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Summary

Good and improved nutrition is an essential driver of human development, a platform for
progress in health and equality. But in spite of notable improvements in achieving global
nutrition goals, the malnutrition and food security situation has worsened, especially in Sub-
Saharan Africa. Underweight, micronutrient deficiencies and overweight/obesity are contributing
factors to the multiple burdens of malnutrition globally. Worldwide, more than 800 million
people remain undernourished and 2 billion people suffer from micronutrient deficiencies,
caused by imbalanced diets. Stunted growth affects one out of four children, and 52 million
children under the age of five are affected by acute malnutrition. At the same time, the global
nutrition landscape recognizes a significant upward trend in the prevalence of overweight and

obesity of adults, and children.

Especially, low- and middle-income countries experience high rates of underweight,
micronutrient deficiencies and overweight or obesity. Malnutrition affects one in three people
directly and many even suffer from several deficiencies simultaneously. Kenya in particular,
reports a substantial increase in overweight and obesity rates, while levels of undernutrition
remain high. Moreover, intra-household inequality of malnutrition describes a situation where
family members face different nutritional deficiencies within the same household.

The identification of poor diets is especially important, as poor diets are one contributor to the
global burden of malnutrition and an indicator of food insecurity. Therefore, it is important and
necessary to keenly assess how nutrition is measured. Against this background, this dissertation
presents two essays dealing with nutrition measurements. In the first essay, we investigate the
association of results from different nutritional assessment tools for the same households and
individuals. In the second essay, we identify different ways to define the double burden of

malnutrition at household and individual level in rural Kenya.

To measure nutrition, a wide set of assessment methods and indicators exist. Various tools
measure and describe malnutrition and food insecurity, ranging from various food production
and consumption based indicators up to anthropometric measurements and individual health
outcomes. Each of the tools has a somewhat different focus and interpretation, but with the
common aim to measure how well people are nourished. A positive correlation between the
different indicators would be expected, but is that really true? Empirical evidence is limited, as

many existing studies eventually rely on one approach, or a small set of indicators to display
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food and nutrition security and malnutrition. Therefore, relatively little is known about how
closely results match when different assessment tools are used in the same context.

The first essay of this dissertation directly addressed this question by comparing results from
different assessment tools for the same households and individuals. The applied assessment tools
build on seven-day food consumption and 24-hour dietary recalls at household and individual
level. Individual height and weight measures were also taken. Different indicators of food access
(energy consumption, household dietary diversity scores), dietary quality (individual dietary
diversity scores, micronutrient intakes), and nutrition (anthropometric indicators) were calculated
and correlated to evaluate their associations with data collected from 809 households and 1,556
individuals living in these households (female and male adults, and children aged 6-59 months).
We found out that all measures of food access and dietary quality are positively correlated at the
individual level. Household level and individual level dietary indicators are also positively
correlated. However, correlations between the dietary indicators and the anthropometric
measures are very small and mostly statistically insignificant. We conclude that dietary
indicators from seven-day food consumption recall at the household level can be used as proxies

for individual dietary quality of children, male and female adults.

The second essay deals with issues of nutritional inequality. Malnutrition is mostly assessed
and calculated with anthropometric measurements. Through certain cut-off points and
categorization schemes underweight, stunting, wasting, overweight and obesity are classified.
Multiple forms of malnutrition coexist in various forms. The occurrence of undernutrition along
with overweight in the same setting is often referred to as the double burden of malnutrition.
Undernutrition, within the double burden of malnutrition definition, can be described as
underweight, stunting, wasting or micronutrient deficiency. The phenomenon can occur at
different levels; population level, household level and individual level. Coexistence of
underweight, micronutrient deficiency along with overweight/obesity increases steadily in its
prevalence, particularly in low- and middle-income countries. Indicators to define undernutrition
within the double burden of malnutrition definition differ within articles, which make

comparison difficult.
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In the second essay, we analyze the double burden of malnutrition within households and
individuals (male and female adults, and children <5 years) in rural Kenya. We identify and
apply seven different double burden definitions to cross-sectional data. The first two double
burden definitions show the coexistence of overweight/obesity and micronutrient deficiency of
adults and children. Definitions three to seven are defined as an overweight/obese adult and an
underweight, stunted, wasted or micronutrient deficient child. A total of 874 adults, 184 children,
and 173 households were used in the calculations. We found out that micronutrient deficiency
and overweight/obesity simultaneously occur in 19% of the adults and 10% of the children.
Double burden at household level is also observed for all applied definitions. However, the
magnitude of the double burden problem depends much on the particular definition used, so

comparisons across different surveys and definitions have to be done with caution.
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General introduction

1 General introduction

1.1 Background

“A better nourished world is a better world” (Development Initiatives, 2017, p. 9). Good and
improved nutrition is an essential driver of human development, a platform for progress in health
and equality, a help to break the cycle of poverty, as well as a foundation for peaceful, secure
and stable societies. But in spite of notable improvements in achieving global food and nutrition
security, “the world still faces a grave nutrition situation” (Development Initiatives, 2017, p. 9).
Food security and hunger situations worsened in many parts of the world, and malnutrition and
poor diets are by far the biggest threat to the global burden of diseases (Development Initiatives,
2017; FAO et al., 2017; IFPRI, 2016, 2015).

Malnutrition manifests itself in many different ways. Underweight, micronutrient deficiency
and overweight/obesity are contributing factors to the multiple burdens of malnutrition, which
affects one out of three people directly and many even suffer from several deficiencies
simultaneously (FAO et al.,, 2017; IFPRI, 2017). More than 800 million people remain
undernourished, and one out of four children under the age of five years is too short for their age,
with increasing numbers especially in Africa (FAO et al., 2017; IFPRI, 2017). Worldwide, 2
billion people suffer from imbalanced diets and are affected by micronutrient deficiency
(Development Initiatives, 2017). At the same time, the world faces an escalating problem of
overweight and obesity, where an immense upward trend of the prevalence of adults and children
has been recognized (Development Initiatives, 2017; FAO et al., 2017; IFPRI, 2017).

Many low- and middle-income countries face multiple burdens of malnutrition, meaning that
they are simultaneously experiencing high rates of undernutrition, micronutrient malnutrition,
overweight/obesity and nutrition-related non-communicable diseases (NCDs). In Kenya, for
example, levels of undernutrition remained high over the last decades, while overweight and
obesity rates increased steadily (KNBS, 2015; Masibo and Makoka, 2012). Not only countries
face multiple burdens, also households and individuals are affected by the inequality of
malnutrition. Causes of malnutrition are complex and multidimensional. One leading factor in
the occurrence of multiple burdens has been the nutrition transition phenomenon, which is
characterized by changes in diet and lifestyle patterns. Countries face a shift from traditional
diets towards more energy-dense and ready-to-eat food items, combined with more sedentary
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General introduction

occupations that lead to physical inactivity. The identification of poor diets is especially
important, as poor diets are one contributor to the global burden of diseases and linked to
abnormal nutritional status. Simultaneous to nutrition transition, demographic and
epidemiological transitions contribute to inequality of malnutrition and affect intra-household
and intra-individual problems (Drewnoski, 2017; FAO et al., 2017; Popkin et al., 2012; WHO,
2017). Therefore, good nutrition is not only important to achieve the full potential of individual
human beings, but also a signal of the realization of people’s right to food and health, and
therefore narrowing the inequality in our world (Development Initiatives, 2017; FAO et al.,
2015; IFPRI, 2015; WHO, 2017).

Those examples illustrate the complexity of fighting hunger and to combat malnutrition. To
reduce inequality and achieve high quality nutrition for all, nutrition needs to be measured.
Moreover, causes of the nutritional situation and its inequality need to be identified in order to
define the starting points for substantial improvements. The worldwide nutritional situation
depicts the necessity and importance of keenly assessing how to measure nutrition.
Measurements of nutrition are important to reveal and monitor food security, hunger and
malnutrition. However, many different kinds of nutrition measurements are performed and the
question remains how results of various indicators compare? Do different indicators lead to the
same conclusion and can they be used as a proxy for missing links?

Multiple indicators to measure and describe nutrition exist, varying from food production and
consumption based indicators up to anthropometric measurements and individual health
outcomes. Food consumption is often measured to reveal food availability, access and
affordability to display food security, which is a concept mostly used at the household level. At
the same time, food consumption can also be estimated at the individual level, to provide
information about nutrition security. Assessments at individual level depict dietary quality and
can reveal insufficient intake of essential macro- and micronutrients. Thus, measuring adequate
diets, micronutrient deficiencies, food and nutrition security is very important, as a low quality
diet is a contributing factor and underlying cause of different forms of malnutrition
(Development Initiatives, 2017; Drewnoski, 2017; Dwyer and Drewnoski, 2017). The various
concepts of food and nutrition security use many different, but somewhat similar tools to assess

and measure undernourishment. Differences mostly depend on the scope of the research.
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General introduction

Imbalanced intake of inadequate or excessive energy leads to malnutrition in form of wasting,
stunting, underweight, as well as overweight and obesity. Those indicators are commonly used to
describe the nutritional situation of an individual and are another way to measure nutrition.
Growth assessments are done via the use of anthropometric measures. More precisely,
anthropometric indicators are used to depict the nutritional status of individuals. Nutritional
status of adults is indicated by the body mass index (BMI), which is defined as the weight in
kilograms divided by the square height of a person (kg/m2). The BMI indicator was developed to
indicate the risk of diseases and differentiates between underweight, overweight and obesity of
adults (WHO, 2018a, 2006). Growth assessments of children evaluate the nutritional status of
children and provide an indirect measure of the quality of life. Child growth information is an
important, recognized indicator of public health. Weight, height and age measures are used to
calculate different growth indicators of children and adolescents. Low height-for-age describes a
condition of chronic absence of adequate food and results in growth retardation, which is often
called stunted growth. Low weight-for-height indicates wasting in children, resulting from acute
starvation or severe disease. Overweight of children is on the other hand described as high
weight-for-height and body mass index-for-age. Low weight-for-age and body mass index-for
age are also used to describe underweight problems (de Onis and Bldssner, 2003; WHO, 2018b;
WHO Multicentre Growth Reference Study Group, 2006; WHO and UNICEF, 2009).

Anthropometric indicators and dietary assessments represent two widely used methods to
measure nutrition. Other measurements do exist, but the two named concepts are the ones most
commonly used in developing countries to display inequality of malnutrition. However, within
those concepts various indicators exist, which makes monitoring of the nutritional situation
difficult. It is important to understand each indicator itself plus its relationship to the other
indicators, in order to monitor progress towards the achievement of the global nutrition targets to
eradicate malnutrition, hunger and food insecurity (Carletto et al., 2013; Development Initiatives,
2017).

1.2 Problem statement

Food consumption assessments and anthropometric indicators are commonly used methods to

measure nutrition, but they differ in the way they are applied and interpreted.

Several papers and international reports deal with the assessment of food consumption data to

monitor the well-being of any human population. Household food consumption data is widely

Page | 15



General introduction

collected by various disciplines and therefore interpreted in different ways. For example, food
security analysts are interested in the availability of food, economists focus on the amount of
money spent on food and nutritionist are interested in the actual quantities of consumption of
food (Zezza et al., 2017). Quantities of different consumed food items can be converted into
energy and particular nutrient intakes and set in relation to recommended levels to derive
adequacy ratios (FAO, 2004). Yet, nutrition is an important individual outcome, especially to
monitor intra-household inequality, and therefore often measured at the individual level. As
alternative approaches to food consumption and dietary assessments, measures of food variety
and dietary diversity can be calculated at household and individual level. These alternative
measures can be applied if only frequencies of consumed food items are known, rather than
exact quantities (Carletto et al., 2013; Habte and Krawinkel, 2016). Both diversity measures are
used to display the variety of different food items consumed, and are classified by the number of
different foods or food groups consumed. The interpretation varies much between applied food
groups and those for whom it was collected (Ruel et al., 2013). Not only can food security and
dietary quality be assessed at different levels - household and individual - food consumption data
can also be collected with different tools. Most commonly, food recall methods are used with
variations in the recall period (de Haen et al., 2011). Seven-day or 30-day food consumption
recalls (FCR) and 24-hour dietary recalls (DR) are typical tools (Coates et al., 2017; Zezza et al.,
2017).

Various indicators to describe food and nutrition insecurity exist, ranging from various food
production to the consumption based indicators. Each of them has a somewhat different focus
and interpretation, but with the common aim to measure how well people are nourished. Positive
correlations between the different indicators would be expected, however empirical evidence is
limited, as many existing studies only use one indicator, or a small set of indicators to display
food and nutrition security and malnutrition. Therefore, little is known about how closely results

match.

Multiple forms of malnutrition exist, displaying the complexity and inequality of malnutrition
that regions, nations and the world is facing. Especially, low- and middle-income countries
experience high rates of underweight, micronutrient deficiencies and overweight or obesity.
Moreover, intra-household inequality of malnutrition describes a situation where family
members face different nutritional deficiencies within the same household. The occurrence of

undernutrition along with overweight is often referred to as the double burden of malnutrition
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(DB) (WHO, 2018c, 2017). The manifestation of DB can occur at three different levels. It is
observed at population level with undernutrition and overweight and obesity within the same
community, region or nation. At household level, DB refers to the coexistence of an
overweight/obese member and an undernourished member. Moreover, DB at individual level
describes the occurrence of simultaneous developments of two or more types of malnutrition,
overweight/obesity along with nutritional deficiencies. Undernutrition is described in the DB
literature in two different ways, either as underweight or micronutrient deficiency (WHO, 2018c,
2017).

Various combinations of DB have been studied. Empirical evidence of the existence of DB as
the coexistence of an underweight and overweight member was shown for different countries
and households in Brazil, China, the Kyrgyz Republic, Russia, Vietnam, the United States, and
Indonesia (Doak et al., 2005; Hanandita and Tampubolon, 2015; Roemling and Qaim, 2013).
Special interest of research was shown to the existence of DB for mothers and child pairs, which
has been identified in Malaysia, Indonesia, urban Kenya and within three multi-country surveys
using Demographic and Health (DHS) and World Health Organization data (Dieffenbach and
Stein, 2012; Garrett and Ruel, 2005; lhab et al., 2013; Jehn and Brewis, 2009; Kimani-Murage et
al., 2015; Saibul et al., 2009; Wibowo et al., 2015; Wojcicki, 2014). Literature that uses
micronutrient deficiency as an indicator for undernutrition, is relatively rare and mostly of
interest within children, adolescence and women of reproductive age (Freire et al., 2014; Jones et
al., 2016; Laillou et al., 2014). Moreover, micronutrient deficiency and overweight can also
occur within one household. Evidence of this particular DB definition was only shown by Freire
et al. (2014) in Latin America.

In spite of this evidence, the measures applied to display the different components of DB,
differ between studies. Classification of underweight and overweight/obesity of adults is
straightforward and uniform in using the BMI and categorization proposed by WHO (WHO,
2018a, 2006). The classification of undernutrition of children on the other hand differs in the use
of different Z-score indicators. Indicators used are weight-for-age Z-scores (WAZ) (lhab et al.,
2013; Saibul et al., 2009), height-for-age Z-scores (HAZ) (Dieffenbach and Stein, 2012; Garrett
and Ruel, 2005; Kimani-Murage et al., 2015), BMI-for-age Z-score (BAZ) (Roemling and Qaim,
2013), adult BMI classification (Doak et al., 2005) or combinations of WAZ and HAZ or
WAZ/HAZ and weight-for-height Z-score (WHZ) (Jehn and Brewis, 2009; Wibowo et al.,
2015).
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General introduction

This dissertation includes two essays, which deal with the assessments of nutrition. The first
essay directly addresses the question if household level and individual level indicators of food
access, dietary quality and nutrition relate. The second essay analyzes different definitions of DB
at household and individual level. Both essays build on cross-section data collection in rural
Kenya in 2015 and 2016.

1.3 Research objectives and approach

This dissertation is composed of two essays, which focus on measuring nutrition within the
scope of the aforementioned problem statements. Data used for both papers were collected
through a comprehensive household survey in rural Kenya.

Specifically, the first essay analyzes the relationship between different nutrition assessment
tools and contributes to the literature by comparing a larger set of nutritional indicators at
household and individual levels. A 7d FCR and 24h DR were administered at household and
individual level, respectively. Individual height and weight measures were taken from male and
female adults and children aged 6-59 months. Different indicators of food access (energy
consumption, household dietary diversity scores), dietary quality (individual dietary diversity
scores, micronutrient intakes), and nutritionals status (anthropometric indicators) were calculated

and correlated to evaluate their associations.

The objective of the second essay is to identify the nature of the DB with different measures
of undernutrition and at different levels. First, the prevalence of DB was assessed at individual
level, in male and female adults, and children <5 years, using micronutrient deficiency as
indicators of undernutrition. Second, we identified DB at household level, using different
measures of undernutrition (underweight, stunting, wasting and micronutrient deficiency). Since
differentiated measures of undernutrition for the assessment of DB are scarce and never were
combined in one study, we provide novel insights. A further novelty of this study is the analysis

of DB in rural areas, which was only analyzed in urban areas so far.

Page | 18



General introduction

1.3.1 Data

Data used in both essays were collected through a comprehensive household-survey, which was
embedded in the large interdisciplinary project ‘Agriculture and Dietary Diversity in Africa’, in
short called ADDA. The project consisted of a team of researchers (including the author) from
the University of Goettingen and University of Nairobi, who were responsible for the project
design and data collection. The partner Africa Harvest Biotech Foundation International (Africa

Harvest) facilitated the access to the region and the farmer groups.

Figure 1.1 shows a map of Kenya with the two purposively selected counties, namely Kisii
and Nyamira County, in the Nyanza region, which is located in West Kenya. Households in this
region are involved in subsistence-oriented farming activities and face relatively high
malnutrition rates (KNBS, 2015; Masibo and Makoka, 2012; Mbuvi et al., 2013). According to
official statistics, 23% of children below the age of five are stunted and 7% were wasted in the
Nyanza region. At the same time, 4% of children <5 years are obese (weight-for-height Z-score
>+2 SD), and almost 30% of females aged 15-49 years are classified as overweight and obese in
the region (KNBS, 2015).

Selection of households for the survey builds on a two-stage random sampling strategy. First,
48 farmer groups were randomly sampled proportional to the total number of groups existing per
county (32 Kisii and 16 Nyamira). Second, around 20 households from each group were
randomly sampled based on existing and updated membership lists. The household survey was
implemented in two rounds. The first survey was carried out between October and December
2015, the second round exactly twelve months later, in 2016. In total, 835 households were
surveyed in 2015 using structured, face-to-face interviews (see General appendix: household
questionnaire 2015/2016). In 2016, 764 households were revisited. Additional to the household
level information, three individuals in the sampled households were targeted. A male adult, a
female adult and a child aged 6-59 months were targeted to obtain individual food intake data,
nutrition knowledge data and anthropometric measurements. Further details on the study design

and the methodological approach can be found in the Chapter 2.2.2 and Chapter 3.2.1.
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Figure 1.1 Map of Kenya with the study sites Kisii and Nyamira County.

The outline of this dissertation is structured as follows: Chapter 2 presents the first paper,
comparing nutritional indicators at household and individual level. In Chapter 3, the second
paper is presented. It identifies and analyses the nature of double burden. Chapter 4 draws

broader conclusions, followed by the References and the General appendix.
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2 How well do different nutrition assessment tools match?

Insights from rural Kenya*

Abstract

Various indicators and assessment tools exist to measure nutrition. Most studies eventually rely
on one approach. Relatively little is known about how closely results match when different
assessment tools are used in the same context. This study contributes to the literature by
comparing results from different assessment tools for the same households and individuals. A
cross-section survey of households and individuals was carried out in rural farm households in
two counties in Western Kenya in 2015. Seven-day food consumption and 24-hour dietary
recalls were administered at household and individual level, respectively. Individual height and
weight measures were taken. Different indicators of food access (energy consumption, household
dietary diversity scores), dietary quality (individual dietary diversity scores, micronutrient
intakes), and nutrition (anthropometric indicators) were calculated and correlated to evaluate
their associations. Data were collected from 809 households and 1,556 individuals living in these
households (782 female adults, 479 male adults, 295 children aged 6-59 months). All measures
of food access and dietary quality are positively correlated at individual level. Household level
and individual level dietary indicators are also positively correlated. However, correlations
between the dietary indicators and the anthropometric measures are very small and mostly
statistically insignificant. Dietary indicators from 7-day food consumption recalls at the
household level can be used as proxies of individual dietary quality of children and male and
female adults. Individual dietary diversity scores are good proxies of micronutrient intakes.
However, neither household level nor individual level dietary indicators are good proxies of

individual nutrition status in this setting.

Keywords: Dietary diversity, dietary quality, nutritional assessment, household data, individual
data

1 This chapter is co-authored by Theda Gdédecke, Antony Aseta, and Matin Qaim. The authors
contributions are as follows: All authors contributed to the design of the research. I (AF) collected the
data, analysed the data and wrote the manuscript. All authors commented and approved the final version
of the paper.
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Chapter 2: How well do different nutrition assessment tools match?

2.1 Introduction

In spite of notable improvements in achieving global food security, more than 800 million people
remain undernourished (FAO et al., 2017). One out of three individuals worldwide is affected by
at least one form of nutritional deficiency; many suffer from several deficiencies simultaneously.
Micronutrient malnutrition remains one of the largest nutritional problems worldwide (Steyn et
al., 2006). Multiple indicators to measure and describe malnutrition and food insecurity exist,
ranging from various food production and consumption based indicators up to anthropometric
measurements and individual health outcomes (Carletto et al., 2013; Chavez Zander, 2014; FAO
and FHI 360, 2016; Habte and Krawinkel, 2016; Hoddinott and Yohannes, 2002; Kant, 1996;
Keding et al., 2012; Kennedy et al., 2010; Nelson et al., 2004; Ruel, 2003; Ruel et al., 2013;
Swindale and Bilinsky, 2006; WHO et al., 2008, 2010; WHO, 2018b; WHO Multicentre Growth
Reference Study Group, 2006; WHO and UNICEF, 2009). Each of the indicators has a
somewhat different focus and interpretation, but eventually all of them are used to measure how
well people are nourished. Hence, a positive correlation between the different indicators would
be expected. But is this really true? Answering this question would be important in order to
understand whether certain indicators can be used as proxies for others for which data may not
easily be available in certain situations. For instance, can household level food consumption
indicators be used as proxies for individual level dietary quality or nutrition status? Empirical
evidence to answer such questions is limited. Many existing studies only use one indicator, or a
small set of indicators, without comparing them to many others. Comparisons between
household level and individual level indicators are particularly rare. We contribute to the
literature on the measurements of diets and nutrition by comparing a larger set of indicators for

the same study population.

The best measures of nutritional status are anthropometric indicators based on individual
weight and height data (Nelson et al., 2004). Common anthropometric indicators that are used to
measure nutritional status are the body mass index (BMI) for adults, or height-for-age and
weight-for-age Z-scores for children (WHO, 2018b; WHO Multicentre Growth Reference Study
Group, 2006; WHO and UNICEF, 2009). However, these anthropometric indicators are not
necessarily good proxies of food security and dietary quality, as factors other than food intake

can also influence body height and weight.
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Food security and dietary quality are better measured through food consumption data that can
be collected at household or individual level. If data on the quantity of different food items
consumed are available, it is possible to calculate the intake of energy and particular nutrients
and set these amounts in relation to recommended levels to derive adequacy ratios (FAO, 2004).
Alternatively, measures of food variety or of dietary diversity can be calculated, which is
possible also when the frequency but not the quantity of food items consumed is known (Carletto
et al., 2013; Habte and Krawinkel, 2016). The food variety score (FVS) is a simple count of the
number of food items consumed over a certain period of time and thus measures the variety of
dietary intake (Chavez Zander, 2014; Keding et al., 2012; Ruel, 2003). Dietary diversity (DD)
scores count the number of food groups (FG) consumed (Kant, 1996; Ruel, 2003; Ruel et al.,
2013). Different DD scores with variations in the FG classifications exist (Ruel et al., 2013).
Household level DD scores are considered good and simple indicators of access to food and food
security (FAO and FHI 360, 2016; Kennedy et al., 2010; Swindale and Bilinsky, 2006).
Depending on the FG classification, individual level DD scores are better indicators of dietary
quality (FAO and FHI 360, 2016). Specific DD scores were developed for women and children,
as these are often the most vulnerable population groups (FAO and FHI 360, 2016; WHO et al.,
2010, 2008).

Food consumption data can be collected with different methods. Most commonly, food recall
methods are used, with variations in the recall period (de Haen et al., 2011). Seven-day or 30-day
food consumption recalls (FCR) and 24-hour dietary recalls (DR) are typical tools (Coates et al.,
2017; Zezza et al., 2017). At the household level, 7d FCR is frequently used to calculate
measures of energy and nutrient consumption. However, such consumption indicators do not
measure actual food intake, as issues of food waste, intra-household distribution, and food away
from home are not considered (de Haen et al., 2011; Koppmair et al., 2017). Actual food intake
is better captured through 24h DR at the individual level, which can also take into account food

preparation methods and food consumed away from home.

Several studies have analyzed the relationships of different indicators either at household or at
individual level. For instance, Hoddinott and Yohannes (2002) examined the relationship
between the household dietary diversity score (HDDS) and the household availability of food
energy (Hoddinott and Yohannes, 2002). Kennedy et al. (2010) found positive associations
between the HDDS and household food consumption scores (Kennedy et al., 2010). At the

individual level, positive associations were shown between DD scores and micronutrient
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adequacy ratios, and between DD scores and anthropometric measures of women and children
(Cisse-Egbuonye et al., 2017; Headey and Ecker, 2013; Ruel et al., 2013). For adult males, the
available evidence is scarce. Also, very few studies have compared household level with
individual level diet or nutrition indicators. Recent research confirmed positive associations
between household level and individual level DD scores in Malawi and Niger (Cisse-Egbuonye
et al., 2017; Koppmair et al., 2017). Hatlgy et al. (1998) found significant associations between
child nutritional status and household level food item counts in an urban area in Mali (Hatlgy et
al., 1998). Bihler et al. (2017) reported mixed results when comparing child nutritional status

and household level food insecurity measures in Cambodia and Laos (Btihler et al., 2017).

We contribute to this literature by comparing a larger set of nutritional indicators at household
and individual levels. We use data from rural areas of Western Kenya, where subsistence
farming is widespread and rates of malnutrition are relatively high (KNBS, 2015; Mbuvi et al.,
2013). At the household level, we carried out a 7d FCR to calculate FVS, DD scores, and
household level energy and micronutrient consumption levels. At the individual level, we carried
out 24h DR to calculate similar dietary indicators for male and female adults and children. We

also collected anthropometric data to measure individual nutritional status.
2.2 Materials and methods

2.2.1 Study area

This study builds on comprehensive data from smallholder farm households in the Western part
of Kenya. Specifically, the survey was conducted in the counties of Kisii and Nyamira, where
most households are involved in subsistence-oriented farming (Mbuvi et al., 2013). Child
undernutrition in this part of Kenya is relatively widespread. According to official statistics, 26%
of the children below the age of five were stunted in 2015 (KNBS, 2015). At the same time,
almost 30% of the female adults were classified as overweight or obese (KNBS, 2015).

2.2.2 Data collection

We carried out an interview-based household survey in Kisii and Nyamira between October and
December 2015. Households to participate in this study were randomly selected in a two-stage
procedure. As many of the rural households are organized in farmer groups, we first randomly
selected 48 farmer groups (32 groups in Kisii and 16 in Nyamira). Then, in each of the groups,
we randomly selected 15-20 households depending on group size. In total, 824 households (557
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in Kisii and 267 in Nyamira) were sampled. The interviews were carried out in the local
language by a team of interviewers specifically recruited and trained for this study. The
interviewers were supervised by the researchers. Households were informed about the date and

time of the interview several days in advance.

To capture food consumption at the household level, a 7d FCR was conducted with the person
in the household responsible for food preparation. For this recall we used a list of 130 food items
commonly consumed in this region. For each food item consumed by the household during the
past 7 days, the quantity, source (own production, purchased, gift), and unit price were captured.

Of the 824 households, we have complete consumption data for 809 households.

In addition, we collected individual level food intake and anthropometric data of persons
living in the sampled households. In each household, we intended to target the household head,
the spouse, and one child aged 6-59 months. However, in many households we were unable to
obtain data from three individuals, either because a spouse and/or children did not exist or were
not living in the same household. In some cases, individuals were absent during the scheduled
time of the interview, even in a second attempt. In cases where more than one child aged 6-59
months was living in the household, the child included in the study was chosen randomly. In
total, we obtained data from 1,261 adults (782 females and 479 males) and 295 children (147
girls and 148 boys).

Individual level food intake data were collected through a 24h DR. For adults, this recall was
carried out twice during two separate meetings. The second recall was taken on a different and
non-consecutive day to capture day-to-day variation of food consumption (Savy et al., 2007).
During both recalls, participants were asked whether this was a normal or an exceptional day
(e.g., celebration or sickness). Recalls of exceptional days were excluded from the analysis
(Bingham, 1991; Nelson et al., 2004; Patterson and Pietinen, 2004). To facilitate reporting of all
meals and snacks consumed during the recall day, the interviewers provided time frames, from
waking up until going to bed. The anthropometric measures were taken during the second
meeting and were obtained from 1,046 adults. For children, we only conducted one 24h DR,
which was answered by the mother or caretaker. Anthropometric measures were taken from 238

children.
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One limitation of both food recall methods, the 7d FCR and the 24h DR, in our cross-section
survey is that they do not capture seasonal variation in food consumption (de Haen et al., 2011).
However, Kisii and Nyamira receive plenty of rainfall, and agricultural production takes place all
year around. Hence, seasonal variation in food consumption may be lower than in many other

parts of Africa.
2.2.3 Indicators of diets and nutrition

We use different indicators to measure diets and nutrition at household and individual level.

Table 2.1 shows a summary of all indicators used. Additional explanations are provided below.

Nutritional status

Anthropometric data are used to depict the nutritional status of adults and children. Weight and
height were measured for all individuals, following recommended techniques (Cogill B, 2003).
Lying height was measured for all children under the age of two years using the Seca 417 Height
Measuring Board. For adults, BMI was calculated; for the classification of nutritional status,
WHO standards were applied (WHO, 2006). For children, Z-scores for weight-for-age (WAZ),
weight-for-height (WHZ) and height-for-age (HAZ) were calculated according to the 2006 WHO
standards (WHO Multicentre Growth Reference Study Group, 2006). For both, adults and
children, individuals with implausibly high or low values due to measurement errors were
excluded (Mei and Grummer-Strawn, 2007; WHO Multicentre Growth Reference Study Group,
2006).
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Table 2.1 Summary of indicators used to describe diets and nutrition at household and individual level

Nutritional

Type of Unit of

outcome Indicator ~ Target group n data measurement Cut-off points Assessment of
Adults (both sexes) 1044 BMI (kg/m2) WHO (2006)
Nutritional ~ Anthropo- Weight WHO Multicentre  Nutritional status
Status metrics . ) Height Growth Reference
Children (6-59 m) 215 Z-scores Study Group (2006)
Whole household 809 7dFCR No Economic access to food, measure of FS
DDS? Adults (both sexes) 1026 1-12 FG
Children (6-59 m) 271 2N DR No
i Probability of micronutrient adequacy,
Dietary MDD-W " Women (15-43 y) 438 24h DR 1-10 FG 5 or more FG measure of dietary quality
diversity Adults (both sexes) 1026
MDD ® Children (6-59 m) 271 24h DR 1-7FG 4 or more of 7 FG Measure of dietary quality
Whole household 809 7dFCR
FVS Adults (both sexes) 1026 24hDR Food item count  No Variety of dietary intake
Children (6-59 m) 271
Dietary Nutritional dehlﬁﬁ ?S;tshe:;))l(is) 2837 7dFCR - Nutrients in AE FAO (2004) Dietary quality, measures of FS,
quality intake Children (6-59 m) o5E 24h DR Nutrients IOM (2006) measures of micronutrient adequacy

n, sample size; BMI, body mass index; DDS, dietary diversity score; FCR, food consumption recall; h, hour; DR, dietary recall; FG, food group; FS, food
security; MDD-W, minimum dietary diversity for women; MDD, minimum dietary diversity; FVS, food variety score; AE, adult equivalent
*FG classification according to Kennedy et al. (2010); ® FG classification according to FAO and FHI 360 (2016); ¢ FG classification according to WHO et al.

(2010, 2008).
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Dietary diversity
Three different measures of dietary diversity were calculated. First, we use the HDDS with 12
FG to measure dietary diversity at the household level (Kennedy et al., 2010; Swindale and
Bilinsky, 2006, 2005). For comparison, we use the same 12 food groups also to calculate a
dietary diversity score (DDS) at the individual level for all adults and children. Second, we
calculate the minimum dietary diversity for women (MDD-W) with 10 FG (FAO and FHI 360,
2016). The MDD-W is primarily recommended for women of reproductive age (15-49 years).
We calculate the MDD-W for these women in our sample (n=438), but additionally also use the
same measure for the entire sample of female and male adults (n=1026). Third, for the child
sample we calculated the minimum dietary (MDD) score with 7 FG (WHO et al., 2010).
Whereas the MDD was primarily developed and validated for young children aged 6-23 months,
we use this score for all children in our sample aged 6-59 months (n=271). Table 2.2 shows the

classification of FG for the different dietary diversity scores.

In addition to the dietary diversity scores, we use the FVS, where each food item consumed is
counted (Chavez Zander, 2014; Keding et al., 2012; Ruel et al., 2013). The FVS is used at the
household level as well as for individual adults and children. Table A2.1 in the Online Appendix

shows the different food items consumed and the corresponding FG classifications.

Table 2.2 Food groups used to construct different dietary diversity scores

Households, adults and children ~ Women Children

DDS MDD-W MDD

No Food group No Food group No Food group

1  Cereals 1 Grain, white roots and 1 Grains, roots, and
tubers, and plantain tubers

2 White roots and tubers 2 Pluses (beans, peas, lentils) 2 Legumes and nuts

3 Vegetables 3 Nuts and seeds 3 Dairy products

4 Fruits 4 Dairy 4 Flesh foods

5 Meat 5 Meat, poultry, and fish 5 Eggs

6 Eggs 6 Eggs 6 VA rich FIV

7 Fish and seafood 7 Dark green vegetables 7 Other F/V

8  Legumes, nuts and seeds 8 Other VA-rich F/\V

9  Milk and milk products 9 Other vegetables

10 Oil and fats 10  Other fruits

11  Sweets
12 Condiments

DDS, dietary diversity scores; MDD-W, minimum dietary diversity for women; MDD, minimum dietary
diversity; VA, vitamin A; F/V, fruit and vegetables

Note: DDS classification according to Kennedy et al. (2010); MDD-W classification according to FAO
and FHI 360 (2016); MDD classification according to WHO et al. (2010, 2008).
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Nutritional intake
We calculated consumption and intake levels of food energy, macronutrients (protein, fat,
carbohydrates), and three micronutrients (vitamin A, zinc, iron) at the household level and at the
individual level for male and female adults and children. Deficiencies in vitamin A (VA), zinc,
and iron make up the largest share of the health problems caused by micronutrient malnutrition
in developing countries (FAO et al.,, 2017; Lim et al., 2012). Quantities of all food items
consumed were converted using the Tanzanian food composition table (Lukmanji et al., 2008),
which captures almost all of the food items consumed in Western Kenya. For a few missing food
items, other food composition tables were used (Hotz et al., 2012; Sehmi, 1993; Stadlmayr et al.,
2012; USDA, 2017). For some of the food items, consumed quantities were reported in non-
standard units. We carried out market surveys and weighted typical unit measures for being able
to make gram conversions. Food preparation methods were taken into account to the extent

possible.

At the household level, energy and nutrient consumption levels are expressed per adult
equivalent (AE), taking into account the demographic structure of each household. The AE
computations consider age, gender, and levels of physical activity of each household member
(FAO, 2004). We use common estimated average requirements (EAR) per AE of energy and
micronutrients to classify households as nutritionally deficient (Chege et al., 2015; Chiputwa and
Qaim, 2016). For energy, a household is classified as undernourished if the consumption is
below 10,042 kJ (2400 kcal) per AE and day (FAO, 2004). For the micronutrients, the AE
thresholds are 625 g of retinol equivalent for VA, 15.0 mg for zinc, and 18.3 mg for iron (WHO
and FAO, 2004). In total, 801 households are included in this household level energy and
nutrient consumption analysis, 8 households where excluded due to missing information on

consumed quantities of certain food items.

At the individual level, EAR thresholds for energy and micronutrients take into account the
age and gender of the individual adult or child, for energy individual weight is additionally
considered (IOM, 2006). In total, individual nutritional intake was calculated for 1007 adults and
255 children. Several individuals had to be excluded due to missing information for specific

intake parameters.
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Statistical analysis
The data were analysed with the software package Stata 13.1. We show descriptive statistics for
the different dietary and nutritional indicators at household and individual levels. To analyze the
association between the indicators, we compute correlation coefficients and use Pearson’s
correlation coefficient test for statistical significance (Hatlgy et al., 2000, 1998; Kennedy et al.,
2010; Kennedy et al., 2007; Rathnayake et al., 2012; Steyn et al., 2006; Torheim et al., 2004).
We are particularly interested in the associations between different types of dietary indicators
and the associations between dietary indicators and nutritional status at the individual level.
Furthermore, we are interested in the associations between dietary indicators at the household
level and similar dietary indicators at the individual level, as these results can help to judge

whether household level indicators can be used as valid proxies for individual diets and nutrition.
2.3 Results

Nutritional status

The average household in our sample has 5.26 (SD 2.04) household members, including adults
and children. Anthropometric indicators for the individual household members are shown in
Table A2 in the Online Appendix. The male and female adults included in the sample have a
mean age of 45 years (SD 13.12), a mean weight of 64.97 kg (SD 12.57), and a mean height of
163.13 cm (SD 7.79). The average adult BMI is 24.4 kg/m2 (SD 4.57). Forty percent of the
adults included in this study have a BMI above 25 kg/m?® and are therefore classified as
overweight. Overweight is significantly more widespread among women (46%) than among men
(28%). Only 6% of the adults are classified as underweight with a BMI smaller than 18.5 kg/mz2.

The children included in the sample have a mean age of 32 months (SD 14.58), a mean
weight of 12.92 kg (SD 3.15), and a mean height of 89.02 cm (12.46). Nineteen percent of the
children are stunted, 75% are underweight, and 1% are wasted. Only a very small percentage of
the children are classified as overweight.
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Dietary diversity
Descriptive statistics of the different dietary diversity and food variety indicators calculated at
household and individual levels are summarized in Table 2.3. The average household consumed
9.4 different FG during the 7d recall period. Cereals and vegetables were consumed by all
households. Within the group of cereals, the consumption of maize flour was reported most
frequently (98%), followed by white rice (75%). The least consumed FG was fish and seafood
(Figure 1).

At the individual level, both adults and children consumed around 6 FG during the 24h recall
period on average, when using the 12 FG classifications to calculate the DDS. The MDD-W and
MDD scores are lower, as one would expect given the different FG classifications. In the adult
sample, all individuals consumed cereal-based food items — mostly ugali (a thick porridge made
from maize flour). Eggs and seafood were only consumed by 5% of the sample. In the child
sample, almost all individuals consumed some form of staple foods (cereals, roots, or tubers),
94% consumed at least one type of vegetable (Figure 2.1). The most widely consumed vegetable

is tomato.

For the MDD-W and the MDD, critical levels were established as guidelines for healthy and
balanced nutrition (FAO and FHI 360, 2016; WHO et al., 2010, 2008). Women of reproductive
age should have MDD-W > 5 FG to guarantee an adequate intake of all required nutrients (FAO
and FHI 360, 2016). The mean MDD-W of women of reproductive age in our sample is 4.79
(Table 2.3). Thirty-four percent of the women remain below the critical level of 5 FG. For the
combined sample of male and female adults (n=1026), the picture is similar with a mean MDD-
W of 4.71 (SD 0.99). Children should have MMD > 4 for a healthy diet (WHO et al., 2010,
2008). Twenty-six percent of the children in our sample remain below this critical level. Also,
when we confine the sample to children aged 6-23 months (n=75), the picture remains similar
(mean 3.89; SD 1.06).
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Table 2.3 Descriptive statistics for dietary diversity measures

Indicator Household (n=809) Adult (n=1026) Child (n=271)
DDS (12 FG)
Mean 941 6.09 6.32
SD 1.44 1.06 1.29
Range 4-12 2-10 1-9
MDD-W (10 FG; n=438)
Mean 4.79
SD 0.99
Range 2-7
MDD (7 FG)
Mean 3.94
SD 0.95
Range 1-6
FVS
Mean 22.45 10.48 10.66
SD 6.20 2.05 2.69
Range 7-55 3-20 1-19

n, sample size; DDS, dietary diversity score; FG, food group; SD, standard deviation; MDD-W,
minimum dietary diversity for women; MDD, minimum dietary diversity for children; FVS, food
variety score
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Figure 2.1 Food group distribution in percentage terms (based on 12 food group
classification). [J adults, [l children, & household

Note: Sample size of adults (n=1026). Sample size of children (n=271). Sample size of households
(n=809).

(FG food groups; FG 1 cereals; FG 2 white roots & tubers; FG 3 vegetables; FG 4 fruits; FG 5 meat;
FG 6 eggs; FG 7 fish & seafood; FG 8 legumes, nuts & seeds; FG 9 milk & milk products; FG 10
oils & fats; FG 11 sweets; FG 12 spices, condiments & beverages)
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Nutritional intake
Table 2.4 reports the average consumption of energy and nutrients at the household level and for
individual household members. At the household level, 33% of the sample are classified as
undernourished in terms of food energy. At the individual level, the calculated rates of energy
undernourishment are significantly higher, 72% for adults and 53% for children. Also for
micronutrient consumption levels and deficiency rates, we observe notable differences between
the household level and the individual level estimates. While the household level data point to a
widespread iron deficiency, the individual level estimates suggest that zinc deficiency is much

more prevalent (Table 2.4).

Table 2.4 Dietary intake at household, adult, and child level

Mean SD Def. level *°
Household per AE (n=801)
Energy (kJ/d) 12739.29 6384.79
(kcal/d) (3283.77) (1526.00) 0.33
Iron (mg/d) 13.32 6.91 0.83
Zinc (mg/d) 25.21 13.12 0.18
VA (ug/d) 2094.29 2346.60 0.15
Adult (n=1007)
Energy (kJ/d) 9336.98 3942.51
(kcal/d) (2231.59) (942.28) 0.72
Protein (g/d) 55.02 25.79
Carbohydrate (g/d) 392.23 181.72
Fat (g/d) 63.00 42.10
Iron (mg/d) 15.83 6.84 0.06
Zinc (mg/d) 8.04 3.71 0.53
VA (ug/d) 1419.94 783.91 0.10
Child (n=255)
Energy (kJ/d) 7227.74 4109.66
(kcal/d) (1727.47) (982.09) 0.53
Protein (g/d) 38.23 26.80
Carbohydrate (g/d) 299.67 178.73
Fat (g/d) 51.14 38.74
Iron (mg/d) 10.43 8.42 0.11
Zinc (mg/d) 5.33 4.06 0.27
VA (ug/d) 890.29 590.15 0.06

AE, adult equivalent; n, sample size; SD, standard deviation, Def, deficiency; kJ,
kilojoule; d, day; VA, vitamin A

?Proportion of households below estimated average requirements according to
FAO (2004); " Proportion of individuals below estimated average requirements
according to IOM (2006)
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2.3.1 Association of indicators

Correlation coefficients between all the different indicators at household and individual levels
are shown in Tables A2.5 and A2.6 in the Online Appendix. The correlations of particular

interest are summarized in Tables 2.5-2.9 and are discussed in more detail in the following.

Table 2.5 reports the correlation coefficients between the different dietary indicators at the
household level. All of the correlations are positive and statistically significant. As expected,
DDS is strongly correlated with FVS. Somewhat more surprising is the fact that micronutrient
consumption is more strongly correlated with energy consumption than with either DDS or FVS.
The reason is that the energy indicator takes into account the quantity of food items consumed,
whereas DDS and FVS do not.

Table 2.5 Correlations between household dietary indicators

Household
Energy Intake
DDS FVS (kJ/d/AE)

Household
FVS (n=809) 0.7099*** 1
Energy intake (kJ/d/AE; n=801) 0.2723***  (0.3432*** 1
VA (ug/d/AE; n=801) 0.1100**  0.2137*** (0.4203***
Zinc (mg/d/AE; n=801) 0.1264***  (0.1793*** (.7851***
Iron (mg/d/AE; n=801) 0.2261***  (0.2907*** (0.7442***

DDS, dietary diversity score; FVS, food variety score; kJ, kilojoule; d, day; AE, adult
equivalent; n, sample size; VA, vitamin A
*p<0.1, **p<0.05, ***p<0.01

Correlation coefficients between the individual level dietary and nutrition indicators for adults
are reported in Table 2.6. All of the correlations for the different dietary indicators are positive
and statistically significant. The correlations between the different dietary diversity and food
variety scores are particularly strong, suggesting that the use of dietary indicators with different
FG classifications lead to similar conclusions. However, most of the correlations between the
dietary indicators and BMI are very small and not statistically significant. BMI is even
negatively associated with some of the dietary indicators. This is not necessarily surprising for
the micronutrients, as overweight and micronutrient malnutrition can occur simultaneously in the
same individual. However, BMI is also negatively correlated with energy consumption and

positively correlated with being undernourished, which is counterintuitive.
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Table 2.6 Correlations between different dietary and nutrition indicators for adults

Adult
DDS FVS MDD-W MDD-W Energy
(women) (both sex) (kJ/d)
Adult
FVS (n=1026) 0.7412%** 1
MDD-W (women, 0.6866***  0.7084*** 1
n=438)
MDD-W (both 0.7074***  0.7386***  1.0000*** 1
sexes; n=1026)
Energy (kJ/d; 0.2592***  (0.2886***  (0.2204***  0.2467*** 1
n=1007)
Undernourished (0/1; -0.1884***  -0.1826***  -0.1906***  -0.1855***  -0.7194***
n=828)
Protein (g/d; 0.3186***  0.3131***  0.3269***  0.3360***  0.8130***
n=1007)

Fat (g/d; n=1007) 0.3044***  (0,3256*** 0.3234*** 0.3273*** 0.6831***
Carbohydrate (g/d; 0.1579***  0.1910*** 0.1024** 0.1152*** 0.9014***
n=1007)

VA (ug/d; n=1007) 0.1285***  (0.1886*** 0.2133*** 0.2019*** 0.2372***
Zinc (mg/d; n=1007) 0.1818***  (0.1795*** 0.1926*** 0.2235*** 0.7370***
Iron (mg/d; n=1007) 0.1549* 0.1501*** 0.1878*** 0.1964*** 0.7540***
BMI (kg/m2); n=840) -0.0097 0.051 0.0225 0.0549 -0.0600*
DDS, dietary diversity score; FVS, food variety score; MDD-W, minimum dietary diversity for
women; kJ, kilojoule; d, day; BMI, body mass index; n, sample size; VA, vitamin A

*p<0.1, **p<0.05, ***p<0.01

Correlation coefficients between the individual level dietary and nutrition indicators for
children are reported in Table 2.7. As for the adult sample, all of the correlations for the different
dietary indicators are positive and statistically significant. MDD is correlated more strongly with
micronutrient intakes than DDS and is therefore a better proxy of child dietary quality. However,
as for the adult sample, we observe that most of the correlation coefficients between the child
dietary indicators and the anthropometric measures are statistically insignificant. The only
exception is the positive correlation between energy intake and HAZ. We infer that dietary
indicators are not suitable proxies for nutritional status, neither for adults nor for children.
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Table 2.7 Correlations between different dietary and nutrition indicators for children

Child
Energy

DDS MDD FVS (k/d)
Child
MDD (n=271) 0.7392*** 1
FVS (n=271) 0.7672***  0.6550*** 1
Energy (kJ/d; n=255) 0.2785***  0.2638*** 0.3250*** 1
Protein (g/d; n=255) 0.2096***  0.2907*** 0.2254*** 0.7788***
Fat (g/d; n=255) 0.2894***  (0.3142*** 0.2879*** 0.7496***
Carbohydrate (g/d; n=255) 0.2162** 0.1655**  0.2906*** 0.9310***
VA (ug/d; n=255) 0.2181***  0.1874*** 0.2761*** 0.3722***
Zinc (mg/d; n=255) 0.1150* 0.1968*** 0.1423**  0.7433***
Iron (mg/d; n=255) 0.1176* 0.1844*** (0.1499**  0.7545***
WAZ (n=210) 0.0009 0.0989 0.0178 0.064
HAZ (n=201) -0.0387 0.0715 -0.0177 0.1515**
WHZ (n=199) 0.0771 0.0812 0.0497 -0.0933

DDS, dietary diversity score; MDD, minimum dietary diversity; FVS, food variety score; kJ,
kilojoule; d, day; n, sample size; WAZ, weight for age Z-score; HAZ, height for age Z-score;
WHZ, weight for height Z-score

*p<0.1, **p<0.05, ***p<0.01

2.3.2 Association between household, adult, and child indicators

Results for the correlations between the dietary indicators at the household level and the dietary
and nutrition indicators at the individual level are shown in Table 2.8 and 2.9. focuses on the
results for adults. Household DDS and FVS are positively and significantly correlated with all
individual level dietary indicators. Similarly, other household level dietary indicators are
positively correlated with most other individual level dietary indicators, including micronutrient
intakes (see also Table A2.5). Household DDS is not significantly correlated with adult BMI.
However, household FVS and also household calorie consumption are positively and
significantly correlated with adult BMI, suggesting that household level dietary indicators may
be better proxies for adult nutritional status than individual level dietary indicators (compare
with results in Table 2.6). Most of these results also hold when we consider male and female
adults separately (Tables A2.3 and A2.4 in the Online Appendix).
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Table 2.8 Correlations between household level and individual level indicators for adults

Household
Energy
DDS FVS (KI/A/AE)

Adult

DDS (n=1012) 0.2745***  (0.2506***  0.1342***
FVS (n=1012) 0.2953***  (0.3171***  (0.1883***
MDD-W (n=436) 0.2502***  0.3036***  (0.1328***
Energy (kJ/d; n=993) 0.1923***  (0.1811***  (0.1957***
Protein (g/d; n=993) 0.2109***  0.1659***  0.2060***
Fat (g/d; n=993) 0.1719***  0.1772***  0.1698***
Carbohydrate (g/d; n=993) 0.1533***  0.1373***  (0.1683***
VA (ug/d; n=993) 0.0702** 0.0784** 0.00160
Zinc (mg/d; n=993) 0.1408***  (0.1229***  (.1354***
Iron (mg/d; n=993) 0.1546***  0.1180***  0.1209***
BMI (kg/m2; n=1032) 0.0490 0.0948***  (,1028***

DDS, dietary diversity score; FVS, food variety score; d, day; AE, adult equivalent; n,
sample size; MDD-W, minimum dietary diversity for women; BMI, body mass index
*p<0.1, **p<0.05, ***p<0.01

Table 2.9 shows the results for children. Household DDS and FVS are positively and
significantly correlated with the individual level dietary diversity indicators. However,
household DDS is not significantly correlated with child micronutrient intakes. In contrast,
household energy consumption and also household micronutrient consumption levels are
positively and significantly correlated with child micronutrient intakes (see also Table A2.6),
suggesting that the household level indicators that take into account the quantity of food items
consumed are better proxies of child dietary quality than household DDS. Concerning child
nutritional status, some of the household level dietary indicators are significantly correlated with
the weight-based measures (WAZ, WHZ), but not with HAZ.
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Table 2.9 Correlations between household level and individual level indicators for children

Household
Energy
DDS FVS (KI/A/AE)
Child
DDS (n=269) 0.3094*** 0.3335*** 0.1521***
MDD (n=269) 0.2730*** 0.3213*** 0.1990***
FVS (n=269) 0.2946*** 0.3859*** 0.2110***
Energy (kJ/d; n=269) 0.1790*** 0.2637*** 0.1440**
Protein (g/d; n=269) 0.1096* 0.1993*** 0.1753***
Fat (g/d; n=269) 0.1078* 0.2529*** 0.1272**
Carbohydrate (g/d; n=269) 0.1738*** 0.2133*** 0.1123*
VA (pg/d n=269) 0.0479 0.1586** 0.0633
Zinc (mg/d; n=269) 0.0795 0.1309** 0.1566**
Iron (mg/d; n=269) 0.0478 0.103 0.1301**
WAZ (n=224) 0.1322* 0.1540** 0.2022**
HAZ (n=214) 0.107 0.0816 0.0858
WHZ (n=212) 0.0794 0.1266* 0.1580**

DDS, dietary diversity score; FVS, food variety score; d, day; AE, adult equivalent; n, sample
size; MDD, minimum dietary diversity; WAZ, weight for age Z-score; HAZ, height for age Z-
score; WHZ, weight for height Z-score

*p<0.1, *p<0.05, ***p<0.01

2.4 Discussion

In this paper, we have calculated and compared a large set of dietary and nutrition indicators
based on household level and individual level data collected for the same target population in
rural areas of Western Kenya. Different indicators lead to different results, underlining that the
methods of data collection and the concrete metrics used in a particular study matter, especially
when the main intention is to describe levels of malnutrition. For instance, household level
calculations based on 7d FCR data resulted in significantly lower levels of energy
undernourishment than individual level calculations based on 24h DR data. Both food recall-
based methods grossly overestimated the rates of undernutrition calculated with anthropometric
measures for adults; for children, where various anthropometric indicators were used the

differences were less systematic.

Beyond comparing results, we were also interested in better understanding the associations
between the different indicators used. Even when the results of different indicators differ in
absolute terms, positive correlations would suggest that certain indicators can be used as proxies

for others, at least when the main intention is to simply evaluate the direction of dietary and
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nutrition effects of particular interventions. Within the same target group, all dietary indicators
are positively correlated at a high level of statistical significance. This means that dietary
diversity and food variety scores calculated from individual 24h recall data are valid proxies of
micronutrient intakes for adults and children. This is consistent with several previous studies that
had tested similar associations in different geographical contexts (Hatlgy et al., 1998; Kennedy et
al., 2007; Moursi et al., 2008; Steyn et al., 2006; Torheim et al., 2004).

However, most of the correlations between the individual level dietary data and the
anthropometric measures were very small and statistically insignificant, suggesting that dietary
indicators are not good proxies of nutritional status, neither for adults nor for children. This is in
contrast to a few earlier studies that had shown significant associations between dietary diversity
indicators and child and women nutritional status based on data from various countries (Arimond
and Ruel, 2004; Ruel et al., 2013). It seems that results are context-specific and that general

conclusion about the suitability of dietary data to proxy for nutritional status are not possible.

We have also analyzed the associations between different indicators across household and
individual levels, which have rarely been done before. Household dietary diversity and food
variety scores are positively correlated with individual level dietary diversity and food variety
scores for children and also for male and female adults. This is particularly noteworthy because
most other studies have not collected dietary and nutrition data for adult men. Similarly, energy
and micronutrient consumption levels at the household level are positively correlated with
individual level energy and micronutrient intakes for all target groups. Interestingly, the
household level dietary indicators were also correlated more closely with some of the adult and
child anthropometric measures than the individual dietary data. We conclude that data from 7d
FCR at the household level can be used to calculate valid proxies of the diets of children and
male and female adults when individual level 24h DR data are not available. This is an important
result, because household level 7d FCR are often included in nationally representative household

living standard monitoring surveys, whereas individual level 24h DR are not.
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2.5 Appendix A2

Table A2.1 Food group classifications and corresponding food items

Maize porridge, white rice, ugali, millet porridge,
chapati, maize flour, mandazi, sorghum, millet flour,
1 Cereals sorghum powder, wheat flour, sorghum flour, cassava
flour, bread, brown wheat flour, brown rice,
pasta/spaghetti
Sweet potatoes, Irish potatoes, cassava, chips, arrow
roots, cooking banana

2 White roots & tubers

VA rich
vegetables & Tomato, pumpkin, carrots, beetroot,
tubers

Pumpkin leaves (Risosa), kales(Sukuma Wiki),
3 Vegetables Dark green amaranth (Emboga), black night shade (Managu), cow
leafy vegetables pea leaves, vine spinach, spider plant (Sagaa), jute
mallow, bean leaves, spinach

Other Onion, green maize, cabbage, spring onions, maize, dry
vegetables maize, mushrooms, capsicum (pili pili hoho), garlic
VA rich fruits Guava, ripe paw paw, orange, ripe mango, tangerine
4 Fruits . banana, avocado, passion fruit, lemon fruits, apple,
Other fruits . .
pineapple, watermelon, ripe banana, tree tomato
5 Meat Organ meat Matumbo
Flesh meat Goat meat, beef, chicken, sausages
6 Eggs Eggs
7 Fish & seafood Sardines (Dagaa/Omena), fish
8 Legumes, nuts & seeds Beans, soya powder, soya meat, green grams, COwW peas,
groundnuts, peas, soya bean,
9 Milk & milk products Sour milk, milk
10 Oils & fats Cooking oil, margarine, fat, butter
Sugar, sugarcane, molasses, chocolate, juices, soda,
11 Sweets

cake, sweets

Salt, strong tea, tea/milk tea, tea leaves, cocoa, drinking

12 Spices, condiments & chocolate, royco cube, coffee, coriander (Dania), baking
beverages powder, yeast, parsley, beer, ginger, local beer, pepper,
sorghum drink
VA, Vitamin A
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Table A2.2 Adult and child measurements

n Mean SD Min Max
Adult
Age (year) 1464 4498 13.12 14.00 83.00
wt (kg) 1044 64.97 12.57 37.20 123.00
ht (cm) 1044 163.13 7.79 131.00 188.00
BMI (kg/m?) 1044 24.44 4,57 15.47 44.38
Overweight (1/0) 1044 0.40 0.49 0.00 1.00
Underweight (1/0) 1044 0.06 0.24 0.00 1.00
Child
Age (month) 215 32.27 14.84 6.00 59.00
wt (Kg) 215 12.92 3.18 5.40 22.90
ht (cm) 215 89.02 12.46 63.50 122.15
WAZ 215 -0.25 1.13 -4.28 2.27
HAZ 215 -0.63 1.69 -4.67 411
WHZ 213 0.15 0.96 -4.74 2.19

n, sample size; SD, standard deviation; wt, weight; ht, height; BMI, body mass
index; WAZ, weight for age Z-score; HAZ, height for age Z-score; WHZ, weight

for height Z-score

Table A2.3 Pairwise correlation between household level indicators and individual level
indicators for female adults

Household

DDS FVS Energy (kJ/d/AE)
Female
DDS (n=631) 0.3200*** 0.2900*** 0.1488***
FVS (n=631) 0.3149*** 0.3359*** 0.1689***
MDD-W (n=436) 0.2502*** 0.3036*** 0.1328**
MDD-W (all women; n=631) 0.2827*** 0.3052*** 0.1259***
Energy (kJ/d ; n=626) 0.2249*** 0.2137*** 0.1806***
Protein (g/d; n=626) 0.2412%*** 0.2032*** 0.1780***
Fat (g/d; n=626) 0.1996*** 0.2250*** 0.1217***
Carbohydrate (g/d; n=626) 0.1780*** 0.1532*** 0.1697***
VA (ug/d; n=626) 0.1211%** 0.1043** -0.0248
Zinc (mg/d; n=626) 0.1640*** 0.1412*** 0.1045**
Iron (mg/d; n=626) 0.1549*** 0.1204*** 0.0877**
BMI (kg/m?; n=668) 0.0736* 0.1337*** 0.1189***

DDS, dietary diversity score; FVS, food variety score; kJ, kilojoule; n, sample size; d, day; AE,

adult equivalent; MDD-W, minimum dietary diversity for women; BMI, body mass index
*p<0.1, **p<0.05, ***p<0.01
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Table A2.4 Pairwise correlation between household level indicators and individual level

indicators for male adults

Household
Energy
DDS FVS (KI/A/AE)

Male
DDS (n=381) 0.2039*** 0.1920*** 0.1131**
FVS (n=381) 0.2640*** 0.2886*** 0.2185***
MDD-W (male; n=381) 0.1878*** 0.1723*** 0.1330**
Energy Intake (kJ/d; n=367) 0.1387** 0.1273** 0.2102***
Protein (g/d; n=367) 0.1744*** 0.1157** 0.2352***
Fat (g/d; n=367) 0.1298** 0.1075** 0.2241***
Carbohydrate (g/d; n=367) 0.1100** 0.1086* 0.1627***
VA (ug/d; n=367) 0.0004 0.0447 0.0339
Zinc (mg/d; n=367) 0.1085*** 0.0933* 0.1647***
Iron (mg/d; n=367) 0.1497*** 0.1078** 0.1656***
BMI (kg/m2; =364) 0.0392 0.0482 0.1043*

DDS, dietary diversity score; FVS, food variety score; kJ, kilojoule; n, sample size; d, day;
AE, adult equivalent; MDD-W, minimum dietary diversity for women (here calculated for

men); BMI, body mass index
*p<0.1, **p<0.05, ***p<0.01
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Table A2.5 Pairwise correlation between household level indicators and individual level indicators for adults

Household Adult
: . Energy . )
Energy Energy . MDD-W Overweight Underweig Energy Energy intake Undernourished .
DDS FVS intake intake ( )g'/“AE) (mZ/g}ZE) o '/rg/'}\E) DDS FVS MDD-W (both (kBm) (Oummy  ht(Dummy Intake ImaE;‘:r(gkg/ 9 (kealid) (keal/d) without (<2400 keal U(“(d'fgglzg'fggd
(kcall/AE)  (KII/IAE) Ha Y & sexes) & BMI>250) BMI<185)  (kcald) outhiers (10R) outliers (mean) (01))
r | 070097 1
FVS p | 0.00
n | 809 809
. ro| 02728 0343200 1
Energy intake p | 000 0.00
(keall/AE) n | so1 801 801
- Eneray intake ro| 0.2728%%*  03432%%%  10000%** 1
z (IHIAR) p | 0.00 0.00 0.00 0.00
2 n | so1 801 801 801
2 | 0.1100%*  0.2137%%*  0.4203***  0.4203*** 1
2 VA (Ug/d/AE) p | 0.00 0.00 0.00 0.00 0.00
n | so1 801 801 801 801
| 0.1264%%*  01793%%%  0.7851%**  07851%** 05134 1
Zinc (mg/d/AE) p | 0.00 0.00 0.00 0.00 0.00 0.00
n | so1 801 801 801 801 801
ro| 022617 02007 0.7442%%%  0.7442%%%  0.5467%%% 06741 1
Iron (Mg/d/AE) p | 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n | 801 801 801 801 801 801 801
r | 0.2745%** 02506~  0.1342%*  0.1342** 01195 00722 01226 | 1
DDS p | 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
n | 1012 1012 1002 1002 1002 1002 1002 1026
| 02058%%*  03171%**  0.1883***  0.1883***  01003***  0.1001**  0.1586*** | 0.7412%* 1
FVS p | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n | 1012 1012 1002 1002 1002 1002 1002 1026 1026
r| 02502%%*  03036***  01328%*  0.1328** 0.1200%*  0.0606 0.0999%* | 0.6866%**  0.7084*** 1
MDD-W p | 0.00 0.00 0.01 0.01 0.01 0.21 0.04 0.00 0.00 0.00
n | 436 436 432 432 432 432 432 438 438 438
| 0.2481%%%  02548%%%  01206%**  0.1206%**  0.0943***  0.0520% 0.1015%** | 0.7074***  0.7386***  1.0000%** 1
MDD-W (both sexes)  p | 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00
n | 1012 1012 1002 1002 1002 1002 1002 1026 1026 438 1026
r | 0.049 0.0048**  0.1028***  0.1028%**  0.0047***  0.0670**  0.0705** | -0.0097 0.051 0.0225 0.0549 1
BMI (kg/m?) p | 012 0.00 0.00 0.00 0.00 0.03 0.02 0.78 0.14 0.67 011 0.00
n | 1032 1032 1022 1022 1022 1022 1022 840 840 369 840 1044
. r | 0.0348 0.0601* 0.0569* 0.0569* 0.0834**  0.0369 0.0431 -0.0238 -0.0097 0.0116 0.0233 0.8007*** 1
s O"er‘];"ﬂlgfz(f(;’)mmy p | 0.26 0.05 0.07 0.07 0.01 0.24 0.17 0.49 0.78 0.82 0.50 0.00 0.00
5 = n | 1032 1032 1022 1022 1022 1022 1022 840 840 369 840 1044 1044
2 derweight Qummy | | -0.0191 -0.0489 -0.0509 -0.0509 -0.0073 -0.0226 -0.0161 -0.0074 -0.0664* -0.0766 -0.0547 -0.3823%%%  -0.2041%** 1
BMI <15 5) p | 054 0.12 0.10 0.10 0.82 0.47 0.61 0.83 0.05 0.14 011 0.00 0.00 0.00
n | 1032 1032 1022 1022 1022 1022 1022 840 840 369 840 1044 1044 1044
ro| 04923%%%  01811%%%  01957%%%  0.1957%%*  0.0695%%  0.0960%**  0.1079%** | 0.2502%%*  02886%**  0.2204***  02467***  -0.0600% -0.0724** 0.0404 1
Energy intake (kcal/d)  p | 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.04 0.25
n | 993 993 984 984 984 984 984 1007 1007 433 1007 828 828 828 1007
P 04923%%%  01811%%%  01957%%%  0.1957%%*  00695%*  0.0960%*  0.1079%% | 0.2502%%%  02886%**  0.2204*%*  02467***  -0.0600%*  -0.0724** 0.0404 1.00%%* 1
Energy intake (ki/d)  p | 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.04 0.25 0.00
n | 993 993 984 984 984 984 984 1007 1007 433 1007 828 828 828 1007 1007
Energy intake r| 02081%%%  0.1942%%%  0.1845%*%  0.1845%**  0.0750**  0.00931***  0.1100%** | 0.2689%**  0.2871%**  0.2371%**  02569%**  -0,0612* -0.0876** 0.0121 1.00%%* 1.00%%* 1
(kcal/d)without outliers  p | 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.01 073 0.00 0.00 0.00
(IQR) n | 988 988 979 979 979 979 979 1002 1002 432 1002 825 825 825 1002 1002 1002
Energy intake ro| 04787%%%  01813%%  01604***  0.1604***  0.0502 0.0887**  0.0904** | 0.2383***  02602%**  0.2163***  02385***  -0.0511 -0.0669* 0.021 1.00% 1.00%%* 1.00%** 1
(kcal/d)without outliers  p | 0.00 0.00 0.00 0.00 012 0.03 0.01 0.00 0.00 0.00 0.00 015 0.06 0.55 0.00 0.00 0.00 0.00
(mean) n | 956 956 947 947 947 947 947 968 968 422 968 804 804 804 968 968 966 968
Undermourished (<240 | | 012507 -01418%% 013687 01368 0.0657**  -0.0885* 00841 | 01861 02028 017497 018827 00399 0.0528 -0.0579 0.7561%%%  -0.7561%%  -0.7784%% -0.7984%% 1
keal (0/1) p | 0.00 0.00 0.00 0.00 0.04 0.01 0.01 0.00 0.00 0.00 0.00 0.25 013 0.10 0.00 0.00 0.00 0.00 0.00
n | 993 993 984 984 984 984 984 1007 1007 433 1007 828 828 828 1007 1007 1002 968 1007
Undernourished ( r| 0.0051%*  -01277%%*  .0.0907**  -0.0907**  -0.039 -0.0825%*  -0.0341 -0.1884%%%  01826%%%  -0.1006%**  -0.1855%%*  0.1505%%*  0.1466%**  -0.0088%*  -0.7104%%*  -0.7104%%*  .0.7447*** -0.7334%+* 0.7714%%* 1
(FAG (011) p | 001 0.00 0.01 0.01 0.27 0.02 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n | 820 820 812 812 812 812 812 829 829 366 829 828 828 828 829 829 826 805 829 829
r| 02100%%*  0.1659%%*  02060%**  0.2060%**  0.1109%%*  01208%**  0.1382%** | 0.3186***  03131%**  0.3260%**  03360%**  -0.0646* -0.0749%* 0.0153 0.8130%**  0.8130%**  (.8279%** 0.7892%** -0.6233%* -0.5996%**
Protein (g/d) p | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.03 0.66 0.00 0.00 0.00 0.00 0.00 0.00
n | 993 993 984 984 984 984 984 1007 1007 433 1007 828 828 828 1007 1007 1002 968 1007 829
ro| 017197 017720 0.1698***  0.1698*** 0,041 0.0385 0.0631* 0.3044%*%  0.3256%**  0.3284***  0.3273***  -0.0325 -0.0259 -0.0418 0.6831%**  0.6831***  0.7024%** 0.6512%%* -0.5156%** -0.4938%**
Fat (g/d) p | 0.00 0.00 0.00 0.00 0.20 0.23 0.05 0.00 0.00 0.00 0.00 035 0.46 0.23 0.00 0.00 0.00 0.00 0.00 0.00
n | 993 993 984 984 984 984 984 1007 1007 433 1007 828 828 828 1007 1007 1002 968 1007 829
ro| 04533%%*  01373%%  01683%**  0.1683%**  00750%**  01096%**  0.1110%** | 01579%**  0.1910%**  01024**  0.1152%**  -0.0529 -0.0707%* 0.0760%*  0.9014***  0.9014***  0.8908%** 0.8939%** -0.6689%** -0.6336%*+
Carbohydrate (g/d) ~ p | 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.03 0.00 013 0.04 0.03 0.00 0.00 0.00 0.00 0.00 0.00
n | 993 993 984 984 984 984 984 1007 1007 433 1007 828 828 828 1007 1007 1002 968 1007 829
r | 00702%*  00784**  0.0016 0.0016 0.1468***  -0.017 0.052 0.1285%**  0.1886***  0.2133***  0.2019%**  -0.0212 -0.0124 -0.0266 0.2372%*%  0.2372%%%  0.2475%** 0.2593%** -0.2197%%* -0.1595%**
VA (ug/d) p | 0.03 0.01 0.96 0.96 0.00 0.59 0.10 0.00 0.00 0.00 0.00 0.54 0.72 0.45 0.00 0.00 0.00 0.00 0.00 0.00
n | 993 993 984 984 984 984 984 1007 1007 433 1007 828 828 828 1007 1007 1002 968 1007 829
| 0.1408%%*  0.1229%%%  01354%*  0.1354%**  0.0733**  008L7**  0.1020%%% | 01818  0.1795%**  0.1926%%*  02235%**  -0.0843**  -0.1015%**  0.0441 0.7370%**  0.7370%**  0.7585%** 0.7538%** -0.5941%% -0.5699%*
Zinc (mg/d) p | 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.00 021 0.00 0.00 0.00 0.00 0.00 0.00
n | 993 993 984 984 984 984 984 1007 1007 433 1007 828 828 828 1007 1007 1002 968 1007 829
r | 01546 0.1180%**  0.1209%**  0.1200%**  0.0568* 0.0768**  0.0886** | 0.1549% 0.1501%**  0.1878%**  0.1964***  -0.0757%%  -0.0094** 0.0371 0.7540%**  0.7540%**  (.7818%** 0.7628%** -0.6106%** -0.5821 %%+
Iron (mg/d) p | 0.00 0.00 0.00 0.00 0.07 0.02 0.01 0.00 0.00 0.00 0.00 0.03 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00
n | 993 993 984 984 984 984 984 1007 1007 433 1007 828 828 828 1007 1007 1002 968 1007 829

DDS, dietary diversity score; FVS, food variety score; d, day; VA, vitamin A; MDD-W, minimum dietary diversity for women; BMI, body mass index;

*p<0.1, **p<0.05, ***p<0.01
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Table A2.6 Pairwise correlation between household level indicators and individual level indicators for children

Household Child
Energy intake . Zinc Iron Energy intake Energy intake Energy intake (kcal/d) Energy Intake (kcal/d)
DDS FVS (kealld/AE) Energy intake (KJJ/AE) - VA (Lg/d/AE) (mg/d/AE) (mg/d/AE) DDS MDD FVS (kcal/d) (J/d) without outliers (IQR) without outliers (mean)
r 0.7099*** 1
FVS p 0.00
n 809 809
. r 0.2723*** 0.3432%** 1
Energy intake P 0.00 000
(keall/AE) n 801 801 801
Energy intake r 0.2723*** 0.3432%** 1.0000*** 1
% (KI/AE) p 0.00 0.00 0.00 0.00
5 n 801 801 801 801
§ r 0.1100** 0.2137*** 0.4203*** 0.4203*** 1
I VA (ug/d/AE) p 0.00 0.00 0.00 0.00
n 801 801 801 801 801
r 0.1264*** 0.1793*** 0.7851*** 0.7851*** 0.5134*** 1
Zinc (mg/d/AE) p 0.00 0.00 0.00 0.00 0.00 0.00
n 801 801 801 801 801 801
r 0.2261*** 0.2907*** 0.7442*** 0.7442*** 0.5467*** 0.6741*** 1
Iron (mg/d/AE) p 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n 801 801 801 801 801 801 801
r 0.3094*** 0.3335*** 0.1521** 0.1521** 0.1752**+ 0.101 0.1223* 1
DDS p 0.00 0.00 0.01 0.01 0.00 0.10 0.05 0.00
n 269 269 266 266 266 266 266 271
r 0.2730*** 0.3213*** 0.1990*** 0.1990*** 0.1309** 0.1407** 0.1241** 0.7392*** 1
MDD p 0.00 0.00 0.00 0.00 0.03 0.02 0.04 0.00 0.00
n 269 269 266 266 266 266 266 271 271
r 0.2946*** 0.3859*** 0.2110*** 0.2110*** 0.1472** 0.1236** 0.1665** 0.7672*** 0.6550*** 1
FVS p 0.00 0.00 0.00 0.00 0.02 0.04 0.01 0.00 0.00 0.00
n 269 269 266 266 266 266 266 271 271 271
r 0.1790** 0.2637*** 0.1440** 0.1440** 0.0716 0.0878 0.1807*** 0.2785*** 0.2638*** 0.3250*** 1
Energy (kcal/d) p 0.00 0.00 0.02 0.02 0.26 0.17 0.00 0.00 0.00 0.00 0.00
n 254 254 251 251 251 251 251 255 255 255 255
r 0.1790*** 0.2637*** 0.1440** 0.1440** 0.0716 0.0878 0.1807** 0.2785*** 0.2638*** 0.3250*** 1.000*** 1
Energy (kJ/d) p 0.00 0.00 0.02 0.02 0.26 0.17 0.00 0.00 0.00 0.00 0.00 0.00
n 254 254 251 251 251 251 251 255 255 255 255 255
Without outliers r 0.1877**=* 0.3045**=* 0.0898 0.0898 0.0653 0.0278 0.1274* 0.2853*** 0.2756*** 0.3297*** 1.00%** 1.00%**
(I0R) p 0.00 0.00 0.16 0.16 031 0.67 0.05 0.00 0.00 0.00 0.00 0.00
n 249 249 246 246 246 246 246 250 250 250 250 250
Without outliers r 0.2033** 0.3098*** 0.084 0.084 0.0095 -0.0157 0.102 0.3414**=* 0.3098%*** 0.3735%** 1.00%** 1.00%**
(mean) p 0.00 0.00 0.20 0.20 0.88 0.81 0.12 0.00 0.00 0.00 0.00 0.00
n 239 239 236 236 236 236 236 240 240 240 240 240
o r 0.1096* 0.1993** 0.1753** 0.1753** 0.0427 0.1245* 0.2284*** 0.2096*** 0.2907*** 0.2254*** 0.7788*** 0.7788***
G Protein (g/d) p 0.08 0.00 0.01 0.01 0.50 0.05 0.00 0.00 0.00 0.00 0.00 0.00
c_:u n 254 254 251 251 251 251 251 255 255 255 255 255
S r 0.1078* 0.2529*** 0.1272** 0.1272** -0.0359 0.0384 0.0767 0.2894*** 0.3142*** 0.2879*** 0.7496*** 0.7496***
% Fat (g/d) p 0.09 0.00 0.04 0.04 0.57 0.55 0.23 0.00 0.00 0.00 0.00 0.00
£ n 254 254 251 251 251 251 251 255 255 255 255 255
r 0.1738** 0.2133*** 0.1123* 0.1123* 0.1170* 0.0873 0.1766** 0.2162** 0.1655** 0.2906*** 0.9310*** 0.9310***
Carbohydrate (g/d) p 0.01 0.00 0.08 0.08 0.06 0.17 0.01 0.00 0.01 0.00 0.00 0.00
n 254 254 251 251 251 251 251 255 255 255 255 255
r 0.0479 0.1586** 0.0633 0.0633 0.1254* 0.0441 0.1144* 0.2181*** 0.1874*** 0.2761*** 0.3722%** 0.3722%**
VA (mcg/d) p 0.45 0.01 0.32 0.32 0.05 0.49 0.07 0.00 0.00 0.00 0.00 0.00
n 254 254 251 251 251 251 251 255 255 255 255 255
r 0.0795 0.1309** 0.1566** 0.1566** 0.0296 0.1154* 0.2135%** 0.1150* 0.1968*** 0.1423** 0.7433%** 0.7433%**
Zinc (mg/d) p 0.21 0.04 0.01 0.01 0.64 0.07 0.00 0.07 0.00 0.02 0.00 0.00
n 254 254 251 251 251 251 251 255 255 255 255 255
r 0.0478 0.103 0.1301** 0.1301** 0.0346 0.103 0.2093*** 0.1176* 0.1844%** 0.1499** 0.7545%** 0.7545%**
Iron (mg/d) p 0.45 0.10 0.04 0.04 0.59 0.11 0.00 0.06 0.00 0.02 0.00 0.00
n 254 254 251 251 251 251 251 255 255 255 255 255
r 0.1322* 0.1540** 0.2022*** 0.2022*** -0.0079 0.105 0.1332* 0.0009 0.0989 0.0178 0.064 0.064 0.3345%** 1
WAZ p 0.05 0.02 0.00 0.00 0.91 0.12 0.05 0.99 0.15 0.80 0.37 0.37 0.00
n 224 224 221 221 221 221 221 210 210 210 200 200 221 225
r 0.107 0.0816 0.0858 0.0858 -0.0491 0.0547 0.0491 -0.0387 0.0715 -0.0177 0.1515** 0.1515** -0.1677* 0.7900***
HAZ p 0.12 0.24 0.21 0.21 0.48 0.43 0.48 0.59 0.31 0.80 0.04 0.04 0.01 0.00
n 214 214 211 211 211 211 211 201 201 201 191 191 215 215
r 0.0794 0.1266* 0.1580** 0.1580** 0.0705 0.0948 0.0768 0.0771 0.0812 0.0497 -0.0933 -0.0933 0.9139*** 0.6053***
WHZ p 0.25 0.07 0.02 0.02 0.31 0.17 0.27 0.28 0.25 0.49 0.20 0.20 0.00 0.00
n 212 212 209 209 209 209 209 199 199 199 190 190 213 213

DDS, dietary diversity score; FVS, food variety score; d, day; VA, vitamin A; MDD, minimum dietary diversity; BMI, body mass index; WAZ, weight-for-age Z-score; HAZ, height-for-age Z-score; WHZ, weight-for-height Z-score; IQR, interquartile range;

*p<0.1, **p<0.05, ***p<0.01
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3 Measuring the double burden of malnutrition

— Evidence from rural Kenya

Abstract

Coexistence of overweight/obesity, undernutrition, underweight and/or micronutrient deficiency,
often referred to as double burden of malnutrition, is increasingly recognized. However,
indicators of undernutrition used differ between articles, making comparison difficult. At the
same time, research of double burden of malnutrition focused predominately on urban areas, but
rural areas are also affected by the upward trend of overweight and obesity. The objective of this
article is to identify and analyze the double burden of malnutrition within individuals (male and
female adults, and children <5 years) and households in rural Kenya, using different definitions
of undernutrition. In total, we identify seven different double burden definitions. The first two
show the coexistence of overweight/obese and micronutrient deficiency of adults and children.
Definition three to seven, are defined as an overweight/obese adult and underweight, stunted,
wasted or micronutrient deficient child. Data from a cross-sectional survey in Nyanza region in
2016 were used to calculate double burden. A total of 874 adults, 184 children, and 173
households (adult-child pairs) were used in the calculations. Coexistence of micronutrient
deficiency and overweight/obesity is found in 19% and 10% of adults and children, respectively.
Prevalence is higher for male compared to female adults. Double burden at the household level is
observed in all applied definitions, magnitude varies between 1% and 17%. The magnitude of
the double burden depends much on how the coexistence is defined and comparison across
surveys needs to be done with caution. Our data point out that double burden also exists in rural

areas within households, female and male adults, and children <5 years.

Keywords: Double burden, underweight, micronutrient deficiency, overweight, adults and

children, rural Kenya
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Chapter 3: Measuring the double burden of malnutrition

3.1 Introduction

Underweight, micronutrient deficiencies and overweight/obesity are contributing factors to the
multiple burdens of malnutrition globally. Still, one out of for children <5 years is affected by
chronic malnutrition and globally, 2 billion people suffer from micronutrient deficiencies (FAO
et al., 2017; IFPRI, 2017). At the same time, an immense upward trend in the prevalence of
overweight and obesity in adults and children can be recognized worldwide (Caballero, 2005;
FAO et al.,, 2017; Popkin et al., 2012; WHO, 2017). Especially, low- and middle-income
countries experience simultaneously high rates of child undernutrition together with adult obesity
and reflect the complexity and coexistence of multiple forms of malnutrition. Kenya in particular
reports an increase in the share of overweight and obesity within children, and women. Over
30% of women in reproductive age are overweight or obese. At the same time, the rates of
undernutrition, especially of children and in rural areas, remain persistent and a public health
concern (KNBS, 2015; Masibo and Makoka, 2012).

This occurrence of undernutrition along with overweight and obesity is often referred to as
double burden of malnutrition (DB) (WHO, 2017). The existence of DB as underweight and
overweight/obesity, at population level as well as at household level, is shown in the literature
(Doak et al., 2005; Hanandita and Tampubolon, 2015; Roemling and Qaim, 2013). In that
context, particularly the existence of DB among mother and child pairs of a household were of
interest to other researchers. Identified prevalence of DB varies between lower than 5% in sub-
Saharan Africa and 30% Malaysia (lhab et al., 2013; Wojcicki, 2014). Recent findings by
Kimani-Murage et al. (2015) display a prevalence rate as high as 43% among poor urban
households in Nairobi, Kenya. An adult or mother is classified as overweight via a body mass
index (BMI) that exceeds 25.0 kg/m2 (WHO, 2018a). However, the classification of underweight
of children differs. Indicators used are weight-for-age Z-scores (WAZ) (lhab et al., 2013; Saibul
et al., 2009), height-for-age Z-scores (HAZ) (Dieffenbach and Stein, 2012; Garrett and Ruel,
2005; Kimani-Murage et al., 2015), BMI-for-age Z-score (BAZ) (Roemling and Qaim, 2013),
adult BMI classification (Doak et al., 2005) or combinations of WAZ and HAZ or WAZ/HAZ
and weight-for-height Z-score (WHZ) (Jehn and Brewis, 2009; Wibowo et al., 2015). Hence, it
remains unclear whether the results across regions show real differences or if they are the results

of different definitions.
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Chapter 3: Measuring the double burden of malnutrition

Undernutrition can not only be described through underweight as an indicator, but also by
micronutrient deficiency. At household level, this DB would identify an overweight/obese
household member and a micronutrient deficient member. This particular definition of DB can
also exist within a single individual, suffering from overweight/obesity and micronutrient
deficiencies at the same time. Currently, the literature covering this definition of DB is scarce.
So far, research describes the existence of overweight alongside with anemia or zinc deficiencies
in school-aged children, adolescents and women of reproductive age in Ecuador, Vietnam, sub-
Saharan Africa and middle and high income countries (Freire et al., 2014; Hutchinson, 2016;
Jones et al., 2016; Laillou et al., 2014). Prevalence of the coexistence of a micronutrient deficient
child and an overweight/obese mother is shown in Ecuadorian families (Freire et al., 2014), but
to our knowledge not in the rural African setting. Yet, rural areas are also influenced by
migration and changes in diet due to various reasons. Specifically, we are looking into rural
Kenya, where a high presence of malnutrition exists. Almost 30% and 4% of children <5 years
are affected by chronic and acute malnutrition, 19% of women are overweight and 7% obese
(KNBS, 2015).

The overall objective of this article is therefore to identify the nature of the DB with different
measures of undernutrition and at different levels. First, the prevalence of DB will be assessed at
individual level in male and female adults, and children <5 years, using micronutrient deficiency
as indicators of undernutrition. Second, we will identify DB at household level, using different
measures of undernutrition (underweight, stunting, wasting and micronutrient deficiency). Since
differentiated measures of undernutrition for the assessment of DB are scarce and were never
combined in one study, we highly contribute to the literature. A further novelty of this study is

the analysis of DB in rural areas, which was limited to urban areas so far.
3.2 Material and methods

3.2.1 Study context and data

The data used were collected in a comprehensive survey of rural, smallholder farm households in
the Nyanza region in Western Kenya in 2016. More specifically, the survey was administered in
the counties Kisii and Nyamira, where most households are involved in subsistence-oriented

farming activities (Mbuvi et al., 2013).
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Even though the nutritional status of children in Kenya has improved over the last decades,
the prevalence of undernutrition remains high, especially in rural areas (KNBS, 2015; Masibo
and Makoka, 2012). In 2015, according to official statistics, 23% of children <5 years were
stunted and 7% were wasted in the Nyanza region. More precisely, 26% of children were stunted
in each county, 2% and 4% were wasted in Kisii and Nyamira County, respectively. At the same
time, 4% of children <5 years were obese (WHZ Z-score above +2 SD), and almost 30% of

females were classified as overweight and obese in Kisii and Nyamira County (KNBS, 2015).

A two-stage sampling procedure was applied to randomly select households for the interview-
based survey. First, 48 farmer groups were randomly selected, with a probability proportionate to
the total number of farmer groups per County (48 groups in Kisii and 16 in Nyamira). Second,
about 20 households were randomly selected from each group based on updated group lists. In
total, 835 households were selected. A trained team of interviewers carried out the interviews in
the local language using structured questionnaires. Additional to the obtained household data, a
male and female adult, and one child aged 6-59 months were targeted in each home to capture

individual level food intake and anthropometric data.

In total, eligible data of 764 households and 1,058 individuals (558 female and 316 male
adults (16-85 years), and 184 children <5 years) were collected in the survey, as individual data

of all three household members was not always possible to obtain.

In the current article, we investigate the existence of DB in rural households. Therefore, we
restrict our dataset to a household-sample, where eligible information of a child and at least one
adult member exists. Hence, we include data of 173 households, which include information of
173 children, 164 female and 81 male adult individuals. Complete information of two adult

members exist in 72 of the households.

3.2.2 Measuring nutritional status

Weight and height measures were taken from all individuals, following recommended techniques
(Cogill B, 2003; de Onis et al., 2004). Height from all children younger than 24 months was
taken lying down by using a portable infantometer (seca 417 Height Measuring Board), whereas

standing height was taken from all other individuals using the seca stadiometer 217. Weight was

% Trends of stunting and underweight in rural areas and Nyanza region in Kenya from 1993 to 2015: HAZ
(< -2 SD): Rural 41.4% - 29.1%. Nyanza 39.5% - 22.7%; WAZ (< -2 SD): Rural 19.8% - 12.9%. Nyanza
17.2% — 7.4% (KNBS, 2015; Masibo and Makoka, 2012)
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measured using a normal weighing scale. To take the weight from younger children, first the
weight from the caretaker and afterwards from the caretaker together with the child was taken.
Childs weight was then calculated by subtracting the two values. All measures were taken twice
and the mean of both measures was used for further calculations. Mean measures of adult’s
weight and height were used to calculate the body mass index (BMI = body weight in kg/body
height in meters squared). Categorization into over- and underweight are applied as proposed by
the WHO (WHO, 2006). To assess the nutritional status of children, weight, height and age were
used to calculate length/height-for-age Z-scores (HAZ), weight-for-length/height Z-score
(WHZ), weight-for-age Z-score (WAZ) and body-mass-index-for-age Z-score (BAZ) by using
the WHO growth standard reference from 2006 (WHO Multicentre Growth Reference Study
Group, 2006). A child’s Z-score is calculated by subtracting the median value of the reference
population from the observed value, dividing by the standard deviation (SD) of the reference
population. Standardized cut-off points are used to express undernourishment of each indicator.
Extreme, moderate and mild undernourishment are defined using the cut-off of -3 SD, -2 SD and
-1 SD, respectively (WHO, 2018b; WHO Multicentre Growth Reference Study Group, 2006).
The cut-off of -2 SD is used to define the three standard indicators for childhood undernutrition:
stunting, wasting and underweight. Poor linear growth is reflected in a low HAZ (< -2 SD), also
termed stunted, determined by a chronic shortage of adequate quantity and quality of food
intake. Acute starvation or moderate wasting is associated with a WHZ below -2 SD. The same
indicator is used to express overweight in children (WHZ > +1 SD). As a more unspecific
measure of underweight, the WAZ reflects the body mass relative to the chronological age.
Additionally, weight divided by squared length/height results in the BAZ, which is likewise
considered a reasonable indicator not only to identify underweight, but also overweight (Mei and
Grummer-Strawn, 2007; O’Donnell et al., 2008; WHO, 2018b; WHO Multicentre Growth
Reference Study Group, 2006).

Implausible data, too high as well as too low (22 data sets), were flagged and excluded, using
the proposed cut-off points of -/+6 SD for WAZ and -/+5 SD for WHZ and HAZ (Mei and
Grummer-Strawn, 2007; WHO Multicentre Growth Reference Study Group, 2006).
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3.2.3 Measuring micronutrient deficiency

Another way to determine undernutrition is the inadequate intake of micronutrients. Deficiencies
of vitamin A, zinc, and iron make up the largest share of health problems caused by
micronutrient malnutrition in developing countries (FAO et al., 2017; Lim et al., 2012).
Therefore, we calculate the intake of vitamin A, zinc, and iron from individual consumption
data. Food intake was captured using 24 hour dietary recalls, which were answered twice by the
adults and once for the child from his or her caretaker. Consumed quantities of all food items
were converted into micronutrients using the Tanzanian food composition table (Lukmaniji et al.,
2008). For a few missing food items values of micronutrients were used from other food
composition tables (Hotz et al., 2012; Sehmi, 1993; Stadlmayr et al., 2012; USDA, 2017).
Dietary recalls were administered on two different days and untypical days (e.g. celebration or

funeral days) were not taken into consideration for the calculation.

To identify a deficient micronutrient intake, we use estimated average requirements (EAR) for
each nutrient, which take gender and age into consideration (IOM, 2006). Thus, we define an
individual as micronutrient deficient, if the mean intake of at least one of the three
micronutrients is below the individual EAR. Table A3.1 in the Appendix displays the used EAR
thresholds to define micronutrient deficiency in the current analysis.

3.2.4 Defining double burden of malnutrition

To display the evidence of DB in rural Kenya, we apply seven different definitions of the
occurrence, which are displayed in Table 3.1.

The first two DB definitions are applied at the individual-sample (adult and child <5y), using
micronutrient deficiency to reflect undernutrition alongside with overweight/obesity. Overweight
is defined via BMI cut-off >25.0 kg/m? for adults. In the case of children, two different Z-scores
are used to define overweight, the BAZ and the WHZ using the cut-off value of >+1 SD (Mei
and Grummer-Strawn, 2007; WHO, 2018a, 2018b; WHO Multicentre Growth Reference Study
Group, 2006).

Definitions DB 3 - DB 7, display double burden of malnutrition at household level. More
specifically, we are interested in the following scenario: a child being affected by undernutrition

plus an adult by overweight/obesity (BMI >25.0 kg/m?), as children are most vulnerable to
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dietary changes. In the case of undernutrition, we use the existence of underweight in children
within definition DB 3 — DB 6. We use the aforementioned four calculated Z-scores (BAZ,
WAZ, HAZ and WHZ) with the cut-off -2 SD to define a child as underweight, stunted and
wasted (Mei and Grummer-Strawn, 2007; WHO, 2018b; WHO Multicentre Growth Reference
Study Group, 2006). In the last scenario, we look into a child being micronutrient deficient and
an adult-member being overweight/obese (DB 7).

The data of the current article were analyzed with the software package Stata 15.0. We
display the existence of double burden using descriptive statistics. We use t-statistics to compare
the means of affected and non-affected individuals and households to identify mean difference
between both groups. Additionally, as a robustness check, we apply a regression module. As our

outcome is a binary variable, we apply a probit-regression model.

Table 3.1 Definitions used to define the double burden of malnutrition (DB) at individual and
household-level

DB Definition

Individual-sample @

DB1 =1, if adult is micronutrient deficient and overweight (BMI >25.0 kg/m?)

DB 2 =1, if child is micronutrient deficient and overweight (BAZ >+ 1 SD)

DB 2.1 =1, if child is micronutrient deficient and overweight (WHZ >+ 1 SD)
Household-sample °

DB 3 =1, if child underweight (BAZ <-2 SD) and adult overweight (BMI >25.0 kg/m?)
DB 4 =1, if child underweight (WAZ <-2 SD) and adult overweight (BMI >25.0 kg/m?)
DB 5 =1, if child stunted (HAZ <-2 SD) and adult overweight (BMI >25.0 kg/m?)

DB 6 =1, if child wasted (WHZ <-2 SD) and adult overweight (BMI >25.0 kg/m?)

DB 7 =1, if child is micronutrient deficient and adult overweight (BMI >25.0 kg/m?)

DB, double burden of malnutrition; BMI, body mass index; BAZ, body mass index-for-age Z-score;
WHZ, weight-for-height Z-score; WAZ, weight-for height Z-score; HAZ, height-for-age Z-score
Note: ? Individual-sample: adult n = 874 (female n = 558, male n = 316), child n = 184. ® Household-
sample defined as child plus at least one adult existent (household n = 173).
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3.3 Results

3.3.1 Individual-sample statistics

Nutritional status
Mean BMI of adults is 25.22 kg/m?, with a prevalence of 46% of them being overweight or
obese. Figure 3.1, panel A shows the existence of overweight and obesity of adults by gender.
Only 8% of males are obese compared to 21% of females (BMI >30.0 kg/m?). Still, 5% of adults
have a BMI <18.5 kg/m? and therefore, are classified as underweight.

According to BAZ and WAZ >+1 SD, 28% and 22% of children <5 years are classified as
being overweight (Figure 3.1, panel B). Nevertheless, 23% of children are stunted. The
prevalence of stunting is slightly lower among girls compared to boys, 21% and 24%,
respectively. Ten percent of children are severely stunted (HAZ < -3 SD). Yet, only 1% suffer
from acute malnutrition (WHZ < -2 SD). According to BAZ and WAZ, 1% and 7% of children
are underweight, respectively (Figure 3.1, panel C). More information on the nutritional status of

adults and children is displayed in Table A3.2 in the appendix.

Micronutrient deficiency
About 41% of the adults display a deficient intake in at least one of the three micronutrients. A
higher number of the male adults cannot meet their required intake of micronutrients compared
to females. Figure 3.1 panel D shows the existence of micronutrient deficiency of adults and
children, disaggregated by gender. Thirty-five percent of adults are not meeting the required
intake of zinc. Vitamin A and iron deficient are 11% and 2%, respectively.

From 184 children in the sample, 30% are undernourished and display a micronutrient
deficiency. Slightly more female children are deficient compared to male children. Twenty-one
percent and 29% of girls and boys are zinc deficient. Detailed prevalence of micronutrient
deficiencies for adults and children are shown in Appendix Table A3.3.
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Figure 3.1 Prevalence of overweight and obesity among adults (A). Prevalence of overweight
(BAZ > +1 SD and WHZ > +1 SD) of children <5y (B). Existence of underweight (BAZ, WAZ),
stunting and wasting of children <5 y (C). Existence of micronutrient deficiencies among adult and
children (D).

(BAZ, body mass index-for-age; WHZ, weight-for-height Z-score; vy, years; WAZ, weight-for-age Z-score;
HAZ, height-for-age Z-score)

SD

| Adult (n=874) ‘ Children (n=184) ‘

Double burden of malnutrition within individuals
Figure 3.2 shows the prevalence of existence of DB 1 in adults, female and male, and DB 2 and
DB 2.1 children by gender. Coexistence of micronutrient deficiency alongside with
overweight/obesity is found in 19% of the adults, according to DB 1. Gender disaggregated, 21%
of male and 18% female adults are affected. Table 3.2 shows selected descriptive statistics of the
total adult-sample and the sample affected by DB 1. More statistics can be found in the appendix
Table A3.4 and Table A3.5. Adults affected by DB are significantly older compared to the non-

affected according to t-statistics.

Fewer children are affected by the coexistence of micronutrient deficiency and
overweight/obese at individual level compared to the adult-sample. Ten percent and 8% of
children are affected by DB 2 and DB 2.1, respectively. According to definition DB 2, 8% and

12% of male and female children are affected. Numbers are slightly lower in DB 2.1 for male
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and female children (5% and 11%, see appendix Table A3.6 - Table A3.8). Table 3.3 shows
selected descriptive statistics, no significant differences in mean household characteristics

between the affected and non-affected children are observed.

% v Total mFemale = Male

25 -
20.57
20 - 18.76 1774
N
15 - \\ 1033 1236 - 11.24
| e 4 8.15
10 \ % Q 5.26
| N N
DB 1 DB 2 DB 2.1
Adult (n=874) ‘ Children (n=184) ‘

Figure 3.2 Prevalence of double burden of malnutrition of female and male adults (DB1), and
children <5 years, by gender (DB 2, DB 2.1)

Note: Sample size of female adults (n=558). Sample size of male adults (n=316). Sample size of female
children (n=89). Sample size of male children (n=95). DB 1 adult overweight/obese (BMI >25.0 kg/m?)
and micronutrient deficient. DB 2 children <5 years overweight (BAZ >+1 SD) and micronutrient
deficient. DB 2.1 children <5 years overweight (WHZ >+1 SD) and micronutrient deficient.

(DB, double burden of malnutrition)

Table 3.2 Descriptive statistics of adults (total), non-affected and DB-affected adults (DB 1)

Adults (n=874) Non-DB 1 (n=) DB1(n=164)

Household Characteristics

Kisii county (1/0) 0.69 (0.46) 0.66 (0.47) 0.79*%** (0.41)
Male household head (1/0)  0.84 (0.37) 0.83 (0.37) 0.84 (0.37)
Number adults (count) 3.45 (1.50) 1.65 (1.27) 3.72** (1.53)
Number children (count) 1.61 (1.30) 3.39 (1.49) 1.45* (1.38)
Household health® (1/0) 0.13(0.37) 0.12 (0.34) 0.21*** (0.49)

Total income (1,000 Ksh) 278.28 (866.87) 285.69 (947.83) 246.20 (340.25)

Adult Characteristics

Male adult (1/0) 0.36 (0.48) 0.35 (0.48) 0.40 (0.49)

Age (years) 46.15 (12.94) 45.60 (12.97) 48.54*** (12.58)
Education (years) 8.67 (3.52) 8.69 (3.55) 8.58 (3.35)

Body mass index (kg/m?) 25.22 (5.20) 24.38 (5.21) 28.91*** (3.10)
Dietary diversity (12 FG) 6.46 (0.97) 6.48 (0.96) 6.35 (0.99)

DB, double burden of malnutrition; FG, food groups

Note: Values are means with SD in parentheses. DB 1 adult overweight and micronutrient deficient;
®household health =1 if a member with chronic disease exists within the household.

*Difference between adults affected by DB 1 and non-affected is significant at 10% level.
**Difference between adults affected by DB 1 and non-affected is significant at 5% level.
***Difference between adults affected by DB 1 and non-affected is significant at 1% level.
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Table 3.3 Descriptive statistics of children (total), non-affected and DB-affected children (DB 2
and DB 2.1)

Children Non-DB 2 DB 2 Non-DB 2.1 DB 2.1
(n=184) (n=165) (n=19) (n=169) (n=15)
Household characteristics
Kisii county (1/0) 0.69 (0.46) 0.67 (0.47) 0.89** 0.66 (0.47)  1.00***
(0.32) (0.00)
Male household 0.81(0.39) 0.80(0.40) 0.89(0.32) 0.81(0.39) 0.80(0.41)
head (1/0)
Number adults 3.38(1.47) 252(1.19) 3.05(1.47) 252(1.19) 3.53(1.55)
(count)
Number children 251 (1.16) 3.41(1.47) 2.42(0.90) 3.36(1.47) 2.40(0.91)
(count)
Household health® 0.08 (0.30) 0.08 (0.32)  0.00 (0.00) 0.08 (0.32)  0.00 (0.00)
(1/0)
Total income 310.87 317.58 252.61 317.36 237.80
(1,000 Ksh) (836.70) (880.33) (228.62) (871.13) (195.54)

Child variables
Male child (1/0) 0.52 (0.50) 0.53(0.50) 0.42(0.51) 0.53(0.50) 0.33(0.49)

Age (months) 35.47 35.55 34.79 35.95 30.13*
(12.69) (12.32) (15.91) (12.36) (15.39)

Dietary diversity ~ 6.74 (1.11)  6.78 (1.09)  6.42(1.26) 6.78 (1.10)  6.40 (1.18)

(12 FG)

Minimum dietary  4.13 (0.93) 4.18(0.92) 3.74* (0.99) 4.18(0.93) 3.60**

diversity (7 FG) (0.74)

DB, Double burden of malnutrition; FG, food group

Note: Values are means with SD in parentheses. Statistics of non-affected household can be found in
Appendix Table A3.9 and Table A3.10. DB 2 child overweight (BMIZ >+1SD) and micronutrient
deficient. DB 2.1 overweight (WHZ >+1SD) and micronutrient deficiency.

® household health =1 if a member with chronic disease exists within the household.

*Difference between children affected by DB 2/DB 2.1 and non- affected is significant at 10% level.
**Difference between adults affected by DB 2/DB 2.1and non-affected is significant at 5% level.
***Difference between adults affected by DB 2/DB 2.1and non-affected is significant at 1% level
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3.3.2 Double burden of malnutrition at the household

The coexistence of an overweight/obese adult and undernourished child (<5 years) was found in

all applied double burden definitions in Kisii and Nyamira County. However, the magnitude

varies between definitions as seen in Figure 3.3. Only one household is affected when applying
the definition DB 3 and DB 6, which take BAZ and WHZ measures of children into account. In

13% of households, an overweight/obese adult coexists with a stunted child (DB 5). Moreover,

the coexistence of an overweight or obese adult and a micronutrient deficient child was found in
17% of the households (DB 7). Selected numbers that show different DB definitions at the

households are presented in Table 3.4. Further variables are presented in the appendix Table

A3.9 and Table A3.10. No significant differences between the particular double burden groups

can be found for the different household characteristics according to the t-statistics.

%
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17.34
12.72
2.89
0.58 - 0.58
I | . .
DB 3 DB 4 DB5 DB 6 DB 7

Figure 3.3 Existence of double burden at the household-sample in percent (DB 3 — DB 7).

Note: All definitions include adult overweight (BMI >25.0) and differ in classification of undernutrition
of children as follows: DB 3 child underweight (BAZ <-2 SD), DB 4 child underweight (WAZ <-2
SD), DB 5 child stunting (HAZ <-2 SD), DB 6 child wasting (WHZ <-2 SD), DB 7 child micronutrient
deficient.
(DB, double burden of malnutrition)
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Table 3.4 Descriptive statistics for households affected by the different double burden definitions (DB 3, DB 4, DB 5, DB 6, and DB 7)

Total (n=173) DB 3 (n=1) DB 4 (n=5) DB5(n=22) DB6(n=1) DB 7 (n=30)

Kisii county (1/0) 0.69 (0.46) 1.00 (.) 0.80 (0.45) 0.68 (0.48) 1.00 (.) 0.83* (0.38)
Male household head (1/0) 0.83 (0.37) 0.00 (.) 0.40*** (0.55) 0.77 (0.43) 0.00 (.) 0.83 (0.38)
Age household head (years) 46.41 (11.86)  66.00 (.) 47.80 (14.08) 45.64 (13.07) 66.00 () 50.80** (11.65)
Education household head (years) 9.32 (3.38) 2.00 (.) 6.40** (2.51)  8.50 (3.49) 2.00 () 8.37* (3.68)
Number adults (count) 3.35 (1.46) 6.00 (.) 4.60* (1.67) 3.59 (1.47) 6.00 () 3.60 (1.30)
Number children (count) 2.50 (1.15) 3.00 () 2.60 (1.14) 2.91* (0.97) 3.00 (\) 1.97*** (1.00)
Household health® (1/0) 0.08 (0.31) 0.00 () 0.20 (0.45) 0.09 (0.29) 0.00 () 0.07 (0.37)
Dietary diversity (12 FG) 6.38 (0.89) 5.00 (.) 6.00 (0.71) 6.50 (0.86) 5.00 (.) 6.10* (0.88)
Male child (1/0) 0.52 (0.50) 1.00 (.) 0.60 (0.55) 0.55 (0.51) 1.00 (.) 0.47 (0.51)
Age child (months) 35.91 (12.44)  59.00 (.) 45.00* (16.20) 40.27*(13.28) 59.00 (.) 40.10** (14.99)

DB, double burden of malnutrition; FG, food group

Note: Values are means with SD in parentheses. Descriptive of non-affected households are found in Table A3.9 and Table A3.10. All definitions include
adult overweight (BMI >25.0) and differ in classification of undernutrition of children as follows: DB 3 child underweight (BAZ < -2 SD), DB 4 child
underweight (WAZ < -2 SD), DB 5 child stunting (HAZ < -2 SD), DB 6 child wasting (WHZ < -2 SD), DB 7 child micronutrient deficient.

® household health =1 if a member with chronic disease exists within the household.

*Difference between households affected by DB and non-affected is significant at 10% level.

**Difference between households affected by DB and non-affected is significant at 5% level.

***Difference between households affected by DB and non-affected is significant at 1% level.
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3.4 Discussion

Multiple forms of malnutrition exist. One factor, which contributes to the complexity, is the
concurrent occurrence of underweight, micronutrient deficiency, and overweight/obesity within
households and individuals. This article focuses on measurement issues of DB. Therefore, we
define seven different combinations of indicators to depict DB. We find evidence that DB exists
in rural areas of Nyanza region, Kenya, regardless which definition of DB is applied.

First, we looked into the existence of DB at individual level (DB 1 and DB 2/ DB 2.1). The
consumptions of essential amount of nutrients are central to grow adequately, stay healthy and to
deliver performance to society, which is not only important for children, but for each individual.
We found that 19% of adult individuals, 10% and 8% of children <5 years are affected by
micronutrient deficiency and overweight/obesity simultaneously. This evidence shows that
overweight and obesity are present in rural areas, and that micronutrient deficiency is a concern.
Literature, that uses specific micronutrient deficiency as an indicator, support our findings for
children and female adults (Freire et al., 2014; Hutchinson, 2016; Jones et al., 2016; Laillou et
al., 2014). We additionally show evidence that 21% of the male adults are affected by DB, which
is noteworthy as male adults have not been in the focus yet. This evidence displays the
complexity and the importance to understand the phenomenon for each individual worldwide.
Micronutrient deficiencies are calculated via food intake of adults and children in this article,
which differs to other articles looking into DB, which assessed one specific micronutrient
deficiency via blood-measures (Freire et al., 2014; Hutchinson, 2016; Jones et al., 2016; Laillou
et al., 2014). Use of biochemical data may be more precise, however the information derived
from biochemical measurements is cost intensive, nutrient specific, and invasive (Nelson et al.,
2004). Hence, they are only used for very specific purposes. Micronutrient deficiency can be
monitored by the use of intake data. Dietary intake via recall is widely used to assess energy,

macro- and micronutrient intake, as it is more cost-efficient.

Second, we show evidence of DB at household level, where we used five different indicators
to describe undernutrition. Previous studies only use one indicator of undernutrition, which
makes the cross-comparison complex. Our data show evidence of DB, regardless which
undernutrition indicator is applied. The magnitude varies between 1% and 17% (DB 3/ DB 6 and
DB 7).
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According to the literature, the most common indicator to display undernutrition of children
was stunting (Dieffenbach and Stein, 2012; Garrett and Ruel, 2005; Kimani-Murage et al.,
2015). Stunting is associated with growth gradation, which is linked with a chronic suboptimal
supply of essential nutrients and poor development. Zinc deficiency is negatively associated with
the growth of children (Black et al., 2013). This provides us with an argument to use stunting as
an indicator, instead of micronutrient deficiency. We found out that 13% of households are
affected when applying this definition (DB 5). Micronutrient deficiencies were found in 41% of
adults and 30% of children, insufficient intake of zinc being the driver of micronutrient
deficiency in our sample. Given the high prevalence of micronutrient malnutrition, the
coexistence of an overweight/obese adult and a micronutrient deficient child might be more
sufficient to display DB. We found the highest prevalence with this definition of DB (DB 7;
17%) compared to the other DB definitions. This evidence was only shown in Ecuadorian
households so far (Freire et al., 2014), and to our knowledge this is the first study analyzing DB
in rural Africa. Evidence of deficit and excess in the same household, highlight that only the
provision of food is not the solution. Quality of food and the knowledge of preparation to address
underlying factors is the important factor (Garrett and Ruel, 2005). Due to the small sample size,
regression results only show the direction, but cannot be interpreted in any way (see Appendix
Table A3.11).

Up to know, DB was found and described as an urban challenge. As key contributor to DB,
researchers identified nutrition transition, which is characterized as shift and changes in diets and
lifestyle patterns and linked to a more sedentary occupation, higher income, consumption of
higher energy-dense food intake. This leads to a positive energy balance, and therefore is a
driving factor of the rise in overweight of adults (Caballero, 2005; Dieffenbach and Stein, 2012;
Doak et al., 2005; Jehn and Brewis, 2009; Kimani-Murage et al., 2015; Popkin et al., 2012). The

existence of evidence in rural areas leads to new and different challenges.

Our data point out that double burden exists in rural areas, but the magnitude of the problem
depends on how the coexistence is defined and measured. Therefore, comparisons across surveys
need to be made with caution. Further, research on the identification of drivers in rural areas is
highly needed. Additionally, nutrition and health related policy and program implementations
need to take the simultaneous presence of overweight and undernutrition into account while

designing nutrition related interventions.
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3.5 Appendix A3

Table A3.1 Used estimated average requirements (EAR) for micronutrients

Gender  Age Iron (mg/d) Zinc Vitamin A
(mg/d) (Hg/d)
Male 19-30y 7.7 9.4 630
31-50y 6.0 9.4 625
51-70y 6.0 9.4 625
>70y 6.0 9.4 625
Female  14-18y 7.9 7.3 485
19-30y 8.1 6.8 500
31-50y 8.1 6.8 500
51-70y 5.0 6.8 500
>70y 5.0 6.8 500
Child 6-12m 6.9 2.5 210
1-3y 3.0 2.5 210
4-8y 4.1 4.0 275
y, year

Note: estimates average requirements taken from IOM 2006
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Individual-sample statistics

Table A3.2 Nutritional status of adults and children by gender at individual level classified by

BMI and Z-score

Total (n=874)

Female (n=558) Male (n=316)

n % n % N %

Adult-sample

Underweight (BMI < 18.5) 43 492 21 3.76 22 6.96
Overweight/obese (BMI > 25.0) 405 46.32 298 5341 107 33.86
Overweight (BMI >25.0 and <30.0) 265 30.32 182  32.62 83 26.27
Obesity (BMI > 30.0) 140 16.02 116  20.79 24 7.59
Child Sample Total (n=184) Female (n=89)  Male (n=95)
Sever underweight (BAZ < -3 SD) 1 054 O 1 0.54
Sever underweight (WAZ < -3 SD) 2 109 0 2 2.11
Sever stunting (HAZ < -3 SD) 16 8.7 7 7.37 9 10.11
Sever wasting (WHZ < - 3SD) 1 054 O 1 0.54
Underweight (BAZ < -2 SD) 2 1.09 1 1.12 1 1.05
Underweight (WAZ < -2 SD) 12 6.52 6 6.74 6 6.32
Stunting (HAZ < -2 SD) 42 22.83 19 21.35 23 24.21
Wasting (WHZ < - 2 SD) 2 1.09 1 1.12 1 1.05
Mild Underweight (BMIZ < -1 SD) 13 707 6 6.74 7 7.37
Mild Underweight (WAZ < -1 DS) 51 27.72 24 26.97 27 28.42
Mild stunting (HAZ < -1 DS) 93 50.54 39 43.82 54 65.84
Mild wasting (WHZ < -1 DS) 14 761 5 5.62 9 9.47
Overweight (BMIZ > +1SD) 51 27172 25 28.09 26 27.37
Overweight (WHZ > +1 SD) 41 2228 21 23.6 20 21.05

n, sample size; BMI, body mass index; BAZ, body mass index-for-age Z-score; WAZ, weight-for-
height Z-score; HAZ, height-for-age Z-score; WHZ, weight-for-height Z-score

Note: Body mass index displayed in kg/m?.

Table A3.3 Existence of micronutrient deficiency by different samples and gender

Micronutrient VA Zinc Iron
deficiency deficiency  deficiency  deficiency
n % n % n % n %
Adults
Total (n=874) 361 41.3 97 11.09 313 3577 16 1.83
Female (n=558) 185 3315 50 896 158 2832 14 251
Male (n=316) 176 55.7 47 1487 155 49.05 2 0.63
Child-sample
Total (n=184) 56 3043 15 815 47 2554 17 9.34
Female (n=98) 28 3146 10 1124 19 2135 5 575
Male (n=95) 28 2947 5 526 28 2947 12 12.63
VA, vitamin A
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Table A3.4 Descriptive statistics of total adults, non-affected and DB-affected adults (DB 1)

Total (n=874) Non-DB 1 DB 1 (n=164)
(n=710)

Household characteristics
Kisii county (1/0) 0.69 (0.46) 0.66 (0.47) 0.79*** (0.41)
Male HH head (1/0) 0.84 (0.37) 0.83(0.37) 0.84 (0.37)
Age HH head (years) 50.58 (12.32) 50.10 (12.56) 52.66** (11.04)
Marital status HH head (1/0) 0.83(0.38) 0.83(0.38) 0.82 (0.38)
Farming occupation HH head (1/0)  0.64 (0.48) 0.63 (0.48) 0.66 (0.48)
Education HH head (years) 9.05 (3.93) 9.03 (4.01) 9.14 (3.60)
Number adults (count) 3.45 (1.50) 3.39 (1.49) 3.72** (1.53)
Number children (count) 1.61 (1.30) 1.65 (1.27) 1.45* (1.38)
Household health® (1/0) 0.13(0.37) 0.12 (0.34) 0.21*** (0.49)
Protected water source (1/0) 0.65 (0.48) 0.65 (0.48) 0.61 (0.49)
Toilet facility existent (1/0) 0.97 (0.18) 0.97 (0.18) 0.97 (0.17)
Agricultural income (1,000 Ksh) 126.62 (662.76) 128.91 (723.78) 116.71 (271.67)
Total income (1,000 Ksh) 278.28 (866.87) 285.69 (947.83) 246.20 (340.25)
Farm size (acres) 1.29 (1.20) 1.25 (1.11) 1.50** (1.50)
Food purchase (share) 56.27 (13.67) 56.27 (13.37) 56.27 (14.93)
Adult Characteristics
Male adult (1/0) 0.36 (0.48) 0.35(0.48) 0.40 (0.49)
Age (years) 46.15 (12.94) 45.60 (12.97) 48.54%** (12.58)
Marital status (1/0) 1.71 (1.43) 1.70 (1.43) 1.73 (1.47)
Education (years) 8.67 (3.52) 8.69 (3.55) 8.58 (3.35)
Body mass index (kg/m?) 25.22 (5.20) 24.38 (5.21) 28.91*** (3.10)
Dietary diversity (12 FG) 6.46 (0.97) 6.48 (0.96) 6.35 (0.99)
MDD-W" 4.93 (0.90) 4.95 (0.90) 4.81* (0.92)
Micronutrient deficiency (1/0) 0.41 (0.49) 0.28 (0.45) 1.00*** (0.00)
VA deficiency (1/0) 0.11 (0.31) 0.08 (0.27) 0.26*** (0.44)
Iron deficiency (1/0) 0.02 (0.13) 0.01 (0.11) 0.05*** (0.22)
Zinc deficiency (1/0) 0.36 (0.48) 0.24 (0.43) 0.88*** (0.33)
Underweight (BMI <18.5 kg/m2) 0.05 (0.22) 0.06 (0.24) 0.00*** (0.00)
(1/0)
Overweight/obese (BMI >25.0 0.46 (0.50) 0.34 (0.47) 1.00*** (0.00)
kg/m?) (1/0)
Overweight (BMI >25.0 kg/m? and  0.30 (0.46) 0.22 (0.41) 0.67*** (0.47)
<30.0 kg/m?) (1/0)
Obesity (BMI >30.0 kg/m?) (1/0) 0.16 (0.37) 0.12 (0.33) 0.33*** (0.47)

DB, double burden of malnutrition; HH, household, BMI, body mass index; FG, Food group; MDD-W,
minimum dietary diversity for women; VA, vitamin A

Note: Values are means with SD in parentheses. DB 1 adult micronutrient deficient and overweight;

? household health =1 if a member with chronic disease exists within the household. ® MDD-W
calculated for female and male adults

*Difference between adults affected by DB 1 and non-affected is significant at 10% level. **Difference
between adults affected by DB 1 and non-affected is significant at 5% level. ***Difference between
adults affected by DB 1 and non-affected is significant at 1% level.
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Table A3.5 Descriptive statistics of total female and male adults, non-affected, and DB-affected female and male adults (DB 1)

Female Male
Total (n=558) Non-DB 1 DB 1 (n=99) Total (n=316) Non-DB 1 DB 1 (n=65)
(n=459) (n=251)

Household characteristics
Kisii county (1/0) 0.66 (0.47) 0.65 (0.48) 0.73*** (0.45) 0.72 (0.45) 0.68 (0.47) 0.88*** (0.33)
Male HH head (1/0) 0.75 (0.44) 0.75(0.43) 0.74 (0.44) 0.99 (0.10) 0.99 (0.11) 1.00 (0.00)
Age HH head (years) 50.34 (12.18) 50.17 (12.46)  51.14** (10.81) 50.99 (12.58) 49.96 (12.76)  54.98*** (11.07)
Marital status HH head (1/0) 0.76 (0.43) 0.76 (0.43) 0.75 (0.44) 0.95 (0.22) 0.95 (0.21) 0.94 (0.24)
Farming occupation HH head 0.61 (0.49) 0.60 (0.49) 0.66 (0.48) 0.68 (0.47) 0.69 (0.46) 0.66 (0.48)
(1/0)
Education HH head (years) 8.89 (4.18) 8.88 (4.29) 8.95 (3.64) 9.33 (3.44) 9.30 (3.42) 9.43 (3.53)
Number adults (count) 3.39 (1.49) 3.34 (1.47) 3.64** (1.55) 3.55(1.52) 3.48 (1.52) 3.85(1.51)
Number children (count) 1.67 (1.30) 1.70 (1.28) 1.57* (1.39) 1.51 (1.28) 1.57 (1.26) 1.28 (1.34)
Household health ? (1/0) 0.13 (0.35) 0.12 (0.34) 0.17*** (0.43) 0.15 (0.40) 0.12 (0.34) 0.26*** (0.57)
Protected water source (1/0) 0.63 (0.48) 0.64 (0.48) 0.60 (0.49) 0.66 (0.47) 0.67 (0.47) 0.63 (0.49)
Toilet facility existent (1/0) 0.97 (0.16) 0.97 (0.17) 0.98 (0.14) 0.96 (0.20) 0.96 (0.20) 0.95(0.21)
Agricultural income (1,000 Ksh)  107.18 109.73 95.40 (240.21) 160.95 163.99 149.18 (312.80)

(587.76) (638.56) (777.57) (858.33)
Total income (1,000 Ksh) 269.21 281.46 212.39 (301.88) 294.30 293.42 297.71 (388.38)

(894.15) (975.69) (817.63) (896.50)
Farm size (acres) 1.19 (1.05) 1.20 (1.05) 1.18** (1.04) 1.47 (1.41) 1.33(1.21) 1.98*** (1.92)
Food purchase (share) 56.19 (13.71) 56.04 (13.24)  56.89 (15.76) 56.40 (13.61) 56.68 (13.62)  55.33 (13.64)
Adult Characteristics
Male adult (1/0) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00)
Age (years) 43.70 (12.63) 43.54 (12.80)  44.42*** (11.84) 50.49 (12.36) 49.38 (12.45)  54.80*** (11.07)
Marital status (1/0) 1.97 (1.62) 1.96 (1.61) 2.93 (1.67) 1.24 (0.84) 1.23(0.81) 1.28 (0.93)
Education (years) 8.29 (3.51) 8.35 (3.59) 8.02 (3.12) 9.34 (3.43) 9.32 (3.41) 9.43 (3.53)
Body mass index (kg/m®) 26.02 (5.57)  25.33 (5.73) 29.27*** (3.17) 23.82 (4.11) 22.66 (3.52) 28.36*** (2.93)
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Dietary diversity (12 FG) 6.44 (0.97)  6.46 (0.96) 6.33 (0.99) 6.50 (0.97)  6.53 (0.96) 6.38 (1.00)

MDD-W ° 4.89 (0.91) 4.93 (0.90) 4.72* (0.93) 4.99 (0.89) 5.00 (0.89) 4.95 (0.89)
Micronutrient deficiency (1/0) 0.33 (0.47) 0.19 (0.39) 1.00*** (0.00) 0.56 (0.50) 0.44 (0.50) 1.00*** (0.00)
VA deficiency (1/0) 0.09 (0.29) 0.05 (0.22) 0.26*** (0.44) 0.15 (0.36) 0.12 (0.33) 0.26*** (0.44)
Iron deficiency (1/0) 0.03 (0.16) 0.01 (0.11) 0.08*** (0.27) 0.01 (0.08) 0.01 (0.09) 0.00 (0.00)
Zinc deficiency (1/0) 0.28 (0.45) 0.16 (0.36) 0.87*** (0.34) 0.49 (0.50) 0.39 (0.49) 0.89*** (0.31)
Underweight (BMI <18.5 kg/m?)  0.04 (0.19) 0.05 (0.21) 0.00*** (0.00) 0.07 (0.25) 0.09 (0.28) 0.00** (0.00)
(1/0)

Overweight/obese (BMI >25.0 0.53 (0.50) 0.43 (0.50) 1.00*** (0.00) 0.34 (0.47) 0.17 (0.37) 1.00*** (0.00)
kg/m2) (1/0)

Overweight (BMI >25.0 kg/m?>  0.33 (0.47) 0.26 (0.44) 0.62*** (0.49) 0.26 (0.44) 0.14 (0.34) 0.75*** (0.43)
and <30.0 kg/m?) (1/0)

Obesity (BMI >30.0 kg/m?) (1/0) 0.21 (0.41) 0.17 (0.38) 0.38*** (0.49) 0.08 (0.27) 0.03 (0.18) 0.25*** (0.43)

DB, double burden of malnutrition; HH, household, BMI, body mass index; FG, Food group, MDD-W; minimum dietary diversity for women; VA, vitamin A
Note: Values are means with SD in parentheses. DB 1 adult micronutrient deficient and overweight.

® household health =1 if a member with chronic disease exists within the household. ® MDD-W calculated for female and male adults

*Difference between adults affected by DB 1 and non- affected is significant at 10% level. **Difference between adults affected by DB 1 and non-affected is
significant at 5% level. ***Difference between adults affected by DB 1 and non-affected is significant at 1% level
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Table A3.6 Descriptive statistics of children (total), non-affected andDB- affected children ( DB 2 and DB 2.1)

G9 | abed

Children (n=184) Non-DB 2 (n=165) DB 2 (n=19) Non-DB 2.1 (n=169) DB 2.1 (n=15)

Household characteristics

Kisii county (1/0) 0.69 (0.46) 0.67 (0.47) 0.89** (0.32) 0.66 (0.47) 1.00*** (0.00)
Male household head (1/0) 0.81 (0.39) 0.80 (0.40) 0.89 (0.32) 0.81 (0.39) 0.80 (0.41)
Age household head (years) 46.52 (11.67) 46.72 (11.58) 44.79 (12.58) 46.31 (11.66) 48.80 (11.95)
Marital status household head (1/0) 0.82 (0.39) 0.81 (0.39) 0.84 (0.37) 0.82 (0.39) 0.80 (0.41)
Farming occupation household head (1/0) 0.60 (0.49) 0.60 (0.49) 0.63 (0.50) 0.60 (0.49) 0.67 (0.49)
Education household head (years) 9.29 (3.38) 9.30 (3.38) 9.21 (3.43) 9.34 (3.35) 8.73 (3.77)
Number of adults (count) 2.51 (1.16) 2.52 (1.19) 2.42 (0.90) 2.52 (1.19) 2.40 (0.91)
Number of children (count) 3.38 (1.47) 3.41 (1.47) 3.05 (1.47) 3.36 (1.47) 3.53 (1.55)
Household health?® (1/0) 0.08 (0.30) 0.08 (0.32) 0.00 (0.00) 0.08 (0.32) 0.00 (0.00)
Protected water source (1/0) 0.61 (0.49) 0.61 (0.49) 0.68 (0.48) 0.60 (0.49) 0.80 (0.41)
Toilet facility existent (1/0) 0.97 (0.16) 0.97 (0.17) 1.00 (0.00) 0.97 (0.17) 1.00 (0.00)
Agricultural income (1,000 Ksh) 92.86 (148.52) 92.54 (152.01) 95.63 (117.22)  91.83(150.67) 104.39 (125.53)
Total income (1,000 Ksh) 310.87 (836.70) 317.58 (880.33) 252.61 (228.62) 317.36 (871.13) 237.80 (195.54)
Farm size (acres) 1.26 (1.17) 1.23 (1.16) 1.58 (1.28) 1.22 (1.15) 1.72 (1.41)
Food purchase (share) 56.54 (13.81) 56.11 (13.74) 60.23 (14.23) 56.35 (13.69) 58.66 (15.39)
Child variables
Male child (1/0) 0.52 (0.50) 0.53 (0.50) 0.42 (0.51) 0.53 (0.50) 0.33 (0.49)
Age (months) 35.47 (12.69) 35.55 (12.32) 34.79 (15.91) 35.95 (12.36) 30.13* (15.39)
Received breastmilk (1/0) 0.97 (0.18) 0.96 (0.19) 1.00 (0.00) 0.96 (0.19) 1.00 (0.00)
Still breastfed (1/0) 0.13(0.33) 0.12 (0.33) 0.16 (0.37) 0.12 (0.32) 0.20 (0.41)
Disease suffered within last 14 days (1/0) 0.22 (0.41) 0.22 (0.41) 0.21 (0.42) 0.21 (0.41) 0.27 (0.46)
Dietary diversity (12 FG) 6.74 (1.11) 6.78 (1.09) 6.42 (1.26) 6.78 (1.10) 6.40 (1.18)
Minimum dietary diversity (7 FG) 4.13 (0.93) 4.18 (0.92) 3.74* (0.99) 4.18 (0.93) 3.60** (0.74)
Micronutrient deficiency (1/0) 0.30 (0.46) 0.22 (0.42) 1.00*** (0.00)  0.24 (0.43) 1.00*** (0.00)
VA deficiency (1/0) 0.08 (0.27) 0.07 (0.25) 0.21** (0.42) 0.06 (0.24) 0.33*** (0.49)
Iron deficiency (1/0) 0.09 (0.29) 0.08 (0.27) 0.21* (0.42) 0.08 (0.28) 0.20 (0.41)
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Zinc deficiency (1/0) 0.26 (0.44) 0.19 (0.40) 0.79%** (0.42)  0.21(0.41) 0.73%** (0.46)
Underweight (BAZ <-2 SD) (1/0) 0.01 (0.10) 0.01 (0.11) 0.00 (0.00) 0.01 (0.11) 0.00 (0.00)
Underweight (WAZ <-2 SD) (1/0) 0.07 (0.25) 0.07 (0.26) 0.00 (0.00) 0.07 (0.26) 0.00 (0.00)
Stunting (HAZ <-2 SD) (1/0) 0.23 (0.42) 0.22 (0.42) 0.26 (0.45) 0.23 (0.42) 0.20 (0.41)
Wasting (WHZ <-2 SD) (1/0) 0.01 (0.10) 0.01 (0.11) 0.00 (0.00) 0.01 (0.11) 0.00 (0.00)
Overweight (BAZ >+1 SD) 0.28 (0.45) 0.19 (0.40) 1.00%** (0.00)  0.22 (0.41) 0.93%** (0.26)
Overweight (WHZ >+1SD) 0.22 (0.42) 0.16 (0.37) 0.74*** (0.45)  0.15 (0.36) 1.00%** (0.00)

DB, double burden of malnutrition; FG, food group; BAZ, body mass index-for-age Z-score; WAZ, weight-for-age Z-score; HAZ, height-for-age Z-score;
WHZ; weight-for-height Z-score; VA, vitamin A
Note: Values are means with SD in parentheses. DB2 child overweight (BMIZ >+1SD) and micronutrient deficient; DB2.1 overweight (WHZ >+1SD) and

micronutrient deficiency.

® household health =1 if a member with chronic disease exists within the household.

*Difference between children affected by DB 2/DB 2.1 and non-affected is significant at 10% level. **Difference between children affected by DB 2/DB 2.1
and non-affected is significant at 5% level. ***Difference between children affected by DB 2/DB 2.1 and non-affected is significant at 1% level

Table A3.7 Descriptive statistics of female children (total), non-affected and DB-affected children (DB 2 and DB 2.1)

Total (n=89) Non DB 2 (n=78) DB 2 (n=11) Non-DB 2.1 (n=79) DB 2.1 (n=10)
Household characteristics
Kisii county (1/0) 0.62 (0.49) 0.58 (0.50) 0.58** (0.50) 0.57 (0.50) 1.00*** (0.00)
Male household head (1/0) 0.83 (0.38) 0.83 (0.38) 0.83 (0.38) 0.84 (0.37) 0.80 (0.42)
Age household head (years) 46.35 (12.60) 46.51 (12.49) 46.51 (12.49) 46.32 (12.53) 46.60 (13.87)
Marital status household head (1/0) 0.81 (0.40) 0.82 (0.39) 0.82 (0.39) 0.82 (0.38) 0.70 (0.48)
Farming occupation household head (1/0)  0.61 (0.49) 0.62 (0.49) 0.62 (0.49) 0.61 (0.49) 0.60 (0.52)
Education household head (years) 9.08 (3.19) 8.99 (3.06) 8.99 (3.06) 9.05 (3.09) 9.30 (4.06)
Number of adults (count) 2.45 (1.18) 2.46 (1.20) 2.46 (1.20) 2.46 (1.20) 2.40 (1.07)
Number of children (count) 3.24 (1.45) 3.29 (1.45) 3.29 (1.45) 3.27 (1.47) 3.00 (1.33)
Household health® (1/0) 0.09 (0.32) 0.10 (0.35) 0.10 (0.35) 0.10 (0.34) 0.00 (0.00)
Protected water source (1/0) 0.61 (0.49) 0.59 (0.50) 0.59 (0.50) 0.58 (0.50) 0.80 (0.42)
Toilet facility existent (1/0) 0.96 (0.21) 0.95 (0.22) 0.95 (0.22) 0.95 (0.22) 1.00 (0.00)
Agricultural income (1,000 Ksh) 102.77 (172.84) 102.82 (177.17) 102.82 (177.17)  101.62 (176.36) 111.88 (149.78)
Total income (1,000 Ksh) 302.56 (802.93) 307.56 (854.02) 307.56 (854.02) 310.40 (848.90) 240.64 (231.20)
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Farm size (acres) 1.29 (1.24) 1.29 (1.25) 1.29 (1.25) 1.28 (1.25) 1.36 (1.27)
Food purchase (share) 56.96 (14.31) 55.94 (13.91) 55.94* (13.91) 56.18 (13.98) 63.12 (16.10)
Child variables

Male child (1/0) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Age (months) 34.12 (12.86) 34.69 (12.32) 34.69 (12.32) 34.61 (12.27) 30.30 (17.17)
Received breastmilk (1/0) 0.97 (0.18) 0.96 (0.19) 0.96 (0.19) 0.96 (0.19) 1.00 (0.00)
Still breastfed (1/0) 0.18 (0.39) 0.17 (0.38) 0.17 (0.38) 0.16 (0.37) 0.30 (0.48)
Disease suffered within last 14 days (1/0)  0.20 (0.40) 0.19 (0.40) 0.19 (0.40) 0.19 (0.39) 0.30 (0.48)
Dietary diversity (12 FG) 6.87 (1.09) 6.92 (1.09) 6.92 (1.09) 6.91 (1.09) 6.50 (1.08)
Minimum dietary diversity (7 FG) 4.13 (0.87) 4.22 (0.88) 4.22** (0.88) 4.22 (0.87) 3.50** (0.53)
Micronutrient deficiency (1/0) 0.31 (0.47) 0.22 (0.42) 0.22*** (0.42)  0.23(0.42) 1.00*** (0.00)
VA deficiency (1/0) 0.11 (0.32) 0.08 (0.27) 0.08*** (0.27)  0.08 (0.27) 0.40*** (0.52)
Iron deficiency (1/0) 0.06 (0.23) 0.04 (0.20) 0.04* (0.20) 0.04 (0.19) 0.20 (0.42)
Zinc deficiency (1/0) 0.21 (0.41) 0.15 (0.36) 0.15*** (0.36)  0.16 (0.37) 0.60*** (0.52)
Underweight (BAZ <-2 SD) (1/0) 0.01 (0.11) 0.01 (0.11) 0.01 (0.112) 0.01 (0.11) 0.00 (0.00)
Underweight (WAZ <-2 SD) (1/0) 0.07 (0.25) 0.08 (0.27) 0.08 (0.27) 0.08 (0.27) 0.00 (0.00)
Stunting (HAZ <-2 SD) (1/0) 0.21 (0.41) 0.21 (0.41) 0.21 (0.41) 0.22 (0.41) 0.20 (0.42)
Wasting (WHZ <-2 SD) (1/0) 0.01 (0.11) 0.01 (0.11) 0.01 (0.11) 0.01 (0.11) 0.00 (0.00)
Overweight (BAZ >+1 SD) 0.28 (0.45) 0.18 (0.39) 0.18*** (0.39)  0.19(0.39) 1.00*** (0.00)
Overweight (WHZ >+1SD) 0.24 (0.43) 0.14 (0.35) 0.14*** (0.35)  0.14 (0.35) 1.00*** (0.00)

DB, double burden of malnutrition; FG, food group, BAZ, body mass index-for-age Z-score; WAZ, weight-for-age Z-score; HAZ, height-for-age Z-score;

WHZ, weight-for-height Z-score; VA, vitamin A

Note: Values are means with SD in parentheses. DB2 child overweight (BMIZ >+1SD) and micronutrient deficient; DB2.1 overweight (WHZ >+1SD) and

micronutrient deficiency.

*household health =1 if a member with chronic disease exists within the household.
*Difference between female children affected by DB 2/DB 2.1 and non-affected is significant at 10% level. **Difference between female children affected by
DB 2/DB 2.1 and non-affected is significant at 5% level. ***Difference between female children affected by DB 2/DB 2.1 and non-affected is significant at

1% level
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Table A3.8 Descriptive statistics of male children (total), non-affected and DB-affected children (DB 2 and DB 2.1)

Total (n=95) Non DB 2 (n=87) DB 2 (n=8) Non-DB 2.1 (n=90) DB 2.1 (n=5)
Household characteristics
Kisii county (1/0) 0.76 (0.43) 0.75 (0.44) 0.88 (0.35) 0.74 (0.44) 1.00 (0.00)
Male household head (1/0) 0.79 (0.41) 0.77 (0.42) 1.00 (0.00) 0.79 (0.41) 0.80 (0.45)
Age household head (years) 46.67 (10.79) 46.90 (10.78) 44.25 (11.29) 46.31 (10.91) 53.20 (5.59)
Marital status household head (1/0) 0.82 (0.39) 0.80 (0.40) 1.00 (0.00) 0.81 (0.39) 1.00 (0.00)
Farming occupation household head (1/0)  0.60 (0.49) 0.59 (0.50) 0.75 (0.46) 0.59 (0.49) 0.80 (0.45)
Education household head (years) 9.48 (3.55) 9.57 (3.64) 8.50 (2.27) 9.59 (3.56) 7.60 (3.21)
Number of adults (count) 2.57 (1.15) 2.57 (1.19) 2.50 (0.76) 2.58 (1.18) 2.40 (0.55)
Number of children (count) 3.51 (1.49) 3.52 (1.49) 3.38 (1.60) 3.44 (1.48) 4.60* (1.52)
Household health?® (1/0) 0.06 (0.28) 0.07 (0.30) 0.00 (0.00) 0.07 (0.29) 0.00 (0.00)
Protected water source (1/0) 0.62 (0.49) 0.62 (0.49) 0.63 (0.52) 0.61 (0.49) 0.80 (0.45)
Toilet facility existent (1/0) 0.99 (0.10) 0.99 (0.11) 1.00 (0.00) 0.99 (0.11) 1.00 (0.00)
Agricultural income (1,000 Ksh) 83.57 (121.65)  83.32 (125.60) 86.29 (70.08) 83.25 (124.25) 89.42 (65.24)
Total income (1,000 Ksh) 318.66 (871.32) 326.57 (908.13) 232.64 (232.09) 323.47 (894.88) 232.13 (116.16)
Farm size (acres) 1.24 (1.11) 1.17 (1.07) 1.96* (1.34) 1.17 (1.05) 2.43** (1.55)
Food purchase (share) 56.14 (13.39) 56.27 (13.67) 54.76 (10.49) 56.50 (13.51) 49.75 (9.87)
Child variables
Male child (1/0) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00)
Age (months) 36.74 (12.46) 36.32 (12.33) 41.25 (13.76) 37.12 (12.39) 29.80 (12.87)
Received breastmilk (1/0) 0.97 (0.18) 0.97 (0.18) 1.00 (0.00) 0.97 (0.18) 1.00 (0.00)
Still breastfed (1/0) 0.07 (0.26) 0.08 (0.27) 0.00 (0.00) 0.08 (0.27) 0.00 (0.00)
Disease suffered within last 14 days (1/0)  0.23 (0.42) 0.24 (0.43) 0.13 (0.35) 0.23 (0.43) 0.20 (0.45)
Dietary diversity (12 FG) 6.63 (1.12) 6.66 (1.08) 6.38 (1.60) 6.66 (1.10) 6.20 (1.48)
Minimum dietary diversity (7 FG) 4.13 (0.99) 4.14 (0.95) 4.00 (1.41) 4.14 (0.99) 3.80 (1.10)
Micronutrient deficiency (1/0) 0.29 (0.46) 0.23 (0.42) 1.00*** (0.00) 0.26 (0.44) 1.00*** (0.00)
VA deficiency (1/0) 0.05 (0.22) 0.06 (0.23) 0.00 (0.00) 0.04 (0.21) 0.20 (0.45)
Iron deficiency (1/0) 0.13 (0.33) 0.11 (0.32) 0.25 (0.46) 0.12 (0.33) 0.20 (0.45)
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Zinc deficiency (1/0)
Underweight (BAZ <-2 SD) (1/0)
Underweight (WAZ <-2 SD) (1/0)
Stunting (HAZ <-2 SD) (1/0)
Wasting (WHZ <-2 SD) (1/0)
Overweight (BAZ >+1 SD)
Overweight (WHZ >+1SD)

0.29 (0.46)
0.01 (0.10)
0.06 (0.24)
0.24 (0.43)
0.01 (0.10)
0.27 (0.45)
0.21 (0.41)

0.23 (0.42)
0.01 (0.11)
0.07 (0.25)
0.24 (0.43)
0.01 (0.11)
0.21 (0.41)
0.18 (0.39)

1.00%** (0.00)

0.00 (0.00)
0.00 (0.00)
0.25 (0.46)
0.00 (0.00)

1.00%** (0.00)
0.50** (0.53)

0.26 (0.44)
0.01 (0.11)
0.07 (0.25)
0.24 (0.43)
0.01 (0.11)
0.24 (0.43)
0.17 (0.37)

1.00%** (0.00)
0.00 (0.00)
0.00 (0.00)
0.20 (0.45)
0.00 (0.00)
0.80*** (0.45)
1.00%** (0.00)

DB, double burden of malnutrition; FG, food group; BAZ, body mass index-for-age Z-score;, WAZ, weight-for-age Z-score; HAZ, height-for-age Z-score;

WHZ, weight-for-height Z-score; VA, vitamin A

Note: Values are means with SD in parentheses. DB2 child overweight (BMIZ >+1SD) and micronutrient deficient; DB2.1 overweight (WHZ >+1SD) and

micronutrient deficiency.

® household health =1 if a member with chronic disease exists within the household.

*Difference between male children affected by DB 2/DB 2.1 and non-affected is significant at 10% level. **Difference between male children affected by
DB 2/DB 2.1 and non-affected is significant at 5% level. ***Difference between male children affected by DB 2/DB 2.1 and non-affected is significant at

1% level
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Household-sample statistics
Table A3.9 Descriptive of households (total), non-affected and DB-affected households (DB 3 — DB 5)

Total Non-DB 3 DB 3 Non-DB4 DB 4 (n=5) Non-DB 5 DB 5 (n=22)
(n=173) (n=172) (n=1) (n=168) (n=151)
Household characteristics
Kisii county (1/0) 0.69 (0.46)  0.69 (0.46) 1.00(.) 0.69(0.46) 0.80 (0.45) 0.70 (0.46) 0.68 (0.48)
Male household head (1/0) 46.41 46.30 (11.80) 66.00 46.37 47.80 (14.08)  46.52 (11.72) 45.64 (13.07)
(11.86) @) (11.84)
Age household head (years) 0.83(0.37) 0.84(0.37) 0.00() 0.85(0.36) 0.40*** (0.55) 0.84(0.37) 0.77 (0.43)
Marital status household head (1/0) 0.84 (0.37)  0.84 (0.36) 0.00() 0.85(0.36) 0.60 (0.55) 0.84 (0.37) 0.82 (0.39)
Farming occupation household 0.60 (0.49)  0.60 (0.49) 1.00() 0.59(0.49) 1.00* (0.00) 0.60 (0.49) 0.59 (0.50)
head (1/0)
Education household head (years) 9.32(3.38) 9.36 (3.34) 200() 9.40(3.37) 6.40**(2.51) 9.44(3.36) 8.50 (3.49)
Number of adults (count) 3.35(1.46)  3.33(1.45) 6.00 () 3.31(1.44) 4.60*(1.67) 3.31 (1.46) 3.59 (1.47)
Number of children (count) 2.50 (1.15)  2.50 (1.15) 3.00() 250(1.15) 2.60(1.14) 2.44 (1.16)  2.91* (0.97)
Household health® (1/0) 0.08 (0.31)  0.08 (0.31) 0.00() 0.08(0.31) 0.20(0.45) 0.08 (0.32) 0.09 (0.29)
Protected water source (1/0) 0.62 (0.49) 0.62 (0.49) 0.00(.) 0.62(0.49) 0.60 (0.55) 0.62 (0.49) 0.59 (0.50)
Toilet facility existent (1/0) 0.98 (0.15)  0.98 (0.15) 1.00(.) 0.98(0.13) 0.80***(0.45) 0.98(0.14) 0.95 (0.21)
Agricultural income (1,000 Ksh) 94.83 94.95 73.49 92.99 156.67 90.23 126.40
(152.50) (152.93) @) (150.19) (230.96) (140.49) (219.78)
Total income (1,000 Ksh) 277.65 278.68 99.24 279.53 214.26 287.05 213.10
(660.75) (662.54) @) (669.23) (264.08) (701.07) (245.24)
Farm size (acres) 1.27(1.19) 1.26 (1.19) 2.23() 1.26(1.20) 1.41(0.79) 1.27 (1.22) 1.24 (0.99)
Food purchase (share) 56.39 56.38 (13.89) 57.89 56.41 55.55(10.99)  56.99 (14.01) 52.22(12.18)
(13.85) ) (13.96)
Dietary diversity (12 FG) 6.38 (0.89)  6.39 (0.88) 500() 6.39(0.89) 6.00(0.71) 6.36 (0.89) 6.50 (0.86)
Adult characteristics®
Micronutrient deficiency (1/0) 0.59 (0.49) 0.59 (0.49) 1.00() 0.59(0.49) 0.60 (0.55) 0.57 (0.50) 0.73 (0.46)
VA deficiency (1/0) 0.20 (0.40)  0.20 (0.40) 1.00(.) 0.20(0.40) 0.40 (0.55) 0.19 (0.39) 0.32 (0.48)
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Iron deficiency (1/0) 051(0.50) 051(0.50)  1.00() 0.51(0.50) 0.60 (0.55) 0.50 (0.50)  0.64 (0.49)

Zinc deficiency (1/0) 0.13 (0.33) 0.12 (0.33) 1.00() 0.12(0.32) 0.40* (0.55) 0.13 (0.34) 0.09 (0.29)
Overweight/obese (1/0) 0.62 (0.49) 0.62 (0.49) 0.00(.) 0.61(0.49) 0.80 (0.45) 0.57 (0.50) 0.95*** (0.21)
Child characteristics

Male child (1/0) 0.52 (0.50) 0.52 (0.50) 1.00(.) 0.52(0.50) 0.60 (0.55) 0.52 (0.50) 0.55 (0.51)
Age (months) 35.91 35.77 (12.35)  59.00 35.64 45.00** 35.27 (12.23) 40.27* (13.28)

(12.44) @) (12.27) (16.20)

Received breastmilk (1/0) 0.97 (0.18)  0.97 (0.18) 1.00(.) 0.97(0.17) 0.80**(0.45) 0.97(0.18) 0.95 (0.21)
Still breastfed (1/0) 0.12 (0.33) 0.12 (0.33) 0.00() 0.12(0.32) 0.20(0.45) 0.13(0.33) 0.09 (0.29)

Disease suffered within last 14 days 0.21 (0.41) 022 (0.41)  0.00() 0.22(0.42) 0.00 (0.00) 0.21(0.41)  0.23(0.43)
(1/0)

Dietary diversity (12 FG) 6.75(1.11) 6.76(1.11)  500() 6.76(L.11) 6.40 (1.14) 6.70 (1.07)  7.09 (1.34)
Minimum dietary diversity (7 FG) ~ 4.17 (0.92)  4.17(0.91)  3.00() 4.17(0.91) 4.20 (1.10) 413(0.86)  4.45(1.22)
Micronutrient deficiency (1/0) 0.29 (0.46) 0.29(0.46)  1.00() 0.29 (0.46) 0.40 (0.55) 0.30 (0.46)  0.23(0.43)
VA deficiency (1/0) 0.08(0.27) 0.08(0.27)  1.00() 0.08(0.27) 0.20 (0.45) 0.09 (0.28)  0.05 (0.21)
Iron deficiency (1/0) 0.09(0.28)  0.08(0.28)  1.00() 0.08(0.27) 0.40**(0.55) 0.09(0.28)  0.09 (0.29)
Zinc deficiency (1/0) 0.25(0.43) 0.24(0.43)  1.00() 0.24(0.43) 0.40 (0.55) 0.25(0.44)  0.23(0.43)

Underweight (BAZ < -2 SD) (1/0)  0.01(0.11)  0.01(0.08)  1.00() 0.01(0.08) 0.20*** (0.45) 0.01(0.08)  0.05 (0.21)
Underweight (WAZ < -2 SD) (1/0)  0.07 (0.25)  0.06 (0.25)  1.00() 0.04(0.20) 1.00%** (0.00) 0.05(0.21)  0.23*** (0.43)

Stunting (HAZ < -2 SD) (L/0) 023(042) 023(0.42)  1.00() 021(0.41) 1.00%**(0.00) 0.12(0.33)  1.00*** (0.00)
Wasting (WHZ < -2 SD) (1/0) 0.01(0.11) 0.01(0.08)  1.00() 0.01(0.08) 0.20%** (0.45) 0.01(0.08)  0.05(0.21)
Overweight (BAZ >+1 SD) 0.26 (0.44) 0.26(0.44)  0.00() 0.27(0.44) 0.00 (0.00) 0.25(0.43)  0.36 (0.49)
Overweight (WHZ >+1SD) 0.20 (0.40)  0.20(0.40)  0.00() 0.21(0.41) 0.00 (0.00) 0.21(0.41)  0.18(0.39)

DB, double burden of malnutrition; FG, food group; BAZ, body mass index-for-age Z-score; WAZ, weight-for-age Z-score; HAZ, height-for-age Z-score;
WHZ, weight-for-height Z-score; VA, vitamin A

Note: Values are means with SD in parentheses. All definitions include adult overweight (BMI >25.0) and differ in classification of undernutrition of children
as follows: DB 3 child underweight (BAZ < -2 SD), DB 4 child underweight (WAZ < -2 SD), DB 5 child stunting (HAZ < -2 SD)

® household health =1 if a member with chronic disease exists within the household. ® for all adult variables =1 if one of the adults is deficient or both
together.

*Difference between households affected by DB and non-affected is significant at 10% level. **Difference between households affected by DB and non-
affected is significant at 5% level. ***Difference between households affected by DB and non-affected is significant at 1% level.
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Table A3.10 Descriptive of households (total), non-affected and DB-affected households (DB 6 — DB 7)

Total (n=173) Non-DB 6 (n=172) DB 6 (n=1) Non-DB 7 (n=143) DB 7 (n=30)

Household characteristics

Kisii county (1/0) 0.69 (0.46) 0.69 (0.46) 1.00 (.) 0.66 (0.47) 0.83* (0.38)
Male household head (1/0) 46.41 (11.86)  46.30 (11.80) 66.00 (.) 45.49 (11.74) 50.80** (11.65)
Age household head (years) 0.83 (0.37) 0.84 (0.37) 0.00 (.) 0.83 (0.38) 0.83 (0.38)
Marital status household head (1/0) 0.84 (0.37) 0.84 (0.36) 0.00 (.) 0.83 (0.38) 0.90 (0.31)
Farming occupation household head (1/0)  0.60 (0.49) 0.60 (0.49) 1.00 () 0.57 (0.50) 0.73 (0.45)
Education household head (years) 9.32 (3.38) 9.36 (3.34) 2.00 () 9.52 (3.29) 8.37* (3.68)
Number of adults (count) 3.35 (1.46) 3.33(1.45) 6.00 () 3.29 (1.49) 3.60 (1.30)
Number of children (count) 2.50 (1.15) 2.50 (1.15) 3.00 (.) 2.62 (1.15) 1.97*** (1.00)
Household health® (1/0) 0.08 (0.31) 0.08 (0.31) 0.00 (.) 0.08 (0.30) 0.07 (0.37)
Protected water source (1/0) 0.62 (0.49) 0.62 (0.49) 0.00 (.) 0.62 (0.49) 0.63 (0.49)
Toilet facility existent (1/0) 0.98 (0.15) 0.98 (0.15) 1.00 () 0.97 (0.17) 1.00 (0.00)
Agricultural income (1,000 Ksh) 94.83 (152.50) 94.95 (152.93) 73.49 () 82.92 (127.07) 151.62** (234.16)
Total income (1,000 Ksh) 277.65 278.68 (662.54) 99.24 () 273.99 (712.71) 295.10 (319.05)
(660.75)
Farm size (acres) 1.27 (1.19) 1.26 (1.19) 2.23(.) 1.14 (0.91) 1.87*** (1.97)
Food purchase (share) 56.39 (13.85)  56.38 (13.89) 57.89 () 56.29 (14.14) 56.85 (12.61)
Dietary diversity (12 FG) 6.38 (0.89) 6.39 (0.88) 5.00 (.) 6.44 (0.88) 6.10* (0.88)
Adult characteristics®
Micronutrient deficiency (1/0) 0.59 (0.49) 0.59 (0.49) 1.00 (.) 0.50 (0.50) 1.00*** (0.00)
VA deficiency (1/0) 0.20 (0.40) 0.20 (0.40) 1.00 (.) 0.16 (0.37) 0.40*** (0.50)
Iron deficiency (1/0) 0.51 (0.50) 0.51 (0.50) 1.00 (.) 0.43 (0.50) 0.90*** (0.31)
Zinc deficiency (1/0) 0.13 (0.33) 0.12 (0.33) 1.00 (.) 0.08 (0.27) 0.37*** (0.49)
Overweight/obese (1/0) 0.62 (0.49) 0.62 (0.49) 0.00 (.) 0.55 (0.50) 0.93*** (0.25)
Child characteristics
Male child (1/0) 0.52 (0.50) 0.52 (0.50) 1.00 (.) 0.53 (0.50) 0.47 (0.51)
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Age (months)

Received breastmilk (1/0)

Still breastfed (1/0)

Disease suffered within last 14 days (1/0)
Dietary diversity (12 FG)
Minimum dietary diversity (7 FG)
Micronutrient deficiency (1/0)

VA deficiency (1/0)

Iron deficiency (1/0)

Zinc deficiency (1/0)

Underweight (BAZ < -2 SD) (1/0)
Underweight (WAZ < -2 SD) (1/0)
Stunting (HAZ < -2 SD) (1/0)
Wasting (WHZ < -2 SD) (1/0)
Overweight (BAZ >+1 SD)
Overweight (WHZ >+1SD)

35.91 (12.44)

0.97 (0.18)
0.12 (0.33)
0.21 (0.41)
6.75 (1.11)
4.17 (0.92)
0.29 (0.46)
0.08 (0.27)
0.09 (0.28)
0.25 (0.43)
0.01 (0.11)
0.07 (0.25)
0.23 (0.42)
0.01 (0.11)
0.26 (0.44)
0.20 (0.40)

35.77 (12.35)

0.97 (0.18)
0.12 (0.33)
0.22 (0.41)
6.76 (1.11)
4.17 (0.91)
0.29 (0.46)
0.08 (0.27)
0.08 (0.28)
0.24 (0.43)
0.01 (0.08)
0.06 (0.25)
0.23 (0.42)
0.01 (0.08)
0.26 (0.44)
0.20 (0.40)

59.00 (.)
1.00 ()
0.00 (.)
0.00 (.)
5.00 (.)
3.00 (.)
1.00 (.)
1.00 ()
1.00 (.)
1.00 ()
1.00 (.)
1.00 ()
1.00 (.)
1.00 ()
0.00 ()
0.00 (.)

35.03 (11.70)

0.96 (0.20)
0.11 (0.32)
0.21 (0.41)
6.80 (1.10)
4.17 (0.91)
0.15 (0.36)
0.03 (0.17)
0.04 (0.20)
0.14 (0.35)
0.01 (0.08)
0.07 (0.26)
0.24 (0.43)
0.01 (0.08)
0.24 (0.43)
0.18 (0.39)

40.10%* (14.99)
1.00 (0.00)
0.17 (0.38)
0.23 (0.43)
6.47 (1.14)
4.13 (0.94)
1.00%** (0.00)
0.33%** (0.48)
0.30%** (0.47)
0.77%** (0.43)
0.03 (0.18)
0.07 (0.25)
0.17 (0.38)
0.03 (0.18)
0.33 (0.48)
0.30 (0.47)

DB, double burden of malnutrition; FG, food group; BAZ, body mass index-for-age Z-score; WAZ, weight-for-age Z-score; HAZ, height-for-age Z-score;

WHZ, weight-for-height Z-score; VA, vitamin A

Note: Values are means with SD in parentheses. All definitions include adult overweight (BMI >25.0) and differ in classification of undernutrition of children

as follows: DB 6 child wasting (WHZ < -2 SD), DB7 child micronutrient deficient.

% household health =1 if a member with chronic disease exists within the household. ® for all adult variables =1 if one of the adults is deficient or both together.
*Difference between households affected by DB and non-affected is significant at 10% level. **Difference between households affected by DB and non-

affected is significant at 5% level. ***Difference between households affected by DB and non-affected is significant at 1% level.
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Chapter 3: Measuring the double burden of malnutrition

Table A3.11 Marginal effects on probability of DB 3 — DB 7 affected households

DB 3 DB 4 DB 5 DB 6 DB 7
Male household head (1/0) -0.0476 0.0061
(0.0581) (0.0692)
Age household head 0.0000 -0.0014 -0.0036 0.0000  0.0029
(years) ) (0.0015) (0.0027) @) (0.0025)
Education household head -0.0000 -0.0096**  -0.0136* -0.0000 -0.0151*
(years) ) (0.0049) (0.0075) @) (0.0083)
Agricultural income (1,000 0.0000 0.0001 0.0002 0.0000  0.0003*
Ksh) ) (0.0001) (0.0002) @) (0.0002)
Number children (count) -0.0000 0.0039 0.0431** -0.0000 -0.0688***
) (0.0076) (0.0195) @) (0.0243)
Household health ? (1/0) 0.0000 0.0201 0.0411 0.0000 -0.1327
) (0.0304) (0.0697) @) (0.1115)
Food purchase (share) -0.0000 -0.0002 -0.0039** -0.0000 0.0018
() (0.0007) (0.0018) () (0.0019)
N 173 173 173 173 173
r2 p 1 0.1387 0.091 1 0.1181

DB, double burden of malnutrition

Note: Coefficients are average marginal effects with standard errors in parentheses. Standard errors are
clustered at the household level. All definitions include adult overweight (BMI >25.0) and differ in
classification of undernutrition of children as follows: DB 3 child underweight (BAZ < -2 SD), DB 4
child underweight (WAZ < -2 SD), DB 5 child stunting (HAZ < -2 SD), DB 6 child wasting (WHZ < -
2 SD), DBY child micronutrient deficient.

® household health =1 if a member with chronic disease exists within the household.

*Significant at 10% level. **Significant at 5% level. ***Significant at 1% level.

Table A3.12 Explanation of variables used

Variable name Definition/Construction

Household characteristics

Kisii county (1/0) =1, if county is Kisii (0=Nyamira)

Male household head (1/0) =1, if household head is male

Age household head (years) Age in years of household head

Marital status household head (1/0) =1, if household head is married monogamous

Education household head (years) School education (y) attendance of household
head

Farming occupation household head (1/0) =1, if main occupation involves farming activities

Number adults (count) Count of adult (>12 y)individuals within
household

Number children (count) Count of children (<12 y) within household

Household health (1/0) =1, if adult stated existence of chronical disease

Protected water source (1/0) =1, if water is piped into the compound, from
protected borehole, well or spring

Toilet facility existent (1/0) =1, if pit latrine or flushed toilet exist at household

Agricultural income (1,000 Ksh) in 1,000 Ksh (crop, livestock income)

Total income (1,000 Ksh) in 1,000 Ksh

Farm size (acres) Total Land owned by acres
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Chapter 3: Measuring the double burden of malnutrition

Food purchase (share)

Dietary diversity (12 FG)

Share of purchased food items to consumed food
items
Mean of dietary diversity scores of individuals

Adult Characteristics *
Male adult (1/0)

Age (years)

Education (years)

Body mass index (kg/m?)
Micronutrient deficiency (1/0)
VA deficiency (1/0)

Iron deficiency (1/0)

Zinc deficiency (1/0)
Overweight/Obese (1/0)

=1, if adult individual is male (O=female)
Age in years of interviewed adult

School education in years attendance of
interviewed adult

Body mass index (BMI) in kg/m?

=1, if at least one adult is micronutrient deficient
=1, if at least one adult is VA deficient

=1, if at least one adult is iron deficient

=1, if at least one adult is zinc deficient

=1, if at least one adults has a BMI (in kg/m?)
>25.0

Child Characteristics
Gender (1/0)

Age (month)

Received breastmilk (1/0)
Still breastfed (1/0)

Disease suffered within last 14 days (1/0)

Dietary diversity score (12 FG)

Minimum dietary diversity (7 FG)

Micronutrient deficiency (1/0)
Zinc deficiency (1/0)

VA deficiency (1/0)

Iron deficiency (1/0)

Underweight (BAZ <-2 SD) (1/0)
Underweight (WAZ <-2 SD) (1/0)

Stunting (HAZ <-2SD) (1/0)
Wasting (WHZ <-2 SD) (1/0)

Overweight (BAZ >+1 SD) (1/0)
Overweight (WHZ >+1 SD) (1/0)

=1, if child is male

Age of child in month

=1, if child received breastmilk at one point in life
=1, if the child is still receiving breastmilk

=1, if child suffered from diarrhea, anemia, fever,
fatigue or pneumonia in the last 14 days

Score between 0-12 food groups

Score between 0-7 food groups

=1, if child is deficient in iron, zinc, or VA

=1, if child is zinc deficient

=1, if child is VA deficient

=1, if child is iron deficient

=1, if body mass index-for-age Z-score <-2 SD

1, if weight-for-age Z-score is <-2 SD

1, if height-for-age Z-score id <-2 SD

=1, if weight-for-height Z-score id <-2 SD

=1, if body mass index-for-age Z-score is >+1 SD
=1, if weight-for-height Z-score is >+1 SD

y, years; FG, food group; BMI, body mass index; VA, vitamin A; BAZ, body mass index-for-age Z-
score; SD, standard deviation; WAZ, weight-for-age Z-score; HAZ, height-for-age Z-score; WHZ,

weight-for-height Z-score

Note: ? for all adult variables =1 if one of the adults is deficient or both together.
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General conclusion

4 General conclusion

Underweight, micronutrient deficiencies and overweight/obesity are contributing factors to the
multiple burdens of malnutrition globally. Many low- and middle-income countries face the
challenge to address not only undernutrition, but also overweight, obesity and diet-related
diseases. Kenya in particular reports an increase in the share of overweight and obesity within
children and women. Over 30% of women in reproductive age are overweight or obese. At the
same time, the rates of undernutrition, especially of children and in rural areas, remain persistent
and a public health concern (KNBS, 2015; Masibo and Makoka, 2012).

This example illustrates the complexity of fighting hunger and malnutrition. At the same time,
it depicts the importance of keenly assessing how to measure nutrition. Measurements of
nutrition are important to reveal and monitor the food security, hunger and malnutrition situation
in the world. Good nutrition with a sufficient nutrient intake is central to grow adequately, to
stay healthy and to be a useful member of society.

In spite of notable harmonization approaches, various nutritional measurement methods exist.
Use and interpretation depend much on the scope of the research and discipline. Therefore, the
first essay of this dissertation (Chapter 2) contributes to the existing literature in comparing
different nutritional assessment tools. We have analyzed and compared a large set of dietary and
nutrition indicators based on household level and individual level data collected for the same
target population. Unlike previous studies, we are able to compare household level and
individual level nutritional data from two different methods of data collection. In detail, we
calculated dietary indicators from 7d FCR at household level and 24h DR at individual level.
Additionally, we collected anthropometric data from a female and male adult, and a child aged 6-
59 months. Moreover, we have analyzed the associations between different indicators across
household and individual levels, to better understand the associations between different
indicators.

Results show that household dietary diversity and food variety scores are positively correlated
with individual level dietary diversity and food variety scores for children and also for male and
female adults. Similarly, energy and micronutrient consumption levels at the household level are
positively correlated with individual level energy and micronutrient intakes for all target groups.
This is an important result, because household level 7d FCR data are often widely available,

whereas individual level 24h DR are not.
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General conclusion

Malnutrition manifests itself in many forms, which displays the multidimensionality of the
nutritional situation worldwide. One contributing factor to the complexity is the concurrent
existence of underweight, micronutrient deficiencies, and overweight/obesity within nations,
regions, households and individuals at the same time. The coexistence is referred to as double
burden of malnutrition (DB). It is important to identify and measure this simultaneous
occurrence of different forms of malnutrition, in order to address them. However, DB is mostly
studied at household level, either including all household members or specifically targeting
mother and child pairs. The measures and indicators used to define undernutrition within the DB
phenomenon differ between surveys. Undernutrition is defined in most articles using different Z-
score indicators for children. Literature that defines undernutrition as micronutrient deficiency is
scarce. The second essay of this dissertation (Chapter 3) focuses on measurement issues related
to the DB phenomenon, while at the same time assesses the DB situation in Nyanza region,
Kenya. We contribute to the literature by applying five different definitions of DB at household
level. Within the five different definitions, the indicator to depict undernutrition in children
varies, using indicators of underweight, stunting, wasting and micronutrient deficiency. In

addition, we look at the prevalence of DB at individual level.

Based on data from a cross-sectional survey in 2016, we show that DB is found in rural
Kenya, regardless which definition is applied. Male and female adults as well as children are
affected by micronutrient deficiencies along with overweight and obesity. Our results are similar
to other articles (Freire et al., 2014; Hutchinson, 2016; Jones et al., 2016; Laillou et al., 2014).
Nonetheless we additionally show evidence that also male adults are affected, which is
noteworthy as male adults were not yet in the focus. At household level, we find evidence of DB
according to the five defined DB situations. More specifically, the highest prevalence is found
when we look at the coexistence of an overweight adult member and a micronutrient deficient
child. The occurrence of DB shows that provision of food alone is not the solution. Excess intake
of energy-dense food items, which do not contain sufficient amounts of essential micronutrients,
may be an important factor contributing to the situation. To our knowledge, this is the first study
analyzing DB phenomena in rural Africa, which highlights the complexity of multiple burdens of

malnutrition.

A few limitations have to be acknowledged concerning this dissertation. First, the sampling
strategy of both papers was based on a group level approach. This is not a usual strategy for

surveys assessing nutritional outcome variables, especially targeting individual household
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General conclusion

members. Moreover, a household who chose to be a member of a farmer group may have
different household characteristics than non-member households. Especially farmer groups are
widespread in rural Kenya and due to the structure of villages, farmer groups were the easiest
entry point into the community. Second, any kind of survey data suffers a certain amount of
imprecision. Nutritional assessment methods face problems of under- and overestimation. In
particular, dietary recalls suffer from the so-called recall bias, as they rely on the ability of
memorization and the conceptualization skill to estimate portion sizes. To account for these
challenges and to reduce measurement errors, an extensive training and harmonizing approach
before data collection, and constant refreshers were conducted with the enumerators, as well as a
precise data cleaning and management. Additionally, to minimize estimation bias, we collected
24h DR twice on non-consecutive days, to better estimate habitual intake. Third, the number of
observations in the analyses of Chapter 3 is relatively low, due to incomplete data-sets. Some
individuals were not found within the second day of the survey, even though they were informed
several times. Fourth, the assessment of micronutrient deficiencies is calculated via food intake
data, which captures the insufficient intake of certain micronutrients. A more precise method to
assess micronutrient deficiency is via blood analysis. However, the information derived from
biochemical measurements is cost intensive, nutrient-specific, and invasive (Nelson et al., 2004).
Hence, biochemical measurements are only used for very specific purposes. Dietary intake data
are widely used to assess energy, macro- and micronutrient intake, as it is more cost-efficient,

and therefore we think it is a valuable measure.

Overall, this dissertation contributed towards a better understanding of nutritional
measurements. We contributed to the discussion whether certain indicators can be used as
proxies for others for which data may not easily be available in certain situations, finding that it
is possible. Additionally, we identified nutritional inequality within households and individuals
in rural areas, and therefore the need of addressing underweight, micronutrient deficiencies and

overweight/ obesity at the same time.
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