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ABSTRACT

BACKGROUNVWitamin A deficiency is one of tlmost prevalent micronutrient deficiencies and the
main cause of preventable blindness in children below five years old. Home food production may

have the potential to tackle vitamin A deficiency in children.

OBJECTIVHo investigate the role of home fogoroduction in the prevention of vitamin A

deficiency in children below the age of five

METHOD®A systematic review and metanalysiof globalcontrolled trialswere carried out
to assess the effectiveness of home food production of vitamimcl\ foods onnight-
blindness, xeropthalmiatunting, wasting, underweighdlietary diversitymortality, costand
income generatedrom intervention.Cost-effectivenessanalyss and a value of information
analysiswere carried out to investigateahe likely costeffectivenessand value of further
research imome gardening/community farming @ftamin A biofortifiedcassava and maize

(yellow cassava angrange maizgto prevent vitaminA deficiency ilNigerianchildren.

RESULT®A total of 16 trials GRADED as leguality evidence show that dme food
production modestly improve stunting, wasting underweighand dietary diversity in
children. The dfect of home food production on serum retinolaginconclusive and no
studies reportednight blindnessxeropthalmiaor mortality. Home gardening/community
farming of yellow cassava and orange maize is likely to be highlyeffestive, however
more research on its cost and effect on serum retimochildren would be good value for

money.

CONCLUSIOMmis thesis strongly suggesshat home gardening/community farming has the
potential to tackle vitamin A deficiency iyoung Nigerianchildren. Additional research,
especially high-quality trials including costanalysis to assess the effect of home
gardening/community farming of yellow cassaaad orange maizen serum retinol would
be worthwhile before deciding on its implementatiodntil then,more funding and targeted
implementationare neededto up-scak vitamin A supplementatiorand food fortification

programmes torural children.
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CHAPTER ONE

BACKGROUND

WhilepracticingOptometry in Nigeria and engaging in eyecare outrgarcgrammesin rural
communities | discovered that mnychildren in rural Nigeria presented with subclinical signs
and symptom®f vitamin A deficiency. This spurred my interest in vitamin A deficiency and |
decided to take up this area in researdhis thesis focuses otihe potential of home food

productionto preventvitamin A deficiency in children living in rural Nigeria

There ardive chaptesin this thesiswith the methods and results included in each chapter
The first chapter presents a general background on vitamin A deficiency and establispes a ga
in research and the rationale behind this wofthapterone ends by specifying the research
guestions to be answered in this thesi€hapter two is a systematic review the
effectiveness of home food production in the prevention of vitamin A deficiency, and
blindness outcomsin children. Chapter three presents a cestectivenesanalysis of home
gardening/community farming ofitamin A biofortifiedcassava and maizggllow cassava

and orange mai2ewhile chapter four focuses on a value of information analysis on home
gardening/community farming of yellow cassava and orange maize to prevent vitamin A
deficiency in children. The final chapter, chapter fidiscussedindings, policy implications

and recommendations dhe research
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Vitamin A deficiency is a public health concern in-Bovd-middleincome countrieLMICs)
According to the World Healtl®rganisation(WHO) 190 million preschool children are
vitamin A deficienfWHQ 2021). Vitamin A deficiencyemains one of the most prevalent
micronutrient deficiencies globallgspeciallyin LMICgBahreynian et al., 2017 Vitamin A
deficiency accounts far.8% othe global disease burden measured in disabiditjusted life
years (DALYs) and 0.8 million deaths worldw(d¢HO,2013) There is limited globalty
collated data, a global surveycfrom over a decade agon the prevalence of vitamin A
deficiency in preschool children by the WHO reported that 33.3%redchoolchildren are
vitamin A deficient(WHQ 2009) Preventable childhood blindness caused primarilyoy
vitamin A deficiencywith 2.8 million preschoehge children at risk of blindneéa/HQ 2009)
As well as causing blindnasschildren vitamin A deficiencympairs immunity andncreases
the risk of mortality from other childhood diseases such as diarrhoea and meaeSEF,

2018n).

Vitamin A is an essential micronutrient that is not manufactured in the body but is needed for
good visionastrong immune system, reproduction, growth afushctioning of epithelibcells
(Gilbert, 2013). Asvitamin A is not manufactured in the body, it has to be included in our
diet for itto beavailable for use in the body. Vitamin A is of two types; preformed vitamin A
and provitamin A. Preformed vitamin Also known as retindk found inanimal foodssuch

as eggs, milk, cheese, fish, liver and kidnByevitamin A is found in pladbtased fods and

the most common type is betearotene.Colouredplant foodsuch asarrots, orangdieshed
sweet potato, dark green leafy vegetables (such as spinachgcblippumpkin, yellow maize,

papaya, mango, grapefruire the richest sources of betarotene (National Institute of

19



Health, 2013)Vitamin A is a fasoluble vitamin ancnyexcess amountonsumeds stored

in the liver. Over timean excess in the liver can lead to vitamin A toxicity which could be
acute (drowsiness, abdominal pain, nausea etc) or chronic (mouth ulcers, swelbogex
and respiratory infections)National Institute of Health, 2013Prolonged intake oéxcess
pro-vitamin A carotenoids do not lead toxicity. The conversion of betzarotene to vitamin

A in the intestinal wall by dioxygase is regulated by the amount of vitamin A present in the
body. When the body has enough vitamin A, the conversion of-batatene reduces
(Novotny et al., 2010)\Vitamin A toxicity is usually derived from excessive intake of preformed

vitamin A(Coates, 2010)

Nutritional blindness in children isaased by vitamin A deficiency and manifests as
xeropthalmia which is an array otular signs and symptomsaused by an insufficient intake

of vitamin Arich foodsP - SNRB LJG K f YAl LINB&aASydGa Fa yA3akKd o
xerosis, corneal xesis, corneal ulcer, corneal scarring and keradtania (cornea ulcer
covering up to 1/8' of the cornea is known as keratomalaci¥gropthalmia mainhaffects

children underfive years of age(Gilbert, 2013). Eye signs such as night blindness,
conjunctival xerosis and A (i 2 1 Qa a LJ2 standiggR/ka@in A Sefickency ahy ae

usually not blinding. Corneal xergstornea ulcerand keratomalaciandicate an acute

sudden onset of vitamin A deficienayhich canleadto permanent loss of vision and a high

risk ofdeath from vitamin A deficiendfGilbert, 2013). According tahe WHQ, blindness is

defined as corrected visual acuity the better eye presenting less than 3/@a{ y St £ Sy Q&
chart (WHQ 2007). A report written byFeroze and Kaufma(Feroze & Kaufman, 2018)
demonstrated that approximately 2.8 million childreworldwide are suffering from
xeropthalmia with an incidere rate of 350,000 cases annually. Childhood blindness has a

huge impact both socially and economically. Blind children will grow up to becoime bl
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adults and this loss in vision can hamper their quality of life, educational attainment,

independence andaxial functio (Gilbert & Muhit, 2008)

One of themajor causes of vitamin A deficiency is insufficient dietary intake of foods rich in
vitamin A Other causes are liver disordgGilbert, 2013b)Surveys have shown that vitamin

A deficiency is more prevalent in children and women living in rural gf@ele et al., 2009;
Hanson et al., 2016; Schémann et al., 2007; \Bimeet al., 2012)A randomised cluster
sampling designarried out in Congo bgamba et a2006)revealed that vitamin Aich food

was consumed more in urban areas than in rural areasurey by Arlappa et al. Z011)
conducted in a rural area in India demonstrated that vitamin A deficiency was significantly
more prevalent in children of lower socioeconomic status. Findings from this study showed a
gross deficiency of vitamin-#ich food in rural areas. Ressifrom a crossectional study by
Yang et al(2015) corroborates other findings by showing a strong correlation between
vitamin A deficiency and poverty. This study established that vitamin A deficiency was
significantly more prevalent among pregnant women in impoverished rural areas, illiterate
people andow-income earners as these groups of people are unable to afford food rich in
micronutrients. A secondary analysis of data on South African women who tobknphe

South African National Health and Nutrition Examination Survey (SANHANES8ported

that locality and household income were some overarching risk factors of vitamin A deficiency
(Parker et al., 2017T his further supports that rurality and poveryerisk factosfor vitamin

A deficiencyThe Nigerian Demographic Health Survey (2018) stibatsin the vitamin A

supplementation programme, childrelmorn to uneducated parents had a low coverage
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vitamin A supplementation programme (29.4%) compared with chil{@erb9 monthsporn
to parents educated above secondary school |¢véL8%). Also, childrén the lowest weah
quintile received a lower coveragé3.5%)of vitamin A supplementatiorprogramme
compared with children born to parents in theghiest wealth guitile (68.0%)YNPC & ICF,

2019)

1.3INTERVENTION STRATEGIES FOR VITAMIN A DEFICIENCY

As far back as the 1980s, when there was a recognition of the importance of vitamin A in
human health,concertedglobal effors were made to eradicate vitamin A deficiency as a
public health problem(Bruins & Kraemer, 2013)The challenge of eliminatingtamin A
deficiency as a public health problem was included in the-@fhdiecade micronutrient goals
sanctioned by the World Summit for Children (19@MitedNations, 2021)the International
Conference on Nutrition (1992/WHQ 1992) and the World Halth Assembly (1993World
HealthAssembly, 1993)n the face of these efforts to eliminate vitamin A deficiency over the
pastthree decades, clinical and subclinical vitamin A deficiency are still prevalent worldwide
(Stevens et al., 2015Public health interventions used in combating vitamin A deficiency
includevitamin A supplementatiorand foodbasedapproachessuch adood fortification,
homefood productionof vitamin Arich foods biofortification, palm oil produceand point

of-use fortification with micronutrient powdefFaber and Jaarsveld, 2007)

1.3.1VITAMIN A SUPPLEMENTATION

Undoubtedly, biannual supplementation withhigh dose of Vitamin A capsule has played a
vital role in the past. High dose vitamin A supplementation is bpragtised in 82 countries
given to children aged 6 to 59 months twice yearly for the control @nvin A deficiency

(UNICER2021;,WHQ 2021) A systematic reew and metaanalysis of randomesi controlled
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trials by Imdadet al. (2017) demonstrateda reduction in the incidence afight blindnes

(risk ratio 0.32, 95%CI 0.210@d50),0 A (0 2 ( sk ratio@.a2, 85%G6! 0.33 td).53),diarrhoea

(risk ratio 0.85, 95%| 0.82 t00.87)and measles (risk rati®.50, 95%CI| 0.37 t00.67)in
children belowfive years of agsupplemented with biennial vitamin A compared to not being
supplemented Other systematic reviewhave shown that vitamin A supplementatios
effective in preventing vitami A deficiency in childrerit is important to state that VAS has
been identified as one of the most effective public health interventions. It has an easy route
of administration (oral administration of ddased retinyl palmitate or retinyl acetate liquid

form) (WHO, 2011)It has a quicker mechanism of actj bioavailabilityand is likely to be
more effective m controlling vitamin A deficiency in childreompared withfoods rich in

beta-carotene that requiresanversion to retinol in the bloo@WHO, 2011)

Some authors have contested the effectiveness of vitamin A supplementat@mntrolling
vitamin A deficiency and for atusemortality. In arandomised controlled triabf vitamin A
supplementationprogrammeadministered every six months to 27,873 children aged72
months by Herrera et al., 1992 in Sudan (Intervention children received 200,000itanoiih

A and 40 IUof vitamin E, or control children 40 kf vitamin E as placebo every 6 months
for 18 months) showed no effect on mortalitglative riskl.06, 95% CI 0.82 th37)(Herrera

et al., 1992)In line with the findings dflerrera and his colleagues, a randomized controlled
trial by Fisker et al.2014)in Guinea Bissau, 7587 children agedc623 months were
administered vitamin A supplementatiance in six months (100,000 IU fo@&1-month-

old and 200,000 IU for 1223-month-old children) showed that vitamin A supplementation

had no general effeain mortality (Mortalityrate ratio: 0.9195% CI 0.59 t&.41).
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Vitamin A supplementatiors costeffective thoughthe cost ofvitamin A supplementation
programmes vary considerablypy country(Edejer et al., 2005A review of literature on the
costeffectiveress ofvitamin A supplementatioglobally byNeideckerGonzales et al., 2007
(NeidecketGonzales et al., 200Bhowed an overall global estimate of US$r gapsule
delivered Theyalso demonstrated that theost of administering vitamin A supplementation
in rural areas is 3.7 times more than in urban arédeideckerGonzales et al., 2007)
Additional workers, time and resources are needed to reach the rural population. Thismean
that vitamin A supplementatioprogrammes may not be suitable for targeting children in
rural areasRegardless of the benefits vitamin Asupplementation as a major child survival
intervention, the issue gbrogrammecoverage linger€Semba et al., 2008)n2016,vitamin

A supplementathn programmes were able to reach 64% of childreminerable to vitamin A
deficiency, missing over 140 million other children ieed ofvitamin A supplementation
(UNICEF, 2018b)n countries with the most vulnerable children, where there is a high death
rate in children below the age of fiveitamin A supplementatiooverage reduced by 50%
between 2015 and 201@JNICEF, 2018Hh addition to missing children, trmverage gajs
inequitable. Thapa in 2008analyseddata fromthe 2006 NepalDemographic andHealth
Survey and reported thahe Nepalesevitamin A supplementatioprogrammebypassed the
poorest of the poor, illiterate mothers and rural inhabitanfBhapa, 2010)Nguyen and
colleagues in 201@xamined the associatioreween vitamin A supplementatigoprogramme
and sociedemographic factors from earosssectional demographic survey in Nepal.
Ironically, they found out that children living in the rural areas who are more susceptible to
vitamin A deficiency were less likely to recewtamin A supplementatiothan children living

in urban areagNguyen et al., 2012)Aghaji and colleagues analysed the 2013 Nigerian

National Demogrphic Hedth Survey and illustrated that vitamin A supplementatio@as
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significantly higher in urban areaaching a higher number of childrés3.5%, P > 0.001)
than in rural areas (34.7%Aghaji et al., 2019Furthermore, astudy inthe Philippines by
Choli, Bishai andilH (2005)reported that vitamin A supplementatioprogrammes did not
succeed in reaching vulnerable childréhile vtamin A supplementation is efficacious and
costeffective when delivered to those at risk is importantto recognise thatcoverage
eludesmany ofthe most vulnerable due to geographical isolatid his does not invalidate
the supplementationstrategy, butit suggsts that vitaminA supplementatiorshould bepart

of an integrated approach sensitive to socioeconomic statustegetowardgshe elimination

of vitamin A deficiency as a public health concern.

1.3.2FOOBEBASED APPROACHES TO COMBAT VITAMIN A DEFICIENCY

According toLow et al (2007) food-based approaches may have the potential for achieving
sustainability in controlling vitamin A deficiency and can serve as a suitable coardlémn
vitamin A supplementationFoodbased approaches include poiof-use fortifiation with
micronutrient powders, homdood productionof vitamin Arich crops and fortificatiorat
large scale processing facilitiekstaple foods such as oil, wheat flour, sugar amongst others

with vitamin A(Chakravarty, 2000)

1.3.2.1POINTOFUSE FORTIFICATION WITERONUTRIENT POWDER

Pointof-use fortification with micronutrient powder is achieved lagldinga mixture of
vitamins and minerals in powder form enclosed in a sachet to meals just before consumption
This fortification should noaffect the taste or flavar, but increag the nutritional value of

the meal (Suchdev et al., 2015)he impact of home fortification of food with multiple
micronutrient powder on vitamin Aleficiencywas evaluated in 2017 bSilva et al(2017)

using a multicentrecontrolled trial in BrazilThey enrolled 794 children, aged; @4 months.
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The intervention arm received micronutrient poler to be added to their complementary
foods once a day fotwo months and the control arm received no interventiofhe trial
established that micronutrient powder was effective in abatintamin A deficiency with
vitamin A deficiencypresent in16.2%of the children in the cotrol group at the end of the
intervention,and in7.5% of theintervention groupchildren Thiswas a55% reductionn
vitamin A deficiency(Prevalence ratio 0.45, 95% CI 01280.72) A similar study(also a
controlled trial set inhealth centres enrollingchildrenaged under two yeajdy Oliveira et

al. (2016 in Brazilalsoshowed that micronutrient powder is effective in reducing vitamin A
deficiency. Oliveira and colleagues enrolled 240 childrénding that after receiving
micronutrientpowder, vitamin A deficiencywaspresent in4.73% compared t018.6%in the
control group. ThérevalencdRatio was0.25(95% CI 0.0 0.64).Semba et al2008)argued

that point-of-use fortification with micronutrient powder is convenient R2 Say Qi NBf
changes in food habits and can be produced in bul& elatively low cost {S$0.02 per
sachet). HoweverNyhus Dhillon et al(2017) pointed aut that although pointof-use
fortification with micronutrient powder is easy to use and efficacious in reducing vitamin A
deficiency, achieving high coverags difficult, relying both on good distribution and

maternal/carer education and buiyp.
1.3.2.2FO0OD FORTIFICATION

Food fortification isan industrial processntentionally increasing micronutrient content by
adding vitamins and minerals (fortifiets) foods(called vehicle foods.g.,wheatflour, sugar,
margarine biscuits salt, cooking oiktc) during production The aim igo improve the
nutritional value of the foodproviding health benefits with marginal rigfHQ 2016a)

Fortification is socially acceptable, cedtective and has delivery systenm place already
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but may require some modification of food hab{tsotfi et al., 1996; Nestel, 1993y 2002

and 2008, the Copenhagan Consensus classed food fortification as one of the mest cost
effectiveinterventions(GAIN, 2022) argescale food fortification is a sustainable method of
reaching large number of people withital micronutrients including vitamin At least one
cereal grain fortication is mandated in 83 countries and 30 countries legislate for the
fortification of cooking oils, margarine and gh@&lobal Nutrition Report, 2019 Currently in
Nigeria, five foods must be fortified with vitamin¢gAsugar, cooking oil, wheat, semolina and

maize flour(\Valerie, Friesen; Michael, Ojo; Mduduzi, 2021)

Sugarand cooking oil fortification with vitamin A increased by 200% and 28% respectively,
and caused an adubnal 125.7 million children to have access to vitamin A fortified sugar and
13.8 million children to have access to cookingiwiNigeria(TechnoServe, 2020 the
Philippines fortification of wheatflour was found to havencreased thevitamin A liver
content of preschool childre(Solon, 1997)Alsq in a survey on theGuatemala vitamin A
sugar fortificationprogramme adding retinyl palmitate caused an increase in serum retinol
In 76% ofpreschoolchildren The Guatemalan survey found that in children receiving the
intervention, mean serum retinolncreased from 16.2 + 2.9 to 30.2 + 74 Kk Ryalued<
0.00001)Arroyave, 1979Very weak @idence from a systematic review has shown that food
fortification may not improveserum retinol in childrefMS 'y RAFFSNBYy OS o6a50
95% CH0.06 to 0.12; 3 studies, 1829 participan{glombaliet al., 2019) Despite these
benefits of food fortification, it may not be useful in resow@eor setting owing to the
tendency of this group of people to make food choices based on price rather than quality

(Levinson, 1972)Dary & Mora, 2002)
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1.3.2.3HOME FOOD PRODUCTION OF VITARIGIFAFOODS

Home food production (or home gardening) involves planting vitaminci fruits and
vegetablesalongside nutritionand gardening education for poorer households and may
involvethe provision of tools and seeds or plants, and even animal husbaidgtenKeller,
2013) Home food production may have the potential to make micronutrigoh foodsmore
accessibldgo infants and childrenn rural setting (Faber,2001) but dorequire substantal
labour and time The paucity of dietary diversity is a concern inherent in poesource
settings where meals armainly starchy staple foods with limited amounts of additional
nutritious foods such as fruits, vegetables or animal prodi¢erld Bank,2008. Three out
of four persons reside in rural areasliMICsand they depend on agriculture #seir source

of food (World Bank,2008).

Home gardes are small plots of land near the home which are managed by members of the
household with limited cost input. A home garden of 15m by 10m has the pot¢ntsipply
adequate fruits and vegetables to meet vitamin A requirements for a family of six thooug
the year(Faber andaarsveld, 2007Jhoughthe required size of a garden meethousehold
needs will vanbetween different contexts andepending o factors such as availability of
land, water for irrigation seedlings, timgchildcare support amongsithers Home food
production may have the potential to increase serum retinathildren(Afolami,et al.,2021)
According toTalukder et al(2010) home food production is likely to be cesffectivein
improving dietary diversity and consumption of nutrient riclodis.. Faber and van Jaarsveld
(2007)suggest thathe benefits of home food production aggotentially important Fruits
and vegetablescan provie multiple macro andmicronutrients concurrently andnay

strengthen food security amongst households in rural ard4sre broadly, extra produce
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may be sold to raise additional income for the family. Home fpaxtiuction could be highly

beneficial to communities not covered by vitamin A supplementation and food fortification.

A home food production project was implemented in the rural area of Ndunakazi, South
Africa. Demonstration gardens within the village weet up and used for training. Nutrition
education was given in addition to training on home garden(iifgber, 2001)After the
project, the routine consumption of cereals was reduced and the intake of a variety of
vegetables produced in the gardercreasedAt follow up(20 months after the intervention)

79% of children in the experimental village consumed more pumpkin than baseline
(compared to 26% in the control village). Consequently, in children, serum retinol was higher
in the experimental village (0.81 + 0.22 urthgln = 110) than the control village (0.73 + 0.19

mol/L, n = 111jFaber, Venter, et al., 2002)

Home food production may have the potential to control vitamin A deficiency in children
below the age of five. However, it @ds further investigation in its effectiveness and eost
effectiveness In assessing the potential of home food production to tackle vitamin A
deficiency in children, its cosfffectiveness is crucias health needs compete for scarce
resources. For an intervention to be recommended for implementation, it must be a good use
of limited resources. Understanding the cestectiveness of home food production will
guide policymakers in deciding whethergtworth investing into tacklgitamin A deficiency

in children. No one strategy is a panacea on its own, and evidence is needed to assess
whether home food production would form part of an integrated approach towards the
successful elimination afitamin A deficiency

There are disadvantages in the uptake of home food productionancial cogtraints may

mean that households may have limited access to seeds, tools and capital investment. Gender
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norms and power dynamics between men and women in househnbdsaffect productivity

of home gardensRests and diseases, drought and limited access to training and supportive
organisationsmayimpede productivity from home gardens. Aldeee roaming animalsmay
spread infections andvendestroy crops in home garden&.crosssectional formative study

in Ethiopia evaluated risk factors for campylobacter infection in infants and iltestridat
infected poultry faeces (P < 0.001; OR 1.24d keeping animals inside the compou(iti=
0.027 OR 3.5) were risk factors associated with campylobacter infection in i{andge et

al., 2020) Other factors include lack of water supplysoil infertilty and erosion, and
competing time spent in home gardening and cultural acceptance of home gardens. There is
the issue of sustainability of home gardening intervention where some households may not
continue with the interventiorafter withdrawal of programme suppamiouseholdsn urban

and perturban settings may resort toontaminated soil§¢due to shortage of land)reviously

used in disposing waste water, solid urban and industrial wadteeh may exposehese
households to trace metals such as leaamium chromiumand nicke(Nabulo et al., 2012)

In addition, recurrent cost iseeded to maintain and monitor traits in biofortified crops
including high nutritional content, high yield, and drought and disease resis{@uocas et al.,

2013)

1.3.2.4 RB PALM OIL

Red @lm oil has been shown as a rich source of carotenoids and has been able to reduce
vitamin A deficiency in childrei study that evaluated the impact of red palm oil on vitamin

A deficiency in Burkina Faso demonstrated a decrease in low serum retinoB&r&nt 6.4%

to 66.9 + 11.2%Zagré et al., 2003)Also, the results of a metnalysisof 446 children

indicated that red palm oilreduced the risk of vitamin A deficiency ((RR) (95% confidence
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interval (Cl)) = 0.55 (0.37, 0.8@) 0.003) and increased serum retinol levels in childpen (

0.00001)Dong et al., 2017)

1.3.3 STRATEGIES TO IMPROVE VITAMIN A STATUS THROUGH INCREASED DIETARY
DIVERSITY

Diversifying childre® dietwith vitamin A rich foods is associated with improved vitamin A
status in childrer(Fujita et al., 2012)If children are to obtain all essential nutrients, dietary
diversity is gertinentrequirement(Fujita et al., 2013Karlsson et al., 2022Apietary diversity

is the process of measuring the variety in types of food consumed within a household
guantitatively. It serveas a proxy for nutrient adequg in an individu® diet(Fujita et al.,
2012) Some authors have establish#tk relationshipbetween a diversified vitamin-Ach
dietary consumpbn to improved vitamin A statiand protection against xeropthaleni
There are several ways of improving vitamin A status in children through dietary diversity such

a KFE@AYy3 | K2YS 3AFNRSYIZ ydziNAGA2Y SRdzOF GA2Yy

Some authors have investigated the association of diedargrsity with nutritional blindness

in children Gittlesohn et al. in 1997 explored infant feeding practices and the risk of
xeropthalmia in Nepali children, using a casmtrol study design with 78 xeropthalmic and

78 nonxerophthalmc children betweerthe ages of %6 years. The feeding of vitaminrigh

foods served as a protection against xeropthalmia in early childhood. Schaumberg et al.
(1996) carried out a case control study in the republic of Kiribati, assessing 666 cases of
xeropthalmic children ad 816 controls. Results from this study showed that higher frequency

of consumption of vitamin Aich foods (OR 0.93, Cl 0.80.96) and the presence of a garden

(OR 0.70, CI 0.520.93) conferred a protective layer against xeropthalmia. Mele et a@1(19

conducted a caseontrol study in Indonesia that investigated the nutritional and household
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risk factors of xeropthalmia in children under the age of six. The study reported that the risk
of xeropthalmia increased with a less frequent consumption @fmin Arich foods (OR 3.5).
Shankar et al. (1996) conducted a casatrol study in Nepal among 81 household with
xeropthalmic children and 81 households with mxgropthalmic children. The cases were less
likely to consume vitamin -Ach fruits (OR 1.013nd vegetables (OR 2.15) in comparison to

controls.
1.3.3.1 NUTRITION EDUCATION

Nutrition education is a fundamental strategy to various approaches of nutrition intervention
such as dietary diversity. Evidence shows that nutritional intervention imprseresn retinol
status. In Sri Lanka, the effect of nutrition education was assessed on nutrition related
knowledge, food consumption patterns and serum retinol levels in 229 adolescents between
the ages of 15 and 18lutrition education was delived as leture discussions andteractive

group discussionsAfter a tenweek period, nutrition education was associated with a
significant increase in knowledge (P < 0.001) and consumption of local vitamncin #ods.

The prevalence of vitamin A deficien@20microg/dL) reduced from 17% to 4.8%. Nutrition
education had a highly significant effect (P < 0.001) on subjects with baseline serum retinol
concentration below 20 microg/{Lanerolle & Atukorala, 2006Another study in Uganda
assessed the impact of nutrition education focused on the dieddling practices ofolw-
income rural caregivers toeduce anaemiaand improve vitamin A food intakasing a
controlled intervention trial. Fortysix women enrolled in the intervention aramdcompleted

nine sessions of lectures on nutrition white the control armwomen(n = 43) wereenrolled

into sewing classeskKTS OF NBINBSRAY IOANI ®iA O0Sa yR OKAf |

were assessed one month and one year after the intervention. The results showed that
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caregivers in the intervention arm reported an improvemén child snacking pattern, food
selection practices, meal adequacy and food variety. There was an improvement in mean
retinol-binding proteinF N2 Y ndcy >Y2idkity 0 dip2: o ddym ALOPRri « f
in the intervention group, buthere was no change in the control groygabahenda et al.,

2016)
1.3.3.2 SOCHBCONOMIC STATUS

Socioeconomic status is associated with healdiet patterns, diet quality and diversity in
high income countries as well as l@md-middle income countries. Dietary diversity may
represent a proy for household resourcgdlorseth et al., 2017)Evidence has shown that
increased dietary dersity was associated with higher income levels and higher per capita
energy availability in householdsloddinott, 2014) A crosssectionalstudyin the Saharawi
refugee camps, Algeria, assessed the associatidmetween dietary diversity and
socioeconomic status using the WAMI index (sanitation, assets, education and inddmae).
results showed that there i positive association between dietary diversity and WAMI index
(P > 0.001), suggesting that low dietaryetsity is associated with low socioeconomic status
(Avula e al., 2011) A crosssectional survey in two districts of lllu Ababora Zone Oromis
region of Ethiopia assessed the determinants of dietary diversity. Data were collected from
334 households and results showed that household income and wealth posinhflelsnced
dietary diversity(Huluka & Wondimagegnhu, 2019)ikewise, a survey in Bangladesh that
included 188,835 households using armnthly data collectio method from 2003; 2005
illustrated that dietary diversity was significantly associated with total household

expenditures (P < 0.000{JhorneLyman ¢al., 2010)
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1.4.1 GENDER NORMS

In most households, there are power dynamics in decision making pertaining to home gardens
such as in the type of crops to grow, allocation of time spent in hgandening among others.

Men are custodians of lands in many African countries as lands are passed from father to male
heir, and they decide how the land is usé®bayelu, 2017)Traditionally, in many African
countries,land ownership does not reside with women, and they only have access to lands
throughhouseholdmembership. Though women sell hormgeown foods, men take over the
cultivation and salef crops that provide significant amounts of incoiéguyeret al.,2017)
Women have limited access to technology, capacity building andkehanformation. This

may be attributed to extension agents being mostly men, thereby having more interaction
with men and engaging in male agricultural activities such as yam cultiv&tmguyenet al.,

2017).

Femaleheaded households faceapticular challenges in growing a home garden as women
have challenges engaging in activities habitually carried out by men. Female headed
households mayind it difficult to engage with local authorities, access training, loans, land,
water suppiesand financial services. While womandertakemore than half of agricultural
activities, they have limited access to financial support, technology, markdligetece and

capacitybuilding opportunitiegNguyenet al.,2017).
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1.4.2 LAND OWNERSHIP AND TENURE

Land is a criticahgricultural production resource, and limited access to land impedes
agricultural productivity. Equity issues surrounding land ownership impacts on agricultural
production. In some African countries including Nigeria, land ownership is primarily through
inheritance (Obayelu, 2017)Families that have limited access to landsl ame financially
constrained to lease lands will experience challenges in cultivating a home garden. A
household that has leased a piece of land for one year may not cultivate a crop that spans
over one year. A multi sampling technique carried out bymaan 2004 which included 120
farmers showed that the method of land acquisition was mainly through inheritance and the

method of land acquisition affected the types of crop cultivat@damu, 2014)

1.4.3 CHILD LABOUR IN AGRICULTURE

Globally, 70% of child labour is in agricultural activi{le&O, 2017)Approximately @8 million
children are involved in crop production, livestock, fisheries, forestry and aquaculture with
protracted hours of work under hazardous conditioAfica has the highs number of child
labourer in agriculture with 72 million children involved in agricultural practices, followed by
Asia with 62 milliofFAO, 2017¢Child labour poses a hindrance to thestainability of home
gardening. Children are likely to be affected more by the hazards and risks that adults face in
agricultural practices, and they may suffer from permanent disabilities and poor health by
engaging in agricultural activities. The rozduses of child labour in agriculture such as
poverty and lack of social protection must be tackled to end this inequity in home gardening

(FAO, 2017)
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1.44 NUTRITIONBENEFITS FOR DIFFERENT DEMOGRAPHIC GROUPS

A home garden thatoncentrateson vitamin Arich foods may not beneetingthe nutritional
requirements of other members of the household. This introduces an imbalance and may

affect the choice of cropglanted in a home garden.

Mdn d®p 2ha9bQ{ ¢La?9

Women are greatly involved in domestic activities including laundry, cooking, cleaning and
caring for the children. As well as being involved in domestic activities, they are heavily
involved in home gardenindgn LMICs, women make up approximately 43% of agricultural

activiiesWomen being heavily involved in domestic activities as well as agricultural activities

is overburdening and may lead tmhealthy conditiongOxfam International, 2021)

Geographically, SuSaharan Africa (SSA) is the region in the continent of Africa located south
of the Sahara dese(tnited Nations DevelopmerRrogram, 2021 )comprising 48 countries
(World Bank, 2021)Forty-one percentof SubSaharan Africans live in extreme poverty with
47% surviving on less than $1.25 a @BAP, 201&Jnited Natimms DevelopmenProgram,
2021) While poverty levels seem to beproving they representhe mostextremepoverty

in the world (CGAP, 2018)iven the strong association between poverty anthmin A

deficiency(Section 1.2), it is likely that SSA is highly susceptibl@itamin A deficiency

Data from UNICEEonfirmsthat SSAhasthe highest prevalence ofitamin A deficiency
worldwide with 48%cases o¥itamin A deficiencyin SSAUNICEF, 20b8 Acoording to the
study by Beal et ak2017)in SubSaharan Africa, the prevalence of inadequate intake of

vitamin A was reported to be high at approximateBf4(Beal et al., 201 7Aguayo and Baker

36



showed from their analysis of national surveyseleven SSA countries that 43.2 million
children were at risk of vitamin A deficienay a result of insufficient intake of vitaminrigh
foods (Aguayo & Baker, 2005)en years laterStevens et al., 20185tevens et al., 2015)
corroborated the findings of Aguayo and Bak®yr reporting that 1.7% of all mortality in LMICs
Is linked tovitamin A deficiencyand 95% of deaths attributable taitamin A deficiencyin
LMIC=ccurred in SS{Stevens et al., 2015)hey assessed mortality attributable wdgamin
Adeficiencyby pooling data onthe prevalence ofiitamin A deficiencycausespecific deaths

and relativerisks. These results are truly disturbing and call for immediate action.

While vitamin Asupplementationwasa widely adoptedapproach for combating vitamin A
deficiency in Africain 2016, the continent recorded the lowest coverage fatamin A
supplementation(2 dose coveragelobally, at 54% of under five year ol@$NICEF, 2018a)

A crosssectional study byAdamu and Muhammad, 2018damu & Muhammad, 2016) the
most populous country (Nigeri&) SSA reported that 61.6% of children received oogsedf
vitamin A supplementatioand just 41.6% received two doses in 12 monfiteey foundhat

LI NBy G Qa SRdzOl i Aezeyassdeigitéd wikhOoWwdizdiin (AMsgpyleméntation
uptake. Another Nigerian study byAremu, Lawoko and Dal§010) found that parental
occupation and household wealth status were significantly associated wi#min A
supplementationcoverage, such that children of poorer families were most at risk of missing
supplementation Guinea reporteditamin Asupplementationcoverage of 58%Bendech et

al., 2007)and9 G KA 2 LIA I Q& 5 SY 2 3 NI dulfgésted dnly &%flprBdchiodl K { dzNJ
children receiveditamin A supplementatiofSemba et al., 2008)itamin A supplementation

has been unable to control vitamind®ficiencyin SSA countries.
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The Fortification Rapid Assessment Tool (FRAT) was established in several countries in SSA to
aid programmemanagers in planning and executing food fortificatimmogrammes atthe

national level. In 2013less et al(2013) surveyedFRAT in 12 SSA countries (Burkina Faso,
Cameroon, Congo, Guinea, Malawi, Mali, Mauritania, Mozambique, Niger, Rwanda, Senegal,
Uganda) byanalysingconsumption trends of wheadftour, vegetable oil, sugar and bouillon
cubes. This survey found that more thiese food fortification vehicles were consumed in

urban areas than in rural aread/hilst food fortification should be targeted for the urban
settings in SSA, this is less usefulunal setting where consumption of processed food is
minimal. Thsunderscores the need for approaches such as home food production wiaigh

be feasible and sustainable among the poor in rural settiniee need for sustainable

approaches bespoke to rural areas in 88éntries is urgent, and the answers are unknown.

16.1 AIM:

The overall aim of this thesis is to understand the potential role of home food production in

the prevention ofvitamin A deficiencynd nutritional blindnessn children.

1.6.2 OBJECTIVES:

1. To assess the effectivenessioterventions to promotehome food production in the
prevention ofvitamin A deficiencyn childrenglobally.

2. To estimate the coseffectiveness of home food production to prevevitamin A
deficiencyin Nigerianchildren.

3. To evaluate the value dtirther research on home food production in preventing

vitamin Adeficiency inNigerianchildren
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1.6.3 RESEARCH QUESTIONS

1. What is the effectiveness of interventions to promote home food production in
preventing vitamin A deficiency and nutritional blmeks in childremglobally?

2. what is the likely costffectiveness of an intervention to promote home gardening
with yellow cassava and orange mainehe prevention of vitamirA deficiency and
blindness irNigerianchildren?

3. Should furtherresearch be conducted based on the level of uncertainty surrounding
the costeffectiveness of home gardening of yellow cassava and orange maize?

4. |Iffurther research is to be conducted on home gardening of yellow cassava and maize,

what type of studies shdd be prioritized?

1.7METHODOLOGICAL APPROACHES

A mixedmethod approach was adopted for this work a systematic review, cost
effectiveness analysis and a value of information analysis (VOI). The systematic review
involved the synthesis of available evidence on the effectivenessitefventions that
promoted home food production on nutritional blindness in children. It supported the need
and provided data for an economic evaluation where the @fftctiveness of home food
production was assessed. A VOI analysis was carried out to investigate iframditisearch

is worthwhile before deciding whether home food production can be implemented in tackling

vitamin A deficiency in children.

The remaining chapters will present the various methods used in this thesis along with the

results and discussion didse results Chapters two, three and four will cover the methods,
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results and discussion of the systematic review, @gtctiveness analysis and VOI analysis
respectively. The last chapter will focus on discussion and summary of all findings, and

recommendations flowing from this research.
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CHAPTER TWO
THE EFFECTIVENESS OF HOME FOOD PRODUCTION IN PREVENTION OF NUTRITIONAL
BLINDNESS IN CHILDFEEASTEMATIC REVIEW AND MEIPAY SIS OF CONTROLLED

TRIALS

2.0 SUMMARY

The previous chapter set this thesis in contexty discussing the burden of vitamin A
deficiency and the rationale for carrying out this thedis. Chaptertwo, | cary out a
systematic review and metanalysisl aim to systematically review trials assesdimgeffects

of home food production (also called homestead food production agticultural
interventions) on xeropthalmia, nighdlindness, stunting, wasting, underweigimortality,
cost of intervention andncome generated Medline, Embase, Scopus, Cochrane CENTRAL
andWHOtrial registerswere searchedo February 2019nclusion of studies, data extraction
and risk of bias were assessed independently in duplicate. Rasadifects metaanalysis,
sensitivity analysesand subgroupingwere carried outand GRADE ag usedto assess the
guality of evidenceSixteentrials were includedrandomizing 2498 children, none reported
data onxerophthalmia, nighblindness or mortalityThe results showed thatdme food
production may slightly reduce stuntifmean difference (MD) 0.13-zore), 95% CI 0.01 to
0.24) wasting MD 0.05 (zscore), 95% C0.04 to 0.14)and underweightiID 0.07 (zcore),
95% C10.01 to 0.15)n young children (all GRADE lowonsistency evidence), and increase
dietary diversity ¢tandardized mean difference (SMD) 0.24, 95% CI 0.15 to Ul3defect

of home food production on serum retinol was inconclusivies systematic review hdsen

publishedby Bassey et al., 2026 Qitical Reviews ofFood Sience(Bassey et al., 2020)he
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results of this chapter lead to further iastigation of home food production in a cesffective

analysis.

2.1 INTRODUCTION

A systematic review was carried out to assess the effectiveness of home food production in
the prevention ofvitamin A deficiency andutritional blindness in children. Sgsatic review
methodology was adopted because it utilises orderly and reproducible technique in
identifying, choosing, critically assessing, extracting ayathesizing data from all the
relevant empirical studies with the lowest level of hi&ystematic reviews develop and
address an explicitly formulated research questi@handler et al., 2019Along with the
systematic process of locatinall the relevant studies, assessing the potential bias within
included trials, metaanalysis and systematic reportitgis reduces potential bias within the
reviewing processRisk of biases such gmiblication biadgs minimised and selection bias,
performance bias, detection bias, attrition bias and reporting bias are quantifsaty the
Cochrane risk of biag\ssessmat of inclusion, data extraction and risk of bias assessment is
carried out independentlyni duplicate to minimise error#\ thorough assessment of risk of
bias helpghe reader of a systematic review to understand the quality of evidence (internal

validity) produced by a revie{iHiggins et al., 2011)

2.2DESCRIPTION OF INTERVENTION

Home food production interventions have been utilised in some South Asian and African
countries as far back as 198deyer, 2016)Helen Kelleinternational, a norgovernmental
organisatiorhas been the major player promoting homegardeningnterventions across
Asia and Africaandin many situations, national governments haalsosupported smail
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scale agriculture and home gardening to foster food secufityey provide tools and train
women from poor households in the skills tamgr selected fruits and vegetables in home
gardens and raise poultry on a small sqélellen Kelletnternational, 2013)Fruits and
vegetables are selected based on their nutrisdoompositioras well asheir capacity to

thrive ina specific geographic location. Poultgraised to augment essential nutrients

lacking in plant produce. A vital component of this health intervention is nutrition education
where women are equipped ith valuable information on the benefits of eating waiid

the healthiest ways of feeding their children. The intervensi@hso provide support and
education in marketing strategies to assist women to sell their excess harvest and increase

their househadl income(Hellen Kelletnternational, 2013)

Helen Keller Interational isactively irvolved inthe promotion of home food production.
Theyadvocate that home food production is beneficial to disadvantaged people owing to its
costeffectiveness, sustainability and multiple positive outcomes suclaragcrease in
dietary diversity, food security and household incorfi¢ellen Kellerdnternational, 2013)
Sincevitamin A supplementatioand other foodbased approaches such as food fortification
andthe use of micromitrient powder often miss oubn disadvantaged children and women

in rural areas, home food production might be used specifidallfarget this population

(Faber and Jaarsveld, 2007)

Home food production programmes have supported women to produce foods rich in
micronutrients such as iron, zinc and vitamin A by equipping women of deprived households
with planting tools, seedand training, with or without seedlings for planting, chicks for

rearing,and technical asstance(Tallkder et al., 2010)
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In this systematic review, home food productipnogrammeswere those that supported
women to grow food mostly for home consumption (though the surplus might be sold to raise
income) through training in home gardening skalsd/or provision of tools and Ipnting
materials. Interventions might also train women in marketing strategies to enable them to
sell their surplus produce and/or cooking methods to preserve micronutrients. Animal

husbandry might or might ndie added tchome gardening.

2.3 HOW MIGHTHE INTERVENTION WORK?

Home food productionprogrammes aim to enable households to produce dark green
vegetables, yellow and orange fruits, tubers, rq@sains and a range of other crops. This is
hypothesised to lead to oreased consumption of food ricm vitamin A and other

YAONRYdzi NA Sy (14 0 @allieRa%talk,ROLHE 8 Qa OKAf RNBY

Animal husbandry such as raising poultry produoesls (such as eggs) containpgformed
vitamin A. Whileplant produce contains bioavailable vitamin A, animal produce costai
vitamin Awith higher bioavailability than plants. For this reason, women may be encouraged
to raise chickens in addition tdgnting fruits and vegetables to increase intake of prafed
vitamin A (West Jr, 2002) Home food production bestows upon women the critical
responsibility of producing micronutriestch foods fortheir families through informed

choices and a sustainable appah(Ruel & Levin, 2001)

Home food production involves a complexity of factors that affects its success ranging from
availability of land, childcare, availability of time fgardening, sale of surplus produce,
marketing of produce, nutritional requirements of members of housebpldutition

education amongst otherJK Aid, 2014)
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Several mechanisms of action for training in home food production have been proposed.
Traning in home food production is thought to support women to acquire skills that enable
them to maximise the quality and quantity pfoduce realised from thiework. The govision

of planting materials empowers women to engage in home gairgmwith the appropriate
tools and materials (especially seedlings)eeded to grow micronutrientich foods.The
provision of tools and materials relieve disadvantaged wowighe burden of sourcing funds

to grow micronutrientrich foods(Talukder et al., 2010Nutrition education airato provide
women with knowledge of foods rich in vitamin A and other micronutrients, so they can make
informed decisions on what plants to grow and what foods to feed their childtew et al.,
2007) Cooking sessions aim to empower womentla best cooking methods to ensuttee
preservation of essential micronutrientsuch as frying orange sweet potato to aapid
absorption in childrenfGelli et al., 2018 Marketing strategies aim to provide support for
women to sell their surplus farm producehichcouldlead to additional income, enabling

other family needsquch as education and hea)to be met (Low et al., 2007)

2.4WHY IS IT IMPORTANT TO DO THIS REVIEW?

Vitamin A deficiency is still a public health issue despéteades oéfforts towards its

control. A more sustainable approach aimed at tackling the underlying cause of vitamin A
deficiency (insufficient intake of vitaminr#ch foods) may be a useful solution for poorer

and rural household@aber and Jaarsveld, 2Q0Aome food production isurrently

promoted as a good strategy, however evidence of its efficacy in boosting vitamin A and
preventing blindness in children is unclear. Therefore, a systematic review focusing on the
impact of home food production okey oucomes of vitamin A deficienguch aslindness

would be helpful. Existing systemataviews(Girard et al., 2012; Masset et al., 201123t
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have assessed effects on vitamin A deficiency are outdated and did not Hes@spact of
home food production on nutritional blindnesEhere is aneed for an upgo-dateand

methodological rigorousystematic review in this crucial area.

2.5RESEARCH QUESTION:

1 What is the effectiveness of interventions to promote home food production in

preventing vitamin A deficiency and nutritional blindness in chil@ren

2.5.1 SURUESTIONS:

1 Does the effectiveness of home food production depend the duration of

intervention?

1 Is home food production more effective in Africa or Asia?

1 Does the effectiveness of home food production differ witieeplanting of fruits and

vegetables is combined thianimal husbandry?

1 What is the effectiveness of home food production in preventing stunting, wasting

and underweight in children?

1 What is the effectiveness of home food production in improving dietary diversity in

children and generating income for fanais?
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2.6 METHODOLOGY

A protocol was developed, registered with PROSPERO (PROSPERO registration number:
CRD420191264%5and used to ensure methodological rigour (See Appendix 1 for the

PROSPERO registration).

The PICO framewortPopulation, Intervention, Comparison, and Outcome) relates to the
elements of the question asked by the revieRICGserved as a guide in formulating the

inclusion criteria and search strategy.

9 Population ¢ interventions aimed at women o€hildbearing ageand outcomes

assessed itheir children.

1 Intervention¢ home food production (training or support for home gardening with or

without rearing of domestic animals).

1 Comparisorg No intervention or any other intervention

 Outcomes

I Vitamin A status, xeropthalmia, night blindness, stunting, wasting,

underweight, mortality, dietary diversitgf children aged less than five years.

1 incomefrom the sale of surplus producend

9 Cost of intervention.

1 Methods- Rardomised controlled trialscontrolledclinicaltrialsand quasi
experimental designs.

1 Duration- at least one year
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Searches were developed for and conducted in Medline Ovid, Embase, Scopus, Cochrane
Central Register of Controlled Trials and the World He@ljanisatiorinternational Clinical

Trial Registry Platform. Manual searching of reference lists of included papers and checking
of reference list of previous systematic revie{@rard et al., 2012; Masset et al., 2)Were

carried out.Searches were conducted manually on Google Scholar to identify papers that

were missed by the search of databases

Medline Ovid, Embase Ovid, Scopus, CENT&®L The World HealthOrganisation
International Clinical Trial Registry Platform were searched from inception to hef 1
February 2019 using text words and index terms. The search strategy was organized into
concepts using the PICO framework. The Boolean operators (AND, OR and NOT) were used to
extend and narrow the search when necessagdtruncation was used to ideify all how

text words may appeallLefebvre et al., 2019)independent searches on population,
intervention and study type were developed using the PICO gsaide. Aferwards, the
independent searches were combined using Boolean operators. The final search is a subset
of the three components ((childreBR women) AND (home gardeni@& animal husbandyy

AND (randomised controlled trial OR controlled clinigal¥y(Figure 2.1)The Medline search

was translated for each of the databases. The full search sirédegach database ishown

in Appendices 2 6.
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Figure 2.1: Venn diagram showing search stratemycept

A

children OR women

A &C A&B
C A&B&C
B
Randomised home gardening
controlled trialsOR B & C OR
controlled clinical animal husbandry
trials

2.6.3 INCLUSION CRITERIA

TYPES OF STUDIES
We included controlled clinical trials (studies that had control and an intervention arm) and
randomized controlled trials. Included studies hadintervention duration of at least one

year.

TYPES OF PARTICIPANTS

Women of childbearing age.

TYPES ONTERENTIONS

We considered home food production interventignghether or not they explicitly aimed to
improvethe consumption of vitamin Aich foods,using training in home food production,
distribution of seedlings and/or behavioural interventions. Tolkdowing interventions were

included:
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1 Provision of seedlings and/or trainiig home gardening provision of seedlings and
training in the planting bvitamin Arich foods on a piece of land attached to the home
or near home primarily fonousehold consumption.

1 Training in and/or distribution of chicks for home rearing and consumption

Studies that explored home food production in combination with behavioural change
interventions were considered. Studies that compared home food producticinéanon-
intervention group were considered. However, studies without a comparator and

before/after studies were excluded.

2.6.4 TYPES OF OUTCOMES

PRIMARY OUTCOMES

The following outcomes were assessed in children aged below 5 years.

1 Nightblindness

1 Xeropthalmia

1 All-cause mortality

1 Stuntingg measured as meanscores or risk ratio

1 Wastingg measured as meanscores or risk ratio

1 Underweight¢ measured as meanscores or risk ratio
Z scores, also known as standard scores, raumerical measurements that show the
relationship of a value to the mean of a set of numerical values. They are measured in terms
of standard deviations from the mea(WHQ 2006) According to the World Héh
Organisation z scores are widely accepted as the appropriate method of measuring

anthropometric data. Z scores are calculated thaiscore (or SBcore) = (observed value
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median value of the reference population) / standard deviation valuef@grence population

(WHQ, 2006)

WAA]l NIrGA2> faz 1y2s6y a NBfFGAGS NrRalz OF
occurring in two grouge (Deeks et al., 2019)t is calculated by dividing the cumulative
incidence in the exposed group by the cumulativeidence in the unexposed groypeeks

et al., 2019)

SECONDARY OUTCOMES

1 Income of thefamily

=a

Dietary diversity in childreq using any food variety score.
1 Serum retinol level in childrermeasured as meanscore

9 Cost of intervention

2.6.5EXCLUSION CRITERIA

9 Studies with a duration of less than a year

1 Before/after studies andtudies without a control
f {0dzRASE GKIG RARYQG YSIFada2NB 4 tSFad 2yS
T {GdzRASa GKIG RARYQiU SELX 2NB K2YS T22R LINZ

i Studies that assessed commercial farming or school farming

1 Studies not published ithe English language
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2.6.6 SCREENING OF TITLES AND ABSTRACTS

Covidence, an online software designed to manage systematic review data was used in
screening titles, abstractsand full texts(Covidence, 2021)Two independent reviewers
screened the titles and abstracts in duplicaBereeningf titles and abstracts as well as full

texts wascarried out using the inclusion and exclusion criteria

Fulktext articles of titles and abstracts that were unclear or appeared potentraligvant
were collected for a more complete assessmehtotal of 115 papers were collected in full
text for full-text screening by two independent reviewers in duplic&enflicts were settled

through discussion.

A data extraction form bespoke to the research questions of this review was developed,
tested and used in data extraction (See Appendix 7 for the data extraction form used). Data
were extiacted by two independent reviewers in duplicate and conflicts were resolved by a

third reviewer. The following data were retrieved for each included study:

1 Study characteristics: study design, period of study, study location, sample size,
number ofstudy centres, study location, setting, mode of data collection, and

bibliographic details of study reports.

1 Characteristics of participants: total number of participants, socioeconomic status,

mean age, age range.
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1 Interventions: type ofintervention, duration, comparison, and any supporting

behavioural intervention.

1 Outcome variablesffect sizes and measure of uncertainty fjwimary and secondary

outcomes.

The Cochrane risk of bias tadliggins et al., 2011yas used in assessitige risk of biador

all included studies in this review (Appen8)x The studies were assessed for selection bias,
performance bias, detection biaattrition bias and reporting bias. The assessment of risk of
bias was carried out in duplicate by two independent reviewers in Covidence, and differences
were settled through discussion. Each study was assessed separately for risk of bias. Summary
of risk of bias was assessed outcome by outcome based on the recommendations from
CochrandHiggins et al., 2011An outcome was judged to be at low risk of bias if the studies

for that outacome ae at low risk of bias for all domains. An outcome was judged to be at high
risk of bias if the studies that reported that outcomere assessed ad ahigh risk of bias or

unclear for at least one domaieeks et al., 2019)

This systematic review used both statistical synthesis and narrative synthesisaNbdiais

is the statistical merging of results from two or more separate studies to obtain an absolute
effect in a systematic reviewDeeks et al.,, 2019)Meta-analysis was carried out
simultaneously with narrative synthesis in this review as a ragtalysis gives theummary

of findings in a review quantitatively and augments a narrative synthesis. Review Manager
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5.3(Cochrane Collaboration, 201ghftware was used in this review and the randeiffects
model was chosen asconsiders that the included studies have related interventionaffe
and are similaenough to pool but display slightly different tre#fect estimategDeeks et

al., 2019)

2.6.11 HETEROGENEITY ANALYSIS

This review considered clinical heterogeneity by carefully em@ngithe population receiving

the intervention, the population in which outcomes were measured, units of measurement
and assessed whether the comparison and control groups differed significantly among
included studies. This was to ensure that they weralsinenough to be poole(Deeks et al.,
2019) In this review statistical heterogeneity was examined using the statistic for
heterogeneity atomatically generated by Rew Manageilin metaanalysis. Thé statistic

was used as it quantifies the extent of heterogeneity between studibsl? statistic ison a

scale of 0% to 100% and the higher the value, the higher the level of heterogénéty to

40% represents unimportant heterogeneity? 30% to 60% represents moderate

heterogeneity whild? 75% to 100% represents high heterogengiBeeks et al., 2019)

Sensitivity analysesere run to assess whether making different assumptions would alter the
results of the metaanalysis. Sensitivity analyses undertook matelysis using the fixed
effect model to understand how the findings would differ from the main analykish used

the random-effects modelDeeks et al., 2019)
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Data were grouped according to their statistical analgsisadjusted data, data adjusted for
clustering, data adjusted for clustering and other factors. This review reported data adjusted
for clustering and other factors as its main results because plessonfounding factors that

can impact the results have been adjusted in the analysis. The following subgroups were

analysed, to address the sufuestions of the review:

1 Planting of fruits, vegetables and rearing of chickens versuspteutying of
fruits and vegetables.
9 Duration ofassessment of2 24 months versus > 24 montfrem the
beginning of the intervention.
1 Studies conducted in Africa versus studies conducted in Asia.
Undertaking subgroup analysis in this review allowedtmassess whether effective home

food production depended on continent, duration of intervention or type of intervention.

The quality and certainty of the findings in this review were assessed andeepasing the
GRADE approach (Grading of Recommendations, Assessment, Development and Evaluation)
on GRADEpro GDT software. When assessing the GRADE certainty of findings, | assessed the

following for each primary outcom@radepro, 2021; Guyatt et al., 2008)

1 Risk of bias: methodological validity of included studogghat outcome The Cochrane
recommendations for reaching an overall riskbias judgment fooutcomes was used as

stated in the section of risk of bias assessm@&ection 2.6.9)
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1 Inconsistency: disparity in effects siz@&sross studies (level of heterogeneity in meta
analysisan I>above 60% was considered as serious and above 75%oma&lered very

seriouy.
1 Indirectness: difference in population, intervention and outcome in the included studies

T Imprecision: imprecision is determined by the 95% confidence interval of the effect
estimate. (Confidence interval of included studies in as@halysis).

9F OK FSIFGdz2NB | 620S 614 2dzRISR | a Wy2id aSNA2c
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outcome The quality of evidence for each outcome was rated through the GRADE process as

high (no downgrades & G & &), moderate (one downgrade & & & € ), low (two

downgrades & & G € € )or very low (three or more downgrades € € ).
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In total, 7021 titles and abstracts were retrieved and uploaded to Covidence, 1623 papers
were eliminated as duplicates, and 5398 titles and abstracts were screened using the inclusion
and exclusion criteria. Titlesd abstractsvere screened separately and in duplicdig two
reviewers- ChizobaEsioBassey and Harriet Crooks. After the titlssd abstractswere
screened by the two reviewers, conflicts were resolved through discussion and 115 papers
were collected m full text for fulktext screening. The futext papers were retrieved and
uploaded to Covidence for fuiéxt assessmendone independently and in duplicatét the

end of the screening procesd2 papers were eliminatedwentythree papers were found
eligible for data extraction. Of these 28gvenpapers were merged into studies, so that 16
studies wereincludedin this systematic review (Figure 2.2, the PRISMA flowchart). Seven

further studies were found eligible but are still origg.

The ongoing studies were conducted in Bangladesh (n = 1), Kenya (n = 4), Tanzania (n = 1),
Ethiopia (n = 1), and Nepal (n = 1). They will be used in updating this systematic review in

future (See Table 2.1 for a list of the agoing studies).

Table2.1: Eligible Ogoing studies

Title Primary Investigator | Type of Intervention Year of
Completion

Food and Agricultural Sabine Gabrysch Reducingroungchild December

Approaches to Reducing | Collaborators: undernutrition through an 20109.

Malnutrition (FAARM). 1 Helen Keller integratedagricultural

NCT02505711 International project withwomen'sgroups

1 BRAQUniversity
1 University of

Giessen
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1 German Federal
Ministry of
Education and
Research

1 Department for
International

Development, UK

Multi-Sectoal Agricultural | Lisa Butler, University| Multi-sectoralagriculture March
Intervention to Improve | of Connecticut andmicrofinance 2021
Nutrition, Health, And Intervention
Developmental Outcomes
Of HIVinfected Children in
Western Kenya
NCT03170986
Homestead Agriculture | Fawzi, Nutrition-sensitive December
and Nutrition Project in Harvard School of interventionusingbehaviair | 2019
Rufiji District, Tanzania. Public Health changecommunication on
NCT03311698 home gardening diet,
nutrition, WASHand
women'sempowerment.
Evaluation of Orange Amy Webb Girard, Improve diet quality, November
Fleshed Sweet Potato Emory University primarily of women and 2019
Promotion and The young children, through the
Healthy Baby Toolkit in promotion of vitaminA-rich
Southern Ethiopia: A orange flesh sweet potato
Cluster Randomized (OFSP) production and
Controlled Trial. nutrition education
NCT03423472
Effectiveness of An Fabian Rohner Integratedprogranme by July 2020

IntegratedProgranme to

Reduce Maternal and Chi

introducing nutrition

sensitive (improved water,
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Malnutrition in Kenya:
Clusterrandomized,
Parallelgroup,
Prospective, Followp
Effectiveness Study in
Children 635 Months of
Age. NCT03448484

sanitation and hygiene
(WASH): e.g. soap or
handwashing) and nutrition
specific (e.g micronutrient

supplements) components

Community Development| Laurie Miller, Md, Trainingplus enhanced December
and Nutrition Education in| Tufts University community development 2020.
Banke District, Nepal: activities

Effect on Child Health ang

Growth. NCT03516396

Hfectiveness OAn Fabian Rohner Comparingan agricultural April 2021.

IntegratedProgranme to
Reduce Maternal and Chi
Malnutrition in Kenya:
Cluster randomized
Controlled Trial in
Pregnant Women and
Their Offspring.
NCT03558464

intervention alone to a
combined agricultural,
nutrition and wash

intervention
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Screening

Eligibility

Included

Figure 2.2: PRISMA Flow Diagram

Records identified through databa Additional records identified
searching through reference and manual
(n = 6816) checking
(n=2

l l

Records after duplicates removed
(n =5398)

A 4

Records screened
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(n = 5398)

!

Full-text articles assesse(
for eligibility '
(n = 115)

l

Publications merged

(n=7)

Studies included
(n =16)

l

Studies included in
guantitative synthesis
(metaanalysis)
(n=8)

A 4

(n = 5283)

Full-text articles excluded

(n=92)

Non-randomized trials ang
non<clinical studies.
Outcome notmeasured in
children below five years.
Duration of intervention
less than a year.
Interventions other thal
home food production.
On-going studies
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Table 2.2: characteristics of included studies

Study Country Period | Setting| Study design| No of Unit of Age of Age of | Type of intervention
of clusters | randomisation children | women
study
Faber 2002 South Africa | 2 years| Rural | Controlled 2 2 villages, 1 2¢5 NR Training in home
clinicaltrial | villages | for control and ears ardens and nutrition
(Faber, Phungula g y g
etal., 2002) 1 for education.The ontrol
intervention arm received no
intervention.
Gelli 2018 Malawi lyear | Rural | Cluster 20 60 6¢72 >14 Training inagricultural
(Gelli et al., 2018 randomised communities, months practices and
controlled 20 clusters distribution of chicks
trial and seedling Loans

granted to
households, cooking
sessions, nutrition
education. The

Control group was
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exposed to child

nutrition education

Hotz 2012 Mozambique| 3 years| Rural | Cluster 72 36 clusters 6¢35 Mean | Distribution of orange
Mozambique randomised | clusters | across 3 months age sweet potato vines
(Hotzet al., controlled districtseach 28.9 and nutrition
20122) trial for education, demand
intervention creation. Control was
and control exposed to no
arm intervention
Hotz 2012 Uganda 2 years| Rural | Cluster 84 84 clusters, 3 6¢35 Mean Distribution of orange
Uganda randomised districts months. 3| age of | sweet potato vines
(Hotzetal., controlled ¢5years | 34.0 and nutrition
2012) trial education, demand
creation. The Control
group had no
intervention
Khamhoung 2000 LAO 2 years| Rural | Controlled Preschool| 15¢ 45 | Training on setting up
clinicaltrial children | years | home gardens and

animal rearingThe
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(Khamhoungpt

Control group

al., 2000) received no
intervention
Kidala 2000 Tanania 2 years| Rural | Quast 5 5 villages each 6¢71 NR Training and
(Kidala et al., experimental| villages | for control and months distribution of
2000) intervention seedlings, nutrition
and 125 education, cooking
households sessionsThe ontrol
each for arm received no
intervention intervention
and control
arm
Kuchenbecker | Malawi 3 years| Rural | Cluster 24 12 clusters 6¢23 Mean | Distribution of farming
2017 randomised | clusters | each for months age items, livestock and
(Kuchenbeckeet controlled intervention 27.2 training in farming.
al., 2017) trial and control Nutrition education

and cooking sessions
The ontrol arm

received only

agricultural practices
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with no nutrition

education
Lakzadeh 2016 | Cambodh 22 Rural | Cluster 60 900 <5years | NR Training and
(Lakzadeh, 2016) months randomised | clusters | households distribution of
controlled seedlings for home
trial gardening. Creation o
fishponds. 3 armsg
HFP plus fishpond,
HFP and control with
no intervention
Low2007 Mozambique| 2years | Rural | Quast 3 827 <39 NR Training and
experimental| districts | households in months distribution of orange

(Low et al.2007)

3 districts

sweet potato vines,
demand creation,

nutrition education.
TheControl group was
not exposed to the

interventions
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Marquis 2017 Ghana 1lyear | Rural | Cluster 16 3 districts 0¢32 NR Training, distribution
(Atuobi-Yeboah randomised | clusters months of seedlings, chicks
et al..2016: controlled and orange sweet
Marquiset al., trial potato vines, cooking
2017) sessions, nutrition
education.The
Control group
receivedno
intervention
Olney 2009 Cambodia | 19 Rural | Randomised| NR 300 >5years | NR Training and
(Olneyet al., months controlled households for distribution of
2009) trial intervention seedlings and chicks,
and 200 nutrition education.
households for The ontrol arm
control arm received no
intervention
Olney 2015 Burkina Fasqg 2 years| Rural | Cluster NR 55 villages, 25 3¢12.9 NR Training in home
randomised for control and months garden, distributions

30 villages for

of seedlings and

chicks, nutrition
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(Olneyet al., controlled intervention education.The ontrol

2013; Olneyet trial group arm received no

al.,2015) intervention. Nutrition
education was carried
out by two groups of
womenc the health
committee and the
older women group.

Osei 2015 Nepal 4 years| Rural | Cluster 63 12 sub 0¢23 NR Training in home

(Oseiet al.,2017: randomised districts or months gardening, and

Oseiet al.. 2015: controlled llakas poultry. Nutrition

trial education. Thre arms

Prieset al.,2013)

were used HFP, HFP
plus micronutrient
powder andthe
control group that
received no

intervention.
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Raneri 2017 Vietnam 1lyear | Rural | Cluster NR NR 12¢ 24 NR Training in home
(Raneri et al., randomised months garden, nutrition
2017) controlled education and cooking
trial demonstrationsThe
Control group had no
intervention.
Reinbott 2016 Cambodia | 2 years| Rural | Cluster NR 10communes 0¢23 NR Training in home
(Reinbottet al., randomised for months gardening, nutrition
2018: Reinbotet controlled intervention education and giving
al.. 201 trial and 5 out vouchersThe
communes for control arm received
control agricultural practices
with no nutrition
education
Schreinemacher | Bangladesh | 3 years| Rural | Quasi NR 408 Entire NR Training in home
2016 experimental participants in household gardening, distribution

(Schreinemacher

et al., 2016)

the
intervention

arm and 238

of seedlings and
orange sweet potato

vines.The ontrol arm
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participants in
the control

arm

received no

intervention

HFR; Home food production
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The characteristics of thacluded studies are briefly described in Table 2.2

2.7.1.1 STUDY LOCATION

All the included studies in this review were conducted_MICs in Africa and Asia. Nine
studies wereconducted in Africatwo in MozambiqugHotzet al.,2012a; Low et al., 2007)
two in Malawi(Gelli et al., 2018; Kuchenbecker et al., 2Q0Dne in Burkina Fag@Iney et al.,
2015) one in South Africéaberet al., 2002)one in UgandéHotzet al.,2012b) and one in
TanzaniaKidala et al., 2000)Seen studies were conducted in Asidhree in Cambodia
(Lakzadeh, 2016; Olneyal.,2009; Reinbotet al.,2016) one each in Laog&hamhoung et
al., 2000) BangladesliSchreinemachers et al., 201®)epal(Oseiet al.,2015)and Vietnam

(Raneri et al., 2017All the studies were conducted in rural settings (See Figure 2.3).

Some studies grouped participants by distritbw et al., 2007; Osei et al., 201&)
community(Gelliet al.,2018; Marquiset al.,2017; Raneret al.,2017; Reinbotet al.,2016)
while some studies grouped participants by villggeaber, et al., 2002; Hotz, et al., 2812
Khamhounget al., 2000; Kidalaet al, 2000; bkkzadeh, 2016;0lney et al., 2015;
Schreinemachers et al., 20168tudies included from 1Gelli et al., 2018p 84 clustergHotz
etal.,2012), three(Low et al., 2007p 12 distrids (Osei et al., 2015Jour (Raneri et al., 2017)
to 60 communitiegGelli et al., 20183nd two(Faber et al., 2002p 144 villagegHotz et al.,

20120).

69



Figure 2.3: location of included studies
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2.7.1.2 STUDY DESIGN

The studies included were cluster randomised trialsjradividually randomised controlled
trial, quastexperimental designs and controlled clini¢abls Gee Figure 2.4). Ten studies
(Gelliet al.,2018; Hotzt al.,2012a; Hotzet al.,2012; Kuchenbeckeet al.,2017; Lakzadeh,
2016; Marquiset al.,2018; Oseet al.,2015; Raneret al.,2017; Reinbotet al.,2016 Olney

et al.,2015 were cluster randomised controlled trials, one stu@iney et al., 2009)yas an
individually randomised controlled trial. Tée studies(Kidala efal., 2000; Low et al., 2007,
Schreinemachers et al., 20163ed a quasexperimental designLow et al. (2007)used a
controlled and longitudinal trialTwo studiegFaber et al., 2002; Khamhoung et al., 2000)

were controlled clinical trials
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Figure 2.4: study designs of included studies

Study design of included studies
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2.7.1.2 DURATION OF STUDY

The duration(exposure tantervention)of included studies ranged from 12 months)@4
months(Fabetret al.,2002; Gelli & Ra$nik, 2017; Hotet al.,2012b; Khamhoungt al.,2000;
Kidalaet al.,2000; Low et al., 2007; Marqgwesal.,2017; Olnet al.,2009, 2015; Raneeit
al.,2017; Reinbotet al.,2016) to > 24 monthgHotz et al.,2012a; Kuchenbeckeet al.,
2017;Lakzadeh, 2016; Osstial.,2015; Schreinemacheet al.,2016) Oseiet al.(2015)had

the longest duration of 4 years.
2.7.1.3 TYPES OF INTERVENTION

All studies trained women using demonstration gardens in agricultural practices such as
seedbed preparation, compost preparation and use, fencing, insect and pest control, and/or
vine conservation (preserving vines for the next planting seasanyet al. (2007) Hotzet

al. (2012a) andHotzet al. (2012b) provided support irsellingorange sweet potatoTwelve
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studies (Gelli et al., 2018; Hotzet al., 2012a; Hotz et al., 2012; Kidalaet al., 2000;
Kuchenbeckeet al.,2017; Lakzadel2016; Lowet al.,2007; Olne\et al.,2009, 2015; Oseit
al., 2015; Schreinemacherst al., 2016, Olney et al., 2015 trained women using
demonstration gardens and also distributed seedlings and vines. Five si@bkdset al.,
2018 Kuchenbeckeet al.,2017; Marqui%t al.,2017; Olneyet al.,2015; Oseet al.,2015)
distributed chicks in addition to seedlingsakzadelf2016)included a fish ponth the home
gardens.Khamhounget al. (2000) and Faberet al. (2002) only trained women without
distribution of seedlings or chicks. Five triglSelli et al., 2018; Kidalaet al., 2000;
Kuchenbeckert al., 2017; Marquiset al., 2017; Raneriet al., 2017 included cooking
demonstrations as part of the trainin@lneyet al. (2015)usead two groups of women to
deliver nutrition education Health Committee (HC{female health personnel from the local
health centre and the Older Women Leaders (O\Elderly women in the community) and
the effects of both groups were teste#lotzet al. (2012a) and Hotzet al.(2012) had two
models of interventiong model one had training in nutrition and agricultural practice for
only one year while moddivo had training in nutritionand agricultural practices for three

years (Table 2.3).
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Table 2.3: Types aftervention in included studies

Training using | Distribution | Distribution | Cooking Fishpond| Loan Support
Study demonstration | of seedlings| of chicks demonstration and for
gardens voucher | selling
surplus
produce
Faber 2002 n
(Faberet al.,2002)
Gelli 2018 n n n n n
(Gelli et al., 2018) Loan
Hotz 2012 n n n
Mozambique
(Hotzet al,, 2012)
Hotz 2012 Uganda | n n n
(Hotzet al.,2012b)
Khamhoung 2000 | n
(Khamhoung et al.,
2000)
Kidala 2000 n n n
(Kidala et al., 2000)
Kuchenbecker 2017 n n n n
(Kuchenbeckeet
al., 2017)
Lakzadeh 2017 n n n

(Lakzadeh, 2016;

Talukderet al.,
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2017; Verbowsket
al.,2018)

Low 2007
(Low et al., 2007)

Marquis 2017

(AtuobtYeboahet
al.,2016; Marquis
et al.,2017)

Olney 2009
(Olneyet al.,2009)

Olney 2015

(Olneyet al.,2013;
Olneyet al.,2015)

Osei 2015

(Oseiet al.,2017;
Oseiet al.,2015;
Prieset al.,2013

Raneri 2017
(Raneri et al., 2017

Reinbott 2016

(Reinbottet al.,
2016)

n
Voucher

Schreinemacher
2016
(Schreinemahers et
al., 2016)
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2.7.2 RISK OF BIAS ASSESSMENT

Risk of bias as assessed for each outcmaksplayed ifigures 2.5 and 2.6.

Figure 2.5: Rk of bias graph

Fandom sequence generation (selection hiasg)

Allocation concealment (selection bias)

Blinding of padicipants and persannel (peformance hias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporing hias)

Other bias
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Figure 2.6: Risk of bias summary
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2.7.2.1 RANDOM SEQUENCE GENERATION (SELECTION BIAS)

Six studies described how randomization was carried out, through the use of software like R
and use of random numbe(&elliet al.,2018; Kuchenbecket al., 2017; Marquigt al.,2017;
Oseiet al.,2015; Reinbotet al.,2018) thesewere, therefore, judged to be at low risk of bias

for random sequence generation. Six studigetzet al.,2012a; Khamhoungt al.,2000; Low

et al.,2007; Olneyet al.,2015; Raneret al.,2017; Schreinemachegs al.,2016)mentioned

that randomization was carried out but did not describe exactly hdhesewere judged to

be unclear. Four studiéEaberet al.,2002; Hotzt al.,2012; Kidaleet al.,2000; Olnet al.,

2009)did not randomise and were considered to be at high risk of bias for this domain.

2.7.2.2 ALLOCATION CONCEALMENT (SELECTION BIAS)

Thirteen studies did not provide information on whether or how allocation concealment was
carried out, so wereonsidered ¢ be at unclear risk of bias faHocation concealmeniThree
studies(Gelli et al., 2018; lkamhourg et al., 2000; Kidala et al., 200fid not carry out

allocation concealment and were judged to be at high risk of bias

2.7.2.3 BLINDING OF PARTICIPANTS AND PERSONNEL (PERFORMANCE BIAS)

Elevenstudies(Faberet al.,2002; Gelliet al.,2018; Hotzet al.,2012a; Hotzet al.,2012;
Kuchenbeckeet al.,2017; Lakzadeh, 2016; L&wal.,2007; Olnet al.,2009, 2015; Raneri
et al.,2017; Schreinemacheet al.,2016)did not give sufficient information oanyblinding
of participants and personnelThese studies were judged as havengy unclear risk of
performance biasThree studiegMarquiset al.,2017; Oseet al.,2015; Reinbotet al.,2018)

were judged to be at low risk of performance bias as they described an adequate method of
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blinding participants and personnellhese studies usedifterent personnel for the
intervention and survey data collection, participants were convened at a centeaking
point for data collection and clusters that were geographically distant were.lus&d studies
(Khamhoung et al., 2000; Kidala et al., 2008)e judged to be at high risk of bias for this

domain.

2.7.2.4 BLINDING OF OUTCOME ASSESEMHMTTION BIAS)

Ten studiegFabert al.,2002; Gellet al.,2018; Hot#t al.,2012a; Kuchenbeckest al.,2017;
Lakzadeh, 2016; Loet al.,2007; Olneyet al.,2009; Oseet al.,2015; Raneret al., 2017,
Schreinemachergt al., 2016) did not provide sufficient information on the blinding of
outcome assessment, so were judged unclieardetection bias Three studiegHotzet al.,
201%; Marquiset al.,2017;Reinbottet al.,2018)were considered to be at low risk of bias
while three studiegKhanhounget al.,2000; Kidalaet al.,2000; Kuchenbeckeat al.,2017;

Olneyet al.,2015)were judged to be at high risk detectionbias.

2.7.2.5 INCOMPLETE OUTCOME DATA (ATTRITION BIAS)

Eleven studiefGelliet al.,2018; Hotzt al.,2012a; Khamhoungt al.,2000; Kuchenbecket
al.,2017; Lakzadeh, 2016; Lawal.,2007; Marquist al.,2018; Olneyet al.,2015; Oseet
al.,2015; Reinbotet al.,2018; Schreinemacheet al.,2016)were judged to be at low risk

of attrition bias as these studies reported amount and reasons for attrition and there was

negligible difference in attrition ragbetween the treatment and aarol groups. Two
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studies(Faberet al., 2002; Olneyet al., 2009) provided insufficient information for this
domain and were considered to be at unclear rislattfition bias. Two studie@Hotzet al.,

201%; Kidalaet al.,2000were judged to be at high risk for tha®main.

2.7.2.6 SELECTIVE REPORTING (REPORTING BIAS)

No protocol or triasregistry entry could be found for thirteen studies, so these studies were
therefore judged to beat unclearrisk of attrition bias Three studiegGelliet al., 2018;
Lakzadeh, 2016; Marquét al.,2017)were judged to be at low risk @ttrition bias as their
protocols were retrieved and all outcomgdanned in the protocol werereported in

publications.

2.7.2.7 OTHER SOURCES OF BIAS

Eight studiegGelliet al.,2018; Hotzt al.,2012a; Kuchenbeckeet al.,2017; Lakzadeh, 2016;
Lowet al.,2007; Marquiset al.,2017; Olneyet al.,2015; Oseet al.,2015)were judged to
have no other sources of biaRaneri et al(2017)was considered to be at unclear risk
additionalbias asonly a conferenceabstractwas availableFive studiegFaberet al.,2002;
Hotz et al., 2012; Khamhounget al., 2000; Kidalaet al., 2000; Olneyet al., 2009) were
considered to be at high risk for other sources of bigaberet al. (2002)conductedafollow-

up assessment when orandleshed sweet potato and butternut squash were out of season.
This may have affected the results of the study. There were other interventions in pielte s
asvitamin A supplementatiorand food fortification at thesametime Hotz et al.(2012b)
carried out their study in Uganda. This might have impactedr tlesults.Khamhoung et al.

(2000)had large differences in baseline data between control and interventiorsasndid
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Olneyet al. (2009) No kaseline datawere presentedfor the study carried out byKidala,

Greiner and Gebrdledhin (2000)

2.7.3PRIMARY OUTCOMES

The results of this systematic review are reported based on the outcomes stated in the
methods section and review registration. Eight studies were includedammeta-analysis,
eight studies could not be combined in medaalysis and reported income, cosf

intervention and dietary diversity. Results are shown study by study in table 2.4.

2.7.31 EFFECT OF HOME FOOD PRODUCTION ON XEROPTHALMIA IN CHILDREN LESS THA

FIVEYEARS OLD

This review found no evidence earopthalmiain anyincluded studies

2.7.32 EFFECT OF HOME FOOD PRODUCTION ON NIGHT BLINDNESS IN CHILDREN LESS

THANFIVEYEARS OF AGE

There was no evidence on night blindness from included studies.

2.7.33 EFFECT OF HOME FOOD PRODUCTION ON MORTALITY IN CHILDRENWE=SS THAN

YEARS OF AGE

There was no evidence on mortality found in this review.

2.7.34 EFFECT OF HOME FOOD PRODUCTION ON STUNTINBZREGE)TN

CHILDREN LESS THAREYEARS OF AGE

A total of eight studiegGelliet al.,2018; Khamhoungt al.,2000; Kuchenbeckest al.,2017;

Marquiset al.,2017; Olnet al., 2009, 2015; Oset al.,2015; Reinbotet al.,2016) reported
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on stunting and were all included the meta-analysisGelli et al.(2018)collected data by
grouping children into € 24 monthsand 36¢ 72 months of age and results were reported
separately for them. Home food production increased heifgintage in children compared to
control arm in the highest quality dataadjusted for clustering and other factordéan
difference MD 0.13 (zcsre), 95% CI 0.01 to 0.24, six studies, 5469 participért84%low-
certainty evidence, Figure 2.7). The evidence was assessed aef@amty, downgraded
once each for risk of bias and inconsistency (Tablg)2Data adjusted for clustering showed
an improvement in heightor-age in children (MD 0.24 (z score), 96%6.00 to 0.482 41%)
while unadjusted data showed no difference between intervention and control arm (MD 0.03

(z score), 95% .05 to 0.12)2 0%)

HETEROGENEITY

The highest quality of data showed high heterogendi$4%) moderate (data adjusted for
clustering 1?2 4199 to no heterogeneity (unadjusted dat® 0% was detected in other

subgroups of data.

SUBGROUP ANALYSIS

The studies were sufgrouped by continent, duration of intervention and type of intervention
(Appendix 9). Effect sizes did not differ by duration (P = 0.63) or continent (P = 0.77). In the
subgroup of type of interventions, a positive effect (difference-vapue between subgroups

P =0.02) was seen in studies that combined home gardening arthyp@4D 0.17 (z score),

95% C10.03 to 0.32)2 869 while a smaller effect (MD 0.06 (z score), 95%.20 to 0.80)2

NA) was seen in studies that prastd only home gardening.
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SENSITIVITY ANALYSIS

The fixedeffects model was thesensitivity analysis. The results of the fixed effect model
differed from the randoreffects model (data adjusted for clustering and other factdvtD
0.00 (z scre), 95% C0.01 to 0.01, 1B4%). This means that if we assume that all the included
studies have an identical true effect size, home food production wawtlaffectheightto-

age in childrer{Borenstein et al., 2011)

Figure 2.7: Effects of home foptbduction on stunting in children-§zore): Metaanalysis

assessing mean difference using the ranekffiects model

hoene Tood producton  Control Mean Difference Wean Ditference Risk of Bias
Study or Subgroup Meas Differunce SE Total  Total Weight IV, Random, 95% CI W, A0 ABCDEFG
141 admasted for Chestacing and other faclors
Galk 36- T2 Mo 201841) 005 005 631 617 195%  005F005015 T ®01 1000
Geld - 24me 2018(2) 044 018 155 143 B7% 044013078 20770606
Wuchanbscker 2017 (3) 01T 0N 493 466 119% 017007041 T ®r22201209
Marguis 2017 (4) 022 006 W 213 184%  0220010,024) ——— L L1 1 1]
Qingy 2015 (5) -00017 Q006 801 530 225% -000R00Y,0.01] 27708919
Qi 2015 (5) 1.585 04413 100 106 17%  1560070,24% X X B Bd
Relnbott 2016 (7) -006 00714 574 37 171%  -0.06 070,008 — 2800026
Subtotal (85% Cf 2091 2478 100.0%  0.43[001,0.2¢] <&
Heterogensity T = 0,02, Chi*s 37.26, df« & (P < 000001), "= §4%
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Osel 2015 0.39 01582 100 106 307% 039008070 —a— 9702820
Subtotal (95% C1) 387 319 100.0%  0.24 [-0.00, 0.48) i
Hetercgenetty Terf= 001, Chif= 1 68, di= 1 (P=019), F= 1%
Tast for cvarall efiact I 1 96 (P« 005)
1.4 not adjusted for clustering
Khamhoung 2000 0.04 02551 47z 102 20% 0041045044 amm— 71000910
kuchenbesker 2017 006 00714 433 465 388%  006[008 020§ T ®r7291:9
Olney 2008 01 04225 284 196 132% 010024014 S——p— [ AR ERT
Oley 2015 005 006583 601 530 450% 005008 01§ —:— 27219009
Subtotal (85% CY 1980 1200 100.0% 0.0 [-0.05,042]
Heterogensity Tau= 0,00, Chi*= 1 39, df= 3(F = 071), "= 0%
Testfor cverall sfect Z=076 (P =045
-0.5 -0.25 0.25 05
WOUrS € favours HFP
Testfor subgroup diffevences Chi*= 334 df=2{P=019), F=401% g el
Esatontes sk ol bias feqend
(1) adusted for dustenng, 306 an0 sex (A) RENGom B8Guencs Qensraton (selection bias)
(2) adusied for dustenng. age and 2ex (8} AMlccation cooceadment (selection blas)
(3) @t for 581, 306, Care gver educabion, weallh and mohas's hegrt (C18tinging of paticpants and personnel (perforrmance
(4) aduusted for clustenng, child age, sec baseline values, maternal and housetold tactors (1) Blincing of oulcame assessmont (detecion s
(5) adusted for clustenng matemal NSIght 5ex, 208 And Matema a9 () Incompiets outcome data (Imon Mas)
(6) acested for dustanng age. 3ex malomal charactanstics household weath (F) Selechve roporing (reporing taas)
(7) aduestad for dustanng. 326 of child household weath, malamal aducstion (G) OMar bias
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Table 2.4A: Table showing major results for primary outcomes in this review

Study Primary outcomes, in childrenb years
Xer Night | All-cause | Stunting(z-score) Wasting(z-score) Underweight(z-score)
opthalmia Blind- Mortality
ness
Faber 2002 NR NR NR NR NR NR
(Faberet al.,
2002)
Gelli 2018 NR NR NR (DID impact/SE36¢ 72 (DIDimpact/SE36¢ 72 (DID impact/SE36¢ 72
(Gelli et al., 2018 monthsold: 0.05 + 0.05 monthold: month old: 0.05 + 0.05
6 ¢ 24 monthold: -0.04 £ 0.07 6 ¢ 24 monthold:-0.02 +
0.44 + 0.16 6 ¢ 24 monthold: 014
-0.13+£0.15
Hotz 2012 NR NR NR NR NR NR
Mozambique
(Hotzet al.,
2012a)
Hotz 2012 NR NR NR NR NR NR
Uganda(Hotzet
al.,2012b)
Khamhoung NR NR NR (Median, 95% CI) (Median, 95% CiI) (Median, 95% CiI)
2000 HFR1.92(-2.1101.87), HFP-0.50 HFR; 1.45

(50.2%of stunted children.

Control-1.92
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(Khamhoung et

(-2.52 t0-1.53), (47.1%0f

(-0.59 t0-0.44) (3.2%0f

(-2.1t0-1.89) (27.6%f

al., 2000) stunted childrer). wastedchildren). underweightchildren).
Control-0.57 Control-1.56
(-0.77 t0-0.46) (4.9% of (1.77 t01.41), (33.3%0f
wasted children) underweightchildren).
Kidala 2000 NR NR NR NR NR NR
(Kidala et al.,
2000)
Kuchenbecker | NR NR NR (meanreduction/SD) (meanreduction/SD) (meanreduction/SD)
2017 HFR1.79+1.15 HFP 0.321.00 HFP-0.69+ 1.07
(Kuchenbeckeet Controlg 1.85+ 1.10 Control 0.2 0.96 Control-0.76+ 1.05
al., 2017)
Lakzadeh 2016 | NR NR NR NR NR NR
(Lakzadeh, 2016
Low 2007(Low et | NR NR NR NR NR NR
al., 2007)
Marquis 2017 NR NR NR (beta-coefficient/SE) (beta-coefficient/SE) Impact | (beta-coeficient/SE)
(AtuobtYeboah Impact 0.22 .06 0.07+ 0.08 Impact 0.15t 0.07
etal.,2016; 95% CI 0.09 t6.34 95% CI 0.00 t6.30
Marquiset al.,
2017; Marquiset
al.,2018)
Olney 2009 NR NR NR (meanreduction’SD) (meanreduction/SD) (meanreduction/SD)
((Olneyet al., HFR1.7+ 1.3 40.5% HFP-1.0£1.0,14.8% Mntrol | HFR-1.6+ 1.1 36.1%
2009) Control -1.6+ 1.3 42.3% -0.9+1.011.4% Control -1.6+ 1.Q 34.4%
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2016
(Schreinemahers
et al., 2016)

Olney 2015 NR NR NR (mean/SD) (mean/SD) (mean/SD)

(Olneyet al., HFR0.07 + 0.1{0OWL) HFP 0.02 + 0.19 (OWL) HFP-0.05+0.14 (OWL)

2015) -0.07 £0.14 (HC) 0.17 £ 0.15 (HC) Control-0.16 +0.12 (HC)

Osei 2015 NR NR NR (mean/SE) (mean/SE) (mean/SE)

(Oseiet al.,2015) HFPR2.01+ 0.10 (48%). | HFRO.71 % 0.11(11.9%) HFR1.57 + 0.09 (32%).
K Gontrol -2.40 +0.12 (55.7%| Control -0.80+ 0.10 (13.2%) | Control 1.84 + 0.11 (39.6%

Raneri 2017 NR NR NR NR NR NR

(Raneri et al.,

2017)

Reinbott 2016 NR NR NR (mean/SD) (mean/SD) (mean/SD)

(Reinbottet al., HFP-1.27+1.09 HFP-0.63+£0.98 HFP-1.13+£0.97.

2016) Control-1.33+1.09 Control-0.63+0.99 Control -1.15+0.99

Schreinemachers NR NR NR NR NR NR

Cl¢ Confidence Intenda
HCc¢ Health Committee

HFR; Home Food Production
IP¢ IntensiveProgranme

NR¢ Not Reported

OWLc¢ Older Women Leader
RP¢ ReducedProgramme
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RAE; Retinol Activity Equivalent
Sk Standard Error

SDc¢ Standard deviation

USDc US Dollars

DID¢ Difference in difference
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Table 2.4B: Table showing major results for secondary outcomes in this review

Study Secondary outcomes

Serum retinol/ vitamin A RAE Dietarydiversity Income Cost of intervention
Faber 2002 (Meanimprovement{SD) HFP 0.8% 0.22umol/l, NR NR NR
(Faberet al., control 0.73t 0.19 umol/l,
2002)
Gelli 2018Gelli | NR NR NR NR
et al., 2018)
Hotz 2012 (Meanimprovemeni{SE) Model one 56.1%0.3, NR NR NR
Mozambique model two 47.1+ 9.1, control 11.2 5.3
(Hotzet al.,
2012a)
Hotz 2012 Vitamin A RAE 635 months (mean NR NR NR
UgandaHotzet | improvemen{SE)
al.,201) IP¢ control

297 +51

RPc control

229 + 52

IPCRP

68 + 43

3¢5 years

IP¢ control

206 + 37

RPc¢ control

370+ 74

IP¢RP
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164 + 78

Khamhoung 200( NR NR NR NR
(Khamhoung et

al., 2000)

Kidala 2000 Not infected with helminthgl Ct  H RIPH > 3F NR

(Kidala et al., control 25.2> k. Infected with helminth HFP

2000) 11.7> DDk control 13.3 Dk

Kuchenbecker | Consumption of vitamin Aich vegetable and fruits) HFP 71.1%crease in| NR NR
2017 HFP 77.3%, control 7Q&2 vitamin Arich roots and | dietary diversity

(Kuchenbecker el tubers HFP 13.2%0ntrol 12.1% control 55.5%Impact

al., 2017) 12.70% (p =0.01)

Lakzadeh 2016
(Lakzadeh, 2016

Vitamin A RAE (meamprovement 95%Cl)
HFP- 373 (282 t0463)

Control 271 (219 t822)

HFP plus fish pond 331 (2534d0)

NR

(Mean) HFR 1.77
(P<00H

HFP plus fish ponc
1.58(P< 0.001)

220 USD for 22
months

Low 2007 Vitamn ARAECt nHHc>33X O2y i N HFP 32% dietary Mean revenue NR
(Low et al., 2007)| Consumption of vitamin Aich roots and tuberHFP| diversity, control 9%. | from HFRfrom
35%, control 5%. Consumption of vitamimiéh orangesweet
fruits and vegetableHFB6%,control 31% potato salg US$
3.17+291
Marquis 2017 Unadjusted prevalence of egg consumption Odds ratio NR NR
(AtuobtYeboah | HFP 31.5% 1.65 (95% CI 1.02 to
et al., 2016; control 22.6% 2.69
Marquis et al., P<0.005
2017; Marquis et
al., 2018)
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Olney 2009 NR (Mean Income increased | NR
(Olneyet al., improvement/SD) in HFP 49.7%
2009) HFP 4.3 (1)1 (P<0.05), control
Control 3.8 (13) 35.5% (P&.05)
Olney 2015 NR NR NR NR
(Olneyet al.,
2015)
Osei 201%0sei | NR NR NR NR
et al.,2015)
Raneri 2017 Impact 0.4 (p<0.01). Vitamin A vegetables and fr| NR NR NR
(Raneri et al., increased by 26g and 3g (p<0.001, p<0.01)
2017)
Reinbott 2016 | Consumption ofiitamin Arich vegetables, fruits, | (Mean NR NR
(Reinbottet al., | root and tuber (%) for HFP46.2, 7.1, 38.2ontrol | improvement%)
2016) ¢37.5,6.3,20.4 HFP 3.9 (64.9%)
Control 3.6 (55.9%)
Schreinemacherg NR NR Mean-1.4 23.2 USD per year
2016 p-value = 0.798

(Schreinemahers
et al., 2016)

Cl¢ Confidence Interval

HCc¢ Health Committee

HFR; Home Food Production
IP¢ IntensiveProgranme
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NR¢ Not Reported

OWL¢ Older Women Leader
RP¢ ReducedProgramme

RAE; Retinol Activity Equivalent
SEK; Standard Error

SD¢ Standard deviation

USDq US Dollars
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PREVALENCE OF STUNTING

Home food production reduakthe prevalence of stunting in children (adjusted data for
clusteringg risk ratio 0.86, 95% CI 0.66 to 1.1@62articipants, one study, RA, Unadjusted
dataq risk ratio 0.95, 95% CI 0.88 to 1.03, 388&tigipants, four studies, B2%, figure 2.8).

The fixedeffects model showed similar result to the randoreffects model.

In summary, evidence of loeertainty showed that home food production improved height

for-age in children.

Figure 2.8: Effects of home food productionttemprevalence of stunting in children (risk

ratio): Metaanalysis assessing risk ratio using the ranesffects model

home food production Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight WM-H, Fixed, 95% Cl M-H, Fixed, 95% CI ABCDEFG
1.10.1 adjusted for clustering
Osei 2015 43 100 59 106 100.0%  0.86([0.66,1.12) i— 79729070
Subtotal (95% Cl) 100 106 100.0% 0.86 [0.66,1.12]
Total events 48 a9

Heterogeneity: Mot applicable
Test for overall effect, Z=1.09 (P = 0.27)

1.10.2 not adjusted for clustering

Gelli 36 - 72 mo 2018 277 A3 222 617 29.3%  1.00[0.86,1.16] —— 29072000
Gelli G- 24mn 2018 70 1465 94 149 125%  0.72[0.48,0.89] — 2902000
Khamhoung 2000 222 442 48 102 102%  1.07[0.85,1.34] —— 2000020
Olney 2009 107 264 82 194 123%  0.9G[0.77,1.19] — ®r2722220
Olney 2015 330 01 237 530 357%  0.96[0.85,1.09] —a— 17790928
Subtotal (95% CI) 2293 1592 100.0%  0.95[0.88,1.03]

Total events 956 B3

Heterogeneity: Chi*= 8.35, df=4 {P = 0.08); F=52%
Testfar overall effect Z=1.23 (P =022)
} } } 1
0.a 07 148 2
Favours HFP  Favours contral

Test for subgroup differences: Chi®= 080, df=1 (P =0.48), F=0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (atirition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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2.7.35 EFFECT OF HOME FOOD PRODUCTION ON \WABIGNGORHEIGHT) IN

CHILDREN LEB$AN 5 YEARS OF AGE

All the eight studiegGelliet al.,2018; Khamhoungt al.,2000; Kuchehbeckeret al.,2017;
Marquiset al.,2017; Olneyet al.,2009, 2015; Osait al.,2015; Reinbotet al.,2016) that
reported wasting as an outcome were included the meta-analysis. (Figure 2.9). The
evidence which was of low certainty (Table &.4nd downgraded for risk of bias and
imprecision showed that home food production slightly improved heigitweight in
children compared to the control arm (adjusted data for clustering and other faetiuii®

0.05 (z sore), 95% GD.04 to 0.14, 1261%, fie studies, 4510 participants, moderate certainty
evidence). The same result was observed for other subgroups of data. See Appendix 10 for all
analy®s on wasting

Figure 2.9: Effects of home food production on wasting in childsecofz): Metaanalysis

assessing mean difference using the randeffects model

hoeoe food producton  Control Mean Difference WHean Ditference Risk of Bian

Study or Subgroup Means Diffarance SE Total Total Waight IV, Random, 255 C1 WV, Random, 34% O ABCDEFG
151 Adjussad for clustering and other faclory

Galk 36- 72 mo 2015 (1) 004 007 631 B17 189% -0.04 018 010 —e— 2020006
Gelh 8- 24ma 2012 (2) 013 015 155 48 72% 0121042018 ———— 207706086
Margs 2017 (3 0o07 008 %7 213 166%  0OT[009,.023 T 780006
Olney 2015 (4) 0.0832 00066 801 530 340% 0090008, 011) - 7T77081 9
035l 2015 0595 0227 100 106 36%  0500151.04] ammmmmndl BA BX B X
Reinbolt 2016 (%) 0 00883 524 297 188% 000[F01301% o o LA L L Rd J
Subdotad (R5% CI) 7458 2017 100.0% 0.05 [-0.04,0.14]

Heterogeneity Taw*= 001, Chi*= 1287, df=45(P=003), *=81%
Tastfor (eerall et Z=105(P=029)

1.5.7 adpestod for chestoring

Marcues 2017 004 013 2y N3 f04% 0041021 029 —— 160066
Osei 2015 009 0148 100 106 436%  CO09F020,0.34 T 792020
Sublotat (85% C1) a7 38 1000%  0.06{-0.13,0.25) -SRI
Heteroaneity Tae = 0.00, Chi*= 0.06, df= 1 (P= 0 &60), #= 0%
Testfor overall offect =083 (P=043)
153 Unadgusted for chesienng
Knanhoung 2000 01 00387 422 102 185%  G10F007.027] N P 2000070
kuchenbecker 2017 004 00812 433 455 358% 0044007017 i LAY R J
Olney 2009 -0t 00969 64 193 149% -010[0.23 009 — ®?r712220
Olney 2014 003 00883 e 530 308% -003[015 010 —— TTTO8T®
Subtotal (5% C1) 1980 1200 100.0%  0.01[-0.06, 0,09} S
Heterogenoitly Tau*= 000, Chi*= 315, df=3(P=037), "= 5%
Tastfoe oeerall et Z=032(P=075)
S R S ——
05025 0 025 05
. o A fvours cootrol tavours HEP
Tesifoe subgroup ditsrences. Chit= 048 dr=2¢P=079) F=0%
Enotnotes Besk of baas egend
(1) adusted for clustenng. age. sex and dustanng (A) RAancom sequencs ganeration (selection bias)
(2) adusted for duslenng. age. s&x and dustenng (B Adccation conceamen! (selechon bias)
(3) a5 Sadi for ustanng. child 308, e Baselme values, maternal and housanhold tactors (CIBlinging of pamcdpants and parsonnel (pedformance
&) aquated for dustenng malemal height sex, nge and malemsl ade () Blinding of oulcome assesoment (delecton xas
57 adusied for dustsnng. 398, household weamh and matsmal &#ducason (€} Incomplats outcoms 383 (afrtion Bias
(F) Selecive repoding (reporing beas

(G) Ofher blas
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HETEROGENEITY ANALYSIS

Heterogeneity was wderate (1261%) across the studies in the category of data adjusted for
clustering and other factors. Heterogeneity was low in¢héegory of unadjuste data (1%5%)

and absent for d& adjusted for clustering (18%).

SUBGROUP ANALYSIS

We found noimportant differences between subgroups when subgrouping by duration (P =
0.22) or intervention (P = 0.49). Subgrouping by continent, an important differgaséound
(P =0.021) between Asia (MD 0.5%are, 95% CI 0.15 to 1.0448B%) and Africa (MD.(4 z
score, 95% Cl0.03 to 0.11), with interventions in Asia appearing effective at reducing

wasting, but not interventions in Africa.

SENSITIVITY ANALYSIS

The fixedeffects model was used as a sensitivity analysis. The results differed with a mean
difference of 0.04 from the rando+effects model (data adjusted for clustering and other
factors- MD 0.09 z score, 95% CI 0.08 to 0.10) algggesting that home food production
slightly improved wasting in children. Heterogeneity was the same as in the rawifents

model.

PREVALENCE OF WASTING

In the randomeffects metaanalysis,the impact of home food production reduced the

prevalence dwasting in children (adjusted data for clusteriqgsk ratio 0.91, 95% CI 0.44 to

1.87, 206 participants, one 4y, 12 NA). Unadjusted data for clustering showed no
improvementin wasting in children. Using a fixeffects model to analyse the prevalee of

wasting, a similar result to the randoegffects model was shown. See figure 2.10
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In summary, evidence of logertainty showed that home food production slightly improved

weightfor-height in children.

Figure 2.10: Effects of home fopbduction on the prevalence of wasting in children (risk

ratio): Meta-analysis assessing risk ratio using the ranesffects model

home food production Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 85% Cl M-H, Fixed, 95% CI ABCDETFG
1.9.1 adjusted for clustering
0Osei 2015 12 100 14 106 1000%  0.91[044,1387] @070
Subtotal (95% CI) 100 106 100.0% 0.91 [0.44,1.87]
Total events 12 14

Heterogeneity: Mot applicable
Testfor overall effect 2= 026 (P =0.749)

1.9.2 not adjusted for clustering

Gelli 36- 72 mo 2018 6 631 12 B17 11.6%  0.49[0.18,1.29] — 2901000
Gelli - 24mo 2018 3 155 1143 1.0% 2.88[0.30,27.43] B — @90::2000
Khamhoung 2000 14 442 5 102 7.8%  0.65[0.24,1.74] — 7000020
Olney 2009 a9 764 72193 243%  1.30[0.80,2.11] - 2227272
Olney 2015 ] 201 48 530 £53%  0.80[0.55 1.15] t 7277290820
Subtotal (95% CI) 2293 1591 100.0%  0.89 [0.68, 1.16]

Total events 120 as

Heterogeneity: Chi*= 550, df =4 (P=0.24);, P=27T%
Testfor overall effect: £=0.84 (P = 0.40)

ool 01 10 100
. . Favours [experimental] Favours [control]
Testfor subgroup differences: Chi*=0.00, df=1 (P =0.96), F=0%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E} Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

2.7.36 EFFECT OF HOME FOOD PRODUCTION ON UNDERWEIGHIOMAE EHN

CHILDREN LESS THAN 5 YEARS OF AGE

Severstudies(Gelliet al.,2018; Kuchenbeckeat al.,2017; Marquiset al.,2017; Olnet al.,
2009, 2015; Osait al.,2015; Reinbotet al.,2016)assessed amoderate certainty evidence,
downgraded for risk of bias (Figure 2.11) showed that home food production slightly
improved weightfor-age in children compared to the control arm (data adjusted for
clustering an other factors- MD 0.07 z score, 95% @l.01to 0.15, fivestudies, 4510

participants, 12553%). Unadjusted data showed a similar result, however, data adjusted for
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only clustering showed a positive impact (MD 0.16 z score, 95@d02Ito 0.34, two studies,

707 participants, 10%). Appendix 11 skws all the analyses for underweight.

Figure 2.11: Effects of home food production on underweight in chilcismole): Meta

analysis assessing mean difference using the raneffetts model

hoeoe food producton  Control Mean Difference Hean Ditference Risk of Bian

Study or Subgroup Means Diffarence SE Total Total Weight W, Random, 25% C1 WV, & 50 ABCDEFG
161 Adjussad Tor clustering and other factory

Galk 36- T2 mo 2618 (1) 005 005 631 617 226% 005F00501% - ®0r 21000
Geld - 24mo 2018 (2) 007 014 155 48 68% -002[029, 024 e 207720606
Margss 2017 (3) 015 007 %7 213 171% 015001029 - 2000600
Oingey 2015 (4) 0.0525 00059 ao £30 318% 005004, 0.0¢ = 17708189
Osel 2015 1055 03138 100 1068 16% 105144167 ammmndl B4 X B
Reinbott 2016 (5) -0.02 00563 24 397 18.0% -0.02[015.0.11) - T80 0
Subtotad (95% C1) 7458 2017 100.0% 0,07 [-0.01,0.15) .

Hetercgeneily. Tarf= 000, ChP=1201, a=5(P=002), F=53%
Tasifor ovarall et Zo 163 (P 0 10)

1.6.2 adgestod for chestorning
Marguis 2017 00¢ 012 297 213 586% 00901503 —*l-— (R 1111
Osel 2015 037 01420 101 106 414% 027001055 =¥ — 2072020
Subtotad (85% C1) Jse 30 1000%  0.96 [-0.02,0.34)
Hetarogenally Tau = D00, Chi®= N85, df= 1 (P> D33), " » 0%
Testfoc oversll efect Z=179(P =000
153 Unadgusted for csstering
Wuchanbscker 2017 007 00663 493 466 379% OO7TFO0S. 0304 N i 222929
Olney 2009 0 00968 W5 195 177%  CO00F019,01¢ —_-‘:— 912727270
Qlnay 2015 0 00812 801 530 4A4%  000F012.013 27710019
Subsdots (95% C1) 1560 1191 1000% 0,03 [(0.050171] >
Heteroganeily Tau = 000, Chi"= 069, df= 2P = 0 71), "= 0%
Testfor overall effect Z=065(P=052)
bt
045-025 0 025 05
. favours condrol favours HEF
Yesifor subgroup diferences. Chi*=198 di=2{(P=037),F=0%
Exoinoles Bzt of bas lenand
1) adushed for clustanng, 39e and ser (A) Rancom segusncs Qensration (seisdion bias)
pzated for custenng age and sex (B) Adecahan concealment (sefechion blas
b for hustanng. chikd 306, Sex. DasaIne values, matarnal ang nousehold tactors (C) Blinging of particpants and personnel (pedormance
) Sod for dustenng malemad hetght nex age and maleinal age (0) Blincing of oufcome assessment (delecion Sasz)
(5) adusstad for dustedng. 298 househoid weamh and matemal egucason (€} Incomplets outcome aata (alrllon tas)

(F1 Selecave reporting (repordng txas)
(G) Omer plas

HETEROGENEITY ANALYSIS

Heterogeneity was absent in theategories of datainadjusted for clustering (8%,) ad
adjusted for clustering (18%). The category of data adjusted for clustering and other factors

showed moderate heterogeneity (163%)
SUBGROP ANALYSIS

There washo important difference between subgroups when subgrouping by duration (P =

0.77), type of intervention (P = 0.18) or continent (P = 0.43, see Appendix 12).
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SENSITIVITY ANALYSIS

The fixedeffects model was used as a sensitivity analysis. A similar result to the random effect

model was found (MD 0.05szore, 95% CI 0.04 to 0.06,63%).

PREVALENCE OF UNDERWEIGHT

Home food production reduced the prevalence of underweight in ifervention arm
(adjusted data for clusteringrisk ratio 0.82, 95% CI1 0.57 to 1.19, one study, 206 participants).
Unadjusted data for clustering showed similar results to adjusted data. Thedffext model

was used for sensitivity analysis and theangaresult to the randonreffects model was
obtained (Figure 2.12)In summary, evidence of Iceertainty showed that home food

production slightliyeduced underweighin children.

Figure 2.12: Effects of home food productiorttemprevalence of underweigin children

(risk ratio): Metaanalysis assessing risk ratio using the ranedfacts model

home food production Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight WM-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEFG
1.11.1 adjusted for clustering

Osei 2015 13 101 42 106 1000%  0.82[0.57,1.19] 1— ®70707@
Subtotal (85% CI) 101 106 100.0%  0.82 [0.57,1.19]
Total events 33 42

Heterogeneity: Nat applicable
Test for overall effect: Z=1.03 (P = 0.30)

1.11.2 not adjusted for clustering

Gelli 36- 72 mo 2015 214 631 187 B1T  362%  1.06[0.91,1.24] —— ®@077000
Gelli 6- 24mo 2018 25 155 33148 G1% 073046116 ———T— 2072000
Khamhoung 2000 122 442 3¢ 102 100%  0.83[0.61,1.13] —_— 7000070
Olney 2009 96 266 B7 195 14.0%  1.05[0.82,1.35] —— ®@22222@
Olney 2015 203 801 154 530 33F%  0.87[0.73,1.04] —=— 72729087 @
Subtotal (95% CI) 2295 1593 100.0%  0.95 [0.86, 1.05] <

Total events BEO 484

Heterogeneity: Chi®= 536, dfi=4 (P=0.2%); F= 26%
Test for overall effect: Z=0.96 (P = 0.34)

05  or 15 2
. i Favours HFP  Favours control
Test for subgroup differences: Chi®= 056, df=1 (P = 0.45), F= 0%
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(G) Other bias

96



2.7.4SECONDARY OUTCOMES

2.7.41 EFFECTS OF HOME FOOD PRODUCTION ON SERUNNRHTINDEREN AGED LESS

THANFIVEYEARS OLD

Only three studies, all at high risk of bi&aberet al.,2002; Hotzet al.,2012; Kidalaet al.,
2000)reported serum retinol as an outene. All three studies were included the meta-
analysisHome food production did not affect serum retinol (Figure 2.13, data adjusted for
clustering and other factors MiD.01umold, 95% C{0.06 to 0.05, ae study, 413 participants,

12 NA). Unadjustediata showed a similar result to the adjusted data. The fig#dcts model
(MD -0.01umol/l, 95% C10.06 to 0.05) showed that home food production did not affect
serum retinol in children in the intervention arm compared to the control arm wheve
intervention was receive. Appendix 12 shows all analgder serum retinol in children below

5 years.

Figure 2.13: Forest plot showing serum retinol (umol/l) in children using raeffects

meta-analysis
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ak of bigs | g

Ris

CA generation (selackon bias
B) Nlocation ceaimant {3elpo
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HETEROGENEITY ANALYSIS

One study was adjusted for clustering and other factors, so heterogeneity was not applicable.

Unadjusteddata for clustering had an 1232% which is a high level of heterogeneity.

2.7.42 EFFECT OF HOME FOOD PRODUCTION ON DIETARY DIVERSITY B6SHILDREN L

THANFIVEYEARS OF AGE

A total of six studiefGelli et al., 2018; Khhenbecker etl., 2017; Low et al., 200Marquis

et al.,2017; Raneri et al., 201Reinbott et al., 2016)all high risk of bias reported dietary
diversity. Three studie&elli et al., 2018; Kuelmbecker et al., 201DIney et al., 2009)yere

found eligible to be included in étmetaanalysis as they were reported in a format that could

be pooled statistically (Figure 12). Meta-analysis showed that home food production
increased dietary diversity in childrecompared to the control arm t@ndardsed mean
difference 0.24, 95% CI 0.15 to 0.34, three studies, 2643 participants). The results showed no
heterogeneity (12099. The fixeeeffects model produced the same result as the random
effects model. Appendix 13 shows all analyses on dietary diversity.

Figure 2.14: Effects of home food production on dietary diversity in childsenr@): Meta

analysis assessing mean difference using the randffetts model

home food production Coatrol Sad. Meon Diffenence Std, Maan Difference Risk of Bias
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The studies that could not be included in the metaalysis werdMarquiset al.,2017; Raneri
et al.,2017; Reinbdtet al.,2016) Forall thedietary diversity scorg the higher the score,
the higher the dietary diversityRaneri et al(2017)showedan 18% increase in minimum
dietary diversity score in children in the intervention arm compared to the cordrol.
Ranbott et al.(2016)used the child dietary diversity scoamd reportedamean (SD) of 3.9 £
1.5for the intervention arm and 3.7 £ 1f6r the control armMarquiset al.(2017)reported

minimum dietary diversity of 80.2% in the intervention arm and 69.5% in the control arm.

Eight studies at high risk of bi@darquiset al.,2017 Hotzet al.,2012a; Hotzet al.,2012;
Kuchenbeckeet al.,2017; Lakzadeh, 2016; Lawval.,2007; Raneret al.,2017; Reinbotet
al., 2016)showed that home food production increased the consumption of vitamirci
foods (Table 214). However, consumption of vitamin-#ich foods was not a prespecified

outcome for this review, and they did not measure serum retinol levels in children.

In sunmary, evidence od high risk of bias fronthe meta-analysis showed that home food
production improved dietary diversity in children. Other studies not includetheénmeta-

analysis also reported an increase in dietary diversity in children.

2.7.43 EFFECT OF HOME FOOD PRODUCTION ON FAMILY INCOME

A total of four studies all at high risk of bidskzadeh, 2016; locet al.,2007; Olneet al.,

2009; Schreinemachees al.,2016)reported on income generated by home food production

throughthe sale of surplus produce. However, they could not be pooled statistically as they

lacked useable variance data. These studiksuggestedhat home food production @n

generate additional income fahe householdMarquiset al.(2017)reported a mean revenue
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from home food productiorof US$ 3.17 + 2.91 from orange sweet potato salering the
intervention. Olneyet al. (2009)showed that income increased in home food production by

14.2% compared to the control arat the end of the interventiorfSeetable 2.4).

2.7.44 COST ANTERVENTION

The cost of setting up a home garden was reported by two stufliekzadeh, 2016;
Schrénemachers et al., 2016pchreinemacherst al. 016)reported that the cost of setting
up a home garden with tools and plantingaterials per annum igSD 23.per garden while

Lakzadeh 2016 reported a costld$D220for 22 months per garden (Table B)4
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Table 2.5: Quality of evidence using GRADEpro GDT

Question Home food production compared to control for home food production

Certainty assessment

Other
: : . . home food
Inconsistency]| Indirectness| Imprecision | consider : control
afions production

Study
studies | design

Xeropthalmia

Certainty| Importance
e

0 NR | NR NR NR NR NR NR NR NR NR NR Critical
Night blindness

0 NR | NR NR NR NR NR NR NR -NR NR NR Critical
Mortality

0 NR | NR NR NR NR NR NR NR NR NR NR Critical

Stunting,z-score, GI\} adjusted for clustering and other factors
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Certainty assessment S 2F LI G Effect
Certainty| Importance

Risk Other :
Study : : .. . home food Absolute
: . of | Inconsistency| Indirectness| Imprecision | consider . control
studies | design bias ations production

7 Rando|serio| serious? not serious | not serious| none 2991 2478 - MD 0.13| & a¢ ¢ |IMPORTAN
mised | us® higher LOW
controll (0.01
ed trial higher to
0.24
higher)

Wasting GI\* Adjusted forclustering and other factors

6 Rando|serio| not serious | not serious Serious none 2498 2012 - MD 0.05| & a¢ ¢ |IMPORTAN
mised | us® higher LOW
controll (0.04
ed trial lower to
0.14
higher)

Underweight GIV- Adjusted for clustering and other factors
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Certainty assessment S 2F LI G Effect
, Certainty| Importance

Risk Other
Study : : .. . home food Absolute
: . of | Inconsistency| Indirectness| Imprecision | consider . control
studies | design| , . , production
bias ations
Rando|serio| not serious | not serious | Serious none 2498 2012 MD 0.07| & a¢ € |IMPORTAN
mised | us® higher LOW
controll (0.01
ed trial lower to
0.15
higher)

Cl:.Confidence intervaMD: Mean difference SMD:Standardized mean differencBRRRRisk ratio
Explanations

a. All the 3 studies were at high risk of bias for almost all the domains

b. Heterogeneity was high at 90%

c. All the studies had a high risk of bias for at least one domain

d. High heterogeneity at 85%
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2.8DISCUSSION

This systematic review aimed to examine the effectiveness of home food production in the prevention
of vitamin A deficiency andutritional blindnes in children below the age of fivét also sought to
examine the effectiveness of home food productionamthropometric measures in children. In total,

ten outcomes were assessegixeropthalmia, night blindness, serum retinol level, dietary diversity,
mortality, stunting, wasting, undergight, income and cost of intervention. No studies assessed
xeropthalmia,night blindness and mortality, but some evidence was found for each of the remaining

outcomes.

A total of 16 studies were included in this systematic reyiessessing effects on 2498 children. Meta
analysis was carried out to assdbe effects of homegardening on stunting, wasting, underweight,

dietary diversity andgerum retinol. The remainingutcomes were reported narratively.

Evidence of lovcertainty showed that home food pduction was effective in reducing stuntiean
difference MD 0.13 (z score), 95% CI1 0.01 to 0.24, six studies, 5469 particip@4fis,low-certainty
evidence, downgraded for high risk of bias and inconsistency, FigureHe®rogeneity between
studieswas high and this could be as a resultddferent local conditions and dietary habits poor

study designsThiswill be taken up as a future researtbpic asheterogeneity was not reduced in the
subgroup analysesTheclinical impact of improved heigHibr-age (reduction irstunting) suggestshat

for a 24-month-old boy, to move from a heighb-age zscore of-2 to -1, 3.1cm in height is achieved.

For a girl of similar age, to move®m a heighito-age zscore of-2 to -1, 3.2cm in height is achieved
(WHQ 2006) A systematic review bjrobets and Stein(2017) assessed the impact of nutritional
interventionson stunting in children two years of age and above, searched Medline and Embase and

assessedisk of bias using the Jadad scoféey found that vitamin A supplementation increafiedar
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growth in children (standardésl mean difference 0.05, 95% CI 0t610.09, ¥ 52%). However, food

based interventions did not have the same effect.

Low-certainty evidence showed #t home food production reducediastingMD 0.05 (z sare), 95% Cl
-0.04 to 0.14, 1261%), five studies, 4510 participants, low certainty evidence downgraded for high risk
of bias and imprecisiorgnd underweighi{data adjusted for clustering and other facterMD 0.07 z
score, 95% C0.01 to 0.15, fivestudies, 4510 pdicipants, 1253%, low certainty evidence downgraded
for high risk of bias and imprecisioim) children. Home food production improved dietary diversity in
children (standardised mean difference 0.24, 95% CI 0.15 to 0.34, three studies pa6@ddpants)
Limited evidence showed that home food production was able to bring irenmzome to households.
The effectiveness of home food production did not differ basedha@duration of intervention or type

of intervention (home garden alone veisthome garden and animal husbandry). The effectiveness of
home food production differed by continent. An improvement in wasting was observed imsAsia
comparedio African childrenSensitivity analysis was carried tytusing the fixed effects model ingh
meta-analysis. Different results were obtained from theed andrandomeffects modes. However,

this systematic review focuses dhe results of the randoreffects model as the betven-study
variability is largeand statistically significant. This makes the fixed effects model inappropriate to use

for the main analysi@Borenstein et al., 2011)

Little evidence was found on the efietc 2 F K2 YS T22 R LIN®RBuz6tind Byel, 2y
concurring with previous systematic reviewWslasset et al., 2012)Only three included studies
measured serum retinol in children ghi studies(Low et al., 2007; Hoet al., 2012; Hotz et al., 20112,

Lakzadeh, 2016; Reinbott et al., 2016; Kuchenbecker et al., 2017; Marquis et al., 2017; Raneri et al.
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2017)showed that home food production can lead to increasedisumption of vitamin Aich foods

but did not measure thegvel of vitamin A in thélood.

One factor that inhibitgshe absorptin of vitamin Ais helminth infestation. Only one included study
considered helminth infestation in childrefmean serum retinol inexperimental groupmo @1 > 3
Rf mMZITpT O2y {iNRf ANPLAGe wadablwigher umberf of helinth infested
children in the experimental grouf 9%)compared with the control group49%) (P > 0.001)Kidala
et al., 2000)and the resultsshowed that children with helminth infestationad lower mean serum
retinol than noninfected children(m i ®o0 § p @& ®P=W.001)kowaver, thedliffdrende m T
serum retinol level between the intervention and control group was not statisyicagnificant after
adjustments were made for helminth infection. Countrigsere vitamin A deficiencys endemic are
co-endemic for soiHransmitted helminthiasis(Strunz et al., 2016)About 75% of countries with
moderate to high prevalence of vitamikdeficiency have preschool childrahrisk of so#ransmitted
helminthiasis and in need atcurringcollectivetreatment referred to as preventivehemotherapy
(Strunz et al., 2016)Soittransmitted helminthiasisdisrupts the circulation of serum retinol and
hampers the true levels aderum retinol Suchdev et ks, 205 carried out acrosssectional study in
Kenya that investigated the impact of sblnsmitted helminth infection on the nutritional status of
children (Suchdev et al., 2015)This study showed that sdriansmitted helminth infection was
associated with vitamin A deficiency in preschool childreav(glence ratio 2.2, 95% CI 1.14t®). Also,

a metaanalysis of observational studies De Gier et al.(2014) assessed the impact of helminth
infestation onthe micronutrient status of schoeage children, using botbbservational studies and
randomised controlled trial Theysearched Embase, Medline and the Cochrane library, and assessed
risk of bias using th&erhagenet al. (1998) and NewcastleOttawa scals. They found a negative
association between soil transmitted helminth infectioasd serum retinol, byt metaanalysis of
randomised controlled studies on a#telminthic treatment showed a negative impaufttreatmenton

serum retinol.
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The absence of dietary fatan lead to low serum retinol levahmong children consuming vitamin A
rich food Findings hee suggested that dietary fat aids in the absorption of bedaotene in the body.
A randomised controlled trial byJalalet al. (1998) demonstrated that feeding children with beta
carotene in addition tadietary fat and deworming caused a further rise in serum retiaeels of pre
school children. Another randomised controlled trial BybayaMercadoet al. (2007)that evaluated
strategies for improving serum retinol levels in vulnerable populasrpports the findings ojalal ¢
al. (1998)in that consumption of vitamin #ich fruits and vegetables alongsidestary fat increases

serum retinol leves.

Evidencegathered from this systematieviewin my thesishowed that home food production caused

a modest increase in the mean z scores of stunting and slightly improved wasting and underweight in
children. Although agricultural practices may have the potential to tackle the issue of malnutrition in
children, he problem of tackling malnutritiorsicomplexasother important factorscan determine the
nutritional status of a child. These factors must be addressed when intervening to retaloatrition

in children. One of these factors is the opportunity costvoimen engaging in agricultural work. Time
spent in the practice of home food production by women competes with time for quality childcare and

F LILINBLINAF GS F22R LINBLI NYGA2Y | yR O2dzAZ R 32 2y
nutritional status. A systematic review bjohnstonet al. (2015)explored the relationship between
agricultural practices, time use and nutritional outcome through the role of gender, using both
guantitative and qualitative studies. Databases searched include Ederdguest, web of science and
Scopus. Quality of stlies on time use was assessed using a checklist created by the authors, qualitative
studies vere assessed based on whether the papeas peesreviewed or not and quantitative data
(randomised controlled tal) were assessed using the international initiai for impact evaluation
score This review positedhat women are the major players in agricultural practices, and this is
reflected in the time spent in it. A systematic review Bgoet al. (2019) assessed the impact of

62YSyQa ¢2N)] A yhatena Mid Qlitfl dudiificBal citgonseusing qualiative and
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guantitative studies. They searché&tlbMed, Scopus, Web of scientEPRI and ELDThis review
demonstrated thatvhen women in SoutlAsia engageth agriculture practicethisimpactednegatively

2y UKSAN OKAf & Rdd ¢t al@0o1RirtBar sudested tfial & cbntextualised approach is
AYLRNIIFY(d Ay dzy RSNA G yRA ¢additg @nveliyotd thainatifiGhal dztus A y
of their children. Sooeconomic factors play a role determining whethetime spent in agricaural
practice affects the nutritional status of childreositively or negativelyntegrating adequatehildcare
support into interventiongand providngfavourable conditions for chilchinding activitiess crucial for

the success of home food production interventidRevising gender norms so that men are more
involved in agricultural practices could avail women more time to ensure proper food preparation and

feedingpractices, thus, improvingutritional outcomes for young children.

Poor hygiene and sanitation are important factors that could sabotage the impact of home food
production on anthropometric measures. All tstudies described within this systematic rew were
conducted amongst vulnerable beeholds inrural areas andack ofpotable drinking waterpoor
sanitation andnon-ideal hygienepractices may have been problemaiic many of these settings. A
systematic review bysera, Shah and Sachd@018)examined the impact of water, sanitation and
hygiene on growthpon-diarrhoeal morbidity and mortality in children usifi®andomised controlled
trials, nonrandomised controlled trialand controlled before/after studies. Gera and colleagues
searched Medfie, web of science, Cochrane Controlled Trials Register, EMBRBES, Popline and
Graysource. Risk of bias was assessed using the Cochrane risk of bias tool. Theuggestedhat
clean water, good sanitation and hygiene practicaduced the rislof stunting (relative risk 0.77; 95%
Cl1 0.68 t00.86), wastingrélative risk 0.12; 95% CI 0.02Q@dB5) and underweighfrelative risk 0.81;

95% CI 0.69 t6.96). However, the luded studies in this reviewere of low quality.

Seasonal variatioran influence the outcome of home food production tisaFaber et al. Z002)

mentioned that at the time of outcome assessment, orange sweet potato and butternut squash were
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both out of season, and a greater response could havenbebtained if the outcomes had been
assessed durindne season that these crops were being consum@theyet al.(2009)also suggested

that seasonal variation may influenéiedings, buttressing the observationskedberet al.(2002)

The results of thisystematicreviewhave showrthat home food production can improve household
income as it allows women to have surplus farm produce that can be sold to raise money. This can alsc
hawe other unintended positive consequences by strengthening their deciaaking power within the
family. A crossectional survey bySultana(2011) in Bangladesh assessed factors that influence
6 2YSy Qa -nuaklingbawarnyhouseholds andperted that generating income égression co
efficient 0.60, P < 0.0%) the family was associated with enhanced decisimakingby women in rural
households Corroborating the findings ofSultana(2011) Bushamukaet al. (2005) carried out a
controlled clinical tria([CCJthat assessed added benefits of a home garden in Balegh and found
that women who engaged in home gardeningre able togenerate more income (64% of intervention
group generated 343 taka from gardeningileéh25% of control group generated 200 taka, P < 0.001,
US$1 = 51 taka) for their families and consequently had a stronger deaisiking powemwithin their

families

A sygematic review by Massetet al. (2012) included 23 CCTand assessed the effectiveness of
agricultural interventions on the nutritional status of childredow and middle income countries. They
searched ¢n databaseg¢Econlit, IBSS, PubMed, and Web of Sciencepapdblished literature (Agris,
Eldis, IDEASFPRI, Jolis, and World Bafgm July to Septembe2010 and includedRandomised
controlled trialsand controlled clinical trialsQuality of studies vasassessed using four dimensions
(statistical analysis, sample size and power calculation, exammafiontermedide outcomes and
subgroups). Thefound little evidence that home gardening interventions haitbngpositive effects
on serum retinol levedof children (MD2.4 pg/dL, 95% CI 1.67 to 3.1H)neteenstudies in the review

reported that home grdening improveddietary diversity, howeverthey could not summarise across
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studies as the included studies measured dietary diversitgiffierent ways. Also, the review found
limited evidence that home gardening interventions increased household insdmedid not provide

details on the extent othe increase.

Masset and colleagues did not investigate blindaetated outcomes. A simitaystematiaeview by
Girardet al.(2012) assessed the effectiveness of agricultural interventions on nutritiongdomes in
children and women. Theincluded 36 studies of which 32 reported on nutritional outcomes for
children, all were quasexperimental studies with oneandomised controlled trighnd did rot conduct

a metaanalysis. Theyassessedthe quality of included studies usin@hild Health gidemiology
Reference Group adaptation of GRA® reported that some (but not all) included studies showed
an impressive impact on anthropometnoeasures, however, the results were not consistent. This
systematiaeview also found an inconsistent restdr vitamin A statusMy results are in line with the
results ofMasset et al(2012)but differ slightly in arttropometric measurswith Girard et al(2012)

This could be attributed to the inclusion of only one randomised controlled trial and all -quasi
experimental studies bgirard et al(2012) NeitherGirardet al.(2012)or Masset et al(2012)reported
blindnessrelated outcomesin children. To the best of my knowledge, my systemetigew is the first

to investigate the impact of home food production on nutritional blindnessl blindnesselated
outcomes in childrenCurrently, it is a stardlone in thigegard. This also highlights the importance of
more research in this area to fully understand the effectiveness of home food production in the

prevention of nutritional blindness in children.
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The findirgs from this systematic review suggésat home food production was positively associated
with increasedconsumption of vitamin Aich foods. Some authors have investigated @ssociation of
consumption of vitamin Aich foodsin children with nutritional blindnessGittelsohn et al.(1997)
explored infant feeding practices and the risk of xeropthalmia in Nepali children, using-acrdes
study design with 8 xeropthalmic and 78 nereropthalmt children béween the ages of -b years.
This study showed thateeding of vitamin Aich foods was associated with protection against
xeropthalmia in early childhood. OK | dzY 6 SNH > h Q/ (296)caried dutyaiRas€obtrslo |
study in the republic of Kiribati, assessing 666 cases of xeropthalmic children and 816 controls. Result:
from this study showed tha& higher frequency of consumption of vitaminrish foods (OR 0.93, CI
0.80 t00.96) and the presencef a garden (OR 0.70, CI 0.520t83) wereassociated with lower odds

of developingxeropthalmia.Mele et al.(1991) conducted a caseontrol study in Indonesia that
investigated the nutritional and household risk factors of xeropthalmia in childreemind age of six.
The study reported that the risk of xeropthalmia was associated with less frequent consumptiak of da
green vegetablegR 6.4, 95% CI 3.41@.2) and eggs (OR 2.7, 95% CI 1.4.8).Shankar et al1996)
rolled out a caseontrol study in Nepal among 81 househshdith xeropthalmic children and 81
households with noseropthalnic children. The cases were less likely to consume vitamichAruits

and vegetablesespecially in October t®december (OR 2.07, 95% CI 1.0@+t80) in comparison to

controls.
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Low serum retinol is associated with nutritional blindness in childfesrat et al., 2002; Rosen et al.,
1996; Tafesse et al., 1996; Uzoechina & Okoro, 1994; Wedtieiel et al., 1991A Cochrane systematic
review byMayo-Wilson et al(2011)that assessed effects of vitamin A supplementation with mortality
and morbidity in children agedx months tofive years included 48andomised controlled trialand
showed that vitamin A supplementation reduced fr@valence of night blindnessate ratio 0.32, 95%
C10.21 to 0.50) and xeropthalmia (Rate ratio 0.31, 95% Ct®@225). During the process of carrying
out this systematic review in my thesis, | notedme interventional studies that assessed the
effectiveness of home food production on nutritiortdindness but were not included in threview as

they were notRardomised controlled trialsr controlled clinical trials

Campbell et al. (201Xarried out a crossectional study (not a CCT rmndomised controlled triglin
Bangladesh that assessed thelationship of a homestead garden with nighitndnes in children
below the age of fiveA popuation-based sample of six rural divisions of Bangladesh assessed in the
Bangladesh nutrition surveillance project held from 2@Q005 was used. 158, 898ildren aged 12

¢ 59 months were included in the study. The findings of this study illustratedathming preschool
children who were mised by vitamin A deficiengrogramme lack of a home garden was associated
with an increased odds of night btiness OR = 3:16, 95 % CI 1-76bt68; P = 0-0001). The All India
Institute of Hygiene and Public Health implemented a pilot study on the effectiveness of home
gardening and nutrition education to tackle vitamin A deficiency with the supporthefFood
Agriculture Organisation (FAO) in six villages of Purulia district, West Bengal(dmaksavarty and
Canet 1996) After the project, they launched a similar project primarily to reduce the prevalence of
vitamin A deficiency through the produecti and consumption of foods richn icarotene. The
intervention reached 1500 householdsthree local governments (Balarampur, Hura and Barabazar) in
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Purulia district. Beneficiaries were provided with seeds, fertilizer, gardening equipment, handbooks on
home gardening, audio and video cassettes on the importance of vitamichAoods and gardening
techniques, and training on home gardening skills. This before/after study showed a reduction in clinical
symptoms of vitamin A& conjunctival xerosis reducetN® ¥ ¢ ®m’> (2 o ®qui2B% A (0 2

0.85%, night blindness from 15.3% to 4.7%.

The National Institute of Nutrition carried out aygar home gardening intervention in 20 villages in
SouthIndian stateqVijayaraghavan et al., 1997)he intervention included the distribution of seeds

and seedlings of vitamin-Ach foods, plus nutrition education. Consumption of vitandkrich food
AYONBIFaSR o0& pr2Z YR GKS LINB@IfSyOS 2F or0G20
0.05).

Talukderret al.(2014)evaluated the impact of the Helen Keller hosteadfood productionprogramme

on the prevalence of night blindness in children aged, 52 months. Secondary data derived from the
1999 national vitamin A survey in Banglaevas used. The evaluation showed that in children aged
12 ¢ 59 months who had not received vitamin A capsualéhe last 6 months before the survey, night
blindness was significantly less prevalent in houses with a home garden and poultry than houses

without a home garden and poultfalukderet al,, 2014.

These excluded studies hadyeeater risk of bias than thiecluded studiesn this systematic reviewas
they were surveys orbefore/after studies and lacked a comparison group or control arm. This
systematic review included only studies with a control arm to be able to establiahseand-effect
relationship between home food production and nutritional blindness in childrecotrol group
reduces the possibility that an improvement or risks that occur during aatréed result of other factors
outside the intervention(Noordzij et al., 2009)The excluded studies are likely to have more dilas

results as they lacked control groups.
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This reviev included only randomised controlled trials and controlled clinigals. Despite this, all the
studies were assessed as being of poor methodological quality. The evidence was mostly downgradec
due to the high risk of bias of the studies and the wide confidence intervals of the results (high levels of
imprecision). Mosbf the studies were uncleasn allocation methodology, so we were unable to assess
whether allocation concealment was adequate, which throws the studies open to selection bias
(Appendix 14). Most studies were unclear whether or how participants, persomh andoutcome
assessors were blinded. Overall, the evidence in this review is of low quality. Only the evidence on
dietary diversity was found to be of moderate quality. We identified seven ongoing trials that will add
to existing evidence and may chartge findings of this reviewl heir publications have not been found

and the corresponding authors have been contacted to know the status of these Disdg0 the high
heterogeneity in the metanalyses, a consensus standard and protocol are needechatucting high
methodological quality research (such as large scale randomised controlled) tidal reliable

conclusions to be drawn in this area.

This systematic review attempted to limit bias and adhestdttly to Cochrane methods of conducting
systematic reviews. From the screening of titles to data extraction, two independent reviewers were
involved, and conflicts were all resolved meticulously through discussions. Pretmedd not be found

for most of the studies, so it was impossible to assessorting bias. There islgo a possibility that
relevantstudiesmay be published itanguage®esides the English languaged so were missed from

inclusion.
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2.87.1IMPLICATION FOR PRACTICE

This systematic review shows that home fogmduction may modestly reducstunting and slightly
reduce wasting and underweight in children. No study reported effects on xeropthalmia, night
blindness or mortality in children, argffects on serum retinol were unclear. Hence, it cannot be said
that home food production can effectively reduce nutritional blindness in children. It would not be best
practice to recommend home food production in preventing nutritional blindness in remldOther
interventions that have enough evidence can be adopted in preventing nutritional blindness until
sufficient evidence on home food production in preventing nutritional blindness is produced. However,
the introduction of home food poduction to inprove nutritionalstunting, wasting and underweight
may be appropriate in areas where these are prevalent and more intensive nutritional support is not
available. The author suggesthat implementation of home food production in areas without
nutritional stunting, wasting or underweight should only be implemented eaaxomplementary

intervention.

2.8.7.2IMPLICATION FOR RESEARCH

Due to the poor methodological quality of the included studies, the evidence of this review could not
confidentlyanswer the research questions of this systematic revM& need to plan largscale high
quality trials with measures in place to minimise selection bias, performance and detection bias. One
of the ways to reduce performance and detection bias might beige a common centre fathe
collection of data rather than carrying out data collection at the houses of participants. Large sample
sizes should be used to enalilee detection of small but clinically relevant effects on eye health and
serum retinol. Remarchers should consider other factors that might affect the impact of home food

production on nutritional status such as deworming, proper environmental sanitation and potable
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water. These factors should be appropriately included in study design as #refave important
AYLI OGla 2y OKAf RNByQa KSFIftiKod ! FIFOG2NAIf RSa.
in conjunction with home food production on nutritional blindness in children. Choosing the right crops
for the intervention and codiction of data at the most appropriate time of year also need to be thought
through. Interventions used in trials need to be culturally specific in addressing barriers and supporting
facilitators to home gardening, rallying community support, ensuring wsiipplies, training in foods

high in vitamin A, cooking lessons for these foods and ensuring these are locally enjoyed and accepted
Finally, largescale higkguality trials specifically aiming to assess the impact of home food production
on nutritional Bindness in children are urgently needed as there is a wide knowledge gap in this area.
Studies focusing on the potential negative as well as positive outcomeseftestiveness of home

food production, and barriers and facilitators to implementation slibbe prioritized too.

No Randomised controlled triatsr controlled clinical trialseported on xeropthalmia, night blindness
or mortality in children. Other systematic reviews have looked at the effectiveness of vitamin A
supplementation on nutritionablindness in children. But this systematic review has identified a lack
of controlled studies that assessed the effectiveness of home food production on nutritional blindness
in children. This review has shown that home food production improves dietagysilly, modestly
improves stunting and slightly reduces wasting and underweight in children and leads to higher
consumption of vitamirA rich foods. However, high consumption of vitam#ich foods does not
directly translate to a high serum retinol lewa other factors such as stidnsmitted helminth
infestation and environmental factors can sabotage this. Vitamin A deficiency leads to nutritional
blindness in children and is caused by an insufficient intake of vitamichAood. Our systematic
review has established that home food production can lead to increased consumption of vitamin A
rich foods, but highguality randomised trials focusing on the impact of home food production on
blindnessrelated outcomes are needed. Evidence from excludedistits supportive enough die

LI2aAGAGS STFSOGa 2F K2YS I NRSYyAy3d 2y OKAf RNBYy
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effectiveness of home food production in the prevention of nutritional blindness in children. This
thesis draws upon these findings turther explore the coseffectiveness, barriers and facilitators of

home food production.

2.87.3 NEXT STEPS

Chapter two has used systematic review methodology to assess the effect of home food production on
nutritional blindness in children below fiyears of age. As part of my searching, | screened for health
economics studies, but no studies have evaluated the-etisttiveness of home gardening of vitamin
A-rich foods using a decisieanalytic model in Nigeria. The next chapter will predict thestco
effectiveness of home gardening of vitamin A cassava and maize (yellow cassava and orange maize) |
preventing vitamin A deficiency in Nigerian children wiltle available evidence. Chapter four will
investigate whether additional information would be owhwhile before deciding whether to
implement home gardening of yellow cassava and orange maize to prevent vitamin A deficiency in

children.
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CHAPTER THREE
HOME GARDENING OF YELLOW CASSAVA AND ORANGE MAIZE IN THE PREVENTION OF VIT

DEFICIENCY IN CHILDREN: AEFRBPECTIVENESEALY SIS

3.0 SUMMARY

This chaptepresentsan economic evaluation of home food production in the prevention of vitamin A
deficiency in children, informed by the findings of chaives. | carried out a costffectivenessanalysis

to assess if home gardening y#llow cassava and orangeaizeis costeffective in the preventiorof
vitamin A deficiency in children. | developed a Markov modé¥liorosoft Excel and a probabstic
sensitivity analysis was carried ouTostirg was from two perspectiveg & 2 OA SGFf | yR
perspectives. Community farming was also investigated as a strédegyaking vitamin Aich foods
accessible to childrerihe results fromthe societal perspectiveshowedthe ICER fonome gaden -
$367.37 per DALY averted wi#8.80% likelihood of cosdffectiveness. Communitiarm - $379.37 per
DALY averted witfi6.50% likelihood of cosiffectivenessFromthe fdzy RS N & LISNE LISOG A
showedthe ICER fohome garden a$364.99 per DALY averted wiB2.70% likelihood of cost
effectiveness. Communifarm-$369.18 per DALY averted wrth 90% likelihood of costffectiveness

The results have demonstrated that home gardening of yellow cassava and orange rikéhe icbe
highly costeffective in the prevention o¥itamin A deficiencyn children butwith a probabilityof not

being costeffectiveranging from 17.30%25.10% implying that the results may be misleading.

The first section of this chapter discusses hea&tonomics and its importance. The second section
explains all the methods used in the cadfectiveness study. Theird sectionpresentsthe results and

the final section focuses on the discussion of results, strengths and limitatidhe study.
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3.1INTRODUCTION

3.L1WHAT IS HEALTH ECONOMICS?

Economics as a discipline is centred on the assumption that resources ar¢@uitaess & Wiseman

, 2011) Economics can be defined as the studyhoiv society makes decisions on what, how and for
whom to produce(Guinness & Wiseman,\2011) On the other hand, health economics is when
individuals, health care providers and government apgdgnomic theories, models and experiential
techniquesto the health and health care of the socie@rummond et al., 2015L Yy G KS g2 1
economy, resources are never sufficient to meet all the desires of humans at any given time, people are
faced with the decision of choos what needs and wants must be met from scarce resources. In the
same ein, the health care system fas a scarcity of resources to meet all the health needs of people,
therefore health care providers have to make the hard choices of which needs arenchetrach are

forgone(Drummond et al., 2015)

In everyday life, making choices meanakingtrade-offs (Edlin et al., 2015)The implication of tis is

that to have a good or service, you have to forgo another good or service. Opportunity cost which is
also known as the economic cost of a good@mwvice is the satisfaction or benefit lost in the inability to
use the same resources to have anothervice or good which will equally bring benefits trae

desirable and satisfyingicPake et al., 2020; C. Phillips, 2005; Rice & UiR98)

Clinical trials investigate the efficacy or effectiveness of health interventions by assessing health
outcomes(Drummond et al., 2015)ln a world of unlimited resources, health care outcomes of
interventions would be the only information needed to decide whioteivention to implement in
healthcare. Nevertheless, because a world of unlimited resources does not exist and resources are

always limited, an intervention being effective is not enough reason for it to be adopted in the
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healthcare settingPhillips, 2005)It becomes imperative to know whether the intervention represents

good value for the cost of implementing it. That is to say, is itefiettive?

Economic evaluatiors the method of assessing ceffectiveness with the best available evidence of
cods and outcoms (Drummondet al., 2015)1t is the process of identifying, measuring and valuing
inputs (costs) and outputs (benefits) of tw@r more) alternative interventions/strategies
systematically for a comparative analy$i3rummond et al., 2015) There are different types of
economic evaluatiorg cost consequences analysis, ceffectiveness analysis, cdsenefit analysis
and costutility analysigDrummond et al., 2015Acostutility analysis will be carried out fohis study

as it expresses health outcomes as utilities suclisability-adjusted life years (DALYand quality

adjusted lifeyears (QALY) which capture both quality and quantity of life.

3.1.2BIOFORTIFICATION OF CASSAVA AND MAIZE

Biofortification is the act of improving or enhancing the nutritional content of staple crops through
conventional breeding, biotechnology, agronomics and mineral fertilizafitarvestPlus, 2020 he
primary objective of biofortification is to increase the micranent content of staple foods readily
available to poor people in rural areas who have limited access to commercially fortified foods due to
their low purchasing power and where supplentation programmes are problematic due to
geographical locatiofWHO,2020) Contrary to food fortification where fortified foods have to be
purchased, Biofortification targets rural areaterethe growing andconsumption of staple cragare
predominantly carried out at homgHarvestPlus, 2020Biofortification stands apart from commercial
fortification in that biofortification enhances the nutrient quality of crops during plant growth while
commercial fortification enhances the nutrient content of foods by processing the crops (after plants
are grown and harvested) into finishedqgolucts sub as sigar, salt, oil anatereals amongst others

(WHQ 2020a) Repeat purchases of biofortified varieties are not necessary as the biofortification
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strategy is selsustainingFarmers can takseedsand tubersfrom harvested producand storethem

for the nextplanting seasofliITA, 2011)Seeds and tubers ofidfortified varietiescan be stored and
reused forthe nextplanting season and can be distributed to other farmers. After the initial breeding
and distribution of biofortified plant species, reproducing most biofortified crops (sadweet potato,

cassava and maize) is casiving(HarvestPlus, 2020)

3.1.2.1YELLOW CASSAVA

Cassava, also known as Manihot esculentanioc and yucas a major staple crop in Nigeria, consumed
by over 70 million Nigerians dailWorldwide, Nigeria is the larg& producer of cassava, producing
about 54 million méric tons produced annually, with nearB6% consumed in the countrfassava
contributes geatly to food security and income generation in the counffhAO, 1999)n Nigeria, the
average consumption of cassava per person per day is aboutofO@dreshweight basi§Onuegbu et
al., 217) Cassava can be processed into garri, fufu, cassava porridge, cassava flour fordraking
abacha. Garri is a coarse granular flour made from frying fermented cassava with or without palm oil.
Fufu is made from cooking and pounding fermentedseas dough. Abacha is dried cassava dqhipA,
2020) Cassava provides about 37% of dietary energy anchigrcarbohydrate(lITA, 2011)Gererally,
cassava has white colair, however, the biofortified varieties are yellow (alkoown as yellow
cassava). Similar to white cassava (Fi@utg yellow cassava can be processed into garri, Alfacha
and flour(lITA, 2011)Theyellow varietiesof cassavaare also high yielding and resistant to major
diseases and pests. Cassa/highly compliant to problematanting conditiors such asmpoverished
soils, drought. It i®asy to prepare for planting and is not time consum{i@A, 2011)Children can
consume yellow cassavathe form of cakes, pies, pudding, porridge, pancakes, fufu and gatlow
cassava has the potential to provide 100% of vitamin A daily requirement in chil(Hanvestplus,

2020)
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Figure3.1: Yellow cassaveontrasting with white cassava

p
Vitamin A
Conventional Cassava Cassava

Source(FoodsNg, 2015)

3.1.2.20RANGE MAIZE

Globally, maize (Zemays L. or corn) is the most commonly produced ce(d@A, 2021)In Africa,
Nigeria produces the largest quantity of maize annually with ab@miBion tons of maize production
(ITA, 2021)A surveyf 6480 lousehold in Nigeria in 2003 showed that maize is more widap?20.1%

of the population) consumed than any other staple in Nigeria, followed by cassava (1b1&%ya

Dixon et al., 2004)The average consumption of maize per person per day in Nigeria is about 300g
(Onuegbu et al., 2017)The previtamin A hybrids of maize (FiguB.2) released in Nigeriaave a
yielding capacity of 89 tons of maize per hectare of lafdTA, 2012and they usually come in deep
orange colourdistinctfrom the white or yellow regular maize. Orange maize can be given to children

in form of cereal (pap), pudding, cemeal, boiled or roasted corn.
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Figure3.2: Orangemaizecontrasting with yellow raize

Source(Chicamod2014)

3.1.3ECONOMIC EVALUATION OF INTERVENTIONS FOR VITAMIN A DEFICIENCY: A LITERATUR
REVIEW

Economic evaluation is anvaluable tool widelysed in the health sector teupport theallocation of
scarce health resourcg$§ray & Wilkinson, 206). Ecommic evaluation has been used to assess the
costeffectiveness ofdifferent interventions for tacklingitamin A deitiency An economic evaluation

of interventions geared towards reducimitamin A deficiencyare summarisechere. Severrelevant
studies(Chow et al., 2010; Fiedler et al., 2000; Fiedler & Afidra, 2010; Fiedi#ac&onald 2009;
Lakzadeh, 2016; Loevinsohn et al., 1997; M. Phillips et al., ¥896)identified thatcarried out an
economic evaluation on vitamin A supplementation, food fortification with vitamior Aome food
production. Sixstudies(Chow et al., 2010; Fiedler et al., 2000; Fiedler & Afidra, 2010; Fiedler &
Macdonald, 2009; Loevinsohn et al., 1997; M. Phillips et al., X@8®)ucted a coseffective analysis

using DAL¥as an outcome masure. Only one study carried oatcostbenefit analysi§Lakzadeh,
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2016. All studies were done ibhMICs The study byFiedler and Macdonal@2009) assessed the
feasibility, costs ath costeffectiveness of food fortificatioprogrammesin 48 countries prioritized for
high prevalenceof vitamin A deficiencyanaemia, stunting and unddéive mortality. Other studies

assessed costs and cetectiveness in single countries.
3.1.3.1DETAIL OF STUDIES

A costeffectiveness analysis was carriedit by Fiedler and Afidra2010 in Uganda. This study
compared the feasibility, cost, coverage and eef$¢ctiveness of fortifying cooking oil and sugéth
vitamin A Uganda, a country in St#aharan Africa has a vitamin A deficiency prevalence of 28% for
childrenbetween 6 to ® months (Ugandan Demographic Health Survey, 2000). The objettilie

study was to find out whethesugar should be adopted as a food vehicle for fortification with vitamin
A. The 2005/2006 Ugandan household budget was used to estimatéettet of conamption of
fortified sugar and vegetable oil, atige costper DALYavertedwas calculted. Theannual incremental
private sector cost of fortifying cooking oil with retinol palmitad@e million IU/g fortificant was
US$555,668, and US$2,6485 for sugar. The cost per DAdvértedfor sugar is US$82 and US$18 for
0221 Ay3 2Af 00 KDstswgrdzRaasuled pRryatniim).3Alsd, théSstudy found that the
private sector cost of fortifying sugar is 4.8 times more than the private sector cost of fortifying cooking
oil. Analysis from this study showed that sugar is consumed in Uganda thaingodkby 17%nore
people Therefore, adopting vitamin A fortification of sugar in Uganda would lead to more people having
access to vitamin A fified food. Fiedler and Afidra, 201QFiedler & Afidra, 201Qyere able to give a
transparent costing method but they made some assumptions on effects Sataitivity analysis was

not used to understandhow the uncertainty of these missing data might have affected the results
obtained. Discounting of costs and aguences was not taken into consideration which can lead to

an economic evaluation giving misleading res(lsrgerson & Raftery, 1999)
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Fiedler and Macdonald2009) assessed the feasibility, cost and ceffectiveness of fortifying
vegetable oil and sugar with vitamin A and fortifying wheat and maize flour with two other multiple
micronutrient formulations for 48 high priority countries. These countries were ternfegh priority

based on their high prevalence of vitamin A deficiency, anaemia, stunting and-finelerortalities.

One hundred and twenty interventions were assessed. The interventions assessed irttlede
fortification of vegetable oil (fortified with ¥@min A), sugar (fortified with vitamin A), wheat flour
(fortified with iron, folic acid, vitamin A, zinc, vitamin BR, B3, B6, B12 for the expanded package and
iron, folic acid and vitamin B12 for the reduced package) and maize flour (fortified wathfadic acid,
vitamin A, zinc, vitamin B1, B2, B3, B6, B12 and iron, folic acid and B12 for the reduced package)
Household Income and Expenditure Survey (HIES) data were used to calculate the proportion of the
population that consumed fortified foods. This study adopted a societal perspective and estimated both
public and private sector costs. Costs data were retrief@an the United National Industrial
DevelopmenOrganisatiorDatabase (UNIDCHlour Fortification Initiative (2007), World Grain Report,
International SugaOrganisatio®ad HAnnc , SFNB221% Df2o6lf FLfEALY
Micronutrient Initiatve (Ml), he US Agency for International Development Micronutrient Agency.
Costs were determined using the algoritHrased spreadsheet tool also known as production function

to estimate the average plant cost and the national cost of the fortificapasgramme Both public

and private sector costof fortification were determined. The cost peDALYs averted by each of the
interventions was calculated. Thepact of the interventions on zinc, iron and vitamin A deficiencies
were assessed in this study. The impact of the fortificapimgrammewasdetermined by calculating

the difference in DALYs lost due to micronutrient deficiencies before and afteratticition
programme The 60 most costffective fortification programmes in the 48 high priority countries
showed a 16/ear incremental cost per DALY saved ranging from US$1 to US$134 angear 10
incremental cost of US$1billiofriedler and Macdonal@Q09)failed to make allowance for uncertainty

in their analysis and estimated costs were not discounted.
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Chow, Klein and Laxminarayé®10)carried out a coseffectivenes analysis of goldemustard for
treating vitamin A deficiency in India. Costs and benefits of genetically modified rdisgtad which is
consumed inthe form of oil were compared tdhe industrial fortification of mustard seed during
processing and higdosevitamin A supplementationThe number of DALYs and deadlsrted by each
intervention wereestimated and incrementalost-effectiveness ratio wasalculated for cost per DALY
and death averted. The effects of the interventions were estimated 80eyears Data were obtained
from the literature. Costs were discounted at an annual rate of 3%d.\BAwere assigned monetary
values to calculate internal rates of return (IRR)e gnetically modified mustard seed was still being
developed at the time of this study. Thus, costs and effects were estimated based on inferences about
health services, agrulture, food production and delivery system in India. Over 20 years, genetically
modified fortificaton averted between 18 million ari@4 million DALY's compared to hidgosevitamin

A supplementatiorwhich averted 12 million to 28 million DALYs. The incremental cost of genetically
modified fortification wasdund to be US$403 (95% CI 389 to 418) to US$ 450 (95% CI4838 fwer
DALY averted, while the incremental cost ofthpsevitamin A supplemetation was found to be
US$2395% CI 22 to 24) to US$50 (95% CI 48jper DALY averte@he Mone Carlo sampling method
was carried outo assess the robustness tife findings in this study. The costfectiveness ratio of
ensuring thatvitamin A suplementationis delivered withuniversal coverage gave an internal rate of
return of 68%¢ 104%, which is greater than the internal rate of return for geneticaitydified

fortification (21% 42%) and industrial fortification (6922%).

Phillipset al. (1996)carried out a coseffectiveness study of sugar fortification with vitamin A,hig
dose vitamin A supplementatiorand promotion of home gardening with nutritioeducation in
Guatemala. Data on cost were obtained from literature, donarsjimplementing ad collaborating
agencies. This study focused on people ahhiigk of vitamin A deficiencglildren under the age of 6
and women of childbearing agjeCosts were discounted atLl0% rate. This study found that the annual

cost ofthe sugar fortificationprogramme(US$2,379,278) is 30 times higher than thetofvitamin A
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supplementation(US$71,556) and home food production (US$85,28BKg ©st perhighrisk person
was US$0.98 for fortification, US$1.68.86 for vitamin A supplementatigrand US$3.1Q US$4.16

for food fortification.A sensitivity analysis was carried aatcheckthe uncertainty in the results.

A costeffectiveness analysis wasmeed outin the Philippines bizoevinsohn, Sutter and Otelia Costales
(1997)to determine wheher a vitamin A supplementatiorcapsule should be given to all children
between 6 and59 monthsold (universal approach), tehildren suffering from mild to severe
underweight (broad approach) or preschool children suffering from modet@tsevere malutrition
(narrow approach). A Department okHlth perspective was used in this studyat® on costs were
obtained from the Department of #hlth, UNICEF and Helen Keller International. Effects/benefits were
calculated from data of 199Rational Immunization days, metnalysis of published trials, national
nutrition surveys and household swys. Cost per death averted was US$67.21 for a universal approach
compared to US$144.12 for mild to sevigrenalnourished children and US$257.20 fweschool mild

to severgdy malnourished children. The incremental cost for a broad approach was shownhigoer
(US$1, 034, 510), compared to the universal approach (US$992, 894) and the narrow approach (US$88:
659).The rumber of deaths averted wasdher for the universal approach (14, 773) compared to the
broad approach (7, 178) and narrow approach gh)4 Sensitivity analysis wearried outto assesthe

robustness othe findings.

A costeffectiveness analysief vitamin A supplementation and vitamin A fortification of wheat flour
wascarried outin the Philippines byFiedleret al. (2000) This study measured vitamiintakeas an
indirect proxy forvitamin A status. A private Filipino survey research firm known as TRENDS MBL
conducted a 24our recall food consumption survey to measure vitamin A intake in this study. Data on
costs of programmes were obtained from agenciesprogrammerecords,the Department of Halth,
interviews with suppliers and workers directly involved with food fortificati and vitamin A

supplementationprogrammes. The dfectiveness of wheat flour fortification was calculated as the
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increase in the number of children witthe recommended vitamin A intakas a result of the
fortification programme Effectiveness da for vitamin A supplementationvas obtained from field
reports of local health employees and department of health surveys. Effectiveness data on vitamin A
flour fortification was derived from the increase in the number of children with the required vitamin A
intake obtained from the fortified flourTheincremental coseffectiveness ratio (ICERas calculated.
Findings from this study indicated that fortification of hard wheat flour had a lower ICER (104)reaimpa

to the vitamin A supplementatioprogramme(646). The results showed that a universal wita A

programmeis more coseffective compared to food fortification

Lakzadelf2016)conducted a cosbenefit analysis of a home food production intervention in Cambodia
alongside a randomized controlled trial. Costs of food production were estimated using acostiog
analysis. Costs were not discounted and benefits were projectedl@onths Thebenefits of home

food production were monetized using local village market values and calculated for both the
intervention and the control group. A projecepspective was adopted. Tmeonetary benefit of having

a fish pond with a hom garden was found tbe US$ 398ompared to a home garden (US$34d

the control arm(US$133. Also, the results showed that establishing a fish pond with a home garden is

more costly (US$591) compared to setting up a home garden alone (US$239).

Scheinemachers et a[2016)conducted a coseffectiveness study in Bangladesh as a paa quasi
experimental studyon the training of women in home gaeding and nutrition education. Thest of

the A Y USNBSY A2y g1+ & OIFftOdAI SR FNRY GKS LINR2SOi0
from the main people directly involved in the proje@hheDAL¥ saved as result of the intervention

were estimated and used in determining tredsteffectiveness of home gardening compared to the
control group that received no intervention. This study assumed that if 50% of the Bangladesh

population is affected by vitamin A, iron and zinc deficiency (about 16.5 million households), it would
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costUS$375.1 million to reach these households wittome gardening intervention, dsS$3, 059 per

DALY saved.

3.2IMPLICATION FOR THESIS

Existing literature has demonstrated that there is a dearth of knowledge on theeffesttiveness of
agricultural interventionso tackle nutritional deficiencie@Vaage et al., 2013A systematic review by
Massetet al. (2012)and Lakzadelf2016)both identified a gap in the literature in this arddost of the
studies reviewed above areutdated suggestingthat a more recent economic evaluation of
interventions targeting vitamin A deficiency is needed. None of these studies focused oraNigere
vitamin A deficiency is a concerAghaji, Duke and AghdqR019)assessed the coverage wtamin A
supplementationprogrammein Nigeria using the Nigeria Demographic Health Survey (2013) data and
literature published on populatiotvased childhood blindness survey in Nigeria. This study reported
53.5% coverage witamin A supplementatioprogrammein urban areas and a 34.7% eo&ge inrural
areas. Childrem the highest wealth quintilevere more likely to receiveitamin A supplementation
(odds rato 2.81, P<0.001as werechildren born toeducated mothers (odds ratio 3.27, P<0.001) and
children from thesouth-south region (odds ratio 2.38, p<00). This demonstratatat more children

in urban areasthan in rural areasare not covered bwitamin A supplementatiorprogrammes.
Investigating the cosgeffectiveness of an intervention that may be beneficial in tackling vitamin A

deficiency in ruraNigeriais crucial.

These studiereviewed in section 3.Bave not provided an analytic framework that pulls together a full
range d evidence relevant to assessing the eeffectiveness ofritamin A deficiencyinterventions. A
structure that shows the possible health states/admin Adeficiencyand how the interventiongeing
assessed may influendesalth states over time is laclg. A means of linking intermediate and final

outcomes ofvitamin A deficiencyis important in evaluating the cosiffectiveness of its various
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interventions(Drummond et al., 2015Assessing the cosffectiveness ointerventions over a lifetime
horizon ismportant. Also, a structure for decisianaking under conditions of uncertainty is needed. A
decisioranalytic modelcanaddress thee gaps(Drummond et al., 2015Hence, it is sensibl®r a
decisioranalytic model to be used in elmting the costeffectiveness of diffenet interventions for

vitamin A deficiency.

Within this thesis, bme gardening of vitamin A biofortified crops (yellow cassava and orange maize)
will be compared againsto home gardening intervention in the prevention of vitamin A deficiency in
children below five years of age. Community farming will also be assessedalternaitve strategy to
provide vitamin Arich foods to children in rural Nigeria and will bemparedto baselinein the
prevention ofvitamin A deficiencylnvestigating community farming will inform polnyakersabout
whether there are other coseffective strategies of making vitaminrfeh foods accessible to children
besides home gardeniny.aluation of resources will be carried out from two costing perspectives
a20AS0Ft LISNRELISOGA DS The Waetal FodrshectvblIidilie biloifiesBcbdbng i A @
perspective which accounts for direct and indirect costs in an economic evaludtien ®cietal
perspective will includéhe cost of interventiongquipment, consumablesnd loss of productivitylhe

fdzy RSN a LIS N& LIS O tdiradtSosiq@rdardndndet al., 2016)The 82F R SNDa LIS NE
will include costs of interventignequipment and consumables These two perspectives will be
considered to understand the impact of different costing perspectives on theeaftesttiveness of

home gardening andommunity in the prevention of vitamin A deficiency in children.

Maize is one othe crops interplanted with cassava in Nigeria. This eeffectiveness study will
therefore asseshome gardening/community farmingf co-planting yellowcassava and orange maize
for household consumptionin addition, the impact of nutrition education, cooking session and
distribution of posters and recipe books will be assessed alongside home gardenangunity farming

of yellow cassavand orange maize. This because thsystematic reviews in chaptéwo (Bassey et
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al., 2020)assessed multicomponent interventions made uphofme gardening, nutrition education,

cooking sessions and distribution of relevant materials.

Authors have examined the cestfectiveness of various interventions to combat vitamin A
interventions in childen such as food fortification and vitamin A slg@mentationprogrammes. One of

the studiediscussed abovia section 3.35cheinemachers et a(2016) conducted aosteffectiveness
analysis on home gardening, but a decisamalytic model was notused.2 G KS o6Sad 27
knowledge, no study has examined the ceffectiveness of home gardening péllow cassava and
orange maizeising a decisioanalytic modelFor this reason, this chapter will focus carrying out an
economic evaluation using a decistanalytic model (Markov modeld predictthe costeffectiveness

of vitamin Arich foods in preventingitamin A deficiencyn children.Thebest availableevidence was
selected through a systematic lit#iure search to inform the parameters of the mod®hly two crops

have been included in thstudy rather than a more general garden approachthat costing cate

achieved Narrowing the home garden concept to specific crops makes it easaehieve costing

3.3AIMS

This study aims to assess the ceffectiveness of home gardening/community farming of yellow
cassava and orange maize to prevent vitamin A deficiency in children below the age of five in rural

Nigeria.

3.3.1RESEARCH QUESTION

1 What is the likely coseffectiveness of an intervention to promote home gardening with yellow
maize and cassav@mpared to no intervention in the prevention of vitamin A deficieaoy

nutritional blindnessn children below five years of age in rural Nigeria?
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1 How effective would an intervention to promote home gardening with yellow maize and cassava

need to bein improving serum retinol in children for it to be ceeftective?

3.3.1.1SUBQUESTIONS

1 Is home gardening/community farming of yellow cassava and orange maize likely to be cost
effective in preventing vitamin A deficiency in pehool children compared to a no home

gardening intervention alternative from a societal perspective?

1 Is home gardeninglammunity farming of yellow cassava and orange maize likely to be cost
effective in preventing vitamin A deficiency in gehool children compared to a no home

I NRSYAYy3 AYUISNBSYyldAz2y Tt GSNYFGASBS FNRBY | 1
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34METHODS

Decision analysis is the art of using a veetlered and coherent approach tdecide conditions of
uncertainties(Briggs et al., 2006 A decisioranalytic model creates a matheatical relationship to
compare costs and consequences between two alternatives by using evidence from different sources
such as clinical trials, observational studies, systematic reviews, surveys and expert consition

et al., 2015) Decision analytic models are useful in fobowing ways; first, they createa structure

that shows the progression of diseases to the endgstar death and it shows howlternative
interventions impact the different stages of progression with cosis @onsequences being ascribed to
these stags of progressionSecond, decisicanalytic models provida framework that assembles all
evidence relevant to a specific decision problem and includes them in the evaluation towards solving
the problem. Thirdan extensive examination of uncertainties amal the evidence used in the model

can be explored andhe value of future research and areas of concentration can be investigated
(Drummond et al., 2015)There are twomain types of decisicanalytic models used in economic
evaluation- Markov models and decision trees. dx@on trees have some important limitations in
modelling chronic diseases. They become complex when using them to model chronic diseases and the:

do not account for the progress of time in the modBirummond et al., 2015)

Due to the limitations of a decision treecahort Markov model was developéa this studyto predict

the costeffectiveness of home gardeniftpmmunity farmingof yellow cassavand orange maize
compared witha no home gardening intervention alternative. This is mainly because a Markov model
is mast suitable for the decision problem investigated in this study. Cohort Markov models are based
on a series of health states that ahort of patients can be in at onegme. Individualsmove from one

health state to another based otransition probabilities (Figur8.3). Effects and costs are estimated
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for each health state for the two interventions being compaf@diggs et al., 2006 Markov model
provides an adequate structure for decisions on economic evaluation to be made based on
uncertainties, and a lifetime horizon can be adoptedalishow the progression of vitamin A deficiency
from onsé to death as well as show the costs and consequences through the progression. It is
structured in a way that shows the possible health states and how the interventions being assessed may
influence the movementwf the cohortbetween these health states drthe costs and consequerncef

being in each health stat@ver time.Table 1 summarises the methods for the model. The methods are

explained in more detail in the sections below.

Figure3.3: Visual conceptualization of the model

N

Blindness

Low serum

retinol XX
0.70umol/I

Dead
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Table3.1: Summary of methods fohe Markovmodelto predict the coseffectiveness of home
gardening of yellow cassava and orange maize to prevent vitamin A deficiency in children

Methods

Description

Population

1
T
il

Locationg Ovia northeastlocal government, Edo state, Nigeria
Age groupx, children below the age dive

Population size 834 householdwith children below the age of
fiveyears

Settingq rural

Intervention

Intervention- Home gardeninffommunity farmingof yellow
cassava andrange maize

Cost datag Expert consultation

Cost perspectiveFunder and societal perspective (fundeA@
charityorganisationsuch as Sight savers).

Currency- Cost wasconverted using purchasing power par
(PPP) to 2020 International dollars

Discount rate; 3.50%

Comparison

No home gardening interventioms thealternative

Outcome

T

T

Disabilityadjusted life years (DARY
Disability weights: Global burden of diseatedy 20D
Length of cycle: one yeaA lifetime horizon was used

Discount rateg 3.50% (WHO recommendation)

Transition
probabilities

Imdad et al., 201,/MayoWilson et al., 201{Imdad et al., 2017,
Mayo-Wilson et al., 2011)

Awasthi et al., 2018Awasthi et al., 2013)

Life tables by WHQNVHQ 2016b)

Effect

1

Talsmaet al.,2016

software

MicrosoftExcel version 2019
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Analysis 1 Calculated mean costs and mean effeciscremental cost
incremental effect with 95% credible intervals, and ICER

1 Ran model twice, once for eadlternative

1 Sensitivity analysis: Oneway threshold analysis, probabilist
sensitivity analysis (PSA).

1 Threshold$2,880) as recommended b@Woods et al., 2016)

A cohort Markov model made up of folmrealth states (well, low serum retinol, blind and death) was
programmed inMicrosoft Excel This model was conceptualised based on the epidemiology of vitamin
A deficiency in children. According to theHO(2009) vitamin A deficiency is defed as low serum
retinol X{.70micromoles per litreThe bw serum retinol health state was set#).70umol/l based on

the WHO definition. The low retinol state was sel@t70umol/l to represent the subclinical and clinical
stages of vitamin A deficiency and thestageswere all accounted for in costs and DALMse blind
health state was defined as a progressed state of low retinol where a child has little or no light
perception and the dead health state represents the terminal state of the conditi@alth states
representing malnourishment were excluded asrés no evidence showing that home gardening of
yellow cassava and orange maize has the potential to prevent malnutrition in children. Since yellow
cassava and orange maiaee the cropsconsidered which primarily targets improving serum retinol
levels n children, adding health state on malnutritioor other health conditionsmay not be
appropriate. If other crops targeting wider nutritional benefits were considered, then it might have
been appropriate to include malnutritioand other health conditionas a health statd assumed that

the intervention is for one year and households will continue to engage in home gardening in the
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subsequent yeargven after intervention support is withdrawhy replanting from their harvest. |
assumed that there will be return to original levels of home gardening/community farming and original
crops after one yealthough, one year of consuming vitamirridh dietmay not be protective against
vitamin A deftiency for a long time, however, the model assumes that households will continue to
engage in planting and consuming yellow cassava and orange maize in the subsequerdesdes
preventing eye health problems, home food production can increase hous@nmme through sale of
surplus yield As ezidence has shown thatitamin A deficiencyincreases the risk of diarrhoea and
measlegStevens et al., 2015hese health conditions were reflected in the model. A lifetimeibon

of 80 years wassed inthe modelto capture blindness whicls irreversible and lasts a lifetime. The
Y2RSt dzaSR I 0@ O0f S f Sy 3iiky orgafisadysseh a@s Sighta®ers) andf dzy
societal perspectivewere used and run as separate anaydMy supervisors (Ed Wilson and Jennifer
Whitty) valdated my model from conceptualisation to writing up. They checked validity of results based

on empirical evidencased to inform the model

INTERVENTION

The interventionwasassumed to consist of multicomponent parts interacting togethercomprie
training households in home gardening/community farming of yellow cassava and orange maize,
provision of cassava stems and maize seeds, nutrition education, cooking sessiostahdtidn of
recipe books and postergletailing the health benefis of vitamin Arich foods (Fgure 3.4). This
intervention wasassumed to run for one year. The comparateas statusquo: no training or HG
intervention.The systematic reviem chapter twoanalysed studies with complex interventions (home
gardening, nutrition education and cooking sessions) and thisafésttiveness study is@ntinuation

of that systematic review. Therefore, it is important to maimaonsistency by ensuring that the cost

effectiveness of the same group of interventiaesexamined. Home gardenifgmmunity farmingof
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yellow cassava and orange maize is focused on growing these crops for household consumption where
the surplus can beatd to bring in additional income to the famil@ommunity farming was explored as

an alternative strategy to make yellow cassava and orange maize accessible to children.

Figure 3.4: Iagram showing intervention and comparator

Twointervention scenarios (Figure5}.were assessegthome gardening and community farming
Base cae scenario (home gardeningyillagers will use their lands and cultivate their gardens
individually, cooking utensils for the cooking sessions and vilage ball will be used for free and
nutrition education will be carried outn the second scenario, a large community farm will be
cultivated and harvested collectively by the villagers #maproduce will be shared among the

villagers In addition, traimg and nutrition education will be carried out.
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Figure 35: Scenarios assessed in fdarkovmodel

andividual lands owned by villagers to cultivate their own personally
owned garden of yellow cassava and maize.
ubistribution of cassava stems and maize grain
«J¥raining on home gardening of yellow cassava and orange maize
H ome uCooking sessions with resources from participants
oNutrition education

garden uSharing of posters and recipe books

OA single large farm of yellow cassava and orange maize cultivated and
harvested by the villagers for the villagers.
uBupply of cassava stems and maize grains.

o¥raining on cultivation of yellow cassava and orange maize Cooking
sessions with resources from participants

oNutrition education
oSharing of posters and recipe books J

HOME GARDENBere will bea provision of cassava stems and maize grains to households. There will
be handson training using model farms oseedbed preparation, insect and pest control, sowing
methods, irrigition, garden layout and orgamison, and fertiliser preparation. A total of 834
households will each receive 680g of maize seeds and 4 bundles of cassava stems. Each training sessi
will be made up of 24 households@¢ther or father).A total 0f36 training sessions will be organised.
Technical assistance will be given weekly for the first six months of training and will be reduced to

monthly visits for the next six months.

COMMUNITY FARRkhe same quantity of cassava stems and maize distributed to househaoldise
cultivated on single large farmlanBxtra cost for tractor hire, weeding, planting and harvesting will be
added.All other interventions (technical assistanoeitrition education, cooking sessions, distribution

of posters and recipe books) will be as per home gardening.
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NUTRITION EDUCATIBBhavioural change intervention will be conducted (in clusters of households)
where men and women will be educated on thealth dangersof vitamin A deficiencyand the
importance of feethg their childrenyellow cassava and orange maize. Nutrition education will be
carried outduring the planting season to prepare the minds of parents before the crops are ready for
harvest. Aone-hour talk will be delivered to households by tragheersonnel. Posters on the benefits

of yellow cassava and orange maize will be given to each household.

COOKING SESSIOMwelve Cooking sessions will take place in the village after crops have been
harvestedto train households on food preparation of cassava and msiiablefor children. Cooking
sessions on pap preparation (maize porridge), maize pudding, fried cassava, cassava pancake, ar
cassava porridge will be organised to show householifisrdint ways of consuming yellow cassava and
orange maize. A recipe book varieties of foods that can be prepared from yellow cassava and orange

maizein the local language of the participants will be given to each household.

COMPARATONoO homegardericommunity farmintervention alternative was the comparator as it is
assumel that the target population havaot been exposed to any intervention related to preventing
vitamin A deficiency because they live in a remote geographical area not covgradybvitamin A

interventionssuch asvitamin A supplementatioprogrammes.

The target population arbouseholds withchildren below the age of five from OuVNbrth-east Local
Government Arean EdoSate, Nigeria (Figur8.6). Children below the age of five are more susceptible
to vitamin A deficiency which is responsible for the death of about one million children YeNIZEF,
2020) Edo State is situated in tiseuthern partof Nigeria and has a high prevaler{82.0%9 of vitamin

A deficiencyWHQ 2007) Ovia northeast local government aréas a population of 217,461 and an

area 0f2,303.1km?2 (CityPopulation, 2021) Agriculture is the mainstay in Edo state with about 80% of
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the population involved in subsistenceamaing Cassava and maize are staple crops grown in Edo state
(Oriakhi et al., 2017PData fa children below the age of five i@via northeastocal government \ere

not found. | assumed that there ar@500children below agdive in a village in Ovia nortbast local
governmentarea Also, it was assumed that each household would havee children below the age

of five, making 834 households in each village. The intervention was focused on just one village in Ovia

north-east local governmerdrea The unit of analysis wasvillage.

Figure 36: Map showindocal government areas in Edo state

/ Etsako West
Esan Nodh-East

EsanWestEsan Cantral
_/Esan South-East

Igtgtien

, OvlaNothfast |

Source(Agbeso, 201p
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Transition probabilitis were derived from the most relevant available evide(&easthiet al., 2013;

Imdad et al., 2017)A systematic literature search was conducted to identify the most recent and
relevant data used in estimating the progression of the cohort across different health states. Transition
probabilities from well state ttow retinol state were derived fronmdadet al.(2017) as were relative

risks for low retinol and death. The transition probability of moving from low retinol to well and low
retinol to blind was obtained frorAwasthiet al. (2013) Imdadet al. (2017)is a Cochrane systematic
review and metaanalysis of 43 trials with 215,633 children. This study evaluated tleetedf vitamin

A supplementatioron allcause mortality, measles and diarrhoea related mortalityg incidence of
diarrhoeaand measles, nigi o0f AYRY S& &z 06 A (2 (imdadeal20i7)didyh&t E St
presentall therelevant data needed in this study. Hence another st@ahasthiet al. (2013)included

in the systematic review biyndadet al.(2017)was used because it contained relevant datanform

the model Awasthiet al. (2013)conducted a randomised controlledinicaltrial with a population of

one million children fofive years with children agedneto sixyears. Awasthi and colleagues assessed
the effect of vitamin A supplementatioon mortality, RA  NNK2 S| = YSIF at Sax yA 3K
amongst others. This study was found relevant as it investigated an intervention (vitamin A
supplementationprogramme to preventvitamin Adeficiency carried out in &MICand its population

was in childen. Probabilities were calculated as recommendedHbgurence and Hollenbeak, 2007

(Fleurence & Hollenbeak, 20013ing equation 3.1
Equation3.1: p=15 e**where r isthe rate per unit time t.

Transition probabilities for movinigom well health state to deasvasobtained from the Nigerian life
table sourced from the WHQVHQ 2016) An average of the male and female probalekiof dying

was calculated from the life tables and used. The transition probability of dying from blindness was

142



obtained from the WHQWHQ 2000) Table 3.2 show the transition probabilities foprogressing

through the model.

Table3.2 Model parameteranddistributiors for probabilstic sensitivity analysis

Transition Mean Distribution | Parameter 1 | Parameter 2 | Source
probabilities

Well to low | 0.450 beta 509 623 (Imdad et al.,
retinol distribution 2017)

Well to Lifetable (WHQ 2016)
dead

Low retinol | 0.060 Beta 155 2429 (Awasthi et al.,
to well 2013)

Low retinol | 0.035 Beta 90 2494 (Awasthi et al.,
to blind 2013)

Low retinol | 0.026 Beta 67 2517 (Awasthi et al.,
to dead 2013)

Blind to 0.60 Uniform 0.1 0.9 (WHQ 2000)
Dead

For beta distribution¢ parameter 1 is alpha and parameter 2 is beta. For uniform distribugon
parameter 1 is the minimumrad parameter 2 is the maximum.

Two perspectives we used for this coseffectiveness analysisa fdzy RS ND & LifiNdocidsd G A ¢
perspective. bm i KS FTdzy RSNRA&A LISNBLISOUGA PSS ¢KAOK cdstd8 Y2
related to funders were estimated such as costs of personnel, costs of training, costs of cassava stem:
and maize grains. Societal perspeetivapturedthe cost of the wider benefit of intervention to
participants such athe sale of surplus garden produce and costswdlihood forgone while caring for
children living inblindness. Table.3 describes the costs captured by the two perspectives in more
detail. A breakdown of cassava and maize production was gathered independently from two Agric
economist exped using astep-by-step process ofmaize and cassayaroduction This was achieved
through series of video call®ne of the Agri@conomistss a known expert both in teaching on the

economics of cultivation of local crops in Nigeria including cassava and maize as well as the practica
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experience of cultivation of these crops through nenous projects he has handled. A second opinion
was sought fronanother Agrieeconomist whdas carried out numerous cassava and maize cultivation
projectsespecially in rural Nigeria. Costing was done uiie@ctivity-based costing method. Activity

baseal costing is a costing approach that identifies all activities, traces consumption of resources by
activity and assigns costs to each actiiBromwich & Hong, 1999)Costs were converted using
purchasing power parity 2020 (PRRjernational dollars at 148.69aira for IntI$1 (IMF, 2020) A
discount rate of 3.50% was applied based on thmoremendation from WHQNVHQ 2008b) The costs

of the cooking sessions, microphones, projectors, posters and recipe books were estimated based on
market prices from vendors of these goodResources were costed for 834 householglales made

from surplus garden produce were based on assuampind imputed in the model by subtracting it

from the total cost of intervention.

Table 33: Activitybased costing of resources and health states (PPP international $ 2020)

Home garden | Unit price (PPP Quantity Total Reference
International dollars (USD,
(148.69), 2020) 2020)

Home garden

Maize seeds | 1.14/kg 567.13kg 107.71 Expert consultation
(170 naira) (6809 per Per village
family for 107.71/12
834 =8.975
households)
Cassavatems | 6.72 per bundle 3336 bundles 22435.94 | Expert consultation
(1000 naira) (4bundles
per family)
Proceeds from| 5.04 834 4194.40 | Based on assumption
(750 naira)

the sale of
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surplus

produce

Health education

Microphones | 100.88 1 100.88 www.nigerianprice.com
(15000 naira)

Projector 73.97 1 73.97 www.nigerianprice.com
(11000 naira)

Posters 3.36 834 2802.24 | Based on assumption
(500 naira)

Cookingsession

Recipe book | 2.01 834 1676.34 | Based on assumption
(300 naira)

Personnel

NGO staff 1008.8 4 4035.20 | Expert consultation
(150000 naira)

Proceeds from 5.04 834 4194.40 | Based on assumption

the sale of (750 naira)

surplus

produce

Total

27,577.38

Community farm

Tractor hire 40,000 269.01 Expert consultation

Weeding, 65,000 437.15 Expert consultation

planting and

harvesting

Total 37,487.80

Cost of health states

Health state | Unit cost Quantity Total Source/notes

Well 0 0 0 Based on assumption

Low retinol Diarrhoea 3 episodes | 56.40 Expert consultation
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T ORS¢ 1.34 (200
naira)

1 Zinc tablet¢ 1.34
(200 naira)

1 Floranom
(Saccharomyces
boulardii) 4 sachets
¢ 4.03 (600 naira)

Total = 18.8

Measles 1 episode 7.39

I Vitamin Cc 1.34
(200naira)

1 Paracetamolg¢ 0.67
(100 naira)

1 Seven keys
(Calamine lotiong,
5.38 (800 naira)

Blind 672.54 12 months 8070.48 | Expert consultation
(100,000 naira)
Dead 0 0 0

Children in the wit healthstate wereassumed to lack vitamin-ch foods, no cost was ascribed to the
well health state based on this assumptidiar the low retinol health statehe cost ofthree episades

of diarrhoea in a year was added it was assumed that a child would hakeee episodes of diarrhoea
yearly, WHQ 2020) and the cost of oneoff measles wa®stimatedand added exogenouslyhe
forgone monthly livelihoof caring for a blind chilevas estimatedasthe cost ofbeing in theblind

health state No cost was ascribed to the dead state. Setails in table 31. Opportunity cost of
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households workingn home gardens was not included as iassumed that these householdse
already engaging in home garden. The villagers involved in cultivating the community farm will be paid
for their time (weeding, planting and harvestingfhanges in healthcare costs was not included due to

lack of avdable dataon monetary changes home food production would bring to the healthcare

Table 3.4 Unit cost of health states

Health Mean Distribution | Parameter 1| Parameter 2| Source

states

Well 0 Uniform 0 0

Low 56.40 Uniform 50.84 61.14 Based on

retinol assumption

Blind 8070.48 Uniform 7263.43 8877.53 Based on
assumption

Dead 0 Uniform 0 0

For a uniform distributiorg parameter 1 is theninimum and parameter 2 is the maximum.

Yellow cassava and orange maize are relatively new interventions, theréftg@ota surprisethat a
systematic review examininipeir effects on serum retinol wasound on searchingThe systematic
review(Chapter twoxarried out in this thesis assessin effects ofhome gardening of diverse crops
including vitamin Aich foods. A more suitable study that focused solely on fifiece of yellow cassava
was used. A randomised controlled trial conducted in Kefly@sma et al., 20168xamined the
effectiveness of vitamin A cassava on serum retinol. This study recruited 342 childveeebh& and

13 years of age and allocated them to white cassava and placebo supplement, yellow cassava (1460 m
b-carotene/d) and placebo supplement evhite cassava and betearotene supplement. The children
received this interventiorsixdays per week for 18.5 weekYellow cassava modbsincreased serum
retinol by0.04mmol/L (95% CI.@0 to0.07 mmol/L) and reduced the prevalence of vitamin A deficiency
by 3.5% (95% @.3 to 15.1) A 2 by 2 table was calculated using data ffbatsma et al., 201@ alsna

et a., 2016)and the relative risk of low retinol was estimated (Apperibx

147



DISABILITXDJUSTED LIFE YEARS $DALY

Outcomes were measured in DALYRe DALY was chosen #® health outcomeas it is useful in
quantifying disease burdens in developing countr{assi, 2006)The DALY measures the health
burden of a population by accounting for a decrease in life expectancy of an individual and a reduction
in quality of life(WHQ 2020b) The DALY burden for any condition can be defined as the sum of years
of life lost due to mortality and the quality of life lost to a disability. MathematicallyALY is calculated

asshown in equation 3.2

Equation3.2: DALY ¥LL+YLD.

In equation 3.2YLLrepresents theyears of lifdost due to prematuremortality andmeasures lost life
expectancy. It is estimated alse number of deaths (n) multiplied by the standard life expectancy at
age of death whereas,YLDrepresents gars lived in disabilitand isestimated as incidence rate
multiplied bydisability weightand the time spent in the disease condition before recovery or death
(GlobalHealth, 2021) Discounted DALY's accrued for one episode of measles was added exogenously
to the total DALYs in the model. A model was set up separately to calculate the discounted DALY for
one episode of measles using the DALY formiguétion 3.2 DALYs for measlesme dizounted
(Equation 3.1for 47 years. The average age of death from measles is 5(y#d3 2020c) this was
subtracted from theife expectancy in Nigeria (52.9@ars) to give 47 yearppendix 15 shows how

the DALY for measles werderived and he data usedDiscountedDALY's for one episode of measles
were added exogenously to the total DALYs in the modetal DALYin both the intervention and
control arm were calculated for 834 househald@able 3.5 shows the estimation of DALY's for the health

states.
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DISABILITY WEHT

Disability weight is a measure of the severity of a disease in a health state ranging from 0 (perfect health)
to 1 (death)(WHQ 2020h. Disability weights wereassigned to each health state using the disability
weights for the global burden of disease stl2fi 9(Global Health Data Exchange, 2019he dssability

weight forthe well state was ascribed 0 and death was 1 (Appedd)x In the health state of low
retinol, disability weights ofiow serum reinol andblindness was obtained from the global burden of
disease 2019Global Health Data Exchange, 2019he discount rate for DALSfvas 3.50% baskon
WHOrecommendations andotal DALYs accrued over the time horizon of the model were calculated

and multiplied by 834 households

Health Distribution | Mean Parameter| Parameter | Source/notes

states 1 2

Low retind | Beta 0.184 1.315 5.836 (Global Health Data Exchange
2019)

Well Constant 0 0 0

Blind Beta 0.187 1.289 5.605 (Global Health Data Exchange|
2019

Dead Constant |1 1 1 (WHQ 2008b)

For a beta distributiorg parameter 1 is alpha and parameter 2 is beta.

Probabilistic sensitivity analysi@®SA) was conducted by ascribing distributions to the model
parameters. A lognormal distributiowas usedor the relative risk @ low retinol and death For the
transition probabilities, a beta distribution was used apart from bliodleath where a unifam
distribution was used because of the source of dataoAstantdistribution was used for the disability
weights(except for low retinol where a beta distribution was usadyl a uniform distribution was used
for costs datasince the costwere based orexpert opinion(plus or minus 10%$%ee tables 3.2, 3.4 and

3.5 for the distributions assigned to input parameters in the model.
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A threshold analysiwasused to explore the threshold of the relative risk of low retinol at which the
intervention ceases to be cosfffective. All other parameters weilgeld constant while the relative risk
was varied and the tipping point at which cesftectiveness was no lger possible was estimated. The
tipping point of the relative riskf serum retinowhere home gardening of yellow cassaa orange
maizewas no longer costffective was defined based on the decision rule of @fgctiveness adopted

by the study.

Mean cost and accrued DALYs were calculated from the PSA results run 5000 times for the control anc
intervention arm separately. Incremental costs and DALY's were calculated for each of the 5000 units of
Monte Carlo simultons. Incremental ICERS were estimated for each simulation. Mean ICERS for both
intervention and control arm were estimated. Incremental cesffectiveness ratio (ICER) was

calculated aper equation 3.2and reported as incremental cost per DALY averted.

Equation3.3: ICER £CosStsiervention ¢ COStso-intervention)/ (DALY &ervention ¢ DALY % intervention)-

The incremental net benefit was calculated and the probability of-effsctiveness at different
thresholds was estimated. Incremental net benefit is the presentation of the results of a cost
effectiveness study in monetary terms when a threshold for a unit of benefit is given. Incremental net
benefitinvolveshe conversiorof ICER to monetary units or benefits and is estimated by the difference

between the monetized incremental effectiveness value and monetary incrementalEmpsation 3.4).

Equation3.4: incremental benefit * threshold incremental cost incremental net benefit

When the incremental net benefit is greater than zero, home gardening intervention is accepted as
costeffective compared to nintervention (Edlin et al., 2015) Thesedata were used to plot the cost

effectiveness acceptability curve by plotting tipeobability that home gardenings costeffective
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compared to no home gardening intervention at different thresholds. The -efisttiveness

acceptability plane was also plotted. Results were expregsttda 95% credible interval.

151



3.5RESULTS

3.5.1SOCIETAL PERSPECTIVE

The results for the base case analysis from a societal perspective showed that the mean costs for 83~
householdsare $6,123.29for the control arm and $3,670.28for the intervention arm. Incremental

cost of home gardening of yellow cassava and orange enigi%$Z,546.98(95% credible interval:
$24887.46-$30,152.26. The mean DALY accrued in the control arm 8A445and 14027.71in the
intervention arm, and the mean incremental benefite8.74DALYaverted (95% credible interval
264.84to 109.32. The mean incremental casffectiveness ratio (ICER) is9$300per DALY averted.

This means that at a threshold a2,88Q home gardening of yellow cassava and orange maize is likely
to be costeffective in preventingzitamin A deficiencyin children béow the age offive years At a
threshold of £880per DALY averted, there is uncertainty with 22726 likelihood (probability) that

home gardening of yellow cassava and orange maize isffestive compared to no home gardening

intervention (Table3.6).
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Table3.6: Main resultdor the costeffectiveness of home gardening and community farming yellow

cassava and orange maize to prevent vitamin A deficiency in children

Costing Mean incremental Meanincremental Mean ICER| Likelihood of ost-
perspective cost (nternational effects per DALY | effectiveness at
dollars) averted $2,880threshold
Societal $27,546.98 (95% 69.74DALYs (95% | $395.00 72.2™%
perspective credible interval: credible interval per DALY
Home garden | $24,887.46 264.84to 109.32 averted
$30,152.26). DALY averted
Societal $28,200.81(95% 66.05DALYs96% $426.96 70.5%
perspective credible intervals credible interval per DALY
Community $25,487.39%0 $ 261.30to 116.53 averted
farm 