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ABSTRACT

Infant and young child feeding practices rank among the most effective interventions to promote
child growth and development. Improving the quality of complementary food has been observed
as an important strategy for promoting child growth in resource-poor settings. Therefore, the
objective of this study was to design a safe and nutritious model formula that meets nutritional
requirement for infants and young children aged 6 — 23 months. The objective was achieved by
conducting a cross-sectional study aimed to assess the nutritional status of 394 children and
identify factors associated to under-nutrition. Then, complementary flours were collected
randomly from selected households and analyzed for macro- and micro-nutrients, phytate content
and presence of aflatoxins. Exposure assessment was done to evaluate the contribution of
aflatoxins exposure on nutritional status of children. Finally, the model formula was designed
using commonly consumed foods to meet the nutritional requirements for children. Data analysis
was performed by using SPSS (IBM version 21), ENA for smart, Microsoft Excel and LINDO
(version 6.1). The results showed that prevalence of stunting was 40.4% (95% CI; 29.8% -
50.9%). Children aged between 12 - 23 months were more stunted compared to those aged
between 6 — 11 months (p < 0.001). The age of introducing complementary foods (AOR = 13.3,
95%Cl, 2.6 — 67.6), maternal education (AOR = 5.5, 95% CI, 1.0 — 9.8) and residence in
Chamwino district (AOR = 3.2, 95%, 1.3 — 5.9) were identified as factors associated with
stunting. Analysis of cereal-based complementary foods indicated that protein and fat content
ranged from 1.17 - 11.17 ¢/100 g and 0.61 - 11.19 g/100 g respectively. A significant difference
in protein content between composite cereals and other types of complementary foods was
observed (p < 0.001). Sorghum had the highest iron and phytate content of 8.37 mg/100 g and
1176.8 mg respectively. Aflatoxins contamination was detected in 42.5% of home-made
complementary flours at the levels ranging from 0.3 pg/kg to 2,128 pg/kg. There was a
significant association between stunting and infants dietary exposure to aflatoxin B1 (p = 0.05,
95% CI; 0.019 - 0.028). Cereal-based complementary foods consumed by the studied children
were observed to have dual burdens in a sense that they contained high level of phytate and
being contaminated with aflatoxins to the levels of health concern that may contribute to
impairment of growth. Developed optimized model formula serves as a basis for ensuring
adequate nutrient intake, minimized intake of phytate and reduced dietary exposure of infants
Keywords: Stunting; dietary diversity; complementary foods; nutritional adequacy; phytate;
child growth; aflatoxins; dietary exposure; mineral bioavailability, linear programming; optimal
diet.
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CHAPTER ONE

1.1. Introduction

1.1.1. Background information

Under-nutrition is an adverse health outcome occurs to an individual due to exposure of
associated factors such as infectious diseases, inadequate dietary intake, lack of health
services, food insecurity and improper child care practices (Fekadu et al., 2015). Worls Healh
Organization (WHOQO) categorized under-nutrition into different forms, including wasting (low
weight for height), stunting (low height for age), underweight (low weight for age) and
deficiency of essential vitamins and minerals (Schwarz et al., 2008). Under-nutrition remains
unacceptable throughout the world, it continues to undermine the survival, growth and
development of children. Linear growth failure during childhood is the most prevalent form
of under-nutrition globally, particularly in low and middle income countries it has remained
as the main public health challenge (Prendergast and Humphrey, 2014). Stunted children may
never grow to their full cognitive development potential (UNICEF/WHO/World Bank Group,
2017). Globally it is estimated that 155 million children of under five years of age are
suffering from stunting. In Asia it has been reported that 87 million infants and young
children are stunted and in Africa are 59 million infants were reported to be stunted
(UNICEF/WHO/World Bank Group, 2017). In Tanzania particularly, according to Tanzania
demographic health survey (TDHS) more than one third (34.4%) of infants and young
children are stunted (NBS, 2016). Additionally, under-nutrition underlies 45% of all deaths
among children below five years of age. The consequence of stunting are life long, profound
and irreversible, mostly it occurs during the first 1000 days considered as critical period for
growth and development (Black et al., 2013). Stunting hinders developmental potential and
human capital of the entire societies due to its increasing risk of morbidity, mortality, impair
physical growth and cognitive development (Prendergast and Humphrey, 2014). Nutrition in

early childhood has a lasting impact on health and well-being of an individual in adulthood.

1.1.2. Complementary feeding

Adequate nutrition during the first years of life is very crucial in laying foundation of good
health and ensuring optimal child growth (Dewey, 2013). Complementary foods should
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contain all essential nutrients that meet the recommended nutrient intake (RNI) for children
(Okwunodulu and Iwe, 2015). The period of complementary feeding is a major global health
concern on attainment of adequate nutrient intake and meeting the child nutritional needs
(Zone et al., 2015). Nutritional deficiency normally arises when body physiological
requirements are not met in a long term. Additionally, inadequate dietary intake is
considered to be a risk factor for nutritional deficiency, burden of disease and adverse health
consequences (Kumssa et al., 2015; Muthayya et al., 2013; Bhutta et al., 2013). However,
poor nutrition increases the risk of diseases, growth faltering, impaired cognitive
development and is either directly or indirectly associated with 9.5 million deaths that

occurred in 2006 among children less than five years of age (Black et al., 2008).

The period of transition from exclusive breastfeeding to complementary foods referred to as
the period of complementary feeding, it covers the age of 6 — 23 months. Infant’s nutritional
requirements start to increase at the age of six months when nutritional needs exceeded what
is supplied by breast milk (EFSA, 2009). Complementation of exceeded nutritional needs is
necessary for achieving optimal growth and development, this can be attained by the
introduction of adequate and appropriate complementary foods at the age of six months
(Grimshaw et al., 2013; Przyrembel, 2012; Jonsdottir, Thorsdottir et al., 2012). World Health
Organization (WHQO) recommend that the introduction of complementary food should be
timely, meaning that it should start when an infant is at the age of six months, in order to
meet the increased nutritional needs and to complement from what breast milk is providing
(Allen, 2012).

1.1.3. Nutritional requirements for infants

Infancy is a period of rapid growth and development, it is characterized by high nutritional
requirements. It imposes unique nutritional needs to meet the body requirements. Children
below five years of age are the most vulnerable population due to increased nutritional
demands to sustain high growth rate (Ahmed et al., 2013; Black et al., 2008). Nutrition play
crucial role in determining body defense mechanism against infection. However, ensuring
adequate nutrient intake during the period of complementary feeding is a global health
priority. Optimal feeding is an evidence-based measure for improving child nutrition and
survival. Appropriate complementary foods should be introduced to infants in order to



facilitate optimal growth. Complementary foods should include a variety of foods in order to
ensure the nutritional requirements of infants and young children are met, by considering

adequate intake of energy, protein, fat, vitamins and micronutrients that correspond to RNI.

Lack of suitable complementary foods in term of adequate nutrients to meet the nutritional
requirement of infants is a major challenge. Most of the complementary foods are formulated
locally and are based on staple foods, usually cereals constitute a major portion of the
formulation (Okomo et al., 2016). Cereal-based gruels are low in protein and other essential
nutrients which are crucial for growth and development of a child (Muhimbula et al., 2011).
The cereal-based complementary foods are frequently associated with micronutrient
deficiency, especially zinc and iron which are essential for growth promotion (Hlaing et al.,
2016). Anigo et al. (2009) reported the nutrient content of complementary food used in
Nigeria contained very low substantial amount of protein, fat, amino acids and minerals,
which did not meet recommended daily allowance (RDA) for infants. In addition, Kulwa et
al. (2015) found that porridge made from cereals were mainly used as complementary food,
reported to contain low amount of nutrients in terms of energy, protein, iron and calcium.
Inadequate dietary intake has been reported to be a major contributing factor to under-
nutrition, this might be contributed by underlying factors including lack of dietary diversity,
dependency on cereal-based complementary foods, presence of anti-nutritional factors and
low intake of animal food sources (Gibson et al., 2010; Maseta et al., 2016).

1.1.4. Under-nutrition and its effect on child growth and development

World Health Organization (WHO) classifies children whose height for age, weight for
height, weight for age Z-score are below -2 SD from the median of WHO reference
population are considered to be stunted, wasted and underweight respectively (WHO, 2008).
Inadequate dietary intake and diseases are considered as immediate causes of under-nutrition.
The underlying causes include; food insecurity, inadequate care, poor hygiene and lack of
health services (UNICEF, 2013). Globally, over 3.1 million death of children under the age of
five years in 2011 were associated with under-nutrition (Black et al., 2013). The effects of
under-nutrition are not only linked to child mortality but have pervasive effects on child
survival (Moran and Dewey, 2011). Under-nutrition affect physical development, limit the
rate of motor development which also alters brain development, it’s effect has been linked to

poor cognitive ability and educational attainment (Asfaw et al., 2015). Stunting in childhood

3



is also most likely to influence adulthood stature, diminishes their chances of success in later
life due to effect that has been imparted in cognitive development (de Onis and Branca,
2016). The pathway by which under-nutrition limits socio-economic growth is through
impairment of cognitive development during childhood (Casale et al., 2014). Therefore,

meeting child’s daily nutritional requirement is a key factor to achieve normal child growth.

1.2. Anti-nutritional factors

Anti-nutritional factors are substances that hinder the absorption of nutrients in the body.
Cereals are used as staple foods and have been observed to contain anti-nutritional factors
such as phytate, oxalate, tannins, polyphenols and trypsin inhibitors. Additionally, cereals are
used as a major component in children’s diet and are mainly used in the formulation of
complementary foods. Presence of anti-nutritional factors in complementary food can have a
negative impact on the nutritional status of children by interfering with the absorption and
utilization of minerals such as iron, zinc, calcium (Roos et al., 2013). A small amount of
phytate in the diet, can reduce the absorption of iron (Hurrell and Egli, 2010). Consumption
of high levels of anti-nutritional factor with breast milk, can affect the bioavailability of
minerals from the breast milk (Gibson et al., 2010). Low bioavailability, interference of
absorption and utilization of nutrients and minerals due to the presence of anti-nutritional
factors is another factor that limits the quality of plant-based diets (Platel and Srinivasan,
2015; Getenesh et al., 2014). Gibson et al. (2010), Lazarte et al. (2015) and Roos et al.
(2013) found high level of phytate above the threshold in cereal-based complementary foods

which might inhibit the bioavailability of minerals.

1.3. Aflatoxins

Aflatoxins are secondary metabolite of fungi produced by Aspergillus flavus and Aspergillus
parasiticus under exposure of pre and post-harvest conditions such as high temperature,
humidity and moisture content (Kumar et al., 2017). There are four major types of aflatoxins
including aflatoxins By, B2, G1 and G». “B” and “G” refer to the blue or green fluorescence
observed with exposure of the toxin to ultraviolet irradiation (Reddy et al., 2010). Fungal
invasion may occur in the field, during harvesting and when food commodities are stored
under conditions that promote fungal growth. Aflatoxins contaminate a wide range of

agriculture produce including cereals, oil seeds, nuts, dried fruits, it has been observed that
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aflatoxins B; is the predominant form in cereals and oil seeds (Geary et al., 2016). Human
being get infected with aflatoxins through ingestion of aflatoxins contaminated foods such as
cereals, cereal-based products, milk and milk produce, eggs (Bhat et al., 2010). The exposure
of infants to mycotoxins can occur at different stages in their life including during utero life
(pregnancy), breast feeding and the period of complementary feeding (Smith et al., 2017;
Khlangwiset et al., 2011). Breastfed infants may be exposed to aflatoxin M3 through breast
milk if lactating mother consumed food which is contaminated with aflatoxins (Magoha et
al., 2014). The major route that expose children to aflatoxins during the period of
complementary feeding is through consumption of contaminated complementary foods. In
addition, the exposure to aflatoxins can also occur through inhalation of aflatoxins
contaminated dust during sorting, handling and processing of contaminated crops (Bbosa et
al., 2013). Aflatoxin B; is the most potent toxic and carcinogen, it is listed as group one

carcinogen by the international agency for research on cancer (IARC) (Zain, 2011).

Myecotoxins are of global importance due to their impact on human health, animal health and
their associated economic development losses (Darwish et al., 2014). Food and Agriculture
Organization (FAO) has estimated that 25% of the world’s food crops are significantly
contaminated with aflatoxin (WHO, 1999). In Tanzania maize is the main staple food mainly
for people living in rural areas and are depending on subsistence farming (Kimanya et al.,
2009). Furthermore, maize and groundnuts have been observed to be the basic ingredients in
formulation of complementary flour, and have also been reported to be susceptible to
aflatoxin contamination (Obade et al., 2015; Shirima et al., 2015).

1.3.1. Impact of Aflatoxins on child health

Studies have found that under normal conditions, about 50% of ingested aflatoxin By is
estimated to be rapidly absorbed in the duodenum and goes to the liver through portal vein
(Coulombe et al., 1991). Aflatoxicosis is a condition resulted after ingestion of aflatoxins
contaminated food (Celik et al., 2005). It is categorized in two forms; acute and chronic
intoxication. The acute form is a rapid onset from a single exposure which tends to cause
abruptly liver damage and death while a chronic form is a long term exposure it causes
subsequent illness for a long time. However, chronic exposure to aflatoxin B is causing

cancer of the liver, immune suppression, growth faltering and increases the risk of diseases



i.e., non-communicable diseases in adulthood (Kimanya, 2015; Magoha et al., 2014).
Duration of exposure and dosage have an effect on the magnitude of exposure as well as
adverse health consequences associated with toxicological effect. In Tanzania, Kimanya et al.
(2014) and Shirima et al. (2014) reported the extent at which infants are exposed to different
levels of mycotoxin contamination through complementary foods and its associated risk of

growth impairment.

1.3.2. Aflatoxin regulations and maximum limits

Worldwide maximum levels of aflatoxins in food commodities have been established, the
number of countries reported having mycotoxins regulations has increased from 15 countries
in 2003 to 99 countries in 2011 (Nortaa and Sowley, 2016). The potential effect of aflatoxins
in human health which is a widespread concern has driven many countries to establish control
measures and set limits by international authorities. Countries have diverse regulations for
aflatoxins contamination, often specific and detailed to various foodstuffs intending to protect
the health of consumer from the harmful effect associated with mycotoxins. The legislation
includes specific maximum levels in individual food stuff for certain type of mycotoxins.
European Union (EU) legislation regarding mycotoxins has set maximum limits for aflatoxin
B1 and total aflatoxins in various food stuff including cereals, cereals products, processed
cereal-based foods for infants and young children (EC, 2010). The maximum limits set by EU
for aflatoxin B and total aflatoxins in cereal-based food are 2 pg/kg and 4 pg/kg respectively.
In Tanzania, the maximum limits set for aflatoxin By and total aflatoxins are 5 pg/kg and 10
pa/kg respectively (TFDA, 2012). Developed countries usually set lower levels than
developing countries where the most of the vulnerable commodities are produced, this might
be due to higher exposure rate aggravated by lack of appropriate technologies to prevent pre-

and post-harvest contamination.

1.4. Problem statement

Most of CFs in developing countries are formulated without considering critical factors such
as dietary diversity, anti-nutritional content, aflatoxin levels and nutrient absorption
enhancers. Thus consumers, do not always meet a minimum acceptable diets. Recent studies

have shown that, only 16% of infants met the MAD in Africa, only 10% in Tanzania, 4% in



Ethiopia, 14.7% in Kenya and 29% in Nigeria (NBS, 2016; NNBS, 2014; Matanda et al.,
2016; Mokori at el., 2016). This might have contributed to the observed high levels of
malnutrition in Africa and Asia, which contribute about one third of the global prevalence of
malnutrition. Child under-nutrition is unacceptable all over the world (Rajan et al., 2015).
Globally, 155 million children under five years of age are stunted and 52 million are wasted.
Additionally, in Asia 87 million children under-five years of age are stunted and in Africa are
59 million (UNICEF/WHO/World Bank Group, 2017). Tanzania Demographic and Health
Survey reported that 34.4% of under-five children are stunted, 13.7% are underweight, and
58% anaemic (NBS, 2016). According to TDHS (2010), Dodoma region had the highest
prevalence of stunting (56%) compared to other regions in Tanzania (NBS, 2011). Over a
period of time, Dodoma region has been observed to have high stunting prevalence, affecting
lives of many infants and young children. Additionally, stunting is still being a major public
health concern not only in Tanzania but also in low and middle-income countries (Black et
al., 2013). Under-nutrition has been associate with the increased risk of morbidity, mortality,
weakened immune system, impairment of physical growth and cognitive development
(Negash et al., 2015). The consequences associated with growth faltering during infancy is
likely to be extended in adulthood and it is an irreversible process (Adair et al., 2013). The
impact of stunted growth has lifelong consequences not only to the health of an individual but
also it affects human capital. It has been observed that adults who were stunted during
childhood have less ability to work and produce following the effect that has been imparted
on cognitive development during childhood. Stunting has been observed to have effect on
economic growth and pose other developmental constraints. In Asia and Africa, lose from all
forms of malnutrition have been estimated up to 11% of GDP (Horton and Steckel, 2011).
Globally, the estimated enormous costs resulted from economic growth foregone and losses
of human capital investment is as high as USD 3.5 trillion per year or USD 500 per individual
(Global Panel, 2016). Additionally, stunting may affect household’s wealth, through caring
for malnourished children which consequently affect time allocated for production.
Therefore, intervention that promotes optimal child growth is likely to be of benefit for
multiple outcomes, including on child health, improved household economic wealth, and

therefore contributing to the economic growth of the nation.



1.5. Justification of the study

The optimized model diet ensures adequate nutrient intake that correspond to RNI at the same
time the levels of phytate and aflatoxins were reduced. Therefore, meeting daily infants
nutritional requirement is a measure of improving child nutrition, growth and survival.
Deviations from normal growth pattern especially during childhood are associated with many
factors, however inadequate dietary intake being the major contributing factor (Asfaw et al.,
2015; Sudfeld et al., 2015). Cereals-based complementary foods limit the attainment of
adequate nutrient intake since they are less in nutrient content to meet the RNI for infants and
young children. In addition, poor bioavailability of minerals in cereal-based complementary
foods could be another factor which limits the intake of adequate nutrients. On the other
hand, cereals have been observed to be highly contaminated with aflatoxins despite the
development of regulatory limits for aflatoxins contamination. Mycotoxins contamination
still remains prevalent in complementary foods, occurring at intolerable levels above the
regulatory limits. Meeting daily nutritional requirement for optimal growth during infancy
and childhood is a key challenge. Therefore an optimized model diet to ensure adequate
nutrients intake that meet RNI at the same time reduced the levels of phytate and aflatoxins in

complementary foods is of the most importance.

1.6. Objective of the research

1.6.1. General Objective

To design a safe and nutritious model formula that meets nutritional requirement for infants

and young children aged 6 — 23 months.

1.6.2. Specific Objectives

I.  To assess nutritional status among infants and young children aged 6 to 23 months
and explore factors associated with under-nutrition.

ii. To analyse nutrient composition and anti-nutritional factors of homemade
complementary foods and to assess parent’s knowledge and practices on preparation

of complementary foods.



iii.  To explore the contribution of dietary aflatoxins exposure and its influence on
nutritional status among infants and young children.
Iv.  To design an optimal model formula using commonly consumed foods to meets the

nutritional requirements for infants and young children.

1.6.3. Research questions

i.  Which factors may influence nutritional status of children of age range between 6 —
23 months?
ii.  What is the nutrient content and phytate level of homemade complementary food, its
associated practices on preparation and the influence of parent’s knowledge?
iii. At what level infants and young children are exposed to aflatoxins through diet and
how does this influence their nutritional status?
iv.  To what extent can optimal model formula designed from commonly consumed foods

meet nutritional requirements for infants and young children of 6 — 23 months?

1.6.4. Significance of the study

The study developed useful modeled diet that intends to meet the RNI for infants of age
group 6 — 11 months and young children 12 -23 months. Adequate nutrition for the first 1000
days of infant’s life (from conception to second year) is fundamental for a child to achieve
optimal growth and development. Meeting daily RNI during childhood is a key focus for
prevention of nutritional deficiencies, especially micronutrients. Therefore, the results from
the present study provide information on how to utilize locally available food to improve the
nutritional status and wellbeing of infants and young children. This explore the opportunity
for setting priorities on meeting child nutritional requirements through utilization of

optimized diet.



CHAPTER TWO

Dietary Related Factors in typical African Complementary Foods and their
Implications on Child Health and Development — A Review?

Abstract

Micronutrients deficiency is a predominant problem in low and middle income countries.
Poor minerals bioavailability of plant-based foods resulted from dietary related factors is the
major reason of their wide prevalence. Typical African complementary foods contain
compounds that inhibit mineral bioavailability. The presence of phytate in the diet forms
unabsorbed phytate-minerals complexes in the gastrointestinal tract due to lack of
endogenous phytase enzyme. This review aimed at elucidating the effects of phytate on iron
and zinc bioavailability and its associated adverse health effect on child health and
development. Deficiency of micronutrients is associated with impairment of child growth,
cognitive development, immune functioning and physiological effects that can be life
threatening to infant and young children. However, dietary diversification, use of nutrients
that enhance absorption and application of preliminary food preparation and processing
methods such as fermentation, germination, soaking and use of phytase enzymes could
reduce phytate content in plant-based foods thus minimizing their adverse effect in human
health.

Key words: Complementary food, infants, phytate, mineral bioavailability, iron and zinc.
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2.1. Introduction

Adequate nutrition during childhood is fundamental for survival, growth and development
(Skau et al., 2014; Michaelsen, 2015). Good nutrition of an individual is a result of eating
nutritious food that meet daily recommended dietary intake (RDI) for macro and micro-
nutrients. Infants are introduced to complementary foods at the age of six months when there
is increased nutritional requirements which cannot be met by breast milk alone (Adimasu et
al., 2016). Complementary foods are foods apart from breast milk that are introduced to
infants for the purpose of providing adequate nutrients to support growth (Dewey, 2013).
World health organization (WHO) recommends that complementary foods must be sufficient
to provide protein, energy, folate, vitamins and micronutrients such as iron and zinc, to cover
child’s nutritional requirements (WHO, 2009). The growth of children in developing
countries often declines around the age of 6 months when they are introduced to
complementary foods and continues up to the second year of life (Krebs, 2014). Furthermore,
the period of complementary feeding is characterized by challenges, some of them are
context specific but in most cases they tend to cut across setting. In developing countries
cereals are mostly used as ingredients in formulation of complementary foods, and constitute
a greater portion while the intake of vegetables, fruits and animal food sources is inadequate
(Melese, 2013; Adimasu et al., 2016).

In Africa, more than 80% of children (6 — 23 months) did not attain a minimum acceptable
diet during the period of complementary feeding (de Onis & Branca, 2016). Studies have
indicated that very few children (6 — 23 months) in Tanzania 10%, Ethiopia 4%, Kenya
14.7% and Nigeria 29% meet the minimum acceptable diet during the period of
complementary feeding (NBS, 2016; NNBS, 2014; Matanda et al., 2016; Mokori at el.,
2016). Infant and young child feeding (I'YCF) practices being the most important
determinants for improving child nutritional status, growth and development. Attainment of
adequate nutrient intake is affected by various factors including the presence of anti-
nutritional factors in the diet; this includes polyphenols, phytate, and oxalate, which are also
considered as dietary related factors that limit the bioavailability of nutrients in plant-based
diets (Okomo et al., 2016; Gibson et al., 2006). Most of plant-based food contains high level
of phytate, a potent of micronutrients inhibitor (iron and zinc) absorption by affecting their
bioavailability. Phytic acid affect the absorption of micronutrients by forming insoluble

phytate-minerals compounds in the gastrointestinal tract, that impede the bioavailability and
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utilization of nutrients in the body (Maseta et al., 2016; Pelig-Ba, 2009). Child under-
nutrition is a real burden in developing countries it is associated with 35% of death (Black et
al., 2008). The fact that, 34% of children under five years of age are stunted, 5% wasted, 14%
underweight and 57% anemic, this further justifies the magnitude of under-nutrition in
Tanzania (NBS, 2016).

Globally, more than 2 billion people have been reported to suffer from deficiency of one or
multiple micronutrients (WHO, UNICEF and WFP, 2007). Zinc, iron, folate, iodine and
vitamin A deficiencies are the most prevalent micronutrient deficiencies contributing to poor
growth, impairment of cognitive development and increased the risk of morbidity and
mortality (Morales-Ruén et al., 2012; Rohner et al., 2013; Wong et al., 2014; Wieser et al.,
2013; Miller and Welch, 2013). Iron and zinc are the two micronutrients that have been
recognized as problematic micronutrients in low resource settings (Fahmida et al., 2014;
Santika, 2009). Iron deficiency is the widespread micronutrient deficiency worldwide
contributing to iron deficiency anemia, reduce capacity for work, as well as impair cognitive
and immune function. Whereas zinc which is essential for optimal immune function, its
deficiency is associated with an acute respiratory infections and increased incidence of
diarrhea, it has been reported as the major causes of death in children of under five years of
age (Bailey et al., 2015). The identified gaps on attainment of adequate nutrients intake for
infants have been a characteristic of human diets since the revolution of agriculture.
Therefore, in this review we discussed the commonality of cereal-based complementary
foods in Africa context and potential adverse health effects associated with the presence of

phytate in relation to child health and development.

2.2. Phytic acid and mineral bioavailability

Phytic acid (myo-inositol hexakis dihydrogen phosphate, CeH150.4Ps) (Fig. 1a) is organic
substance naturally occurring in plants, have chelation properties with some minerals cations
(Bohn et al., 2008). It consist of six reactive phosphate ester groups with inositol ring. It
usually present as a salt of the mono- (Na*, K*) and divalent (Mg?*, Zn?*, Fe?* and Ca?")
cations and it accumulates in the seeds during the ripening period (Thavarajah, 2014). In
cereals, seeds and legumes the phytic acid is normally stored in the form of phosphorus, its
content varies, and the anti-nutritive effect is based on its molecular structure (Pallauf and

Rimbach, 1997). In cereals, phytic acid is stored in the aleurone layer (bran) and it accounts
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for 0.5% to 5% of total weight of grains and seeds (Gemede, 2014). Phytic acid works in a
broad pH-region as a highly negatively charged ion. In a complete dissociation state, its
phosphate groups carry high density of negatively charged ion (Fig. 1a) which binds di-and
trivalent cations such as Fe?"®*, Mn?*, -Zn?*, Ca?*, Cu?*, and Mg?" into a very stable
complexes in the human’s gastrointestinal tract (Fig. 1b) rendering them unavailable for

intestinal uptake due to lack of endogenous phytase enzymes (Fig. 1b) (Kumar et al., 2010).

Figure 1. Structure of phytic acid (a) and phytic acid after binding divalent cations (b) such
as Fe, Zn and Ca (Abdul and John, 1992).

Cereals and legumes offer a reasonable amount of carbohydrate, dietary fibers, protein, water
soluble vitamins and minerals, moreover they are also rich in phytic acid (Abdel-Gawad et
al., 2013). Most of typical African infant’s diets are cereal-based complementary foods, the
existence of phytic acid in cereals make it challenging for attainment of adequate bioavailable
nutrients to facilitate growth and development (Champ, 2002). The presence of phytate either
from the same food matrix or other foods in the same meal may affect the absorption of
minerals by forming phytate-minerals insoluble complexes (Fig. 2) which is not absorbed in
the gastrointestinal tract (Kana Sop et al., 2012). Consumption of high levels of phytate with
breast milk has been shown to compromise minerals bioavailability from the breast milk
(Gibson et al., 2010).

Daily consumption of phytate can exceed up to 4500 mg per day depending on the quantity of
the food consumed and method of processing (Greiner and Jany, 2006). Phytic acid should be
lowered for the best health effect to less than 25 mg per 100 g whereas at this level,

micronutrient losses are minimized (Onomi et al., 2004). This implies that, as the intake of
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phytate increases, the bioavailability of micronutrients in the diet is more affected. The
challenge of achieving micronutrient requirement from predominantly plant-based diets are
of major concern particularly due to lack of endogenous phytase enzyme in human being
(Gibson et al., 2010). The role of phytase enzyme is on dephosphorylation of phytic acid and

therefore decreases its binding affinity to divalent and trivalent metal cations.

Presence of phytic acids (CsH15024Ps)
in the cereal-based complementary
foods
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Figure 2. The conceptual framework describing effect of phytate as a dietary related factors

contributing to micronutrient deficiency and child under-nutrition
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Studies on local and processed complementary foods in developing countries reported high
phytate content per each 100 g of dry weight of cereals and legumes food products, whereby
the phytate content for unrefined cereals was 600 mg, refined cereals was100 mg and < 20
mg for root and tubers starchy (Gibson et al., 2010). Unrefined complementary foods had the
highest level of phytate than refined cereals though both exceeded 25 mg per 100g per day, a
recommended phytate threshold (Onomi et al., 2004). Therefore, consuming food containing
high levels of phytate may increase the likelihood of poor bioavailability of minerals and
affect micronutrients absorption due to chelation effect (Roos et al., 2013).

2.3. Child Health and Micronutrients Needs

Micronutrients are required by the body in a very minute amount, and their role is to maintain
all physiological processes in the body (Khan et al., 2015). Infants have significantly higher
micronutrients requirements to meet their physiological needs in the first two years of life,
considered as the period of rapid growth (Moran and Dewey, 2011). Deficiency of
micronutrients is normally occur when physiological requirement of the body is not met in a
long term. Infants are prone to micronutrient deficiencies due to poor minerals
bioavailability, inadequate dietary intake and low intake of animal food sources (Soetan and
Oyewole, 2009; Labadarios et al., 2011).

Ensuring proper child growth requires provision of all essential nutrients in the right amount
at all times to facilitate growth (Golden, 2009). Micronutrients plays a vast role in achieving
optimal growth as its deficiency has been shown to increase the rate of illness, contributing to
the burden of diseases and death (Bailey et al., 2015). Micronutrients deficiency accounts for
7.3% of the burden of diseases worldwide (Ahmed et al., 2013). According to World Health
Organization (WHOQ) it is estimated that, a total of 1.62 billion people are anemic which is
equivalent to 25% of total population (McLean et al., 2009), out of which pre-school children
(47.4%) have the highest overall prevalence. Insufficient zinc intake has also been reported to
affect 17.3% of the global population, with the highest estimate in African 23.9% followed
by Asia 19.4% (Bailey et al. (2015) where young children are the most vulnerable group.

Supplementation of micronutrients is the common widely practiced intervention used to
manage micronutrients deficiencies. The effectiveness of micronutrients powder

supplementation to children (6 — 59 months) and its potential impact on stunting and linear
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increment was reported by Rah et al. (2012). The intervention reduced the prevalence of
anemia from 64 - 48% (P < 0.001) in Bangladesh (Rohinga refugee camp), whereas the rate
of stunting was reduced from 39 - 23% (P < 0.05) in Nepal and significance reduction on
incidence of diarrhea from 30 - 18% (Rah et al., 2012). This confirms that, adequate supply
of micronutrients facilitate optimal growth, since children have high demands of

micronutrients following increased metabolic requirements.

2.3.1. Importance of iron and zinc on child health

Iron is essential mineral required for ensuring oxygen transportation (hemoglobin), energy
transfer within cells (cytochromes) and oxygen storage (myoglobin) (Huang et al., 2013;
Thejpal, 2015). Iron is vital for normal development and functioning of motor and cognitive
during childhood (Beard, 2008; Black, 2012). Proper differentiation of brain cells and
neurogenesis requires adequate supply of iron (Linert and Kozlowski, 2012). Normal iron
homeostasis in the body is essential to sustain various cellular functions, such as a continuous
stability between iron intake, transportation, storage, and utilization (Nadadur et al., 2008).

The quantity of iron which is absorbed is used as a surrogate measure for bioavailability.

During the first six months of life, iron reserve covers iron demands while infants continuous
with breastfeeding. The requirement of iron increases at the age of six months as a result of
rapid growth rate, at this age iron supply is mostly depend on complementary foods. Based
on the recommended dietary intake of iron for infants between the age of 7 — 11 months and
12 — 23 months are 11 mg/day and 7 mg/day respectively (Domell6f et al., 2014). Inadequate
dietary intake to foods rich in bioavailable iron has been the major risk factor for iron
deficiency. Deficiency of iron is a condition whereby there is insufficient supply of iron in
the body to maintain normal physiological function of the tissues, generally characterized by
hemoglobin level less than 11.0 g/l (Lundstrom, 1994).

In developing countries, vulnerability to iron deficiency particularly to children had shown to
increase in the first 5 years of life when there is increased iron needs and nutritional
requirements (Abbaspour et al., 2015). Diet has been considered as the major factor
influencing individual’s iron status (Petry et al., 2014; Beck and Heath, 2013). Inadequate

iron intake might be associated with type of the food consumed, routinely consumption of

19



plant-based diets and low intake of animal-rich foods as enhancers of iron absorption.
Therefore, in a situation where accessibility and bioavailability of iron are subject to the
presence of phytate in the diet, may results into poor absorption and iron deficiency anemia,
which is prevalent and persistent in most of the poor resources families in the developing

countries.

Zinc is important in maintaining different biological processes of the body including cellular
homeostasis, immune functioning, protein synthesis, cell replication and deoxyribonucleic
acid (DNA) (Wyman et al., 2008; Kayaalti et al., 2015). Zinc deficiency is among factors
contributing to morbidity in developing countries (Gopalsamy et al., 2015). Children aged
between 7 — 23 months require 3 mg/day of zinc to meet recommended dietary intake
(USDA, 2009). Exclusively breastfed infants for the first six months obtain sufficient amount
of zinc from the breast milk, after wards complementary foods need to contain adequate
absorbable zinc required to meet nutritional requirements (Warthon-Medina et al., 2015). In
healthy individuals, zinc absorption is determined by individual zinc status and
bioavailability of zinc from the diet (Solomons, 2013). Deficiency in zinc impedes various
organ systems particularly during infancy stage when nutritional needs are very high to meet
the nutritional requirement (Huskisson et al., 2007).

2.3.2. Phytic acid and Iron absorption

Phytic acid has a very marked inhibitory effect on the absorption of non-heme iron in humans
and it occurs when phytate binds iron and affecting its bioavailability (Gulec et al., 2014).
The negative inhibitory effects of phytate on mineral bioavailability not only depend on the
amount of phytate present in the meal but also on the molar ratios of phytate: minerals which
predict the level of interaction. The molar ratio of phytate: iron is not supposed to exceed 1,
above this recommended level the absorption of minerals will be highly interfered (Mahfuz et
al., 2016). Absorption of iron is subjected to numerous factors such as iron content in the
diet, bioavailability of dietary iron, iron stores in the body and the degree of erythrocyte
production (Thankachan et al., 2008). Cereal-based complementary foods contain high levels
of phytate and molar ratios sufficient to inhibit iron absorption. The recommended dietary
intake of phytate should not exceed 25 mg per 100 g (Onomi et al., 2004). (Lazart et al.
(2015) reported highest levels of both phytate at 2,060 mg/100 g and phytate to iron molar
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ratio of 68.8 £ 2.4 in peanuts, 44.4 + 4.2 in maize and 36 * 8.1 in wheat grain (Lazarte et al.,
2015). Furthermore, Amare et al. (2015) found highest phytate content of 235 — 893 mg/100
g and the molar ratio in a range of 0.89 — 7.07 in seven locally produced cereals-based
complementary foods in Ethiopia (Amare et al., 2015). These high levels of phytate and its
molar ratio in complementary foods were above tolerable limit hence might have increased
the inhibitory effects of iron on the absorption process. Poor bioavailability of iron from

plant-based foods contributes significantly to iron deficiency.

Once released from food, non-heme iron is present as ferric (Fe**) which cannot be absorbed
because of its insolubility character, until it undergo reduction process to ferrous (Fe?*)
(Fuqua et al., 2012) by the reaction of ferric-reductase. Reduced iron form which is ferrous
(Fe?") is transported across the membrane into the enterocytes through apical membrane of
the duodenum by the divalent metal transporter 1 (DMT1) (Wyman et al., 2008). The main
transporter for ferrous iron in the intestine is divalent cation (Kayaalti et al., 2015). In the
presence of phytate the reduced iron which is divalent cation interacts with negative charges
of phosphate group to form phytate-iron insoluble complexes hence minimizing

bioavailability of iron in the body (Lazarte et al., 2015).

The effect of phytate on iron absorption is dose dependent, it occurs at very low level (Bohn,
et al., 2008) even when ratios of phytate to iron are 0.2:1.0, phytate exhibits inhibitory effect.
Effect of iron absorption is predicted by using phytate molar ratio to iron (Abbaspour et al.,
2015). Lowering the molar ratio of cereal and legume based meals with no enhancers to the
ratio of 1:1 or less than 0.4:1 improves iron absorption (Maren et al., 2015). Zimmermann et
al. (2005) studied the alteration of iron status to children who were fed with a diet contained
high phytate. Children were tracked for 15 months, and the results revealed that, the source of
iron in the diet comprised cereals by 57% and legumes by 13%. After 15 months of the
intervention results indicated that, the prevalence of anemia increased from 0% at the
baseline to 43% at the final survey (Zimmermann et al., 2005). Findings demonstrate that,
high levels of phytate in plant foods could be a contributing risk factor for iron deficiency due

to its effect on poor bioavailability, absorption and utilization in the body.

21



2.3.3. Phytic acid and zinc absorption

On the other hand, phytic acid is among the dietary factors which have shown to affect zinc
absorption through chelation effect. A metabolic study investigated zinc homeostasis by
administration of high phytate maize-based diet to Malawian children aged between 2 -5
years, results showed low plasma zinc concentration than the mean of reference populations,
indicating that the presence of phytate in the diet increases the likelihood of zinc deficiency
(Manary et al., 2002). Similarly, it was observed that fractional absorption of zinc is
negatively affected by the presence of phytate in the diet (Erdman and Poneros-Schneier,
2013; Maret, 2013). In another study by Kirksey et al. (1994) it was shown that, mothers’
diets during pregnancy has influence on the motor performance of early infant’s behavior and
development. Poor motor performance was observed in infants whose mothers consumed
plant-based foods (Kirksey et al., 1994). Therefore, consumption of diets containing
relatively low bioavailable zinc affects plasma zinc concentration, hence the quantity of zinc

consumed and amount absorbed is inversely related.

2.4. Health consequences of Iron Deficiency

Deficiency of iron occurs when iron stores are depleted, and red blood cells are inadequate to
regulate the normal physiological process and functioning of body tissues (Rao and Parikh,
2015). The most susceptible cause of anemia is iron deficiency although there are other
causes such as chronic and acute infections that cause inflammation, micronutrients
deficiencies and genetically inherited traits which tend to affect hemoglobin synthesis and
production of red blood cells (Kevin, 2014). Iron deficiency anaemia imparts health

consequences to human as described below;

Decrease fitness: Low hemoglobin concentration below recommended cut-offs levels leads
to reduced oxygen transportation from lungs to the tissue where it is required. Decrease in the
circulating hemoglobin concentration in the blood is associated with a reduced oxygen
carrying capacity and declined the level of physical activity which affect performance due to
decreased oxygen consumption and aerobic power (Dellavalle, 2013). The mechanism by
which iron deficiency anemia reduce fitness/physical activity is by reducing tissue oxidative
capacity by impairing aerobic capacity, low oxygen carrying capacity affect energetic

efficiency and endurance due to decreased oxygen delivery (Haas and Iv, 2001). Therefore,
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children may have a problem related to decrease fitness/physical activity due to decreased

supply of oxygen caused by iron deficiency.

Impaired cognitive and motor development: Childhood anemia poses an increased risk of
adverse consequences on motor and cognitive development (Thejpal, 2015; Nyaradi et al.,
2013). Vulnerability in brain development increases during last trimester (in fetal life) and
continues up to 24 months, this is very critical stages of growth in life (McCann et al., 2006).
Poor cognitive development and lower motor test score to infants who were anemic have
been confirmed (Sachdev et al., 2005). According to (Chang et al. (2013) a significantly
lower mental developmental index (p = 0.036) in pre-natal group with iron deficiency anemia
was reported (Chang et al., 2013). Additionally, lower mental developmental score at 12, 18
and 24 months was observed in anemic pre-natal. The attributable cognitive effect to 9
months children with iron deficiency anemia were having low attention and recognition
memory, which were mediated with effect of iron deficiency (Carter and Jacobson, 2010).
Furthermore, effect of iron deficiency anemia during infancy is associated with alteration of
neuro-functional development and coordination, its effect is not recognized during that
particular time of deficiency instead it is observed later in life (Algarin et al., 2013).
Myelination of parts of the brain mostly occurs in the first 24 months of life when there is
iron deficiency (Walczyk et al., 2014). Experimental studies confirmed the cognitive
impairment in childhood is caused by iron deficiency, which damage brain mitochondrial
(Warthon-Medina et al., 2015). The impairment of cognitive development occurs at an early
stage of life (childhood), the process is irreversible throughout the life time regardless the
application of adequate medical therapy (Lozoff et al., 2000). Horton and Ross (2003)
projected the productivity loss outcome due to anemia cases to be 2.32 US$ per capita or
4.05% of Gross Domestic Product (GDP) (Horton and Ross, 2003).

Poor life outcome: Iron deficiency during childhood can lead to poor life outcome at
individual level and society as well. A study in Costa Rica (Lozoff et al., 2013) assessed lives
of people who had iron deficiency during infancy, however they were treated and followed
up for 25 years to monitor the consequences of iron deficiency in the entire life. Poor life
outcome have been observed to those who developed iron deficiency in childhood and the
condition were corrected. At an average of 25 years, 42% did not accomplish secondary
school education and 68% were not attending any informal or formal educational related

matters. For individuals who developed chronic iron deficiency, 67% did not complete
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secondary school education, 84% were not engaged in any informal or formal education and
25% were jobless. Furthermore, they ranked their emotional health as feeling (nervous,
dispassion, sadness and detachment). Findings revealed that iron deficiency and chronic iron
deficiency during childhood expose infants to high risk of becoming adults with poor life
outcome due to poor cognitive development. Therefore adequate supply of iron during infants

is very crucial in achieving optimal growth.

2.5. Health consequences of Zinc deficiency

The effect of zinc deficiency is of most significance during infancy when zinc requirement is
very high as a result of limitations in body stores and if a child is susceptible to infectious
diseases (Bailey et al., 2015). Interference of metabolism of thyroid hormones occurs when
zinc is deficient, which has potential effect on impairment of growth, suppression of
immunity and increase episodes of diarrhea and rate of infectious diseases (Brown et al.,
2009; Deshpande et al., 2013; Fischer et al., 2009). Pituitary gland contains higher
concentration of zinc, that enhance it to function, secretion of growth hormone is limited
when zinc deficiency occur (Miletta et al., 2013). Effectiveness of zinc supplementation on
growth increment has been reported (Hamza et al., 2012; Brown et al., 2002). Similarly, zinc
supplementation has shown a positive effect on accelerating growth, by enhancing normal
functioning of thyroid and growth hormone to facilitate optimal growth (Roohani et al.,
2013). In addition, zinc deficiency affects multiple system involved on immunity of the body
including natural Killer cells and neutrophils. Production of macrophages, cytokine,
phagocytosis and intracellular is limited when zinc is deficiency (Mayer et al., 2014).
Similarly, T cells generation and cell mediated immunity is reduced when there is zinc
deficiency, frequency and number of infectious diseases including diarrhea tend to increase
due to inability of macrophages to capture and destroy parasites (Kulkarni et al., 2012).
Diarrhea is known to contribute to growth failure approximately by 25 — 30% in developing
countries (Patwari, 1999). A positive effect of zinc supplementation on reducing the rate of
acute diarrhea cases by shorten time (15%), persistent (15.5%) and frequency of passage of
stool (18.8%) have been observed (Lukacik et al., 2008). Therefore, if the body is supplied
with adequate zinc that meet physiological needs would be able to fight and prevent the re-

occurrence of infectious diseases to growing children.
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2.6. Options for reducing phytic acid in cereal-based complementary foods

Phytic acid is widely present in plant-based food, it can be reduced by mechanical, physical
and enzymatic processing such as milling, soaking, fermentation and germination/malting
respectively as presented in Table 1. Methods that can reduce phytic acid in cereals while
increase the bioavailability of minerals would be the most beneficial. These strategies that
intended to increase the physicochemical accessibility of micronutrients by decreasing the
content of anti-nutritional factors, such as phytic acid hence improve bioavailability,
digestibility and absorption. Therefore, wide applications of appropriate technologies are

essential to enhance bioavailability of minerals for a potential nutrient intake through the diet.
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Table 1. Pre-preparation methods to reduce phytate level and enhance mineral bioavailability

Method Mode of action Type of food % of Phytate Reference
reduction

Germination  Degradation of phytate Horicot bean 79 Getenesh et al.
through phytase activity, (2014)
decrease binding affinity
of phytate to minerals

Fermentation Reduce  number  of Cereals Up to 90 Hotz and
phosphate group, Gibson (2007)
increase  solubility of
phytate and being unable
to bind minerals

Soaking Water soften the outer Brown rice 42 - 59 Liang et al.
cell ~ wall, allowing (2008)
leaching of water soluble
components including
phytate.
-Phytate is soluble in
water

Dehulling Removes the outer layer Cereals 50 Lestienne et al.
(bran) from grain, (2007)
accumulated with anti-
nutritional factors
including phytate

Malting A combination of Oat 98 Larson and
soaking and germination, Sandberg
phytase degrade phytate (1992)
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2.7. Conclusion

Nutrition in early life has extended and ever lasting impact at individual and society level.
Normal growth pattern is achieved by provision of all essential nutrients that are necessary to
meet the infant’s nutritional requirements. Cereals and legumes play important role in the
diet, contribute substantial amount of protein, carbohydrate, minerals and phytate as well.
Presence of phytate in complementary food has negative nutritional impact to the child health
and development. Eliminating cereals from the diet may not be feasible, thus the focus should
be on maintaining phytate at acceptable levels or tolerable daily intake which will not impose
deleterious health effect to infants and young children. This can be achieved by application of
food processing methods and use of phytase enzyme which enhance bioavailability of
minerals, by reversing the strong inhibitory effect that phytate and other anti-nutritional

factors exerts on cereals-based meals.
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CHAPTER THREE

Assessment of Factors Associated with Stunting in Dodoma Municipality and
Chamwino District, Dodoma Region?

Abstract

Child under nutrition is major public health concerns, claiming lives of numerous children
below five years of age in the developing world. The objective of this study was to assess the
factors associated with stunting in children of age 6 — 23 months in Dodoma Municipality
and Chamwino District of Dodoma region. Dodoma region located in the central zone of
Tanzania was chosen for this study because of its high prevalence (56%) of stunting among
children of under five years of age. Simple random sampling was used to choose villages and
children 6 -23 months of age in those villages were included, resulting in 394 households
participating in this cross sectional study. A standardized questionnaire was used to collect
socio-demographic information and infant feeding practices. Anthropometric measurements
of children were taken as per WHO standard procedures. Repeated 24 hour dietary recall was
used to assess food intake among study population. The overall prevalence of stunting was
40.4% (95% CI; 29.8; 50.9), Chamwino District had higher prevalence of stunting (44.3%)
compared to Dodoma municipality (26.3%). Multivariate logistic regression analysis showed
that, age of introduction of complementary food [AOR = 13.3; (95% CI: 2.6 — 67.6)],
maternal education [AOR =5.5; (95% CI: 1.0 — 9.8)], residence in Chamwino District [AOR
= 3.2; (95% CI: 1.3 — 5.9)] were factors associated with stunting. About half of the study
population (49%) was introduced to complementary foods early, the median age was four
months instead of 6 months as recommended by WHO. Infant’s diet were mainly cereal
based, other foods such as animal food source, fruits and dairy products were consumed by
18% 11% and 7.1% of children respectively. The dietary pattern of infants was not
diversified, 47.7% of infants scored 1 to 3 points out of 12 points categorized as low dietary
diversity. Failure to attain normal growth pattern is the most prevalent form of under-
nutrition in childhood. Associated factors are many, diverse and interrelated, the present

study identified maternal education, early introduction of complementary foods and being a

2 Accepted with minor corrections; AJFAND 17000
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resident of Chamwino were factors identified to be associated with stunting. Prioritization of
identified factors serves as highlight for better planning of nutrition intervention programs
that intend to promote child growth.

Key words: Stunting, nutrition status, 6 — 23 months, dietary diversity and complementary

foods

3.1. Introduction

Under nutrition continues to threaten growth, survival and development of infants and young
children in developing countries (Bhutta and Salam, 2012). Globally, 165 million children of
age below 5 years have been reported to be stunted (Black et al., 2013). In addition, 45% of
death of children in this age group is associated with under nutrition (Black et al., 2013). The
prevalence of under nutrition is high between the ages of 6 — 23 months. This is a period of
rapid growth and high nutrient requirements; therefore it is a critical period for growth
faltering and nutritional deficiencies if the nutritional needs of children are not attained
(Dewey, 2013). Stunting in childhood is caused by many factors including diseases, food
insecurity, lack of access to health services, inadequate maternal/child caring practices and
also inadequate dietary intake which is an outcome of prolonged deprivation of essential
nutrients to meet demands for growth. Stunting has adverse health consequences that may
extend to the adulthood (Prendergast and Humphrey, 2014). Poor cognitive ability and
educational attainment have been confirmed in longitudinal studies as being the consequence
of stunting in children, which tend to impart extended detrimental effect in adulthood (Casale
et al., 2014; Grantham-McGregor et al., 2007; Sokolovic et al., 2014; Sudfeld et al., 2015;
Walker et al., 2015).

In Tanzania, stunting is still a public health concern affecting 34% of children of age below
five years (NBS, 2016). Reports of the Tanzania Demographic Health Survey (TDHS) have
shown trends of child stunting, in 1996 and 1999 the prevalence of stunting was 43.4% and
43.8% respectively (NBS, 1997; NBS, 2000). In 2010 and 2015/2016, 42% and 34% of
children were reported to be stunted respectively, the prevalence has been declined by 9.3%
for the past 20 years (NBS, 2011; NBS, 2016). Dodoma region is one of the regions in
Tanzania was having high prevalence of stunting. In 2010, about 56% of children were

reported to be stunted and in 2015 the prevalence has been reduced to 36%. The decline of
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prevalence of stunting might be contributed by establishment of clear coordination of
nutritional activities and increased allocation of human and financial resources on nutritional

related intervention programs in the country.

The prevailing causes of stunting are multifactorial ranging from Infections (parasitic, HIV,
helminths), insufficient intake and poor absorption of nutrients, sub-optimal breastfeeding
practices, poor child care practices and poverty (Fekadu et al., 2015). The need to investigate
factors contributing to under nutrition among children is very crucial especially in breaking
the intergenerational cycle of malnutrition. However, factors associated with stunting have
been studied and observed to vary from one area to another based on geographical location,
ethnicity and cultural practices. Therefore, this study assessed the independent factors
associated with stunting among children of age 6 to 23 months in Dodoma municipality and
Chamwino District of Dodoma region for development and strengthening appropriate

nutritional strategies and programs intended to promote child growth.

3.2. Methodology

3.2.1. Study population

A total of 394 children within the age range of 6 to 23 months were participated in the study.
In each household, only one child was assessed. Criteria for selection of respondents were
based on age and area or residence (Chamwino and Dodoma Municipality). Twins, disabled

and seriously sick children were not included in the study.

3.2.2. Study Design and Sampling Procedure

A cross sectional study was conducted in Dodoma region to assess factors associated with
stunting among infants and young children. Dodoma region was purposively selected for
being a study area because it was ranking the first region in the country having the highest
prevalence (56%) of stunting in children of under five years of age (NBS, 2011). The sample
size for this study was determined by using formula for cross sectional studies by Varkevisser
et al. (1991) whereby the minimum sample size was 378 subjects, however a total of 394
children (204 male and 190 female) were recruited in the study (Varkevisser et al., 1991).

Simple random sampling technique by using random numbers was used to select two
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Districts out of seven Districts in the region, Dodoma Municipality and Chamwino district
were picked to be a study area. Sample size among the two districts was distributed by using
the prevalence of stunting of the respective district, therefore a total of 175 (82 female and 93
male) children were recruited in Dodoma Municipality and 219 (108 female and 111 male)
children in Chamwino District. A systematic random sampling technique was used to select
ward and villages participated in this study, a list obtained from ward executive officers was
used to select respective wards and villages involved in this study whereby after every n
interval ward and village was selected from the list. Therefore three wards of Dodoma
Municipality (Makole, Chigongwe and Mahoma Makulu) and four wards of Chamwino
District (Mvumi Mission, Mlowa, Ikowa and Manchali) were chosen to be a study area. A
total of 14 villages were covered in this study and in each selected ward two villages were
randomly sampled. A list of all households that were having children of age between 6 and
23 months was obtained from the respective village offices, systematic randomly sampling

was used to select households recruited in the study area.

3.2.3. Household Interviews and Anthropometric Measurement

A structured questionnaire was pre-tested and refined before it was administered to
mothers/caregivers at the household to collect socio demographic data. Information on food
consumption was collected twice in two non-consecutive visits using a 24 hour dietary recall
method. During interview, each parents/guardian was asked to recall all types of foods and
beverage consumed by their infants in the past 24 hours. Mothers were asked to provide
detailed information about applied food preparation methods and type of ingredients used.
Amount of food reported to be consumed in 24 h dietary recall was estimated by using
household utensils such as cups, bowls and spoons. The estimated portion was weighed using
a kitchen scale (CAMRY, model EK3131) and the weight was recorded accordingly. Dietary
Diversity Scores (DDS) was estimated by using dietary information collected from the 24
hour dietary recall. Dietary diversity of study population was measured using a scale of
twelve food groups as per the Food and Agriculture Organization (FAQO) to measure DDS
(FAO, 2008). Assessment of dietary diversity was done based on the number of food groups
consumed over the past 24 hours. These food groups include; cereals based foods, roots and
tubers, legumes, fruits, vegetables, fish, eggs, meat and milk product, milk and milk products,
sugar, oil and fats, spices and condiments. To each food group consumed over a reference

period, a point was given, and then, the DDS was calculated as a summation of all points
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scored. Dietary diversity categories were derived from 12 points as follows; low dietary
diversity 1 — 3 points, medium dietary diversity 4 — 6 points and high dietary diversity 7 — 12
points. Diversity of the diet was judged based on the scores.

Anthropometry measurement of children was performed according to the World Health
Organization guideline (WHO, 1995). Recumbent length of a child was measured using a
length board (210; Seca, Hamburg, Germany) to the nearest 0.1 cm. A combined weight of
both mother and a child was measured using a standard weighing scale (HD-386-BK; Tanita,
Tokyo, Japan) to the nearest 0.1 kg. Weight of a child was then recorded as a result of

subtracting mother’s weight from a combined weight of the mother and a child.

3.2.4. Ethical Clearance

Ethical approval for conducting this study was obtained from the National Health Research
Ethics Sub-Committee (NatHREC) of the National Institute of Medical Research (NIMR) of
Tanzania, reference number NIMR/HQ/R.8a/Vol.IX/1973. Parent or care taker of each
individual child signed an informed consent. Confidentiality was observed throughout the

study.

3.2.5. Statistical analysis

Data and responses from questionnaire were coded and double entered into an Epidata
version 3.1 by two independent person. Emergency Nutrition Assessment (ENA) for SMART
version 2011 was used to analyze data obtained from anthropometric measurement. Z-scores
and prevalence of stunting was calculated according to the child growth standards of the
WHO (Schwarz et al., 2008). Data from the household survey were then exported to SPSS
for Windows software (IBM version 21) for analysis. Difference between groups was
compared using Pearson Chi-square statistical test whereas Crude Odds Ratio (COR) and
Adjusted Odds Ratio (AOR) with 95% Confidence Interval (CI) were used to assess the
strength of association. Differences were considered statistically significant if p < 0.05.
Variables that were significant in the univariate analysis were analyzed using multivariate
analysis. Multivariate logistic regression modeling was used to assess factors of stunting. The
procedure used was backward stepwise selection with removal testing that was based on the

probability of the likelihood ratio statistic. The significance level of a likelihood ratio statistic
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was compared to a cut-off value of p < 0.1. Seven variables (Table 2) were considered in
initial model, only 3 variables were considered significant based on the p value for likelihood
ratio and nutritional epidemiological importance. District was not considered in univariate

analysis, rather in the multivariate model because it was an important exposure.

3.3. Results

3.3.1. Demographic characteristics

A total of 394 children were involved in the study, 204 (51.8%) were males and 190 females
(48.2%). The mean age of children was 13.7 =+ 5.3 months and that of mothers was 28.2 + 7.3
years respectively. Table 1 summarizes the social demographic information of the studied
children and their mothers/care givers. Majority (82.3%) of the households were living below
the poverty line as they spend less than 1 USD per day. Number of household members

ranged between 2 and 20 people, with the mean of 5 people per household.
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Table 2. Social Demographic information

Variable Dodoma Municipality Chamwino Total
Children, N =394 n=175 n=219 n =394
(%) (%) (%)
Sex of the child
Male 53.1 50.7 51.8
Female 46.9 49.3 48.2
Age of the child
6 - 11 years 44.6 35.2 39.9
12 - 23 years 55.4 64.8 60.1
Mothers/care takers, N=394 n=175 n=219 n =394
Age of the mother
14 — 25 years 44.0 41.6 42.6
>25 years 56.0 58.4 57.4
Education level
None 34.9 28.8 315
Primary education 52.6 65.3 59.6
Secondary and above 125 5.9 8.9
Occupation
Employed 6.3 3.7 4.8
Agriculture 66.3 89 78.9
Livestock keeping 0.6 0.9 0.8
Business 26.8 6.4 155
Marital status
Married 85.1 93.2 89.6
Single 8 5.9 6.9
Divorced 4 0 1.7
Widow 2.9 0.9 1.8
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3.3.2. Feeding Practices and Dietary Pattern

Results indicated that 91% (n=357) of children were still breastfeeding, 49% of infants were
introduced to complementary foods before the age of 6 months. The median age of initiation
of complementary food was four months. Factors associated with early introduction of
complementary food include; mother’s own perception that her infant was not satisfied with
breast milk, mothers felt that they did not have enough milk, cases of crying baby, demand
for mothers to resume their work, and some mothers wanted their infants to get used to
complementary feeding before recommended age. The number of meals given to infants
ranged between one to five meals per day, with the mode of three meals per day. Feeding
frequency differed among age groups whereby for infants who were less than one year, 1.4%
were fed four times, 54% three times, 43% twice and 1.6% once per day. Those infants who
were above one year, 2.8% were fed fifth times, 42% fourth times, 46.2% three times and 9%
twice per day. Furthermore, the study found that 65% of mothers do not know exactly how

many times a child is supposed to be fed in a day.

The typical dietary pattern of children was characterized by high consumption of cereal based
products such as maize or millet along with vegetables. The overall mean for dietary diversity
was 3.6 £ 1.0 with a range of 2 — 8 points. Based on dietary diversity categorization, 51.5%
of children were categorized as having medium dietary diversity score (4 — 6 points), 47.7%
on low dietary diversity score (1 — 3 points) and 0.8% on high dietary diversity score (7 — 12
points). The distribution of DDS for Chamwino and Dodoma Municipality is shown in Fig. 3,
Chamwino District had a higher proportion of children who had low DDS (50.5%) compared
to Dodoma Municipality (40%). A high proportion (58.3%) of children in Dodoma
Municipality had medium DDS. Food groups consumed by infants and young children is
presented in Table 3. Cereals were the most dominant food and were consumed by 100% of
children. Animal source food were least consumed (18%) except for breast milk. Other foods
such as fruits and dairy products were consumed by a small proportion of children by 11%

and 7.1% respectively.
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Figure 3. Dietary Diversity Scores of Dodoma Municipality and Chamwino District
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Table 3. Consumption of different types of food groups by children

Food group DDS: % of children consuming

each food group

Cereals based foods 100
Roots and tubers (banana, potatoes, cassava) 18.1
Legumes 29.4
Fruits 7.1
Vegetables 57.9
Meat and meat product 18
Fish 8.9
Eggs 2.3
Milk 11
Oil and fats 72
Sugars 49
Others (Spices and Condiments) 29.4
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3.3.3. Nutritional Status

The distribution of height-for-age of the studied population is shown in Fig. 4 which shows
the curve is deviated from the median, skewed to the left and less flatter in comparison to the
WHO, Z score reference population of the same age group. The mean Z-scores was -1.61 +
1.30, and the overall prevalence of stunting was 40.4% (95% CI; 29.8% - 50.9%). Variation
on the prevalence of stunting between the two Districts was observed, whereas Dodoma
Municipality had prevalence of 26.3% (95% ClI; 23.2% - 29.6%) and that of Chamwino was
44.3% (95% CI; 37.9% - 50.9%). Children of age between 12 — 23 months were more stunted
(82%) compared to those of age 6 — 11 months (p < 0.001). The stunting rate of boys was
higher 46.9% (95% CI; 34.4% - 59.5%) compared to that of girls 32.8% (95% CI; 19.7% -

45.8%). Factors associated with stunting varied between the two Districts as presented in

Table 4.
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Figure 4. Distribution of height for age Z-scores compared to WHO growth

standards in Chamwino and Dodoma Municipality.
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Table 4. Factors associated with stunting in Dodoma Municipality and Chamwino District

Dodoma Municipality Chamwino District
Variable % stun COR(95%CI) AOR(95%CI) % stun COR(95%CI) AOR(95%Cl)
Children N=394 n=175 n=219
DDS**
Low 41.9 1.4(0.7-2.8) 0.4(0.01-0.2) 345 3.3(1.9-5.7)* 0.1(0.02-0.2)
Medium 17.4 1 17.4 1
Birth weight
<25 23.4 1.4(0.6-3.2) 0.1(0.01-0.5) 4.6 3.5(1.6-7.8)* 0.1(0.01-0.9)
>26 20.0 1 34.2 1
Age of a child
6 - 11 months 14 1 326 1
12- 23 months 86 0.1(0.0-0.2)* 0.4(0.2(0.9) 67.4 0.5(0.3-1)* 1.3(0.6-2.8)
Feeding practices
Below 68.6 0.9(0.2-3.6) 1.3(0.7-2.4) 49.8 0.9(0.3-2.4) 0.3(0.1-0.5)
Normal 24.6 1 41.1 1
Age of 1ntroduction of CF
1 - 5 months 41.7 5.3(2.1-14.5)* 0.2(0.1-0.5) 40.6 0.02(0.01-0.05)* 0.2(0.1-0.5)
> 6 months 32.0 1 14.2 1
Sex of a child
Male 63 1.7(0.8-3.4) 18.1(6.0-54.2) 58.6 0.5(0.3-0.9)* 20.3(6.8-60.5)
Female 37 1 414 1
Mother N=394 n=175 n=219
Age of the mother
< 25 years 33.1 0.8(0.4-1.7) 9.4(3.5-24.8) 224 0.9(0.5-1.6) 1(0.6-1.8)
> 26 years 40.6 1 324 1
Maternal level of education
No formal 62.8 0.01(0.0-0.4)* 0.1(0.03-0.4) 50.9 0.004(0.00-0.01)*  0.2(0.1-0.5)
Primary education 7.7 1 2.8 1
Source of income
Agriculture 50.3 0.7(0.4-1.5) 18.1(7.15-35.9) 475 1.7(0.7-4.3) 0.01(0.00-0.03)
Non agriculture 10.3 1 3.7 1

*Significance at p < 0.05, Stun stunting, CF complementary food, ** Some information (with extremity) were
excluded
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3.3.4. Multivariate analysis for factors of stunting

Results from multivariate analysis of factors for stunting are presented in Table 5. The
multiple logistic regression analysis showed that factors that were statistically significant and
independently associated with  stunting were age at which a child introduced to
complementary foods (AOR = 13.3, 95%Cl, 2.6 — 67.6), maternal education (AOR = 5.5,
95%Cl, 1.0 — 9.8) and residence in Chamwino District (AOR = 3.2, 95%, 1.3 —5.9).

Table 5. Multivariate logistic regression of factors of stunting, N=394

Variable N % stun COR(95%CI) AOR(95%CI)
DDS**

Low 180 43.8 1.9(1.3-2.8) 0.6(0.2-1.3)
Medium 210 56.2 1

Maternal level of education**

No formal 153 93.1 0.006(0.003-0.01) 5.5(1.0-9.8)*
Primary education 217 6.9 1

Age of a child

6 - 11 months 155 20 1

12- 23 months 239 80 0.24(0.2-0.4) 0.2(0.06-1.2)
Age of 1ntroduction of CF

1 - 5 months 226 95.9 0.02(0.01-0.06) 13.3(2.6-67.7)*
> 6 months 168 4.1 1

District

Chamwino 219 68.3 2.3(1.5-3.5) 3.2(1.3-5.9)*
Dodoma Municipality 175 31.7 1

Occupation

Agriculture 311 48.7 1.3(0.8 -2.3) 0.4(0.1-1.9)
Non agriculture 83 6.6 1

Feeding

Below 362 58.1 0.9(0.4-2.0) 0.6(0.3-1.5)
Normal 32 3 1

1 Reference, *Significant at p < 0.05, ** Some information (with extremity) were excluded, stun Stunting

3.4. Discussion

The distribution of height-for-age Z-scores of studied population deviated from that of the
WHO reference population indicating under nutrition is prevalent among children whereby
studied population failed to acquire normal height for age. Stunting prevalence was high
(40.4%) according to WHO national growth estimates (Schwarz et al., 2008). The level of

stunting reported in this study is similar to that repo