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Abstract

Background: Agrobiodiversity isimportantfor biodiversity conservation and sustainable
agriculture. Increasing agrobiodiversity may also improve dietary diversity and nutritional
statusin low income countries but researchis lackinginthis area. To fill this knowledge gap,
this study explores relationships between agrobiodiversity, dietary diversity and nutritional
statusin Tanzania. The research investigates 1) the relationships betwee n agrobiodiversity,
dietary diversityand nutritional statusin childrenintwovillagesin rural Tanzaniaand 2) the
relationships between land cover, dietary diversity and nutrition in underfive yearoldsina

nationally representative samplein Tanzania.

Methods: A cross-sectional survey was conducted in 122 randomly selected householdsin
Minyenye village,Singida districtand Mbwei village, Lushoto district. Female heads of
households wereinterviewed to collect quantitativeand qualitative dataon demographics,
livelihoods, complementary feeding and household food sources. Dietary diversity was
calculated from 24 hourdietary recalls which were collected forthe respondent and their
oldest child underfive. Agrobiodiversity data were systematically collected using the point
intercept method. All plants, both intentional crops and other plants, growingon the
household’s farms at the time of data collection were measured and Shannon Biodiversity
Indices were calculated. In addition to these indices, the food sources section of the
guestionnaire was used to calculate household crop and animal diversity scores. Heightsand
weights were measured in all family members and MUAC was collected forall children under
15 yearsold. Relationships between these factors were explored using regression analyses. At
the national level relationships between land cover, from GlobCover 2009, and dietary
diversity and nutrition, from the 2010 Tanzanian Demographicand Health Survey (DHS), were

investigated using spatial and regression analyses.

Results: No significant associations were seen between dietary diversity and nutriti onal status
ineithervillage and dietary diversity was negatively associated with height for age z-scoresin
the DHS analyses. No significant associations were seen between agrobiodiversity and dietary
diversity. Agricultural, but notforest, land cover was associated with dietary diversity.
Associations between both agrobiodiversity and land cover and child nutritional status are
complex. In Minyenye, agrobiodiversity was positively associated with children’s height for age
whilein Mbweithese were negatively associated with children’s body massindex(BMI) z-
scores. More agricultural and forest land cover was associated with higher weightfor height,

however more agricultural land coverwas associated with lower height forage. Positive
v
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associations were seen between eatingand rearing animals and dietary diversity but negative
or no associations were seen with nutritional status. Selling crops was positively associated
with dietary diversity but showed mixed associations with nutritional status at the local village

scale.

Conclusion: Study results provide aword of caution for those attemptingtoincrease
agrobiodiversity toimprove dietand nutritional status. The effectiveness of agricultural
interventions aimed atimproving nutrition through improvements in agrobiodiversitycan only
be evaluatedin light of the multiple determinants of nutritional status. The current study’s
resultsillustrate the complexity of the pathway from food production through consumption to

nutrientutilizationin low income countries.
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Chapter 1:

Introduction

1.1 Chapter summary

Thisfirstchapter introduces the background to this research and the national and regional
contextinwhichittook place. This chapter briefly summarises food security issues and
nutritional statusin sub-Saharan African and the relevance and measurement of dietary
diversity as a markerfor nutritional status. It defines agrobiodiversity and introduces the
potential relevance to dietary diversity and nutritional status. Specifically, the reasons for
investigating the relationships between agrobiodiversity, dietary diversityand nutritional
status and research intothese intersecting areas are discussed. Informationisincluded on
food security, nutrition and foods eatenin Tanzania. Thisintroductory chapterends withan
outline of the thesis structure and a summary of the key academic contributions achievedin

each chapter.

1.2 Aim and objectives

This thesis reports a study that aimed to investigate the relationship between
agrobiodiversity, dietary diversity and nutritional status in Tanzania. Broadly, the research
investigates 1) the relationships between agrobiodiversity, dietary diversity and nutritional
statusin childrenintwovillagesinrural Tanzaniaand 2) the relationships between land cover,
dietary diversityand nutritionin underfiveyearoldsin anationally representative samplein
Tanzania. Asa meansto fill the knowledge gap on how agrobiodiversity relates to dietand
healthinsubsistenceagriculture and toimprove understanding of food security in sub-Saharan

Africa.



The specificobjectives of this study are to:

1. Review, design and pilot a conceptual framework and suite of appropriate measurement
toolsto accurately measure agrobiodiversity, dietary diversity and nutrition in an Eastern Sub-

Saharan Africa context.

2. Systematically assess the diversity and abundance of both cultivated and wild plants
growingon household agricultural land in two villages in rural Tanzania and investigate how
thisisrelated todietary diversity inunderfiveyearold and nutritional statusin childrenin

these villages.

3. Measure household crop and animal diversity, dietary diversity of respondents and children
underfive and nutritional status of children livingin these villages, determine wh ether

household produce is sold and investigate how these factors are related.

4. Investigate basicsocio-demographic factors affecting dietary intake of children under five

and nutrition outcomes in childrenin these villages.

5. Investigate the socio-demographic determinants of dietary diversity and nutritional status
and explore the relationships between land cover, dietary diversity and nutritional status in

childrenunderfive years ata national level, in Tanzania.

6. Integrate outcomes from this multi-scale investigation of the relationships between
agrobiodiversity, dietary diversity and nutritional status, to draw conclusions thatinform

understandings of food security in sub-Saharan Africa.

Objectives 2, 3 and 4 were metthrough the primary data collection presented in chapters 4,5
and 6. Each of these chapters, as well as chapter 7, had specificobjectives to ensure they met

the overall thesis objectives:
Chapter 4:

Objective 4A: To present descriptive dataon the demographic, social, dietary diversity
and nutritional status variables in this population to set the context for

the analyses.

Objective 4B: To investigate whether dietary diversity and food variety are associated

with nutritional statusin underfive yearolds.

Objective 4C: To investigate whether complementary feeding and sanitation are

associated with nutritional statusin these villages.



Chapter 5:

Objective 5A:

Present descriptive data on habitat, species present, farm characteristics,
cross-sectional plant agrobiodiversityand crop and vegetable diversity

scoresin the twovillages.

Objective 5B: Investigate whether plant agrobiodiversity and crop/vegetable diversity
scores are associated with dietary diversity and nutritional status in
children.

Objective 5C: Investigate whetherselling staple crops, vegetables, fruit and other
produce is associated with dietary diversity and nutritional status in
children.

Chapter 6:

Objective 6A: To assess animal diversity and present descriptive data on animal
product consumption and animal rearing practicesin the two villages.

Objective 6B: To examine whether eating animals and animal products and animal
diversity are associated with dietary diversity in respondents and under
five yearolds and nutritional statusin children.

Objective 6C: To examine whether selling animals and animal productsis associated
with dietary diversity inrespondents and underfiveyearolds and
nutritional statusin children.

Chapter 7:

Objective 7A: To investigate whether demographic, social,agricultural and dietary factors
are associated with dietary diversity and nutritional status in underfive year

oldsinTanzania.

Objective 7B: To investigate whether dietary diversity is associated with nutritional status

inunderfive yearoldsinTanzania.

Objective 7C: To investigate whether dietary diversity and nutritional status in underfive

yearolds vary spatially in Tanzania.

Objective 7D: To investigate whetherland coverisrelated to dietary diversity and

nutritional statusin underfive yearoldsin Tanzania.



1.3 Food security

Much of the researchin the area of food security cite the Food and Agriculture Organisation
(FAOQ) definition forfood security published in 1996: “Food security exists when all people, at
all times, have physical and economicaccess to sufficient, safe and nutritious food to meet
theirdietary needs and food preferences foran active and healthy life” (FAO, 1996). This
definitionis of global significance where many low income countries are perhaps firstaiming
to meettheirdietary needs. Food security is often expressedin three levels: Availability, access
and utilization (FAO, 1996). Since Sen's essay on entitlement to food was published in 1981
(Sen), food security research in the social sciences has shifted from food production to food
access (Webb etal., 2006, Coates et al., 2006). Workshops held by the Food and Nutrition
Technical Assistance (FANTA) projectin 2004 and 2005 agreed on the following domains of
food insecurity: Anxiety/uncertainty about and actual depletion of the household food supply;
Insufficient quality, which includes variety, preferences and social acceptability; Insufficient
foodintake andits physical consequences; Coping strategies toincrease household resources

(FANTA, 2004).

The International Scientific Symposium “Biodiversity and Sustainable Diets: United Against
Hunger” organised by FAO and Bioversity International in 2010 proposed a definition of
sustainable diets which encompass concepts of environmental sustainability and food security:
“Sustainable diets are those diets with low environmental impacts which contribute to food
and nutrition security and to healthy life for present and future generations. Sustainablediets
are protective and respectful of biodiversity and ecosystems, culturally acceptable, accessible,
economically fairand affordable; nutritionally adequate, safe and healthy; while optimizing
natural and humanresources”(Burlingame and Dernini, 2012). This shiftin the view of food
security is essential to ensure food security into the future. Achieving both food security and
food systems sustainability simultaneously requires a change in perspective when considering
availability and access from agriculture and markets through to consumption and utilization by

the individual (Prosperi etal., 2014).

The global food systemis undergreat pressure due to the increasing global population
combined with stronger competition forland, waterand energy underthe largely unknown
effects of climate change (Foresight, 2011). Globally there are two billion people who are not
getting enough food (Foresight, 2011). These pressures are felt most strongly in low income
countries, which are defined as countries with gross national income (GNI) per capita of $1,035
orless (lowermiddle income, $1,036 - $4,085; upper middle income, $4,086 - $12,615; and
highincome,$12,616 or more) (The World Bank, 2014). Food security needs to be addressed at
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the same time as reducing the impact of food production on the environment (McMichael,
2005). The Millennium Development Goals (MDG) highlight both these areas with “end
poverty and hunger” and “ensure environmental sustainability” beingtwo of theireight goals
(United Nations, 2014). Researchers are talking about the importance of reducing malnutrition
and environmental degradation simultaneously (McMichael, 2005) and sustainable agriculture
has a large part to playin this. Increased understanding of the complex relationships between

nutrition, agriculture and the environmentis essential.

The relationships between agriculture and nutrition are no more relevant globally than in sub-
Saharan Africawhere 26% of the world’s undernourished people live; approximately 239
million people (UNFAOQ, 2010b). Self employmentin agriculture is the mostimportant activity
for the rural labourforce in sub-Saharan Africa (The World Bank, 2008). In sub-Saharan Africa
agriculture andits associated industries are essential to growth and to reducing mass poverty
and foodinsecurity (The World Bank, 2008). The landscape in East Africais mainlyaridand
semi-arid, with somesub-humid, desert and highland areas (Barry et al., 2006). These land
types characteristically have lowuneven rainfall and infertile soils which have led to problems
inthe food supply of these areas (Barry et al., 2006).The challenge of improving both the
quality and amount of food producedis key for the improvement of quality of life forthose
livingin East sub-Saharan Africa. Much research has been conducted on increasing food
productionin sub-Saharan Africaon the assumption thatincreasing food production will
increase food security (Larson and Frisvold, 1996). The relationship between food production
and consumptionis complexandthereis concernthat an increase in food production will not

necessarilyleadtoanincrease infood security (Sen, 1981).

1.4 Nutritional status

Individuals are malnourished if theirdiet does not provide adequate calories, proteinand
otheressential nutrients for growth ortheyare unable to use the food they eat due to illness.
They are also malnourished if theirenergy intake exceeds their energy requirements resulting
inoverweight (UNICEF, 2006). Nutritional status in this thesis refers to undernutrition, which is
defined by UNICEF as “the outcome of insufficient food intake and repeated infectious
diseases”. Itincludes beingunderweight ortoo short for one’s age, beingtoo thinfor one’s
heightas well as deficienciesin vitaminsand minerals (UNICEF, 2006). Nutritional status can be
measured in four main ways; through dietary intake, biochemical indices, anthropometry and

physical assessment.
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Table 1.1. Methods used to measure nutritional status, their definition, pros and cons

Measure

Definition

Dietary intake

Nutrientadequacy

Meetingthe requirements forenergy and all essential nutrients (Ruel, 2003).
Can be measured using avariety of dietary assessmenttools e.g. Food diaries,
24 hour recall or food frequency questionnaires.

Pros:

Describes current nutritional status;

Cons:

Short term; Subject to bias; Does not take absorption or utilisation of
nutrientsin the bodyinto consideration.

Biochemical indices

Biochemical Laboratory assessment of nutrients or other markers of nutritional statusin

indices body fluids, most commonly blood and urine (Simko et al., 1995).

Pros: Objective.

Cons: Invasive; Requires specialised equipment and expertise including refrigeration
and access to laboratories; Expensive; Usually specificto individual nutrients.

Anthropometry

Heightforage z-
scores (stunting) *

Moderate to severe stuntingis below minus two standard deviations (SD)
fromthe median heightforage of the reference population (UNICEF, 2014).
Reflects failureto reach lineargrowth potential due to suboptimal
health/nutritional conditions (de Onis et al., 1997).

Weightforage z-
scores
(underweight)*

Moderate and severe underweightis belowminus two SDfrom the median
weight forage of the reference population (UNICEF, 2014). Reflects body
mass relative to age andis influenced by both height and weight (de Onis et
al., 1997).

Weightforheight
z-scores (wasting)*

Moderate and severe wastingis below minus two SD from the median weight
for height of reference population (UNICEF, 2014). Typically indicates arecent
and severe process of weightloss (de Onis etal., 1997).

BM forage z-
scores*

Used as a marker of thinness, especially for children and adolescents between
5 and 19 years of age (Cole etal., 2007).

Mid Upper Arm
Circumference

Provides estimates of arm soft tissue and wasting (Simko etal., 1995).

(MUAC)*
Pros: Easy to obtain; Objective; Systematic; Reliable; Repeatable.
Cons: Potential for measurementerror.

Physical assessment

Physical Observation, inspection and measurement of anindividual (Simkoetal.,
assessment 1995).

Pros: Provides detailed and broad nutritional status information.

Cons: Requires medical expertise; Potentially invasive; Time consuming.

*Methods employed in this study toreflect nutritional status.
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Table 1.1 outlines these main categories used to define nutritional status and the pros and
cons associated with each method, with five more specificsub-categories under
anthropometry. More detail isincluded for this technique as nutritional status in this thesis
referstothe anthropometricmeasurements of height forage, weight forage, BMI for age,

weightforheightand MUAC.

The nutritional status of people in sub-Saharan Africa remains poor. These countries have
considerably higherrates of stunting, wasting and underweight (WHO, 2010b, Onisetal.,
2000) andshorterlife expectancies than people livingin highincome countries (Mathersetal.,
2001). Rates of stunting are highestin Eastern Africa (Percentage stunted: 50.0(95% Cl: 42.3-
57.9) compared to the rest of Africa, Asiaand Latin America (Black etal., 2008). Combined
statistics from Ghana, Senegal, Guinea Bissau, the Philippines, India, Nepal, Bangladesh and
Pakistan show that children who are severely stunted (< -3Standard Deviations (SD) below
World Health Organisation (WHO) Child Growth Standards) have 4.1(2.6-6.4) greater odds of
dyingand 4.6 (2.7-8.1) greaterodds of dying from diarrhoea compared to children with height
for age z-scores above -1 (Black etal., 2008). Malnourished children are also more likely to
perform poorly academically (Alderman et al., 2006, Victoraet al., 2008, Adairet al., 2013) and
have lower capacity forwork (Haas et al., 1996) comparedto children who are not

malnourished.

There is evidence that many different socio-demographic, economicand health factors
contribute to the nutritional status of children underfiveyears of age. These include
householdincome (Yangetal., 2012), parental employment (EI-Ghannam, 2003), parents’
literacy (Fernandez et al., 2002) and maternal education (Kabubo-Mariara etal., 2009, Abuya
et al., 2012). Vaccinations (Danceretal., 2008) sanitation (Finketal., 2011, Kikafundaetal.,
1998), distance toa source of drinking water (Pickering and Davis, 2012) and having crowded
living conditions (Yangetal., 2012) are also associated with child nutritionals statusin low
income countries. The type of complementaryfoodsintroducedintoaninfant’s diet (Onyango
et al., 1998, Obatolu, 2003) contributesto child growthinyoungchildren. The gender
dynamics within the household and community also have animportant effect on child
nutritional status (Khatun etal., 2004). These impact through women’s decision making power
(Smith etal., 2005), the low value thatis placed on women’s knowledge (Awumbila, 2003) and

maternal education, income and access to resources (Chilton et al., 2007).

In addition, diarrhoea (Victoraetal., 1990) and otherinfection (Fernandez etal., 2002) impacts
on nutritional status but being malnourished puts children atincreased risk of gettingan
infection; adangerous cycle inlow income countries (Bhaskaram, 2002). Examples of these
cyclesare seenwith HIV, tuberculosis and malariain sub-Saharan Africa which, along with

7
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diarrhoeal diseases and respiratory infections are responsible for the highest number of deaths
frominfectious diseases in Africa (WHO, 2004). Children with HIV are likely to be more
severely malnourished (Prazuck etal., 1993) and malnourished children with HIV are more
likely to die thanthose without HIV (Fergusson and Tomkins, 2009). Malnutritionis more
commonin children with tuberculosis (Karyadiet al., 2000) and malnourished children were
more likely to die from tuberculosis (Zachariah et al., 2002) and malaria (Milleretal., 2003)

than those that are not malnourished.

A conceptual framework on the determinants of malnutrition developed by UNICEF (1990)
(Figure 1.1) outlines astructure forunderstanding how these and other political, economicand
social factors come togetherto have an impact on malnutrition. The framework highlights that
inadequate dietary intake is animportant factor caused by many otherfactors and illustrates
that thisinteracts with disease to cause malnutrition. Although notincluded in this frame
work, agrobiodiversity, acting through dietary diversity, is potentially another factorimpacting
on access to food and dietary intake. Alimitation of this frameworkis that it makes no
reference to environmental or agricultural factors and theirimpact on access to adequate

food, income and exposure to health risks.
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Figure 1.1. UNICEF conceptual framework of the determinants of malnutrition (UNICEF,
1990)

Much research has been conducted in low income countries into potential ways of improving
food and nutrientintake in ordertoimprove heath inthese communities. Accurately
measuring food security and nutrient adequacy in alow income country contextis an essential
step towards improving health outcomes (Keenan etal., 2001) and the associated benefits on
educational attainment (Alderman et al., 2006, Victoraetal., 2008, Adairet al., 2013) and
productivity (Haas etal., 1996). Withouta relatively accurate idea of people’s access to food
and nutrientintake itis difficultto plan and implementinterventions that could lead to
improvementsin nutritional status and health. One of the ways that the quality of the dietis
oftenrepresentedin lowincome countriesis by estimating the diversity in anindividuals diet.
Thisis based onthe ideathata more diverse diet will provide awidervariety of nutrientstoa

growing child.
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1.5 Dietary diversity

Dietary diversity has been defined as “the number of different foods or food groups consumed
overa givenreference period” (Ruel, 2003), page 3912S). Dietary diversity isimportantasthe
more differentkinds of foods anindividual consumes the more likely they are to getall the
nutrients they need for healthy growth, development and function (Gibson and Anderson,
2009). This is especially true inlow income countries where dietary intakeis based on starchy
staplesandthe consumption of differentfood groups such as vitamin Arich fruitand

vegetables, meat and eggs are typically low (Arimond, 2004).

Capturing measurements of dietary diversity - the number of different food groups consumed,
or food variety - the total number of different foods consumed, overadefined period of time
(often 24 hours), as proxies forfood security, nutrient adequacy and nutritional status have
become popularin low income countries (Ruel, 2003). Dietary diversity scores has been shown
to be significantly positively associated with food security (Bukusuba et al., 2007), nutrient
adequacy (Arimond, 2004, Ogle etal., 2001, Moursi et al., 2008, Danielsetal., 2007, Hatloy et
al., 1998, Kennedy etal., 2007, Torheim etal., 2004, Ponce et al., 2006) and nutritional status
ina number of studies (Arimond, 2004, Corbettetal., 1992, Steynetal., 2006, Garg and
Chadha, 2009, Ntiand Lartey, 2007, Savy etal., 2005, Savy et al., 2006).

1.6 Agrobiodiversity, dietary diversity and nutritional status

Agrobiodiversity has been defined as the biological diversity on lands used for agricultural
purposes (Brookfield and Stocking, 1999). This includes the diversity of plants, animals and
micro-organisms at species and ecosystem levels (Cromwell etal., 1999) and covers both
cultivated crops and wild plants. The term agrobiodiversity is used to mean plant
agrobiodiversityin some studies (Remans etal., 2011a) and both plantand animal
agrobiodiversityin others (Ekesa et al., 2008, Walingo and Ekesa, 2013). The focus of this
thesisis primarily on plant agrobiodiversity with secondary analysis on asimple measure of

animal agrobiodiversity.

Biodiversity has been highlighted as an important factor for sustainable agriculture (Srivastava
et al., 1996). It can have a positive effect on soil health which inturn has a positive effecton
agricultural output (Chivian, 2002). There have been a number of papers encouraging the
agriculture and nutrition (Welch and Graham, 1999, Hawkes and Ruel, 2006) and nutrition and

biodiversity fields (Johns and Sthapit, 2004, Frison et al., 2006) to work closertogether.

10
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Agriculture, biodiversity and nutrition are all interrelated and anumber of publications have

investigated how these threeareasintersect.

1.6.1 Agriculture and nutrition

In Hawkes and Ruel’s (Hawkes and Ruel, 2006) conceptual framework of the links between
agriculture and health (Figure 1.2) agriculture is linked with health through labour,
environmental change, incomegeneration and access tofood, water, land and health re lated

servicesleadingto undernutrition as well asanumber of other health outcomes.

. Agricultural systems Agricultural outputs
:ﬁ::,i";":::::‘ #ggﬁ:lrtsu;a | mlgg (types, practices, technologies, (distribution, quantity,
location, ownership) quality, diversity, price)
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=8l PROCESSES ; water, alr, sol generation health-related services

Z ! ]

% ! ¥ ¥

= HEALTH |Occupational Water- Under- Chronic | | Foodbome| |\ inc Livestock-

7 . | health risks [+ associated [*| nutrition [**] diseases [**| illnesses [+ > related

2 OUTCOMES vector-bome illnesses
diseases

# These health conditions are not mutually exclusive — livestock-related illnesses, for example, are also occupational health risks. The list of health outcomes is not necessarily inclusive.
Other health conditions are also likely to interact with agriculture, but these have not yet been identified as such in the published scientific literature.

Figure 1.2. Conceptual framework of the links between agriculture and health (Hawkes and

Ruel, 2006)

Despite acknowledgement that agriculture and nutrition are linked (Lipton and Kadt, 1988),
researchinthese twofields have runin parallel for many years (Hawkes and Ruel, 2006). In
orderto improve food security (“Food security exists when all people, atall times, have
physical and economicaccess to sufficient, safe and nutritious food to meet theirdietary
needs and food preferencesforanactive and healthy life” (FAO, 1996)), much agricultural
research has focused onincreasingyields, attempting to fulfilthe availability aspect of food
security (Sen, 1981). While nutrition research has attempted to address the utilization aspect
of food security. Since Sen’s essay on food entitlementin 1981 focus in food security research
has turned to include people’s access to food, addressing some of the complexissues that link
food productionto consumption (Coates etal., 2006, Webb etal., 2006). Researchintothe
effects of agricultural interventions on nutrition and health outcomes has increased from the
1990’'s onwards (Berti, 2004). Berti etal (2004) reviewed 30 agricultural interventions that

measured impact on nutritional status. They found that most agricultural interventions
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increased food production and two thirds of these improved nutrition outcomes in household

members.

1.6.2 Agriculture and biodiversity

Exceptfor research looking at conservation of geneticdiversity forfood production, research
into biodiversity has also remained relatively separate from agricultural research until recently
(Frisonetal., 2011). Agricultural practices can have varying affects on the biodiversity of flora
& fauna. These range from concerns about the negative impact of large cash crop farmingon
biodiversity (Srivastavaetal., 1996, Green et al., 2005) to the positive effects agricultural
practices can have on biodiversity when sustainable practices are employed (Thrupp, 2000). In
the past three decades the concept of agrobiodiversity has been introduced which provides an

opportunity forthe agriculture and biodiversity research areas to work more closely together.

1.6.3 Biodiversity and nutrition

Very little datais available onthe relationship between biodiversity, nutrition and healthin
lowincome countries (Frison etal., 2004, Frisonetal., 2011). Discussionsaboutthe links
between biodiversity and nutrition are on the increase (Frison etal., 2004, Johnsand
Eyzaguirre, 2007, Nakhauka, 2009) and the Food and Agriculture Organisation (FAO) recently
published an expert consultation on nutrition indicators for biodiversity (UNFAO, 2010a).
Wahlqvist & Specht (1998) outline the many reasons why biodiversityis soimportant for

human healthincludingadiverse food supply and increased resilience.

Frisonetal. (2011) highlights the importance of agricultural biodiversity in the sustainable
delivery of amore secure food supply. The discussion paper states that more diverse farming
systems and crops are more resilient to shocks and changesinthe climate (Frisonetal., 2011).
Additionally, biodiversity influences nutrition through ensuring the sustainable productivity of

soils (Chivian, 2002).

1.6.4 Agriculture, biodiversity and nutrition

Few good quality papers have linked agricultural biodiversity with dietand nutrition outcomes.
Akrofi (2010) found that the Shannonindex (a measure of the number of different plant
species and the abundance of these species (Pla, 2004)) of cultivated plantsin home gardens
was notsignificantly related to the household dietary diversity score in Ghana. Crop diversity

was positively associated with dietary diversity in one of the two populations assessed in
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Mexico (Dewey, 1981). Higheragrobiodiversity, as assessed by the number of crops grown by
the household, was found to be linked with higher dietary diversity in alarge nationally
representative sample in India (Bhagowaliaetal., 2012) andin two smallercross-sectional
studiesin Kenya (Walingo and Ekesa, 2013, Ekesaet al., 2008), although the significance of the

associations were not reported in either of the Kenyan papers.

Evidence of an association between agrobiodiversity and nutritional status is even more
limited. Shack etal. (Shack etal., 1990) found no association between the number of food
crops grown in household gardens and anthropometricmeasuresin childreninacross
sectional surveyin PapuaNew Guinea. Crop diversity was significantly correlated with height
for agein childreninone out of the two villages studied by Dewey (Dewey, 1981) but weight

for height was not associated with agrobiodiversity in either village.

A number of discussion papers have outlined how agriculture, biodiversity and nutrition are
related. Johns and Sthapit (Johns and Sthapit, 2004) propose the following conceptual
framework (Figure 1.3) toillustrate the complexlinks between biodiversity and health. This
framework takes into consideration income generation and socio-cultural traditions and
attemptsto capture some of the complexity of the pathways between biodiversity and

nutrition.

Nutrition, health status
(urban and rural consumers)

Self-sufficiency, / \ Increased

independence productivity

T Purchasing \
power

Knowledge,
values, cuisine

Income
Socio-cultural Diet quality generation
traditions Erhanced (f
rationale amers,
(all stakeholders) processors,
marketers
Knowledge, Improved )
values management /
Resilience, Poverty
continuity \ _~ reduction

Biodiversity conservation
(small-scale rural and urban farmers)

Figure 1.3. Conceptual framework linking biodiversity conservation and human nutritionin
low income countries (Johns and Sthapit, 2004)
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A number of key authors (Bélangerand Johns, 2008, Wahlqvist, 2003, Johns and Eyzaguirre,
2006, Frisonetal.,2011) have discussed the ways in which agriculture, biodiversity and
nutrition are potentially related. Wahlqvist (2003) states that “while biodiversity is essential
for sustainable food diversity, it does not guarantee it” and Johns and Eyzaguirre (2006) call for
empirical evidenceto prove the association between biodiversity and dietary diversityand
health. In much of the otherliterature in thisareathere isan underlying assumption, that
higheragrobiodiversity will lead to higher dietary diversity (Frison et al., 2005, Frisonetal.,
2006, Johns, 2003, Deckelbaum etal., 2006, Hillocks, 2011). Thisassumption appears logical
but perhaps does notacknowledge the complexity of the pathway from food productionto

consumptionin Eastern sub-Saharan Africaand globally.

1.7 Food security and nutritional status in Tanzania

A high proportion of the Tanzanian population lack food security, especially those living rurally.
Approximately 23% of people were categorised as moderately food secure and 48% as
severelyfoodinsecureinastudyin rural Iringain Tanzania (Knueppel etal., 2010). The study
identified insufficient food quality and insufficient food intake as the two main factors
contributing tothis food insecurity. Approximately a quarter of surveyed householdsin
Tanzaniareported often oralways having problems satisfyingfood needsinthe pastyearin
the 2010 DHS survey (Tanzanian NBS and ICF Macro, 2011). High levels of malnutritionamong
children persistin Tanzania. Recent datashow that 44.4% of childrenin Tanzania below five
years of age are stunted and 16.7% are underweight (Gollogly, 2009). There is clearly aneed

for researchintofactors that could improve food security and nutritional status in Tanzania.

1.8 Foods eatenin Tanzania

Only approximately 50% of rural householdsin Tanzania consume three or more meals per
day, compared to almost 80% in urban households (Tanzanian NBS and ICF Macro, 2011). The
frequency of mealsvaries depending on the season with less meals being consumed inthe
rainy season (Kinabo et al., 2006). There has been some initial evidence that Tanzaniais
movinginto the nutrition transition in urban (Njelekelaetal., 2002, Bovetetal., 2002) and
evenrural areas (Kedingetal., 2011). Howeverundernutrition still remains the mostimportant

component of malnutritionin Tanzania (Abrahams etal., 2011).

The typical meal eaten in Tanzaniais ugali, a starchy staple made into a stiff porridge. Itis

mostly made from maize flour butit can also be made from otherflours such as cassava
14
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(Mazengoetal., 1997, Kinabo etal., 2006). People consuming ugaliastheir main energy
source rely on accompaniments for nutrients such as protein, vitamins and minerals. Itis
common for people to consume ugaliwith avegetable dish consisting of green leafy
vegetables, boiled orfried with onions and tomatoes (Vainio-Mattila, 2000) and sometimes
beans, meat or fish (Kinabo et al., 2006). Meat and fish are not commonly consumed; 60% of
householdsinthe 2010 DHS survey for Tanzania consumed no meatin the past week and 50%
consumed nofish (Tanzanian NBS, 2011). Traditional diets consumed inrural Tanzaniaare
often not nutritionally adequate; insufficient energy, protein and micronutrientintakes are

common (Eckeretal., 2010, Mazengo et al., 1997).

Maize (Zea Maize Gramineae)is a veryimportant crop for those livingin Tanzania. The area
cultivated with maize occupiesan area4.25 times largerthan cassava which has the second
largest planted area (Tanzanian NBS etal., 2006). A local level study conducted in Katumba
ward in Tanzania demonstrated that the local population preferred maize meals and could
obtain almost 70% of theirenergy and over 80% of theirrequired protein through maize meals

(Mboyaetal., 2011).

In addition to maize, cassava (Manihot Aspera Crantz Euphorbiaceae) has become an
important crop forfood security in Tanzania for a number of reasons. Cassavaisa root crop
and can be leftin the ground until needed for up to three years (Romanoffand Lynam, 1992).
This means that, with planning, it can be available when other crops fail (Prudencio and Al-
Hassan, 1994). It can grow in poor conditions with limited input and is unusually tolerant to
drought compared to othercrops grown in sub-Saharan Africa (EI-Sharkawy, 2004). However,
it requires appropriate processing before consumption to remove cyanide and other anti-

nutritional factors (Padmaja and Steinkraus, 1995).

The use of wildfoodsis alsoimportantin many rural environments across sub-Saharan Africa,
including Tanzania. Harris and Mohammed (2003) found the majority of wild foods usedin
Northern Nigeriato be leaves used forside dishes to the main starchy staple but theyalso
included foods not normally eaten except while waiting for harvest orin times of famine. In
Mali, Nordeide etal (1996) reportthe consumption of wild green leafy vegetables and wild
fruitin both rural and urban environments. In Tanzania, Johns et al (1996) and Vainio-Mattila
(2000) reportthat consumption of wild species are common among the Batimi peoplein
Ngorongoro districtand the Sambaa people in the Usambara Mountains. Mlenda (Corchonus
Tritocularies Tillaceae), is an example of awild food whichis an important source of nutrients,
such as ironand calcium (Kinabo etal., 2006), in some parts of sub-Saharan Africa. These are
some specificexamples whichillustratethe importance of wild food sources throughout
Tanzania.
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1.9 Outline of thesis and summary of research contributions

Chapter2 summarises the available literature relating dietary diversity and food variety to
nutritional status as well as agrobiodiversity to dietary diversity/nutritional status in low
income countries. The literaturereview presents strong evidence that measures of dietary
diversity and food variety are positively associated with nutritional statusin childreninlow
income countries, however the evidence from Eastern Africais less comprehensive. This
chapteralsorevealsalarge gap inthe literature relating agrobiodiversity to dietary diversity
and nutritional status, it shows thatthere is very little good quality research that addresses the

aim of this thesis.

Chapter 3 of the thesis outlines the methods forthe primary data collection; the design of the
methodology, the selection of the villages the study took place in and the data collection
methods. The results from the primary data collection are reportedin chapters 4,5 and 6.
Chapter4 exploresthe associations between dietary diversity and food variety and nutritional
statusin the twovillages as well as how additional factors such as complementary feedingand
sanitation impact on nutritional status in these communities. The chapterfound that neither
dietary diversitynorfood variety was associated with any of the measures of nutritional status
inchildreninthese villages. Theseresults contradict much of the literature outlined in the
literature review in chapter 2 highlighting that a positive association between dietary diversity
and nutritional status cannot be assumedin all contexts. The chapteralso contributes
additional knowledge about the importance of appropriate complementary feedingand

sanitationinimproving nutritional status in low income countries.

Chapter5 presentsthe main results of the thesis; how plant agrobiodiversity is related to
dietary diversityand nutritional statusin children. The results show that in the majority of
cases agrobiodiversity is notassociated with dietary diversity or nutritional status. It was,
however, positively associated with height in Minyenye and negatively associated with BMl in
Mbwei. The mixed results of this chaptersuggest that simply increasing agrobiodiversity may
not be an effectivestrategy toimprove nutritional status. Thisis only the second piece of
research that measures biodiversity in the household farms and relates these measures to
both dietary diversity and nutritional statusinthe household children. It isthereforean

importantaddition tothe literature.

Chapter 6 presents data on animal diversity, as measured by the number of animals raised by
the household, and how this relates to dietary diversity and nutritional status in household
children. The results show thatthe more different types of animals eaten and raised in the

households the poorerthe nutritional status of the household children were. Additionally,
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households sellinganimals and animal products had children with the same or worse
nutritional status than households not sellingthese products. This contributes to the literature
on how raisinganimalsis related to nutritional status and highlights the complexity of the

determinants of dietand healthinlowincome countries.

Chapter7 links nationally representative dietary diversity datato nutrition outcomes and
dietary and nutrition datato national land cover data in Tanzania. This chapterfound that
dietary diversitywas notsignificantly associated with nutritional status in children. More
agricultural land coverin the surrounding area was associated with higher dietary diversity and
weightforheightbutlowerheightforage. More forestland cover was associated with higher
weightforheight. Thereislittle research linking land coverand nutritional outcomes and
these results provide importantinformation on how these are related. Chapter 8 discusses the
overall findings of the thesis, bringing together the primary data collection and national data,
and summarises the thesis’s main findings. The main conclusions of the thesis are presentedin

chapter9.

Due to the constraints onland use and the continuing growth in population worldwide
(Godfrayetal., 2010) itis important, now more than ever, to establish and attempt to quantify
how a greaterdiversity in agrobiodiversity affects nutrition and health outcomesinalow
income country context. This study providesinformation thatis beneficialto researchers
interestedin health and food security and the overlaps of agricultural and health research.
Research that makes links between environment and agricultural practice, food intakeand
healthisrare. Looking at these factors simultaneously has shown the complexities in how
these factors are related and suggests these relationships should not be assumed in different
contexts. It provides evidence in support of broad, locally driven interventions. This thesis
therefore contributes new empirical insights from Tanzania to improve understanding of the
relationships between agrobiodiversity, dietary diversity and nutritional status which are

important foragricultural, food security, dietary and nutritional research.
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Chapter 2: Literature reviews of the associations between

agrobiodiversity, dietary diversity and nutritional status

2.1 Chapter summary

Chapter1 introduced the rationale forinvestigating associations among agrobiodiversity,
dietary diversityand nutritional status, while this chapter summarises published literature on
these associations. The chapter presents two narrative synthesis reviews which have used a
systematicstyle approach: the first summarises literature linking dietary diversity with
nutritional status in children (Part 1), while the second presents research on the relationships
agrobiodiversity has with dietary diversity and nutritional status (Part 2). The mainfinding
presentedin part 1 of this chapteris that dietary diversity and food variety are associated with
nutritional statusin childreninlowincome countries. Part 2 showed thatthere islimited good
guality research on the associations between agrobiodiversity and either dietary diversity or
nutritional status. The reviewreveals agapin the literature on the relationship between

agrobiodiversity and both dietary diversity and nutritional status that this thesis aims tofill.

2.2 Introduction

Measures of dietary diversity have been usedinlow income countries to reflect diet quality
and nutritional status foranumber of years. Itis generally accepted that more diverse dietsin
low income country contexts are more nutritionally adequate (Ruel, 2003, Daniels etal., 2007,
Hatloy et al., 1998). There is much literature showing that more diverse diets are also
associated with better growth outcomes but thisis not always the case. Linking
agrobiodiversity to dietary diversity and nutritional statusis arelatively new area of enquiry
and there are limited publications showing associations between these factors. These narrative
synthesis reviews summariseall the available literature linking agrobiodiversity, dietary
diversity and nutritional status, as measured through anthropometry, in alow income country

context.
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2.3 Part 1: Dietary diversity and nutritional status in children

2.3.1 Methods

Thisreview focuses on research presenting associations between dietary diversity and
nutritional status, as measured by anthropometry, in childrenin low income countries.
Interventionsinvestigating these associations, longitudinal, case control and cross-sectional

studiesare includedinthereview.

2.3.1.1 Search strategy
In orderto find the maximum number of papers using measures of dietary diversity inlow
income countries different search techniques were used. Firstly the following electronic

databaseswere searched in February 2014:

e Embase Classicand Embase 1947 to 2014 March 05
e Global Health 1910 to 2014 Week 08

e OvidMedline 1946 to February Week 4 2014

e Psychinfo 1806 to March Week 1 2014

The following search terms were used, the numbers on the right represent how many papers

were identified with each search term from all databases combined.

1 dietSdiversS.mp. 1655

2 dietSvarietS.mp. 562

3 fooddiversS.mp. 352

4 foodvarietS.mp. 504

5 foodgroup diversS.mp. 23

6 foodgroup varietS.mp. 33

7 lor2or3ordor5or6 2797
8 nutritional status.mp. 110250
9 growth.mp. 2956808
10 stuntS.mp. 15608
11 wastS.mp. 321553
12  underweight.mp. 20248
13 undernutrition.mp. 17619
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14 malnourishS.mp. 25669
15 malnutrition.mp. 126573
16 8or9or10or1l or12or13orl14or15 3452136
17 africaS.mp. 711961
18 lowincome countrS.mp. 7773

19 developingcountrS.mp. 823802
20 17 or18or 19 1340313
21 7and 16and 20 440

22 limit21 to English language 401

23 limit22 to humans [valid in Embase and Ovid Medline only] 394

24 |limit23 to yr="1980 -Current" 394

2.3.1.2 Criteria for inclusion
Titles and abstracts were first screened to identify potentially relevant references. The full
journal articles of these potentially relevant references were obtained, where possible,and
these were then checked forfinal inclusionin the review. Papers that met the following
inclusion criteriawereincludedinthe review:

e Englishlanguage

e Human

e Childrenunderthe age of 20 years

e Studyrelatesdietarydiversity orfood variety to nutritional status as measured by

anthropometry
e Basedina lowincome country as defined by the International Monetary Fund (IMF)

2.3.1.3 Included references

Three hundred and ninety four references were identified through the database searches
containing 341 unique references. Based on the titles and abstracts 83 papers were identified
as potentiallyrelevant. Thirteen papers were unableto be located. These have been excluded
from the review. An additional 25were excluded because they did not meet the inclusion
criteriawhen full papers were examined. Thirty-five papers wereincludedinthe review from
this process. Relevantreview papers, books and reports were used to obtain two additional
relevantreferences, these are referred toin the inclusion flowchart (figure 2.1) as hand

searchedreferences. Atotal of 37 references are includedin the review.

Papers were summarised and details of how dietary diversity and food variety were measured
are included. The associations between dietary diversity and nutritional status are summarised
inTable 2.1 and food variety and nutritional statusin Table 2.2. In keeping with the language
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usedinthe papersreviewedthisreviewusesthe terms ‘dietary diversity (DD)’ and dietary
diversity score (DDS)’ to mean diversity estimated from the number of food groups individuals,
or households, have consumed overa particularreference period. The review uses the terms
‘food variety (FV) and ‘food variety score (FVS)’ to mean the number of individual food items
individuals, orhouseholds, have consumed overthe reference period. The FVSislargerthan
the DDS when people consume more than one different food type within afood group. For
example, if bothtomatoesand onionsare consumed one DD pointwill be added to the DDS

and two FV points will be added tothe FVS.
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Total number of references
retrieved from electronic
searches (n=394)

Duplicate references (n=53)

Unique references retrieved from
electronic searches

(n=341)

References identified as not
relevant to the review based on
titles and abstracts (n=258)

V

References initially identified as
Potentially Relevant based on
titles and abstracts (n=83)

— References identified as not
_— relevant to the review based on
full papers (n=35)

References were unable to be
located (n=13)

v

Total number of references
retrieved from hand searching
(n=2)

A

Included references (n=37)

Figure 2.1. Flowchart of inclusion for part 1: Dietary diversity and nutritional status
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2.3.2 Results and discussion

Thirty-two studies reported associations between dietary diversity and anthropometric
measuresinchildren(Table 2.1). Twenty-five of these studies were cross-sectional, five were
longitudinalstudies and two were interventions. The first, non-randomised, intervention study
found an improvementin dietary diversity and weight gainin the intervention arm of the
study, in female children only (Kilaru et al., 2005). The second intervention study, which had a
randomised cluster design, found thatthe improved dietary diversity of the younger children
inthe intervention group was notaccompanied by anincrease in length forage z-scores (LAZ)

(Aboudetal., 2013).

Out of the five longitudinal studies, one found DDS to be higherin children who had better
growth (Nti and Lartey, 2007), one found DDS to be positively associated with weight but not
length gain (Alvarado et al., 2005), two found DDS to be positively associated with height or
length forage z-scores (HAZ/LAZ) (Bork etal., 2012, Ma et al., 2012) and one study found that
DDS was notrelated to the development of kwashiorkor (Lin etal., 2007). Twenty of the cross
sectional studies show positive associations between dietary diversity and either LAZ, HAZ,
weightforage z-scores (WAZ) or weight for length/height z-scores (WLZ/WHZ) and five found
no associations (Hillbrunerand Egan, 2008, Nungo et al., 2012, Sullivanetal., 2006, Tessema et

al., 2013, Aboussaleh and Ahami, 2009).

The results showing positive associations between dietary diversity and nutritional status are
often notentirely conclusive. Some of these 20 cross sectional studies alsofound no
associationin particular geographicareas (Dewey, 1981, Ekesaet al., 2011), inrural areas
(Hatloy etal., 2000), in girls (Eckhardtetal., 2005) and in some age groups (Benefice etal.,
2007, Garg and Chadha, 2009, Sawadogo et al., 2006). Additionally, within these studies

dietary diversitywas not always associated with both height and weight.

Seven cross- sectional studies, one longitudinal study and one non RCT intervention study
reported the association between food variety and nutritional statusin childreninlowincome
countries (Table 2.2). Gibson etal (2003), whose intervention focused on dietary
diversification, found that food variety was not associated with HAZ, WHZ, triceps skinfold z-
scores or arm fatarea z-score after 12 months but MUAC z-scores and arm muscle area z-
scores were significantly higherin the intervention group. In the longitudinal study, Bork et al
(2012) found food variety to be associated with HAZ cross-sectionally but not with height gain

overthe six months.

Three of the cross-sectional studies found significant positive associations between food

variety and nutritional status (Novotny, 1987, Onyango et al., 1998, Steynetal., 2006).
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Additionally, one found positive associationsin urban but notrural areas (Hatloy etal., 2000),
anotherfoundthatfood variety was positively associated with HAZin under 23 month olds
and WAZin just9-11 month olds (Sawadogo et al., 2006) and anotherfound food variety to be
associated with the duel burden of malnutrition (overweight mother/underweight child)
(Saibul etal., 2009). There was only one cross-sectional study that found no association
betweenfood variety and nutritional status (Lamontagne etal., 1998). As with dietary
diversity, the evidence suggests that food variety is associated with nutritional statusin

childreninlow income countries.

All fourstudies with samples sizes of over 10 000 children found significant associations
between DDS and/or FVS and HAZ (Arimond, 2004), rates of stunting (Li etal., 2011, Marriott
et al., 2012, Rah et al., 2010) and rates of underweight (Marriottetal., 2012). These results
are supported by seven out of the eight studies with between 1000 and 10 000 participants
that were carried outin different countriesin Africaand Asia. All of the studies with over

10 000 participants and fourother papers (Dishaetal., 2012, Eckhardt etal., 2005, Steynetal.,
2006, Zongrone etal., 2012) reported on nationally representative samples. All showed
significant associations between dietary diversity and anthropometric outcomes, although
Eckhardt etal (2005) found associationsin boys only. Studies usinglarge, nationally
representative samplesare less prone to selection bias than smallerstudies and these large
studies provide evidence of atrue association between dietary diversity and nutritional status.

However, these studies wereall cross-sectional so cause and effect cannot be implied.

The statistical methods used in the majority of studies compared dietary diversity scores
between malnourished children and those that were not malnourished and/or presented the
correlation between the diversity indices orassessed association using regression analyses.
Almostall of the papers reported the significance of the statistical tests that were carried out.
Regression analysis gives the amount of change expected inthe dependent variable with each
unitchangein the independent variable (Montgomery etal., 2012). It is therefore the best
statistical method to show how dietary diversity and nutritional status are related cross-
sectionally, ideallycontrolled for potential confounders. Twenty-five of the 37 studies used
multivariable regression to control for confounders. That such a high number of studies

employed these methods indicates the reported results are more reliable.

The type of dietary diversity score and the way it was collected did not alter the relationships
seen between dietary diversity and nutritional status. Five out of the 32 studies used
household dietary diversity, one of these showed no association butthe otherfour, and the
one paperreporting household food variety, found significant associations between the
diversity scores and anthropometric measures. The majority of the papers reported collecting
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dietary diversitythrough a24 hour recall (19/32 dietary diversity studies and 7/9 food variety
studies), the other studies used food frequency questionnaires (FFQ), seven day diet recalls,
questionnaires, interviews and observation. The size and direction of the results from studies
usingthese other methods were not differentfrom those using 24 hour recalls. The results
fromthis literature reviewshow that the 24 hourrecall isthe mostappropriate method to

measure dietary diversity in the current study.

The number of food groupsinthe dietary diversity scores varied from 6to 23, the majority of
papers used between 7and 12 food groups. For comparison between studies and across
countriesitwould be useful forstudies to use the same number of food groups. Nine food
groups (Cereals; roots & tubers; vitamin Arich fruit & vegetables; otherfruit; othervegetables;
legumes & nuts; meat, poultry & fish; fats & oils; dairy; eggs) were recommended by the FAO
workshopin Rome, Italyin October2004 (FAO/WHO/IFPRI, 2004), howeveronly one study

includedinthisliteraturereview used this grouping (Steyn et al., 2006).

There was, however, some variation by geographicregion. Therewere only 15studies
conductedin Africa, 11 of these conducted in Eastern Africa (in Malawi, Kenya, Tanzania,
Ethiopia, Zambia, Burundi). The one dietary diversification intervention study (Gibson et al.,
2003), in Malawi, found no association effect on height or weight z-scores. The one
longitudinalstudy (Lin etal., 2007), againin Malawi, found that dietary diversity was not
associated with Kwashiorkor. Of the nine cross-sectional studies conducted in Eastern Africa,
six found positive associations (Onyango etal., 1998, Corbettetal., 1992, Cordeiroetal., 2012,
Dishaetal., 2012, Walingo and Ekesa, 2013, Ekesa etal.,2011) and three found no
associations (Nungoetal., 2012, Tessemaetal., 2013, Sullivan etal., 2006) in Kenya, Ethiopia
and Malawi. The evidence in this part of the world is not as convincingas the literature asa
whole. This provides evidence towards the relationship between dietary diversity and
nutritional status being contextual and suggests that more researchinto this associationin

Eastern Africawould be beneficial.

Assessing the combined evidence of the cross-sectional, longitudinaland intervention studies
shows that dietary diversity scores and food variety scores are positively associated with
growthin childreninlow income countries. This was the case for both dietary diversity and
food variety, using the 24 hour recall to collect the data or othersimilar methods, using
individualorhousehold diversity scores, with arange of food group categories. Thatresults
were consistent overthese different methods indicates thatthisisa strongand repeatable
association. The association was seen with growth measuresin childreninanumber of

different countries and contexts, although the evidence was not as strong in Eastern Africa.
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Lookingat all the evidence, itis reasonable to hypothesise that dietary diversity and nutritional

status, as measured by anthropometry, will be associated inthe current study.
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Table 2.1. Studiesinvestigating the associations between dietary diversity based on number of food groups and nutritional status based on anthropometric

measures
Author and Country DDS method Number of food groups: Food groups Results
year Population Individual or usedin DDS

subgroup household DDS

Intervention/study
design details

Interventions

(Aboudetal., Bangladesh 24 hrdietrecall 7: Grains; legumes; fish & meat; egg; No significant difference in DD or LAZ between the 2
2013) Children, 4-  Individual DDS vegetables; fruit; milk. groups. DD improvedinyoungerage group but LAZ did
not.
14 mo at .
Parenting

recruitment

interventionon

Interventio  health, nutrition,
n N=226, communication and
control play. Randomised
N=237 stratified cluster
design with control
group.
15 mo follow up
(Kilaruetal., India 24 hr dietrecall 7: Dairy; cereal; protein; fruit; Percentage feedingatleast5differentfood groups was
2005) Infants5-11  Individual DDS vegetables; oil & fat; sugar & savoury significantly higherinthe mterventpn group({lZA))than
mo snacks. the control group (19%), p=0.01. Weightvelocity was

Nutrition education

77g/mo greaterin the female children between 6-10
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Interventio
n N=69,
control
N=69

withincreasing DD as
1/5 focuses, with
control group (notan
RCT).

1 yearfollow up

mo of age inthe intervention group comparedto the
control group (Multivariable regression).

Longitudinal studies

(Borketal., Senegal List based FFQ, 24 7: Animal milk products; animal-based DDS significantly positively associated with HAZ at 6-12
2012)* . hours. foods; cereals & tubers; pulses & nuts; mo, 12-18 mo and 12-18 mo. DDS not associated with

Children, 6- . R : __ . .

. fruit & vegetables; vitamin A—richfoods; length/heightincrements (mixed models with
36 mo Individual DDS . .
food with fat added. adjustments).

N=1060 2 visits, 6mo apart
(Maetal,, China 7 daydietrecall 8: Starchy staples; legumes & nuts; dairy; DDS at visit 1 was not significantly associated with LAZ,
2012) Children5-7 Individual DDS rr;]e.at, p;ultryt;éi.a I|ver'/;)rg.:;m.meat:.; Tt:llsh, WAZ or WLZ at visit 3.

mo 3 visi SNNMP & €rabs; €ges; Trults; VEgELables.  pps at visit3 was significantly associated with LAZ at

visits every 6mo g . .-
_ visit 3 (regression coefficient: 0.156, p=0.036)
N=180 over12 mo S .
(Multivariableregression).

(Linetal., Malawi 2 mo FFQ 7: Starchy staples; legumes; dairy; meat, DDS was notassociated with the development of
2007) Children, 1= Individual DDS flsh & eggs; vitamin Arich f'ood.s; other Kwashlprkoroverthe 10 weeks (Multivariable

3yrs fruits & vegetables; foodsrichinfats. regression).

Followedfor10wks  (minimum portionsize: 1serving)

N=1651
(Ntiand Ghana Monthly behavioural 10: Cereal & cereal products; roots, Positive deviant children (growth above the norm) had
Lartey, 2007) . observation visit tubers & plantain; meat products; fish&  significantly higher DDS (mean (SD): 6.3 (0.6)) than

Children, 6- . . . . .

12 mo seafood; eggs; milk & milk products; negative deviant children (growth below the norm) (3.7

margarine; legumes, nuts & pulses; fruits;
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N=100 Individual DDS soups & stews. (1.1)) (p=0.001, independent t-test).
Over6 mo
(Alvaradoet Columbia Week FFQ 21: intake frequency of food/beverages DDS positively related to weight gainin non-breastfed
al., 2005) . in previous week. Score representsboth  children (regression coefficient: 0.14kg/mo, p=0.03). No
Afro- Individual DDS - . L . . . L
Columbian food frequency and food diversity. significant association with length gain. (multivariable
Foll dfor18 i
Children5-7 ctiowedtortemo regression)
mo at
baseline
N=133

Cross sectional surveys and case control studies

(Tessema  Ethiopia 24 hr dietrecall Notstated No significant difference in odds of being stunted
etal. . . betweenthose with DDS<4 and those with DDS>4.
’ Children0-23 Individual DDS
2013) mo Crude Odds Ratio (OR) (95% Confidence Intervals (Cl)):
0.90 (0.53, 1.3) (Multivariableregression).

N=575
(Walingo WesternKenya 24 hrdietrecall 23 fooditems within 8 food groups: DDS was positively associated with stunting (r2=0.036,
and Ekesa, Youngestpre-  Individual DDS Cereals; roots&tubers;pulses&nuts; S|gn|f|canFe notreported) and significantly associated
2013) <chool child vegetables; fruits & vegetables; meat, with wasting (r2 = 0.081).

’ fish & meat products; milk & milk
12-60 mo .
products; fats & oils.
N=164

Based on only the first 23 healthy foods
consumed overa period of 2 mo,
established using food checklists.
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(Cordeiro  Tanzania 24 hr dietrecall 12: Cereals; fishand seafood; roots and Each additional food group consumed atthe household
etal. tubers; pulses, legumes, nuts; level decreased the odds of an adolescent being
’ Adolescents Household DDS ’ ! ! ’
2012) 10-19 yrs vegetables; milk and milk products; undernourished by 14% (OR = 0.86 (95%Cl:0.74, 0.99);
' fruits; oil, fats; meat, poultry, offal;sugar, P < 0.05) (multivariable regression). Undernutrition
N=670 honey; eggs; miscellaneous. defined as BMI < 5" percentile.
(Dishaet Ethiopiaand 24 hr dietrecall 7: grains, roots, tubers; legumes & nuts; DDS was associated with HAZ (OLS regression
al., 2012) Zambia . dairy products; flesh foods; eggs; vitamin  coefficient: 0.23, p<0.001) and WAZ (0.17, p<0.001) in
Individual DDS . . . L . . .
Children. 0-23 A-richfruits & vegetables; otherfruits&  Ethiopiaand withHAZ (0.12, p<0.01) in Zambia. DDS
Mo ! DHS vegetables. was not associated with WHZ in either country.
(Multivariableregression)
N=4322
(Marriott 14 lowincome 24 hrdietrecall 6: Grains, roots, tubers; legumes & nuts;  DDS was significantly associated with stunting (OR:0.79
etal., countries . dairy products; meat & eggs; vitamin A- (0.72, 0.86), p<0.001) and underweight (0.78(0.71,
Individual DDS . . ) L .
2012) . rich fruits & vegetables; otherfruits & 0.86), p<0.001) (Multivariable regression).
Children6-24
DHS vegetables.
mo
Weighted
N=79 423
(Nungoet Kenya 24 hr dietrecall 12: Not stated There was no significance correlation between DDS and
al., 2012) Childrenunder Household DDS hutrition status.
5yrs
N=232
(Paudelet Nepal Notstated Not stated DD below the WHO standard was associated with
al., 2012) Children6-60  Not stated stunting. Unadjusted OR: 7.28 (4.09-12.94), adjusted

OR: 4.06 (1.70, 9.67) (Multivariable regression).
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mo

Cases N=118,
Control N=236

Case control study

(Zongrone Bangladesh 24 hr dietrecall 6: Grains, roots & tubers; legumes & DDS was significantly associated with HAZ (0.08, p=
etal,, Youngest Individual DDS n'uts;<.:la|ry produrtts; fleshfoods & eggs;  0.006) gnd WAZ (0.04, p=0.045) (Multivariable
2012) . vitamin-Arich fruits & vegetables; other  regression).
children .
DHS fruits & vegetables.
N=2096
(Ekesaet Burundiand 24 hr dietrecall 12: Cereals; root, tubers, bananas; pulses There were nosignificant relationships between DDS
al., 2011) Democratic (validated by FFQ) & legumes; milk & milk products; eggs; and HAZ, WHZ or WAZ in DRC. DD was significantly
Republicof meat & offal; fish & seafoods; oil & fats;  relatedto HAZ and WAZin Burundi but the coefficients
Congo (DRC) sugar &honey; fruits; vegetables; spices  of determination werevery small (r2=0.051 and 0.030
Household DDS & condiments. respectively).
(Lietal., China 3 consecutive daysof 13: Rice and products (0.5); wheat & Children with normal weightand height had
2011) . 24 hr dietrecalls products (0.5); corn, coarse grains & significantly higher DDS (Mean (Standard Error (SE)):
Children, 2-17
. products (0.5); starchy roots & products  4.18 (0.01)) than those who were stunted (3.77(0.03))
yrs Individual DDS .
(0.5); red meat & products (0.5); poultry  and those who were stunted and overweight(3.75
N=13 770 China National & game (0.5); egg (0.5); fish & shellfish (0.14)) and significantly lower DDS than those who were
Nutritionand Health  (0.5); legumes & products (1.0); milk & overweight (4.53(0.05)) (p<0.05 for all associations)
Survey dairy products (1.0); dark-coloured (Multivariableregression).
vegetables (1.5); light-coloured
vegetables (1.0); fruit (1.5).
Weightingin brackets fora total of 10.
(25g minimum portion size)
(Niranjala  Sri Lanka 24 hr dietrecall 18: Not stated 50.5% of those with DD <5 had BMI below the 5"
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and Females13to  Individual DDS percentile forage compared to 36.4% of those with
Gunaward 16 yrs DD>5 (p=0.01).
ena, 2011) N=525
(Rahetal., Bangladesh Interview 9: Rice; lentils; green leafy vegetables; Afteradjusting forall potential confounders high DDS
2010) Children 6-59 Individual DDS yellow/orange frwt‘s; eggs; flsh; chicken; was assoc‘lated withreduced odds of being stunted
mo meat otherthan chicken; milk. among children aged 6-11 mo (OR (95% Cl): 0.85 (0.76—
National Surveillance 0.94), 12-23 mo (0.74 (0.69-0.79) and 24-59 mo (0.69
_ . Number of days that each of these food o .
N=165 111 Project i . (0.66-0.73) (Multivariable regression).
groups were consumed in the previous
week.
(Aboussale Morocco 7 day FFQ 12: Meat; poultry; fish; legumes; green& Mean (SD) DDS was significantly higherin stunted
h and . othervegetables; fruitsthatare a source  (8.0630.96) thanin non-stunted (7.75+1.08) children
. School aged Individual DDS L .
Ahami, children of vitamin C; otherfruits; cereals & when fats, sweets and sweetened teawas excluded
2009) derivatives; dairy products; fats; sweets  (p=0.03). This association disappeared when area of
N=263 & sweetened tea. residence or parent education were controlled for. No
significant relationship was seen with wasting (t-test).
(Gargand India 24 hr dietrecall 6: Cereals, grains & tubers; pulses; milk; DD of infants 9-12 months had significant associations
Chadha, Infants, 6-12 Individual DDS gre‘en leafy vegetables & vitamin Arich (p<0.01) with WAZ, LAZ and WLZ‘. Nq assouatlor.]s inthe
2009) mo fruits; eggs; other. 6-8 month olds were seen (Multivariate regression).
N=151
(Zhanget China 24 hr dietrecall 6: Cereals & tubers; beans; animal milk; No association was seen between DDS and LAZ. DDS
al., 2009) Children 6-11 Individual DDS egg; meat & fish; otherfoods. wa_s&)%gzgﬂca(;fill\)/£05|'ﬂ\0/ecl)\{;sscl\>;l?:'ed Wltk: WAZ '
mo. 1-3 FG: 1 point (p=0.026) an (p=0.017) (Multivariable regression).
N=501 4-6 FG: 2 points
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(Hillbruner Bangladesh 24 hr dietrecall 9: Cereals; pulses; vegetables; fruit; No significant association between DD and wasting (OR:
and Egan . L meat; fish; dairy; eggs; miscellaneous. 1.2: 0.8-1.8) or not achieving expected growth (OR:
’ Children,6-72  Individual DDS ! ! ! !
2008) mo 0.95: 0.65-1.39) (logisticfixed-effects modelling).
N=555
(Benefice  Bolivia 24 hrdietrecalland  7: Fish(4); cereals(3); tubers(1); plantain  No difference in DDSin normal weightand overweight
;;c)g;., Children, 0-15 ?uestlonnm;(]ac ondthe (1); fruits (2); meat & milk (4). groups of children.
) yrs requencgo 03 fc'l Weighted scoresin brackets. DDS associated with HAZin 0-5 yrs only (regression
N=452 cor(;sumekl 02 a ) atly coefficients): 0-5yr olds: (0.07, p=0.05), 5-10 yr olds:
andweekly basis. (0.04, ns), >10 yr olds: (0.03, ns) (multivariable
Household DDS regression).
(Sawadogo BurkinaFaso 24hr dietrecalls 8: Cereals; roots & tubers; nuts & pulses;  DDS was significantly positively associated with HAZ in
etal., Children, 6-35  Individual DDS fl‘l.JItS& v<_agetab|es; meat & fish; eggs; 6-11 (.p=.0.002) and 1?—2? .(p=0.9003) mo olds, this
2006)* mo milk & dairy products; fats. association was not significantin 24-35 mo olds. DDS
was not significantly associated with WAZ at any age
N=2466 (Multivariableregression).
(Steynet South Africa 24 hr dietrecall 9: Cereals;roots & tubers; vitaminArich  DDS was significant correlated with HAZr=0.19,
* i . it — -
al., 2006) Children, 1-8 individual DDS fruit & vegetables; otherfruit; other (p<0.0001), WAZ r=0.21, (p<0.0001) and WHZ r=0.1,
s vegetables; legumes & nuts; meat, (p<0.0001).
y National Food poultry & fish; fats & oils; dairy; eggs
N=2200 ConsumptionStudy  (tea, sugar & sweets notincluded)
(Sullivanet Malawi FFQ 7: Starchy staples; legumes; dairy; meat, = DDS was notsignificantlydifferentin children with
al., 2006) Children, individual DDS flsh & eggs; vitamin A-rich f'ooc‘js; other Kwashlorkpr(Mean (SD)): (5.02 (1.10)) cqmpared to
fruits & vegetables; foodsrichin fats. children with Marasmus (5.06 (0.99)), which acted as a
under5 yrs
Case control study - tion size: 1 ing/d control group.
Case N=145, (minimum portion size: 1serving/day)
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control N=46
(Eckhardt  Philippines Usual intake 8: Fish; animal source foods; staple DDS significantly associated with heightin boys
etal., Children guestionnaire cereals; otherstarches; vegetables; (regression coefficients (SE) 0.33(0.06), p<0.05) but not
2005) repeated Individual DDS fruits; beans & nuts; dairy. girls (-0.01 (0.05), NS) (Multivariableregression).

gqsaiirsesla; c Cebu Longitudinal

&' 118 5' ’ 777" Healthand Nutrition

2 VIS Study

N=2029
(Arimond, 11 across 7 daydietrecall 7: Starchy staples; legumes; dairy; meat,  Significantassociation between DDS and HAZ was found
2004) Africa, S/SE Individual DDS poultry, fish & eggs, vitamin Arich fruit& in9/11 countries. Thisassociation wasseenin 7/11

Asiaand Latin vegetables; otherfruit & vegetables; countries when SES was controlled for (multivariable

America/Carib DHS foods made with oil, fator butter. regression).

bean Includedin DDSif consumedon 3 or

Children, 6-23 more of the past 7 days

mo

N=22 065
(Hatloyet  Mali 24 hr FFQ 10: Staples; vegetables; oil & sugar; fruit; Comparedtothose withthe highest DDS, children from
al., 2000)* . nuts & pulses; Meat, milk; fish;leaves &  households withthe lowest DDS had increased risk for

! Child 6-59 H hold DDS f ! ! ! . .
mol ren ousenho gathered foods; eggs. beingunderweight (OR (95% Cl): 2.4 (1.3-4.6) or
stunted (2.2 (1.1, 4.2) inurban but not rural areas. DD
N=2315 was notrelated tothe prevalence of wastingin either
urban or rural areas (multivariable regression).

(Corbettet Kenya Questionnaire on 7: HAZ was significantly greaterin those who reported the
al.,1992) consumption over consumption of ‘non-standard’ food during the

Children, 5-24

Standard diet = any combination of
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yrs the past 7 days maize, pulse, vegetables & milk. previous week. No significant association was seen with

Non standard diet = additional elements WHZ and skinfold thickness (ANOVA).

such as animal protein (excluding milk)

N=362 Individual DDS .
rice or bread.

(Dewey, Mexico 2 24 hrdietrecalls Number of food groups not stated: DDS DD significantlycorrelated with WHZ (r=0.36, p<0.05)
1981) Children, 2-4 individual DDS was calculated u§ing an adaptgtior? ofa. but not HA.Z in one village. No significant associations
yrs commonly usedindex of species diversity wereseeninthe othervillage.
(Shannonindex)using calories
N=149 contributed by food category/total
calories consumed.

*used both food groups and food items and is reported intable 2.1 and 2.2.

Mo: Months; Hrs: Hours;Yrs: years; Wk: Weeks; DD: Dietary Diversity; DDS: Dietary Diversity Score; LAZ: Length for age z-score; HAZ: Height for age z-score; WAZ: Weight for age
z-score; WHZ: Weight for height z-score; BMI: Body mass index; FFQ: Food frequency questionnaire; SD: Standard deviation; SE; Standard error; Cl: Confidence interval; OR: Odds
ratio; S/SE; South/South East; DRC: Democratic Republic of Congo; WHO; World Health Organisation.
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Table 2.2. Studiesinvestigating the association between food variety based on number of food items and nutritional status based on anthropometric measures

Author Country
and year Population
subgroup

Food variety method

Individual or household
food variety score

Intervention/study
design details

Number of individual food Results

items (Mean (SD))

Intervention studies

(Gibson Malawi
etal.,

Stunted
2003)

children,
30-90 mo

Interventio
n N=200,
control
N=81

2 validated interactive
24 hr dietrecall

Individual FVS

Community based
dietary diversification
/modification
intervention. Quasi-
experimental design
witha non equivalent
control group (not RCT).

Mean (1%, 3 quartile) FVS No significant difference between 2 groups after 12 monthsin

. HAZ; WHZ; triceps skinfold z-scores; arm fat area z-score.
Intervention:

6(5,7) MUAC z-score and arm muscle area z-score were significantly
’ higherinintervention group (p<0.001). (Multivariable regression).

Control:

5(4,7)

Longitudinal studies

(Borket  Senegal

;I(;IlZ)* Children 6-
36 mo
N=1060

List based FFQ, 24 hrs.
Individual FVS

2 visits, 6mo apart

The FVSincluded 20individual
foods or food groups (fresh
milk, powered milk, sour milk,
freshfish, dried orsmoked fish,
eggs, meat, organ meats,
chicken, groundnuts, other

FVSwas significantly positively associated with HAZ at 6-12 mo, 12-
18 mo and 12-18 mo. FVS not associated with length/height
increments (Multivariable regression).
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legumes, vegetables, leaves,
fruit, vitamin A—containing
food, tubers, roots, millet gruel,
milk-based millet gruel, millet
couscous, millet porridge, rice,
fat-containing foods, bread,
biscuits) & “otherfoods”.

Cross sectional surveys

(Saibulet Malaysia 3 24hr dietrecalls Children:6.9(1.9) Duel burden of malnutrition (overweight mother/underweight
al., 2009) . . child) was significantly associated (Adjusted odds ratio and 95%
! Children, 2- Individual FV
9yrs Cl) with children’s FVS, 0.71(0.51-0.95) (Multivariable
regression).
N=284
(Sawadog Burkina 24 hr dietrecalls Total: 16 items FVSwas significantly positively associated with HAZin 6-11
oetal, Faso . (p=0.0001) and 12-23 (p=<0.0001) mo olds, thisassociation was
Individual FVS S . L .
2006)* Children. 6- not significantin 24-35 mo olds. FV was significantly negatively
35 mo ’ associated with WAZin 6-11 (p=0.01) mo olds but was not
significantly associated with WAZ at age 12-23 and 24-35 month
N=2466 olds (multivariableregression).
(Steynet South 24hr dietrecall 5.5(2.5) Significant correlation between FVS and HAZ (r=0.21, p<0.0001),
al., Africa Individual EVS WAZ (r=0.23, p<0.0001) and WHZ (r=0.1, p<0.0001).
2006)* Children, 1-
g ! National Food
yrs Consumption Study
N=2200
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(Hatloyet Mali 24hr FFQ Urban: Comparedtothose withthe highest FVS, children from
al. . households with the lowest FVS had increased risk for being
! Children,6- Household FVS 19.6 (6.1 .
2000)* 59 mo (6.1) underweight (OR(95% Cl): 2.3 (1.3-4.0) or stunted (1.7 (1.0, 3.1)
Rural: inurban but notrural areas. FVSwas not related to the
N=2315 14.3 (5.2) prevalence of wastingin eitherurban orrural areas
(Multivariableregression).
(Lamonta Nicaragua  Observationandrecall Notreported No significant correlations between FVS and HAZ, WAZ, WHZ
:glggset al., Children, c?mkt>|?(edtog|ve 24hrs were found.
) 12-18 mo ot intake
N=80 Individual FVS
(Onyango Kenya 3 24 hrdietrecall Mean (SE): 6.0 (0.2) FVSwas significantly and positively associated with WAZ
etal., Children, Individual EVS (regression coeff|C|en'F:O.19, p'=0.001), HAZ (0.17, p=0.008),
1998) 12-36 mo WHZ (0.12, p=0.01), triceps skinfolds (0.24, p=0.05) & MUAC
(0.17, p=0.006) (Multivariable regression).
N=154
(Novotny, Ecuador 24 hr dietrecall 7 (3) FVSsignificantly associated with HAZ (regression coefficient):
1987) Children12  Individual FVS Range 2-16 0.159, p<0.05) and WAZ (0.232, p<0.05) (Multivariable
regression).
mo - 5yrs
N=146

*used bothfood groups and food items and isreportedintable 2.1and 2.2.

SD: Standard deviation; SE; Standard error; Cl: Confidence interval; OR: Odds ratio; Mo: Months; Hrs: Hours; Yrs: years; FFQ: Food frequency questionnaire; FV:
Food variety; FVS: Food variety score; HAZ: Height for age z-score; WAZ: Weight for age z-score; WHZ: Weight for height z-score; MUAC: Mid upperarm
circumference.
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2.4 Part 2: Agrobiodiversity and dietary diversity/nutritional status

2.4.1 Methods

Thissecond review focuses on research presenting associations between plantorplantand
animal agrobiodiversity and either dietary diversity or nutritional status, as measured by
anthropometry, inlow income countries. Due to the limited amount of research available in
thisarearesearchin both childrenand adultsis included. Interventions investigating these

associations, longitudinal, case control and cross-sectional studies are included.

2.4.1.1 Search strategy
The same methodology was followed for part 2 of this chapter. The following electronic

databases were searchedin February 2014:

e Embase Classicand Embase 1947 to 2014 February 14
e Global Health 1973 to 2014 Week 06

e Ovidmedline 1946 to February week 12014

e Psychinfo 1806 to February Week 2 2014

The following search terms were used. The numbers on the right represent how many papers

were identified with each search term from all databases combined.

1 dietSdiversS.mp. 1635

2 dietSvarietS.mp. 557

3 fooddiversS.mp. 350

4 foodvarietS.mp. 500

5 foodgroup diversS.mp. 23

6 foodgroup varietS.mp. 33

7 1lor2or3or4orS5orb6 2769
8 nutritional status.mp. 107066
9 growth.mp. 2884272
10 stuntS.mp. 14925
11 wastS.mp. 313836
12 underweightS.mp. 19545
13 undernutrition.mp. 16079
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14 malnourishS.mp. 24195
15 malnutrition.mp. 116572
16 8or9or10or1l or12or13orl14or15 3360729
17 7or16 3362592
18 agrobiodiversity.mp. 93

19 biodiversity.mp. 48164
20 18 or19 48194
21 17 and 20 7031

22 africaS.mp. 651952
23 lowincome countr$S.mp. 7651

24 developingcountrS.mp. 705500
25 22o0r230r24 1209473
26 21 and25 568

27 limit 26 to English language 546

28 limit27 to humans [valid in Embase and Ovid Medline only] 317

2.4.1.2 Criteria for inclusion

Titles and abstracts were first screened to identify potentially relevant references. Where
possible, the full journal articles of these potentially relevant references were obtained and
these were checked forfinal inclusionin the review. Papers that met the followinginclusion

criteriawereincludedinthe review:

e Englishlanguage

e Human

e Measures plantagrobiodiversity or number of crops grown

e Studyrelatesagrobiodiversity to dietary diversity or measure of nutritional status
e Basedina lowincome countryas defined by the IMF

2.4.1.3 Included references

Database searchesidentified 317 references of which 295 were unique (figure 2.2). Based on
the titlesand abstracts 32 papers were identified as potentially relevant. Four papers were
unable to be found and have been excluded from the review (authors were emailed where
contact details could be found). Onreview of the full journal articles 25 were excluded as they
did not meettheinclusion criteria. Three paperswere included in the review from those found
through database searches. An additional four hand-searched references were identified
through Google scholarand the reference lists of included papers, relevant review papers,

books and reports. A total of seven references are includedinthe review.
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Papers were summarised and research relating agrobiodiversity to dietary diversity or food
variety are presentedin Table 2.3, those relating agrobiodiversityto nutritional status are
presentedinTable 2.4. Agrobiodiversity is used to reflect the diversity of plants, the diversity
or crops grown or the diversity of both crops grown and animals raised depending onthe
different definitions used by the researchers. These different definitions are outlined in the

tables.

Total number of references
retrieved from electronic
searches (n=317)

Duplicate references (n=22)

Unique references retrieved from
electronic searches

(n=295)

References identified as not
relevant to the review based on
titles and abstracts (n=263)

References initially identified as
Potentially Relevant based on
titles and abstracts (n=32)

] References identified as not
relevant to the review based on
full papers (n=25)

References were unable to be
located (n=4)

v

Total number of references
retrieved from hand searching
(n=4)

A

Included references (n=7)

Figure 2.2. Flowchart of inclusion for part 2: Agrobiodiversity and dietary
diversity/nutritional status
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2.4.2 Results and discussion
All six references presentedintable 2.3were cross-sectional surveys assessing associations
between agrobiodiversity and dietary diversity at one time point. Four studies defined
agrobiodiversity as the diversity of plants or crops and two based theirdefinitions of
agrobiodiversity on both plantfoods and animals. Four of the six studies showed some positive
association between agrobiodiversity and dietary diversity (Walingo and Ekesa, 2013, Dewey,
1981, Bhagowaliaetal., 2012, Ekesaet al., 2008). Of these studies, Walingo and Ekesa (2013)
were the only onesto use a biodiversity indexof plants and animals and showed that
agrobiodiversity was positively associated with child dietary diversity (coefficient of
determination: 0.496). Despite usinga biodiversity index, the methods on how the
agrobiodiversity datawas collected and what this index reflects was not reported. Additionally,
the quality of this study was lowered by the statistical methods used and the omission of
information on statistical significance. Ideally regression analysis adjusting for potential

confounders would have been used, with associated p-values or confidence intervals reported.

Ekesaet al (2008) also used a count of both food crops grown and animalsrearedin their
definition of agrobiodiversity. A positive correlation between agrobiodiversityand dietary
diversity was reported but no indication of whether this was significant was given (Ekesaetal.,
2008). Dewey (1981) foundthe farm crop diversity (details not presented) to be significantly
correlated with child dietary diversity in one out of two areas studied. Again details of how
crop diversity was measured were not reported makingit difficult to understand the

associations reported.

The final paper showinga positive association between agrobiodiversity and dietary diversity
use a count of crops grown as reported by a household memberto represent agrobiodiversity.
A count of crops grown overa reference period may be a useful tool in determining food
availability butitis notagrobiodiversity which is defined as the biological diversity on lands
used foragricultural purposes;itincludes the diversity of plants, animals and micro-organisms
at speciesand ecosystem levels and covers both cultivated crops and wild plants (Brookfield
and Stocking, 1999, Cromwell etal., 1999). Neverthe less, alarge, nationally representative
surveyinIndiafound the reported number of crops grown to be significantly associated with
the number of food groups the household had consumed inthe previous 30days (Bhagowalia
et al., 2012). Regression analysis was used but no potential confounders were adjusted for so
the associations seen could be affected by the socio-economicstatus of the household, the
education of the household members oranumber of otherfactors. As this was a large,
nationally representative sample using mainly appropriate statistical methods this paper

providesimportant evidence on the association between the number of crops the household
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grows and dietary diversity. As aresult of weak methodology and statisticalmethods, the
overall evidence of an association between agrobiodiversity and dietary diversity provided by

these fourreferencesis poor.

Two papersfound no association between agrobiodiversity and dietary diversity (Remans et
al., 2011a, Akrofietal., 2010). Akrofi et al (2010) found no significant correlation between
home garden Shannon biodiversityindices and household dietary diversity. The details
reported onthe methods used to assess agrobiodiversity were limited and agrobiodiversity
was not measuredin the household farms. Remans et al (2011a) found nosignificant
correlation between nutritional functional diversity of the farm (the diversity of nutrients
provided by the farm) and household dietary diversity. Although the methodology of this
paperwas high quality and well reported, this study measured something slightly different
from agrobiodiversity. It provides evidence that suggests there is no association between
agrobiodiversity and dietary diversity but does not address the question directly. The six

studieslinking agrobiodiversity to dietary diversity are collectively inconclusive.

Two studies employed a cross sectional design to link plantagrobiodiversity with nutritional
status (Table 2.4) (Dewey, 1981, Shack et al., 1990). The first found no association between
the number of food crops grownin household gardens and children’s nutritional status using
multivariable regression (Shack et al., 1990). The study did, however, find asignificant
association between agrobiodiversity and the mothers BMI. Agrobiodiversity was recorded
directly by a researcherbutitappearsthatitisa countof food crops growninthe household
gardens, ratherthan a method capturing the diversity of plants grownin the garden. The
second found a significant correlation between crop diversity and heightforage in childrenin
one of the twovillages studied. Interestingly it was not the village that had a significant

correlation between agrobiodiversity and dietary diversity (Dewey, 1981).

In additionto the cross sectional studies presented intable 2.3and 2.4 Talukderetal (2010)
reported on a Helen Keller International intervention toimprove vegetable gardensin
Bangladesh, Cambodia, Nepal and the Philippines. It compared the frequency of consumption
of vegetablesin households with no garden, traditional (seasonal with afew traditional fruits
and vegetables), improved (produce more varieties of fruits and vegetables) and developed
(produce a wide variety of fruits and vegetables that are availableyearround) vegetable
gardens afterthe intervention. Children from households with developed gardens consumed
vegetables 5/week compared to 4/week in households with improved gardens and 3/weekin
those with traditional ornovegetable gardens (significance not stated). Therewas no

significant differencein anaemia prevalence between the program and the control
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communities. Similarresults wereseeninthe pilot study of this project published in Talukder

et al (2000).

Land cover has previously been used as a proxy for biodiversity (Skidmore etal., 2003, Walker
et al., 1992, Tucker and Sellers,1986), details of this are presentedin section 7.2, chapter7.
Two papers were identified which looked at land cover and dietary diversity or nutritional
status. Johnson etal (2013) presented the Vegetation Continuous Fields (VCF) and the
Normalized Difference Vegetation Index (NDVI) measured using satellites in Malawi. They
found that communities experiencing lossinforest coveroverthe previousten years, based on
these twoindices, were 19% less likely to have adiverse diet ( OR: 0.813, p=0.05) but were no
more likely to be stunted ( OR: 1.113, p=0.64) than childrenlivinginareaswith nochangein
forestcover. The odds of having poordietary diversity and of being stunted did not vary
dependingonthe current percentage forest cover. Tree coverand NDVIwere measuredinthe
East-Usambara mountainsin Tanzania using Landsat eTM+ satellite images by Powell etal.
(2011). This data was not directly related to dietary diversity in mothers and theiryoungest
child between the ages of two and five years. They did, however, report that households with
greaternearbytree cover were more likely to consume forestfoods and individuals using

forestfoods had higherdietary diversity.

Overall there isvery little published data onthe association between agrobiodiversity and
dietary diversityornutritional status. The data thatis available isinconclusive and the quality
of the literature is relatively poor. The methodological limitations in how agrobiodiversity was
assessed and the statistical methods used to assess these associations make it difficult to
compare the results of the studies and to assess the reliability of the results and conclusions of
the studies. There issome evidence fromalarge intervention study thatimprovementsin
agrobiodiversity lead toimprovements in vegetable consumption but unfortunately this was
not linked to measures of dietary diversity. There is also limited data showing associations
between more biodiverse land coverand dietary diversity but not child growth. This review
identified four potentially relevant papers that could not be located. In addition to these itis
likely thatthereis otherrelevant work onimproving nutrition through agrobiodiversity that
has notbeen published in peerreviewed journals. This review, therefore, may not coverall the
researchinthisarea. The conclusions are based on the small number of papers obtained and it
is possible that this additional research would alter the conclusions of the review. Additional
limitations of both this review and the dietary diversity and nutritional status review are those
commonly associated with narrative synthesis reviews. Thesereviews included noformal

guality assessment. There isagreaterlikelihood of bias thanin a systematicreview following
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strict protocols. These reviews do, however, have transparent methods which would allow

replication of these results.

To the students knowledge, there has been no published literature using both systematic
observations of the biodiversity of household farms and reliable statistical methods to assess
the association between agrobiodiversity and dietary diversity or nutritional status to date. It
appearsthat none of the published studies have assessed the biodiversity of both the crops
grown and wild plants presentinthe gardens oron the farms. Additionally, those studies
directly observing crops grown focused on vegetable gardens ratherthan household farms.
Due to the limited numberof relevant studies and the quality of these studies, the literature to
dateis inconclusive. This literature review has revealed asubstantial gapin the literature on
how agrobiodiversity is related to dietary diversity and nutritional status that the current
projectaimsto address. The gaps inthe literature found by this literature review consolidated
the decision to measure agrobiodiversity of household farms systematically rather than relying

on counts of foods grown.
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Table 2.3. Studies investigating the associations between agrobiodiversity and dietary diversity

Author Country Agrobiodiversity measurement Dietary diversity score details Results
and year Population subgroup
(Walingo WesternKenya Agrobiodiversity was measured by Qualitative 24 hr dietrecall. Agrobiodiversity was positively
and individual DDS assessingthe yarlety of food plants The score was based on only the first 23 as.so§|§ted with DDS (r2 = 0.496).
Ekesa, i grown and animals reared by - (significance was notreported).
2013) (Youngestchild, 12-60 h hold healthy foods consumed overaperiod of 2
mo) ousenolds. months, established using food checklists.
N=164 tASh?rnct)nInd.ex(dS.I)wa.i caleulated 8 : Cereals; roots & tubers; pulses & nuts;
O retiectspecies diversity. vegetables; fruits & vegetables; meat &
meat products (included fish); milk & milk
products; fats &oils.
(Bhagow India Number of crops grown by the Number of food groups consumed over the Number of crops grown by the
aliaetal,, . household, information collected past 30 days. householdis significantly associated
India Human L . . .
2012) through the survey. with dietary diversity (regression
Development Survey . L.
coefficient:0.32 (p<0.01). Associations
Household DDS remainsignificantwhen farms are
N=19 000 brokendownintotheirdifferentsizes
ranging from <0.5 hectaresto>5
hectares.
(Remans  Malawi, Kenyaand All crop, plantand tree specieson 24 hr dietrecall. Correlations between nutritional
etal., Uganda thefarms andvegetable gardens 15: Cereals; vitamin Arich vegetables & fgnctlonéldlv?r5|tyand hogsehgld
2011a) cultivated by the household were dietary diversitywere notsignificant.

Household DDS

documented. Only plants that were

tubers; white tubers, roots & plantains;
green leafy vegetables; othervegetables;
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N=170 edible and consumedinthe village vitamin Arich fruits; other fruits; legumes &
were considered for this study. nuts; oils & fat; meat; fish; eggs; milk;
Speciesrichness was defined by the sweets; spices & tea.
number of identified edible species
perfarm. Nutritional functional
diversity summarises the diversity of
nutrients provided by the farm. It
was calculated based on farm
species composition and species
nutritional composition using 17
nutrients from 77 crops.
(Akrofiet Ghana An inventory of the cultivated plant  Household DDS as food groups based on 24 There was no significant correlation
al., 2010) HIV positive and HIV specieswascompiledfo'rhc?rr.]e hr qualitative dietrecall. betweenthe home garden Slandthe
. gardens. The number of individual ) L . . household DDS (r=0.17, p =0.14).
negative households . 14: Cereals; vitamin A-rich vegetables &
plants of each speciesrecorded. o )
Household DDS Shannonindex (SI) was calculated ;cubers,whltetu?ers&roots,dark {gr‘?e” ,
) ) eafyvegetables; othervegetables; vitamin
N=80 based on these cultivated species. A-rich fruits; other fruits; organ meat (iron
Plantspecies were categorised as rich); flesh meats; eggs; fish; legumes, nuts &
human food, medicine and animal seeds; milk & milk products; oils, fats & red
feed. Livestockreared inthe gardens palm products.
was alsorecorded.
(Ekesaet EasternKenya Variety of food crops grown, animals 7 dayfood variety score. The number of animals keptand
al., 2008) reared for food and wild food items plants grown was correlated with

Individual DDS

(Pre school children)

collected through gathering, hunting
and trapping. Total number of food

7: Breads & cereals; roots & tubers; pulses &

nuts; vegetables & fruits; meat & meat

children’s DDS (r=0.697) (significance
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N=144

types, plantand animal combined,
were used.

products (included fish); milk & milk
products; fats & oils.

was notreported).

(Dewey, Mexico

*
1981) Socios: an area of

organisedfarming

Nearby village:
Tecominoacan

Individual DDS
(Children, 2-4yrs)

N=149

Crop diversityinfamily plots
(number of species). Further details
not presented.

2 24 hr dietrecalls

DDS was calculated using an adaptation of a
commonly usedindex of species diversity
(S1) using calories contributed by food
category/total calories consumed.

Socios: Households with >=5crops in
the family plot had higher DDS. R=0.25
(p<0.05)

Tecominoacan: no relationship
between crop diversity and DDS.

*presented associations with both dietary diversity and nutritional status and isreportedintable 2.3and 2.4.

DDS: Dietary diversity score; Sl: Shannonindex; Hr: Hour; Yrs: Years.
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Table 2.4. Studiesinvestigating the associations between agrobiodiversity and nutritional status as measured by anthropometry

Author Country Agrobiodiversity Nutritional status Results
and year . measurement measurement
Population subgroup
(Shacket Papuanew Guinea Number of food crops Weight, height, arm The number of different types of crops plantedinthe garden
al., 1990) . grownin the household circumference, andtriceps was notrelated to nutritional status inthe children.
Mothers and their )
gardensas observedbya and subscapularskinfolds .
youngest non-breastfed h . th d child The number of different types of crops planted was
child 2-6 yrs researcher. Ihmothersand chifdren. positively associated with the mothers BMI (Regression
N=56 coefficient 0.002, p<0.05) (Multivariable regression).
(Dewey, Mexico Crop diversityin family Heightforage and weight  Socios: no significant correlation between crop diversity and
1981)* plots (numberofspecies).  for heightinchildrenwere HAZ or WHZ.

Socios: an area of
organisedfarming.

Nearby village:
Tecominoacan.

Children, 2-4yrs
N=149

Furtherdetails not
presented.

reported.

Tecominoacan: Crop diversity was significantly correlated to
HAZ in children:r=0.29 (p<0.05) but not WHZ.

*presented associations with both dietary diversity and nutritional status andis reportedintable 2.3and 2.4.

HAZ: Height forage z-scores; WHZ; Weight for height z-scores; Yrs: Years; BMI: Body massindex.
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2.4 Conclusion

Currentresearchindicates that dietary diversity and food variety are associated with
nutritional status as measured using anthropometry in childrenin low income countries. There
were a number of papers using methods thatvaried inthe way the data was collected and
presented which found dietary diversity and food variety to be related to these
anthropometricmeasures. The results seen from studies carried out in Eastern Africado not
show such a clear cut association and furtherresearch inthis areawould be beneficial. The
associations between agrobiodiversity and both dietary diversity and nutritional status are less
clear. Thereis limited research inthisareaand, due to methodological limitations, the results
seentodate are inconclusive. This literature review has revealed a substantial gap in current
knowledge about the relationships between agrobiodiversity and dietary diversity and

nutritional status in low income countries.
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Chapter 3:
Pilot, village selection and methods for the project’s primary

data collection.

3.1 Chapter summary

This chapter describes the overarching methodological approach and outlines the research
design employedtoinvestigatethe relationships between agrobiodiversity, dietary diversity
and nutritional status in Tanzania. This chapter describes the design and application of the
methodological tools used during the primary data collection phase of the project. The project
describedisacross-sectional surveyintwo villages which collected data through household
interviews, anthropometry and a systematicagrobiodiversity survey. Important aspects of the
research process, including sampling design, piloting methods, ethical procedures, training of
research assistants, randomisation and participant recruitment are described. Information on
the two villages where this project collected datais presented. Methodological specifics,
particularly the analytical approach, associated with each empirical chapter (chapters 4, 5 and
6) are covered subsequentlyinthese chapters. The methods used to investigatethe
relationships between land cover, dietary diversity and nutrition, the DHS and land cover

analysis phase of the project, are described in chapter7.

3.2 Research design

This research was conducted in four phases of work (Figure 3.1). Phase 1 involved literature
review, design of methodological tools and piloting of these tools to meet objective 1. Phase 2
involved selection of study site villages, primary data collection and analysis of datato
investigatethe relationships between agrobiodiversity, dietary diversity and nutritional status
inrural Tanzaniato fulfil objectives 2, 3 and 4. Phase 3 involved analysis of Demographicand
Health Survey (DHS) data and land cover data to investigate the relationships between land
cover, dietary diversityand nutritional status and fulfil objective 5. Phase 4 involved the
integration of outcomes from the empiricaland analytical work conductedin phases2and 3 to
generate discussion and conclusions (chapters 8and 9) that inform understanding of food

security in sub-Saharan Africa and thus fulfil objective6.
51



1

a1

N
1

(]
(72)
©
N -
o
[7,)
(V]
.2
ey
(8}
2
Q0
o
(7]
S
(V]
e
Q
(3}
L
(@]

Figure 3.1. Overall research design, the objectives each phase fulfils and the chapters these are presented
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The conceptual framework was designed using other relevant conceptual frameworks
presentedinsection1.4,5.1and 6.1 ((UNICEF, 1990, Altieri, 1999, Leroy and Frongillo, 2007)
and attemptsto graphically display asimple representation of how agrobiodiversity would be
expected to be associated with individual dietary diversity and childhood nutritional status.
The main three pathwaysillustrated are its potential relationship to individual dietary
diversity, to household incomeand to production, through improvements to ecosystem

functioning (Figure 3.2a)).

The impact agrobiodiversity potentially has on dietary diversity and household income through
improvements in ecosystem functioning leading to increased production is beyond the scope
of this study. The relationships between agrobiodiversity and dietary diversity/nutritional
status and between dietary diversity and nutritional status are addressed through both the
literature reviews presentedin chapter2and the primary data collection. These relationships
are alsoexplored atanational level relating average group dietary diversity and nutritional

status and land cover surrounding these geographically clustered groups.

Figure 3.2 b) illustrates the elements of the framework that the empirical study addresses. The
main focus of the primary data collection are the relationships between agrobiodiversity,
dietary diversityand nutritional status. Datawas also collected on specific socio-demographic
characteristics and whether households produce was soldin orderto see if household income
from these practicesinfluenced child dietary diversity and nutritional status. As these factors
are notthe primary focus of the thesis, these are displayed less prominently in the framework

(figure 3.2 b)).
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Figure 3.2 a). Conceptual framework for the relationships between agrobiodiversity, dietary diversity and nutritional status
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' Individual Dietary '

! ! Social/ economic/ care/
—_— [ Household Income ] [ health factors ]

Figure 3.2 b). Section of the conceptual framework for the relationships between agrobiodiversity, dietary diversity and nutritional status which forms the
focus of this thesis
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3.3 Village selection for primary data collection

Two villages wereselected inrural Tanzaniafor collection of primary data. Areas where the
population were,on average, likely to be malnourished were selected, as explained below, to
allow forfactors associated with malnutrition to be more easily identified. Areas with different
biophysical (eg. soil, vegetation type and topography and thus land cover) and climate
characteristics are likely to have different levels of agrobiodiversity (Hadgu et al., 2009).
Differing contexts allow for contrasting relationships between agrobiodiversity, dietary
diversity and nutritional status to be investigated. One sitein an area of high biodiversity with
two rainfall seasons and one site inan area of low biodiversity with one rainfallseason were
selected. The following sections outline the criteria that were used for selecting Enumeration
Areas (EA), areas defined by the census, with high proportions of malnourished children in high

and low biodiversity areas.

Areas of poor nutritional status were determined using datafrom the 2010 Demographicand
Health Survey (DHS) obtained free from the DHS program (The DHS Program, 2014b). Age, sex,
heightand weight of children underthe age of five years were used to calculate their
individual heightand weight z-scores. These scores were added to ArcGIS, a piece of software
based on geographicinformation systems (GIS) for working with mapped dataand analysing
geographicinformation. Scores averaged by EA were added using the Global Positioning
System (GPS) co-ordinates that were collected at the centre point of each EA cluster. ArcGIS
was then used to selectthose EA clusters that had both average heightand weight z-scores
below negative 2. These cut offs were used toidentify EA that had a high prevalence of

malnutrition.

Of 474 EA includedinthe 2010 DHS survey, 61 had average weight z-scores below negative 2
and 36 had average heightz-scores below negative 2. Twenty had both heightand weight z-
scores below negative 2. Due to the agricultural focus of this project, rural environments were
the most appropriate areas to collect data. EA that were classed as urban in the DHS survey
were therefore excluded leaving 18 classed as rural and malnourished. The land cover data
used, GlobCover2009, was obtained from the European Space Agency (ESA) GlobCover Portal
(European Space Agency, 2010) for free. This datawas added to ArcGlIS, the 18 EA classified as
malnourished were then added and amap generated (Figure 3.3). Five km buffers around each
of these 18 EA were created and land cover classifications within these boundaries assessed to

determine areas of high and low biodiversity.
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GlobCover2009 land cover categories

\:l 11 - Irrigated croplands

\:l 14 - Rainfed croplands

\:l 20 - Mosaic Croplands/Vegetation

\:l 30 - Mosaic Vegetation/Croplands

- 40 - Closed to open broadleaved evergreen or semi-deciduous forest

- 50 - Closed broadleaved deciduous forest

\:l 60 - Open broadleaved deciduous forest

- 70 - Closed needleleaved evergreen forest

- 90 - Open needleleaved deciduous or evergreen forest

- 100 - Closed to open mixed broadleaved and needleleaved forest

- 110 - Mosaic Forest-Shrubland/Grassland

- 120 - Mosaic Grassland/Forest-Shrubland

- 130 - Closed to open shrubland

\:l 140 - Closed to open grassland

\:l 150 - Sparse vegetation

- 160 - Closed to open broadleaved forest regularly flooded (fresh-brackish water)
- 170 - Closed broadleaved forest permanently flooded (saline-brackish water)
- 180 - Closed to open vegetation regularly flooded

- 190 - Artificial areas
\:l 200 - Bare areas
- 210 - Water bodies

\:l 220 - Permanent snow and ice

I 230 - No data

Figure 3.3. A map of the 18 potential enumeration areas determined as malnourishedin
relationto land cover classification (GlobCover2009) in Tanzania. The key outlines 22
differentland cover categories determined in the GlobCover2009 data
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The GlobCover2009 project was able to differentiate between different types of land cover
with 67.5% accuracy (Bontempsetal., 2011). Land cover classification characteristics were
used as a proxy for biodiversity. Previous research has shown that satellite imagery can
identify biodiverse forested areas (Skidmoreetal., 2003, Walkeretal., 1992, Tuckerand
Sellers, 1986) (Austin etal., 1996, Homer etal., 1993, Millerand Conroy, 1990). Due to the
focus on agrobiodiversity in this project, sites of high biodiversity were defined as areas

includingboth ‘Croplands’ and ‘Forests’ in the buffersurrounding the EA (Box 3.1).

Box 3.1 Land use types used to classify high biodiversity sites
Croplands

The followingland covertypes were included in the definition of ‘Croplands’ in land cover
assessment. These correspond to the Land Cover Classification System (LCCS) of ‘cultivated

terrestrial areas and managed lands’:

1) Post-flooding orirrigated croplands

2) Rainfed croplands

3) Mosaic Cropland (50-70%) / Vegetation (grassland, shrubland, forest) (20-50%)
4) Mosaic Vegetation (grassland, shrubland, forest) (50-70%) / Cropland (20-50%)
Forests

The followingland covertypes were included in the definition of ‘Forests’ in land cover
assessment. These match the LCCS of ‘Natural and semi-natural terrestrial vegetation —

Woody-Trees’ and 1 of the classes of ‘natural and semi-natural aquaticvegetation’.

1) Closed to open (>15%) broadleaved evergreen and/or semi-deciduous forest (>5m)
2) Closed (>40%) broadleaved deciduous forest (>5m)

3) Open (15-40%) broadleaved deciduous forest (>5m)

4) Closed (>40%) needleleaved evergreen forest (>5m)

5) Open (15-40%) needleleaved deciduous orevergreen forest (>5m)

6) Closed toopen (>15%) mixed broadleaved and needleleaved forest (>5m) (100)

7) Mosaic Forest/Shrubland (50-70%) / Grassland (20-50%)

8) Mosaic Grassland (50-70%) / Forest/Shrubland (20-50%)
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9) Closed (>40%) broadleaved forest regularly flooded - Fresh water

Sites of low biodiversity were defined as areas with land covertypesthat were not associated
with high biodiversity and did notinclude ‘Croplands’ or ‘Forests’ (Box3.1). Box 3.2

summarises the land use types used to classify low biodiversity sites.

Box 3.2 Land use types used to classify low biodiversity sites

Low diversity

The followingland covertypes were included in the definition of ‘Low diversity in land cover
assessment. These correspond to the LCCS of ‘Natural and semi-natural terrestrial vegetation —

shrub and herbaceous’ and ‘artificial surfaces’ and ‘bare areas’:

1) Closed to open(>15%) shrubland (<5m)

2)Closed to open (>15%) grassland

3) Sparse (>1. 5%) vegetation (woody vegetation shrubs, grassland)
4) Artificial surfaces and associated areas (urban areas >50%)

5) Bare areas

6) Permanentsnow andice

Two villages, representing areas of low nutrition with 1) high and 2) low biodiversity were
chosen from maps that were produced for each of the 18 potential EA. These decisions were
made by examining the mapsto find the most diverse land coverandthe leastdiverse land
covers by comparingthe proportion of land that fell into ‘Cropland’, ‘Forest’ and ‘Low
diversity’ categories. No strict cut-offs were used in the distance from the centre point of the
EA as EA vary insize depending on population size. The following criteria, obtained through the
2010 Tanzanian DHS and Google maps, were also considered to determinesuitable sites: agro-
ecological zone, how close the nearest villages and main roads were, how close protected
areas were, which districts they fell in, elevation, percentage of population with agricultural
land, average hectares of agricultural land, accessibility by publictransport, whetherthey were

ina protected areaand wealthindex.

For eachsite, three areas, ranked as first, second and third choices, were chosen based on
theirland coverand this additional information. The location of the six potential sites are

showninFigure 3.4. The land coversurrounding the six potential EA which was used to help

59




-60 -
decide onthe final twositesare showninfigures3.5to0 3.10. The figuresonthe left(Figure
3.5, 3.7 and 3.8) are the high diversity sites and the figures on the right (Figure 3.6, 3.8 and

3.10) are the low diversity sites.

Figure 3.4. Location of top 6 potential sites, first, second and third choicesfor the high and
low diversitysites.

rid?

f |

Figure 3.5. Land cover around EA 62, in Figure 3.6. Land cover around EA 232, in
Tanga, Northern Tanzania, one of the Singida, Central Tanzania, one of the
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three potential high diversity EA three potential low diversity EA

Figure 3.7. Land cover around EA 376, in Figure 3.8. Land cover around EA 34, in
Manyara, Northern Tanzania, one of Arusha, Northern Tanzania, one of
the three potential high diversity EA the three potential low diversity EA

Figure 3.9. Land cover around EA 160, in Figure 3.10. Land cover around EA 149, in
Mtwara, Southern Tanzania, one of Lindi, Southern Tanzania, one of the
the three potential high diversity EA three potential low diversity EA

The borders of the six potential EA were obtained from the Director of AfricaScope
(Africascope, 2014). These EA borders and theiridentifying numbers were taken to the Bureau
of Statisticsin Dar es Salaam, Tanzania. The GIS expert who worked onthe DHS 2010 linked
thisinformation with the original paper copies of the census which defined these borders and

the villages within the borders were identified. Based on the information obtained from the
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Bureau of Statistics and information obtained from pre data collection visits to the two

villages, the first choice areas were confirmed as the data collection sites.

The low diversity EAin Singida covered one sub-village of avillage called Minyenye which was
made up of five different sub-villages. Five different EAs covered these five sub-villages. Each
EA did not correspond toa sub-villageand the edge of the EA would be difficult to locate on
the ground. As the rest of the village was unlikely to significantly differin nutritional status it
was decided to collect datain the whole of Minyenye. Similarly for the high diversity EAin
Lushoto, five EA made up Mbwei village butitwas decided that data collection would take

placeinall of the seven sub-villages.

Figure 3.11. Map of Tanzania with Minyenye, Singidaand Mbwei, Lushoto
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3.4 Study site description
The low biodiversity village was Minyenye in Singida district, Singidaregion, located in the
central plains of Tanzania (Figure 3.11). The village identified as a high biodiversity areawas

Mbwei in Lushoto district, Tanga region, situated in the West Usambara mountains close to

the coast of Tanzania.

3.4.1 Minyenye village, Singida district, Singida region

Figure 3.12. A typical house and surrounding area in Minyenye village, Singida district (photo
taken during data collection, June 2012, dry season)

Minyenye is situatedin the relatively flat region of Singida, in central Tanzania (Figure 3.13).
The region of Singidalies 1200m to 1500m above sealevel, is semi-arid and experiences low
rainfall, short rainy seasons and commonly drought (Tanzanian NBS and Singida Regional
Commissioner's Office, 2005). Singida’s average rainfall is 700mm a year (Tanzanian NBS and
Singida Regional Commissioner's Office, 2005) and the average maximum temperatureinJune
is 26.5 degrees Celsius (National Bureau of Statistics, 2011). The long dry season typically lasts
from April to November followed by the short rainy season from Decemberto March
(Tanzanian NBS and Singida Regional Commissioner's Office, 2005). Data was collected in

Minyenye inJune of 2012; the dry season (Figure 3.12).
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Singidahas a high average land area per capita (4.5 hectares) (Tanzanian NBS and Singida
Regional Commissioner's Office, 2005). Agriculture is the main economicactivityin the region
producing 60% of the areas goods and services (Tanzanian NBS and Singida Regional
Commissioner's Office, 2005). Ninety percent of the people of Singidaregionrely on
agriculture as theirmain livelihood (Tanzanian NBS and Singida Regional Commissioner's
Office, 2005). The main food crops are maize, sorghum, bullrush millet, sweet potatoes and
beans and the main cash crops are sunflower, groundnut, simsim, pigeon peas, onion and
cotton (Tanzanian NBS and Singida Regional Commissioner's Office, 2005). People here rely on
sorghum and maize astheir main staples with bullrush milletand sweet potatoes also used as

starchy foods (Tanzanian NBS and Singida Regional Commissioner's Office, 2005).

The average household ssize in Singidaregion 2002 was 5.0 people (Tanzanian NBS and Singida
Regional Commissioner's Office, 2005). Thirty three percent of the householdsin this region
were inthe lowest quintile for wealth index of the country and only 6% were in the highest
quintile (Tanzanian NBS and ICF Macro, 2011). InSingidaregion, approximately 14% of the
female heads of households had no education and the median years of education was 6.3
(Tanzanian NBSand ICF Macro, 2011). Regionally, 75% of women were literate, 93% were
currently employed and 83% worked in agriculture (Tanzanian NBS and ICF Macro, 2011). Nine
percent of male heads of households had no educationand the medianyears of education for
men was 6.4 (Tanzanian NBS and ICF Macro, 2011). Eighty-two percent of the male heads of
households wereliterate, 99% were currently employed and 92% were employedin

agriculture (Tanzanian NBS and ICF Macro, 2011).
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Figure 3.13. Google Earth image of the area surrounding Minyenye village (August 2004, dry
season) illustrating flat, largely un-vegetated orange land and seasonal rivers/streams.
The DHS centre point is marked by the A flag, the red outline is the border of the
enumeration area from the DHS (2010)
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3.4.2 Mbwei village, Lushoto district, Tanga region

Figure 3.14. The hillylandscape of Mbwei’s sub-villages (on the opposite hills) with the
fertile valleyinview (Photo taken during data collection, July 2012, dry season)

Mbweiisin the West Usambara mountains andis situated in Lushoto districtin Tanga region
(Figure 3.15). The Usambara mountains rise to a maximum altitude of 2300 meters above sea
level (National Bureau of Statistics, 2011). Inthe mountainous zone, where Mbwei lies,
temperature ranges between 21and 28 degrees and the rainfall ranges between 800 and
2000mm. In contrast to Minyenye village’s single rainy season, there are two rainy seasonsin
Mbwei. In the North and Costal regions of Tanzania, the short rains typically fall in November
to April and the longrains in March to May (Tanzanian NBS and ICF Macro, 2011). Data was
collectedin MbweiinJuly of 2012; the dry season (Figure 3.14). In 2010, 40.9% of the
agricultural land in Tanga region was plantedin the short rainy season (National Bureau of
Statistics, 2011). Mbwei village therefore had one additional planting season each year
compared to Minyenye. The main crops grown in the mountainous zone of Tangaregion are
coffee, tea, cardamom, maize, round potatoes, banana, beans, spices, fruitsand vegetables

(Tanzanian NBS and Tanga Regional Commissioner's Office, 2008).

The average householdsize for Tangaregionin 2002 was 4.6 people (Tanzanian NBSand Tanga
Regional Commissioner's Office, 2008). Only 16% of householdsin this region were inthe
lowest quintile of wealth index nationally and 25% were in the highest wealth index (Tanzanian

NBS and ICF Macro, 2011) suggesting Mbwei residents would be less poorthan Minyenye
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residents. InTangaregion, 19.6% of female heads of households and 5.5% of male heads of
households had no education (Tanzanian NBS and ICF Macro, 2011) . The medianyears of
completed education forthisregion was 6.4 for both woman and men (Tanzanian NBS and ICF
Macro, 2011), similarto Singidaregion. Seventy percent of the women were literate, 71% were
currently employed and 48% worked in agriculture compared to 83% literacy in men, 82%
currently employed and 59% employed in agriculture (Tanzanian NBS and ICF Macro, 2011).
Mbwei’s region had a lowerrate of employment overall and in agriculture compared to

Minyenye’s.
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Figure 3.15. Google Earth image of area surrounding Mbwei village (April 2007, Rainy
Season). lllustrating mountainous terrain and largely green vegetated lands. The DHS
centre point is marked by the A flag, the red outline is the border of the enumeration
area from the DHS (2010)

3.5 Mixed method approach

During phase 2, an interview based, mixed methodology approach was used to collect primary
data. Fourkey methods were applied; household questionnaire, 24 hour dietary recall,

anthropometricmeasures and agrobiodiversity survey. Table 3.1 outlines what data collection
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methods were used to meet each of the study’s objectives and which participants were

involvedinthese methods.

Table 3.1. Data collection methods and participants involved in meeting each of the study’s

objectives

Objectives

Data collection
methods employed

Participants involved

1 | Review, design and pilot a conceptual
framework and suite of appropriate
measurement tools to accurately
measure agrobiodiversity, dietary
diversity and nutrition in an Eastern
Sub-Saharan Africa context.

Literaturereviews

None

Quadrat sampling and
point intercept method

None

Pilot household
questionnaire

Female respondent
(pilot study)

24 hour recall

Female respondent
(pilot study)

Oldest child under five
(pilot study)

2 | Systematically assess the diversity and
abundance of both cultivated and wild
plants growing on household
agricultural land in two villages in rural
Tanzania and investigate how this is
related to dietary diversity in under five
year old and nutritional status in
children in these villages.

Point intercept method

None

3 | Measure household crop and animal
diversity, dietary diversity of
respondents and children under five
and nutritional status of children living
in these villages, determine whether
household produce is sold and
investigate how these factors are
related.

Household
questionnaire

Female respondent

24 hour recall

Female respondent

Oldest child under five

Anthropometric
measurements of
nutritional status

All children

Female respondent

Respondents husband

4 | Investigate basic socio-demographic
factors affecting dietary intake of

Household
guestionnaire

Female respondent

children under five and nutrition Observation None
outcomes in children in these villages.
5 | Investigate the socio-demographic Statistical analyses on None

determinants of dietary diversity and
nutritional status and explore the
relationships between land cover,
dietary diversity and nutritional status
in children under five years at a national
level, in Tanzania.

secondary data

6 | Integrate outcomes from this multi-
scale investigation of the relationships
between agrobiodiversity, dietary
diversity and nutritional status, to draw
conclusions that inform understandings
of food security in sub-Saharan Africa.

Synthesis and
discussion of thesis's
findings

Based on data collected
for objective 1-4 and
secondary data for
objective 5
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3.6 Household questionnaire

Much of the data for thisresearch was collected using a questionnaire which consisted of a
mixture of closed and open ended questions generating both quantitative and qualitative data.
The majority of questions collected quantitative data. Qualitative data was coded into
categoriestobe usedinthe data analysis. The questionnaire was made up of three main
section: Demographicand livelihood information; Dietary questions; Food sources. A detailed
description of the dietary recall, nutritional status and agrobiodiversity methods follow.

Protocols forthese methods are included in Appendix C.

3.6.1 Dietary recall methods

The dietary diversity data was captured through a three pass 24 hour dietary recall (see
Appendix Cforthe protocol followed). The dietary recall was designed to capture the diversity
of whatthe respondent, and heroldest child underthe age of five years, ate the previous day.
It asked about all foods, drinks and snacks the respondent has eaten forthe 24 hour period
fromwhenthey got up the day before the interview to whenthey got up the day of the
interview. Thiswasthen repeated foritems consumed by heroldest child under the age of
five. Asthe dietrecall was designed to capture diversity of the dietsit did not collect the
amount of food consumed. The 24 hour recall was conducted in three passes (Johnsonetal.,

1996):

1. Alistofallfoods, drinks and snacks consumed.

2. Details of all the foods, drinks and snacks consumed including cooking
methods, ingredientsin recipes and additions.

3. Avreviewofallthe foods, drinks and snacks consumed and final check the

recalliscomplete.

Foods were subsequently broken down into ninefood groups (1. Cereals, roots and tubers, 2.
Vitamin Arich vegetables, tubers and fruit, 3. Othervegetables, 4. Other fruits, 5. Flesh meats,
organ meats, fishandinsects, 6. Eggs, 7. Legumes, nuts and seeds, 8. Milk and milk products, 9.
Oils, fatsand sweets), asrecommended by the FAO dietary diversity workshop that was held
inRome, Italyin October2004 (FAO/WHO/IFPRI, 2004). The dietary diversity score foreach
individualwas therefore calculated out of nine. The number of different individual food items

were alsotallied to give afood variety score.

Dietary diversityisaquickand simple measure thatiscommonly usedina lowincome country

setting. Dietary diversity has been shown to be significantly associated with both measures of
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food security (Bukusubaetal., 2010, Leroy etal., 2008, Thorne-Lyman etal., 2010) and
nutrientadequacy (Arimond, 2004, Ogle et al., 2001, Moursi et al., 2008). The Food and
Nutrition Technical Assistance project (FANTA) has indicated household dietary diversity to be
an indicator of food security (Swindale and Bilinsky, 2006) which links food security and
nutrition togetherand should help provideacomprehensive view of food access and intake. A
24 hour recall was chosen to collect this dataas it isthe most common method used to collect
dietary diversitydatainlow income countries, as shownin chapter 2. Additionally, a food
frequency style questionnaire for previous day consumption of the nine food groups was
tested during the pilot phase of the study and was not as well understood by the participants

as the 24 hourrecall.

3.6.2 Anthropometric measurements of nutritional status

Anthropometry was used to measure nutritional status of participants and their families.
Heights and weights of all childreninthe family unit (defined as the respondent, her husband
or partnerand their children) were measured to calculate their height forage, weight forage
and BMl for age z-scores using the 2006 WHO Child Growth Standards. MUAC (Mid Upper Arm
Circumference) was measuredinall children underthe age of 15 as an additional measure of
nutritional status. Height, weightand BMI z-scores and MUAC are used to reflect nutritional
status of the children. Stuntingand underweight were defined as height forage and weight for
age z-scores below minus two standard deviations from the WHO international reference

medianvalues (de Onisetal., 1997).

Specificprotocols (AppendixC) were followed to measure the height and weight of the
respondentand herhusbandand all childreninthe family unitwholivedin the household. For
infants under the age of two years length was measured instead of height (de Onisetal.,
1997). A considerable effort was made to get anthropometricmeasures forthose individuals
whowere inthe village, at school or work, but were not present at the interview. Researchers
returnedtothe household ata more convenienttime, family members came to other
participating households to be measured and the researchers visited two local schoolsin

Minyenye to get as complete anthropometricrecords as possible.

SECA Digital weighing scales (SECA GMBH & Co Germany, Model 881, Max Weight 150 kg,
Precision 100g) were used to measure weight. Weight was measured without shoes or heavy
jackets but otherwise participants remained clothed. A portable wooden infant/child/adult
length board (Shorr Productions, Perspective Enterprises, Portage, Missouri) was used to

measure height and length. MUAC was measured using non-stretch MUAC measuring tapes
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provided by UNICEF. The lead researcher (PhD student) and the translator worked togetherto

take these measures.

The pros and cons of the different methods that can be used to measure nutritional status
(Table 1.1) were considered and anthropometry was identified as the most appropriate
approach to measuring nutritional status in this setting. MUAC s a simple, cheap, acceptable
method for detecting malnutrition (Myatt etal., 2006). Height for age, weightforage and BMI
for age z-scores are standard anthropometric measures which take into consideration the
child’s age and genderand are widely recognized as the best indicators of nutritional statusin
children (de Onisetal., 1997). All these methods are simple, non-invasive measures thatare
commonly used in nutrition research in low income countries. They will be easily understood

and provide asimple and objective measure of undernutrition.

3.6.3 Agrobiodiversity

Agrobiodiversity is defined as the biological diversity of plants, animals and micro-organisms
on lands used foragricultural purposes (Brookfield and Stocking, 1999, Cromwell etal., 1999).
The primary focus of this thesisis on plant agrobiodiversity. Animal agrobiodiversity is
addressed as a secondary analysis and micro-organism agrobiodiversity is not assessed by this

project.

3.6.3.1 Systematic measurement of plant agrobiodiversity

The research team aimed to collect agrobiodiversity data on as many of the household farms
as possible. In Mbwei, where the households had many parcels of land, some of them very far
away fromthe house, it was not possible to collect dataon every farm. The lead researcher
collected details on all household farms from the respondent and then selected representative
farms for the biodiversity research assistant to visit. This information included estimates of
farm sizes, whetherthey were farfrom the household (defined as more than 30 minutes walk),
gardenlocations and crop types grown. If more than one farm had the same characteristics the
closerfarm was selected. The selected farms were then agreed with the household member

who volunteered to show the research assistant the farms.

The diversity of all plants, both intentional crops and other plants, growing on the household’s
farms at the time of data collection were measured using the pointintercept method (U.S.
Department of Agriculture, 1999). The method used in this project was based on the method
outlinedinthe ‘Sampling vegetation attributes’ interagency technical reference putout by the

US Bureau of Land Management (U.S. Department of Agriculture, 1999).
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The methods was designed to measure all plants growing on the farmsincluding crops, wild
plants, grassesandtrees. Firstly, astring baseline was laid along the top of the farm. String
transectlineswere laid down the farm every 20 metres along the baseline. Ameterlong metal
pinwas inserted intothe ground every 10 meters down the transect, starting at a random
starting pointat either1, 2, 3, 4 or 5 metersinfromthe baseline. Family, genus and species of
all plants presentatthese intercepts were recorded and number of individuals tallied. The
agrobiodiversity protocol isincluded in AppendixC(See Appendix E forthe data collection

sheet).

Afterthe first day of data collection the relative abundance of each speciesand the total
number of species observed from data collected every 20 metres down the transect was
compared to data collected every 5 metres. It was found that the abundance of individual
species was very similarbetween these two differentintervals. Data collected every 5meters
identified approximately twice the number of species compared to data collected every 20
meters. The missed species, however, were only 2% or less of the overall species encountered.
Based on thisinformation it was decided that collecting species dataevery 10meters would

provide sufficient detail.

In Mbwei, additional data were collected ontransects laid every 10 metres alongthe baseline,
due to the smallersize of the farms. Collecting data on transects laid every 20 metresin
Minyenye captured enough datato represent the biodiversity of the farm, due totheirlarge
size. Butin Mbwei the farms were much smallerand laying transectlines every 20 metres may
not have captured enough datato reflect the biodiversity of their farms. Biodiversityin
vegetable gardens was measured in Mbwei only. Because the vegetable gardens were so much
smallerthan the farms transects were laid every 5 metres with species data collected every 1

metre.

These data were used to calculate Shannon diversity indices for the household farms. The
Shannonindexisaspeciesdiversity index (Akrofi, 2010) and provides anindication of
agrobiodiversity at the household level. The Shannon diversityindextakesinto accountthe
number of different plant species and the abundance of these species (Pla, 2004). Shannon
indices were calculated usingthe number of different species found and the frequency they
were encountered in the household farms. Itisa commonly used measure in biodiversity
research and has previously been used to compare agrobiodiversity to dietary diversity (Akrofi,

2010, Dewey, 1981). These calculations are described in detail in chapter5.

There is no one recognised way to measure agrobiodiversity but many different techniques
were reviewed and considered for this project. The pointintercept method was chosen

because it provides systematic, precise and repeatable data on plant agrobiodiversity suitable
72



-73-
for household farmsinrural Tanzania. The pointintercept method records individual plant
species, total cover and species composition by cover ((U.S. Department of Agriculture, 1999).
The methodis particularly well suited for vegetation less than 1.5 metersin height (U.S.
Department of Agriculture, 1999). This method is more repeatable and produces more precise
measurements than cover estimates acquired through quadrat sampling (U.S. Department of
Agriculture, 1999). The method is also more efficientthan line intercept methods. The point
intercept methodisagood method for determining cover of dominant species butis notas

well suited to picking up the minorspecies present (U.S. Department of Agriculture, 1999).

Farm size was calculated in ArcGIS from the GPS coordinates collected at farm borders. Farm
sizeisonly available forfarms that were visited by the biodiversity research assistants when
they were collecting the agrobiodiversity measures. Notes were made by the biodiversity
research assistants on the condition of the farm, how well the farms were maintained,
whethersome crops had already been harvested that year and markers of land degradation.
Markers of land degradation were: ‘presence of species associated with poorsoil’; ‘erosion’;
‘low soil fertility’; ‘fertile soil eroded by rainfall’; ‘steep or very steep slope’; ‘farm not well
maintained/poor condition’; ‘rocks and/or stones on the farm’. These qualitative datawere

codedinto categoriestobe usedin the analysis.

3.6.3.2 Plant and animal diversity scores
In additionto the systematic measurement of plant agrobiodiversity outlined above,
information onthe plantand animal foods consumed throughout the previousyear (January to

December) were collected through the food sources section of the household questionnaire.

This section collected information on all foods consumed by the household and where these
foods had come from; grown or reared by the household, bought by the household, found or
huntedinthe wild orgifted to the household. Forplantfoods that were grown, information on
whenthe crops were availableforconsumption by the household and whether the household
sold any of the crops was recorded. Foranimal foods, whetherthe household sold animals or
animal products was also captured. The data collected through the food sources section allows
analysis of foods consumed yearround and provides the animal agrobiodiversity dataforthe
project. The results fromthis section are presented as crop diversity, vegetable diversity and
animal diversity scores in order to differentiate this information from the plant
agrobiodiversity data. These scores represent the number of different types of
plants/vegetables/animalsintentionally grown or reared for household consumption in the

previous calendaryear.
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3.7 Sampling strategy

A target of 60 householdsin eachvillage was setin orderto measure 100 children underthe
age of five yearsold. This would give enough powerto detectadifference of 0.5in mean
weight forage z-scores or height forage z-scores among the communitiesinatwo village
design (power=0.85, alpha=0.05, between village variance =0.04, withinvillage variance =1.0).

These calculations were based on the 2010 Tanzania DHS data.

Households were selected randomly using the following procedure in each village. In
Minyenye, Singida household lists were collated for this project by the Village Executive Officer
(VEO) and the five sub-village leaders who have agood knowledge of the people livingin each
subvillage. The listsincluded the name of the sub-village, the name of the head of household
and the number of children under five years living in the household. Only households with at
leastone child under five were included inthe list. The average number of children underfive
perhouseholdwas 1.57. To meetthe target of 100 children underfive, 65households would
needtobe interviewed. A 10% refusal/drop out rate was allowed and 72 households were
randomised usingthe random number generator function in Microsoft excel

(=RANDBETWEEN(bottom,top).

In Mbwei, Lushoto, household lists were collated by the Ward Executive Officer ( WEO) who
was acting as the VEO for Mbwei, the Chairman and the Assistant Chairman for the village. The
list consisted of the seven sub-villages and the names of all the head of household inthese
sub-villages. Whetherthe household had underfive yearolds was notincluded in the Mbwei
list. More household were randomised in orderto reach the target 100 children underfive
years of age. Initially 70households were randomised but when this number was not
sufficient asubsequent additional 25 households were randomised. The percentage of the

total number of householdsin each village that were interviewed is presented in Table 3.2.
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Table 3.2. Total number of households and total number of households interviewed by sub-

village
Total number Number of Percentage of
Total number  of households households total
of households with>=1 under . households
five year old interviewed interviewed*
Minyenye - 206 64 31.1
Bwali - 41 16 39.0
Mwangozo - 29 5 17.2
Amani - 19 5 26.3
Jamida - 38 16 42.1
Kujitegemea - 79 22 27.8
Mbwei 880 - 58 6.6
Nekrasi 117 - 7 6.0
Kwemeaganga 96 - 6 6.3
Mntindii 113 - 6 5.3
Zagati 109 - 10 9.2
Vugiri 156 - 10 6.4
Pongwe 138 - 8 5.8
Mbunguni 151 - 11 7.3

*For Minyenye this is the percentage of households with at least1 under five year old, for Mbwei itis a
percentage of all households

3.8 Inclusion criteria

Householdswere included in the survey if they had awoman with a child underthe age of five
yearslivinginthe house. Asthe preferred option the female head of household would be
interviewed. The female head of household was defined as the female in the household who
was responsible forthe preparation of food for that household. If thisfemaledid nothave a
childunderfive, was unavailableto be interviewed or did not want to be interviewed then any
otherfemale wholivesinthe household that had a child underfive years was asked. If no
eligible females were willing to be interviewed then the research team moved onto the next
household. If aneligiblewoman lived in the household but was not home or unavailable when
we called we visited three additional times before excluding them from the study. This

happenedinone householdsin Mbwei and none in Minyenye.

Women were chosen as participants as the projectfocused on both dietand agriculture.
Women are primarily responsibleforfood preparation and farming (Hyderetal., 2005) in rural
sub-Saharan Africaand would therefore be the most appropriate household memberto

answerthe projects questions. Respondents were asked questions about the family unit. The
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family unitwas defined as the respondent, her husband or partner, referred to as herhusband
for simplicity, and their children. This definition included step-children or grandchildren that

the respondent was raising.

Children underfiveyears of age were the main focus of this study as these first five years are
when children are most at risk of malnutrition and not reachingtheirgrowth potential. Victora
et al (2010) showed rapid growth falteringin heightforage in children from 54 different low
and middle income countries until 24 months of age. Declinesin weight forage z-scores were
seenthroughoutthe firstfive years of life. Inadequate growth in the first 1000 days after
conceptionimpacts onthe physical, cognitive and socio-emotional well-being of people

throughoutall lifecyclesinto adulthood and old age (Hoddinottetal., 2013).

Nutritional status was measuredinall childrenin the household ratherthan justinunderfive
yearolds for two main reasons. Firstlyitis possiblethat the environment these children have
grownup inare stable overtime and malnutrition seeninthe olderchildren could be aresult
of factors capturedinthis study. Secondly, weight and BMI for age is affected by recent health
and dietand it is expected that measuring these outcomesin older children will provide
additional information on the nutritional status of those livingin these communities.
Demographicdatawere collected on the respondents husband to give social and financial
contexttothe children’slives and heights and weights were collected in order to control for

parental weightinthe dataanalyses.

3.9 Research process

3.9.1 Piloting of methods

The questionnaire and agrobiodiversity methods were piloted during Phase 1 of the research
processin Shebomezavillage, Muheza district, Tangaregion in northern Tanzania. The pilot
study took place between the 9", 10" and 11" of April 2011. Household questionnaires were
conducted with six participants (two women and four men) who represented different wealth
groups as defined by afield assistantfrom the village. Different agrobiodiversity survey
approaches (including pointintercept methods and quadrat sampling) weretrialledinthe
farms of the households. An additional two farms were visited and only agrobiodiversity
measures were taken. Forthese households one male and one female household member

were questioned on the utility of crops as part of the agrobiodiversity measurements.
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The piloting of method highlighted anumberof issues with the original design of data
collection methods, including repetition, concepts not translating well, missinginteresting
information due to the structure of questions and specifically, that the agrobiodiversity data
collected was unsystematicand therefore unrepresentative. The pilot activities also provided
ideasforhow the methods could be improved. Questionnaire questions were modified to
improve participantunderstanding and the dietary diversity score sheet changed to a basic24
hour dietary recall as detailed above in section 3.5.2. A questionnaire designed to measure
food security was removed and more direct questions about the household’s ability to feed
itself were included. The food sources section was expanded to capture more detail about
where specificfoods thatindividuals within households were eating came from.
Agrobiodiversity methods were changed from quadrat sampling (Zarin et al., 1999) to the point

intercept method. Thesewere better suited to the farmsinrural Tanzania.

3.9.2 Ethical approval and permissions

Ethical approval was obtained from the University of Leeds through the Faculty of Medicine
and Health (Reference number: HSLTLM/11/031). The application forthisapproval included
the following provisions. Informed verbal consent was obtained from the respondent and the
children’s free and voluntary assent to participate was sought. The research assistant was
trained in how to measure height, weightand MUAC to ensure measures taken on children
were done correctly andinthe presence of one of the children’s parents oroldersiblings. All

data was anonymised and stored securely.

National level permission to conduct the research was obtained from the Commission for
Science and Technology (COSTECH) in Tanzania. Letters of permission were also obtained at
the regional, district, ward and village level following meetings with the appropriate
individuals. The next level of permissions needed was advised at each level and varied
betweenthe two sites. A summary of the permissions granted and a copy of the COSTECH

permitisincludedin AppendixA.

3.9.3 Research assistants and translation

A total of three research assistants were employed during this research; A translatorand two
different biodiversity research assistants, one in Minyenye, Singidaand one in Mbwei, Lushoto.
In addition, alocal contact who knew the potential participants and where they lived was hired

in each sub-village.
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Both the Minyenye and the Mbwei biodiversity research assistants were expertsin the
measurement of biodiversity and had experience using similar methods to the pointintercept
method. They were hired through the project’s contacts with Sokoine University of Agriculture.
They were assisted by the local contactand sometimesthe farmer. A studentvolunteerfrom

the UK helped collect this datain Mbwei.

The questionnaire used for data collection was writtenin English and translated to Swabhili (the
national language which was widely spokenin the research areas) by the project’s translator
before datacollection began. This was then back translated into English by the Minyenye
biodiversity research assistant and the lead researcher discussed any loss of meaning that
occurred in translation with the translator. Modifications to the Swahiliversion of the
guestionnaire were made as necessary before it was administered. The same process was used

for the information sheetand consentform.

The translatorwas trained on how to conduct a 24 hourrecall, how to carry out the
anthropometricmeasurementsand how to use the research questionnaire by the lead

researcherinthe daysleading up to data collection.

3.9.4 Recruitment of participants and consent process

The local contact in each sub-village escorted the research team up to the households, briefly
introduced the team and projectto the head of the household and asked if the team could
speak with the mother of the underfive yearolds. The translator would then briefly introduce
the researchteam and the project before reading out the detailed information sheet. The
information sheet was then offered to the participants forthem to keep. Once the partici pants
had had the opportunity to ask questions the translatorasked for consent forthe various

aspects of the research:
e Opportunity toask questions?
e Do youagreeto take partinthisresearch?
e Can werecordsome of the interview usingthistape recorder?
e Can we measure yourheightand weight?

e Can we measure the height, weight and mid upper arm circumference of your
children?

e Can we measure the location of your house and farm using this global positioning
system?
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e Can we take pictures of your health records?

Verbal consent was obtained from the mother (the primary research participant). The aspects
of the research the participant gave consent for was recorded on a tick list that was retained
by the researcher (An English version of the Swahiliinformation sheetand consentformis

includedin AppendixB).

3.10 Data checking and entry

Questionnaires were checked by the PhD student at the time of data collectionin orderfor
clarification and additions to be made while the participants werestillavailable.
Agrobiodiversity data was checked and data was clarified with the biodiversity research
assistantat the end of the day when possible orsoon after. Both biodiversity research
assistants were available after data collection for clarification and corrections of species data
when necessary. The majority of the datawas entered by the PhD student with some being
entered by Masters students and a nutrition research volunteer under close supervision of the

PhD student.

3.11 Data analysis

3.11.1 Basic descriptive statistics

For chapters 4, 5 and 6, basic descriptive statistics were performed in Stata version 12. Means
with 95% Confidence Intervals and percentages are presented at the beginning of the results
chapters. Inorder to detect differences between the villages and between sub-groups of
interest (eg. gender) Mann-Whitney tests, for differences in continuous variables, and Chi-
squared tests, fordifferencesin proportionsin categorical variables were used. Qualitative

data were coded into categoriesin orderto be usedin the analyses.

3.11.2 Linear regression

Linearregression was used to estimate relationships amongvariables of interest. The
terminology ‘independent variable’ was used to indicate the effecting or exposure variable and
the term ‘dependentvariable’ was used to indicate the affected or outcome variable. For
example dietary diversity would be the independent variableand height forage z-scores would

be the dependentvariable.
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Regression results are presented for both villages combined, controlling for village, in the study
of the relationship between dietary diversity, complementary feeding and sanitation and
nutritional status (chapter4). Thisis because the largersample size is beneficial in detecting
relationships between dietary diversity and nutritional status. Asthe landscape and farming
practicesvaried substantially between the two villages results of plantand animal
agrobiodiversity (chapters 5and 6) are presented forthe two villages separately. This was so
factors specificto the two villages could be investigated without their effects beinglostin
combined models. Including the village inthe multipleregression as a covariate in chapter4
addressed the effect of clustering at the village level. Analysing the data by village in chapter5

and 6 eliminating this potential issueforthese analyses.

Both unadjusted models, with just the independent and the dependent variablein the model,
and adjusted models are presented. The adjusted modelsinclude othervariables that could be
confoundingthe relationship between the independent variable and the dependent variable.
For each model a list of potential confounders were determined using a Directed Acyclic Graph
(DAG). These potential confounders were identified through reviewing the literature and local
knowledge. DAGs map causal associations between variables which allows easy identification
of variables that may be related to both the independent and the dependant variable. This
helpsto ensure thatappropriate confounders are selected for multivariableregression
(Glymour, 2006). The DAG used forthe regression between agrobiodiversity and dietary

diversity and agrobiodiversity and nutritional statusis presentedin Figure 3.16.

Once potential confounders had beenidentified each confounder was added to the
unadjusted model one by one to assess if they affected the regression coefficients forthe
independentvariable of interest. If the potential confounder modified the regression
coefficient substantially (criteriavaried from approximately >0.02 to >0.05 dependingonthe

size of the regression coefficients) then they were included in the adjusted model.
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Figure 3.16. Directed Acyclic Graph (DAG) used in determining potential confoundersinthe regression models
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In orderto determine if the regression models metthe assumptions of linearregression a
number of tests were undertaken (UCLA: Statistical Consulting Group, 2014). To testif the
residuals were normally distributed Kernel density estimate plots were compared with normal
distribution curves. Forthe assumption of linearity in the unadjusted models scatterplots of
the continuousindependentand dependant variables were checked to make sure there were a
random scatter of points. For the multivariable regression standardised residuals were plotted
against each of the continuous predictorvariablesinthe regression model. Again, these were
checkedthatthey were a random scatter of points. To test the assumptions of
homoscedasticity the residuals were plotted against the fitted values and the scatter plot was
checked for randomness. Additionally, the null hypothesis that the residuals are homogenous
was tested usingthe Whites test and the Breusch-Pagan test. Multi-collinearity was tested by
checkingthe variance inflation factors were in the acceptable range. The regression models
presentedin chapters4to 6 metthe regression assumptions forlinearity, normality of

residuals, homoscedasticity and multi-collinearity.

3.11.3 Multiple imputation by chained equations (MICE)

For the adjusted regression multipleimputations by chained equations were used within Stata
to estimate missing datain covariates. Leaving outindividuals with missing datafrom analyses
can leadto biasand the resulting decrease in samplesize leads to loss of power (Sterne etal.,
2009). Multiple imputation has been devised to try to deal with missing data. Itaims to
account forthe uncertaintyin the missing data by creating different possible datasets based
on the available dataand combinesthe results from each of these datasets (Sterne etal.,
2009). The command creates multiple copies of the dataset and replaces missing values with
imputed values. Variability in the imputed variablesis created to allow for uncertainty in
predictingthe missingvalues. The model is then fitted to each of the imputed datasets. The
estimated associations will differ because of the variation in the imputed variables, these are
averagedto give an overall estimated association. Rubin’s rule (Rubin, 1987) is used to
calculate standard errors, this takes into account this variability (Sterneetal., 2009). For all the
MICE regression analyses missing variables were assumed to be missingat random (MAR).
Values were missing mainly because participants and their husbands were unableto
remember their date of births and because the husbands were unavailable to be measured.
Tenimputed datasets were used and 100 iterations were carried out. The variables used inthe

imputation models are reportedin the dataanalysis sectionsin chapters4and 6.

For all results chapters any regression results discussed in the results section but not

presentedinatable will include the regression coefficients and their 95% Confidence intervals
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withinthe text. Whenresults are discussed and no regression results are included they will be
presentedinthe subsequenttable. Also, significant regression coefficients, in both the text

and the tables, are presentedin bold.

The next chapteris the first of the four results chapters of this thesis and focuses on the main
results of the primary data collection described in this chapter; the relationship between

dietary diversityand nutritional status in Minyenye, Singida and Mbwei, Lushoto.
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Chapter 4:
Investigating the associations between dietary diversity and

nutritional status in Minyenye and Mbwei, rural Tanzania.

4.1 Chapter summary

This chapter isthe first of fourresults chapters; the first three are based on the primary data
collectedin rural Tanzania. This chapter explores the relationship between dietary diversity
and nutritional status intwo Tanzanian villages: Minyenye in Singida district and Mbwei in
Lushoto district. This chapter fulfils part of objective 3 (Measure household crop and animal
diversity, dietary diversity of respondents and children underfiveand nutritional status of
childrenlivinginthese villages, determine whether household produce is sold and investigate
how these factors are related) and 4 (Investigate basic socio-demographicfactors affecting
dietary intake of children under five and nutrition outcomesin childrenin these villages ) of this

thesis. The chapterobjectives are:

Objective 4A: To present descriptive dataon the demographic, social, dietary diversity
and nutritional status variablesin this population to set the context for

the analyses.

Objective 4B: To investigate whether dietary diversity and food variety are associated

with nutritional statusin underfive yearolds.

Objective 4C: To investigate whether complementary feeding and sanitation are

associated with nutritional statusin these villages.

The major findings of this chapterinclude that dietary diversity and food variety scores are not
significantly associated with any of the nutritional status variables. No significant differences
were seen between the twovillagesin dietary diversity but those in Mbwei had lowerfood
variety and heightand weightforage z-scores than those in Minyenye. Children who had
liquids, specifically multiple flour porridge with additions and millet juice orsolids introduced
to theirdiets had poorer nutritional status as did children from households not boiling drinking

waterand households with open pitlatrines.
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This chapter adds to the literature on the relationship between dietary diversity and
nutritional status, providing additional evidence on representative samples from two different
villagesin Tanzania which conflicts with the majority of evidence in thisareasofar. It also
provides additional data on specificcomplementary feeding and sanitation factors thatare
associated with nutritional status in these communities which adds to the body of literature on

the determinants of nutritional status in low income countries.

4.2 Introduction

Those livingin sub-Saharan Africa have high rates of malnutrition; 26% of the world’s
undernourished peopleliveinthe region (UNFAQ, 2010b). In Tanzania specifically, 44.4% of
childrenunderthe age of five are stunted and 16.7% are underweight (Gollogly, 2009).
Childhood malnutrition has been linked with a range of negative consequences. Malnourished
childrentendto achieve loweracademicattainment (Alderman etal., 2006, Victoraet al.,
2008, Adairetal.,2013), grow into smalleradults (Riveraetal., 1995, Alderman et al., 2006,
Victoraet al., 2008, Adairet al., 2013), may be at increased risk for chronicdisease laterinlife
(Adairetal., 2013) and have a lower capacity for work (Haas et al., 1996) than theirwell-
nourished counterparts. In addition, severe malnutritionin childhood has been linked with

overallincreased rates of mortality due to infection (Chen et al., 1980).

Many researchers and development organisations have attempted toimprove nutritional
statusin low income countries through various dietary interventions (Bhuttaetal., 2013) such
as food supplementation (Riveraetal., 1995, Superetal., 1990), agricultural interventions
(Berti, 2004) and context specific, tailored nutrition programmes (Berti et al., 2010). Despite
successin many of these research projects these lessons have not been translated into
population wide decreases in stunting and underweight rates. Thisis partly because
malnutritionis caused by amultitude of interacting factors (Bhuttaetal., 2008) makingita

difficultissue totackle.

Dietary diversification has been proposed as a holisticand sustainable nutrition intervention
that may have multiple health benefitsin low income countries (Gibson etal., 2003). The term
dietary diversityreferstothe number of differentfood groups orindividual foods consumed
overa definedreference period (Ruel, 2003). A summary score of dietary diversity has been
proposed asa markerfordiet quality asit isrelatively easy to collect (Arimond, 2004). Versions
of this summary score have been shown to be significantly associated with both measures of

food security (Bukusubaetal., 2010, Leroy etal., 2008, Thorne-Lyman etal., 2010) and
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nutrientadequacy (Arimond, 2004, Ogle et al., 2001, Moursi et al., 2008, Danielsetal., 2007,
Hatloy et al., 1998, Kennedy etal., 2007, Torheim etal., 2004, Ponce etal., 2006).

Research has also demonstrated links between increased dietary diversity and improved
nutritional statusin children (Arimond, 2004, Corbettetal., 1992, Steynetal., 2006, Garg and
Chadha, 2009, Ntiand Lartey, 2008) and adults (Savy etal., 2005, Savy et al., 2006). Other
studies, however, have shown mixed results (Eckhardt etal., 2005, Sawadogo etal., 2006) or
no association (Hillorunerand Egan, 2008, Linet al., 2007). The evidence forthisassociationis
not as strongin Eastern Africawith five of the eleven studiesidentified in chapter 2showing
no association between dietary diversity and nutritional status. This study will add to the
existing literature, providing additional evidence on these associationsin Eastern Africa, by
presenting the relationship between dietary diversity and nutritional statusin these two

villagesinrural Tanzania.

4.3 Methods

This section covers how dietary diversity and height forage, weight for age and BMI for age z-
scores were calculated and the statistical analysis methods used in this chapter. Additional
methodological details are presented in chapter 3. A description of the questionnaire and how
the anthropometricdatawas collectedisalsoincluded in that chapter. Results are presented
for the family unitwhichis defined as the respondent, her husband or partnerand her

children.

4.3.1 Data sources

4.3.1.1 Dietary diversity and food variety

Dietary diversity scores (the number of different food groups consumed over the previous 24
hours) and food variety scores (the total number of different foods consumed within that
timeframe) were calculated for both the respondent and heroldest child underfive. The oldest
child underfive was chosen as the project was specifically interested in underfive year olds
but youngerchildren were more likely to be breastfed, limiting the otherfoods they
consumed. The dietary diversity scores were derived through the questionnaire from two 24
hour recalls provided by the respondent; one for herself and one for her child. The diet recall
askedthe respondentaboutall foods and drinks consumed fora 24 hour period from waking

the day before towaking on the day of the interview (see section 3.6.1, page 61 and appendix
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C). The design of the recall prompted for details of cooking methods, foods added during
cooking, snacks and drinks consumed between meals and food consumed outside the home.
These prompts attempted to ensure thatall the different foods eaten were capturedinthe

recalls.

Foods were subsequently coded by the researcherand categorised into ninefood groups
(‘Cereals, roots and tubers’; ‘vitamin Arich vegetables, tubers and fruit’; ‘other vegetables’;
‘otherfruits’; ‘flesh meats, organ meats, fish andinsects’; ‘eggs’; ‘legumes, nuts and seeds’;
‘milkand milk products’; ‘oils, fats and sweets’), as recommended by the FAO (2004) dietary
diversity workshop (FAO/WHO/IFPRI, 2004). This gave each individual adietary diversity score
out of nine forthe 24 hourperiod. The number of differentindividual food items were also
calculated to give a food variety score (Hatloy etal., 1998). Thisis a tally of all foods consumed
inthe 24 hour period. Forexample, if the individual consumed ugali(a very common, usually
maize based, staple served as a stiff porridge) with spinach, tomatoes and onions as their main

meal this would contribute four points towards theirfood variety score.

4.3.1.2 Food sources

In orderto furtherinvestigate how households obtain theirfood and the effect this has on
theirdietand nutritional status the questionnaire alsoincluded questions about the sources of
the household’s food. The sources were: grown by the household; bought; obtained from the
wild and gifted, as defined by the respondent. This data collection technique was designed by
the author and aimed to capture a level of detailabout household food sources not usually
seeninnutritionresearch. [twas an in-depth and time consuming method which was reduced
afterthefirstten interviewsinorderto capture the necessaryinformationinthe shortest

possible time.

Which months duringthe last calendaryear eachindividual food type had been available from
each of these sources was ascertained. The respondent was asked fora list of all the food
consumed by the household and then questioned about the source of each individual food
type and the months it was available. Thisinformation was used to calculate adietary diversity
score out of six foreach month of the yearin order to illustrate the annual variationin dietary
diversity. The score was based on the following six categories: ‘Cereals, roots and tubers’;
‘vitamin Arich vegetables; tubers and fruit’; ‘othervegetables’; ‘other fruits’; ‘legumes, nuts
and seeds’ and ‘oils, fats and sweets’. This differs from the nine item score in that it does not
include the animal based categories: ‘flesh meats, organ meats, fishand insects’; ‘eggs’ and
‘milk and milk products’. In orderto reduce the time taken forthis section monthly availability

information was not collected on animal source food as participants were unableto say which
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months meatand animal products were availableforconsumption. The score was calculated

separately forgrown food only and again for grown, wild and gifted food.

Data on how long children were breastfed, when complementary liquids and foods were
introduced and what kind of liquids and foods were firstintroduced into the infant’s diets was

capturedthrough the questionnaire forall childreninthe family unit underthe age of five.

4.3.1.4 Nutritional status

Heights and weights were collected forall individuals in the family unitthatlivedin the
household and were present atthe time of interview. If eligible individuals werenot present at
the time of the interview the researchers attempted to meet these individuals at a later time
or day in order to take these measurements. Thisinformation, combined with the age and sex
of the children collected through the questionnaire, was used to calculate age adjusted z-
scores for height, weight and BMI using an excel add-on (WHO, 2010a). These z-scores have
been developed by WHO and are based on a pooled sample of breastfed infants from Brazil,
Ghana, India, Norway, Oman and the USA. It is considered aninternational standard suitable
foruseinall countries (WHO, 2010a). Photographs of the health records of all family unit
children were takenif the family agreed and were able to provide them. These health records
provided the date of birth of the children and this was used instead of reported date of births

when they were available.

Means of height, weight and BMI z-scores were calculated and presented forall children.
Individuals with z-scores below negative five orabove five were excluded from the analysis.
The proportion of children who were stunted and underweight were calculated. Stunting and
underweight were defined as below minus two standard deviations from median height for

age and weight forage of the reference population (UNICEF, 2014).

4.3.2 Data analysis

4.3.2.1 Descriptive statistics

Basic descriptive statistics of crude associations were performed in Stata version 12 (chapter
objective 4A). Means (95% Confidence Intervals) of continuous variables and percentages
within groups for categorical variables are presented for the descriptive results. Mann-
Whitney tests were used to test differences in means and Chi-squared tests were used to

detectdifferencesin proportions between the subgroups of interest, e.g. village and gender.
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4.3.2.2 Linear regression analysis

Linearregression (95% Confidence Intervals) was used to estimate the relationship between
dietary diversityscores and food variety scores and the nutritional status variables (chapter
objective 4B). Both unadjusted and adjusted models are presented. Adjusted models include
potential confounders which were identified usingadirected acyclicgraph (DAG) as described

in chapter 3, page 73 (Figure 3.16).

The followingvariables were controlled forin the adjusted model investigating the relationship
between dietary diversity/food variety and nutritional status: village; parent’s age; parents
highestlevelof education; parent’s height, weight or BMI; parental ethnicity; whetherthe
household has amobile phone; household takes action to make watersafe and whetherthe

parents had an alternative source of income.

Linear regression was used to determine whether complementary feeding and sanitation were
associated with nutritional status in underfive yearolds (chapter objective 4C). Both
unadjusted and adjusted regression models are presented for the relationship between
complementary feeding and nutritional status. These multivariable regression models were
adjusted for: village; parent’s age; parents ethnicity; highest level of education; parent’s
height; weight or BMI; whetherthe household has a mobile phone; household takes action to

make watersafe; whetherthe parents have an alternative source of income.

Unadjusted and adjusted models are presented for the relationships between sanitation and
nutritional status. These models were adjusted for village; parent’s age; husband’s frequency
of employment. No potential confounders were identified forthe relationships between
parental ethnicity, height and weight and the nutritional status variables in the children.

Unadjusted models only are therefore presented for these associations.

4.3.2.3 Missing data

Multiple imputations using chained equations (MICE) were used to estimate parameters under
the assumption that any missing datawere MAR (see section 3.11.3, page 74). MICE were used
inthe adjusted model investigating associations between dietary diversity/food variety and
nutritional status. The missing values wereimputed based on the completevariablesinthe
model: village; respondent’s weight; whether the household has a mobile phone; respondent’s
highestlevel of education; whether the respondent earns extraincome; household takes

actionto make watersafe. Imputations were based on underfive yearolds only.
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MICE were used inthe adjusted model investigating associations between complementary
feedingand nutritional status. Imputations were based on underfive yearolds only. The
missing values wereimputed based on the complete variablesin the model: village;
respondent’s weight; whetherthe household has amobile phone; respondent’s highest level
of education; whetherthe respondent earns extraincome; household takes action to make
watersafe. This analysis was repeated excluding children who were still being breastfedin

case thisinfluenced the results.

MICE were again used for the multivariable regression analyses of sanitation and nutritional
status. Imputations were done separately forthose underfive and forall children. The missing
values were imputed based onthe complete variablesin the model and othercomplete
employmentvariables: village; whetherthe household hasamobile phone; respondent’s
highestlevelof education; whetherthe respondent works in agriculture; whether the

respondent has an additional small business; whetherthe respondent earns extraincome.

4.4 Results

No householdsin Minyenyeand two households in Mbwei declined to take part in the project.
One householdin Mbwei was excluded as the potential respondent was absenton all three
occasions that the researchers visited. Sixty-four households were interviewed in Minyenye.
Heights and weights were measured in 295 children (of whom 106 were under the age of five),
64 women and 43 men. Additionally 252 children underthe age of 15 had their mid upperarm
circumference (MUAC) measured. Fifty-eight households were interviewed in Mbwei; 170
children of whom 104 were underthe age of five, 58 women and 35 men were measured. 180
MUAC was measuredin 180 children under 15 years old. The proportion of under five year

oldsthat were male and female, underthree yearsand underone yearoldis presentedin

table 4.1.

Table 4.1. Number of households, children and under five year olds measured in each village

Minyenye Mbwei
Number of households 64 58
Number of children 295 170
Number of underfives 106 104
Percentage of underfive years Male 47.2 41.4
Female 52.8 58.7
Under three years 58.5 56.7
Under one year 17.0 22.1
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4.4.1 Wider social and farming context

Detailed information about the climate, agriculture and socio demographics about the two
regionsareincludedinsection3.4.1and 3.4.2. Based on observations made in Minyenye
during data collection, the village appeared similar to the surrounding districtin the lands
characteristics, the farming context and socially. The areawas flatand dry, appeared relatively
poor and the main economicactivity inthe village was agriculture. Mbweiappeared to differ
fromthe surroundingdistrictinanumber of key aspects. The majority of the land was
relatively dry with small shrubs and sparse trees with farms that struggled to grow the planted
crops, with the exception of cassava. There was a band of land within the village which
followed the riverthat reflected the crop growth typical of Lushoto district. The way land was
farmed could potentially impact on the health and wellbeing of those livingin Mbwei. Small
pockets of land large distances apart meant more work and energy expenditure forthe
amount of food harvested. Furtherinformation on the land characteristics, habitatand farm
types of the two areas and how this relates to agrobiodiversity and farmingin the two areasis

presentedinsection5.4.1,5.4.2.1 and 5.4.3.1

4.4.2 Demographic and household characteristics of sample

The two villages were similarin many demographicand household factors (Table 4.2).
However husbands were significantly older, by approximately eight years, in Mbwei compared
to Minyenye and children were significantly younger. Respondents in Mbwei were more likely
to be married. The majority (97%) of participants’ highest level of education was primary
school. 70% of participants overten were self-employed with approximately 25% defining

themselves as unemployed and 3% running an additional small business.
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Table 4.2. Demographicinformation for the family unit for included households in Minyenye and Mbwei and both villages combined

All

Minyenye

Mbwei

P-value for difference*

Total number of individuals (N)
Age (mean(95% Cl))

773

420

353

Respondents 31.5(29.4,33.5) 30.2 (28.0, 32.4) 34.4(29.9,39.0) 0.058
Husband 40.6 (37.3,43.9) 37.3(33.5,41.1) 45.6 (40.1,51.1) 0.011
Children 7.6(7.1,8.1) 8.0(7.4,8.7) 7.0(6.2,7.8) 0.052
Mean number of children/household 4.1 4.5 3.6

Respondent’s ethnicity (%) <0.001
Nyantulu 50 953 0

Pare 33.6 0 70.7

Sambaa 9.8 0 20.7

Other 49 3.1 6.9

Missing 1.6 1.6 1.7

Married/engaged (%) 62.1 57.7 67.4 0.011
Attended school (%)” 85 86.1 83.7 0.43
Highest schooling (%)AMA 0.449
Primary 96.9 95.8 98.3

Middle/secondary 3.1 4.2 1.7

Employment(%)A 0.633
Unemployed 24.4 26.6 21.9

Employed 3.7 3.2 4.4

Self employed 69.1 68 70.5

Self employed farmingand small business 2.5 23 2.7

Doesn't know 0.3 0 0.6

* Mann-Whitney tests used for difference in means, chi squared used for difference in proportions between the two villages

Total number of respondentsis 122 (64 in Minyenye, 58 in Mbwei). Age of respondents is based on 54 individuals (38 in Minyenye, 16 in Mbwei). Age of husbands is based on 33
individuals (20 in Minyenye, 13 in Mbwei). Age of childrenis based on499 individuals (288 in Minyenye, 211 in Mbwei).

Monly those over 5 years (N=554, 309 and 245 for all, Minyenye and Mbwei)

Anonly those over 10 years(N=405/406,222 and 184/183 for all, Minyenye and Mbwei)

AMAonly those who are no longer attending school (N=261, 144 and 117 for all, Minyenyeand Mbwei)
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Approximately half of the households had aradio and half had a mobile phone, while no
households had electricity oralandline (Table4.3). On average, it took 18 minuteslongerto
getwater in Mbwei than Minyenye (58 vs. 40 minutes; P =0.003). The majority of Mbwei
households gottheirdrinking waterfromariver (90%) (Figure 4.2), while 56% and 33% of
those in Minyenye got theirwaterfrom a borehole/dugwelland through a piped water pump
respectively (Figure 4.1). However, people in Mbwei were significantly more likely to take
actionto make watersafe, with 66% of households boiling theirdrinking water compared to

31% in Minyenye, possibly due to these differencesin watersources.
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. . P-value for
All Minyenye Mbwei difference™

N 122 64 58

Radioin household (%) 50.0 45.3 55.2 0.277
Mobile phone in household (%) 55.7 57.8 53.5 0.628
Raised animals 77.9 85.9 69.0 0.024
Owned animals 27.9 4.7 53.5 <0.001
Time to get water minutes (mean(95% Cl)) 48.7 (42.5,54.9)  39.9(31.9,47.8)  58.4(49.2, 67.6) 0.003
Water source (%) <0.001
piped water 17.2 32.8 0.0

spring 4.9 0.0 10.3

river 48.4 10.9 89.7

borehole ordugwell 29.5 56.3 0.0

Take action to make water safe (%) 0.001
Boil 47.5 313 65.5

Othereg. Strain, let settle 4.9 7.8 1.7

Nothing 47.5 60.9 32.8

Type of toilet (%) 0.056
closed pitlatrine 18.0 9.4 27.6

open pitlatrine 80.3 89.1 70.7

other 1.6 1.6 1.7

* Mann-Whitney tests used for difference in means, chi squared used for difference in proportions between the two villages
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Figure 4.1. Water sourcesin Minyenye; a water pump, a borehole, holes dugin an almost dry
area of a riverbed and a river. The rivers are used as water sources for both animals
and people
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Figure 4.2. Water source in Mbwei; the riverand a water spring. The spring water is diverted
into channels for water collection and irrigation

4.4.3 Dietary diversity and food variety

On average, peopleconsumed approximately five out of the nine food groups (Table 4.4). No
significant differences in dietary diversity scores were seen between the villages, by genderor
between motherand child. Respondentsand theiroldestchild underfiveconsumedon
average 7.5 food itemsinthe previous 24 hours. Those in Mbwei consumed significantly more
fooditems(8.5) compared to those in Minyenye (6.5). This was seen in respondents and their
oldest child underfive. Whenthe children were analysed separately by genderthe difference
betweenthe twovillages was only significant for the male children. In both villages combined,
no significant differencesinfood itemvariety were seen between motherand children or
betweenfemale and male children. These results did not differ when respondents and children

who reported the past 24 hoursas ‘not typical’ were excluded.
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Table 4.4. Mean dietary diversity and food variety scores for respondents and their oldest child under five in Minyenye, Mbwei and both villages combined

All Minyenye Mbwei P-value for
N Mean (95% Cl) N Mean (95% Cl) N Mean (95% Cl) difference*
Dietary diversity scores
All 244 4.8 (4.6, 5.0) 128 4.8 (4.6, 5.0) 116 4.8 (4.6,5.1) 0.652
Respondent 122 4.9 (4.7,5.1) 64 4.9 (4.6, 5.2) 58 4.9 (4.6, 5.3) 0.859
Oldest child<5yrs” 122 4.7 (4.5, 5.0) 64 4.7 (4.3, 5.0) 58 4.8 (4.4,5.1) 0.665
Female children 67 4.8 (4.5,5.1) 34 4.9 (2.0, 7.0) 33 4.7 (1.0, 7.0) 0.461
Male children 55 4.6 (4.1, 5.0) 30 4.4 (0.0, 7.0) 25 4.8 (1.0, 7.0) 0.255
Food variety scores
All 244 7.5(7.1,7.8) 128 6.5 (6.1, 7.0) 116 8.5(8.0,9.1) <0.001
Respondent 122 7.6(7.1,8.1) 64 6.6 (59, 7.2) 58 8.7 (8.0,9.4) <0.001
Oldest child<5yrs 122 7.4 (6.8,7.9) 64 6.5 (5.8, 7.2) 58 8.3(7.6,9.1) <0.001
Female children 67 7.4 (6.7, 8.1) 34 6.8 (2.0, 16.0) 33 8.0 (2.0, 13.0) 0.061
Male children 55 7.4 (6.5, 8.2) 30 6.1 (1.0, 12.0) 25 8.8 (2.0, 14.0) 0.001

* Mann-Whitney tests used for difference in means between the two villages
719 children had breastmilk (included infood variety scorebut notindietary diversity score)

97



-08-
Table 4.4 shows that overall, dietary diversity scores were very similar between the two
villages. Figure 4.3 shows how the villages compare in theirintakes of the food groups that
make up the dietary diversity score. Mbweirespondents and theiroldest children underfive
yearswere significantly more likely to consume ‘oils and sweets’, ‘beans, nuts and seeds’ and
‘milk and dairy products’ the day before the interview. While participantsin Minyenyewere
significantly more likely to consume ‘vitamin Arich vegetables’ and ‘othervegetables’ than

those in Mbwei.

There were a number of differencesinthe specificfoods eaten between the two villages. For
example, datafromthe respondents onthe foods eaten overthe last calendaryear shows that
cassava root was consumed by households more frequentlyin Mbwei (98%) than in Minyenye
(55%). Mlenda,awild greenleafyvegetable, was consumedinall Minyenye households but
onlyin 16% of households in Mbwei. Milk was more commonly consumed in Mbwei (83%)

compared within Minyenye (55%).
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veg sweets rich nuts & fruits fish  dairy
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veg seeds Minyenye and Mbwei:

Food groups **p<0.01
*4%5¢0.0001

Figure 4.3. Percentage of participants (respondents and children combined) in Minyenye and
Mbwei consuming the nine food groups that make up the dietary diversity score on
the day before the interview
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Figure 4.4 shows the number of different kinds of plant grown by the household, for each
month, overthe previous year, as reported by the respondent. Figure 4.5 shows plant food
grown by the household, gifted to the household orfound wild. For both of the graphs the
diversity of food available peaks around June and July with the lowest variety of food available
between Novemberand February. When considering only grown food Mbwei has a
significantly higher diversity of food availablein May and June as compared to Minyenye.
When wild and gifted food is added in this significant difference disappears and Minyenye then
has significantly more variety of food available to theminJanuary, February, April and

Novembercompared to Mbwei.

3.50

(-]

L

0 3.00

>

o

g

g 2.50

o

2 2.00

[

2

T .

E 150 E Minyenye

5 H Mbwei

-

- 1.00

o

=

2

5 0.50

2
difference

0.00 between
Minyenye
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec and Mbwei:
Months of previous year *p<0.05

**p<0.01

Figure 4.4. Mean household dietary diversity score for the previous calendar year in
Minyenye and Mbwei. Score is out of six and based on grown, plant foods only”

ADietary diversity scoreincludes thefollowingsix categories: ‘Cereals’, ‘vitamin A rich vegetables or
fruit’, ‘other vegetables’, ‘other fruit’, ‘beans, nuts and seeds’ and ‘oils and sweets’.
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Figure 4.5. Mean household dietary diversity score for the previous calendar year in
Minyenye and Mbwei. Score is out of six and based on grown, wild or gifted plant
foods only”

ADietary diversity scoreincludes thefollowingsix categories: ‘Cereals’, ‘vitamin A rich vegetables or
fruit’, ‘other vegetables’, ‘other fruit’, ‘beans, nuts and seeds’ and ‘oils and sweets’.

4.4.4 Nutritional status of children

On average, height was 2.05 z-scores and weight was 1.57 z-scores below the reference
population median (WHO Child Growth Standards) in children under the age of five (Table 4.5).
Mean BMI for age z-scores forthese children was 0.14 below the population median. MUAC
was approximately 15cmin children underfive years of age. Mbwei had significantly lower
heightand weightforage z-scores with a corresponding higherrate of stunting and
underweightin children underfive compared to Minyenye. There were no significant

differences between the two villagesin BMI z-scores or MUAC for children underfive.

A similartrend was seeninall children, with Mbwei children having a significantly lower
average heightz-score and a lower (non-significant) average weight z-score. Mbweihad a
significantly higher average BMI z-score than Minyenye in all children. MUAC was on average
16cm in all children underthe age of 15 years with Mbwei children having asignificantly lower
MUAC than childrenin Minyenye. There were no significant differences between females and

malesin average z-scores or MUAC.
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Table 4.5. Nutritional status of all children and specifically children underthe age of five in Minyenye, Mbwei and both villages combined

. . P-value for
All Minyenye Mbwei difference*
Childrenunder5 years 204 103 101
Height z-scores (mean (95% Cl)) -2.05 (-2.23, -1.88) -1.76 (-1.99, -1.54) -2.36 (-2.61, -2.10) 0.001
Weight z-scores (mean (95% Cl)) -1.57 (-1.72, -1.42) -1.38 (-1.58, -1.18) -1.76 (-1.98, -1.54) 0.012
BMI z-scores (mean (95% Cl)) -0.14 (-0.28, -0.01) -0.23 (-0.42, -0.04) -0.06 (-0.24, 0.13) 0.200
Stunted (%) 53.0 40.6 66.0 0.002
Underweight (%) 31.5 23.0 40.0 0.034
MUAC(cm)” (mean (95% Cl)) 14.9 (14.7, 15.0) 15.0 (14.8, 15.2) 14.7 (14.5, 15.0) 0.166
All children 432 255 180
Height z-scores (mean (95% Cl)) -1.85 (-1.96, -1.74) -1.61 (-1.73, -1.49) -2.22 (-2.40, -2.03) <0.001
Weight z-scores (mean (95% Cl)) -1.74 (-1.84, -1.64) -1.67 (-1.79, -1.55) -1.84 (-2.02, -1.67) 0.086
BMI z-scores (mean (95% Cl)) -0.66 (-0.75, -0.56) -0.83 (-0.96, -0.71) -0.39 (-0.54, -0.24) <0.001
Stunted (%) 43.0 30.7 62.0 <0.001
Underweight (%) 38.3 34.7 437 0.105
MUAC(cm)” (mean (95% Cl)) 16.0 (15.8, 16.2) 16.2 (15.9, 16.4) 15.8 (15.5, 16.0) 0.039

*T tests used for difference for normally distributed means, Mann-Whitney tests used for non-normally distributed means, chi squared used for difference in proportions between
the two villages
AMUAC only collected in children up to 15 years of age

101



- 102 -
4.4.5 Breastfeeding and complementary feeding of children
Almost 100% of children underthe age of five years had been breastfed (Table4.6). These
children were breastfed untilapproximately 23 monthsin Minyenye and, significantly longer
(27 months) in Mbwei. Despite children being breastfed longer, liquids wereintroduced
significantly earlierin Mbwei; atan average of 4.5 months comparedto 5.3 monthsin
Minyenye. The oppositetrend was seenforsolids; they were introduce d at 10.5 monthsin

Mbweiand 8.3 monthsin Minyenye.

Childrenin Minyenyewere more likely to have been weaned onto a porridge made from
multiple grains with or without additions such as oil, beans or fish while childrenin Mbwei
were more likely to have been weaned onto asingle flour porridge without additions. Millet
juice was used as a weaningliquidin Minyenye only. Ugaliwas more likely to be introducedin
Minyenye and other staples such as cassava and potato were more likely to be introducedin
Mbwei. Vitamin Arich vegetables and othervegetables and fruit were used more frequently as

weaningfoodsin Minyenye comparedtoin Mbwei.
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Table 4.6. Breastfeeding and complementary feeding of children under five in Minyenye, Mbwei and both villages combined

. . P-value for

All Minyenye Mbwei difference*
Breastfeeding (N) 208 106 102
Breastfed(%) 99.5 100.0 99.0 0.307
Age breastfed until (months, mean(95% Cl)) 25.1(24.1, 26.1) 23.3(22.3, 24.2) 27.2 (25.5, 29.0) <0.001
Complementary feeding: Liquids (N) 201 104 97
Ageintroduced liquids (months, mean(95% Cl)) 49 (4.6,5.2) 5.3 (5.0, 5.6) 4.5 (4.0,5.1) 0.002
Introduced as first liquids(%):
Single flour porridge(incl. with sugar/salt) 49.8 27.9 73.2 <0.001
Multiple flour porridge eg. Maize, millet (incl. with
sugar/salt) 6.5 12.5 0.0 <0.001
Single flour porridge with additions eg. Beans, oil. 13.9 8.7 19.6 0.025
Multiple flour porridge with additions eg. Beans, oil. 21.9 40.4 2.1 <0.001
Cow’s milk 14.9 11.5 18.6 0.163
Millet juice 11.9 23.1 0.0 <0.001
Otherliquids 14.4 19.2 11.3 0.122
Complementary feeding: Solids (N) 181 96 85
Age introduced Solids (months, mean(95% Cl)) 9.3 (8.7, 10.0) 8.3(7.7,8.9) 10.5 (9.2, 11.7) 0.001
Introduced as first solids(%):
Ugali 91.2 97.9 83.5 0.001
Otherstapleseg. rice, potatoes, cassava, yams 25.4 11.5 41.2 <0.001
Vitamin Arich vegetables 13.3 25 0.0 <0.001
Otherfruitand vegetables 17.7 24.0 10.6 0.019
Beans, meat, fish, eggs 15.5 19.8 10.6 0.087
Othersolids eg. biscuits 7.7 8.3 7.1 0.749

*Mann-Whitney tests used for difference in means, chi squared used for difference in proportions
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4.4.6 Dietary diversity and food variety in relation to nutritional status
The dietary diversity score was not significantly associated with any of the nutritional status
variablesin eitherthe unadjusted or the adjusted regression models (Table 4.7). Additionally
the food variety score was notsignificantly associated with height, weight or BMI z-scores or
MUAC inthe adjusted model. The borderline statistically significant negative association seen
betweenthe food variety score and heightforage z-scores disappearsinthe adjusted model.
Similarresults were seen when children who were still being breastfed were excluded from the
analysis. The dietary diversity and food variety scores of the respondents were notsignificantly

associated with BMI (results not shown).

Some of the food group components that make up the dietary diversity score are significantly
associated with the nutritional status variables. In unadjusted models children who consumed
vitamin Arich fruit or vegetables the previous day had higher height z-scores by 0.48
(Regression coefficient (95% confidence intervals):0.48(0.02, 0.94)). Children eating eggs the
previous day had higher weight (1.31 (0.01, 2.62)) and BMI (1.38 (0.09, 2.66)) z-scores.
Children who consumed meat the day before had 0.46 lower height z-scores (-0.46 (-0.91, -
0.01)). Similarly children consuming milk the previous day had MUACs approximately 0.8cm
lowerthan those not consuming milk (-0.76 (-1.45, -0.08)).

When all the individual foods in the dietary diversity score are added to the same model the
onlytwo associations that remain significant are egg consumption and BMI z-scores (1.45
(0.12, 2.79)) and cow milk consumption and MUAC (-0.76 (-1.48, -0.04)). No significant

associations are found after adjustment for potential confounders.
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Table 4.7. Unadjusted and adjusted linearregression results for dietary diversity and nutritional status in children under five for both villages combined

Height z-scores Weight z-scores BMI z-scores MUAC
Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

Dietary diversity score
Unadjusted model” -0.09 (-0.24, 0.06) -0.12(-0.24, 0.01) -0.07(-0.19, 0.06) 0.01(-0.14, 0.15)
Adjusted modelr -0.08(-0.23, 0.07) -0.011(-0.24, 0.03) -0.05 (-0.18, 0.08) 0.05 (-0.10, 0.20)
Food variety score
Unadjusted model” -0.08(-0.15, -0.01) -0.06(-0.12, 0.00) 0.01(-0.05, 0.07) -0.01(-0.08, 0.06)
Adjusted modelrn -0.05(-0.13, 0.03) -0.04 (-0.11, 0.04) 0.00 (-0.07, 0.07) 0.04(-0.05, 0.11)

AN for unadjusted model was 112 for height, weight and BMI z-scores and 115 for MUAC.

AMadjusted for village, parents age, highest level of education, height, weight or BMI, whether the household has a mobile phone, household takes action to make water safe,
whether the parents have analternativesourceof income. N for adjusted model was 112 for height, weight and BMI z-scores and 115 for MUAC. Of these variables the following
had missingvalues (humber of missingvalues in brackets after each variable): respondent’s age (23); husband’s age (57); husband’s highestlevel of education (9); respondent’s
height (2); husband’s height (77); husband’s weight (77); respondent’s BMI (2); husband’s BMI (77); parental ethnicity (9) and whether the husband earns extra income (8) out of a
total of 210 individuals.
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4.4.7 Complementary feeding, demographics, sanitation and nutritional status
The factor that was most strongly associated with the nutritional status variables was
complementary feeding variables. In unadjusted regression models, for each month extrathe
child was breastfed theirweight z-score was 0.01 lower (Regression coefficient (95%
confidence intervals): (-0.01(-0.03, -0.00)) and MUAC was 0.04 higher (0.04 (0.03, 0.05)).
Children who had already had liquids introduced to theirdietatthe time of interview had
lower height (-1.57(-2.49, -0.64)), weight (-1.75 (-2.54, -0.96)) and BMI z-scores (-0.75 (-1.47, -
0.24)) and higher MUAC (1.36 (0.47, 2.24)) compared to those who had nothad liquids
introduced. The age liquids wereintroduced is significantly associated with MUAC (0.16 (0.09,
0.23)). For every additional month of age the child was when they had liquids introduced
MUAC increased by 0.16cm.

Children receiving multiple flour porridge as theirfirst foods with or without additions had
higherheights (with additions: 0.67 (0.25, 1.08), without additions: 0.73 (0.02, 1.43)).
However, children receiving single flour porridge with additions had lower heights (-0.65 (-
1.14, -0.16)). Children receiving multiple flour with additions had lower BMI z-scores (-0.52 (-
0.84, -0.20)). Those consuming cow’s milk as one of the firstliquids introduced to the diet had
significantly lower height z-scores (-0.52(-1.02, -0.02)). While those consuming other liquids
had significantly higher BMI z-scores (0.65 (0.28, 1.02)). Children who had received solids at
the time of interview had lower height (-0.72(-1.24, -0.20)), weight (-1.05 (-1.48, -0.62)) and
BMI (-0.68 (-1.07, -0.28)) z-scores but higher MUAC (1.24 (0.78, 1.69)). The olderthe children
were whensolids were introduced the lowertheir height (-0.04(-0.08, -0.01)) and weight (-
0.05 (-0.08, -0.02)) z-scores were and the highertheir MUAC was (0.07 (0.04, 0.10)).

Associations between these complementary feeding variables and nutritional status are
adjusted for potential confounders and presentedin Table 4.8. Children who were breastfed
for longerhad lowerweight z-scores but higher MUAC. The olderthe child was when liquids
were introduced the lowertheir height and the highertheir MUACwere. For each additional
month of age the child was when liquids were introduced height was 0.07 z-scores lowerand
MUAC was 0.17cm larger. Children who received multiple flour porridge with additionsas a
first complementary food had lower BMI z-scores and MUAC and childrenreceiving single flour
porridge had higher MUAC. Children receiving millet juice had lower heightand weight z-
scores. Children receiving otherliquids such as water, fruit juice, teaorsoda as the initial

complementary foods had lower BMlI z-scores.

In the adjusted model those children who had already had solids introduced into theirdiets
had lower height, weightand BMI z-scores and higher MUAC. For every additional month of

age at which solids were introduced height decreased by 0.03 and weight decreased by 0.04
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while MUAC increased by 0.07cm. As with the unadjusted regression no specificsolids were

significantly associated with any of the nutritional status variables.
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Table 4.8. Adjusted* linearregression results for complementary feeding and nutritional status in children underfive for both villages combined

Height z-scores

Regression coefficient

(95% CI)

Weight z-scores

Regression coefficient

(95% CI)

BMI z-scores

Regression coefficient

(95% Cl)

MUAC
Regression

coefficient (95% Cl)

Age breastfed until (months)

Liquids introduced (Y/N)

Age introduced liquids (months)

Single flour porridge (incl. with sugar/salt) (Y/N)
Multiple flour porridge e.g. Maize, millet (incl. with
sugar/salt) (Y/N)

Single flour porridge + additions e.g. Beans, fish (Y/N)
Multiple flour porridge + additions e.g. Beans (Y/N)
Cow’s milk (Y/N)

Millet juice (Y/N)

Other liquids (water, fruit juice, tea, soda) (Y/N)
Solids introduced (Y/N)

Age introduced solids (months)

Ugali (Y/N)

Other staples (rice, potatoes, cassava, yams) (Y/N)
Vitamin A rich vegetables (Y/N)

Other fruit and vegetables (Y/N)

Beans, meat, fish, eggs (Y/N)

Other solids (biscuits, mandazi) (Y/N)

-0.01 (-0.02, 0.01)
-1.35 (-2.21, -0.48)
-0.07 (-0.15, -0.00)
0.35 (-0.07, 0.77)

0.01(-0.75, 0.76)
-0.28 (-0.80, 0.24)

0.43 (-0.04, 0.90)
-0.36 (-0.89, 0.13)

-0.86 (-1.39, -0.33)
-0.20 (-0.66, 0.27)

-0.72 (-1.21, -0.22)
-0.03 (-0.06, -0.00)

-0.06 (-0.69, 0.57)
0.38 (-0.04, 0.79)

-0.38(-0.93, 0.17)
-0.06 (-0.52, 0.41)
-0.05 (-0.54, 0.43)
-0.18 (-0.81, 0.45)

-0.02 (-0.03, -0.00)
-1.80 (-2.55, -1.05)
-0.05 (-0.11, 0.02)
0.09 (-0.27, 0.45)

0.11 (-0.53, 0.75)
-0.06 (-0.51, 0.38)

0.10 (-0.32, 0.52)
-0.14 (-0.57, 0.29)

-0.54 (-1.01, -0.07)
0.08 (-0.32, 0.48)

-1.10 (-1.51, -0.69)
-0.04 (-0.07, -0.01)

0.06 (-0.47, 0.59)
0.18 (-0.17, 0.52)

-0.17 (-0.63, 0.29)
-0.00 (-0.39, 0.38)
0.03 (-0.38, 0.43)
-0.14 (-0.67, 0.38)

-0.01 (-0.02, 0.00)
-0.89 (-1.60, -0.18)
0.02 (-0.04, 0.08)
-0.19 (-0.53, 0.15)

0.04 (-0.55, 0.64)
0.27 (-0.14, 0.69)

-0.43 (-0.81, -0.05)
0.03 (-0.37, 0.44)

0.16 (-0.28, 0.61)
0.55 (0.16, 0.93)

-0.73 (-1.12, -0.33)
-0.03 (-0.05, 0.00)

0.09 (-0.42, 0.59)
-0.21 (-0.53, 0.12)

0.18 (-0.25, 0.62)
-0.08 (-0.45, 0.29)
-0.05 (-0.43, 0.33)
0.04 (-0.46, 0.54)

0.04 (0.02, 0.05)
1.17 (0.30, 2.04)
0.17 (0.10, 0.24)
0.66 (0.25, 1.06)

-0.03 (-0.77, 0.71)
0.08 (-0.44, 0.60)

-0.49 (-0.96, -0.02)
-0.05 (-0.54, 0.44)

-0.17 (-0.72, 0.39)
-0.04 (-0.52, 0.44)

1.11 (0.65, 1.57)
0.07 (0.04, 0.10)

0.59 (-0.04, 1.23)
-0.10 (-0.51, 0.32)

-0.22 (-0.77, 0.33)
0.05 (-0.41, 0.52)
-0.18 (-0.66, 0.30)
-0.61 (-1.23, 0.02)

*Adjusted for village, parents age, parents ethnicity, highestlevel of education, height, weight or BMI, whether the household has a mobile phone, household takes action to make

water safe, whether the parents have analternativesourceof income. N was 193 for height, 195 for weight, 196 for BMI z-scores and 199 for MUAC. . Ofthese variables the
following had missing values (number of missingvaluesin brackets after each variable): respondent’s age (23); husband’s age (57); husband’s highestlevel of education (9);
respondent’s height (2); husband’s height (77); husband’s weight (77); respondent’s BMI (2); husband’s BMI (77); parental ethnicity (9) and whether the husband earns extra

income (8) out of a total of 210 individuals.
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In unadjusted regression analysis foreach additional cmin the respondent’s height theirunder
five child’s heightincreased by 0.05cm (95% Cl: 0.03, 0.08). This figure was 0.08cm (0.04, 0.11)
for the husband’s height. Similarly, for each additional kg of respondent’s weight theirunder
five yearold’s weight was 0.04kg (0.02, 0.06) higher. Foreach additional point of respondent
BMI the underfive yearold’s BMI was 0.06kg/m2 (0.02, 0.10) and their MUAC was 0.07cm
(0.01, 0.13) higher. For each additional point of the husband’s BMI theirunderfive yearold’s
MUAC was 0.07cm (0.01, 0.13) bigger.

Parents ethnicity was significantly associated with under five yearold’s height (-0.23 (-0.40, -
0.07) and BMI z-scores (0.15 (0.03, 0.27) but notweight(-0.07 (-0.21, 0.07)) or MUAC (0.02 (-
0.13, 0.18)). Height forage z-scores were highest when both parents were Nyantulu (-1.72)
and similarif both parents were Pare (-2.32), Sambaa (-2.29), or mixed/other(-2.39). BMI for
age z-scoreswere highestforunderfive year olds with mixed or other parental ethnicity
(0.21), followed by those with Pare parents (-0.14), with Nyantulu (-0.30) and Sambaa (-0.33)

parents having children with similar BMI z-scores.

Households taking action to make water safe for drinking, forexample boiling, had underfive
yearoldswith 0.18 (0.03, 0.33) higherweight z-scores in the unadjusted model. This
association was nolongersignificant when adjusted for confounders (village, respondent’s and
herhusband’s age and husband’s frequency of employment) (0.16(-0.01, 0.34). The source of
drinking water was significantly associated with under five yearold’s height z-scoresin the
unadjusted model only (-0.15, (-0.27, -0.17). Height z-scores were -2.27 for households getting
waterfrom rivers orlakes, -1.88 in households using piped water, -1.84 where aborehole was

the source of waterand -1.59 for households usingdug wells.

In the adjusted model whetherthe household did something to make water safe was
significantly associated with weight z-scores; those households boiling waterhad underfive
yearolds with weight z-scores 0.28 higherthan those using other methods and 0.56 higher
than those doing nothing (regression coefficients (95%Cl): -0.28 (-0.54, -0.02) . Comparedtoin
houses with open pitlatrines, underfive yearolds in houses with closed pitlatrines had
0.37(0.04, 0.70) higher MUAC and 0.19 (0.01, 0.36) higherweight forage z-scores. Source of
drinking water, taking action to make water safe, time to get waterand type of toilet were not
significantly associated with other measures of nutritional status in eitherthe unadjusted or
the adjusted models (of the variables in the model the following had missing valuesin under
five yearolds (number of missing valuesin brackets after each variable): respondent’s age (23);
husband’s age (57); husband’s frequency of employment (9) out of a total of 210 individuals.
These numberwere: respondent’s age (59); husband’s age (128); husband’s frequency of
employment (24) out of a total of 532 individuals forall children.)
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Seventy-one percent of all respondents (77% in Minyenye and 66% in Mbwei) felt theirfamily
did not getenough food and 83% (88% in Minyenye and 78% in Mbwei) felt they did not get

enough variety of food.

4.5 Discussion

4.5.1 Nutritional status of children

Growth rates of the childreninthis study were poor. Onaverage underfive yearolds were
stunted, as defined as two standard deviations (SD) below the median of the international
WHO Child Growth Standards in height forage z-scores. The rates of stuntingseeninthis
study were higherthanratesseenin the Tanzanian 2010 demographicand health survey (STAT
compiler, 2014) (chapter 7, Table 7.4) but broadly similarto those seenin other Tanzanian

articles (Beasleyetal., 2000, de Oniset al., 2012).

Both villages, but especially Mbwei, had high rates of low weight forage z-scores. Low height
for age, or stunting, reflects afailure to reach the expected linear growth forthe child’s age (de
Onisetal., 1997). This occurs overa longertime period than low weightfor age or
underweight whichreflects alowerthan average weightforagiven age and isinfluenced by
short term factors such as diarrhoea (Rowland et al., 1988). The high rates of both stunting and
underweight seeninthisstudyindicateslongterm adverse conditions wherethe children have
not reached their height potential combined with current adverse conditions where they are
not as heavy as would be expected fortheiralready reduced heights. MUAC reflects short term
nutritional status. The WHO standards for the definition of severe acute malnutritionisa
MUAC of below 11.5cm (Gollogly, 2009). The mean and 95% Confidence Intervals of MUAC

showeditto be at acceptable levelsin both villages.

4.5.2 Dietary diversity and nutritional status

Participantsinthis study had average dietary diversity, five out of nine food groups, but low
foodvariety, atotal of 7.5 differentfood items. In much of the literature in this area dietary
diversity (Arimond, 2004, Corbettetal., 1992, Steynetal., 2006, Garg and Chadha, 2009, Nti
and Lartey, 2008, Savy et al., 2005) and food variety (Hatloy et al., 2000, Sawadogo et al., 2006,
Saibul etal., 2009, Onyango etal., 1998) are significantly, positively associated with nutritional

status, something that was not foundin this study. Inthe adjusted regression models no
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significant associations wereseen between dietary diversity orfood variety and height, weight
or BMI z-scores or MUAC. Thisresultdoes notsupportthe pathwayfrom dietary diversity to

nutritional statusillustratedinfigures 3.2a) and b).

There are a number of possible reasons for this. Firstly, there are many factors which have an
impact on nutritional status. Infectious diseasesin the first five years of life has asignificant
impact on children’s nutritional status (Victoraetal., 1990). Many individuals enterinto acycle
of malnutrition and infection each exacerbating the otherleaving the individual more
malnourished and more atrisk of infection (Chen et al., 1980). Foods introduced into a child’s
dietwhentheyare being breastfed have animportantimpact on their nutritional status
(Onyangoetal., 1998, Obatolu, 2003). Additionally, vaccinations (Danceretal., 2008), access
to cleandrinkingwaterand living with poor sanitation (Fink etal., 2011, Kikafundaetal., 1998)
are associated with stuntingin children underthe age of five. Nutritional statusin children has
alsobeenliked totheirparents’ literacy (Fernandez etal., 2002) and maternal education
(Kabubo-Mariaraetal., 2009, Abuyaet al., 2012). These otherfactors may be enough to offset
or mask the effect of dietary diversity on nutritional status in this study. Duration of
breastfeeding, introduction of complementary foods and sanitation wereassessed inthe
currentstudy and will be discussed furtherin the nextsection. Additionally, dietary diversity
varied little across householdsinthe villages, 95% of the study population had dietary diversity
between4.6and 5.0. There may not be enough variation in dietary diversity to detect an effect

on nutritional status.

Secondly, some methodological factors may have affected results. Dietary diversity was
assessed cross-sectionally at the same time the nutritional status measures were taken. This
assumesthatdietary diversity is staticand a cross sectional measure canrepresent dietary
diversity of the past. This may be too great an assumption; the study design limits the
likelihood an association between dietary diversity and nutritional status would be detected,
evenifitdidexistinthis population. However, a number of otherstudies have found
significant associations between dietary diversity (Arimond, 2004, Garg and Chadha, 2009,
Savy et al., 2005, Sawadogo etal., 2006, Hatloy etal., 2000) and food variety (Onyangoetal.,
1998, Hatloyetal., 2000, Saibul etal., 2009, Sawadogo etal., 2006) and nutritional status

outcomes measured cross-sectionally.

Lastly, the data was collectedinJune and July, times of relative food plenty. In the previous
yearfood diversity dropped from approximately3.5/6 in June to 1.5/6 in November,
DecemberandJanuary whenlooking at foods availableto the household through foods grown,

found wild and gifted to the household. Perhaps if dietary diversity was measured at atime of
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food shortage an association between dietary diversity and nutritional status would have been

seen.

4.5.3 Complementary feeding, demographics, sanitation and nutritional status
Some complementary feeding, demographic and sanitation factors are associated with
nutritional statusinthese villages. Children underfivein Mbwei were more likely to be stunted
than childrenin Minyenye. There were anumber of differences between the two villages that
may explain why those in Mbwei had poorer nutritional status. Ethnicity was significantly
associated with height and weight so the biophysical characteristics of different tribes livingin
the two villages may explain some of the difference seen between the villages. Habicht et al
(1974) found that the effect of ethnicity on the growth of young children inarange of low and
high income countries was small compared to environmentalfactors. While Ebomoyi etal
(1991) found ethnicity to be significantlyassociated with birth weight in Nigeriaand a
Tanzanian study showed fathers ethnicity to be significantly associated with perinatal mortality
(Habibetal., 2008). Proos called forlocal reference growth datafor different ethnicgroups
and regionsto be developed (Proos, 1993). Ethnicity, in this study could have impacted on the
nutritional status results butitis difficult to remove its effects from the effect of the village as
the majority of people from Minyenye were Nyantulu and the majority of those from Mbwei

were Pare.

World Vision has been workingin Singida district since 2004 and Minyenye village hasbeena
target fortheireducation and nutrition programs (World Vision Tanzania, 2009). One of their
main achievements outlined in their ‘Essential nutrition package Mtinko and Kinampanda
annual report 2011’ isthe improvements made to the porridge used in complementary feeding
(World Vision Tanzania, 2011). This is reflected in the results of this project with Minyenye
being more likely to use amultiple grain porridge and to make additions of oil, beans andfish
to theirporridge. Although respondentsin Minyenye were more likely to report better
weaning practices such as introducing multiple grain porridge, porridge with high nutrient
additions, vitamin A rich vegetables and fruits and vegetables, this did not have asignificant

impacton children’s nutritional status, in this study.

On the contrary, the practice of introducing multiple flour porridge with additions and millet
juice, which was carried out almost exclusively in Minyenye, was negatively associated with
the nutritional status outcomes. Respondents in Mbwei introduced liquids to breastfed infants
significantly earlierthan those in Minyenye. These liquids were typically porridge made with

water, as was the porridge and millet juice in Minyenye. This may introduce arisk of infection
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to the children earlier which could impact on their nutritional status negatively (Motarjemi et
al.,1993). Gross etal (2000) found Vietnamese children who had early introduction of
complementary foods (typically rice waterand rice porridge) to have a higherrate of infection
and pooreranthropometricoutcomesthan children that continued to be exclusively or
predominantly breastfed atages 1-12 months. Childrenin Mbwei did not receive solids until
laterthan their Minyenye counterparts leaving them at risk of infection from unclean drinking
water without sustenance from solid food forlonger. This may contribute tothe lower height

and weightz-scoresin Mbwei.

There is an established association between infection and nutritional statusin under fiveyear
olds (Stephensen, 1999). Although this study did not collect data on markers of infection there
are a number of reasons why Mbwei might be expected to have a higherrate of infection
which may have contributed to the higherrates of stuntingin this village. Firstly the majority
of participantsin Mbwei collected their drinking water from rivers which werealso used as
watering holes for livestock. Many infectious organisms are transmitted via the faecal-oral
route through contamination of drinking water (Fayeretal., 2000). Differentsources of water
were not, however, associated with nutritional status. Some of the increased risk of infection
may be offset by the higher proportion of peopleboiling waterin Mbweiaswhetherthe
household took action to make water safe to drink was associated with weightin underfive
yearolds. Open pit latrines, which were the most common type of toiletin both villages, was
associated with poorer nutritional status. Poorer sanitation has previously been linked to
poorerhealth outcomesin lowincome countries (Fink etal., 2011, Esrey, 1996). Making water
safe to drink and the type of toiletthe household had, along with the difference in
complementary feeding, may stillhave impacted on rates of infection and nutritional status in

these twovillages.

There were nosignificant differences seenin dietary diversity between the two villages.
Perhaps usinga summary score of dietary diversity means we loseimportant dietary
information. It may be the information that makes up these scores thatis most valuable. When
looking atthe components of the dietary diversity score a higher proportion of those in
Minyenye consumed ‘vitamin rich fruitand vegetables’ and ‘othervegetables’ and alower
proportion consumed ‘oils and sweets’, ‘beans, nuts, seeds’, and ‘milk and dairy products’. A
significant positive relationship between ‘vitamin A rich fruit and vegetables’ and heightand a
negative relationship between milk consumption and MUAC were found in unadjusted models.
When otherdietary diversity components were taken into account only egg consumption and
milk consumption showed significant associations and when potential confounders were

adjusted forthese associations disappeared. Only two children consumed eggs the previous
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day soitis notappropriate to generalise this resultto the wider population. However, the
difference invitamin Arich food and milk intake between the two villages may have

contributed to theirdifferent rates of stunting.

Vitamin A deficiency has been shown to be causally associated with poor growth (Tarwotjo et
al.,1992). A possible mechanism forthis association is the protective effect vitamin A has
againstinfection (Sommeretal., 1984). Milk consumption has notbeenshowntobe
associated with malnutrition, in factanimal products are often recommended toimprove
nutritional statusin low income countries (Gibson et al., 2003). Kikafundaetal. (1998) found
childrenin Ugandawho had never consumed cow’s milk to have a significantly higher rate of
underweight that those who had consumed milk. Grillenberger et al (2006) showed in Kenya
that growth was improved by providing a milk supplement to school children. Howevera
number of respondents mentioned during the course of data collection that milkis often
watered down with drinking waterin these areas. This practice could introduce a risk of

infection.

Otherdietary components and practices may also help account for this difference in
nutritional status. The majority of participantsin Minyenye consumed Mlenda (Corchonus
tritocularies Tillaceae), a wild green leafy vegetable that grew freelyinthe area. It was a very
important part of their diet with many participants consuming only ugaliand mlenda as their
main meal. Mlendais eatenfresh butisalsodried and ground to be used throughout the year.
Mlendaishighin ironand calcium (Kinabo et al., 2006) and havingthisfood available year
roundis expectedto be animportant contributortothe food security of people livingin
Minyenye. Thisisillustratedin the difference between Figure 4.4and 4.5 which shows that
Mbwei has more household dietary diversity than Minyenyein May and June, this difference
disappearswhenwildfoodisincludedin Figure 4.5. Minyenye has a higherdiversity of food
available inJanuary, February, April and Novemberwhen wild food is taken into consideration,
highlighting how important wild food can be to dietaryintake. The importance of wild food to
those livingin rural sub-Saharan Africa has been extensively discussed in the literature (Harris
and Mohammed, 2003, Nordeide etal., 1996, Johns et al., 1996, Vainio-Mattila, 2000,
Bharucha and Pretty, 2010) and has been shown to be an important source of energy and
micro-nutrients (Nordeide et al., 1996), especially at times of food scarcity (Harris and

Mohammed, 2003).

Householdsin Mbweiwere more likely to grow and eat cassava compared to Minyenye.
Cassavatypically provides enough calories butinadequate protein, iron, zincand vitamin A
(Stephenson etal., 2010). Gregios et al (2010) found the proportion of the diet made up of
cassava wasinversely correlated with vitamin A, zincand iron intake. Cassava, however, isan
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important crop forfood security as itcan be storedin the ground, it growsin poor conditions
with limited input andis unusually tolerant (El-Sharkawy, 2007). It can help maintain energy
intake duringthe hungry season and provide anin ground food store in case of crop failure
(Prudencio and Al-Hassan, 1994). Both the higher growth and higher consumption of cassava

in Mbwei may indicate poorerfood securityin this area.

Minyenye had significantly lower rates of stunting than Mbwei but their underfive yearolds
were still 41% stunted, rates higherthan outlined in the millennium targets for 2015 (United
Nations, 2014). Reasons forthis high rate of stunting foundin both villages, in additionto
infectionand the types of foodsintroduced to breastfed children discussed above, includ e the
high level of poverty and low food security foundin rural Tanzania (Hadley etal., 2007). The
households participatingin this study were poorwith none of the houses having electricity and
only half reportingowning aradio. Approximately three quarters of the participants reported
not gettingenough food as well as not getting enough variety of food. All these factors are
likely to contribute to the poor nutritional status seenin these villages. These factors relating
to poverty and acting through dietand infection, wereillustrated by the
social/economic/care/health factors section of the conceptual framework (Figure 3.2a) and
b)). Incomparison to agrobiodiversity, thesefactors have alarge impact on child nutritional

status.

4.5.4 Limitations and strengths

This study has a number of limitations that need to be acknowledged, in addition to the cross
sectional nature of the study and the seasonal effects discussed above. As with all studies that
rely on a translatorthere will be inaccuraciesin the information translated and interesting
detail inthe participants responses may have beenlost. The cross-cultural dynamic of the
study may have affected the honesty of the responses from the participants (Twymanetal.,
1999). Theresearcherwaswhite andfroma highincome country and it is possible that some
of the respondents exaggerated the difficulties they faced in the hope that they would receive
aid from the research project. Itis also possible that the participants underplayed the difficulty
of theircircumstancesif they felt embarrassedin front of the research team. The cross-cultural
dynamiccould have affected the answers the participants gave, the way this was translated
and how this has beeninterpreted by the researcherin anumber of different ways (Twyman
et al., 1999). This needsto be takeninto consideration wheninterpreting the results of the
study. The household questionnaire collected mainly quantitative data, collecting more
gualitative data may have provided additional insights into the determinants of nutritional

statusin these communities.
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Additionally the interview often took place within hearing distance of otherfamily and
community members and this may have affected how the participants answered the
questions. The interview was detailed and took between 1and 1.5 hours to complete. The
researcherexpectsthe quality of the responsesto have decreased overthe course of the

interview.

Information collected on complementary feeding would have been affected by recall bias as it
was collected onall children under the age of five years. Anthropometric measures were taken
outside the family home, almost exclusively on mud ground. There were notruly flat surfaces
to take the heightand weight measures which may have decreased the accuracy of the results.
Similarly some of the young children were upset, making taking accurate anthropometric
measures more difficult. The researchers did their bestto minimise the effect of the above
limitations on the data collected but expect them still to have had an effect. The effect of
clustering atthe village level was taken into consideration for the sample size calculation; the
study is powered to detect differences between the two villages. This calculation did not
howeverallow for clustering at the household level. As approximately 55% of the households
in Minyenye and 65% of Mbwei households had more than one underfive yearold, this may
have decreased the studies powerto detect differencesin nutritional status between the two

villages.

Usinga set of indicators torepresent household wealth, such as the DHS wealth index
(Rutsteinetal., 2004) is a useful approachina lowincome country setting. However, wealth
was not addressed directly by this study asit was outside the scope of the study’s objectives.
Usingindividual variables as proxies for wealth was therefore considered sufficient to act as
potential confoundersin regression analyses. Factors potentially associated with wealth were
addedto data analysestotry and control for wealthin these villages. The only variable that
impacted on the regression coefficients, indicating it was a confounding variable, was whether
the household owned amobile phone. This variable was therefore used as a proxy for wealth

ina number of the data analyses.

The limitation of this approachis that mobile phone ownership may be confounding the
relationships forreasons otherthanits relationship to household wealth. Forexample,
improved communication may be having a positive impact on nutritional status. The other
limitationisthat, ifitisrepresenting wealth, itisjustone aspect of wealthwhenawealth

index summarises many aspects of wealth makingitamore accurate estimate.

This study comprehensively collected paired data on dietary diversity and nutritional status on
arandomly selected sample within the two villages. This dataand information on other

potential determinants of nutritional statusin these villages was collected specifically for this
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projectand data collection methods weretailored to collect the dataneeded to meet project

objectives.

4.6 Conclusions

Malnutrition was high in these communities but typical for Tanzania. Thisis likely to be due to
high levels of poverty, low food security, poor access to clean water and poor complementary
feedingleadingto highrates of infectionamong otherinter-related factors. This study
identified factors that may have been responsible for the higherrates of stuntingin Mbwei.
These included differences in ethnicity between the two villages, the early introduction of
liguids and late introduction of solids in Mbwei, Mbwei’s pooreraccess to clean drinking water
and greatertime takento collect water. With the exception of ethnicity, all of these factors
raise the risk of infection in children which, along with food intake, has beenidentified as the

major determinant of nutritional statusin underfive yearoldsin low income countries.

Participantsin Minyenye and Mbwei had average dietary diversity but low food variety. There
was no relationship found between dietary diversity or food variety and nutritional statusin
these communities and no difference in dietary diversity orfood variety between the two
villages. It should be acknowledged that these results may have beeninfluenced by design,
methodological and seasonal limitations of the study. However, other dietary factors may
have contributed to the difference in height and weight between Minyenye and Mbwei.
Specifically, the higherintake of vitamin Arich fruitand vegetables and lowerintake of
potentially contaminated milkin Minyenye may have played a part. Additionally, the high
proportion of households consuming wild green leafy vegetables in Minyenye may have
bufferedfoodintakeat times of food shortage while the higher proportion of householdsin

Mbwei eating cassava may indicate worse food security in this village.

The high rates of stuntingin children underfive years old shows that there is still agreat need
for interventions to improve nutritional status thesevillages, and most likely others like them.
The multiple determinants of nutritional status discussed in this chapter highlight the difficulty
of interveningin ordertoimprove nutrition and health outcomes. This chapter provides
evidence to support broad nutrition interventions which address the wide range of factors,

such as sanitation and complementary feeding, shown to be related to nutritional status.
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Chapter 5:
Investigating the associations between plant agrobiodiversity
and both dietary diversity and nutritional status in Minyenye

and Mbwei, rural Tanzania.

5.1 Chapter summary

The previous chapteroutlined the relationship between dietary diversity and nutritional status
as well as the associations between other demographic, social and dietary factors and
nutritional status. This chapteraims toinvestigate the relationship between plant
agrobiodiversity and both dietary diversity and nutritional status in households reliant on
subsistence farmingin rural Tanzania. Itreports on plant agrobiodiversity measured cross-
sectionallyinthe household farms as well as the number of crops and vegetables grown over
the previous calendaryear. These second sets of measures of plant agrobiodiversity will be
referredtoas the crop and vegetable diversity scores. Whether selling different types of crops

isassociated with dietary diversity and nutritional statusis also reported in this chapter.

This chapter meets objective 2 (Systematically assess the diversity and abundance of both
cultivated and wild plants growing on household agricultural land in two villagesin rural
Tanzaniaand investigate how thisisrelated to dietary diversity in underfive yearold and
nutritional statusin childrenin these villages) and contributes to meeting objective 3 (Measure
household crop and animal diversity, dietary diversity of respondents and children underfive
and nutritional status of children livingin these villages, determine whether household
produceissoldand investigate how these factors are related) and objective 4 (Investigate
basicsocio-demographicfactors affecting dietary intake of children under five and nutrition

outcomesin childreninthese villages) of this thesis. The objectives of this chapterare to:

Objective 5A: Presentdescriptive data on habitat, species present, farm characteristics,
cross-sectional plantagrobiodiversityand crop and vegetable diversity

scoresin the twovillages.

Objective 5B: Investigate whether plant agrobiodiversity and crop/vegetable diversity

scores are associated with dietary diversity and nutritional statusin
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children.

Objective 5C: Investigate whetherselling staplecrops, vegetables, fruitand other
produce is associated with dietary diversity and nutritional statusin

children.

Agrobiodiversity is notassociated with dietary diversity or food variety in Minyenye or Mbwei.
Households with higherannual crop or vegetable diversity scores, however, had individuals
with more diversity intheirdiets. Associations between agrobiodiversity and crop diversity
scores and nutritional status are mixed in Minyenye but negativein Mbwei. Individuals from
households selling produce they grew had higher dietary diversity in both villages. Households
selling produce had the same or better nutritional status in Mbwei but resultsin Minyenye

were mixed.

Only one study (Dewey, 1981) has linked these factors together within astudy, tracing
associations between food production, consumption and growth. This study therefore
providesimportant dataonthe association between agrobiodiversity, dietary diversity and
nutritional status and shows that these associations are notto be assumed. This study informs
future interventionsintending to use improvementsin plant agrobiodiversity as atool to
improve health and encourages researchers and development agencies to expl ore some of the

barriers to the pathway from diversity in crops grown to diversity in diets to health outcomes.

5.2 Introduction

Agrobiodiversity has been defined as the biological diversity on lands used for agricultural
purposes (Brookfield and Stocking, 1999). Itincludes all aspects of biological diversity which
affectagriculture and food; the diversity of plants, animals and micro-organisms at species and
ecosystem levels (Cromwelletal., 1999). This chapter focuses on plant agrobiodiversity. There
has beendiscussioninthe literature about the importance of improving agrobiodiversity to
improve food security, dietand nutrition (Thrupp, 2000, Frison et al., 2011). Anincrease inthe
types of crops grown also opens up the potential for these crops to be sold, supplementing the
householdsincomeand potentiallyimproving nutritional status through this pathway (Shack et
al., 1990). Crops may also be specifically grown for sale with none of the grown crops being

eaten withinthe household.

Agrobiodiversity has been highlighted as essential in the sustainable delivery of amore secure

food supply (Frison etal., 2011, Thrupp, 2000). Accordingto Frison etal (2011) the more
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diverse farming systems and crops are, the more resilient farming systems are to shocks and
changesinthe climate. Thrupp (2000) outlines the problems associated with agrobiodiversity
loss. These are most relevant for plantagrobiodiversity: disruption of ecosystem services
including waterretention, nutrient cycling and decomposition which leads to decreasesin
productivity; erosion of geneticresources of crops and livestock leading toincreased risk and
decreased food security; erosion of insect diversity leading to decreased pollination and
increased susceptibility; erosion of soil diversity leading to fertility loss and decreasesin
productivity; loss of habitat diversity including wild foods and loss of indigenous methods and

biodiversity knowledge.

Ecosystem services provided by biodiversity are considered in detail by Altieri (1999) who
discusses how the disruptioninthese ecosystem services are linked to reductionsin food
production. Tilman etal (1996) provided experimental evidence supporting the diversity-
sustainability theory that the sustainability of soil fertility is reliant on plant biodiversity. They
found that ecosystem productivity increased and nitrogen loss decreased with higher plant

diversity.

Two distinct types of plant-based biodiversity are presentin the majority of agricultural
systems. The firstis the biodiversity of the crops planted by the farmer. The second is the wild
plants as well as the soil floraand fauna, pollinators, decomposers, herbivores and carnivores
associated with this planned biodiversity (Altieri, 1999). How these two different kinds of

biodiversity interactand impact on ecosystem functionisoutlinedin Figure 5.1.
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Figure 5.1. The relationship between planned biodiversity and associated biodiversity and
how they promote ecosystem function (presented by (Altieri, 1999), modified from
Vandeermeerand Perfecto, 1995)

Alongside conservation rationales, one of the mostimportant reasons cited forimproving
agrobiodiversityistoimprove food security (Thrupp, 2000) and dietary diversity (Frison etal.,
2006) with the hope thatthiswill lead toimprovementsin nutritional statusand healthin
malnourished populations. Forthese reasons, it has become animportant focus of discussions
around delivering a sustainable food supply (Wahlqvist and Specht, 1998, Chivian, 2002, Frison
et al., 2006, Gotor, 2010). To date there has beenvery little empirical researchinto how plant

agrobiodiversity is related to consumption and health.

Some evidence pointsto arelationship between agrobiodiversity, dietary diversity and
nutritional status. Increased agricultural diversity has been linked with agreater production of
essential nutrients (Marten and Abdoellah, 1988). Dewey found farmers cultivating more
diverse farmsto have higherdietary diversity and nutritional status than those farming cash
crops (Dewey, 1981). Ekesaetal (2008) found agrobiodiversity to be positively correlated with
dietary diversityinacross-sectional survey in Kenya. However, agrobiodiversity was estimated
using number of crops grown ratherthan accepted measures of biodiversity and the project

did not go as far as to link these factors to nutritional status.
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Otherstudies have failed to find associations between agrobiodiversity and nutritional status.
Shack et al. found no association between number of food crops grown in home gardens and
nutritional statusin Papua New Guinea (Shack etal., 1990). Kidala et al. (2000) found
communities that received a nutrition education intervention leading to the establishment of
household and school gardens had higher green leafy vegetableintakes but lowerserum
retinol concentrations compared to control areas receiving no intervention. The authors
concludedthat these results were confounded by helminths infection. Alongterm studyin
Senegal found noimprovements in nutritional intake after the establishment of home

vegetable gardens, despite a positive impacton women’sincome (Brun et al., 1989).

The assumptionthatincreased agrobiodiversity leads to increased dietary diversity and
improved nutritional status appearslogical but perhaps does not acknowledge the complexity
of the pathway fromfood production through consumption to nutrient utilization in people
livinginlowincome countries. However, the potentialthatincreased agrobiodiversity can
improve the diets and health of subsistence farmers while making animportant contribution
to biodiversity conservation (Chivian, 2002) is an important research area to be investigated.
To contribute further understanding of these relationships this chapter will explore the
associations between agrobiodiversity, dietary diversity and nutritional status variablesin

Minyenye and Mbwei in rural Tanzania.

5.3 Methods

This study aimed to systematically assess the diversity and abundance of cultivated and wild
plants on the households agricultural land. In orderto meet this objective a systematic
measurement of plant biodiversity was chosen as a proxy indicator of agrobiodiversity. The
diversity of crops grown by the household overthe last calendaryear, asreported by the
respondent, supplements this data. Thisis referred to as the crop diversity score. Vegetable
diversity scores, referring tothe number of different types of vegetables grown overthe
previous calendaryear, are also reported. Data collection methods have been described in
detailin chapter 3. Specificdatasources, plant biodiversity index calculations and statistical

analysis methods are described below.
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5.3.1 Data sources

5.3.1.1 Agrobiodiversity

The number of farms the household had, where they wereand which were goingto be
measured were established. The biodiversity research assistant left the interview with afamily
member, often the husband, to measure the agrobiodiversity on the chosen farms. The
diversity of plantspecies were collected as an indicator of agrobiodiversity using the point
intercept method (Coulloudon et al., 1999). Details of how data was collectedis presentedin
chapter3, section 3.5.4.1. The agrobiodiversity protocol and the data collection sheets are

includedinappendix CandE.

5.3.1.2 Questionnaire

Additional quantitative datawere collected using the questionnaire, including the number of
crops the household grew inthe last calendaryear. Thisinformation was used to calculate the
crop and vegetable diversity scores. These scores represent the number of different types of
crops and vegetables intentionally grown for household consumptioninthe previous calendar
year. Whetherthey sold any staple crops, vegetables, fruit or other produce (oil, beans, honey
or sugarcane) was also collected. Dataon potential confounding variables, such as husband’s
type of employment, was also collected through the questionnaire (See Appendix D fora copy

of the questionnaire).

5.3.2 Data calculations

5.3.2.1 Agrobiodiversity index

The Shannondiversity index was used to provide ameasure of the number of different plant
speciesandthe abundance of these species (Pla, 2004). The higherthe index numberthe more
diverse the area. Shannonindices were calculated using plant species datafrom farms
collected usingthe pointintersect method described in chapter 3 and provide an indication of

plant agrobiodiversity at the household level.
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The following Shannon diversity indexformulawas used:

é.
H=— Z pi In p;,

i=1

H=the Shannondiversity index
pi = fraction of the entire population made up of speciesi

S=number of species encountered

The Shannonindex calculations were carried outin excel. The excel spreadsheet contained the
listof all the plant species encountered on all the farms measured fora householdand the
number of timesthey were encountered through the data collection method. Piwas
calculated by dividing the total number of times the individual species was encountered by the
numberany species was encountered. Foreach species this was multiplied by the natural log
of piand these numbers were added togetherto give the Shannon indices per household. This
plantagrobiodiversity index was calculated separately for 1) all plant species and 2) food plant
species (species eitherintentionally grown forfood or that could be used forfood). Due to the
different methods used, diversity indices for farms and vegetable gardens were calculated

separately.

5.3.3 Data analysis

5.3.3.1 Descriptive statistics

Qualitative dataonindicators of land degradation, recorded by the biodiversity research
assistant, and changesin crop production, collected through the questionnaire, were coded
into categoriesto be usedinthe analysis. Basicdescriptive statistics including the number of
farms, abundance data and average plantagrobiodiversity indices (the Shannonindices) were
calculated forall plants and food plants for each village (chapterobjective 5A). Mann Whitney
and Chi-squared tests were used to detect significant differences between the villagesin plant

agrobiodiversity indices and farm characteristics.
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5.3.3.2 Linear regression analysis
Linear regression was used to answer the main aim of this study; to estimate the relationship
between plantagrobiodiversity, dietary diversity and nutritional status (chapter objective 5B).
Relationships between selling staples, vegetables, fruitand other produce and dietary diversity
and nutritional status was investigated using linear regression (chapter objective 5C). The
relationship between farm characteristics and dietary diversity and nutritional status was also
investigated usinglinearregressionin orderto provide more information onthe context of the

agrobiodiversity measures.

Data collected ontransects laid every 20 metres was used to calculate Shannon indices for
both villages to make like for like comparisons. However, for the regression analysis,when
villages were analysed separately, data collected on transects every 10 metres was used for
Mbwei as this more detailed level of data collection was more appropriate for Mbwei’s smaller

farms.

Both unadjusted and adjusted regression models are presented. For adjusted regression
models potential confounders wereidentified using the Directed Acyclic Graph (Glymour,
2006) (Figure 3.15) and confounders were selected as described in chapter3(page 73).
Variablesincluded inthe dietary diversity/food varietyregression modelsincluded: husband’s
type of employment; husband’s frequency of employment; number of farms; average farm
size. The village the participant lived in was the only variable identified through the DAG which
substantially altered the regression coefficients in the agrobiodiversity nutritional status
regression models. Asthe regression coefficients varied substantially between the two villages
presenting regression results separately for Minyenye and Mbw ei was feltto be more

informative than using multivariable regression.

5.3.3.3 Missing data

Multiple imputations using chained equations were used forthe multivariable regression
analysesforthe associations between selling crops and dietary diversity. Imputations were
done separately by village for respondents and those underfive. The missing values were
imputed based onthe complete variablesinthe model: whetherthe household hasamobile
phone; respondent’s highest level of education; whetherthe respondent works in agriculture;
whetherthe respondent earns extraincome; number of farms and number of vegetable

gardensthe household has.

Multiple imputations using chained equations were also used for the multivariable regression

analysesforthe associations between selling crops and nutritional status. Imputations were
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done separately by village for children under five and all children. The missing values were
imputed based onthe complete variablesinthe model: whetherthe household has amobile
phone;respondent’s highest level of education; whether the respondent works in agriculture;
whetherthe respondent earns extraincome and whetherthe husband has an additional small

business.

5.4 Results

5.4.1 Habitat and farm characteristics

A total of 163 farms were sampled, representing 96% of farms in Minyenye and 44% of farms
in Mbwei (Table 5.1). All farms near the house and three quarters of farms far from the house
had plantagrobiodiversity data collected in Minyenye. Three quarters of farms close to the
house and approximately 20% of those far from the house had data collected onthemin
Mbwei. The farms where agrobiodiversity datawere not collected were estimated to be larger
than the otherfarms, this difference was most pronouncedin Minyenye. Infarms where
agrobiodiversity datawere collected, Minyenye respondents reported a higher number of crop
types grown, especially staple crops as compared to the farms where agrobiodiversity data
were notcollected. In Mbwei, the reported number of crop types did not vary between farms
where agrobiodiversity datawere collected and where this datawere not collected. This
indicates the farms where datawere collected were representative of all household farmsin
terms of crop types grown. The distribution of the households and their farmsis displayedin

Figures5.2 and 5.3.

The farm types were very differentin Minyenye compared to Mbwei. In Minyenye the majority
of participants had one mediumto large farmvery close to theirhousehold and sometimes an
additional farm furtheraway fromtheirhouse. In Mbwei it was typical for the household to
have a number of smallerfarms, often quite faraway fromthe household, inthe valley, in the

mountainsand sometimesin both areas.
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Table 5.1. Farm characteristics of farms where agrobiodiversity data were and were not collected in Minyenye and Mbwei

Minyenye Mbwei

ABD data No ABD data ABD data No ABD data

collected collected
Number of farms 95 4 68 88
Percentage of total farms 96.0 4.0 43.6 56.4
Farms nearthe house (%) 100.0 0.0 75.0 25.0
Farms away from the house (%) 75.0 25.0 21.1 78.9
Estimated size of farm (acres, mean (95% Cl)) 1.8 (1.6,2.1) 3.0(0.0,7.4) 1.1(0.8,1.3) 1.5(1.1,1.9)
Reported number of crop types grown (mean (95% Cl)) 2.4 (1.4, 3.3) 1.0 (1.0, 1.0) 2.8 (2.5, 3.0) 2.9 (2.7,3.1)
Reported number of staple crops types grown* (mean (95% Cl)) 1.4 (0.6, 2.1) 0.3 (0.0, 1.8) 1.6(1.4,1.7) 1.5(1.4,1.7)
Reported number of fruit/vegetables types grown** (mean (95% Cl)) 0.2 (0.0,0.5) 0.0 (0.0,0.0) 1.1 (0.9, 1.3) 1.3(1.1,1.4)

ABD: agrobiodiversity data

*included maize, cassava, millet, finger milletand sorghum

**included tomatoes, beans, onions, pumpkin leaves, cabbage, potatoes, yams, pumpkin, sweet potato, green pepper, banana, papaya
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Figure 5.2. Households and all measured household farms in the five sub-villages of
Minyenye
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Figure 5.3. Households and all measured household farms in the seven sub-villages of
Mbwei.

In Mbwei, in 51% of households, indicators of land degradation or characteristics that were
likely to be associated with land degradation were observed on at least one of the household
farms. These included farm ‘not well maintained/poor condition’ in9%, ‘erosion’ in 7% and
‘low soil fertility’ in 7% of the households. This figure was only 16% in Minyenye. The slope of
at least one of the household farms was described as steep orvery steep in 40% of the

householdsin Mbwei.
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Household farmsin Minyenye weresignificantly more diversethanin Mbwei with an average
plantagrobiodiversity Index of 2.5 comparedto 1.1 in Mbwei (Table 5.2). This difference was
evenmore marked when looking at the agrobiodiversity of food plants (2.3 compared to 0.6).
Thisis the opposite of what would be expected based on the site sel ection; Minyenye was
intended to be the low diversity village and Mbwei was the high diversity village. Mbwei,
however, had significantly higher crop and vegetable diversity scores (7.9and 4.3) compared
to Minyenye (6.0and 2.1). Mbwei had significantly more farms farfrom theirhouses (more
than 30 minutes walk) contributing to a significantly higher number of total farms per
household. However, Minyenye, on average, had significantly bigger farms (mean (95% Cl):1.5
(01.3, 1.6) acres) than those in Mbwei (0.4 (0.3, 0.5) acres). The mean (95% Cl) total amount of
land used for farmingin Minyenye was 2.2 (1.8, 2.6) acres. Unfortunately, due to the number
of farms not visited in Mbwei, the equivalent statistic was not able to be calculated for Mbwei.

Figures 5.2 and 5.3 illustrate the differencein farm size of the measured farms.

A significantly higher proportion of households had vegetable gardens in Mbwei compared to
Minyenye. Those households in Mbwei with vegetable gardens, approximately 35% of
participating households, had an mean (95% Cl) plant agrobiodiversity index of 1.3(1.2, 1.5)

and 1.3 (1.1, 1.5) for all plants and food plants respectively within the vegetable gardens.
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Table 5.2. Plant agrobiodiversity indices, percentage selling grown food, farm types and farming issues for Minyenye and Mbwei

. . P-value for

Minyenye Mbwei difference™
Plant agrobiodiversity by household (mean (95% Cl))
All plants agrobiodiversity index 2.5(2.5, 2.6) 1.1(1.0,1.3) <0.001
Food plants agrobiodiversity index 2.3(2.2,2.3) 0.6 (0.5, 0.8) <0.001
Crop diversity score 6.0 (5.2, 6.8) 7.9 (6.7,9.2) 0.031
Vegetablediversity score 2.1(1.7,2.5) 4.3(3.4,5.1) <0.001
Household sold foods they grew (%)
Sold staples 26.6 431 0.055
Sold vegetables 12.5 44.8 <0.001
Sold fruit 10.9 20.7 0.138
Sold other 42.2 12.1 <0.001
Farm types
Grow food on theirown land (%) 89.1 91.4 0.826
Vegetablegardens (%) 18.8 34.5 0.049
Farms perhousehold (mean(95% Cl)) 1.4 (1.2,1.5) 2.9(2.5,3.2) <0.001
Nearby farms perhousehold (mean(95% Cl)) 1.1(1.0,1.2) 0.9(0.7,1.2) 0.045
Far away farms per household (mean(95% Cl)) 0.2 (0.1, 0.3) 1.9 (1.6, 2.3) <0.001
Total areaof farms (acres, mean(95% Cl)) 2.2 (1.8, 2.6) -
Average areaof farms (acres, mean(95% Cl)) 1.5(1.3,1.6) 0.4 (0.3,0.5) <0.001
Farming issues (%)
Grew food not eatenor sold 3.2 75.9 <0.001
Food not eaten/sold: notenough rain 50.0 72.7 0.485
Food not eaten/sold: wrongkind of rain 50.0 0.0 0.050
Food not eaten/sold: too much sun 0.0 15.9 0.054
Food not eaten/sold: land notfertile 0.0 11.4 0.621

*Mann Whitney tests used for difference in means, chi squared used for difference in proportions between the two villages
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The majority of households in both settlements grow Maize (over 85%) and a high proportion
of households in Minyenye grow sorghum (86%) and in Mbwei grow cassava root (90%) (Figure
5.4). Many Mbwei households grow pumpkin, beans and pumpkin or potato leaves toeatand
approximately 40% of households in this village grow sweet potatoes, tomatoes, mchicha
(spinach) and potatoes. Common vegetables grownin Minyenye included pumpkins and
cassava leaves. Between approximately 15% and 30% of those in Mbwei grow guava, avo cado,
banana and papaya while the main fruit grown in Minyenye, in 25% of households, was guava.
Forty-four percent and 52% of households grow groundnuts and sunflowers in Minyenye while

householdsin Mbwei were more likely to grow sugarcane (45%).

In the lastyear, 2011, 71% (72% in Minyenye and 69% in Mbwei) said thatthere were no
changesinwhat they grew and harvested as compared to the last five years. Twenty percent
of respondentsin Minyenyesaid they harvested less crops and 3% said they harvested more
crops. While in Mbwei 26% said they harvested less and 4% said they harvested more crops.
Seventy-six percent of those in Mbwei compared to only 3% of those in Minyenye said they
grew food that was noteaten or sold. The majority of participants said this was because there

was notenoughrain (72%), too much sun (15%) or that the land was not fertile (11%).
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5.4.2 Minyenye village, Singida district

5.4.2.1 Habitat, species present, farm characteristics and plant agrobiodiversity
Minyenye, the ‘low biodiversity’ village, is situated in the central plains of Tanzania. Although
Singidaregionisapproximately 1200 to 1500m above sealevelitis not a steep area. The
landscape has gentle hills and the majority of the farms were relatively flat. The earthin this
areaisa richred colourand the area is dry and susceptible to drought (Tanzanian NBSand
Singida Regional Commissioner's Office, 2005). The majority of the land is dirt with brush and
trees (Figure 5.5) but there are areas, where the river runsin the rainy season that has grass
(Figure 5.6). It was common for farms in Minyenye to be covered in different types of grasses
inamongst the staple crops. It was not uncommon for Minyenye farms to be overgrown
(Figure 5.7).In 16% of households the biodiversity research assistant noted indicators of land
degradation on one or more of the household farms. These characteristics most commonly

included perceived low quality soil in this village.

Figure 5.5. A typical area in Minyenye of dry red dirt with a fewlarger trees
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Figure 5.6. The dry riverbed running through the valley in Minyenye, some grass is available
for grazing in this area at this time of year

Figure5.7. A typical farm in Minyenye
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Figure 5.8. A typical vegetable gardenin Minyenye

The majority of households in Minyenye had between 5and 15 species peracre growingon
theirfarms (Figure 5.9). Approximately 10% of households have more than 20 species peracre.
Around 28% of households grow between 0and 5 species peracre and over 55% of
households grow between 5and 10 food species peracre. 84% of households grow less than
10 species peracre of farmland. On average householdsin Minyenye had 9 food species and

12 speciesintotal peracre of farmland.
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Figure 5.9. Number of species; all plants and food plants grown per acre of household farm
in Minyenye

Table 5.3 shows all the species present on the Minyenye household farms where
agrobiodiversity datawas captured. It shows the total count for each species made for the
agrobiodiversity indexcalculations and percentage abundance. Fifty-nine different food
species and 29 different non-food species were found on the household farmsin Minyenye.
The most common food species found were Sorghum (Sorghum Bicolor Gramineae), followed
by Gafinda (Commelina African Commelinaceae) and Maize (Zea Maize Gramineae) at 6%, 5%
and 4% of the total speciesfound. Finger millet (Eleusine Africana Gramineae) only made up
1% of the total species found and Cassava was not encountered. Fagio (Elerngia Cordifolia
Compositae) and Ighimbi(Eleusine Jaegeri Gramineae) were the two most common non-food

species encountered at 12% and 5% of all species.
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Species genus name Family name Common (local) name .Nu.m.ber of  Abundance
individuals*

Food species***

Sorghum bicolor Gramineae Sorghum (Mtama) 162 5.8
Commelinaafrican Commelinaceae (Gafinda) 131 4.7
Zea maize Gramineae Maize (Mahindi) 108 3.9
Corchorus trilocularis Tiliaceae (Mlenda) 105 3.8
Helianthus annuus Compositae Sunflower (Alizeti) 101 3.6
Eleusine indica Gramineae (Busai) 91 3.3
Cleome hirta Capparidaceae (Mnyisira) 86 3.1
Clotalaria cylindro stachys Papilionaceae (Mukuku) 61 2.2
Bidens pilosa Compositae (Mpangwe) 57 2.1
Setariaverticilata Gramineae (Kinasanguo) 56 2.0
Hibiscus diversifolius Malvaceae (Inkongwa) 55 2.0
Ceratothecasesamoides Pedaliaceae (Mbata) 50 1.8
Combretum collinum Combretaceae (Mlahaa) 49 1.8
Cynodon nlemfuensis Gramineae (Tahai) 49 1.8
Sonchus luxurians Compositae (Mchunga) 49 1.8
Cajanus Cajan Papilionaceae (Kunde) 45 1.6
Combretum zeyheri Combretaceae (Mhanyati) 45 1.6
Amaranthus hybridus Amaranthaceae (Mchicha) 40 1.4
Cucumis pepo Cucurbitaceae Pumpkin (Boga) 38 1.4
Panicum miliaceum Gramineae Millet (Uwele) 35 1.3
Oxygonum sinuatum Polygonaceae (Mbigili) 34 1.2
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Dichrostachys cinerea
Cucumisdipsaceus
Citrullus lanatus
Eleusine africana
Trichodesmazeylenicum
Triumfettarhomboidea

Dactyloctenium aegyptium

Solanum lycopersicum
Dalbergianitidula
Azanzagarckeana
Solanumincanum
Solanum villosum
Physalis peruviana
Vignasubterranea
Abelmoschus esculentus
Ipomea batatas
Markhamia obtusifolia
Combretum molle
Solanumincanum
Hibiscus sabdariffa
Solanumvillosum
Balanites aegyptiaca
Cayluseaabyssinica
Syzygium cumini
Albizia harveyi
Amaranthus spinosus

Mimosaceae
Cucurbitaceae
Cucurbitaceae
Gramineae
Boragnaceae
Tiliaceae
Gramineae
Solanaceae
Papilionoideae
Malvaceae
Solanaceae
Solanaceae
Solanaceae
Fabaceae
Malvaceae
Convolvulaceae
Bignoniaceae
Combretaceae
Solanaceae
Malvaceae
Solanaceae
Zygophyllaceae
Redeceae
Myrtaceae
Mimocaceae
Amaranthaceae
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Manihot glaviozii Euphorbiaceae 3 0.1
Ampelocissus africana Vitaceae 2 0.1
Cordiamonoica Boraginaceae 2 0.1
Emilia coccinea Compositae 2 0.1
Manihot esculenta Euphorbiaceae 2 0.1
Mucuna pruriens Phytolaccaceae 2 0.1
Vangueriainfausta Rubiaceae 2 0.1
Bauhiniafassoglensis Convolvulaceae 1 0.0
Commiphoraafricana Burseraceae 1 0.0
Erythrina abyssinica Fabaceae 1 0.0
Grewia bicolor Tiliaceae 1 0.0
Salvadora persica Salvadoraceae 1 0.0
Non food species

Elerngia cordifolia Compositae (Fagio) 342 12.3
Eleusine jaegeri Gramineae (Ighimbi) 132 4.8
Digitariascalarum Gramineae 97 3.5
Leucas martinicensis Lamiaceae 97 3.5
Dolithia uniflorus Papilionaceae (Simbilili) 89 3.2
Polemonium viscosum Compositae 29 1.0
Ipomeabiloba Convolvulaceae (Ikhombe) 25 0.9
Borreriastricta Labiate 19 0.7
Corchorus kirkii Malvaceae (Ikhandaghii) 19 0.7
Perotis hildebrandetii Gramineae (Ginkhokwe) 18 0.6
Astro lpomoeahyoscyamine Convolvulaceae (Irang'anga) 12 0.4
Hippocratea parviflora Labiate (Mdima mpahi) 11 0.4
Indigoferaspicata Papilionaceae 10 0.4
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panicum trichocladium Gramineae (Iraangimba) 7 0.3
Tridax procumbens Asteraceae 7 0.3
Cynodondactylon Gramineae 6 0.2
Leonotis leonurus Labiate 6 0.2
Acacia drepanolobium Mimosaceae 5 0.2
Rothiahirsuta Leguminosae 5 0.2
Seneciovulgaris Compositae 5 0.2
Striga asiatica Orabansiaceae 5 0.2
Albiziaamara Mimosaceae 4 0.1
Eucalyptus maideni Myrtaceae 4 0.1
Hypochoeris glabra Asteraceae 4 0.1
Turea amoena Meliaceae 3 0.1
Lonchocarpus bussei Papilionaceae 2 0.1
Albiziagummifera (Gmel) C.A Smith Mimosoidea 1 0.0
Markhamia lutea Bignoniaceae 1 0.0
Sennasenguena Papilionaceae 1 0.0

* Number of individualsis thenumber of times the specific species was encountered alongthe transects for all the farms in Minyenye
**Number of times this specific species was encountered as a percentage of the total number of encountered plants

***|dentified as plantspecies by the biodiversity research assistant, books (Pendaeli, 2010, Dharani, 2002, Peters et al.,1992)) and reputable internet sites ((FAO, 2014a,JSTOR,
2014, World Agroforestry Centre, 2014).
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5.4.2.2 Plant agrobiodiversity and dietary diversity /food variety
Plantagrobiodiversity is notassociated with dietary diversity or food variety in Minyenye. No
significant associations wereseen between all plant or food plant agrobiodiversity indices and
the nine food group dietary diversity score or the individual food variety scores of respondents

or children underfive yearsin regression models (Table 5.4).

In Minyenye, the more crop types grown inthe previousyear the higherthe respondent’s
dietary diversityscores were in the unadjusted but not the adjusted model. The higherthe
crop diversity score the higherthe respondent’'s and theiroldest child underfive’s food variety
score was in both the unadjusted model and when the modelwas adjusted for husband’s type
of employment; husband’s frequency of employment; number of farms; average farmsize. For
example, foreach additional crop the household grew in the previous calendaryear the
number of foods the child ate in the previous 24 hoursincreased by 0.31 items (95% Cl: 0.12,
0.50) inthe adjusted model.

The more different types of vegetable grown the higherthe respondent and theiroldest child
underfive’sfood variety wasin the unadjusted model. This association remained significant

with the underfive yearoldsinthe adjusted model.

None of the farm characteristics listed in Table 5.2 were significantly associated with dietary

diversity orfood variety in Minyenye.
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Table 5.4. Associations between plant agrobiodiversity and crop and vegetable diversity scores and dietary diversity/food variety in children underfive and
respondents in Minyenye

Dietary diversity score Food variety score

Child <5 years

Respondent

Child<5 years

Respondent

Unadjusted model®

All plants agrobiodiversity
Food plants agrobiodiversity
Crop diversity score

Vegetablediversity score

-0.82 (-2.24, 0.60)
-0.36 (-1.65, 0.93)
0.09 (-0.02, 0.21)
0.09 (-0.15, 0.33)

-0.36 (-1.54, 0.82)
-0.09 (-1.16, 0.97)
0.12 (0.03, 0.21)
0.18 (-0.01, 0.36)

0.39 (-2.29, 3.06)
0.37 (-2.03, 2.78)
0.35 (0.14, 0.55)
0.57 (0.16, 0.99)

0.42 (-2.13, 2.96)
0.49 (-1.80, 2.78)
0.32 (0.12, 0.51)
0.54 (0.15, 0.93)

Adjusted model

All plants agrobiodiversity
Food plants agrobiodiversity
Crop diversity score

Vegetablediversity score

-0.86 (-2.18, 0.46)
-0.38 (-1.60, 0.84)
0.08 (-0.02, 0.18)
0.06 (-0.16, 0.27)

-0.65 (-1.87, 0.57)
-0.33 (-1.45, 0.78)
0.09 (-0.01, 0.18)
0.11 (-0.08, 0.30)

0.02 (-2.60, 2.65)
0.21 (-2.19, 2.60)
0.31 (0.12, 0.50)
0.46 (0.05, 0.87)

-0.34 (-2.97, 2.29)
0.02 (-2.37, 2.41)
0.24 (0.05, 0.44)
0.35 (-0.05, 0.75)

AUnadjusted model. N was 61 for children under five and 64 for respondents.

MAdjusted for husband’s type of employment; husband’s frequency of employment; number of farms;average farm size. N was 55 for children under fiveand 58 for respondents.
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5.4.2.3 Plant agrobiodiversity and nutritional status
Plantagrobiodiversity and crop diversity scores show mixed associations with nutritional
statusin Minyenye. Higher agrobiodiversity indices for all plants and forfood plants were
significantly associated with higher height z-scoresin all children (Table 5.5). The more
differenttypes of crops and vegetables grown by the household the lowerthe MUAC of

childrenunderthe age of five years.

For each additional farm far from the house a household has underfive year old BMI z-scores
decreases by 0.50 (regression coefficient (95% confidence intervals): -0.50(-0.93, -0.07)).
Those households reporting crops that could not be eaten orsold had children with weight z-
scores 0.81 lowerthanthose households notreporting this (-0.81(-1.59, -0.04)). There were
no othersignificant associations seen between farm characteristics and nutritional statusin

childrenin Minyenye.

144



Table 5.5. Associations between plant agrobiodiversity and crop and vegetable diversity scores and nutritional status in children underfive and all childrenin

Minyenye
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Height
z-scores

Weight
z-scores

BMI
z-scores

MUAC

(95% Cl)

Regression coefficient

Regression coefficient

(95% Cl)

Regression coefficient

(95% Cl)

Regression coefficient

(95% Cl)

Children <5 years”

All plants agrobiodiversity
Food plants agrobiodiversity
Crop diversity scores
Vegetablediversity scores

0.64 (-0.27, 1.55)
0.70 (-0.11, 1.50)
-0.00 (-0.08, 0.07)
0.01 (-0.13, 0.16)

0.05 (-076, 0.87)
0.08 (-0.64, 0.80)
-0.04 (-0.10, 0.02)
-0.04 (-0.16, 0.09)

-0.57 (-1.36, 0.21
-0.61 (-1.31, 0.09
-0.05 (-0.11, 0.02
-0.06 (-0.18, 0.06

—_— ~— — ~—

-0.17 (-1.06, 0.71)
-0.09 (-0.88, 0.70)
-0.07 (-0.14, -0.00)
-0.14 (-0.27, -0.00)

All Children™M

All plants agrobiodiversity 0.75 (0.26, 1.23) 0.22 (-0.26, 0.70) -0.23 (-0.73,0.28) -0.31(-1.32, 0.70)
Food plants agrobiodiversity 0.66 (0.24, 1.08) 0.23 (-0.19, 0.64) -0.21 (-0.65, 0.23) -0.16 (-1.04, 0.71)
Crop diversity scores -0.01 (-0.05, 0.03) -0.01 (-0.05, 0.03) 0.01 (-0.03, 0.04) -0.04 (-0.12, 0.04)
Vegetablediversity scores -0.04 (-0.12, 0.03) -0.04 (-0.11, 0.04) 0.01 (-0.07, 0.08) -0.13 (-0.29, 0.02)

Unadjusted model onlyis presented as no potential confounders were identified.

AUnadjusted model. N was 101 for height, 100 for weight, 102 for BMI z-scores and 103 for MUAC in children under five.
AUnadjusted model. N was 251 for height, 251 for weight, 255 for BMI z-scores and 252 for MUAC inall children.
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5.4.2.4 Selling produce and dietary diversity
Individuals from households selling staples, vegetables and other produce had higher dietary
diversityin Minyenye. Focusing on the resultsforthe adjusted models shows households who
sold other produce such as oil, beans, honey orsugarcane had children and respondents with
higherdietary diversity and children with higherfood variety (Table 5.6). Households selling

staplesandvegetables had children under five years of age with higherfood variety.
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Table 5.6. Associations between households selling foods they grew and the respondent’s and children’s dietary diversity and food variety scores in Minyenye
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Dietary diversity score

Food variety score

Child <5 years*

Respondent**

Child<5 years*

Respondent**

Unadjusted models”

Sold staples 0.89 (0.07, 1.71) 0.71 (0.05, 1.37) 2.23 (0.76, 3.70) 1.72 (0.31, 3.12)
Sold Vegetables 0.86 (-0.37, 2.10) 0.55 (-0.35, 1.45) 3.28 (1.11, 5.46) 1.79 (-0.13, 3.70)
Sold Fruit -0.01 (-1.18, 1.17) 1.09 (0.16, 2.01) 1.00 (-1.16, 3.17) 2.10 (0.08, 4.11)
Sold Other 1.16 (0.46, 1.85) 0.89 (0.33, 1.46) 1.87 (0.55, 3.19) 1.78 (0.55, 3.02)

Adjusted modelsM

Sold staples 0.76 (-0.22, 1.74) 0.66 (-0.11, 1.44) 1.91 (0.16, 3.66) 1.42 (-0.28, 3.11)
Sold Vegetables 0.69 (-1.03, 2.41) 0.07 (-1.16, 1.30) 3.36 (0.41, 6.30) 1.09 (-1.53, 3.71)
Sold Fruit -0.19 (-1.80, 1.42) 1.06 (-0.11, 2.23) 0.82 (-2.12, 3.77) 2.08 (-0.53, 4.68)
Sold Other 1.28 (0.39, 2.17) 0.83 (0.09, 1.57) 1.75 (0.05, 3.44) 1.46 (-0.18, 3.11)

AUnadjusted model; N was 61 for children under fiveand 64 for respondents.

MAdjusted for respondent’s and husband’s age, whether the household has a mobile phone; respondent and husband’s highestlevel of schooling; respondent’s and husband’s
type of employment (farming/other); husband has extra small business; respondent’s and husband’s frequency of employment; Respondent or husband earns extra income;
number of farms; number of vegetable gardens; average farm size. N for children under five was 61 and N for respondents was 64.

*The followingvariables had missingvalues (number of missingvalues in brackets after each variable): husband’s age(17); husband’s highestlevel of education (7); whether the
husband works inagriculture (6); whether the husband has anadditional small business (6); respondent (1) and husband’s frequency of employment (7) and whether the husband
earns extra income (6) out of a total of 106 individuals.

**The followingvariables had missingvalues: husband’s age(12); husband’s highestlevel of education (6); whether the husband works inagriculture (5); whether the husband has
anadditional small business (5);respondent (1) and husband’s frequency of employment (6) and whether the husband earns extra income (5) out of a total of 64 individuals.

147



- 148 -
5.4.2.5 Selling produce and nutritional status
Selling produce showed mixed associations with nutritional status in Minyenye. The majority
of the associations between whetherahousehold sold produceand children’s nutritional
status were not significant (Table 5.7). Focusing on the adjusted models; households that sold
vegetablesand fruit had children with 0.42 and 0.49 higher height z-scores. Those selling other
produce such as oil, beans, honey or sugarcane had children with lower height forage and

weightforage z-scores.

148



- 149 -

Table 5.7. Associations between household selling foods they grew and underfive year old’s and all children’s nutritional status in Minyenye

Height z-scores

Weight z-scores

BMI z-scores

MUAC

Regression coefficient (95% Cl)

Regression coefficient (95% Cl)

Regression coefficient (95% Cl)

Regression coefficient (95% Cl)

Under five year olds*

Unadjusted®

Sold staples 0.14 (-0.38, 0.66) -0.29 (-0.74, 0.17) -0.48 (-0.93, -0.04) -0.16 (-0.66, 0.34)
Sold Vegetables 0.42 (-0.25, 1.09) 0.28 (-0.32, 0.87) -0.05 (-0.63, 0.54) -0.64 (-1.27, -0.00)
Sold Fruit 0.08 (-0.65, 0.80) 0.19 (-0.44, 0.83) 0.16 (-0.47, 0.79) -0.27 (-0.96, 0.43)
Sold Other -0.19 (-0.64, 0.27) -0.25 (-0.65, 0.15) -0.15 (-0.54, 0.24) -0.05 (-0.48, 0.39)
Adjustedrr

Sold staples 0.03 (-0.54, 0.61) -0.40 (-0.91, 0.10) -0.53 (-1.01, -0.05) -0.18 (-0.74, 0.38)
Sold Vegetables 0.59 (-0.16, 1.34) 0.33 (-0.34, 1.00) -0.13 (-0.77, 0.52) -0.68 (-1.41, 0.04)
Sold Fruit -0.08 (-0.87, 0.71) 0.14 (-0.56, 0.84) 0.21 (-0.46, 0.88) -0.33 (-1.10, 0.45)
Sold Other -0.34 (-0.85, 0.16) -0.36 (-0.81, 0.09) -0.17 (-0.60, 0.25) -0.02 (-0.52, 0.47)
All children**

UnadjustedAn

Sold staples 0.08 (-0.19, 0.36) -0.09 (-0.36, 0.18) -0.16 (-0.44, 0.12) -0.11 (-0.67, 0.45)
Sold Vegetables 0.24 (-0.13, 0.60) 0.25 (-0.11, 0.61) 0.11 (-0.26, 0.48) -0.24 (-0.99, 0.51)
Sold Fruit 0.50 (0.11, 0.88) 0.44 (0.06, 0.81) 0.10 (-0.30, 0.50) 0.32 (-0.47, 1.10)
Sold Other -0.47 (-0.71, -0.23) -0.37 (-0.60, -0.13) -0.06 (-0.31, 0.20) -0.30 (-0.80, 0.19)
AdjustedAAn

Sold staples 0.08 (-0.21, 0.38) -0.09 (-0.37, 0.20) -0.12 (-0.43, 0.18) -0.21 (-0.80, 0.37)
Sold Vegetables 0.42 (0.01, 0.83) 0.27 (-0.13, 0.67) -0.00 (-0.43, 0.42) -0.43 (-1.24, 0.39)
Sold Fruit 0.49 (0.08, 0.90) 0.37 (-0.03, 0.77) 0.09 (-0.34, 0.53) -0.09 (-0.90, 0.71)
Sold Other -0.50 (-0.77, -0.23) -0.40 (-0.66, -0.14) -0.09 (-0.38, 0.19) -0.27 (-0.79, 0.26)

AUnadjusted model. N was 101 for height, 100 for weight, 102 for BMI z-scores and 103 for MUAC in children underfive.

MAdjusted model. M and MAM were adjusted for respondent’s and husband’s age, mobile phonein the household, respondent’s and husband's highest level of school, husband employed in farming or other and plus small
business, frequency of respondent and husband employment, respondentand husband earmns extraincome. N was 101 for height, 100 for weight, 102 for BMI z-scores and 103 for MUAC in children under five.
AMAUnadjusted model. N was 251 for height, 251 for weight, 255 for BMI z-scores and 252 for MUAC in all children.

Aanpdjusted model. N was 251 for height, 251 for weight, 255 for BMI z-scores and 252 for MUAC in children under five.

*The following variables had missing values: husband’'s age (17); husband’s highest level of education (7); whetherthe husband works in agriculture (6); whetherthe husband has anadditional small business (6); respondent
(1)and husband's frequency of employment (7) and whether the husband earns extraincome (6) outofa total of 106 individuals.

**The following variables had missing values: husband’s age (51); husband’s highest level of education (26); whether the husband works i n agriculture (18); whetherthe husband has anadditional small business (18);
respondent (3) andhusband’s frequency of employment (21) and whether the husband earns extraincome (18) out of a total of 296 individual
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5.4.3 Mbwei village, Lushoto district

5.4.3.1 Habitat, species present, farm characteristics and plant agrobiodiversity
Mbwei, the ‘high biodiversity’ village, is situated in the West Usambara mountains at
approximately 2300m above sealevel. Much of the surrounding areais forest but the area of
Mbweiand the areaimmediately surroundingthe village is open with scrubby vegetation. The
area was quite dry at the time of data collection. In Mbwei, in 51% of households,
characteristics that were likely to be associated with land degradation, such as presence of
specificspecies associated with poorsoil orfarmon a very steep slope were observed on at
least one of the household farms. The slope of atleast one of household farms was described
as steepor very steep in 40% of the householdsin Mbwei. Figure 5.10and 5.11 show typical

farmsin Mbweiand5.12 shows a typical vegetable garden.

Figure 5.10. A typical farm in Mbwei
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Figure 5.12 A typical vegetable gardenin Mbwei

Approximately 50% of households in Mbwei have between 5and 15 species peracre growing
on theirhousehold farms (Figure 5.13). Approximately 15% have between 15and 20 species
and approximately 25% of households have more than 20 species peracre. Over 30% of
households grow between0and 5 food species per acre and another 30% grow between 5and

10 species peracre. A similardistribution to what was seenin Minyenye. 64% of households
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grew lessthan 10 species peracre of farmland. On average householdsin Mbwei had 10 food
speciesand 17 speciesintotal peracre of farmland a similarnumber of food species to

Minyenye but more non food species.

35

25 A

15 - M All plants

H Food plants

Percentage of Households

0-5 5-10 10-1515-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55

No. species/total farm area (acres)

Figure 5.13. Number of species; all plants and food plants grown per acre of household farm
in Mbwei

A total of 45 species were found on the Mbwei household farms that were measured, 22 food
speciesand 23 nonfood species (Table 5.8), much less than was found in Minyenye. The most
common three food species present on Mbwei farms were Cassava (Manihot Aspera Crantz
Euphorbiaceae), Mpangwe (Bidens Pilosa Compositae), and Maize (Zea Maize Gramineae) at
25%, 13% and 8%. Finger milletand Sorghum were not encountered. Enneapogon Cenchroides
Gramineae (12%) and Albizia Gummifera (Gmel) C.A Smith Mimosoidea (4%) were the two

most common nonfood speciesfound on Mbwei household farms.
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Table 5.8. Abundance of species present on household farms in Mbwei split by whetherthey are food species or non food species

Species genus name Family name Common (local) Numberof Abundance
name individuals* (%) **

Food species***

Manihot aspera Crantz. Euphorbiaceae Cassava 146 24.9
Bidens pilosa Compositae (Mpangwe) 77 13.1
Zea maize Gramineae Maize (Mahindi) 49 8.3
Phaseolus vulgaris Fabaceae Beans 20 34
Saccharum officinarum L. Gramineae Sugarcane 19 3.2
Musa sapientum L Musaceae Banana 16 2.7
Amaranthus hybridus L. Amaranthaceae Spinach (Mchicha) 11 1.9
Cucurbitamoschata Cucurbitaceae Pumpkin 10 1.7
Ipomea batatas Convolvulaceae Sweet potato 7 1.2
Xanthosoma violaceum Schott Araceae Yam 6 1.0
Lycopersium esculentum Mill. Solanaceae Tomato 5 0.9
SolanumtuberosumL. Solanaceae Potato 5 0.9
Sonchus luxurians Compositae (Mchunga) 4 0.7
Telfairia pedata (sims)Hook. Cucurbitaceae 3 0.5
Cajanus Cajan Papilionaceae Pigeon pea(Kunde) 2 0.3
Combretum molle Combretaceae 2 0.3
Lablab purpureus (L) Sweet Papilionaceae 2 0.3
Vangueria madagascariensis Gmail. Rubiaceae 2 0.3
Aphloiatheiformis (Vahl) Benne Flacourtiaceae 1 0.2
Helianthus annuus Compositae Sunflower (Alizeti) 1 0.2
MangiferaindicaL. Anacardiaceae Mango 1 0.2
Persea Americana Mill. Lauraceae Avocado 1 0.2

Non food species
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Enneapogon cenchroides Gramineae 72 12.3
Albiziagummifera (Gmel) C.A Smith Mimosoidea 22 3.7
Aristidaadscensionis Gramineae 16 2.7
GrevillearobustaA. Proteaceae 16 2.7
Chlorisvirgata Gramineae 15 2.6
Acacia microphylla Mimosoidea 10 1.7
Croton megalocarpus Hutch. Euphorbiaceae 8 1.4
Catha edulis Celastraceae 6 1.0
Ricinus communis Euphobiaceae 5 0.9
Vernoniagalamensis Compositae 4 0.7
Dissotis sp Melastomataceae 3 0.5
Panicumsp Gramineae 3 0.5
Turraea robusta Glirke Meliaceae 3 0.5
Clerodendrum rotundifolium Verbenaceae 2 0.3
Eragrostis aspera Gramineae 2 0.3
Eucalyptus camaldulensis Myrtaceae 2 0.3
Markhamia lutea Bignoniaceae 2 0.3
Anise Pappus buchwald H.wild Compositae 1 0.2
Dombeyashupangae K.schum Sterculiaceae 1 0.2
Eucleadivinorum Hiern Ebenaceae 1 0.2
Oleachrysophyllalam Oleaceae 1 0.2
Psiadia punctulata (Dc) vatke Asteraceae 1 0.2
Tithonia diversifolia (hemsl)A.Gray Compositae 1 0.2

* Number of individualsis the number of times the specific species was encountered alongthe transects for all the farms in Minyenye

**Number of times this specific species was encountered as a percentage of the total number of encountered plants

***|dentified as plantspecies by the biodiversity research assistant, books (Pendaeli,2010, Dharani, 2002, Peters et al.,1992)) and reputable internet sites ((FAO, 2014a, JSTOR,
2014, World Agroforestry Centre, 2014).
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5.4.3.2 Plant agrobiodiversity and dietary diversity
Crop andvegetable diversity scores, but not plant agrobiodiversity indices were associated
with dietary diversity in Mbwei. Asin Minyenye, no significant associations were seen between
eitherall plantorfood plant agrobiodiversity indices and any of the dietary diversity orfood
variety measuresin Mbwei (Table 5.9). No significant associations were seen between

vegetable garden agrobiodiversity indices and dietary diversity orfood variety in Mbwei.

The higherthe crop diversity score the higherthe children’s and respondent’s dietary diversity
and food variety scores were in the unadjusted model. When the model was adjusted for
husband’s type of employment; husband’s frequency of employment; number of farms;
average farmsize, these associations were only significantfor the respondent’s dietary
diversity and food variety scores. Similarresults were seen for the vegetable diversity score;
the more vegetables grown the higherthe dietary diversity and food variety of both children
underfive and the respondents wereinthe unadjusted model. In the adjusted modelthe
higherthe vegetablediversity score the higherthe underfive yearold’s dietary diversity score
and the respondent’s dietary diversity and food variety scores. These results are similar to

those foundin Minyenye.

As in Minyenye, none of the farm characteristics listed in Table 5.2 were significantly

associated with dietary diversity orfood variety.
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Table 5.9. Associations between plant agrobiodiversity and crop and vegetable diversity scores and dietary diversity/food variety and children under five and

respondents in Mbwei

Dietary diversity score

Food variety score

Child <5 years

Respondent

Child<5 years

Respondent

Unadjusted model”®

All plants agrobiodiversity
Food plants agrobiodiversity
Crop diversity score
Vegetablediversity score

0.23 (-0.59, 1.05)
0.44 (-0.33, 1.21)
0.09 (0.01, 0.17)
0.14 (0.02, 0.27)

0.43 (-0.29, 1.14)
0.38 (-0.30, 1.06)
0.11 (0.04, 0.18)
0.16 (0.06, 0.27)

-0.49 (-2.20, 1.23)
0.60 (-1.01, 2.22)
0.20 (0.04, 0.36)
0.31 (0.05, 0.57)

-0.15 (-1.63, 1.34)
0.29 (-1.11, 1.70)
0.26 (0.13, 0.39)
0.35 (0.14, 0.57)

Adjusted modelM

All plants agrobiodiversity
Food plants agrobiodiversity
Crop diversity score
Vegetablediversity score

0.14 (-0.73, 1.00)
0.41 (-0.40, 1.22)
0.09 (-0.00, 0.17)
0.14 (0.00, 0.28)

0.45 (-0.32, 1.21)
0.41 (-0.31, 1.14)
0.13 (0.05, 0.20)
0.19 (0.07, 0.30)

-0.66 (-2.40, 1.09)
0.34 (-0.31, 2.00)
0.18 (-0.00, 0.35)
0.28 (-0.00, 0.57)

-0.11 (-1.63, 1.41)
0.16 (-1.28, 1.61)
0.28 (0.13, 0.42)
0.38 (0.15, 0.61)

AUnadjusted model. N was 52 for children under five and 55 for respondents.
MAdjusted for husband’s type of employment; husband’s frequency of employment; number of farms;average farm size. N was 51 for children under fiveand 54 for respondents.
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5.4.3.3 Plant agrobiodiversity and nutritional status
Higher plant agrobiodiversity was linked with poorer nutritional status in Mbwei. Higher food
plantagrobiodiversity indices were associated with lower BMI z-score in under five yearolds
and all children (Table 5.10). Foreach unitincrease in agrobiodiversity indices, BMI z-scores
decreased by 0.37 and 0.46 unitsrespectively. Thisisin contrast to the higher height seen with
increased agrobiodiversity in Minyenye. No othersignificant associations were seen between
agrobiodiversity indices or crop/vegetable diversity scores and nutritional status variablesin

Mbwei.

For vegetable gardensin Mbwei the higherall plant diversity indices were the lower children’s
height z-scoresinall children (Regression coefficient (95% confidence intervals): -0.86 z-scores
(-1.57, -0.15)) and children underfive (-0.95(-1.85, -0.04). Higherfood plant diversity was
associated with lower heightinall children only(-0.83(-1.52, -0.14)). The more diverse the
vegetable gardens, the lowerthe children’s height z-scores. No significant associations with

the othernutritional status variables were found.

The larger the average size of the farms the lower height z-scores were in all children (-0.78 (-
1.54, -0.02)). For each acre increase in average farm size height z-scores decreased by 0.78
units. Childrenin household reporting that they grew crops that they could not eat or sell had
significantly lower BMI z-scores compared to childrenin other households (-0.51(-0.87, -
0.15)). Reasons given for notbeing able to harvestall crops mainlyincluded ‘not enough rain’
‘too much sun’and ‘land not beingfertile’. BMI z-scores were found to be significantly related
to reasons givenforcrops not being eaten of sold. Childrenin households reporting the reason
for crops not being eaten orsold was that the land was not fertile had significantly lower BMI
z-scores than those citing otherreasons (-0.65 (-1.20, -0.10)). Under five yearoldsin
households citing not enough rain as the reason for this had significantly higher BMI z-scores

(0.69 (0.23, 1.15)).
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Table 5.10. Association between plant agrobiodiversity and crop and vegetable diversity scores and nutritional status in children under five and all childrenin

Mbwei

Height
z-scores

Weight
z-scores

BMI
Z-scores

MUAC

Regression coefficient

(95% Cl)

Regression coefficient

(95% Cl)

Regression coefficient

(95% Cl)

Regression coefficient

(95% Cl)

Children <5 years”

All plants agrobiodiversity
Food plants agrobiodiversity
Crop diversity score
Vegetablediversity score

0.40 (-0.12, 0.91)
0.33 (-0.15, 0.80)
-0.04 (-0.09, 0.13)
-0.05 (-0.13, 0.03)

0.08 (-0.36, 0.51)
0.06 (-0.36, 0.47)
-0.02 (-0.07, 0.02)
-0.03 (-0.10, 0.05)

-0.27 (-0.63, 0.09)
-0.37 (-0.71, -0.04)
0.01 (-0.03, 0.05)
0.02 (-0.04, 0.08)

0.07 (-0.42, 0.56)
-0.02 (-0.48, 0.44)
-0.02 (-0.07, 0.03)
-0.03 (-0.11, 0.06)

All Children™M

All plants agrobiodiversity
Food plants agrobiodiversity
Crop diversity score
Vegetablediversity score

0.09 (-0.28, 0.46)
0.20 (-0.16, 0.55)
-0.02 (-0.05, 0.02)
-0.01 (-0.06, 0.05)

-0.08 (-0.43, 0.26)
-0.09 (-0.43, 0.25)
-0.01 (-0.05, 0.02)
-0.00 (-0.05, 0.05)

-0.28 (-0.58, 0.02)
-0.46 (-0.75, -0.18)
0.00 (-0.03, 0.03)
0.00 (-0.04, 0.05)

0.27 (-0.30, 0.85)
0.25 (-0.29, 0.79)
0.05 (-0.01, 0.10)
-0.09 (-0.00, 0.18)

Unadjusted model onlyis presented as no potential confounders were identified.

AUnadjusted model. N was 92 for height, 95 for weight, 94 for BMI z-scores and 96 for MUAC in children under five.

AUnadjusted model. N was 154 for height, 158 for weight, 160 for BMI z-scores and 169 for MUAC in all children.
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5.4.3.4 Selling produce and dietary diversity
As in Minyenye, selling produce was associated with better dietary diversity in Mbwei.
Households selling vegetables had respondents and under fiveyearolds with higher food

variety scoresin both the unadjusted and adjusted models (Table 5.11).

159



Table 5.11. Associations between households selling foods they grew and the respondent’s and children’s dietary diversity and food variety scores in Mbwei

- 160 -

Dietary diversity score

Food variety score

Child <5 years*

Respondent**

Child<5 years*

Respondent**

Unadjusted models”

Sold staples
Sold Vegetables
Sold Fruit

Sold Other

0.25 (-0.54, 1.04)
0.98 (0.23, 1.73)
0.61 (-0.35, 1.58)
-0.03 (-1.29, 1.23)

0.19 (-0.52, 0.90)
0.82 (0.15, 1.49)
0.82 (-0.02, 1.66)
0.89 (-0.16, 1.94)

1.50 (-0.11, 3.12)
2.51 (0.98, 4.04)
2.09 (0.10, 4.08)
0.30 (-2.36, 2.95)

1.75 (0.38, 3.12)
2.38 (1.09, 3.67)
2.76 (1.16, 4.37)
2.59 (0.51, 4.67)

Adjusted modelsM

Sold staples
Sold Vegetables
Sold Fruit

Sold Other

0.15 (-0.77, 1.06)
0.94 (-0.05, 1.93)
0.35 (-0.92, 1.62)
-0.01 (-1.64, 1.63)

-0.09 (-0.93, 0.74)

0.88 (-0.01, 1.74)
0.49 (-0.67, 1.64)
0.54 (-0.86, 1.94)

1.32 (-0.51, 3.15)
2.43 (0.42, 4.44)
1.14 (-1.48, 3.76)

-0.49 (-3.84, 2.87)

1.11 (-0.43, 2.66)
2.61 (1.08, 2.66)
1.71 (-0.41, 3.82)
1.51 (-1.08, 4.12)

AUnadjusted model; N was 55 for children under fiveand 58 for respondents.

An Adjusted for respondent’s and husband’s age, whether the household has a mobile phone; respondent and husband’s highestlevel of schooling; respondent’s and husband’s
type of employment (farming/other); husband has extra small business; respondent’s and husband’s frequency of employment; Respondent or husband earns extra income;

number of farms; number of vegetable gardens; average farm size. N for children under five was 55 and N for respondents was 58.

*The followingvariables had missing values:respondent’s age (23); husband’s age (40); husband’s highestlevel of education (2); whether the husband works inagriculture(2);
whether the husband has anadditionalsmallbusiness(2); husband’s frequency of employment (2); whether the husband earns extra income (2) and average farmsize(5) out of a
total of 104 individuals.

**The followingvariables had missingvalues: respondent’s age (11); husband’s age (20); husband’s highestlevel of education (1); whether the husband works in agriculture(1);
whether the husband has anadditional smallbusiness(1);respondent (0) and husband’s frequency of employment (1); whether the husband earns extraincome (1) and average

farmsize (3) out of a total of 58 individuals.
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5.4.3.5 Selling produce and nutritional status
As in Minyenye, the majority of associations between whether households sold produce and

nutritional status were non-significant (Table 5.12). In adjusted models, households selling

fruithowever, had children with 1.13cm higher MUAC.
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Table 5.12. Associations between households selling foods they grew and under five year old’s and all children’s nutritional status in Mbwei

Height z-scores Weight z-scores BMI z-scores MUAC
Regression coefficient (95% Regression coefficient (95%  Regression coefficient (95% Regression coefficient (95%
cl) ql) a) cl)
Under five year olds*
Unadjusted®
Sold staples -0.07 (-0.59, 0.45) 0.06 (-0.39, 0.51) 0.24 (-0.13, 0.62) 0.01 (-0.50, 0.52)
Sold Vegetables -0.61 (-1.11, -0.11) -0.42 (-0.86, 0.02) -0.02 (-0.39, 0.35) -0.34 (-0.84, 0.16)
Sold Fruit -0.12 (-0.74, 0.50) 0.06 (-0.48, 0.60) 0.26 (-0.19, 0.70) 0.01 (-0.60, 0.62)
Sold Other -0.35 (-1.15, 0.46) -0.27 (-0.95, 0.42) 0.03 (-0.56, 0.62) -0.77 (-1.53, -0.00)
Adjustedrn
Sold staples -0.08 (-0.68, 0.52) 0.05 (-0.46, 0.55) 0.24 (-0.17, 0.64) 0.11 (-0.45, 0.67)
Sold Vegetables -0.60 (-1.22, 0.02) -0.17 (-0.70, 0.36) 0.24 (-0.18, 0.65) -0.07 (-0.64, 0.51)
Sold Fruit -0.10 (-0.87, 0.67) 0.24 (-0.40, 0.88) 0.40 (-0.11, 0.92) 0.43 (-0.26, 1.13)
Sold Other -0.04 (-1.13, 1.04) 0.02 (-0.89, 0.93) 0.10 (-0.59, 0.79) -0.30 (-1.23, 0.64)
All children**
UnadjustedArA
Sold staples 0.01 (-0.36, 0.38) 0.03 (-0.32, 0.38) 0.10 (-0.21, 0.40) 0.30 (-0.27, 0.88)
Sold Vegetables -0.25 (-0.62, 0.12) -0.23 (-0.58, 0.11) -0.04 (-0.34, 0.26) 0.25 (-0.32, 0.82)
Sold Fruit -0.07 (-0.49, 0.35) -0.03 (-0.43, 0.36) -0.00 (-0.35, 0.34) 0.83 (0.18, 1.49)
Sold Other -0.03 (-0.54, 0.48) -0.15 (-0.62, 0.32) -0.21 (-0.62, 0.21) 0.32 (-0.51, 1.14)
AdjustedrAnn
Sold staples 0.03 (-0.42, 0.47) 0.04 (-0.36, 0.45) 0.12 (-0.21, 0.44) 0.49 (-0.16, 1.14)
Sold Vegetables -0.23 (-0.66, 0.19) -0.09 (-0.49, 0.30) 0.11 (-0.21, 0.43) 0.27 (-0.37, 0.91)
Sold Fruit -0.13 (-0.68, 0.41) 0.01 (-0.49, 0.51) 0.06 (-0.36, 0.47) 1.13 (0.34, 1.92)
Sold Other -0.04 (-0.71, 0.62) -0.20 (-0.80, 0.40) -0.25 (-0.76, 0.27) 0.28 (-0.75, 1.30)

AUnadjusted model. N was 97 for height, 100 for weight, 99 for BMI z-scores and 101 for MUAC in children under five.

MAdjusted model. M and AMAMwere adjusted for mobile phonein the household, respondent’s and husband's highestlevel of school, husband employed infarming or other and plus small business, frequency of respondent
and husband employment, respondent and husband earns extraincome. N was 97 for height, 100 for weight, 99 for BMI z-scores and 101 for MUAC in children under five

AMAUnadjusted model. N was 163 for height, 167 for weight, 169 for BMI z-scores and 1680 for MUAC inall children.

Aanpdjusted model. N was 163 for height, 167 for weight, 169 for BMI z-scores and 180 for MUAC in children under five

*The following variables had missing values (number of missing values in brackets after each variable): respondent’'s age (23); husband’s age (40); husband’s highest level of education (2); whether the husband works in
agriculture (2); whetherthe husband has anadditional small business (2); husband’s frequency of employment (2) and whetherthe husband eams extraincome (2) out of a total of 104 individuals.

**The following variables had missing values: respondent’s age (59); husband’s age (77); husband’s highest level of education (3); whetherthe husband works in agriculture (3); whetherthe husband has anadditional small
business (3); husband’s frequency of employment (3) and whetherthe husband eams extraincome (3) out of a total of 236 individuals.
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5.5 Discussion

5.5.1 Plant agrobiodiversity and dietary diversity/food variety

No significant associations were seen between the plant agrobiodiversity measures and dietary
diversityand food variety scores in eithervillage. There are a number of factors that could
contribute tothe lack of association seen. Firstly, seasonal variation; the agrobiodiversity was
only measured at one time point. The availability of foods that have already been harvested
may be related to dietary diversity when agrobiodiversity is not. This will be discussed in the
section on annual plantdiversity. Secondly the agrobiodiversity measure does not account for
crop failure. Intentional crops may be planted but have been unable to be harvested and
therefore unableto contribute to the households diets. Crop failure was common in Mbwei;
76% of households said thatthey had crops thatthey were unable to eithereator sell, but not
in Minyenye. Thirdly, planted crops may also not be eaten by household members as they are
sold. In Minyenye, 13% of households sold some of the vege tables they grew, 11% sold fruit
and 42% sold other produce like oil orsugar cane. In Mbwei 45% of households sold
vegetables, 21% sold fruitand 12% sold other produce. And finally, the agrobiodiversityinthe
household farms may not have impacted on the diversity of the diets of the respondentand
heroldest child underthe age of five due to the distribution of food within the household

(Engle and Nieves, 1993, Gittelsohn et al., 1997).

More generally, there are many factors which could be influencing diets in these communities.
Forinstance food intake is determined partly by cultural norms (Gittelsohnetal., 1997) and, to
alesserextentinlowincome countries, individual food preferences. Socioeconomicstatus and
the money available to buy food supplementary to grown food will also affect the foods eaten
(Shack et al.,1990). Knowledgeabout what are healthy and age appropriate foods forunder
five yearolds mayimpact on food choice and dietary diversity (Caulfield etal., 1999). In the
context of these factors, growinga more diverse set of crops at a household level may not

improve the diversity of foods eatenin the household.

5.5.2 Plant agrobiodiversity and nutritional status

Associations between plant agrobiodiversity and crop diversity scores and nutritional status
are mixedin Minyenye but negative in Mbwei. In Minyenye, biodiversity indices were
positively associated with heightin childreni.e. households with farms with higher plant

agrobiodiversity had children who were less chronically malnourished. As the plant
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agrobiodiversity indices were not associated with the diet variables measuredin this study it
may be that higher biodiversity is associated with nutritional status through another pathway
or it may be that dietary diversity measured at one time pointis nota good enough measure

of dietto capture these associations; A possibility that was raised in chapter 4.

In Mbwei, higher plant agrobiodiversity was associated with poorer heightand BMlin children.
Additionally, diversityin vegetables gardensin Mbwei was negatively related to children’s
height z-scores. These results do not support the main pathway from agrobiodiversity to
individual dietary diversity to child nutritional status illustrated in the conceptual framework
(figure 3.2 a) and b). Based on discussionsin the literature, finding negative relationships
between biodiversity and nutritional status in this study was surprising. On the contrary, there
has been much discussion about biodiversityand its potential benefitsondietand healthin
the literature (Wahlgvist and Specht, 1998, Chivian, 2002, Frison et al., 2004, Frisonetal.,
2006, Gotor, 2010).

However, despite thesediscussion papers there have been few studies actually investigating
these relationships. There have been anumber of interventions designed toimprove dietary
diversity and nutritional status through agriculture. Areview by Berti et al. identified 30such
projects (Berti, 2004) and Masset etal identified 23 (Massetetal., 2012). Few of these focused
explicitly ontechniquestoincrease the diversity of crops grown but many focused on additions
of orimprovementsinvegetablegardens. In the first review anthropometry outcomes
improved inthree out of the four vegetable gardeninterventions collecting these outcomes
(Berti, 2004). In the review by Masset et al (Masset et al., 2012) eightinterventions presented
prevalence of stunting, wasting and underweight postintervention and only three of these

found improvementsinthese markers of nutritional status.

There have been a few studies, while not actually measuring agrobiodiversity, which suggest
that improved agrobiodiversity would be associated with improved dietary intake. Mixed
croppingfieldsand home gardens were identified as major sources of essential minerals and
vitaminsin communities studied in Java. The production of these nutrients weregreaterin
farms and gardens with greater diversity of crops (Marten and Abdoellah, 1988). The study
linked crops grown to supplied nutrients but did not go so far as to assess actual consumption
and resulting health. A novel ecological tool, nutritional functional diversity, was developed by
Remans etal. to reflect the nutrients available from all edible species available on household
farms (Remansetal., 2011a). The study found that this metricwas related to dietary diversity
and ironand vitamin Alevelsinthe blood inthree villages in sub-Saharan Africa at the village

but not householdlevel.
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In terms of research explicitly investigating agrobiodiversity, Akrofi etal (2010) had similar
findingsto the current study. They found no significant correlation between the Shannon
indicesinthe home gardens and the household dietary diversity scores. Dewey (1981) had
mixed findings were households with more than five crops in the family farm had greater
dietary diversityin the Socios but there was no difference seeninthe othervillage studied.
Interestingly, there was no association between agrobiodiversity and nutritional statusinthe
Socios butin the nearby village crop diversity was significantly correlated with height forage.
Unfortunately the details of how agrobiodiversity was measured were not presente d; this may
have been a systematic measure of the diversity of crops growing on the household farms, as
inthis study, or it could be a count of crops grown by the household reported by a household
member. Shack etal (1990) found the number of food crops grown inthe households
vegetable garden, as observed by aresearcher, to be significantly associated with mother BMI
but not children’s nutritional status. Despite the logical pathway from agrobiodiversity through
dietary diversityto nutritional status, strong evidence for this pathway occurringinrural areas

of lowincome countriesis stilllacking.

5.5.3 Crop and vegetable diversity scores, dietary diversity and nutritional
status

Crop diversity scores were associated with measures of dietary diversity. Plant agrobiodiversity
was not positively associated with dietary diversity but the crop and vegetable diversity scores
were related to dietary diversity and food variety in both villages. Annual plant diversity was
negativelyassociated with MUACin under five year olds in Minyenye but no associations with

nutritional status were found in Mbwei.

Studies attemptingto link agrobiodiversity to dietary diversity usually use asimple count,
captured at one time point, of the number of crops the householdis growing or has grown
overthe course of the year (Ekesaetal., 2008, Shack et al., 1990, Walingo and Ekesa, 2013,
Bhagowaliaetal., 2012). Both Ekesa etal. (2008) and Walingo and Ekesa (2013) found
agrobiodiversity, defined as the variety of animals keptand plants grown forfood overan
unspecified time period, to be positively correlated to dietary diversity in a cross-sectional
surveyinKenya (Ekesaetal., 2008). Unfortunately neither of these studies reported statistical
significance associated with these correlations. Bhagowaliaetal (2012) found the number of
crops grown by a household to be significantly associated with household dietary diversity

overthe previous 30 days.

When agrobiodiversity is defined by the number of crops grown by the household overthe

previousyearitisoftenfoundto be significantly associated with dietary diversity, as was
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foundin this study. As this method captures the number of crops grown overthe entire yearas
opposed tothose grown only at data collection, perhaps thisis amore appropriate method for
measuring agrobiodiversity. There are both benefits and disadvantages to this approach. Itis
quickerand easierto capture butit relieson memory and honesty ratherthan observation of

the crops grown.

5.5.4 Vegetable gardens, dietary diversity and nutritional status

Having a vegetable gardenis not associated with improved dietary diversity or nutritional
status. In this study farm diversity indices did notinclude diversity from vegetable gardens.
These were more commonin Mbweisoit can be expected that vegetable gardens contribute
to the diversity of foods available to households in about a third of the householdsin Mbwei
and a fifth of Minyenye households. Households with vegetable gardens had higher crop
diversity scores thanthose households without vegetable gardens but there were no
significant differencesin any of the dietary diversity or nutritional status variables between

households with vegetable gardens and those without.

No significant associations were seen between the biodiversity indices measured in the
vegetable gardens of Mbwei and dietary diversity orfood variety butit should be noted that
the sample size forthese analyses werelikely to be too small to detect any associations that
may exist. Diversity in vegetables gardensin Mbwei was, however, negatively related to
children’s height z-scores. The more diverse the vegetable gardens were, the lower the
heights. Thisis comparable to the overall results showing no or negative associations between
agrobiodiversity of household farms and nutritional status. The reasons for this will be

exploredinthe section comparing Minyenye and Mbwei.

Research using vegetable gardenstoimprove agricultural diversity with the intention of
improving diet and nutritional status have shown mixed results. Some have had positive
results; Cabaldaetal. showed that havinga fruitor vegetable garden was positively associated
with dietary diversity in children underfivein the Philippines although not with household
food security (Cabaldaetal., 2011). In Bangladesh, childrenin households with more
developed vegetable gardens which were producing vegetables year round consumed more
vitamin Arich vegetables than those with the traditional, limited vegetable gardens (Talukder
et al., 2000). English etal.found a decrease in diarrhoeal and respiratory infectionsin Vietnam
ina controlled multi-intervention nutrition trial whichimprovement of vegetable gardens was

one of the components of the intervention (English etal., 1997).
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Howeverothers have failed to find an association between number of crops grownin
vegetable gardens and nutritional status (Shack et al., 1990) or have shown no improvementin
nutritional intake (Brun etal., 1989) or biochemical markers of nutritional status (Kidalaetal.,
2000) onthe establishment of household vegetable gardensin Senegal and Tanzania

respectively.

5.5.5 Comparison of Minyenye and Mbwei

It may be possible to get some insights into the results of this study by examining some of the
differences between the twovillages. The land coverinthe area surrounding the DHS
Enumeration Area (EA) centre point as defined by the Globcover 2009 project (Bontemps et
al., 2011) wasusedto select Minyenye as alow biodiversity village and Mbwei as a high

biodiversity village.

The agrobiodiversity measurements of the household farms revealed avery different picture
to whatwould be expected from the surrounding land cover. Minyenye showed slightly
greater diversity than Mbwei for overall plant agrobiodiversity (2.5vs. 2.3). When the
agrobiodiversity indexwas broken down into just plants that can be used forfood this

difference was even more pronounced (1.1vs. 0.6).

To try and understand the discrepancy between the surrounding land coverand the
agrobiodiversity of the household farms, the habitat observed in the villages and the
characteristics of the farmsin the two villages were examined. On average householdsin
Mbwei had more farmsthan householdsin Minyenye but Minyenye households tended to
have largerfarms thanthose in Mbwei. Minyenye is likely to have more land availablefor

growingfood on.

The soil quality of the farmsis likely to also play a part in this difference in diversity.
Approximately 50% of households had markers of land degradation on one or more of their
farmsin Mbwei comparedtoonly 16% in Minyenye. Thisis reflected in the fact that
respondentsin Mbwei were much more likely to report not being able to eat or sell crops that

they grew, mainly due to the rain, sun and fertility of the land.

Itislikelythat the poorer quality of the land in Mbwei is partly due to the topography of the
area. Mbwei is situated in the West Usambara mountains and the seven sub villages that make
up Mbwei were situated on hill-tops orin valleys with 40% of their farms on steep slopes. It
was noted in Mbwei that the farmers mentioned that rains had carried off fertile soil from

theirlands ontwo occasions. Thisissue has beenidentified in the literature asanimportant
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agricultural problemin the Usambara mountains (Ezaza, 1988, Stahl, 1993). Steep topography

islinked to poorsoil fertility which causes decreased food production (Ezaza, 1988).

Farmersin Mbwei raised lessanimals than those in Minyenye, which means they would have
less natural fertiliseravailableto improve the quality of the soil on theirfarms, especially
considering the greaterdistance between the farmsin Mbwei. The poorer quality of the land
may help to explainthe lower biodiversity seen on Mbwei’s household farms. As low
biodiversity has also beenlinked with poor soil fertility (Tilman etal., 1996) these factors
combined may be havinga negative impact of food production in Mbwei. The higher quality of
the farms in Minyenye could also help explain the positive association seen between
agrobiodiversity and heightin Minyenye when no or negative associations were seenin
Mbwei. Barriers such as crop failure could be preventing the crops grown from being
consumed by the household. This may be asignificant findingas such a high proportion of
householdsin Mbwei (76%) reported growing food that they could neither eat or sell and
these households had children with lower BMI z-scores. Additionally, respondents in Mbwei

attributing poor harveststothe fertility of theirland had children with lower BMis.

Minyenye had a far greater number of species encountered on their household farms (88
species) compared to Mbwei (45species). The variety of food species was also fargreater, 59
comparedto 22 in Mbwei. Anotherimportantdifference between the twovillagesisthe
growth of staple crops. Sorghum, maize and finger millet made up 6%, 4% and 1% of all the
plants found on household farmsin Minyenye. In Mbwei, cassava made up 25%, maize made
up 8% and finger milletand sorghum were not encountered. Minyenye’s greater number of
and variety of staples grown could have abeneficial effect on theirfood security and could
contribute tothe better nutritional status seeninthisvillage. Additionally, the nutrient
content of the staple crops grown in Minyenye are higherthan the main crop grown in Mbwei,

cassava (Gegiosetal., 2010).

Interestingly, when one considers the crop diversity scores and the proportion of households
growing specificcropsitappearsthat Mbwei does, in fact, grow a greatervariety of food
compared to Minyenye. This was particularly pronounced when looking at the vegetables
grown by the two villagesin Figure 5.4. The plantand vegetable diversity scoresinclude foods
grown on vegetable gardens, these numbers may have been higherin Mbwei partly because
vegetable gardens were more common in Mbwei. This result may alsoreflecta highernumber
of crops grown throughout the year whichis not reflected by the agrobiodiversity indices as

these were taken atone time point.

The negative association between agrobiodiversity and nutritional status in Mbwei in both the

farms and in the vegetable gardens may be partly explained by energy expenditure through
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work and time taken from care of the children. Kumar and Hotchkiss (1988) found that the
more time children spentinagricultural work such as grazing animals and working on farms

the poorerthe nutritional status of their preschoolage siblings.

Mbwei has children with poorer nutritional status, more farms far from the house, highercrop
failure and a negative association seen between agrobiodiversity and nutritional status.
Perhaps, inthe context of increased workload and increased time away from caring forthe
children, for presumablylessfood, arelationship does not exist between agrobiodiversity and
nutritional status. Whereas in Minyenye, farms are nearerthe house and crop failure is less
common suggesting a better workload to food production ratio compared to Mbwei. In this

context, the higheragrobiodiversitytranslatesinto better nutritional status.

It isalso possible that families thatare more at risk are more likely to grow more different
types of crop to minimise the risk totheirfamiliesif a crop fails (Altieri, 2009). As thiswas a

cross sectional study there isnoway to tell the direction of the observed effect.

It may be that there are too many other factors contributingto undernutritionin these villages
for a difference in agrobiodiversity measured at one time point, to be more strongly associated
with nutritional status. From agricultural factors such as the quantity of food grown and the
annual variationin the diversity and amount of food grown to dietand health factors as
outlinedin chapter4 such as infection (Chenetal., 1980, Alvarado et al., 2005),
complementary feeding (Onyango et al., 1998, Obatolu, 2003) and maternal education
(Kabubo-Mariaraetal., 2009, Abuyaet al., 2012). The pathway from the diversity of crops
grownin the household farms through dietary diversity to nutritional status, showninthe
conceptual framework (figure 3.2a) and b)), may be too long with too many confounding

factors to be seenina cross-sectional sample.

5.5.6 Selling produce, dietary diversity and nutritional status

Whetherhouseholds sold vegetables, fruit or other produce was positively associated with
dietary diversityand food variety. There are two likely reasons for this. Firstly, the sale of
produce generated anincreasedincome which had a positive effect onthe households diets
or, secondly, being able to sell crops indicates that there was enough, of that particular crop,

to feed the household members.

Previousresearch has shown thatan increased income is positively associated with nutritional
status (Shack et al., 1990, Yang etal., 2012). This study found mixed relationships between

selling produce and nutritional status; selling fruitand vegetables appears to have a positive
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effect while selling other produce such as oil, beans, honey or sugarcane was negatively
associated with nutritional status. This difference can be explained through the division of
labourdown genderlines. Subsistence foods such as vegetables and fruit are thought of as
‘women’s crops’ while cash crops fall into men’s domain (Due and Gladwin, 1991, Berinyuy
and Fontem, 2011). These results suggest that the money raised by selling fruit and vegetables
isusedto buy food while the income from cash cropsis not. Fruitthat was most commonly
sold was avocado, bananaand guava. These fruits are easy to grow and pick, not requiring
much additional time and effortand providing not only agood source of nutrients forthe
household members but additional money forthe household. Consuming and selling fruit has
beenidentified as a copingstrategy in times of food shortage in Kenya (Thorlakson etal.,

2012).

5.5.7 Limitations and strengths

The true association between agrobiodiversityand dietary diversity may have been masked by
some of the study’s methodological limitations. There are anumber of potential issuesin the
way the agrobiodiversity measures were collected in this project. Firstly the biodiversity data
were collected by two different research assistants forthe two different villages. Although
both research assistants followed the same data collection protocolthere may still be
differencesin the way this datawere collected leading to differencesin the resulting

biodiversity measurements.

The timing of the data collection would also have impacted on the agrobiodiversity results.
Data collection took place inJune in Minyenye and July in Mbwei. Mbwei falls in the bimodal
part of Tanzania (KabandaandJury, 1999) and it was expectedthatit would have two harvests
and that data collection would take place beforethe main harvest. This was unfortunately not
the case in many households and a high proportion of participants reported only one harvest.
The Village Executive Officerindicated that Mbwei was in a micro-climate within Lushoto and
did not experience the same weather patterns as the surrounding area. The weathertended to
be hotterand drierthan whatwas typical in Lushoto. The result of this was that Mbwei did not
representthe high diversity areaas planned and the agrobiodiversity measures were taken

post harvest for a number of households, reducing the diversity indices for this village.

Due to the greatertotal numberof farms and greater number of farms far from the household
a smaller proportion of total farms were measured in Mbwei compared toin Minyenye. So,
while in Minyenyethe biodiversity of almost all of the farms used by the household were
measured, in Mbwei only aselection of farms were measured and those farfrom the
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household were under-represented. This may introduce errorinto the biodiversity
measurements, but the reported size and types of crops grown on the measured farms did not
differ markedly from the farms where no datawere collected. This should minimise the bias

introduced by this limitation.

Despite these limitations this project has brought together detailed dataon plant
agrobiodiversity, dietary diversity and nutritional status, something whichis rare within one
project. Plant agrobiodiversity is measured systematically and biodiversityindices have been
calculated. Thisis the first study to compare biodiversity indices on households farms to
nutrition outcomes. This study has also collected detailed supplementary data which provides
importantinsightsinto the context of this work. The results have highlighted some of the
complexities of relating factors with multiple determinants to each other and has produced

some interestinginsightsinto how agricultural, dietary and health factors are related.

5.6 Conclusions

This projectaimed to investigate the relationship between agrobiodiversity, dietary diversity
and nutritional statusinvillagesin rural Tanzania. Chapter4illustrated alack of association
between dietary diversity and nutritional status in these villages. This chapter has found no
significant associations between agrobiodiversityand dietary diversity and alimited number of
associations between agrobiodiversity and nutritional status variables. Due tothe push for

improving agrobiodiversity toimprove dietary diversity and health, thisisanimportant finding.

A simple count of the foods that a household grows was significantly associated with dietary
diversity and food variety while a more systematic measure of biodiversity in the household
farms was not. This hasimplications for nutrition focused research both in terms of
measurement of agrobiodiversity indices and in terms of targets for dietary improvement. If
researchersordevelopmentorganisations are interested inimproving dietsin asubsistence
farming setting asking the household members what they grow over the course of a calendar
yearmay give a betterrepresentation of food availabilitycompared to employing time
consuming cross-sectional agrobiodiversity measures. Project targets could focus onaddinga
certain number of crops to the households annual planting cycles, simplifying monitoring and

evaluation procedures.
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The results of this study also provide a word of caution for those attempting toincrease
agrobiodiversity on the assumption that this will lead toimprovementsin dietand nutritional
status. In a number of cases in this study measures of biodiversityand numbers of crops grown
were negatively associated with nutritional status. Households with greater diversity in their
household farms and vegetable gardens as well as households which sold staples, vegetables
or otherfood had children with poorer nutritional status. The results from this study illustrates
some of the complexities of the relationships between factors along the pathway from food

production through consumption to nutrient utilizationin low income countries.
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Chapter 6:
Investigating the associations between animal diversity and
both dietary diversity and nutritional status in Minyenye and

Mbwei, rural Tanzania

6.1 Chapter summary

Thisis the lastresults chapterforthe primary data collection. The previous chapterfocused on
the relationships between plant agrobiodiversity and both dietary diversity and nutritional
status. This chapter will build on this work by investigating the relationships between these
health outcomes and animal diversity. The previous chapterreported plant agrobiodiversity as
measured inthe household farms and as the number of crops grown overthe previous
calendaryear. This chapterreports animal agrobiodiversity usingthe number of animals raised
overthe previousyear. Thiswill be referred to as the animal diversity score to maintain
consistency with the terminologyused chapter5. This chapter also reports how eating meat
and animal products and sellinganimals and animal products are associated with dietary

diversity and nutritional status.

This chapter helps meet objective 3(Measure household crop and animal diversity, dietary
diversity of respondents and children underfive and nutritional status of childrenlivingin
these villages, determine whether household produceis sold and investigate how these factors
are related) and objective 4 (Investigate basicsocio-demographicfactors affecting dietary
intake of children under five and nutrition outcomesin childrenin thesevillages) of this thesis.

The objectives of this chapterare:

Objective 6A: To assess animal diversity and present descriptive dataon animal

product consumption and animal rearing practicesinthe two villages.

Objective 6B: To examine whether eating animals and animal products and animal
diversity are associated with dietary diversity inrespondents and under

five yearoldsand nutritional statusin children.

Objective 6C: To examine whethersellinganimals and animal productsis associated
with dietary diversity inrespondents and underfiveyearolds and
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nutritional statusin children.

The results presented inthis chapter have shown that households eating more animal
products have members with higher dietary diversity in Minyenye and Mbwei. Higher animal
diversity scores are associated with higher dietary diversity in Minyenye only. Households
eating more animal products and households with higheranimal diversity scores have poorer
nutritional statusin Minyenye only. Sellinganimals and animal productsis not associated with
dietary diversityin eithervillage. However, Minyenye households selling animals and animal

products have children with poorer nutritional status.

These results contradict much of the literature on the consumption of animal productsin low
income countries (Krebs etal., 2011). These results have shown that eating and raising animals
isnot necessarily beneficial to diet and nutritional status of subsistencefarmerslivingin
environments such as rural Tanzania. Thisisan important finding that should encourage
cautioninthose workingtoimprove nutritional status through animal rearing focused

interventions.

6.2 Introduction

Meat and animal products have the potential to make animportant contribution to dietary
diversity and nutritional status and increasing animal proteinin the diets of those livingin rural
sub-Saharan Africahaslongbeen heralded asa potential avenue forimproving undernutrition

inthese communities (Gibson etal., 2003, Bwibo and Neumann, 2003).

Thereisevidenceinthe literaturethat meat supplementation or higherintakes of animal
products are linked to betterdietary quality and improvements in micronutrient status but
thereislimited evidence of the impact on growth. Despite finding a significant inverse
association between meat consumption and stuntingin populations in Guatemala, Democratic
Republicof Congo, Zambia, and Pakistan (Krebs etal., 2011), a year longtrial using 30 to 45g of
meat per day failed to decrease the rates of stunting in this population (Krebs et al., 2012).
Gibsonetal. ((Gibsonetal., 2003) developed adietary diversification intervention which
includedincreasing the consumption of animal source food, mainly fish, and showed
significantimprovements in energy, protein calcium, zinc, haemiron and vitamin B12 intake
and improvementsin MUAC z-scores and arm muscle area. There were noimprovementsin
heightorweightafter 12 months. Providing a daily snack containing meatto Kenyan school
childrenfor 21 months showed significantly improved cognitive function overamilk orenergy
supplementandthe control group in a randomised trial (Whaley et al., 2003). Dietary quality
174



-175-
(Murphy et al., 2003), plasmavitamin B-12 (Siekmann etal., 2003), mid upper-arm muscle area
and mid-upper-armfatarea (Neumannetal., 2013) were increasedinthe meat and milk

groups. But there were no changesin height (Grillenbergeretal., 2003).

Cross-sectional data provides some evidence of the link between animal product consumption
and growth in communities not involved in development programs orinterventions. Marquis
et al (Marquis et al., 1997) found linear growth to be positively associated with intake of
animal products but onlyin children with low intakes of complementary foods . Consumption
of animal foods was significantly correlated with weight and height z-scores in Mexican

children 18 to 30 months of age (Allenetal., 1992).

Literature on the effects of animal agrobiodiversity and animal rearing more generally on diet
and nutritional statusislacking. Two of the papersreporting a positive associations between
agrobiodiversity and dietary diversity used ascore which combined plantand animal
agrobiodiversity (Correlation of 0.697 (Ekesaetal., 2008) and coefficient of
determination=0.496 (Walingo and Ekesa, 2013) (significances notreported)). Leroy and
Frongillo (2007) conducted a review on the effects of promoting animal productionin orderto
combat undernutrition in which the majority of studies found improved dietary intake with
animal production. The authors suggest thisis not necessarily through the consumption of
animalsraised but, more likely, through increased income (See Figure 6.1taken from Leroy
and Frongillo (2007)). All the projects that measured nutritional status integrated different
food productioninterventions and nutrition education and showed improvementsin the
prevalence of iron deficiency, serum retinol and ferritin and child growth. As these were multi-
componentinterventionsitis not possible to determine how much of this effect was due to

improvements inanimal production.
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Figure 6.1. Pathway between livestock production and nutritional status (Leroy and
Frongillo, 2007)

There issome evidence to suggest thatincreasingthe intake of animal productsin lowincome
countries canimprove measures of health (Gibson et al., 2003, Whaley etal., 2003, Murphy et
al., 2003, Siekmannetal., 2003, Neumann et al., 2013), especially in the context of multi-
componentinterventions (Gibson etal., 2003, Leroy and Frongillo, 2007). However, due to the
complex set of determinants of diet and nutritional status in these communities, itis
important to investigate whether animal diversity and consumption of meatand animal
productsis linked in communities receiving no food production intervention. This chapter will
outline the associations between meat and animal productintake and animal diversity and
both dietary diversity and nutritional status. Along with providing additional evidence of the
affect of animal productintake inlow income environments this chapter provides
complementary data forthe last chapteron plant agrobiodiversity, dietary diversity and

nutritional status.
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6.3 Methods

6.3.1 Data collection

The food sources section of the household questionnaire was used to collect the animal food
sources and animal diversity datafor this chapter(see chapter 3 for full details of methods).
Details on how dietary diversity and nutritional status was measured and transformed for
analysis were described in chapter 3and 4. The specificinformation collected on animal
diversity, animalrearing, animaland animal product consumption and the statistical analysis

methods usedinthischapterare described below.

The respondent was asked if members of the household had consumed chickens, eggs, cows,
milk, sheep, goats, pigs, ducks or fishinthe past calendaryear. For positive responses the
respondents were asked if the meat or animal products came from animalsraisedinthe
household orif they were bought, gifted to the household or obtained from the wild. For
animalsthat were raised by the household additional questions about the number of animals
the household raised and whether the animals, meat or animal products were sold by the
household were also asked. The number of different types of animals that were raised by the

household —the animal diversity score, was used to reflect animal agrobiodiversity.

6.3.2 Data analysis

6.3.2.1 Descriptive statistics
Descriptive data of crude associations are presented as means (95% Confidence Intervals) of
continuous variables and percentages within groups for categorical variables (chapter

objective 6A).

6.3.2.2 Linear regression analysis

Linearregression was used to estimate the relationship between the number and type of
animals raised and eaten by the household and dietary diversity/food variety and nutriti onal
status (chapter objective 6B). Again, a DAG was used to identify potential confounders to these
relationships (Glymour, 2006) (See description on page 73, chapter3 and Figure 3.16). These
variables were added into the modelone by one to assessif they affected the regression
coefficients forthe independentvariable of interest. When the potential confounder modified

the regression coefficient substantially they were included in the model. Variablesincludedin
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the regression modelsinvestigating the relationships between animal consumption and
rearingand dietary diversity orfood variety were: household mobile phone; respondentand
husband’s highestlevel of education; whether husbandis employed as a farmeror other
employment; respondent and husband’s frequency of employment and number of farms the

household uses forgrowing food.

In the multivariable regression analyses investigating the relationships with nutritional status
these potentially confounding variables were included: respondent and husband’s highest
level of education; whether husband is employed as a farmer or otheremployment and

respondent’s frequency of employment.

Unadjusted and multivariable regression were used to assess the relationship between selling
animals, meatand animal products and dietary diversity and nutritional status (chapter
objective 6C). Analyses for dietary diversity were adjusted for: household mobile phone;
respondentand husband’s highest level of education; whetherrespondentand husband are
employed as afarmeror other employment; respondent has small business on top of farming;
respondent earns extraincome; number of farms the household uses for growing food;
average size of household farms. Analyses for nutritional status were adjusted for: household
mobile phone; respondentand husband’s highest level of education; respondent and

husband’s frequency of employment; average size of household farms.

6.4 Results

6.4.1 Animal product consumption and animal diversity in the two villages

In Minyenye, the average animal diversity score was 1.42 (95% Cl: 1.21, 1.63), thisis the
number of types of animals raised by the household. Of 64 households in Minyenye, the
majority raised chickens, approximately 40% raised cows and less than 10% raised sheep,
goats, pigs or ducks (Figure 6.4). On average those households raising sheep, goats or pigs
(only 6 households) raised approximately 11 of these animals, the 43 households raising cows
raised, on average, about 7 cows and those 53 households raising chickens raised about 10

chickens perhousehold.
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Figure 6.2. Animals keptin a penin a households yard and beingtakento get waterin
Minyenye

In Mbwei, the mean animal diversity score was 1.12 (95% Cl:0.85, 1.40). Approximately 55% of
the 58 households raised chickens, 35% raised cows and 15% raised ducks. No households in
eithervillage keptfish. Only one household in Mbwei reported raising sheep and goats and
theyraised 5 of these animalsin total. Thirty-five households raised cows and each household,
on average raised 2.5 cows. Of those 45 households raising chickens each household raised on

average 5 chickens.

Figure 6.3. A single cow being kept by a household in Mbwei
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Figure 6.4. Percentage of households raising specificanimalsin the Minyenye and Mbwei

100% of households ate animalsin the pastyearand 87.5% (95% Cl: 79.2, 95.8) raised animals.
4.03 (95% Cl: 3.74, 4.32) different types of animals were eaten by the household inthe
previous calendaryear. Of those households raising animals 62.0% (95% Cl: 48.1, 75.9) of

households sold animals or meatin the past calendaryear.

A high proportion of households in Minyenye ate chicken (83%) and eggs (69%), with most of
these foods coming from animals they raisedinthe household (Table 6.1). Approximately 85%
of households ate beef with almost all of those households buying this meat. Just over half the
households drank milk, with 80% of this milk coming from cows they raised in the household.
All households ate fishin the last calendar year, approximately three quarters of the
households ate meat from goats, 40% ate meatfrom sheep, 13% meat from pigs and 5% duck
meat. The majority of this meat was bought by the household ratherthanraised and a small
proportion was gifted to the household. Sixteen percent of households ate no chicken, 8% ate
no meatfrom goats, sheep orpigand 20% ate no milk or eggsinthe last calendaryear. No
households in Minyenye consumed any animals oranimal products from wild sources (data

not shown).

Forty-eight percent of all the Minyenye households sold meatand 29% sold eggs or milk. Of
those households raising chickens 60% also sold them and approximately 40% sold eggs for
additional income. Only one household sold a cow for income and five households sold milk
from cows they raised. Three households sold goat, one sold pig while none of the households

raising sheep orducks sold these animals for additionalincome.
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In the previous calendaryearin Mbwei, 4.40 (95% Cl: 3.87, 4.92) types of animals were eaten
by the household. In the past calendaryear 94.8% (95% Cl: 89.0, 100) of households ate
animalsand 69.0%(95% Cl: 56.7, 81.2) raised animals. Of those households raising animals
21.9% (95% Cl: 6.7, 37.0) of households sold some of the animals or meat.

Comparedto Minyenye, alower proportion of households in Mbwei raised animals. Sixty-
three percentraised chickens and 16% raised goats, sheep. A high proportion of households
ate both chickenand eggsin the last calendaryear. Approximately three quarters of
households ate meatfrom cows and all of this meat was bought by the households. Eighty
percent of households consumed milk, approximately40% got milk from cows they raisedin
the household and approximately 70% bought milk. Approximately 70% of households
consumed sheep and goat meatin the previous calendaryear with the majority of this meat
being bought. Just over half the households consumed duck meat with a quarter of households
raisingthe ducks themselves and three quarters buying this meat. About 90% of households
ate fish with all households buying this fish. Twenty one percent of households ate no chicken,
24% ate no meat from goats, sheep and 14% ate no milk oreggs in the last calendaryear. No
householdsin Mbwei ate meatfrom pigs. Asin Minyenye, no householdsin Mbwei consumed

any animals oranimal products from wild sources (datanotshown).

A much lower proportion of Mbwei households, as compared to Minyenye, sold animals or
animal products. Twelve percent of Mbwei households reported selling some meat and 18%
sold eggs or milk. Of those households raising specificanimals six households sold chicken,
eggs and milk and one household sold sheep and goat. Seven households who raised ducks

sold some of the animals or meat.
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Table 6.1. Number of households in Minyenye and Mbwei eating, raising, buying, being given
and selling animals and animal products in the last calendar year

Of those
Of those who ate: that raised:
Ate Raised Bought Gift Sold
(N) (N) (N) (N) (N)
Minyenye (N=64)
Chickens 53 50 0 30
Eggs 44 42 0 16
Cows 54 p 53 0 1
Milk 35 28 6 3 5
Sheep 25 2 22 1 0
Goat 49 5 42 2 3
Pig 8 1 6 1 1
Duck 3 1 2 0 0
Fish 64 0 63 1 0
Mbwei (N=58)
Chickens 46 30 18 0 6
Eggs 36 24 13 0 6
Cows 43 0 43 0 0
Milk 48 21 35 0 6
Sheep 42 2 40 0 1
Goat 40 2 38 0 1
Pig 0 0 0 0 0
Duck 33 8 24 1 7
Fish 51 0 51 0 0

*Respondents could respond with more than one source

6.4.2 Minyenye

6.4.2.1 Animal diversity and dietary diversity

Eatinganimals and animal products and animal diversity is positively associated with dietary
diversity in Minyenye. The more types of animals the households had consumed in the past
calendaryearand the higherthe animal diversity score the higherthe food variety scores of
the respondentsandtheiroldest child underthe age of five (Table 6.2). The more different
types of animals eaten (inthe unadjusted model only) and animal diversity (in both the
unadjusted and the adjusted models) the higherthe respondent’s dietary diversity scores. For
example, foreach additionaltype of animal raised by the household the respondent’s dietary

diversityincreased by 0.42.
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Table 6.2. Associations between the number of different animals eaten by the household and animal diversity scores and dietary diversity and food variety in
respondents and underfive year olds in Minyenye

Dietary diversity score Food variety score
Child <5 years Respondent Child<5 years Respondent
Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

No. animals/animal products eaten

Unadjusted” 0.19 (-0.02, 0.40) 0.23 (0.07, 0.40) 0.67 (0.31, 1.03) 0.62 (0.27, 0.96)
Adjusted”” 0.15 (-0.07, 0.37) 0.20 (-0.01, 0.40) 0.68 (0.27, 1.08) 0.57 (0.13, 1.01)
Animal diversity scores

Unadjusted” 0.01 (-0.45, 0.43) 0.37 (0.03, 0.72) 0.70 (-0.09, 1.49) 1.14 (0.43, 1.85)
Adjusted”” 0.08 (-0.37, 0.52) 0.42 (0.03, 0.81) 1.00 (0.17, 1.83) 1.31 (0.50, 2.13)

AUnadjusted model. N was 61 for children under five and 64 for respondents.
MAdjusted for household mobile phone, respondent and husband’s highestlevel of education, whether husbandis employed as a farmer or other employment, respondent and
husband’s frequency of employment, number of farms the household uses for growing food. N was 54 for children under fiveand 57 for respondents.
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6.4.2.2 Animal diversity and nutritional status

Eatinganimals and animal products and animal diversity is negativelyassociated with
nutritional statusin Minyenye. Inthe adjusted models the more different types of animals
eaten by the household the lowerthe BMI z-scores of all children and those children under the
age of five (Table 6.3). The higherthe animal diversity score, the lowerthe BMI z-scoresin all
children only. Additionally, in children underfive only, the higherthe animal diversity score the
lowerthe children’s MUAC in both unadjusted and adjusted models. No othersignificant
associations were seen between the number of animals eaten and the animal diversity score

and nutritional statusin children.
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Table 6.3. Association between the number of animals eaten by the household and animal diversity scores and nutritional status in all children and children
under five in Minyenye

Height z-scores Weight z-scores BMI z-scores MUAC
Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

Children <5
No. animals eaten
Unadjusted” 0.05 (-0.08, 0.18) -0.03 (-0.15, 0.09) -0.10 (-0.21, 0.02) -0.10 (-0.22, 0.03)
Adjusted”” 0.05 (-0.11, 0.21) -0.07 (-0.21, 0.06) -0.15 (-0.28, -0.02) -0.14 (-0.29, 0.01)
Animal diversity scores
Unadjusted” 0.07 (-0.20, 0.34) -0.05 (-0.28, 0.19) -0.14 (-0.37, 0.08) -0.27 (-0.52, -0.02)
Adjusted”” 0.04 (-0.29, 0.36) -0.13 (-0.40, 0.13) -0.23 (-0.48, 0.03) -0.35 (-0.65, -0.06)
All children
No. animals eaten
Unadjusted” 0.02 (-0.06, 0.09) -0.02 (-0.09, 0.05) -0.01 (-0.09, 0.06) -0.03 (-0.18,0.11)
Adjusted/n 0.04 (-0.04, 0.13) -0.05 (-0.13, 0.03) -0.09 (-0.17, -0.01) -0.07 (-0.24, 0.09)
Animal diversity scores
Unadjusted” 0.01 (-0.14, 0.15) -0.08 (-0.22, 0.06) -0.08 (-0.22, 0.07) -0.06 (-0.35, 0.23)
Adjusted”” 0.03 (-0.14, 0.19) -0.13 (-0.28, 0.02) -0.17 (-0.32, -0.02) -0.06 (-0.38, 0.27)

AUnadjusted model. N was 101 for height, 100 for weight, 102 for BMI z-scores and 103 for MUAC in children under five. N was 251 for height, 251 for weight, 255 for BMI z-scores
and 252 for MUAC inall children.

MAdjusted for respondent and husband’s highestlevel of education, whether husbandis employed as a farmer or other employment, respondent’s frequency of employment. N
was 93 for height, 93 for weight, 95 for BMI z-scores and 95 for MUAC in children under five. N was 230 for height, 231 for weight, 235 for BMI z-scores and 232 for MUAC in all
children.
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6.4.2.3 Selling animal products and dietary diversity
Sellinganimal productsis not associated with dietary diversity in Minyenye. No significant
associations were seen between whetherahousehold sold milk oreggs and the dietary
diversity and food variety scores of the respondents ortheiroldest children underfive (Table

6.4).

Sellinganimals or meat was positivelyassociated with respondent’s food variety scores. Inthe
unadjusted model those households who sold animals or meat from animals had respondents
and children with higherfood variety scores and respondents with higher dietary diversity
scores. When the models were adjusted for potential confounders the association between
whetheranimals were sold and the respondent’s food variety score was the only coefficient
that remained significant. Respondents from households sellinganimals or meat had food
variety scores approximately two points higherthan those in households not selling animals or

meat.
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Table 6.4. Association between whether animals and animal products are sold and dietary diversity and food variety in respondents and underfive year olds in

Minyenye
Dietary diversity score Food variety score
Child <5 years Respondent Child<5 years Respondent

Sold milkand/or eggs

Unadjusted” -0.43 (-1.43, 0.57) 0.31 (-0.45, 1.07) -0.66 (-2.48, 1.16) 0.04 (-1.62, 1.70)
Adjusted”” -0.40 (-1.31, 0.52) 0.31 (-0.48, 1.09) -0.97 (-2.73, 0.78) -0.02 (-1.89, 1.86)
Sold animals/meat

Unadjusted” 0.86 (-0.03, 1.75) 0.78 (0.09, 1.46) 2.06 (0.47, 3.65) 2.44 (1.09, 3.80)
Adjusted”” 0.18 (-0.76, 1.11) 0.72 (-0.11, 1.55) 0.91 (-0.95, 2.76) 2.19 (0.55, 3.83)

AUnadjusted model. N was 43 for children under five and 46 for respondents for sold milkand/or eggs. N was 47 for children un der five and 50 for respondents for sold
animals/meat.

AAdjusted for household mobile phone, respondent and husband’s highestlevel of education, whether respondent and husband areemployed as a farmer or other employment,
respondent has small business on top of farming, respondent earns extra income, number of farms the household uses for growing food, average size of household farms.N was
40 for children under five and 43 for respondents for sold milkand/or eggs. N was 44 for children under five and 47 for resp ondents for sold animals/meat.
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6.4.2.4 Selling animal products and nutritional status
Sellinganimals and animal products is negatively associated with nutritional statusin
Minyenye. Households selling milk and/or eggs had underfive yearolds with significantly
lowerheightz-scores compared to those in households notselling milk and/or eggs (Table
6.5). Looking at all children shows that households selling milk and/or eggs have children with

lowerheightand weight z-scoresin both unadjusted and adjusted models.

Households selling animals or meat from animals they raised had underfives and all children
with significantly lower BMI z-scores than those not selling animals or meat. Inthe adjusted

model these households had children with significantly lower weight z-scores and MUAC.
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Table 6.5. Association between whether animals and animal products are sold and nutritional status in all children and children under five in Minyenye

Height z-scores Weight z-scores BMI z-scores MUAC
Regression coefficient Regression coefficient  Regression coefficient (95% Regression coefficient
(95% Cl) (95% Cl) Cl) (95% Cl)

Under5
Sold milkand/or eggs
Unadjusted”? -0.74 (-1.35, -0.14) -0.45 (-0.98, 0.08) 0.19 (-0.34, 0.72) -0.07 (-0.62, 0.48)
Adjustednn -0.75 (-1.46, -0.03) -0.45 (-1.05, 0.16) 0.18 (-0.40, 0.76) -0.19 (-0.83, 0.46)
Sold animals/meat
Unadjusted? 0.12 (-0.45, 0.68) -0.25 (-0.70, 0.19) -0.44 (-0.88, -0.01) -0.42 (-0.95, 0.10)
Adjustednn -0.00 (-0.72, 0.72) -0.43 (-0.98, 0.11) -0.56 (-1.08, -0.04) -0.62 (-1.26, 0.01)
All Children
Sold milkand/or eggs
Unadjusted” -0.32 (-0.65, -0.00) -0.35 (-0.65, -0.05) -0.19 (-0.48, 0.11) 0.24 (-0.35, 0.83)
Adjusted”? -0.39 (-0.74, -0.04) -0.33 (-0.65, -0.01) -0.14 (-0.46, 0.17) 0.06 (-0.59, 0.70)
Sold animals/meat
Unadjusted 0.04 (-0.25, 0.33) -0.21 (-0.47, 0.05) -0.35 (-0.62, -0.09) -0.50 (-1.05, 0.05)
Adjustednn 0.03 (-0.33, 0.38) -0.32 (-0.64, -0.00) -0.45 (-0.76, -0.13) -0.92 (-1.57, -0.26)

AUnadjusted model. N was 68 for height, 67 for weight, 69 for BMI z-scores and 70 for MUAC in children under fiveand was 175 for height, 175 for weight, 179 for BMI z-scores
and 176 for MUAC inall children for sold milk and/or eggs. N was 76 for height, 76 for weight, 78 for BMI z-scores and 78 for MUAC in children under five and was 207 for height,
208 for weight, 212 for BMI z-scores and 207 for MUAC in all children for sold animals/meat.

AMAdjusted for household mobile phone, respondent and husband’s highestlevel of education, respondent and husband’s frequency of employment, average size of household
farms.N was 64 for height, 64 for weight, 66 for BMI z-scores and 66 for MUAC in children under five and was 163 for height, 164 for weight, 168 for BMI z-scores and 165 for
MUAC in all children for sold milkand/or eggs. N was 73 for height, 73 for weight, 75 for BMI z-scores and 75 for MUAC in children under five and was 198 for height, 199 for
weight, 203 for BMI z-scores and 199 for MUAC in all children for sold animals/meat.
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6.4.3 Mbwei

6.4.3.1 Animal diversity and dietary diversity

Eating animals and animal products but notanimal diversity scores were positively associated
with dietary diversity in Mbwei. The more animals eaten by the household inthe past calendar
yearthe higherthe respondent’s and the underfive yearold’s dietary diversity and food
variety inthe previous 24 hours in both the unadjusted and the adjusted analyses (Table 6.6),
as was the case for food variety in Minyenye. The higherthe animal diversity score the higher
the respondent’s and heroldest child under five’s food variety score in the unadjusted model

only. This association was seeninboth the unadjusted and the adjusted modelsin Minyenye.

190



-191 -

Table 6.6. Association between the number of different animals eaten by the household and animal diversity scores and dietary diversity and food variety in
respondents and underfive year olds in Mbwei

Dietary diversity score Food variety score
Child <5 years Respondent Child<5 years Respondent
Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

No. animals/animal products eaten

Unadjusted? 0.18 (0.04, 0.32) 0.22 (0.09, 0.34) 0.57 (0.29, 0.85) 0.54 (0.30, 0.78)
AdjustednA 0.22 (0.08, 0.37) 0.23 (0.09, 0.36) 0.58 (0.29, 0.88) 0.51 (0.26, 0.76)
Animal diversity scores

Unadjusted? 0.34 (-0.02, 0.70) 0.31 (-0.02, 0.64) 1.09 (0.36, 1.81) 0.85 (0.20, 1.50)
Adjusted”” 0.37 (-0.08, 0.82) 0.35 (-0.06, 0.76) 0.89 (-0.05, 1.84) 0.62 (-0.18, 1.42)

AUnadjusted model. N was 55 for children under five and 58 for respondents.
AAdjusted for household mobile phone, respondent and husband’s highestlevel of education, whether husbandis employed as a farmer or other employment, respondent and

husband’s frequency of employment, number of farms the household uses for growing food. N was 54 for children under fiveand 57 for res pondents.
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6.4.3.2 Animal diversity and nutritional status
Eatinganimals and animal products and animal diversity scores were not associated with
nutritional statusin Mbwei. No significant associations wereseen between the number of
animals eaten by the household orthe animal diversity scores for the last calendaryearand
the nutritional status variables of the children (Table 6.7). This differs from the results seenin
Minyenye where eating animals and animal diversity was negatively associated with nutritional

status.
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Table 6.7. Association between the number of animals eaten by the household and animal diversity scores and nutritional status in all children and children
under five in Mbwei

Height z-scores Weight z-scores BMI z-scores MUAC

Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% Cl) (95% Cl) (95% Cl) (95% Cl)
Children <5
No. animals eaten
Unadjusted” -0.07 (-0.17, 0.03) -0.01 (-0.10, 0.07) 0.02 (-0.05, 0.10) -0.04 (-0.14, 0.06)
Adjusted”” -0.07 (-0.18, 0.04) 0.00 (-0.09, 0.09) 0.04 (-0.04, 0.11) -0.04 (-0.14, 0.07)

Animal diversity scores

Unadjusted” -0.10 (-0.33, 0.13) -0.02 (-0.23, 0.18) 0.04 (-0.13, 0.21) -0.06 (-0.29, 0.17)
Adjusted”” -0.04 (-0.31, 0.22) 0.08 (-0.14, 0.31) 0.12 (-0.06, 0.30) 0.03 (-0.22, 0.29)
All children

No. animals eaten

Unadjusted” -0.01 (-0.09, 0.06) 0.01 (-0.06, 0.07) 0.00 (-0.05, 0.06) 0.03 (-0.08, 0.14)
Adjusted”n -0.01 (-0.09, 0.06) 0.01 (-0.06, 0.08) 0.01 (-0.05, 0.07) 0.04 (-0.08, 0.15)

Animal diversity scores

Unadjusted”
Adjusted””

-0.06 (-0.24, 0.11)
-0.01 (-0.21, 0.18)

0.01 (-0.16, 0.17)
0.10 (-0.08, 0.27)

0.07 (-0.08, 0.21)
0.14 (-0.01, 0.29)

0.04 (-0.24, 0.31)
0.09 (-0.21, 0.38)

AUnadjusted model. N was 197 for height, 100 for weight, 99 for BMI z-scores and 101 for MUAC in children under five. N was 163 for height, 167 for weight, 169 for BMI z-scores
and 180 for MUAC inall children.

MAdjusted for respondent and husband’s highestlevel of education, whether husbandis employed as a farmer or other employment, respondent’s frequency of employment. N
was 95 for height, 98 for weight, 97 for BMI z-scores and 99 for MUAC in children under five. N was 161 for height, 165 for weight, 167 for BMI z-scores and 178 for MUAC in all
children.
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6.4.2.3 Selling animal products and dietary diversity
Sellinganimals and animal productsis not associated with dietary diversity in Mbwei. No
significant associations were seen between whether households sold milk, eggs or meatand
respondent’s and children’s dietary diversity and food variety scores (Table 6.8). Similar non-
significant associations wereseenin Minyenye in the majority of associations between selling

animal produce and measures of diversity in the diet.
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Table 6.8. Association between whether animals and animal products are sold and dietary diversity and food varietyin respondents and under five year olds in

Mbwei
Dietary diversity score Food variety score
Child <5 years Respondent Child<5 years Respondent

Sold milkand/or eggs

Unadjusted? 0.44 (-0.67, 1.56) -0.11 (-1.15, 0.93) 0.35(-1.93, 2.62) 0.47 (-1.34, 2.27)
Adjusted”” 0.53 (-1.18, 2.24) 0.50 (-0.98, 1.97) 0.20 (-3.11, 3.51) 0.70 (-1.84, 3.24)
Sold animals/meat

Unadjusted? 0.10 (-1.15, 1.35) 0.15 (-0.84, 1.14) 0.88 (-1.54, 3.30) 1.66 (0.01, 3.31)
Adjusted”” 0.22 (-1.24, 1.68) 0.28 (-0.71, 1.26) 0.67 (-2.39, 3.73) 1.36 (-0.29, 3.00)

AUnadjusted model. N was 31 for children under five and 34 for respondents for sold milk and/or eggs. N was 30 for children under five and 32 for respondents for sold
animals/meat.

AAdjusted for household mobile phone, respondent and husband’s highestlevel of education, whether respondent and husband areemployed as a farmer or other employment,
respondent has small business on top of farming, respondent earns extra income, number of farms the household uses for growing food, average size of household farms.N was
29 for children under five and 32 for respondents for sold milkand/or eggs. N was 29 for children under five and 31 for respondents for sold animals/meat.
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6.4.3.4 Selling animal products and nutritional status
Sellinganimals and animal products shows mixed associations with nutritional statusin
Mbwei. Those households selling milk and/or eggs had underfive yearolds with weight z-
scores approximately0.8z-scores lowerthan those notselling milk and/oreggsin the adjusted
model (Table 6.9). Thisis similartothe negative associations seen between selling animal
produce and nutritional statusin Minyenye. Households selling animals or meat in Mbwei,
however, had children with approximately 1cm larger MUAC in both unadjusted and adjusted

models.
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Table 6.9. Association between whether animals and animal products are sold and nutritional status in all children and children under five in Mbwei

Height z-scores Weight z-scores BMI z-scores MUAC
Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

Underfive year olds
Sold milkand/or eggs
Unadjusted? -0.60 (-1.38, 0.19) -0.57 (-1.25, 0.12) -0.20 (-0.76, 0.35) -0.27 (-1.06, 0.51)
Adjusted”? -0.73 (-1.65, 0.19) -0.82 (-1.62, -0.03) -0.34 (-0.98, 0.29) -0.30 (-1.17, 0.56)
Sold animals/meat
Unadjusted? -0.46 (-1.26, 0.34) -0.23 (-1.00, 0.54) 0.24 (-0.44, 0.92) 0.30 (-0.56, 1.16)
Adjustednn -0.56 (-1.55, 0.43) -0.36 (-1.29, 0.58) 0.24 (-0.57, 1.04) 0.29 (-0.68, 1.25)
All children
Sold milkand/or eggs
Unadjusted” -0.27 (-0.81, 0.26) -0.27 (-0.77,0.23) -0.16 (-0.58, 0.26) -0.18 (-1.05, 0.70)
Adjusted”? -0.51 (-1.13,0.11) -0.53 (-1.11, 0.05) -0.23 (-0.73, 0.26) -0.33 (-1.36, 0.71)
Sold animals/meat
Unadjusted -0.11 (-0.61, 0.39) -0.03 (-0.55, 0.49) 0.01 (-0.45, 0.47) 1.04 (0.07, 2.00)
Adjusted”? -0.23 (-0.82, 0.36) -0.08 (-0.69, 0.53) 0.10 (-0.44, 0.64) 1.14 (0.02, 2.26)

AUnadjusted model. N was 58 for height, 60 for weight, 59 for BMI z-scores and 60 for MUAC in children under fiveand was 105 for height, 108 for weight, 107 for BMI z-scores
and 112 for MUAC inall children for sold milk and/or eggs. N was 55 for height, 57 for weight, 56 for BMI z-scores and 57 for MUAC in children under five and was 96 for height, 99
for weight, 98 for BMI z-scores and 103 for MUAC in all children for sold animals/meat.

AMAdjusted for household mobile phone, respondent and husband’s highestlevel of education, respondent and husband’s frequency of employment, average size of household
farms.N was 55 for height, 57 for weight, 56 for BMI z-scores and 57 for MUAC in children under five and was 98 for height, 101 for weight, 100 for BMI z-scores and 103 for
MUAC inall childrenfor sold milkand/or eggs. N was 53 for height, 55 for weight, 54 for BMI z-scores and 55 for MUAC in children under five and was 92 for height, 95 for weight,
94 for BMI z-scores and 97 for MUAC in all children for sold animals/meat.
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6.5 Discussion

6.5.1 Animal diversity, dietary diversity and nutritional status

Animal diversity and consumption of animals and animal products is linked with higher dietary
diversity but not nutritional status. The majority of households in Minyenye and Mbwei both
raised animals and consumed some meatand animal productsin the last calendaryear. The
more different types of animals eaten by the households the higher the food variety score of
the respondents and the underfive yearolds were. Thisdid not however convertinto better
nutritional status. If anything, the opposite was true; in Minyenye either no associationora
negative association with nutritional status was seen; the greaterthe number of animals
eaten, the poorerthe children’s BMI z-scores were. In Mbwei, there were no significant

associations seen with any of the nutritional status variables.

A similar pattern was seen with the animal diversityscore and dietary diversity and nutritional
statusin Minyenye. Animal diversity was positively associated with dietary diversity scoresin
the respondentsand food variety scoresin both the respondents and the children. However,
eithernoassociations were seen with nutritional status or negative associations were seen. In
Mbwei, there were no associations seen between the animal diversity score and eitherthe
dietary diversity/food variety scores or nutritional status variables. These resultsindicate that
there is no benefitto nutritional status of households raising animalsin these communities.
These results contradict much of the researchin this area (Marquis et al., 1997, Allenetal.,

1992, Ekesaetal., 2008, Walingo and Ekesa, 2013).

The negative association seen between meat consumption and BMl z-scores seenin Minyenye
may be due to an increasedrisk of infection introduced by the meat, forexamplefrom
hookworm (Pasrichaetal., 2008), Salmonella or Campylobacter (Pouillotetal., 2012). The
negative association seen between animal diversity and nutritional status seenin Minyenye
may simply be because those buying meat are better off financially which is associated with
better nutritional status (Shack etal., 1990) or it may actually have somethingto do with

raisingthese animals.

There are a number of differences between thesetwo villages that could help explain the
different associations seen. Due tothe dry nature of the land in Minyenye, atthe time of
survey, there was notvery much grass available foranimalsto eatand it was oftenthe
children’s responsibility to take the animals to graze elsewhere. This may have impacted on
the children’s energy expenditure and requirements. Kumar and Hotchkiss found that how

much children were involved in collection, grazing and agricultural activities was negatively
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related totheirnutritional statusin Nepal (Kumarand Hotchkiss, 1988). Despite Mbwei
households being more likely to own animals (53% in Mbwei compared to 5% in Minyenye),
Minyenye households were more likely to raise animals (86% in Minyenye compare to 69% in
Mbwei). Households in Minyenye who were raising animals kept a higher number of those
animals compared to Mbwei. Time and energy spentand resource use foranimal rearingis

therefore higherin Minyenye.

Interestingly, despite thesetwo villages being quite different (Table 4.2, chapter4 and Table
6.1, chapter6) associations between animal diversity and eating animal products and meat
and dietary diversity and nutritional status are similarin this study. There is evidence inthe
literature that supplementing children’s diets with animal productsin alow income country
contextleadsto betterdiet quality (Murphy etal., 2003), micronutrient status (Siekmann et
al., 2003) and cognition (Whaleyetal., 2003, Murphy et al., 2003, Siekmannetal., 2003,
Neumannetal., 2013). However, this studyillustrates thatin communities with no outside
intervention, households eating meat and animal products do not necessarily have children
with better nutritional status. This, along with the results from chapter5, provide evidence
againstthe pathway illustratedinfigure 3.2a) and b):increasesin agrobiodiversity do not

necessarily lead toimproved nutritional status throughincreased dietary diversity.

6.5.2 Animal rearing for reasons other than consumption

In attemptingtounderstand why this might be itisimportantto considerthe reasons why
people were raisinganimals. It has been documented (Fafchamps et al., 1998, Dovie etal.,
2006) thatitiscommon foranimalsto be kept, notto be slaughtered forfood, butto sell when
the household needs money. Animals act as insurance against times of extreme food insecurity
or can be soldto coverthe cost of school fees (Mazzeo, 2011). Animals raised also fulfil the
important task of providing fertiliser for household farms (Powelland Williams, 1994). Oftena
household would raise animals that they did not own, and therefore could not slaughter for
food, inorderto get fertiliser fortheirfarms. Inthese villages it was common for households
to raise chickens, notto provide eggs for consumption, butto eat or sell the chickensthe eggs

would developinto.

6.5.3 Barriers to animal diversity positively impacting nutritional status
Poultry diseases are commoninthese areas, reducingthe number of animals available to eat
and sell. Itisalso common for animalsinthese villages, especially chickens, to roamin and out

of housesandto live inthe yards outside the house (personal observation). According to
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Upton (2000) itis difficult to control the spread of infectious diseases among such widely
dispersed system of poultry production. These practices can lead to zoonosis (Angulo etal.,
2000, Butzler, 2004), which impacts negatively on children’s nutritional status through

infection (Stephensen, 1999).

The impact on caregivers time, although not assessed by this study, should also be considered.
Itis possible thatthe amount of time ittakes the female head of household to care forthese
animals takes time away from food preparation and childcare (Guéye, 2005, Kumar and

Hotchkiss, 1988).

6.5.4 Selling animals and animal products

There is published evidence that raising animalsimproves the household income (Nielsen et
al., 2003) which, inturn, has been shownto be linked positively to children’s nutritional status
(Shacket al., 1990, Yang etal., 2012). The results of this study do not support this hypothesis.
In Minyenye, either no association or positive associations were seen between animals, meat,
eggsor milk being sold and dietary diversity and food variety and either no association or
negative associations were seen with nutritional status variables. Eggs/milk being sold was
negativelyrelated to height z-scores and animals or meat being sold was negatively associated
with weight, BMI and MUAC. In Mbwei, all associations between animals and their products
beingsold and dietary diversity and food variety were non-significant. Milk and/oreggs being
sold was negatively associated with weightin the underfiveyearolds and meator animals
being sold was positively associated with MUAC in children. Thatsellinganimals and their
products was not positively associated with nutritional status variables would suggest that if
households were making extramoneyby raising and selling animals, this was not getting fed

back into buying household food.

6.5.5 Limitations and strengths

A number of the limitations outlined in chapter4, such as translation, study dynamics and the
research environment are also relevantto the resultsin this chapter. Translation errors may
have affected the accuracy of the studies results recorded. Cross cultural dynamics and having
family members presentatthe interview could have affected the honesty of the responses
fromthe participants. Additionally, results are cross-sectional and based on respondent’s
memory of household consumption and animal rearing practices over the previous calendar
year. This recall bias may have affected the accuracy of the results given by the participant.

However, the respondent was well placed to answer questions about both diet and farming
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practices due to hercentral role in food production and preparation. The questionnaire
collected very thorough information on the animal foods consumed and the animals raised by
the household. Datawas translated at the time of data collection and recorded by the

researcher. This allowed information to be checked on collection to minimise missing data.

6.6 Conclusions

This chapter presents detailed, household levelinformation on animal consumption and
animal diversity of households and whether this animal produce was sold. It tests associations
between these practices and both dietary diversity and nutritional statusin orderto inform
understanding on how animal food production practices are related to diet and nutritional

statusin these rural villages.

The key results of this chapterare that, despite having higher dietary diversity, households
eating more animal products and house holds with higheranimal diversity scores had poorer
nutritional status in Minyenye. Mbwei households eating more animal products have members
with higherdietary diversity but no associations were seen with nutritional status.
Additionally, noassociations were seen with animal diversity and dietary diversity or
nutritional status. Sellinganimals and animal productsis not associated with dietary diversity
ineithervillage but households in Minyenye sellinganimals and animal products have children
with poorer nutritional status. These results go against much of the literature publishedin this
area, which generally encourages the consumption of animal products inlowincome

countriesinorderto improve nutritional status.

The mixed associations between raising animals and nutritional status raise questions about
how successful interventions which solely encourage households to raise animalsin orderto
improve nutritional status are likely tobe inlow income countries. Rural households reporting
eatingand raising animals were worse off nutritionally than those not eatingand raising

animalsin bothvillages despite having different animal rearing, dietary and social practices.

Additionally, exploring the reasons why supplying animal foods to communities has adifferent
effectondietand health thanlocal improvementsinanimal production could provide some
interesting lessons on effectiveinterventions. Reasons for raising animals, the uses these
animals are put to and animal rearing practices need to be more fully investigated before

interventions designed toincrease animalrearingin rural areas are implemented.

Meat and animal products are rich sources of protein and essential micronutrients. As such,

they have potential toimprove nutritional status in populations that are malnourished. The
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projects, perhaps surprising, results again highlight the complexity of the determinants of diet
and nutritional statusin these contexts. Viewing this project’s resultsin the context of the
widerliterature, which has shown animal rearinginterventions to be more successful as part
of a multi component projects, should encourageresearchers and de velopment organisations
into more thorough approaches to combating malnutrition. The results presented in this
chaptersuggest caution and in-depth research into local contexts and practices before outside
intervention by researchers and development organisations attempting to improve nutritional

status through encouraging the rearing of livestock.
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Chapter 7:
Investigating the relationships between land cover, dietary

diversity and nutritional status in a national sample in Tanzania

7.1 Chapter summary

The previous three results chapters have presented the results and analyses of primary data
collected atlocal village scales. This chapter broadens analysis to investigate the factors of
interestatthe national level. Due to data availability at the national level thereare a number
of differencesinthe methodology and resulting dataas comparedto chapter5. Thisearlier
chapterfocused on agrobiodiversity as measured at the level of household farms, this chapter
has taken a broaderview and links land coverto individual dietand nutrition variables. This
chapter meets objective 5of the thesis (Investigate the socio-demographic determinants of
dietary diversityand nutritional status and explore the relationships between land cover,
dietary diversityand nutritional statusin children underfive years ata national level, in

Tanzania). The chapterobjectives are:

Objective 7A: To investigate whether demographic, social,agricultural and dietary factors
are associated with dietary diversity and nutritional status in underfive year

oldsinTanzania.

Objective 7B: To investigate whether dietary diversity is associated with nutritional status

inunderfive yearoldsin Tanzania.

Objective 7C: To investigate whether dietary diversity and nutritional statusin underfive

yearoldsvary spatiallyin Tanzania.

Objective 7D: To investigate whetherland coverisrelated to dietary diversity and

nutritional statusin underfive yearoldsin Tanzania.

The resultsin this chaptershow that those children with higher dietary diversity had lower
heightforage. The later children had complementary foods introduced to their diet the lower
theirheightforage. Children from households using piped, tank, rain or bottled waterfor
drinking ortaking action to make water safe to drink had higher heightforage. Those recently

experiencing diarrhoea had poorernutritional status. The more agricultural land cover
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surrounding the DHS EA centre pointthe higherthe respondentand child dietary diversity
scoreswere butthe lowerthe children’s height. More agricultural and forestland coverwas

associated with a higherweight for height.

These results contribute knowledge about the determinants of nutritional status in Tanzania.
In contradiction to much of the literature carried outin low income countries, dietary diversity
was negatively related to nutritional status. To date there has beenlittle research linking land

coverto dietand nutritional status, this research provides some important datatofill this gap.

7.2 Introduction

Chapters 4 to 6 have suggested and discussed some potential determinants of nutritional
statusin low income countries that were identified by work carried outintwo villagesin
Tanzania. To broadenthe usefulness of this work this chapter will conduct similaranalyses
using data that isless detailed butfrom a much larger, nationally representative study
conductedin Tanzaniain 2010; the Demographicand Health Survey (DHS). In orderto explore
the relationship between diet, nutritional status and agrobiodiversity at this level, land cover
maps are used as a proxy for agrobiodiversity. Relationships between land coveras well as
social, demographic, agricultural and dietary factors and children’s nutritional status will be

explored.

Satellite data comes from environmental sensors that have been placed in orbit to observe the
earths surface (Brown, 2009). Data from this remote sensing technique has been used to
determine land cover. Land cover has been defined as the observed (bio)physical coveronthe
earth's surface by Di Gregorioand Jansen (1998). There are a number of reasons why land
cover mightbe relatedto dietand health. One of these reasonsis thatland coverand
biodiversity are related. There is astrong precedence for using satellite datato estimate
biodiversity of plant populations (Skidmore et al., 2003, Walkeretal., 1992, Tucker and Sellers,
1986) and to estimate vegetation orland coverinorderto locate animal habitats (Austinetal.,

1996, Homeret al., 1993, Millerand Conroy, 1990).

Few studies, however, have used satellite datatolinkland use or land coverto dietand human
health (Xuetal., 2008, Brown, 2009, Johnsonetal., 2013, Powell etal., 2011). There are many
ways in which changesinland use can impact on human healthincludingrisk of flash flooding,
risk of malariaand changesto food production (Xu etal., 2008). Brown (2009) outlines how
remote sensing can be used to identify conditions which may lead tofamine in particular
spatial, temporal and social contexts. Relevant conditions identified through remote sensing
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include climate, specifically rainfall, and plant growth which, Brown states, can be used to

estimate agricultural production.

A study publishedin 2013 (Johnsonetal., 2013) used Normalized Difference Vegetation
Indices (NDVI) and Vegetation Continuous Fields (VCF) based on Moderate Resolution Imaging
Spectroradiometer (MODIS) satellite data collected for Malawi and linked percentage forest
coverto dietary diversity, intake of vitamin Arich foods, incidence of diarrhoea and rates of
stunting. They found that childrenlivingin areas with more forest cover consumed more
vitamin Arich foods and were less likely to have diarrhoea. Powelletal (Powelletal., 2011)
calculated tree coverfrom Landsat eTM+ and Probationary System of Earth Observation
(SPOT) satellite datatoinvestigate forest coverand dietary intake in the East Usambara
mountains. While the relationship between dietary diversity and tree cover were not directly
examinedinthisstudy they did find that households with greatertree cover nearby were more

likely to consume forestfoods and individuals using forest foods had higher dietary diversity.

Linkinglarge scale measures of vegetation orland coverto health outcomesis a relatively new
area of inquiry. This chapterwill add to this area by providing data on the association between
land cover, dietary diversity and nutritional status at a national level in Tanzania. This chapter
will also provide additional data on how dietary diversity and nutritional status are related in
Tanzaniaand on othersocial and demographicfactors associated with nutritional status to add
to the data from the primary data collection. This national level data will strengthen or
contend the hypothesesdiscussedinthe previous chapters. How the primary data collection

and this national levelanalysis come together will be discussed furtherin chapter8.

7.3 Methods

7.3.1 Data sources

7.3.1.1 Demographic and Health Survey data

The ‘Measure DHS’ project (Demographicand Health Surveys) has been collecting nationally
representative dataon maternal and child health, gender, and nutrition across the world since
1984 (Measure DHS, 2014). The projectisfunded by the US Agency forInternational
Development (USAID). DHS is a source of good quality data on a wide range of demographic
and health factorsin Tanzania (The DHS Program, 2014a). The DHS survey carried out in
Tanzaniain 2010 (DHS VI) was used forthese analyses. GPS co-ordinates were captured at the
centre point of each of the 475 clustersincludedin this survey. Clusters were based on

Enumeration Areas (EA) defined by the 2002 population and housing census. These are the
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units of randomisation for the DHS and household data col lection takes place within the
selected EA, an average of 15 households per EA. Seventy-six percent of clusters were rural
and 24% were classed as urban. 19% of the clusters were on Zanzibar or Pembaand 5% were

in Dar es Salaam.

Thisresearch project was registered with ‘Measure DHS’. The ‘Individual recode dataset’, for
the respondent and child data, and ‘Household recode dataset’, forhousehold level datawere
downloaded (The DHS Program, 2014c) as Stata files. Variables relevant to this project were
selected from these datasets and combined into one Statafile usingthe household ID to
merge the variables from the two different datasets together. Average dietary diversity,
nutrition, demographicand social variables at DHS EA level were linked to the GPS co-

ordinates through the EA number presentin each original dataset.

The outcomes of interest are nutritional status and dietary diversity. Nutritional status
measures that were used are BMI of the respondents and height forage and weightfor height

z-scoresinthe respondent’s youngest child.

In the DHS, dietary diversity was calculated froma 24 hour recall forthe respondents and their
youngest child. The dietary diversity data availablethrough the DHSis presented asa ‘yes’, ‘no’
or ‘don’tknow’ for each food category. This was recoded into a dietary diversity score based
on the food groups usedin chapters4 to 6 (‘Cereals, roots and tubers’; ‘vitamin A rich
vegetables, tubersand fruit’; ‘othervegetables’; ‘other fruits’; ‘flesh meats, organ meats, fish
and insects’; ‘eggs’; ‘legumes, nuts and seeds’; ‘milk and milk products’; ‘oils, fats and sweets’),
as recommended by the FAO (2004) dietary diversity workshop (FAO/WHO/IFPRI, 2004).
Unfortunately, inthe DHS questionnaire other vegetables and other fruit were asked in one
guestionsothe dietary diversity score used forthis chapteris out of eight food categories

instead of nine.

The DHS collected information on basicdemographics and background, reproduction,
pregnancy, breastfeeding, health, marriage, husband’s background, women’s work and
residence throughout Tanzania. Potentially confounding variables were identified from these
categories usingthe DAGdescribed in chapter 3 (page 73, Figure 3.16). Whetherthese
variables confounded the relationships between land cover and dietary diversity and
nutritional status was checked by adding them to the model one by one and seeingif they
modified the regression coefficient substantially (criteria varied from approximately >0.02to
>0.05 depending onthe size of the regression coefficients). They were included in the
multivariable model if they confounded the relationships. Questions on the number of meals
perday, numberof daysin the last seven days meat and fish were eaten and some food

preparation datawere also collected. DHS VI has specificquestions on agriculture directed at
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the womenrespondents that were used in the analysis. These included whetherthey had land

usable foragriculture and how much land.

7.3.1.2 Land cover

The Land Cover Classification System (LCCS) was developed by the United Nations Food and
Agriculture Organisation (UNFAQ). Itis an attemptto develop aninternationally agreed
reference base forland cover. Itis a hierarchical system based on asetof independent
diagnosticcriteria eg. life form, cover, heightand density (Di Gregorio and Jansen, 1998). Itisa
flexible system with two main phases. The first phase distinguishes eight majorland cover

types:
e Cultivated and Managed Terrestrial Areas
e Natural and Semi-Natural Terrestrial Vegetation
e Cultivated Aquatic or Regularly Flooded Areas
e Natural and Semi-Natural Aquatic or Regularly Flooded Vegetation
e Artificial Surfaces and Associated Areas
e Bare Areas
e Artificial Water bodies, Snow and Ice, and
e Natural Water bodies, Snow and Ice.

In the second phase classes are created using pre-defined classifiers which are specificto each
of the above land cover types. The resultis a system that allows comparisons of land cover
overdifferent smallerareas and projects butis flexibleenough to accurately categorise
differentareas. Forexample, within the ‘Cultivated and Managed Terrestrial Areas’ land cover
type sitsthe following classes: ‘Post-flooding orirrigated croplands (or aquatic)’, ‘Rainfed
croplands’, ‘Mosaiccropland (50-70%) / vegetation (20-50%)’ and ‘Mosaic vegetation (50-70%)
/ cropland (20-50%)’. The LCCS was used to define land coverforland cover maps of Tanzania

produced by GlobCover 2009.

7.3.1.3 GlobCover 2009 data
A global land cover map was producedin 2010 by the European Space Agency (ESA) and the

Université catholique de Louvain based on data collected from January to December of 2009.
The map is based on MERIS (Medium Resolution Imaging Spectrometer Instrument) fine

resolution surface reflectance mosaics (Bontemps etal., 2011). MERIS is a wide field of view
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pushbroom imaging spectrometer on ENVISAT, an ESA environmentalsatellite. It measures 15
spectral bands of solar radiation thatis reflected by the earth (Rastet al., 1999). The map isin

geographiccoordinatesin aPlate-Carrée projection (WGS84 ellipsoid) (Bontemps etal., 2011).

The land cover map goes through a number of pre-processing (geometric corrections, cloud
screening, atmosphericcorrections, bidirectional reflectance distribution function correction
and time compositing) and classification stages (spectro-temporal classification, labelling,
validation). The final land cover map has a 300m resolution and counts 22 GlobCover
categories withinthe 8land cover classes defined with the United Nations LCCS, listed above

(Bontempsetal., 2011).

GlobCover 2009 data was downloaded from the ESA GlobCover Portal (European Space
Agency, 2010). The data was unzipped and added to the base map of Africain ArcGIS version
10. The land cover categories for GlobCover2009 are presentedin Figure 7.1. Those land cover
categoriesthat were assigned to the three categories used in this study: Agricultural, Forest
and Otherland coverare presentedin Box 7.1-7.3. These categories are very similartothose
usedinsite selection (Box 3.1and 3.2) butare stricteron what constitutes biodiverseforest.
The decision on what land cover categories were assigned to agricultural, forestand otherland
coverwere based onthe LCCS categories. The agricultural land coverisidentical tothe
croplands usedforsite selection and it covers all the categories of the LCCS ‘Cultivated
Terrestrial Areas and Managed Lands’. The forestland covercategoryincludes 6out of the 8
categories of the LCCS ‘Natural and Semi-natural Terrestrial Vegetation: Woody-Trees’ and all
three of the LCCS ‘Natural and Semi-natural Aquatic Vegetation’. The otherland cover
categoryincludes 2 categories from LCCS ‘Natural and Semi-natural Terrestrial Vegetation:
Woody-Trees’ and all those inthe Shrub and Herbaceous sub-section of LCCS ‘Natural and
Semi-natural Terrestrial Vegetation’ as well as those in LCCS ‘Artificial Surfaces’, ‘Bare Areas’

and ‘Inland Water bodies, snow andice’.

Box 7.1. Land cover types classified as agricultural land cover
When assessing the land coverinthe surrounding 5km of the DHS EA centre points in ArcGIS

the following codes were usedto represent ‘agricultural’ land cover:

1) Post-flooding orirrigated croplands (none presentin Tanzania)

2) Rainfed croplands

3) Mosaic Cropland (50-70%) / Vegetation (grassland, shrubland, forest) (20-50%)

4) Mosaic Vegetation (grassland, shrubland, forest) (50-70%) / Cropland (20-50%)
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Box 7.2. Land cover types classified as forestland cover
Whetherbiodiverse land falls within 5km of the DHS centrepointisalso of interestin this

chapter. The land cover classes used to represent the more biodiverse ‘forest’ areas are:
1) Closed to open (>15%) broadleaved evergreen and/or semi-deciduous forest (>5m)

2) Closed (>40%) broadleaved deciduous forest (>5m)

3)Open (15-40%) needleleaved deciduous orevergreen forest (>5m);

4) Mosaic Forest/Shrubland (50-70%) / Grassland (20-50%)

5) Mosaic Grassland (50-70%) / Forest/Shrubland (20-50%)

6) Closed (>40%) broadleaved forest regularly flooded - Fresh water

7) Closed (>40%) broadleaved forest or shrubland permanently flooded —Saline or brackish

water(none presentin Tanzania)

8) Closed to open (>15%) vegetation (grassland, shrubland, woody vegetation) on regularly

flooded orwaterlogged soil - Fresh, brackish orsaline water.

Box 7.3. Land cover types classified as otherland cover
The land cover categoriesthatfall into the ‘other’ category, considered to be not biodiverse,

include:

1) Open (15-40%) broadleaved deciduous forest (>5m);

2) Closed to open (>15%) mixed broadleaved and needleleaved forest (>5m);
3) Closed to open (>15%) shrubland (<5m)

4)Closedtoopen (>15%) grassland

5) Sparse (>15%) vegetation (woody vegetation shrubs, grassland)

6) Artificial surfaces and associated areas (urban areas >50%)

7) Bare areas

8) Water bodies
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GlobCover2009 land cover categories

‘:l 11 - Irrigated croplands

\:l 14 - Rainfed croplands

\:l 20 - Mosaic Croplands/Vegetation

\:l 30 - Mosaic Vegetation/Croplands

- 40 - Closed to open broadleaved evergreen or semi-deciduous forest
- 50 - Closed broadleaved deciduous forest

- 60 - Open broadleaved deciduous forest

- 70 - Closed needleleaved evergreen forest

- 90 - Open needleleaved deciduous or evergreen forest

- 100 - Closed to open mixed broadleaved and needleleaved forest
- 110 - Mosaic Forest-Shrubland/Grassland

- 120 - Mosaic Grassland/Forest-Shrubland

- 130 - Closed to open shrubland

- 140 - Closed to open grassland

\:l 150 - Sparse vegetation

- 160 - Closed to open broadleaved forest regularly flooded (fresh-brackish water)
- 170 - Closed broadleaved forest permanently flooded (saline-brackish water)
- 180 - Closed to open vegetation regularly flooded

- 190 - Artificial areas

\:l 200 - Bare areas

- 210 - Water bodies

\:l 220 - Permanent snow and ice

I 230 - No data

Figure 7.1. GlobCover2009 land cover map of Tanzania
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Figure 7.2. Globcover2009 map of Tanzania with DHS EA centre points

7.3.2 Data analysis

7.3.2.1 Descriptive statistics
Figure 7.2 shows the land cover map with the location of the DHS EA usedinthe analysis. DHS
EA are notdistributed evenly throughout the country but are designedto collect

representative dataon the population at national and regional levels.

Basic descriptive statistics from the DHS data were calculated using Stata (version 12). Means
(95% confidence intervals) and percentages (95% confidence Intervals) are presented forthese

descriptive results. BMI cut-offs of <20, 25-30 and >30 were used to determine whether the
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respondent was categorised as underweight, overweight or obese. A cut-off of -2was used to

define whetherachild was stunted (height for weight z-scores) orwasted (weight for height z-

scores).

7.3.2.2 Linear regression analysis

Linearregression was used toinvestigate the relationships between demographic, social,

agricultural and dietary factors and dietary diversity and nutritional status variables (chapter

objective 7A). Factors potentially associated with nutritional status were identified through the

literature and the results presented in chapters 4-6. The DHS is a rich dataset with many

similarvariables likely to be reflecting the same underlying construct. Multi-collinearity

negativelyeffects the integrity of the regression model (UCLA: Statistical Consulting Group,

2014). In orderto avoid this factors were grouped into categories (wealth; marital status;

education; literacy; employment; urban/rural; sanitation; breastfeeding; complementary

feeding; health; supplementation) and redundantvariables within these categories were

disregarded. This meant that there were only between 1and 3 variables percategoryinthe

models (see Table 7.1). Univariate and multivariable regression with all relevant variables

includedinthe model are presented.

Table 7.1. The 17 covariates in 10 categories identified as being potential determinants of

nutritional status

Area
e Urban orrural

e Distance to nearest health facility

Demographics

e Currentmarital status
Education

e Education (years)

e Husband’seducation (years)
Literacy

e literacy
Health

e Children<5 sleptunderbednet
last night

e Had diarrhoearecently

Employment
e Respondent'soccupation
e Husband's occupation
Wealth
e Wealthindex
Drinking water/sanitation
e Source of drinking water

e Somethingdone to make watersafe
to drink

Vaccinations and medication
e Receivedvitamin Ainlast 6 months
Breastfeeding and complementary feeding

e Givenfoods/liquids otherthan
breastmilkinfirst 3days

o Agewhenfirstfed with otherfood
e Currently beingbreastfed

As this chapteris specifically focused on the relationship between dietary diversity and

nutritional status separate regression analyses were conducted to investigate these
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relationships (chapter objective 7B). Variables that could potentially confound the relationship
between dietary diversity and height for age and weight for height z-scoresin the youngest
child were identified using a DAG, as described in chapter 3 (page 73, figure 3.16). Then, for
the multivariableregression, asin chapter4-6, variables were added to the model one by one
to determine whethertheyinfluenced the regression coefficients for dietary diversity. When
the potential confounders modified the coefficient substantially they wereincluded inthe
model. Variablesincluded were: respondent’s education in single years; frequency of watching
television; currently breastfed; age when first fed with other food; wealth index; respondent

employed all yearorseasonally; respondent works for family, other, self.

Clusteranalyses were carried outin Satscanversion 9.1.1 in orderto investigate whether
dietary diversityand nutritional status vary spatially (chapter objective 7C). This program uses
the GPS co-ordinates collected at DHS EA level to identify clusters of both high and low levels
of the dietary diversity and nutritional status variables. Satscan clusters can be described as
areas where the value of the characteristicof interestis unusual as compared to the area
surroundingit. Clusters of the continuous variables dietary diversity, height forage and weight
for age z-scoresin children and dietary diversity and BMlin the respondents were analysed
using a continuous normal model. This model, designed for continuous data, uses alikelihood
function based on a normal distribution (Kulldorff, 2005). For the binary variables of whether
the children were stunted or wasted aBernoulli Model was used. The BernoulliModel codes
individuals as cases or controls, in thisinstance a case would be a child that was stunted and a
control would be a child that was not stunted. Forthe analysis Satscan draws all possible
windows, of variable sizes, centred on the DHS EA midpoints calculating a scan statistic for the
normal models and prevalence forthe Bernoulli models and these statistics are compared
between withinthe window and outside the window. Those windows that have the scan
statisticwhichisleastlikely due to chance is the mostlikely spatial cluster. P-values are
assigned to the clusters (Kulldorff, 2005). The cluster output of the most likely clusters were
then mapped by GPS co-ordinates using ArcGIS version 10and the results which show where

the clusters of high and low values are situated are presented as maps of Tanzania.

7.3.2.3 Land cover analyses

To investigate whether land coveris related to dietary diversity and nutritional status (chapter
objective 7D) two analyses were carried out using data derived from the GlobCover 2009 land
covermap using ArcGIS version 10. The dietary diversity and nutrition data averaged at DHS EA

level was linked with this land cover data through the DHS EA GPS co-ordinates. These analyses
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were carried out to determine whether surrounding land coverwas associated with diet and

nutrition outcomesinthe DHS survey.

The firstanalysis aimed to present the percentage agricultural, forest and other land cover
types surrounding the DHS EA in high and low Satscan clustersin orderto determine whether
land coverwas different around areas with high dietary diversity or good nutritional status as
compared to areas with poor dietary diversity and nutritional status. The proportion of the
total area that was defined as agriculture, forestand other was calculated in buffer zones 5km
from the DHS EA centre point. Figure 7.3. illustrates the buffer zones around the DHS centre
points and shows the different areas each land covertype occupies. The light green area
represents the 5km bufferaround the DHS centre points (original categories are retained).
ArcGIS was used to sum these areas by each of the 22 differentland covertypes. All the land
covertypesdefinedinthis projectasagricultural, forest were then added togetherin orderto
calculate the total proportion of the bufferthey occupy. The same was done for all land cover
types defined as other. Forexample, inthe image on the right the majority of the land cover is
“Rainfed croplands”(yellow) with some “closed to open (>15%) grassland” (orange) and
“closedto open (>15%) shrubland (<5m)” (brown). A high proportion of the 5km bufferwill be

calculated to be rainfed croplands which is classed by this project as agricultural land cover.

Figure 7.3. Globcover2009 map with the 5km bufferzones around the DHS EA centre point
marked in green; the image on the right is a close up lookat the central cluster from
the image on the left (different colours represent different land cover types)

Thisinformation was then linked to the Satscan clusters described above. The land cover

surroundingthe high and low clusters of dietary diversity and nutritional status variables were
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summed and the average proportion of the surroundingland coverthat fell into the
agriculture, forestand other categoriesis presented. Forexample, the proportion of
agricultural land coverinthe surrounding 5km of the DHS centre pointsidentified in the
Satscan clusterof high dietary diversity and the proportion of agricultural land coverinthe
area surroundingthose DHS inthe low dietary diversity Satscan cluster were calculated and
can be comparedinthe results table. This was repeated for the following variables with
significantly high and low Satscan clusters; child dietary diversity, height for age z-scores,

weight for height z-scores and mothers BMI.

In the second analysis, regression was used to determine whetherland coveris significantly
associated with average dietary diversity and nutritional status variables. The percentage of
agricultural, forestand otherland coverinthe 5km surrounding the DHS centre points were
used as the independentvariablesin the regression models. Average dietary diversity and

nutritional status variables for each DHS EA were the dependentvariables. Both unadjusted

models and models adjusted for whetherthe DHS EA was defined as urban or rural were run.

7.4 Results

7.4.1 Demographic characteristics of participants in the Tanzanian 2010 DHS
A total of 10139 female respondents took partinthe DHS survey. Of the respondents that had

childrenunderthe age of five, they had an average of 1.9 children each (Table 7.2). Over 60%
of these respondents were married with approximately 30% having never married and about
10% beingwidowed, divorced or separated. The respondents and their husbands had, on
average, 6 years of education. Approximately 70% of respondents fellinto the highest level of
literacy; ‘can read whole sentences’ while almost 30% couldn’t read at all. Fifty percent of
respondents and 60% of their husbands worked in agriculture. Twenty-four percent of

respondentsandless than 1% of their husbands reported not working.
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Table 7.2. Respondent’s characteristics information in the Tanzanian 2010 DHS

Total numberof respondents 10139
Number of children underfive perrespondent (mean (95% Cl))* 1.8(1.8,1.9)
Marital status (% (95% Cl))

Married/living together 62. (61.7, 63.5)
Nevermarried 26.7 (25.9, 27.5)
Widowed/divorced/separated 10.7 (10.1, 11.3)
Education (mean (95% Cl))

Average number of years of education 5.9 (5.8, 5.9)
Husband’s average number of years of education 6.1 (6.0, 6.2)
Literacy (% (95% Cl))

Cannotread at all 27.4 (26.6, 28.3)
Able toread only parts of sentence 5.4 (5.0, 5.8)
Able toread whole sentence 67.1 (66.2, 68.0)
Respondent's employment (% (95% Cl))

Workinginagriculture 48.8 (47.9, 49.8)
Workingin otherarea 26.8 (26.0, 27.7)
Not working 24.3 (23.5, 25.1)
Husband's employment (% (95% Cl))

Workingin agriculture 58.6 (57.5, 59.6)
Workinginotherarea 41.1 (40.0, 42.2)
Not working 0.4 (0.2,0.5)

*excludingthose with no children under five

Table 7.3 shows the households characteristics from the DHS survey. Two thirds of households
had aradioin the household and over half had mobile phones and abicycle. Under 20% had
electricity. Around a quarter of the households got their waterfrom a publicor neighbours
tap/standpipe and another quarterfrom an open well. Twenty percent got theirwaterfroma
borehole, river, dam, lake, pond, stream, canal or spring. Almost 15% used piped water. Over
60% of householdstook no action to make theirdrinking water safe. Almost 30% of
households boiled theirdrinking water to make it safe. On average it took household members
approximately 30 minutes to collect their drinking water. Over 50% of households used an
open pitlatrine toilet while 17% used a closed or improved pit latrine and another 17% had no

facility available tothem. 12% used a flush toilet.
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Table 7.3. Household characteristics in the Tanzanian 2010 DHS

Characteristics and ownership (% (95% Cl))

Radioin household

Mobile phone in household
Bicyclein household

Household has electricity
Televisionin household
Refrigeratorin household
Motorcycle/scooterin household
Car/truck in household

66.0
57.3

65.0, 66.9)
56.4, 58.2)
51.1 (50.1, 52.1)
19.1 (18.4, 19.9)
17.1 (16.4, 17.9)
9.5 (9.0, 10.0)
4.9 (4.5, 5.3)
2.8(2.5,3.1)

—_ e~~~

Water source (% (95% Cl))

Public/neighbours tap/standpipe
Openwell
Borehole/river/lake/spring etc
Piped water

Protected well

Tank

Rainwater

Bottled

27.7 (26.9, 28.6)
23.1(22.2, 23.9)
21.6 (20.8, 22.4)
13.6 (12.9, 14.2)
11.3 (10.7, 11.9)
1.7 (1.5, 2.0)
0.7 (0.6, 0.9)
0.3 (0.2, 0.4)

Take action to make water safe (% (95% Cl))*

Nothing

Boil

Othere.g. Strain, letsettle

Time to get water minutes (mean (95% Cl))

61.8 (60.9, 62.7)
29.2 (28.4, 30.1)
9.0 (8.4, 9.5)
27.6 (26.9, 28.3)

Type of toilet (%)

Openpitlatrine

Closed orimproved pitlatrine
No facility

Flush

Other

54.4 (53.4, 55.3)
16.5 (15.8, 17.2)
16.6 (15.9, 17.3)
12.4 (11.7, 13.0)
0.2 (0.1, 0.3)

Respondents had an average BMI of approximately 23kg/m?: 27% were underweight, 51%

were normal weight, 16% were overweightand 6% were obese (Table 7.4). The heightforage
z-scoresforthe respondent’s youngest child was -1.5 with 38% of these children being classed

as stunted. The average weightfor height z-scores was -0.1; 7% of the children were wasted.
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Table 7.4. Respondent’s and their youngest child’s nutritional status

Respondents(N) 10041

BMI (kg/m? mean (95% Cl)) 22.7 (22.6, 22.8)
Underweight (% (95% Cl)) 26.9 (26.0, 27.7)
Normal weight (% (95% Cl)) 51.1(50.2, 52.1)
Overweight (% (95% Cl)) 15.7 (15