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Summary 

utrition transition is described as a shift in demographic and epidemiologic patterns; 

fostered through economic development, globalization, urbanization, and 

technological improvements. Depending on the stage of transition in a given society, 

changes in lifestyle and eating habits lead to an increased intake of processed foods, saturated and 

total fats, salt, sugar, and energy-dense beverages. Many developing countries are undergoing 

such a nutrition transition, which contributes to emerging problems in their health systems. For a 

long time, the elimination of undernutrition has been a top priority of development policies in 

low-income countries. Worldwide, it is estimated that 24% of all children under-five are currently 

stunted, mainly caused by sustained episodes of energy and micronutrient deficiencies. There has 

been remarkable progress in reducing this prevalence; still the number of stunted children 

continues to increase in African countries. While globally undernutrition and stunting are 

declining, overweight, obesity, and nutrition-related non-communicable diseases (NR-NCD) such 

as diabetes and hypertension are growing epidemically. The large majority of the worldwide 

NCD-related deaths occur in low- and middle-income countries. Especially for some African 

countries like Kenya, where stunting is still widespread and overweight and obesity are 

increasing rapidly, it is of immense importance to analyze and understand driving factors and 

prevent malnutrition in all its forms.   

Against this background, this dissertation presents three essays dealing with the ongoing nutrition 

transition and malnutrition in Kenya. In the first two essays, we investigate the influence of 

supermarket purchase on adult’s nutrition, diet, and health. In the third essay, we study the link 

between different types of maternal nutrition knowledge and child and adolescents’ nutritional 

outcomes.  

Kenya has experienced a rapid growth of supermarkets in recent years. Overall, the share of 

national grocery sales through supermarkets in Kenya is about 10%; with big cities already 

having a much higher share. At the same time, the country is struggling with many nutrition and 

health-related issues. While 35% of the children under-five are stunted, NR-NCDs are also a 

growing concern. More than 26% of all adults in Kenya are either overweight or obese. The 

national prevalence of diabetes and hypertension is estimated at 2.5% and 35%, respectively.  

N 
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The first two essays are motivated by the hypothesis that the rapid spread of supermarkets in 

developing countries contributes to the observed nutrition transition and thus causes changes in 

nutrition and health. Recent research revealed significant effects of supermarket purchase on 

dietary choices and the body mass index (BMI) in various developing countries. However to our 

knowledge the question whether supermarket purchase affects the prevalence of NR-NCDs has 

not been analyzed up till now. We add to the literature by using detailed health data and 

indicators of NR-NCDs. In addition, existing studies only had cross-sectional data available, so 

that possible bias due to unobserved heterogeneity remains an issue in the analysis of 

supermarket impacts. Here, we address this issue with panel data for dietary choices and BMI. 

Related to our third essay, maternal nutrition knowledge has been identified as one important 

factor to shape a healthy living environment for the whole household and to improve child 

nutrition. While associations between maternal nutrition knowledge and young children’s 

nutritional outcomes are well documented, it is much less understood, what type of maternal 

nutrition knowledge matters most and what are possible impacts on older children and 

adolescents.  

The first essay investigates the effects of supermarket purchase on BMI, as well as on health 

indicators such as fasting blood glucose (FBG), blood pressure (BP), and the metabolic 

syndrome. To this end, we use cross-section observational data from urban Kenya collected in 

2015. Demographic, anthropometric, and bio-medical data were collected from 550 randomly 

selected adults. Supermarket purchase is defined as any food purchase done in supermarkets 

during the last 30 days. Instrumental variable (IV) regressions are applied to control for 

confounding factors and establish causality between supermarket purchase, BMI, and health. We 

find that supermarket purchase leads to higher BMI and an increased probability of being 

overweight or obese. Supermarket purchase is also related to significantly higher levels of FBG 

and a higher likelihood of suffering from pre-diabetes and the metabolic syndrome. Effects on BP 

cannot be observed. We conclude that supermarkets and their food sales strategies seem to have 

direct effects on people’s health. In addition to increasing overweight and obesity, supermarkets 

contribute to FBG, pre-diabetes, and the metabolic syndrome.  

In the second essay, we analyze robust effects of supermarket shopping on BMI and the 

probability of being overweight or obese. Further, we investigate the relationship of supermarket 
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shopping on the share of energy from highly processed foods and the energy consumption of 

different food groups (unprocessed staples, fruits/vegetables, meats/fish, dairy/eggs and vegetable 

oils). For this analysis, we use panel data collected in 2012 and 2015. Econometric analysis is 

carried out with an unbalanced panel comprising 1,199 observations of male and female adults 

with differing supermarket access and use. Using fixed effects (FE) estimations, we find that 

supermarket shopping significantly increases adult’s BMI through changed diets. Supermarket 

shopping decreases the energy consumption from unprocessed staples, fresh fruits, and 

vegetables and increases energy consumption from dairy, vegetable oil, processed meat products, 

and highly processed foods. The data suggest that the BMI-increasing effect of supermarket 

shopping is primarily due to changed dietary composition, rather than higher total energy 

consumption. As ‘unhealthy’ foods are also available in traditional retail outlets, the contribution 

of supermarkets might be of an additional character driven by lager package sizes, pricing, 

advertising, and placing strategies. 

The third essay examines the link between maternal nutrition knowledge and long-term 

nutritional outcomes of children and adolescents between 5-18 years, focusing on whether 

associations differ depending on the type of maternal nutrition knowledge. We use panel data 

from urban Kenya collected in 2012 and 2015. After controlling for confounding factors, we find 

that maternal nutrition knowledge, measured in terms of an aggregated nutrition knowledge 

score, is positively associated with children’s height-for-age Z-score (HAZ). However, further 

disaggregation by type of maternal nutrition knowledge reveals important differences. The 

strongest positive association with child HAZ is found for maternal nutrition knowledge about 

the health consequences of not following recommended dietary practices.  

All three essays contribute to the existing literature about the links between transforming food 

systems and nutrition in developing countries. Concrete empirical research on such links is 

relatively scarce. Beyond nutrition, we also broadened the scope and analyzed effects of 

supermarket shopping on health and NR-NCDs. The results have immediate policy-relevance. 

Policy interventions should be designed such that positive effects of supermarket growth are 

strengthened, while negative nutrition and health impacts are avoided to the extent possible. One 

concrete idea could be to improve the offer and placement of fresh foods in supermarkets located 

in small urban centers. Furthermore, our results on the role of nutrition knowledge suggest that 



Page  | iv 

nutrition education should especially focus on raising awareness of the health risks associated 

with unsuitable dietary practices. As shown, awareness of such health risks among mothers and 

caretakers can help to improve long-term nutritional outcomes of children and adolescents. 
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1 General Introduction 

1.1 Background 

Malnutrition in all its forms is one of the greatest challenges of the 21
st
 century. The main types 

of malnutrition include undernutrition, overnutrition and micronutrient deficiencies (FAO, 2013). 

The elimination of undernutrition has long been a major priority in development efforts. 

Worldwide, there has been remarkable progress in reducing this prevalence. Still, undernutrition 

remains a major public health problem especially in parts of South Asia and East and Central 

Africa (NCD Risk Factor Collaboration, 2016). It is estimated that approximately 800 million 

people are suffering from undernutrition, out of these, 156 million children under-five are 

currently stunted, meaning that they are too short for their age (FAO, 2015; IFPRI, 2016; 

UNICEF et al., 2015). While undernutrition is commonly associated with malnutrition, 

micronutrient deficiencies and overnutrition are increasingly posing a health threat. Recent 

studies estimate an approximate number of 2 billion people suffering from insufficient 

micronutrients and another 2 billion people being overweight and obese worldwide (FAO, 2013; 

NCD Risk Factor Collaboration, 2016; Ng et al., 2014). Globally, 39% of adults are overweight 

and 13% are classified as obese. Although, the mean body mass index (BMI) in many developing 

countries is still lower than in high-income countries, the prevalence of a high BMI is rising 

rapidly also in low-income countries (NCD Risk Factor Collaboration, 2016). Together with 

these dietary shifts and an increasing sedentary lifestyle, overweight, obesity, and nutrition-

related non-communicable diseases (NR-NCDs), like diabetes, coronary heart diseases, and 

certain cancers are growing epidemically (NCD Risk Factor Collaboration, 2016; Ng et al., 2014; 

Rosin, 2008; 2015a, WHO, 2016a). By now, numbers for 2015 show that out of the worldwide 

total amount of approximately 57 million deaths, 40 million (70%) were due to NCDs. 

Altogether, 78% of global NCD-related deaths occur in low- and middle-income countries 

(WHO, 2017). These problems are likely to grow further in the years and decades to come 

(Popkin, 2015; Popkin and Slining, 2013).  

Being in an epidemiological and behavioral transition, many developing countries face a 

widespread coexistence of infectious and chronic diseases. Having people living in food 

insecurity and being undernourished, while people within the community or even in the same 

household suffer from obesity and NCDs, a double burden of malnutrition is acute in many of 
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these countries (Sawaya et al., 2004; Steyn and Mchiza, 2014; Roemling and Qaim, 2013). Since 

changes in lifestyle, eating habits, and society are happening rapidly, prevention of new emerging 

health threats is even more difficult, especially as most developing countries are not aware of and 

do not have necessary experience in these fields (Dalal et al., 2011; Narayan et al., 2010; Okafor, 

2012). Further, the double burden of malnutrition and related NCDs are also placing a substantial 

economic load on countries in terms of increased health care costs and reduced labor productivity 

(Bommer et al., 2017; Herman, 2013; World Economic Forum, 2011). 

Causes for malnutrition and related health problems are complex and multidimensional. The 

availability of and access to sufficient, nutritious and safe food plus a balanced diet are key 

factors for fighting malnutrition in all its forms. Or put differently, consuming too little or too 

much energy or poor diets that are low in micronutrients and vitamins lead to undernutrition, 

overnutrition and micronutrient deficiencies (FAO, 2013). While in many developing countries 

especially the rural populations still consume a ‘traditional’ diet, high in locally available or own-

produced staples, nuts and vegetables, economic and social development are driving factors for 

transformation processes and fostering changes in diets. The so called ‘nutrition transition’ is a 

phenomenon describing different shifts in lifestyle, eating habits, and related diseases. 

Urbanization, technological changes for work, and an expansion of mass media cause an 

increased intake of processed foods, meat and dairy products, saturated and total fats, sugar and 

energy-dense beverages (Popkin and Ng, 2007; Popkin et al., 2012; Kennedy, 2013; Roemling 

and Qaim, 2013). While diets that are higher in energy content can be beneficial for people that 

suffer from having too little to eat, they foster overweight and obesity in others. The 

transformation in diets goes along with changes in the food systems in developing countries. The 

rapid diffusion of modern retails is often referred to as ‘supermarket revolution’ (T Reardon et 

al., 2012). This expansion of modern retail is mainly driven by a response to many interconnected 

forces, like increased incomes, urbanization, greater female labor participation and the desire to 

emulate Western culture (Traill et al., 2014). The influence of a growing number of supermarkets 

is not only associated with changes in purchasing location, shopping atmosphere, food prices, and 

types of foods but also in the way procurement systems are organized (Chege et al., 2015; T 

Reardon et al., 2012). Accordingly, the changes in supply chains do not only affect the retail 

systems and consumers but also farmers and their ways of production (Chege et al., 2015; 

Schipmann and Qaim, 2011). New technologies and new contractual arrangements between 
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farmers and agribusiness firms cause a rising share of supermarkets in food retailing. In contrast 

to the supermarket expansion in developed countries, which already happened in the middle of 

the last century, the supermarket revolution in developing countries is happening at a much faster 

pace (Andersson et al., 2015; Chege et al., 2015; T Reardon et al., 2012; Timmer, 2009). These 

changes are often at the costs of traditional shops and daily markets (Reardon, 2011), but also 

constitute an alternative income source (Chege et al., 2015). 

Although the diffusion of supermarkets happens in a rapid manner, the offer of fresh foods is 

rather slow. In comparison to traditional food retail formats, supermarkets tend to offer less fresh 

fruits and vegetables to the extent of a much wider variety of packed and (highly) processed 

foods (Rischke et al., 2015). The transformation in agri-food markets presents challenges and 

opportunities for farmers and consumers with profound implications for food consumption, 

nutrition, and health (Qaim, 2017). Possible influences on farmers are only one consequence of 

the modern retail formats. Other implications can be observed for the consumers. On the one 

hand, the way supermarket users decide on what they buy does highly influence the supply and 

organization in modern retails (Anand et al., 2015). Besides personal preferences, habitual and 

every-day shopping practices, customers’ choices are also affected by changing lifestyles and 

society. On the other hand, as Hawkes (2008) and Traill et al. (2014) point out, not only the 

consumers’ preferences shape the new retail outlets. Supermarkets and the way their business is 

organized also stimulate the consumers’ food choices. Through pricing, advertising, positioning, 

and availability of different products they directly shape food preferences or create desires 

(Anand et al., 2015; Story et al., 2008).  

Being confronted with the challenges of modern food systems, changing diets and the rising 

numbers of overweight and obesity, there is still an urgent need to tackle undernutrition. Facing 

undernutrition especially early in life can lead to delayed or impaired growth, triggering 

morbidity, mortality and a vicious circle since maternal undernutrition has adverse effects on 

pregnancy outcomes (Martins et al., 2011). It might seem illogical that societies are facing the 

problem of overnutrition, obesity and NCDs, while at the same time other members of the 

community or even the same family suffer from chronic energy and micronutrient deficiencies 

(Roemling and Qaim, 2013). But it is possible. While economic growth and increased affluence 

are potential drivers for changing dietary choices, overweight and obesity, they do not 
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automatically lead to reductions in undernutrition (Vollmer et al., 2014). Remaining poverty, 

inequality as well as environmental and sociopolitical factors are responsible for causing and 

maintaining undernutrition in societies. Many interventions are trying to solve or cope with these 

underlying characteristics. Besides programs that provide food, cash, and nutrient supplements, 

enhancing maternal nutrition knowledge has been identified as one important channel to shape a 

healthy living environment for the whole household and to improve child nutrition (Hirvonen et 

al., 2016; Tabbakh and Freeland-Graves, 2016; World Bank, 2010). In this context, associations 

between maternal nutrition knowledge and young children’s nutritional outcomes are well 

documented. What is much less understood, are the types of maternal nutrition knowledge that 

matter most, and that are possibly influencing older children and adolescents. Mainly there are 

two pathways and mechanisms through which maternal nutrition knowledge and nutritional 

outcomes are interrelated. First, assuming that mothers capitalize on their nutrition knowledge at 

any given level of household income and the food budget, household food availability, food 

choices, handling and sanitation practices are expected to change or to be maintained in a way 

that contributes to good nutritional outcomes (Variyam et al., 1999). Second, children and 

adolescents develop better, or maintain beneficial attitudes towards healthy dietary practices and 

lifestyles (Yabancı et al., 2014), something which can be influenced also by their peers and own 

(health) education. Enhanced nutritional attitudes are then expected to contribute to better dietary 

practices (Kigaru et al., 2015) and to improved long-term nutritional outcomes.  

1.2 Problem Statement 

Several papers deal with the linkage between supermarkets and farmers, their households’ 

nutrition and income potentials when they are taking part in the supermarkets’ procurement 

system (e.g. Andersson et al., 2015; Chege et al., 2015; Neven et al., 2009). While there seems to 

be a generally positive effect through the involvement of farmers in the supermarkets’ 

procurement system, literature on supermarkets and the effects on consumers, their diets and 

nutritional outcomes show more diverse results. Regarding high-income countries the proximity 

to supermarkets and their wide range offer of diverse fresh and processed foods seem to be 

beneficial for the nutritional outcomes of consumers (Drewnowski et al., 2012; Laraia et al., 

2004; Morland et al., 2006). However, there are some examples from developing countries which 

show different and controversial results. It is still not well understood how food choices are 

shaped and to what extent supermarkets play a role in the comprehensive dietary decision process 
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where they are likely to influence nutritional outcomes. Given the few existing examples, the 

influences of supermarkets on consumers in developing countries cannot be regarded as 

necessarily positive or negative (Qaim, 2017). Based on linear estimations, one study from Tunis 

states positive associations with supermarket shopping and dietary quality of the modern retail 

users. By applying an instrumental variable (IV) approach on cross-sectional data, research from 

Guatemala and Kenya show negative relation in this context. Built on a large sample of urban and 

rural households, Asfaw (2008) finds supermarket shopping in Guatemala to increase caloric 

shares of partially and highly processed foods. With a sample of urban households in Kenya, 

Rischke et al. (2015) underline these findings. They depict that supermarket users have a greater 

caloric availability and higher food expenditure shares of highly and primary processed foods. 

Also for the impacts of supermarkets on nutritional outcomes the literature shows mixed results. 

After applying a Lewbel IV approach on data from urban adults in Indonesia, Umberger et al. 

(2015) do not find evidence for a link between supermarket shopping and higher BMI or the 

probability of being overweight or obese. Different to that and on top to the effects on diet, 

Asfaw (2008) derives positive effects of supermarket purchase on BMI and the probability of 

being overweight or obese. Comparably, and also on the basis of an IV approach, Kimenju et al. 

(2015) find urban supermarket users in Kenya to have higher BMI and a higher likelihood of 

being overweight or obese.  

Almost all existing studies used cross-sectional data and IV techniques to draw causal inference 

about the effects of supermarket shopping on dietary choices and nutritional outcomes. We are 

not aware of any study that went beyond nutritional status and analyzed possible links between 

supermarkets and NR-NCDs. Here, we hypothesize that such a link exists, because overweight 

and obesity are known to increase the risk of NCDs (NCD Risk Factor Collaboration, 2016; Ng 

et al., 2014; Popkin, 2015). Better understanding possible health implications of the rapid spread 

of supermarkets could help in designing food and nutrition policies aimed at curbing the 

epidemic of NR-NCDs. Further, cross-section observational data have their limitations for robust 

impact assessment, because the causal inference relies on the validity of an instrument. Panel data 

are preferred for impact evaluation, because they help to reduce issues of unobserved 

heterogeneity with less restrictive assumptions. 
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This dissertation comprises three essays. The first two essays directly address shortcomings in the 

existing literature about the effects of supermarkets on nutrition and health, building on data 

collected in urban Kenya. The first essay investigates the influence of supermarket purchase on 

NR-NCDs. The second essay focuses on the effects of supermarket shopping on nutritional 

outcomes and dietary choices using panel data. Both essays make use of a quasi-experimental 

setting, which allows us to compare households with easy supermarket access and households 

with no (or limited) supermarket access. The third essay focuses on the link between the type of 

maternal nutrition knowledge and child and adolescent nutritional outcomes. 

While associations between maternal nutrition knowledge and young children’s nutritional 

outcomes are well documented, it is much less understood, what type of maternal nutrition 

knowledge matters most, and which type possibly influences older children and adolescents. 

Examples from developing countries are mainly restricted to children under-five (e.g. Appoh and 

Krekling, 2005; Burchi, 2010; Webb and Block, 2004) as it is assumed that nutritional 

improvements are most beneficial for younger children (Black et al., 2013; Leroy et al., 2014; 

Ruel et al., 2008). Although a few studies found positive effects of different types of maternal 

nutritional knowledge on children above-five, the evidence is thin and limited to developed 

countries: based on a nationally representative sample of U.S. households, including children 

from 2 to 17 years, Variyam et al. (1999) built a maternal knowledge score out of questions on 

nutrient content and health awareness. They show positive effects of maternal knowledge on 

children’s dietary quality. Similar to that and also based on an U.S. sample, Tabbakh and 

Freeland-Graves (2016) measure maternal nutritional knowledge based on combined knowledge 

about nutrient contents and recommendations. They found the nutritional knowledge of mothers 

to shape the home environment in such a way that it is positively associated with adolescents’ 

dietary quality and negatively with adolescents’ BMI. These studies base maternal nutrition 

knowledge on one or a maximum of two different components. In the third essay we aim at 

assessing more comprehensive types of maternal nutrition knowledge and their differentiated 

associations with nutritional outcomes of children above-five and adolescents. The analysis are 

based on a panel data set from urban Kenya. 

 



Chapter 1: General Introduction 

 

Page  | 17 

1.3 Research Objectives 

The three essays in this dissertation focus on the links between supermarket shopping, dietary 

choices, nutritional outcomes and NR-NCDs, and the associations of maternal nutrition 

knowledge with child and adolescent nutritional outcomes. Specifically, the dissertation 

addresses the following research questions: 

I. Does supermarket shopping increase the level of BMI and the probability of being 

overweight or obese? 

II. Does supermarket shopping increase the outcomes of NR-NCDs? 

III. Does supermarket shopping directly affect the nutrition transition in terms of dietary 

choices? 

IV. Does maternal nutrition knowledge influence nutritional outcomes of children between 5 

and 18 years?  

V. Do different types of maternal nutrition knowledge result in differential results concerning 

child nutritional outcomes? 

In order to address all research questions, Central Kenya is the chosen study region for all three 

essays in this dissertation. Kenya, which has one of the most prospering supermarket sectors in 

Sub-Saharan Africa, is of special interest for our analysis (Neven et al., 2009; Rischke et al., 

2015). The share of national grocery sales through supermarkets is about 10% (Planet Retail, 

2016). Further, Kenya provides an interesting study country given that malnutrition in all its 

forms is widespread. The share of adults being overweight or obese has risen to over 26% with 

steadily increasing NR-NCDs in recent years (Kenya National Bureau of Statistics, 2014; WHO, 

2015a). The national prevalence of diabetes and hypertension is estimated at 2.5% and 35%, 

respectively (International Diabetes Federation, 2015; WHO, 2015b). While the rates of 

overweight, obesity, and NCDs are growing, the prevalence of undernourished children under-

five is still rather high. The share of Kenyan children being stunted is 35%, 7% are wasted, and 

16% are underweight (Matanda et al., 2014; Ministry of Public Health and Sanitation, 2012). As 

in most Kenyan regions, child undernutrition in Central Kenya has shown little or no 

improvement for over two decades after the year 1993 (Matanda et al., 2014). Given these 

multiple nutritional problems under a rapidly changing economy and society, Kenya represents a 

developing country like many African countries that urgently needs to account for these emerging 
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nutritional challenges and improve the prevention of overweight, obesity and NCDs while also 

fighting hunger and undernutrition (IFPRI, 2016). 

1.3.1 Data 

Figure 1.1 shows a map of Kenya with the two Counties, Nyandarua and Kirinyaga, where the 

three towns Ol Kalou, Njabini and Mwea are located and where our research was undertaken.  

 

Figure 1.1. Map of Kenya with the study sites in the Counties Nyandarua and Kirinyaga. 

The zoomed in box shows the three towns Ol Kalou, Njabini and Mwea and their location in the 

two Counties. Map was created with QGIS (2015) based on data provided by Global 

Administrative Areas (2012). 

All research questions are addressed by using data from the same three towns in urban Central 

Kenya in the years 2012 and 2015. In 2012, data collection was initiated, organized and 

implemented by Simon Kimenju and Ramona Rischke using systematic random sampling 
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techniques in order to identify households and individuals. The team from 2012 kindly provided 

the collected data and allowed us to use it. 
1
 The follow-up data collection in 2015 was planned 

and implemented by me. Here the same three towns and dwellings where followed up (see 

General Appendix, Maps of the Study Sides in Central Kenya). While comprehensive data on 

household and individual level, concerning socio demographic factors, food consumption, 

nutrition knowledge, and anthropometrics (de Haen et al., 2011) were collected in both rounds, 

measurements of bio-medical data (fasting blood glucose and blood pressure) were only 

performed in the year 2015 (see General Appendix, Household Survey 2015). In accordance with 

the ethical principles for research involving human subjects we obtained study approval from the 

Ethics-committee of the University Medical Center Goettingen, Germany (25/9/14), and the 

Kenyatta National Hospital Ethics and Research Committee (P192/04/2015) in Nairobi, Kenya. 

Permissions in the Kenyan Counties were obtained from Nyandarua (for the towns Ol Kalou and 

Njabini) and Kirinyaga (for Mwea) County Department of Health. Local authorizations were 

obtained from the County Commission and the respective deputy commissioner and chiefs in 

town. Leaders and elders were informed of the study.
2
  

The essay in Chapter 2 is based on self-collected cross-sectional data from 2015 and includes all 

adults older than 18 years (n = 550). The panel data set, containing data collected by Simon 

Kimenju and Ramona Rischke in 2012 and self-collected data from 2015 was the basis of the 

essays in Chapter 3 and 4. For the analysis in Chapter 3 all adults (> 18 years) from both years 

are included (n = 1,199). The essay in Chapter 4 is based on the sample of children and 

adolescents between 5-18 years out of the panel data set (n = 426). Further details on the study 

design and the methodological approach can be found in the individual Chapters. 

 

 

                                                 
1
 Further details on the initiated data collection in 2012 can be found in Kimenju (2014) and Rischke (2014). 

2
 In accordance with the Declaration of Helsinki (World Medical Association, 2013) all participants were asked of 

their written consent in order to participate in the study before interview and measurements (see General Appendix, 

Household Survey 2015, Declaration of Consent, p. 168). All results were reported for the study and copied for the 

participant’s record. No human samples were kept. Follow-up care for detected clinical conditions was facilitated by 

referral to nearby district and county hospitals, respectively. 
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2 Supermarket Purchase Contributes to Nutrition-Related Non-

Communicable Diseases in Urban Kenya
3
 

Abstract 

While undernutrition and related infectious diseases are still pervasive in many developing 

countries, non-communicable diseases (NCD), typically associated with high body mass index 

(BMI), are rapidly on the rise. The fast spread of supermarkets and related shifts in diets were 

identified as possible factors contributing to overweight and obesity in developing countries. 

Potential effects of supermarkets on people’s health have not been analyzed up till now. This 

study investigates the effects of purchasing food in supermarkets on people’s BMI, as well as on 

health indicators such as fasting blood glucose (FBG), blood pressure (BP), and the metabolic 

syndrome. This study uses cross-section observational data from urban Kenya. Demographic, 

anthropometric, and bio-medical data were collected from 550 randomly selected adults. 

Purchasing food in supermarkets is defined as a binary variable that takes a value of one if any 

food was purchased in supermarkets during the last 30 days. In a robustness check, the share of 

food purchased in supermarkets is defined as a continuous variable. Instrumental variable 

regressions are applied to control for confounding factors and establish causality. Purchasing 

food in supermarkets contributes to higher BMI (+ 1.8 kg/m²) (P<0.01) and an increased 

probability (+ 20 percentage points) of being overweight or obese (P<0.01). Purchasing food in 

supermarkets also contributes to higher levels of FBG (+ 0.3 mmol/L) (P<0.01) and a higher 

likelihood (+ 16 percentage points) of suffering from pre-diabetes (P<0.01) and the metabolic 

syndrome (+ 7 percentage points) (P<0.01). Effects on BP could not be observed. Supermarkets 

and their food sales strategies seem to have direct effects on people’s health. In addition to 

increasing overweight and obesity, supermarkets contribute to nutrition-related NCDs. Effects of 

supermarkets on nutrition and health can mainly be ascribed to changes in the composition of 

people’s food choices. 

 

                                                 
3
 This chapter is co-authored by Stephan Klasen, Jonathan M. Nzuma, and Matin Qaim. The authors’ contributions 

are as follows: KMD, SK, and MQ designed the research. KMD collected, analyzed, and interpreted the data. JMN 

provided assistance in data collection. SK, JMN and MQ assisted in the analysis and interpretation of the results. 

KMD wrote the paper. All authors read and approved the final manuscript.  
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2.1 Introduction 

hile undernutrition and related infectious diseases are still widespread problems in 

many developing countries (Food and Agriculture Organization of the United 

Nations (FAO), 2015), overweight, obesity, and nutrition-related non-

communicable diseases (NR-NCD) are growing epidemically (NCD Risk Factor Collaboration, 

2016; Ng et al., 2014; World Health Organization (WHO), 2015c, 2016a). Seventy-five percent 

of all people with diabetes live in developing countries (International Diabetes Federation, 2015; 

World Health Organization (WHO), 2006a). Africa has the world’s highest prevalence of 

hypertension (World Health Organization (WHO), 2013). Almost three-quarters of all worldwide 

NCD-related deaths occur in low-income and middle-income countries (World Health 

Organization (WHO), 2016a). These problems will likely grow further in the years and decades 

to come (Popkin, 2015; Popkin and Slining, 2013), also because most developing countries have 

little experience with diagnosing, treating, and preventing NCDs (Dalal et al., 2011; Narayan et 

al., 2010; Okafor, 2012). NCDs are placing a substantial economic and social burden on countries 

in terms of human suffering, increased health care costs, and reduced labor productivity (Herman, 

2013; World Economic Forum, 2011). 

It is widely known that “unhealthy” diets and physical inactivity contribute to overweight and 

obesity and hence higher prevalences of NR-NCDs (Institute of Medicine (U.S.), 2005). 

Depending on the stage of transition in a given society, changes in lifestyle and eating habits lead 

to an increased intake of processed foods, saturated and total fats, salt, sugar, and caloric 

beverages (Popkin and Ng, 2007; Popkin et al., 2012; Roemling and Qaim, 2013; Traill et al., 

2014). The globalization of agri-food systems, with its rapid spread of supermarkets in 

developing countries, may contribute to the observed nutrition transition and thus also to 

overweight, obesity, and related NR-NCDs (Hawkes, 2008; Popkin, 2014; Qaim, 2017; Tilman et 

al., 2011). In this study, we analyze possible links between the spread of supermarkets, people’s 

body mass index (BMI), and several other indicators of NR-NCDs. 

What type of diets people consume and where they buy their food depends on their income, 

education, lifestyles, and various other socioeconomic factors. However, the food retail 

environment and the accessibility to different types of markets and shops can also play important 

roles (Qaim, 2017; Timmer, 2009). Modernization in the food retail sector is typically associated 

W 
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with changes in the types of foods offered, prices, packaging sizes, and shopping atmosphere. 

Especially in urban areas of developing countries, consumers increasingly buy their food in 

supermarkets instead of wet markets or other traditional retail outlets (Chege et al., 2015; Thomas 

Reardon et al., 2012; T Reardon et al., 2012; Timmer, 2009). Except for a few large supermarket 

stores in big cities, where fresh foods are also offered, many supermarket chains in developing 

countries primarily concentrate on selling processed foods, especially when they open up new 

stores in smaller towns (Minot et al., 2015; Rischke et al., 2015).  

Recent research revealed significant associations between supermarket purchase and dietary 

shifts in different developing countries (Asfaw, 2008; Kimenju et al., 2015; Rischke et al., 2015; 

Tessier et al., 2008; Toiba et al., 2015; Umberger et al., 2015). While the concrete results differ 

and depend on the particular context, several studies showed that people buying in supermarkets 

tend to consume more energy and a higher share of processed foods (Asfaw, 2008; Rischke et al., 

2015; Toiba et al., 2015; Traill et al., 2014). The consumption of highly processed food is often 

associated with higher overweight and obesity (Asfaw, 2011; Zhou et al., 2015). Studies carried 

out in Guatemala and Kenya suggested indeed that purchasing food in supermarkets tends to 

increase BMI and the likelihood of overweight and obesity, even after controlling for income and 

other possible confounding factors (Asfaw, 2008; Kimenju et al., 2015). We are not aware of any 

study that went beyond nutritional status and analyzed possible links between supermarkets and 

NR-NCDs. Better understanding possible health implications of the rapid spread of supermarkets 

could help in designing food and nutrition policies aimed at curbing the epidemic of NR-NCDs. 

We contribute to the literature by investigating the effects of purchasing food in supermarkets on 

nutrition and health in Kenya. Kenya has experienced a rapid growth of supermarkets in recent 

years (Rischke et al., 2015). The share of national grocery sales through supermarkets in Kenya is 

about 10%; when only focusing on larger cities the share is already much higher (Planet Retail, 

2016). Kenya is still struggling with relatively high rates of child undernutrition. At the same 

time, NR-NCDs are growing problems. More than 26% of all adults in Kenya are either 

overweight or obese (World Health Organization (WHO), 2015a). The national prevalence of 

diabetes and hypertension is estimated at 2.5% and 35%, respectively (International Diabetes 

Federation, 2015; World Health Organization (WHO), 2015b). For this study, we collected data 

on food purchase and consumption behavior, other socioeconomic characteristics, nutrition, and 
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health from randomly selected adults in urban areas of Central Kenya. We use regression models 

to estimate the effects of supermarket purchase on BMI, blood glucose, pre-diabetes, blood 

pressure, pre-hypertension, and the metabolic syndrome. Since BMI and the prevalence of NCDs 

can also be influenced by factors other than supermarket purchase, it is important to control for 

such confounding factors in the statistical analysis. We employ an instrumental variable (IV) 

approach, which helps to reduce endogeneity bias and establish causality with observational data. 

2.2 Materials and Methods 

2.2.1 Ethics Statement 

This study was approved by the Ethics Commission of the University Medical Center Goettingen 

(http://www.ethikkommission.med.uni-goettingen.de/; study ID 25/9/14) and the Ethics and 

Research Committee of the Kenyatta National Hospital in Nairobi (http://erc.uonbi.ac.ke; study 

ID P192/04/2015). Written consent was obtained from each study participant. 

2.2.2 Study Design 

This study uses cross-sectional data collected in 2015 from households and individual household 

members in three small towns in Central Kenya. A focus on small towns was chosen because 

some of these towns already have a supermarket, while others have not. The three towns, Ol 

Kalou and Njabini in Nyandarua County and Mwea in Kirinyaga County, where purposively 

selected due to their supermarket characteristics. In Kenya, as in other developing countries, 

supermarket chains started their business in the big cities, now they are also expanding to smaller 

towns (Rischke et al., 2015). Ol Kalou has had a supermarket already since 2002 and Mwea since 

2011. Njabini did not yet have a supermarket in 2015, although there were concrete plans to open 

one in the near future and the building was already constructed. Beyond having or not having a 

supermarket, the three towns are similar in terms of size, ethnic structure of the population, 

infrastructure conditions, and financial and social institutions (Kenya National Bureau of 

Statistics, 2010). This setup provides a quasi-experimental setting, allowing the comparison of 

consumers with varying degrees of supermarket exposure. 

The sampling strategy for this study builds on an earlier household survey that was conducted in 

the same three towns in 2012 (Demmler et al., 2017; Kimenju et al., 2015; Rischke et al., 2015). 

In each town, households for inclusion were selected using systematic random sampling. Since 

http://www.ethikkommission.med.uni-goettingen.de/
http://erc.uonbi.ac.ke/


Chapter 2: Supermarket Purchase Contributes to Nutrition-Related Non-Communicable Diseases in Urban Kenya 

 

Page  | 24 

recent census data were not available, population statistics and the help of local administrators 

were used. First, all neighborhoods (residential estates) were listed in each town. Then, for each 

neighborhood, household lists were compiled, from which households were selected randomly. 

To obtain a representative sample at town level and avoid clustering, households were selected 

from all neighborhoods. The 2012 data were collected to analyze the effects of supermarkets on 

consumers’ diets and nutrition. Health indicators to analyze effects on NR-NCDs were not 

collected in 2012, but were added to the survey in 2015. 

The 2015 data, which are used in this study, were collected between May and July 2015. The 

survey comprised 433 randomly selected households. In these households, interviews were 

conducted and measurements were taken from 550 male and female adult household members 

above 18 years of age. The interviews were conducted in local languages (Kikuyu, Kiswahili, and 

English). All measurements, including weight, height, waist- and hip circumference, blood 

pressure, and fasting blood glucose, were taken by experienced local nurses, which were trained 

according to standards of anthropometric measurements by the Centers for Disease Control and 

Prevention (Centers for Disease Control and Prevention, 2007). 

Interviews and measurements took place in participants’ homes. Each household was visited 

twice. During the first visit, the interviews were conducted and appointments made for the second 

visit, during which measurements were taken. The second visits took place a few days later 

during early morning hours, as participants had to be fasting for the blood glucose measurements. 

In some cases, it was not possible to take fasting measurements. For the analysis of fasting blood 

glucose, pre-diabetes, and the metabolic syndrome only 496 adults from 400 households could be 

used, as non-fasting measurements had to be dropped. The means of key variables between the 

full sample and the smaller subsample were compared, without finding significant differences. 

About 5% of the randomly selected women were pregnant. We carried out all analyses with and 

without including pregnant women. As results were very similar in terms of directions and 

magnitudes, we decided to keep pregnant women in the sample, as the larger number of 

observations adds to statistical efficiency. 

Power calculations showed that the sample with 550 observations, observed effect sizes, and a 

significance criterion of 95%, yields statistical power ranging between 0.88 and 0.97 for the 

different nutrition and health indicators, thus exceeding common standards for adequacy. 
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2.2.3 Data 

Body weight measurements were taken from all adult individuals with an accuracy of 0.1 kg in 

minimum clothing and without shoes on a digital scale (range: 10-150 kg). Height was measured 

with portable stadiometers (SECA; range: 20-205 cm) with accuracy of 0.7 cm while standing 

upright, barefoot, and without headgear according to international standards (Centers for Disease 

Control and Prevention, 2007; de Onis et al., 2004). BMI was calculated from the body weight 

and height (BMI = body weight in kg / body height in meters squared) and classified according to 

WHO criteria (World Health Organization (WHO), 2014). 

Fasting blood glucose (FBG), which is an indicator of diabetes, was determined through one 

capillary blood drop using the finger prick procedure. Diabetes and pre-diabetes were defined 

according to criteria by the American Diabetes Association: a person was classified as being 

diabetic or pre-diabetic if his/her FBG exceeded 7.0 mmol/L or 5.6 mmol/L, respectively 

(American Diabetes Association, 2006). Systolic blood pressure (SBP) and diastolic blood 

pressure (DBP) were determined by using a digital auscultatory blood pressure cuff. A SBP ≥ 

140 mmHg or a DBP ≥ 90 mmHg were defined as hypertensive state; a SBP ≥ 120 mmHg and a 

DBP ≥ 80 mmHg were defined as pre-hypertensive state (World Health Organization (WHO), 

2013). The metabolic syndrome (MetS) was defined according to the classifications of the 

International Diabetes Federation (International Diabetes Federation, 2006). As triglyceride 

levels and high-density-lipoprotein cholesterols were not measured, a person was classified as 

suffering from MetS when the following three conditions were all fulfilled: central obesity (waist 

circumference males ≥ 94 cm; females ≥ 80 cm), raised FBG (≥ 5.6 mmol/L), and raised blood 

pressure (SBP ≥ 130 mmHg; DBP ≥ 85 mmHg).  

Food purchase and consumption decisions were captured through a 30-day food consumption 

recall at the household level. The person responsible for food purchases and food preparation was 

asked which of the 176 foods and drinks listed in the questionnaire had been consumed by any 

household member during the 30 days prior to the interview. Respondents were also asked to 

specify the quantities consumed of each food item, the source (supermarket, wet market, small 

shop, own production etc.), and the price. Household expenditures for non-food goods and 

services were also captured during the interviews. Total per capita consumption expenditures for 

food and non-food goods and services were used to measure household living standards. In the 
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development economics literature, consumption expenditures are generally considered a more 

reliable indicator of living standards than income (Rischke et al., 2015).  

2.2.4 Statistical Methods 

All statistical analyses were conducted using Stata version 13 (StataCorp, College Station, 

Texas). The unit of analysis is the individual adult. At first, mean values of the nutrition and 

health outcome variables of interest are compared between individuals in households that did and 

did not buy food items in supermarkets. Buying in supermarkets means that at least some of the 

food items consumed during the 30 days prior to the survey were obtained from a supermarket. 

Not buying in supermarkets means that all of the food items consumed were obtained from 

traditional retail outlets or other sources. The nutrition and health outcomes considered for 

individual i (𝑁𝐻𝑖) are BMI (kg/m²), FBG (mmol/L), SBP (mmHg), and DBP (mmHg), all 

measured as continuous variables. In addition, being classified as overweight/obese, pre-diabetic 

(including pre-diabetes and diabetes), pre-hypertensive (including pre-hypertension and 

hypertension), and suffering from MetS is captured through binary outcome variables. 

Simple comparisons between households with and without supermarket purchase can provide a 

first impression of possible nutrition and health effects, but they should not be overinterpreted 

because observed differences in outcomes may also be caused by other factors. To control for 

possible confounding factors and estimate net effects of purchasing in supermarkets, regression 

models of the following type are estimated: 

𝑁𝐻𝑖 = 𝛽0 + 𝛽1 𝑆𝑗 + 𝛽2𝑿𝑖𝑗 + 𝑢𝑖𝑗      (2.1) 

where 𝑆𝑗 is the binary “treatment” variable defined as 1 if household 𝑗 (in which individual 𝑖 

lives) purchased food items in a supermarket and 0 otherwise. 𝑿𝑖𝑗 is a vector of individual and 

household characteristics, including age, education, sex, living standard, and levels of physical 

activity, among others. 𝑢𝑖𝑗 is a random error term.  

As individuals and households decide themselves whether or not they purchase food in 

supermarkets, 𝑆𝑗  is likely endogenous. In particular, 𝑆𝑗  may be correlated with unobserved 

characteristics that could themselves have an effect on nutrition and health outcomes. Such a 

correlation could lead to selection bias (or omitted variable bias) in the estimation of the 

treatment effect, 𝛽1. For instance, unobserved lifestyle factors could potentially cause such bias. 
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To reduce selection bias and other possible problems of endogeneity, an instrumental variable 

approach is applied (Hill et al., 2008; Wooldridge, 2003). 

Instrumental Variable Approach 

The interpretation of causal effects with cross-section, observational data is possible when using 

an instrumental variable (IV) approach (Deaton, 2010). The IV approach helps to overcome 

problems of endogeneity with the treatment variable by replacing the potentially endogenous 

variable with predicted values, using one or more valid instruments in a two-stage estimation 

procedure. IV models are widely used in applied economics (Angrist and Krueger, 2001; Duflo, 

2001; Gruber, 2000), but also in the nutrition and public health literature (Kimenju et al., 2015; 

Leigh and Schembri, 2004; Vellakkal et al., 2015). An instrument is valid if it is exogenous, 

correlated with the treatment variable, and uncorrelated with all outcome variables (Wooldridge, 

2003). Previous studies that analyzed the effect of supermarket purchase on food choices and 

nutrition had used distance to the nearest supermarket as an instrument (Asfaw, 2008; Kimenju et 

al., 2015; Rischke et al., 2015). The same instrument is also employed here. Distance to the 

nearest supermarket from each individual home was measured through Global Positioning 

System (GPS) coordinates. 

While the placement of supermarkets is not a random process, the decision is made by 

supermarket owners based on criteria that cannot be influenced by individual consumers. Both 

towns with a supermarket (Ol Kalou and Mwea) only had one supermarket, which was located in 

the town center, where many other shops were also found. Hence, the location of supermarkets 

was exogenously determined and not linked to socioeconomic characteristics of a particular 

neighborhood within the town. In order to double-check this assumption we used data from 

Njabini, the town where no supermarket had opened until 2015, and computed the correlation 

between supermarket purchase (some households in Njabini use supermarkets in other towns) 

and distance to the town center of Njabini (exactly the point where the building for the new 

supermarket was constructed). The correlation was insignificant (r=0.03; P>0.10). 

Distance to the nearest supermarket is closely correlated with supermarket purchase (r=0.67). 

Table A2.1 in the Appendix A2 also confirms that distance to the nearest supermarket is highly 

significant in the first stage regression of the IV model, passing the test for a strong instrument. 

To examine whether distance to supermarket is correlated with any of the nutrition and health 
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outcomes through mechanisms other than supermarket purchase, we used a simple test by 

additionally including the instrument in the set of models described in equation (2.1). While not 

being a standard overidentification test, this approach is widely used in the literature to evaluate 

the plausibility of the exclusion restriction when only one instrument is available (Andersson et 

al., 2015; Di Falco et al., 2011). Test results are shown in Tables A2.2 and A2.3 in the Appendix 

A2. Supermarket distance was not statistically significant in any of these models (P>0.10). 

Hence, distance to supermarket seems to fulfill all requirements for a valid instrument. 

The IV models are specified as follows: 

𝑆𝑗  = ∝0 + ∝1 𝐷𝑗  + ∝2 𝑿𝑖𝑗 +  휀𝑖𝑗     (2.2) 

𝑁𝐻𝑖 = 𝛿0  +  𝛿1�̂�𝑗  + 𝛿2𝑿𝑖𝑗 +  𝜔𝑖𝑗     (2.3) 

Equation (2.2) is the first stage selection equation, whereas equation (2.3) is the outcome 

equation. 𝐷𝑗  is the instrument, distance to the nearest supermarket measured in km. �̂�𝑗 is the 

instrumented treatment variable resulting from predictions based on the selection equation. Thus, 

𝛿1 can be interpreted as the unbiased treatment effect. 휀𝑖𝑗 and 𝜔𝑖𝑗 are random error terms. The 

other variables are defined as above. These models were estimated with Stata IV estimators. For 

the binary outcome variables, a linear probability IV specification was used. For comparison, 

ordinary least-squares (OLS) estimators without instrumental variable were also employed. In all 

models, standard errors are cluster-corrected at town level to avoid problems of 

heteroskedasticity.  

Robustness Checks 

Several tests are used to check how robust the estimation results are to variations in model 

specifications or changes in some of the other underlying assumptions. A first test relates to the 

models with binary outcome variables. Instead of the linear probability specifications that we use 

in the main part of the analysis, we re-run the models with standard probit and IV probit 

specifications, in order to see whether the estimated effects change.  

A second test relates to the definition of purchasing food in supermarkets as treatment variable. 

In the main analysis, we use a binary treatment variable that takes a value of 1 if the household 

purchased any food in a supermarket during the last 30 days and 0 otherwise. However, 



Chapter 2: Supermarket Purchase Contributes to Nutrition-Related Non-Communicable Diseases in Urban Kenya 

 

Page  | 29 

supermarket users typically also use traditional retail outlets, meaning that they only purchase 

parts of their total food in supermarkets. If supermarkets affect people’s diets, nutrition, and 

health, we would expect that the effects increase with higher shares of food purchased in 

supermarkets. Such a dose dependency is tested by using a continuous treatment variable “share 

of supermarket purchase”, defined as the percentage share of supermarket food expenditures in 

total household food expenditures during the last 30 days. 

A third test relates to the assumptions in the IV modeling approach. IV models are a common 

statistical tool to reduce endogeneity bias and establish causality in impact evaluations with 

observational data. However, the reliability of results depends on the validity of the instrument, 

which is hard to prove beyond any possible doubt. An alternative approach to reduce issues of 

endogeneity without the need for an instrument is to use a statistical differencing technique with 

individual fixed effects (Wooldridge, 2003). This requires panel data. While we do not have 

panel data for the health outcomes of interest, we do have panel data for the socioeconomic and 

nutrition variables by combining the 2015 survey with the data collected in 2012 in the same 

three towns (Kimenju et al., 2015; Rischke et al., 2015). The sample in 2012 and 2015 was not 

identical, but there was a significant overlap in households and individuals, so that panel data 

models can be estimated. We use a panel data model for BMI with fixed effects and random 

effects specifications to check the robustness of the IV results. The advantage of the fixed effects 

specification is that any time-invariant heterogeneity at individual, household, or town level, 

whether observed or unobserved, is properly controlled for. 

2.3 Results 

Out of all 550 study participants, more than half (292) lived in households that purchased food in 

supermarkets; the rest (258) lived in households that did not buy any food in supermarkets during 

the 30 days prior to the survey. Descriptive statistics and definitions for the nutrition and health 

outcomes and the explanatory variables used in the analysis are shown in Table 2.1. 
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Table 2.1. Descriptive statistics for adults in households that buy and do not buy food in supermarkets 

Variable Definition All Does not buy in SM Buys in SM 

Body mass index Body mass index in kg/m² 25.99 (5.23) 25.15 (4.92) 26.74*** (5.38) 

Underweight =1 if BMI (in kg/m²) < 18.5 0.04 (0.20) 0.04 (0.20) 0.04 (0.19) 

Overweight =1 if BMI (in kg/m²) ≥ 25.0 and < 30.0 0.32 (0.47) 0.26 (0.44) 0.36** (0.48) 

Obese =1 if BMI (in kg/m²) ≥ 30.0 0.22 (0.41) 0.18 (0.39) 0.25* (0.43) 

Overweight/obese =1 if BMI (in kg/m²) ≥ 25.0 0.53 (0.50) 0.45 (0.50) 0.61*** (0.49) 

Fasting blood glucose 
a 

Fasting blood glucose in mmol/L 5.04 (1.37) 4.99 (1.54) 5.07 (1.20) 

Pre-diabetic 
a 

=1 if FBG (in mmol/L) ≥ 5.6 0.15 (0.36) 0.10 (0.30) 0.20*** (0.40) 

Diabetic 
a 

=1 if FBG (in mmol/L) ≥ 7.0 0.03 (0.18) 0.03 (0.18) 0.03 (0.18) 

Systolic blood pressure Systolic blood pressure in mmHg 132.42 (21.57) 134.54 (23.69) 130.54** (19.35) 

Diastolic blood pressure Diastolic blood pressure in mmHg 86.65 (13.06) 87.48 (14.02) 85.91 (12.13) 

Pre-hypertensive =1 if SBP/DBP (in mmHg) ≥ 120 / ≥ 80 0.82 (0.38) 0.83 (0.38) 0.82 (0.39) 

Hypertensive =1 if SBP/DBP (in mmHg) ≥ 140 / ≥ 90 0.41 (0.49) 0.43 (0.50) 0.39 (0.49) 

Metabolic syndrome 
a 

=1 if all 3 of the following criteria are fulfilled: waist circumference (in cm) 

for F/M > 80 / > 94; SBP/DBP (in mmHg) ≥ 130 / ≥ 85; FBG (in mmol/L) 

≥ 5.6 

0.07 (0.26) 0.06 (0.23) 0.08 (0.28) 

Share of supermarket 

purchase (%) 

Share of total household food expenditures from food purchases in 

supermarkets within the last 30d 

7.25 (11.01) 0.00 (0.00) 13.65*** (11.88) 

Expenditure per capita Total (food and non-food) expenditures per capita of the last 30 d in 1000 

Kenyan shilling 

14.16 (9.34) 11.70 (7.36) 16.33*** (10.32) 

Education School education in years of attendance  9.67 (3.49) 8.72 (3.61) 10.52*** (3.14) 

Intensive work Physical effort demanded for work within the last 7 d (self-estimated on a 

scale 1-4) multiplied by typical amount of work (considering occupational 

activities within the last 6 mo) in h/wk 

123.02 (77.35) 124.47 (85.32) 121.74 (69.68) 

Physical activity All leisure time physical activity (including walking) within the last 30 d in 

h/wk  

15.98 (11.06) 16.85 (11.24) 15.21* (10.86) 

Distance to hospital Distance to nearest district hospital from home 
b
, in km 10.57 (7.09) 12.82 (3.92) 8.57*** (8.53) 

Age Age in y 38.10 (12.29) 40.18 (14.09) 36.26*** (10.11) 

Female =1 if being female 0.75 (0.43) 0.71 (0.46) 0.79** (0.41) 

Married =1 if being married 0.75 (0.43) 0.73 (0.45) 0.76 (0.43) 

Household size Count of all household members that were either household head or ≥ 180 d 

present in the household within the last 365 d 

4.45 (1.97) 4.79 (2.29) 4.15*** (1.58) 

History diabetes =1 if either mother, father, grandparents or siblings suffer(ed) from diabetes 

type 2 

0.21 (0.41) 0.20 (0.40) 0.22 (0.42) 

Notes: Values are means with SD in parentheses. a Limited sample size n =496 with non-supermarket buyers (n = 230) and supermarket buyers (n = 266). b Measured through GPS 

coordinates. DBP, diastolic blood pressure; FBG, fasting blood glucose; GPS, Global Positioning System; KES, Kenyan shilling; n, number of observations; SBP, systolic blood pressure; 

SM, supermarket. * Difference between those shopping and not shopping in supermarkets is significant at 10% level, ** Difference between those shopping and not shopping in supermarkets 

is significant at 5% level; *** Difference between those shopping and not shopping in supermarkets is significant at 1% level. 
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Mean BMI is significantly higher among those that purchased food in supermarkets. Similarly, 

prevalences of overweight and obesity are also significantly higher among individuals that 

purchased food in supermarkets. For the health variables, the comparison is more mixed. While 

supermarket buyers are more likely to be pre-diabetic, they have lower mean blood pressure 

levels than non-supermarket buyers. For the other health indicators, no significant differences 

between the two groups can be observed. 

2.3.1 Supermarket Effects on Nutrition and Health 

Tables 2.2 and 2.3 provide results of the IV model estimates for the continuous and binary 

nutrition and health outcome variables. Looking at Table 2.2, statistically significant effects of 

purchasing food in supermarkets on BMI and FBG can be seen. After controlling for 

confounding factors, purchasing food in supermarkets increases BMI by 1.82 kg/m² and FBG by 

0.30 mmol/L. 

Table 2.2. Regression results forthe effects of supermarkets on BMI, fasting blood glucose, 

systolic and diastolic blood pressure 

 BMI (kg/m²) FBG (mmol/L) SBP (mmHg) DBP (mmHg) 

Buys in supermarket 1.82*** (0.24) 0.30*** (0.06) 1.98 (1.33) 1.23 (0.86) 

Expenditure per capita, 1000 KES 0.11*** (0.02) 0.01*** (0.00) -0.03 (0.05) 0.03 (0.04) 

Education, y -0.00 (0.10) -0.01 (0.01) -0.42*** (0.14) -0.21** (0.10) 

Intensive work, h/wk 0.01** (0.00) 0.00 (0.00) 0.00 (0.01) -0.00 (0.00) 

Physical activity, h/wk -0.02** (0.01) 0.00 (0.00) -0.01 (0.02) -0.01 (0.01) 

Age, y 0.11*** (0.03) 0.02*** (0.00) 0.88*** (0.02) 0.41*** (0.02) 

Distance to hospital, km 0.05*** (0.00) 0.02*** (0.00) -0.09 (0.10) 0.01 (0.07) 

Female 3.59*** (0.28) 0.20** (0.09) -4.84** (2.31) -2.81** (1.39) 

Married 1.01** (0.45) -0.11 (0.13) -0.04 (1.41) 0.56 (0.51) 

Household size -0.12*** (0.04) -0.01 (0.04) -1.21*** (0.25) -0.54*** (0.09) 

Smoking -2.14*** (0.65) -0.17 (0.14) -12.57*** (1.40) -7.30*** (1.78) 

History diabetes  0.26* (0.14)   

History heart attack   -0.08 (0.36) -0.49 (1.94) 

Constant 15.31*** (2.15) 3.46*** (0.19) 112.80*** (5.62) 76.73*** (2.92) 

R-squared 0.23 0.07 0.28 0.17 

Number of observations 550 496 550 550 

Notes: Coefficient estimates of instrumental variable (IV) models are shown with standard errors in parentheses. Standard 

errors are cluster-corrected at town level. “Distance to nearest supermarket” was used as instrument for “buys in supermarket”. 

BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; SBP, systolic blood pressure. * Significant 

at 10% level; ** Significant at 5% level; *** Significant at 1% level. 
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These effects are further underlined by the results in Table 2.3, showing that purchasing food in 

supermarkets increases the prevalence of overweight and obesity, pre-diabetes, and MetS. Buying 

food in a supermarket increases the likelihood of overweight/obesity by 20 percentage points, the 

likelihood of being pre-diabetic by 16 percentage points, and the likelihood of suffering from 

MetS by 7 percentage points, holding all other factors constant. For comparison, OLS estimates 

of the same models are shown in Tables A2.4 and A2.5 in the Appendix A2.  

Table 2.3. Regression results for the effects of supermarkets on the probability of being 

overweight/obese, pre-diabetic, pre-hypertensive, and suffering from metabolic syndrome 

 Overweight/obese Pre-diabetic Pre-hypertensive MetS 

Buys in supermarket 0.204*** (0.02) 0.164*** (0.01) -0.014 (0.02) 0.068*** (0.01) 

Expenditure per capita, 1000 KES 0.008*** (0.00) 0.001 (0.00) -0.000 (0.00) 0.000 (0.00) 

Education, y 0.014* (0.01) -0.001 (0.00) -0.001 (0.00) -0.006** (0.00) 

Intensive work, h/wk 0.001** (0.00) 0.000 (0.00) -0.000 (0.00) 0.000 (0.00) 

Physical activity, h/wk -0.001 (0.00) 0.001 (0.00) 0.001 (0.00) 0.000 (0.00) 

Age, y 0.010*** (0.00) 0.006*** (0.00) 0.006*** (0.00) 0.005*** (0.00) 

Distance to hospital, km 0.005*** (0.00) 0.001* (0.00) -0.003*** (0.00) 0.001*** (0.00) 

Female 0.258*** (0.04) 0.008 (0.01) -0.050*** (0.02) 0.017 (0.02) 

Married 0.077 (0.05) 0.021*** (0.01) -0.034** (0.02) 0.041 (0.03) 

Household size -0.005 (0.01) 0.004 (0.01) -0.013 (0.01) -0.001 (0.00) 

Smoking -0.204*** (0.03) 0.034*** (0.01) -0.002 (0.03) 
-0.050*** 

(0.02) 

History diabetes  0.096** (0.04)   

History heart attack   0.105*** (0.03)  

History diabetes/heart attack    0.071*** (0.01) 

Constant -0.537*** (0.16) -0.289** (0.12) 0.776*** (0.04) 
-0.172*** 

(0.03) 

R-squared 0.18 0.07 0.05 0.08 

Number of observations 550 496 550 496 

Notes: Coefficient estimates of instrumental variable (IV) linear probability models are shown with standard errors in 

parentheses. Standard errors are cluster-corrected at town level. “Distance to nearest supermarket” was used as instrument for 

“buys in supermarket”. Overweight/obese: BMI ≥ 25 kg/m²; Pre-diabetic: FBG (in mmol/L) ≥ 5.6 (also includes diabetic with 

FBG ≥ 7.0); Pre-hypertensive: SBP/DBP (in mmHg) ≥ 120/80 (also includes hypertensive with SBP/DBP ≥ 140/90); Metabolic 

syndrome (MetS): defined through three parameters: waist circumference (in cm) F/M > 80 /94 plus SBP/DBP (in mmHg) ≥ 

130/85 and FBG (in mmol/L) ≥ 5.6. DBP, diastolic blood pressure; FBG, fasting blood glucose; MetS, metabolic syndrome; 

SBP, systolic blood pressure * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 

 

2.3.2 Other Factors influencing Nutrition and Health Outcomes 

Looking at the socioeconomic control variables in Tables 2.2 and 2.3, it can be seen that 

household per capita expenditure, which is used to measure living standards, has a significantly 

positive effect on BMI, as well as on the likelihood of being overweight or obese. Similarly, 
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positive effects on BMI and overweight/obesity are found for being female and being married. 

Holding other factors constant, female adults have a 3.6 kg/m² higher BMI and are 26 percentage 

points more likely to be overweight/obese than male adults. Being female is also positively 

related with FBG, but negatively related with blood pressure. Smoking is negatively related with 

BMI and overweight/obesity, but also with blood pressure, which is rather unexpected as 

smoking was identified as one of the major contributors to any coronary heart diseases (World 

Health Organization (WHO), 2013). It should be mentioned that the number of self-reported 

smokers in our sample is very small; the negative association of smoking with blood pressure 

may possibly be due to measurement error and/or unobserved lifestyle factors. Family histories of 

diabetes and heart attack are positively associated with the likelihood of suffering from pre-

diabetes, pre-hypertension, and MetS. Age is positively associated with all nutrition and health 

outcomes, implying that older people are more likely to be overweight/obese and to suffer from 

NR-NCDs. 

2.3.3 Robustness Checks 

Standard probit and IV probit specifications for the models with binary outcome variables are 

shown in Table A2.6 in the Appendix A2. These alternative estimates lead to similar results as 

the linear probability models in Table 2.3. 

The results with the continuous treatment variable “share of supermarket purchase” are 

summarized in Tables 2.4 and 2.5 (full results are shown in Tables A2.7 and A2.8). These 

alternative estimates confirm the general findings obtained with the binary treatment variable: the 

signs and significance levels of the treatment effects are identical to those in Tables 2.2 and 2.3. 

A one percentage point increase in the share of food purchased in supermarkets leads to a 0.15 

kg/m² higher BMI and a 0.02 mmol/L increase in fasting blood glucose (Table 2.4). Similarly, a 

one percentage point increase in the share of food purchased in supermarkets raises the 

probability of being overweight/obese by 1.6 percentage points, the probability of being pre-

diabetic by 1.3 percentage points, and the probability of suffering from MetS by 0.5 percentage 

points (Table 2.5). It should be stressed that for many households in the sample the share of 

supermarket purchase is still quite low (14% on average). The continuous treatment effects are 

point estimates, which should not be extrapolated linearly over wide variations of the treatment 

variable. Nevertheless, the estimates clearly suggest that there is a dose dependency. We also 
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estimated alternative models with the continuous treatment variable, but only using the 

subsample of supermarket users. These alternative models yielded results that are very similar to 

the full-sample results in Tables 2.4 and 2.5. 

Table 2.4. Regression results for the effects of supermarket purchase (%) on BMI, fasting 

blood glucose, systolic and diastolic blood pressure 

 
BMI (kg/m²) FBG (mmol/L) SBP (mmHg) DBP (mmHg) 

Share of supermarket 

purchase, % 
0.15*** (0.02) 0.02*** (0.00) 0.16 (0.11) 0.10 (0.07) 

Constant 14.22*** (2.18) 3.30*** (0.21) 111.61*** (6.34) 75.99*** (3.32) 

Number of observations 550 496 550 550 

Notes: Coefficient estimates of instrumental variable (IV) models are shown with standard errors in parentheses. Standard errors 

are cluster-corrected at town level. “Distance to nearest supermarket” was used as instrument for “share of supermarket 

purchase”. Control variables are not shown for brevity. Full results are provided in Table A2.7. BMI, body mass index; DBP, 

diastolic blood pressure; FBG, fasting blood glucose; SBP, systolic blood pressure. * Significant at 10% level; ** Significant at 

5% level; *** Significant at 1% level. 

 

Table 2.5. Regression results for the effects of supermarket purchase (%) on the probability 

of being overweight/obese, pre-diabetic, pre-hypertensive, and suffering from metabolic 

syndrome 

 
Overweight/Obese Pre-diabetic Pre-hypertensive MetS 

Share of supermarket 

purchase, % 
0.016*** (0.00) 0.013*** (0.00) -0.001 (0.00) 0.005*** (0.00) 

Constant -0.660*** (0.16) -0.379*** (0.13) 0.784*** (0.05) -0.209*** (0.03) 

Number of observations 550 496 550 496 

Notes: Coefficient estimates of instrumental variable (IV) linear probability models are shown with standard errors in 

parentheses. Standard errors are cluster-corrected at town level. “Distance to nearest supermarket” was used as instrument for 

“share of supermarket purchase”. Control variables are not shown for brevity. Full results are provided in Table A2.8. MetS, 

metabolic syndrome. * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 

 

As explained, in a final robustness check we used a panel data model for BMI to estimate the 

effect of supermarket purchase without the need for an instrument. Fixed effects and random 

effects specifications of this panel data model confirm a positive and significant effect of 

supermarket purchase on BMI (Table A2.9). These robustness checks suggest that the general 

findings are not driven by a particular type of model specification, by the definition of the 

treatment variables, the choice of instrument, or unobserved lifestyle factors. 
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2.4 Discussion 

2.4.1 Study Limitations 

We have analyzed the effects of purchasing food in supermarkets on NR-NCDs among urban 

adults in Kenya. The methodological approach used has a few limitations. First, the observational 

data are cross-section in nature, which complicates the identification of causal effects. We used 

an IV modeling approach to control for confounding factors and reduce possible issues of 

endogeneity. For BMI, the effects were also confirmed with a panel data model, but for the health 

outcomes no panel data were available. Repeated collection of data for all relevant outcome 

variables through additional survey rounds would help to further test the robustness of the 

estimation results. Second, and related to the previous point, classifying health status based on 

single measurements can be imprecise, especially for health outcomes such as diabetes or 

hypertension. Employing well-trained and experienced nurses, using reliable clinical instruments, 

and taking all measurements at the same time of the day, as done in this study, can reduce sources 

of imprecision, but not completely. Third, due to budget constraints we were only able to collect 

certain health indicators and not others that could have been useful as well. For instance, the 

classification of MetS here was based on only three factors, instead of five that are commonly 

used (Alberti et al., 2006). Only considering three factors may lead to an underestimation of the 

true number of people suffering from MetS. Fourth, data were only collected in three towns. 

While these three towns are typical for medium-sized urban municipalities in Central Kenya, the 

sample is not representative for the country as a whole. 

2.4.2 Rising Rates of Nutrition-Related Non-Communicable Diseases 

In spite of the mentioned limitations, the results contribute to the literature because this is the first 

study that has attempted to analyze the effects of the spread of supermarkets on NR-NCDs in 

developing countries. In Kenya, as in many other developing countries, rapidly rising prevalence 

rates of obesity and NR-NCDs are observed, so that a better understanding of causes and 

contributing factors is important from public health and policy perspectives. In the study region 

in Central Kenya, mean BMI among adults was 26.0 kg/m² during the survey in 2015. The 2012 

data collected in the same three towns showed a mean BMI of 24.9 kg/m² (Kimenju et al., 2015). 

Hence, mean BMI increased considerably within a period of only three years. Similarly, between 
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2012 and 2015 the prevalence of overweight has increased from 27% to 32%, and the prevalence 

of obesity from 14% to 22%. 

A study with data collected in 2010 in Nairobi reported a prevalence of hypertension of 23% 

(Joshi et al., 2014), compared to a prevalence of hypertension of 41% in the 2015 sample used 

here. Furthermore, 15% of the individuals in the sample used here suffered from pre-diabetes and 

7% from MetS in 2015. Our estimated prevalence of pre-diabetes is higher than other available 

estimates for Kenya: according to the 2015 estimates of the International Diabetes Federation 

(IDF), the national prevalence of pre-diabetes in Kenya is 9.5% (International Diabetes 

Federation, 2015). While we do not claim to have nationally representative data, our higher 

prevalence of 15% may still be more realistic. For most developing countries, IDF statistics are 

based on estimates and extrapolations using doctors’ records rather than data from representative 

samples (Bommer et al., 2017; International Diabetes Federation, 2015). Doctors’ records may 

underestimate the prevalence of NR-NCDs, because many people in developing countries do not 

see a doctor on a regular basis. 

2.4.3 Summary of Supermarket Effects 

The regression results suggest that the spread of supermarkets contributes to rising body weight. 

Buying food in supermarkets instead of (or in addition to) traditional retail outlets was shown to 

increase BMI by 1.82 kg/m², after controlling for confounding factors. Relatedly, supermarket 

purchase increases the likelihood of being overweight or obese by 20 percentage points. The 

directions and the magnitudes of these results are consistent with earlier studies carried out in 

Kenya and Guatemala (Asfaw, 2008; Kimenju et al., 2015). The analysis also revealed that 

buying food in supermarkets increases FBG by 0.30 mmol/L and the likelihood of being pre-

diabetic and suffering from MetS by 16 and 7 percentage points, respectively. The general 

findings were also confirmed in a robustness check using the share of supermarket food 

purchases as a continuous treatment variable. We found no evidence that buying in supermarkets 

increases BP or the likelihood of suffering from pre-hypertension. The insignificant effect on 

hypertension might be due to the multifactorial character of this medical condition, which is not 

yet well examined, especially not in Africa. 

Even though our results are consistent with the literature, the estimated effects in our study (for 

nutrition and health outcomes) as well as in previous studies (confined to nutrition outcomes) are 



Chapter 2: Supermarket Purchase Contributes to Nutrition-Related Non-Communicable Diseases in Urban Kenya 

 

Page  | 37 

relatively large in magnitude. Since all the results derive from cross-sectional data, one should be 

careful not to over-interpret the precision of the estimates. However, regardless of the exact 

magnitude of effects, the estimates and robustness checks depict a clear tendency, namely that 

supermarkets influence consumers’ nutrition and health, also after controlling for other relevant 

socioeconomic and lifestyle factors. 

2.4.4 Expected Mechanisms of Supermarket Effects 

The observed effects of supermarkets on nutrition and health can be explained by changing food 

offers and shopping environments that influence consumer choices and diets. Supermarkets in 

developing countries tend to offer different types of foods than wet markets and other traditional 

retail outlets. Levels of processing, packaging sizes, and prices are often different as well. 

Previous research has shown that people who buy in supermarkets consume more calories and a 

higher share of processed foods (Asfaw, 2008; Hawkes, 2008; Kimenju et al., 2015; Qaim, 2017; 

Rischke et al., 2015; Toiba et al., 2015). And energy-dense, processed foods and beverages are 

known to contribute to overweight and obesity (Popkin and Ng, 2007; Popkin et al., 2012; Popkin 

and Slining, 2013). 

These general relationships are also true in Kenya. Figure 2.1 shows differences in dietary 

patterns between households that buy and do not buy food in supermarkets. The observed 

differences in the consumption of various food groups are not very large, which is due to the fact 

that most of the households so far only buy part of their total foods consumed in supermarkets. 

Nevertheless, many of the differences are statistically significant. Households that purchase food 

in supermarkets consume higher quantities of processed snacks, fats and oils, soft drinks, meat 

and fish, and processed grains. On the other hand, they consume significantly lower quantities of 

vegetables and unprocessed grains. These differences in diets may contribute to increased 

overweight and obesity among supermarket buyers and thus also to a higher prevalence of NR-

NCDs. 
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Figure 2.1. Comparison of mean food consumption within last 30d in households that buy 

and do not buy food in supermarkets (n = 433). *Mean is different at P < 0.10; ** Mean is 

different at P < 0.05; *** Mean is different at P < 0.01. 

That such differences in diets are likely caused by supermarkets and their particular food offers 

was shown in another recent study with data from Kenya (Demmler et al., 2017). Demmler et al. 

(Demmler et al., 2017) confirmed that supermarkets contribute to increased consumption of 

highly processed foods, meats, dairy, and vegetable oils. They also showed that supermarkets 

decreased the amounts of energy obtained from unprocessed food items such as fresh vegetables 

and grains. While traditional retailers also sell processed foods, the processed food items 

purchased in supermarkets seem to be of additional nature. That is, supermarket users purchase 

additional quantities of processed foods without necessarily reducing processed food purchases 

from traditional shops. This may possibly be explained by supermarkets selling popular brands or 

larger packaging sizes that are not available in traditional shops. Also pricing and advertising 

strategies and the self-service character of supermarkets may incentivize consumers to use 

supermarkets and buy additional quantities (Demmler et al., 2017). 
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We expect that most of the effects of supermarkets on NR-NCDs are channeled through higher 

BMI. However, there are also other possible mechanisms. One other possible mechanism is the 

reduced amount of bioactive compounds in “supermarket” diets that contain lower quantities of 

vegetables and unprocessed foods. There is evidence that bioactive compounds – including 

phytochemicals, vitamins, minerals, and fibers – can reduce the risk of diabetes and other chronic 

diseases even after controlling for BMI (Liu, 2013). 

2.4.5 Policy Implications 

Results of this study suggest that the rapid spread of supermarkets contributes to the nutrition 

transition and the rising epidemic of NR-NCDs in developing countries. However, this does not 

mean that supermarkets should be prohibited, as they may also have positive effects for public 

health and development. Compared to traditional food markets in developing countries, 

supermarket supply chains are often more efficient, which can make food more accessible for 

poor population segments (Kimenju et al., 2015; Qaim, 2017; Timmer, 2009). Recent studies 

showed that supermarkets can contribute to reduced rates of child undernutrition in some 

situations (Kimenju et al., 2015; Kimenju and Qaim, 2016). Food quality, food diversity, and 

food safety may also be higher in supermarkets than in traditional markets (Mergenthaler et al., 

2009; Minot et al., 2015; Tessier et al., 2008). Finally, studies have shown that small-scale 

farmers in developing countries may benefit from participating in newly emerging supermarket 

supply chains (Chege et al., 2015; T Reardon et al., 2012). Against this background, it will be 

important for policymakers to strengthen the positive aspects of supermarket growth, while 

reducing negative implications to the extent possible. A critical aspect is to shape food 

environments that allow and instigate consumers to make more healthy food choices. This may 

require broader awareness building and education towards healthy nutrition, as well as 

appropriate regulation. For instance, outside of the big cities, supermarkets in developing 

countries often only sell processed foods. Requiring or supporting supermarkets to also offer 

fresh fruits and vegetables, and to position such a fresh produce section in a key place within the 

store, could be one possible route for nutrition-sensitive policymaking. 

2.5 Conclusion 

This study suggests that buying food in supermarkets increases BMI, fasting blood glucose, and 

the probability of being overweight/obese, pre-diabetic, and suffering from the metabolic 
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syndrome. Since supermarket users consume larger quantities of highly processed and energy-

dense foods, we reckon that the nutrition and health effects are mainly driven by supermarkets 

influencing people’s dietary choices. This would mean that the rapid spread of supermarkets in 

developing countries directly contributes to the nutrition transition. However, premature 

judgements should be avoided, as supermarkets can also have positive effects for public health 

and development. We have highlighted new aspects and dimensions of the effects of 

supermarkets on nutrition and health in developing countries. This is a new research direction 

where the available evidence is still relatively thin. Given the rapidly rising prevalence of NR-

NCDs in many developing countries, more research on the role of changing food environments 

and appropriate policy responses that account for the complexity of effects will be needed. 
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2.5 Appendix A2 

Table A2.1. First stage results of instrumental variable model 

 
Buys in supermarket 

Distance to supermarket, km -0.014*** (0.001) 

Expenditure per capita 0.009** (0.004) 

Education, y 0.011*** (0.001) 

Intensive work, h/wk -0.000*** (0.000) 

Physical activity, h/wk 0.000 (0.001) 

Age, y -0.002 (0.001) 

Distance to hospital, km -0.009** (0.004) 

Female 0.040*** (0.005) 

Married 0.047 (0.054) 

Household size 0.002 (0.005) 

Smoking 0.004 (0.033) 

Constant 0.656*** (0.108) 

R-squared 0.52 

F-statistic 123.51 

Number of observations 550 

Notes: First stage of instrumental variable estimation (selection equation), where “distance to nearest supermarket” is used 

as an instrument for “buys in supermarket”. Coefficient estimates are shown with robust standard errors in parentheses. * 

Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 
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Table A2.2. Validity test of instrument in models for continuous nutrition and health 

outcomes 

 
BMI (kg/m²) FBG (mmol/L) SBP (mmHg) DBP (mmHg) 

Buys in supermarket 0.71 (0.57) 0.07 (0.22) -3.28 (2.44) -1.19 (1.58) 

Distance to supermarket, km -0.02 (0.01) -0.00 (0.00) -0.07 (0.05) -0.03 (0.04) 

Constant 16.04*** (1.39) 3.60*** (0.30) 116.22*** (6.04) 78.30*** (3.85) 

R-squared 0.23 0.08 0.28 0.18 

Number of observations 550 496 550 550 

Notes: Coefficients are shown with robust standard errors in parentheses. Not all control variables are shown for brevity. 

Included control variables are the same as in all other models: expenditure, education, intensive work, physical activity, age, 

distance to hospital, being female, being married, household size, smoking, history of diabetes, and history of heart attack. 

DBP, diastolic blood pressure; FBG, fasting blood glucose; SBP, systolic blood pressure. * Significant at 10% level; ** 

Significant at 5% level; *** Significant at 1% level. 

 

 

Table A2.3. Validity test of instrument in models for binary nutrition and health outcomes 

 
Overweight/obese Pre-diabetic Pre-hypertensive MetS 

Buys in supermarket 0.062 (0.06) 0.068 (0.04) 0.024 (0.06) 0.035 (0.03) 

Distance to supermarket, km -0.002 (0.00) -0.001 (0.00) 0.001 (0.00) -0.000 (0.00) 

Constant -0.444*** (0.14) -0.228* (0.12) 0.470*** (0.16) -0.152 (0.09) 

R-squared 0.19 0.08 0.05 0.08 

Number of observations 550 496 550 496 

Notes: Coefficients of linear probability models are shown with robust standard errors in parentheses. Overweight/obese: BMI 

≥ 25 kg/m²; Pre-diabetic: FBG (in mmol/L) ≥ 5.6; Pre-hypertensive: SBP/DBP (in mmHg) ≥ 120/80; Metabolic syndrome 

(MetS): defined through three parameters: waist circumference (in cm) F/M > 80 /94 plus SBP/DBP (in mmHg) ≥ 130 / ≥ 85 

and FBG (in mmol/L) ≥ 5.6. Not all control variables are shown for brevity. Included control variables are the same as in all 

other models: expenditure, education, intensive work, physical activity, age, distance to hospital, being female, being married, 

household size, smoking, history of diabetes, and history of heart attack. DBP, diastolic blood pressure; FBG, fasting blood 

glucose; MetS, metabolic syndrome; SBP, systolic blood pressure * Significant at 10% level; ** Significant at 5% level; *** 

Significant at 1% level. 
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Table A2.4. Regression results for the effects of supermarkets on BMI, fasting blood glucose, systolic and diastolic blood pressure 

comparing OLS and IV estimations 

 BMI (kg/m²) FBG (mmol/L) SBP (mmHg) DBP (mmHg) 

 
OLS IV OLS IV OLS IV OLS IV 

Buys in supermarket 1.15** (0.18) 1.82*** (0.24) 0.16 (0.12) 0.30*** (0.06) -1.20 (1.03) 1.98 (1.33) -0.23 (0.54) 1.23 (0.86) 

Expenditure per capita 0.11* (0.03) 0.11*** (0.02) 0.01* (0.00) 0.01*** (0.00) -0.00 (0.04) -0.03 (0.05) 0.04 (0.05) 0.03 (0.04) 

Education, y 0.01 (0.12) -0.00 (0.10) -0.00 (0.02) -0.01 (0.01) -0.36 (0.20) -0.42*** (0.14) -0.18 (0.14) -0.21** (0.10) 

Intensive work, h/wk 0.01 (0.00) 0.01** (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.01) 0.00 (0.01) -0.00 (0.00) -0.00 (0.00) 

Physical activity, h/wk -0.02 (0.01) -0.02** (0.01) 0.00 (0.01) 0.00 (0.00) -0.02 (0.03) -0.01 (0.02) -0.01 (0.01) -0.01 (0.01) 

Age, y 0.11* (0.04) 0.11*** (0.03) 0.02** (0.01) 0.02*** (0.00) 0.87*** (0.03) 0.88*** (0.02) 0.40*** (0.02) 0.41*** (0.02) 

Distance to hospital, km 0.04 (0.02) 0.05*** (0.00) 0.02** (0.00) 0.02*** (0.00) -0.15* (0.04) -0.09 (0.10) -0.02 (0.04) 0.01 (0.07) 

Female 3.68*** (0.30) 3.59*** (0.28) 0.22 (0.11) 0.20** (0.09) -4.38 (3.08) -4.84** (2.31) -2.60 (1.84) -2.81** (1.39) 

Married 1.04 (0.50) 1.01** (0.45) -0.11 (0.16) -0.11 (0.13) 0.08 (1.85) -0.04 (1.41) 0.61 (0.66) 0.56 (0.51) 

Household size -0.13 (0.05) -0.12*** (0.04) -0.01 (0.05) -0.01 (0.04) -1.28* (0.35) -1.21*** (0.25) -0.57** (0.11) -0.54*** (0.09) 

Smoking -2.09 (0.79) -2.14*** (0.65) -0.16 (0.18) -0.17 (0.14) -12.31** (1.88) -12.57*** (1.40) -7.18* (2.25) -7.30*** (1.78) 

History diabetes 
  

0.27 (0.19) 0.26* (0.14) 
    

History heart attack 
    

-0.72 (1.09) -0.08 (0.36) -0.79 (2.60) -0.49 (1.94) 

Constant 15.71** (2.60) 15.31*** (2.15) 3.53*** (0.23) 3.46*** (0.19) 114.64*** (6.65) 112.80*** (5.62) 77.57*** (3.21) 76.73*** (2.92) 

R-squared 0.23 0.23 0.07 0.07 0.28 0.28 0.18 0.17 

Durbin-Wu-Hausman 2.44 
 

4.37 
 

3.80 
 

4.10 
 

Number of observations 550 550 496 496 550 550 550 550 

Notes: Coefficient estimates of OLS and IV models are shown with standard errors in parentheses. Standard errors are cluster-corrected at town level. In the IV regressions, “distance to nearest 

supermarket” was used as instrument for “buys in supermarket”. BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; IV, instrumental variable model; OLS, 

ordinary least squares; SBP, systolic blood pressure. * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 
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Table A2.5. Regression results for the effects of supermarkets on the probability of being overweight/obese, pre-diabetic, pre-

hypertensive, and suffering from metabolic syndrome comparing OLS and IV estimations 

 
Overweight/Obese Pre-diabetic Pre-hypertensive MetS 

 
OLS IV OLS IV OLS IV OLS IV 

Buys in supermarket 0.119* (0.03) 0.204*** (0.02) 0.108** (0.02) 0.164*** (0.01) 0.006 (0.04) -0.014 (0.02) 0.048** (0.01) 0.068*** (0.01) 

Expenditure per capita 0.008 (0.00) 0.008*** (0.00) 0.002 (0.00) 0.001 (0.00) -0.001 (0.00) -0.000 (0.00) 0.000 (0.00) 0.000 (0.00) 

Education, y 0.015 (0.01) 0.014* (0.01) 0.000 (0.00) -0.001 (0.00) -0.002 (0.01) -0.001 (0.00) -0.005 (0.00) -0.006** (0.00) 

Intensive work, h/wk 0.001 (0.00) 0.001** (0.00) 0.000 (0.00) 0.000 (0.00) -0.000 (0.00) -0.000 (0.00) 0.000 (0.00) 0.000 (0.00) 

Physical activity, h/wk -0.002 (0.00) -0.001 (0.00) 0.001 (0.00) 0.001 (0.00) 0.001 (0.00) 0.001 (0.00) 0.000 (0.00) 0.000 (0.00) 

Age, y 0.010* (0.00) 0.010*** (0.00) 0.006** (0.00) 0.006*** (0.00) 0.006* (0.00) 0.006*** (0.00) 0.005** (0.00) 0.005*** (0.00) 

Distance to hospital, km 0.004 (0.00) 0.005*** (0.00) -0.000 (0.00) 0.001* (0.00) -0.003 (0.00) -0.003*** (0.00) 0.000 (0.00) 0.001*** (0.00) 

Female 0.270** (0.05) 0.258*** (0.04) 0.014 (0.02) 0.008 (0.01) -0.053 (0.03) -0.050*** (0.02) 0.019 (0.02) 0.017 (0.02) 

Married 0.080 (0.06) 0.077 (0.05) 0.025** (0.00) 0.021*** (0.01) -0.035 (0.02) -0.034** (0.02) 0.042 (0.04) 0.041 (0.03) 

Household size -0.007 (0.01) -0.005 (0.01) 0.003 (0.01) 0.004 (0.01) -0.012 (0.01) -0.013 (0.01) -0.002 (0.00) -0.001 (0.00) 

Smoking -0.197** (0.03) -0.204*** (0.03) 0.038 (0.02) 0.034*** (0.01) -0.004 (0.03) -0.002 (0.03) -0.048 (0.02) -0.050*** (0.02) 

History diabetes 
  

0.097 (0.05) 0.096** (0.04) 
    

History heart attack 
    

0.109* (0.03) 0.105*** (0.03) 
  

History diabetes/heart attack 
      

0.070*** (0.01) 0.071*** (0.01) 

Constant -0.487 (0.20) -0.537*** (0.16) -0.258 (0.14) -0.289** (0.12) 0.764*** (0.04) 0.776*** (0.04) -0.162* (0.04) -0.172*** (0.03) 

R-squared 0.18 0.18 0.08 0.07 0.05 0.05 0.08 0.08 

Durbin-Wu-Hausman 2.42 
 

9.48* 
 

0.12 
 

1.13 
 

Number of observations 550 550 496 496 550 550 496 496 

Notes: Coefficient estimates of linear probability models estimated with OLS and IV are shown with standard errors in parentheses. Standard errors are cluster-corrected at town level. In the IV 

regressions, “distance to nearest supermarket” was used as instrument for “buys in supermarket”. Overweight/obese: BMI ≥ 25 kg/m²; Pre-diabetic: FBG (in mmol/L) ≥ 5.6; Pre-hypertensive: SBP/DBP 

(in mmHg) ≥ 120/80; Metabolic syndrome (MetS): defined through three parameters: waist circumference (in cm) F/M > 80 /94 plus SBP/DBP (in mmHg) ≥ 130 / ≥ 85 and FBG (in mmol/L) ≥ 5.6. 

DBP, diastolic blood pressure; FBG, fasting blood glucose; IV, instrumental variable; OLS, ordinary least squares; MetS, metabolic syndrome; SBP, systolic blood pressure * Significant at 10% level; 

** Significant at 5% level; *** Significant at 1% level. 
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Table A2.6. Regression results for the effects of supermarkets on the probability of being overweight/obese, pre-diabetic, pre-

hypertensive, and suffering from metabolic syndrome comparing probit and IV probit estimations
 

 
Overweight/obese Pre-diabetic Pre-hypertensive MetS 

 
Probit IV probit Probit IV probit Probit IV probit Probit IV probit 

Buys in supermarket 0.114*** (0.03) 0.112*** (0.02) 0.116*** (0.03) 0.138*** (0.01) 0.003 (0.03) -0.085*** (0.03) 0.061*** (0.01) 0.055*** (0.02) 

Expenditure per capita 0.010*** (0.00) 0.009*** (0.00) 0.002 (0.00) 0.001*** (0.00) -0.001 (0.00) 0.000 (0.00) 0.000 (0.00) -0.000 (0.00) 

Education, y 0.013* (0.01) 0.012 (0.01) 0.000 (0.00) -0.001 (0.00) -0.003 (0.01) 0.000 (0.01) -0.005* (0.00) -0.004 (0.00) 

Intensive work, h/wk 0.001* (0.00) 0.001* (0.00) 0.000 (0.00) 0.000 (0.00) -0.000* (0.00) -0.000** (0.00) 0.000 (0.00) 0.000 (0.00) 

Physical activity, h/wk -0.002 (0.00) -0.002 (0.00) 0.001 (0.00) 0.001 (0.00) 0.000 (0.00) 0.000 (0.00) 0.000 (0.00) 0.000 (0.00) 

Age, y 0.010*** (0.00) 0.010*** (0.00) 0.006*** (0.00) 0.006*** (0.00) 0.008*** (0.00) 0.008*** (0.00) 0.005*** (0.00) 0.005*** (0.00) 

Distance to hospital, km 0.003 (0.00) 0.004** (0.00) 0.000 (0.00) 0.002*** (0.00) -0.003*** (0.00) -0.006*** (0.00) 0.001*** (0.00) 0.001*** (0.00) 

Female 0.275*** (0.04) 0.273*** (0.05) 0.017 (0.02) 0.011 (0.02) -0.051** (0.02) -0.037*** (0.01) 0.031 (0.03) 0.034 (0.03) 

Married 0.087 (0.06) 0.076 (0.07) 0.032*** (0.01) 0.020 (0.02) -0.045* (0.02) -0.033 (0.02) 0.067* (0.03) 0.062** (0.03) 

Household size -0.006 (0.01) -0.007 (0.01) 0.001 (0.01) 0.002 (0.01) -0.018* (0.01) -0.020* (0.01) -0.002 (0.00) -0.001 (0.00) 

Smoking -0.200*** (0.02) -0.204*** (0.02) 0.027 (0.02) 0.035 (0.03) -0.002 (0.04) -0.003 (0.04) -0.052* (0.03) -0.051** (0.02) 

History diabetes 
  

0.083** (0.03) 0.083** (0.03) 
    

History heart attack 
    

0.159* (0.08) 0.137 (0.10) 
  

History diabetes/heart attack 
      

0.062*** (0.01) 0.062*** (0.00) 

Pseudo R² 0.15 
 

0.09 
 

0.07 
 

0.18 
 

Wald statistics 4.36** 
 

4.07** 
 

0.34 
 

1.86 
 

Number of observations 550 550 496 496 550 550 496 496 

Notes: Marginal effects are shown with standard errors in parentheses. Standard errors are cluster-corrected at town level. In the IV probit models, “distance to nearest supermarket” was used as instrument 

for “buys in supermarket”. Overweight/obese: BMI ≥ 25 kg/m²; Pre-diabetic: FBG (in mmol/L) ≥ 5.6; Pre-hypertensive: SBP/DBP (in mmHg) ≥ 120/80; Metabolic syndrome (MetS): defined through three 

parameters: waist circumference (in cm) F/M > 80 /94 plus SBP/DBP (in mmHg) ≥ 130 / ≥ 85 and FBG (in mmol/L) ≥ 5.6. DBP, diastolic blood pressure; FBG, fasting blood glucose; IV, instrumental 

variable; MetS, metabolic syndrome; SBP, systolic blood pressure * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 
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Table A2.7. Full regression results for the effects of supermarket purchase (%) on BMI, 

fasting blood glucose, systolic and diastolic blood pressure 

 
BMI (kg/m²) FBG (mmol/L) SBP (mmHg) DBP (mmHg) 

Share of supermarket purchase, % 0.15*** (0.02) 0.02*** (0.00) 0.16 (0.11) 0.10 (0.07) 

Expenditure per capita 0.09* (0.04) 0.01 (0.00) -0.05 (0.05) 0.02 (0.04) 

Education, y -0.00 (0.11) -0.01 (0.01) -0.43** (0.15) -0.21 (0.11) 

Intensive work, h/wk 0.01* (0.00) 0.00 (0.00) 0.00 (0.01) -0.00 (0.00) 

Physical activity, h/wk -0.03* (0.01) -0.00 (0.00) -0.02 (0.03) -0.01*** (0.00) 

Age, y 0.12*** (0.03) 0.03*** (0.00) 0.89*** (0.02) 0.41*** (0.02) 

Distance to hospital, km 0.12*** (0.01) 0.03*** (0.01) -0.02 (0.15) 0.05 (0.10) 

Female 3.80*** (0.37) 0.24*** (0.06) -4.61 (2.41) -2.67 (1.45) 

Married 0.95* (0.47) -0.12 (0.12) -0.10 (1.43) 0.52 (0.50) 

Household size -0.08 (0.07) -0.00 (0.04) -1.17*** (0.28) -0.51*** (0.11) 

Smoking -2.07*** (0.60) -0.15 (0.12) -12.49*** (1.37) -7.25*** (1.78) 

History diabetes 
 

0.29 (0.18) 
  

History heart attack 
  

-0.05 (0.62) -0.47 (2.03) 

Constant 14.22*** (2.18) 3.30*** (0.21) 111.61*** (6.34) 75.99*** (3.32) 

Number of observations 550 496 550 550 

Notes: Coefficient estimates of instrumental variable models are shown with standard errors in parentheses. Standard errors are cluster-

corrected at town level. “Distance to nearest supermarket” was used as instrument for “supermarket purchase”. DBP, diastolic blood 

pressure; FBG, fasting blood glucose; SBP, systolic blood pressure. * Significant at 10% level; ** Significant at 5% level; *** 

Significant at 1% level. 
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Table A2.8. Full regression results for the effects of supermarket purchase (%) on the 

probability of being overweight/obese, pre-diabetic, pre-hypertensive, and suffering from 

metabolic syndrome 

 
Overweight/ Obese Pre-diabetic Pre-hypertensive MetS 

Share of supermarket purchase, % 0.016*** (0.00) 0.013*** (0.00) -0.001 (0.00) 0.005*** (0.00) 

Expenditure per capita 0.006 (0.00) -0.000 (0.00) -0.000 (0.00) -0.000 (0.00) 

Education, y 0.013* (0.01) -0.001 (0.00) -0.001 (0.00) -0.006** (0.00) 

Intensive work, h/wk 0.001** (0.00) 0.000 (0.00) -0.000 (0.00) 0.000 (0.00) 

Physical activity, h/wk -0.003*** (0.00) 0.000 (0.00) 0.001 (0.00) -0.000 (0.00) 

Age, y 0.011*** (0.00) 0.007*** (0.00) 0.006*** (0.00) 0.005*** (0.00) 

Distance to hospital, km 0.013*** (0.00) 0.007*** (0.00) -0.004** (0.00) 0.003*** (0.00) 

Female 0.282*** (0.05) 0.026 (0.02) -0.051*** (0.02) 0.024 (0.02) 

Married 0.070 (0.05) 0.020*** (0.01) -0.034** (0.02) 0.041 (0.03) 

Household size -0.001 (0.01) 0.007 (0.01) -0.013 (0.01) -0.000 (0.00) 

Smoking -0.195*** (0.04) 0.045** (0.02) -0.003 (0.03) -0.045*** (0.01) 

History diabetes 
 

0.113** (0.05) 
  

History heart attack 
  

0.104*** (0.03) 
 

History diabetes/heart attack 
   

0.077*** (0.00) 

Constant -0.660*** (0.16) -0.379*** (0.13) 0.784*** (0.05) -0.209*** (0.03) 

Number of observations 550 496 550 496 

Notes: Coefficient estimates of instrumental variable linear probability models are shown with standard errors in parentheses. 

Standard errors are cluster-corrected at town level. “Distance to nearest supermarket” was used as instrument for “supermarket 

purchase”. MetS, metabolic syndrome. * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 
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Table A2.9. Regression results for the effects of supermarkets on BMI with panel data 

model 

 BMI (kg/m²) 

 
Fixed effects Random effects 

Buys in supermarket 0.59* (0.34) 0.63** (0.28) 

Expenditure per capita, deflated 
a 

-0.02 (0.02) 0.06*** (0.01) 

Physical activity, h/wk -0.03*** (0.01) -0.02*** (0.01) 

Age, y -0.02 (0.04) 0.10*** (0.01) 

Female 
 

3.40*** (0.33) 

Married 1.02** (0.51) 1.00*** (0.29) 

Ol Kalou  -0.75** (0.38) 

Njabini  -0.78* (0.42) 

Year 2015 0.37** (0.19) -0.04 (0.13) 

Constant 25.51*** (1.50) 18.37*** (0.69) 

Wald-chi2 
 

224.91*** 

F-value 3.58*** 
 

Hausman test 54.47*** 
 

Number of observations 1161 1161 

Notes: Coefficient estimates of fixed effects and random effects panel data models are shown with standard errors in parentheses. 

Hausman test was performed in order to see significant differences between fixed and random effects. Total number of observations 

for the unbalanced panel data set is 1161 adults (>18 y), including 611 from 2012 and 550 from 2015. a 2015 expenditures were 

adjusted for inflation using official consumer price indices. * Significant at 10% level; ** Significant at 5% level; *** Significant at 

1% level. 
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3 Supermarket Shopping and Nutritional Outcomes: A Panel Data 

Analysis for Urban Kenya
4
 

Abstract 

Overweight and obesity are growing health problems in many developing countries. Rising 

obesity rates are the result of changes in people’s diets and lifestyles. Income growth and 

urbanization are factors that contribute to these changes. Modernizing food retail environments 

may also play a certain role. For instance, the rapid spread of supermarkets in many developing 

countries could affect consumer food choices and thus nutritional outcomes. However, concrete 

evidence about the effects of supermarkets on consumer diets and nutrition is thin. A few existing 

studies have analyzed related linkages with cross-sectional survey data. We add to this literature 

by using panel data from households and individuals in urban Kenya. Employing panel 

regression models with individual fixed effects and controlling for other factors we show that 

shopping in supermarkets significantly increases body mass index (BMI). We also analyze 

impact pathways. Shopping in supermarkets contributes to higher consumption of processed and 

highly processed foods and lower consumption of unprocessed foods. These results confirm that 

the retail environment affects people’s food choices and nutrition. However, the effects depend 

on the types of foods offered. Rather than thwarting modernization in the retail sector, policies 

that incentivize the sale of more healthy foods – such as fruits and vegetables – in supermarkets 

may be more promising to promote desirable nutritional outcomes. 
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 This paper is accepted for publication in Word Development. http://dx.doi.org/10.1016/j.worlddev.2017.07.018. It 

is co-authored by Olivier Ecker and Matin Qaim. The authors’ contributions are as follows: KMD, OE, and MQ 

designed the research. KMD collected, analyzed, and interpreted the data. OE and MQ assisted in the analysis and 

interpretation of the results. KMD wrote the paper. All authors read and approved the final manuscript. 
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3.1 Introduction 

verweight and obesity are growing health problems worldwide. During 1980-2013, the 

global proportion of overweight or obese adults increased from 29% to 37% in men, 

and from 30% to 38% in women (Ng et al., 2014). Developing countries are also 

increasingly affected. The rapid rise in people’s body mass index (BMI) strongly contributes to 

various non-communicable diseases (NCDs), such as diabetes, hypertension, and some forms of 

cancer (NCD Risk Factor Collaboration, 2016). Obesity and NCDs are associated with morbidity 

and mortality, lost labor productivity, and high healthcare costs (Bommer et al., 2017; Herman, 

2013; IFPRI, 2016; Withrow and Alter, 2011; World Economic Forum, 2011). 

Rising rates of obesity are caused by income growth, urbanization, and related changes in 

people’s lifestyles and diets. The ‘nutrition transition’ is particularly characterized by higher 

consumption of processed foods that are dense in sugar, fat, and salt (Popkin et al., 2012). 

Changes in the food retail environment may also play a role. In many developing countries, 

modern supermarkets are spreading rapidly (Reardon et al., 2003). As supermarkets sometimes 

offer different types of products than traditional markets and shops, such modernization of the 

retail sector could possibly contribute to negative nutrition and health outcomes (Hawkes, 2008; 

Popkin, 2014; Qaim, 2017). 

Concrete evidence about the effects of supermarket shopping on people’s diets in developing 

countries is thin. Very few studies analyzed related linkages, with mixed results. Tessier et al. 

(2008) showed that supermarket shopping is associated with improved dietary quality in Tunis, 

Tunisia. However, average living standards in Tunisia are higher than in most other African 

countries. Moreover, data from a large city, such as Tunis, may not be representative for other 

regions. Studies with data from Kenya and Guatemala revealed that supermarkets contribute to 

higher overall energy consumption and a larger share of energy from processed foods (Asfaw, 

2008; Kimenju et al., 2015; Rischke et al., 2015). The same studies for Kenya and Guatemala 

also suggested that supermarket shopping increases adult BMI and the likelihood of being 

overweight or obese. A study with data from Indonesia found no significant association between 

supermarket shopping and BMI (Umberger et al., 2015). These existing studies used cross-

sectional survey data, partly employing instrumental variable (IV) approaches to draw causal 

inference. However, finding a valid instrument that is correlated with supermarket shopping but 

O 
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uncorrelated with diets and nutrition is very difficult. Hence, causal inferences based on cross-

section observational data remain tentative (Bound et al., 1995).  

We contribute to this research direction by using panel data and panel regression models for more 

robust causal inference. The main aim is to get a better understanding of the effects that the 

spread of supermarkets in developing countries has on consumers’ diets and nutrition. In 

particular, we use data collected in urban Kenya in 2012 and 2015 to analyze the effects of 

supermarket shopping on adult BMI and dietary composition. Kenya has one of the most 

prospering supermarket sectors in sub-Saharan Africa (Neven et al., 2009; Rischke et al., 2015). 

The share of grocery sales through supermarkets is about 10% at national level, but already much 

higher in large urban centers (Planet Retail, 2016). A rapid growth of supermarkets is also 

expected in other parts of Africa. Better understanding the nutrition effects of modernizing retail 

environments can help to design policies aimed at reducing negative health externalities. 

3.2 Food Environment and Dietary Choices 

Food choices are determined by various biological, socioeconomic, and psychological factors 

(Nestle et al., 1998). Food availability, price, type of display, quality, personal income, attitudes, 

taste, time constraints, and several other factors play a role when people decide on what to eat 

(Dover and Lambert, 2016; Ventura and Worobey, 2013). Economic development is typically 

associated with profound changes in people’s diets. Income growth, urbanization, technological 

change, advances in food preservation, and advertising through mass media, all contribute to 

higher consumption of relatively energy-dense processed foods and beverages. These dietary 

shifts are often referred to as the ‘nutrition transition’ (Popkin, 2014; Popkin et al., 2012). In most 

developed countries, this nutrition transition already occurred several decades ago. In many 

developing countries, it is now happening at a relatively fast pace. 

The nutrition transition can contribute to increases in body weight in two ways. First, consuming 

energy-dense foods will likely lead to higher overall energy intakes. Second, nutrient 

composition and processing levels play important roles for the human body’s energy usage 

during food digestion and storage. On average, the human body’s energy use for food digestion 

and storage makes up around 15% of total daily energy expenditures (Barr and Wright, 2010). 

However, this value varies with dietary composition. For instance, the body requires more energy 

for digesting proteins than for carbohydrates and fats (Westerterp, 2004). Also, the digestion of 
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fresh and whole foods with higher fiber contents requires more energy than the digestion of 

processed foods (Barr and Wright, 2010). Higher energy intakes and lower body energy 

expenditures may have positive nutrition effects in situations where people suffer from energy 

deficiency. However, for people with sufficient energy consumption, the nutrition transition 

contributes to overweight and obesity (Popkin et al., 2012). 

Changing retail environments may possibly speed up the nutrition transition. In developing 

countries, supermarkets and other modern retail outlets are spreading rapidly, partly crowding out 

more traditional markets and small shops (Reardon et al., 2003). Supermarkets tend to be larger 

than traditional outlets, and they usually offer a bigger range of products under one roof. Another 

major difference is that supermarkets have self-service character, providing greater freedom of 

choice for customers. Supermarkets respond to changing consumer preferences and lifestyles, 

offering the types of foods that customers with rising incomes and appeal for modernity demand. 

However, it is likely that supermarkets do not only react to changing consumer preferences but, 

in turn, also shape these preferences to some extent. Influence on consumer food choices can 

occur through locational factors, the range of products offered, the positioning of items in the 

shelves, packaging sizes, promotional campaigns, and general shopping atmosphere (Battersby 

and Peyton, 2014; Hawkes, 2008; Timmer, 2009).  

Compared to small traditional shops, supermarkets can better exploit economies-of-scale. Hence, 

certain foods can be offered at lower prices (Drewnowski et al., 2012; Rischke et al., 2015). This 

is especially relevant for non-perishable processed food items. In fact, outside of bigger cities, 

supermarkets in developing countries often concentrate primarily on the sale of processed foods.
5
 

Cheaper access to processed foods can improve food security and nutrition for very poor 

population segments (Kimenju and Qaim, 2016; Reardon et al., 2003). However, heavy reliance 

on processed foods does not necessarily improve dietary quality and can intensify the obesity 

pandemic. Hence, the spread of supermarkets in developing countries can have both positive and 

negative nutrition and health effects. 

                                                 
5
 In big cities, many supermarkets and hypermarkets also have large fresh fruit and vegetable sections, but in smaller 

cities and towns this is rare up till now, at least in low-income countries of Asia and Africa (Rischke et al. 2015). 
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3.3 Materials and Methods 

3.3.1 Data 

We use data from a survey of households and individuals carried out in two rounds in Central 

Kenya. The first round was carried out in 2012, the second in 2015. The survey concentrated on 

small towns (<70 thousand inhabitants), because this is the typical size of towns that supermarket 

chains currently enter in Kenya. All larger cities in the nation already have one or more 

supermarkets, whereas in rural areas supermarkets are not yet observed. In 2012, we purposively 

selected three towns in Central Kenya with differences in the availability of supermarkets.
6
 The 

three towns are Ol Kalou and Njabini in Nyandarua County, and Mwea in Kirinyaga County. Ol 

Kalou has had a supermarket since 2002. In Mwea, a supermarket was opened in 2011. Njabini 

had no supermarket, neither in 2012 nor in 2015. This provides a quasi-experimental setting for 

the analysis of supermarket impacts on diets and nutrition.
7
 Except for these differences, the three 

towns are similar in terms of infrastructure and other economic development indicators (Kenya 

National Bureau of Statistics, 2010). 

Systematic random sampling was used to select households for interview within the urban and 

peri-urban areas of the three towns. Since recent census data did not exist, we used available 

population statistics and the help of local administrators. At first, all neighborhoods (residential 

estates) in each town were listed. Then, household lists were compiled for each neighborhood, 

from which we randomly selected the required number of households. We selected households 

from all neighborhoods, in order to avoid clustering and obtain a representative sample at town 

level. 

In each selected household, whenever available one male and one female adult (>18 years) were 

included in the study for interviews and anthropometric measurements. In 2012, we included 432 

randomly selected households and 601 adults. In 2015, we tried to reach the same households and 

individuals, but were only able to track 219 households and 286 adult individuals of those that 

were also included in 2012. Unlike in rural areas, where extended families often live in the same 

                                                 
6
 The cross-sectional data collected in 2012 was also used by Kimenju et al. (2015) and Rischke et al. (2015). This 

study builds up on this earlier research with panel data. 
7
 Living in a town with supermarket is not perfectly correlated with supermarket use. Not all households in Ol Kalou 

and Mwea use supermarkets to buy food, and a few households in Njabini occasionally buy food in supermarkets 

elsewhere. However, this deliberate choice of towns provides exogenous variation in supermarket use that is very 

useful for the impact evaluation. 
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place for several generations, in urban areas households are often much smaller and relocate more 

frequently. Hence, higher attrition rates in urban panels are commonplace. Attrition households 

were replaced with other randomly selected ones in the same towns and neighborhoods. In total, 

in 2015 we collected data from 430 households and 598 adult individuals. Thus, the total sample 

includes 1,199 individual adult observations.  

Table 3.1 in the Appendix A3 compares key variables for individuals that were included in both 

survey rounds (balanced panel) and those that had to be excluded and newly included in 2015 due 

to attrition. While small differences occur for age and gender, no significant differences are found 

for consumption expenditures and other indicators of living standard. Against this background, 

we use the unbalanced panel in the further analysis, even though we test key results for possible 

attrition bias. 

3.3.2 Statistical Methods 

Our main objective is to analyze the effects of supermarket shopping on adult nutritional 

outcomes. For this purpose, we estimate panel data regression models of the following type: 

𝑁𝑖𝑡 =  𝛽0 + 𝛽1𝑆𝑖𝑡 + 𝛽2𝑿𝒊𝒕 + 휀𝑖𝑡     (3.1) 

where 𝑁𝑖𝑡 is the nutritional outcome variable for individual i at time t, such as BMI or being 

overweight or obese. The main explanatory variable of interest is  𝑆𝑖𝑡, a dummy variable that 

indicates whether or not the individual (or the household in which individual i lives) purchased 

any food in supermarkets (see below for details of variable definitions). 𝑿𝒊𝒕 is a vector of control 

variables, and 휀𝑖𝑡 is a random error term. We are particularly interested in the coefficient estimate 

for 𝛽1. A positive and significant estimate for 𝛽1 would indicate that shopping in supermarkets 

has a net-increasing effect on BMI, or on the likelihood of being overweight or obese. 

One important question is what type of control variables to include in the vector 𝑿𝒊𝒕. Especially 

relevant are variables that may be jointly correlated with 𝑁𝑖𝑡 and  𝑆𝑖𝑡, as omitting such variables 

could lead to biased estimates for 𝛽1. We include a range of factors, such as individual age, 

gender, marital status, and physical activity levels, as well as household living standard 

(economic status). In developing countries, living standard is often positively correlated with 

BMI (Popkin et al., 2012). At the same time, richer households are more likely to buy food in 

supermarkets, because they can afford a wider range of processed and convenience foods. 
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Moreover, consumers in developing countries often associate supermarkets with western brands 

and modern lifestyles (Batra et al., 2000). Hence, not controlling for living standard would likely 

lead to an overestimated coefficient 𝛽1. Similarly, physical activity levels may also be jointly 

correlated with supermarket shopping and nutritional outcomes. Finally, we include a time trend 

as part of vector 𝑿𝒊𝒕, and town dummy variables to control for possible regional differences. 

In addition to equation (3.1) with nutritional outcomes as dependent variables, we estimate 

models with diet-related dependent variables as follows: 

𝐷𝑖𝑡 =  𝛾0 + 𝛾1𝑆𝑖𝑡 + 𝛾2𝑿𝒊𝒕 + 휀𝑖𝑡     (3.2) 

where 𝐷𝑖𝑡 is a dietary indicator of individual i at time t, such as the share of energy consumed 

from highly processed foods, or the energy consumed from specific food groups. The coefficient 

𝛾1 characterizes the net effects of supermarket shopping on dietary choices and thus helps to 

better understand the mechanisms for nutritional outcomes. 

The models in equations (3.1) and (3.2) can be estimated with random effects (RE) panel 

estimators. However, one potential issue is that the individual decision where to buy food is not 

random and may be influenced by unobserved factors. If such unobserved factors are also 

correlated with the nutritional outcomes or the dietary dependent variables, the estimated 

supermarket effects would be biased. This type of bias due to unobserved heterogeneity is also 

the main reason why IV approaches are commonly employed in impact evaluations with cross-

sectional data. When panel data are available, as in our case, estimators with individual fixed 

effects (FE) can alternatively be used. FE estimators use differencing techniques, so that time-

invariant heterogeneity is cancelled out, even if unobserved (Wooldridge, 2010). Time-variant 

heterogeneity may still bias the results, which is why we control for living standards and levels of 

physical activity that can change over time. Much more difficult to capture are individual lifestyle 

factors and attitudes that may also influence the decision where to buy food. However, such 

unobserved factors are not expected to change within three years (the period in-between our two 

survey rounds), so that they can be considered as time-invariant in this analysis. Hence, we argue 

that FE estimators properly control for unobserved heterogeneity in our context without the need 

for instruments.  
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FE panel estimators require data variability within individuals over time. Hence, while 

unbalanced panel data can be used, the FE specifications rely on those individuals that were 

included in both survey rounds. We run all models with both FE and RE estimators and compare 

results using the Hausman test (Hausman, 1978). A significant Hausman test statistic means that 

there is unobserved heterogeneity, so that the FE specification is preferred. For all model 

estimations, we use standard errors that are cluster-corrected at the household level, which is 

important because in most households we observed more than one individual. All statistical 

analyses are conducted using Stata version 13. 

3.3.3 Supermarket Dummy Variable 

The main explanatory variable of interest in the regression models is the supermarket dummy 

variable ( 𝑆𝑖𝑡), which takes a value of one if any food consumed in the household of individual i 

during the 30 days prior to the survey was purchased in a supermarket, and zero if all the food 

consumed was obtained from traditional sources. Traditional sources include traditional retailers, 

such as daily markets, small shops, and kiosks, as well as food from own production or obtained 

through gifts. Table 3.2 in the Appendix A3 shows characteristics of the different sources of food 

(retail outlets), including typical food groups obtained from these sources. 

Information on food consumption was obtained at the household level through a 30-day recall 

covering 168 food items. The recall interviews were conducted with the household member that 

was mainly responsible for food purchases and food preparation. In addition to the quantities 

consumed, information on sources and monetary expenditures was collected separately for each 

food item. 

In the total sample with 1,199 observations, 668 individuals had consumed food purchased in 

supermarkets, whereas the other 531 had not. The proportion of supermarket shoppers varies by 

town. As one could expect, most non-supermarket shoppers live in Njabini, where no 

supermarket had been opened until 2015. A certain proportion of non-supermarket shoppers is 

also found in the other two towns, Mwea and Njabini. There is also variation in supermarket 

shopping over time, which is important for efficient FE estimations. As mentioned, in Mwea a 

supermarket was only established in 2011, shortly before the first survey round was conducted in 

2012. As people first have to get used to this new retail format, some of the households in Mwea 

that had not yet used the supermarket in 2012 had started to use it by 2015. Some variation in 
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supermarket shopping over time was also observed in the other two towns. Out of those 

individuals that were included in both survey rounds (n=286), 44 (15%) had switched their 

supermarket shopping status during 2012-15. 

3.3.4 Nutritional Outcomes and Dietary Variables 

We use the body mass index (BMI) as the main indicator of nutritional outcomes for adults. BMI 

is the most common indicator to classify overweight and obesity (Nelms et al., 2011). 

Anthropometric measurements of individual weight and height were obtained during both rounds 

of the survey according to international standards (Centers for Disease Control and Prevention, 

2007). Using these measurements, we calculated BMI (BMI = body weight in kg / body height in 

meters squared) for each individual. Using common international thresholds for BMI, we also 

classified individuals according to their nutritional status (WHO, 2014). Adults with a BMI ≥ 25 

kg/m² and < 30 kg/m² are defined as overweight. With a BMI ≥ 30 kg/m² individuals are defined 

as obese. We club the two categories and define individuals with BMI ≥ 25 kg/m² as 

overweight/obese. 

For the dietary analysis, we used the food consumption data from the 30-day recall. Quantities of 

each food item consumed by the household were converted to amounts of energy using national 

food composition tables for Kenya and other countries in Africa (2012, FAO, 2010; Sehmi, 

1993). Energy consumption from each food item at the household level was divided by 30 to 

obtain daily values and then converted to individual levels with the help of adult equivalent 

scales. Adult equivalents (AE) were calculated based on average energy requirements, taking 

individual age, sex, and body height into account (FAO, 2004). 

In addition to total energy consumption per person (expressed in kcal/AE/day), we also look at 

energy consumption from specific food groups that may be affected by supermarket shopping. As 

supermarkets in small towns offer very few fresh and unprocessed foods, we are particularly 

interested in effects on energy from unprocessed staples (grains, pulses, roots, and tubers) and 

fruits and vegetables. These groups are generally considered as ‘healthy’ foods, because they are 

high in dietary fiber. Fruits and vegetables are also rich in vitamins and minerals. Other food 

groups, such as meats and fish, dairy and eggs, and vegetable oils, are more energy-dense and 

often further processed. High consumption of such energy-dense foods can more easily contribute 

to overweight and obesity (Swinburn et al., 2004). Furthermore, we look at the share of highly 
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processed foods (see Table A3.3 in the Appendix A3) in total daily energy consumption, as this 

may also be influenced by supermarket shopping. 

3.3.5 Control Variables 

In the individual-level regression models to explain nutritional outcomes and diets we control for 

typical sociodemographic factors such as age, sex, and marital status. In addition, we include a 

year dummy variable for observations in 2015 and town variables for Ol Kalou and Njabini 

(Mwea is the reference category). It should be noted that all time-invariant variables drop out in 

the FE specifications. In all models, we also control for household living standard, measured in 

terms of per capita consumption expenditures in Kenyan Shillings (KES). These expenditures 

comprise the value of all food and non-food goods and services consumed over a period of 30 

days, including home-produced foods. To make monetary values comparable between survey 

years, expenditures in 2015 were deflated to 2012 using official consumer price indices (Kenya 

National Bureau of Statistics, 2016). 

Finally, we control for individual physical activity, as this can also influence food consumption 

and nutritional outcomes. In the survey, respondents were asked for the number of hours of 

physical activity during leisure time. These data were used to calculate leisure time physical 

activity ratios (PAR).
8
 PAR is a continuous variable taking values larger than 1. Bigger values 

indicate higher levels of physical activity. 

3.4 Results 

3.4.1 Descriptive Statistics 

Descriptive statistics for key variables used in this analysis are shown in Table 3.1, for the total 

sample and also disaggregated for supermarket shoppers and non-shoppers. The upper part of the 

table shows the nutrition and dietary indicators. 

  

                                                 
8
 PAR is defined as a multiple of the basal metabolic rate. In the nutritional sciences, PAR is often used to calculate 

physical activity levels (PAL), which are one ingredient in determining individual energy requirements (FAO, 2004). 
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Table 3.1. Sample descriptive statistics 

Variable Total 
Shopping in 

supermarkets 

Not shopping in 

supermarkets 

Body mass index (kg/m²) 
25.33  

(5.07) 

25.80***  

(5.08) 

24.73  

(5.00) 

Overweight/obese (1,0) 
0.47  

(0.50) 

0.52***  

(0.50) 

0.40  

(0.49) 

Energy consumption (kcal/AE/day) 
3164.61  

(1439.11) 

3300.71*** 

(1388.74) 

2993.41  

(1483.75) 

Energy from unprocessed staples (kcal/AE/day) 
408.66  

(386.15) 

387.46**  

(421.46) 

435.34  

(335.01) 

Energy from fruits and vegetables (kcal/AE/day) 
375.32  

(250.35) 

392.05*** 

(245.02) 

354.26  

(255.58) 

Energy from meats and fish (kcal/AE/day) 
121.84  

(112.00) 

148.28*** 

(123.06) 

88.59  

(85.49) 

Energy from dairy and egg (kcal/AE/day) 
39.75  

(45.90) 

47.60***  

(51.67) 

29.89  

(35.02) 

Energy from oils (kcal/AE/day) 
133.26  

(190.58) 

187.68*** 

(208.80) 

64.79  

(137.12) 

Share of energy from highly processed foods (%) 
7.60  

(5.59) 

8.57***  

(5.25) 

6.37  

(5.76) 

Expenditure per capita (1000 KES)
 11.90  

(9.19) 

14.02***  

(10.67) 

9.24  

(5.88) 

Age (years) 
36.54  

(12.20) 

34.60***  

(9.92) 

38.99  

(14.21) 

Female (1,0) 
0.65  

(0.48) 

0.67  

(0.47) 

0.63  

(0.48) 

Married (1,0) 
0.74  

(0.44) 

0.76**  

(0.43) 

0.70  

(0.46) 

Physical activity ratio (PAR) 
2.23  

(0.49) 

2.21**  

(0.47) 

2.27  

(0.51) 

Ol Kalou (1,0) 
0.32  

(0.47) 

0.50***  

(0.50) 

0.09  

(0.29) 

Mwea (1,0) 
0.29  

(0.46) 

0.41***  

(0.49) 

0.14  

(0.35) 

Njabini (1,0) 
0.39  

(0.49) 

0.08***  

(0.28) 

0.77  

(0.42) 

Share of supermarket purchase (%) 
8.39  

(11.24) 

15.06***  

(11.25) 

0.00  

(0.00) 

Number of observations 1199 668 531 

Notes: Mean values are shown with standard deviations in parentheses. ** Difference between those shopping and not 

shopping in supermarkets is significant at 5% level; *** Difference between those shopping and not shopping in supermarkets 

is significant at 1% level. 

 

Even though Kenya is still facing problems of undernutrition and child stunting, rates of adult 

overweight and obesity are high. In our sample, 47% of the adults were overweight or obese. 

This is higher than the average of 26% found in recent statistics for Kenya (IFPRI, 2016; Kenya 

National Bureau of Statistics, 2014; WHO, 2015a). However, these national statistics refer to all 

of the country’s regions, including poor rural areas where undernutrition is still more widespread. 
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Regionally disaggregated official statistics are only available for women. For Central Kenya, 

where the three towns included in this study are located, the prevalence of overweight/obesity 

among female adults was estimated at 47% in 2014 (Kenya National Bureau of Statistics, 2014). 

Hence, the nutritional outcomes measured in our survey seem to be reasonable for urban areas in 

Central Kenya. 

Looking at the disaggregated groups in Table 3.1, we see that those shopping in supermarkets 

have a significantly higher mean BMI and are also more likely to be overweight or obese than 

those not shopping in supermarkets. Figure 3.1 breaks these comparisons down by survey year. 

During 2012-15, BMI of both groups increased considerably, but the increase was more 

pronounced for those shopping in supermarkets.
9
 The data in Table 3.1 also show that 

supermarket shoppers have significantly higher total energy consumption than non-supermarket 

shoppers and a larger share of this energy comes from animal products and highly processed 

foods. However, these comparisons do not control for other factors that may also influence diets 

and nutrition. As can be seen in the lower part of Table 3.1, there are also significant differences 

in living standard and other sociodemographic variables. Below, we control for such differences 

through estimation of panel regression models. 

  

                                                 
9
 While the growth rates in BMI and in the prevalence of overweight/obesity during 2012-15 are higher for 

supermarket shoppers, the growth rate differences between the two groups are not statistically significant. 
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Figure 3.1. Differences in nutritional outcomes between individuals shopping and not 

shopping in supermarkets. ** Difference between those shopping and not shopping in 

supermarkets is significant at 5% level; *** Difference between those shopping and not 

shopping in supermarkets is significant at 1% level. 
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3.4.2 Supermarket Effects on BMI 

Table 3.2 shows results of panel regression models with BMI as dependent variable. Model (1) 

refers to the unbalanced panel with all observations included. Two versions are shown, one with 

FE and the other with RE specifications. The Hausman test statistic, which is shown in the lower 

part of the table, suggests that the FE specification is preferred. Shopping in supermarkets 

increases individual BMI by 0.64 kg/m². The finding of a net-increasing effect of supermarkets 

on BMI is consistent with Asfaw (2008) and Kimenju et al. (2015), who had used cross-sectional 

data. However, our estimate is smaller in magnitude. For instance, Kimenju et al. (2015), who 

used the same data from Central Kenya collected in 2012, estimated that supermarket shopping 

increases BMI by 1.69 kg/m². As argued above, the FE panel estimator used here is more reliable 

because it does not depend on assumptions about the validity of an instrument. However, in spite 

of the smaller effect found here, we confirm the hypothesis that supermarkets contribute to BMI 

increases, even after controlling for unobserved heterogeneity and other confounding factors.  

The other results of model (1) in Table 3.2 show that being married also contributes to higher 

BMI. Furthermore, the RE specification, which includes the time-invariant characteristics that 

drop out from the FE specification, suggests that females have a much higher BMI than males. 

This is consistent with existing statistics from Kenya and elsewhere (Kenya National Bureau of 

Statistics, 2014; Ng et al., 2014). BMI is also positively associated with age and living standard, 

as one would expect. Looking at the town variables, we see that people living in Ol Kalou have a 

higher BMI than those living in Mwea, which is the reference town in this model. As mentioned, 

Ol Kalou is the town where a supermarket had already opened in 2002. On the other hand, people 

in Njabini, where no supermarket had been opened until 2015, have a significantly lower BMI. 

This correlation between the town variables and nutritional status is likely the result of our 

sampling strategy where we deliberately chose towns with differences in supermarket access. It 

implies that the town variables may possibly capture some of the effects of supermarket 

shopping. Indeed, when excluding the town variables from the RE specification of model (1), the 

supermarket effect on BMI increases to 0.72. 
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Table 3.2. Effects of supermarket shopping on body mass index 

 Body mass index (kg/m²) 

 (1) (2) 

 FE RE FE RE 

Shopping in supermarkets (1,0) 0.64* (0.38) 0.61** (0.29) 0.64* (0.38) 0.70** (0.36) 

Married (1,0) 1.07* (0.56) 1.06*** (0.30) 1.07* (0.56) 0.93** (0.44) 

Physical activity ratio -0.22 (0.18) -0.25 (0.16) -0.22 (0.18) -0.27 (0.17) 

Female (1,0) 
 3.29*** (0.28)  3.29*** (0.49) 

Age (years) -0.02 (0.04) 0.10*** (0.02) -0.02 (0.04) 0.08*** (0.02) 

Expenditure per capita (1000 KES) -0.01 (0.02) 0.06*** (0.02) -0.01 (0.02) 0.03 (0.02) 

Ol Kalou (1,0) 
 -0.84** (0.39)  -0.46 (0.75) 

Njabini (1,0) 
 -0.82* (0.43)  -1.01 (0.76) 

Year 2015 0.38** (0.17) -0.00 (0.13) 0.38** (0.17) 0.03 (0.14) 

Constant 25.26*** (1.50) 18.63*** (0.74) 25.89*** (1.62) 20.30*** (1.15) 

Wald χ² 
 236.38***  75.25*** 

F-value 2.50**  2.48**  
Hausman test χ² 58.43***  48.39***  
Number of observations 1199 1199 572 572 

Notes: Coefficient estimates are shown with standard errors cluster-corrected at household level in parentheses. Model (1) 

uses the unbalanced panel with all observations. Model (2) only uses observations from the balanced panel. FE, fixed effects; 

RE, random effects. * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 

 

We carry out a few additional tests to check the robustness of the results. A first test relates to the 

possible effects of sample attrition. Model (2) in Table 3.2 shows FE and RE specifications of the 

BMI model with only the observations from the balanced panel included. Except for the constant 

term, the FE results are identical to those in model (1), which is not surprising. Although all 

observations were included in model (1), FE estimation of the treatment effect only considers 

individuals that were included in both survey rounds, as the FE estimator exploits the variation 

within individuals over time. But also for the RE specifications, results of models (1) and (2) are 

quite similar, which we take as evidence that sample attrition does not lead to systematic bias. 

A second test relates to the relatively small number of supermarket switchers. As mentioned in 

section 3, there are only 44 individuals in the sample who were included in both survey rounds 

and switched their supermarket shopping status during 2012-15 (88 observations). The FE 

estimates rely on these switchers, so it is important to know how representative they are for the 

rest of the sample. Table A3.4 in the Appendix A3 compares key socioeconomic characteristics 

of these switchers with the total sample. The switchers are more likely to be female. In terms of 
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the other variables, including household living standards, no significant differences are observed. 

Of course, a larger number of switching observations could lead to more efficient FE estimates. 

But the similarity of the switchers with the rest of the sample suggests at least that the FE 

estimates do not suffer from significant selection bias. 

A third test relates to the possible role of traditional retail outlets, which are not uniform. As 

shown in Table A3.2 in the Appendix A3, traditional retailers include daily markets, kiosks, and 

small shops. In terms of some characteristics, small shops are similar to supermarkets: while 

supermarkets are larger and offer a wider variety of processed foods, some small shops also have 

a self-service option. To analyze the possible role of small shops, we include an additional 

dummy variable for shopping in these small shops in the BMI models. Results are shown in 

Table A3.5 in the Appendix A3. Shopping in small shops does not seem to affect individual BMI, 

neither in the FE nor in the RE specification. At the same time, the supermarket effects remain 

significant and similar in magnitude to those in Table 3.2. 

3.4.3 Supermarket Effects on the Prevalence of Overweight/Obesity 

Table 3.3 shows results of model estimates where being overweight/obese is used as a dummy 

dependent variable. We use linear probability models for these estimates.
10

 The FE and RE 

specifications of model (1) show positive coefficients for supermarket shopping, but these are not 

statistically significant. This is surprising because Figure 3.1 shows that supermarket shoppers 

are significantly more likely to be overweight/obese than individuals who obtained all of their 

food from traditional sources. Interesting to see in Table 3.3, however, is that people in Njabini 

are significantly less likely to be overweight/obese than people in Mwea, even after controlling 

for other factors. Njabini is the town where no supermarket had opened until 2015. In model (2) 

of Table 3.3, we exclude the town variables and suddenly see a significant positive coefficient for 

supermarket shopping. According to this model, shopping in supermarkets increases the 

probability of being overweight/obese by 7 percentage points.
11

 

We admit that the evidence of an overweight/obesity increasing net effect of supermarket 

shopping in our data is not very strong, also because the RE specifications do not control for 

                                                 
10

 Alternatively, one could have estimated probit models. The reason why we prefer linear probability models is that 

these also allow fixed effects specifications, which is not possible with probit models in most software packages. 
11

 This is in line with findings by Asfaw (2008) and Kimenju et al. (2015), even though the estimated effects in these 

earlier cross-sectional studies were larger. For instance, Kimenju et al. (2015) estimated that supermarket shopping 

increases the probability of being overweight/obese by 13 percentage points. 
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unobserved heterogeneity. That the supermarket effect is not showing up more clearly is due to 

the fact that many adults have a BMI around 25 kg/m
2
. Of course, supermarkets are not the only 

factors contributing to BMI increases, so that crossing the overweight/obesity threshold occurs in 

both groups, supermarket shoppers and non-shoppers (Figure 3.1). However, the finding that 

supermarket shopping significantly increases BMI as such already implies that this will also 

contribute to more overweight/obesity. We presume that this would be more visible with a larger 

number of switching observations in the balanced panel. 

Table 3.3. Effects of supermarket shopping on the probability of being overweight/obese 

 Being overweight/obese (1,0) 

 (1) (2) 

 FE RE RE 

Shopping in supermarkets (1,0) 0.01 (0.04) 0.03 (0.03) 0.07** (0.03) 

Married (1,0) 0.07 (0.05) 0.09*** (0.03) 0.09*** (0.03) 

Physical activity ratio -0.04 (0.03) -0.04** (0.02) -0.04** (0.02) 

Female (1,0)  0.25*** (0.03) 0.26*** (0.03) 

Age (years) -0.01 (0.01) 0.01*** (0.00) 0.01*** (0.00) 

Expenditure per capita (1000 KES) -0.00 (0.00) 0.01*** (0.00) 0.01*** (0.00) 

Ol Kalou (1,0)  -0.06 (0.04)  

Njabini (1,0)  -0.10** (0.04)  

Year 2015 0.09*** (0.03) 0.04** (0.02) 0.05** (0.02) 

Constant 0.80*** (0.30) -0.07 (0.08) -0.15* (0.08) 

Wald 𝜒²  215.99*** 201.00*** 

F-value 2.17**   

Hausman test 𝜒² 26.32***   

Number of observations 1199 1199 1199 

Notes: Coefficient estimates of linear probability models are shown with standard errors cluster-corrected at household level 

in parentheses. Being overweight/obese includes individuals with BMI > 25 kg/m². FE, fixed effects; RE, random effects. * 

Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 

 

3.4.4 Supermarket Effects on Dietary Choices 

To better understand how supermarkets contribute to rising BMI, we analyze effects on 

consumers’ dietary choices. Several studies had used cross-sectional data to show that 

supermarket shopping contributes to higher total energy consumption (Asfaw, 2008; Kimenju et 

al., 2015; Rischke et al., 2015; Toiba et al., 2015). Rischke et al. (2015) showed that the average 

price of calories purchased in supermarkets is lower than the price per calorie purchased in 

traditional outlets. This could explain some of the calorie consumption effects. Our descriptive 
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statistics confirm that supermarket shoppers consume significantly more calories than people 

who obtain all of their food from traditional sources (Table 3.1). However, panel model estimates 

that we tried revealed that these differences in total energy consumption cannot be interpreted as 

a net effect of supermarket shopping. After controlling for other factors, supermarket shopping 

does not increase total energy consumption significantly. 

However, beyond total energy consumption we find significant effects of supermarkets on dietary 

composition. The FE specification in Table 3.4 shows that shopping in supermarkets increases 

the share of energy from highly processed foods in total energy consumption by about 3 

percentage points. This increase is plausible given that supermarkets in the small towns 

considered here primarily sell processed and highly processed foods. Higher consumption of 

highly processed foods with more sugar, fat, and lower fiber content can contribute to rising BMI 

even without significant effects on total energy consumption. 

A tendency of supermarkets to contribute to dietary shifts toward more processed foods was also 

found by Asfaw (2008), Kimenju et al. (2015), and Rischke et al. (2015). Coefficient estimates 

are not directly comparable across studies, because of differences in the exact specification of the 

dependent variables and functional forms. Yet, in general, the earlier studies with cross-sectional 

data suggested larger effects on dietary composition, underlining again the importance of panel 

data for identifying reliable net impacts of supermarket shopping. 

Table 3.5 analyzes further details of supermarket effects on people’s diets beyond highly 

processed foods. The models shown have absolute energy consumption from different food 

groups as dependent variables. In all models, the supermarket dummy variable has significant 

coefficients, either in the FE or RE specifications. The FE specifications suggest that supermarket 

shopping reduces energy consumption from unprocessed staples by 112 kcal/AE/day, and from 

fresh fruits and vegetables by 124 kcal/AE/day. These are substantial effects, accounting for more 

than one-third of total average energy consumption from these two food groups. 
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Table 3.4. Effects of supermarket shopping on the share of energy consumed from highly 

processed foods 

 Share of energy from highly processed foods (%) 

 FE RE 

Shopping in supermarkets (1,0) 3.07*** (1.13) 0.45 (0.87) 

Married (1,0) -3.08 (2.62) -1.61** (0.78) 

Physical activity ratio 0.65 (0.57) -0.20 (0.48) 

Female (1,0)  -1.46** (0.59) 

Age (years) 0.11 (0.13) -0.23*** (0.02) 

Expenditure per capita (1000 KES) 0.06 (0.06) 0.18*** (0.04) 

Ol Kalou (1,0)  -0.68 (0.80) 

Njabini (1,0)  -1.90* (1.07) 

Year 2015 2.33*** (0.60) 2.76*** (0.45) 

Constant 4.71 (4.95) 19.77*** (2.09) 

Wald 𝜒² 
 

177.89*** 

F-value 5.96*** 
 

Hausman test 𝜒² 23.10*** 
 

Number of observations
 

1199 1199 

Notes: Coefficient estimates are shown with standard errors cluster-corrected at household level in parentheses. FE, fixed 

effects; RE, random effects. * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 

 

For the other food groups in Table 3.5, the supermarket dummy variable is only significant in the 

RE specifications. Yet the Hausman test statistics suggest that unobserved heterogeneity is not an 

issue in these models, so that the RE estimator produces unbiased estimates.  
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Table 3.5. Effects of supermarket shopping on energy consumption from different food groups 

 Energy consumption from different food groups (kcal/AE/day) 

 
Unprocessed staples

 
Fruits and vegetables Meats and fish Dairy and egg Vegetable oils 

 
FE RE FE RE FE RE FE RE FE RE 

Shopping in supermarkets (1,0) -111.61* 

(59.27) 

-22.43 

(30.58) 

-124.30** 

(56.82) 

-16.53 

(21.34) 

5.70 

(11.28) 

24.17*** 

(7.30) 

7.88 

(6.16) 

8.94*** 

(3.45) 

9.03 

(27.39) 

59.81*** 

(15.31) 

Married (1,0) -56.69 

(154.93) 

-47.46* 

(27.56) 

-97.29 

(93.22) 

-28.78* 

(16.81) 

41.23 

(32.21) 

-5.02 

(8.01) 

-20.66 

(17.11) 

-5.34 

(4.10) 

-37.27 

(63.46) 

-27.66** 

(13.26) 

Physical activity ratio 21.69 

(41.86) 

8.07 

(17.65) 

13.04 

(24.79) 

31.96** 

(13.06) 

-10.54 

(10.84) 

-3.80 

(6.43) 

1.99 

(4.17) 

-0.86 

(3.21) 

-5.80 

(19.16) 

2.82 

(11.25) 

Female (1,0) 

 
49.31*** 

(15.59)  
24.12** 

(9.74)  
1.13 

(4.94)  
-3.63 

(2.33)  
21.06*** 

(7.39) 

Age (years) 3.04 

(9.48) 

2.83*** 

(1.04) 

-2.99 

(4.60) 

1.40** 

(0.62) 

0.04 

(1.14) 

-0.35 

(0.26) 

0.17 

(0.44) 

-0.26** 

(0.13) 

-1.16 

(2.00) 

1.24*** 

(0.46) 

Expenditure p.c. (1000 KES) 15.13*** 

(5.00) 

7.92*** 

(2.05) 

18.92*** 

(3.07) 

11.26*** 

(1.76) 

6.12*** 

(1.25) 

6.23*** 

(1.48) 

1.55*** 

(0.55) 

1.69*** 

(0.42) 

9.70*** 

(2.42) 

7.75*** 

(1.38) 

Ol Kalou (1,0) 

 
80.82** 

(34.40)  
-86.66*** 

(21.44)  
14.06 

(9.23)  
8.71* 

(4.60)  
-118.73*** 

(16.97) 

Njabini (1,0) 

 
130.68*** 

(35.16)  
-68.36*** 

(24.85)  
3.87 

(10.21)  
6.20 

(3.90)  
-112.32*** 

(17.71) 

Year 2015 -199.37*** 

(53.87) 

-170.79*** 

(24.16) 

78.92*** 

(23.63) 

72.35*** 

(15.38) 

5.13 

(7.63) 

9.10 

(5.77) 

6.26** 

(2.93) 

6.26*** 

(2.37) 

34.11** 

(14.10) 

35.76*** 

(9.67) 

Constant 272.37 

(379.24) 

217.03*** 

(66.29) 

331.75* 

(169.25) 

151.57*** 

(51.71) 

34.82 

(57.97) 

47.73* 

(28.89) 

18.44 

(23.67) 

24.18** 

(11.35) 

78.65 

(117.63) 

25.26 

(40.36) 

Wald- 𝜒² 
 

109.05*** 
 

119.49*** 
 

94.13*** 
 

51.21*** 
 

248.89*** 

F-value 5.40*** 
 

9.42*** 
 

5.81*** 
 

3.25*** 
 

54.99***  

Hausman test 𝜒² 4.23 
 

21.42*** 
 

6.41 
 

5.75 
 

8.43  

Number of observations 1199 1199 1199 1199 1199 1199 1199 1199 1199 1199 

Notes: Coefficient estimates are shown with standard errors cluster-corrected at household level in parentheses. AE, adult equivalent; FE, fixed effects; RE, random effects. * 

Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 
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Supermarket shopping increases the consumption of meats and fish by 24 kcal/AE/day, of dairy 

and eggs by 9 kcal/AE/day, and of vegetable oils by 60 kcal/AE/day. Together with highly 

processed foods, these are also the food groups that supermarket shoppers actually purchase most 

in supermarkets (Figure 3.2). Table 3.5 and Figure 3.2 also reveal a few other interesting 

phenomena. 

 

 

 

 

 

 

 

 

 

 

 

Households that use supermarkets purchase only some of their food in supermarkets. Of course, 

certain foods that are hardly sold in supermarkets but that people still want to consume have to be 

obtained from traditional sources. Cases in point are unprocessed staples and fresh fruits and 

vegetables. Results in Table 3.5 show that supermarket shoppers reduce the consumption of these 

Figure 3.2. Quantity of food consumed from different food groups and food sources.  

Notes: Quantities refer to consumption at the household level over a 30-day period. Total quantity 

consumed per household is split up by quantity purchased in supermarkets and quantity obtained 

from traditional sources. SM, refers to individuals who purchased some of their food in 

supermarkets; NSM, refers to individuals who did not use supermarkets at all. Pooled data for 

2012 and 2015. 



Chapter 3: Supermarket Shopping and Nutritional Outcomes: A Panel Data Analysis for Urban Kenya 

 

Page  | 70 

groups, but they do not abandon them completely. But even for the types of foods that are sold in 

supermarkets, traditional sources continue to play an important role for all consumers. 

Interestingly, the quantities of highly processed foods, dairy, and vegetable oils consumed from 

traditional sources are more or less the same for those shopping and not shopping in 

supermarkets. Only that supermarket shoppers consume extra quantities of these foods that they 

purchase in supermarkets (Figure 3.2). Hence, the quantities of these foods obtained from 

supermarkets seem to be of additional nature. This may possibly be explained by supermarkets 

selling popular brands that are not available in traditional outlets. Larger packaging sizes, product 

placement, pricing, advertising, and the self-service character of supermarkets may also 

incentivize customers to buy additional quantities. 

The establishment of supermarkets in small towns of Kenya is a relatively recent development, 

and the range of products offered in these supermarkets is still limited, at least when compared to 

much larger stores in big cities. Our data do not allow us to analyze how dietary behavior of 

small-town consumers may change when the number of supermarkets, as well as store sizes, 

continue to grow. However, even at this early stage, the results clearly support the hypothesis that 

supermarkets contribute to the nutrition transition, rather than only reacting to shifting consumer 

preferences. 

3.5 Conclusion 

Many developing countries currently experience profound transformations in the food retail 

sector, with modern supermarkets massively gaining in importance. While developments are 

already more advanced in some parts of Asia and Latin America, the share of supermarkets in 

food retailing is still relatively low in most sub-Saharan African countries, even though it is 

increasing rapidly. Possible dietary and nutrition implications are not yet sufficiently understood. 

We have analyzed effects on food consumers in Kenya, which is among the countries with the 

fastest growth of supermarkets in Africa. Using panel data from small towns in Central Kenya, 

we have shown that supermarkets significantly affect nutritional outcomes. After controlling for 

other relevant factors, our results suggest that shopping food in supermarkets increases adult BMI 

by 0.64 kg/m
2
. That supermarkets tend to increase consumer BMI in developing countries was 

also shown in a few previous studies (Asfaw, 2008; Kimenju et al., 2015). These previous studies 

had even suggested larger effects, but they built on cross-section observational data where 
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controlling for possible bias due to unobserved heterogeneity is more difficult. We argue that our 

estimates with panel data models are more realistic and reliable. However, regardless of the exact 

magnitude of effects, results confirm that the growth of supermarkets contributes to the nutrition 

transition in Africa. 

To better understand the underlying mechanisms, we have also analyzed effects of supermarkets 

on consumer dietary choices. Unlike a few previous studies (Asfaw, 2008; Rischke et al., 2015, 

Toiba, Umberger, & Minot, 2015), we did not find that supermarkets contribute to net increases 

in total calorie consumption. However, our panel data models revealed significant shifts in 

dietary composition. Supermarket shopping contributes to a sizeable decrease in energy 

consumption from unprocessed staples and from fresh fruits and vegetables. These food groups 

are hardly sold in the small-town supermarkets in Central Kenya that primarily concentrate on 

processed foods. Accordingly, we found significant increases of supermarket shopping on energy 

consumption from dairy, vegetable oil, processed meat products (sausages etc.), and highly 

processed foods (bread, pasta, snacks, soft drinks etc.). These shifts toward processed and highly 

processed foods lead to less healthy diets, with higher sugar, fat, and salt contents, and probably 

lower amounts of micronutrients and dietary fibers. Some of the effects are still relatively small 

in magnitude, but they may increase with supermarkets further gaining in importance. The 

observed changes in dietary composition can also explain the increasing effect on BMI, even 

without a rise in total calorie consumption. The reason is that the human body requires less 

energy for the digestion of processed and highly processed foods. 

These results are alarming from a nutrition and health perspective. Even though we failed to 

establish a clear effect of supermarket shopping on the likelihood of being overweight or obese, 

rising BMI will inevitably aggravate nutrition status in situations where many people are already 

near or above the BMI threshold of 25 kg/m
2
, as is the case for adults in Central Kenya. 

Overweight and obesity are responsible for various non-communicable diseases that cause high 

economic costs, human suffering, and lost quality of life. 

It would be wrong to attribute the obesity pandemic in developing countries to the expansion of 

supermarkets alone. There are many factors that contribute to the nutrition transition. However, 

our results suggest that supermarkets are not only a symptom of this transition, but they influence 

dietary habits to a significant extent. Nevertheless, a modernizing retail sector should not be 
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condemned, because – if properly managed – it can also have important positive nutrition effects. 

For instance, in a recent study in Kenya, Chege, Andersson, & Qaim (2015) showed that 

smallholder farmers benefit from marketing contracts with supermarkets in terms of higher 

incomes that also contribute to better quality diets in these farm households. Depending on initial 

nutrition status and access to food diversity, the establishment of new supermarkets can also 

improve the nutrition of consumers. A few studies showed that better access to supermarkets is 

associated with healthier diets in some regions in the US (Drewnowski et al., 2012; Laraia et al., 

2004; Morland et al., 2006). In these situations, supermarkets offer fresh foods that are otherwise 

more difficult to access, especially for lower income consumers living in so-called ‘food desert’ 

neighborhoods (Michimi and Wimberly, 2010). This is different from typical situations in Africa, 

but these examples underline that modern retail is not inevitably associated with negative 

nutrition and health implications. 

The expansion of supermarkets in Africa and other parts of the developing world will likely 

continue. Hence, from a food policy perspective it is important to understand the diet and 

nutrition implications and intervene where necessary to avoid undesirable outcomes. Intervening 

does not imply banning supermarkets. But certain types of regulations and economic incentives 

may be appropriate in some situations. For instance, supermarkets in small African towns so far 

hardly sell fresh fruits and vegetables, because this does not yet seem to be profitable. 

Regulations that incentivize supermarket stores to also offer certain fresh products at reasonable 

prices could be a possible policy intervention. Alternatively, traditional fruit and vegetable 

vendors could be encouraged to set up stalls near the supermarket entrances, possibly through 

contractual arrangements. Other measures to promote dietary diversity and nutrition-sensitive 

food environments are also worth considering. Apart from regulations, this may also include 

consumer awareness building for the importance of fruits and vegetables in healthy diets. 

Finally, we would like to point out a few limitations of our study. First, while the use of panel 

data has clear advantages over cross-sectional data, our panel suffered from significant attrition. 

While we tested for attrition bias to the extent possible, a balanced panel with a larger number of 

observations would be beneficial to analyze further details. Especially a sample with a larger 

number of individuals switching their supermarket shopping behavior over time would be useful 

for more robust causal inference with fixed effects estimators. Second, the geographic range of 
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our data is limited and the time period considered relatively short. More comprehensive and 

longer term data may help to better understand impact heterogeneity and dynamics. Third, the 30-

day food consumption recall at the household level that we used has certain drawbacks in terms 

of data accuracy (Schoeller, 1995). We chose this relatively long recall period because some of 

the more durable food items are only purchased once a month. However, shorter and repeated 

recalls at individual level are preferable when the focus is on analyzing actual food and nutrient 

intakes (Shim et al., 2014). Hence, there is clearly scope for follow-up research to better 

understand the nutrition and health effects of the modernizing retail sector in various developing-

country situations. 
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3.6 Appendix A3 

Table A3.1. Comparison of balanced panel with excluded and newly included observations 

in 2015
 

 (1) (2) (3) (4) 

 Total sample Balanced panel 

Excluded and 

newly included in 

2015 

Difference 

between (2) and 

(3) 

Female (1,0) 0.65 (0.48) 0.68 (0.47) 0.63 (0.48) -0.06** (0.03) 

Age, y 36.54 (12.20) 39.44 (12.77) 33.89 (11.02) -5.55*** (0.69) 

Married (1,0) 0.74 (0.44) 0.76 (0.43) 0.72 (0.45) -0.04* (0.03) 

Physical activity ratio 2.23 (0.49) 2.25 (0.50) 2.22 (0.48) -0.02 (0.03) 

Energy availability 

(kcal/AE/day) 
3164.61 (1439.11) 3205.28 (1513.14) 3127.51 (1368.26) -77.77 (83.60) 

Expenditure per capita (1000 

KES) 
11.90 (9.19) 12.04 (8.28) 11.78 (9.94) -0.26 (0.53) 

Education (school years) 11.08 (5.01) 11.08 (5.26) 11.07 (4.78) -0.01 (0.29) 

Number of observations 1199 572 627 1199 

Notes: Mean values are shown with standard deviations in parentheses. * Significant at 10% level; ** Significant at 5% level;  

*** Significant at 1% level. 
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Table A3.2. Different sources of food and their characteristics 

Source of food Characteristics 
Main food 

groups obtained 

from this source 

Average share of 

total energy 

consumption (%) 

Number of 

observations 

using source 

Supermarket 

(modern retail) 

Self-service; 

Large variety of foods and brands; 

Highly processed foods; 

Refrigerated and frozen food; 

Limited offer of fresh foods; 

Non-food products; 

No credit possibility 

Bread, pasta, 

cereals, instant 

noodles, snacks, 

fats, oils, dairy 

products, sugar 

12.7 668 

Small shop 

(traditional retail) 

Semi self-service; 

Limited variety of foods and brands; 

Some refrigerated foods; 

Sometimes credit possibility 

Rice, flour, 

sugar, fats 
5.4 485 

Market/kiosk 

(traditional retail) 

Over the counter service; 

Very limited variety of brands; 

Fresh fruits and vegetables; 

Unprocessed staples; 

Credit possibility 

Maize, other 

staple foods, 

fruits, 

vegetables, 

meat, milk 

65.7 1199 

Own 

production/gift 

Own plot or garden; 

In a few cases own farms; 

Gifts from friends 

Maize, potatoes, 

poultry, eggs, 

milk 

16.3 1014 
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Table A3.3. Food groups by level of processing 

Food groups Examples 

Unprocessed  

   Eggs & milk Eggs, fresh whole milk, natural yoghurt 

   Fruits & vegetables Mango, orange, green leafy vegetables, tomatoes, onions 

   Meats Beef, pork meat, fresh chicken, fresh fish  

   Pulses Lentils, black beans, cowpea etc. 

   Roots, tuber, plantain Arrow roots, cassava, yams, potato, cooking bananas 

   Traditional staples Amaranth, sorghum, green maize 

Medium processed  

   Fats & oils Butter, margarine, vegetable oils 

   Meats Frozen fish, frozen chicken, dried fish 

   Staples Rice, maize flour, wheat flour, oats 

   Sugars Sugar, jaggery 

Highly processed  

   Bread & pasta Bread, cornflakes, pasta 

   Dairy Flavored yoghurt/milk, tinned baby milk 

   Fats & oils Peanut butter 

   Meats Sausages, bacon, ham 

   Miscellaneous Mandazi, samosa, ketchup  

   Sugars Glucose powder 

   Sweet drinks and snacks Chips, soft drinks, cake, popcorn 

Note: The food items mentioned are only examples. In total, 168 food items were included in the survey. All of them were 

classified by level of processing following the same principle. 
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Table A3.4. Comparison of total sample with supermarket switchers 

Variable Total sample 
Supermarket 

switchers 
Difference 

Female (1,0) 0.65 (0.48) 0.77 (0.42) -0.13*** (0.05) 

Age, y 36.54 (12.20) 36.99 (11.02) -0.48 (1.23) 

Married (1,0) 0.74 (0.44) 0.75 (0.44) -0.01 (0.05) 

Physical activity ratio 2.23 (0.49) 2.24 (0.45) -0.01 (0.05) 

Expenditure per capita (1000 KES) 11.90 (9.19) 12.63 (6.02) -0.78 (0.70) 

Number of observations 1199 88  

Notes: Mean values are shown with standard deviations in parentheses (standard errors in the last column). Supermarket switchers 

are those who changed their supermarket shopping status during 2012-15. 

*** Difference significant at 1% level. 
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Table A3.5. Effects of supermarket shopping on body mass index with additional controls 

 Body mass index (kg/m²) 

 FE RE 

Shopping in supermarkets (1,0) 0.65* (0.38) 0.61** (0.29) 

Shopping in small shops (1,0) -0.14 (0.20) 0.03 (0.19) 

Married (1,0) 1.07* (0.56) 1.06*** (0.30) 

Physical activity ratio -0.22 (0.18) -0.25 (0.16) 

Female (1,0)  3.29*** (0.28) 

Age (years) -0.02 (0.04) 0.10*** (0.02) 

Expenditure per capita (1000 KES) -0.01 (0.02) 0.06*** (0.02) 

Ol Kalou (1,0)  -0.85** (0.40) 

Njabini (1,0)  -0.83* (0.44) 

Year 2015 0.38** (0.17) -0.01 (0.14) 

Constant 25.34*** (1.53) 18.63*** (0.74) 

Wald 𝜒²  247.67*** 

F-value 2.17**  

Hausman test 𝜒² 59.85***  

Number of observations 1199 1199 

Notes: Coefficient estimates are shown with standard errors cluster-corrected at household level in parentheses. FE, fixed 

effects; RE, random effects. * Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level. 
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4 Maternal Nutrition Knowledge and Child Nutritional Outcomes in 

Urban Kenya
12

 

Abstract 

We examine the link between maternal nutrition knowledge and nutritional outcomes of children 

and adolescents (5-18 years) measured in terms of height-for-age Z-scores (HAZ). One particular 

focus is on the role of different types of nutrition knowledge. The analysis builds on household-

level and individual-level data collected in urban Kenya in 2012 and 2015. Various regression 

models are developed and estimated. Results show that maternal nutrition knowledge – measured 

through an aggregate knowledge score – is positively associated with child HAZ, even after 

controlling for other influencing factors such as household living standard and general maternal 

education. However, disaggregation by type of knowledge reveals important differences. 

Maternal knowledge about food ingredients only has a weak positive association with child HAZ. 

For maternal knowledge about specific dietary recommendations, no significant association is 

detected. The strongest positive association with child HAZ is found for maternal knowledge 

about the health consequences of not following recommended dietary practices. These findings 

have direct relevance for nutrition and health policies, especially for designing the contents of 

educational campaigns and training programs. 
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4.1 Introduction 

This study analyzes the link between maternal nutrition knowledge and child nutritional 

outcomes in urban households in Kenya. Malnutrition in all its forms affects one out of three 

individuals worldwide (IFPRI, 2016). While overnutrition rates are rising, undernutrition remains 

a major concern in many countries. It is estimated that 25% of all children in developing 

countries are stunted, an indication of sustained episodes of energy and micronutrient 

deficiencies. In spite of the progress made elsewhere, in Africa the number of stunted children 

continues to increase (IFPRI, 2016; UNICEF et al., 2015). 

Various interventions are commonly implemented to improve child nutrition and promote healthy 

living environments for poor households. Among others, these interventions include food and 

cash transfers, supplementary feeding programs, and nutrition education campaigns (Hirvonen et 

al., 2016; Tabbakh and Freeland-Graves, 2016; World Bank, 2010). While the evidence for the 

effect of transfer programs on child health outcomes is mixed (Burchi et al., 2016; de Groot et al., 

2017), there is a potential for an increased impact on child nutrition if conditional cash transfer 

programs are combined with nutrition education programs (Burchi et al., 2016). Positive 

associations between maternal nutrition knowledge and child nutritional outcomes are well 

documented for young children (Appoh and Krekling, 2005; Burchi, 2010; Webb and Block, 

2004). For older children and adolescents, the effects have hardly been analyzed. Moreover, 

existing studies typically do not differentiate by type of nutrition knowledge, which would be 

useful to better understand how nutrition education programs should be designed to make them 

most effective.  

Studies on the effects of maternal nutrition knowledge in developing countries are mainly 

restricted to children under five years of age (e.g. Appoh and Krekling, 2005; Burchi, 2010; 

Webb and Block, 2004). It is assumed that nutritional improvements are most beneficial for 

young children (Black et al., 2013; Leroy et al., 2014; Ruel et al., 2008). Appoh and Krekling 

(2005), for instance, used data from Ghana to illustrate positive associations between mothers’ 

nutritional knowledge and the nutritional status of children under three. In that study on Ghana, 

maternal nutrition knowledge was measured with a composite knowledge score, calculated using 

answers to questions on breastfeeding, complementary feeding, and causes of Kwashiorkor. 

Burchi (2010) found positive effects of maternal knowledge on preschool children based on 
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nationally representative data from Mozambique. Burchi (2010) constructed a nutrition and 

health knowledge variable by considering respondents’ awareness of vitamin A, HIV/AIDS, oral 

rehydration, and family planning. 

A few studies identified positive links between maternal nutrition knowledge and child nutrition 

also for older children, but this evidence is limited to developed countries. Variyam et al. (1999) 

used data from the US and showed that maternal health awareness and knowledge about nutrient 

contents of foods had positive effects on dietary quality of children between 2 and 17 years of 

age. Also using data from households in the US, Tabbakh and Freeland-Graves (2016) measured 

maternal nutrition knowledge based on awareness of nutrient contents and dietary 

recommendations, finding a positive association with adolescents’ dietary quality and a negative 

association with adolescents’ body mass index. 

Here, we contribute to this literature by analyzing associations between different types of 

maternal nutrition knowledge and older children’s nutritional status in a developing country. We 

use primary survey data collected in urban Kenya in 2012 and 2015. Specifically, we aim to 

answer the following two research questions: (1) Is maternal nutrition knowledge positively 

associated with height-for-age Z-score (HAZ) of children and adolescents? (2) Do different types 

of maternal nutrition knowledge produce dissimilar results?  

Kenya is an interesting example for this type of research because malnutrition in all its forms is 

prevalent. Especially in urban areas, traditional diets are increasingly shifting towards more 

processed foods, which was shown to contribute to overweight and obesity among adults 

(Rischke et al., 2015; Kimenju et al., 2015). At the same time, rates of stunting remain relatively 

high among children and adolescents. The coexistence of different forms of malnutrition in the 

same setting and the same households is common also in other parts of Africa. In such situations, 

it is especially important to better understand the role of nutrition knowledge. This can help to 

design more effective food and nutrition policies. 

4.2 Materials and Methods 

4.2.1 Conceptual Framework 

Theoretical and empirical research suggests that maternal nutrition knowledge is necessary but 

not sufficient for healthy child nutrition and for inducing related behavioral change (e.g. 
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Contento, 2008; Hawkes et al., 2015). Mothers are particularly important for nutritional outcomes 

of children and other household members, because in most situations mothers are primarily 

responsible for dietary choices and food preparation.  

There are two main pathways how children can be affected by the nutrition knowledge of their 

mother. First, the quantity, quality, and diversity of the food prepared in the household, as well as 

the sanitary practices, influence child nutritional outcomes directly (Campbell et al., 2014; 

Variyam et al., 1999). Second, the dietary and sanitary practices observed and experienced during 

childhood can also have an indirect effect through forming attitudes towards nutrition and health 

(Hoddinott et al., 2016; Vereecken and Maes, 2010; Yabancı et al., 2014). Attitudes developed 

during childhood are known to affect own dietary practices in later life (Kigaru et al., 2015). This 

already starts with older children and adolescents making their own choices for food consumed 

away from home. Against this background it is very plausible that different types of maternal 

nutrition knowledge can have different effects on child nutrition. 

Household and contextual variables – such as living standard and food environment – can 

influence maternal nutrition knowledge and also child nutritional outcomes (Hawkes et al., 

2015). In our empirical analysis, we control for such factors through including appropriate 

covariates in regression models. The main nutritional outcome of interest is child HAZ, which 

measures long-term nutritional outcomes. Maternal nutrition knowledge is expected to influence 

the nutrition of children and adolescents in the long run. 

4.2.2 Study Context and Data 

The data for this study were collected in two rounds of a household survey conducted in Kenya in 

2012 and 2015. Kenya’s child undernutrition rates are high, with 35% of all children being 

stunted, 7% wasted, and 16 % underweight (Matanda et al., 2014; Ministry of Public Health and 

Sanitation, 2012). Our research was conducted in Central Kenya, where child undernutrition has 

seen only moderate improvement over the last two decades (Matanda et al., 2014). 

We concentrated on urban and peri-urban areas and used a two-stage sampling procedure. At the 

first stage, we purposively selected three towns in Central Kenya, namely Ol Kalou, Njabini, and 

Mwea. These three towns have similar characteristics in terms of the size of the urban center, 

infrastructure conditions, and availability of social institutions (hospitals etc.). Yet some variation 

in terms of the type of available food retail outlets was observed (Kimenju et al., 2015; Rischke 
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et al., 2015). At the second stage, around 150 households were randomly selected in each of the 

three towns. In 2012, the total sample comprised 453 households. In 2015, the sample included 

450 households. For the 2015 survey round, about half of the 2012 households were revisited, the 

other half were newly selected, again using random sampling. 

In both survey rounds, a structured questionnaire was used to collect data on various 

socioeconomic characteristics, including household composition, income sources, food and non-

food consumption expenditures, the health of household members, and access to various types of 

services. In addition to the household-level data we took anthropometric measures from one 

randomly selected child (aged 5-18) in each household and his/her mother or caretaker.
13

 Body 

measurements were taken according to international standards (Centers for Disease Control and 

Prevention, 2007) with an accuracy of 0.1 kg for body weight and 0.7 cm for height (de Onis et 

al., 2004). Maternal nutrition knowledge was captured through a series of diet and nutrition 

related questions, as explained in more detail below. 

Not all sample households had children between 5 and 18 years of age. In a few cases, there were 

children in the households but we were unable to trace them, even after repeated visits. For the 

analysis, we pool the sample from the two survey rounds and construct a child-level data set. 

Sixty-four children were observed during both survey rounds (128 observations), while 298 

children were observed only in 2012 or in 2015. In total, we have 426 observations from children 

and adolescents (aged 5-18) with complete data for all relevant variables. 

4.2.3 Measuring Child Nutritional Outcomes 

We used the WHO growth references for school-aged children and adolescents (de Onis, 2007) to 

generate height-for-age Z-scores (HAZ) for all children and adolescents in our sample. HAZ 

refers to the standard deviation from the median height of a child or adolescent of the same age 

and sex in a reference population. A child or adolescent is considered stunted (extremely stunted; 

mildly stunted) if the Z-score is below the cutoff of -2 (-3;-1) standard deviations below the 

reference population (O’Donnell et al., 2008; WHO, 2006b). A low HAZ reflects a status of sub-

optimal growth due to long-term adverse nutrition and health conditions (WHO, 2016b, WHO, 

1995). While child growth largely depends on nutrition and health during early childhood, 

                                                 
13 In cases where the child’s mother was unavailable, data from another female caretaker in the same household were 

taken. This happened in 12% of the sample households. 
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conditions during later childhood and adolescence also matter, and some catch-up growth is 

possible (Adair, 1999; Darnton-Hill et al., 2004; Prentice et al., 2013; Stein et al., 2010). 

In our sample, we only consider children above 5 years of age, without assuming that the 

association between mothers’ nutrition knowledge and HAZ is directly transferable to younger 

children. As mentioned, however, a positive association for younger children has been shown in 

previous studies (e.g. Appoh and Krekling, 2005; Burchi, 2010; Webb and Block, 2004). 

4.2.4 Measuring Maternal Nutrition Knowledge 

In the survey, we asked the children’s mothers various questions concerning nutrition knowledge. 

Building on the ‘stages of change’ model (Glanz et al., 1994), which illustrates that changes in 

dietary behavior have different types of information needs, our knowledge questions were 

subdivided into three categories: (a) knowledge about food ingredients (particularly focusing on 

sugar, fat, and salt), (b) knowledge about specific dietary recommendations (focusing on the 

consumption of fresh fruits and vegetables and on breastfeeding), and (c) knowledge about the 

health consequences of not following recommended dietary practices. Details of the questions 

asked are shown in Table 4.1. 

Responses to each question were classified as correct or incorrect. Based on the number of 

correct responses, we generated different types of nutrition knowledge scores. First, for each 

respondent we used the sum of correct responses for the different questions belonging to the 

same knowledge category. This sum was then divided by the number of correct responses at the 

95% distribution of correct responses among all individuals. To standardize values in a range 

between 0 and 1, we replaced any value greater than one with the value 1. This procedure results 

in an individual nutrition knowledge score for each category (a), (b), and (c), which we use in 

order to analyze the role of each type of nutrition knowledge. Second, for each respondent we 

calculate an aggregated nutrition knowledge score as the arithmetic mean of the knowledge 

scores for all three categories. 

4.2.5 Statistical Analysis 

We use non-parametric and parametric statistical approaches to analyze the data. Non-parametric 

approaches that we use include local polynomial regression and kernel density plots to visualize 

the association between maternal nutrition knowledge and child HAZ. A local polynomial 

regression smooths a scatter plot of the two variables by using a polynomial fit. The analysis 
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applies a weighted least squares regression with greater weights given to data points closer to the 

polynomial fit (Cleveland, 1979). 

Kernel density plots smooth kernel density functions of each data point, whereby the kernel 

estimates vary depending on the number of observations in the neighborhood of each data point 

(Silverman, 1986; Wand and Jones, 1995). In our density plot, we use a univariate kernel density 

estimation of HAZ for households with different levels of nutrition knowledge. For this purpose, 

we take the arithmetic mean of the aggregated maternal nutrition knowledge score and split the 

sample into two: households with a high (above average) and households with a low (below 

average) nutrition knowledge score. We also use a modified threshold in a robustness check. 

For the parametric statistical analysis, we use ordinary least squares (OLS) regression models of 

the following form: 

𝐻𝐴𝑍𝑖𝑡 = 𝛽0 + 𝛽1𝑁ℎ𝑡 + 𝛽2
′ 𝒁𝑖𝑡 + 𝛽3

′ 𝑿ℎ𝑡 + 𝛽4
′𝐸ℎ𝑡 + 𝛽4𝑇 + 휀𝑖  (4.1) 

where subscript i denotes child-level and subscript h household-level variables, measured at time 

t. 𝐻𝐴𝑍𝑖𝑡 is the height-for-age Z-score of children and adolescents. 𝑁ℎ𝑡 is the maternal nutrition 

knowledge score. 𝒁𝑖𝑡 is a vector of child characteristics such as age, sex, and the incidence of 

infectious diseases during the month prior to each survey round. 𝑿ℎ𝑡 is a vector of household 

characteristics such as age and sex of the household head and height of the mother. 𝑬ℎ𝑡 is a 

vector of human capital and living standard variables, where we specifically include maternal 

education and household consumption expenditures
14

. Maternal education refers to the schooling 

years of the mother and is therefore different from the more specific maternal nutrition 

knowledge score. 𝑇 is a time dummy representing the survey year and taking a value of 1 for 

2015. 휀𝑖 is a random error term with mean zero. 

We are particularly interested in the estimate for 𝛽1 and hypothesize a positive association 

between maternal nutrition knowledge and child HAZ. To test for the role of different types of 

nutrition knowledge, we run the model in four different versions. In model (1), 𝑁ℎ𝑡 is the 

aggregate nutrition knowledge score, whereas in models (2), (3), and (4) we use the 

                                                 
14 Household consumption expenditures include expenditures for all food and non-food items consumed by the 

household over a period of one month. To make values comparable across households of different size, we express 

consumption expenditures per adult equivalent. Monetary values for 2015 were deflated to 2012 using the consumer 

price index. 
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disaggregated scores for the three knowledge categories explained above. Furthermore, variants 

of each model are estimated, with and without including 𝑬ℎ𝑡. Maternal education and household 

consumption expenditures are important control variables, but due to their expected correlation 

with 𝑁ℎ𝑡 they may capture some of the maternal knowledge effects. Comparing the estimates 

with and without 𝐸ℎ𝑡 allows us to examine whether maternal nutrition knowledge has a 

significant association with child HAZ even after controlling for maternal education and 

household living standard. 

We estimate model (1) in four variants. Model (1A) presents the base model without 𝑬ℎ𝑡 

included. Models (1B) and (1C) respectively include maternal education and consumption 

expenditures, whereas Model (1D) includes both these variables together. For brevity, Models (2) 

to (4) are only presented in two variants, namely with and without both variables in 𝑬ℎ𝑡 included. 

Although one may expect the nutrition knowledge variable to be endogenous, we control for 

relevant confounding factors in estimating HAZ of children and adolescents. Note that we do not 

claim causality but seek to explore associations. To control for heteroscedasticity, we use robust 

standard errors based on White’s heteroscedasticity correction (White, 1980). We are looking at 

current maternal nutrition knowledge, which has likely formed over a longer period of time, and 

relate this to current child nutritional outcomes, which are also the result of a longer-term 

process. The implicit assumption is that maternal nutrition knowledge and child nutritional 

outcomes have similar time horizons. 

4.3 Results 

4.3.1 Descriptive Results 

Table 4.1 shows the questions that were asked in the survey to calculate the maternal nutrition 

knowledge scores, as well as the share of respondents giving correct answers. The highest 

average share of correct responses is observed for knowledge about the health consequences of 

not following dietary recommendations (79%). For the other two categories of nutrition 

knowledge, the average shares of correct responses are lower. Comparing between the two survey 

years, the share of correct responses on food ingredients and on dietary recommendations was 

somewhat lower in 2015 than in 2012, while the share of correct responses on health 
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consequences was higher in 2015. Hence, it is not possible to establish a clear time trend for 

maternal nutrition knowledge. 

Table 4.1. Nutrition knowledge questions and percentages of correct answers 

 Percentage correct Correct 

answer  All years 2012 2015 

Knowledge about food ingredients 35 37 30  

Do you think these food products are high, medium or low in added sugar? 

Natural yoghurt 29 37 21 Low 

Flavored yoghurt 26 28 25 High 

Fresh juice 24 33 14 Low 

White bread 47 50 43 Low 

Tomato ketchup 16 20 12 High 

Do you think these food products are high, medium or low in fat? 

Chips 79 88 70 High 

Margarine 62 68 56 High 

Crisps 30 29 31 High 

Fried beef sausage 46 46 46 High 

Honey 53 70 36 Low 

Raw nuts 12 12 13 High 

White bread 64 70 58 Low 

Cake 27 36 19 High 

Do you think these food products are high, medium or low in salt? 

Sausages 22 19 25 High 

Brown bread 6 4 8 High 

Popcorn 26 28 25 High 

Tomato ketchup 15 16 14 High 

Instant noodles 14 13 15 High 

Knowledge about dietary recommendations 52 56 49  

How many servings of fruits and vegetables together do you 

think experts advise people to eat every day? 8 16 1 4-6 

What do you think is the recommended period of exclusively 

breastfeeding infants? 96 96 96 6 months 

Knowledge about the health consequences of not 

following dietary recommendations 
79 72 86  

Are you aware of any health problems associated with 

eating none or too little fresh fruits and vegetables? 78 74 82  

Are you aware of any health problems or diseases 

associated with excess body weight? 92 88 96  

Which health problems or diseases do you think are 

associated with not exclusively breastfeeding infants? 67 54 81  

Observations 
a 

399 200 199  

Notes: a The number of observations refers to the number of unique households. 
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The average number of correct responses for the three categories and the calculated nutrition 

knowledge scores are presented in Table 4.2. The average aggregate nutrition knowledge score is 

0.59, which means that the average respondent had 59% of the knowledge of the best-performing 

individuals (95
th

 percentile of correct answers) in the sample. 

Table 4.2. Number of correct responses and maternal nutrition knowledge scores
 

 All years 2012 2015 

Number of correct responses    

Knowing food ingredients 
a
 5.96 (2.94) 6.63 (2.81) 5.30 (2.92) 

Knowing dietary recommendations 
b
 1.05 (0.34) 1.12 (0.43) 0.97 (0.21) 

Knowing health consequences 
c
 2.37 (0.81) 2.15 (0.87) 2.60 (0.67) 

Standardized knowledge scores    

Knowing food ingredients 0.46 (0.22) 0.47 (0.20) 0.44 (0.24) 

Knowing dietary recommendations 0.52 (0.17) 0.56 (0.21) 0.49 (0.11) 

Knowing health consequences 0.79 (0.27) 0.72 (0.29) 0.87 (0.22) 

Aggregate nutrition knowledge score 0.59 (0.13) 0.58 (0.15) 0.60 (0.12) 

Notes: Values are means with SD in parentheses. a The total number of questions in this category was 18. b The total number 

of questions in this category was 2. c The total number of questions in this category was 3. 

 

Table 4.3 shows descriptive statistics for the other variables used in the empirical analysis. The 

average height-for-age Z-score of children and adolescents in our sample is -0.85, with lower 

values in 2012 (-1.05) than in 2015 (-0.66). HAZ of boys (-0.92) is lower than of girls (-0.78), 

which is consistent with other studies in Africa and Asia (Christiaensen and Alderman, 2004; 

Debela et al., 2015; Webb and Block, 2004). 
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Table 4.3. Descriptive statistics 

Variables All 

Year  By maternal nutrition knowledge 
c
 

2012 2015  
High nutrition 

knowledge 

Low nutrition 

knowledge 
Difference 

Height-for-age Z-scores -0.85 (1.20) -1.05 (1.30) -0.66 (1.19)  -0.69 (1.07) -1.01 (1.31) 0.31*** 

Height-for-age Z-scores, boys -0.92 (1.22) -1.15 (1.21) -0.66 (1.18)  -0.74 (1.13) -1.09 (1.29) 0.35** 

Height-for-age Z-scores, girls -0.78 (1.26) -0.94 (1.38) -0.66 (1.01)  -0.65 (1.02) -0.92 (1.33) 0.27* 

Prevalence of stunting (%) 
a 

16 21 12  13 19 -0.06* 

Prevalence of mildly stunting (%) 
a 

43 50 36  37 49 -0.12** 

Prevalence of extreme stunting (%) 
a
 4 7 2  1 7 -0.06*** 

Age of child in months 120 (41.13) 117 (42.44) 123 (39.78)  120 (41.93) 120 (40.37) -0.78 

Sex of child (1=female) 0.52 (0.50) 0.48 (0.50) 0.56 (0.50)  0.53 (0.50) 0.51 (0.50) 0.03 

Infection during past month (1/0) 0.08 (0.26) 0.09 (0.29) 0.06 (0.24)  0.10 (0.30) 0.05 (0.22) 0.04* 

Sex of household head (1=female) 0.28 (0.45) 0.29 (0.45) 0.27 (0.44)  0.23 (0.42) 0.33 (0.47) -0.10** 

Age of household head (years) 41 (10.55) 40 (10.57) 41 (10.53)  40 (9.69) 41 (11.42) -0.58 

Height of mother (cm)
 

159 (5.81) 158 (5.81) 159 (5.78)  159 (5.35) 158 (6.26) 0.70 

Education of mother (schooling years) 9.63 (4.62) 9.81 (4.96) 9.47 (4.30)  10.49 (4.88) 8.72 (4.15) 1.77*** 

Consumption expenditure (KES/month/AE) 
b
 6770 (3945) 7031 (4595) 6540 (3258)  7230 (4447) 6284 (3274) 947** 

Ol Kalou 0.34 (0.47) 0.36 (0.48) 0.32 (0.47)  0.33 (0.47) 0.34 (0.47) -0.00 

Mwea 0.28 (0.45) 0.23 (0.42) 0.32 (0.47)  0.31 (0.46) 0.25 (0.43) 0.06 

Njabini 0.39 (0.49) 0.42 (0.49) 0.35 (0.48)  0.36 (0.48) 0.42 (0.49) -0.05 

Number of observations 426 200 226  219 207  

Notes: Values are means with SD in parentheses. a Stunting is defined as HAZ<-2; mild stunting as HAZ<-1; extreme stunting as HAZ<-3. b 1 US dollar = 95 Kenyan 

Shilling (KES); average official exchange rate in 2015. Consumption expenditure value for 2015 has been deflated to 2012 values using World Bank’s Consumer Price 

Index (2010=100). c Using the aggregate maternal nutrition knowledge score, households were subdivided into those with above and those with below average scores. 

AE, adult equivalent; HAZ, height-for-age Z-score; KES, Kenyan Shilling. * P < 0.10, ** P < 0.05, *** P < 0.01. 
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In the right-hand part of Table 4.3, we subdivide the sample into households with high and low 

maternal nutrition knowledge using the average aggregate nutrition score as the cutoff point. 

Children and adolescents with mothers that have high nutrition knowledge have a significantly 

larger HAZ (p<0.01) than children and adolescents with mothers that have low nutrition 

knowledge. We also observe significant differences between the two groups for some of the other 

child and household characteristics, such as the incidence of infectious diseases, sex of the 

household head, and household consumption expenditures. These are variables that we control 

for in the parametric regressions. 

4.3.2 Non-Parametric Estimation Results 

The graphical illustration of the non-parametric analysis shows a positive link between maternal 

nutrition knowledge and HAZ of children and adolescents (Figure 4.1). Panel (A) depicts the 

local polynomial regression plot. It can clearly be seen that maternal nutrition knowledge has a 

positive association with HAZ. Panel (B) shows the distribution of HAZ in households with high 

and low maternal nutrition knowledge. In households with high nutrition knowledge, the HAZ 

distribution is shifted to the right, which further underlines the positive association. The 

subsequent analysis investigates this relationship after controlling for confounding factors. 
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Figure 4.1. Relationship between maternal nutrition knowledge and child HAZ. Panel (A) 

shows a local polynomial regression with N=426 observations of children and adolescents (aged 5-

18). Panel (B) shows kernel density plots of child and adolescent HAZ in households with high 

maternal nutrition knowledge score (N=219) and in households with low maternal nutrition 

knowledge score (N=207). 
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4.3.3 Parametric Estimation Results 

Table 4.4 shows estimation results of the HAZ models using the aggregate maternal nutrition 

knowledge score, next to a set of child and household level covariates as explanatory variables. 

Model (1A) does not control for maternal education and household consumption expenditures. 

The estimates show that maternal nutrition knowledge is positively and significantly associated 

with HAZ of children and adolescents (p<0.01). The estimation coefficient of 1.25 implies that 

an increase in the knowledge score from 0 to 1 would increase child HAZ by 1.25. This is an 

extreme interpretation, however, because most of the observed knowledge scores are in a 

narrower range. As shown in Table 4.2, the aggregate nutrition knowledge score has a mean 

value of 0.59 and a standard deviation of 0.13. Using the 1.25 estimate from model (1A), an 

increase in the knowledge score by one standard deviation is associated with a 0.16 increase in 

HAZ. 

Model (1B) in Table 4.4 additionally controls for maternal education. Results show that 

education of the mother positively affects HAZ of children and adolescents. In line with previous 

research by Burchi (2010) for younger children, we find that maternal nutrition knowledge 

remains positive and significant (p<0.01), even after accounting for maternal education. The 

coefficient magnitude for nutrition knowledge declines somewhat, implying that maternal 

nutrition knowledge and maternal education are positively correlated, as one would expect. 

However, the results also clearly suggest that formal school education is not the only pathway 

through which nutrition knowledge is acquired. 

Model (1C) in Table 4.4 excludes maternal education and controls for household consumption 

expenditures instead. Consumption expenditures have a significantly positive effect on HAZ of 

children and adolescents, as one would expect. At the same time, the coefficient for maternal 

nutrition knowledge shrinks, but remains positive and statistically significant (p<0.05). This 

suggests that maternal nutrition knowledge plays an important role for child nutritional outcomes, 

even after controlling for household living standard.
15

 

 

                                                 
15 This result of a strong positive association between maternal nutrition knowledge and HAZ of children and 

adolescents also holds when we use alternative indicators of nutrition knowledge. In Table A4.1 in the Appendix A4, 

we show results where we used the total number of correct answers to the nutrition questions instead of the 

standardized aggregate knowledge score. 
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Table 4.4. Association between aggregate maternal nutrition knowledge and child HAZ 

 Model (1A) Model (1B) Model (1C) Model (1D) 

Aggregate nutrition knowledge score 1.25*** 1.01*** 0.90** 0.85** 

 (0.35) (0.36) (0.35) (0.35) 

Age of child in months -0.01*** -0.01*** -0.01*** -0.01*** 

 (0.00) (0.00) (0.00) (0.00) 

Sex of child(1=female) 0.15 0.16 0.17 0.17 

 (0.11) (0.11) (0.11) (0.11) 

Infection during past month(1/0) -0.39** -0.40** -0.42** -0.42** 

 (0.20) (0.19) (0.18) (0.18) 

Sex of household head(1=female) -0.08 -0.04 -0.04 -0.03 

 (0.12) (0.12) (0.12) (0.12) 

Age of household head(years) 0.00 0.01 0.01 0.01 

 (0.01) (0.01) (0.01) (0.01) 

Height of mother(cm) 0.05*** 0.05*** 0.04*** 0.04*** 

 (0.01) (0.01) (0.01) (0.01) 

Year dummy(1=2015) 0.33*** 0.35*** 0.35*** 0.35*** 

 (0.11) (0.11) (0.11) (0.11) 

Education of mother (years)  0.03**  0.01 

  (0.01)  (0.02) 

Consumption expenditures (log)   0.46*** 0.43*** 

   (0.11) (0.12) 

Town dummies Yes Yes Yes Yes 

Constant -8.47*** -8.61*** -12.11*** -11.88*** 

 (1.72) (1.72) (1.79) (1.89) 

R-squared 0.18 0.20 0.23 0.23 

Number of obs. 426 426 426 426 

Notes: Coefficient estimates are shown with standard errors in parentheses. The dependent variable in all models is height-for-age Z-

scores (HAZ) of children and adolescents (aged 5-18). * P < 0.10, ** P < 0.05, *** P < 0.01. 

 

In Model (1D) of Table 4.4 we control for both maternal education and consumption 

expenditures. Once consumption expenditures are controlled for, mother’s education no longer 

affects HAZ of children and adolescents. This is due to the close correlation between maternal 

education and household consumption expenditures. As maternal education is an important 

determinant of household income, and income determines consumption expenditures, this close 

correlation between the variables should not surprise. The coefficient of the maternal nutrition 

knowledge score remains significant also in this model specification. 
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The coefficient estimates of the other control variables in Table 4.4 also reveal some interesting 

patterns. The age of the child is negatively associated with HAZ (p<0.01), which underlines the 

importance of including older children and adolescents in the analysis. Children who suffered 

from an infectious disease during the month prior to the survey have significantly lower HAZ 

(p<0.05). In children, infectious diseases often have immediate implications for body weight, 

which is not reflected in HAZ. However, the infectious disease dummy is probably also a proxy 

of health and sanitation conditions in the household more generally, so that the negative 

association with HAZ is not surprising. The positive and significant association between the 

mother’s height and the child’s HAZ (p<0.01) is also as expected. Finally, the year dummy 

indicates that the nutritional status of children and adolescents generally improved between 2012 

and 2015. 

Table 4.5 shows estimation results of the HAZ models with the disaggregated nutrition 

knowledge scores (for the three knowledge categories) as explanatory variables. Model (2) 

reveals that maternal knowledge about food ingredients is associated with a higher HAZ of 

children and adolescents, even though the association is relatively weak (p<0.10). Model (3) 

suggests that maternal knowledge about dietary recommendations has no significant association 

with HAZ of children and adolescents. 

The largest and strongest positive association with HAZ is found for maternal knowledge about 

the health consequences of not following dietary recommendations. Given that the observed 

standard deviation for the knowledge score on health consequences is 0.27 (Table 4.2), the 

coefficient estimate of 0.54 in model (4A) implies that an increase in knowledge of this type by 

one standard deviation is associated with a 0.15 increase in child HAZ. This association remains 

weakly significant (p<0.1) also after controlling for maternal education and household 

consumption expenditures. 

An important implication of comparing coefficients for the different types of knowledge in Table 

4.5 is that knowledge about the negative health consequences of not following dietary 

recommendations seems to play a more important role than knowledge about the dietary 

recommendations as such. 
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Table 4.5. Association between different types of maternal nutrition knowledge and child HAZ 

 Model (2)  Model (3)  Model (4) 

 (2A) (2B)  (3A) (3B)  (4A) (4B) 

Knowledge about food ingredients 0.41* (0.22) 0.32 (0.22)       

Knowledge about dietary recommendations    0.42 (0.35) 0.17 (0.34)    

Knowledge about health consequences       0.54*** (0.20) 0.35* (0.20) 

Age of child in months -0.01*** (0.00) -0.01*** (0.00)  -0.01*** (0.00) -0.01*** (0.00)  -0.01*** (0.00) -0.01*** (0.00) 

Sex of child (1=female) 0.17 (0.11) 0.19* (0.11)  0.15 (0.11) 0.18* (0.11)  0.15 (0.11) 0.18* (0.11) 

Infection during past month (1/0) -0.34* (0.20) -0.39** (0.18)  -0.34* (0.19) -0.39** (0.18)  -0.38* (0.20) -0.41** (0.19) 

Sex of household head (1=female) -0.11 (0.12) -0.04 (0.12)  -0.13 (0.12) -0.05 (0.12)  -0.09 (0.12) -0.03 (0.12) 

Age of household head (years) 0.00 (0.01) 0.01 (0.01)  0.00 (0.01) 0.01 (0.01)  0.00 (0.01) 0.01 (0.01) 

Height of mother (cm) 0.05*** (0.01) 0.04*** (0.01)  0.05*** (0.01) 0.04*** (0.01)  0.05*** (0.01) 0.04*** (0.01) 

Year dummy (1=2015) 0.37*** (0.11) 0.38*** (0.11)  0.38*** (0.11) 0.38*** (0.11)  0.27** (0.11) 0.31*** (0.11) 

Education of mother (schooling years)  0.01 (0.02)   0.02 (0.02)   0.01 (0.02) 

Consumption expenditures (log)  0.45*** (0.12)   0.44*** (0.12)   0.43*** (0.12) 

Town dummies Yes Yes  Yes Yes  Yes Yes 

Constant -7.91*** (1.72) -11.73*** (1.89)  -7.97*** (1.73) -11.65*** (1.90)  -8.21*** (1.73) -11.76*** (1.89) 

R-squared 0.17 0.22  0.17 0.22  0.18 0.22 

Number of observations 426 426  426 426  426 426 

Notes: Coefficient estimates are shown with standard errors in parentheses. The dependent variable in all models is height-for-age Z-scores (HAZ) of children and adolescents (aged 5-18). * P < 

0.10, ** P < 0.05, *** P < 0.01. 
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4.3.4 Robustness Checks 

In the descriptive analysis and for some of the non-parametric estimations, we subdivided the 

sample into households with high and low maternal nutrition knowledge, using the average 

aggregate nutrition score as the cutoff point. This cutoff was chosen for convenience. To check 

whether the results change when using a different cutoff, we classified those that correctly 

responded to more (less) than 50% of the nutrition questions as having high (low) nutrition 

knowledge. The results do not change much (see Table A4.2 and Figure A4.1, Appendix A4), 

underlining the robustness of the findings to changes in the cutoff point. 

Another aspect that is worth some further analysis is the fact that our sample is characterized by a 

high attrition rate. Many children that were included in the first survey round could not be 

included again in the second round and were replaced by other children in the same locations. In 

order to check whether there is any systematic difference between the children that were included 

in both survey rounds and those that were only included in one of the rounds, we regressed an 

attrition dummy on the set of socioeconomic explanatory variables, using a probit specification 

(see Table A4.3, Appendix A4). Most of the socioeconomic variables are statically insignificant 

in this probit model, except for height and education of the mother. We do not find systematic 

differences for the child’s own characteristics. The probit model was also used to calculate an 

inverse mills ratio that we included as an additional explanatory variable in model (1) to explain 

HAZ. This is a common approach to test and control for possible attrition bias. The inverse mills 

ratio in this HAZ model is statistically insignificant (see Table A4.3), so we conclude that our 

results are not affected by attrition bias. 

4.3.5 Limitations 

Two limitations of the study should be mentioned here. First, while international growth 

standards exist for infants and preschool children (WHO, 2006b), for children above 5 years of 

age the available growth references still have certain shortcomings (de Onis, 2007). Although the 

references for school-age children and adolescents were reconstructed recently 
16

, an international 

growth standard for this age group, designed with multi-ethnic sampling strategies, does not 

exist. This means that levels of optimal growth for children between 5-19 years cannot be derived 

                                                 
16

 The reconstructed growth references for children between 5-19 years make use of the 1977 NCHS/WHO growth 

reference (Hamill et al., 1977) supplemented with data from the WHO child growth standards (WHO, 2006b) and 

apply the state-of-the-art statistical methods (de Onis, 2007).  
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very accurately (Butte et al., 2007; Wells, 2014). We do not expect that this inaccuracy would 

affect the general relationship between maternal nutrition knowledge and child growth. 

Second, the number of survey questions for each of the nutrition knowledge categories in our 

study was not equally distributed. In the calculation of the aggregate knowledge score, we took 

this into account by first calculating a score for each category separately before constructing the 

composite knowledge indicator. This ensures that none of the categories is under- or over-

represented in the aggregate score. Nevertheless, more questions in some of the categories could 

have further added to our understanding of the role of different types of nutrition knowledge. In 

future research, it would be particularly interesting to increase the number and the variety of 

questions related to dietary recommendations and to the health consequences of not following 

such recommendations. 

4.4 Discussion 

It has long been established that raising awareness of balanced nutrition and nutrition-related 

health issues is one important avenue of reducing child undernutrition in developing countries. 

However, the extent to which different types of nutrition knowledge affect child nutritional 

outcomes is not yet sufficiently understood. We have contributed to this research direction by 

using survey data from Central Kenya. Results show that maternal nutrition knowledge is 

positively and significantly associated with HAZ of children and adolescents. This positive 

association is consistent with previous findings using data from younger children (e.g. 

Christiaensen and Alderman, 2004; Variyam et al., 1999; Webb and Block, 2004). 

In addition, we have analyzed the role of different types of nutrition knowledge, which has rarely 

been done in previous studies. Indeed, our results differ by knowledge type. Maternal knowledge 

about food ingredients only has a weak positive association with HAZ of children and 

adolescents. For maternal knowledge about specific dietary recommendations, no significant 

association was detected. The strongest positive association with HAZ was found for maternal 

knowledge about the health consequences of not following recommended dietary practices. 

These findings imply that building broader awareness of the health risks of unsuitable dietary 

practices among mothers and caretakers is important for improving nutrition and health of 

children and adolescents. Put differently, knowledge about adverse health consequences seems to 

be more effective in shaping dietary behavioral responses than knowledge about food ingredients 
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and dietary recommendations per se. Of course, nutrition education programs will always have to 

take into account the concrete nutritional needs and challenges in a particular setting. But our 

conclusion that effective nutrition education and training programs should always link dietary 

recommendations to concrete health consequences probably holds beyond the concrete setting. 
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4.5 Appendix A4 

Table A4. 1. Association between maternal nutrition knowledge and child HAZ (alternative 

knowledge indicator) 

 Height-for-age Z-score 

 Model (A4.1-1) Model (A4.1-2) 

Maternal knowledge (number of correct answers)
 

0.04*** (0.02) 0.03** (0.02) 

Age of child in months -0.01*** (0.00) -0.01*** (0.00) 

Sex of child (1=female) 0.16 (0.11) 0.19* (0.11) 

Infection during past month (1/0) -0.35* (0.20) -0.40** (0.18) 

Sex of household head (1=female) -0.09 (0.12) -0.05 (0.12) 

Age of household head (years) 0.00 (0.01) 0.01 (0.01) 

Height of mother (cm) 0.05*** (0.01) 0.04*** (0.01) 

Year dummy (1=2015) 0.40*** (0.11) 0.40*** (0.11) 

Consumption expenditure (log)
 

 0.48*** (0.11) 

Town dummies Yes Yes 

Constant -8.15*** (1.72) -12.06*** (1.78) 

R-squared 0.18 0.22 

Number of observations 426 426 

Notes: Coefficient estimates are shown with standard errors in parentheses. The dependent variable in all models is height-for-

age Z-scores (HAZ) of children and adolescents (aged 5-18). * P<0.1; ** P<0.05; *** P<0.01. 
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Table A4.2. Descriptive statistics by maternal nutrition knowledge (alternative cutoff point 

for high and low nutrition knowledge)
 

Variables All  By maternal nutrition knowledge 
a
 

   
High nutrition 

knowledge 

Low nutrition 

knowledge 
Difference 

HAZ -0.85 (1.20)  -0.61 (0.98) -0.92 (1.26) 0.31** 

HAZ, boys -0.92 (1.22)  -0.52 (0.91) -1.05 (1.29) 0.53*** 

HAZ, girls -0.78 (1.26)  -0.71 (1.04) -0.80 (1.23) 0.09 

Prevalence of stunting 
b 

0.16  0.09 0.18 -0.08** 

Prevalence of mild stunting 
b 

0.43  0.32 0.46 -0.14** 

Prevalence of extreme stunting 
b 

0.04  0.00 0.06 -0.06** 

Number of observations 426  106 320  

Notes: Mean values are shown with standard deviations in parentheses. a Using the total number correct answers to nutrition 

knowledge questions, households were subdivided into those who correctly answered more than 50% of the questions (high 

nutrition knowledge) and those who correctly answered less than 50% of the questions (low nutrition knowledge). b Stunting is 

defined as HAZ<-2; mild stunting as HAZ<-1; extreme stunting as HAZ<-3. * P<0.1; ** P<0.05; *** P<0.01. 
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Figure A4.1. Kernel density of HAZ by alternative definition of nutrition knowledge 

threshold. Households with high nutrition knowledge score (N=106) correctly answered more 

than 50% of the questions; those with low nutrition knowledge score (N=320) correctly answered 

less than 50% of the questions. 
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Table A4.3. Attrition probit model and HAZ regression after controlling for possible 

attrition bias 

 Attrition probit 
a 

HAZ 
b 

Aggregate nutrition knowledge score  0.88** (0.35) 

Age in months 0.00 (0.00) -0.01*** (0.00) 

Sex of child(1=Female) 0.08 (0.13) 0.16 (0.12) 

Infection during past month(1/0) -0.02 (0.24) -0.41** (0.18) 

Sex of household head(1=Female) 0.16 (0.14) -0.06 (0.13) 

Age of household head(years) 0.00 (0.01) 0.01 (0.01) 

Height of mother(cm) -0.02* (0.01) 0.05*** (0.01) 

Year dummy(1=2015) 0.13 (0.13) 0.33*** (0.12) 

Ol Kalou (town with SM since 2004)      0.05 (0.16) 0.19 (0.12) 

Mwea (town with SM since 2011)  -0.05 (0.17) 0.03 (0.14) 

Education of mother (schooling years) 
c
 0.04** (0.02)  

Consumption expenditure (log) 0.12 (0.13) 0.43*** (0.16) 

Inverse mills ratio 
d
  -0.28 (0.87) 

Town dummies Yes Yes 

Constant 2.03 (2.11) -12.09*** (1.93) 

Chi2 14.84  

P-value 0.19 0.00 

R-squared  0.23 

Number of observations 426 426 

Notes: Coefficient estimates are shown with robust standard errors in parentheses.  a The dependent variable is 1 if the child 

was excluded or newly included in the second round, and 0 if the child was included in both survey rounds. b The dependent 

variable is height-for-age Z-scores (HAZ) of children and adolescents (aged 5-18). Coefficient estimates are shown with 

bootstrapped standard errors (400 replications) in parentheses. c Maternal education in the HAZ model had to be dropped 

because of multicollinearity problems. d The inverse mills ratio was calculated based on predictions from the attrition probit. 

* P<0.1; ** P<0.05; *** P<0.01. 
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5 General Conclusion 

5.1 Main Findings 

In Kenya, as in many developing countries, dietary choices are shifting from traditional foods 

towards energy dense and highly processed foods. This nutrition transition does not only provoke 

a dietary shift but also a transformation in health outcomes. Kenyan official national statistics 

report an increase in the share of men and women being overweight or obese between 1998 and 

2014 by approximately 5 and 12 percentage points, respectively (NCD Risk Factor Collaboration, 

2016). At the same time, the share of children under five being stunted in Kenya remained almost 

unchanged within the last 20 years (IFPRI, 2016). Besides contributing to morbidity and 

mortality, this double burden of malnutrition places a substantial economic constraint on the 

country and makes Kenya an extreme example of a country in transition. It is therefore of 

immense importance to understand different influencing factors to fight malnutrition in all its 

forms. 

The spread of supermarkets was identified as one potential driving force for the nutrition 

transition in many developing countries. Through modern retails, a broad variety of food 

products and brands with different degrees of processing are available and promoted in strategic 

ways. Literature examples are limited to the nexus between supermarket shopping and dietary 

choices, as well as between supermarket shopping and nutritional outcomes. The few examples 

that exist are all based on cross-sectional data and show conflicting results. With this dissertation, 

we have contributed to the existing and respective literature in two respects. First, we have 

broadened the analysis of linkages between supermarket shopping and nutritional outcomes 

towards health (see Chapter 2). In detail, we have analyzed effects of supermarket shopping on 

BMI, overweight/obesity, as well as on fasting blood glucose, pre-diabetes, systolic blood 

pressure, diastolic blood pressure, pre-hypertension, and the metabolic syndrome. Based on a 

cross-sectional data set from 2015 and by using an IV approach, we show that supermarket 

purchase increases adult’s BMI and the probability of being overweight/obese. Supermarket 

purchase is also associated with 0.3 mmol/L higher levels of fasting blood glucose and a higher 

likelihood of suffering from pre-diabetes and the metabolic syndrome, by 16 percentage points 

and 7 percentage points, respectively. Effects on blood pressure could not be detected.  
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Second, with the use of panel data and fixed effects regression models (Chapter 3), we have 

established robust causality between supermarket use, nutritional outcomes, and dietary choices. 

The nutritional outcomes we looked at are BMI and being overweight/obese. As dietary choices, 

we have used the share of energy from highly processed foods and energy consumption of 

unprocessed staples, fruits/vegetables, meats/fish, dairy/eggs, and vegetable oils. This approach is 

unique as the linkages have never been analyzed with a panel data set before. Our findings 

showed that supermarket shopping increased the BMI of individuals by 0.64 kg/m² and the share 

of energy from highly processed foods by 3.1 percentage points. Further, supermarket shopping 

lowered the energy consumption of unprocessed staples by 112 kcal/AE/day, of fresh fruits and 

vegetables by 124 kcal/AE/day, and increased the consumption of meats and fish by 24 

kcal/AE/day, of dairy and eggs by 9 kcal/AE/day, and of vegetable oils by 60 kcal/AE/day. Since 

we did not find significant effects of supermarket shopping on total energy consumption, the 

increasing effects on BMI were probably driven by changes in the dietary compositions, with 

medium and highly processed foods gaining in relative importance.  

Nutritional knowledge and education are key factors in establishing a healthy nutrition 

environment. It is widely known that especially maternal nutrition knowledge plays a major role 

for the nutritional outcomes of children. Many examples from developing countries show that 

especially for children under-five the mother’s nutritional knowledge is an important factor for 

their nutritional outcomes. Only a few studies identify positive links between maternal nutrition 

knowledge and child nutrition for older children, and this evidence is limited to developed 

countries. With our third essay (see Chapter 4) we have contributed to this gap in the literature by 

using a panel data set from 2012 and 2015 from urban Kenya to analyze the associations between 

maternal nutrition knowledge and height-for-age Z-scores of children between 5 and 18 years. 

We find that the aggregated maternal nutrition knowledge score is positively associated with 

child HAZ (+ 1.25). Further, we have used different types of maternal nutrition knowledge in our 

analysis in order to understand dissimilar results in children and adolescents nutritional 

outcomes. We have subdivided the maternal knowledge into three categories: (a) knowledge 

about food ingredients, (b) knowledge about specific dietary recommendations, and (c) 

knowledge about the health consequences of not following recommended dietary practices. We 

find that maternal nutrition knowledge about health consequences of not following dietary 

recommendations has the largest and strongest positive association with HAZ (+ 0.54).  
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Overall, and valid for all essays in Chapters 2, 3 and 4, we are adding empirical findings from an 

African country, where so far only little evidence in the respective research questions is available. 

5.2 Policy Implications 

In Chapters 2 and 3 we have shown that the rapid spread of supermarkets has direct effects on 

nutrition and health and contributes to the nutrition transition in Kenya. Since many other factors 

are also driving these nutritional and dietary outcomes we consider supermarket shopping as an 

important external factor in the overall discussion about dietary choices, nutrition and health. For 

policy makers it will be of immense importance to understand these linkages in order to be able 

to intervene properly. Intervening in this sense does not imply banning supermarkets. We like to 

avoid the view that supermarkets should be seen as something negative, as they may have clear 

positive effects for public health and development. Compared to traditional food markets in 

developing countries, supermarket supply chains are often more efficient, which can make food 

more accessible for poor population segments and increase food security (Kimenju et al., 2015; 

Qaim, 2017; Timmer, 2009). The levels of food quality and food safety may also be higher in 

supermarkets than in traditional markets (Mergenthaler et al., 2009; Minot et al., 2015). Further, 

studies show that farmers in developing countries could benefit from participating in newly 

emerging supermarket supply chains (Chege et al., 2015; T Reardon et al., 2012). 

However, our results demonstrated that the influence of supermarkets on consumers in small 

urban centers in Kenya could also be challenging in terms of ‘unhealthier’ food choices and 

higher levels of BMI and NR-NCDs. Therefore, certain types of regulations and economic 

incentives may be appropriate in some situations. It will be important for policymakers to 

strengthen the positive aspects of supermarket growth, while reducing negative implications to 

the extent possible. A critical aspect will be to create food environments that allow and instigate 

consumers to make more healthy food choices (Minos et al., 2016). This may require broader 

awareness building and education towards healthy nutrition, as well as appropriate regulations. 

Examples from high-income countries show that the access to supermarkets is associated with 

healthier diets and greater access to fresh products (Drewnowski et al., 2012; Laraia et al., 2004; 

Morland et al., 2006). In our Kenyan example, and also in other developing countries, outside of 

the big cities, supermarkets often only sell processed foods, because the offer of fresh fruits and 

vegetables does not seem to be profitable yet. Requiring supermarkets to offer more fresh fruits 
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and vegetables, and to position such a fresh produce section in a key place within the store, could 

be one possible route of tightened regulation. Besides fresh products also other measures to 

promote healthy diets and nutrition-sensitive food environments, like food products lower in 

sugar, salt and fat are worth considering. Policy interventions should help to improve people’s 

diets and prevent overweight and obesity without discouraging modernization processes in the 

food and retail sector. 

In Chapter 4 we showed that maternal nutrition knowledge, especially the type of knowledge 

about health consequences of not following recommended dietary practices, positively influenced 

child and adolescent nutritional outcomes. Hence, we imply that building broader awareness of 

the health risks of unsuitable dietary practices among mothers and caretakers plays an important 

role for improving nutrition and health of children and adolescents. Or seen from another angle, 

nutritional knowledge about adverse health consequences seems to be more effective in causing 

dietary behavioral responses than knowledge about food ingredients and dietary 

recommendations per se. Of course, nutrition education programs will always have to take into 

account the respective nutritional needs and challenges in a particular setting. But our conclusion, 

that effective nutrition education and training programs should always link dietary 

recommendations to precise health consequences holds beyond this specific setting. 

5.3 Limitations 

A few limitations of the study shall be summarized here. First, we could show significant effects 

of supermarket shopping on nutritional outcomes in the cross-sectional data and in the panel data 

set. For the health outcomes, neither panel data nor repeated measurements were available. 

Repeated collection of comprehensive data for all health outcomes through additional survey 

rounds or repeated measurements would help to further test the robustness of the estimation 

results. Further, having additional measurements on different health outcomes would increase the 

available factors to build other and more robust health indicators like the metabolic syndrome, 

which is normally based on five instead of three indicators. Second, besides having a clear 

methodological advantage by using panel data, one also needs to consider the challenges that 

arise from repeated data collection. The attrition rate that we were facing in our study is rather 

high. While we tested this bias to the extent possible, balanced panel data sets for longer time 

periods and with a larger number of observations would be beneficial in this regard. Third, while 
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we found positive associations between different types of maternal nutrition knowledge and 

child/adolescent nutritional outcomes, we are aware that the distribution of questions to build the 

different knowledge score was not equal. We took this into account in the calculation of the 

aggregated knowledge score. Nevertheless, more questions in some of the categories could have 

been added to the understanding of the role of different types of nutrition knowledge. In future 

research, it would be particularly interesting to increase the number and the variety of questions 

related to dietary recommendations and to the health consequences of not following such 

recommendations. Fourth, survey data always suffer a certain amount of imprecision. While self-

reported (dietary) data face the problems of under- and over estimation, measurement errors in 

anthropometry are easy to influence the entire outcome of nutritional assessments. Mis-

estimations and mis-measurements happen in all social settings and locations, and regardless of 

the individual body size. We tried to account for these challenges by well-trained enumerators, 

constant refresher on measurement accuracy, a precise data cleaning and management. Besides 

these general shortcomings of dietary assessments and anthropometric measurements, we are 

aware that a 30-day food consumption recall at household level has its limitations in terms of 

explanatory power for the individual (Deaton and Zaidi, 2002). This relatively long recall period 

was chosen as some of the more durable food items are only purchased once a month. However, a 

higher precision of dietary assessment at individual level could be obtained by combining 

different assessment methods like several non-consecutive 24-hour dietary recalls or methods on 

bio-maker levels (Shim et al., 2014). Fifth, all our essays were based on the same three towns 

which are typical for medium-sized urban municipalities in Central Kenya. In comparing the 

survey characteristics of our study to national statistics we observe that there are similarities 

especially for the Central Region. However, the amount of towns included in our study is small 

and our sample is not representative for the country as a whole, which mitigates the external 

validity of our estimations. 

Besides given examples here, one should not forget that dietary choices, nutrition and health are 

highly interlinked and influenced by many different internal and external factors. Supermarket 

shopping and maternal nutritional knowledge are only two components in a large set of a 

comprehensive connection. Of course other factors, like overall health behavior, physical activity, 

education, media and policy regulations need to be discussed and considered as well in order to 

fight malnutrition in all its forms.  
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Figure A.1. Map of Ol Kalou in Nyandarua County. Created with QGIS (2015) based on data 

provided by OpenStreetMap Contributors (2015) and Bing Aerial (2015). 
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Figure A.2. Map of Njabini in Nyandarua County. Created with QGIS (2015) based on data 

provided by OpenStreetMap Contributors (2015) and Bing Aerial (2015). 
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Figure A.3. Map of Mwea in Kirinyaga County. Created with QGIS (2015) based on data provided by OpenStreetMap Contributors 

(2015) and Bing Aerial (2015). 
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Declaration of Consent 

 

1. I confirm that I have received information about the study and I understood the purpose of the 

study and procedure of measurements that will be taken in the survey : “Supermarket purchase, 

the nutrition transition, and the burden of non-communicable diseases: an analytical 

observation in urban Kenya”. 

2. I had enough opportunity to ask questions about the study and all my questions have been 

answered. 

3. I agree that my body size, blood pressure, and blood sugar will be measured and that all my 

personal data will be coded with a number and not displayed with my name. I agree that my 

results are stored and publicized in the same manner, according to the Lower Saxony and federal 

data privacy act. 

I feel completely informed and agree to the participation in the study “Supermarket purchase, the 

nutrition transition, and the burden of non-communicable diseases: an analytical observation in urban 

Kenya”. 

TOWN:……………………………………………………………………………………………..DATE:…………………/…………………/2015 

 

Name of the participant   Signature of participant /caregiver    code 

 

 

Name of the participant   Signature of participant /caregiver    code 

 

 

Name of the participant   Signature of participant /caregiver    code 

 

 

Name of the participant   Signature of participant /caregiver    code 

 

 

 

Name of responsible interviewer Signature       code 
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