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ABSTRACT

Background

The high prevalence of mioronutriént deficiencies among South African preschool children
reinforces the need for an intensified micronutrient malnutrition control strategy targeting
children at home or in school. The use of recently developed micronutrient powders also known
as “in-home fortification” or “point-of-use fortification” can be an effective long-term, sustainable
approach in improving early childhood nutrition and cognitive developmental potential. However,
before embarking on large-scale, long-term, point-of-use fortification trials, it is imperative to
conduct external pilot trials In which the feasibility of implementing full-scale studies can be

effectively assessed.

Objective

The objective of this study was to assess the feasibility of implementing a point-of-use
micronutrient fortification trial among African preschool children, which would aid in pilot-testing
the study design, logistics and implementation process as well as reveal limitations which can

be addressed before the implementation of full-scale trials.

Methods

Preschool children (n = 151), aged 36 — 79 months with haemoglobin concentration (Hb) < 12.5
g/dL, from eight schools in a low socio-economic community were randomly assigned to an
intervention (n = 76) and a control (n = 75) groups, both receiving breakfast maize-meal
porridge, either with added micronutrient or placebo powder for 52 school days. Several process
evaluation indicators (fidelity, dose delivered, dose received, reach, recruitment and context)
were used to assess trial feasibility. Selected indicators of early childhocod development (Hb
concentration, anthropometric indices and cognitive function) were used to evaluate the

outcome of the intervention within the context of a pilot study.

Results

The process evaluation results indicate that the various implementation components were
delivered with high fidelity. Capacity development and strengthening of the front-line staff
(cognitive assessors and study assistants) was executed as planned. The point-of-use fortificant
was well accepted among the children and the mean percentage of days the point-of-use
fortificant or placebo was consumed (~85%) did not differ between the groups. There were
significant increases in Hb concentration (p < 0.05) from baseline to follow-up in both the

intervention [mean change: 0.38 g/dL (95% Cl: 0.14, 0.61 g/dL)] and control [mean change:



0.57 g/dL (95% CI: 0.35, 0.80 g/dL)] groups, however, mean change did not differ significantly
between the groups (p = 0.250). The intervention did not improve any of the anthropometric
indices measured in the intervention group compared to control. However, there was a medium
likelihood for practical significance for the two giobal cognitive scores assessed, nonverbal
index [intervention effects: 7.20 (95% Cl: 2.60, 11.81); p = 0.002, effect size: 0.55] and mental
processing index [intervention effects: 2.73 (95% Cl: 0.25, 5.70); p = 0.072, effect size: 0.36] on

the Kaufman Assessment Battery for Children, second edition.

Conclusion

The feasibility of implementing a point-of-use micronutrient fortification trial was demonstrated
among African preschool children with potential benefits of improving their cognitive function.
The most important lessons learned from this trial that could help improve similar future targe-
scale trials included the recruitment and training of the most eligible front-line staff as well as
identifying that the use of a simple field-friendly finger prick method to measure Hb

concentration may not be sufficiently sensitive to show differences in iron status after the

intervention.

Keywords: Point-of-use, fortification, preschool, feasibility, pilot, South Africa, micronutrient

powders, implementation



OPSOMMING

Agtergrond

Die hoé& voorkoms van mikronutriénttekorte onder Suid-Afrikaanse voorskoolse Kinders versterk
die behoefte vir ‘'n beheerstrategie wat kinders se mikronutriéntwanvoeding by die huis of by
skole kan aanspreek. Die gebruik van mikronutriéntpoeiers wat onlangs ontwikkel is en bekend
staan as “tuisfortifisering” of “kitsfortifisering” of “plek-van-gebruik-fortifisering” kan ‘n effektiewe
Iangtermyn, volhoubare benadering wees om kinders se voeding en kognitiewe
ontwikkelingspotensiaal te verbeter. Alvorens grootskaalse, langtermyn,
Kitsfortifiseringseksperimente aangepak word is dit belangrik om loodsstudies uit te voer sodat

die uitvoerbaarheid van volskaalse studies effektief geassesseer kan word.

Doelwit

Die doelwit van die studie was om die uitvoerbaarheid van Kitsmikronutriéntfortifisering onder
swart voorskoolse kinders te assesseer, wat hulp sal verieen tydens die loodsstudietoetsings
van die studie-ontwerp, logistieke en implementeringsproses asook wat beperkings sal aanwys

wat voor implementering op grootskaal aangespreek kan word.

Metodes

Voorskoolse kinders (n = 151), tussen 36 — 79 maande oud met hemoglobienkonsentrasies

(Hb) < 12.5 g/dL, van agt skole in 'n lae sosio-ekonomiese gemeenskap was ewekansig verdeel

in ‘n eksperimentele (n = 76) en ‘n kontrole (n = 75) groep, beide groepe het mieliepap vir ontbyt

ontvang. Die eksperimentele groep het bygevoegde mikronutriéntpoeier en die kontrole groep

het plasebo-poeier by die pap ontvang vir 52 skooldae. Verskeie prosesevalueringsaanwysers

(presisie, dosis ontvang, omvang, werwing en konteks) was gebruik om uitvoerbaarheid te

bepaal. Geselekteerde aanwysers van vroeé& kinderjaarontwikkeling (Hb-konsentrasies,

antropometriese indikators en kognitiewe funksie) was gebruik om die uitkoms van die’

intervensie fe evalueer binne die konteks van die loodsstudie.

Resultate

Die prosesevaluering het aangedui dat verskeie implementeringskomponente uitgevoer was
met hoé& presisie. Kapasiteitontwikkeling van die veldwerkers (vir kognitiewe metings en
skoolassistente) is uitgevoer soos beplan. Die kitsfortifisering was goed aanvaar deur die
kinders. Die persentasie van die gemiddelde aantal dae waarop Kitsfortifisering of die plasebo
ingeneem was was ~85% en dit het nie verskil tussen die twee groepe nie. Daar was 'n

betekenisvolle verhoging in hemoglobienkonsentrasie (p < 0.05) van basislyn tot die opvolg in

v



beide die intervensie [gemiddelde verandering: 0.38 g/dL (95% VI: 0.14, 0.61 g/dL)] en die
kontrolegroep [gemiddelde verandering: 0.57 g/dL (95% VI 0.35, 0.80 g/dL)], maar die
gemiddelde verandering het nie betekenisvol tussen die twee groepe verskil nie (p = 0.250).
Die intervensie het nie tot enige veranderinge van die antropometriese indikators in die
intervensiegroep in vergelyking met die kontrole gelei nie. Praktiese betekenisvolheid vir die
twee globale kognitiewe assesseringstegnieke, nie-verbale indeks [effek van intervensie: 7.20
(95% VI: 2.60, 11.81); p = 0.002, effekgrootte: 0.55] en verstandelike prosesseringsindeks [effek
van intervensie: 2.73 (95% VI: 0.25, 5.70); p = 0.072, effekgrootte: 0.36] op die Kaufman

Assesserings Battery vir kinders (tweede weergawe) is gevind.

Gevolgtrekking

Die uitvoerbaarheid van kitsmikronutriéntfortifisering is gedemonstreer onder swart voorskoolse
kinders met potensiéle voordele van verbetering van hulle kognitiewe funksie is gedemonstreer.
Die belangrikste lesse wat in die studie geleer is, kan gebruik word in die beplanning en/of
implementering van tuisfortifiseringsintervensies in Suid-Afrikaanse voorskoolse kinders.
Geskikte en goed opgeleide veldwerkers van dieselfde agtergrond as die kinders help om
kommunikasieprobleme uit te skakel en is uiters belangrik vir suksesvolle
implementering.Gebruik van ‘n sensitiewe kognitiewe foetsbattery vir die etniese en
ouderdomsgroep van studie makk dit moontlik om die effek van die intervensie op kognitiewe
funksie aante toon. Gebruik van veldvriendelike vingerpriktoetse om hemoglobien te meet is
waarskynlik nie sensitief genoeg om verskille in ysterstatus met ‘n fortifiseringsintervensie aan

te toon nie.

Kernwoorde: plek-van-gebruik-fortifisering, kitsfortifisering, voorskool, uitvoerbaarheid,

loodsstudie, Suid-Afrika, mikronutri&ntpoeiers, implementering
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GLOSSARY

Anthropometric indicators provide useful summary
measures of nutritional status based on measures of body
size and composition, often relative to their distribution in a

reference population.

A broad range of high level physiological processes of
brain functioning such as learning, memory, thinking,
reasoning, movement, coordination, attention and

language.

The changes or progressive improvement in cognitive or
brain processes observed in a child over long periods of

time (months or years)

An intellectual or mental process that involves symbolic
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be clustered into six main domains namely - executive,
memory, attention, perception and psychomotor functions

as well as language sKills.

Aspects of the larger social, political aﬁd economic

environment that may influence intervention

.implementation.

The number of intended units of each intervention or each
component delivered or provided. Dose delivered is a

function of efforts of the intervention provider.
The extent to which participants actively engage with,

interact with, are receptive to, and/or use materials

recommended resources.
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Infants

Index

Micronutrient powders

Point-of-use fortificants

Point-of-use micronutrient

fortification

Preschool-age children

Psychomotor

Psychomotor development

Preschool-based

The extent to which the intervention was delivered as
planned. It represents the quality and integrity of the
intervention as conceived by the developers. Fidelity is a

function of the intervention providers.
Children from birth to 24 months.

An index is usually made up of two or more unrelated
variables that are used together to measure an underlying

characteristics.

Vitamin and minerals added to traditional foods; used as

“point-of-use fortificants” or “home fortificants.”

Micronutrient powders [such as  Sprinkles™ or
MixmePlus®] that can be added to ready to eat food.
Addition of a micronutrient powder to cooked meal

just before consumption.

Children aged 2 to 8 years.

Relating to movement or muscular activity associated with
mental processes such as movement, coordination,

manipulation or dexterity.

The progressive attainment (by a child) of skills that involve

both mental and muscular activity.
Nutrition intervention targeting preschool-age children and

using existing créche infrastructure in the implementation

of the nutritional intervention.
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Recruitment

School-age children

The proportion of intended target audience that
participates in an intervention. It is often measured by

attendance.
Procedure used to approach and attract participants.
Recruitment often occurs at individual and organisational /

community levels.

Children aged 6 to 15 years.
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INTRODUCTION




CHAPTER 1: INTRODUCTION

1.1 BACKGROUND AND MOTIVATION

Globally, more than 2 billion people are adversely affected by micronutrient malnutrition
(Sanghvi et al.,, 2007). In developing countries, more than 10 million preventable child
deaths occur yearly (Black et al., 2003), and an additional 200 million children under five
years are not reaching their full cognitive developmental potential mainly due to poor
nutrition, especially micronutrient deficiencies (Grantham-McGregor et al., 2007). In
South Africa for instance, micronutrient deficiency is still a major public health challenge

especially among preschool children (Labadarios ef al., 2005; Labadarios ef al., 2008).

Micronutrient deficiencies especially of iron and vitamin A and zinc are widespread
among South African preschool children as reported in the South African Vitamin A
Consultative Group study (SAVACG, 1995), which is in agreement with data from the
National Food Consumption Survey in 1999 (Labadarios et al., 2000; Labadarios ef al,,
2005). Additionally, the most recent national survey in 2005 reported a rather worsening
situation especially for iron and vitamin A deficiencies when compared to the previous

national survey conducted in 1994 (Labadarios ef al., 2008).

Several studies consistently show that micronutrient deficiencies are associated with
impaired cognitive development in young children (Bryan et al., 2004). The preschool-
age period, therefore, appears to be a missed opportunity in terms of the micronutrient
intervention strategies which are targeted mainly at school-age children (Van
Stuijvenberg et al, 1999; Van Stuijvenberg ef al., 2001g; Van Stuijvenberg et al.,
2001b; Van Jaarsveld et al., 2005). The preschool children are, therefore, in urgent need
of attention, if they are to attain their full physical and mental potential. The use of
multiple micronutrient formulations as part of meals for preschool children could improve
their micronutrient status (Menon ef al., 2007; Zlotkin & Tondeur, 2007) and could also
positively influence their cognitive function and development (Black, 2003; Faber ef al,
2005). The use of micronutrient powders also known as “in-home fortification” or “point-
of-use fortification” can be an effective long-term, sustainable approach in addressing
micronutrient deficiencies especially among infants, preschool children and women of
child bearing age (Zlotkin & Tondeur, 2007; De Pee ef al., 2008; Troesch ef al., 2009).



' However, experience with the use of point-of-use fortificants [such as “MixMe plus©”

(DSM Nutritional Products Ltd, Basel, Switzerland) and “Sprinkles™ (Sprinkles Global
Health Initiative, Toronto, Canada)] in larger-scale trials and in preschool settings for

instance is limited (De Pee ef al., 2008).

Therefore, before implementing large-scale, long-term point—ofjuse fortification trials, it is
important to conduct external or stand-alone pilot trials under normal field conditions and
programmatic constraint in which the feasibility of conducting a full-scale study can be

effectively assessed (Anderson & Prentice, 1999).

1.2 RATIONALE FOR CONDUCTING A PILOT TRIAL

According to Lancaster et al. (2004), pilot trials play an important role in health research,
as they can provide useful information for the design, planning, implementation and
justification for future full-scale randomised controlled trials (Anderson & Prentice, 1999).
Pilot studies are relevant to best practice in research, but their potential and usefulness
by researchers appears to be underutilised (Van Teijlingen et a/., 2001). Most of the pilot
studies reported in the literature are focused mainly on reporting the results of the pilot
trials in terms of outcomes (Colangelo et al., 2005; Williams et al., 2007; Kalman et al.,
2008; Kalman ef al., 2009) and not on the implémentation process (Van Teijlingen ef al.,
2001; Kong et al, 2009). The implementation process may also provide valuable
insights on the design and operational. aspects, as well as the readiness for

implementing full-scale randomised controlled trials (Gardner et a/., 2003).

A pilot or feasibility trial is a small study, designed to test logistics and gather information
on the implementation processes prior to a larger study in order to improve the efficiency
and quality of the full-scale trial. A pilot study can reveal deficiencies in the design of a
proposed study and these can be addressed before time and resources are expended
on large-scale studies (Gardner ef al.,, 2003; Lancaster et al., 2004). However, with
particular reference to the well designed preschool-based pilot trial conducted in this
dissertation, a process evaluation approach was employed to help assess the feasibility

of implementing the study under normal field conditions and programme constraints.



1.2.1 USE OF PROCESS EVALUATION WITHIN INTERVENTION TRIALS

Rossi et al. (2004) defined process evaluation as a form of program monitoring,
designed to assess how well a program is operating and whether a program is delivered
as intended to the target recipients. Program monitoring is the systematic documentation
of aspects of program performance (program inputs, activities, outputs and outcomes)
which give indications whether the program is functioning as intended (Saunders ef al.,
2005). Furthermore, according to Habicht ef al. (2008), use of process evaluation
embedded within intervention studies can help identify breaks in the chain of the
implementation pathway, and this can provide useful information for modification in

future studies.

The use of process evaluation in assessing the feasibility, as well as the implementation
processes of several recent intervention trials have been unequivocally demonstrated
(Toroyan et al., 2004; Robert et al., 2006; Robert ef al., 2007; Kong et al., 2009; Loechl
et al., 2009). Specifically for the pilot study in this dissertation, the development of the
process evaluation methodology began by creating a model (Figure 1.1; see simplified
version in Chapter 3) as described by Rossi ef al. (2004), which gives a comprehensive
detail of the expected implementation pathway leading to the expected intervention
outcomes [assessed using selected indicators of early childhood development (Behrman
et al., 2007)]. Additionally, several process evaluation indicators (fidelity, dose delivered,
dose received, reach, recruitment and context) were, however, linked to salient points of

the model to help assess the feasibility and the implementation process of the pilot trial.

1.3 AIMS AND OBJECTIVES

This dissertation is based on a preschool-based randomised controlled pilot trial. The
overall goal of the study was to pilot-test the design, methodology and implementation of
a preschool-based micronutrient intervention designed to improve the micronutrient
status, anthropometric indices and cognitive developmental potentials of preschool-age
children. The findings of the pilot trial, both the process and outcome are, therefore,

presented in this dissertation.
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Figure 1.1 Logic model of the implementation pathway of the preschool-based pilot trial including indicators of process evaluation. The various
components of the implementation model are categorised as inputs, activities, outputs and outcomes. Theoretical (circles) and trial (dashed

boxes) assumptions are shown.




The aim of the article presented in Chapter 3 was to assess the feasibility of

implementing a point-of-use micronutrient fortification trial in a preschool setting.

The specific objectives were:
(i) To evaluate the processes involved in implementing a preschool-based, point-of-

use micronutrient fortification trial.

(i) To use selected indicators of early childhood development [haemogiobin status,
anthropometric indices (weight, height, weight-for-age z-score, height-for-age z-
score, body mass index-for-age z-score, mid-upper arm circumference and
triceps skin-fold) and cognitive function (assessed by the Kaufman Assessment
Battery for Children second edition, KABC- I)] to evaluate the outcome of the

intervention within the context of a pilot study.

1.4 STRUCTURE OF DISSERTATION

This dissertation is in article format and consists of three chapters and one article
manuscript which will be submitted for publication. The introductory chapter (Chapter 1)
contains the background }nfbnnation of the dissertation, aims and objectives of the
study, as well as the contributions of the authors fo the study described in this
dissertation. The subsequent chapter is a narrative literature review (Chapter 2), which
provides additional background information for the interpretation of the results from the
article presented in Chapter 3. Chapter 3, with the title “Point-of-use micronutrient
fortification: Lessons learned in implementing a preschool-based pilot trial in
South Africa”, conveys the research process of the pilot trial. This article describes the
lessons learned (implementation process) in the pilot preschool-based micronutrient
fortification trial. In the last chapter (Chapter 4) a general summary of the main findings

are provided, conclusions are drawn and recommendations made.

The references of the chapters are provided at the end of each chapter. The technical
style and references of Chapters 1, 2 and 4 are according to the guidelines stipulated by
the North-West University (Van der Walt, 2008), but Chapter 3 is written according to the
instruction for authors for the International Journal of Food Sciences and Nutrition

where the article will be submitted for publication.
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1.5 CONTRIBUTIONS OF THE AUTHORS

The experimental study reported in this dissertation was planned and executed by a

team of researchers. The contribution of each of the researchers is given in Table 1.1.

Table 1.1 Qualifications and roles of the research team in the study

oject.: Advisory ‘role. in

‘project considering the design, planning

| declare that | have approved the above-mentioned study, that my role in the study as

indicated above is representative of my actual contribution and that | hereby give my
consent that it may be published as part of the M. Sc dissertation of Ogunlade Adebayo

Olakunle.
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CHAPTER 2: MICRONUTRIENTS AND COGNITION IN CHILDREN: A REVIEW OF
THE LITERATURE

2.1 INTRODUCTION

Micronutrient malnutrition resulting mainly from the insufficient dietary intake of nutrients
such as iron, zinc, vitamin A and iodine affects the health and survival of over two billion
people worldwide (Allen, 2005; Sanghvi ef al., 2007). Women and children in developing
countries are the most adversely affected (West, 2002; Stoltzfus, 2003; De Benoist ef al.,
2008b; Fischer-Walker et al, 2008; MclLean et al, 2009). Other micronutrient
deficiencies of public health concern include folate and vitamin B12 (MclLean et al,
2008). The deficiencies of these micronutrients are closely linked with more than ten
million preventable childhood mortality cases every year in developing countries (Black
et al., 2003).

The impacts of these deficiencies have long been studied on the physical health of
women and young children. In recent years, research interests are seriously growing in
examining the relationship of these nutrients on growth, behavioural and cognitive
development of young children (Bhatnagar & Taneja, 2001; Sachdev ef al, 2005z;
Beard, 2007; Grantham-McGregor et al.,, 2007; McCann & Ames, 2007; Isaacs ef al,
2008). In spite of these growing interests, most studies have focused on controlling
single micronutrient deficiencies and little is known about the impact of multiple
micronutrient malnutrition on the cognition of undernourished children in developing
countries (Black, 2003b; Bryan et al., 2004).

A recent meta-analysis by Ramakrishnan ef al. (2009) showed that multiple micronutrient
interventions improved linear growth while single interventions including iron or vitamin A
had no effect on growth. This suggests that several nutrient deficiencies might co-exist
(Castejon et al., 2004; Pathak ef al., 2007) and addressing nutrient deficiencies through
the use of multiple micronutrient formulations might be more beneficial and effective
(Zimmermann et al, 2002; Ramakrishnan et al, 2004; Ouédraogo et al, 2008;
Ramakrishnan et al.,, 2009).
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This chapter will, therefore, focus on the following: 1) the epidemioclogy and aetiology of
micronutrient malnutrition in developing countries; 2) the burden of micronutrient
malnutrition in developing countries; 3) the prevention and control of micronutrient
malnutrition; 4) micronutrients in cognitive development and function; 5) micronutrient
interactions in child nutrition; 6) the effect of multiple micronutrients on cognition of
young children in developing countries and 7) the standardised methods of assessing

cognition in preschool children.

2.2 EPIDEMIOLOGY AND AETIOLOGY OF MICRONUTRIENT MALNUTRITION IN
DEVELOPING COUNTRIES

2.21 EPIDEMIOLOGY OF MICRONUTRIENT MALNUTRITION

Globally, deficiencies of micronutrients [such as iron, vitamin A, zinc, iodine, folate and
co-existing multiple micronutrient deficiencies] affect over two billion people (Sanghvi et
al., 2007). Countries in Sub-Saharan Africa and South Asia have the largest prevalence
and the largest absolute numbers of micronutrient-deficient individuals (De Benoist ef al.,
2008b; WHO, 2008; UNICEF, 2008; WHO, 2009).

Although there has been significant global progress in reducing the prevalence of iodine,
vitamin A and folate deficiencies especially in their severe forms, the prevalence still
remains high in some countries (Ramakrishnan, 2002; Sanghvi et al, 2007).
Additionally, global prevalence data on iron deficiency are non-existent and the available
information on a related indicator, anaemia, suggests little progress (WHO, 2008;
MclLean ef al, 2009). In general, emerging data on the prevalence of micronutrient
deficiencies and undernutrition in children from developing countries continue to show a

rather worsening situation of public health concern (Black et al., 2008).

2211 IRON DEFICIENCY

lron deficiency anaemia still remains the most widespread nutritional deficiency with
public health implications and pregnant women as well as young children are particularly
vulnerable (Zimmermann & Hurrell, 2007; McLean et al.,, 2009). The most recent World
Health Organization (WHQO) global database on anaemia indicated that globally, 293
million (47.4%) preschool-age children, 305 million (23.4%) school-age children, 56
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million (41.8%) pregnant women and 468 milliion (30.2%) non-pregnant women are
anaemic (WHO, 2008). However, the highest proportion of individuals affected is in
Africa with 83.5 million (67.6%) preschool-age children being anaemic (WHO, 2008).

Severe iron deficiency results in nutrition anaemia, which is the most widely used
indicator of nutritional iron deficiency anaemia (WHO ef al., 2001a; MclLean ef al., 2009).
However, using haemoglobin concentration alone as a proxy for the prevalence of
nutritional iron deficiency anaemia may be misleading due to the fact that other factors
[such as nutritional deficiencies (folate, vitamin B12 and vitamin A deficiencies); genetic
abnormalities (thalassemia, haemogilobinopathies); infectious disease (human
immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS); tuberculosis,
malaria) and chronic diseases] could also result in anaemia (WHO et al., 2001a;
Zimmermann & Hurrell, 2007). Nevertheless, nutritional iron deficiency is estimated to be
responsible for about 50 percent of all anaemia cases (WHO et al,, 2001a; Stoltzfus,
2003; WHO, 2008). Such estimates indicate that South East Asia has the highest
prevalence of nutritional iron deficiency followed by Africa, Eastern Mediterranean
countries and the Western Pacific (Figure 2.1) (WHO, 2008).

Category of public health significance
(Anaemia prevalence)

3 Normal (<5.0%)
2 Mild (5.0-19.0%)
=2 Moderate (20.0-39.9%)
mm Severe (240.0%)
3 No data 45

L ks

Figure 2.1 Prevalence of anaemia in preschool-age children (Source: WHO, 2008)
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In South Africa, the first national survey of vitamin A and iron status in 1994 reported that
11% of children had haemogiobin concentration of less than 11 g/dL and 25% had low-
iron stores (ferritin less than 12 pg/dL) (SAVACG, 1996). Additionally, the 1999 South
African National Food Consumption Survey (NFCS) for children 1 to 9 years reported
that about 41 to 63% of children had iron intakes of less than 50% of the recommended
dietary allowance (RDA) (Labadarios et al., 2000; Labadarios et al., 2005). However, the
most recent South African NFCS Fortification Baseline reported that the prevalence of
poor iron status in children appeared to have increased when compared to previous
national surveyed data, such that one out of every seven children have a poor iron
status (Labadarios et al., 2008).

2.21.2 VITAMIN A DEFICIENCY

According to the WHO global database on vitamin A deficiency (VAD), global estimation
of approximately 190 million (33.3%) and 5.2 million (0.9%) preschool children are
suffering from VAD with serum retinol less than 0.70 pmol/L and xerophthalmia (dry
eyes), respectively (WHO, 2009). VAD is still a major probiem of public health in many
developing countries (Figure 2.2), where an estimated 250,000 to 500,000 vitamin A
deficient children go blind every year (West & Darnton-Hill, 2001; West, 2003).

Em Vitamin A deficiency L J \

Figure 2.2 Prevalence of vitamin A deficiency in children under 5 years (Source: Black et al,
2008)
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Apart from acute eye symptoms, VAD also weakens the immune system, thus increasing
the incidence and severity of infectious diseases (West & Darnton-Hill, 2001). Africa still
accounts, however, for the highest proportion of preschool-age children at 56.4 million
(44.4%) affected with serum retinol less than 0.70 pmol/L when compared to other
regions of the world (WHO, 2009). In South Africa, one in three preschool children has a
serum retinol concentration less than 0.7 umol/L, and 55 to 68% of children aged 1 to 9
years consume diets that supply less than 50% of the recommended dietary intake of
vitamin A (700 ug retinol equivalents) (Labadarios et al., 2000; Labadarios et al., 2005).
Despite several micronutrient control initiatives among South African children, a recent
national survey revealed that 63.6% and 13.7% had inadequate vitamin A status (serum
retinol < 0.70 pmollL) and severe vitamin A deficiency (serum retinol < 0.35 umol/L)
respectively, and children living in rural areas were the most affected (Swart et al.,
2008). '

2.21.3 IODINE DEFICIENCY

lodine deprivation is the most common cause of preventable mental handicap worldwide
(Zimmermann, 2009b). Prior to universal salt iodisation, the WHO micronutrient
deficiency information system (MDIS) reported that worldwide, an estimated 855 million
iodine deficient individuals suffered from goitre in many developing populations (WHO,
1993). Currently, because of widespread usage of iodised sait, significant improvement

has been achieved in the control of this nutritional deficiency (De Benoist et al., 2008b).

However, the risks of severe iodine deficiency are still prevalent especially among young
presohoo‘l children and pregnant women living in remote places (Vanderpas, 2006). A
recent study conducted by De Benoist et al. (2008b) on iodine nutrition reported that
globally, an estimated 2 billion pecple have insufficient iodine intakes of which 31.5%
(266 million) are school age children from low-income countries (Figure 2.3). Africa next
to South-East Asia has the highest number of school-age children (57.7 million) suffering
from low iodine intake (urinary iodine less than 100 ug/L) (De Benoist ef al,, 2008b).
lodine deficiency occurs as a result of low iodine intake usually below the recommended
levels (Zimmermann, 2009b). As reviewed by Jooste and Zimmerman (2008),
substantial progress has been achieved in South Africa in eradicating iodine deficiency

by the introduction of mandatory iodisation of table salt (40 to 50 ppm) since 1995.
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R Moderate iodine deficiency (20-4€ ug/L)
3 Mlid iodine deficiency (50-88 pg/L)

2 Optimal (100198 pgiL)

B Risk of iodine-induced hyperthyroidism (200-289 ug/L)

Wl Risk of adverse heatth consequences (>300 pg/L)
L:I No data

Figure 2.3 National lodine nutrition based on median urinary iodine (Source: De Benoist et al.,
2008b)

There seems to be a virtual elimination of iodine deficiency disorders with the possibility
of excesses (urinary iodine greater than 300pg/L) in some areas evident by high urinary
iodine concentration in some regions as assessed by the most recent NFCS in 2005
(Labadarios et al., 2008). The incidence of high iodine intake in South Africa is a cause
for serious concern as this might have detrimental effects on childhood intelligence (Liu
et al.,, 2009), however, the small risks of iodine excess are far outweighed by the

substantial risks of iodine deficiency (Zimmermann, 2008a).

2.21.4 ZINC DEFICIENCY

There is an increasing global interest in the importance and role of zinc nutrition in public
health (Hess et al., 2009). Zinc deficiency resulting mainly from the inadequate dietary
intake of absorbable zinc increases the risk and severity of a variety of infections such as
malaria, diarrhea, pneumonia or other lower respiratory infection (Caulfield & Black,
2004), and is said to affect an estimated 25 to 33% of developing country populations
(IZINCG et al., 2004). Additionally, zinc deprivation may also result in physical growth
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and cognitive development delays in young children (Bhatnagar & Taneja, 2001; Black
et al.,, 2004a).

= High risk (Stunting >20.0% and inadequate zinc Intake >25.0%) ; 4}"
B Medium risk (Stunling 10.0-19.0% and inadequale zinc Intake 15.0-25.0%)

Em Low risk (Stunting <10.0% and inadequate zinc intake <15.0%)

L No data

Figure 2.4 National risk of zinc deficiency in children under § years (Adapted from IZINCG, 2004)

However, because no single indicator exists yet for assessing zinc status, different
countries have been classified into three categories at risk of zinc deficiency (Figure
2.4), based on the combination of stunting (height-age-z score < -2SD) prevalence and
inadequacy of zinc intake (zinc intake below the estimated average requirement (EARY))
(IZINCG et al., 2004). A recent study by Fischer-Walker et al. (2009) suggested that in
developing countries, zinc deficiency in children under five years is responsible for
approximately 453,000 deaths and 16 million disability-adjusted life years (DALYSs)

annually mainly from malaria, diarrhea and lower respiratory infection.

The highest prevalence rate of zinc deficiency in children under five years is in Africa
where it causes about 260,000 deaths and 9.4 million disability adjusted life years
(DALYs) yearly (Fischer-Walker et al., 2009). South African children 1 to 9 years are at
high risk of zinc deficiency and according to the NFCS (Labadarios ef al., 2000), 52-60%
had zinc intake less than the RDA in which 21.6% of this at-risk chiidren stunted. A

recent review of previous and recent national surveys among South African children by
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Swart et al. (2008) revealed that in 2005, 45.3% were zinc deficient (serum zinc < 65
Hag/dL).

2215 FOLATE DEFICIENCY

The public health concern with respect to folate deficiencies in developing countries is
relatively new and there are indications that population groups consuming monotonous
refined staple crops might be at risk (Cherian et al., 2005; Allen, 2009). Deficiencies of
folate during the pre-conceptional period may contribute to neural tube defects and
negative brain development respectively (Black et al., 2008); while during adulthood it is
associated with greater risk of depression (Tiemeier et al., 2002; Sachdev et al., 2005b).
Recent global prevalence data showed that folate deficiencies around the world appear
to be a public health problem, but more representative larger prevalence data are still
needed (MaclLean et al., 2008). Although most anaemia in developing countries is due to
iron deficiency (Zimmermann & Hurrell, 2007), a proportion might also be due to

deficiency of the vitamin B complex, principally folate (Allen, 2008).

Prior to folic acid fortification in South Africa, a large percentage of children and women
of reproductive age had intakes less than 50% of the recommended daily allowance
(Labadarios, 2000; Labadarios ef al., 2005). Inadequate folate intake during pregnancy
is often associated with neural tube defects, low birth weight and impaired development
of the foetus or child (Allen, 2005; Molloy ef al., 2008).

2.21.6 SUMMARY

In developing populations, the concurrent prevalence of several micronutrient
_deficiencies is common (Allen et al, 2000; Dijkhuizen et al, 2001; Adelekan, 2003;
Ahmed et al, 2008; Anderson et al, 2008). Several observational studies from low-
income countries consistently show that co-existence of two (Zimmermann et al., 2000;
QOelofse ef al., 2002; Palafox et al.,, 2003), three (Seshadri, 2001; Pathak ef a/., 2007;
Duque et al, 2007) or more (Thurlow et al., 2006; Lander et al., 2008) micronutrient
deficiencies often occur. Therefore, addressing these deficiencies through the use of
multiple micronutrient formulations might be more effective owing to the fact that several
micronutrient deficiencies can be targeted at once (Gera ef al., 2009; Ramakrishnan et
al., 2009).
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2.2.2 AETIOLOGY OF MICRONUTRIENT MALNUTRITION

The aetiology of micronutrient deficiencies is complex and multifactorial (Vorster et al.,
1997; Black et al., 2008). The complexities and interrelated causes and consequences
of undernutrition are shown in Figure 2.5, which clearly demonstrates that the
consequences of undernutrition as well as micronutrient deficiencies are often
exacerbated by the causes. For instance, undernutrition increases the risk of infectious
diseases, while infectious diseases contribute to undernutrition. Although, poverty is the
root cause of undernutrition, Figure 2.5 further illustrates that to address undernutrition
or micronutrient deficiencies, the interrelated contributory factors shouid be mitigated in
community-based, intersectorial programs with focus on alleviating poverty and

development of human capital (Vorster et al., 1997).

Undernutrition

/ {Micronutrient mainutrition)
Unbalanced and

inadequate intakes Inadequate physical, mentak
social development

Disease t Requirements
! Absorption Genetic abnormalities e.g
Folate metaboilsing-gene |

|Health and sanitation
services

Genefic
abnormalities

Disease

Lack of care

Overcrowding :
1 infant mortality

JHousehold food security l 1 Compensatory birth 'mii

Taboos
Tradition
ulture

Uneducated mothers

| incentives, health,
productivity, education

Political-, economical-
and ideaological
structures

Family disruption

Poverty

Potential resources

Figure 2.5 The vicious cycle of undernutrition causes and consequences (Adapted from Vorster
et al, 1997).

In view of these, the development of micronutrient deficiencies can thus be generally

attributed to at least four contributory factors occurring either in isolation or in
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combination (Figure 2.5). These include dietary factors, infectious diseases, g-enetio
factors and environmental factors. However, one of the major preventable causes of
micronutrient malnutrition is inadequate dietary intake of these essential nutrients. Other
important causes of micronutrient deficiency of public health implication include
malabsorption due to high infection rate such as HIV/AIDS, tuberculosis, malaria,
parasites (Thurnham et al, 2003; Thurnham & Northrop-Clewes, 2007); genetic
abnormalities (haemoglobinopathy, genetic polymorphisms in folate metabolising

enzyme); chronic diseases, poor sanitation (Berkman et al., 2002) and poverty.

For the purpose of this review, the focus will be on the four major causes of micronutrient
deficiencies [mainly of iron, zinc, vitamin A, iodine and folate] within the African and

South African context.

2.2.21 DIETARY FACTORS

In most African countries, the most important cause of poor micronutrient status is low
dietary intake of these essential nutrients. Some other causes of nutrient deficiencies of
public health importance related fo dietary issues include low bioavailability, presence of

inhibitors, excessive intake of goitrogenic substances and losses during food processing.

Low consumption of micronutrient-rich foods

[nadequate intake of micronutrient-rich diet is one of the most important factors
predisposing individuals in many developing populations to micronutrient deficiencies. In
Sub-Saharan Africa for instance, consumption of micronutrient-rich foods, such as
animal source foods (red meat, poultry, fish) and green leafy vegetables is often poor
because of economic, cultural and religious constraints (Gibson et al, 2008; Allen,
2008), while on the other hand, these populations subsist mainly cn micronutrient-poor
monotonous starchy (Zimmermann et al., 2005a; Hotz & Gibson, 2007) or refined plant-
based diets (Gibson & Hotz, 2001; Krittaphol ef al., 2006). Plant-based diets in
developing populations consisting mainly of staple crops [such as rice, maize, yam,
cassava, sorghum] are often associated with micronutrient deficits, exacerbated in part
by poor micronutrient bioavailability of dietary iron, zinc, provitamin A carotencids and

folate (Gibson ef al., 2006).
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Low bicavailability and presence of inhibitors

Micronutrient bioavailability is a function of micronutrients ingested in food that is
absorbed and the ability to utilise the nutrients for normal biochemical, metabolic and
physiological functions (Jackson, 1997). Low-income populations depend mainly on
- plant-based diets from staple cereals, starchy roots, tubers and legumes which are low
in bioavailable micronutrients [iron, zinc, provitamin A carotenoids, folate] and high in
inhibitors or anti-nutrients (Ferguson ef al., 1993; Gibson, 1994; Hotz et al., 2001).

In iron and zinc nutrition, the high intake of inhibitors or anti-nutrients [such as phytic acid
in cereal grains, polyphenols in beverages, oxalate in some vegetables] can form
insoluble complexes with iron or zinc in the gastrointestinal tract, thereby inhibiting iron
or zinc absorption (Hurrel et al., 1999; Hotz ef al., 2001; Kim et al., 2007). Additionally,
evidence also exists that diets containing high dietary fibre content may also limit folate
bicavailability in plant-based diets (Gregory, 1997). The negative effects of low
micronutrient biocavailability on nutritional status and subseqguent health are potentially
guite substantial (Zimmermann et al., 2005a; Thankachan et al., 2007; Campbell et al.,
2009).

Excessive intake of goitrogenic foods

Excessive intake of goitrogenic foods may adversely affect iodine status, such that mild,
moderate or even severe iodine deficiency may sometimes occur in the presence of
adequate iodine intake (Vanderpas, 2008; Chandra et al., 2008). Excessive intake of
goitrogenic substances such as glucosinolates and cyanogenic glycosides which
naturally occur in foods like cassava, sweet potato, lima seeds, sorghum, cruciferous
vegetables, soy, and miillet can interfere with iodine uptake in the thyroid gland
(Lamberg, 1993; Vanderpas, 2008).

For instance, cassava or sorghum contains cyanogenic glycosides which are
metabolised to thiocyanates that can block the uptake of iodine by the thyroid gland;
additionally, cruciferous vegetables [such as cabbage or broccoli] contain glucosinolates
which also compete with iodine for thyroidal uptake (Vanderpas, 2008). Developing
populations living in remote areas that are subsisting mainly on staple crops containing

goitrogens may be at risk (Akindahunsi et al., 1998; Pineda-Lucatero et al., 2008). It may
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be important, however, to consider the possible impact of goitrogens in the aetiology of

iodine deficiency when implementing table salt iodisation programs.

Losses during food processing

Provitamin A carotenoids and folates from vegetable sources are relatively unstable to
oxidation or heat and large losses may occur during prolonged cooking and processing
(Mosha et al.,, 1997). For instance, boiling destroys 50 to 80% of folate in green leafy
vegetables (McKillop et al, 2002) and 50% of that of legumes (Dang et al, 2000).
Additionally, traditional processing practices involving sun drying and heat treatments
[such as deep frying, prolonged cooking and baking], and a combination of multiple
preparation and processing methods of vegetables common in many Sub-Saharan
African countries can result in substantial losses of provitamin A carotenoids (Mosha et
al., 1997; Yadav & Sehgal, 1997; Rodriguez-Amaya, 2003; Muzhingi et al., 2008).

2.2.2.2 INFECTION

Helminth infections

Over two billion people are estimated to be infected with one or more soil-transmitted
heiminths (Hall et al., 2008). Helminth infection (intestinal parasites) [such as hookworm,
roundworm and whipworm] in children may adversely affect nutrient uptake, absorption
and micronutrient status. High helminthes infestation can interfere with the uptake of
vitamin A or iron, such that the parasite can alter the structure of the intestinal mucosa
leading to malabsorption of these micronutrients (Stoltzfus ef al., 1997; Hall et al., 2008).
For instance, intestinal parasitic infestation may contribute to negative iron balance
through'oooult gastrointestinal blood loss (Haowdon & Hotez, 1996) and may interfere
with iron absorption (Stoltzfus et al., 1997). Several studies have demonstrated benefits
of anthelminthic treatment in children such as improved growth, micronutrient status,
appetite, physical activity and school performance (Simeon et al.,, 1995; Stephenson et
al., 1993; Jinabhai et al., 2001a; Stoltzfus et al., 2004b).

Malaria infection

Global prevalence of micronutrient mainutrition in particular of iron deficiency anaemia
still remains high, especially in areas of the world where malaria morbidity and mortality
are high (Prentice et al, 2007). Malaria is an important cause of anaemia in Sub-

Saharan Africa (Snow et al.,, 1999). Severe anaemia may be induced during malaria
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infection mainly through the clearance and /or destruction of infected red blood cells by
the malaria parasite Plasmodium falciparum (Lamikanra et al, 2007). In malaria-
endemic areas, the incidence and age pattern of severe anaemia were strongly
dependent on the intensity of malaria transmission (Snow et al., 1994). Malaria control
trials have been associated with significant reductions in the prevalence of anaemia in

children and pregnant women (Alonso ef al., 1991).

Human immune deficiency virus / Acquired immune deficiency syndrome

HIV infections negatively influence the nutritional status through its attacks on the
immune system and its adverse effects on nutrient intake, absorption, metabolism and
utilization are well known (ASSAF, 2007; Hendricks ef al., 2007). HIV infection may
either induce excessive loss and/or impair the utilisation of micronutrients (Cunningham-
Rundles ef al., 1996; Dreyfuss & Fawzi, 2002; Shet ef al., 2009). However, more than
95% of HIV infections in children are acquired through mother-to-child transmission
(Newell, 1998). Furthermore, severe undernutrition and co-existing multipie micronutrient
deficiencies are highly prevalent in HIV-infected children studied in several African
countries (Kurawige et al., 1993; Kessler et al, 2000; Reddi ef al., 2007). St‘udies in
South Africa for instance, demonstrated that more than 50% HIV infected children before
antiretroviral therapy were stunted or undérWeight (Reddi ef al., 2007); additionally, other
studies have also documented high prevalence rate of iron, zinc, vitamin A and co-
existing multiple micronutrient deficiencies in these children (Eley et al., 2002a; Eley ef
al., 2002b).

Micronutrients are essential for immune functioning and deficiencies may, therefore, act
as cofactor in HIV disease transmission and progression (Periquet ef al., 1995). On the
other hand, according to a recent review by ASSAF (2007), there are some indications
that micronutrient intervention with multivitamin (excluding vitamin A) supplementation in
HIV-infected children and pregnant women may reduce the risk of the disease
progression, adverse pregnancy outcomes and mortality (Fawzi ef al., 1998; Fawzi et al.,
2004; Villamor et al., 2005).

2.2.2.3 GENETIC FACTORS

Although studies on the associations between nutrition and genetics are still at infancy in

many developing populations, the pivotal role of genetics as it affects human well-being
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is becoming an important concept in nutrition science (EI-Sohemy, 2007). Available data
suggests that genetics might be an important factor in the aetiology of some
micronutrient deficiencies (Amouzou ef al., 2004; Tsaras et al., 2009) which could have
major intervention implications on micronutrient control measures in the affected
individuals. However, for the purpose of the present review two major genetic
polymorphisms that may predispose affected individuals to iron or folate deficiency will

be briefly discussed.

Haemoglobinopathies

Haemoglobinopathies and other haemoglobin disorders are genetic haemoglobin
disorders common in malaria endemic areas and have been associated with protection
against the effects of severe malaria (Williams et al., 2005; Wambua et al., 2006a). The
most common type of haemoglobincopathies are thalassemia and sickle cell disease.
They are commeoen in ethnic populations from Africa, where malaria infections are high.
For instance, sickle cell trait occurs in approximately 300 million people woridwide, with
the highest prevalence of approximately 30 to 40% in Sub-Saharan Africa (Tsaras ef al.,
2009). Additionally, according to Diallo et al. (2008), about 150,000 to 300,000 sickle cell
anaemia homozygous individuals are born every year. Most clinically significant
haemdglobinopathies cause mild to acute anaemia, in sickle cell disease the red blood
cells tend to assume a sickle shape under anaerobic conditions, leading to organ
damage and circulatory problems, while in thalassemia there is ineffective production of
red blood cells (erythropoietin) (Wambua et al., 2006a; Wambua et al., 2006b).

Genetic polymorphism in folate-metabolising gene

The polymorphism in the methyltetrahydrofolate reductase (MTHFR) gene [such as the
87771 and 1298C alleles] affects approximately 10 to 30% of Caucasians (Stevenson et
al., 1997). In a study among West African population by Amouzou et al., (2004),
. moderate hyperhomocysteinemia (with folate < 6.75 nmol/lL and MTHFRCT/TT genotype
as major risk factors) was found in 62.3% and 29.4% of the subjects from the coastal
and savanna regions, respectively. Furthermore, a recent study among a sample of
1,844 South African population revealed that the distribution of the mutant genotypes
87771, heterozygous genotypes 677CT and homozygous wild-type 677CC were 0.81%
(15), 15.24% (281) and 83.95% (1,548), respectively (Nienaber C, In preparation). The

MTHFR polymorphism is associated with increased plasma homocysteine and a
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tendency to lower serum and erythrocyte folate concentrations (Molloy et al., 1997); this
can increase the risks for neural tube defects (Van der Put et al.,, 1998; Motulsky, 1996).
However, the 677TT seems to be generally associated with much higher homocysteine
levels in Africans than those described in Caucasians, Hispanics or Mexicans (Guéant-
Rodriguez et al., 2008).

2224 ENVIRONMENTAL FACTORS

Poor hygiene

Poor hygiene and unhealthy sanitation lead to increased risks of infections and parasite
infestations (Muoki et al., 2008). Access to a clean and healthy environment reduces the
risk of infectious diseases. Households need to practice good environmental and
personal hygiene, drink safe water, and keep food safe and clean (Curtis & Cairncross,
2003; Muoki et al., 2008).

Low micronutrient content in the soil

Soils deficient in their ability to supply micronutrients to crops are widespread across the
globe (White & Zasoski, 1999). For instance, soils may become deficient of iodine or zinc
due to leaching effects of glaciations, snow, high rainfall and floods. Micronutrient
deficiencies in soils may not only limit crop production, but may also predispose animals
and populations subsisting on plants grown in such regions to risk of micronutrient
deficiencies (WHO et al., 2001b; Yang et al., 2008).

The associatién between soil-plant-animal and human related micronutrient deficiencies
may have been suppressed in many developed countries due to. regional and
international movement of foods, food fortification and supplementation programs
(Thornton & Alloway, 1974; White & Zasoski, 1999), the association still exists and is
greatest in rural communities of many developing populations where animal and human
diets are largely local in origin (Liu, 1994; Khin-Maung-Naing et al., 1989; Gbadebo &
Oyesanya, 2005; Assey et al, 2008). Several initiatives are in place [for example
biofortification, salt iodisation, use of micronutrient rich fertilizers] such that populations
residing in these areas may not necessarily suffer from micronutrient deprivation (Yang
et al., 2006; WHO et al., 2001b).
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Taken together, the various causes of micronutrient deficiencies are broad and complex
(Figure 2.5), so also the enormous burden they impose on human wellbeing and
development globally. This however, has negative economic and developmental

implications at national and international levels.

2.3 BURDEN OF MICRONUTRIENT MALNUTRITION

Historically, the severity and burden of undernutrition and micronutrient deficiencies in
children have usually been assessed based on mortality statistics (Mosley & Chen,
2003; Black et al, 2003; Jones ef al, 2003). However, mortality data alone may
underestimate the adverse outcome of many nutritional deficiencies (Grantham-
McGregor et al., 2007), which may also have considerable long or short term health,
social and economic consequences (Darnton-hill et al., 2005; Victora ef al., 2008; Black
et al.,, 2008).

Recently, the use of DALYs as a single indicator of total loss of ‘health gives a better
indication of the negative impact of micronutriént deficiencies. The DALYs combine
years of life lost (YLL) due to cause-specific premature death and years of life lived with
disability (YLD) into a single index, such that one DALY can be considered as
approximately one lost year of healthy life (WHO, 2002). Additionally, it provides an
overall estimate of the magnitude of economic losses in a population due to disease
(World Bank, 1993; Murray & Lopez, 1994).

Furthermore, several studies have adopted the use of DALYs in analysing either the
burden of diseases attributed to micronutrient deficiencies (Nannan et al., 2007; Nojilana
et al., 2007a; Nojilana et al, 2007b; Black et al, 2008) or the potential health and
economic benefits of micronutrient intervention programs(Baltussen ef al, 2004;
Robberstad et al., 2004; Sharieff et al., 2008; Stein et al., 2005; Meenakshi ef al., 2007).
For example, the recently published best practice papers commissioned by Copenhagen
concensus centre as reported by Horton et al. (2008a) and Horton ef al. (2009b),
adopted the use of the DALY in their economic arguments in favour of several
micronutrient control programs. In their analysis they assessed the potential cost
benefits ratios of eliminating micronutrient deficiencies using the assumption that one

DALY is valued at $1000, however, this will be discussed in section 2.4. For the
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purpose of this review section, the burden of diseases attributed to deficiencies of iron,

zinc and vitamin A within the global and South African context will be discussed.

Burden of iron deficiency

Several adverse effects of iron deficiency or iron deficiency anaemia in developing
populations have been related to certain physiological and clinical deficits such as poor
pregnancy outcome, delayed development in infants and children (Grantham-McGregor,
2001; Stoltzfus et al, 2004a), compromised immune function (Beard, 2001) and
impaired work capacity or productivity in adults (Beard, 2001; Haas & Brownlie, 2001;
Horton & Levin, 2001). Furthermore; iron deficient preschool chiidren in Indonesia and
India have been found to have poorer cognitive performance than those with normal iron
status and lower cognitive performance was substantially improved after 12 weeks of

iron supplementation (Soemantri ef al., 1985; Seshadri & Gopaldas, 1989).

In economic terms, Horton and Ross (2003) reported that in an analysis of ten
developing countries, median total annual losses (due to the effect of iron deficiency on
physical and cognitive skills combined) are estimated US $16.78 per capital, or 4.05% of
the GDP (gross domestic product). A recent ahalysis in children less than 5 vyears
demonstrated that in Sub-Saharan Africa, iron 'deﬁciency anaemia is responsible for an
estimated 21,000 deaths annually and over 14 million DALYs lost (Stoltzfus et al,
2004a). In South Africa, Nojilana et al. (2007a) revealed that approximately 175,000
YLLs or 0.9% to 1.3% of all DALYs in South Africa in 2000 can be attributed to iron

deficiency anaemia.

Burden of vitamin A deficiency

When vitamin A status deteriorates, serum retinol concentration remains unaffected until
liver stores are depleted. Decline in serum retinol concentration before the appearance
of clinical eye signs is associated with increased severity of infections or alteration in
immune status (McLaren & Frigg, 2001). If vitamin A is not repleted, serum retinol will
continue to fall until signs of xeropthalmia (dry eyes) appear (Sommer & West, 1996).
Thus, the pathological changes due to VAD can contribute to the severity of respiratory,
diarrhoeal, measles, malaria and HIV infections; subsequently decreasing the survival of

affected children in developing populations (McLaren & Frigg, 2001).
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According to Rice et al. (2004), VAD is responsible for 630,000 deaths annually in
children less than 5 years. Sub-Saharan Africa seems to be hardest hit with an annual
VAD attributed death rate of about 383,000, and approximately 13.6 million DALYs lost
in children in this age group (Rice et al, 2004). In South Africa, VAD account for
approximately 111,000 healthy years lost and 0.5% to 8% of all DALYs in 2000.
Additionally, VAD is also responsible for an estimated 3,000 annual deaths of children
under 5 years (Nojilana et al., 2007b) this situation may, however, have deteriorated due

to worsening vitamin A status of children as reported by Labadarios et al. (2008).

Burden of zinc deficiency

Zinc is an essential micronutrient for human health and well known for its multiple
structural and biochemical functions at cellular and sub-cellular levels, such as DNA and
RNA metabolism, protein synthesis, gene expression, cell growth and differentiation, cell
mediated immunity and neuro-behavioural development (Vallee & Falchuk, 1993; King et
al., 2000). Evidence from recent meta-analyses strongly implicates zinc deficiency with
adverse functional outcomes that are strongly associated with diarrhea, pneumonia and
stunting (growth retardation) in young children (Brown et al, 2009; Haider & Bhutta,
2009). Caulfield and Black (2004) revealed that zinc deficiency is responsible for
approximately 780,000 deaths each year in children under five years, out of which Sub-
Saharan Africa accounts for about 400,000 deaths and 748,000 DALYs lost in children
under five years (Caulfield & Black, 2004). Recently, Fischer-Walker et al. (2009)
reported that zinc deficiency among African children less than five years results in 9.4
million DALYs yearly. With the current prevalence rate of zinc deficiency as high as
45.3% among South African children (1 to 9 years) (Labadarios ef al., 2008), the DALYs
and mortality rate per year attributed to this deficiency will probably be quite substantial

as well (Nannan et al., 2007).

The social and economic costs (both nationally and internationally) of micronutrient
deficiencies are enormous; however, strategies are in place to help break the
intergenerational vicious cycle of undernutrition and its conseguences in many

developing populations.
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24 PREVENTION AND CONTROL OF MICRONUTRIENT MALNUTRITION

According to the most recent Copenhagen consensus, controlling micronutrient
deficiencies was considered the top-ranked strategies for improving human welfare
globally particularly in developing countries, in terms of high economic benefits
compared to costs as assessed by some of the world's most distinguished economists
consisting of five Nobel laureates (Copenhagen consensus, 2008). The three topmost
strategies that were unanimously selected for correcting micronutrient deficiencies in
developing countries were: food fortification, biofortification and micronutrient

supplementation.

Like many other African countries, the South African government designed a three-way
food-based approach to combat micronutrient malnutrition; these include a micronutrient
supplementation program for women and children, mandatory food fortification and
nutritional educational program (Kloka, 2003). For the purpose of this review, the
micronutrient malnutrition control strategies that were highly ranked in the 2008
Copenhagen consensus: food fortification, biofortification and micronutrient
supplementation will be briefly and selectively discussed. While each of these can help
reduce the burden of micronutrient deficiencies, none is capable of alleviating the

problem on its own (Copenhagen consensus, 2008).
(i) Food fortification

Food fortification is perhaps the most cost effective, practical, medium and long-term
solution capable of effectively controlling micronutrient deficiencies (WHO / FAO, 2006);
it involves adding the required micronutrient to commeonly eaten foods by large segments
of the population. For food fortification program to be successful, it is of utmost
importance to consider the nutrient requirement of the target population (Table 2.1), and
periodically monitor the efficacy or effectiveness of interventions with the use of specific
laboratory measures of micronutrient status (Table 2.2) in the target population where
possible (Zimmermann & Hurrell, 2007). A food fortification approach usually involves
either mass fortification of a food vehicle at industrial level (WHO / FAO, 2006) or
targeted fortification at the point of use involving the use of micronutrient powders
(Zlotkin & Tondeur, 2007; De Pee et al., 2008).
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Table 2.1 Recommended dietary allowance (RDA), mean intake and % RDA of some selected

micronutrients in South African children aged 1 to 6 years (Adapted from Labadarios ef al., 2000)

Vitamin A (RE/day) 400 500 359 425 L 89.8 85.0

te {pg/day 50 %

RDA, Reodhﬁmended daily aIIO\\Na/nce;\ MI, Mean intake; % RDA, Pércéhtage fééonﬁmendéd daily

allowance; RE, Retinol equivalent

Mass micronutrient fortification

The aim of mass fortification (usually at industrial level) is to add micronutrients to a
vehicle (food or condiment) that is regularly consumed by the targeted population at a
level that will correct an existing nutrient deficiency (Mannar & Gallego, 2002). This
approach is relatively cost effective, for instance, the cost of iron fortification varies
according to the iron compound and food vehicle used, but can be within the range of
$0.10 to $0.12 per person per year with benefit to cost ratio of 7.8 to 1 (Horton & Ross,
2003; Horton ef al., 2009b).

Additionally, the benefit to cost ratio of salt iodization is approximately 30 to 1 at the cost
of $0.5 per person per year (Horton, 2006; Horton ef al, 2009b). In most African
countries, the food vehicles most often used for mass fortification are the staple cereal
flours. In South Africa, micronutrient fortification vehicles such as table salt, bread and
maize flour are consistently consumed in most households and are thus currently
fortified with iodine (for salt) and other essential micronutrients (for bread and maize
flour) (Labadarios ef al., 2000; Kloka, 2003).
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Table 2.2 Summary of cut-off values for blood levels of micronutrients (iron, zinc, vitamin A, iodine & folate) in
preschool-age children (24 — 72 months) (Adapted from De Pee & Dary, 2002; IZNCG, 2004; WHO, 2008;

Zimmermann ef al., 2005a; Zimmermann, 2008b)

Iron

Haemoglobin (g/dL)

< 7.0 Severe anemia
7.0 - 8.9 Moderate anemia
10.0 - 10.9 Mild anemia

< 7.0 Severe anemia
7.0 - 8.8 Moderate anemia
10.0 - 11.49 Mild anemia

Plasma or serum ferritin (ug/L) <12.0 <15.0
Serum transferrin receptors (mg/L) >17.6
Erythrocyte zinc protoporphyrin (pmol/mol >70.,0 >80.0

haem)

Vitamin A

Serum retinol (pumol/L)

< 0.35 Severe VAD
< 0.70 Inadequate VAS

< 0.35 Severe VAD
< 0.70 Inadequate VAS

1m .or whole blood thyroglobuiin (1

Folate

Serum folate (pg/L)

<4.4
L

ID, lodine deficiency; VAD, Vitamin A deficiency; VAS, Vitamin A status

Point-of-use micronutrient fortification
There has been rapid development of point-of-use fortificants [such as micronutrient
powders, crushable tablets and lipid-based nutrient supplements] which are designed to
address deficiencies in multiple micronutrient and many other nutrient deficiencies
(Zlotkin & Tondeur, 2007). Untargeted micronutrient supplementation or fortification of
young children in high infection areas [such as areas of high malaria endemia] may

increase morbidity and mortality (Sazéwal et al, 2008). In contrast to untargeted

fortification, point-of-use fortification targets specific individuals at risk and can be an
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effective, low-cost strategy for providing additional dietary iron and other micronutrients
to vulnerable individuals (Christofides ef al., 2006).

Several micronutrient powders have been developed [such as “MixMe plus® (DSM
Nutritional Products Ltd, Basel, Switzerland) and “Sprinkles™” (Sprinkles Global Health
Initiative, Toronto, Canada)]. These point-of-use micronutrient fortificants can be added
directly to either already prepared complementary foods for infants or school meals after
cooking (Zlotkin & Tondeur, 2007; Troesch ef al, 2009). A recent cost and impact
analyses by Sharieff ef al. (2008) concluded that benefit to cost ratio of “Sprinkles™"
(containing iron and other micronutrients) can be as high as 37:1 at the cost of $1.20 per
person per year (for children 6 to 24 months).

Furthermore, in developing countries, complementary foods and school meals are
predominantly plant-based and are often inadequate to meet the nutritional requirements
of infants and young children. This may be due to low energy density and low
bioavailability of essential nutrients [such as iron and zinc] due to presence inhibitors
such as phytate in maize (Gibson et al, 2006). The application of enzymes such as
amylase or phytase containing micronutrient powder may help improve the nutrient
density or micronutrient bioavailability of complementary foods or school meals that are

predominantly plant-based (Owino et al., 2007; Troesch ef al., 2009).

Several studies involving the use micronutrient powders conducted in Ghana, India,
Bangladesh, and many other developing countries have consistently demonstrated that
it positively influences the micronutrient status of infants when administered at home
(Zlotkin & Tondeur, 2007). In South Africa as well as many developing countries, schools
are being used as an effective delivery point for many health and nutrition programs
(Van Stuijvenberg~ez‘ al., 1999; Steyn & Marais 2002; Van Stuijvenberg, 2005; Manger et
al.,, 2008). It can also be used for the implementation of point-of-use, micronutrient

fortification programs among children at-risk of micronutrient deficiencies.
(ii) Biofortification

Biofortification of staple crops is a relatively novel approach and represents an
alternative as well as a sustainable strategy for controlling micronutrient deficiencies

especially among the rural poor in developing countries (Bouis, 2000; Nestel et al,
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2006). 1t involves breeding new crop cultivars with increased micronutrient-density
through conventional selective breeding or genetic engineering (Welch, 2002). Breeding
programs are in place and several studies conducted in a range of staple crops normally
consumed in many developing countries demonstrated that this rnicronutrient control
approach is promising (Tako et al., 2009; Howe ef al., 2009).

A randomised controlled trial conducted among South African primary school children
showed that that consuming beta-carotene-rich sweet potato, which provided about 830
retinoi activity equivalents/100 g cooked root, improved vitamin A liver stores as
measured by the modified relative dose-response test (Van Jaarsveld et al, 2005).
Additionally, Haas ef al. (2005) also revealed that in a double-blinded controlied
intervention, iron-enhanced rice supplying 1.41 mg of iron per day was effective in
impfoving serum ferritin concentrations and'body iron levels in non-anemic women
compared with the control locally consumed rice. The potential health benefits of
biofortification, estimated in median cost per DALY saved is about $10 per DALY saved
(optimistic scenario) and $120 per DALY (pessimistic scenario), at an estimated annual
cost per crop per country from US$500,000 to 1,000,000 (Meenakshi ef al., 2007).
Further studies still need to be conducted to be able to determine the true public health

potentials of this approach.
(iii) Micronutrient supplementation

Supplementation with pharmacological doses can effectively reduce micronutrient
deficiencies within a short period of time, especially among vuinerable population
groups, such as infants, school children and pregnant women (WHO et al, 2001b).
Meta-analyses of randomised controlled trials of the impact of zinc supplementation,
suggest that therapeutic zinc for diarrhoea may be effective in reducing mortality risks,
duration as well as severity of persistent diarrhoea among children < 5 years (Bhutta et
al., 2000; Lukacik ef al., 2008). Furthermore, according to Copenhagen consensus best
practices paper on micronutrient supplements (vitamin A and zinc) for child survival,
estimated cost of vitamin A supplementation is $1.20 per person per year with benefit to
cost ratio of 17 to 1, while that of zinc supplementation is 13.7 to 1 at the cost of $1.00
per person per year (Horton et al, 2009a). In South Africa like many other African
countries, high-dose vitamin A supplementation is being implemented nationally among

children aged 6 to 60 months and in postpartum mothers within 6 to 8 weeks of delivery,
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however, coverage rates are 72.8% for children 6-11 months old, and 13.9% for children
12-59 months old (Hendricks ef al., 20086).

In general, there is documented evidence that access to simple but vital micronutrients in
at-risk individuals (infants, young children and pregnant women), either through food
fortification and micronutrient supplementation as well as biofortification may improve

child survival and mortality rate. However, these strategies may not only improve child |
growth and development (Lopriore ef al., 2004; Varma ef al., 2007; Rivera et al., 2003;
Ramakrishnan et al., 2009), but also their cognitive skills (Stein ef al.,, 2008) as well as .
productivity (Hodinott ef al, 2008) in adulthood, which may also possibly result in

substantial economic gains.

2.5 MICRONUTRIENTS IN COGNITIVE DEVELOPMENT AND FUNCTION IN
CHILDREN

Micronutrient deprivation in developing countries is a global public health concern with
long-term implications on early childhood neuropsychological or brain development
(Black, 2003a; Black & Ackerman, 2008). The Lancet Series on child development in
developing countries published in early 2007 reported that more than 200 million
children under five years are not fulfilling their developmental potentials mainly due to
poor nutrition (especially micronutrient deficiencies) among other risk factors (Grantham-
McGregor ef al., 2007; Engle et al, 2007; Walker ef al, 2007). The associations
between micronutrients, structural brain development and neuropsychological function
have attracted global attention as evidences continue to emerge documenting the
negative consequences of nutrition deficiencies on infant cognitive and motor funcﬁoning
(Black ef al,, 2008; Benton & ILSI Europe, 2008). Findings from animal and human
studies consistently show that nutrient deﬁcienoies during early childhood can influence
structural (both macrostructure and microstructure) and functional changes (in
neurotransmitters) to the developing brain (Fernstrom, 2000; Grantham-McGregor ef al,
2000; Bryan et al., 2004).

The first few years of life (gestation until two years) are particularly important because
rapid growth and development occur in all brain domains (Dobbing & Sands, 1979;
Pollitt, 1996), however, by this time the brain has reached approximately 80% of its adult
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size (Dekaban & Sadowsky, 1978; Schaefer et al., 1990; Jernigan & Taltal, 1990; Reiss
et al., 1996). During this critical period, the brain develops rapidly through neurogenesis,
synaptogenesis, synaptic pruning, myelination and gliogenesis (Thompson & Nelson,
2001); any small perturbation in any of these processes can have long-term effects on
the structural and functional capacity of the brain and may have lasting cognitive,
behavioural and emotional effects (Bryan et al.,, 2004; Benton & ILSI Europe, 2008).

Brain development is, however, not complete by the age of two years (Figure 2.6), as
certain brain regions (especially the frontal, temporal and parietal lobes) are not yet fully
developed, but continue to undergo less rapid anatomical changes throughout childhood
(between 3 years to adolescence) (Thompson et al., 2000; Thompson & Nelson, 2001;
Lenroot & Giedd, 2006).

Human brain gevalopment

Bxpenznie-depandentsynapse formartian

Iveurogenesis in the hippozampus
Rt 1 "
Pl
Pree 39,
(g7 Wty )
O T
Frm ™, L,
N

J"‘.‘ "b

g,
R4

{18-24 pranatal days!

Cell migration
{5=24 prenatal

wmeks} e Ayl levels of sunapses

i . . T v L U § % 1 ¥

s 1 [} 1 i i 3 t 1 H T ] l‘ T T T ] b [} v L T T T T [ﬁ’l T
B 76522 -2-101232356780612011202 3 45 6F 8 5101112 1212151617 18162030 2050 5070

L
e

z Ionths Years Jecaans
a0

onception

Figure 2.6 Human brain development (Adapted from Grantham-McGregor et al., 2007).

Although, by age five years, the brain has reached approximately 90% of its aduit size
(Jernigan & Tallal, 1990; Reiss et al., 1996), the most rapid, distinct, spurts of growth
occurs in the frontal lobes (responsible for executive functions) from ages 3 to 6 years
(Giedd et al., 1999; Thompson ef al., 2000), and from 6 years to adolescence, the most
substantial changes take ptace in the temporal and parietal lobes (especially those areas
involving language and spatial relations) (Giedd ef al, 1999; Thompson et al.,, 2000;

Lenroot & Giedd, 20086). In general, increasing brain maturation combined with several
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other important factors such as physical growth, interaction with the environment and the
integration of stimuli provided by mother or caregiver in a broader social or economic
context contributes to childhood cognitive development and function (Connolly &
Grantham-McGregor, 1993; Grantham-McGregor ef al., 2007).

The mechanisms and evidence linking iron, zinc, iodine and vitamin A to brain
development and function in children will now be selectively reviewed. These nutrients
are chosen because their deficiencies are highly prevalent (Black et al., 2008) and these

nutrients are important in early childhood cognitive development (Bryan ef al., 2004).

251 IRONIN COGNITIVE DEVELOPMENT AND FUNCTION

Iron is the most abundant micronutrient in the human brain and it is well known that the
human brain is responsive to dietary iron, such that insufficient dietary iron intake may
alter the regulation of brain iron homeostasis (Beard, 2001; Lozoff & Georgieff, 2006;
Beard, 2007). Altered brain iron homeostasis due to nutritional iron deficiency may result
in delayed cognitive development or function during early childhood (Grantham-
McGregor & Ani, 2001; Lozoff, 2007).

Several mechanisms have been proposed by which nutritional iron deficiency or iron
deficiency anaemia may alter brain development and function. Neurodevelopmental
delays or deficits may be a direct effect from anaemia causing a low oxygen delivery to
the brain regions or cells (Stoltzfus ef al., 2001; Gordon, 2003). Additionally, iron
deprivation can also alter some of the brain macrostructures [cortex, hippocampus and
striatum] and/or microstructures (neurons, neurotransmitters and synapses) such that
the proper myelination of the neurons or the syntheses of the neurofransmitters are
adversely affected (Beard, 2001; Lozoff, 2007; Beard, 2007; Georgieff, 2008).

A causal link between iron deficiency anaemia and delays in child development may be
mediated by a variety of direct or indirect pathways (Lozoff, 1998); the most obviocus are
associated decreases in haemoglobin concentration and oxygen delivery to tissues.
Alternative theories relate to reductions in cerebral iron concentrations, including
hypomyelination and impaired dopaminergic function (Connor & Menzies, 1996; Nelson
et al., 1997). Several observational as well as interventional studies in children have

demonstrated that iron deficiency is associated with apathy, irritability, Jethargy, lack of
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concentration, and decreased cognitive and attention processes (Grantham-McGregor &
Ani, 2001; Yager & Hartfield, 2002).

A systematic review of seventeen randomised controlled trials by Sachdev et al. (2005a)
showed that iron supplementation improves mental development score modestly in
initially anaemic or iron deficient children. However, documented evidence shows that
cognitive or behavioural deficits in iron deficient anaemic children after the critical growth

periods (gestation and early lactation) are often difficult to reverse (Beard, 2007).

2.5.2 ZINC IN COGNITIVE DEVELOPMENT AND FUNCTION

Zinc is required for a vast array of multiple physiologic and metabolic functions, such as
physical growth, immuno-competence, reproductive function, and neurobehavioral
development (Penland, 2000; Brown ef al., 2009). It is required for the activity of more
than 300 different enzymes involved in various aspects of cellular metabolism (Falchuk,
1998). Zinc exerts its biological activity through its association with proteins, in which it
may serve as a catalytic, struoturai, and regulatory element (McCall et al., 2000).
Additionally, zinc plays an important role in the process of gene replication,
deoxyribonucleic acid transcription, ribonucleic acid translation, cellular division and
protein synthesis (Vallee & Falchuk, 1993; Walsh ef al., 1994).

The human brain contains a significant quantity of zinc; in fact, it is second only to iron in
terms of total concentration when compared to other micronutrients present in the
human brain (Prasad, 1888). It is present in the brain bound to proteins and is important
for its structure and function (Sandstead, 1985). Zinc is not uniformly distributed in the
brain and this is evident in its concentration in specific areas of the brain such as the
hippocampus and the cerebral cortex (Frederickson, 1889; Frederickson & Danscher,
1990), each of these regions has been associated with emotion, learning and memory
(Baxter & Murray, 2002).

Zinc deficiency during embryonic and early infancy may impair brain development.
Although the exact mechanism is not clear, it seems that zinc is required for
neurogenesis, synaptogenesis, neuronal replication and migration (Bhatnagar & Taneja,
2001; Corniola et al, 2008); compromised zinc status may lead to abnormal brain

development. Although the exact mechanisms by which zinc modulates brain and

39



cognitive function is not yet clear, a high zinc concentration in the synaptic vesicles in the
forebrain (Frederickson ef al, 2000) may indicate that it is important in some brain
biochemical processes [such as myelination and functioning of the neurotransmitters]
(Bhatnagar & Taneja, 2001).

Intervention trials gave supporting evidence that zinc supplementation improved
developmental score (Friel et al., 1993), activity Ievéls (Sazawal ef al., 1996; Bentley et
al., 1997), neuropsychological test performance (Sandstead et al, 1998), motor
development and exploratory behaviours (Black ef al, 2004b) in both infants and
preschool-age children. Other studies showed somewhat contrasting results as zinc
supplementation did not significantly improve mental or psychomotor deficit in Brazilian
(Ashworth ef al, 1998), Bangladeshi (Hamadani et al, 2001) or Indian (Black et al,
2004a) children.

Furthermore, a recent systematic review of nine randomised controlled trials of zinc
supplementation with or without other additional micronutrients by Brown et a/. (2009)
revealed that neither the mental processing index nor the psychomotor development
index as assessed by the Bayley scales were significantly improved. However, because
of the few studies analysed more research is needed to ascertain the efﬂcaby of zinc
interventions on young children. Although the evidence for improved neurophysiological
performance after zinc supplementation among originally zinc-deficient children exists
(Friel et al., 1993; Sandstead ef al,, 1998; Black ef al., 2004b), more work is needed to
replicate existing studies and clarify the effect of zinc on cognition in young children

(Bhatnagar & Taneja, 2001; Black, 2003a).

2.5.3 IODINE IN COGNITIVE DEVELOPMENT AND FUNCTION

lodine is an essential element required for normal growth and development in animals
and humans. It is basically essential for the synthesis of thyroid hormones
(triiodothyronine and thyroxine), which are essential for the growth and development of
many body organs, especially the brain (Zoeller ef al., 2002; Zimmermann, 2008a).
Specifically, during foetal and early postnatal development, the thyroid hormones are
required for the myelination, normal neuronal movement, plasticity, synaptic
transmission and maturation of the developing brain (Morreale ef al., 2004; Kester ef al.,

2004; Dong et al., 2005). Mental impairment and endemic neurological cretinism results
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from insufficient supply of thyroid hormones to the developing brain due to Iéck of iodine
(Delange, 2005). The resulting hypothyroidism, brain damage and loss of intellectual
ability due to this deficiency can have long term negative economic implications
(Delange, 2005).

Several observational studies have reported impaired cognitive and psychomotor
development in children from iodine-deficient regions (Vermiglio et al., 1990; Tiwari et
al., 1996; Santiago-Femandez ef al, 2004). A report of two meta-analyses of
observational and experimental trials, as reviewed by Zimmermann (2008a), reported
that children with chronic or severe iodine deficiency had a mean reduction in 1Q of 12 to
13.5 points when compared to other iodine sufficient children. Furthermore, randomized
controlled trials conducted in several countries demonstrated that iodine treatment in
initially iodine-deficient children either through supplementation (use of icdised oil) or
fortification (use of iodised salt) improved the iodine status and mental performance of
children in most (Bautista ef al.,, 1982; Van den Briel et al., 2000; Zimmermann et al.,
2006; Gordon et al., 2009), but not in all studies (Huda ef al., 2001).

2.5.4 VITAMIN A IN COGNITIVE DEVELOPMENT AND FUNCTION

Vitamin A is a generic term used for a group of structurally related chemical compounds
known as retinoids that possess qualitatively the biological activity of retinol (Ahmed &
Darnton-Hill, 2004). Although the retinoids are well known for the normal functioning of a
large number of regulatory and physiological processes in the human body (Ross, 2003;
Marill ef al., 2003), their specific roles and exact biochemical mechanism in human brain
development is not clear. However, there are indications that the retinoids may be
involved in numercous physiological functioning of the hippocampus (the brain region

important for memory) (Tafti & Ghyselinck, 2007).

This brain region is highly involved in neuronal processes [such as neuronal
differentiation, synaptic plasticity, learning and memory] and all those processes are
strongly affected by changes in vitamin A availability (Bremner & McCaffery, 2008).
Several animal studies have shown the presence of retinoid-specific receptors in the
hippocampus (Tafti & Ghyselinck, 2007) and have consistently demonstrated that
vitamin A deprivation produces severe deficit in spatial learning and memory directly

linked to proper hippocampal functioning (Cocco et al, 2002; Hernandez-Pinto ef al.,
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2008; Ghenimi et al., 2009); these deficits may, however, be corrected upon vitamin A
repletion (Bonnet et al., 2008).

2.6 MICRONUTRIENT INTERACTION IN CHILD NUTRITION

The concurrent co-existing high prevalence of multiple micronutrient deficiencies,
particularly in low income populations necessitates the use of multiple micronutrient
formulations as a micronutrient intervention strategy (Zimmermann ef al., 2000; Oelofse
et al, 2002; Zimmermann et al.,, 2004; Lander ef al.,, 2008). However, nutrient-nutrient
interacticns are an important consideration for any multiple micronutrient formulation

[such as MixmePIus© or Sprinkles™]. Theoretically, the effects of these interactions

could be enhancing, impairing or unchanging (Table 2.3).

Table 2.3 Overview of the effects of selected micronutrient interactions (Adapted from
Vanderpas, 2006; Tupe ef al., 2007; Zimmermann, 2007a, Jin ef al., 2009).

Zinc - iron increase haemoglobin.

Concurrent zinc and iron supplementation may reduce the efficacy of iron to

lodine - iron and lodine deficient individuals.

Iron supplementation may improve the efficacy of iodised salt in concurrent iron

Calcium - iron induce iron deficiency.

Addition of calcium to diet may interfere with dietary iron absorption and may even

Vitamin A ~ iron haemoglobin status.

Vitamin A repletion in combined iron and vitamin A deficient populations improves

Vitamin C ~ iron or zinc absorption and bioavailability of iron or zinc from the diet.

Vitamin C is a strong promoter of iron or zinc such that it can improve the

Vitamin A - zinc carotenoids in plant based diets.

Poor zinc status can negatively affect the utilisation of vitamin A or provitamin A

Folic acid - iron . with high rates of malaria infection can increase risk of severe illness and death.

Routine supplementation with iron-folic acid in preschool children in a population

Phytate - iron or zinc absorption and bioavailability of iron or zinc in the diet.

Presence of phytate or p ytic acid in s able crobAs/\ / ) 6e‘1nylmo/vvver He

High polyphenol content in tea may reduce the absorption and bioavailability of iron
Polyphenols - iron or zinc or zinc in the diet. ’

LEoi’(rogens - jodine and may even induce iodine deficiency.

High goitrogen content in certain plants can inhibit the uptake of iodine from foods
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Additionally, the interactions could also occur between micronutrients and non-nutrient
dietary anti-nutrient components [such as phytate, polyphenols and goitrogens]. It may
be important, however, to consider the safety, benefit as well as harmful effects of these
interactions when planning or implementing micronutrient control program in developing

populations.

2.7 EFFECT OF MULTIPLE MICRONUTRIENTS ON COGNITION OF YOUNG
CHILDREN IN DEVELOPING COUNTRIES

The roles of single micronutrients, such as iron, iodine, and zinc on cognitive
performance of children have been investigated in many nutrition interventions
(Bhatnagar & Taneja, 2001; Sachdev et al., 2004, Zimmermann et al., 2006). However,
relatively few ftrials have studied the efficacy and effectiveness of multiple-micronutrient
formulation on cognitive or psychomotor performance of young micronutrient deficient

children from developing countries (Black, 2003b; Allen ef al., 2008).

Recent cross-sectional studies suggest that concurrent micronutrient deficiencies exist
during pregnancy (Pathak et al., 2007) or early childhood (Lander et al., 2008; Anderson
et al., 2008) which can impair mental development and reduce cognitive function in later
life (Black, 2003b; Black & Ackermann, 2008). Optimistically, several studies have also
reported that micronutrient interventions with the use of mulliple micronutrient
formulations may be beneficial in improving several nutrition and health outcomes in
initially micronutrient-deficient individuals (Zimmermann et al., 2002; Winichagoon et al.,
2006; Manger et al., 2008, Allen ef al., 2009). In view of this, randomised controlied trials
investigating the effects of multiple-micronutrient treatment on the cognition of young
children in developing countries were identified in a PUBMED (Medline) search. The aim
of this was to summarise the main findings of several micronutrient interventions, give an
indication of the variables investigated, as well as the cognitive assessment methods

employed in each of the studies.

Details of the micronutrient intervention trials are summarised in Table 2.4. The effect of
multiple micronutrients on haemoglobin concentrations and cognition of young anaemic
children were investigated in most of the studies. Direct comparison of these studies is

rather challenging because of the variability in the experimental designs, duration, age
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group, multi-micronutrient composition and the cognitive assessment method used in
each of the studies. However, for the purpose of this review, the studies will be
categorised into three different age groups (Table 2.4) that is: (i) infants (6 to 24
months), (i) preschool-age children (2 to 6 years), and (iii) school age children (6 to 15

years).
(i) Micronutrient and cognition in infants 6 to 24 months

The duration of the studies ranged from 6 to 12 mo (Oelofse et al., 2003; Lind et al,,
2004; Faber et al., 2005; Adu-Afarwuah et al., 2007) and most of the studies included
between 100 — 181 children per treatment group (Lind ef al., 2004; Faber et al,, 2005;
Adu-Afarwuah et al.,, 2007) which are sufficient to detect clinical significance for the
outcome measures that is haemoglobin concentration, mental development as well as
motor development or acquisition (Smuts et al., 2005). The exception was the study by
QOelofse et al. (2003) where only 46 children were recruited to participate in the trial. As
shown in Table 2.4, the form and amount (supplying 8.0 to 12.5 mg per day) of iron in
the multiple micronutrient formulations varied considerably across the studies. The multi-
micronutrient interventions improved mean haemoglobin concentrations significantly in
‘some studies (Faber et al., 2005; Adu-Afarwuah et al., 2008) but not in others (Oelofse
et al., 2003; Lind et al., 2003). Additionally, there was a positive improvement in motor
acquisition or development in the Ghana (Adu-Afarwuah ef al., 2007) and South Africa
(Faber ef al., 2005) trials.

No significant improvement was observed in the developmental outcomes assessed in
the other two studies after 12 months micronutrient intervention (Oelofse et al., 2003;
Lind et al., 2004). In the two Ghana studies by Adu-Afarwuah et al. (2007 & 2008), the
three muiti-micronutrient supplements [Sprinkles (SP), crushable Nutritabs (NT) and fat
based Nutributter (NB)] used in the intervention had similar positive effect on the mean
haemoglobin concentration after 12 mo intervention. However, change in haemoglobin
concentration from baseline was significantly higher in the NT and NB infants, but not in
SP infants, when compared to no intervention (NI} control Table 2.4. The authors
acknowledged, however, that the lack of significant difference in haemoglobin
concentration in the SP group compared to NI control infants may possibly be as a result

of micronutrient deficiencies in vitamins B8 and vitamin B12 which might have limited

44



Table 2.4 Summary of intervention trials investigating the effects of multiple-micronutrient formulations on haemoglobin concentration and cognition in children”

Author g:fnd counfry

Sample |ze & study

INFANTS (6 — 24 MO_NTHS)

f'313 (Sprinkles, SP :
‘ ,’\105 Nutrltab NT“105 4
: Nutributtter, NB 103 il

SP (12 5mg Fe fas ferrous:.' ;
Jsulphate __’5 mg Zn \'OOug RE"

(ng Fe

as ferrous -

Faber ef al. (2005),
South Africa.

361 (Fortified porridge,
FP = 180; Gontrol group,
CG =181),
Randomised controlled
trial

6-12 mo

6 mo

FP (11mg Fe as ferrous
fumurate, 3 mg Zn, 3mg B-
carotene, 56mg  Ascorbic

acid) vs. CG.

FP=111£1.1
CG=111+£11

+0.80
-0.10

Mother's
for Gross Motor

report

Milestones
{Motor
development)

Significant positive intervention
effect (p<0.05) in Hb concentration
and motor development score in

FP compared to CG,

333 :(Tre\atment;\g&rou‘

(2003), South Africa.

Oelofse ef al

46 (Treatment group,
TG = 25; Control
group, CG = 21),

Randomised controlled

trial

6-12 mo

12 mo

TG (8mg Fe as ferric
pyrophosphate, 5.6mg Zn,
12001U Vit.A, 17.6ug Folic

acid, 26ug lodine) vs. CG.

Baseline = NR
(at 6 mo)
TG=10.8+1.0
CG=10.3+1.0

(at 12 mo)
0.00
+0.30

Denver
Developmental
Screening Test

No significant in Hb

concentration and psychomotor

change

development score after 12 mo
intervention.
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Table 2.4 (Continued) Summary of intervention frials investigating the effects of multiple-micronutrient formulations on haemoglobin concentration and

cognition in children’

Double biind,
sed controlled

Vama et al, (2007),
India,

684 (Fortified group,
FG) = 342; Nonfortified
group, NFG) = 342),
Double blind, cluster
randomised controlled
trial

3-5.5y

6 mo

FG (14mg
encapsulated

fumurate, 5001U Vit.A, 0.05mg
Folic acid) vs. NFG,

(Overall)
FG=12411.5
NFG =120+ 1.8

Fe as

ferrous

(Anaemic)
FG=9.99+0.9
NFG = 9.89 £ 0.7

(Overall)
+0.40
+0.40

(Anaemic)
+1.70
+1.10

Not Assessed

No significant difference in mean
Hb in both groups at baseline and
end of intetvention, However, Hb
of anaemic children in fortified
group  significantly
(P=0.04). The

micronutrient

improved
effects of
intervention  on
coghition were not assessed.
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Table 2.4 (Continued) Summary of intervention trials investigating the effects of multiple-micronutrient formulations on haemoglobin concentration and

cognition in children’

Sari et al. (2001),
Indonesia.

117 (Fortified group,
FG = 57; Placebo
group, PG = 60),

Double blind placebo-

controlled

~3ma
(12 wk)

FG (4.3mg Fe as elemental
iron, 167 1U VItA, 1.3mg Vit.C,
0.10mg Folic acid) vs. PG.

FG=111+1.0
PG=11.1+0.9

Not Assessed

Hb improved significantly in FG
compared to PG (p<0.001). The
effects of micronutrient
intervention on cognition were not

assessed.

SCHOOL-AGE CHILDREN (6 TO 15 YEARS)

(p=

42 mo (p=0,004

Manger et al. (2008);
Winichagoon et 4l.
2006, Thailand.

569 (Fortified group,
FG = 285; Unfortified
group, UFG = 284),
Randomised controlled
' trial

5.5-13.4y

~8 mo
(31wks)

Fortified seasoning powder
(6mg Fe as H-reduced
elemental iron, 5mg Zn, 270ug
Vit A and 50ug lodine) vs.
unfortified

powder,

seasoning

FG=11.8%1.1
UFG=12.0+0.9

+0.30
+0.10

WISC-ilf
visual
task.

and
recall

Significantly higher Hb in fortified

to unfortified
Micronutrient

group compared
group (p=0.008).
intervention Improved the short-
term cognitive function (indicated
by visual recall test) of the fortified
group compared to unfortified

group (p=0.008),
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Table 2.4 (Continued) Summary of intervention trials investigating the effects of multiple-micronutrient formulations on haemoglobin concentration and cognition in

children’

Au’thbr’ aﬁd‘c'o’untry.

127:t11if £

12810

(2006a);

(2006b);
Vazir et al. (2006),
india.

Sivakumar et al.

Sivakumar et al.

814 (Micronutrient
group, MG = 421;
Control group, CG =
393),
Matched pair, cluster
randomised controlled
trial

8-15y

14 mo

MG (14mg Fe4, 2.3 mg Zn,
400ug Vit.A, 200ug Follc acid,
80mg VitC, 75ug lodine) vs.

CG.

MG =11.8
CG =117

No change
No change

MISIC
(Intelligence),
PGI Memory
Scale (Memory),
Knox cube test
score (Attention
&Goncentration).

Overall, micronutrient intervention
had no significant effect in
improving mean Hb concentration;
however, mean Hb improved only
in children who were anaemic at
baseline in the treatment group
compared to placebo. Significant
statistical improvement in mean
Knox cube test score (attention-
concentration) but not in other

coghitive tests.

’ Double b||nd




Table 2.4 (Continued) Summary of intervention trials investigating the effects of multiple-micronutrient formulations on haemoglobin concentration and cognition in

children’

al. | 470 (Micronutrlent
GME group1 MG1 »«145 ol

Micronutrlent

N roupz, MG2 = 153;
,Controlgroup, CG="

g,
-Randomised
- controfled trial-

, ~4mo\;\\‘
(16 Weeks) a8

C,G, .,1,2‘8.&\04 &

A dewsedr,\ test

!that ‘measure” al.
> of

Malh findi‘ngs

Van Stuijvenberg et 228 (Intervention 6-11y 6 mo IG (5.9mg Fe as ferrous | 1G%=12.5 (11.7.13.5) +0.40 Range of Tasks | Significant treatment effect in Hb
al.  (1999), South group, IG = 115; & fumurate, 2.0mg B-carotene, CGS= 12,6 (11.6,13.6) +0.10 to assess | in the treatment group compared
Africa. Control group, CG = 12 mo 110mg Vit.C, 134.4ug lodine) cognitive with control group (p=0.0015).
113), vs, CG. functions. Significant between group
Randomised treatment effect was found for
controlled trial cognitive score (digit span forward
task: a measure of short-term
memory and attention) in the
treatment group compared to
control (p=0.04). There was no
significant treatment effect in the
other cognitive tests
- Reduction
~ Approximately
+ Increment

'Studies restricted to developing countries only,

*Selected micronutrient most closely associated with improvement of haemoglobin status and cognition,

*Mean change in Hb concentration after multiple micronutrient intervention except otherwise stated,
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“Type of iron used in study not mentioned,
Median (10" and 90" percentiles)
®Contains high concentration n-3 poly unsaturated fatty acids
"Contains low concentration n-3 poly unsaturated fatty acids
8Contains DHA and EPA
BVRT = Benton Visual Retention Test
CG = Control group
CG = Control group
CRT = Choice Reaction Time test
FG = Fortified group
FP = Fortified porridge
FS = Fortified spread
Hb = Haemoglobin concentration
IG = Intervention group
KABCII = Kauffman Assessment Battery for Children, second edition.
MG = Micronutrient group
MGRS = Multi-center Growth Reference Study
MID = Mild iodine deficiency
mo = month,
NB = Nutributter
NEPSY = Neuropsychological assessment test
NFG = Nonfortified group
NI = No intervention
NR = Not reported,
NT = Nutritab
PG = Placebo group
RAVLT = Rey Auditory Verbal Learning Test
SP = Sprinkles '
T1 = Treatment1
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T2 = Treatment2

T3 = Treatment3

T3 = Treatment3

T4 = Treatment4

TG = Treatment group

UFS = Unfortified spread

UIE = Urinary iodine excretion

VG1 = Vitamin group 1

VG2 = Vitamin group 2

VLM = Visual learning and memory

vs, = Versus

WAIS-IIl = Wechsler Adult Intelligence Scale, Third edition
WAIT-ll = Wechsler Individual Achievement Test, Third edition
WISC-Ill = Wechsler's Intelligent Scale for Children 111,
WISC-R = Wechsler Intelligence Scales for Children

y = Year
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haemoglobin synthesis in the SP group, given that the two other intervention groups
received these vitamins (Adu-Afarwuah ef al, 2008). Furthermore, compared to the NI
group, the odds of being able to walk independently by 12 mo were ~2 fold greater in the SP
and NT groups and 3.4 times those in the NB group (Adu-Afarwuah et al, 2008). In the
South African study by Faber et al. (2005) among 6 to 12 mo old infants, the mean
haemoglobin concentration and motor development improved significantly after the
consumption of a low cost fortified maize-meal porridge supplying 11 mg iron as ferrous
fumurate per day for 6 months compared to control. The children in the fortified porridge
group had on average a 1-point higher motor development score than did children in the

control group (Faber et al., 2005).

In contrast, the 12 months micronutrient intervention trial among Indonesian infants, did not
significantly improve neither the haemoglobin concentration nor any of the measured
developmental outcome in the intervention compared with placebo group (Lind ef al., 2003,
Lind ef al., 2004). The author speculated that the higher frequency of vomiting (resulting in
loss of an unknown proportion of the ingested supplement before absorption) coupled with
the negative biochemical interaction between iron and zinc might have reduced the
effectiveness of the intervention. Finally, in the small trial by Oelofse et al. (2001), the lack
of significant intervention effect in haemoglobin concentration in the intervention group at the
end of the intervention could possibly be ascribed to the less bioavailable iron fortificant
[ferric pyrophosphate (supplying 8mg iron per day for 12 mo)] used in the study. Additionally,
the relatively prevalence of undernutrition and low sample size as well as the high
percentage (~ 35%) of dropouts in the study group may also explain the lack of difference in
the psychomotor development score in the experimental compared to control group after 12

months intervention (Oelofse et al., 2001).

(ii) Micronutrient and cognition in preschool children aged 2 to 6 years

Multiple micronutrient intervention among the preschool age group lasted for a period of 6
months for most studies (Lopriore ef al., 2004; Verma et al., 2007; Chen et al., 2008) with
the exception of the study by Sari ef al. (2001), which lasted for only 3 months as shown in
Table 2.4. The studies recruited from 57 to 342 children per treatment group, which is
sufficient to detect measurable changes in mean haemoglobin concentrations as well as

developmental outcomes (. The dosage and type of iron in the multi-micronutrient
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formulations varied considerably, supplying from 4.3 to 12 mg per day across the studies,
however, one of the studies supplied as high as 42 mg iron per day (Lopriore et al., 2004).
Regrettably, in the Lopriore et al. (2004) trial, the type of iron used in the 6 months
intervention trial was not reported (Table 2.4). Nevertheless, the micronutrient intervention
enhanced haemoglobin concentrations significantly in most of the studies reviewed (Sari et
al., 2001, Lopriore et al., 2004; Chen et a/, 2008) but not in all (Verma et al., 2007) as
shown in Table 2.4. The lack of significant improvement in the haemoglobin status in the
Verma et al. (2007) study, was attributed to high dropout rate in the fortified (28%) compared
with unfortified (21%) groups. Nevertheless, further analysis among anaemic children
revealed that the mean haemoglobin concentration improved significantly in the fortified

group compared to the unfortified group.

Although there was significant improvement in the haemogilobin concentrations as a result of
the multiple micronutrient intervention in the studies reviewed, it is a missed opportunity as
none of the studies assessed the effect of the improvement in haemoglobin concentration on
the cognitive ocutcome of the children. Several studies within the preschool age group have,
however, reported improvements in the cognitive function after single micronutrient
intervention. Iron supplementation of initially iron deficient or anaemic children in several
| developing populations for instance, consistently showed improvements in intelligence
quotient test (Seshadri & Gopaldas, 1989), learning process (Soewondo et al., 1989) as well
as language or motor developmental outcome (Stoltzfus et al., 2001). In view of this, it is
plausible that intervention with multiple micronutrient formulations might also positively
influence the micronutrient status and cognitive function or development of preschool

children that are initially micronutrient deficient.

(iii) Micronutrient and cognition in school children aged 6 to 15 years

The study duration ranged from 4 to 14 months and the sample size ranged from 189 to 831
school-age children. Most of the studies included between 94 to 421 children per treatment
group (Table 2.4) which is sufficient to detect significant intervention effects in haemoglobin
concentration as well as cognitive outcomes measured (Van Stuijvenberg ef al., 1999; Gera
et al., 2009). The trial among Indian (Muthaya et al., 2009; Sivakumar ef al., 2006a & 2006b;
Vazir et al.,, 2006) and Filipino (Solon et al., 2003) school-age children did not indicate the

form of iron used in their studies, but, the dosage ranged from 4.8 to 18.0 mg; Iron per day.
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The amount of iron used in the multiple micronutrient formulation in the other trials ranged
from 5 to 10 mg iron per day as hydrogen-reduced elemental iron (Manger ef al., 2008),
sodium iron ethylenediaminetetra-acetate (NaFeEDTA) (Jinabhai et al., 2001b; Osendarp et
al., 2007) and ferrous fumurate (Van Stuijvenberg et al.,, 1999). Haemoglobin concentration
improved significantly as a result of the multiple micronutrient intervention in four (van
Stuijvenberg ef al., 1999; Osendarp et al., 2007; Manger ef al., 2008; Muthaya ef al., 2009)

out of the seven studies reviewed.

Although the multiple micronutrient interventions improved some of the cognitive outcome
measured, it is rather difficult to compare the cognitive results because of the different
cognitive assessment methods used in each of the trials (Table 2.4). Nevertheless, a
general trend across all the studies is that multiple micronutrient interventions improved the
short-term memory and/or attention-concentration of Indian (Sivakumar et al., 2006a &
2006b; Vazir et al., 2006; Muthaya ét al., 2009), Thai (Manger et al, 2008) and South
African (Van Stuijvenberg ef al., 1999) school-age chiidren. In the four months trial among
Filipino children by Solon ef al. (2003), the micronutrient intervention improved mental ability
(indicated by nonverbal and verbal ability scores) as measured by the primary mental
abilities test for Filipino children only in initially anaemic (haemoglobin < 11 g/dL) and iodine
deficient (urinary iodine equivalent > 50 to < 100 pg/L) children. In contrast, Jinabhai et al.
(2001b) did not show improvement on any of the scholastic and cognitive scores assessed
after 16 weeks (~ 4 months) micronutrient intervention among South African school-age
children. The lack of improvement as acknowledged by the authors is in part due to

unsuitability of the cognitive test battery used in their study for the age or culture group.

Summary and conclusion

Taken together, multiple micronutrient intakes might be beneficial for improvement in
cognitive outcomes in children from developing countries. In infants, there was an
improvement in motor acquisition or motor development score in two (Faber et al, 2005;
Adu-Afarwuah et al.,, 2007 & 2008) out of the four ftrials. For the preschool-age children,
none of the studies assessed the cognitive outcomes as a resuit of the micronutrient
intervention, this indeed is a missed opportunity, as it is expected that improved
micronutrient status of these children might have also translated into improved cognitive

outcome. The most rapid, distinct, spurts of growth cccur in the frontal lobes (responsible for
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executive functions) during the preschool-age years (Giedd et al., 1999; Thompson et al,,
2000).

For the school-age children, there seems to be a trend towards improvement in short-term
memory and/or attention-concentration in four (Van Stuijvenberg ef al., 1999; Sivakumar et
al.,, 2006a & 2006b; Vazir et al., 2006; Manger ef al., 2008; Muthaya ef al., 2009) out of the
seven studies as shown in Table 2.4. Certain brain regions (especially the frontal, temporal
and parietal lobes) are not yet fully even after infancy, but continue to undergo less rapid
anatomical changes throughout childhood (Thompson ef al., 2000; Thompson & Nelson,
2001; Lenroot & Giedd, 2008). However, cognitive or mental development of infants and
young children is multidimensional (Connolly & Grantham-McGregor, 1993); such that, it can
be influenced by several factors such as short-term hunger, neurological maturation,
interaction with the environment and the integration of stimuli provided by mother or
caregiver in a broader social or economic context (Connolly & Grantham-McGregor, 1993;
Grantham-McGregor et al., 2007). Nevertheless, to effectively interpret studies that measure
the influence of micronutrient intervention on cognition in young children, it is crucial to
employ cognitive tests that are-suitable for the age group, cognitive domain of interest, as

well as the cultural or environmental set-up.

2.8 STANDARDISED METHODS OF ASSESSING COGNITION IN PRESCHOOL
CHILDREN

The term cognition refers to a broad range of high level physiological processes or brain
functions, such as learning, memory, reasoning, attention and language. Cognitive
development refers to the changes of the cognitive or brain processes observed over long
periods of time (months or years) and is usually assessed in children by batteries of
performance tests assessing specific cognitive abilities. Although there is considerable
interest in the role of certain nutrients in the biochemistry and function of the developing
brain (Fernstrom, 2000; Schmitt et al., 2005), interpreting intervention studies that measure
the influence of nutrients on cognition in young children are usually complicated by the wide
range of cognitive assessment methods employed. Other factors associated with cognition
include psychosocial stimulation provided by the mother as well as environmental stimuli
(Connolly & Grantham-McGregor, 1993).
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The assessment of cognitive abilities of preschool-age children requires the examination of
multiple domains of cognitive functioning in order to be able to get a true reflection of the
cognitive abilities of a child. -Cognitive function is a term that is used to describe a vast
variety of different brain-mediated functions/processes (Schmitt ef al, 2005), and can be
clustered into six main domains [executive, memory, attention, perception and psychomotor
functions as well as language skills]. Furthermore, selection of cognitive tests should be
based on the suitability of such test to the age group, brain domain of interest, as well as the
cultural or environmental set-up of the child. Recently, Lichtenberger (2005) and Isaacs ef al.
(2008) reviewed and compared several standardised methods of assessing cognition in
several nutrition intervention trials in preschool-age children, this has been selectively

summarised in Table 2.5.

Table 2.5 Summary of standardized methods of assessing cognition in preschool children (Adapted

from Lichtenberger, 2005; |saacs et al.; 2008)

Agegroup = TestScales Time to administer . Cognitive domain assessed

E Bayley Scales of Infant

Cognite " “motor | T Current level of cogiv
Development 3rd 1to42mo scale, language scale, 30 to 90 min language, personal-social, gross /
edition (BSID-1I) adaptive & behaviour fine motor and adaptive
scale and social- development.

emotional scale.

British: Ability Scales, | - General - conceptual e .| Language, visualization, fiuid
2 edition (BAS2) 2:6 to 17:11 y | ability score, verbal and " Varies | reasoning, leaming and attention.
non-verbal  composite
scores. e : E
Differential Abilities Géneral conceptual Language, visualization, fluid

Scales, 2™ Edition 26to17: 11y ability score, lower level Diagnostics (30 min) reasoning, learning and attention,

(DAS-II) composite score.

Kaufman Assessment | Mental processing index, Learning ability {or long-term

Battery for Children, 3:0 to 1814 y fluid crystafiize index, ©¥'25 to 70'min * | storage and retrieval), séquential ;

2nd edition (KABC-II) non-verbal index, processing (short-term  memory)
sequential, learning, and simultaneous processing {(or
simultaneous = . 774 visual processing).
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Table 2.5 (Continued) Summary of standardized methods of assessing cognition in preschool
children (Adapted from Lichtenberger, 2005; isaacs et al., 2008)

Mullen Scales of Early Fine and gross motor General cognitive and motor
Learning Birth to 68 mo function, visual 15minto1y abilities.
reception, expressive

and receptive language.

Neuropsychological < *|. .
3:0 to 16:0y

“assessment tool 2™

Wechsler  Preschool . Full scale inte]]igence‘ \ Ovérall 'cog/nitivé ability, .a'c'quired

and Prirnary Scale of 2:6t07:3y quotient,  performance 30 to 60 min knowledge, verbal reasoning, fluid

Intelligence, 3™ edition intelligence quotient, measuring, spatial processing,

(WPPSI-|II) general language attention, visual motor co-
composite, processing ordination and planning ability.

speed quotient.

Stanford-Binet. . 7w A e Fluid 12~ reasoning

’quariﬁ’;at:iv\é “ processing,
spatial processing - a

mo, month; y, year; min, minutes

Compared to other cognitive tests, the KABC-II contains several novel tasks with stimuli that
are appealing to young children, making the test more play-like and 'capable of keeping a
young child easily engaged. Additionally, the KABC-Il test results can be more meaningfully
interpreted because they are grounded on an empirically supported theoretical model

(Lichtenberger, 2005).

2.8.1.1 STRUCTURE AND FUNCTION OF THE HUMAN BRAIN ACCORDING TO LURIA
NEUROPSYCHOLOGICAL THEORY

The KABC-II (a revised and re-standardised second edition of the K-ABC) is an individually
administered measure of cognitive ability that can be used for children from 3 to 18 years of
age (Kaufman ef al., 2005). The test combines three characteristics that make it promising
for nutrition research and applications in a multi-lingual, multicultural setting of various
African populations: (i) the KABC-ll is based on a theoretical model (the Luria
neuropsychological model) that assesses general mental processing ability excluding

measures of acquired knowledge, which is assumed to have a universal validity; (ii) the test
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has been designed to minimize the influence of language and cultural knowledge on test
results (Skuy et al., 2000; Schmitt et al., 2005) and (iii) the test contains teaching items, that

ensure understanding of the task demands.

2.8.1.2 DEFINITIONS OF SOME KABC-Il SCALES BASED ON THE LURIA
NEUROPSYCHOLOGICAL MODEL

The Luria neuropsychological theory of brain function (Figure 2.7 & 2.8) proposes that

observable behaviours are the result of molecular skills and invariably involve a coordination

of several functionally inter-linked brain regions or structures (Mecacci, 2005).

BLOCK 1 Corresponds to
Arousal and attention

.

BLOCK 2
Analyzing, coding, and storing
information
4

BLOCK 3 Corresponds to

Executive functions: planning
and programming behaviour

Corresponds to

Figure 2.7 The human brain function based on the Luria neuropsychological theory (Adapted from

Kaufman et al., 2005)

Prefrontal lobe Frontal lobe

Pariental lobe

Occipital lobe

Temporal lobe

Cerebellum

Medulfla Oblongata

Figure 2.8 The human brain regions
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Learning (Atlantis and Atlantis delayed)

The learning scale on the KABC-Il assesses learning abilities (or long-term storage and
retrieval). The two subtests used in the study reported in this dissertation were the Atlantis
and Atlantis delayed (Kaufman ef al., 2005). The Atlantis measures the ability to learn new
information, specifically associations between pictures and nonsense names. The child is
taught names of pictures of imaginary fish, plants and shells. Then the assessor says a
name and the child points to the correct picture. Atlantis delayed measures long-term
storage and retrieval of information learned earlier in the testing session. About 20 minutes
after the end of the Atlantis, and without being forewarned, the child is asked to point to
pictures whose names were taught earlier. In general, the learning scale reflects an
integration of the processes associated with all three Luria blocks (Figure 2.7 & 2.8), placing
a premium on the attention-concentration processes that are in domain block 1 (Kaufman et
al., 2005).

Simultaneous (Conceptual thinking)

The simultaneocus scale on the KABC-Il assesses simultaneous processing (or visual
processing) (Kaufman et al.,, 2005). The subtest used in the study reported in the present
dissertation was conceptual thinking. The conceptual thinking is a nonverbal measure of
reasoning in which the child demonstrates classification ability; the child looks at a set of four
or five pictures and points to the one that does not belong with others. For its tasks, the input
has to be integrated and synthesised simultanecusly (holistically), usually spatially, to
produce the appropriate solution. It blends Luria block 2 and block 3 to enhance the

complexity of the simultaneous syntheses that are required (Figure 2.7 & 2.8).

Sequential (Hand movement)

This scale measures seqguential processing and short-term memory within the visual-motor
modality (Kaufman et al., 2005). The assessor makes a series of hand movements and the
child repeats them In the same sequence, measures the kind of coding function that Luria
labelled “successive” and involves arranging input in sequential or serial order to solve a
problem, where each idea is linearly and temporally related to the preceding one. It is
primarily associated with domain block 2 analysing, coding as well as storing information
(Figure 2.7 & 2.8).
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Mental processing index

The mental processing index (MPI) is a theory-based global measure of intellectual
functioning which correlates well with other |Q measures (Kaufman et al., 2005). It measures
general mental processing ability on the KABC-II from the Luria neuropsychological
perspectives and excludes measures of acquired knowledge. The MPI is the combination of
the learning, simultaneous and segquential scales into a single global cognitive function
index. The MPI produces a standardised score with a mean of 100 and a standard deviation
of 15.

Nonverbal Index

The nonverbal index (NVI) is also a global (not theory based) measure of intellectual
functioning and correlates well with other IQ measures (Kaufman et a/.,, 2005). The NVI is
the combination of the learning, simultaneous and sequential scales into a single global
cognitive function index. The NVI produces a standardised score with a mean of 100 and a

standard deviation of 15.

2.9 CONCLUDING REMARKS

In most developing countries, undernutrition and micronutrient deficiencies are highly
prevalent. Infants, young children and pregnant women are the most affected. Vitamin and
mineral deficiencies affecting these high-risk groups includes deficiencies of iron, iodine,
vitamin A, zinc and folate. Taken together, micronutrient malnutrition impairs early chiidhood
developmental potentials as well as functional performance in adulthood; these impairments
may be physical as well as cognitive. The effects of these impairments may have far-
reaching detrimental effects on economic productivity which may eventually result into a
never ending intergenerational vicious cycle of undernutrition and poverty (Vorster et al.,
1997).

Overcoming early childhood micronutrient deficiencies requires investing in targeted nutrition
intervention with proven impact. The use of recently developed micronutrient powders may
sustainably improve the micronutrient status of infants and young children. The first years of
life (conception to 2 years) offer a critical window of opportunity for addressing childhood
nutritional needs; the preschool-age years (especially 2 to 6 years) also represent a period
of an extended window of opportunity during which targeted nutrition interventions may

sustainably improve early childhood developmental potentials.
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ABSTRACT

Background: The use of micronutrient powders also known as “in-home or point-of-use
“PolU” fortification” is a promising new approach for improving early childhood nutrition and
developmental potentials in a sustainable way.

Objective: The aim of this pilot study was to assess the feasibility of implementing a PoU
micronutrient fortification in preschool settings.

Design: Preschool chiidren (n = 151), aged 36 — 79 months with haemoglobin concentration
(Hb) = 12.5 g/dL, from 8 schools in a low socio-economic community were randomly
assigned to intervention (n = 76) and control (n = 75) groups, both receiving breakfast
maize-meal porridge either with added micronutrient or placebo powder for 52 school days.
Several process evaluation indicators (fidelity, dose delivered, dose received, reach,
recruitment and context) were used to assess trial feasibility. Selected indicators of early
childhood development (Hb Conoentrétion, anthropometric indices and cognitive function)
were used to evaluate the outcome of the intervention within the context of a pilot study.
Results: The process evaluation results showed that the implementation components were
feasible and could be delivered with high fidelity. The PolU fortificant was well accepted, and
the mean percentage of days that it was consumed (~85%) did not differ between groups.
There were significant increases in Hb concentration (p <0.05) from baseline to follow-up in
both the intervention [mean change: 0.38 g/dL (95% CI: 0.14, 0.61 g/dL)] and control [mean
change: 0.57 g/dL (95% CI: 0.35, 0.80 g/dL)] groups, however, this did not differ significantly
between the groups (p = 0.250). The intervention did not improve any of the anthropometric
indices measured in the intervention group compared to control. However, there was a
medium likelihood for clinical/practical significance for the two global cognitive scores
assessed, nonverbal index [intervention effects: 7.20 (95% Cl: 2.60, 11.81); p = 0.002, effect
size: 0.55] and mental processing index [intervention effects: 2.73 (95% Cl: 0.25, 5.70); p =
0.072, effect size: 0.36] on the Kaufman Assessment Battery for Children, Second Edition.
Conclusion: The feasibility of implementing a PoU micronutrient fortification trial was
demonstrated among South African preschool children with potential benefits of improving
their cognitive function. The lessons from this trial could help in planning/implementing future

PoU micronutrient fortification trial among South African preschool children.
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Introduction

In spite of continued concerted efforts, early childhood micronutrient malnutrition remains a
global public health burden (Sanghvi et al. 2007; Black et al. 2008). In developing countries
for instance, poor nutrition (especially micronutrient deficiencies) is not only responsible for
over 10 million preventable child deaths yearly (Black et al. 2003), it is also a risk factor
preventing an additional estimated 200 million children under five years from attaining their
full cognitive developmental potential (Grantham-McGregor et al. 2007). Like many other
developing populations, report of a recent national survey conducted among South African
children 1 to 9 years as reviewed by Swart et al. (2008) revealed that in 2005, 63.6% and
13.7% had inadequate vitamin A status (serum retinol <0.70 umol/L.) and severe vitamin A
deficiency (serum retinol <0.35 umol/L) respectively. Additionally, 27.9% had low
haemoglobin (Hb) status (Hb <11 g/dL for children <5 years and Hb <11.5 g/dL for children
>5 years) while 45.3% were zinc deficient (serum zinc <65 ug/dl). This recent national
survey report clearly shows that micronutrient deficiencies are still a problem of public health

importance among South African children.

Although several micronutrient intervention étrategies have been evaluated among South
African children; infants (Oelofse et al. 2003; Faber et al. 2005; Smuts et al. 2005) and
school-age children (Van Stuijvenberg et al. 1999; Van StuijVenberg et al. 2001a; Van
Stuijvenberg et al. 2001b; Van Jaarsveld et al. 2005) have been the major beneficiaries,
while only a few studies were conducted among preschool-age children. In view of this,
micronutrient malnutrition control targeting South African preschool children at home or in
school should be intensified. Optimistically, the use of recently developed micronutrient
powders also known as “in-home fortification” or “point-of-use (PoU) fortification” can be an
effective long-term, sustainable approach (Menon et al. 2007; Zlotkin & Tondeur, 2007; De
Pee et al. 2008) and may not only significantly improve their micronutrient status and
development in the short-term (Varma et al. 2007), but also their cognitive skills (Stein et al.
2008) and productivity (Hodinott et al. 2008) in adulthood, which may also possibly result in

substantial economic benefits (Alderman et al. 2007).

However, experience with the use of PoU fortificants [subh as “‘MixMe plus® (DSM
Nutritional Products Ltd, Basel, Switzerland) and “Sprinkles™" (Sprinkles Global Health
Initiative, Toronto, Canada)] in larger-scale trials and in preschool settings in many

developing populations for instance is limited (De Pee et al. 2008). Therefore, before
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embarking on large-scale, long-term PoU fortification trials, it is imperative to conduct
external pilot trials in which the feasibility of implementing full-scale studies can be
effectively assessed (Gardner et al. 2003; Lancaster et al. 2004). Pilot studies, however, are
relevant to best practice in research, but their potential and usefuiness in nutrition
intervention trials appears to be underutilised (Van Teijlingen et al. 2001; Lancaster et al.
2004). Most of the pilot studies reported in the literature have focused mainly on reporting
the results of the pilot trials in terms of outcomes (Colangelo et al. 20086; Williams et al.
2007; Kafman et al. 2009) and not on the implementation process per se (Van Teijjlingen et
al. 2001; Kong et al. 2009) which may also provide valuable insights on the design and
operational aspects, as well as readiness for implementing full-scale randomised controlled
trials (Gardner et al. 2003; Lancaster et al. 2004).

In this present pilot trial, the process evaluation approach was employed to help assess the
possibility of implementing the intervention in preschool settings, under normal field
conditions and program constraints. The motivation for using this approach was based on its
successful usage in assessing the feasibility of other pilot (Kong et al. 2009), small (Toroyan
et al. 2004; Robert et al. 2008) and large (Loech! et al. 2009) scale nutrition intervention
trials. Therefore, the aim of this pilot study was to assess the feasibility of implementing a
PoU micronutrient fortification trial. Selected process indicators (namely: reach, recruitment,
dose delivered, dose received, context and ﬁdelity), as well as indicators of early childhood
physical and cognitive development (Hb concentration, anthropometric indices and cognitive
function) were used to assess the intervention process and outcome. These were

interpreted within the context of a pilot study.

Subjects and methods

Study site

This pilot study was conducted in the North West Province, South Africa, in eight privately
owned preschools serving a low socio-economic community where young children represent
the most vulnerable population group at risk of micronutrient deficiencies. The eight schools
had a combined population of about 408 children aged 36 to 80 months. Although the
schools usually provide the children with breakfast and lunch, preliminary analysis of créche
menus showed that the school meals were predominantly based on maize, with low content
of vegetables or animal products. During meetings at the schools, the aims and procedure of
the study were explained to the parents or legal guardians (caregivers), who subsequently

signed the informed consent forms before the inclusion of their children in the study; each
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caregiver had the option to withdraw his/her child at any stage of the study. The preschool
proprietors and principals also gave permission for the study to be undertaken at their

schools.

Pilot study design and intervention

The pilot study design was a randomised, parallel-controlled, single-blind intervention (the
groups and schools were blinded) of 52 school days duration (11 weeks; 5d/week). One
hundred and fifty one preschool children aged between 36 and 79 months were randomly
allocated to either the intervention or control group within each of the preschools. The
intervention group (n = 76) received stiff maize-meal porridge with added micronutrient
powder (~8 g) (containing amylase-rich light malted barley flour) while those in the control
group (n = 75) received soft maize-meal porridge with added placebo powder (~8 @)
containing only maize maltodextrin. Both powders were obtained from DSM Nutritional
Products South Africa (Pty) Ltd. Between 6 to 21 kg (depending on the school population) of
raw maize-meal flour was provided to the preschools per week to ensure that all children
receive standard portion sizes of porridge. This was based on estimation of a daily breakfast
consumption of at least 28 g raw maize-meal flour for children consuming the soft porridge
and 35 g raw maize-meal flour for children consuming the stiff porridge.

The porridge for the intervention group'had to be stiff before the addition of the amylase-rich
micronutrient powder. Although the hydroiytic effect of the enzyme on maize starch gel
structure makes the stiff porridge less viscous, but still culturally acceptable. By design, it
was expected that the children in the intervention group would be able to consume more of
the porridge without the diluting effect of adding water to change its texture. All participating
children received antihelminthic treatment (600 mg mebendazole) before the start of the
intervention. The separate breakfast meals containing two types of porridge were prepared
daily with the help of the dedicated study assistants. The assistants were responsible for
preparing and cooking the food ingredients according to standard recipes. The maize
porridge breakfast meals were then served in colour-coded plastic plates according to the
different groups between 09H00 and 09H30.

The daily portion sizes of the maize-meal porridge corresponded to the group allocation.
Compliance {used as an indirect measure of acceptability in this present study) was
monitored on a daily basis using colour coded record sheets with a different colour for each
of the two groups. When the child received his/her porridge on a specific day, they were

ticked off against his/her name for that day by the study assistant. The assistants also
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checked if the full serving of porridge was consumed, if a child did not eat the porridge, a
reason had to be given and recorded on the compliance form. A new form was used every
week and the investigators checked these forms on a weekly basis.

Selected indicators of early childhood development as indicated by Behrman et al. (2007)
were assessed. These included: (1) physical development indicators: assessed using Hb
concentration and several anthropometric indices (weight, height, mid-upper arm
circumference (MUAC), triceps-skinfold thickness (TSF), height-for-age z score, weight-for-
age z score and body mass index z-score) and (2) cognitive development indicators:
assessed using the Kaufman Assessment Battery for Children version 2 (KABC-ii); these
indicators were evaluated at baseline and end of the pilot trial. Additionally, socio-
demographic data as well as dietary intakes by 24h recall were measured for all children
from each group. The ftrial was approved by the Ethics Committee of the North-West
University, South Africa. The study period was from September to November, 2008.

Process evaluation assessment

The development of the process evaluation methodology for the pilot trial began by creating
a model as described by Rossi et al. (2004), illustrating the expected implementation
pathway leading to the anticipated outcomes (as assessed using selected indicators of early

childhood development) as shown in Figure 1.
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Figure 1 Model of the implementation pathway of the pilot trial inciuding indicators of process evaluation (in

capital). Theoretical (circles) and trial (dashed boxes) assumptions are shown.
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The various process evaluation indicators were then linked to important points of the model
which included: ‘recruitment’, procedure used to approach and attract participants or target
audience; ‘reach’, the number of target group that participates in the intervention; ‘dose
delivered’, the number of units of each intervention or component delivered or provided by
the interventionists; ‘dose received’, the extent to which target audience actively engages in
and receives intervention activities; ‘context’, aspects of the environment that may influence
intervention implementation or study outcomes (inciudes contamination or the extent to
which the control group was exposed to the intervention), ‘fidelity’, the quality of intervention
delivery and extent to which intervention was implemented as planned (Linnan & Steckler,
2002). Data for the process indicators as shown in Table 1 were obtained from
questionnaires, semi-structured observations, record reviews, interviews and investigator or

study assistances’ field-notes.

Recruitment and screening of at-risk children

Eight (8) preschools were selected based on preliminary menu analysis of poor dietary
intakes with respect to the school meals, which were below the estimated average
requirement (EAR) for preschool children 36 to 79 months. All the children aged >36 months
at the preschools were invited to participate and only children with signed informed consent
forms were screened for eligibility. Out of the initial pool of 408 children attending the
preschools, a total of 279 consenting children were screened for low Hb concentrations and
those with Hb<12.5 g/dL (n = 151) were selected participate in the pilot study. The only
exclusion criteria were major chronic illnesses and recent consumption of micronutrient
supplements. The sample size was calculated on the basis of the primary hypothesis that
the children consuming the highly digestible, micronutrient-dense maize-meal breakfast
porridge would have higher total energy and micronutrient intakes, and that the intervention
group would, therefore, have better physical growth and micronutrient status as well as
improved cognitive function than the control group. Therefore, the sample size was
estimated at 54 children per treatment group to enable detection of clinically relevant
difference of 7 points and standard deviation (SD) of 13 for the global cognitive function
indices (mental processing index and non-verbal index) of the KABC-II (Kaufman et al. 2005;
Fletcher-Janzen & Daniel, 2008), assuming a significance level of 0.05 and a power of 80%.

The sample size was increased to 75 per group, in anticipation of a dropout rate of =25%.
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Table 1 Process evaluation indicators and outputs of the preschool-based pilot trial

Process indicators Process outputs

Recruitment (procedure used to approach - Ethics approval was obtained from the university as well as permission from the school principals.

and attract participants or target audience) - Letter of support from the project co-ordinator was delivered to the key stakeholders {(school principal, parents, guardian and care-
givers).

Meetings with parents and caregiver explaining the study procedure and important trial concepts in the local language (Setswana),
informed consent form in both English and Setswana.

- Twelve cognitive assessors were recruited and adequately trained by a psychologist for 2 weeks; 8 were finally selected (66.67%).

Reach (the number of target group that - Out of a total population of 408 children 36-80 months in the 8 preschools, only 279 (68%) children with signed informed consent where
participates in the intervention) screened.

A total of 151 (54.12%) children at-risk of micronutrient deficiencies as assessed by their haemoglobin status < 12.5g/dL were selected
to participate in the pilot trial, however, 143 (94.70%) completed the study, only 8 (5.30%) dropped out before the end of the study.
A total of 35 applicants were screened for eligibility for the cognitive assessment, 8 cognitive assessors were finally selected

A total of 35 applicants were screened for eligibility as a school assistant, 18 School assistants were finally selected.

Dose delivered (the number of units of - Feeding of at-risk children was in operation 5 days per week for 11 weeks (100%).‘

each intervention or component delivered - 8 cognitive assessors were recruited and adequately trained by an experienced psychologist.

or provided by the interventionists) - 18 front-line school assistants were recruited and trained to assist In cooking and in the implementation of the point-of-use fortification
(100%).

Dose received (the extent to which target

Recruited children consumed breakfast porridge with added micronutrient or placebo powder 5 days per week for 11 weeks (Intervention
audience actively engages in and receives group: 79.7% compliance, Control group: 83.0% compliance). Overall compliance in all the children combined is 81.3%.
intervention activities)

Adequately trained cognitive assessors accurately evaluated the cognitive functions of children in the local language (Setswana) before
and after trial implementation (100%).

Cognitive assessors and school assistants implemented study protocol as instructed during the training process.

Contexts (aspects of the environment that - Participation limited only to those living and attending the selected preschools which may have affected our population pool.
may influence intervention implementation - HIV/AIDS research stigmatization due to blood drawing.
or study outcomes) - School principals, parents and care-givers were more comfortable in communicating in the local language. Requiring translation from

bilingual members 2 of the research team to explain and translate responses during the meetings.

Fidelity (the quality of intervention - Point-of-use micronutrient fortification can be successfully implemented among at-risk African children in preschool settings.
delivery)
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Capacity development of front-line staff

Recruitment and training of cognitive assessors: Using the school principals as the main
contact point, eligible front-line staff were contacted, interviewed and recruited from the
community, based on a set of stringent criteria such as availability throughout the training
and study periods, ability to communicate in the local language and minimum Grade 12
senior certificate holders.

A total of 12 cognitive assessors selected from an initial pool of 38 applicants from the
community were comprehensively and adequately trained by an experienced psychologist
(J.D. Kvalsvig) using a training manual specifically developed for this purpose. The duration
of the training was 2 weeks. Components of the training included best practice, as well as
how to administer the selected battery of cognitive tests using KABC-Il to assess cognitive
function of preschool-age children. As an integral part of the training process, the inter-
assessor reliability of the trainees was assessed in a three day field trial among children
aged 36 to 60 months in a preschool that was not part of the study. Finally, eight cognitive
assessors with acceptable intraclass correlation co-efficient (ICC) values >0.60 (Cicchetti,

1994) were selected to administer the cognitive tests in the main pilot trial as shown in

Figure 2.
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Figure 2 Scatter plot showing the inter-assessor reliability from a three day field trial.
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Recruitment and training of study assistants: A comprehensive three day training program
was organised to explain in detail what was expected of the 18 study assistants (2 assistants
per preschool). A training manual was developed and demonstration on how to administer
the PoU fortificant was conducted in the experimental kitchen of the Centre of Excellence for
Nutrition, North-West University (Potchefstroom Campus), South Africa. Issues such as
hygiene, best practice and maize-meal porridge standard recipe preparation as well as
cooking were the focal points of the training. Field demonstrations were also conducted
using two preschools selected to be part of the trial, one with worst and another with best
cooking facilities and infrastructure, to see how well the study assistants could adapt their

initial training to the real field situation.

Haemoglobin concentration measurements
Finger-prick blood samples were used to measure Hb concentrations in the field by use of
the HemoCue system (HemoCue Angelholm, Sweden) at baseline and after 11 weeks of

intervention.

Dietary intake assessment

Dietary intakes were assessed with an interactive 24-hour recall performed for all children
“from each of the intervention and control groups at three different time-points; this:
corresponded to once every four weeks during the study period. The 24-hour recall was
completed for each child during a personal interview with the parents or care-giver of the
child during home visits and with school cooks during school visits. Food portion sizes were
estimated using a validated food photo book (Venter et al. 2000). The 24-hour recalls were

conducted by previously trained and experienced fieldworkers in the local language.

Socio-demographic assessment

Structured guestionnaires were used to obtain the household resources information from the
parent or care-giver during a personal interview at the home. Household resources include,
for example, structure of the house, household size, availability of electricity and tap water,
energy used for food preparation and type of toilet. Interviews were conducted in the local

language by previously trained field workers who were familiar with the community.
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Anthropometric assessment

Anthropometric assessment were performed at baseline and at the end of the study
according to standard procedures described by the International Society for the
Advancement of Kinanthropometry (ISAK, 2001). The following measurements were taken in
duplicate using calibrated equipment and standardised techniques with the children wearing
light clothing and no shoes: standing height, weight, (MUAC) and (TSF). Each measurement
was taken by the same trained anthropometrist (level 2) to eliminate inter-tester variation.
Height was measured to the nearest 0.1 cm using a calibrated portable stadiometer; weight
was measured to the nearest 0.01 kg on a portable electronic scale (Masskot, UC-300
Precision Health Scale; A&D Co Ltd, Tokyo, Japan). MUAC was measured to the nearest
0.1 cm with a Lufkin steel measuring tape (Cooper Tools, Apex, NC, USA) and TSF to the
nearest 0.1 mm with Harpenden skin fold calliper (Baty International, West Sussex, UK). The
electronic scale and stadiometer were calibrated before measurements using a calibration

weight and steel tape, respectively.

Cognitive function assessment

A battery of cognitive tests was selected to assess learning abilities (or long-term storage
and retrieval), sequential processing (or short-term memory) and simultaneous processing
(or visual processing) from the KABC-Il (Kaufman et al. 2005). The KABC-Il has been
designed and is appropriate for this age and culture (multilingual and multicultural setting)
group. The test procedures were translated into the local language of the community, pre-
tested, standardised and then tested again in children in a preschool not involved in the

study. All assessors were blinded to the group allocation.

Learning scale: The learning scale on the KABC-IlI assesses learning abilities (or long-term
storage and retrieval). The two subtests used in this study were the Atlantis and Atlantis
delayed tests (Kaufman et al. 2005). The Atlantis test measures the ability to learn new
information, specifically associations between pictures and nonsense names. The child is
taught names of pictures of imaginary fish, plants, and shells. Then the assessor says a
name and the child points to the correct picture. Atlantis delayed test measures long-term
storage and retrieval of information learned earlier in the testing session. About 20 minutes
after the end of the Atlantis, and without being forewarned, the child is asked to point to

pictures whose names were taught earlier.
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Sequential scale: The sequential scale on the KABC-II assesses sequential processing (or
short-term memory) (Kaufman et al. 2005). The subtest used in this study was the hand
movement test. The hand movement test measures sequential processing and short-term
memory within the visual-motor modality. The assessor makes a series of hand movements,

and the child repeats them in the same sequence.

Simultaneous scale: The simultaneous scale on the KABC-Il assesses simultaneous
processing (or visual processing) (Kaufman et al. 2005). The subtest used in this study was
conceptual thinking test. The conceptual thinking test is a nonverbal measure of reasoning in
which the child demonstrate classification ability; the child looks at a set of four or five

pictures and points to the one that does not belong with others.

Mental processing index: The mental processing index (MPI) is a global measure of
intellectual functioning which correlates well with other Intelligence Quotient (IQ) measures
(Kaufman et al. 2005). It measures general mental processing ability on the KABC-II from
the Luria neuropsychological perspectives and excludes measures of acquired knowledge.
The MPI is the combination of the learning, simultaneous and sequential scales into a single

global cognitive function index.

Nonverbal Index: The nonverbal index (NVI) is also a global (not theory based) measure of
intellectual functioning and correlates well with other |Q measures (Kaufman et al. 2005).
The NVi is the combination of the simultaneous and sequential scales into a single global

cognitive function index.

Data interpretation
Data were initially entered and managed using Microsoft Office Access (2008; Microsoft
Corporation, Redmond, WA). Data processing and statistical analysis were performed with
Microsoft Office Excel (2008; Microsoft Corporation, Redmond, WA) and SPSS software
(version 17.0, 2008; SPSS Inc, Chicago, IL). For the anthropometric calculations, the
.WHOAnthro Version 2 and WHOAnNthroplus were used (WHO, 2007; WHOQ, 2009). The
analyses of the cognitive function test scores were done using KABC-II Assist software
(Kaufman et al. 2005). The dietary data were analysed, using the Medical Research Council
(MRC) Food Finder software (Food Finder, version 3, MRC, Tygerberg, South Africa). Inter-

assessor reliabilities were analysed using a two-way mixed model ICC. For the intervention
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outcome data, normality for continuous variables was explored visually (histogram and Q-Q
plots) and numerically (Kolmogorov-Smirnov and Shapiro-Wilk tests). The multiple
imputation procedure was followed for missing data (Kenward & Carpenter, 2007). The
within group differences were tested using a one-way analysis of variance (ANOVA). For
inference on the intervention effects, analysis of covariance (ANCOVA) was done on the
change from baseline to end after 11 weeks of intervention. Statistical significance was set
at p <0.05. In order to determine whether statistically significant intervention effects are likely
to be relevant in practice, effect sizes were determined. The effect size is an objective
measure of the likelihood of a difference having a practical or clinical significance and is
independent of the sample size. Effect sizes (Cohen’s d-value) were calculated according to
the following formula: d=|Xi — Xj| divided by YMSE; where |Xi — Xj| is the absolute
difference between the means of change from baseline in the intervention minus control
groups and MSE is the mean square error of the ANCOVA (Cohen, 1988; Ellis & Steyn,
2003). The likelihood of statistically significant differences being practically relevant, is
reported as effect size (d) and can be interpreted as follows; d = 0.2 is a small likelihood, d =
0.5 is a medium likelihood and d = 0.8 is a large likelihood (Cohen, 1988).

RESULTS

The implementation process pathway of the present study is laid out in the trial model as
illustrated in Figure 1, which contributed to the interpretation of the process outcomes as
summarised in Table 1. There were a total of 52 feeding days over the 11 weeks study
period, excluding a 5 day school holiday. The recruited children consumed breakfast
porridge with either added micronutrient or placebo powders during the 52 feeding days. The
comparison of the dietary intakes in the intervention and control groups during the study
period as well as the contribution of the PoU fortificant to the EAR for children 12 to 96
months are shown in Table 2. Of the 151 children that were initially recruited to take part in
the study, 143 children completed the trial (5 [6.6%] and 3 [4.0%] children were lost to
follow-up in the intervention and control groups, respectively). Additionally, 12 children that
completed follow-up were excluded from the final analyses because of recurrent
absenteeism (<60% compliance to study regimen) during the pilot study (Figure 3).

For the 131 children that were included in the final analysis (260% compliance to the study
regimen), compliance with feeding was 84.42 + 10.18% and 85.18 = 10.18% in the
intervention and control groups, respectively. As shown in Tables 3 and 4, the baseline

characteristics of the children included in the final analysis (Figure 3) revealed that there
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were no clinically important differences in Hb concentration, anthropometric or socio-
demographic variables. At baseline, 15.9% versus 19.1% were stunted in the intervention
versus control groups respectively, while the proportions of underweight children were small
and similar in both groups (7.9% versus 10-.3%). The mean Hb concentration (11.55 + 0.85
g/dL versus 11.55 £+ 0.79 g/dL), mean body mass index z-score (0.20 + 0.82 versus 0.13 +
0.82), MUAC (15.92 + 1.20 cm versus 15.97 = 1.15 cm) and mean TSF (8.65 + 2.28 mm
versus 8.63 = 2.09 mm) were similar in both groups and within normal range in the

intervention versus the control groups, respectively.

The socio-demographic data showed that, the majority of the children spoke Setswana
(78.7% versus 72.9%, equal proportion in the intervention and control groups) avs their first
language; almost all had access to tap water (100% versus 97.8%), flush toilet (68.1%
versus 66.73%), access to electricity in the house (97.8% versus 95.8%), with electricity as
the main cooking fuel or heating energy source (74.0% versus 59.2%) (Table 4). At
baseline, the cognitive function test scores for most of the variables were not significantly
different as shown in Table 3. However, despite randomisation, there were trends towards
significant differences between the study groups at baseline on the NVI (p = 0.103) and
sequential processing (hand movement) (p = 0.063). To adjust for baseline differences
between groups, the test data were analysed using ANCOVA with relevant baseline values

prior to intervention as covariates.

There were significant increases in Hb concentration (p <0.05) from baseline to end in both
the intervention (mean change: 0.38 g/dL [95% Cl: 0.14, 0.61 g/d]) versus control (mean
change: 0.57 g/dL [95% CI: 0.35, 0.80 g/d]) groups. As shown in Table 5, the intervention
effects on Hb concentration as a result of the treatment were not significantly different (p =
0.250) between the study groups. Furthermore, the micronutrient intervention, did not
improve any of the anthropometric indices or variables (Téble 5). For the cognitive function
tests, the 11 weeks PoU micronutrient fortification resulted in significant improvements for
simultaneous processing (conceptual thinking) (intervention effect: 1.02 [95%ClI: 0.28, 1.77];
p = 0.008, effect size: 0.480) and NVI (intervention effects: 7.20 [95% CI: 2.60, 11.81]; p =
0.002, effect size: 0.55) while there was a marginal significant improvement for MPI
(intervention effects: 2.73 [95% CI: -0.25, 5.70]; p = 0.072, effect size: 0.36). For the other

cognitive function tests (learning abilities [atlantis, atlantis delayed] vand sequential
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processing [hand movement]) there were no significant micronutrient intervention effects in

the intervention compared to control groups as shown in Table 6.

408 children
(36 — 60 months)
attending 8 preschools
were approached

P 129 refused to participate

c
g
| 3B Y
| =
'| A5 279 children screened :
; for eligibility |
[ i
" 128 children excluded, reasons:
Hb > 12.5 g/dL (n = 124)
# Chronic disease (n = 1)
Refused (n = 3)
Y
151 children randomly
allocated
- [ |
| 8
£ v v |
76 children assigned to 75 children assigned to | }
intervention group control group ; j
j |
5 children fost to follow-up, 3 children lost to follow-up, | |
f reasons: reasons: [ |
—| Moved (n = 2) —* Moved (n=2) [l
Discontinued eating ' Discontinued eating 5
= porridge (n = 3) porridge (n = 1) | |
! 2 Y v l ' i
L= 71 children completed 72 children completed |
| + follow-up follow-up ‘
|
}. 8 children excluded from 4 children excluded from | |
% .| final analyses, reason: final analyses, reason: :
} T <60% c_ompllance to the " <B60% compliance to the | |
" study regimen i study regimen |
ES Y v s
2 63 children included in 68 children included in '
< the final analysis the final analysis |

Figure 3 Pilot study participant flow chart according to the Consolidated Standards of Reporting Trials
(CONSORT) (Monher et al. 2001).
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Table 2 Dietary intake comparison between intervention and control groups during the pilot trial®

Intervention group

Control group

Point-of-use fortificant®

Percentile

Nutrient Percentile Nufritional EER’/ EAR*/ AP EER®/ EAR*/ AT
Median (25, 75) Median (25, 75) composition 3y 4-6y
Energy intake (kJ / d) 5746 (4829, 6377) 5413 (4519, 6249) _ 5561°P 5838 - 6447°7
522139 5502 - 6094%¢
Total fat (g) 342 (25.2,39.1) 30.7 (23.2,40.4) _ _ _
Carbohydrate (g) 201 (178, 234) 207 (170, 229) _ _ _
Iron (mg) 1.35 (0.76, 1.90) 1.63  (0.86, 2.51) 2.86° 3.00* 4.10*
Heme iron (mg) 0.20 (0.05, 0.20) 0.21 (0.07, 0.48) _ _ _
Non-heme iron (mg) 1.15 (0.71,1.70) 142  (0.79, 2.03) _ _ _
Zinc (mg) 4.61 (3.86,6.02) 4.72 (3.64, 6.09) 2.86 2.20* 4.00*
lodine (ug) 14.4 (9.69, 22.2) 16.43  (8.47, 24.09) 34.3 65.0* 65.0*
Calcium (mg) 240 (173, 363) 307 (187, 405) 457 500° 800°
Vitamin A (RE) 147 (86.8, 218) 150 (92.1, 219) 457 210* 275*
Vitamin C (mg) 16.4 (11.8, 30.6) 15.8  (9.09, 32.5) 68.6 13.0* 22.0*
Vitamin E (mg) 3.56 (2.45, 4.94) 3.18 (2.71,5.15) 5.71 5.00* 6.00*
Vitamin B12 (ug) 1.42  (0.75,2.19) 1.36 (0.94, 2.64) 1.03 0.70* 1.00*
Thiamine (mg) 0.81 (0.66, 0.96) 0.77 (0.68, 1.00) 0.57 0.40* 0.60*
Niacin (mg) 9.65 (6.90,12.75) 8.04 (6.60, 12.23) 6.86 5.00* 6.00*
Riboflavin (mg) 0.69 (0.56, 1.26) 0.89 (0.56, 1.43) 0.57 0.40* 0.50*
Folate (ug) 104 (74.03, 130) 94.0 (77.1, 144.8) 103 120* 160*
Mean 95% CI Mean 95% ClI
Total protein (g) 40.9 (37.4,44.4) 40.9 (37.1, 44.8) _ 13.0° 19.0°
Vitamin B6 (mg) 0.99 (0.87,1.12) 0.91 (0.81, 1.02) 0.57 0.40* 0.50*

" Available for children that completed the intervention.

2 Daily micronutrient contribution of ~8.0 g point-of-use fortificant (containing ~ 1.0 g amylase-rich light malted barley) to the intervention group.

3EER = Estimated energy requirement by gender and age, low active physical activity level.

* EAR = Estimated average requirement by gender and age.

® Al = Adequate intake.
®Iron from highly bioavailable sodium iron ethylenediaminetetra-acetate (NaFeEDTA).

P Estimated energy requirement for boys.

9 Estimated energy requirement for girls.
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Table 3 Baseline anthropometric and cognitive function characteristics of the intervention and control groups

that completed the pilot trial’

Characteristics Intervention group Control group
Compliance category = 60% < 60% = 60% < 60%

n 63 8 68 4
Compliance with feeding (%)** 84.44 +10.18 42.23+8.15 85.18 + 10.01 45.11 +10.58

Selected early childhood developmental indicators

Haemoglobin concentration (g/dL)* 11.55 £ 0.85 11.72+0.94 11.51 £0.79 11.75 £ 0.81

Anthropometric indices

Weight (kg)* 16.00 £ 2.57 15.97 £1.36 : 16.22 +£2.81 16.40 +£1.89
Height (em)® 101.2+7.14 104.2 £6.32 102.1£7.60 104.9 £ 6.54
Height for age (Z score)“ -1.09 £1.17 -0.75+1.20 -1.19 £ 1.15 -1.05 £ 0.59
Weight for age (Z score)** -0.57 £ 0.95 -0.62 £ 1.01 -0.68 £ 0.95 -0.80 £+ 0.58
Body mass index (Z score)** 0.20 £ 0.82 - -0.19+0.64 0.13+£0.82 -0.25+1.24
Stunting [n (%)] 10.0 (15.9) 1.00 (12.5) 13 (19.1) 0.0 (0.0)
Underweight [n (%)] 5.00(7.9) 0.0 (0.0) 7.0 (10.3) 0.0 (0.0)
Mid upper-arm circumference (cm)? 15.92£1.20 15.62 +1.11 15.97+1.15 16.08 £1.72
Trisceps-skinfold thickness (mm)? 8.65+2.28 7.80 £2.03 8.63+2.09 7.80%£2.06

Cognitive function tests®

Learning Abilities

Atlantis® 7.14+2.70 8.17 £1.74 7.32+2.55 6.75£2.22
Atlantis delayed” 8.52+1.76 8.12+2.95 8.13+1.98 7.50 £2.12
Simultaneous processing

Conceptual thinking® 7.25+2.65 7.34+£2.38 6.91 +£2.80 4.25+2.99

.Sequential processing

Hand movement® 8.79+2.37 . 9.33+2.18 8.03 £2.26 8.75 +1.50
Mental processing index'® 81.14 + 8.99 83.06 + 8.47 82.08 +10.52 79.50 £7.72
Nonverbal index'! 86.27 + 15.73 88.69 + 14.98 81.88 + 14.86 75.80 +11.35

TChildren that completed the trial categorised into < 60% and = 60% compliance categories.

2The actual amount of the point-of use fortificant ingested, expressed as a percentage of the total amount of fortificant provided during the
52 d of the pilot trial.

*Mean + Standard deviation.

* Determined by using the World Health Organization Child Growth Standards (WHO, 2007; WHO, 2009).

5 Measure of cognitive function assessed using the Kaufman Assessment Battery for children, Second Edition.

® Atlantis measured on a scale ranging from 1 to 19.

"Atlantis delayed measure on a scale ranging from 2 to 16.

BConceptual thinking measured on a scale ranging from 2 to 19.

°Hand movement measured on a scale ranging from 2 to 23.

®Mental processing index measured on a scale from 40 to 160,

YiNonverbal index measured on a scale ranging from 40 to 160.
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Table 4 Baseline socio-demographic characteristics of the intervention and control groups that completed

the pilot trial’

Characteristics Intervention group Control group

Compliance category 2 60% <60% 2 60% <60%

Selected socio-demographic characteristic

Age (months)? 54.2+11.0 56.2 +15.0 56.5+10.8 60.8 £10.2
Boys : Girls (%)° 50.8:49.2 50.0: 50.0 51.5:48.5 25.0:75.0

Home language

Setswana® 37 (78.7) 3 (37.5) 35 (72.9) 0 (0.0)

Sesotho 9 (18.1) 0 (0.0) 9 (14.6) 1(25.0)

Xhosa . 1@1) 0 (0.0) - 5(10.4) 0 (0.0)

Afrikaans 0 (0.0) 0 (0.0 12.1) 0 (0.0)
Type of dwelling '

Brick, concrete 14 (29.8) 0 (0.0) - 14(29.2) 0 (0.0)

Tin : 24 (51.1) 2 (25.0) 24 (50.0) 0(0.0)

Brick, concrete and tin combined 9 (19.1) 1 (12.5) 10 (20.8) 1 (25.0)
No of people in household

<4 persons 12 (25.5) 0 (0.0) 9 (18.8) 1 (25.0)

4 — 6 persons 23 (48.9) 0 (0.0) 31 (64.6) 2 (50.0)

> 7 persons 11 (23.4) 1 (25.0) 7 (14.6) 0 (0.0)

Do not know 1 (2.1) 0 (0.0) 1(2.1) 0 (0.0)
Source of drinking water

Own tap 47 (100) 3(37.5) 47 (97.9) 1(25)

Others 0 (0.0) 0 (0.0) 1(2.1) 0 (0)
Type of toilet

Flush 32 (68.1) 2 (25.0) 32 (66.7) 2 (25)

Pit 15 (31.9) 0 (0.0) 16 (33) 0(0)
Assess to electricity in the house

Yes 46 (97.9) 3 (37.5) 46 (95.8) 1(25)

No 1(2.1) 0 (0.0) 2(4.2) 0 (0)
Cooking fuel and heating energy source

Electricity N 35 (74.5) 2 (25.0) 28 (58.3) 1(25)

Others: gas / paraffin / wood 12 (25.5) 1(12.5) 20 (41.7) 0 (0)
Working refrigerator

Yes 39 (83.0) 2 (25.0) 41 (85.4) 1(12.5)

No 8 (17.0) 0 (0.0) 7 (14.6) 0 (0)
Working microwave

Yes 23 (48.9) 2 (25.0) 24 (50.0) 1 (25)

No 24 (51.1) 1(12.5) 24 (50.0) 0 (0)
Working washing machine

Yes 22 (46.8) 2 (25.0) 21 (43.8) 1(25)

No 25 (53.2) 1 (12.5) 27 (56.3) 0 (0)
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Table 4 (Continued) Baseline socio-demographic characteristics of the intervention and control groups that

completed the pilot trial’

Characteristics Intervention group Control group
Compliance category > 60% < 60% = 60% < 60%

Selected socio-demographic characteristics

Working television

Yes 41 (87.2) 2 (25) 42 (87.5) 1(25)

No 6 (12.8) 1(12.5) 6 (12.5) 0(0)
Working radio

Yes 39 (83.0) 3 (37.5) 41 (85.4) 1 (25)

No 8 (17.0) 0(0) 7 (14.6) 0 (0)

T Children that completed the trial categorised into < 60% and = 60% compliance categories, data available from 50 children randomly
selected from each group.

2Mean + Standard deviation.

% Percentage (%)

*[n (%)] (all such values).
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Table 5 Effect of 11 weeks point-of-use micronutrient fortification on the haemoglobin

concentration and anthropometric indices in the intervention and control groups”

Variables

Intervention group

63

Control group
68

Haemoglobin concentration (g/dL)

Change from baseline?
Estimated intervention effects®
p-Value*

Anthropometric indices

Weight (kg)

Change from baseline?
Intervention effects®
p-Value*

Height (cm)

Change from baseline®
intervention effects®
p-Value*

Height for age (Z score)®
Change from baseline?
Intervention effects®
p-Value*

Weight for age (Z score)®
Change from baseling®
Intervention effects®
p-Value*

Body mass index (Z score)®
Change from baseline?
Intervention effects®
p-Value*

Mid upper-arm circumference (cm)
Change from baseline®
Intervention effects®
p-Value*

Triceps-skinfold thickness (mm)
Change from baseline?
Intervention effects®

p-Value*

0.38 (0.14, 0.61)
-0.19 (-0.53, 0.14)
0.250

0.22 (0.1, 0.33)
-0.12 (-0.27, 0.04)
0.135

1.60 (1.47, 1.74)
-0.04 (-0.24, 0.15)
0.654

0.08 (0.04, 0.13)
-0.02 (-0.08, 0.04)
0.468

-0.14 (-0.20, -0.07)
-0.05 (-0.14, 0.04)
0.267

-0.29 (-0.39, -0.19)
-0.06 (-0.20, 0.08)
0.421

0.13 (-0.01, 0.24)
-0.14 (-0.30, 0.03)
0.099

-0.49 (-0.74, -0.23)
-0.14 (-0.50, 0.22)
0.442

0.57 (0.35, 0.80)

0.34 (0.23, 0.45)

1.65 (1.51, 1.78)

0.11 (0.07, 0.15)

-0.09(-0.15,-0.22)

-0.23 (-0.33, -0.13)

0.26 (0.15, 0.38)

-0.35(-0.59,-0.10)

" Tintervention effect determined from analysis of covariance

2Expressed as a difference between baseline and end of intervention. Interpretation example: 0.38 represents an

Increase of 0.38 units from baseline to 11 weeks.

? Expressed as a difference between the intervention and control groups. Interpretation example: -0.19 represents

a 0.19 unit lower bijochemical outcome by 11 weeks.
4 Statistical difference between intervention and control group: Statistical significance set at p < 0.05.
% Determined by using the World Health Organization Child Growth Standards (WHO, 2007; WHO, 20089).
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Table 6 Effect of 11 weeks point-of-use micronutrient fortification on the cognitive function in the intervention

and control groups: change from baseline and effect size'

Variables Intervention group Control group Effect size”
63 68
Cognitive function tests®
Learning Abilities
Atlantis*
Change from baseline® 1.32 (0.76, 1.88) 0.87 (0.33, 1.41) 0.11
Intervention effects® 0.45 (-0.34, 1.23) _
p-Value’ 0.261
Atlantis delayed®
Change from baseline® 1.55 (0.66, 2.44) 1.03 (0.25, 1.81) 0.20
Estimated intervention effects® 0.52 (-0.66, 1.70) _
p-Value’ 0.382
Simuftaneous processing
Conceptual thinking®
Change from baseline® 0.75 (0.21, 1.28) -0.28 (-0.789, 0.24) 0.48
Intervention effects® 1.02 (0.28, 1.77) _
p-Value’ 0.008
Sequential processing
Hand movement™
Change from baseline® 0.05 (-0.50, 0.60) -0.20 (-0.73, 0.33) 0.11
Intervention effects® 0.25 (-0.52, 1.01) _
p-Value’ 0.530
Mental processing index”
Change from baseline® 4.14 (1.97, 6.32) 1.42 (-0.60, 3.43) 0.36
Intervention effects® 2.73 (-0.25, 5.70) _
p-Value’ 0.072
Nonverbal index™
Change from baseline® 3.40 (0.01, 6.70) -3.80 (-6.98, -0.63) 0.55

Intervention effects®

p-Value’

7.20 (2.60, 11.81)
0.002

Tintervention effect determined from analysis of covariance adjusted for baseline age and individual baseline values.

2 Expressed as Cohen d-value which gives an indication whether the statistically significant intervention effect will likely be relevant in
practice: Practical / clinical significance set at 0.2 = smalll likelihood; 0.50 = medium likelihood; 0.80 = large likelihood.

3 Measure of cognitive function assessed using the Kaufman Assessment Battery for children, Second Edition.

4 Atlantis measured on a scale ranging from 1 to 18.

®Expressed as a difference between baseline and end of intervention. Interpretation example: 1.32 represents an increase of 1.32 points

from baseline to 11 weeks. .

8 Difference in change between the intervention group and control group. lllustration example: 0.45 represent a 0.45 points higher
cognitive function by 11 weeks.

7 Statistical difference between intervention and control group: Statistical significance set at p < 0.05.

8 Atlantis delayed measure on a scale ranging from 2 to 18.

® Conceptual thinking measured on a scale ranging from 2 to 19.

® Hand movement measured on a scale ranging from 2 to 23.

" Mental processing index measured on a scale from 40 to 160.

2 Nonverbal index measured on a scale ranging from 40 to 160.
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Figure 4 Effect of 11 weeks point-of-use micronutrient fortification on the global cognitive function

indices.

DISCUSSION

The present study was designed to assess the feasibility of implementing a preschool-based,
PoU micronutrient fortification among African children. To our knowledge, the study is the
first to implement the use of micronutrient powders among South African children at-risk of
micronutrient deficiencies in preschool settings. Evidently, the trial has been able to

demonstrate the value of conducting pilot studies prior to the main trial. The present pilot trial
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has identified preschools as a potential setting for the implementation of a PoU micronutrient
fortification program as clearly illustrated in Figure 1. Additionally, the likelihood of the
intervention in improving some early childhood development indicators based on some of the
outcome measures (Hb concentration, cognitive function tests) was also demonstrated.
However, the outcome of the present study should be considered preliminary and interpreted
within the context of a pilot trial and its intended purposes, which is to test the study design,
logistics and implementation process as well as reveal limitations or implementation
challenges which can be addressed before the main trial (Gardner et al. 2003; Lancaster et
al. 2004).

Reach and recruitment

At the inception of the present pilot trial, preschools were identified as the most appropriate
- avenue to deliver a PoU micronutrient intervention for children ->36 months. School-based
interventions have the potential to make valuable contributions to both the prevention and
treatment of early childhood micronutrient deficiencies (Steyn & Marais 2002). Contact was
therefore, initiated with care-givers through the various school principals, however, it was
identified early that parents or caregivers’ willingness to participate in the study can be
greatly influenced by the school principals understanding of the study benefits to the children.
Additionally, in recruiting front-line staff (cognitive assessors and study assistants) the school
principals also helped initiate contact with the most eligible and reliable individuals within the
community. Considerable effort was centred towards the training and retaining of all the
selected cognitive assessors. The success of the training was judged based on the mean
inter-tester reliability of the 12 cognitive assessors as shown in Figure 2, the final selection
was based on the number of assessors above the ICC cut-off point (0.6) (Cicchetti, 1994).
Two cognitive assessors out of nine that were selected disengaged from the study either
because of a new job or personal reasons; but not as a result of their involvement in the
study. Because it was envisaged that the front-line staff (cognitive assessors and the study
assistants) should be kept motivated throughout the duration of the study, a monthly stipend
was provided to augment their transportation costs. Other incentives were also provided as
motivational factors which were feasible and sustainable such as provision of special colour

bags and files.

Dose delivered and received

The delivery of the PoU fortificant during the intervention period was ensured, and
compliance was actively promoted and monitored according to best practice but not strictly
ensured (Victora ef al., 2004). This is in contrast to a strict and ideal efficacy trial in which all
the children are strictly monitored to consume the test product. This recent study simulated

an ideal scenario of what might have happened if a PoU fortificant is implemented when
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several other socio-political and environmental factors or activities are ongoing. It is
proposed that the study design will better inform intervention trials in which the design is
close to that of an effectiveness study (Hurrell, 2007). Typical examples include two recent
PoU fortification trials conducted among Chinese preschool-age (Sharieff et al. 2006) and

Indian school-age (Andersson et al. 2008) chiidren.

Context and Fidelity

During the recruitment phase, care-givers of the preschool children were not comfortable
with blood drawing. The main reason for this could have been that caregivers immediately
associated the study with other Human Immunodeficiency Virus (HIV) trials and they do not
want their children to be involved in this kind of study because of stigmatization issues: ‘the
parents are concerned that HIV screening will be done on their children...I think you will need
fo convince them that your study will not involve HIV assessment” (School principal). Due to
the sensitive nature of this within the community where this study took place it was,
therefore, opted to use a field-friendly or simple finger prick method to measure and collect
blood samples for micronutrient status determination. This was implemented after careful
explanation of the process and commitment on the part of the investigators that HIV status of
the children will not be assessed. Additionally, because of the anticipated potential impacts of
language barrier on health care programs (Schenker et al. 2007), two members of our
research group familiar with Setswana (the local language) acted as the major link with
regards to communicating/explaining the aims and objectives of the study to the school
principals and care-givers during the recruitment process as well as throughout the duration
of the study. Care-givers were also invited to observe the baseline and end measurements at

the various preschools.

The lack of significant intervention effect on Hb concentration in the study was surprising.
Evidence from other studies within similar age groups showed that the use of multiple
micronutrient intervention led to improvement in Hb concentration in some (Sari et al. 2001;
Lopriore et al. 2004; Ayoya et al. 2009) but not in all (Stoltzfus et al. 2004; Sharieff et al.
20086; Wegmuller et al. 2006). However, it is very difficult to explain the observed difference
in Hb concentration in the experimental and control groups. It is speculated that the abnormal
reverse result for the Hb concentrations as shown in Table 5, could be attributed to several
interlinked factors. First, one cannot rule out the possibility that the more energy dense,
micronutrient-rich breakfast porridge provided to the children in the intervention group could
have possibly partially replaced the participants’ usual meals at home. This phenomenon had
been clearly demonstrated by Murphy et al. (2003). In their study they showed convincing
evidence that there was a reduction in at-home consumption of children participating in a

school-feeding program. Possible reasons could be that foods are redistributed within the
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household or that participating children are not hungry and as a result chose to eat less.
Secondly, the iron form in the PoU fortificant was highly bioavailable iron (supplying 2.86 mg
per day) from sodium iron ethylenediaminetetra-acetate (NaFeEDTA). It is speculated that
this iron dose might have been too low to have any significant intervention effect for the
period of the intervention in this current study. It is, therefore, envisaged that a slightly higher
iron dose for a longer period will probably have a more beneficial effect on Hb concentration
for this type of study. A recent study by Van Stuijvenberg et al. (2008) revealed that iron
(2.35 mg per day) as NaFeEDTA was not effective in improving Hb concentraﬁon or iron
status of school-age éhildren after six months’ micronutrient intervention using bread as the |
carrier. Thirdly, as shown in Table Il, the PoU fortificant used in the current study contained
other nutrients; the negative interactions among these micronutrients might have potentially
interfered with the utilization of iron and other nutrients such as zinc (Lind et al. 2003; Kordas
& Stoltzfus, 2004) and/or calcium (Hallberg et al. 1991). As a result, their presence might
have affected the absorption of iron explaining in part the outcome. Fourthly, the PoU
fortificant might have enabled the uptake of iron into the tissue pools not necessarily
reflected by the measurement in Hb concentration because Hb levels are known to have a
very low specificity and sensitivity when used alone to assess iron status (Wegmuller et al.
2006; Zimmermann et al. 2008). Other measures of iron status such as serum transferrin
receptor, erythrocyte zinc protoporphyrin and serum ferritin might have shown a different
result. However, all explanations mentioned earlier are possible reasons and speculative as

none of them were assessed in this current pilot trial.

Despite all these study limitations, evidence was found that implementing a PoU fortification
among African preschool children in preschool seftings improved some of the cognitive
function test scores after 11 weeks intervention. In the present study, it was observed that
there was a 2.73 points (p = 0.072, d = 0.36) and 7.20 points (p = 0.002. d = 0.55)
improvement in the global cognitive function indices on the MPI and NVI, respectively (Table
6). The NVI measures non-verbal intelligence, which reflects the ability to analyze
information and solve problems (using visual or hands-on reasoning) while the MPI
measures general mental processing abilities. These domains of cognitive functioning
assessed are known to be influenced by nutritional intervention (Isaacs et al. 2008) and at
age 36 to 72 months, the most rapid, distinct, spurts of growth occur in several brain regions,
especially the frontal [obes (responsible for executive functions) that are expressed in the
cognitive domains measured in the present study (Giedd et al. 1999; Thompson et al. 2000).
Several previous intervention trials showed that cognitive function of children can be
improved by short~term hunger alleviation (Simeon & Grantham-McGregor, 1989),
antihelminthic treatment (Stoltzfus et al. 2001) as well as improved micronutrient intake (Van

Stuijvenberg et al. 1999). Hence, the improvement in the cognitive function in this present
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study would not have been possible without all the different aspects of the intervention. By
design, all children included in our study received antihelminthic treatment (500 mg
mebendazole) before the start of the intervention. Additionally, the intervention group
received ~7.0 g more raw maize flour (providing ~100kJ) with the PoU fortificant containing
both multiple micronutrient formulation and amylase-rich light malted barley (Table 2).
Therefore, the higher energy, highly digestible, micronutrient-dense maize breakfast porridge
received by the intervention group could have therefore modulated cognitive function through
several mechanisms. Firstly, glucose is primarily the breakdown product of carbohydrate
and the main source of energy for the brain essential for brain functioning (Gilsenan et al.
2009). Therefore, the effect of glucose absorbed from the ingested breakfast meal on short-
term cognitive improvement could not be ruled out (Benton et al. 1987; Kaplan et al. 2000;
Benton et al. 2003; Mahoney et al. 2005). Secondly, brain development and function are
known to be altered by several micronutrients such as iron (Metallinos-Katsaras et al. 2004;
Sachdev et al. 2005; Lozoff & Georgieff, 2006), zinc (Frederickson, 1989; Corniola et al.
2008), iodine (Zimmermann et al. 2006; Gordon et al. 2009) and vitamin A (Bonnet et al.
2008) as well as the B-vitamins (Bourre, 2008); all these nutrients were present in the

fortificant (Table 2).

However, because of cost constraints and the fact that the present study was a preliminary
trial other biomarkers of micronutrient status (except iron status as Hb concentration) were
not assessed. One, therefore, cannot atftribute the improvement in the cognitive score in the
intervention group to any particular nutrient, but to a combination of the several
micronutrients contained in the PoU fortificant. The results are consistent with the findings
from Haskell et al. (2008); they showed that 12 weeks multi-vitamin/minerals
supplementation had the potential to improve brain function among healthy 8- to 14-year-old
children. Other recent longer-term multiple micronutrient intervention trials within slightly
different contexts also reported similar trends for improvement in cognitive outcome among
children (Van Stuijvenberg et al. 1999; Solon et al. 2003; Kumar & Rajagopala, 2007,
Manger et al. 2008; Muthayya et al. 2009). '

Within the Cdntext of this preschool-based intervention, changes in anthropometric indices
were expected due to normal growth of children, as well as increased energy intake leading
to weight and/or height gain and increased micronutrient intake which could help contribute
to growth and muscle gains. However, no significant improvement was observed as a result
of the intervention in any of the anthropometric indices measured. This is not surprising
because of the short duration of the study (11 weeks) which may have been too short to
detect any measurable changes. These results are consistent with findings from other

multiple-micronutrient intervention trials (van Stuijvenberg et al. 1999; Giovannini et al. 2008;
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Manger et al. 2008). This study had several strengths worth noting. It was a well controlled
randomised ftrial, the breakfast porridge with micronutrient or placebc powder was eaten
under supervision and consumption recorded daily, the dropout rate was low, and
compliance to the intervention was good (~85%) and similar for both groups; and the study
population came from the same community with similar background in terms of socio-

demographic status (Table 3).

Some key lessons that can help improve similar future large-scale trials are (1) recruiting and
training of the most suitable and qualified front-line staff (study assistant and cognitive
assessors) are vital to successful implementation; (2) fieldworkers from the same
background as the children help to overcome the language barrier to bridge communication
gaps; (3) quality and timeliness of the delivery of the PoU fortificants help to streamline the
implementation; (4) use of a sensitive cognitive test battery that is appropriate for the age
and culture group in an African setting is necessary to show an effect of the intervention and
(5) the use of a simple field-friendly finger prick method to measure Hb concentration may
not be sufficiently sensitive to show differences in iron status after the intervention. This is a
valuable pilot study for the use of micronutrient powders among young children, which has
used the preschool sefting in an innovative way in which to improve the cognitive function of
preschool-age children through the implementation of a PoU fortification trial in preschool

settings.

Implications for research and practice

The United Nations World Food Program is one of the food aid agencies that has included
micronutrient powders or PoU fortificants in its food basket. Currently, most micronutrient
interventions using micronutrient powders have focused mainly on its use at home among
infants 6 to 24 months (Adu-Afarwuah et al. 2007; Sharieff et al. 2008) in resource poor
settings, which is commendable. However, this type of intervention can be further extended
to preschool-age children 24 to 72 months in school settings; this creates an extended
window of opportunity to target and improve early developmental potentials of children at-risk
of micronutrient deficiencies. In this present study, it was demonstrated that the
implementation of PoU micronutrient fortification is a feasible and acceptable strategy that
can be used to effectively improve the physical and cognitive developmental potential of
preschool-age children. Nevertheless, future research should focus on assessing the long-
term benefits of adding micronutrient powders to commonly consumed staple foods from

various developing countries.
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CHAPTER 4: GENERAL SUMMARY, CONCLUSION AND RECOMMENDATIONS

4.1 INTRODUCTION

The aim of the study described in this dissertation was to pilot-test the study design,
methodology and implementation of a point-of-use micronutrient intervention among African
preschoaol children from a low socio-economic background. The planning, implementation
and interpretation of the pilot study in this dissertation stretched over a period of 18 months.
The research study comprised of two major phases. The first phase (prior to implementation)
of the pilot study involved the planning, recruitment (children and front-line staff) and various
capacity strengthening activities which took a period of 8 months (appendix 1 — 13). In the
second phése of this study, the feasibility of implementing a point-of-use fortificant among
African preschool children was assessed, in a randomised, single-blinded controlled trial for

a period of ~ 3 months using maize-meal porridge as a carrier (Chapter 3).

The purpose of this final chapter is to summarize the main findings in the pilot study in terms
of the salient factors that are critical to the successful implementation of a point-of-use
micronutrient fortification trial in a preschool setting. However, since the results of the study
are already discussed, interprefed and compared to the relevant literature in the preceding
chapter, only a general conclusion will subsequently be made. This will be followed by

general recommendations regarding this study as deduced from the findings.

4.2 MAIN FINDINGS

The study described in this dissertation illustrates the value of attention to process within a
logical framework of process evaluation incorporated in a randomised controlled pilot trial.
The findings from this pilot study revealed that the preschool setting proffers an excellent
opportunity for targeted intervention in this segment of the population group with regard to
point-of-use fortification. The result from the pilot study showed that it is feasible to
implement point-of-use micronutrient fortification in preschool settings. Acceptability of the
point-of-use fortificant was measured only indirectly through children’s compliance which
revealed that the intervention was well accepted among the children. No significant
intervention effects on the haemoglobin concentration as well as the anthropometric indices
assessed were observed. However, the 11 weeks intervention had a medium likelihood of

having clinical or practical likelihood for improving the cognitive function of African preschool

126



children as assessed by the two global cognitive function indices (Mental processing index

and Nonverbal index).

4.3 CONCLUSION

The high prevalence of micronutrient deficiencies among South African preschool-age
children reinforces the need for an intensified micronutrient malnutrition control strategy
" targeting children at-home or in-school. Micronutrient powders also known. as “in-home
fortification” or “point-of-use fortification” can be an effective long-term, sustainable approach
in improving early childhood nutrition and cognitive developmental potential. The feasibility of
implementing a point-of-use micronutrient fortification was demonstrated among African
preschool children with potential benefits of improving their micronutrient status as well as
cognitive function. The lessons from this trial could help in planning and/or implementing
future point-of-use micronutrient fortification trial among South African children in preschool

settings.

4.4 RECOMMENDATIONS

e« This is the first study to implement the use of micronutrient powders among South
African children at-risk of micronutrient deficiencies in preschool settings. At present
there is a national school feeding program being implemented for primary school
children. It is recommended that similar initiative should be extended towards preschool

children.

e It is recommended that a full scale (longer duration with larger sample size) point-of-use
micronutrient fortification trial should be conducted among children at-risk of developing
micronutrient deficiencies. This could be done among preschool and school-age children
in school settings to explore the acceptability and effectiveness of this micronutrient

control strategies further.

e [t is recommended that the cost-benefit analysis of implementing a point-of-use
micronutrient fortification among the preschool children be determined. This will help
demonstrate the sustainability of this approach in comparison to other strategies.
Furthermore, it will facilitate and enable national governments to make informed

decisions in adopting this micronutrient control measure.
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Phase 1: Planning, recruitment and capacity strengthening activities

Appendix 1

Schedule and planning of the pilot trial before the study using the Gantt chart

B Task Neme Dusin | St ROmT TN iy ke Wy putust__ [Sepfenber

1 |Protocol development 10days Wed 3508

2 |NWU ethics application preparation 7days  {Thu3s/08

3 Submition of ethics application Tday?  Mon 37108

4 Fthics evaluation 45 days  {Tue 3118/08 Ethies committee

5 Budget approval 10days |Wed 52108 ' i

6 [Setting up Study 31 doys? (Tue 572008 y i

7 ? Apply for additional funds (Prof. Johann & Klaus) D0days  Wed 521408 i

8 Organise micronutrient powder (Prof. Johann & Klaus) 5days  'Wed 521/08

S Organise placebo powder Sdays  |Wed 521108

10 Cognitive assessment 30 days? {Tue 52008 i

N Decide on cognitive markers 30 days  Tue 520008

12 Phone conference with dr. J. Kvalsvig (11.00-1.00pm) i days?  Tue 520108

13 Finalizing cognitive markers to be used ) fday  Thu5/2978 :

14 What cognitive seales to use? day?  Tue 5008

15 How many field workers needed? 1day?  (Tue 52008 ;

16 When fo come for training? 1day?  Tue 508

17 Schedule training on the cognitive markers 1day  :Thu5/2908 !

18 Other logistics: field workers,num. durafion ete Tday  ThuA2908

19 dr, J, Kvalsvig’s vistt {id or late June} 2 days?  Thu 611208

2 Training of fieldwarkers 2 days?  {ThuBM2/8 i

A Visiting of Site (preschools) if possible? 2 days?  1Thu 61208

2 Other logistics / final decisions 2 days?  {Thu6/1208

23 Contact preschonls 5 days? |fon 326108 i

24 Get in touch with preschools’ heads 5days  |Mon5/26/08 i

5 Phening to amange visit with school heads (Fixing a suitable date) 1day?  iMon5/26/08

% Amange visitation 5days  Mon 526008 i

a Hand-in papers for the kids (One box per preschool) 1day?  Mon5/26/08 :

2 Expectations from school heads / preschoolers / parents / guardians 5days  :Mon 5726108 B

3 Negetiate cooperation 5 days  {Mon 526108

£ Infermed consent from parents / guardians 14 doys? !Hon 526/08 ‘

3 Informed consent forns 1day?  Won 526108 i

2 ? Informed consent forms. How many? (App. 500 forms needed) 1 day Ivion 5/26/08

3 Do we need iranslation fo other languages? (Setswana) 1 day Mon 5/26/03 !

H# Consent forms (1 page summary + Translate to other languages if neccessary) 14 days  iMon 5/26/08 2

3 Peaple that might help with iranslation (Magmo, Stokey, Noyoliso, Lesley) 1day?  iMon 576108 | i !

) When? and where? will the form be signed? 1day? | Hon 52608 v, i H

£l Passibility of signing the infermed consent forms during :- 1day?  :hen 526708 L 2 l

B 1. Health awareness day some-times around mid-june 1day?  iMon 506108 I i

3 2. Parents meefing (When? To ask school heads?) 1day?  {Mon 526108 | '

40 3a. Information section for parents (when? To ask school heads?) 1day?  iMon5/26/08 l

4 3h. Information section on SA FBDG in Tswana (Shori falk). 1day?  iMon5/286/08 [

42 Schedule dates for Screening / intervention 3days  Tue 52008 g

8 [Screering S days? filon 6/2:08 w

4 | Order screening materals 1day?  Men 6208 .4 ;

5 Partable HEMOCUE (Already ordered) 1day?  Mon G208 1 ; i

% EMLA cream [Buy from Pharmacists) 1day?  MonB2108 : 1

47| Train screeners (Train / Figure out how o use the Hemocue) Tday  |Mon 5208 i i

8 Postgraduate students will be asked to help out during the screening. 1day?  iMonBR2A8 i hv :

@ Discussion on When? to inviore Sister Chiistein during the next meeting. 1day?  Tue G308 ! }% : i

50 SCREEHING QF CHILDREN 3days  Wed GHMOB

51 Things to note - 1day?  ‘Mon 6208 i :

52 1. Prepare Log book containingfProject ID, Class fist, Pholograph, DOB & Hb value] i1 day? iMon 5208 f i

83| 2 Marginally anaemic & Anaemic children wil pariicipate in the study. 1day?  {MonG2/08 i i

el 3a, Severely Anaemic will be refened for treatment, 1day?  Tue6/3008 il :

55 3b. Draft letter refeming severely anasmic children to the clinic for treatment. 1day?  iMon52/08 i lI i
[ & Analysing screening results and decision on the Cut-off points. 2days  Mon 5208 . q
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Phase 2: Pilot study implementation

B [Task Name Duration* Start Finish iy arer Wiarch o

1 {Intervention study 5 mons Ivion 7/14/08 Fri 11/26/08

2 {Order supplies ? 4 days Tue 7/108 Fri 774008

3 ;Things to note :- 1 day? Mon5/1908;  Mon5A9/08| |

4 |1. Stationery 7?7 1 day? Mon5/19/08;  Mon5A9/08| |

15 42 Programme of ihe day in gach Creche (time of Opening / Closing) 1 day? Mon5/19/08;  Mon519/08] |

6 2. What are the children feeding fom presently? / Daily menu 1 day? Mon5/1908!  Mon5/19/08| |

7 13, Possibilities of getfing new Plates/cups. 1 day? Mon5/19/08;  Mon5/19/08| |

8 |3, Need to know their daily menu / state of the kitchen. 1 day? Mon5/19/88;  Mon5/19/408| |

§ 14, Who will administer the Food Supplement? 1 day? Mon519/08]  Mon5/19408] |

10 {Baseline 9 days? Tue 7108 Fri 7/11/08

1 Basic info? 5 days Tue 711408 Mon 7/7/08

12 Cognitive measures 4,81 days Tue 7H08 Non 777108

13 Day 1: 15 children @ 30 mins/ehild 7.5hrs Tue 7/1/08 Tue 7408

4 Day 2: 15 children @ 30 mins/child 75 hrs Wed 772008 Wed 7/2/08

15 Day 3: 15 children @ 30 mins/child 7.5hrs Thu 7/308 Thu 77308

18 Day 4: 15 children @ 30 mins/child 75hrs Fri 7/4/08 Fri 7/4008

17 Day 5: 15 children @ 30 mins/child 7.5 hrs Fri 7/4/08 Mon 7/7/08

18}  Anthropometry and hody composition measure 3 days? Fri7Hi08!  Wed 7//08

18 Anthropometiy and Body composition (using Bodpod) 3 days Fri 7/4/08 Wed 7/9/08

2 Will be dane at the Nutrition department, NWU. 1 day? Fri 7/4/08 Mon 7/7/08

2z Children will have to he transpoited from their schools. 1 day? Fri7/4108 Mon 7/7/08

2 Anthiropemetry meastres. 1 day? Fri 7/4008 Mon 77008

2 Day 1: 50 children @ 4 mins/child 35 hrs Fri 7/4108 Mon 77808

2% Day 2; 50 children @ 4 mins/child 35hrs Mon 7/7/08 Mon 7/7/03

il Day 3; 50 children @ 4 mins/child 35Mhs Mon 7/7/08 Tue 7/888

% Body compesition measures using Bodpod, 1 day? Fii 7/4/08 Mon 7/7/08

a 5 children / hour. 1 day? Fri 7/4008 Mon 7708

28 Blosd measure {Haemoglobin & UBS (sTR, RBPJ} 3 days Tue 7808  Thu 7/10/08

2 Day 1: 50 children @ 1 min/child 50 mins Wed 7/9/08 Wed 79103

30 Day 2: 50 children @ 1 min/child 50 mins Thu7/i0A08;  Thu7/i0A08

3 Day 3: 50 children @ 1 min/child 50 mins Thu7/008;  Thu 77048

2 Deworming after blood measure 3 days Tue7/808:  Thu7/i0/08

33|  Dietary t 4 days? Tue 7/8/08 Fri 7/11708

# How? Home visit? 3 days Tue 7/808 Thu 7/10/08

35 24 hour recall will be used (To be taken 3 times) - 1 day? Tue 7/8008 Tue 7/8/08

il 1. During home visit on a Sunday. 1 day? Wed 7//08 Wed 794083

3 2. During home visit during the week to gather the evening meals. 1 day? Thu7A008;  Thu710/08

3 3. During the week in the creche. 1 day? Fn 711108 Fri7/11408

38 {Sprinkles intervention 100 days | Men7/14i08;  Fii 1102808 g

40 1End 9 days? Mon 124408 Thu 12/1108 Lad

4 Basic info? 3 days Won 12A4/08]  Wed 12308 []

2 Cognitive mieasures 4.84 days | Mon 121708 Fri 12/5i08 w

3 ? Day 1: 15 children @ 30 mins/child 7.5hrs Mon 124108 Man 124108 1

H“ ? Day 2; 15 children @ 30 mins/child 7.5hrs Tue 127208 Tue 12/208 !

45 ? Day 3; 15 children @ 30 mins/child 7.5hrs Wed 12/3008:  Wed 12/3/08 |

46 2 Day 4: 15 children @ 30 mins/child 7.5hrs Thy 12/4/08 Thu 12/408 |

4 ? Day 5: 15 children @ 30 mins/child 7.5 hrs Fi 12/6/08 Fri 12508 |

48 Anthropometry measure 4 days? Kon 12/8/08:  Thu 12/11/08 w

43 Day 1: 50 children @ 4 mins/child 35 hrs Mon 12/8/08 Mon 12/3/08 I

50 Day 2: 50 children @ 4 mins/child 3.5 hrs Tue 12/9/08 Tue 12208 |

Ll Day 3: 50 children @ 4 mins/child 35hrs | Wed12/1008: Wed 12/1008 [

52 Anth try and body ition measure i day? Mon 12/8/08:  Man 12848 | i
53 Anthropometry and Body composition (using Bodpod) measures, 1 day? Ivion 12/8/08 Mon 12/808 I i
54 ‘Will be done at the Nutrition deg NWU. 1 day? Ivion 12/8/08 Mon 12/8/08 l

55 Children will have to be ported from their schools. 1 day? Mon 12/8/08 Mon 12/8/08 [

56 Anthropomelry measures. 1 day? Mon 12/8/08:  Mon 12/8/08 I

57 Day 1: 50 children @ 4 mins/child 1 day? Tue 12/9/08 Tue 12908 1

58 Day 2: 50 children @ 4 mir i 1 day? Wed 12/10/08;  Wed 12/10/08 |

58 Day 3: 50 children @ 4 mi 1 day? Thu 12/{108:  Thu 12/11/08 |

60 Body composition measures using Bodpod. 3 days? Ion 12/8008:  Wed 12/10/08 I

61 5 children / hour, 3 days? Mon 12/8/08:  Wed 12/10/08 [

62 Blood measute {Haemoglobin & DBS {sTR, RBP) 2.1 days Mon 12/8/08: Wed 12/10/08 v

8 Day 1: 50 children @ 1 min/child 50 mins Mon 12/8/08 Mon 12/8/08 |

64 Day 2: 50 children @ 1 min/child 50 mins Tue 129/08]  Tue 12/9/08 |

85 Day 3: 50 children @ 1 min/child S0 mins | Wed 12/10/08; Wed 12710108 I

56 Dietary assessment 3 days? Mon 12/8/08: Wed 12/10/08 w

57 How? Home visit? or ?ion Kids or ? 3 days Mon 12/8008; Wed 12/10/08 § l
68 How? Home visit? 1 day? Ivlon 12/8/08 Mon 12808 I i
24 hour recall will be used (To be taken 3 times) :- 1 day? Ivion 12/8/08 Mon 12/8/08 |

70 1. During home visit on a Sunday. 1 day? Mon 12/8/08:  Mon 12/8/08 |

7 2. During home visit during the week fo gather the evening meals. 1 day? Mon 12/8/08:  Mon 12/8108 |

72 3. During the week in the creche. 1 day? Ivlon 12/8/08 Mon 12/8/08 |

73 | Data analysis 5 days? | Wed 12/10/08: Tue 12/16/08 -

74 Data comy 4 days Wed 12/10/08;  Mon 12/15/08 B

5 Data Cleaning 2 days? ;| Wed 12/1008; Thu 12/11/08 % ;
76 Statistical analysis 3 days? Fri12/12/08!  Tue 12/16/08 i
|77 [Reporting 15 days? | Tue 12/16/08 Wan 1/5109 W
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Appendix 2
A sample copy of the letter of ethical approval

NORTH-WEST UNIVERSITY
YURNIBESIT! YA BOKONE-BOPHIRIMA
NOORDWES-UNIVERSITEIT

Prvate Bag X6001, Potchefstroom
South Africa 2520

Tel: (018) 289-4900
Faks: (018) 298-4910
Web:_ hiip://www.nwu.ac.za

Ethics Committee
Prof J C Jerling Tel  +27 18 289 4850

Fax +27 18 293 5329

Email Ethics@nwu.ac.za

. 11 July 2008
Dear Prof Jerling

ETHICS APPROVAL OF PROJECT

The North-West University Ethics Commitiee (NWU-EC) hereby approves your project as indicated below. This implies that the
NWU-EC grants its permission that, provided the special conditions specified below are met and pending any other
authorisatlon that may be necessary, the project may be inliiated, using the ethics number below.

Project fitle: Muiti-micronutrient sprinkles and the cognitive development of
anaemic pre-school children

Ethics [NJw]UT-ToJo[t]a] [-JoJ8]-TS[1]
insiiiciie Froiect Funilser dam Hlaus
FllebE[’: wnlssian 5 B it st Etion A & Auhaneviion

Gintyug, 3 = Suinizien B = Pa-

Approval date: 11 July 2008 Expiry date: 10 July 2013

Special conditions of the approval (if any): None

General conditions:
While this ethics approval Is subject to all declarations, undertakings and agreements incorporaled and signed in the spplicatlon form, please
note the following: o .
« The project leader (principle investigator) must report In the prescribed format fo the NWU-EC:
- annwelly (or as otherwise requested) on the progress of the project,
- without any delay in case of any adverse svent (or any malter that interrupts sound ethical principles) during the course of the profect,

« The approval applies strictly fo the protocol as stipulated in the application form. Would any changes fo the protocol be deemed necessary
during the course of the project, the project leader must apply for approval of these changes at the NWU-EC. Would there be deviated from
the project profocol without the necessery approval of such changes, the ethics approval is immediately and attometically forfelted,

« The date of approval Indicates the first date thet the project may be starieo. Would the projact have lo continue after the expiry dale, a new
application must be made ta the NWU-EC and new approval received before-or on the explry date.

+ In the Interest of ethical responsiblility the NWU-EC retains the right fo:
~ request access lo any information or data at any time during the course or sfter completion of the project;

- withdraw or posipone approval if:
« any unethical principles or practices of the project are revealed or suspected,
- it becomes apparent that any relevant Information was withheld from the NWU-EC or that information has been false or
misrepresented,
+ the required annual report and reporting of adverse events was-nof done fimely and accurately,
- new institutional rules, national legislation or infernational conventions deem if necessary.

The Ethlcs Committee would like to remain at your service as scientist and researcher, and wishes you well with your project.
Please do not hesitate to contact the Ethics Committee for any further enquiries or requests for assistance.

Yours sincerely

Prof MMJ Lowes
(chair NWU Ethics Committee)
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Appendix 3
A sample copy of the information sheets for parents and guardian containing informed consent

form

NORTH-WEST UNY
U YURIBESITI YA BOKONE BOPH[RWA

NOORDWES-UNI'
POTCr{EFSTROOM CAMPUS

INFORMATION TO PARENT OR LEGAL GUARDIAN

Dear Parent / legal guardian

The North West University wants to undertake a study to determine the effect of a muiti-micronutrient food
supplement on the cognitive development of anaemic to marginally anaemic preschool children. The
learning ability of a child can be improved through supplementary feeding during the school day. We need
your consent for your child to take part in this study. Participation is completely voluntarily. We want to take
pictures of each child to be sure that we compare measurements of the same child before and after the
study. During the study your child will be asked questions in a personal interview by a trained adult lady.

This information is about the child’s ability to learn in school and will be regarded as confidential. Your
child’'s height, weight, arm circumference and fat skinfolds will also be measured. The skinfold
measurements are pinched and will cause slight discomfort, but will not hurt the child. The child will be
transported to the university in a minibus driven by a university staff member for special measurements in a
BODPOD machine that measures body fat and muscle in a safe way that does not hurt the child. It is
essential for a nutrition study of this kind to analyse the blood of the children biochemically. For this reason,
about 2-3 drops of blood will be obtained from a simple finger prick from your child at the beginning and at
the end of the study to assess the level of nutritional improvement in your child.

This procedure will be carried out by a qualified nursing sister / scientist using sterile equipment (only used
once and then discarded). It is completely safe and the slight discomfort experienced will be minimized by
the use of a local anaesthetic (EMLA cream) 20 minutes prior to the finger prick. Your child will be
dewormed during the course of the study, a therapy which is not associated with serious side effects.
Worms may, however, appear in the stools of your child.

Benefits of the study fo your child:

1) All créche children will receive a multi-micronutrient food supplement for a period of 6 months after
completion of the experimental phase.
2) Children who are severely anaemic will be identified during the screening phase and will be
referred to receive treatment.
3) De-worming medication will be provided before the study.
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TSHEDIMOSETSO GO MOTSADI KGOTSA MOTLAMEDI
(Translation in Setswana).

Motsadi / Motlamedi
Unibesiti ya Bokone-bophirima e batla go dira dipatlisiso tse di riling mo go itemogeleng gore sejo se se riling sa
dikotla tse di Farologaneng mo baneng ba dikreche tse di Farologaneng sepheto sa sona e ka nna eng. Go ithuta
ga ngwana go ka tokafala ka ona mokgwa O, wa gore bana na Fiwe dijo mo nakong ya sekoko. Ka jaalo re kopa
tetla ya gago jaaka motsadi gore ngwana wa gago a tseye karolo mo dipatlisison getse. Go tsaya karolo ga
ngwana wa gago a gapeletswa, ke tshoetso ee tswang mo motsading gore o a dumela kgo tsaya. Re ka rata le
go tsaya setshwantsho sa ngwana mongwe le mongwe go dira bo-nnete ba gore re bapisa ngwana lefa a ne a
simolola le fa a fetsa ka dipatlisiso tse. :

Nakong ya dipatlisiso se, ngwana wa gago o tla botsiwa dipotso mo bonngweng jwa gagwe ke motho o rutilweng
go dira tiro e, mme e tla nna mosadi. Kitso eo ke ka ga bokgoni jwa ngwana jwa go ithuta mo sekolong mme e tla
tsholwa jaaka sephiri. Bokima / boleele, mafura a letlalo, matsogo a tla lekangwa (mejamente), mme go dira seo
letlalo le tsa tsipiwa, mme go tla nna ekete go botlhoko, mme ngwana ga a na go utlwa botlhoko. Ngwana o tla
isiwa kwa unibesiting, go dira diteko tsa (BODPOD) motshini oo metang mafura a mmele le ditshika ka mokgwa
00 sirele tsegileng, o o sa utiwiseng ngwana botlhoko.

Go botlhokwa go dira serutwa se, go lebelela madi a ngwana gore a santse a le mo maemong aa siameng. Tiro
g, e fla diriwa ke mooki yo o nang le dipampiri tsa thuto tse, mme e bile o tla dirisa dilo tse sireletsegileng, tse di
dirisiwang gangwe fela. E sireletsegile e bile botlhoko bo tla Fokodiwa ka sengwe se se tshasiwang (EMLA
cream) metsotso e le 20 pele ga go tlhabiwa monwana. Ngwana wa gago o tla ntshiwa le manyowa mo
serutweng se, mme ga se tsamaiso e e tla nnang le kotsi epe mo ngwaneng wa gago. Manyowa a ka bonagala
mo mantleng a ngwana. '

Masola a Serutwa se mo ngwaneng wag gago:

1) Bana botlhe ba kretche bat-la amogela sejo se sa dikotla tse di farologaneng bakeng sa dikgwedi tse di
thataro, morago ga go dira diteko tse.
2) Bana ba ba nang le bokowa, batla itsisiwe gore ba kgone go bona thuso e e tsamaelanang le bolwetse
jo.
3) Moriyangwa wa manyowa o tla fiwa bana pele ga dipatlisiso tse di simolola.
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NHORTH-WEST UNIVERSITY

YUNIBESIT] YA BOKONE-BOPHIRIMA
: HOORDWES-UMIVERSITE(T

POTCHEFSTROOM CAMPUS

INFORMED CONSENT

THE EFFECT OF A MULTI-MICRONUTRIENT FOOD SUPPLEMENT ON THE COGNITIVE
DEVELOPMENT OF PRESCHOOL CHILDREN.

| have been informed about the purpose and nature of the study and that all information will be
regarded as confidential [Ke itsesitswe ka morero le mokgwa tsa dipatlisiso tse, le gore kitso
yotlhe e tla tshwolwa ja ka sephiri].

| have been informed about the advantages and possible adverse effects that may result from
procedures and/or treatment, and | understand what it says [Ke itsisitswe le ka mosola /e
dikgonagalo tsa diphefo tse di rileng tsamaiso-ng le egore ke tlhaloganya gore go raya eng].

I understand that participation is voluntary and that | can recall my consent at anytime without
forfeiting the availability of any future routine medical care [Ke tlhaloganya gore gotsaya karolo ke
ga go ithaopilweng, e bile nka gogela kwa morago go tsaya karolo ga ngwana wa me nako ngwe
le nngwe kwantle le go senyal.

Nutritional status will be assessed by means of the measurement of height and weight, and
analysis of blood sample. About 2 to 3 drops of blood will be obtained by a simple finger prick by
a nursing sister / scientist [Maemo a djjo a tla tthokomelwa ka go lekangwa ka boima le boleele
pattisiso ya madi a a lekanang le didropo tse 2-3 di tla fithelelwa ka go tlhabiwa mo monwaneng
ke mooki / kgotsa setsibi sa tsa mahlale].

NaME OF VOIUNTEET et ee e e e e e e e aee s e s e e reanaenees

AGO S S, ettt e e e e e e ae et e et e n e anraane
Parent or Legal Guardian Signed this........ Day of......2008
Motsadi / Motlamedi At e,
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THE MIXME STUDY

SCREENING

Get card Finger prick takes
less than 1 minutes Take Picture
Sweet

e O

LEARNING TESTS

Getcard Leaming Tests({Test of pictures)
with Photo 30 min
—>
MEASUREMENTS BLOOD SPOT (Finger prick

{(Weight, Height etc)
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Appendix 4

A sample copy of the standard operation procedure for haemoglobin assessment

STANDARD OPERATION PROCEDURE: HEMOCUE HAEMOGLOBIN METER
Operating the Hemocue

Step 1: Press the start button to ON the Hemocue (it will automatically perform a self test after
which 3 dashes will appear on the screen indicating that it's ready).

Step 2: Hold the arm sideways while using the thumb to press the finger to be pricked gently.
Step 3: Wipe the finger to be pricked at the thumb side with soft tissue and disinfectant.

Step 4: Prick at the thumb side of the ﬁnger.

Step 5: The first drop of blood should be wiped off in the direction of the finger tip.

Step 6: Fill the cuvette by placing the tip of the cuvette in the drop of blood.

Step 7: Place the cuvette in the cuvette-holder of the Hemocue and close.

Step 8: Result will be displayed after 15 — 60 seconds.

Step 9: Remove cuvette and dispose immediately.

Cleaning the Hemocue
Step 1: Remove the black removable part : wipe with alcohol swab or cotton wool + alcohol.

Step 2: For the inside of the Hemocue, use the cleaning rod provided by the manufacturer.

Important information
Keep the cuvettes sealed until needed and always check the expiry date before tests are done.
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Appendix 5

A sample copy of the standard operation procedure for anthropometry assessment

STANDARD OPERATION PROCEDURE: ANTHROPOMETRIC MEASUREMENTS

The following anthropometric measurements should be done:

Weight (W)

Height (H)

Midupperarm circumference (MUAC)
Triceps skinfold (TSF)

In order to do these measurements you will need with the following equipment:

An electronic scale

A stadiometer

A steel measuring tape

A “Harpenden” skinfold caliper

The scale must be calibrated before-hand with a 2kg calibration weight
If measurements are done in the field, take a wooden board to get an even surface for weighing.

Weight

The scale should be placed on an even, uncarpeted area and levelled with the aid of its in-built spirit level.

After the scale is switched on, wait for the zero indication (0,0), as well as the stable indicator (0 on the
display panel) to appear.

The child should be weighed (preferably after emptying his/her bladder) and with the minimum of
clothing or in underclothes for older children

The child is placed on the scale, standing still and upright in the middle of the platform, facing the field
worker, looking straight ahead. If standing, his/her feet should be flat and slightly apart until the
reading is taken.

After the reading is recorded in the space provided in the questionnaire, the child is removed from the
scale. The weight is recorded to the nearest 0.01kg.

After the child steps down from the scale, wait for the zero reading to appear on the digital display
before repeating the procedure. '

The two readings should not vary by more than 10g. If they do, the scale has to be checked for
accuracy, and the procedure has to be repeated until two similar weight readings are obtained.

In extreme cases, when the child is not able to stand alone on the scale, the following method is employed:

- The mother/caregiver is weighed first (without heavy clothing and shoes). The weighing
should be done according to the discussed procedures.
- Then the zero/reset button is pressed and the field worker has to wait for the zero reading (0.0) to
appear on the digital display.
- The child is then placed in the mother's arms and the reading taken and recorded.
- The mother and child are then taken off the scale, and when the zero reading appears again on the
display, the procedure is repeated.
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Height (stature)
The standing height of these children is taken by means of a stadiometer. Two readings are taken and the
measurement is repeated if the two readings vary by more than 0.5cm.

. The stadiometer should be wall-mounted or placed on an even, uncarpeted area.

. The subject's shoes and hat or cap are removed

. If the hair is tied up on the top of the head, it should be released

. The subject is positioned as follows:
- Facing the field worker, shoulders relaxed, with shoulder blades, buttocks and heels touching the measuring
board

- Ams relaxed at sides, legs straight and knees together

- Feet flat, heels touching together, with the subject looking straight ahead (Frankfurt plane), the headpiece is
slid down until it touches the crown of the head

- The subject should stretch, but the feet should not come off the floor, the reading is taken at the end of a
deep inward breath

- The hair should be crushed as much as possible, in order to measure height on the hard flat surface of the
head, the reading is taken at the bottom of the head piece to the nearest 0.1cm

- The measurement is recorded in the space provided in the questionnaire and repeated at least once.

Triceps skinfold

Stand at the back of the subject with the child sitting or standing and locate the acromial and radial landmarks at
the right side of the body. Palpate along the straight part of the scapula (shoulder bone) to the most lateral point
of the shoulder and mark the lateral end of the scapula as the acromial landmark. The radial landmark is at the
top of the radius (bone in the fore-arm), in the dimple of the elbow, in the space between the humerus (bone in the
upper-arm) and the radius. Measure the straight distance between these two points, without the tape following
the curves on the surface of the arm. Mark the midpoint between these two points with a horizontal mark and
then project this mark to the back-side of the arm as a horizontal line. The triceps skinfold is measured at a
vertical line parallel to the humerus. The measurement is taken to the nearest 1mm. Take two measurements and
record them in the appropriate section of the questionnaire. If the two measurements differ by more than 0.5mm, take
.a third measurement and select the two measurements that are nearest to each other.

Mid-upperarm circumference

For measurement of the amm circumference the child needs to undress, or lift her/his sleeve of the right arm, so that
the measurement can be made on the bare skin. Stand on the right side of the child. The measurement is made at
the midpoint between the acromial (shoulder tip bone) and radial (tip of the right-sided bone of the elbow) landmarks.
The fleldworker should ensure that the tape is in the horizontal position. The subject is instructed to lower her/his
armms to the relaxed position and to breathe normally. The fieldworker needs to readjust the tape as necessary to
ensure that it does not indent the skin. The measurement is taken to the nearest 0.1cm. Take two measurements
and record them in the appropriate section of the questionnaire. If the two measurements differ by more than 0.2cm,
take a third measurement and select the two measurements that are nearest to each other. (Clean the tape with a
wet wipe after a day's measurements.)

References
LEE RD & NIEMAN DC. 2003. Nutritional assessment. 2°@ Mosby. St Louis.

INTERNATIONAL SOCIETY FOR THE ADVANCEMENT OF KINANTHROPOMETRY (ISAK). 2001. International
Standards for Anthropometric Assessment. Potchefstroom. [SAK.

WHO. The WHO Child Growth Standards (2005) and the WHO Anthro 2005 software and macros. http:/
www.who.int/childgrowth/software/en/
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Appendix 6

A sample copy of the standard operation procedure for 24-hour dietary recall

STANDARD OPERATION PROCEUDRE: 24-HOUR DIETARY RECALL

Introduction

The 24-hour recall is based on foods and amounts actually consumed by an individual on one specific day. If a
number of recalls are collected over a long period, these recalis can be used to estimate usual intakes in research
studies.

Method

The interviewer must take time to explain:

e the purpose and

e importance of the research and

s to establish a friendly but business-like relationship with the interviewees.

Create an atmosphere of trust and motivate the interviewee to provide accurate information. The purpose of the
study is to assess the health and nutritional status of children at the creche. If the caregivers can report
accurately on what the child ate the previous day, the results of the study can be used to make appropriate
recommendations to improve nutrition education at the clinic.

The 24-hour dietary recall is based on an in-depth interview conducted by a trained dietary interviewer. The
interviewee is the mother or caregiver. The interviewer solicits detailed information about everything the child had
to eat and drink from midnight to midnight of the previous day (over the past 24~-hour period). The accuracy of the
dietary intake is dependent on the subject's short-term memory. [t is important to probe for additional foods and
food preparation methods.

Ask questions in a manner designed to put the respondent at ease and to facilitate his or her ability to recall the
previous day’s intake. The interviewer must provide a relaxed and unhurried atmosphere to give the subject a
chance to carefully reflect on what he or she ate the previous day. Collecting a brief history of the previous day’s
activities prior to beginning to ask questions about food intake may facilitate memory. Begin with the first thing the
subject had to eat or drink on the previous day and then proceed forward to cover 24 hours. Ask questions in a
non-judgmental manner and maintain a neutral attitude toward all responses. Avoid asking questions in a way
that might influence the subject's responses.

The amounts of food consumed must be quantified accurately. To help the subject to report the amount of food or
drink accurately, tools such as photo books, food models, household cups and spoons or packets of commercial
foods may be used. For example Marie biscuits of different brand names are in the same packet size and the
most brands of cookies come in the same size per cookie. Foods that are commonly forgotten are snacks and
beverages, or foods that are less frequently consumed.

Detailed information about:

+ food preparation methods,

+ recipe ingredients and

+ brand names is necessary
For the necessary level of detail: Ask about possible additions, such as butter or margarine added to vegetables.
Information about vitamins and other dietary supplements must also be collected.

Number of days and which days

A single 24-hour recall per individual may be sufficient if estimates of group means are of interest and when a
large sample is studied. Ideally all 7 days of the week should be equally represented, since there may be
differences in dietary intake on different days of the week. The number of days required depends on the day-to-
day variability of the nutrients of interest and the precision desired. For practical reasons collection of multiple
days of intake is not feasible for epidemiological studies involving large numbers of individuals.
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If the distribution of individual intakes within the group is of importance, it is necessary to collect more than one
recall per individual, at least in a sub-sample of the subjects. The minimum number of days of intake required for
description of usual intake ranges from 3-10 days. Participant motivation falls off with increasing number of days,
especially if the days are consecutive. If an estimate of long-term usual intake is required, collection of 34 days
of recalls in each of four seasons of the year is ideal.

Summary

Follow the following steps:

Fill in the subject number, your own initials (interviewer) and the date.

Tick what the day was yesterday

Ask the caregiver if yesterday was like most days, that is: did the child eat like most other days?

Put the caregiver at ease, act friendly

Explain the purpose of the study

Motivate the caregiver to report accurately

Ask about the previous day's programme, when did he/she go where.

Ask about what time the child woke up.

Ask what the child’s first food or drink was.

Proceed over the rest of the day, as shown on the questionnaire

Write only one item per line, for example brown bread on one line and margarine on the next and jam on the
next.

Write down details on each item, for example: Brown bread or fresh full-cream milk.

Explain the cooking method, for example spinach with potatoes and onions and margarine. Remember
always to ask if there is extra margarine, sugar or oil added to food.

Select the amount eaten from the photograph book or models and write it in for EACH food item. We cannot
go back later for missed information.

Remember to record if it was a level (L) or heaped (H) spoon of for example sugar.

Leave the last two columns open for coding.

Review the full day with the caregiver to check for any foods or drinks that he/she may have forgotten at first.
Ask if the child take any vitamin tablets of syrup and try to record as accurately as possible the brand name
and how much of it is taken, for example one tablet or one medicine spoonful, or the teaspoon size.

Thank the caregiver for his/her cooperation in the study.

References

Lee D & Nieman DC. Nutritional assesment. Boston, McGraw-Hill, 2003. pp 73-79.

Buzzard M. 24-Hour dietary recall and food record methods. In Willet WC, ed. Nutritional epidemiology. New York,
Oxford University Press, 1998. pp 50-73,

Page 2

141




Appendix 7
A sample copy of the standard operation procedure for breakfast maize meal porridge

recipe preparation

STANDARD OPERATION PROCEDURE: RECIPE PREPARATION

Important points to remember:

1. ltis important to follow the recipe for stiff and soft porridge.

2. Please indicate to us if you need any measuring equipment, for example, jugs to measure the water with.

3. Mix the micronutrient powder properly with the porridge so that the child gets ALL of it in the porridge.

4, Milk and/or sugar may be added to the porridge.

5. Serve the porridge while still warm. It should be eaten as soon as possible after the supplement has been added
to the porridge.

8. Be careful not to mix the supplement containers' content. The yellow and green marked containers are different
from each other.

7. Please follow the hygiene rules.

8. Only use the maize meal marked for the specific day of the week. There should be enough maize meal to make
the recipes, as it was calculated from the numbers given by the school and the specific recipe.

9. Please store the maize meal in a safe place.

10. Maize meal will be delivered weekly to each school.

Please contact Mrs Noloyiso Matiwane at when you encounter problems in connection with the
food preparation.

Proper hand washing procedures

Personal Hygiene

|tis vital that good standards of personal hygiene are maintained by food handlers. Contaminated hands will spread
bacteria around a kitchen very quickly.

To prevent cross contamination of food it is essential to wash your hands frequently. Examples include:

. Before starting work.

. Before handling food.

. Between handling raw and ready to eat foods.

. After going to the toilet.

. After handling raw foods.

. After handling waste.

. After eating, drinking or smoking, coughing, sneezing or touching your face.
. After taking a break.

. After handling chemicals.

. After handling money.
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Maize meal porridge, stiff (orange group)

5 — 45 portions

cups®

7)) S 7)) 7)) ] U" 7]
o i - c c o c j
-9 "to i .9 B & -2 -9 19' L -9
£ £ = £ £ T =
O Q [¢) O o ] c O (o)
o o a o o Y o
Ingredient 5 10 15 20 25 “1 35 40° | 45 Method
Water, cups Measure correctly in a pot.
' 4 12 20 28 36
Salt, teaspoon Y 1% 2% 3% 4% | Add to the water in the pot. Bring water to boil.
Maize meal, Add maize meal to boiling water and stir until all the lumps
1% 4% 7V 10% 13% | are gone. Cook over low heat for 25-30 minutes, stirring a

few times.

EshUp Wfththe“ 8mzspoon (gree

n handle)m individ

the.spoony: Allow:to goo)y;forl?;a-_minu.t/,e;

Start with the first plate that was dished up and add the mix

Mix {make sure | 1 level

to use the':'mix spoon to the porridge. Use only the wooden spatula and spoon in
from the h per the container and scrape the mix level with the spoon. Do
obntainef Wit_h dish not add more or less than a level spoon to each bowl of
the yellow porridge. Mix in with the porridge and serve while stil
sticker).

IF available, sugar

nd fhilk_;méy-be.adq%fo the bibrnidge4~

It is very important to always use the SAME CUP for measuring the water AND the maize meal.

*Note: One standard portion size of stiff maize-meal porridge translates to approximately 35 grams of raw maize-meal flour.
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50-90 portions

Maize meal porridge, stiff (orange group)

) # ® L ) - 0 s ®

c c c : c =2 c . c

2 -2 8 o8 S B0 el 9 et 18

T o =l LN A Xt . i O T

0 o o 1o o 0 o

o o a e | @ oo o Y R Y
Ingredient 50 55 - 60 35" 70 757 {80 85 ‘ 90 Method
Water, cups \ Measure correctly in a pot.

40 .44 48 .82 56 60 64 . .88, 72

Salt, teaspoon 5 5‘/: 6 6‘/2 Add to the water in the pot. Bring water to boil.
Maize meal, Add maize meal to boiling water and stir until all the lumps
cups 15 | 468% | 18 are gone. Cook over low heat for 25-30 minutes, stirring a

few times.

Mix (make sure | 1 level | Start with the first plate that was dished up and add the mix
to use the mix - | spoon to the porridge. Use only the wooden spatula and spoon in
from the per the container and scrape the mix level with the spoon. Do
container with . | dish not add more or less than a level spoon to each bowl of
the yellow porridge. Mix in with the porridge and serve while still
sticker). % warm.

I_E avé,ilableg}sutgafahd\’milk may:be addéd to the bofridgei\

Itis very important to always use the SAME CUP for measuring the water AND the maize meal.
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Maize meal porridge, soft (green group)

5-45 portions
2 z 2 z 2 2 e 2 Z
= ° 2 = = e = 2 .2
bt b T h T he b T b
[ o] o] [} Q [o] [} Q ]
a a o | a a o o o
Ingredient 5 10 15 20 25 30 35 40 45 Method
Water, cups Measure correctly in a pot.
2 4 6 8 10 12 14 16 18
Salt, teaspoon Ya 1 1% 2 2% 3 3% 4 4% | Add to the water in the pot. Bring water to boll.
Water, cold, Mix the maize meal with the cold water and stir into boiling
2 4 6 8 10 12 14 16 18 . .
cups . water. Cover and simmer over low heat until done, stirring
R a few times,
Maize meal,
S : 1 2 3 4 5 6 7 8 9
cups*
Dish up with the 118m¢ spoon (green handle) in individual green plates. The serving must be level to the spoon. Allow to cool for a minute.
Mix (make sure | 1 level Start with the first plate that was dished up and add the mix
to use the mix | spoon to the porridge. Use only the wooden spatula and spoon in
from the - per the container and scrape the mix level with the spoon. Do
container with | dish not add more or less than a level spoon to each bowl of
the green porridge. Mix in with the porridge and serve while still
sticker). warm.

IF available, sugar and milk may be added to the porridge.

It is very important to always use the SAME CUP for measuring the water AND the maize meal.

*Note: One standard portion size of soft maize-meal porridge translates to approximately 28 grams of raw maize-meal flour.
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Maize meal porridge, soft (green group)
50-90 portions

0 U] 0 U] 0 0 0 0 (]
= c = j= c = c c j=
0 o o o 2 o o S o
hw hw A T T hw h T h
Q @] [} [o] o O Q Q Q
o o o o o o o o o
Ingredient 50 55 60 65 70 75 80 85 90 Method
Water, cups Measure correctly in a pot.
: 20 22 24 26 28 30 32 34 36
Salt, teaspoon Add to the water in the pot. Bring water to boil.
. 5 5% 6 6% 7 7% 8 8% 9
Water, cold, Mix the maize meal with the cold water and stir into boiling
20 22 24 26 28 30 32 34 36
cups water. Cover and simmer over low heat until done, stirring
iy a few times.
Maize meal,
10 11 12 13 14 15 16 17 18
cups
Dish up with the 118mt spoon (green handle) in individual green plates. The serving must be level to the spoon. Allow to cool for a minute.
Mix (make sure | 1 level Start with the first plate that was dished up and add the mix
to use the mix | spoon to the porridge. Use only the wooden spatula and spoon in
from the | per the container and scrape the mix level with the spoon. Do
container with | dish not add more or less than a level spoon to each bowi of
the green porridge, Mix in with the porridge and serve while still
sticker). warm.
I |

IF available, sugar and milk may be added to the porridge.

Itis very important to always use the SAME CUP for measuring the water AND the maize meal.
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How to Wash Your Hands.
Use warm water and preferably antibacterial soap. After wetting hands, apply soap and use the following procedure

to clean your hands thoroughly:

Six - tage handwashing technigue

2

4. Palm to palm

i P ,." M.a‘d':»‘h wﬂ"(dq‘ ;}
R O

%

‘5. Thumbis and wrists

Then rinse thoroughly with water.

PROPER HAND WASHING PROCEUDRES

Personal Hygiene
It is vital that good standards of personal hygiene are maintained by food handlers. Contaminated hands will

spread bacteria around a kitchen very quickly.

To prevent cross contamination of food it is essential to wash your hands frequently. Examples include:
. Before starting work.

Before handling food.

Between handling raw and ready to eat foods.

After going to the toilet.

After handling raw foods.

After handling waste.

After eating, drinking or smoking, coughing, sneezing or touching your face.
After taking a break.

After handling chemicals.

After handling money.
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In addition, it is important that staff maintain a high degree of personal hygiene with regard their personal habits.
For example:

. No smoking in food areas.

. No coughing, sheezing, spitting over food.

. No strong smelling perfumes should be worn when handling foods.

. No nail vamish should be worn when handling food.

. No jewellery other than a plain wedding band or sleeper earrings should be worn.

All cuts, wounds, sores should be covered with a waterproof dressing.
Overclothing should be clean and present no risk of contamination to food.
Hair should be tidy and covered where necessary to prevent the risk of it falling into food.

Staff should report to their supervisor if they have had symptoms of diarrhoea, vomiting, nausea, abdominal
cramps or fever.- These may be indications that they have or have had food poisoning. They should also inform
their supervisor if they have infected cuts or wounds, boils or sores that may lead to the contamination of foods.

Reference

Personal hygiene http://www.eastdevon.gov.uk/google/personal_hygiene.htm
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Appendix 8
A sample copy of the standard operation procedure for cognitive function assessment using the

Kauffman Assessment Battery for Children version 2

STANDARD OPERATION PROCEDURE: COGNITIVE FUNCTION ASSESSMENT

A. Ethical considerations in the field
. All work that is done with children or anyone else for that matter must be done
with utmost care.
. You are expected to work with everyone with respect even the little ones.
. All records and results of the assessments to be done are to be maintained
confidential and can only be discussed with the university staff on the project.
. You may not discuss how a child has done even among yourselves.
. Parents must not know how the child did.
. You must protect the identity of the child at all times.
. If something unusual happens discuss it with a member of the university research
team.
B. Assessment Process
1. " Introduction yourself to the child
. Tell the child your name and ask the child for his or her name.
. Let the child feel they are helping you and talk to the child in 2 manner that

makes them feel they are doing something worthwhile.

2. Complete the child’s details assessment form
Enter the following details:

Name of the child: ..cccoveeeeecerenenees Study ID of child: eeeveveeereen.
Child date of birth: ....ccccccveecs Name of preschool: ................
Date: coeeeerceeenee. Name of assessor: .....ccoeeceeeeee.

NB: If the child has not been assessed give a reason in the space provided.

3. Prepare for the assessment
. The sitting position should allow you to see where the child is pointing
without disturbing the concentration of the child.
. If the child does not look well or extremely tired indicate that you will try

another day and make the child feel comfortable about not doing the
assessment today.

. If the child is very frightened do not force the assessment work with
another child and then try again later. ‘

/
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During the assessment process

. Do not expect the children to go too far on the tests as these are very young children.

. The younger the children the less likely they are to get very far on the assessments.

. Organize yourself well so that you do not waste time unnecessarily.

. Avoid taking a break in the middle of a test especially Atlantis 1 which is the teaching
test all through.

. When a child gets destructed keep reminding the child that you need to continue with
the task in mind.

. Reassure the child that it will not take too long and you will soon be finished if he / she
concentrates on what you are doing.

. Stick to the instructions as they are as they are given and do not give any clues.....
what does this mean? Any descriptions that would help the child decide on what the answer
should be are not allowed.

Order of the testing

J Atlantis

. Conceptual thinking

. Hand movements

. Atlantis delayed

NB: You may not change this order!!
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Appendix 9

Questionnaire for 24 hour dietary recall

WOORDWES-UNIVERSITEIT

HORTH-WEST UIUVERSITY
YUNIBESIT] YA BOKORE-BOPHIRIMA

THE MIXMe STUDY

24-hour dietary recall
-(All information in this questionnaire Is confidential and for research purposes only).

Participant number: Interviewer:
Créche: Date: __/_ /200___

. Tick what day was yesterday:

Ifunday Monday j Tuesday —, Wednesday Thursday Friday ]

Would you describe the food that you ate yesterday as typical of your habitual food?
Yes 1 1 No [ 2
| want to find out about everything you ate or drink yesterday, including water or food you pick from the vend. Please tell me

everything you ate from the time you woke up to the time you went to sleep. I will also ask you where you ate the food and how much you ate.

Time Description of food and Amount Amount in g (office use Code (office 1
(Approximately) | Place (Home, school, ete) preparation method only) use only)

From waking up to going to créche, or starting day's activities

= -
L

During the moming at the créche

1

Middle of the day (Lunch time)

i
L

[ [ L
LDun'ng the afternoon

—T ] ]
U\t night (dinner time)

1 1
1 1

After dinner, before going to sleep

| L -
Do you take any vitamins (tablet or syrup)? Yes 1 No 2
- [
LGive the brand name and dose of the vitamin/tonic: W
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Appendix 10

Questionnaire for Socio-demographic status

HOOROWES-UIIVERSITEIT

i HORTH-WEST UtiVERSITY
; YUHIBESITI YA BOKOHE-BOPHIRINA

THE MIXMe STUDY

Socio-demographic questionnaire
(All information in this questionnaire is confidential and for research purposes only)

Interviewers Name: Interview Date:

Subject Number:

Age:

Name of Preschool:

’7. Home language 1 2 3 4 5 6
Zulu English Sesotho Setswana Xhosa Other
specify
2. Type of dwelling: 1 2 3 4 5
Brick, Traditiona Tin Plank, Other,
(You can tick more than one block if Concrete ) I mud Wood specify
necessary)
3. Number of people living in the your 1 2 3 4 5
household (Tick one) <4 persons 4-6 7-8 persons | >8 persons | Don't know
persons
4. Where do you get drinking water most of 1 2 3 4 5
the time (Tick one) Own Tap Gommun River, Dam Borehole, Other:
al Well Specify
Tap
5. What type of toilet does your household 1 2 3 4 5
have? (Tick one) Flush PRt Bucket, Pot | Ventilated Other
Improved (Specify)
Pit Jatrine .
(VIP)
6. What fuel is used for cooking most of the 1 2 3 4 5 6 7
time in your household? (You can tick more Electric Gas Paraffin Wood/ Sun Open Don't
than one) coal Fire know
[7. Do you have access to electricity inside 1 2
_your house?
Yes No
8. Does your household have a working: 1 2 3 ‘ 4 ‘
1.  Refrigerator/ Freezer Fridge Freezer Fridge/freezer combination Don't know
[ 2. Stove 1 2 If yes, choose one
Yes No Coal Paraffin Gas Electric
[ 3. washing machine 1 2
Yes No
4. Microwave 1 2
Yes No
5. Television 1 2
Yes No
6. Radio 1 2
Yes No
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Appendix 11
A sample copy of the compliance register (orange sheets were used for the intervention group;

green sheets were used for the control group)

Name of preschool:

Class list

Orange group

First name Family name Casual name Gender

Instructions:

« Children not part of the study (purple group) should also receive soft porridge but without added
micronutrient powder
+ Read the child's name and indicate presence on the applicable form. The two groups (Green
and Orange) should sit apart from each other.
+ Dish up the porridge as indicated on the recipe:
- Orange group: Stiff porridge with micronutrient powder; and
- Green group: Soft porridge with placebo powder.

Make sure that:

s The child does not exchange his/her porridge with someone else.

+ Complete the form everyday for each child. If a child is absent and does not eat the porridge,
mark with and “A" for absent for that specific date on the applicable form, If the child does not
want to eat the porridge, mark the reason for this, for example, “B” child not hungry (See
attached list for applicable codes).
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Name of preschool:

LIST WITH APPLICABLE CODES

Reason why food has not

Reason for absence

been eaten
Code Reason* Code Reason* Code Reason*
" Influenza / . .
| A Child absent 1 lung infection 10 Skin infection
| Child has no .
" Diarrhea / .
appetite for food, Injury or
B for example feels 2 ionTrt?sg ! 11 broken arm
ill
Food not availabie Not ill, another
c today 3 Measles 12 reason
Child late for German Not in school
D school 4 measles 13 anymore
E ;Loeocr:i? dCh food for 5 Chicken pox 14 No reason
F 6 Mumps 15 Other reasons
G 7 Headache 16
H 8 Ear infection 17
| Q Eye infection 18

*Add any other reasons (not found in the list) for not eating the food F, G, H, I.
*Add any other reasons for absence (not found in the list 16, 17, 18.
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Name of preschool:

Study week:
. Casual Monday Tuesday Wednesday | Thursday Friday
Firstname | Family name oo Gender 15/9 16/9 1719 18/9 19/9
|
Notes for study leader's attention:
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Appendix 12

Selected pictures during the training of the front-line staff
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Appendix 13

Selected pictures during the implementation of the pilot study
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