The relationship between early stunting in children and later overweight/obesity
raises concerns regarding the rising metabolic diseases (50). Stunting in children has
been associated with increased risk of overweight and obesity later in life (51). Another study indicated that stunting during childhood is associated with obesity during
adulthood (52). Pediatric obesity and adult short stature are risk factors for metabolic
syndrome and metabolic diseases in adulthood (50). Overweight generally is a known
risk factor for the development of non-communicable diseases (8). Overweight in children has serious health consequences including early onset of diabetes, high blood
pressure, heart disease and certain cancers later in life (53, 54). In addition, WHO indicates that childhood obesity is also associated with higher chance of obesity, premature death and disability in adulthood (8).
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Previous studies on under-nutrition and over-nutrition among women and
children in Kenya
Women and children are more vulnerable to under-nutrition due to biological reasons.
Women have enormous responsibility of childbirth compounded with household responsibilities of caring for the children and food provision. Children (0-5yrs) have a
high growth velocity and consequently have a need for high nutrient intake to keep up
with the growth. The percentage of overweight or obese preschoolers had more than
doubled in Africa from 4% in 1990 to 8.5% in 2010 (13). A study that compared the
prevalence of overweight between Kenyan and South African (SA) women found the
prevalence of overweight almost the same in the two countries (Kenya 29.1%; SA:
27.5%) whereas obesity was higher in SA (27.4%) than in Kenya (14.2%).
In a study among women in four regions in Kenya (15), it was found that women
were significantly more likely to be overweight or obese if they had a higher level of
education, were in the high income group and lived in a household where there was a
low room density, tap water, flush toilet, electricity or gas. Underweight women were
more likely to come from a female headed household with low level of education, low
income and no telephone in the house.
There are a number of studies done in Kenya to assess the prevalence of undernutrition and some studies have been conducted on over-nutrition. Several of these
studies have used secondary data from previous Demographic and Health surveys
(DHS). A study by Masibo et al (55) reports on the emerging pattern in Kenya of the
dual burden of malnutrition within the same household whereby overweight mothers
were reported to have stunted children. This confirms the findings from Gewa (56)
who also reported on data from DHS. The study by Gewa also reported on overweight/obese children who also had overweight or obese mothers. The prevalence of
overweight among pre-school going children in Kenya were reported to be 18% and 4%
were obese (22, 23, 55). A significant finding in the study by Gewa was that overweight
among children decreased with age and a higher percentage of the overweight were
found in urban areas, which was also consistent with other studies that have reported
overweight to be high in urban areas in sub-Saharan Africa (SSA). A population based
study in Tanzania found higher prevalence of overweight in the urban than rural areas
(57) and a study on eight countries in SSA also reports higher urban overweight and
more so among the low socio economic status group (58). The study by Gewa and two
other studies reported that longer breastfeeding had an inverse relationship with
childhood overweight/obesity (56, 59, 60). These studies show that children that were
breastfed for long periods had lower odds of being overweight. Breastfeeding also had
a protective effect against under-nutrition such as stunting and underweight. Younger
children are more overweight than their older counterparts (56, 61).
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Gaps identified in the studies in Kenya
Studies that showed global trends of overweight have used data gathered from the
national surveys; however the studies in developing countries show limitations in that
most surveys have shown estimates from a group of countries (East Africa, Asia etc)
and these estimates were affected by countries with large populations (13). In addition
many countries have not yet conducted their health surveys and thus prevalence may
not be known. In Kenya this is done every five years. Another limitation on national
surveys is that surveys were not done randomly across geographical regions, but strategic cluster sites were used in some and thus bias may have been introduced. In Kenya, some studies done previously have also reported on data from health surveys (55,
62) done nationally, which were subject to the limitations explained above. None of
the studies on overweight in women and children were conducted in an arid and semiarid area. Most studies that report on overweight were conducted in urban areas for
example Nairobi (63). In addition many studies on overweight in Kenya and other parts
of the world may not be easily comparable due to the different cut-off points and reference standards for malnutrition used. Many countries now have their own national
reference centile charts for BMI for age (64)

Study objectives2
-

To determine the prevalence and risk factors of malnutrition(overweight, stunting, wasting and underweight) among children in Narok County- Kenya.
To assess food insecurity and its effects on maternal and child malnutrition.
To assess physical activity, water turnover and body composition.
To assess physical activity and food insecurity among pregnant women and their
impact on pregnancy outcomes.

Study area
The study was carried out in Narok County,
Kenya. Narok County is located on the South
Rift Valley to the north of Tanzania, it borders
six counties with Nakuru to the North, Bomet,
Nyamira and Kisii to the North West, Kajiado to
the East and Migori to the West. The area is
2

17,944 (Km )
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Temperatures range from minimum of 8 to a maximum of 28 degrees centigrade. It
has two rainy seasons with average rainfall ranging from 500 to 1,800 mm per annum.
The road network within the county has improved over the years. Bitumen Surface
covers 172 Km, Gravel Surface covers 162Km and Earth Surface covers a total of 205.5
Km. The population of Narok is approximately 850,920. Population density is approximately 47 people per Km2 and with a population growth rate of 3.3%. The population
distribution according to age group is 0-14 years is 53%, 15-64 years are 45% and over
65 years are 2%. Narok town is the county administrative and economic capital. The
constituencies within Narok county are Narok North, Narok south and Kilgoris, while
the districts are Narok North, Narok South, Transmara East, Transmara West/Dikirr.
The poverty level in the district is high compared to other counties in Kenya, 12%
of the population lives below the poverty line. The main agricultural products are
Wheat, Barley, Maize, and Livestock.
In education, the teacher ratio for public primary schools is 33 to 1 with a total
enrollment of 175,409 at the rate of 83% of the boys and 73% of the girls are enrolled.
In secondary schools total enrollment is 13,852, at an enrollment rate of 20% for boys
and 15% for girls and tertiary institutions are 8 youth polytechnics and 1 university.
Narok County has 84 health dispensaries, 16 health centers, 1 Sub district and 3 district
hospitals. The doctor to patient ratio is 1: 100,953, the infant mortality rates and under-five mortality rates are not known in the district but the provincial data shows Rift
valley to an infant mortality rate of 60 per 1,000 live births and under-five mortality of
12 per 1000 live births. The most prevalent diseases affecting people in the county
include malaria and HIV/AIDs.

Outline of the thesis
Chapter 1: The general introduction gives an overview of trends of malnutrition among
women and children in Kenya and emphasizes on the ‘double burden of malnutrition’
brought about by the emergence of overweight among food insecure and undernourished populations. We discuss the etiology and trends of overweight in developing
countries more so in sub-Saharan Africa and specifically in Kenya. This chapter also
discusses studies on overweight in Kenya and outlines the gaps in these studies and
our major objectives for this study. Chapter 1 also gives a general introduction to the
study area; its topography and general characteristics as well as the study settings and
methods. Chapter 2 is a review of determinants of stunting and overweight among
children. Chapter 3 describes the status of food insecurity using household food insecurity access score (HFIAS) as a measure of food insecurity and its relationship with
overweight and underweight among women in Kenya. Chapter 4 discusses the preva-
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lence of malnutrition among children (0-5yrs) in Narok County and it emphasizes on
predictors of overweight, underweight, stunting and wasting among these children. It
also looks at how these factors are associated with food insecurity. Chapter 5 and 6
focuses on how physical activity relates with body composition and water turnover
among women. It also discusses how physical activity and food security influence
pregnancy outcomes. Chapter 7: Describes the measures of adiposity in women. There
is no standard measurement of adiposity among women therefore our study focuses
on how some of these measures relate with each other and the consequences of using
them. Chapter 8: The general discussion gives a summary of important findings reported in this thesis and it also highlights practical implications and recommendations
for future research.
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Abstract
Background: Stunting and overweight are nutritional problems affecting most of
sub-Saharan Africa. The region now has the world’s highest rate of stunting among
children—43 percent, whereas overweight and obesity is becoming a global epidemic
and Africa is not spared. The past two decades has seen a dramatic increase in obesity
in sub-Saharan Africa. The purpose of this systematic review is to explore the determinants of stunting and overweight in sub-Saharan Africa.
Methods: A Literature search was conducted in PubMed using the key words
stunting, overweight, obesity, Africa, sub-Saharan Africa, determinants and prevalence. Limits were set to include articles published within the period of 1990-2012. The
systematic review resulted in 38 studies and after selection based on title; content and
the country of study, 18 studies were eligible for this review. Chi square was used in
data analysis.
Results: Prevalence of stunting and overweight were dependent on socioeconomic, demographic and environmental factors. Many studies indicate that being
male and living in a rural setting one is likely to be stunted, whereas overweight among
children depended more on age, household composition, occupation of the mother
and the mother’s body mass index. Being both stunted and overweight occurred
across gender and ages 1-5 y. Stunting was more prevalent among males compared to
females. Socio-economic status such as mothers’ education, occupation, household
income were some of the determinants directly linked to stunting, whereas, environmental factors such as rural and urban settings and sanitation influenced both stunting
and overweight. Concurrent stunting and overweight is influenced by maternal and
household factors such as maternal height, age and education as well as large household size and lower socioeconomic status respectively.
Conclusion: Although socio-economic, demographics and environment factors
were significant in determining stunting and overweight, other factors such as nutritional and lifestyles were important risk factors. Stunting in childhood is a risk factor
that may results in overweight and obesity later in adolescence and adulthood indicating the need to screen children below 1 y to identify stunting early in life. Promoting
exclusive breastfeeding is reported to be important in preventing both stunting and
overweight among children. More research is needed to explore the relationship between stunting and overweight and explore policy guidelines to address the phenomenon.
Key Words: stunting, overweight, sub-Saharan Africa, determinants
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Introduction
Chronic malnutrition is a persistent problem for young children in sub-Saharan Africa
(1). It is worth noting that malnutrition is a term that has often been used interchangeably with under-nutrition in explaining nutritional problems particularly in developing countries. A high percentage of malnourished children fail to reach the normal international standard of height for their age that is they are stunted (1). In the
recent past, studies have shown different trends; increasing over-nutrition in different
countries and persistent under-nutrition in other countries particularly in sub-Saharan
Africa (2). According to Hoffman, the prevalence of obesity is increasing worldwide,
including in some developing countries with previously a very low prevalence (3). The
World Health Organization (WHO) defines overweight and obesity as a condition of
abnormal or excessive fat accumulation (4). A chronic positive energy balance normally
precipitates the accumulation of excess adipose tissue. This positive energy balance is
believed to be influenced by a number of environmental, socioeconomic and physiological factors such as high fat diets and/or decreased physical activity. How these
factors are manifested in developing countries is critical to the recent increase of obesity in countries undergoing transition, i.e. increasing urbanization (3).
The WHO indicates that globally in 2005, there were more than 1 billion overweight adults, at least 300 million of them obese (5) and up to 20 million children under five who were overweight (6). There are no reliable statistics on obesity in Africa,
however, more than one-third of African women and a quarter of African men are
estimated to be overweight and according to the WHO this will rise to 41 percent and
30 percent respectively in the next 10 years (7). On the other hand, the region now has
the world’s highest rate of stunting among children i.e. 43 percent and has shown little
improvement over the past 15 years (1). Childhood obesity continues to be a serious
health problem across the globe (8) and has become a global epidemic both in children
and in adults, and is still increasing in both industrialized and developing countries (9).
However, some studies have indicated that in developing countries there is an increase
in prevalence of overweight and obesity among children who are stunted (10-12).
More specifically, stunting has also been associated with obesity later in life (13). The
coexistence of both stunting and overweight/obesity among populations in developing
countries poses a major challenge to policy makers. Mainly because these countries in
the past have been struggling with problems of under-nutrition and are now faced
with the challenges that come with overweight and obesity. Therefore they may lack
the infrastructure to treat and manage chronic diseases associated with obesity.
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Emerging trends and their effects on nutrition in sub-Saharan Africa
Africa is gradually moving from a continent of food deficit and under-nutrition to a
continent with both under-nutrition and over-nutrition. According to Schmidhuber et
al. way back in the 60’s, the entire developing world was suffering from substantive
calorie deficits, chronic undernourishment and in some cases outright famine, except
in a few countries (14). They further indicate that, by the end of the 90s, the rather
homogenous picture of low supply of food and hunger of the 60s had changed completely and the prevalence of undernourishment had fallen to levels below 10% in all
regions except for sub-Saharan Africa as well as a few countries in South Asia. The
more rapidly growing developing countries, in particular, are beginning to suffer from
an oversupply of food energy such that hunger and obesity now often co-exist in the
same country or region (14).
WHO indicates that changes in diets and lifestyles resulting from industrialization,
urbanization, economic development and market globalization are having a significant
impact on the nutritional status of populations (15). Further, WHO reiterates that the
processes of modernization and economic transition have led to industrialization in
many countries and the development of economies that are dependent on trade in the
global market. Even though this resulted in improved standards of living and greater
access to services, there have also been significant negative consequences in terms of
inappropriate dietary patterns and decreased physical activities as well as a corresponding increase in related diseases (15). The nutrition transition that has been witnessed in many parts of the world especially in the developing countries with fast
growing economies, has led to changes in dietary patterns (16-18).
Rapid urbanization and changing consumption patterns mean greater demand for
agricultural products by people who often do not produce them (1). Due to increased
economic development and urbanization, populations in many developing countries
are now consuming more energy, more processed foods including more refined grains,
and more foods higher in saturated fat, sugar and salt (19-21). National food and nutrition policies, as well as trade policies that affect the relative price of food, may also
encourage such changes. Low prices and increased income mean that people now
access food that they could normally not afford and in most cases these are the fried,
sugary and salty foods in place of traditional whole grain and leafy vegetables. As income grows, consumers want to diversify away from cereals and other starchy foods
(22). These are foods that are normally ready to eat, highly processed, high in salt and
fat, which people find convenient; this is as opposed to healthy foods which require
further preparation and processing like cooking.
Nutrition transition is a contributing factor towards increased obesity. Das (23)
indicates that societal changes and worldwide nutrition transition are driving the obe-
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sity epidemic. As incomes rise and populations become more urban, diets high in complex carbohydrates give way to diets with a higher proportion of fats, saturated fats,
and sugar. At the same time, large shifts toward less physical activity are also found in
the increasing use of automated transport, technology in the home and more passive
leisure pursuits. As a result, if energy intake exceeds expenditure for a long time period, the surplus of energy is stored as fat mass and if energy imbalance continues, the
result is overweight and obesity (24).

Association between stunting and overweight
Stunting and overweight/obesity are both forms of malnutrition. Stunting represents
under-nutrition, whereas overweight represents over-nutrition. The trend now in developing countries is the coexistence of both stunting and overweight among individuals, households, within communities. The existence of stunted children-overweight
mother pairs has been reported in some studies (20, 25-27), and other studies show a
correlation between nutritional stunting (growth retardation attributed to undernutrition during childhood) and later obesity in developing countries (3, 13, 28, 29). A
recent study in Mexico reveals that overweight with concurrent stunting occurs in
young children: 5% in indigenous and over 10% in non-indigenous children 24-60
months (30).
Having a stunted child and an overweight mother is more prevalent in Latin America than in Africa and it is linked to economic development in both regions as well as to
urbanization in Latin America (31). Some developing countries that have higher numbers of overweight mothers also have higher numbers of stunted children, further,
since overweight is higher in urban areas and now increasing in the rural areas in Africa, stunted child-overweight mother pairs exists more in the urban areas (31). This
double burden phenomenon brings into light factors related to intra-household food
distribution and gestational weight gain that may lead to overweight mothers and
stunted children. A study by Dieffenbach and Stein (25) indicate that the increasing
stunted children and overweight mother pairs is due to the increasing prevalence of
overweight mothers and decreasing prevalence of childhood stunting and that the
underlying factors remain the same. Thus intervention on the double burden of malnutrition does not need to change from the already existing interventions targeting
overweight mothers and stunted children.
Stunting has been found to be associated with both metabolic and psychological
risk factors for obesity; furthermore, nutritionally stunted children have impaired fat
oxidation compared with non-stunted children from the same environment (3). Stunted children from poor backgrounds are at risk of obesity and may gain weight over
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time when food supplies become sufficient to allow an ad libitum consumption (3). In
urbanized developing countries with higher a Gross National Product (GNP), food scarcity may no longer be the driving factor behind energy intake (32). Instead the availability of cheap, energy-dense food (including those from the street vendors and fastfood restaurants) may facilitate the consumption of more calories. Therefore, families
moving from rural to urban areas face the possible risk of overweight and obesity particularly among previously stunted children
A study among children in Brazil revealed that childhood nutritional stunting was
associated with impaired fat oxidation, a factor that predicted obesity in other at-risk
populations(12). A longitudinal study also in Brazil indicated that girls recovering from
under-nutrition tend to have a high ratio of fat to protein accretion and the cause is
not known (28). In the same study, a higher increase in weight-for-height was shown
among the stunted than the non-stunted when higher fat diets were consumed (28). A
study among young children in Mexico also showed that mild stunting was a risk factor
for accumulation of excess body fat (30).
Overweight and stunting have been explained differently in the studies above,
particularly in the different continents that represent the developing countries and
more so in countries experiencing a nutrition transition. However, Africa is a unique
continent in that it is the only continent where under-nutrition is still increasing in
absolute numbers in spite of the progress made in terms of poverty reduction. The
increasing under-nutrition is accompanied by increasing overweight and obesity. What
remains unknown is the magnitude of the problem of stunting and overweight in Africa
although the problem has been discussed in many publications. In addition, there is
need to know implications of having both overweight/obesity occurring concurrently
with stunting among individuals and in the same household and community. This is a
gap that needs to be filled as it is important to both researchers and policy makers.
Thus there is need for more studies on stunting and overweight in Africa as a whole.
Thus the main focus of this systematic review is an analysis of the co-existence of and
the association between stunting and overweight/obesity among children in subSaharan Africa.

Research Methods
A literature search of the PubMed central database was conducted for relevant articles
on April 5th, 2011. First we searched for review article on the same topic to ensure the
study had not been conducted before. Two searches were performed with the search
terms ‘stunting AND underweight AND overweight AND sub-Saharan Africa’ or ‘stunting AND overweight AND Africa’ respectively. The first search resulted in 13 articles
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and the second search resulted in 37 articles. When comparing the two search results,
some articles were included twice. Thus after elimination a total of 38 titles were identified to include only those studies done in sub-Saharan Africa. The inclusion criteria
were that articles needed to be published within the time period of 1990 to 2012 and
studies must contain relevant data of children 0-18 years from sub-Saharan African
countries. A total of 19 studies were eliminated by year of publication and one was in
Norwegian and a total 18 studies were selected for this review. A descriptive analysis
was done of the data obtained from the reviewed papers to include the prevalence of
stunting and overweight, their causative factors and the country where the study took
place. The associations reported by the studies reviewed were compared and the significance of the associations found was tested by using Chi square. Our hypothesis was
that stunting and overweight are independent of demographic, socioeconomic, environmental, lifestyle and nutritional status in the 18 studies.

Results
The results from the literature search are summarized in Table 1 (10, 33-49) and Table
2. Table 1 shows data on the prevalence and determinants of stunting, overweight and
stunted-overweight in sub-Saharan Africa from the 18 studies identified:—53% were
performed in South Africa, 11% in Cameroon, 11% in Nigeria, 5% in Equatorial Guinea
and 5% in Kenya. Three (16%) studies involved multiple countries in Africa. The determining factors of stunting, overweight, and stunted-overweight were scored using the
symbol asterisk (*) to represent the risk factors. The number of stars in a column represents the number of factors in that category that influenced the nutritional status.
Demographic factors included age, gender and ethnicity; Social Economic Status included income, parental education, parental occupation etc; Environmental factors
included region (urban and rural) and household size and composition; lifestyle factors
included physical activity, food choices and dietary habits; nutritional factors included
mother’s body mass index (BMI), dietary intake, infant feeding, among others. Table 2
shows the summary statistics from Table 1. The results indicate demographic, socioeconomic and environmental factors were significant while lifestyle and nutritional
factors were not significant.
The prevalence of undernutrition in both preschool and adolescents showed significant sex differences with stunting and underweight being more pronounced in
males than females (10, 33-36). Adolescent girls were more overweight than boys (33,
34); however, among preschool children, males were more overweight than females
(18.3% and 17.2%, respectively), whereas 8% were both stunted and overweight (10).
The prevalence of stunted and obese increased from 0.59% in 1997 to 3.59% in 2004 in

29

Equatorial Guinea (37). When considering obesity, no statistically significant difference
across gender and age groups were found among adolescents as reported in as study
in South Africa (33). In a study in Equatorial Guinea between 1997 and 2004, the
prevalence of overweight children increased from 21.8% to 31.7%, especially in urban
areas (from 18.2% to 29.4%, p=0.01) (37), meaning that the rural areas also saw and
increase of the prevalence of overweight in this country. The prevalence of overweight
was also reported as high among 1 to 3y (23.8%) in a study in South Africa (38).

Demographic factors associated with stunting and overweight
In the 18 studies sampled, demographic factors were significant in contributing to
prevalence of overweight and stunting χ² (3, n=18) =18.84, p<0.05 (Table 2). However,
a study in Nigeria indicated that although males were taller than females, stunting was
more pronounced in males, who were 7.5 cm shorter than the 2006 WHO reference
compared with females who were 3.5 cm shorter than the standard (34). However, a
study among adolescents in Cameron showed more girls to be stunted than boys (39).
In Cameron, girls might be more stunted as a result of cultural preferences whereby
the males have access to food, education and other social economic facilities as compared to the females. In explaining overweight using demographic factors such as
gender, girls tend to be more overweight compared to boys (33, 34, 36, 40, 41). Regarding age as a determining factor, in a South African study, stunting was already
present in children during the first year of life; this brings into focus the importance of
assessment of length at birth or during the first year of life to identify stunted children
for intervention. (50). Since stunting occurs as a result of chronic malnutrition, maternal nutrition before and at pregnancy becomes important if stunting at the first year of
life is to be prevented. Mothers’ age is also a determinant in the nutritional status of a
child. A study in Kenya indicated that a mother’s age is a positive and significant determinant of children’s height and the reverse is observed for stunting risk suggesting
that children’s nutritional status improves with age of the mother at the time of delivery (51).

Socioeconomic factors associated with stunting and overweight
In the sampled 18 studies, stunting and overweight were dependent on socioeconomic factors, χ² (3, n=19) =8.5, p<0.05 (Table 2). Out of 19 studies, 14 indicated
that socio-economic factor were associated with stunting, underweight and overweight. Some maternal factors (occupation and education) and household factors
(income and lower socio-economic status) were associated with concurrent stunting
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and overweight. Household factors such as size and composition also have an impact
in that large household size may suggest that there is more competition for available
food. Maternal education was cited as important in improving nutritional status of
children (10, 38, 42-44, 49). Maternal education is also often associated with maternal
employment and higher income (10). Having a mother as a student increased the risk
of stunting at 3 years, whereas having a working mother increased the risk of overweight (50). A working mother in most cases would mean increased income for the
household and consequently more access to food.

Environmental factors associated with stunting and overweight
Our study found that in the stunting and overweight were dependent of environmental factors, χ² (df=3, n=18) =8.88, p<0.05 (Table 2). Rural and urban differentials were
the most common factors among the reviewed studies to affect stunting and overweight (10, 34, 36, 38, 45, 47, 49). In a study in Nigeria, adolescents in rural schools
were much more likely to be stunted than those in urban private schools (34). Stunting
and underweight were most severe in the rural adolescents, where they were 16 times
more likely to be stunted and 4 times more likely to be underweight than adolescents
in urban private schools (34). Rural and urban settlements vary in terms of poverty
levels and socio-economic status. A study in South Africa by Kruger (35) reported no
significant association between stunting and overweight; however, there was a tendency to gain subcutaneous fat after the age of 14 y, especially in urban girls. Living
conditions such as housing, sanitation etc. were also cited in some studies as important factors in determining malnutrition (35, 38, 39, 47). Sanitation and access to
health care was reported as a factor in the differences in nutritional status between
urban and rural children(51). In as much as there was an increase in overweight in the
urban settlements as reported in many studies, the rural areas are also not spared, as
seen in Equatorial Guinea (37) and South Africa (36).

Lifestyle and its effects on stunting and overweight among children
Our study found out that stunting and overweight of children were independent of
lifestyle factors, χ² (df=3, n=18) =4.08, (Table 2). Although, lifestyle factors such as
physical activity is crucial in determining nutritional status of young children, only 3
studies reviewed reported that physically inactive children were more likely to be
overweight (36, 39, 41), two other studies indicated its importance in proper growth
and development. Smoking was also reported among some young children, its link to
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stunting and overweight was not reported, although studies have linked smoking
among pregnant women to low birth weight (52, 53).

Nutritional factors and their effects on stunting and overweight among
children
Our study found out that stunting and overweight of children were independent of
nutritional factors, χ² (df=3, n=18) =3.10, (Table 2). In a study by Oliveria et al the association between parental and children’s dietary practices was shown to be stronger for
the mother-child comparison than that for the father-child comparison (54). Studies
have reported maternal nutritional status to be positively associated with child nutritional 5status (10, 55). In a study in Kenya it was found that maternal nutritional status
was significantly associated with overweight as well as with obesity among pre-school
children (10). Therefore the health and wellbeing of the mother is necessary to ensure
healthy children. However this is not always the case as seen in some studies that
report stunting as well as underweight in households with overweight mothers (31,
56). Inadequate dietary intake was reported to contribute to stunting and underweight
among children in many studies (10, 43, 44, 47), while formula feeding and early weaning contributed to overweight (42).

Discussion
This review investigated the prevalence and determinants of stunting and overweight
among young children and adolescence and the findings were that demographic, socio-economic and environmental factors were significant in determining stunting and
overweight in the 18 studies reviewed, and although lifestyle and maternal nutritional
factors were important factors, we did not find them significant. This agrees with a
study by Frongillo et al (57) that indicates that socio-economic and demographic factors are associated with worldwide stunting and wasting. However, in our study we did
not look at wasting, which has been known to be closely associated with stunting as
described in the study Victoria (58), but we looked at underweight, overweight and
stunted-overweight. In our study, we found males had higher prevalence of stunting
than females, whereas overweight was more prevalent in females. Overweight among
children depended more on demographic factors such as age, household composition,
occupation of the mother and the mother’s BMI. Being both stunted and overweight
occurred across gender and ages 1-5 y. Stunting was more prevalent among males
compared to females. Socio-economic status such as mothers’ education, occupation,
household income were some of the determinants directly linked to stunting, whereas,
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environmental factors such as rural and urban settings, and sanitation influenced both
stunting and overweight. Thus the high prevalence of stunting among male children,
the role of socio-economic factors particularly maternal levels of education, occupation and income as well as the maternal nutritional status formed the highlight of the
discussion in this review.
This study has shown that in developing countries, socio-economic factors contribute significantly to the prevalence of stunting, underweight and overweight among
0-20 years (10, 34, 36, 39, 42). Another study reveals that some maternal factors (lower height, age and education) and household factors (large size and lower socioeconomic status) were associated with concurrent stunting and overweight (59). However, male children were more prone to undernutrition than the female, and this
agrees with a study by Kabubo-Mariara, which indicated that boys are more likely to
suffer chronic and acute undernutrition as well as underweight than girls (51). The rise
in the numbers of stunted and overweight may be as a result of rapid economic
growth that has resulted in nutrition transition as well as economic transition. Economic growth affects sections of a population differently (60). The poor who are food
insecure may suddenly be able to access foods that are cheap but lacking in nutrients
and thus over-consumption of energy-dense foods may occur resulting in overweight
and obesity. This therefore may explain the presence of stunting and overweight
among households and the concurrent occurrence of the same among individuals.
Co-existence of stunting and overweight in the same child was found to be common in children less than five years but was uncommon in older children 5-9 years and
adolescents aged 10-20 years (36). Children under five years of age have to be weaned
and therefore, feeding practices and underlying hygiene and sanitation within the
home may influence the nutritional status of a child. This may also depend on whether
the child was exclusively breastfed or otherwise. According to a study in South Africa
many infants were underweight at birth but fewer were stunted, however in the first
12 months, growth patterns change with infants gradually becoming more stunted and
more overweight because exclusive breastfeeding for longer periods was uncommon
in the study area (43). Promotion of exclusive breastfeeding is therefore important in
the prevention of overweight and stunting amongst new born babies for a period of 6
months and continued breastfeeding alongside complementary feeding for a period of
24 months as outlined in the UNICEF programming guide (61). There is need for a
mother to know the importance of breastfeeding and the need for proper hygienic
practices during weaning. A South African Study points out that a child’s Human Immunodeficiency Virus (HIV) status is a significant predictor of underweight and this is
important regarding the mothers’ choice to breastfeed or not breastfeed depending
also on her HIV status (62).
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Poor hygiene may occur as a result of lack of clean water, poor drainage, contaminated
water sources and lack of knowledge on importance of practicing proper hygiene and
sanitation. A South African study also indicated that having an informal housing structure and fewer rooms in the house, poor or inadequate water and sanitation, low income and unemployment contribute towards undernutrition (38). Other than poor
hygienic practices, mother’s level of education was a major determinants for development of under-nutrition in Africa (63). Cultural practices may contribute to low education among women, in that many cultures particularly in Africa still see education of
the girl-child as not as important as educating the male-child.
With the persistent high prevalence of stunting and overweight among African
children there is need for an urgent intervention. Martorell et al. indicate that the
challenge for developing countries is eliminating malnutrition and growth faltering
while preventing obesity from rising (41). Socio-economic disparities are widening with
the poor remaining poor or worsening and the rich becoming richer, the major challenge for countries in transition is the reduction of poverty and also to the reduction of
socioeconomic and health disparities particularly in the urban areas (32).
The coexistence of under- and over-nutrition in the same household and among
individuals has implications for food and nutrition programming. Targeting intervention programs to both stunted and overweight individuals is a challenge since the desired outcome is contradictory:—ensuring there is no stunting, underweight and wasting and preventing overweight. However, some important interventions for reducing
the rate of under nutrition may also be beneficial in terms of reducing the burden of
obesity i.e. promoting breastfeeding, improving the nutritional status of women of
reproductive age, reducing the rates of fetal growth retardation and low birth weight.
In addition, intervention programs for the male children have to be put in place as they
were most vulnerable as seen in the high prevalence of stunting and underweight in
the reviewed studies.

Conclusion
In this review, we found demographic, socio-economic and environmental factors as
significant in determining stunting and overweight. Being male and living in a rural
setting, one is likely to be stunted, whereas overweight among children depended
more on age, household composition, occupation of the mother and the mother’s BMI.
Also noted was that mother’s age was a positive and significant determinant of children’s height, indicating that women need to delay their child bearing in order to lower the chances of having stunted children. The co-existence of both stunting and overweight was common among children under-five. Therefore, there is a need to promote
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pre-pregnancy and pregnancy nutrition in order to prevent overweight in later childhood and adulthood. More studies are needed in other parts of sub-Saharan Africa to
be able to make a conclusive report regarding prevalence of stunting and overweight
in order to come up with policy frameworks for addressing both stunting and overweight since in this review most of the studies were from the southern region of subSaharan Africa.
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Abstract
Objective: There has been a rise in the number of overweight women across the
globe and sub-Saharan Africa has not been spared. Our objective was to describe the
performance of household food security as a factor in determining overweight and
underweight among Kenyan women of child-bearing age.
Design: A cross sectional survey using a structured questionnaire was carried out
among 656 households with women of child-bearing age from both rural and urban
settings in the Rift Valley, Kenya.
Results: Of all households involved 70.1% were categorized as severely food insecure, 21.9% were moderately food insecure, 3.7% were mildly food insecure whereas
4.3% were food secure. Urban women had higher mean BMI (M=24.53, SD=4.36),
compared to rural women (M=22.52, SD=3.71, p<.000). Households with more children
had decreased dietary diversity (r= -.154: p<0.01). Logistical regression indicated that
more food secure households (OR=0.97, CI 9.4, 1.0, 95%), urban residence (OR=1.82, CI
1.1, 3.0, 95%) being older (OR=1.10, CI 1.1, 1.5, 95%) and high standard of living
(OR=1.79, CI 1.2, 1.5, 95%) were strong predictors of overweight while being underweight was predicted by younger age (OR=.91, CI, .83, 1.0, 95%).
Conclusion: A food secure household does not predict underweight but predicts
overweight among women.
Key words: food insecurity access, overweight, underweight, dietary diversity and
women
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Introduction
Overweight and obesity and its risk factors are in the increase in sub-Saharan Africa
with higher increase among the urban-poor dwellers (1-4). The current estimates are
that as much as 20-50% of urban populations in Africa are classified as either overweight or obese(5, 6) and that by 2025 three quarters of the obese population worldwide will be in non-industrialized countries (7). Reasons for the increase in overweight
and obesity are not fully understood although physical inactivity and increased consumption of high fat and refined carbohydrates are thought to be contributing factors
(8-10). However, it has also been suggested that overweight and obesity may occur
due to limited availability of food and this occurs if food insecurity leads to consumption of obesity promoting foods (11) or overeating when food becomes available or
metabolic change that permits efficient use of energy (12). Food security exists when
all people at all times have access to sufficient, safe, nutritious food for a healthy and
active life (13). Food insecurity is defined as limited or uncertain availability of nutritionally, adequate and safe foods, or limited or uncertain ability to acquire acceptable
foods in socially acceptable ways(14). Food insecurity and malnutrition result in serious
health problem and loss of human potential in developing countries (15). Increasing
food insecurity in the developing world paradoxically has resulted in increasing numbers of overweight. Past studies cite increased availability of high sugar and energy,
low fibre foods as a major cause for overweight and obesity (16, 17). However some
studies conducted in developed countries have consistently shown that mild but not
severe food insecurity is associated with obesity among women (18-20). This association between food insecurity and obesity has not been confirmed in studies performed
in developing countries, where poverty rates are much higher (21). In spite of the increasing numbers of overweight, underweight still persists in these food insecure
groups, and both may coexist within the same households or neighborhood (22, 23).
Although the prevalence of overweight exceeds that of underweight in most developing countries (24), the consequence of both are damaging to health. A study among
adults and children from low-and middle-income families in Bogota, Columbia, indicated that food insecurity was related to maternal underweight but not to maternal
overweight(25). The association of food insecurity and overweight is not consistent as
found by two studies (26, 27). The adverse health effects resulting from overweight
and underweight are far reaching and are sometimes permanent and may result in
death (28, 29). Women and children are vulnerable to malnutrition and food insecurity. Further women globally have higher rates of obesity than men (9). Therefore this
study targets women of child bearing age in Kenya to identify the relationship between
food insecurity, overweight and underweight among this group of women and to highlight the predictors of overweight and underweight.
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Methods
Study, setting, design and sampling
This was a cross-sectional study that took place in Narok County, Kenya. The Narok
County is made up of an agricultural and agro-pastrolists community in the South Rift
Valley. The study was carried out in the Narok District Hospital where we randomly
selected women of child bearing age (15-45 y) to participate in this prevalence study.
The women were randomly selected from the Mother and Child Health (MCH) clinics
where they were bringing their children for immunization and weighing. The women
were approached and assigned a number between 1 and 2 and all the women assigned
number 1 were asked if they were willing to participate. A total of 649 participants
from rural and urban areas agreed to the study protocol and gave an informed consent. The inclusion criterion was that the women must have one child below five years
of age at the time of the study.
All study procedures were approved by the Institute for Research and Ethics
Committee (IREC) of Moi Teaching and Referral Hospital, Eldoret, Kenya. The subjects
gave written and verbal consent to both study procedure and participation. The data
were collected by the principal author and three trained research assistants in July and
August 2011.
Measurements
Data were collected through interviews and anthropometric measurements. The interview consisted of a structured questionnaire and included questions on household
socio-economic and demographic characteristics, 24 hour dietary recall, and a Household Food Insecurity measurement. After the interview, the respondents presented
themselves for the anthropometric measurements. Data on standard of living (SOL),
age, household size, marital status and number of children were collected.
To measure SOL, we considered assets ownership as well as income and expenditure. Income and expenditure were categorize into 1 for high and 0 for low income as
well as 1 for high expenditure and 0 for low expenditure. The assets included owning a
radio, cell phone, refrigerator, mode of cooking (gas, firewood or electricity) and type
of house as well as having access to a toilet facility. We recorded the type of energy
used for cooking into advanced and old methods of cooking: Gas and electricity were
included in the advanced list whereas charcoal and firewood among other energy
sources were in the old methods of cooking. The type of house was the last factor,
where type of house was defined by the roofing and the building materials. Iron sheets
and tiled roofing as well as stone were categorized into 1 for higher levels whereas
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grass-thatched and mud/iron-sheet roofing were categorized into 0 for the lower level.
Principle component analysis and calculation of Cronbach’s Alpha resulted in an 8 item
standard of living scale.
Food Insecurity was measured by the Household Food Insecurity Access Scale
(HFIAS) which is a nine-items scale consisting of two types of questions; an occurrence
question followed by a frequency of occurrence question which asked the participant
how often the condition reported in the previous occurrences question happened
during the previous month (30). The occurrence questions asked whether the respondent or other household members either felt a certain way or performed a particular behavior over the previous one month. Before inclusion in the questionnaire, the
questions were reviewed with Key Informants as suggested in the protocol. A standard
scoring procedure was used with 1 point for occurrence and 0 for non-occurrence. The
frequency scores ranged from 0 to 3, where 0 was the score for non-occurrence, 1 for
rarely (once or twice in the past four weeks), 2 for sometimes (three to ten times in
the past four weeks) and 3 for often (more than ten times in the past month). For the
purpose of this paper we used the total score (9-items based on the frequency score).
A total score of 27 represents a food insecure household whereas a lower score represents a more food secure household.
Data on household dietary diversity was collected with the Household Dietary
Diversity Score (HDDS) (13). The HDDS captures dietary diversity in a normal 24 hour
period by the household as a whole and not a single member. Food consumed outside
the home that was not prepared in the home was not included. A set of 12 food
groups was used to guide the scoring as per the food items consumed, with 1 being the
minimum score and 12 as the maximum (13).
Anthropometric measurements of weight and height were taken from the woman
who was interviewed. Weight was measured to the nearest 0.5kg using a mechanical
scale (SECA 762). Height was measure to the nearest millimeter also using a transportable stadiometer (SECA 214). The scales were calibrated after each session of measurements. Waist and hip measurements were measured using a tape. The waist was
measured around the narrowest point between the navel and the ribcage. The hip was
measured around the widest part of the hip to the nearest cm. All measurements were
taken with light clothing on and without shoes. A total of two measurements were
taken and an average calculated.
Data management and analysis
The data were entered using Microsoft® Excel 2003 and rechecked for accuracy to
minimize errors. Analysis was done using Statistical Package for Social Sciences (SPPS)
Version 17.1. Frequency distribution of all the data was done for descriptive purposes.
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Internal consistency of the measurements (Cronbach Alpha) was calculated for the
Household Food Insecurity Access (HFIAS) and SOL. Pearson’s correlation analysis was
performed to compare relationship between variables. Logistic regression analysis was
used to examine factors related to underweight (BMI≤18.5) and overweight (BMI≥25)
and linear regression analysis for predicting the total BMI score.
Tables 1: General characteristics of women in rural and urban in Narok County, Kenya
Population
Mean (SD)
n=649

Rural
Mean
n=162

Urban
Mean
n=487

p-value

Weight (kg)

61.8 (12.3)

58.2 (10.6)

63.0 (12.6)

.000

Height (m)

1.6 (0.07)

1.61 (0.07)

1.60 (0.06)

NS

Hip circumference (cm)

96.9 (10.0)

94.2 (9.4)

98.0 (9.9)

.000

Waist Circumference (cm)
SOL
Household size
Age (years)
Post Primary education %
Marital status (%)
Single
Married
Other#

79.0 (10.5)
4.97(1.92)
4
26
49.2

77.3 (11.2)
3.62(1.82)
5
26
12.3

79.3 (11.1)
5.42(1.73)
4
26
36.9

0.05
.000
NS
NS
.000

9.5
88.6
1.8

6.2
92.0
1.9

10.7
87.5
1.8

NS
NS
NS

Note: SD- standard deviation, cm- centimeters, NS-not significant, #separated/widowed/divorced

Results
Anthropometrics measurements and general characteristics
Table 1 presents data on age, marital status, education and anthropometric measurements of the women. Among the participants, 88.6% were married. At least 5.5% of
the women had no formal or informal education and 49.2% had post primary level of
education in the study group and primary education was reported by 45.3% of the
women. Education beyond primary level was reported by 54.4% and 33.3% of the
urban and rural participants respectively. Main source of income, according to 38.6%
of the respondents was from formal employment.
Running of a small holdings business such as small shops or kiosks as the main
source of income was reported by 24.5%, whereas farming was the main source of
income for 19.6% participants. Crop production (28%) was the main agricultural activity followed by mixed farming at 11.6% (livestock and crop).
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The women who had more than one child less than five years of age were 40%. The
average household size was 5 and 4 in the rural and urban areas respectively. At the
interview date, 73.7% of the women had not moved residence within the past six
months and 66.6% lived in rental houses. A total of 33.5% of women had access to
their own tapped water, while 25.5% of the women used communal tapped-water
points, 16% bought water from vendors and 25% got the water from a borehole, a
stream/river or harvested rain water. Women who had no access to a toilet facility
were 7.9%. Relief food which is common in the arid and semi-arid areas has not been
accessed by 88.6% of the women in the community. Meals were shared at the same
time by all family members in 66.3% of the households whereas 16.9% served children
first whereas 16.2% served husband or male figures in the households first.

Nutritional status and Household food security
Body Mass Index (BMI) of women was higher in the urban (24.5) compared to the rural
(22.5) areas. Combined overweight and obesity was higher in the urban (39.6% compared to that of rural participants (21%). However, underweight was 11.2% and 3.7%
among the rural and urban women respectively. The percentage of the population that
had waist-to-hip ratio (WHR) ≥0.85 was 26.2%, whereas those who had waist circumference ≥80 cm were 38.9 % (Table 2). The Household Dietary Diversity Score (HDDS)
had a mean score of 6.56 for the total population and did not significantly differ between urban and rural settings.
However, the Household food insecurity access differed slightly with rural settings
being more insecure (12.61 ± 6.8) than the urban (11.20 ± 6.03). A total of 4.3% of the
population were food secure whereas 70.1% reported severe food insecure access.
Affirmative responses to the 9 items in the scale ranged from 53.5% to 88.0%. The
item least frequently receiving an affirmative response was question 8, ‘Did you or any
household member go to sleep at night hungry?’ Whereas the item receiving the highest number of affirmative responses was question 1, ‘Did you worry that your household would not have enough food?’
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Table 2: Descriptive statistics of Nutritional status, Dietary diversity and Household food security among
rural and urban women in Narok County, Kenya (N=649)
Variables

p-value

Urban
Mean (SD)
n (487)

Rural
Mean (SD)
n (162)

Population
Mean (SD)
n( 649)

Average meals per day

3.0 (0.51)

2.97 (0.47)

3.03 (0.52)

0.15

HDDS

6.56 (1.3)

6.41 (1.27)

6.61 (1.30)

0.093

HFIAS score

11.5 (6.26)

12.61 (6.80)

11.20 (6.03)

0.013

BMI (kg/m )

24.0 (4.3)

22.4 (3.6)

24.5 (4.4)

0.000

- Underweight (%)

5.6

11.2

3.7

0.000

- Normal (%)

59.4

67.7

56.6

0.000

2

- Overweight (%)

26.0

18.6

28.4

0.000

- Obese (%)

9.1

2.5

11.3

0.000

Waist circumference cm (%)

38.9

41.2

32.1

0.04

WHR (%)

26.2

29.0

25.3

0.34

2

Note: Body mass index (kg/m ), WHR- waist to hip ratio, HFIAS-Household food insecurity access scale,
HDDS- household Dietary Diversity

Table 3: Inter-correlation of variables associated with nutritional status among women in Narok County,
Kenya (N=649)
Variables

1

1 marital status

-

2

3

4

5

6

7

2. Education

-.054

-

3. HFIAS

-.004

.022

4.SOL

.004

-.002

-.280**

-

5. HDDS

-.020

.048

-.127**

.266**

-

6. Residence

.047

.137**

.098*

-.408*

-.068

-

7. BMI_Underweight

.044

.146**

.078*

-.162**

-.037

.140**

8. BMI_Overweight

.038

-.052

-.133**

.257**

.042

-.169** -.178**

9. No of children

.12**

.138**

.167*

-.305**

8

9

-

-.154** .253**

-

-.055

.082*

-

Note: *p < 0.05; **p < 0.01, HFIAS—household food insecurity score, SOL- Standard of living HDDS- Household dietary diversity score, BMI_underweight =1, BMI_overweight=1

Pearson product-moment correlations were computed to assess the relation between
SOL, HDDS, education, residence and number of children (Table 3). There was a positive association between HDDS and SOL (r=.27, p<0.01) and negative association between HDDS and number of children (r=-.15, p <0.01, whereas SOL was negatively
associated with number of children (r=-.31, p<0.01). When comparing education and
BMI, there was a significant positive relationship between education and underweight
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(r=.15, p<0.01), and a positive relationship between education and overweight (r=.052, p=0.184). Looking at the numbers of those with no education and underweight,
the numbers were higher in the rural (66.7%) areas compared to the urban (45.6%)
areas. Overweight had a positive association with number of children (r=.082, p< 0.05).
Logistic regression analyses were performed on overweight and underweight as
separate outcomes and eight predictor variables: marital status, education, SOL, number of children, household food insecurity score, household dietary diversity score, age
and residence.
Table 4: Logistic Regression analysis of predictors of overweight among women in Narok County, Kenya
(n=648, BMI ≥ 25)
95% CI for Odds
B (SE)

Lower

Odds

Upper

Marital status

-.510 (0.32)

.32

.60

1.12

Education

.202 (0.21)

.81

1.22

1.86

Overweight

SOL

.298** (0.07)

1.19

1.79

1.53

No of children

.117* (0.11)

.92

1.13

1.38

HFIAS

-.029* (0.016)

.94

.97

1.00

Dietary Diversity

-.009 (0.075)

.86

.99

1.15

Residence (urban)

.597* (.255)

1.10

1.82

3.00

Age

.093** (0.023)

1.05

1.10

1.15

Constant

-4.977 (.831)

2

Model x (1) = 94.00, *p<.05, **p<.001; SOL- standard of living; HFIAS- household food insecurity access
scores; SE—standard error.

Table 4 and Table 5 show the regression coefficients, odds ratios and 95% confidence
intervals for each of the eight predictor variables. Predictors of overweight that were
significant were SOL, age, number of children in the household, residing in the urban
and lower household food insecurity access score as indicated in Table 4. Women who
had higher SOL had higher odds of being overweight (OR=1.79, CI 1.19, 1.53, 95%), and
older women had higher odds of being overweight (OR=1.10, CI, 1.05, 1.15, 95%). A
negative association was reported between overweight and HFIAS (OR=.97, CI .94, 1.0,
95%), indicating that the lower the food insecurity score the higher overweight and
vice versa. Regarding the prediction of underweight, younger women had higher odds
of being underweight (OR =.91, CI .83, 1.0, 95%)(Table 5). Although not significant,
being underweight reduced with increased SOL.
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Table 5: Logistic Regression analysis of predictors of underweight among women (BMI ≤ 18.5, n=649)
95% CI for Odds Ratio
B (SE)

Lower

Odds

Upper

Marital status

.249 (0.53)

.45

1.28

3.64

Education

.343 (0.46)

.57

1.41

3.50

SOL

-.186 (0.13)

.65

.83

1.07

No of children

.198 (0.19)

.84

1.22

1.78

HFIAS

.013 (0.03)

.96

1.01

1.07

Dietary Diversity

-.020 (0.15)

.73

.98

1.32

Age

-.093* (.05)

.83

.91

1.004

Residence (urban)

-.568 (0.42)

.25

.57

1.295

Constant

-.093 (1.67)

Underweight

2

Model x (1) = 21.59: HDDS-Household dietary diversity score, SOL- standard of living, No- number, SEstandard error

Linear regression analysis was computed to assess the association between BMI and all
8 predictor variables. There was a positive significant relation between BMI and the
predictor variables (R2=.17, p<.001) as seen in Table 6. Only age (Beta=.28, P<.001) and
SOL (Beta=.29, p<.001) were positively associated with BMI.
Table 6: Linear Regression analysis of BMI and standardized beta of predictors variables among women in
Narok County, Kenya (n=649)
B

SE B

Β

Marital status

.19

.50

.01

Education

-.08

.38

-.01

SOL

.63

.10

.28*

No of children

.07

.18

.02

HFIAS

-.02

.03

-.04

HDDS

-.02

.13

-.01

Age

.23

.04

.29*
.01

Residence (urban)

.08

.41

Constant

14.95

1.46

2

Note: R =.17 (p<.001). *p<.001, SOL-standard of living, HFIAS-household food insecurity access score, HDDShousehold dietary diversity
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Discussion
In this study, urban women had higher numbers of overweight compared to their rural
counterparts, and although underweight existed in both groups, the prevalence was
lower compared to overweight in the study group. This is in agreement with many
studies in developing countries that report that urban dwellers are frequently better
nourished than their rural counterparts (31-33). However, the fact that the urban areas in our study mainly consisted of peri-urban dwellers with a poor infrastructure and
low economic status may explain that the prevalence of underweight persisting among
both the rural and urban dwellers although the prevalence was high among rural
dwellers. In addition, overweight is an emerging problem among the rural dwellers as
observed in our study. The predictors of overweight among our participants were SOL,
age, HFIAS score, residence and number of children while age was a significant predictor of underweight.
In our study the urban dwellers reported a high number of overweight and underweight respectively and that overweight was related to high standard of living. This
was the case in a study by Ziraba et al. that indicated that urban dwellers had the highest cases of obesity (2). High standard of living using wealth index may be translated to
mean wealthy households thus our study agrees with the findings from a study among
Ghanian women which indicated that obesity was common among wealthy households
as opposed to the poor (34) and a study by Shayo (35) which indicated that participants with a high socio-economic status had a statistically significant increased risk for
obesity compared to participants with low socio-economic status. It is worth noting
that the study by Ziraba (2), reports an increase in obesity among higher socioeconomic groups as well as an increase in the number of obese among the lower socioeconomic group. In our study SOL was a measure of income, expenditure, access to
toilet facility, advanced cooking method, owning a cell phone as well as type of housing material thus it cannot be used interchangeably with socioeconomic status in the
reported studies.
Education levels within the study area were still low compared to other counties
in Kenya (36). Education is important in terms of making choices when it comes to
resource allocation. Studies indicated that women who receive even a minimal education are generally more aware than those who have no education of how to utilize
available resources for the improvement of their own nutritional status and that of
their families (37-39). A cultural practice that is common among the study population
is that of marrying-off girls at a young age, thus within this community one is likely to
find young married women. The youngest participant among the study population was
15 years of age. According to a government document released in 2008 secondary
education enrolment rate for girls in the study area was 15% and that of boys was
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20%, while primary education enrollment rate was 73% and 83% for girls and boys
respectively (36). Using education as a proxy for socioeconomic status the study by
Ziraba et al. which included data from Kenya, indicated that the prevalence of obesity
was higher among the non-educated than educated group (2), however in our study, it
is worth noting that the percentage number of women who had attained post-primary
education was higher among rural dwellers compared to urban dweller. Thus the noneducated and the primary level educated women were mainly found in the urban areas, where overweight was higher. In addition, overweight women were low among
households where the respondent had no education but the numbers increased
among the primary and secondary level of education respondents. This may relate to
income or job opportunities whereby the no education women had lower chances of
getting higher paying employment while those with primary or secondary level of education had opportunities of increasing income and thus increased in food access, however this may not always be the case.
Age was an important predictor of BMI among women in that the older the women the higher the chances of them being overweight and the younger the women the
higher the probability of underweight and thinness (40) . Women tend to gain weight
with increasing age and parity (41-44). However some studies indicate greatest weight
gain among young adults (20-29y) particularly women (45). During pregnancy women
gain weight and they may not lose this weight after pregnancy and in the event that
they become pregnant again additional weight is gained. This concurs with other studies that indicated that if excessive pregnancy weight is not lost soon after breastfeeding, overweight and obesity may occur (46). However, younger age was an important
predictor of underweight as also reported by Griffiths et al (40). Underweight prevalence was also higher among rural women compared to urban women in our study;
this may be explained by the longer distances women traveled to access social amenities such as shops, health centers, searching for water etc. Thus, activity levels may be
high among this group leading to underweight and thinness. However, this is beyond
the scope of this paper and will be discussed elsewhere.
Most households were predominantly male-headed households as indicated by
the larger percentage of married women among the participants. According to a study
done in Ethiopia, marital status of women is associated with household headship and
other social and economic status of the women that affects their nutritional status
(37). When women control resources, children and household members become better nourished (47). However, when it comes to nutritional status of children, conflicting results have also been reported in studies that show children of working mothers
to have a lower nutritional status compared to children of mothers who work at home
(48). This brings into focus the issue of care, whereby women who leave their children
in the care of others may compromise the nutritional status of their children as op-
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posed to the mothers who work at home and care for their children themselves. In our
study, the married participants had higher prevalence of overweight compared to the
single, divorced or separated; however, underweight was more prevalence among the
younger group (ages 15-24).
Household food insecurity arises when families do not have enough to eat, in that
food is neither available nor accessible. In our study area, food insecurity was predominant in many households as reported in government documents (49). Seasonal hunger
per se is the most common during planting seasons and just before harvest are the
times the people go hungry. According to a study by Vaitla et al. most of the world’s
hunger and under-nutrition occurs during the pre-harvest season (50). However, as
much as this is the case in this population, overweight is still reported among some of
the participants in our study, indicating that overweight is not only a disease of the rich
but also of the poor. The results from this study indicated that household food insecurity access is a predictor of overweight and this is also reported in other studies (2, 19,
21, 35). In this study, household food insecurity access is not a statistically significant
predictor of underweight. This is in contradiction with a study which showed that food
insecurity predicted underweight but not overweight among adults and children (25).
With increasing overweight and underweight among respondents within food insecure
household brings into question the quality of the food consumed and maybe also the
quantity, particularly fried foods which are cheap and easily available particularly in
the urban areas.
Number of children being a predictor of overweight in this study seems related to
parity. As a woman gives birth to many children without losing pregnancy weight between births, their weight progressively increases. Parity, according to a study done in
Ghana, was significant in predicting obesity (34). In our study women who had one or
two children were more likely to be underweight and overweight. Increased number of
children per household would mean scarcer resources and increased physical activity
for the mother in providing and caring for the children thus the lower BMI among
those with many children. Sanitation is equally important in determining nutrition and
in this study most of the households used communal water points and in the rural area
women traveled long distances to get water whereas within the urban area water was
sold at the communal water-points by water vendors. Several studies have looked at
the relationship between source of water and availability of toilet facility in that inadequate water and sanitation increase the probability of infectious disease and indirectly
cause some types of malnutrition (38, 39). The relationship between sanitation and
nutritional status of women was reported in another unpublished article (51).
Our study had some limitations; i) we did not study cultural diversity. Different
cultures have different food consumption patterns and dietary habits and thus nutritional status of the different communities (tribes) would differ as a result of varied
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dietary habits, ii) Nutrient security is also important in explaining the overall nutritional
status of an individual, our study did not look at the different nutrients in the diet,
which would predispose one to either overweight or underweight, iii) Our study did
not take into consideration physical activity to explain overweight and underweight
among women but included in another ongoing study.

Conclusion
Overweight is a major nutritional problem among women in the study area although
food insecurity is also a problem confirming the paradox of over-nutrition occurring
where food insecurity exists. In our study food secure household have higher odds of
being overweight and not underweight. Other predictors of overweight included being
in an urban settlement, high SOL, increasing number of children and age whereas,
dietary diversity reduced with increasing household food insecurity.
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Abstract
Background: Overweight is on the increase in sub-Saharan Africa, where food
insecurity is prevalent. The overall objective of this study was to investigate food insecurity and the prevalence and risk factors of overweight and under-nutrition among
children in Narok County, in Kenya.
Methods: From a random sample of 649 children under-five attending the Mother
and Child Clinic (MCH) in Narok County, anthropometric measurements were taken
and a structured questionnaire was completed by the mothers.
Results: Mild, moderate and severe stunting were 12.3%, 4.8% and 2.6% respectively, 15.7%, 6.0% and 2.2% for underweight and 16.6%, 5.2% and 4.3% for wasting
respectively. Overweight was 6.9%. Logistic regression showed that having a married
mother (Odds ratio (OR) = .4, confidence interval (CI) 95%, 1.2-6.5) and drinking boiled
water (OR=0.3, CI 95%, .11-.83) as significant predictors of overweight. Significant
predictors of stunting included being a younger child (OR=1.1, CI, 95%, 1.0-1.1), high
number of children in a household (OR=1.7, CI 95%, 1.2-2.5), and high maternal BMI
(OR=1.1, CI 95%, 1.0-1.2). While significant predictors of wasting included high number
of children (OR=.67, CI 95%, .46-.98), having a married mother (OR=.13, CI 95%, .02.96) and recently suffered from fever (OR=1.8, CI95%, 1.2-2.5). Significant predictors of
underweight were being a younger child’s (OR=1.1, CI95%, 1.0-1.1) and young mother
(OR=.90, CI95%, .82-.98).
Conclusion: Household food insecurity was not a predictor of overweight; however maternal factors play a crucial role in under- nutrition of children and also overweight. Tailor-made programs are needed to curb the raising overweight and persistent under-nutrition in Kenya. Key words: Household food insecurity access, overweight, underweight, stunting, children (0-5yrs)
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Introduction
Food insecurity is the inability to consistently acquire enough calories and nutrients for
a healthy and productive life (1). Food insecurity affects dietary intake and, ultimately,
nutritional status and physical well-being of children (2). In some developed countries,
studies report a link between food insecurity and overweight and obesity (3, 4), while
in developing countries food insecurity has always been associated with hunger and
under-nutrition, until recently when the ‘double burden’ of malnutrition was reported
showing under-nutrition along with an increase in overweight and obesity in the same
population (5).
Globally, approximately 30% of children under 5 years old are stunted and 18%
are underweight (6). In 2010, 35 million children in developing countries were estimated to be overweight and obese and it is projected that in 2015, 4.5 million children (0-5
y) will be overweight and obese in Eastern Africa (7). The Kenya demographic Health
Survey (KDHS) of 2008-2009 indicated that the proportion of stunted children declined
from 35% in 2000 to 30% in 2008-09 (8). Overweight among children (< 5 yr.) in Kenya
is reported in some studies (9-11) and the prevalence was 5% in 2008 (10). Stunting
and overweight have been reported to coexist in the same population and sometimes
an individual can be stunted and overweight at the same time (9). A recent study on
trends and determinants of under-nutrition in Kenya indicates an emerging pattern of
this double burden of malnutrition in the same households (12). However, the study by
Masibo et al. does not report on the magnitude of overweight as a health problem in
Kenya and its determinants. Childhood overweight and obesity are known to have
serious adverse psychological, social and health consequences in childhood and later in
life, particularly cardiovascular diseases (13). Stunting has also been known to increase
the likelihood of one being overweight later in life (14). While studies conducted previously have highlighted the prevalence and determinants of under-nutrition(12, 15) few
studies have examined the element of over-nutrition and its determinants in Kenya,
particularly its coexistence with under-nutrition and food insecurity (9). The studies by
Gewa (9) and that of Pawloski et al. (11) were based on the data from the Demographic Health Survey (8). Gewa reported overweight among pre-school children to be approximately 18% and obesity was 4% while factors associated with overweight among
children were higher maternal level of education, maternal overweight, high birth
weight and being stunted. Whereas Pawloski et al. indicated that there were geographic factors influencing the nutritional status of children for example the high prevalence of overweight and obesity in the urban areas and possibility of cultural factors
impacting on nutrition. Both studies do not report on the role of food security or the
lack of it on overweight among children. The relationship between disease and nutritional status among children has been documented (16, 17). Child malnutrition may

65

cause infections while infections may result in under-nutrition. Wamani et al. indicate
that stunting was predicted by factors such as socio-economic, health-care and environmental factors (18), while Masibo and Makoka reiterate that wasting is associated
with availability and type of toilet facility (12). The emphasis of this paper was to highlight the importance of stunting and overweight among children in Africa and how
food insecurity and other factors plays a role in determining nutritional status. Therefore the specific objectives of the study were to document prevalence of malnutrition,
to determine the association between household food security and malnutrition and
to identify the predictors of malnutrition among children in Kenya.

Methods
Study setting
This study was conducted in Narok County, Kenya. Narok County is located on the
South West part of Kenya within the Rift Valley region. It borders Nakuru, Bomet, Bureti, Nyamira and Kisii Counties to the North West, Kajiado to the East and Migori to
the West. Narok County also shares a border to the South West with Tanzania. The
estimated total population in Narok by the year 2009 was 850,920 with a density of 47
people per Km2 (19) The study took place in the former Narok North before it merged
with Narok South to form the Narok County. Narok has a varied topography with altitudes ranging from 3,098 metres above sea level in the highlands to 1,000 meters in
the lowlands. Although, the potential for farming in the highlands is high, the lowlands
have made the County be classified as among the Arid and semi-arid lands, which are
dry and prone to drought and food insecurity (20).
Recruitment and Sampling
This study was part of a longitudinal study that included women 15- 45 years of age
with their youngest child below the age of 5 yr. Data collection took place between
March 2011 and March 2012 at the Narok District Hospital which serves the entire
Narok County. A total of 670 women were recruited through random sampling. A total
of 21 women were excluded from the study for either not completing the questionnaire or declining to be interviewed. The final sample interviewed for this study was
649 women and 649 children were also presented for measurements. Interviews and
measurements were conducted after the women had gone through routine clinic
check-up and if for any reasons this was not completed follow-ups were made to the
respondent’s residence or during the next clinical visit. Research assistants were
trained for two days on how to carry out the measurements and to familiarize them-
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selves with the tools. A pilot study took place prior to the main study to test the instruments (21).
Measures
a.Household food insecurity
Food Insecurity was measured by the Household Food Insecurity Access Scale (HFIAS)
which is a nine-items scale consisting of two types of questions; an occurrence question followed by a frequency of occurrence question which asks the participant how
often the condition reported in the previous occurrences question happened during
the previous month (22). The occurrence questions ask whether the respondent or
other household members either felt a certain way or performed a particular behavior
over the previous one month. Before inclusion in the questionnaire, the questions
were reviewed with Key Informants as suggested in the protocol. A standard scoring
procedure as detailed in the protocol (22) was applied to arrive at the categories of
food insecurity access (food secure, mild, moderate and severe food insecurity) and
the Household food insecurity score (HFIAS Score) based on the frequency of occurrence scores. A household food insecure score of 27 is deemed as food insecure and 0
for food secure.
b. Dietary Diversity
Data on household dietary diversity was collected with the Household Dietary Diversity
Score (HDDS). The HDDS captures dietary diversity in a normal 24 hour period by the
household as a whole and not for a single member. Food consumed outside the home
that was not prepared in the home was not included. A set of 12 food groups was used
to guide the scoring as per the food items consumed, with 1 being the minimum score
and 12 as the maximum for dietary diversity (23).
c. Anthropometric measurements
Weight and height/length were measured to assess the nutritional status of the children. Height/length was measured using a SECA 416 measurement board whereas
weight was measured using a SECA 725/834 digital baby weight scale. For Children < 2
years the recumbent length was measured with the child lying down on its with legs
stretched. Two measurements were obtained for both and the average was calculated
and recorded. Both measurements were obtained with minimal clothing on the child
and without shoes.
The weight and height of the mother was also measured to calculate BMI. A SECA
762 mechanical scale was used to measure weight to the nearest 0.1 kg and a SECA
217/214 height board was used to measure height to the nearest 0.1 cm. Both measurements were taken with minimal clothing on and without shoes.
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d. Interview Schedule
A structured questionnaire was used to obtain data on socio-economic and demographic characteristics and was administered to the mother. The questionnaire was
divided into 3 main sections: i) Socio-economic and demographic ii) food, nutrition and
health iii) a. Household food insecurity access scale—the measurement tool and b.
Household Dietary Diversity Indicator—Measurement of Household food access.
Data processing and analysis
Statistical analyses were performed with SPSS version 19.0 and Microsoft® Excel 2010
for Windows 7. Anthropometric measurements of all the sampled children and z
scores were determined using EPI InfoTM 7 using WHO reference standards (24) and
the indices (Height-for-age, weight-for-height and weight-for-age) analyzed in SPSS.
Children who were below minus 1 standard deviations (-1SD) were considered mildly
undernourished, while below minus 2 (-2SD) were considered, moderately undernourished, while those below minus 3 standard deviation (-3SD) were severely undernourished. Overweight was above 2 standard deviation (+2SD) weight-for-height. Nutritional status of the mothers was determined using BMI (Weight in kilograms divided by
height in meters square). The BMI for mothers was categorized according to WHO (25)
classifications; underweight (BMI<18.5), normal weight (BMI=18.5-24.9), overweight
(BMI=25-29.5) and obese (BMI≥30). Binary logistic regression analysis was used to
identify the significant predictors of malnutrition among children. The independent
variables were all entered in one model with the outcome variables coded as 0 and 1,
1 to indicate if the outcome of interest is present and 0 for when it is absent. Independent t-test was used to compare rural and urban affirmative response scores in
food insecurity access.
Ethical Approval
The study procedures and protocol was approved by the Moi University and the Moi
Teaching and Referral Hospital ethics committee in Eldoret, Kenya. It was also approved by the Narok District Hospital Medical Officer who gave permission for the
research team. Written informed consent was obtained from the mother for the interview to take place and the measurements of the child to be taken.
Results
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Socio-demographics characteristics, food security status and nutritional status of
children
The male and female children were 51.8% and 49.2% respectively, while those from
urban area were 75% and the rural area 25% (Table 1). The participant’s ages ranged
from 1 month to 59 months (Mean: 8.7, SD: 8.4) whereas 88.6% of the children were
from households with a married mother. The mean household size was 4.3 (SD=1.7).
There was no significant difference in mean height between male and female children
(69.2 ± 10.6, 67.9 ± 9.3), except for weight which was significantly higher among males
(8.16 ± 2.4, 7.65 ± 2.3; p < 0.001). The prevalence of stunting was 12.3% mildly stunted, 4.8% moderately stunted and 2.6% were severely stunted. Mildly wasted was reported among 16.6% of the children, 5.2% were moderately wasted and 4.3% were
severely wasted. Mildly underweight was reported among 15.7% of the children, 6.0%
were moderately underweight and 2.2% were severely underweight. Overweight prevalence was at 6.9% among the study group and stunted-overweight children were
2.5%. Male and more male (4.2 %) children and more male (4.2 %) children than females (2.8 %) were overweight.
TABLE 1: Household socio-demographic characteristics in percentages, Narok County, Kenya
Socio-demographics

N

%

Urban

487

75

Rural

162

25

Residence

Gender
Male

336

51.8

Female

313

48.2

0-6

315

48.5

7-12

224

34.5

13-24

74

11.5

25-60

36

5.5

15-24

302

46.6

25-50

347

53.4

Single/divorced/separated

75

11.5

Married

575

88.

294

45.3

Age of children in months

Age of mother

Maternal Marital status

Maternal level of education
Primary
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Socio-demographics

N

%

Post primary

319

49.2

No formal education

36

5.5

246

37.8

Household size
2-3
4-7

367

56.6

>7

36

5.6

1-2

447

68.9

>3

202

31.1

No of children

No of meals
1-2

54

8.3

>3

596

91.7

Yes

192

29.5

No

457

70.5

Yes

398

61.1

No

251

38.9

Yes

299

45.8

No

350

54.2

Yes

501

77.1

No

148

22.9

Yes

321

49.4

No

329

50.6

Hired domestic help

Fever

Malaria

Flu

Diarrhoea

Access to Toilet facility
Yes

593

91.2

No

57

8.8

Overweight was 5.1% for children in urban dwellings and 1.8% for those in rural dwelling. Overweight prevalence was highest at 3.7% (p<0.05) among children 0-6 months.
A total of 88% of the households reported anxiety and uncertainty about food supply
(Q1-4), 65% positively responded to the questions on insufficient food and its physical
consequences (Q5—9) (Table 2). Whereas 70% of the households were severely food
insecure and 4.5% were food secure (Table 3). On average, rural households expressed
greater anxiety about sleeping hungry (M=0.61, SE=0.04) compared to the urban
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households (M=0.51, SE=0.02) and the difference was significant (t=-2.10 p<0.05) (Table 2).
Predictors of stunting, wasting and underweight among children (<5y)
Logistic regression results (Table 4) indicated that child’s age was a significant positive
predictor of stunting (OR=1.1, CI95%, 1.0-1.1) and underweight (OR=1.1, CI95% 1.01.1) indicating that children between 0-12 months were more likely to be wasted and
stunted (Figure 1). Younger mothers were more likely to have children who were
stunted (OR=.85, CI95% .78-.94) and underweight (OR=.90, CI95% .82-.98). However
older mothers had higher odds of having wasted children (OR=1.1, CI95% 1.0-1.2).
Table 2: Percentage distribution of affirmative response to the 9-items in the Household Food Insecurity
Access Scale and t—test among rural and urban residence, Narok County, Kenya (n=649)
Overall

Rural

Urban

t-test

Indicator

n

%

n

%

n

%

1

Worry about food

571

88.0

424

65.3

147

22.7

-1.25

2

Inability to eat preferred food

522

80.4

393

60.6

129

19.9

.30

3

Limited variety of food

521

80.3

390

60.1

131

20.2

-.22

4

Inability to access to preferred food

517

79.7

386

59.5

131

20.2

-.44

5

Smaller amounts of foods

529

81.5

398

61.3

131

20.2

.24

6

Reduced number of meals

512

78.9

385

59.3

127

19.6

.18

7

Ever no enough food

384

59.2

280

43.1

104

16.0

-1.5

8

Sleep hungry

347

53.5

249

38.4

98

15.1

-2.10*

9

Go whole day without food

351

54.1

255

39.3

96

14.8

-1.53

*p<0.05

Whereas households with fewer children were more likely to have wasted children
(OR=.67, CI95% .46-.98), those with a higher number of children were more likely to
have a stunted child (OR=1.7, CI95%, 1.2-2.5). Children in this case were the number of
the children in the household regardless of age. Mothers who reported to boil drinking
water had higher odds of having a stunted child (OR=.42, CI95%, .18-.96). Mother’s
with higher BMI (OR=1.1, CI95% 1.0-1.2) were more likely to have a stunted child than
those with low BMI. Having access to a toilet facility was negatively associated with
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having a child who was wasted (OR=.21, CI95% .10-.92) and having had a fever recently
was a positive predictor of wasting (OR=1.8, CI95% 1.2-2.5).
Table 3: Distribution of Household food insecurity access among rural (n=162) and urban (n=487) settlements in Narok County, Kenya
Urban

Rural

N

%

Overall
%

n

n

%

Food secure

17

2.6

11

1.7

28

4.3

Mildly food insecure

20

3.1

4

0.6

24

3.7

Moderately food insecure

120

18.5

22

3.4

142

21.9

Severe food insecure

330

50.8

125

19.3

455

70.1

Predictors of overweight among children (<5y)
Logistic regression results (Table 5) showed that marital status (OR = 2.7 95% CI 1.26.5) and drinking boiled water (OR=.30, CI95%, .11- .83) significantly predicted overweight. Households in which the mother was married had higher odds of having an
overweight child and households that drank boiled water had higher odds of having an
overweight child. Food insecurity access score and dietary diversity were not significantly associated with overweight.
Table 4: Socio-demographic, Household and maternal factors associated under-nutrition among young
children (< 5 y) in Narok County, Kenya
Socio-demographic
characteristics

Stunting
(height-for-age)

Underweight
(weight-for-age)

Wasting
(weight-for-height)

OR

95% CI

OR

95% CI

OR

95% CI

Urban (1)

1.4

0.7

3.0

1.2

0.6

2.4

1.4

0.7

2.8

Rural

-

-

-

-

-

-

-

-

-

Male (1)

0.8

0.4

1.5

0.6

0.3

1.2

1.0

0.6

1.8

Female

-

-

-

-

-

-

-

-

-

Residence

Sex

Child’s age

1.1***

1.0

1.1

1.1***

1.0

1.1

1.0

1.0

1.0

Size of Household

1.0

0.8

1.3

0.9

0.6

1.2

1.2

0.9

1.6

No of children

1.7**

1.2

2.5

1.4

0.9

2.0

0.7**

0.5

0.9

Maternal BMI

1.1**

1.0

1.2

1.0

0.9

4.3

1.0

0.9

1.0

1.9

0.8

4.7

1.0

0.4

2.7

0.1**

0.02

1.0

Marital status
Married (1)
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Socio-demographic
characteristics

Stunting
(height-for-age)

Underweight
(weight-for-age)

Wasting
(weight-for-height)

OR

95% CI

OR

95% CI

OR

95% CI

-

-

-

-

-

-

-

Post Primary level (1)

1.1

0.5

2.3

0.6

0.3

1.3

0.8

0.4

1.5

Primary and lower level

-

-

-

-

-

-

-

-

-

Mother’s age

0.9***

0.8

0.9

0.9**

0.8

1.0

1.1***

1.1

1.2

HDDS

0.9

0.7

1.1

0.9

0.7

1.1

1.0

0.8

1.3

HFIAS_score

1.0

1.0

1.1

1.0

1.0

1.1

1.0

1.0

1.1

No of meals per day

0.9

0.5

1.8

1.0

0.5

1.9

1.2

0.7

2.1

Hired domestic worker

2.3

0.9

5.6

0.5

0.2

1.2

1.4

0.7

2.8

Boil drinking water

0.4**

0.2

1.0

0.7

0.3

1.6

1.1

0.6

2.1

Malaria

1.0

0.6

1.5

1.0

0.7

1.6

1.0

0.6

1.4

Single/divorced

-

-

Maternal Education

Household food security
status

Fever

1.0

0.6

1.5

0.6

0.3

1.4

1.8***

1.2

2.5

Flu

0.9

0.6

1.4

1.1

0.8

1.8

1.0

0.7

1.5

Diarrhea

1.0

0.6

1.5

1.1

0.8

1.8

1.2

0.8

1.6

Access to toilet

1.1

0.3

3.6

0.6

0.1

2.1

0.2**

0.1

0.9

*p< 0.01, **p< 0.05, ***p< 0.005, 1- reference category

Table 5: Socio-demographic, Household and maternal factors associated with overweight among young
children (< 5 y) in Narok County, Kenya
Overweight
Socio-demographic characteristics

OR

95% CI
Lower

Upper

Residence
Urban (1)

0.9

0.4

2.2

Rural

-

-

-

Male (1)

0.7

0.4

1.4

Female

-

-

-

Sex

Child’s age

1.0

0.9

1.1

Size of Household

1.2

0.8

1.7

No of children

1.5

0.8

3.1

0.9

0.8

1.1

Mother’s nutritional status
BMI
Marital status
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Overweight
Socio-demographic characteristics

Married (1)

OR

95% CI

0.4*

Lower

Upper

1.2

6.5

Mother’s education level
Post Primary level

1.0

0.5

2.0

Primary and Lower level

-

-

-

HDDS

1.1

0.8

1.4

HFIAS_score

0.9

0.9

1.0

No of meals per day

0.6

0.3

1.2

Household food security status

Hired domestic worker

1.0

0.5

1.2

Boil drinking water

0.3*

0.1

0.8

Malaria

1.3

0.8

1.9

Fever

0.9

0.6

1.4

Flu

1.3

0.8

2.1

Diarrhoea

1.1

0.7

1.5

Access to toilet facility

2.0

0.6

7.2

HDDS—household dietary diversity score, HFIAS—household food insecurity access score, *p< 0.05, 1reference category

30
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% of malnutrition

25
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20
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10
5
0
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Age in months
Figure 1: Distribution of malnutrition by age-group among children, Narok County, Kenya
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Discussion
Our study examined the prevalence of malnutrition among children and assessed possible determinants of stunting, wasting, underweight and overweight and their association with household food insecurity in Kenya. Mild, moderate and severe stunting
were 12.3%, 4.8% and 2.6% respectively, while mild moderate and severe underweight
were 15.7%, 6.0%, and 2.2% respectively. Mild, moderate and severe wasted were
16.6%, 5.2% and 4.3% respectively, while overweight was 6.9% and stuntedoverweight was 2.5%. The findings in this study indicate that prevalence of malnutrition among children was generally lower compared with that reported in other studies
in Kenya (9, 15). Predictors of overweight among children in our study were having a
married mother and providing boiled drinking water in the home. While factors which
were significant in predicting wasting included lower number of children in a household, being a younger child, having older mothers and married mothers, having access
to a toilet facility and having had fever in the month before the study. In our study
being a younger child and having a younger mother were significant predictors of underweight. Being stunted was associated with older age of the child, having a younger
mother, and having a mother with higher BMI, and living with a higher number of children in the household.
In as much as the prevalence of stunting, wasting and underweight have declined
over the years, overweight and obesity are on the rise (26). Overweight and obesity
are indicators of underlying public health problems. Overweight among children is
associated with a wide range of serious health complications and an increased risk of
premature illness and death later in life (27). Male children were generally more malnourished than girls, a finding which was consistent with other studies (15, 18, 28-30).
It’s indicated that girls have an anthropometric advantage which may be as a result of
a historic pattern of preferential treatment of females due to the high value placed on
women as a source of labor and bride-wealth in this county (31). However, in our study
it is worth noting that male children were also more overweight than the females, a
fact which was not consistent with other studies in Africa which found female children
more overweight than male counterparts (32-34). Overweight has been seen to increase with age among female children due to the fact that women have a higher proportion of fat relative to total body weight as reported in other studies (35, 36). However, in our study group the male children may have been overfed due to the local
cultures that emphasize that male children need more food than females to be able to
grow up strong and healthy.
Stunting and underweight were common among younger children in our study
and this finding has been reported in several studies in Africa and several factors come
into play to determine the nutritional status at this age for example rapid growth and
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development rate that characterize infancy (37) and also inadequate food intake that
may have not been met adequately by the nutrients provided through breast feeding
or other complementary feeding during this period. In our study, the prevalence of
under-nutrition was high among ages 7 to 12 months, while under-nutrition decreased
among children over 1yr. Studies report that the immediate cause of under-nutrition is
either inadequate intake of food or poor health status (38, 39), however timing of
feeding and quality and quantity of food are also crucial particularly at this young age.
Infrequent feeding and not enough food may lead to under-nutrition but too frequent
feeding with a lot of food may lead to overweight. In our study overweight was high
among children 0-6 months of age, low among 13-24 months and higher again after 2
years bringing into question infant feeding practices and the introduction of other
foods during weaning which may lead to poor eating habits and infections. Studies
have also shown that a shortened period of breastfeeding increases risk of childhood
obesity (40-42), however this study did not look at the breastfeeding patterns of these
children. Research has also shown that ages between 0-24 months creates a window
of opportunity at which malnutrition can be averted if proper intervention is taken and
a child is able to catch up in terms of growth and development (43, 44). The mother or
the caregiver should be the target in any intervention to improve the nutritional status
of the child because the overall nutritional status of a child is a reflection of the child’s
environment as well as social and economic opportunities of the care giver (45). Thus,
of importance are the feeding habits which contribute to both overweight and undernutrition though under-feeding or over-feeding. Proper feeding schedule and weighing
of the child’s food may be important especially when the mother opts not to breastfeed.
Food insecurity has been reported to be associated with overweight which has
been reported previously but mainly in the developed countries (3, 46) and more so
among women than men and children (4, 47) . Household food insecurity can be defined differently by different people depending on the prevailing circumstances. For
example in some cases lack of staple foods or not being able to access preferred food
would be defined as food insecurity. However, the same households could have access
to foods that are not staple such as fried foods like potato chips, doughnuts and other
street foods which may predispose them to overweight. In addition, the coping strategies that the household employs to feed the children during hunger seasons may also
predispose them to overweight like force feeding the children with porridge. Force
feeding is used by many ethnic groups in Kenya, a technique where the mother uses
her left palm curved under the mouth then porridge is poured, while using the thumb
to block the nostrils, the child is slowly fed with the porridge, taking breaks in between
to allow the child to breath.
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In our study, overweight among children occurred across households of the married
and not married women although the prevalence was higher among children born to
mothers who were married. Marriage could mean improved livelihoods for women
because the husband may provide the food resources they need which may mean
more than sufficient food that may lead to overweight. The opposite can also be true,
where under-nutrition flourishes in households where the mother is married. For example in our study, wasting, stunting and underweight occurred mostly in households
were the mother was married. In the households, the females are generally responsible for food management (46) particularly in African culture and therefore if they have
no access to resources, then they may not be able to provide adequately for their children. In most African communities women carry the burden of other household chores
and outside the home for instance on the farms and thus may have no time to care for
their children which may explain the prevalence of under-nutrition among children
from married mothers. Culturally, these obligations may be reduced for a single, divorced or separated mother. Although households with the head of the household
being male (married women) were culturally required to provide food for the male
figure in the home before the children which may also explain the high number of
undernourished children in households with a married mother. In addition, the mother
has to divide her time for caring for children and household chores with caring for the
husband. However more studies are needed to ascertain reasons for the high malnutrition among children in households with a married mother. Access to safe drinking
water in a household would also mean improved livelihoods, and that could be the
reason why in our study, we found that a household that had access to boiled drinking
water had higher odds of having an overweight child. Access to safe water and improved sanitation can also means reduced incidences of diseases and water borne
infections causing the child to remain healthy as reported in a study by Cheng et al.
(48). In addition, improved sanitation by accessing clean drinking water and access to a
toilet have been emphasized as one of the Millennium Development Goals whose
target is the be achieved by halving the number of people without accesses to clean
water and basic sanitation by 2015 (49).
The relationship between maternal education and nutritional status of the children has been discussed in many studies whereby the higher the educational attainment, the better the nutritional status of children (9, 50). In our study, although the
education was found not to be a significant predictor of under-nutrition nor overweight, the importance of maternal education cannot be underestimated. In our study,
mothers with post primary education had fewer children who were underweight,
wasted, and stunted. However the numbers of overweight were almost the same for
mother with lower levels of education compared to those with post primary level of
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education. This suggests that overweight is not only a problem of the educated, rich
individuals but also occurs across poor households with low literacy levels.
Fever was associated with wasting, a finding which was consistent with other
studies which found high fever to lead to growth faltering (17, 51). Wasting is sometimes referred to as acute malnutrition and occurs as a result of most recent effects of
lack of food, hunger or illness particularly malaria which is endemic in this region.
Therefore, fever results in loss of fluids through dehydration or lack of appetite and it
could be an indicator of underlying infection, thus explaining the low weight for height.
Preventing frequent bacterial and parasitic infections through improved sanitation,
using mosquito nets, boiling drinking water and eating fresh food are important health
behaviors contributing to the general welfare of a child and to prevent malnutrition. In
addition, having access to a toilet facility is also crucial in improving sanitation within
the homestead as it was also found to significantly predict wasting in children in our
study, a finding which was consistent with many other studies in Kenya and Africa.
If not reversed, the increasing rates of overweight among children will have
enormous implications not only for future health care expenditures but also for the
overall development of the nation (52, 53). There is urgency in reversing the trends of
increasing overweight and obesity in developing countries which are still battling with
effects of under-nutrition, food insecurity and hunger. In our study, household food
insecurity was negatively associated with overweight among children, and although
overweight is in the rise in Narok County, Kenya, under-nutrition still flourishes. Therefore interventions are needed to curb the rising overweight and also tame the prevailing under-nutrition among children to avoid the overwhelming negative consequences
that the two will have on the health sector.
Limitations, strengths and recommendations
The strength of our study is that we were able to analyze the nutritional status of children and determine overweight cases as well as under-nutrition together with food
insecurity which has not been reported in many studies in Kenya. The limitation of the
study is that the household food insecurity access was assessed based on how the
participant answered the questions. Hunger and anxiety of not having sufficient food is
perceived differently by different people. Some people consider hunger as not being
able to access staple food although other foods may be available. According to the
FAO, food security has four dimensions, access, availability, and stability and utilization
(54). In our study, we assessed food access using the HFIAS food access tool and utilization was measured using anthropometric measurement, while dimensions of stability and availability were not covered. It is a suggestion for future research that all the
dimensions of food security be studied in this area to provide an opportunity for a

78

more holistic analysis. Our study also did not measure the actual food taken but relied
on recall to assess dietary diversity. Relying on recall can lead to misreporting on the
actual events that took place. The participants may not have recalled actual intake due
to poor memory or by false reporting. Future research is needed to look at food security’s dimensions of stability and availability as well as psychosocial factors surrounding
food intake, and how these factors impact on overweight and stunting among children.
Further, more studies on dietary intake of the children may highlight the importance of
feeding patterns on nutritional status, particularly feeding schedules and weighing the
child’s food in a situation where the child is not breastfeeding and also the technique
of forced feeding needs to be studied further to understand its underlying nutritional
effects on children. In addition, an intervention is recommended to curb the raising
prevalence of overweight among children since most public health institution in Africa
are tailored to handle mainly cases of stunting, wasting and underweight but not
overweight. The policies that are in place to screen and manage under-nutrition must
be reviewed to include screening and management of overweight among children.
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Abstract
Introduction: In developing countries where access to water and food is not guaranteed, women may have to travel long distance or engage in physical activities to
gather food. This may compromise their water requirements and overall nutritional
status. The aim of the study was to determine water turnover, physical activity and
body composition among women in Kenya and to describe the differences between
rural and urban Kenyan women.
Methods: We randomly selected 30 women in Narok County, who were not pregnant at the time of the study. Body mass index (BMI) was calculated from anthropometric measurements to assess nutritional status of the women. Deuterium dilution
was used to determine total body water (TBW) and water turnover was measured
from deuterium elimination. Fat-free mass (FFM) was calculated by assuming a constant hydration fraction of 73.2%. Accelerometers (Actigraph GT3X) were used to assess physical activity and expressed as magnitude counts per day. Simple and multiple
linear regressions were used to define the determinants of water turnover.
Results: Mean BMI was 23.4 ± 4.1 and 21.5 ± 3.8 (n=28) among rural and urban
women respectively. The prevalence of overweight (BMI>25kg/m2) was 24.1% and of
underweight (BMI< 18.4kg/m2) was 25%. The mean total body water (TBW) was 29.3 ±
4.2 liters and water turnover was 3.2 ± 0.8 liters per day (L/day). Water loss was significantly related to BMI (R2= .45, p<0.001) and Fat mass index (FMI) (R2=.41, p<0.001).
Water loss was also significantly related to physical activity (PA) (R2= .25, p<0.05). Multiple regression analysis showed that BMI and physical activity together (n=22) explained 68% variation in water loss (r2 = .38, p<0.005; ∆R2= .15, p<0.05).
Conclusion: Water loss is related to body composition and physical activity and
BMI was the strongest predictor of water loss.
Key Words: Nutritional status, sub-Saharan Africa, water turnover, deuterium dilution,
accelerometry
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Introduction
Physical activity in most sub-Saharan Africa is part and parcel of the daily routine of
searching for water and gathering food unlike in the developed countries where it is
emphasized for health purposes. During increased physical activity, there is increased
sweating and breathing which contributes to body water loss. Water is an essential
nutrient in all known forms of life [1] and it is the principal chemical constituent of the
human body [2]. Variability in total body water in free living humans is primarily due to
differences in body composition [2]. However the impact of physical activity on water
loss among individuals living in the warm climatic conditions of Africa is not well understood and there is limited data of studies done in Africa. A study in the Netherlands
found mean water loss among women to be 3.1 L/d during summer and 3.0 L/d in
winter and the reason for the high water loss during summer was a result of sweating
and increased physical activity during this season [3]. In that study, no relation was
found between water loss and physical activity among women. Another study showed
that the average water loss at high altitude was found to be 3.3 ± 0.6 L/d [4] and 3.0 ±
0.6 L/d in sedentary subjects at over 6000m above sea level [5]. The impact of physical
activity (PA) on water loss in Kenyan women is crucial since women are the primary
caregivers within homes resulting in high workloads and energetic demands. Thus fluid
loss can compromise their nutritional status and lead to reduced work performance
due to dehydration and general apathy.
Body composition could affect physical activity levels (PAL) in that individuals with
a higher fat deposition have been found to be less physically active than normalweight individuals [6]. The relationship between body composition and water turnover
has been studied in different populations. A study on women in New Zealand found
water turnover to be strongly correlated with body weight and fat free mass (FFM) [7].
Another study found that lean body mass (LBM) and fat mass (FM) influenced water
turnover in females and not in males [8]. However, the use of body mass index (BMI)
to assess body composition is faced with shortcomings as described by Schutz et al. [9]
and Lu et al. [10]. To make up for this shortcoming, there is need to measure FM and
FFM and adjusting it for height2 to get fat mass index (FMI) and fat free mass index
(FFMI), since these measures may have advantages in assessing adiposity. Studies in
Kenya that used deuterium dilution to assess body composition among women are
limited and one study on lactating mothers found the average percentage FM to be
26.1 ± 5.4 and FFM as 41.3 ± 5.1 kg [11]. However, data on the relationship between
water turnover and FMI and FFMI among black race is not available to our knowledge
making it difficult to make any recommendations regarding water requirements for
people living in communities in warm climates like Kenya. Therefore the aim of this
study was to assess water loss, and to determine the effect of body composition and
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physical activity on water loss in Kenyan women. Another aim was to describe the
difference in body composition and physical activity among rural and urban Kenyan
women.

Subjects and methods
Subjects
A total of 30 women aged (15-45 y) were randomly selected to participate in this
study. The group included 10 women from the rural and 20 from the urban Narok
North Country in Kenya. Subject characteristics are provided in Table 1. One subject
declined to participate after recruitment and another subject was left out of the analysis because of violation of the protocol resulting in invalid numbers for total body water and water turnover. After the accelerometer data was downloaded and validated,
only 22 women met the cut-off point which was set at a minimum wear time of 2 days.
Prospective participants received verbal information about the nature and purpose of
the study and those who agreed to participate signed or thumb-printed on the consent
form. The procedures for this study were approved by the Institute for Research and
Ethics Committee (IREC) of the Moi Teaching and Referral Hospital (MTRH) and Moi
University.
Anthropometry
Body mass (BM) was measured to the nearest 0.1 kg with a mechanical scale (SECA
762) Height was measured to the nearest 0.1 cm with a stadiometer (SECA 214). Body
mass index (BMI) was calculated using weight in kilograms divided by height in meters
square (BMI=kg/m2). The classifications for BMI according to WHO are BMI<18.5kg/m2
is underweight; BMI=18.5-24.9kg/m2 is normal and overweight is BMI> 25kg/m2.
Body composition and water loss
TBW was measured using the deuterium dilution method where a dose of labelled
water was given to the subjects and urine samples were collected according to a modified Maastricht protocol [12]. Water turnover was measured from deuterium elimination over a 3-day period instead of the 7-day period that was described by Goris et al
[13]. Subjects drank a deuterium (2H2O) dose of 70 ml water with an enrichment of 5g
atom % excess 2H. Subsequently, two urine samples were collected 6 hours after dosing and one sample after the third day. Water loss was calculated from 2H elimination
with the equation of Fjeld et al. [14], while body composition was calculated from TBW
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assuming a constant hydration fraction of FFM of 73.2%. FFM and FM indices (FMI and
FFMI) were calculated, which are equivalent concepts to the BMI as shown in the following definition by Schutz et al [9], FFM=FFM/height(m)2 and FMI = FM/height (m)2.
Thus, BMI=FFMI+FMI.
Physical Activity
Actigraph GTX3 accelerometers (Actigraph, Pensacola, FL, USA) were used to determine physical activity. The tri-axial accelerometer measures 4.6cm x 3.3cm x 1.5 cm
and weighs 19g and is a validated tool that has shown to be reliable for the assessment
of PA. It was attached to the lower back by means of an elastic belt and worn all the
time except during sleep and while taking a bath or shower for a period of 2-4 days.
The GT3X measures accelerations of the trunk (counts) in the antero-posterior, mediolateral and longitudinal axes, otherwise referred to as X, Y & Z axes. The GT3X actigraph records accelerations ranging from 0.5 -2.5 G’s and the output are digitized at a
rate of 30x per second (30 Hertz). The GT3X is designed to enable data storage for 30
days (with fully charged battery) and for optimal wearing comfort in order not to interfere with daily activities. The data was downloaded using the Actilife software and
Vector magnitude counts per day were obtained from the output and intensity of
physical activity was obtained using Troiano et al. cut-off points [15].
Data analyses
Microsoft© Excel 2010 for windows was used to enter the data and SPSS version 19
was used to analyze the data. Excel was also used to generate the scatter plots. Descriptive measures were calculated to describe the sample and the measurements of
body composition and physical activity using percentages, means and standard deviations. Simple linear regression and multiple regression analyses were used to assess
the relationship between water turnover (L/d) as the dependent variable and values
obtained from body composition (FFMI, FMI, BMI, BM and TBW) and those obtained
from physical activity (VM/d) as the independent variables.

Results
A total of 28 women were included in the study and the mean age was 25 ± 6.0 (Table
1). Mean BM was 58.4 ± 11.0 and 56.2 ± 11.4 among rural and urban women respectively, while mean BMI was 23.4 ± 4.1 among rural women and 21.5 ± 3.8 among urban
women. Of the total women, 24.1% were overweight and 25% were underweight. The
average TBW was 29.3 ± 4.2 L, while average water turnover was 3.2 ± 0.8 L/day (Table
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2). The mean VM/day was 859733 ± 319404 for rural and 740356 ± 222551 for urban
women and the difference in physical activity among urban and rural women was not
significant (p=0.31). The intensity of activity using Troiano cut-off points indicated that
44.5% of the activity was sedentary, 48.7% of the activity was light, 8% of the activity
was moderate and 0.02% was vigorous (Table 3).
Table 1: Anthropometric measurements of rural and urban women in Narok County
Population
Mean SD
n (28)

Rural
Mean
n (10)

Urban
Mean
n (18)

Age

25 ± 6.1

26.7 ± 7.6

24.1 ± 5.2

Height(m)

1.60 ± 0.1

1.58 ± 0.0

1.61 ± 0.1

BM(kg)
2

BMI kg/m )

57.0 ± 11.1

58.4 ± 11.0

56.2 ± 11.4

22.2 ± 3.9

23.4 ± 4.1

21.5 ± 3.8

Abbreviations: m-meters, kg- kilograms BM-body mass, BMI—body mass index, SD-standard deviation

Table 2: Body composition and water turnover of rural and urban women in Narok County

TBW(L)
Water turnover (L/day)
Fat Mass

a

Fat Free Mass

a

Fat Mass Index

b

Fat Free Mass Index

b

Population
Mean (SD)
n (28)

Rural
Mean (SD)
n (10)

Urban
Mean (SD)
n (18)

29.3 ± 4.2

29.4 ± 3.5

29.2 ± 4.6

3.2 ± 0.8

3.3 ± 1.2

3.1 ± 0.6

18.2 ± 7.4

19.5 ± 7.8

17.5 ± 7.3

38.9 ± 5.6

39.0 ± 4.6

38.8 ± 6.2

7.0 ± 2.8

7.8 ± 3.1

6.6 ± 2.7

15.1 ± 1.9

15.6 ± 1.6

14.9 ± 2.0
a

b

Abbreviations: SD—standard deviation TBW-total body water, L-litres, kg, kg/m

2

Linear regression results showed a positive significant relationship between water
turnover and BM (r2=.38, p<0.001) and BMI (r2=.45, p<0.001). With regard to body
composition, water turnover was significantly related to FMI (r2=.41, p<0.001) and
FFMI (r2=.18, p<0.05). Water turnover was also related to physical activity (r2=.25
p<0.05).
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Table 3: Physical activity among rural and urban women in Narok County, Kenya
PA

Population
Mean SD
n (22)

VM counts/day
∞

Sedentary
Light

∞
∞

Moderate
Vigorous

∞

Rural
n (8)

Urban
n (14)

783766 ± 261001

859733 ± 319404

740356 ± 222551

359 ± 120

352 ± 89.5

364 ± 137.3

388 ± 87

377 ± 78.6

394 ± 92.9

71 ± 45

80 ± 50.2

65.6 ± 42.6

0.18 ± 0.34

0.32 ± 0.48

0.10 ± 0.20

Total wear time

802 ± 118

800 ± 93.1

803.4 ± 133.9

Activity levels

Population (%)

Rural (%)

Urban (%)

44.5

42.5

44.3

48.7

46.9

47.7

8.8

10.5

7.9

0.02

.03

.02

∞

∞

Sedentary
Light

∞
∞

Moderate
Vigorous

∞
∞

VM- vector magnitude, time in minutes based on cut-off points by Troiano et al [15]

Multiple regression analysis showed physical activity on top of BMI resulted in an additional 15% variation in water turnover (r2 = .38, p<0.005; ∆r2=.15, p<0.05) resulting in a
total explained variation of 53%. The standardized beta values for BMI and physical
activity were 0.544 and 0.393 respectively indicating that BMI was a strong predictor
of water loss in this model (Table 4).
Table 4: Multiple regression results of water turnover (L/day) as dependent variable and BMI and VM/day as
independent variables
L/day

B

SE

Constant

.437

.797

BMI

.122

.034

β

P

.62

<0.005

Step 1

Model

2

R

SEE

1

.38

.65

<0.005

Step 2
Constant

-.181

BMI

.107

.031

.54

<0.005

VM

1.219E-006

.000

.39

<0.05

Model

R

R Change

2

SEE

2

.53

.15

.58

2

.755

<0.05
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Whereas physical activity on top of FMI resulted in explaining additional variation in
(r2=.37, p<0.005; ∆r2=.12, p<0.05) and the beta values were .509 for FMI and .359 for
physical activity, indicating that FMI was stronger predictor in this model. And physical
activity on top of FMI resulted in an additional 12% explanation of variation in water
loss. Physical activity on top of FFMI showed an additional variation of 26% in water
loss (r2=.14, p>0.05, ∆r2= .26 p<0.05). Each one unit increase of BMI brings about 0.11
L/d increase in water loss holding physical activity constant, whereas a unit increase in
FFMI brings about 0.17 L/d increase in water loss holding physical activity constant.

Discussion
Our study objective was to assess water loss and its relationship with physical activity
and body composition among women in rural and urban dwellings in Narok County,
Kenya and to the best of our knowledge this study is the first among native black
women. We found a positive relationship between body composition (BMI, FFMI, and
TBW) and water turnover. Physical activity was also a positive predictor of water loss
and physical activity together with BMI explained a 53% variation in water loss. Water
loss in our study was comparable to the findings in other studies done in varied climatological conditions [3-5].
Water is an important nutrient in maintenance of life and a major constituent of
the human body. Water loss in itself is obligatory for elimination of wastes such as
urea and excess salts via the kidney and carbon dioxide from the lungs and thermoregulation by way of sweat [16]. Water needs and requirements are a challenge to meet
in sub-Saharan Africa, where food and water can be scarce and some communities in
arid and semi-arid lands have to travel for several miles in search of both. Numerous
factors, such as high temperature, humidity levels, physical activity and exercise, and
heat stress in particular influence water needs [16]. The average temperatures in our
study area are between 9 oC and 30 oC for cold and hot seasons respectively, whereas
the average relative humidity levels are between 40% and 98% for the lowest to highest respectively. High humidity in a hot climate makes it hard for the body’s natural
cooling mechanism of sweating to take place and the body compensates by working
harder to cool off and overheating or heat exhaustion can occur [17]. This may lead to
dehydration and chemical imbalance within the body [17].
Thus, for women in most Kenyan communities who have the responsibilities of
being key providers for their families and especially children, if water needs are not
met, their nutritional status may be compromised since water is an essential nutrient
[18] and their ability to provide for the household will be limited due to dehydration
which causes impaired physiological and performance response [18]. In a Dutch study,
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it was found that water turnover among women was similar to our study and was not
related to physical activity [3]. The magnitude of water loss through sweat during exercise in a warm environment is reported to be dependent primarily on exercise intensity
and duration [19]. Adequate total water intakes for sedentary adults under temperate
climatic condition on average are between 2 and 2.5 L/day for women and men respectively and water loss for a sedentary adult is between 2-3 L/day [16], whereas for
those in hot environments this need increases variably depending on prevailing conditions, some studies indicate up to 6 L/day [2, 20]. However, studies have shown that
human water requirements should not be based on one meeting the minimal intake
for age and gender because this can lead to deficit and possible adverse performance
and health consequences [2]. The women in our study group participated mainly in
sedentary and light activities, however, due to the mostly high temperatures the activity levels may be intense for a short period of time and during the rest of the day the
activity intensity levels may slow down and remain low throughout. However, physical
activity in most sub-Saharan African communities like most developing countries
comes as part of the daily activities of searching for water and food [21, 22]. Rarely do
adults exercise particularly in the rural areas unless for professional athletes and sports
personalities. In comparison to a study by our group done on young adults (18-28yrs)
in the Netherlands (n=40; unpublished data)—on average the Dutch subjects spent
66.9% of their waking time per day engaged in sedentary behavior compared to the
Kenyans who spent 44.5%. The Kenyan subjects spent twice as much of their time on
moderate intensity PA (8.8%) compared to the Dutch (4.4%). The average vector magnitude counts per day for the Kenyan subjects were 783766 while the average for the
Dutch subjects was 524206 vector magnitudes per day.
Interesting to note however, was the high overweight levels among women in the
study area and although our sample size was small to give us estimated prevalence,
the trends of increasing overweight cases in African is worrying and previous studies
have shown that overweight impedes physical activity and movement [23]. In our
study, we found the percentage of FM to be higher and FFM to be lower compared to
that reported in a study done in another part of Kenya [11]. The study found the percentage body fat among lactating women to be 26.1% compared to our study which
was 30.7% and FFM was 41.3kg while in our study it was 38.9 kg. Another study among
women in Kenya also found the mean TBW to be 24.0 L [24], while in our study the
mean was 29.3.L. The TBW in our study was comparable to that found in studies in the
US [25] and Kenya [11]. FMI and FFMI correlated significantly with water turnover.
LBM is about 73% water and fat body mass is 10 % water [2, 26] and TBW and LBM
have been reported to strongly correlate with body surface area in normal and obese
subjects [27], therefore presumably individuals with higher BMI would have higher
water requirements and therefore water turnover is expected to be higher as BMI
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increases, as it was in our study and these findings concur with a study among adolescents [8].
Despite varying water needs brought about by differences in climatic conditions,
physical activity levels, metabolic rate, body surface area and body weight and body
composition, healthy humans regulate their water balance with precision. Meeting
water requirements among women in Africa is essential for proper normal body function in order for them to accomplish cultural responsibilities of caring for household
members. Acclimation may play a role in minimizing water loss among individuals in
arid areas in order for the body to utilize water well since water loss was more or less
similar to those of women in other climatic regions. Studies have indicated that well
acclimatized humans in extremely warm/hot climates can sustain a perspiration rate of
2 L/hour for long duration activity [28] and another study indicates that for short time
periods a sweating rate of 4 L/hour has been reported [29]. However humans have
limited rehydration capacity which allows about 1 L at a time such that even if water is
readily available, those working in warm climates will drink less than that lost through
perspiration concluding that activity levels were not directly tied to and limited by
water availability [30]. Our recommendation for future research is that it would focus
more on coping mechanism adopted by people living in warm climates to cope with
water loss. Our study is not without limitation, and this is due to the small sample size
and care must be exercised while making generalizations. However, the strength of our
study is in the methodology; we used deuterium dilution to assess body composition
and water turnover, whereas accelerometers were used to assess physical activity;
methods that have been validated in previous studies and have been found to be reliable.
In conclusion, water turnover among women was related to physical activity and
body composition and BMI was the strongest predictor of water loss among our study
group.
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Abstract
Introduction:Pregnancy is a period characterized by various physical, emotional,
hormonal and psychological changes. Gaining recommended weight during pregnancy
minimizes the incidences of adverse outcomes, including gestational hypertension,
birth weight (<2.5kg or ≥4kg) and caesarian section. This period may also be characterized by decreased physical activity, although for some women in Africa, being the key
food providers, activity levels may not decrease since they need to provide for their
families.
Objectives: The objectives of this study were to: i) assess physical activity among
pregnant women ii) assess food security status among pregnant women and iii) assess
the impact of physical activity and food security on pregnancy outcomes.
Methods: Pregnant women in their second (n=22) and third trimester (n=28)
were recruited for this study in Narok District Hospital, Narok County, Kenya. Structured questionnaires were used to collect data on socio-demographic characteristics.
Twenty four hour-recall was used to collect data to assess dietary diversity and the
Household food security Access scale was used to measure food security. GT3X accelerometers were used to measure physical activity. Pregnancy outcomes, birth weight
and delivery method were noted.
Results: The pregnant women’s mean weight and height were 66kg and 1.63m
respectively. Mean BMI among urban and rural women was 25.2 ± 3.4 and 24.2 ± 4.1.
Of the household, 28% were food secure and severely food insecure were 45.1%. Physical activity was 616,447 vector magnitudes per day among women in their second
trimesters and 475,002 vector magnitudes per day for women in their third trimester
pregnancy. Multiple regression indicated after correction for gestational age at the
time of measurement that only height was a significant predictor of birth weight
(p<0.05). Physical activity and food security were not significant predictors when added to the model.
Conclusion: Height is important in predicting infant birth weight and not physical
activity and food security.
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Introduction
Pregnancy is a period characterized by various physical, emotional, hormonal and
psychological changes. These changes may bring about a feeling of tiredness, depression and may result in changes in eating habits and reduced physical activity. Pregnancy is a critical period of body weight regulation (1). Although weight gain is recommended for proper fetal development before pregnancy and during pregnancy, studies
have indicated that nearly one-third of women gain more than the recommended
weight during pregnancy (2, 3). Gaining recommended weight during pregnancy minimizes the incidences of adverse outcomes, including gestational hypertension, birth
weight (<2.5kg or ≥4kg) and caesarian section. In Africa, some cultures promote special
foods and rest for women during pregnancy, while other do not and women continue
to work hard (4) and since they are key food providers in homes, they need to provide
for their families. Thus physical activity levels may or may not decrease for some women or remain too high during pregnancy, consequently being unable to match energy
expenditure with sufficient energy intake. Dietary intake is also important during pregnancy although the food security situation in the home may affect women’s access to
food during this period. Although many cultures promote special foods for pregnant
women, other cultures deprive women of the essential nutrients through food taboos
(4).
The objectives of this study were to: i) assess physical activity among pregnant
women ii) assess food security status among pregnant women and iii) assess the impact of physical activity and food security on pregnancy outcomes.

Methods
Study, setting, design and sampling
This was a longitudinal study that took place in Narok County, Kenya. The Narok County is made up of an agricultural and agro-pastrolists community in the South Rift Valley. The study was carried out in the Narok District Hospital where we purposively
selected women who were in their 1st and 2nd trimester of pregnancy to participate in
the study. The reason for identifying them early was that at least they needed to complete the study protocol in their 2nd and 3rd trimester. The women were randomly
selected from the Antenatal clinic (ANC) where they were visiting for consultation. The
women were approached and asked to participate in the study. A total of 132 women
from rural and urban areas accepted, however after reading or being read to the study
protocol only 50 women gave informed consent. During follow-up, some women either did not turn up or did not deliver at the district hospital and for the pregnancy
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outcomes only 36 women were included in total (n=16 second trimester; n=20 third
trimester). The inclusion criterion was that the women had to be pregnant and this we
confirmed by checking their name in the ANC register.
All study procedures were approved by the Institute for Research and Ethics Committee (IREC) of Moi Teaching and Referral Hospital, Eldoret, Kenya. The subjects gave
written and verbal consent to both study procedure and participation. The data were
collected by the first author and two trained research assistants in September and
February 2012.
Measurements
Data were collected through interviews, anthropometric measurements and measuring physical activity. The interview consisted of a structured questionnaire and included questions on household socio-economic and demographic characteristics, 24 hour
dietary recall, and a Household Food Insecurity measurement. After the interview, the
participants presented themselves for the anthropometric and physical activity measurements.
Interview schedule
The interview schedule collected information on socio-demographic factors that included but were not limited to, age, area of residence, marital status, occupation and
number of children of the participant.
Food Insecurity was measured by the Household Food Insecurity Access Scale
(HFIAS) which is a nine-items scale consisting of two types of questions; an occurrence
question followed by a frequency of occurrence question, which asked the participant
how often the condition reported in the previous occurrences question happened
during the previous month (5). The occurrence questions asked whether the respondent or other household members either felt a certain way or performed a particular
behavior over the previous one month. Before inclusion in the questionnaire, the
questions were reviewed with Key Informants as suggested in the protocol. A standard
scoring procedure was used with 1 point for occurrence and 0 for non-occurrence. The
frequency scores ranged from 0 to 3, where 0 was the score for non-occurrence, 1 for
rarely (once or twice in the past four weeks), 2 for sometimes (three to ten times in
the past four weeks) and 3 for often (more than ten times in the past four weeks). For
the purpose of this paper we used the total score (9-items based on the frequency
score). A total score of 27 represents the most food insecure household whereas a
lower score represents a more food secure household.
Data on household dietary diversity were collected using a 24 hour recall method
and data entered into the Household Dietary Diversity Score sheet (HDDS) (6). The
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HDDS captures dietary diversity in a normal 24 hour period by the household as a
whole and not a single member. Food consumed outside the home that was not prepared in the home was not included. A set of 12 food groups was used to guide the
scoring as per the food items consumed, with 1 being the minimum score and 12 as
the maximum (6).
Anthropometric Measurements
Anthropometric measurements of weight and height were taken from the woman that
was interviewed. Weight was measured to the nearest 0.5kg using a mechanical scale
(SECA 762). Height was measure to the nearest millimeter also using a transportable
stadiometer (SECA 214). The scales were calibrated after each session of measurements. Waist and hip measurements were measured using a tape. The waist was
measured around the narrowest point between the navel and the ribcage. The hip was
measured around the widest part of the hip to the nearest cm. All measurements were
taken with light clothing on and without shoes. A total of two measurements were
taken and the average was calculated.
Physical activity
Actigraph GTX3 accelerometers (Actigraph, Pensacola, FL, USA) were used to determine physical activity (PA). The tri-axial accelerometer measures 4.6cm x 3.3cm x 1.5
cm and weighs 19g and is a validated tool that has shown to be reliable for the assessment of PA (7). It was attached to the lower back by means of an elastic belt and
worn all the time for a period of 2-4 days except during sleep and while taking a bath
or shower. The GT3X measures accelerations of the trunk (counts) in the anteroposterior, medio-lateral and longitudinal axes, otherwise referred to as X, Y & Z axes.
The GT3X actigraph records accelerations ranging from 0.5 -2.5 G’s and the output is
digitized at a rate of 30x per second (30 Hertz). The GT3X is designed to enable data
storage for 30 days (with fully charged battery) and for optimal wearing comfort in
order not to interfere with daily activities. The data was downloaded using the Actilife
software and Vector magnitude (VM) counts per day were obtained from the output
and intensity of physical activity was obtained using Troiano et al. cut-off points (8).
Birth outcomes
After delivery the birth weight of the child and the delivery method were noted,
whether it was a normal delivery or delivered by caesarian section.
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Data analysis
Data was entered using SPSS version 20 and Microsoft® Excel 2010. The data was presented using tables in percentages, means and standard deviation. Data was analyzed
using Pearson’s correlations and multiple regression analysis.

Results
In Table 1, the mean BMI among pregnant women in the urban area was 25.2 ± 3.4
while that of women in the rural area was 24.2 ± 4.1. Of the total population, 88.7%
were married. Dietary diversity scores did not differ between rural and urban women
(6.3), however women in their 2nd and 3rd trimester, women had 6.1 ± 0.89 and 6.6 ±
0.80 dietary diversity scores respectively. Food insecurity access score among urban
and rural women was 5.0 ± 5.0 and 7.4 ± 5.4 respectively (Table 1).
Table 1: General characteristics and food security status of pregnant women in Narok Country
Population
N=132
Mean (SD)

Urban
N=101
Mean (SD)

Rural
N=31
Mean (SD)

Weight

66.0 (11.2

67.0(11.1)

63 (11.3)

Height

1.63 (0.07)

1.6 (0.07)

1.6 (0.06)

BMI

26.0 (3.6)

25.2 (3.4)

24.2 (4.1)

Food security

Mean (SD)

Mean (SD)

Mean (SD)

Dietary diversity score (n=60)

6.3 (0.8)

6.3 (0.9)

6.3 (0.6)

HFIAS_score (n=132)

4.1 (3.0)

5.0 (5.01)

7.4 (5.41)

Food secure (%)

28.6

33.7

13.3

Mildly food insecure (%)

11.3

13.9

3.3

Moderately food insecure (%)

15.0

9.9

30

Severely food insecure (%)

45.1

42.6

53.3

Abbreviations: BMI—body mass index; HFIAS—household food security score

Whereas between trimesters food insecurity access score, 2nd trimesters was 5.0 ± 2.7
and 3rd trimesters was 3.7 ± 3.4. Food secure households were 28.7% while 45.1%
were severely food insecure. While in the 2nd trimester severe food insecurity was
reported by 61.9% of households and in the 3rd trimester it was 42.9%. Physical activity
among women in their 2nd trimester of pregnancy was 616,447 VM per day, while
women in their 3rd trimester reported 475, 002 VM per day (Table 2). Using Troiano (8)
cut-off points, the time spent on sedentary activities among women in 2nd trimester
and 3rd trimester were 51% and 56% respectively (Table 2). The mean birth weight was
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3.04 ± 0.53 and 82.9% of the pregnant women had normal delivery, while 17.1% delivered via caesarian section (Table 3). Low birth weight (LBW) children were 12.2%.
Table 2: Physical activity and Time spent on physical activity intensity levels in minutes per day among
pregnant women in Narok County, Kenya
rd

2 trimester (n=22)

3 trimester (n=28)

Vector magnitude

Mean

SD

Mean

VM daily

616447

244812

475002

212540

VM CPM

780

266

630

246

3.27

.88

3.21

.69

Mean

SD

Mean

SD

Calender days
Time spent

#

%

SD

%

Sedentary

311

182

51

340

190

56

light

272

159

44

249

161

41

moderate

29

31

5

17

18

3

Vigorous

1.0

0.11

0.02

0.02

0.11

.003

Total wear time∞

783

75

748

87

#

Abbreviations: VM—vector magnitude CPM- counts per minute; time spent in different intensities of physical activity in minutes per day based on Troiano cut-off points (8); ∞ total wear me in minutes per day.

Pearson correlations results showed a significant negative relationship between HFIAS
and BMI (r=-.25, p≤0.01), and also a significant negative relationship between place of
residence (rural or urban) and BMI (r=-.12, p≤0.05). There was a significant positive
relationship between HFIAS and residence (r=.28, p≤0.05), while a significant negative
relationship was reported between weight and HFIAS (r=-.29, p≤0.01).
nd

rd

Table 3: Birth weight and delivery of infants born to women in their 2 and 3 whose physical activity and
food security was assessed in Narok County
nd

2 trimester
M(SD)

rd

3 trimester
M(SD)

Population

Birth weight (kg)

2.84 (0.49)

3.15(0.36)

Normal delivery

87.5%

78.9%

82.9%

Caesarian section

12.5%

21.1%

17.1%

Multiple regression results in Table 4 indicated that mother’s height and weight corrected for gestational age was significant predictors of birth weight (r2=.22, p≤0.05).
Physical activity on top of height and weight corrected for gestational age was a nonsignificant predictor of birth weight (Table 4). HFIAS on top of height and weight corrected for gestational age was non-significant predictor of birth weight (Table 5).
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Table 4: Multiple regression table of birth weight as the dependent variable and mothers Height, Weight,
Gestational week and Physical activity as independent variables
Birth weight

B

SE B

β

P value

Constant

-1.44

1.76

Height

.024

Weight

-.004

.011

.379*

≤0.05

.007

-.107

Gestational age

.028

NS

.013

.365*

≤0.05

Model

R

SE

Adjusted R

1

.220

Step 1

2

2

.141

≤0.05

Step 2
Constant

-1.44

1.79

Height

.024

.012

.381

≤0.05

Weight

-.004

.007

-.116

NS

Gestational age

.028

.013

.367

≤0.05

VMC_day

-9.296E-008

.000

-.039

NS

Model

R

Adjusted R

2

.221

.121

2

2

2

∆R

.001

NS

Height, Weight, Gestational week and food security as independent variables

Table 5: Multiple regression table of birth weight as the dependent variable and mothers
Birth weight

B

SE B

β

P value

≤0.05

Step 1
Constant

-1.43

1.791

Height

.024

.012

.373*

Weight

-.004

.007

-.108

NS

Gestational age

.028

.014

.361*

≤0.05

Model

R

2

SEE

Adjusted R

1

.220

.417

.144

≤0.05

2

Step 2
Constant

-1.90

1.736

Height

.029

.011

.442

≤0.05

Weight

-.008

.007

-.212

NS

Gestational age

.033

.013

.424

≤0.05

HFIAS

-.028

.014

-.306

NS

Model

R

Adjusted R

2

.305

.212

2

2

2

∆R

.085

Height, Weight, Gestational week and food security as independent variables
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Discussion
The main finding of this study is that height was found to be a significant predictor of
birth weight and not physical activity and food security. Other results in this study
indicate that urban women weighed more (67 ± 11.1 kg) than their rural counterparts
(63 ± 11.3 kg), 88.7% were married and the food secure households were 28.6%,
whereas 45.1% were severely food insecure. Women in their second trimesters who
reported severe food insecurity were 61.9%, while those in their third trimester were
42.9%.
Weight gain during pregnancy among women is encouraged for proper growth
and development of the fetus. However, several factors are coming into play to determine gestational weight gain. Some of these factors that include societal/institutional, environmental and community determinants have been highlighted
by Rasmussen et al (2). Cultural norms and beliefs, as societal determinants show that
some cultures encourages the avoidance of certain foods because of the belief that
they make the fetus not to grow too big and therefore making delivery easier for the
mother. It is also indicated that community amenities such as parks in the neighborhood encourage pregnant women to make regular walks. Gestational weight gain if
not checked can be excessive and may result in gestational diabetes and hypertension
and the excess weight gain is particularly high among already overweight women prior
to being pregnant (9).
Most communities in Kenya ensure that pregnant women get special attention
especially when it comes to food provision and more so after delivery. However, the
food insecurity situation in many parts of the country makes it impossible for women
to get the nutrients they want during pregnancy. The food insecurity was more severe
for women in their second trimester compared to the women in their third trimester.
The reason for this is not very clear although as pregnancy progresses and the woman
is taken care of by members of the family, in some cases the food is brought to the
woman by the extended family members. Dietary diversity (HDDS) also differed slightly
between the two groups (p=0.08), the 2nd trimester women had HDDS of 6.1 and 3rd
trimester group had a HDDS of 6.5. The more diverse diet means that one gets more
nutrients from it than less diverse diets. The maximum score on dietary diversity scale
was 12. The pregnant women consumed more of carbohydrates than fruits and vegetables. Although in our study we did not find a relationship been food insecurity and
birth outcomes, what is coming out clearly is that the pregnancy nutrition is important
in determining birth outcomes as seen in the fact the height was a clear predictor of
birth weight of the child. Height does not change during pregnancy, but it is attained
during childhood and adolescents, therefore nutrition during childhood and during
young adulthood will influence birth outcomes as also reported in other studies (10,
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11). A study by Branca et al. indicated that intrauterine growth retardation (IUGR) is
higher in stunted girls (12).
LBW (<2.5kg) in our study was higher (12.2%) compared to that reported in a
study in 2004 which indicated that in most sub-Saharan African countries LBW was
10% (13). The United Nations Children Educational Fund (UNICEF) estimated that in
2004 low birth weight in developing countries was 16%, in Eastern Africa it was 13.5%
(14).
Our study like many other studies found no relationship between physical activity
of the mother and birth weight (2, 15, 16). In our study we found the average vector
magnitude per day was 616447 in the 2nd trimester and 475002 in the 3rd trimester and
the mean was 537238 compared to the mean of 783766 among the non-pregnant
women reported in a yet unpublished study (17). Physical activity such as exercise by
African women for health reasons is low and more so among pregnant women. The
reason for the low physical activity among pregnant women is as a result of the potential risk both to the unborn baby and to the mother (2). In Kenya, there are no guidelines on how much physical activity is required for a healthy pregnancy; however a
common belief among older women is that walking during the last trimester may
quicken labour and heavy manual work should be avoided during the early stages of
pregnancy to avoid complications. There is also a high energy demand during pregnancy to meet the requirements brought about by pregnancy. Some physical activity is
important for pregnant women if the pregnancy is not at risk, therefore proper policies
and guidelines must be put in place to encourage women to take up exercise during
and after pregnancy.
While physical activity may or may not decrease during pregnancy, some cultures
in Africa promote special foods and rest during this period. However, others continue
to work hard throughout their pregnancy because they are the key food providers for
their families (4) and thereby with the increased physical activity and the need for
extra energy demands during the gestational period, a mismatch between energy
expenditure and energy intake may occur.
The time spent on sedentary activities among pregnant women was 53.8%, while
in our other unpublished data on non-pregnant women (17), we found the time spent
on sedentary activities to be 44.5%, thus pregnant women spent more time on sedentary activities than non-pregnant women. In comparison with non-pregnant subjects in
another unpublished study on healthy young Dutch subjects 18-28 years of age, time
spent on sedentary activities was 66.9% indicating that women in Kenya, pregnant or
not partake in more moderate to vigorous activities as opposed to sedentary activities
by the Dutch subjects which included young men and women. Another possible reason
for the difference is that the Dutch subjects were younger and school going, whereas
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of the Kenyan subjects with a mean age of 24 years, most were married (88.7%) and
not attending school.
Our study has some limitations. Our study sample was small and the results from
this study may not be accurate to enable us to make generalized statements, thus
there is need for a study to be done on a larger sample before conclusive statements
can be made. Data on physical activity of pregnant women in Kenya is also limited; our
study has contributed to this knowledge by using objective and reliable instruments
like the GT3X accelerometer. The other limitation was that our data on PA was not
longitudinal therefore we were not able to determine the PA for an individual pregnant women at different stages of pregnancy and this is also our recommendation for
future research.
Although our study did not find a relationship between physical activity and birth
outcomes, there is need for a policy regarding physical activity for pregnant women to
guide the recommendations on how much physical activity is safe for the different
stages of pregnancy in Kenya. This is in consideration to the consequences of lots of
daily work which leads to higher energy expenditure which may not be met with the
high food insecurity in the region. There is also a need for intervention to be designed
which will address the food insufficiency suffered by pregnant women. Height of the
mother was significant in predicting birth weight, indicating that proper nutrition during childhood and early adulthood will influence birth outcomes, and the more reason
why under-nutrition among young girls such as stunting, wasting and underweight can
be prevented in order to safeguard their future pregnancies. Thus intervention programs aimed at improving birth weights of the children should target school children
and more so girls.
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Abstract
Introduction: There is an increase in the prevalence of overweight among women
in sub-Saharan Africa and although it has not received much attention among researchers and policy makers, its impact is being felt with the increasing cases of overweight-related diseases.
Objective: The aims of this study were to assess overweight using different
measures of adiposity, and secondly, to compare the relationships between different
measures of adiposity and % fat mass (FM) from deuterium dilution, as the reference
method. Thirdly, the aim was to assess overweight in relation to socio-demographic
factors.
Setting: The study was carried out in Narok County, Kenya.
Design: Our study sample was selected randomly among women aged 15-49
years. Anthropometric measurements were taken to assess body mass index (BMI),
waist circumference (WC), and waist-hip ratio (WHR). Deuterium dilution was used to
assess total body water from which fat mass (FM) and fat free mass (FFM) were calculated assuming a constant hydration of FFM of 73.2%.
Results: Using WC as a measure of adiposity, the number of overweight women
was higher (46.4%) compared to when BMI (21.4%), WHR (28.6%) or FMI (28.6%) were
used. WC correlated significantly with all the other measures (WHR, r=.74, BMI, r =.77
%FM, r = .64 and FMI, r=.76; all p<0.001). The % FM correlated significantly with all
measures but not with WHR (WC, r=.64, p<0.001; WHR, r=.25, p=.197; BMI, r=.61,
p<0.01; FMI, r=.94, p<0.001).
Conclusion: BMI and WC are adequate measures to assess adiposity as well as FM
and FMI. With the clear difference in the outcome of the different measures to assess
overweight among women in Africa, more research is needed to identify cut-off point’s
for the different measures of adiposity specific to the African population.
Key words: Body mass index, fat mass, measures of adiposity, sub-Saharan Africa,
women
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Introduction
Overweight is a known contributor to chronic diseases such as cancer, type 2 diabetes,
cardiovascular diseases and hypertension (1-4). The rising prevalence of overweight
and obesity in developing countries is of major concern in that it compromises public
health gains (5) and diverts resources that would otherwise benefit other sectors of
growing economies. The major causes of the rising overweight are attributed to poor
quality diets high in sugar and unsaturated fats, lack of physical activity and in some
cases underlying medical conditions and genetic factors. There is a lack of attention
given to the rising cases of overweight in Africa by policy makers and researchers (6,
7).
There is no ideal measurement of adiposity that is accurate, precise and accessible, although acceptable superior indirect measures available such as densitometry are
expensive and time consuming (8). Anthropometric methods are cheap and simple to
use for routine clinical and epidemiological field studies (9) and they are needed for
screening and diagnosis of individuals at risk of metabolic disorders and also for selective interventions. Body mass index (BMI) is used in most epidemiological studies to
classify the degree of obesity and overweight (10-12) although it cannot distinguish
between fat and fat-free components (13) and its universal cut-off points have been
challenged (14). The World Health Organization (WHO) cut-off points for overweight is
≥ 25kg/m2 (15), while the National Health and Nutrition Examination (NHANES III) uses
27.3 kg/m2 for women (16). There is a discrepancy between average BMI and average
relative body fat in certain ethnic groups as demonstrated by Deurenberg-Yap et
al.(17). Africans have been shown to have a lower BMI compared to Caucasians at the
level of body fat and age (18). In addition, BMI, has been known to underestimate the
number of females and overestimate the number of males that are obese (19), thus
making it a poor screening tool for females with regard to BMI defined obesity (20).
BMI does not take into consideration the actual composition of body weight, in that
excess body weight may be made up of fat or muscle, hence the need to partition BMI
into fat-free mass index (FFMI) and fat mass index (FMI) (10). FFMI and FMI are equivalent concepts to the BMI and in our study we use deuterium dilution to estimate body
composition, which is FFM and FM. However, a study by VanItallie et.al indicates that
expressing FFM and FM as percentages of body weight or by weight is unsatisfactory
(21) and thus the need to use height-normalized indices (FFMI=FFM (kg/m)2, FMI=FM
(kg/m)2. The reason for this is that tall patients with protein-energy malnutrition (PEM)
can exhibit values for FFM and FM similar to those of shorter well-nourished individuals (21). Unlike in their study, where FFM and FM were used to diagnose PEM, in our
study we use it to measure overweight.
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Waist circumference (WC) and Waist-hip ratio (WHR) according to WHO are additional
measures of body fat distribution to BMI (15). Some potential uses of the cut-off points
for WC and WHR include surveillance, screening, diagnosis and assessing the value of
intervention in the community and the cut-off points for women for risk of metabolic
complications include:- WC >80 cm for increased risk, WC >88 cm or WHR ≥ 0.85 for
substantially increased risk (15). However, there are no specific cut-off points for Africans. The cut-off point of 80 cm that has been used in many studies was found to be
inappropriate as it was obtained from studies in European populations (22). However,
reference values for WC and WHR are scarce particularly for Africans and thus hinder
their use in screening and identification of at risk individuals for selective intervention
and preventive measures (23). In addition, the use of the present cut-off points may
not be appropriate for Africans since some studies have demonstrated that whites and
blacks have a number of differences in body composition, such as fat distribution and
patterning (24). In addition, to use BMI as a measure of body composition, one needs
to take into account sex, age, shape and ethnicity (25). In this pilot we compared the
different methods of measuring overweight among African women. The aims of this
study were to assess overweight using different measures of adiposity, and secondly,
to compare relationships between other measures of adiposity and % fat mass (FM)
from deuterium dilution, the reference method and thirdly, to assess the association
between overweight as measure by the different methods and socio-demographic
factors.

Methods
Study setting, participants and sampling
The participants in our study were women of ages 15-45 years randomly selected in
Narok County, Kenya. The inclusion criteria were that the women had a child below
five years of age and were not pregnant at the time of data collection. A total of 30
women enrolled in this study, 1 participant failed to report for assessment after recruitment and 1 was left out due to failure to comply with the protocol, resulting in a
total of 28 participants with valid data. The ethical committee of Moi Teaching and
Referral Hospital and Moi University granted approval and clearance for this study.
Informed consent was obtained from each participant.
Measurements
Weight was measured using the SECA mechanical weighing scale to the nearest 0.1kg.
Standing height was measured to the nearest 0.5cm against a wall mounted (SECA)
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stadiometer. Both measurements were taken with the participants having minimal
clothing on and without shoes. BMI was calculated as weight in kilograms divided by
height in meters squared (kg/ (m) 2). WC and Hip circumference (HC) were measured
with the participant standing following the WHO protocol (15) and both measurements were rounded to the nearest 0.5cm. The cut off points for overweight and obesity were classified according to WHO and participants with BMI < 18.5 were classified
as underweight, BMI 18.5-24.9 as ideal, BMI 25-29.9 as overweight and BMI ≥ 30 as
obese. For WC the cut off points >80 cm and WHR ≥ 0.85 were used.
The total body water (TBW) was measured using the deuterium dilution method
where a dose of labelled water was given to the participants and urine samples were
collected according to a modified Maastricht protocol for assessing body composition(26). After collection of a baseline urine sample, participants drank a deuterium
(2H2O) dilution (70 ml water with an enrichment of 5g atom % excess 2H). Six hours
after dosing, two urine samples were collected, of which the first urine sample was
discarded and the second urine sample was used for analysis. Body composition was
calculated from TBW assuming a constant hydration fraction of FFM of 73.2%. FFM and
FM indices (FMI and FFMI) were calculated, which are equivalent concepts to the BMI
as shown in the following definition by Schutz et al, FFMI=FFM/height (m)2 and FMI =
FM/height (m)2. Thus, BMI=FFMI+FMI. There are no acceptable cut-off points for percentage body fat (27), therefore for this study we used percentage fat mass of 33.2% in
women (28). There being no cut-off points for FMI and FFMI for Africans, we used
those recommended for Caucasians, where FMI= 8.2 and FFMI =16.8 which corresponds with BMI = 25 kg/m2 (28)
Statistical analysis
Data were entered into Microsoft Excel 2010 for Windows. All statistical analyses were
completed using SPSS version 19. Means and standard deviations were calculated for
all variables. Bivariate correlation analysis was used to compute Pearson’s correlation
coefficients to ascertain associations between variables.

Results
The mean age of the women was 25, while 35.7% and 64.3% were rural and urban
residents respectively. Those with post primary level of education were 42.9% whereas
57.1% had no formal education or had (some) primary level of education. Married
participants were 85.7% and the mean size of households was 4 persons while the
mean number of children per household was 2 children. The mean height and weight
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(M, SD) of the participants was 160.1 ± 6.3 cm and 57.0 ± 11.2 kg respectively (Table
1).
Table 1: Anthropometric characteristics of women in Narok County, Kenya
Variables

Population
Mean ± SD

Age (years)

25.0 ± 6.1

15

45

Height(cm)

160.1 ± 6.3

148

172

Minimum

Maximum

n (28)

BM(kg)
2

BMI kg/m )

57.0 ± 11.2

39

75

22.2 ± 3.9

16.3

31.7
111

Hip circumference (cm)

96.3 ± 8.6

83

Waist Circumference (cm)

79.9 ± 10.4

64

103

WHR

0.83 ± 0.07

0.71

0.95

Fat Mass (kg)

18.2 ± 7.4

4.5

32.9

Fat Free Mass (kg)

38.9 ± 5.6

29.6

49.5

Fat%

30.8 ± 8.1

11.3

45.0

Fat Free Mass%

69.2 ± 8.1

55.0

88.7

Fat Mass Index

7.04 ± 2.81

1.87

14.0

Fat Free Mass Index

15.13 ± 1.87

11.6

18.7

Abbreviations: BM—body mass; BMI- body mass index, WHR- waist-hip ratio

Mean FM was 18.2 kg, with a mean percentage fat mass of 30.8% while mean FFM was
38.9 kg and mean percentage FFM of 69.2%. Using BMI (<18.5kg/m2) underweight
among the participants was 25%, normal BMI (18.5-25kg/m2) was 53.6% and overweight (BMI>25 kg/m2) was 21.4%, while overweight according to WHR (>0.85) was
28.6 %, and using WC (>80) was 46.6%. Using body fat percentage (>32%), overweight
were 39.3%, whereas using FMI with 8.1kg/m2 as the cut off, overweight was 28.6%.
The prevalence of overweight among women increased with age using all the
measurements (Table 2) and correlations were significant (p≤0.05) except for BMI.
However, urban residents were more overweight than rural for all the measurements
except for BMI which showed overweight among rural women to be similar to the
urban women. Women with post primary education and those who were married had
higher overweight than those with primary or lower levels of education and the single,
divorced or separated. Comparison between the different measures is shown in Table
3, WC correlated significantly with all the other measures (WHR r=.74, BMI r =.77 %FM
r = .64 and FMI r=.76; p≤0.001), while WHR correlated significantly with only BMI ( r=
.43, p≤0.05). % FM correlated significantly with all measures except WHR.
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Table 2: Relationship between different measures of adiposity and socio-demographic variables and Pearson
correlation results among women in Narok County, Kenya
WHR
%
Sample population
(n=28)

WC

r value

28.6

Age

%

BMI

r value

46.4
.41*

%

%FM

r value

21.4
.47*

%

FMI

r value

32.1
.35

%

.46*

.44*

15-24

37.5

46.2

50.0

44.4

37.5

25-50

62.5

53.8

50.0

55.6

62.5

Residence

.10

Urban

50.0

Rural

50.0

Education

-.03
69.2
30.8

-.10

Post primary

62.5

<Primary lower

37.5

Marital status

53.8

87.5

Single/separated

15.5

No of children

84.6
15.4
.40*

.32
87.5

.

12.5
-.10

100.

16.7
.39*

25.0

11.1
-.27

83.3

.08

.43*
88.9

16.7
-.22

.

75.0

33.3
.03

83.3

46.2

.03
66.7

16.7
.05

-.27

Married

.20
83.3

r value

28.6

-.14
100.

0

0

.40*

.28

.36

1-2

50.0

61.5

83.3

77.8

60.0

>3

50.0

38.5

16.7

22.2

40.0

Abbreviations: WHR- waist-hip ratio; WC- waist circumference, BMI- body mass index; FM-fat mass; FMI- fat
mass index. *p<0.05,

Table 3: Pearson’s coefficient correlation r of the different measures of overweight among women in Narok
(n=28)
WC
WC

-

WHR

.74

BMI

.77

%FM

.64

FMI

WHR

BMI

%FM

FMI

***
***

.43*

***

.25

.61

***

.32

.79

.76

**
***

***

.94

-

Abbreviations: WC-waist circumference; WHR- wait-hip ratio; BMI-body mass index, %FM- percentage body
fat mass, and FMI- fat mass index. ***p<0.001, **p<.01 *p<.05

Discussion
Overweight is a nutritional problem that cannot be ignored anymore in sub-Saharan
Africa, and for it to be recognized as a disease of public health importance, its measurement has to give an accurate estimation of the problem and its magnitude. This
study found that WHR and FMI were similar in terms of measurements of overweight
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(28.6%), while WC using the WHO cut-off points found overweight to be 46%. Using
BMI and %FM, the percentage of overweight women were 21.4% and 32.1% respectively. When using %FM as our reference for body composition, as it was determined
using the deuterium dilution technique, it correlated with all other measures except
WHR.
Research suggests that body composition tends to vary among different populations in terms of age, sex, ethnicity or race (29) and the general health status of the
individual (30). Age also plays a role in that percentage of body fat may remain constant or increase with age but there is a substantial redistribution of fat tissue in the
subcutaneous, adipose and visceral depots (29). With age there is also a loss of lean
body mass and accumulation of fat outside adipose tissue. Studies on body composition and race/ethnicity found groups to differ from each other (30). Research has
shown blacks to have a greater mineral bone density and body protein content than
whites which results in a higher density of FFM (16, 31). Disease states or malnutrition
may cause wasting or reduced FFM in individuals who may be characterized as having
a normal % fat (30). Thus there is a need to have specific cut-off points for the different
age, sex and ethnic groups. In our study, we used different available measures of adiposity to ascertain the problem of overweight among women and with the different
measures there were different outcomes. BMI is the most widely used diagnostic tool
to identify weight problems and although there are cut-off points for Chinese where
overweight is BMI≥ 24kg/m2 (10) there are no clear cut-off points for Africans. Our
study, like other studies used the WHO cut-off points whereby overweight was
BMI≥25kg/m2. All the measures of adiposity we used yielded different numbers with
WC giving us the highest and BMI the lowest level of adiposity. For WC and WHR we
relied on WHO-cited cut-off points and although there are cut-off points for different
ethnic groups (Asians, Chinese, Caucasian) provided by the International Diabetes
Federation (IDF), there are none for black Africans, IDF suggests that cut-off points for
Europeans be used until cut-offs for Africans are available (32).
Although FMI is said to be a more reliable measure of nutritional status as opposed to BMI (21, 33), our study did not find standard cut-off points for FMI among
African women and different cut points exist for different races except for native Africans. For example, one study indicated that the mean FMI for Caucasian women aged
18-34 was 5.8kg/m2 and was 6.2kg/m2 for women aged 35-54 (33) and 8.16 kg/m2 for
Chinese (10). Another study found mean FMI values of 3.9 to 8.2 kg/m2 and FFMI values of 14.6 to 16.8 kg/m2 for white women of normal BMI ranges (28). A study on
African American women that used a prediction equation found the mean FMI to be
10.9 ± 4.4 (30), while in our study the mean was 7.04 ± 2.8. We used the cut-off
8.2kg/m2 to designate overweight among women in Africa, which is the cut-off point
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for Caucasians, and may not be reliable when used for Africans. It is the lack of cut-off
points for Africans that makes FMI unreliable as a screening method for adiposity.
All the measures indicated that overweight was common among the married, a
finding that is consistent with other studies. However, we found overweight to be
higher among those with fewer children, a finding that is not in agreement with other
studies. Many studies report that overweight increases with increasing number of
children among women (34-37). It is argued that parity without much spacing between
children does not allow a mother to regain her body shape. However, in our study,
fewer children could also mean more food to go round and this may explain overweight among Kenyan women with fewer children. Also in our study we did not measure the impact of spacing between the children, which may be a contributor to overweight among women. Overweight also increased with age, a finding that was consistent with other studies (37, 38). Although many studies indicate that overweight is
high among the educated, our study found mixed results with the different measures.
All measures except WC, showed overweight to be high among women with post primary education. In our study, women, regardless of their economic status or job opportunities that come with secondary level of education and beyond which would
mean higher purchasing power were prone to abdominal adiposity all the same just
because they were women. Wagner reiterates that women tend to have a greater fat
mass rather lean body mass and this may contribute to higher bone density and that
black women have the smallest waist-hip ratio and a greater abdominal skinfold compared to white women (16). However, in terms of predicting risk of metabolic syndrome, studies have shown WC to predict high density lipoproteins and WHR to predict triglycerides (39, 40). BMI on the other hand is said to misclassify persons who
carry more weight as fat-free mass while % fat can mislead in cases of diseases that
cause wasting of lean tissue thus the need to use FFMI as proposed in a study by Hull
et al. (30). The partitioning of BMI can show whether an increase or decrease in body
weight can be determined in changes in either FFM or FM or changes in both.
The strength of our paper is the use of labeled water to measure body composition and the studies that have used the same technique to assess overweight among
Kenyan women are very limited. The use of deuterium dilution is considered a gold
standard to measure body composition, and has been validated in several studies. The
limitation of this study is the small sample size. Due to this the results of this study
cannot be generalized to other populations. Our recommendation for future studies is
the need to have studies with a large number of participants to compare the different
measures of overweight to be able to come up with more representative data which
may offer better opportunities for interpretation of data.
In conclusion, different measures of overweight present a different prevalence of
adiposity among women and therefore, not knowing the magnitude of the problem,
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proper action in terms of intervention cannot be taken. It is our recommendation that
for future research on overweight among women in Africa one should aim at identifying suitable cut-off points to ensure proper screening and identification of at risk populations to overweight. This will enable proper interventions to be put in place to curb
the occurrence of diseases related to overweight. This is important in cases where
proper cut-off points are not provided. Regardless of the limitations, BMI and WC are
still the cheap and acceptable methods to be used when a measure of FM is not possible. However, proper cut-off points for WC and FMI need to be identified to offer reliable and cheap measures in screening for overweight among women in Africa through
further research in order to make more valid and reliable diagnoses of adiposity.
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CHAPTER 8
General Discussion
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The motivation to carry out this study is based on the ever increasing cases of food
insecurity within our country Kenya. Personally, I have experienced hunger due to
drought when I was growing up. It was the first time for us to eat yellow maize, a donation from western countries. I have seen children go move from house to house
begging for food or looking to offer some form of labour in exchange for food. Hunger
seasons are the worst times when food deficits are experienced by not only the poor.
It is the period after planting and before harvest season when the crops are not mature enough to harvest. In this context of hunger and deficit, there is also the other
side of the coin. With improved access to food and inactivity, overweight is also going
up. Personally, I have witnessed a growing number of overweight not only among the
adults, but also among children. Growing up we had no television, no computers and
cars were few. We walked everywhere. We played outside the whole day when we
were not in school. And when in school, we had the opportunity to play outside during
break, physical education (PE) lesson and during games time after school. We walked
to school. Nowadays, children sit in front of the television, when not in school. And
when in school, they have a tight curriculum that does not allow much time for play.
People use cars to go everywhere. Children, within the urban centers get a car ride to
and from school. Or if they walk, it is for a short distance. Physical education is no
longer important in school. Adults have access to fast foods in the urban centers. In
the rural areas, the farms are now small and there is very little farm work. Heavy
mechanization is employed in bigger farms. My grandmother boiled most of her food
and she used locally processed ghee sometimes. Overweight therefore is now a challenge to our country together with food insecurity.
In the onset of the study, we had intended to carry out 3 phases of the project; a
prevalence study, a longitudinal study and finally an intervention study. The prevalence study was to determine the levels of malnutrition among women and children in
Narok County. The longitudinal study was to follow up pregnant women in their first
and second trimester until delivery to be able to assess their physical activity and food
security and how this impacted on the birth weight and delivery method of the child.
During the intervention study, which was to start after delivery we intended to followed up the women, while we offered nutrition education on infant feeding and care
and follow them up for 2 years. Then, after 2 years we intended to determine the impact of nutrition education and care on the nutritional status of the child. However due
to circumstances beyond us, we only managed to accomplish phase i and ii and we
modified phase iii. The study was financed by The Netherlands Organization for International Cooperation in Higher Education (NUFFIC) and supervised by promoters from
Maastricht University. The study aimed at influencing policy in that by pointing out the
increasing overweight among the food insecure, proper interventions for example
surveillance to monitor the numbers would be set up.
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The objectives of our study were i) to determine the prevalence and risk factors of
malnutrition (overweight, stunting, wasting and underweight) among children ii) to
assess food security and its effects on maternal and child malnutrition iii) to assess
physical activity, water turnover and body composition and their impact on maternal
nutrition iv) to assess physical activity among pregnant women and food insecurity and
their impact on pregnancy outcomes and lastly v) to assess overweight among women
using different measures of adiposity. We focused on the persisting food insecurity
and consequent under nutrition as well as the emerging trend of overweight among
women and children in Kenya and the role of physical activity and body composition
among women. In this thesis, chapter 2, 3 and 4 are discussed together since they
address objectives i) and ii) and lastly we discuss chapters 5 and 6 together as they
address objectives iii) and iv). Chapter 7 is on the methodology of assessing overweight
and is discussed at the end.
As we discuss the results in this study, care must be taken in making generalizations; first and foremost, our studies on physical activity, body composition and
measures of adiposity are limited in terms of sample size. The sampling size was determined by the limited deuterium samples and the number of accelerometers. There
in our recommendation, we propose that in the future a similar study be conducted
among a representative sample size in order to generalize conclusions.
Our study was guided by two conceptual frameworks: i) the United Nations Children’s Education Fund (UNICEF) conceptual framework on causes of malnutrition
among children and women and ii) Scott’s conceptual framework on etiology of overweight and obesity in Africa. Both frameworks are explained in detail in Chapter 1. The
UNICEF conceptual framework is quite detailed in illustrating the causes of both undernutrition and over-nutrition; however we brought in the Scott’s framework because of
physical inactivity which is included in this framework as one of three proximate factors that cause overweight and obesity as it was one of the objectives of our research.
However, in as much as several studies have found a relationship between household
food insecurity and overweight, our study did not find an association among children
below five years of age. The studies that found an association between food insecurity
and overweight were mainly in the developed countries and we noted that the foods
consumed by the lower and middle income household were high in saturated fats and
sugars and notably their diets were not diverse and these factors and physical inactivity may have contributed to overweight. Dietary diversity needs to be incorporated in
the conceptual framework as it is important in ensuring an adequate diet in terms of
nutrient content. However, the issue of eating the right amounts also comes into play
whereby an individual may over-consume certain food items and thus may contribute
to overweight.
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In addition to the conceptual frameworks on causes of malnutrition and etiology of
overweight and obesity, although in our study we did not look at it, it is important to
mention the importance of health promotion theories of reasoned action/ planned
behavior, health belief model and self-efficacy theory in predicting health behaviors
(1). The social cognitive theories argue that a positive attitude towards physical activity, balanced diet as well as intentions to pursue health promoting behavior are confounding factors in determining an individual’s overall health. Therefore one has to
make a decision to eat healthy and to exercise in order to avoid being overweight or
obese. In addition, when women choose to eat healthy and exercise they minimize
obstetric risk such as having a low birth weight child or undergoing a caesarian section
during birth.
The main findings in chapter 2, 3 and 4 are that Kenya like other countries in the
developing world is experiencing a nutrition transition leading to increased numbers of
overweight. There has been a gap in studies done in Kenya on overweight since most
studies concentrated on issues related to under nutrition, which has been and still is a
problem in most sub-Saharan countries. With the improving economies and many
people moving into the urban areas, economic and nutrition transitions were inevitable. The nutrition transition is defined as the changes in dietary patterns and nutrient
intake when a population adopts a modern lifestyle during economic and social development, urbanization and acculturation (2). These changes in dietary patterns include
consumption of foods that have refined carbohydrates, are low in fiber, have high a fat
content (3) and together with an increased sedentary lifestyle and reduced physical
activity, have contributed to pushing the numbers of people with overweight and obesity up in the developing countries. The prevalence of overweight and obesity combined among women in our study was 35.6%, which is comparable to results found in a
study by Ziraba who found overweight in Kenya to be 38% (4). The World Health Organization (WHO), indicated that in all its regions, women were more overweight
compared to men (5), a fact that is also noted in a study by Mandez et al (6). In our
study, the overweight prevalence of children under 5 years in Kenya was 6.9%, and the
World Bank had estimated the prevalence in 2010 to be 5%. Although other studies
found the prevalence of overweight to be higher among children in Kenya compared to
our study (7, 8). The geographical locations of these studies could be the main reason
for these differences, in that different parts of the country have varied climatological
conditions and also vary in socio-economic status, a factor that was brought out in a
study by Pawloski et al (9) and Kandala et al (10). Narok County is one of the richest
counties in the republic of Kenya; however, poverty is still high among the local communities. According the county report more than 12% of the population live below the
poverty line (11).
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Although the prevalence of overweight is on the increase among both women and
children, stunting, underweight and wasting were reducing among children until 2009
according to a study by Masibo (12) after which there was again a slight increase in the
prevalence of wasting in 2010 (13). Levels of under nutrition were lower in our study
compared to other studies in Kenya (8, 12) which may be attributed to the geographical locations as cited earlier. Different tribes tend to occupy distinct geographical
areas, and therefore with varied sociocultural factors among the tribes may influence
their nutritional status due to dietary factors (9). The Maasai are the majority tribe in
Narok County, and they are known pastoralists who travel long distance in search of
pasture and water (14). The Maasai’s diet consists of curdled milk, blood, meat and
sometimes herbs and recently they have added maize meal porridge to their diet (15)
and are settled mainly in the rural areas (16). The rural areas report lower overweight
compared to the urban areas (4, 6, 17). Underweight among women in our study
group was comparable to that of women in other parts of Kenya (18), although our
sample consisted of largely women from the urban setting, our findings are comparable with those of other developing countries (6).
The determinants of under nutrition and overweight in Kenya have been highlighted at length in the studies by Gewa (8) and Masibo (12) and their findings indicate
that among children in Kenya overweight (18%) is co-existing together with stunting
(30%) and underweight (16%). According to the study by Gewa (8), being an older child
and living in a larger size of household were associated with lower odds of being overweight. However, our review study in Chapter 2 indicates that the major predictors of
stunting and overweight in 18 studies across sub-Saharan African include a combination of demographic, socio-economic and environmental factors. Lifestyle and nutritional factors, although important, were not found to be significant in the reviewed
studies. However, other studies have found that dietary patterns and nutrient intake
played a role in both under nutrition (19) and over nutrition (20). Early introduction of
solid foods may increase the risk of overweight among young children (21), while
breastfeeding exclusively for six months may be protective against overweight (22-24).
While among teenagers, a study by Friedman et al (25) indicated that teenagers who
are stunted and continue to remain in the same environment continue to deviate from
the National Centre for Health Statistics (NCHS) standards, accruing greater height
deficits with age and no catch-up growth is experienced. In addition, teenagers in urban and rural areas vary in lifestyles in that rural children tend to eat their meals at
home compared to their urban counterparts who have more access to money and
tend to eat meals away from home particularly in social places like movie theatres and
shopping arcades (26). With access to fast foods and snacks, overweight among teenagers in the urban areas is higher compared to that of their rural counterparts. Life-
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style factors like low physical activity also push the numbers of overweight and obesity
among teenagers (27, 28).
In chapter 4 we address the issues of food insecurity. Food insecurity, hunger and
under-nutrition have been the challenges in sub-Saharan Africa in the 21st Century,
however, despite the persisting stunting and underweight particularly among children
under five years of age, overweight is an emerging pandemic. In our study, overweight
was a major nutritional problem among women in the study area although food insecurity was also a problem confirming the paradox of over-nutrition occurring where
food insecurity exists. This coexistence of overweight among food insecure has been
confirmed in other studies in developed countries but not in the developing countries
(29-32). In our study the food secure household had higher odds of being overweight
and not underweight. Which is expected because the more food secures the household is, the easier it is for individuals to access food of high quality and a large quantity
which may contribute to overweight. For adolescent children, studies have found no
associations between overweight and food insecurity (33). Other predictors of overweight included being in an urban settlement, high standard of living (SOL), increasing
parity and age. In our study, we also found dietary diversity to reduce with increasing
household food insecurity. As food security improves within a home, access to quality
and quantity food can be achieved, however, when one is not educated on how to
make the right choices, then overweight and stunting as well as underweight can be
found within food secure homes. However, in a situation whereby food insecurity
persists, a household may not be able to access a wider variety of foods to meet their
nutrient requirements.
If not reversed, the increasing rates of overweight among children will have
enormous implications not only for future health care expenditures but also for the
overall development of the nation (34, 35). There is urgency in reversing the trends of
increasing overweight and obesity in developing countries which are still battling with
effects of under-nutrition, food insecurity and hunger. This is because both extreme
forms of malnutrition have far reaching consequences on health, economic resources
and can cause disability or death in the long run.
In chapter 5, we sought to find out the relationship between water turnover,
physical activity and body composition. Our main findings were that water loss was
significantly related to physical activity and body composition, and that BMI was the
strongest predictor of water loss. Water is an essential nutrient (36) and it is the largest constituent of the human body (37, 38). In this chapter we sought to find out how
women cope with the day to day physical activities in search for food and water in
terms of regulating body water. Meeting water requirements among women in Africa
is essential for proper normal functioning of the body in order for them to accomplish
cultural responsibilities of caring for household members. However, due to hot tem-
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perate climatic conditions, varied metabolism, food security status and other factors,
water requirements within this community may not have been adequately met. Comparing physical activity, our study found Kenyan women to be more active compared
to a Dutch study group and water loss was similar among the Dutch and Africans in
another study (39). In another study on obese and lean women, overweight women
were less active and tended to sweat more profusely (40, 41). What is important to
note in this study is the role of acclimatization in regulating water loss, since we found
water loss to be similar among our subjects and those from other regions.
The implication of this study is that physical activity and body composition play a
role in water turnover. However, other studies have shown that acclimatization and
body’s thermoregulation processes also play a role in enabling one to utilize the available water in the body. The Kenyan food policy does not have information on required
water recommendations for consumption particularly in the different climatic conditions. Therefore, this is important to policy makers who need to offer recommendations on daily water requirements for the arid and semi-arid regions. Therefore giving
water the attention it deserves as an essential nutrient. In addition, adverse climatic
conditions and increased physical activity affects the performance of women as key
food providers within a home. In addition to adequate food access and sufficient
health services and healthy environment, women time to adequately care for their
children. As a result of the semi-arid conditions, women have to travel long distance to
fetch for food and water. Therefore, women need to be provided with conducive environments within the homes and health services need to be easily accessible and sufficient to avoid the long distance they travel.
In chapter 6, our main findings were that there was no relationship between
physical activity, food security and pregnancy outcomes. However, using height and
weight and correcting for gestational age we found a significant relationship with birth
weight. Height of the mother was a strong predictor of birth weight of the child, which
brings about the importance of pre-pregnancy nutrition of the mother. In our study we
found pregnant women to have low physical activity although women in low-income
countries are generally known to have high physical activity which is sustained through
pregnancy (42-45). And the reason for the low physical activity among pregnant women is because of the assumed potential risk to the unborn baby, thus pregnant women
may take up less work within the home. However several studies have disputed this
claim and physical activity should be encouraged among pregnant women. Physical
activity is important in regulating gestational weight gain (46, 47). Excess weight gain
during pregnancy may lead to hypertension, gestational diabetes as well as delivery
complications (48). Dietary diversity among pregnant women differed slightly between
2nd (6.1) and 3rd (6.5) trimester groups. However, when we compared rural and urban
groups there was no difference in dietary diversity. Pregnant women are regarded as a
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special needs group of people by many communities in Kenya and therefore they are
provided with special diets in some cases, although in food insecure communities this
may not be the case. After delivery it is common to find among the Maasai communities a goat being slaughtered for the new mother. Thus, there is need for nutritional
interventions particularly among young girls to eradicate all forms of malnutrition to
prevent complications during their adulthood more so as it affects pregnancy outcomes. Physical activity ought to be promoted among pregnant women as it prevents
excessive weight gain and it also improves cardiovascular functions.
In chapter 7, we looked at measures of adiposity and we found out that there are
various measures that have been used over time to assess overweight and at present
there is a lack of data on the best measures to use for the black African population. We
used the gold standard measure of using deuterium dilution to determine body fat
mass (%FM) which we used to compare with the other measures including BMI, waist
circumference (WC), waist hip ration (WHR) and fat mass index (FMI). It is interesting
to note that all these measures yielded different results. WHR and FMI yielded the
same (28.6%) percentage when used as a measure of adiposity whereas with WC the
percentage was the highest (46.4%). In this study we did not find clear cut-off points
for black Africans in the assessment of overweight. BMI has been widely used to assess
overweight in populations, however it is not the most accurate methods to use because it can be influenced by age, gender, and ethnicity (49). This study indicates that
the deficits of BMI are in that it can estimate the relative risk of the disease in most
people but it is not an accurate predictor of body fat or fat distribution particularly in
muscular individuals, because of difference in body-fat proportions and distribution.
WC is similar with BMI in that it is influenced by age and ethnicity in both men and
women (50, 51), however they differ in that WC is independent of height (52). Some
studies indicate that WHR is an accurate measure of adiposity (53).
With the different outcomes with the different measures of adiposity, it is difficult
to get a clear picture of the magnitude of the problem of overweight and obesity. And
considering the consequences of the problem for example chronic ailments (coronary
heart diseases, hypertension and diabetes) overweight and obesity must be given a
priority in research to come up with proper cut-off points. Otherwise, the recommendation for the black African population is to combine measures, since there is no one
measure which is accurate and no cut-off points to guide health practitioners. Thus the
implication of this study to policy makers is that there is need for more research to be
conducted among black people in order to reach an agreement on suitable cut-off
points.
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Limitations and strengths
The strength of our research is that we were able to analyze the nutritional status of
children and determine overweight cases as well as under-nutrition together with food
insecurity which has not been reported in many studies in Kenya. The limitation of the
study is that the household food insecurity access was assessed based on how the
participant answered the questions. Hunger and anxiety of not having sufficient food is
perceived differently by different people. Some people consider hunger as not being
able to access staple food although other foods may be available. According to the
FAO, food security has three dimensions, access, availability, and stability and utilization (54). In our study, we assessed food access using the HFIAS food access tool and
utilization was measured using anthropometric measurement, while dimensions of
stability and availability were not covered. It is a suggestion for future research that all
the dimensions of food security be studied in this area to provide an opportunity for a
more holistic analysis. Our study relied on recall to assess dietary diversity and relying
on recall can lead to misreporting on the actual events that took place. The participants may not have recalled actual intake due to poor memory or by false reporting.

Recommendations
Future research is needed to look at food security’s dimensions of stability and availability as well as psychosocial factors surrounding food intake, and how these factors
impact on overweight and stunting among children. Further, more studies on dietary
intake of the children may highlight the importance of feeding patterns on nutritional
status, particularly feeding schedules and weighing the child’s food in a situation
where the child is not breastfeeding and also the technique of force feeding needs to
be studied further to understand its underlying nutritional effects on children. In addition, an intervention is recommended to curb the raising prevalence of overweight
among children since most public health institutions in Africa are tailored to handle
mainly cases of stunting, wasting and underweight but not overweight. The policies
that are in place to screen and manage under-nutrition must be reviewed to include
screening and management of overweight among children. In other word, there is so
much information available to healthcare providers on how to manage under nutrition
cases such as marasmus, kwashiorkor among others, and less or no information is
available on overweight and obesity. Therefore there is need for nutrition information
packages need to be developed on screening and management of overweight.
On importance of physical activity, although we did not find a significant association between physical activity and birth outcomes in our study, we found caesarian

127

sections and time spent on sedentary activities to be high; there is need for a policy to
guide on recommendations for pregnant women in terms of quantity and quality of
information, since it is not clear how much physical activity is ideal for the different
stages of pregnancy.
On methodology, there is need for further research to come up with clear cut-off
points for assessing adiposity among women in Africa to enable proper screening of
overweight cases for early intervention.

Conclusion
Our study concludes that food insecurity is still rampant in Kenya in spite of the progress made in economic developments, food production and infrastructure. As a result
of food insecurity, under-nutrition has continued to persist especially among children
under five years old. In addition, overweight is emerging as a threat to progress made
in the area of food access resulting in a double burden of malnutrition. Overweight
combined with under-nutrition poses a challenge both to researchers and policy makers as they exist within the same community, among individuals and in the same
households. Women and children are the most affected by the double burden of malnutrition. The consequences of the double burden of malnutrition are far-reaching and
the end result may be disability or death. Interventions need to be put in place urgently to curb the rising overweight and the persisting under-nutrition.
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There is a growing concern over the increasing number of overweight people in developing countries particularly in Africa. The increase in the prevalence of overweight and
obesity in developing countries is largely attributed to lifestyle changes that are consistent with countries in transition. With the changes in dietary patterns and reduced
physical activity, there is an increase in numbers of overweight and obesity particularly
among the poor and the urban and rural populations. Physical inactivity has been reported in many developing countries, particularly in Africa among the urban populations. The nutritional status is changing in many developing countries from persistent
underweight, stunting and wasting to overweight and obesity among children and
adults and now frequently a combination of under-nutrition and over-nutrition is observed resulting in a situation that is now commonly referred to as the ‘double burden
of malnutrition.’ Under-nutrition, particularly stunting, has also been known to result
in overweight later in life.
The aims of this thesis therefore were to determine the prevalence and risk factors of malnutrition (overweight, stunting, wasting and underweight) among children,
to assess food insecurity and its effects on maternal and child malnutrition, to assess
physical activity, water turnover and body composition and their impact on maternal
nutrition and to assess physical activity and food insecurity among pregnant women
and their impact on pregnancy outcomes.
During the literature review also a systematic review was carried out to assess
determinants and prevalence as well as risk factors for overweight, stunting, wasting
and underweight among young children in sub-Saharan Africa. We carried out a study
to assess the prevalence of overweight as well as stunting, underweight and wasting
among children and also to assess overweight and underweight among women in
Narok County in Kenya, located in Rift Valley Province. In addition, we carried out a
longitudinal study to determine body composition, physical activity and water turnover
among women and also to determine the impact of physical activity and food security
on pregnancy outcomes among pregnant women in their second and third trimesters
in Narok County.
The main findings from our review study were that demographic, socio-economic and
environmental factors are the major players in determining stunting, underweight and
overweight among young children and adolescents. Although nutritional and lifestyle
factors are important as mentioned in other studies, they were not significant in the
studies sampled. Stunting is a risk factor in early childhood that may result in overweight later in adolescence and adulthood. Promoting exclusive breastfeeding is important in preventing both stunting and overweight among children.
In the prevalence study among our population of children under five in Kenya,
mild, moderate and severe stunting were 12.3%, 4.8% and 2.6% respectively, 15.7%,
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6.0% and 2.2% for mild, moderate and severe underweight and 16.6%, 5.2% and 4.3%
for mild, moderate and severe wasting. Overweight among children was 6.9%. While
among women, the prevalence of underweight was 5.6%, overweight was 26.5% and
obesity was 9.1%. The food security status among households was varied: Of all
households involved 70.1% were categorized as severely food insecure, 21.9% were
moderately food insecure, 3.7% were mildly food insecure whereas 4.3% were food
secure.
In our study on of body composition and physical activity on water loss among
women we found the mean total body water (TBW) as 29.3 ± 4.2 liters and water turnover was found to be 3.2 ± 0.8 liters per day (L/day). Water loss was significantly related to BMI, Fat mass index (FMI) and physical activity. BMI was the strongest predictor
of water loss. Water loss increase with increased physical activity and increased BMI.
Meeting water requirements among women in Africa is essential for proper normal
body functioning in order for them to accomplish cultural responsibilities of caring for
household members. Acclimation may play a role in minimizing water loss among individuals in arid areas in order for the body to utilize water well since water loss was
more or less similar to those of women in other climatic regions.
In our study on effects of physical activity and food security on pregnancy outcomes, we found food security and physical activity not to be significant predictors of
birth outcomes; however, height of the mother was an important predictor of birth
weight. Food insecurity was 45.1% among the pregnant women, however those in
their 2nd trimester reported severe food insecurity as high as 61.9% compared to the
3rd trimester women whose severe food insecurity was 42.9%. Vector magnitude
counts indicated that physical activity reduced in the third trimesters and that all the
pregnant women spent more time on sedentary activities as indicated by 51% in the
2nd trimester and 56% in the 3rd trimester.
The results from our prevalence study showed that in Kenya overweight is on the
increase. The prevalence of overweight among children under five years of age according to our study was 6.9%, and this is consistent with data reported by the World Bank
which estimated the prevalence by 2010 to stand at 5%. Among women in our study
population who had a child below 5 years of age, overweight and obesity combined
was 35%. Other studies indicate that the prevalence of overweight in the different
regions in Kenya varied as a result of varied socio-economic status and climatological
conditions that affect the food availability and accessibility. Food insecurity was persistent among the study population confirming the paradox of over-nutrition occurring
among the food insecure. Physical activity was low among women in our study confirming the reduced physical activity in countries in transition. The reduced physical
activity and change in dietary patterns has contributed to the prevalence of overweight. Although there was no impact of physical activity and food insecurity on preg-
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nancy outcome, however, height of the mother was associated with birth weight. This
reaffirms the importance of pre-pregnancy nutrition in determining outcomes such as
birth weight and height of the infant. Nutritional status of the young women, more so
girls is important in predicting future pregnancy outcomes. In terms of regulating water intake, among women living in arid and semi-arid lands, physical activity, body
mass index (BMI) and body composition were predictors of water loss, however, BMI
was the strongest predictor. Total body water (TBW) among the women in our study
was comparable to that of women other studies done in Kenya. Meeting water requirement is crucial for women living in this region also more so because women are
the key food providers within a home, thus if their water needs are not met then they
can become dehydrated and therefore not able to provide for their families. Other
than the body maintaining its water balance, it is important to note the role played by
acclimatization by individuals that enables them to cope with the conditions of water
shortage without increasing the intake.
In conclusion, food insecurity is still rampant in Kenya in spite of the progress
made in economic developments, food production and infrastructure. As a result of
food insecurity, under-nutrition has continued to persist especially among children
under five years old. In addition, overweight is emerging as a threat to progress made
in the area of food access resulting in a double burden of malnutrition. Overweight
combined with under-nutrition poses a challenge both to researchers and policy makers as they exist within the same community, among individuals and in the same
households. Women and children are the most affected by the double burden of malnutrition. The consequences of the double burden of malnutrition are far-reaching and
the end result may be disability or death. Interventions need to be put in place urgently to curb the rising overweight and the persisting under-nutrition.
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Increasing overweight among women and children has far reaching consequences in
the developing countries. Together with persistent food insecurity and under nutrition,
overweight pose a challenge to health workers and policy makers due to the fact that
in can co-exist within the same household and community and thus the double burden
of malnutrition. The relationship between nutrition and physical activity forms part of
this study due to its direct link to overweight as indicated in one of the conceptual
frameworks.
The results from this study are relevant to the public, the academia and the government as it reports on the prevalence of overweight, food insecurity and physical
activity particularly among women and young children. We explored the importance of
food security and physical activity in determining pregnancy outcomes. This knowledge
is gainful to the health sector (policy) as it forms the basis for nutrition counselling
during pregnancy and the need to highlight the importance of physical activity to prevent obstetric risks such as birth via caesarian section instead of normal birth.
The current study explored the use of deuterium dilution in assessing body composition as well as compare different measures of adiposity. We bring out the shortcoming of the different measure and how the measures differ in estimating overweight
and the need for clear cut points for populations in Africa. This study makes recommendations towards adjusting some cut points may go a long way in surveillance by
properly estimating the prevalence of overweight.
I work in a public teaching institution of higher learning in my country at the moment a school of public health and it is my moral duty to incorporate the key elements
of this study in my day to day academic work. The new knowledge attained contributes
immensely towards our new curriculum of sports nutrition. I have gained a lot of experience in assessment of physical activity and nutritional status and this study goes into
building capacity in this area of nutrition that is not common in Kenya. I also come
from a community that has fielded renowned athletes who have competed in the
world marathons and my university is squarely located within the city where most of
these renowned athletes call home. I work with these athletes to come up with proper
nutrition plans to package and make it available to other aspiring individuals.
From a public health point of view, it is important to educate the public on the
consequences of reduced physical activity in relation to health outcomes. With the
results from this study and experience gained I am able to focus on the need to enhance physical activity at an early age in order to minimize the consequences associated with low or reduced physical activity. With the increasing lifestyle related ailments
such as diabetes, hypertension, cancer and obstetric risks associated with overweight,
nutrition education needs to be made top priority by policy makers. My role as an
educator is in ensuring information is available that is relevant on importance of maintaining some form of physical activity and management of weight. In our study, alt-
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hough we did not look at nutrition education as a component we have evidence from
our literature review that nutrition education is important in combating overweight by
having the knowledge to make wise choices when it comes to food.
As a researcher, as I sought to have my research questions answered, instead I
have arrived at more questions that are motivating me to go on in this field. From my
study, there are some questions that were left unanswered and some answers have
elicited more questions. There is need for an intervention to see how nutrition education and physical activity impacts on pregnancy outcomes and this is going to be the
motivation for my next project.
In conclusion, this study highlights the increasing overweight and persistent undernutrition and the results hopefully will benefit the public, the academia and the government in the long-run. We propose in this study recommendation that will help in
curbing the problem of overweight particularly the emphasis placed on physical activity.
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for a better university to do my PhD.
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To my daughter Nikki, you are my other PhD! You arrived in my second of PhD and I
thought to myself, what I have gotten myself into!! You were definitely not a mistake!
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could not find my way home in the dark (at 5 pm!!!) Thank you for making me feel
welcome in your homes, the many vlaai’s we ate together, the many barbeques! Thank
you Carrie for watching over Nikki and when she was here!! Thank you Davina, Louis,
and Gwen for the many gifts to my children!
Thank you to my devoted friend Phyllis and your family. I say devoted because the
things you did for me when I was here and away in Kenya, no words are sufficient to
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You were the friend I needed here and the friend I will always need by my side. I treasure you and Peter, Suzie, Jim, Tess and Sly. God bless you my friend.
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