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Propositions 
)~)\k<"^ 

1. An appetite test consisting of measuring ad libitum intake of a culturally appropriate 

and well preferred test food offered to children after an overnight fast is a valid tool for 

appetite measurement provided a standardised procedure is used (this thesis). 

2. To improve appetite and growth of stunted children, energy-protein supplementation 

may be required in addition to multi-micronutrient supplementation (this thesis). 

3. In anemic children who suffer from a multiple micronutrient deficiency, iron 

supplementation alone will be sufficient to improve iron status (this thesis). 

4. Nutrition research alone is not sufficient for solving the main nutrition problems of the 

poor. 

5. Hunger and malnutrition are unacceptable in a world that has both the knowledge and 

the resources to end this human catastrophe (World Declaration on Nutrition, 

International Conference on Nutrition, FAO, Rome 1992). 

6. Promotion of breastfeeding should not be continued in those parts of the world where 

the prevalence of HIV infection is increasing. 

7. By investing in children in their early years of life, a country serves not only a child and 

a family but also the cause of sustainable development. Investing in children is among 

the most far-sighted decision leaders can make (The State of The World's Children 

2001, UNICEF, New-York 2001). 

8. Poverty is the worst form of violence (Mahatma Gandhi). 

Propositions belonging to the thesis entitled "Micronutrient supplementation of young stunted 

Beninese children: effects on appetite and growth performance". 

Romain Anselme Marc Dossa 

Wageningen, 16 May 2001. 
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Abstract 

Micronutrient supplementation of young stunted Beninese children: effects on appetite 
and growth performance 

PhD thesis by Romain A.M. Dossa, Division of Human Nutrition and Epidemiology, 
Wageningen University, The Netherlands. May 16,2001. 

The nutritional status of young children in the Republic of Benin, West-Africa, is poor. 

More than 40% of the preschool children are stunted and more than 60% of these children 

suffer from iron deficiency anemia. Traditionally, nutritional problems in young children in 

developing countries are attributed to lack of food at household level and/or inadequate 

maternal care and feeding practices. However, nutritional problems may also be due to loss of 

appetite. A reduced appetite may be caused by micronutrient deficiencies due to imbalanced 

and monotonous diets. Therefore, we have performed a research to study whether micronutrient 

supplementation can improve appetite and linear growth of young stunted children in southern 

Benin. We carried out three micronutrient supplementation studies preceded by a 

methodological study to set up a procedure for appetite measurement in 2-3 year old children. 

The methodological study revealed that an appetite test consisting of measuring the ad 

libitum intake of a culturally appropriate and well-preferred test food offered to the children 

after an overnight fast might be a valid tool provided a standardised procedure is used (Chapter 

3). The first intervention study, a 3-month iron supplementation in combination with 

deworming, resulted in a significant increase of hemoglobin level by 5 g/L. This increase was 

still observed 7 months after the intervention. However, there was no improvement of growth 

performance (Chapter 2). The two other interventions, 6-week multivitamin-multimineral 

supplementation alone or in combination with an additional iron treatment did not result in an 

improvement of appetite or growth performance but hemoglobin level was significantly 

improved by 5 g/L in the children who received iron supplements (Chapters 4 and 5). Our 

findings suggest that despite the suspected multi-micronutrient deficiency in the children, iron 

supplementation alone was sufficient for improving their iron status and hemoglobin level. 

Because the habitual food intake of the children was not appropriate to meet their nutritional 

requirements (Chapters 2 and 5), energy and good quality protein supplementation may be 

required in complement to the micronutrient supplementation. 
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General introduction 



Chapter 1 

In most developing countries, inadequate food intake is still one of the major causes of 

child malnutrition (UNICEF, 1998). Malnutrition may also result from a situation in which an 

unbalanced food intake and infections co-exist (Golden and Golden, 1991). In most 

malnourished children, a combination of multiple micronutrient deficiency, loss of appetite and 

growth retardation is found. However, possible interactions between all these parameters are 

not yet clearly established. A common model with hypothesised links between all these 

parameters is given in Figure 1.1. This model suggests that loss of appetite may play a crucial 

role in the mechanism of linear growth retardation and that an improved nutritional and health 

status may contribute substantially to an improvement of linear growth through increased 

appetite. In the present thesis, it will be discussed whether appetite and/or linear growth may be 

improved by means of micronutrient supplementation. 

In this chapter, after pointing out the severity of the problem of linear growth 

retardation in children in developing countries (paragraph 1.1), the possible relation of linear 

growth retardation to diet and appetite (paragraph 1.2) and to infections and appetite (paragraph 

1.3) will be reviewed. Subsequently, the missing links between linear growth retardation, diet, 

infections and appetite will be discussed (paragraph 1.4). Next, appetite will be defined and 

common methods to approach appetite in humans will be presented and briefly commented 

(paragraph 1.5). Finally, the objectives of the research presented in this thesis and the outline of 

the thesis will be given (paragraphs 1.6 and 1.7). 

1.1. Prevalence of linear growth retardation in children in developing countries 

Linear growth retardation or stunting is a chronic and common form of malnutrition in 

children in poor environments. It occurs mainly in the first 2 to 3 years of life and it may be the 

outcome of insufficient energy and nutrient intakes or it may result from infections, alone or in 

combination with insufficient intakes (Golden and Golden, 2000; Waterlow, 1994). It may 

already be present at birth because of malnutrition of the mother during pregnancy, but it is a 

phenomenon that often begins in early childhood, usually at the age 4-6 months. Stunting is 

associated with delays in many functions, for instance mental and motor development, and with 

an increased risk of morbidity and mortality. In case a child survives childhood, the 

consequences of being stunted may continue to be apparent in the individual during his or her 

adult life (Waterlow, 1994). 

The number of stunted preschool children in the world has increased during the past two 

decades. Alarming is the fact that the number of stunted preschool children in the sub-Saharan 

Africa has increased by 62% from 1980 to 1995 (ACC/SCN, 1998). The global prevalence of 

stunting in preschool children in developing countries and in the whole African continent was 

about 33 % in 2000 (ACC/SCN, 2000). The highest levels of stunting are observed in Eastern 

Africa, where on average 48 % of preschool children are affected. In the Western African sub-

region, 35 % of preschool children are stunted. In the Republic of Benin, the reported 
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Figure 1.1 Hypothesised interactions between diet, infections, appetite and linear growth 

prevalences of stunting among preschool children range between 25 and 40 % (Ategbo, 1993; 

UNICEF, 1996; ACC/SCN, 2000). 

1.2. Linear growth retardation in relation to diet and appetite 
It has been established that the causes of linear growth failure are multifactorial. The 

immediate causal factors are inadequate dietary intake and infections (UNICEF, 1998; 

Waterlow, 1994). Growth may be affected directly by these factors or through the mediation of 

a decreased appetite (Figure 1.1). 

Both the quantity and the quality of the dietary intakes may be important nutritional 

factors associated to the phenomenon of linear growth retardation. Most stunted children in 

developing countries consume monotonous diets. These diets are often poor in animal products 

and rich in phytates and other dietary factors that may reduce the bioavailability and absorption 
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of nutrients. These diets provide marginal amounts of proteins, vitamins and minerals. An 

inadequate intake of specific nutrients, such as zinc, might result in an early reduction in 

appetite and a subsequent decrease in food consumption (Golden and Golden, 2000; Golden, 

1995; Wildman and Medeiros, 2000; Cousins, 1986). In fact, reduction of appetite may be a 

common feature in all forms of malnutrition in a poor environment. The so-called type II 

nutrients, i.e. zinc, magnesium, nitrogen, sulfur, essential amino acids, potassium, sodium, and 

phosphorus are defined as the fundamental building blocks of the tissue itself that cannot be 

sustained without these nutrients. For these nutrients, there is no body store that can be drawn 

upon (Golden and Golden, 2000; Golden, 1995). Golden and Golden (2000) suggest that 

reduced appetite or growth faltering may be a response to a deficiency of each so-called type II 

nutrient and that appetite and growth may be improved if the limiting nutrient is supplied. 

Foods are often monotonous in flavour and texture in weanlings in poor areas and this 

may result in loss of children's appetite (Brown, 1991; Bentley et al, 1995; Underwood, 1985; 

Golden and Golden, 1991). It has been postulated that monotony in the diet in developing 

countries may explain to some degree the low level of dietary intake that has been observed 

(Underwood, 1985). 

There have been several intervention studies with supplementation of specific nutrients 

such as energy, protein, zinc, iron, copper, iodine and vitamin A in malnourished children in 

poor areas. For none of these nutrients, there was a clear evidence that supplementation with 

the nutrient benefited linear growth (Allen, 1994). Interventions with each specific nutrient had 

a positive effect on linear growth performance in some studies while no effect was reported in 

others. For example, iron supplementation over 8 to 14 weeks resulted in a significant increase 

of height by 0.3 cm in Indonesian and Kenyan school children (Chwang et al, 1988; Lawless et 

al, 1994) and by 1.2 cm in Indonesian preschool children (Angeles et al, 1993). But linear 

growth was not improved in Bangladeshi children who received iron supplements over 12 

months (Rahman et al, 1999). Stunted rural Guatemalan young children treated with zinc 

during approximately 7 months gained 1.4 cm more than their counterparts who received 

placebo (Rivera et al, 1998). Likewise, the length of stunted Ethiopian infants increased 

significantly more when supplemented during 6 months with zinc (7.0 cm) than with placebo 

(2.8 cm) (Umeta et al, 2000). But a 12-month zinc supplementation alone or in combination 

with iron did not improve the linear growth of Mexican preschool children (Rosado et al, 

1997). There are several other studies reporting linear growth response to iron, zinc or vitamin 

A supplementation (Hadi et al, 2000; Ninh et al, 1996) and also studies that did not (Latham et 

al, 1990a; Kikafunda et al, 1998). Because multiple deficiencies are likely to occur in many 

settings, rather than a single nutrient deficiency, failure of growth response to an intervention 

with a single nutrient may reflect the fact that this nutrient deficiency is not the most growth 

limiting in the concerned children (Allen and Uauy, 1994; Golden, 1995; Gross et al, 2000; 

Rosado et al, 1999; Solomons et al, 1999). It is also conceivable that once this nutrient is 
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supplemented, a nutrient imbalance may be created, i.e. an other nutrient may become limiting 

and may reduce the growth response to the first. Therefore, more emphasise needs to be put on 

intervention studies that make use of combinations of nutrients likely to be lacking in the 

children's diet. Indeed, recently, it has been reported that multi-micronutrient supplementation 

resulted in a significant improvement of linear growth in stunted children (Rosado et al, 1999; 

Vmxetal, 1999). 

1.3. Linear growth retardation in relation to infections and appetite 
Acute and chronic infections may impair linear growth by causing micronutrient 

malnutrition. Micronutrient deficiencies may be generated by infectious diseases in several 

ways: 1) impairing nutrient absorption; 2) causing direct micronutrient losses; 3) increasing 

metabolic requirement and catabolic losses; and 4) decreasing food intake (anorexia) 

(Stephensen, 1999). 

Infections usually cause a substantial decrease in food intake and that may result in energy 

and micronutrient deficiencies. The magnitude of the decrease may be related to the severity of 

the infection. In Guatemala, children with acute respiratory infections or diarrhea consumed 

respectively about 8% and 18% less food per day, than children without these infections 

(Martorell et al, 1980). African children consumed 75% less food during the acute phase of 

measles than after recovery (Duggan et al, 1986). Total energy intake from non-breast milk 

sources in a cohort of 131 Peruvian infants decreased by 20-30% when they had diarrhea or 

fever (Brown et al, 1990). Upper respiratory infections, diarrhea and fevers reduce food intake 

of preschool Indian children by 15-20% (Pereira and Begum, 1987). The same study revealed 

that the presence of measles resulted in a prolonged and profound decrease of appetite: the 

average food intake was reduced by 33% throughout the first two weeks, but also in the 

following four weeks it remained seriously affected. 

Loss of appetite may not only produce anxiety in the children's mothers or caretakers, 

but also affect the children's nutritional status and growth rate (Stephensen, 1999). For 

example, it has been established that the presence of poor appetite was negatively associated 

with the children's growth increments from 6 to 12 months of age (Brown et al, 1991). Infants 

of 12 months, who were reported to have reduced appetite two to three times more often than 

other children, gained in weight more slowly, remained underweight and were unable to 

overcome the growth deficit in later stage of life (Piwoz et al, 1994). The association of 

infections with decreased linear growth have also been established in community studies 

around the world (Stephensen, 1999). Chronic infections may have substantial cumulative 

negative effects on linear growth. For example, infection with Ascaris lumbricoides and other 

gut helminths, that are highly prevalent in developing countries, may impair nutritional status 

and linear growth (Hlaing, 1993; Stephenson, 1987; Solomons, 1993; Stoltzfus et al, 1997a; 

Tshikuka et al, 1997; WHO, 1992). 
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Several studies have suggested that micronutrient supplementation may result in a 

reduction of infections in children (Angeles et al, 1993; Black, 1998; Lira et al, 1998; Rosado 

et al, 1997; Roy et al, 1999; Umeta et al, 2000). However, in these studies, it has not been 

clearly established whether an improvement of appetite or linear growth could have resulted 

from a reduced morbidity. There have also been studies that assessed the impact of a 

deworming treatment on appetite and/or physical growth of children severely infected by 

helminths. Their results were not conclusive regarding whether a meaningful improvement of 

appetite and/or linear growth could be obtained by the deworming treatment. Indeed, some of 

these studies reported increased appetite and/or linear growth (Adams et al, 1994; Hadju et al, 

1996; Hadju et al, 1998; Latham et al, 1990b; Stephenson et al, 1989; Stephenson et al, 1993) 

while some did not (Donnen et al, 1998; Forrester et al, 1998; Latham et al, 1990a; Stoltzfus et 

al, 1997b). 

1.4. Missing links between linear growth retardation, diet, infections and appetite 

Most of previous studies were not conclusive regarding the effects of micronutrient 

supplementation or deworming treatment on appetite and/or linear growth of malnourished or 

infected children. In addition, whether the improved growth reported by some studies really 

resulted from an improvement of appetite remained unclear. Therefore, new studies on 

micronutrient supplementation and deworming treatment should measure simultaneously 

appetite, food intake and linear growth. A question of great importance is whether an 

improvement of linear growth by micronutrient supplementation may occur directly or through 

an improvement of appetite. To be able to address this question, appetite should be clearly 

defined and an appropriate tool for appetite measurement in young children in field studies 

should be identified. Intervention studies should preferably be performed in malnourished 

young children less than 3 year old, because they are more likely to give growth response to 

nutrient supplementation because of their rapid growth rate and high nutrient needs. 

1.5. Appetite measurement in humans 
Definition, expression and control of appetite 

Appetite is the process which directs eating and guides the moment-to-moment 

selection of foods (Blundell, 1991). It is a conscious sensation that determines which particular 

foods will be chosen, the rate of ingestion, and the amount that will be consumed. The human 

appetite system contains central and peripheral mechanisms that interact with environmental 

features, especially with the physical and nutrient composition of the food supply (Blundell et 

al, 1996). Foods varying in nutrient composition exert different physiologic effects, some of 

which function as satiety signals. Although the physiological mechanisms for controlling food 

intake, i.e. hunger and satiety, exist in man, appetite is a powerful and poorly controlled 

stimulus to eat even when not hungry (Schutz and Garrow, 2000). Thus, the total energy 
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ingested in a day is determined by the interaction of exogenous and endogenous factors, among 

which is appetite. Although no standard for appetite measurement exits, appetite of a subject 

may be reflected by the habitual daily food intake. It may also be assessed by means of rating 

scales that reflect subjective sensations. 

Common methods for appetite assessment in humans 

Appetite has been assessed in various studies. These studies may be classified into three 

groups. 

1. Studies investigating possible mechanisms of regulation of appetite in health and disease, 

for example in obesity. An example of methods used to assess appetite in these studies is 

energy intake per time unit (Zipf and Berntson, 1987). 

2. Studies investigating the effect of food characteristics, exercise or anorexic drugs on 

appetite in western, adult populations. In these studies, appetite was generally measured by 

means of energy intakes from ad libitum consumption of meals or snacks (Hulshof, 1994; de 

Graaf et al, 1992; Stubbs et al, 1996), graphical ratings scales (Hulshof, 1994; Burley et al, 

1993; King et al, 1994; de Graaf and Hulshof, 1996; Rosen, 1981; Stubbs et al, 1996; 

Thompson et al, 1988; Teghtsoonian et al, 1981), the length of time between the end of a 

physical exercise and the voluntary onset of eating (King et al, 1994). 

3. Studies investigating children's appetite as related to health and growth in developing 

countries. In this last group of studies, appetite has been assessed by means of energy intakes 

from ad libitum food consumption and/or numerical rating scales (Hadju et al, 1996; Hadju et 

al, 1998; Latham et al, 1990b; Lawless et al, 1994; Stephenson et al, 1993; Pereira and Begum, 

1987) or by means of observation of eating behaviour (Brown et al, 1995; Cohen et al, 1995; 

Garcia et al, 1990). 

Most of the methods from the first and second group of studies do not seem to be 

relevant for appetite assessment in young children in field studies in developing countries. The 

numerical scales, the observation method and the measurement of energy intakes from the ad 

libitum food consumption may be more appropriate for use in field studies. However, little is 

known about the validity and reproducibility of these methods when used to assess appetite of 

young children of 2-year old. For example, important issues to consider in the use of the ad 

libitum food consumption approach are the choice of an appropriate test food, the 

standardization of the test procedure, the validity and reproducibility of the method. These 

aspects will be addressed in the present thesis. 

1.6. Objectives and research questions 

The main objective of the research presented in this thesis is to study whether 

micronutrient supplementation improves appetite and growth in stunted young children in 

southern Benin. 
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Chapter 1 

Results from previous studies in southern Benin (Hercberg et al, 1986; unpublished) 

suggest that iron is possibly the most growth limiting nutrient in most children in the area and 

that prevalence of parasitic infections mainly by helminths is high in these children. Therefore, 

we started the research program by studying the impact of iron supplementation and 

deworming on nutritional status and growth performance of preschool children. In that study, 

appetite of the children has been approached in a sub-sample by assessing their habitual dietary 

intakes using the observed weighed records method. The study revealed that the nutritional 

quality of the children's usual diet was low, suggesting the presence of a multiple micronutrient 

deficiency. Therefore, iron supplementation alone might not be enough to generate an 

improvement of the children's nutritional status and linear growth. Then, further intervention 

studies have been performed with supplementation of a mix of micronutrients. Because young 

malnourished children are more likely to give substantial growth response to micronutrient 

supplementation than 3-5 year old children, stunted 2-year old children were recruited for 

further studies. To be able to assess whether micronutrient supplementation will result in an 

improved appetite, appetite must be measured in a valid and reproducible way. 

Therefore, the following research questions have been addressed: 

• Can appetite of young children be assessed validly and in a reproducible way in field 

studies? 

• Does multivitamin-multimineral supplementation improve appetite and linear growth 

of stunted young Beninese children? 

• Is improvement of appetite and linear growth linked to anemia and helminth infection? 

The studies were carried out in Agblangandan (in the Oueme Province) and in Ze (in the 

Atlantique Province), both located in southern Benin (Figure 1.2). 

1.7. Outline of the thesis 

Chapter 2 investigates the impact of a combination of iron supplementation and 

deworming treatment on growth and health status of 3-5 year old Beninese children. Chapter 3 

reports on tools developed for appetite assessment in young children in field studies. Chapters 4 

and 5 examine the question whether appetite of young stunted and/or anemic children may be 

improved by means of a short-term (6-week) multivitamin-multimineral supplementation. 

Chapter 6 discusses the findings from the various studies, including their implications for 

nutrition policy actions and future research. 
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Abstract 

Objective: Assess the effects of iron and deworming on linear growth performance of preschool 

children. 

Subjects and methods: The study was a three-month randomized, double-blind and placebo-

controlled trial. A group of 177 children aged 3-5 years was selected from low-income 

households in a rural area in southern Benin. The children were allocated to one of four 

treatments: iron (60 mg elemental iron/day) + albendazole (200 mg/day for 3 consecutive days, 

at start of study and after one month), iron + albendazole-placebo, albendazole + iron-placebo 

or placebos. The supplementation was supervised. Anthropometric parameters, hemoglobin 

concentration and eggs per gram feces were measured. A complete data set was analysed for 

140 subjects. The children were stunted (58% had height-for-age Z-score < -2) and anemic 

(76% had Hb < 1 lOg/L), but not wasted (2% had weight-for-height Z-score < -2). 

Results: No significant difference in changes in anthropometric parameters was observed 

between study groups, and also not in a sub-sample of stunted and anemic subjects. Changes in 

hemoglobin concentration were highest in the iron-treated subjects at the end of the 

3-month intervention period (p=0.032). The difference between the iron and the placebo groups 

remained significant even 7 months later (p=0.022). The difference was 5 g/L in both periods. 

Ascaris lumbricoides and hookworm infections decreased significantly in albendazole-treated 

subjects (p < 0.05). 

Conclusions: In addition to recurrent parasitic infection burden, the children may have multiple 

micronutrient deficiencies. Therefore, it may be interesting to study appetite and food intake of 

young toddlers in relation to health and linear growth performance in poor environments. 

European Journal of Clinical Nutrition 2001; 55: 223-228 
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Introduction 

Anemia is still a large public health problem throughout the world, especially in 

children in developing countries (ACC/SCN, 1998). A previous study from our group carried 

out in Benin in 1995 revealed that 57% of the preschool children were anemic (Hb < 110 g/L). 

These children were also severely infected by a variety of parasites such as Ascaris 

lumbricoides (53%), Trichuris trichiura (51%) and hookworms (12%) (unpublished). 

The consequences of anemia are well known: alteration of the immune status, adverse 

effects on morbidity, delayed behavioral and mental development, below average school 

achievements and growth retardation (Hallberg and Asp, 1996; DeMaeyer et al, 1989). Parasitic 

infections are reported to affect the host's nutritional status and to cause growth retardation in 

children (Stephensen, 1999; Forrester et al, 1998; 1993; Tshikuka et al, 1997; Solomons, 1993). 

However, the consequences of helminth infections in preschool children are less documented. 

Health policies have been formulated both to reduce anemia prevalence and to tackle the heavy 

load of intestinal helminths especially in children. 

The present study reports the effects of iron and deworming treatments on physical 

growth performance, hemoglobin level and intestinal helminth egg loads in preschool children 

in a poor rural African environment. It is a placebo-controlled intervention study, which 

investigates whether iron supplementation and deworming, separately or in combination, can 

improve the linear growth performance of malnourished preschool children. 

Subjects and methods 

Study area 

The present study was carried out in Agblangandan, a semi-rural area in the Departement 

de l'Oueme in southern Benin. It is situated at about 10 km from Cotonou, the economic capital of 

the republic of Benin. The main income-generating activities are fishing, trading and rearing small 

livestock such as pigs, sheep and chicken. The living conditions are characterised by poor 

sanitation and limited access to tap water. A health centre, a welfare centre, a primary school and a 

kindergarten are available in the area. 

Study design 

The study was double-blind and placebo-controlled. One-hundred and seventy-seven 

children aged 3-5 years were selected and randomly assigned to one of four treatments: 1. iron + 

albendazole; 2. iron + placebo; 3. albendazole + placebo; and 4. placebos. Two types of placebos 

were used: iron-placebo and albendazole-placebo. Iron supplements (60 mg elemental iron as 

ferrous sulfate) were provided daily throughout 3 months. The supplements were taken under 

supervision between breakfast and lunch in the presence of an observer who also checked that 

they were really swallowed by the children. Albendazole treatment was given at baseline (200 mg 

per day for 3 consecutive days) and one month later (200 mg per day for 3 consecutive days). 
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Hemoglobin concentration and anthropometric parameters were measured before and after 

3 months of supplementation. Stool collections and stool examinations (for qualitative and 

quantitative determination of intestinal helminths) were done before supplementation, at 1 month 

(just before the second albendazole treatment) and after 3 months of supplementation. At the end 

of the supplementation period, food intake was measured during 3 consecutive days, in a 

subsample of 30 children (from each study group, seven or eight children were randomly 

selected). Blood hemoglobin and anthropometric parameters were measured again 10 months after 

baseline measurements (136 children). 

The study was approved by the ethical committee of the National University of Benin 

through the Centre National Hospitalier et Universitaire in Cotonou. 

Subjects and sampling criteria 

The study sample consisted of 177 children aged 3-5 years. Ages were confirmed by birth 

certificates. None of the children suffered from acute diseases. Informed consent was obtained 

from parents for participation of their children in the study. 

Although 175 children finished the study, the data from 140 children were included in the 

final analyses. One child was treated for severe worm infection and 34 children received other 

pills during the study period (iron, vitamins/minerals or deworming pills that were not provided by 

our research team). Baseline characteristics of the 140 subjects are presented in Table 2.1. Of the 

overall sample, 76% have anemia (Hb less than 1 lOg/L), 58% was stunted (Z- score height-for

age less than -2) and only three children (2%) have Z-score weight-for-height less than -2). The 

group of children excluded was not different from the rest of the sample with respect to baseline 

characteristics. 

Measurements 

Anthropometric parameters. Body weight was measured early in the morning at the welfare 

centre. The measurement was done using a beam weighing scale (babies and toddlers scale model 

625 T, CMS Weighing Equipment Ltd, London). The scale was placed on a table and was 

calibrated before each measurement session using a standard weight of 10 kg. Children were 

measured wearing a minimum of clothing. Readings were done to the nearest 0.1 kg. 

Height was measured with the child standing without shoes on a horizontal surface against 

a wall with heels together, chin tucked in and body stretched upwards to full extent and head in 

the Frankfurt plane. Heels, buttocks and shoulders were in contact with the wall to which a 

microtoise was attached. Height was read to the nearest 0.1 cm. 

Mid-upper arm circumference (MUAC) was measured on the left side of the body half

way between the tip of the shoulder and the elbow with the subject's arm hanging freely along the 

body using a flexible non-extensible tape. Readings were done to the nearest 0.1 cm. 

Triceps skinfolds were measured in triplicate on the left arm using a Holtain calliper 
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Table 2.1 Baseline characteristics of the subjects 

Age (months) 

Height (cm) 

Weight (kg) 

HAZ" 

HAZ<-2 (%) 

WHZb 

WHZ<-2 (%) 

MUACc (cm) 

Triceps (mm) 

Hemoglobin (g/L) 

Hemoglobin < 1 lOg/L (%) 

Iron and 

albendazole 

46±6 

92.0±5.6 

12.7±1.6 

-2.16±0.84 

53 

-0.72±0.08 

2 

14.9±1.1 

7.6±1.6 

101±12 

74 

Treatment 

Iron 

Tn=36> 

46±5 

92.8±4.5 

13.2±1.6 

-2.03±0.85 

50 

-0.53±0.81 

0 

15.1±1.2 

8.2±2.1 

100±10 

79 

groups 

Albendazole 

fn=38) 

44±6 

90.5±4.3 

12.6±1.3 

-2.26±0.84 

63 

-0.55±0.82 

0 

15.0±1.2 

8.9±2.3 

98±12 

76 

Control 

fn=32) 

47±5 

91.4±4.1 

12.7±1.5 

-2.48±0.88 

66 

-0.66±0.84 

1 

15.0±1.2 

8.2±1.8 

102±9 

78 

Mean±SD;' HAZ: height-for-age Z-score;b WHZ: weight-for-height Z-score;c MUAC: mid-upper arm circumference 

(Holtain Ltd, Briberian, UK; pressure 10 g/mm precise at 0.2 mm). This measurement was 

performed half-way between the tip of the shoulder and the elbow with the child's arm hanging 

relaxed at the side. 

Z-scores Weight-for-height (WHZ) and height-for-age (HAZ) were calculated using the 

National Centre for Health Statistics (NCHS) reference data (WHO, 1983) and Epi info software. 

Changes in anthropometric parameters over 3 and 10 months were calculated. 

Hemoglobin concentration. Hemoglobin level (g/L) was measured using a finger prick blood 

sampling technique and a photometry analysis method: the HemoCue device (Laifer et al, 1990). 

Changes in hemoglobin level over 3 and 10 months were calculated. 

Stool collection and stool examination. Each mother was given a plastic bottle in which she 

collected a sample of her child's stool. On the stool collection day, a single stool sample was taken 

from each child. The sampling was done on the first stool provided early in the morning. Samples 

were brought the same day to the Laboratory of Parasitology in the Centre National Hospitalier et 

Universitaire in Cotonou. Intestinal parasites in each sample were identified by direct stool 

examination using a microscope. As the main parasites observed were Ascaris lumbricoides, 

Trichuris trichiura and hookworms, their eggs were counted using the Kato's concentration 

method (Martin and Beaver, 1968). The outcome was expressed as number of eggs per gram of 

stool (epg) for each type of helminth. Arithmetic and geometric means were calculated for each 
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type of helminth and per study group. 

Dietary intakes. Food intake was measured during 3 consecutive days in a sub-sample of 30 

children randomly selected from each treatment group (seven or eight from each treatment group). 

Intakes were measured using the observed weighed record method (Cameron and van Staveren, 

1988). Every food was weighed before and after cooking as well as the subject's portion and 

leftovers, using a digital weighing scale (Soehnle type 8000.00.090) for weights up to 1 kg. For 

weights between 1 and 10 kg a spring weighing scale (Soehnle type 1203) was used. 

Measurements were carried out by well-trained local assistants every day from 7 a.m. until 

subjects had eaten their last meal (often around 8 p.m.). Foods consumed when the assistant was 

not present (after diner and before breakfast) were assessed by recall using household measures. 

Individual energy, protein and iron intakes were obtained by averaging intakes of the 3 

consecutive days. Energy and nutrients intakes were calculated based on a food composition 

database compiled for foods consumed in Benin and using a software for dietary studies (Scholte, 

1995). 

Statistical analyses 

Changes in anthropometric parameters and hemoglobin concentration (Hb) over 3 and 10 

months between treatment groups were studied by means of analysis of variances (ANOVA). In 

case of significant treatment effects, differences between groups were studied using independent-

samples t-test. 

Helminths egg counts, which have a skewed distribution, were transformed by conversion 

to natural log (epg + 1). Egg reduction rates were calculated from both arithmetic and geometric 

mean egg counts with the formula: percentage egg reduction = [(initial epg - final epg)/initial epg]. 

Arithmetic means were calculated for positive egg counts. Prevalences of helminth infection were 

compared within groups by the McNemar test and between groups by the Chi-Square test. 

Changes in intensity of helminth infection were compared within groups using paired t-test and 

between groups using group t-test. Paired and group t-tests were performed on log (epg +1). All 

statistical tests were two tailed and p values less than 0.05 were considered statistically significant. 

Analyses were performed with the SPSS Statistical Package. 

Results 

Anthropometry 

Anthropometric parameters are presented in Table 2.2. Analysis of variances revealed that 

changes in weight, height, mid-upper-arm-circumference (MUAC), triceps skinfold, Z-scores 

weight-for-height and height-for-age over 3 and 10 months did not vary between treatment groups. 

Analyses restricted to a sub-group of 63 stunted (Z-score height-for-age < -2) and anemic children 

(Hb < 110 g/L) also revealed no significant difference between treatments groups. 
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Hemoglobin concentration 

Hemoglobin levels and changes over 3 and 10 months are shown in Table 2.3. Analysis of 

variances for changes over 3 and 10 months revealed a significant difference between treatment 

groups (p < 0.05). Further t-tests revealed no difference between the two groups of children who 

were treated with iron and also between the two groups of children who did not receive iron 

supplements. When the two iron groups and the two non-iron groups were combined, we observed 

that iron supplementation resulted in a 5 g/L higher blood Hb level at month 3 (p < 0.05) and at 

month 10 (p < 0.05). This 5 g/L increase in blood hemoglobin level resulted in a decrease in 

prevalence of anemia (Hb < 110 g/L) from 76 % to 51% after 3 months and to 45% after 10 

months. 

Stool examination 

For the overall sample, before treatment, the percentages of children infected by Ascaris 

lumbricoides, Trichuris trichiura and hookworm were 38%, 47% and 13%, respectively, and 

27% were infected by both Ascaris lumbricoides and Trichuris trichiura. After 3 months, there 

was a significant decrease in Ascaris and hookworm egg loads in the albendazole group in 

Table 2.2. Changes in anthropometric parameters during the study 

3-month changes 

Weight (kg) 

Height (cm) 

MUACc (cm) 

Triceps (mm) 

WHZ" 

HAZb 

10-month changes 

Weight (kg) 

Height (cm) 

MUAC (cm) 

Triceps (mm) 

WHZ 

HAZ 

Iron & albendazole 

(n=34) 

0.4±0.4 

1.9±0.6 

-0.1±0.6 

0.4±1.1 

-0.02±0.37 

-0.03±0.15 

(n=31) 

1.2±0.6 

6.2±1.0 

0.1±0.7 

0.0±1.5 

-0.15±0.39 

0.12±0.23 

Treatment 

Iron 

(n=36) 

0.3±0.4 

1.9±0.6 

-0.2±0.6 

0.0±1.1 

-0.05±0.37 

-0.02±0.14 

(n=33) 

1.2±0.5 

6.2±1.5 

0.0±0.8 

-0.2±1.6 

-0.15±0.47 

0.17±0.36 

groups 

Albendazole 

(n=38) 

0.4±0.4 

2.3±0.8 

-0.2±0.6 

0.3±1.6 

-0.10±0.39 

0.07±0.21 

(n=37) 

1.2±1.0 

6.5±2.6 

0.1±0.8 

-0.6±1.3 

-0.24±0.48 

0.13±0.44 

Control 

(n=32) 

0.5±0.6 

2.1±0.9 

0.0±0.8 

0.5±1.2 

0.06±0.51 

0.02±0.22 

(n=28) 

1.2±1.1 

6.0±2.5 

O.liO.9 

0.2±1.7 

-0.09±0.57 

0.16±0.42 

Mean±SD; aWHZ: weight-for-height Z-score; bHAZ: height-for-age Z-score; CMUAC: mid-upper arm 

circumference. 
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Table 2.3. Hemoglobin level (g/L) 

Baseline 

3 months 

10 months 

3-month changes 

10-month changes 

Iron and 
Albendazole 

(n=34) 

101±12 

109±11 

113±13 

8±3a 

13±15a 

Iron 
(n=34) 

100±10 

108±12 

111±9 

7±14a 

ll±12a 

Treatment 
Albendazole 

(n=38) 

98±12 

101±12 

106±10 

2±16 

8±13 

groups 
Control 
(n=32) 

102±9 

105±9 

106±13 

4±10 

5±12 

Iron group 
(n=68) 

101±11 

108±12 

112±12 

8±13a 

12±13a 

Non-iron 
group 
(n=70) 

100±11 

103±11 

106±11 

3±13 

7±13 

Mean ± s.d.; a Different from non-iron subjects (P < 0.05). 

comparison to placebo group (p < 0.05; Table 2.4). The difference between the two groups 

appeared to be significant already 1 month after baseline deworming (changes in log (epg+1) 

were -0.94±1.89 in albendazole group versus +0.29±1.82 in placebo group for Ascaris 

lumbricoides and -0.15±0.88 versus +0.42±1.15 for hookworm). A similar trend was also 

observed for Trichuris trichiura infection; however, the difference in wormload between 

albendazole and placebo groups was not statistically significant. The egg reduction rate 

(geometric mean epg) for Ascaris lumbricoides, hookworm and Trichuris trichiura egg loads 

were 74%, 69% and 49%, respectively, in the albendazole group. On the other hand, intensity of 

Ascaris lumbricoides and hookworm infections increased significantly in the placebo group by 

438% and 24%, respectively. The intensity of Trichuris trichiura infection also increased by 

35%. The decreased Ascaris lumbricoides and hookworm wormload was also reflected by the 

lower prevalence of infections by these worms in albendazole group as compared to placebo 

group (p < 0.05). The prevalence of hookworm infection in the placebo group increased by 17% 

from baseline to month 3 (p=0.035). 

Dietary intakes 

Meals often consist of thick dough made of corn flour that is served with a side dish. The 

side dish is mostly a sauce prepared from various ingredients such as green leafy vegetables, okra, 

tomatoes, onions, pepper, vegetable oil and local mustard. Rice, beans, cassava, yam and potatoes 

are also frequently consumed. Dietary energy, protein and iron are essentially of plant origin. Meat 

and fish are consumed less frequently and often in very small amounts. Iron intakes ranged from 

4.5 to 16.2 mg/day with a mean value of 8.5±2.5 mg/day, about 61% of the RDA to cover basal 

requirements (WHO, 1988). Energy intakes ranged from 2982 to 8635 kJ/day (713 - 2066 

kcal/day); the mean value was 5416±1129 kJ/day (1296±270 kcal/day, about 83% of the RDA) 

(WHO, 1985). Protein intakes ranged from 17 to 69 g/day; the mean protein intake was 

36±13g/day. 
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Discussion 

The present study was carried out in Beninese preschool children of whom 76% were 

anemic (Hb < HOg/L) and 58% stunted (Z-score height-for-age < -2). The prevalence of 

helminth infections in these children was also high (about 40 % for Ascaris lumbricoides, 50% 

for Trichuris trichiura and 13% for hookworm). Such a combination of health burden is often 

observed in children in developing countries (Stephensen, 1999; ACC/SCN, 1998; UNICEF, 

1998; Stoltzfus et al, 1997). As might be expected, iron supplementation resulted in an 

improvement of iron status. It is remarkable that the difference of 5g/L in hemoglobin level was 

still observed between the iron group and the placebo group even 7 months after the 

supplementation has ended. Deworming treatment also resulted in a significant reduction of egg 

loads (especially for Ascaris lumbricoides and hookworm). However, both treatments did not 

improve the linear growth performance of these children. 

The lack of improvement in linear growth may not be ascribed to the duration or to the 

age of the children in our study since significant improvements in linear growth were obtained 

with iron supplementation and also with deworming treatment for a comparable duration as in 

our study and most of these studies included school age children (Hadju et al, 1998; Lawless et 

al, 1994; Angeles et al, 1993; Stephenson et al, 1993; Chwang et al, 1988). Also, the lack 

of improvement in linear growth of our children cannot be explained by applied doses since 

appropriate iron and albendazole doses were used based on the World Health Organization's 

recommendations (DeMayer, 1989; WHO, 1992). So, our study really indicates that a 3-month 

iron supplementation and deworming did not improve linear growth performance in Beninese 

preschool children. This outcome is in line with results of some studies (Rahman et al, 1999; 

Rosado et al, 1997; Hadju et al, 1996) but conflicts with outcomes of other studies (Hadju et al, 

1998; Lawless et al, 1994; Angeles et al, 1993; Stephenson et al, 1993; Chwang et al, 1988). 

As indicated before, duration, age and doses cannot explain the lack of improved linear 

growth in our children. Plausible causal factors for differences in results between our study and 

other studies may be the low general nutritional status of our children in combination with 

possible long-term detrimental effects of continuous parasitic infections in these children. With 

respect to infection burden, it is remarkable that, in spite of the substantial reduction in 

infections' intensity, worm infections were recurrent. The significant increase in intensity of 

worm infection in the placebo group and the residual infections that were still present in the 

albendazole group suggest that reinfection was a continual process as sanitation and hygiene 

conditions did not improve throughout the study. Moreover, this supports the evidence that, in 

the absence of frequent deworming treatment, the parasitic infection burden is cumulative and a 

high wormload may be achieved in a short period. In spite of the residual helminth infections, 

the deworming treatment might have, in the long term, beneficial impacts on the health status of 

the children as reported in a recent study (Beasley et al, 1999), but did not generate detectable 

changes on their short-term physical growth performance. 
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Maybe an improvement in linear growth could have been achieved if the overall 

nutritional status of the children have been adequate. Indeed, our food consumption survey 

revealed that they had marginal energy and iron intakes. Their dietary intakes might be of low 

quality, as mostly of plant origin and containing high amounts of fiber and phytates. It is 

probable that, although iron supplementation significantly improved the iron status of these 

children, improvement in linear growth performance could be achieved only if the entire diet 

was balanced and then adequate amounts and quality of energy, protein and other essential 

nutrients provided. It is conceivable that, because of their marginal and monotonous diet in 

addition to infection burdens, these children might have also a decreased appetite and 

consequently an inadequate food intake and multiple micronutrient deficiencies. 

This intervention really differs from most operational health programs in that it was 

placebo-controlled and supervised. Such input and compliance is mostly not feasible in regular 

public health programs. Consequently, it provides the information about which health 

improvements can be achieved if interventions as described in this paper are introduced. As 

might be expected the intervention was effective in improving hemoglobin level and 

significantly decreasing the intensity of helminth infections in the children. The long-lasting 

effect on hemoglobin was surprising, given the low energy and iron intakes of these children. 

However, these beneficial effects did not result in improvement of linear growth performance. 

The lack of improved linear growth may be linked to the low quality and quantity of the habitual 

food intake of the children. The inadequate food intake may be related to marginal food 

availability at household level or to suboptimal feeding practices. However, low appetite due to 

several reasons might also be a cause. Therefore, it may be interesting to put more emphasis on 

studies of appetite and food intake of young children in relation to health and linear growth 

performance in poor environments. Such studies should not concentrate on supplementation with 

single nutrients but provide the children with a package of all limiting nutrients needed to correct 

for the multiple nutrient deficiencies common in stunted children (Rosado, 1999; Solomons, 

1999; Golden, 1995; Allen, 1994). In addition, for such studies, young toddlers might be the most 

appropriate targets as stunting usually starts in early childhood. 
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