¥ 2 |

P TN

functioning of anaemic school children in Tanzania

Lillian Mwanri

Thesis submitted in fulfillment of the requirements for the
degree of Doctor of Philosophy

February 2001

Department of Public Health
Faculty of Medicine
Adelaide University



TABLE OF CONTENTS

Table of content
List of Tables

List of Figures
List of Appendices
Summary
Declaration

Acknowliedgements

CHAPTER ONE

GENERAL INTRODUCTION

1.1 Introduction
12  Tanzania
L3 The nutritonal challenge

1.4 Qutline of the thesis

CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction
2.2 The role of iron in the body and the causes of anaemia
2.3 The development of anaemia

23.1 Low dietary intakes of iron and/or poor bioavailability

viii

X

Xi

xiii

2

10

10

12



2.3.2 High physiological requirements

7.3.3 Chronic iron losses

2.3.4 Impaired iron utilisation

2.4  Magnitude of iron deficiency and anaemia .
2.4.1 Magnitude of anaemia in Tanzania

2.5 Consequences of 1ron deficiency anaemia

2.5.1 Iron deficiency anaemia and associated mental outcomes in children
2.6  Anaemia in school aged children

2.7  Vitamin A and iron deficiency

2.7.1 Interrelationship between vitamin A and iron

2.8  Strategies to prevent iron deficiency anaemia
2.8.1 Dietary diversification

2.8.2 Iron supplementation

2.8.3 Food fortification

2.8.4 Health promotion

2.9  Aims, hypothesis and objectives

CHAPTER THREE

14

15

16

16

17

18

RESEARCH SETTING AND METHODOLOGICAL APPROACH

The setting of the research
Study area
Population

Climate

36



3.1.4 Economy

2 Methodology

(U9

2.1 Approval and consent

[O%]

Study design

(U3}
N
b

L)
o
(V3]

Operations

Selection of schools

98
ta
e

Selection of children

(V3]
b
W

Deworming

[S3]
N
o

7 Randomisation

(03]
o

3.2.8 Provision of supplements
3.3 Practical problems encountered
during the research

3.4 Data management and analysis

- CHAPTER FOUR

STUDY 1: THE EFFECTS OF IRON AND VITAMIN A ON
ANAEMIA AND GROWTH IN ANAEMIC SCHOOL

CHILDREN IN TANZANIA

4.1  Introduction

42  Methods

4.2.1 Estimation of anaemia

422 Physical examinations

4.23 Anthropometrical measurements

4.24 Data analysis

i

46

48



43  Results | 55

431 Baseline characteristics 55
432 Effects of supplements on haemoglobin ' 56
435 Eﬁ”ec;cs of supplementation on weight . 61
434 Effects of supplements on height 65
44  Discussion 68
4.5 Conclusion _ 70
CHAPTER FIVE:

STUDY 1: THE EFFECTS OF IRON AND VITAMIN A ON INDICES
OF COGNITIVE FUNCTION ON ANAEMIC
TANZANIAN SCHOOL CHILDREN

5.1  Introduction ‘ 71
52 Tests of cognitive functions and academic achievement 72
- 521 Digit span 72
522 Stroop Task | 74
5.2.3 Test of Educational achievement 75
53  Data Analysis : 71
54  Results 80
5.4.1 Effect of supplements on digit span test scores 30
5.4.2 Effect of supplements on Stroop Task test scores 83
543  Effect of supplements on academic achievement test scores 84
5.5 Discussion 87

3.5.1 Cognition 87



5.5.2 Educational achievement | . %3

553 Public health significance 38
56  Conclusions and implications : %9
CHAPTER SIX:

STUDY 2: SCHOOLS AND ANAEMIA PREVENTION:
KNOWLEDGE, ATTITUDE AND PRACTICE OF
STUDENTS, PARENTS AND TEACHERS

6.1 Introduction 90
62  Methods 92
6.2.1 Children's survey 92
6'.2.2 Parents' survey 94
6.2.3 Teachers' survey ; 95
6.3  Results 96

6.3.1 Children's demographic characteristics
and sources of formation about anaemia 96

6.3.2 The home environment, parents’ literacy status and
their recalled sources of information 96

6.3.3 Teachers' responses and their sources of information 97

6.5.4 Children's, parents' and teachers'

knowledge of symptoms of anaemia 98
6.3.5 Knowledge of causes and prevention of anaemia 99
6.3.6  Children's, parents’ and teachers' dietary habits 100

6.3.7 The children's meal/food consumption outside school 102



6.3.8 The schools' physical environment 103

6.4 . Discussion : 104
6.4.1 Knowledge of anaemia : ‘ 104
642 The domesﬁc physical and socio-economic environment 105
6.4.3 Role of schools and teachers in prevention of anaemia 106
6.4.4 Dietary intake : 107
6.4.5 Development of partmership for improving

school health and education 108
6.5  Conclusion 110
CHAPTER SEVEN

IN VITRO BIOAVAILABILITY OF IRON FROM MAIZE

7.1  Introduction 111
. 7.1.1 Dretary factors: type of iron 112
7.1.1.1 Iron absorption ichibitors 113
7.1.1.2 Iron absorption enhancers 114
7.1.2 Body iron status . 114
7.2 Iron bioavailabilty and anaemia 115
73 Maize iron bioavailability study | 116
74 Material and methods 119
7.4.1 Collection of maize samples ‘ 119
742 Determination of iron concentrations 120

743  Caco-2 iron bioavailability method 121



85

744 Statistcal analysis

75 Results

251 Iron concentrations from different cultivars

7.5.2 Phytates cbncentrations in the samples

753 Iron uptake from the digest

76 Discussion

7.7 Conclusion

CHAPTER EIGHT:

GENERAL DISCUSSION

8.1  Introduction

8.2  Relationship between vitamin A and anaemia

83  Vitamin A and growﬁ |

8.4  Iron and vitamin A supplementation and cognition
Iron deficiency and iron bioavailability

8.6  Health promotion as a solution for
control of iron deficiency anaemia

8.7  Recommendations

8.8  Conclusion

REFERENCES

APPENDICES

141

146

148



SUMMARY
&ﬁc?@utrient deficiencies are serious problems. They hinder mental and physical development
and aré important Causes of death in developing countries. They also hinder the socio-economic

d&éldbmem of the affected population.

[ron déﬁciency which is often manifested as iron deficiency anaemia (IDA) is the most
prevalent nutridonal deficiency world-wide. It affects nearly 5 billion people in the world.
Neéﬂ)’ 90 percent of anaemia in the world is due to iron deficiency. The problem is much more

severe in developing countries, although the developed countries are not spared.

The studies presented in this thesis examined the complex nature of interrelationships between
fron aeﬁciency anaemia and its determinants. Both experimental and survey methods were
‘empl.oyed The experimental method was used to investigate the impact of dietary suppiements
dn:the biomedical and cognitive functioning of the study subjects. Suarveys were also conducted
V‘bk:‘ciause it was thought that the local context in which the problems evolved must be understood |

for effective control of the problem of iron deficiency anaemia.

This thesis examined the impact of iron and vitamin A supplementation on the haemoglobin

concentrations and cognitive function of 9 to 12 year old anaemic school children from the rural

—

and femote : , ) o : . T
nd area in Tanzania. The findings suggest that both vitamin A and iron raise their —

haemoglobin levels. Furthermore, the results suggest that vitamin A in combination with iron

may‘have arole in improving the cognitive function of anaemic school children. This study
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showed that relatively small changes in nutritional status can bring about major health and

cognitive improvements.

»

School children, parents .and teachers were interviewed to examine their knowledge, attitudes
and practices towards anaemia control. The results of these surveys showed that school
children's knowledge of causes and prevention of anaemia was poor compared to that of their
parents and teachers. Moreover, the results showed that children's dietary intake was poor and
could be one amongst many causes of anaemia in these children. However, the parents were
willing to participate in activities that would improve their children’s health and education, for

example via provision of school meals and improvement of school physical environments.

The thesis also examined the iron concentrations and bioavailability in two varieties of maize,
one the main staple food in Tanzania and the other, a newly bred iron-rich variety from
Zimbabwe. Although the newly bred variety had higher iron concentrations, its bioavailability
was lower than the conventionally consumed variety, indicating need for further work in

breeding high micronutrient dense and highly bioavailable varieties.

The results of the thesis indicate that the causes of malnutrition and micronuuient deficiencies,
especially iron deficiency anaemia, are complex, éontext dependent and dynamic in nature.

While these results identify dietary supplements ‘as effective short-term interventions, the
complexity of micronutrient deficiency causation demands a new holistic paradigm for its

control. This is described in a set of set of recommendations.
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Hollstlc systems approaches have particular value in addressing micronutrient deficiencies

Wuse they consider a vanety of causal vanables. Relevant factors such as community
pamapanon women's empowerment improvement of farming systems and storage of foods,

p[ant breeding and possibly the use of dietary supplements in the short term, are all important in

addressing micronutrient deficiencies. All these require policies that encourage integrated and

well co-ordinated multi-sectoral strategies that promote nutritional outcomes through such
méans as education, health, information technology, financial support (e.g. micro-credit),

polmcal commitments, agricultural research and sustainable development.



