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PREFACE

After graduating from Gondar Public Health College and serving for three years in
Health Centres of the Ministry of Health, I had the aspiration and determination to go
to Medical School., However, I was contacted by the late Derek S. Miller of Queen
Elizabeth College (now King's College again), University of London and was asked if I
would be interested in joining a research project in Gondar. During this time, I became
interested in research, in nutrition and the challenges they both offered. This lead to my
Master's programme in nutrition at Queen Elizabeth College and to my subsequent
position at the Ethiopian Nutrition Institute (ENI). During this time, I came in contact
with many people working in the field of nutrition and amongst them were Professor
Joseph Hautvast and Dr Clive West. During the course of discussions with Professor
Hautvast, staff development at ENI was one of the major topics raised and as a result,
a number of staff of ENI participated in courses organized by the International
Agricultural Centre in Wageningen. Possibilities of admission of some of the senior staff
to PhD courses in his Department were also raised. So, my gratitude to Professor
Hautvast is not limited to his guidance and support during my current research work but
also encompasses the long standing devotion and concern he has shown to the growth
and development of ENI in particular and of nutrition programmes in Ethiopia in
general. I am also grateful to his wife Marlou for her hospitality.

It is now over a decade since I have come to know you Clive. You can not imagine how
I feel to be a student under the supervision of an old colleague. Not to mention how
much | have learnt from you, I am one of your admirers for your being very hard
working and openness. I believe that the momentum we have gathered now should be
developed further and sustained for more research in the future. From the day I arrived
in Wageningen to start my research work, 1 have received unlimited support and
guidance from you for which I will always be very grateful. I am also very grateful to his
family for allowing me to work with Clive on my research in the time which he should
have been spending with them.

Despite the enormity of the task, the field work went smoothly and according to plan.
The ¢redit for this goes to all those who were actively involved in the various studies. I
would therefore like to express my sincere appreciation and gratitude to the staff of ENI
in general and to the following in particular: Haile Gebru and Asnakech Mekonnen of
the Computer Unit; Amha-Selassie Tadesse, Getachew Zenebe, Petros Gabre, Yilma
Habteyes, Chernet Aboye and Almaz Gonfa of the Laboratory Division; Tezera Fisseha
and Bantirgu Haile Mariam of the Medical Division; Tsegnesh Tsegaye, Genet Gustavo,
Zewdalem Asefa, Zemen Meshesha, Wossenie Zewdie of the Nutrition Division, and
Tekle Yohanis Kuko, Sisay Tisasu, Bagegn Damtew, Eshetu Negash, Gebeyehu Tefera,
Fekadu Demissie, Kenenessa Bedada and Baye Akale of the Administration Division.




Support has been received from the National Health Research Institute in the analysis
of thyroxin-binding globulin and acquisition of supplies not forgetting the dry ice.

I thank Gonfa Ayana, Drs Fisseha Haile Meskel, Debre-Work Zewdie and Seyoum
Taticheff for their cooperation. I thank the Administrator of Atat Hospital and her staff
for allowing me to use facilities at the Hospital and for making two technicians available
during the anaemia intervention and ensete studies.

I am very much indebted to the directors of schools for the blind and the schools where
the intervention studies were carried out and their staff for the remarkable cooperation
and assistance I received from them, and village elders and chiefs in Melkaye who gave
me every assistance. I very much appreciated the cooperation of the children who took
part in the studies and of their parents.

The contribution of the studenis from the Department of Human Nutrition in
Wageningen was immense and I would like to thank Baukje Vrieswick, Johan Melse,
Arnold Timmer and Loek Pijls for their contribution.

I very much appreciate and thank Etetu Gudeta from ENI for typing some of the earlier
manuscripts. I also thank Ben Hiddink, Witma de Maar, Lous Duym, Grietje van der
Zee and other members of the Department of Human Nutrition for their assistance.
Some of the laboratory analyses were carried out in the Department of Human Nutrition
in Wageningen. I am very grateful to those who helped me with the analyses and my
special thanks go to Peter van de Bovenkamp, Jan L. Harryvan, Annet Rodenburg,
Jannie Bos, Cock Germing-Nouwen. I also want to thank H. Tietmma of Hoechst
Holland for the analysis of the immunoglobulin and serum proteins.

My special thanks go to Tadesse Abzaw and Mulugeta Gebru of WHO, Addis Ababa
and Carol Yohanis and Roman Tekola of UNICEF, Addis Ababa; WHO Regional
Office for Africa, UNICEF Regional Office for Eastern and Southern Africa; WHO
Regional Office for Europe and Mrs Visser-Weijns of Ministry of Welfare, Health and
Cultural Affairs, The Netherlands for their prompt actions in facilitating my research
work and stay in The Netherlands.

I would like to thank Jan Burema and Dr M.A.J. van Montfort for their statistical advice.
Some of the data analyses were carried out by Saskia de Pee, Paul Evers and Margot
Logman for whom I am very grateful. I thank Dr Frits van der Haar for his critical
review of one of the manuscripts and translation of the summary to Dutch and also Dr
Fré Pepping and Ria for their moral support and hospitality. I thank the Central Service
Department of the Biotechnion for the drawing of figures and photography.

My Ethiopian friends, particularly Beshir Nourhussein and his family, Paulos Tekola and
Chekole Degefa, and those in Amsterdam have made me feel at home during my stay
in The Netherlands and I would like to thank them all.




1 appreciate very much and express my gratitude to the Joint UNICEF/WHO Nutrition
Support Programme for funding the field work including the cost of chemicals and
supplies, and for my scholarship. I would also like to thank Wageningen Agricultural
University for the scholarship for much of my second period in Wageningen. For
provision of vitamin A and placebo preparations, 1 am indebted to Task Force SIGHT
& LIFE, Basel, Switzerland.

Some of the laboratory analysis would have not been possible had I not received funds
from the United States Aid for International Development for which I am very grateful.

Financial support from Wageningen Agricultural University and the Foundation for the
Advancement of the Knowledge of the Nutrition ‘of Mother and Child in Developing
Countries for the publication of this thesis is gratefully acknowledged.

This work would have not reached the present stage if I had not had the support and

encouragement of my wife, Yewediaset Zeleke; my brother, Yilma Wolde-Gebriel and
my sons, Simon and Brook. I appreciate your determination and perseverance.

Wageningen, March 1992 Zewdie Wolde-Gebriel.



CHAPTER 1

Introduction

Amongst the features characteristic of developing countries, high rates of morbidity; high
rates of infant, child and maternal mortality; poverty; and ignorance are very prominent.
In the majority of these nations, there is a population explosion while food production
is on the decline. In some, civil wars and recurrent droughts have exacerbated the
situation and brought about the need for continuous food aid. Unfortunately, welfare and
funding agencies from industrialized countries have often attached many strings to their
aid programmes and shown limited interest in funding long term development
programmes. The ever declining prices of raw materials and increasing cost of oil and
manufactured goods resulting in economic recession, high debt and interest rates, and
structural adjustments have made the situation worse in these countries over the last few
decades. Nutritional deficiencies which are good indicators of the general health status
of nations have become more prevalent in developing countries during this period. Next
to protein-energy malnutrition, deficiencies of iodine and of vitamin A and nutritional
anaemia are the commonest nutritional problems in these countries.

Ethiopia

Ethiopia is a highland country with an area of 1.2 million square kilometres of which
75% is more than 500 metres above see level. Based on the projection made after the
1984 census, the current population is estimated to be 52 million increasing at an annual
rate of 2.9%. Crude birth rate is 44.7 per 1000, crude death rate 19.8 per thousand and
infant mortality rate is 155 per thousand live births. Over 90% of the people live in rural
areas with agriculture being the main activity. Iliteracy, infectious and nutritional
diseases, unemployment, recurrent drought and civil strife are the primary problems of
the country.

Vitamin A deficiency

Vitamin A is a fat soluble vitamin obtained from animal sources and also from
provitamin A carotenoids of plant origin. It is involved in vision, cell differentiation,
synthesis of glycoproteins and mucous secretions from epithelial tissues, reproduction,
growth and immune processes. When there is deficiency of vitamin A, signs are
manifested in the eyes and epithelial tissues.

Night blindness was recognized as early as 1500 BC and different ways of treating cases
were recorded in ancient Egypt. According to the Papayrus Ebers and the London
Medical Papyrus, night blindness was treated by squeezing cooked liver into the eyes. In
ancient Greece both the topical application and the consumption of cooked liver was
practised following the experience in Egypt (85).




In 1915 McCollum and Davis (43) showed that butter and egg yolk contained an
essential growth factor for 1ats and gave the name "fat soluble A" to this factor. During
the same year, Osborn and Mendel (59) identified a similar fat soluble growth factor in
cod liver oil and butter. In the 1920s, Moore (54) demonstrated that B-carotene present
in plant tissues was converted biologically to vitamin A and stored in the liver. During
this same period the effect of vitamin A on appetite, growth and cell differentiation were
also elaborated (12,13,44,84). In 1925, Fridericia and Holm (26) described the need for
vitamin A for the regeneration of visual purple, while the visual recycling process was
later worked out by Wald and co-workers (20,81).

Night blindness is the first symptom of vitamin A deficiency because of the role of
vitamin A in light perception at low light intensity by the rod cells of the retina. As the
deficiency state worsens, the epithelial iayer of the cornea becomes dry and non-wettable
but sometimes, this condition is not specific to vitamin A deficiency (40,66} as it can be
manifested by other environmental factors. In 1860, Hubbenet (cited in 70) described the
occurrence of epithelial dryness and scaling of the conjunctiva and the cornea in night
blind and malnourished subjects who responded positively to ingestion of beef liver.
Later in 1863, Bitot (also cited in 70) described white foamy patches which exist along
with night blindness in the conjunctiva. As a result, these patches are now referred to as
Bitot's spots and are one of the most important signs of vitamin A deficiency. Another
sequela of vitamin A deficiency is decreased production of tear and goblet cells with
subsequent keratinizing metaplasia and haziness of the cornea. The keratinized corneal
tissue can also be a good growing medium for bacteria and viruses which can aggravate
the process leading to keratomalacia and blindness. The keratinized cornea eventually
becomes ulcerated and heals gradually resulting in a corneal scar or it perforates
whereby the inner segments of the eye ball prolapse thus finally resulting in irreversible
blindness.

Recent studies have demonstrated that vitamin A plays an important role in reducing
morbidity, particularly of respiratory and diarrhoeal diseases, and of mortality
(210,52,62,67-69). These effects are almost certainly mediated through the action of
vitamin A on the immune response (83).

Vitamin A deficiency is exacerbated by low intake of other nutrients particularly protein
and fat (4,70). Children who suffer from vitamin A deficiency are more likely to suffer
from other nutritional deficiencies not only because nutritional deficiencies occur
together but also because of the influence of vitamin A on the metabolism of other
nutrients. As mentioned above, the two micronutrients most commonly deficient in
developing countries in general, apart from vitamin A, are iodine and iron. Thus the
inter-relationship between the nutrition and metabolism of vitamin A, iodine and iron
are reviewed below while results of studies in Ethiopia on these nutrients are presented
in subsequent chapters in this thesis.

lodine deficiency disorders

Iodine deficiency disorders (IDD)} comprise the subtle form of the enlargement of the
thyroid gland commonly known as goitre and the more severe and serious conditions of
cretinism characterized by neurological or myxoedematous defects (30).




The neurological defects include: impaired voluntary motor activity, usually involving
paresis or paralysis of pyramidal origin, chiefly in the lower limbs, with hypertonia,
clonus, and plantar cutaneous reflexes in extension; spastic or ataxic gait while in the
severest cases walking or even standing is impossible, and strabismus. In the
myxoedematous form, most cases exhibit major clinical symptoms of hypothyroidism
characterized by dwarfism, myxoedema, dry skin, sparseness of hair, slow-growing nails,
retarded production of sex hormones and sexual maturation, and abnormal naso-orbital
configuration (7).

The principal aetiological factor in the development of IDD is inadequate intake of
iodine. Iodine is required by the body for the synthesis of hormones by the thyroid gland.
The daily requirement of iodine is estimated to be 100-150 pg for adults. Goitrogenic
agents which interfere with the metabolism of iodine and formation of thyroid hormones
are also important in the causation of IDD. The most important goitrogens are probably
thiocyanates, either preformed or synthesized from other compounds. Goitrogens are
found in a variety of foods such as cassava, millet, soya bean, vegetables of the genus
Brassica including cabbage and turmip, and plants of the family Cruciferae (27).
Involvement of some trace elements such as molybdenum, selenium and fluorine in
goitre occurrence has also been reported (28,86). Contamination of drinking water with
Escherichia coli and toxins from other microbes (27,29), and with urochrome, one of the
products of human waste (76), has been implicated as another cause for goitre. In recent
years, excess iodine has been shown to be a cause for the enlargement of the thyroid
gland (55). Furthermore, nutritional factors including vitamin A deficiency and protein-
energy malnutrition, have been reported as important factors in the occurrence of goitre
(3,35,39).

Relationship between vitamin A and iodine nutrition

Information on the relationship between vitamin A and iodine nutrition has come from
studies in experimental animals and humans. In 1929, Rabinowitch (61) tested the effect
of mixture of vitamin A and D with iodized jecoleic acid on 12 cases of Grave's disease
and another control group of 12 patients with the same disease who received Lugol's
solution only. The rate of decrease of the basal metabolic rate was greater in the patients
who received the vitamin and iodine mixture which led to the conclusion that vitamin A
and D influence the course of exophthalmic goitre. In 1937, Fasold (22) treated seven
pubertal girls with vitamin A every third day for 7-8 months, and observed that in four
girls the goitre size decreased while the menstrual cycle was prolonged or menstruation
ceased entirely. When the vitamin A treatment was discontinued, goitre reappeared in
3-4 weeks and the menstrual cycle became regular, This indicated that vitamin A has
some influence on hormonal regulation of the thyroid and ovary at puberty.

In 1938, Lindquist (#7) noted that the serum vitamin A level was low in Basedow's
disease and that this returned to normal on iodine treatment or removal of the
hyperthyroid gland. Serum vitamin A levels were higher in myxoedematous patients than
in normal persons which indicated the involvement of the vitamin in thyroid physiology.
Sadhu and Brody (64) in 1947 observed that rats treated with heavy doses of vitamin A
had normal growth, depression of their basal metabolic rate and reduction in the size of
the thyroid gland.



These same authors revealed that heavy vitamin A medication tended to neutralize the
increased metabolic effect of thyroxin injection while potassium iodide decreased
somewhat the metabolic rate of control rats but did not decrease that of the thyroxin-
treated rats. They also reported that partly oxidized vitamin A reduced the size of the
thyroid. Bukatsh er al. (I4) in 1951 examined 377 goitrous patients and found that 22%
had night blindness and 73% had decreased dark adaptation. Treatment with vitamin A
combined with green and yellow vegetables decreased the size of the thyroid gland and
resulted in alleviation of the symptoms of hyperthyroidism. In therapy resistant cases,
elimination of foci of infection and improvement of fat absorption, combined with the
above treatment produced clinical improvement.

In 1958, Horvat and Maver (33) demonstrated from their study on the island of Krk in
Yugoslavia that vitamin A has a role to play in the reduction of goitre size. The
prevalence of goitre in a group of schooichildren was decreased by 45% in those who
received 3,000 IU vitamin A supplementation while it remained the same in a control
group which was not supplemented. Differences in the consumption of cyanogenic
glycosides and the iodine content of water could not explain the differences in goitre
prevalence seen on the island. Frape er al. (24) observed that in pigs, the secretion of
thyroxin increases at low level of vitamin A intake and tends to decrease with higher
intakes of the vitamin. In 1961, Veil ef al. (78) observed that supplementation of adult
male Wistar rats with 5,000-30,000 IU/day of vitamin A decreased basal metabolism and
urinary and faecal excretion of thyroid hormone. No effect on basal metabolism was
observed when vitamin A was administered to thyroidectomized animals, Fabris and
Bruscagnin (21) gave 50,000 units of vitamin A intramuscularly for 30 days to 12
hypothyroid and hyperthyroid individuals and on the 30" day I'*' was administered. The
uptake of radioactive iodine was significantly decreased after vitamin A treatment in the
normal as well as the hyper- and hypothyroid individuals.

More recent studies have also shown that vitamin A affects iodine metabolism. Thus
Ingenbleek and De Visscher (36) conducted a study in Senegal in which they compared
subjects in an area where the prevalence of goitre ranged between 40% and 50% with
controls in Dakar. Serum levels of transthyretin, retinol-binding protein and retinol levels
were lower in both the goitrous and non-goitrous subjects in the goitre area than in those
from Dakar. The concentrations decreased progressively with increase in goitre size while
serum albumin levels and urinary iodine excretion were low in the goitrous subjects,
Ingenbleek (37) also observed in rats with vitamin A deficiency that thyroglobulin
mannosylation was impaired with abnormal closure of bonds, reduced monoiodotyrosine
and diiodotyrosine coupling reactions, and decreased production of thyroid hormones.
Iodine deficiency alone did not induce the above mentioned glycosylation reaction but
it did aggravate the effect produced by vitamin A deficiency. According to Oba and
Kimura (58), the size of the thyroid gland in rats with vitamin A deficiency increases and
the level of circulating thyroxin decreases to half that of control rats. Transthyretin was
the major carrier of thyroxin in control rats while in the vitamin A-deficient rats the
amount of thyroxin bound to transthyretin was reduced and the amount bound to
thyroxin-binding globulin increased.



However, in 1942, Remington et al. {(63) concluded from their study on rats that vitamin
A deficiency was not an aetiological factor in development of simple goitre while the
requirement for vitamin A increased in rats with thyroid hyperfunction and decreased
in those which were thyroidectomized. One year after their initial study on the island of
Krk, Horvat et al. (34) measured the uptake of radioactive iodine in the same population
studied earlier. From this study they conciuded that low intake of vitamin A was not a
factor in the occurrence of goitre on Krk. Ascoll et al. (5) administered 5,000; 15,000 and
40,000 IU of vitamin A for a period 23, 17 and 13 days respectively to 78 children and
did not observe any effect on hyperkeratosis or goitre. Similar conclusions were made
by other investigators who did studies on gninea pigs and rats (6,77). Thus, the evidence
published up until now on the role of vitamin A in iodine metabolism is somewhat
conflicting.

Iron deficiency anaemia

Nutritional anaemia is caused by a lack of iron, folic acid and/or vitamin By,. Iron is
needed as a component of haemoglobin. Thus iron deficiency leads to the production of
hypochromic normocytic red blood cells. Folic acid and vitamin B, are required for the
synthesis of DNA. Thus deficiency of the vitamins prevents mitotic division and thus the
red blood celis produced are normochromic but hypercytic. Anaemia can also be caused
by loss of blood through haemorrhage and infestations from hookworm and schistosoma,
by malaria which causes haemolysis of red blood cells; and by thalassaemia and sickle
cell in certain populations. Iron deficiency anaemia is a medical and public health
problem of prime importance, causing few deaths but contributing to ill health, weakness
and substandard performance of many people in the world. Iron deficiency anaemia is
produced by inadequate absorption of iron from the diet resulting from a low iron
content, the presence of inhibitors of iron absorption or the lack of promoters of iron
absorption in the diet. Inclusion of haemoglobin in the diet increases iron absorption not
only because of its iron content but also because it stimulates the absorption of non-
haem iron. Iron deficiency anaemia is commonly observed amongst infants, young
children and women of childbearing age. Infants have almost no haem iron in the diet
as they are mainly fed on milk which lacks haem iron. After this age the amount of haem
iron starts to increase depending on the type and amount of food fed. Poor absorption
from the predominantly vegetarian diets of most people in developing countries is an
important cause of iron deficiency. Anaemia leads to lethargy and decreased work
performance (7,65,79) not only because of the inhibition of transport of oxygen from
lungs to tissues and of carbon dioxide in the reverse direction but alse due to impaired
cognitive function and mental performance probably associated with inadequate iron in
the brain. Anaemia also causes decreased resistance to infection (16,73), impairment in
body temperature regulation (8) and increased risk from lead poisoning (82). On the
other hand, high body iron stores cause liver damage and increase the risk of
hepatocellular carcinoma (72).

Relationships between vitamin A and iron

Evidence that vitamin A can contribute to nutritional anaemia comes from studies in
both man and laboratory animals. In 1922, Findlay and Mackenzie (23) reported that rats
fed a diet deficient in vitamin A developed patches of gelatinous degradation in bone
marrow and that in those animals which survived longest, most of the haematopoietic
tissue was replaced by fibrous stroma. Such marked changes were not seen by Wolbach
and Howe in 1925 (84) although they did see a reduction in the number of
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haematopoietic cells. In 1926, Koessler et al. (38) observed anaemia in early vitamin A
deficiency which proceeded to increases in haemoglobin levels and haematocrit counts
as the severity of vitamin A deficiency developed. Similar early changes were also
observed by Sure ef al. in 1929 (74) and Frank in 1935 (25) and later by Amine et al. (I)
and O Toole et al. (60). Koessler e al. (38) also pointed out that, as vitamin A deficiency
progresses, rats become dehydrated thus giving rise to haematoconcentration. Other
workers have also shown that there is a decrease in extracellular water in vitamin A
deficiency (15,42,46). When Mclaren et al. (45) investigated haematological changes in
rats at the stage of vitamin A deficiency when growth retardation was beginning to
become apparent, they found that there was an increase in haematocrit which could be
attributed to lack of growth rather than an effect on haematopoietic tissues. Cther
studies in chickens, rats and horses (I1847,57) have shown that vitamin A deficiency
results in anaemia while Staab er al. (71) have demonstrated an accumulation of iron in
the liver in vitamin A-deficient rats.

Studies in children in the mid-1930s showed that vitamin A deficiency results in anacmia
and haemosiderosis in the liver and spleen (9,75). In 1940 Wagner (80) conducted a
study on experimental vitamin A deficiency in a group of ten human subjects. After 188
days the subjects showed signs of vitamin A deficiency and during this period
haemoglobin and haematocrit values fell, and poikilocytosis and anisocytosis were seen,
Wagner concluded that haematopoiesis was impaired. Hodges and Kolder (37) reported
a similar clinical study in 1971 with 8 human volunteers who were maintained on very
low vitamin A intakes for 357 to 771 days. Moderate anaemia developed which was
refractory to medicinal iron but responsive to vitamin A.

As a result of this finding, Hodges ef al. (32) reviewed the results of studies carried out
on non-pregnant and non-lactating women in developing countries, including Ethiopia,
where the intake of iron was 14 mg per day or more. They found a strong relationship
between serum levels of vitamin A and blood levels of haemoglobin. In a similar analysis
of data from studies carried out at INCAP in Guatemala, Mejla et al. (48), found a
positive correlation between serum iron and blood haemoglobin levels in children with
adequate intakes of vitamin A but not in those with inadequate intake. In the
programme in Guatemala in which sugar was fortified with vitamin A, Mejia ef al
{49,50) were able to show after six months of fortification that increased levels of vitamin
A were associated with increased levels of serum iron and total iron-binding capacity
while levels of serum ferritin declined during this period. Thus, the anthors suggested
that vitamin A deficiency increases stores of iron and that administration of vitamin A
stimulates the synthesis of transferrin which would increase the availability of iron for
haematopoiesis. However, it may well be that there is a direct effect of vitamin A on
haematopoiesis itself as Douer and Koeffler (19) have shown that retinoic acid enhances
the growth of human erythroid progenitor cells.

The beneficial effects of vitamin A on anaermnia have been demonstrated in a number of
trials, Reddy's group in Hyderabad in India (53) reported a study in 1977 in which a
daily supplement of 8 mg retinyl palmitate was given to vitamin A-deficient children for
two to three weeks, This resulted in a significant increase in haemoglobin, haematocrit
and serum iron. More recently Mejia and Chew (51) have carried out a study in which
children aged 1-8 years received vitamin A, iron, both of these, or a placebo. Vitamin
A supplemientation produced significant elevations in the serum levels of retinol, blood
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haemoglobin, haematocrit, erythrocyte count, serum iron, and percent saturation of iron
but had no effect on total iron-binding capacity or serum ferritin, In three studies in
Thailand, Bloem et al. (11} have investigated the relationship between iron and vitamin
A status. The first study was a cross sectional study of 1060 children aged 1-8 years in
which it was found that retinol was associated significantly with haematocrit, serum iron,
transferrin, ferritin, and saturation of transferrin. In order to obtain further information
as to whether this relationship was causal, two intervention studies were carried out in
which 78 children were randomly allocated to two groups which were given a single dose
of either vitamin A or a placebo. In the first of the intervention studies, there were
significant differences between the two groups in the levels of retinol, retinol-binding
protein, serum iron, and transferrin saturation one and two months after
supplementation. However after 4 months, there were no significant differences between
the two groups because the effect of the single vitamin A dose had worn off. In Bloem's
second intervention study, short-term effects were also seen, A study has been reported
from National Institute of Nutrition in Hyderabad (56) in which pregnant women were
dosed with iron either with or without vitamin A and a positive effect of vitamin A on
iron status was seen.

Outline of the thesis

The following chapters in this thesis present results from studies conducted in Ethiopia
and cover four broad areas: a) the prevalence of vitamin A deficiency, IDD and
nutritional anaemia, b) inter-relationships between these three deficiency diseases, c) the
effects of interventions, and d) the staple food, ensete. Chapters 2 and 4 deal with
national surveys on xerophthalmia and on goitre. Chapter 3 elucidates causes of
blindness in the six schools for the blind as a basis for the detection of the importance
of vitamin A deficiency in the causation of blindness in the country, Chapter 5 describes
the situation in a severe vitamin A-deficient area illustrating the severity of the problem
in certain pocket areas of the country especially where relief-food aid has been
distributed for a long time. Chapters 6, 7 and 8 describe intervention studies on the
impact of vitamin A on iodine and iron metabolism. In Chapter 9, the findings of the
various studies and their practical implications are discussed and recommendations for
future action programmes are presented. In Annexes 1 and 2, agro-economic as well as
food and nutrition aspects of ensete (Ensete ventricosuin), one of the staple foods of
Ethiopia and on which over 10 million people depend, are described.

The maps of Ethiopia used in this thesis are based on the 14 Administrative Regions and
one local Administration (Assab) which were in existence prior to September 1989.
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CHAPTER 2

Xerophthalmia in Ethiopia: a nationwide ophthalmological, biochemical
and anthropometric survey*

Zewdie Wolde-Gebriel, Teshome Demeke and Clive E. West

Summary

A total of 6636 children, aged from 6 months to 6 years and selected throughout the country
using a multistaged stratified sample design, were examined for signs of xerophthalmia. The
concentrations of retinol and of B-carotene were measured in 742 children, including those
with xerophthalmia and every twentieth of the remaining children. Anthropometric
measurements were made on 2971 of the children. Bitot's spots were seen in 1.0% of all
children, with a higher prevalence in the pastoral (1.6%) and cropping (1.1%) agro-
ecological zones than in the zones characterised by cash crops (0.4%) and "ensete” (false
banana,(Ensete ventricosum) (0.09). One case of corneal xerosis and 2 cases of corneal scar
were also seen. Serum retinol levels were in the "deficient” range (< 0.35 pmol/]) in 16%
and "low" (0.35 - 0.69 pmol/1) in 44% of children. Serum retinol and clinical signs did not
show any correlation with occupation and education of head of household, household size
or anthropometric measurements. More stunting than wasting was observed with peak
prevalence of these signs of malnutrition being observed in the second year of life.

Introdaction

Vitamin A deficiency is one of the major nutritional problems in Ethiopia (4,5,9,14,21) as
in many other developing countries, In spite of the potential to produce a wide variety of
fruits and vegetables containing B-carotene, most people do not consume them. Onions,
garlic, potatoes, and to a lesser extent, tomatoes, lemons, oranges and bananas, all of which
contain no or very litile B-carotene, are the principal fruits and vegetables consumed. Kale
(Brassica carinata), consumed during the rainy season in most areas, and dried red pepper
(Capsicum annuum) are the main sources of (pro)vitamin A in the diet. The limited
consumption of green leafy vegetables and provitamin A-rich fruits such as mango and
papaya can probably be attributed to a number of factors: lack of appreciation of their
nuiritional value, avoidance because of beliefs and taboos, non-availability in markets, and
price. The situation is exacerbated by the long periods of fasting of 150 days each year
observed by Coptic Christians when they avoid meat, dairy and poultry products (12).

*European Journal of Clinical Nutrition 1991;45:469-78
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In Ethiopia, there are terms in the major languages for night blindness: "dafent” in Amharic,
"he'ma" and "gahmi" in Tigrignia and "bebereti” in Cromegna. Treatment of night blindness
with fresh animal liver is also widely carried out in the areas where these langunages are
spoken. Thus, vitamin A deficiency is a well-recognized problem in the country. Previous
reports of its magnitude have been confined to specific areas of the country or to specific
groups and area not representative of the country as a whole. They have shown that vitamin
A deficiency is a problem in Ethiopia (4,9). Thus it was decided to carry out the present
study which was designed with the following aims:
- to assess the vitamin A status of preschool children across

the whole of Ethiopia and to assess the prevalence of ocular

signs of vitamin A deficiency,
- to provide data on the distribution of the problem in the

different agro-ecological zones, and
- to provide baseline data in order to be able to evaluate

future intervention programs.
The study was carried out in the period between March 1980 and July 1981.

Materials and Methods

Sampling of the population

To obtain a representative sample for the survey, a multistaged stratified sample design was
adopted. The country was divided into four ecological zones based on the type and amount
of the various crops cultivated, the main source of income and the number and purpose of
the livestock held. These factors determine to a large extent, the dietary habits and practices
of the people who reside in the areas. The four ecological zones vsed in this survey were:
cropping, involving cereals and pulses; pastoral, involving animal husbandry; cash crop,
involving coffee and khat (Khat edulis, a green leafy herb chewed as a stimulant); and ensete
(Ensete ventricosum, false banana).

A list of serni-urban and urban areas with populations over 2500 people was prepared for
the four ecological zones and for each of the administrative regions except Eritrea and
Tigrai which were excluded for reasons of security. From this list, several urban and semi-
urban areas were selected at random from each of the ecological zones and in proportion
to the number of children below the age of 6 years. A total of 42 semi-urban and urban
centres were selected comprising 24 cropping, 8 pastoral, 7 cash crop and 3 ensete sites. Of
the total of 6636 children, 3827 (57.7%) were from the cropping, 1215 (18.3%) from the
pastoral, 1114 (16.8%) from the cash crop and 480 (7.2%) from the ensete agro-ecological
zomes, These numbers correspond to the proportions of people in the zones on a nationwide
basis. In terms of dietary habits and of demographic and socio-economic characteristics, the
semi-urban areas are very similar to the rural areas where 90% of the population live and
reflect the country as a whole, As can be seen in Figure 1, the survey sites were evenly
distributed throughout the country. Before carrying out the survey, a census of all families
with children below 6 years of age was conducted at each site in order to produce a list of
target households.
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From this sampling frame, 160 households were selected at random at each survey site and
all the children in each of these households were included in the survey. However, it was
not possible to examine all children at each site except in the ensete area because some
mothers did not wish to cooperate.

Figure 1 Map of Ethiopia showing study sites
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Ophthalmological examination

Before the survey, the two health officers who carried out all of the ophthalmological
examinations (ZWG and TD) were trained by an experienced ophthalmologist and
diagnostic methods were standardized during a pilot study at four of the sites included in
the study. During the survey, the results obtained by each observer were checked by the
other observer in order to maintain standardization. Clinical signs of xerophthalmia were
recorded according to the WHO (22) classification except that night blindness and
xerophthalmia fundus were disregarded because of the difficulty in diagnosis. Rose bengal
was applied to both eyes of all children to assist in the recognition of Bitot's spots and
xerosis and also to evaluate its reliability in diagnosing vitamin A deficiency.
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Measurement of serum retinol and f3-carotene

Bleood was collected from all children with clinical signs of vitamin A deficiency, from those
who were rose bengal positive and from every 20th child without eye signs. Venous blood
was taken without anticoagulant from 784 subjects but analysis was not possible on 43
samples because insufficient blood was drawn or because it was haemolyzed. Serum was
separated by centrifugation and frozen using a gas-operated field refrigerator and samples
were transferred to the laboratory in Addis Ababa in flasks containing dry ice. The
concentrations of retinol and of B-carotene were measured by ultraviolet spectrophotometry
after extraction (2), Subjects were classified with respect to their vitamin A and B-carotene
status following ICNND (70).

Anthropometry

Weight and height were measured on all children at about half of the study sites. At the
remaining sites, measurements were not possible for logistic reasons. A total of 3423
children were measured but data were incomplete for 514 of them. Weight was measured
to the nearest 100 g using a hanging scale (Salter) calibrated with a 5 kg weight at regular
intervals throughout each day. Height was measured to the nearest (1.5 c¢m using a height
stick with movable head piece and a flat wooden base. For small children, length was
measured to the nearest (.5 cm in a recumbent position with a length board. An effort was
made to record age in months as exactly as possible through structured interviews of
mothers with reference to a calendar of national and local events. The standard deviation
scores (Z-scores) were calculated with the help of software (CASP) developed by WHO (23)
and the National Center for Health Statistics (NCHS) (6,7, 16). ZWH score of 2.00 or -2.00
means that the child is 2 SD above or beiow the median weight-for-height respectively while
a ZHA refers to the Z score for height-for-age. Based on these scores, children were
classified as normal (ZWH > -2.00 and ZHA > -2.00), wasted (ZWH < -2.00 and ZHA
> -2.00), stunted (ZWH > -2.00 and ZHA < -2.00), or wasted and stunted (ZWH < -2.00
and ZHA < -2.00).

Statistics
Chi-square analysis was used to test for statistical significance of differences. If the data
were not normally distributed, Mann-Whitney procedure was used.

Results

Clinical signs of xerophthalmia

Conjunctival xerosis and Bitot's spots were seen in 4.8 and 1.0% of the children respectively
(Table 1). Conjunctival xerosis was more prevalent in the cropping and pastoral zones (>
5%) compared with the cash crop (1.9%) and the ensete zones (0.89%) and the difference
between cropping and cash crop zones was significant (P<0.001). Similar significant
differences were found for Bitot's spots with prevalence rates of 1.1% in the cropping and
1.6% in the pastoral zones, compared with 0.4% in the cash crop and no cases in the ensete
zone.
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Table 1 Distribution of clinical signs of xerophtalmia in children aged 6 to 72 months in
four agro-ecological zones in Ethiopia

Clinical signs Number of children with clinical signs in each zone (percent)

Cropping Pastoral  Cash crop  Ensete Total

Conjunctival xerosis (X1A) 227 (5.9)* 65 (53) 21 (19)* 4 (08) 317 (4.8)
Bitot's spot (X1B) 43 (1.1) 20 (16) 4 (04) 0(00) 67 (L.0)
Corneal xerosis (X2) & 3 (0.1) 0 (00) O (0.0) 0(00) 3 (0.1)

corneal scar (XS)

Total examined (10095) 3827 1215 1114 480 6636

Statistically significant (Chi square) from cropping zone: *P < 0.001.

Only one case of corneal xerosis and two cases of corneal scar were seen and these children
were all from the cropping zone. Cenjunctival xerosis and Bitot's spots were twice as
common (P<0.001, Chi-square) in boys as in girls and this trend was apparent for all age
groups (Table 2). '

Concentrations of retinol and fi-carotene in serum

Serum retinol levels were "deficient” (as defined by ICNND (1963), < 0.35 pmol/1) in 16%,
“low" (0.35-0.69 pmol/1) in 44%, normal (0.71-1.75 pmoi/1) in 39% and high in only 1% of
children. The median serum retinol levels were marginally low, 0.62 pmol/1 (25™ and 75™
percentiles, 0.44 and 0.86 pmal/1) for all ecological zones. As shown in Table 3, the serum
retinol concentrations were significantly higher in children in the cropping zone than in their
counterparts in the pastoral cash crop and ensete zones.
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Table 2 Distribution of children in Ethiopia with different clinical signs of xerophtalmia
grouped by age

Clinical signs ~ Sex

Number of children with clinical sign in each age group in

months

<12 1224 24-36 36-48 48-60 60-72 Total

Conjunctival M 1 11 23 42 63 80 220
xerosis (X1A) F 0 8 11 19 27 32 97
M+F 1 19 34 61 90 112 317

Bitot's M 2 2 3 10 10 19 46
spots (X1B) F 1 0 2 5 4 9 21
M+F 3 2 5 15 14 28 67

Corneal xerosis (X2)M 0 0 3 0 0 0 3
& corneal scar (XS) F 0 0 0 0 0 0 0
M+F 0 0 3 0 0 0 3

Total eye M 3 13 29 52 73 99 269
lesions F 1 8 13 24 31 41 118
M+F 4 21 42 76 104 140 387

Total examined M 182 359 408 713 754 922 3338
F 189 340 382 683 771 933 3208

M+F 371 699 790 1396 1525 1855 6636
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Table 3 Serum retinol and B-carotene concentrations in children aged
6 to 72 months in four agro-ecological zones in Ethiopia

Zone Number Concentration (pmol/1)*
Retinol B-carotene
Cropping 477 0.65 0.89*
(0.44 - 0.94) (0.63 - 1.25)
Pastoral 138 0.62* 0.86*
(0.42 - 0.78) (0.50 - 1.30)
Cash crop 91 0.53* 0.90*
(038 - 0.78) (0.56 - 1.31)
Ensete 36 0.50* 1.30

(0.39 - 0.66) (0.94 - 0.19)

* Concentration expressed as median with 25 and 75" percentiles
within parentheses.
1 pmot/l is equivalent to 28.6 pg/dl of retinol or 53.7 pg/dl of
B-carotene.

Significantly different (Mann-Whitney test): *, from cropping
zone (P < 0.02); *, from ensete zone (P < 0.01).

Median serum retinol values were low in most age groups and both sexes. No significant
differences were observed between age groups or between the sexes, B-carotene was within
the normal range in older children and low in those children below the age of two years
(Table 4).

About 22% of children with Bitot's spots had serum retinol levels < 0.35 pmol/l which is

regarded as "deficient" while 57% had "low" levels of 0.35-0.69 pmol/1 and 21% had normal
values (Table 5).
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The levels in children with Bitot's spots were significantly lower (median 0.50 pmol/1: 25"
and 75" percentiles, 0.37 ard 0.65 pmol/l: P<0.001) than those without Bitot's spots
(median 0.63 pmol/l: 25™ and 75" percentiles, 0.44 pmol/l and 0.87 pmol/1). As far as
conjunctival xerosis is concerned, about 15% of children had serum retinol levels < 0.35
uwmol/1 and 42% had serum retinol levels 0.35-0.69 pmol/l (Table 5).

Table 4 Serum retinol and B-carotene concentirations in boys and girls aged from 6 to 72
months in Ethiopia

Age Median serum concentrations, pmol/1
group Sex n* (25th and 75th percentiles)
(months)
Retinal B-carotene
< 12 M 17 0.62 (0.29-0.76) 0.68 (0.41-0.79)°
F 22 0.62 (0.43-0.74) 0.73 (0.50-1.22)"
12-23 M 42 0.69 (0.41-1.01) 0.54 (0.38-0.81)°
F 35 0.59 (0.31-0.94) 0.70 (0.36-0.94)°
24-35 M 46 0.66 (0.47-0.89) 0.85 (0.58-1.27)
F 41 0.71 (0.51-0.91) 0.89 (0.41-1.34)
36-47 M 85 0.63 (0.44-0.82) 0.95 (0.53-1.28)
F 55 0.56 (0.41-0.81) 0.88 (0.53-1.36)
48-59 M 110 0.62 (0.47-0.94) 0.93 (0.68-1.39)
F 65 0.59 (0.42-0.84) 1.00 (0.68-1.46)
60-72 M 138 0.62 (0.43-0.86) 1.03 (0.73-1.39)
F 83 0.59 (0.41-0.87) 1.00 (0.75-1.41)
Total M 438 0.62 (0.44-0.87) 0.89 (0.60-1.28)
F 301 0.62 (0.41-0.84) 0.91 (0.62-1.31)

# Three children were not included because their sex was not known
® Values significantly lower (Mann-Whitney) than those of the older age groups, P < 0.001
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However, no differences were seen between the average serum retinol in those with
conjunctival xerosis (median 0.65 pmol/l: 25" and 75" percentiles, 0.44 pmol/l and 0.94
pmol/l) and those with no clinical signs (median 0.62 pmol/1: 25™ and 75" percentiles,
0.42 and 0.84 pmol/l). For the children without eye lesions, 16.2% had "deficient" levels
and 41.6% marginal (or "low") serum vitamin A, In the three children with more severe
eye lesions, the values for serum retinol were below 0.35 pmol/l in one and 0.35-0.69
pmol/] in the others,

As far as serum B-carotene levels are concerned, 10.4% were in the "deficient” range (as
defined by ICNND (70) < 0.37 umol/l), 26.4% were "low" (0.37-0.74 pmol/l}, 54.4%
normal (0.75-1.84 pmol/1) and 8.8% high (= 1.85 pmol/1) (Table 5). Children from the
ensete zone had significantly higher (P<0.05) serum B-carotene concentrations than in
all other zones. There were no differences in the distribution of levels of B-carotene
between children with and without the different eye lesions, The values were significantly
lower (P <0.001) in children aged less than two years than in older children of the same
or different sexes (Table 4), No association was established between either serum vitamin
A level or with serum B-carotene level with occupation of the head of household,
household size and sex of children.

With rose bengal staining, it was observed that 80.5% of those with Bitot's spots, 45.3%
of those with conjunctival xerosis and 29.7% of those with no clinical signs stained
positively. Thus, the specificity of rose bengal staining for detecting eye lesions was very
low. Positive staining of eyes with rose bengal was not associated with low serum retinol
levels (data not shown). Rose bengal staining was positive in 16.6% of children with
serum retinol level < 0.35 pmol/] and 23.6% with levels between 0.35 and 0.69 pmol/l.

Anthropometry

The degrees of wasting and stunting were similar in all ecological zones with more
stunting alone (30.2-35.4%) than stunting and wasting together (5.3-11.1%) and wasting
alone (3.2-6.0%) (Table 6). No relationship was observed between nutritional status as
assessed by anthropometry and serum retinol leve! or clinical manifestations of vitamin
A deficiency.

Table 6 Proportion of children according to nutritional status by ecological zone

Ecological Nutritional status
Zone

Normal Wasted Stunted Wasted and stunted
Cropping 830 (61.7) 54 (4.0) 421 (31.3) 40 (3.0)
Pastoral 423 (53.6) 47 (6.0) 279 (354) 40 (5.1)
Cash crop 401 (64.5) 20 (3.2) 188 (30.2) 13 (2.1)
Ensete 89 (58.2) 6 (3.9 54 (353) 4 (2.6)
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