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Introduction 

Adolescent Health 

A fifth of the world population (1.2 billion) is adolescent (10-19 years) and 85% lives in devel

oping countries.' Because mortality rates in adolescence are low, it has long been regarded as 

one of the healthiest periods of life and as a result little attention has been given to adolescent 

health and nutrition.2 However, the intense physiological, psychological and social changes 

adolescents go through, predisposes them to significant health problems ranging from sexually 

transmitted diseases and HIV/AIDS to substance abuse and mental health problems to nutri

tional deficiencies.3 Because adolescents are tomorrow's societies' economic and political 

players and tomorrow's parents, understanding of their health situation is of great importance. 

Particularly, because adolescence offers a last window of opportunity to correct problems 

inflicted in childhood and to prepare for the demands of adult life. 

Due to socio-economic pressure and lack of information many adolescents are likely to engage 

in sex (often unprotected) relatively early and unprepared, running the risk of contracting a 

sexually transmitted disease or becoming pregnant. The current African HIV/AIDS epidemic is 

a prime example of the grave risk some adolescents face. In several African cities the prevalence 

of HIV in adolescent girls aged 15—19 years is as high as 24%.4 Moreover, adolescent pregnancies 

are at increased risk of severe anemia, preterm deliveries, still birtiis, low birth weight and 

neonatal deaths.5 8 An estimated 60 out of every 1000 adolescent girls will give birth each year 

resulting in 17 million babies with an increased risk of dying in their first year of life.9 Partly 

responsible for this increased risk is poor coping and inexperience of these frequently socio-eco-

nomically deprived mothers, but physical immaturity is an important additional factor.6 

Additionally, important consequences of poor adolescent health (including teenage pregnancy, 

malnutrition, iron deficiency anemia and malaria) involve the effect on school performance and 

attendance l0>n and physical work capacity.1214 Furthermore, poor education and physical work 

capacity will in the long run have negative economic and health consequences for the individual, 

their offspring and the society they live in.15 Investing in adolescent health is investing in the 

future of struggling nations. 

Anemia in women of childbearing age 

Iron deficiency anemia is a large public health problem world wide, with young children and 

pregnant women the most affected, the majority living in developing countries.16 It is estimated 

that around 40% of women of childbearing age and 50% of pregnant women in Africa are ane

mic.16 The consequences of iron deficiency range from impaired work performance and child 

development to increased mortality rates when anemia is severe.17 

Little data is available about the functional consequences of mild anemia in pregnancy, 

but there is consensus that maternal mortality is greatly increased with severe anemia. , 7 '18 



Severe anemia and iron deficiency in pregnancy have been associated with pre-term and low 

birth weight deliveries and consequently neonatal mortality, but causal evidence is lacking.19 

In addition, intra-uterine growth retardation due to maternal malnutrition, including maternal 

anemia, has been associated with poor health later in life.2021 

Pre-pregnancy hemoglobin and iron status are important determinants of anemia related 

morbidity and mortality during pregnancy.8-22 Additionally, maternal anemia early in gestation 

has been associated with poor pregnancy outcome.23Therefore, strategies preventing anemia 

and building iron stores would preferably take place before conception. However, most pregnant 

women in sub-Saharan Africa will generally visit an antenatal clinic relatively late (>20 weeks) 

into their pregnancy.8'24'25 Because a significant number of women will have their first child 

before the age of 20 years2 '8 optimizing iron stores in adolescence could be an effective strategy 

to reduce maternal and neonatal morbidity and mortality. 

Anemia in adolescent girls 

Few studies have focused on the prevalence, severity and risk factors of anemia in adolescent 

girls. This relative omission is surprising considering that developmental processes of adoles

cence exert significantly increased demands on both micro- and macronutrients, especially in 

girls entering menarche. A 1985 World Health Organization review of the global prevalence of 

anemia found only six studies in Sub-Saharan Africa involving this age group (cumulative sample 

size = 652) and estimated diat approximately half of adolescents were anemic, with the highest 

prevalence in eastern Africa.26 More recently additional studies in sub-Saharan Africa reported 

similarly high prevalences.2729 

The etiology of anemia in adolescents in sub-Saharan Africa is complex and multifactorial 

with nutritional deficiencies, infectious diseases and hemoglobinopathies all coexisting. 

Nutritional deficiencies, most importantly iron deficiency, are regarded as the most important 

cause of anemia in adolescents, followed by helminth infections, most importantly hookworm 

and schistosomiasis.30 Whether malaria is a contributor to anemia in adolescents, as it is in 

young children, is unknown as tfiere is a scarcity of data regarding the adverse consequences 

of malaria in adolescence.31 

Malnutrition 

Linear growth retardation is an important marker reflecting the cumulative inadequacies in 

nutrition and health.12 The long-term physiological and economic consequences of stunting 

reflect the direct effect of impaired body size (reduced basal metabolism and physical work 

capacity) or the indirect, carried-over, secondary effects of associated causes of growth faltering 

(e.g. poor intellectual and behavioral development due to micronutrient deficiency).12 

A direct consequence of short maternal height is obstructed labor due to cephalopelvic dis

proportion (incongruence between the head of the fetus and the pelvis of the mother), resulting 
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in an increased risk of peripartum and maternal mortality.18 '32 Moreover, adolescent pregnancies 

are at increased risk of severe anemia, preterm deliveries, stillbirths, and neonatal deaths, 

due to competition between nutritional requirements of the developing fetus and the mother's 

requirement for continuing growth.5 '6 

Unlike the wealth of information available on the nutritional status of children <S years of 

age, little data is available from adolescents in sub-Saharan Africa. Approximately 40% of under-

fives is stunted and approximately 35% is underweight.30The main time window for linear 

growth retardation to occur is early childhood and stunting generally persists into adulthood.33 

In addition, recent studies in primary schools in sub-Saharan Africa suggest that children continue 

to grow at a slower rate during the school-age years and continue to diverge from reference 

populations.34 36 However, there is evidence that catch-up growth is possible during adolescence 

if maturation is substantially delayed.37'38 When the causative environmental factors of growth 

faltering drastically improve (e.g. nutritional supplementation or adoption into an affluent society), 

catch-up growth in young children is also possible.33 However, a potential adverse effect of 

successful interventions is that the improved nutritional status can trigger endocrinological 

response accelerating maturity and early menarche, thus limiting total height gain and the 

potential for complete catch-up growth.39 '40 There is some evidence that iron supplementation 

promotes linear growth in young children41 and adolescents,42 though several recent supple

mentation trials in adolescents have failed to confirm these findings and only showed an effect 

on weight gain.43 '44 

Malaria 

Plasmodium falciparum malaria remains among the most important causes of morbidity and 

mortality in sub-Saharan Africa, accounting for up to one million deaths per year, mainly young 

children.45 Additionally, malaria has a great limiting effect on the economic development of 

endemic countries.15 

The epidemiology of malaria depends on die level of transmission. Under epidemic conditions 

all ages are at risk of severe disease and death. In areas with stable transmission, sufficient 

immunity is acquired in the first years of life for older children to be protected from severe 

malaria. Parasite densities are controlled witii increasing age and school aged children, adolescents 

and particularly adults are at a markedly reduced risk of developing symptoms when they 

become infected. Though resistance to symptomatic malaria develops, sterilizing immunity does 

not and low-grade asymptomatic malaria infections are common in all inhabitants of malaria 

endemic areas.46 '47 Persistent low-grade parasitemia is thought to be important to maintain 

immunity,48 but whether these infections are truly a-symptomatic or have adverse hematological 

consequences, as in young children,49 is not known. A recent analysis of malaria in Kenyan 

school-aged children suggests that a significant fraction of overall morbidity in school-aged 

children is still attributable to malaria, including among adolescents.11 



Pregnant women, are more susceptible to malaria than non-pregnant women.50 '51 The adverse 

consequences also vary based on the pre-existing level of immunity against malaria and range 

from severe complicated malaria resulting in maternal and fetal death in areas of epidemic and 

unstable transmission, to predominantly low-grade, sometimes sub-patent parasitemia in areas 

with stable malaria transmission.50These latter infections frequently do not result in acute 

svmptoms, and remain therefore undetected and untreated. They are, however, a substantial 

cause of maternal anemia, and may be responsible for 30—35% of preventable low birth weight.52 

Primi- and secundigravidae are most at risk, but in areas with a high prevalence of HIV, 

women of higher gravidity are also affected.5' " There is some evidence that teenage pregnant 

women, independent of the number of previous pregnancies are at particular risk of malaria 

and its adverse consequences.5559 

The age-related decline in parasite density, morbidity, and mortality observed during child

hood may suggest that years of cumulative exposure, potentially to multiple parasite strains, 

are necessarv for the production of protective immune responses.60 Recentlv, studies ol trans

migrant populations in Irian Jaya (now West Papua) and longitudinal cohort studies in Kenya 

have challenged this hvpothesis. Baird and colleagues demonstrated that non-immune, adult, 

transmigrants moving from non-cndcmic Java to endemic areas of Irian Jaya acquired immunity 

faster than their transmigrant children.61 '62 Kurtis and colleagues demonstrated in Kenyan 

males that resistance to reinfection following anti-malarial treatment increased during puberty, 

but not before puberty, and was predicted by levels of the pubertal steroid dehydroepiandos-

terone sulfate (DHEAS) independent of age and, by proxy, cumulative exposure.65 These findings 

imply that apart from cumulative exposure to the parasite per se, developmental changes in 

the host during puberty are essential for the expression of maximal resistance to malaria. 

It supported by further research, these findings would be ot particular relevance to the develop

ment and implementation of a malaria vaccine, as it implies that vaccination of pre-pubertal 

children may not result in adult-like immunity. So far, little new data supporting this hypothesis 

is available from field studies. 

Preventing and treating anemia 

Iron supplementation, together with food-based approaches, is the mainstay of the control of 

iron-deficiency anemia. Though many programs have been implemented world wide, iron 

supplementation programs have not resulted in a dramatic decrease of the global burden of 

anemia.64 Even though iron supplementation is highly effective when given during controlled 

trials, when supplementation programs become operational they have often failed.65 Poor 

compliance (due to side-effects and the long duration of required dailv intake), infrastructural 

restraints, high maintenance costs and the coexistence of other causes of anemia (parasitic 

infections, other micronutrient deficiencies) are important factors leading to failure.66'67 

As a result, attention has gone out to alternative strategies to combat anemia, including food 
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fortification, mass-treatment with anthelmintics, malaria control (insecticide treated bed nets 

and intermittent antimalarial treatment), multi-micronutrient supplementation and intermit

tent iron treatment. 

Because the number of children surviving the preschool years and consequently the number 

ot children attending school have increased in the last decades, schools have been considered as 

good centralized settings from which to implement health interventions aiming to reach large 

numbers of school-aged children.68 '69 Furthermore, school health programs are thought to be 

among the most cost effective public health interventions.70 

Intermittent iron supplementation, as a cheap and due to less gastro-intestinal side effects 

better tolerated and adhered to alternative to daily supplementation, was promoted7 1 after 

the finding that intermittent supplementation resulted in similar or greater absorption than 

daily supplementation in iron-depleted laboratory rats 7 2 ' 7 ' and a randomized trial in humans 

that found superior hematological response to weekly over daily supplementation.74 Since then, 

many studies have shown intermittent treatment to be effective in the prevention of iron 

deficiency anemia under controlled conditions, albeit less effective than conventional dailv 

regimens, as recently concluded in a meta-analvsis by Beaton & McCabe.75 

Vitamin A deficiency, even when sub-clinical, may cause anemia through the modulation of 

iron metabolism.76 Randomized controlled trials of iron supplementation in anemic vitamin A 

deficient subjects have shown limited hematological response when iron was given alone but 

significantly better response when vitamin A was added.77*79 Improved effects on hematological 

recovery together with reports that vitamin A supplementation offers protection against infectious 

diseases80 have led to increased interest in combined supplementation with vitamin A and iron. 

Insecticide treated bed nets have been shown to be effective in preventing all-cause mortality 

and morbidity, including severe malarial anemia, in children under five vears-of-age.8186 

Similarly, insecticide treated bed net significantly reduce malarial anemia in pregnant women.87"89 

No data is available on the efficacy of impregnated bed nets in preventing malaria and anemia 

in adolescents. 

Study sites (Figure 1) 

The studies presented in this thesis were conducted in three different areas of western Kenya. 

Kenya 

Kenya is a relatively stable and economically well-off country compared to most of it's neigh

bors. After independence Kenya enjoyed strong economic growth, but this has declined since 

the 1970s from 6.5 percent to about 2.2 percent in the last decade, below the average popula

tion growth rate of 2.5 percent.90 GDP was about 10.4 billion dollars in 2000 9 ' and 50% of 

Kenyans (total population - 3 0 million) is estimated to live below the poverty line.92 In the 

1980's Kenya was among the major foreign aid recipients in Africa, but due to poor governance 



and mismanagement foreign aid has steadily declined since. Large scale corruption and deterio

ration of public goods and infrastructure (schools, hospitals and roads) in the last decade have 

lead to a feeling of disparagement in many Kenyans (personal observations). In 2000, infant and 

child mortality rates (per 1000 live birtihs) were 77.0 and 120.0, respectively, and life expectancy 

at birth was 47.0 years.91 

The 2000 UNICEF End of Decade Assessment reported that approximately 75% of school-

age girls in Kenya attend primary school.95 Primary school starts at the age of five years and 

teaches children from standard 1 through to standard 8.Tuition is charged each trimester and 

parents decide when their child will start school. Until recently, some parents have waited for 

their child to reach the age of seven before sending them to school. If children fail exams or 

miss schooling, for example when unable to pay tuition, they may repeat years, with the result 

that some children remain at primary school up to the age of 18.94 

Asembo 

Asembo (Rarieda Division) is located in Bondo District, on the shores of Lake Victoria in 

Nvanza Province, western Kenya. The study site and the resident population have been described 

in detail elsewhere.47 '93 Briefly, Asembo comprises an area of 200km'' with a widely dispersed 

ethnically homogeneous population of approximately 55,000 people. The main occupation 

(74%) is in cultivation and limited animal husbandry.The rainfall pattern is bimodal, with the 

long rains falling between March and May, and the short rains from October to December, 

though in the latter half of 1998 there was less rainfall than usual.9 ' Malaria is holoendemic 

and since some rain falls in each month, transmission occurs throughout the year.96 Over 90% 

of malarial infections are due to P.falciparum; infection with P. malariae making up most ol the 

balance along with an occasional P. ovale infection. High-grade chloroquine resistance is wide

spread; in the early 1990's, 75% of patients with acute P. falciparum infections treated with the 

standard 25 mg/kg regimen had RII/RIII type responses.97 At the time of study, the prevalence 

of HIV among pregnant women attending antenatal clinics in nearby Kisumu city was 25%. 9 8 

Infant and under-five mortality are considerably higher than in other parts of Kenya (176/1000 

and 275/1000) . 9 9 Between 60—90% of the children under five years are anemic at any time (Hb 

<110 g/L) and 30% and 20% are stunted or underweight.47.100 

No data are available of the prevalence of anemia in adolescents. A recent study of vitamin A 

status conducted in a rural area 20 km north-west of Asembo found the prevalence of sub-clinical 

vitamin A deficiency (serum retinol s70 (.Imol/L) to be 55.2% and 17.5% in preschool and 

primarvschool girls, respectively, and none with signs of xerophthalmia.101 

Asembo was also the site of a large community-based group randomized controlled study on 

the effect of Insecticide Treated bed net (ITNs) on under-five mortality.9 ' Half of 79 villages in 

this study area were randomly assigned to the intervention group and each household in these 

villages received permethrin treated bed nets during the 4th quarter of 1996. Full details of their 
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impact on malaria, anemia and nutritional parameters in the younger children in this study 

population have been reported elsewhere 86,94,102-104 fhe large community based bed net study 

provided a unique opportunity to assess the impact of ITNs on malaria in adolescents. 

Mumias 

Mumias (Mumias Division, Kakamega District, Western Province) is one of the most densely 

populated areas in Kenya and mainly rural. The predominant ethnic group in the area are the 

Luhya. Sugarcane is the main cash crop, and has replaced previously grown food crops as maize, 

beans and cooking bananas. The main rainy seasons are from April to June and from October to 

November. Malaria transmission is low but perennial with the highest transmission in the rainy 

seasons.105 Malaria is by far die most common diagnosis and cause of death in adults and children 

admitted to St Mary's Hospital, the local mission hospital.106 Infant and under-five mortality 

rates are 41/1000 and 53/1000, respectively, and the prevalence of malnutrition in children 

12-23 months old is - 3 5 % . 1 0 7 

Kisumu 

Kisumu, located on the shores of Lake Victoria, in Nyanza Province, western Kenya, is the third 

largest city in Kenya with a population of -320,000. Most inhabitants are from the Luo tribe 

followed by the Luhya and the Kisii. Most urban people work as casual laborers in the informal 

sector, but some work in the industry or small businesses sector. Malaria transmission in this 

area is largely uncharacterized, but is perennial with highest transmission during peak rainfall 

from April-July and October-December. Exposure to infective mosquitoes is likely to vary from 

the city center to the peri-urban areas as entomological inoculation rates are dependent on level 

of urbanization and socio-economic factors.108 A recent study of pregnant women attending the 

hospital antenatal clinic reported an overall parasitemia prevalence in teenage pregnancies of 

25%. 9 8 HIV infection is highly prevalent and approximately 24% of 15 to 19 year old girls are 

estimated to be infected.109 Detailed information on the nutritional status of adolescents or 

young children in Kisumu is lacking. 

Figure 1 . Study sites Asembo, Kisumu & Mumias 



Aims and outline of this thesis 

The studies in this thesis aim to define the magnitude and main risk factors of anemia, malnutrition 

and malaria in adolescents schoolgirls in western Kenya, and to assist in the design of suitable 

interventions to reduce and prevent anemia in this age group 

Chapter 1 presents the background to the studies presented in this thesis. 

Chapter 2 describes the results of two cross-sectional surveys assessing the prevalence, severity and 

risk factors of anemia and iron deficiency in 12—18 year-old adolescent schoolgirls in Asembo, 

an area with year-round intense malaria transmission and a high level of anemia and malnutrition 

in young children and pregnant woman. 

Chapter 3 describes the prevalence, severity and main risk factors of malnutrition and the age at 

menarche as assessed by a series of cross-sectional surveys of adolescent schoolgirls in two areas 

of western Kenya with different levels of malaria transmission and malnutrition. 

Chapter 4 describes the impact of insecticide treated bed nets on malaria and malaria-associated 

anemia and growth in adolescent girls as part of a large scale community-based group-random

ized controlled trial. Data from the same cross-sectional surveys as described in chapter 2 

are used. 

Chapter 5 presents the results of a study that tests the hypothesis that levels of the pubertal hormone 

DHEAS are associated widi reduced parasite density and other malaria related outcomes such as 

anemia, independent of age, and by proxy, cumulative exposure. 

Chapter 6 describes a randomized double-blind placebo-controlled trial of the effect of weekly 

iron and vitamin A supplementation, alone or combined, on hemoglobin concentrations, 

nutritional parameters, malaria and non-malaria morbidity, cognitive function and school perfor

mance in adolescent schoolgirls in Kisumu. 

Chapter 7 summarizes the results presented in this thesis and discusses the implications for public 

health programs and future research. 
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Abstract 

Objective Anemia is a major public health concern in pre-school children and pregnant women 

in the developing world. While many studies have examined these two at-risk groups, there is a 

paucity of data on anemia in adolescents living in developing countries in the complex ecologie 

context of poverty, parasitism and malnutrition. We evaluated the prevalence, severity and risk 

factors of anemia in adolescent schoolgirls in an area with intense malaria transmission in 

western Kenya. 

Design Two cross-sectional surveys were conducted, using a multi-stage random sample design. 

Setting Public primary schools in an area with intense malaria transmission in western Kenya. 

Subjects 648 randomly selected adolescent schoolgirls aged 12—18 years. 

Resu/fsThe prevalence of anemia (Hb < 120 g/L) was 21 .1%; only one girl had an Hb less dian 

70 g /L. Ferritin levels were available from a sub-sample of 206 girls. The prevalence of iron 

deficiency (Ferritin <12 (Xg/L) was 19.8% and 30.4% of anemic girls were iron deficient. 

Malaria and schistosomiasis infections were the main risk factors for anemia in younger girls 

(12-13 yrs) while menstruation was the principal risk factor in older girls (14—18 yrs). 

Conclusions Iron deficiency and anemia in school attending girls in western Kenya were more 

prevalent than in developed countries, but considerably less prevalent than in pre-school children 

and pregnant women from the same study area. Our findings are consistent with other recent 

school-based surveys from western Kenya, but not with recent community-based and school-

based cross-sectional surveys from other parts of sub-Saharan Africa. It deserves further study 

to determine if adolescent girls not attending school are at higher risk of anemia. 



Introduction 

Anemia remains one of the most prevalent and enfeebling morbidities suffered by individuals in 

the developing world and is a critical co-morbid factor contributing to the excess mortality in 

these regions.1 Most studies of anemia in sub-Saharan Africa have focused on children <12 years 

of age with significantly fewer studies in adolescents. This relative omission is surprising consider

ing that developmental processes of adolescence exert significantly increased demands on both 

micro and macronutrients, especially in girls entering menarche. A 1985 review by DeMaeyer 

and Adiels-Tegman of the global prevalence of anemia found only six studies in Sub-Saharan 

Africa involving this age group (aggregate sample size = 652) and estimated that approximately 

half of adolescents were anemic, witri the highest prevalence in eastern Africa.2 In recent years 

several additional studies in sub-Saharan Africa reported similarly high prevalences.37 

Chronic anemia, especially when associated with severe micro-nutrient deficiencies, 

may affect school performance and attendance and physical work capacity.8-9 Iron deficiency 

is associated with retarded growth and obstructed labor due to cephalopclvic disproportion is 

common in adolescents and associated with high rates of perinatal and maternal morbidity 

and mortality.10 Adolescent pregnancies also are at increased risk of severe anemia, preterm 

deliveries, still births, and neonatal deaths, due to competition between nutritional requirements 

of the developing foetus and mother's requirement for continuing g r o w t h . 1 1 " Knowledge of 

the degree and main risk factors of anemia in adolescence is of public health importance as this 

is a window of opportunity for school based interventions to improve adolescent health. 

Additionally, because a considerable proportion of women in developing countries will have 

their first pregnancy during adolescence,13 '14 an important goal of preventive programs should 

be prevention of anemia before the first pregnancy. 

Nutritional deficiencies are regarded as the most important cause of anemia in the world 

and a major potential contributor to adolescent anemia in sub-Saharan Africa.15 The contribution 

of infectious diseases in this age group is less well studied, but will vary with the degree of 

acquired immunity; a function of the intensity of transmission, age, and possibly pubertal 

development. Helminth infections, in particular hookworm and schistosomiasis, are important 

contributors to adolescent anemia.15 HIV infection is also likely to be a contributor as anemia is 

a common manifestation, even in asymptomatic HIV infected individuals.'6 Although malaria 

is a predominant cause of anemia in young children, most adolescents in malaria endemic areas 

have acquired sufficiënt immunity to be protected from severe malaria-associated anemia. 

Infections in this age group are typically associated with asymptomatic low-grade parasitemia 

and, due to an almost complete absence of data,17 the contribution of these infections to anemia 

in adolescence remains unclear. 

The aim of this study was to describe the prevalence of anemia in adolescent schoolgirls in 

western Kenya, an area with intense malaria transmission and documented high prevalence of 
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anemia and malnutrition among preschool children 18'19 and pregnant women.20 In addition we 

determined which risk factors (nutritional status, Plasmodium falciparum parasitemia, helminth 

burden, age and sexual maturation) were associated with anemia in this adolescent population. 

Subjects and Methods 

Study Area and Population 

This study was conducted in Rarieda Division (Asembo) in Bondo District, located on the shores 

of Lake Victoria in Nyanza Province, western Kenya. The study site and the resident population 

have been described in detail elsewhere.18 '21 Briefly, Asembo comprises an area of 200km2 

with a widely dispersed ethnically homogeneous population of approximately 55,000 people. 

The main occupation (74%) is in cultivation and limited animal husbandry. The rainfall pattern 

is bimodal, with the long rains falling between March and May, and the short rains from 

October to December, though in the latter half of 1998 there was less rainfall than usual.21 

Malaria is holoendemic and since some rain falls in each month, transmission occurs diroughout 

the year.22 Over 90% of malarial infections are due to P. falciparum; infection widi P. malariae 

making up most of the balance along with an occasional P. ovale infection. High-grade chloro-

quine resistance is widespread in the area.23 At the time of study, the prevalence of HIV among 

pregnant women attending antenatal clinics in neighboring Kisumu city was 25%. 2 4 Infant 

and undcr-five mortality are considerably higher than in other parts of Kenya (176/1000 and 

275/1000) . 2 S Between 60-90% of the children under five years are anemic at any time 

(Hb <110 g/L) and 30% and 20% are stunted or underweight.18 '19 No data are available of 

the prevalence of anemia in adolescents. 

There are 58 primary schools in Asembo. Primary school starts at the age of five years and 

teaches children from standard 1 through to standard 8.Tuition is charged each trimester and 

parents decide when their child will start school. Until recently, some parents have waited for 

their child to reach the age of seven before sending them to school. If children fail exams or 

miss schooling, for example when unable to pay tuition, they may repeat years, with the result 

that some children remain at primary school up to the age of 1 8.26 

Asembo was also the site of a large communitv-based group randomized controlled study on 

the effect of Insecticide Treated bed net (ITNs) on under-five mortality.27 Half of 79 villages 

in this study area were randomly assigned to the intervention group and each household in 

these villages received permethrin treated bed nets during the 4th quarter of 1996. The schools 

included in this survey were equally divided over the ITN study area and thus approximately 

half of the girls in the current study came from bed net villages and the other half from control 

villages. Full details of their impact on malaria, anemia and nutritional parameters in this study 

population have been reported elsewhere (Chapter 4). 



Study Design 

Two cross-sectional surveys were conducted. The first survey was conducted in October-

November 1998 (3 months after the long rains) and in February—March 1999 (just before the 

subsequent long rains following a 9 month period of little rainfall due to failure of the short 

rains in the previous year). 

A multi-stage random sample design was used, with primary schools as the first stage unit 

and schoolgirls as the second stage unit.28 Prior to randomisation, information on the number 

and size of schools in the study area was obtained from the district education authority and 

entered into a computerized database. Information on die longitude and latitude of each school 

was added to the database using mapping data, obtained using global positioning system (GPS) 

hardware and geographic information system (ATLAS-GIS).29 Schools were ranked by geo

graphical location to allow for equal distribution of the schools over the study area and selected 

by random sampling with probability proportional to size.30Thirty girls aged 12—18 years 

were then randomly selected from 28 school units (N = 840) using the computerized list. 

Schools with less than 30 girls in the relevant age category were joined with the closest neigh

boring school to form one school unit. 

Clinical history. Demographic and Socio-economic data 

Each study participant was interviewed by a study nurse using a standardized questionnaire, 

which included questions on demographics (village of residence, age, date of birth, school class, 

and bed net use), morbidity in the month prior to survey (history of recent febrile and non-

febrile illnesses, history of night blindness, menstrual history, history of recent drug use includ

ing traditional medicine, gcophagia, iron, folic acid, antimalarials etc.), and socio-economic 

and educational status of caretakers (survey-2 only). Early pregnancy could not be excluded 

as reproductive history and pregnancy tests were not assessed, but none of the girls included in 

this study were manifestly pregnant. The choice of indicators for the assessment of the house

hold socio-economic status was based on a previous study conducted as part of the 1TN project." 

Age was calculated from the reported date of birth given after verification against school 

records, where possible. If the day of birth was unknown (in 41%), thel5th day of the month 

was used. If month of birth was unknown (in 28%), the mid-point of the year of birth was used. 

Anthropometrics and clinical data 

A basic clinical examination was performed by one of the female study nurses, including; 

measurements of height and weight according to standard W H O procedures32 and assessment 

of the axillary temperature, auscultation of the lungs and modified Tanner staging (breast 

development only).33 

Weight was measured to the nearest 0.1 kg on a battery powered digital scale (Seca, Inc, 

Columbia, MD) and heights to the nearest 0.1 cm using a wooden length-measuring board 
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with sliding head bar.'2 All measurements were taken twice and the average computed. Body 

mass index (BMI) was calculated as weight/height2 and thinness defined as BMI-for-age below 

the 5 th percentile of the NHANES I reference population.34 Height for age Z-scores were calcu

lated using the sex specific 1978 C D C / W H O normalized version of the 1977 NCHS reference 

data in Epilnfo2000 (Centers for Disease Control and Prevention, Atlanta, USA). Stunting was 

defined as height-for-age Z-scores below —2 standard deviations. i4 

Laboratory methods 

A finger-prick blood sample was drawn (250 — 500 u,L) for determination of hemoglobin con

centrations (Hb) and malaria parasitemia. After collection, blood was placed on ice until trans

portation to the lab where, after an Hb reading, the samples were centrifuged, cells and plasma 

separated and stored at —20°C. Hemoglobin was determined by Coulter Counter (survey-1: 

Model M530, Coulter Electronics Limited, Luton, England; survey-2: Model ACT 10, Coulter 

Co, Florida, USA). Additionally, red cell indices (mean corpuscular volume [MCV], mean cor

puscular hemoglobin [MCH], and mean corpuscular hemoglobin concentration [MCHC]) were 

determined by Coulter Counter in the second survey. Where the Coulter Counter hemoglobin-

result was not available (1.2%), it was replaced by Hb measured spectophotometrically in the 

field using a portable hemoglobinometer, (HaemoCue AB, Angelholm, Sweden). 

Quantitative plasma ferritin and plasma C-reactive protein (CRP) assays were performed 

at the International Health Institute Laboratory, Brown University, Providence, RI, USA, using 

solid phase enzyme-linked immunosorbent assay kits (ICN Pharmaceuticals Inc., Orangeburg, 

NY, USA). Almost all (85%) of the samples from the first survey and 30% of the samples of 

survey-2 were lost in transport during a prolonged power failure in Kisumu. Because of the dis

proportionate small number of available samples in survey-1, only samples from survey-2 were 

considered for analysis of ferritin and CRP assays. Sufficient volume was available from 206 

(81%) of the 255 remaining girls in survey-2 for both Ferritin and CRP assays. The characteris

tics of these girls were comparable to the girls in survey-2 with missing or insufficient 

volume samples for all characteristics. 

Thick blood smears were stained using Giemsa and examined for the presence of malaria 

parasites with a xlOO oil-emersion objective. Parasites and leukocytes were counted in the same 

fields until 300 leukocytes were counted. Parasite densities were estimated using an assumed 

leukocyte count of 8,000 leukocytes per mm' of blood. Slides were considered to be negative if 

no asexual parasites were found in 200 ocular fields of the thick smear. High-density parasitemia 

was defined as >1000 parasites/mm'. All study participants in both Asembo surveys, were asked 

to bring a fresh (<24 hours) stool and urine sample to be examined for the presence of geo-

helminths (hookworm, Ascaris lumbricoides,Trichuris trichiura and Strongyloides stercoralis) 

and Schistosoma mansoni and Schistosoma haematobium. Samples were stored at 4°C and 

processed the day after collection. Stool was microscopically examined by concentration using 



a modification of the formol-ether and ethyl acetate techniques and by Kato-Katz methods.3 5 3 7 

Urine was examined using a filtration based concentration method.38 Heavy hookworm and 

schistosomiasis infections were defined as an egg-count &2000 and a400 per gram of stool 

respectively. 39 Only categorical egg-counts were available for trichuris and ascaris and heavy-

infections were defined as an egg-count of 4 on a scale of 1 to 4. 

Anemia and severe anemia were defined as hemoglobin concentrations < 120 g/L and 

<70 g /L, respectively. For comparison with odier studies, the prevalence of anemia was also 

reported using an alternative definition, with Hb <112 g /L as cut-off, correcting for lower 

mean Hb seen in populations of African extraction (-10 g / L ) 4 0 and for the influence of altitude 

(+2 g /L for every 1000 meters above sea level).1 Microcytosis and hypochromia were defined 

as an MCV and MCHC, respectively, below the W H O recommended age-specific cut-off.1 

Normocytosis was defined as an MCV within the normal range for age.1 Girls with inflammation, 

defined as CRP 28.2 mg/L, 4 1 were excluded from analyses including ferritin, because ferritin 

levels rise as an acute phase response and no longer reflect the component of stored iron.42 

Iron deficiency (ID) was defined as a ferritin <12 H-g/L, iron deficiency anemia (IDA) was 

defined as anemia with ferritin <12 |Xg/L,43 and non-iron deficient anemia (NIDA) as anemia 

with ferritin levels s i 2 (Xg/L.44 Malaria parasitemia was defined as the presence of asexual 

stage parasites (any species) in thick smears. Malarial anemia was defined as anemia with con

current malaria parasitemia. Symptomatic malaria was defined as malaria parasitemia with 

concurrent fever (axillary temperature 237.5°C). 

Girls found to be anemic on site using the Haemocue system received hematinic supplemen

tation. All girls widi a documented fever were given presumptive treatment with sulphadoxine-

pyrimethamine and/or antibiotics, where indicated. Children with evidence of helminth infections 

or schistosomiasis were revisited and treated with albendazol and praziquantel respectively. 

Statistical analysis 

Analysis was done using SAS (the SAS system for Windows, version 8.02, SAS Ine) and 

Epilnfo2000. SUDAAN software (SAS callable version, release 8.0.0, Research Triangle 

Institute), was used to allow for correlation among observations taken from the same school 

(cluster-unit). In order to maintain the assumption of an equal probability sample, weighting 

was used to adjust for unequal cluster size due to variation in the number of absentees or 

refusals between clusters.30 

Differences between proportions were compared by the / 2 test. Normally distributed con

tinuous data were compared bv the Student's t-test. Data not conforming to a normal distri

bution were compared bv the Wilcoxon-Mann-Whitney U test. Correlations were assessed by 

Spearman's rho. A multivariate logistic regression model (proc logistic in SUDAAN) was used 

to explore determinants of anemia. Median age at menarche and 95% fudicial limits were 
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estimated with status quo data using probit analysis in SAS.34 P-values s 0.0S were considered 

statistically significant. 

Multivariate logistic regression was used. Separate models for predictors of all-cause anemia 

are presented for girls aged <14 and a 14 years because previous analysis showed effect modifi

cation of the effect of bed nets on anemia prevalence by age using this age cut-off45 and because 

current analysis indicated modification by age of the effect of menstruation (P = 0.08). 

Ethical Clearance and Informed Consent 

This study was approved by the ethical committee of the Kenya Medical Research Institute 

(KEMRI) and the Academic Medical Center, University of Amsterdam. Written consent was 

obtained from the parent-teachers association for each school and from the individual student 

and her parents. 

Results 

Of the 840 girls randomised, 669 (79.6%) were enrolled. The remaining had eimer moved out of 

the study area or were absent on the day of survey (N = SS), or consent was not given (N=l 16). 

A further 21 were excluded because subsequent analysis using date of birth revealed they were 

less than 12 years of age, despite the reported age. Thus 648 girls contributed to the analysis. 

Their characteristics are given in Table 1. 

Anemia 

Mean (95% confidence intervals [CI]) hemoglobin and prevalence of anemia (<120 g/L) was 

129 g /L ( 1 2 7 - 132) and 21 .1%. Only one girl had an Hb less than 70 g/L. Prevalence of 

anemia using the 112 g /L altitude adjusted race-specific W H O cut-off was 10.8%. There was 

considerable variation in the prevalence of anemia and mean Hb concentration between the 

surveys (Table 2). Anemia was significantly more common in the survey conducted at the end of 

the extended dry period in early 1999 than in the survey conducted in 1998.The difference in 

prevalence between surveys was most striking in the oldest girls ( a l4 yrs) (Table 4). Red blood 

cell indices, available from the second survey, indicated that 27.2% of the anemic girls had 

microcytic-hypochromic anemia. Macrocytosis was rare (0.6%) and none of these individuals 

were anemic. 

Age was not associated with anemia in univariate or multivariate analysis. The prevalence of 

anemia in girls 12-1 3 and 14 years and older were 23.2% and 19.4%, respectively (P=0.273). 

There was also no significant association with Tanner stage. Menstruation was a predictor of 

anemia in girls 14 years and older, but not in vounger girls (Table 4).There was a significant 

negative correlation between time since menarche and Hb levels (Spearmans rho=-0.15, P=0.029). 



Table 1 

Demograph ic and cl inical character ist ics of 6 4 8 adolescent schoolgirls 

f r o m Asembo, western Kenya by survey. 

Overa l l 

nographics/History of recent i l lness a n d m e d i c a t i o n use 

Number of Study 

Survey-1 

(Oct-Nov '98 ) 

(post long rains) 

N I Survey-2 

' ( F e b - M a r ' 9 9 ) 

{post dry season) 

Parcticipants 

Age; median {interQ range) 

Menstruating; No. (%) 

Heavy menstruation; No. (%) 

Age at Menarche; 

median (95% fiducial limits) 

III in the last month ; No. (%) 

History of Night blindness; No. (%) 646 

Used antimalarials 

last month ; No. (%! 

Used Iron-tablets last 

month; No. (%) 

Geophagia; No. (%) 

Insecticide-treated 

Bed nets; No. (%) 

Clinical examina t ion 

Fever (Temp a 375°C) 

Maturity rating 

(breast development); 

median (interQ range) 

Thinness; No. (%) 

Stunting; No. (%)' 

648 

648 14.2 ( 13 .2 -153 ) 

648 211 (32.3) 

206 44 (21.3) 

211 15.1 (14 .9- 15.2) 

648 423 (64.5) 

19 (3.1) 

648 200 (30.7) 

648 33 (5.7) 

648 169 (25.5) 

647 341 (52.1) 

101 

312 

312 

15.1(14.9-15.3) 110 15.0(14.9-15.2) 

209 (66.3! 336 214 (62.8) 

4 (1.7) 334 15 (4.5) 

312 91 (29.4) 

312 

312 

311 

23 (8.0) 

59 (18.7) 

152 (48.1) 

336 

336 

109 (32.0) 

10 (3.4) 

336 110(323) 

336 189 (56.1) 

28 (4.9)' 

647 3 ( 2 - 4 ) 312 

647 117 (183) 312 

644 69 (10.8) 310 

27 (9.5) 

3 ( 2 - 4 ) 

60 (19.0) 

32 (10.9) 

336 1 (0.3) 

335 3 ( 2 - 4 ) 

335 57 (17.7) 

334 37 (10.8) 

1 Statistically significant difference between surveys (p<0.05) 

2 Height-for-age reference data only available for < 18 yrs 

Helminth infections were common and nearly half of all girls had one or more parasites in their 

stool; 35.2% of these were mixed infections. The majority were mild infections with low egg 

counts. None of the geo-helminths tested, were associated with anemia in the older girls. In the 

12—1 3 year-olds, heavy ascaris infection (12/128) was associated with lower hemoglobin level 

in univariate analysis (Table 3), though this was no longer significant after adjustment for other 
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factors (Table 4). Only mild hookworm and trichuris infections were observed and thev were 

not associated with hemoglobin level or anemia. Schistosoma mansoni was present in the stool 

of 1 1.4% of girls and 6/62 of them (9.2%) had heavy infections. All six girls were anemic and 

had significantly lower hemoglobin values than girls with either mild infection or no evidence 

of S. mansoni (Table 3). Urinarv schistosomiasis (S. haematobium) was rare (0.6%) and none 

had anemia. In univariate analysis girls with a history of soil eating in the last month (25.5%) 

had lower hemoglobin levels than those who did not (Table 3), but this was not significant 

in multivariate analysis (data not shown). Soil eating was not associated with anv of the geo-

helminth infections. 

IahleJL 
Laboratory results of 648 adolescent schoolgirls from Asembo, \ 

Hb in g/L; mean (95% CI) 

H b < 1 2 0 g / L ; N o . ( % ) 

Hb < 90 g / t ; No. (%) 

H b < 7 0 g / L ; N o . (%) 

Malaria parasitemia; No. (%) 

Parasitemia/mmJ; 

geometric mean (95% CI) 

Parasite count 

> 1000 parasites/mm3 

Symptomatic Malaria; No. (%) 

Any Helminth in stool; No. (%) 

Hookworm; No. (%) 

Trichuris trichiura; No. (%) 

Ascaris lumbricoides; No. (%) 

Schistosoma mansoni; No.(%) 

Strongyloides stercoral; No. (%) 

Schistosoma haematobium; No. (%) 

634 

634 

634 

634 

57S 

164 

575 

575 

540 

540 

540 

540 

540 

540 

554 

129 (127 - 132)' 

135(21.1)' 

6(1.0) 

1 (0.2) 

164(27.7)' 

197(149-260) 

25 (4.5) 

l i f e " 'ï?8iS 
8(1.4) ' 

253 (46.6) 

75(13.8) 

90(16.9) 

128(22.8) 

62(11.8)' 

i ^ ^ ^ ^ H H H I 
3 (0.6) 

298 

298 

298 

298 

305 

107 

305 

305 

238 

238 

238 

238 

238 

238 

253 

pBfiBffflffl 
S u r v e y - l 

( O c t - N o v ' 9 8 ) 

( p o s t l o n g r a i n s ) 

135 (132-138) 

32(11.5) 

3(1.2) 

1 (0.5) 

107(33.7) 

198 (125-316) 

16(5.5) 

8(2.6) 

115(48.8) 

36(15.0) 

40(17.8) 

49(19.8) 

42(18.3) 

0 (0.0) 

2 (0.7) 

N 

336 

336 

336 

336 

270 

59 

270 

270 

302 

302 

302 

302 

302 

302 

301 

S u r v e y - 2 

(Feb -Mar ' 9 9 ! 

( p o s t d r y season) 

124 (122- 125) 

103(302) 

3 (0.8) 

0 (0.0) 

57 (20.4) 

231 (179-299) 

9 (3.3) 

0 (0.0) 

138 (44.8) 

39(12.8) 

50(16.2) 

79 (25.2) 

20 (6.3) 

1 (0.4) 

1 Statistically significant difference between surveys (p<0.05) 

Similar to anemia, malaria prevalence differed markedly between the surveys with the highest 

prevalence in the first survey (Table 2). Overall, 3.6% and 7 .3% of the girls had malarial anemia 

in the first and second survey respectively. Insecticide treated bed nets were significantly asso

ciated with a lower prevalence of anemia in the youngest adolescent girls (Tables 4). 



Table 3 

Univar ia te analysis of p o t e n t i a l d e t e r m i n a n t s of h e m o g l o b i n level ( g / U i n 6 3 4 adolescent 1 

potential determinant 

12-1Jyrs!N=287) 

' mean difference 

i hemoglobin between 

grit means 

(95% a , 

• yes : no 

Age < 14 yrs 

Cross-sectional survey 1 ' 

Puberty (breast ï B 2 ! 

Menstruation 

ill last month 

Used malaria medicat ion3 

Used iron tablets3 

I Used traditional medicine 

Geophagia* 

Parental schooling (low p2 

Wealth index (low p20) * 

j Thinness 

Stunting 

| Sickle Cell Trait (AS)' 

1 Malaria parasitemia 

High density parasitemi 

Symptomatic malaria 

Bed net village 

Hookworm I 

Trichuris trichiura 

! Ascaris lumbricoides 

Heavy ascaris infection 

Schistosoma mansoni 

Heavy 5. mansoni infect 

Co-infection trichuris/asca 

134.5 

] 128,7 

130.1 

| 129.0 

128.1 

1130.7 

130.0 

126.8 

0)" 125.8 

1 124,3 

128.5 

127.6 

124.3 

128.0 

a1 121.0 

129.6 

130.1 

J 128.9 

127.2 

126.1 

121.4 

i 128.1 

o n ' 113.0 

ris j 125.1 

124.3 

1294 

128.8 

128.9 

129.3 

128.8 

128.2 

129.7 

123.7 

124.2 

129.1 

129a 

125.1 

129.8 

129.8 

129a 

127.4 

128.1 

128.5 

129.0 

129.0 

128.3 

128.3 -

128.5 

102(5.9,14.5) ' 

-0.8 (-4.7,3.0) 

1.3 (-2.6,5.2) 

0.1 (-3.0,3.1) 

-1.2(-4.6,2.1) 

1.9(-7.8,11.5) 

1.8(-0.9,4.5) 

-2.8 (-5.5, -0.2)* 

2.01-1.7,5.7) 

0.0 (-4.3,4.4) 

-0.6 (-3.1,1.9) 

-1.6 (-6.6,33) 

-0.8 (-3.7, 2.2) 

-IS (-5.4,1.8) 

-8.7 (-13.3,-4.2) 

0.4 (-11.2,11.9) 

2.8 (-2.2, 7.7) 

0.71-4.7,6.2) 

-1.3 (-5.7, 3.1) 

-2.9 (-6.6,0.9) 

-7.6 (-12.3,-2.8) 

-0.2 (-6.8,6.4) 

a 14 yrs 

mean 

hemoglobin 

grA. 

yes no 

135.6 

1295 

128.7 

128.1 

130.2 

133.3 

128.5 

126.3 

123.2 

124J 

129.7 

129.9 

122.3 

131.6 

125.7 

122a 

129.6 

129.0 

127.0 

128.6 

124.9 

130.7 

15.3(-19.6, -11.0)2104.4 

-3.4 (-8.5,1.6) 125.7 

123.2 

1303 

130.5 

1323 

129.3 

1293 

130.2 

130.7 

123.2 

122.8 

129.5 

129.4 

124.2 

129.4 

129.4 

130.0 

129.4 

128.0 

128.4 

128.1 

128.1 

127.9 

127.9 

1283 

(N=347) 

difference 

between 

means 

(95% CI) 

12.4(8.6,16.2)' 

-0.8 (-9.3,7.6) 

-1.8(-5.5,1.9) 

-4.2 (-8.8,0.5) 

0.9 (-2.2,4.0) 

3.9 (-4.0,11.1) 

-1.7 (-6.4,2.9) 

-4.4 (-83, -OS)' 

-0.0 (-3.9, 3.8) 

1.9 (-1.4,5.2) 

0.2 (-3.5, 3.9) 

0.5 (-7.6,8.7) 

-1.9 (-5.5,1.6) 

2.2 (-0.8,5.3) 

-3 .7( -8 .5 , l . l ) 

-7.8 (-27.0,11.8) 

0.2 (-5.5, 5.9) 

1.0 (-3.7,5.6) 

-1.3 1-6.0, 3.4) 

0.6 (-4.4,5.5) 

-3.2 1-14.1,7.7) 

2.8 (-2.8, 8.4) 

-23.5(39.5,-7.6) 

-16 (-8.1, 3.0) 

Overall (N=634) 

mean 

hemoglobin 

gr/L 

yes no:-' 

128.9 

135.1 

129a 

128.8 

128.5 

129.3 

132.1 

129.2 

126.5 

124.6 

124.5 

129.0 

128,1 

123.5 

129.8 

123.5 

126J 

129.9 

129.0 

127.2 

127.4 

122.8 

129.2 

110.5 

1253 

129.6 

123.7 

129.7 

129.5 

130.7 

129.3 

129.1 

129.3 

ooa 

123.5 

123.5 

129.3 

1293 

124.7 

1295 

129.5 

129.7 

128.6 

128.1 

128.4 

1285 

1285 

128.1 

128.1 

128.4 

difference j 

between 

means ; | 

1 9 5 %C„ 

: • • • . « 

-0.6 (-2.8,1.5) 

11.4(7.9,14.9)' 

-0.4 (-3.4,26) 

-0.6(3.2,1.9) 

-2.2 (-5.0,0.6) 

-0.0 (-2.5, 2.5) 

3.0 (-4.7,10.7) 

-.1 (-3.2,2.9) 

-3.7 (-6.2,-1.1! " | 

1.1 (-1.4,3.6) 

143 (-2.1,4.2) j 

-0.3(-2.6,2.0) 

-1.2 (-5.3,29) 

-1.1 (-2.8,0.5) 

0 3 {-22,2.8) 

-6.1 (-9.9,-2.2)' 

-2.9 (-14.4,85) 

1.3 1-3.4,6.1) 

0.9 (-2.8,45) 

-1.3(4.1,1.6) 

-1.1 (-4.6,24) 

-5.6 (-9.9, -1.4)* 

1.1 (-2.8,5.0) 

-17.61-24.9,-103)' 

-3.1 (-6.3,0.1) 

1 Compared to survey 2 

2 Two sample t-test p-value <0.001 

3 In the month prior to the survey 

4 Two sample t-test p-value <0.05 

5 Two sample t-test p-value <0.01 

6 Lowest 20th percentile of distribution compared to rest 

7 HbAS compared to HbAA (none of the children had HbSS) 

8 Compares heavy infection versus no infection 
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Prevalence of malnutrition was low; overall 18.3% and 10.8% were classified as thin and stunted 

respectively. Interestingly, none of the anthropometric measures were associated with anemia or 

hemoglobin level, and neither were socio-economic or educational status (Table 3). Reported 

use of traditional or conventional medication (57.0% and 33.0%, respectively), including the 

use of chloroquine (24.4%) and sulfadoxine-pyrimethamine (1.6%), in the montiS prior to survey 

was very common but not associated with hemoglobin levels (Table 3). Iron and folic acid use 

was uncommon (4.0% and 1.3%) and also not associated with hemoglobin levels. 

Iron deficiency 

Ferritin levels were available from 206 girls. 13 of these girls (6.3%) had normal or elevated 

ferritin levels in the presence of inflammation (i.e. CRP 2 8.2 mg/L) and were excluded from 

analysis (see methods). Of the remaining 193 girls 39 (19.8%) had a ferritin level <12 Hg/L, 

indicating iron deficiency. Overall geometric mean ferritin was 26.5 Hg/L (95% CI; 19.0-37.0). 

Sixty-four of the 193 girls (33.1%) were anemic; of which about a third (30.4%) were classified 

as iron deficient anemia (Ferritin <12 ug/L + Hb <1 20 g/L), a sixth (18.3%) had a decreased 

MCV and MCH without iron deficiency and half (51.3%) had normocytic iron replete anemia. 

9.7% were iron deficient without being anemic. 

Univariate analysis showed that ferritin levels were correlated widi hemoglobin levels 

(Spearman rho = 0.31, P < 0.001) and CRP levels (Spearman rho = 0.36, P < 0.001) but not 

with malaria parasite density (Spearman rho = 0.11, P = 0.155). Ferritin level was not associated 

with age (Spearman rho = 0.02, P = 0.831). Height-for-age Z-scores were negatively correlated 

with ferritin levels (Spearman rho = -0.1 3, P = 0.083), but thinness was not associated with 

ferritin level (Wilcoxon two sample test P = 0.252). 

Neither parasite count nor hemoglobin levels were correlated with CRP levels (Spearman 

rho = 0.1 1, P = 0.510 and -0.04, P - 0.565). None of the helminth infections were associated 

with CRP levels, including heavy infections. 

The prevalence of iron deficiency or non-iron deficient anemia was independent of age 

(Table 5). Multivariate analyses including the same covariates as in the anemia models, revealed 

that bed nets were significantly associated wifh reduced prevalence of NIDA, and heavy men

struation was a significant determinant of IDA (Table 5). 



Table 4 

M u l t i v a r i a t e logistic regression analysis o f r isk factors of anemia ( H b < 1 2 0 g/L) in 6 3 3 adoies 

f r o m Asembo, wes te rn Kenya, s t ra t i f ied by a g e groups . 

Potential risk factors 

Age (years) 12 

13 

14 

15 

16+ 
•:: j 

Menstruation no 

normal 

heavy 

\ Bed net no 

yes 

A, tumbrkoides negative 

mild 

heavy 

S. mansoni negative 

posit ive ! 

Cross-sectional 

survey survey 1 

survey 2 

Prevalence 

(%)rlsk 

factor 

48.9 

51.1 

— 

-

92.6 

7.0 

0.4 

43.9 

56.1 

74.8 

22.7 

2.6 

85.6 

14.4 

45.7 

543 

12-13 yr-

Crude 

prevalence 

m 
o f anemia 

22.2 

24.1 

• — 

-

-

24.2 

11.2 

0 

31.4 

16.8 

23.6 

29.3 

44.9 

25.3 

26.2 

15.0 

30.1 

, (N=287) 

Adjusted 

prevalence 

odds ratio 

( #5% CI) 

reference 

1.00 

(0.54,1.86) 

... 

reference 

0.38 

(0.08,1.89) 

~' 

reference 

0.36 

(0.18,0.74) 

reference 

1.31 

(0.61,2.83) 

2.44 

(0.46,13.04) 

reference 

2.01 

(1.02,3.98) 

reference 

2.69 

(1.32,5.46) 

* a s a : ? « ! : l 
A g e groups 

Summary prevalence 

p-value (%} risk 

factor 

? — 

— 

43.4 

35.3 

21.3 

0.225 46.8 

41.2 

12.0 

0.007 50.1 

49.9 

0.498 78.5 

20.0 

1 5 

0.045 90.8 

92 

0.008 51.0 

49.0 

214 yrs 

Crude 

prevalence 

(%) 
of anemia 

cent schoolgir ls 

(N=346) 

Adjusted Summary 

prevalence p-value 

odds ratio 

(95% CI) 

... 

18.1 

19.8 

21.5 

14.5 

21.9 

30.3 

19.9 

19.0 

18.5 

22.2 

39.1 

19.7 

17.3 

9.1 

30.2 

— 

reference 0A7 

0.69 

(0.34, 1.40) 

0.67 

(0.29,1.53) 

reference 0.024 

1.83 

(0.94, 3.56) 

4.29 

(1.46,12.64) 

reference 0.644 

0.87 

(0.48,1.58) 

reference 0.66 

1.29 

(0.65, 2.56) 

1.36 

(039,4.14) 

reference 0.87 

0.90 

(0.26,3.12) 

reference <0.001 

5.35 

(2.67,10.71) 

1 Includes heavy (>400 eggs/gram) and mild (<400 eggs/gram) schistosomiasis infection. All six girls wi th heavy infections were anemic. 

2 Could not be computed 
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Table 5 

M u l t i v a r i a t e l o g i s t i c r e g r e s s i o n ana l ys i s o f d e t e r m i n a n t s o f i r o n d e f i c i e n c y a n e m i a a n d n o n - i r o n d e f i c i e n t 

a n e m i a i n a s u b - s a m p l e o f a d o l e s c e n t s c h o o l g i r l s f r o m s u r v e y - 2 i n A s e m b o , w e s t e r n K e n y a . 

Potent ia l r isk factors 

: - • • ' • • ' • ' • • • " • ' ' < • 

Age (years) < 14 

> 1 4 

Menstruation no 

normal 

heavy 

Bed net no 

! yes 

mi 
A. lumbricoides negative 

posi t ive ' 

S. mansoni negative 

positive * 

Prevalence 

(%)r isk 

fac to r 

50.7 

493 

70.5 

26.4 

3.2 

41.4 

58.6 

70.0 

30.0 

93.0 

7.0 

12-13yrs (N=287) 

Crude Ad jus ted Summary ' Prevalence 

prevalence preva lence p-value (%)rssk 

(%} o d d s ra t i o ' factor 

( 9 5 % CI) 

13.4 reference 0.60 

12.6 0.73 

(0.22, 2.47) 

112.2 reference \ 0,032 

12.2 1.18 

(0.35,4.02) 

37.6 6.69 

(1.41,31.68) 

14.4 reference 0.51 

12.0 0.74 

(0.30,1.87) 

10.3 reference 0.16 

\ 17.7 2.02 

(0.75,5.48) 

12.1 reference 0.80 

18.5 1.22 

(0.26,5.80) 

49.1 

50.9 

70.6 

26.1 

3.3 

46.3 

53.7 

70.6 

29.4 

93.3 

6.7 

> 1 4 y r s 

Crude 

prevalence 

m 

23.4 

27.4 

24.9 

23.9 

48.7 

34.3 

17.9 

23.9 

2 a i 

25.0 

27.1 

(N=346| 

Ad jus ted Summary 1 

prevalence p-value 

o d d s ra t i o 

( 95% CD 

reference 0.16 

1.17 

(0.63,2.18) 

reference 0.56 

0.93 

(0.51,1.68) 

3.42 

(0.34,34.36)! 

reference 0.022 

0.40 

(0.19,0.87) 

reference 0.64 

1.25 
1 1 

(0.48,3 26} 

reference 0.77 

1.20 

(0.34,4.15) 

1 Iron deficiency anemia (IDA) is defined as ferritin <12 ng /L Non-iron deficiency anemia (NIDA) is defined 

as ferritin > 12^g/L and Hb< 120 g/L 

2 IDA model includes 6 girls with heavy infection and all had IDA. NIDA model contains 10 girls wi th heavy ascaris infection 

and 4 had NIDA 

3 NIDA model includes 2 girls with heavy infection (>400 eggs/gram) and all had NIDA 



Discussion 

Only 21 .1% of the schoolgirls aged 12—18 years were found to be anemic (Hb <120 g/L) , 

and onlv a single girl had a hemoglobin level less than 70 g/L. The low prevalence was apparent 

in both bed net (17.9%) and control villages (24.7%). These figures are markedly lower than 

reported previouslv from community-based and school-based cross-sectional surveys of adoles

cent populations from other areas in sub-Saharan Africa.'"7 Nevertheless, the prevalence of 

all-cause anemia and iron deficiency (19.8%), as indicated by low ferritin concentrations, 

was higher than in industrialised countries, such as in the United States where the prevalence 

of ID and IDA in adolescent girls was estimated to be 9—11% and 2 - 3 % , respectively.46 

Several design related limitations should be considered when interpreting the results ot our 

study.This study was a group randomised study (cluster randomisation), which because of the 

limited number of assignment units has a greater potential for bias than studies which use ran

domisation by individual.47 Consent was not given for 116 of 840 girls, and no attempt was 

made to follow-up randomised children absent from school on the day of survey (e.g. due to 

illness, domestic duties, or failure to pay periodic tuition) (55/840), or to evaluate children who 

do not attend school at all. The 2000 UNICEF End of Decade Assessment reported that approx

imately 74.4% of school-age girls in our study area attend primary school.48 A concurrent 

prospective school based study of younger children (5—12 years) from the same area suggested 

that girls are more likely to drop out of school than boys.26 Adolescent girls may drop out of 

school because of teenage pregnancy or if they become orphaned. Studies from Ghana and 

Tanzania have shown marked healüh differences between enrolled and non-enrolled children.49-50 

This studv sample is thus likely to be biased towards healthier girls, possibly with higher socio

economic status, potentially resulting in an underestimation of the proportion of adolescent 

girls with anemia or malaria. Generalizations of our findings to the adolescent population not 

attending school should be made with care. 

Nevertheless, our results do indicate that among school-attending adolescent girls, anemia 

appears to be considerably less of a problem than in younger children and pregnant women in 

this poor rural area with intense year-round malaria transmission and a high prevalence of mal

nutrition among children under five years.19.51.52 We found a similar low prevalence of anemia 

in this age group in a screening sample of 1615 school-attending girls from Kisumu city (22%), 

located 40 km from Asembo (Chapter 6), and in a random sample of 290 schoolgirls aged 

12-16 vears from Mumias town (16.5%), 60 km north of Asembo (Chapter 3).These results 

are consistent with the low prevalence of anemia reported from other school-based studies in 

East Africa,55'54 but not with others reporting prevalences of up to 60%.4 '6 '7The strikingly 

lower prevalence of anemia in this study is possibly explained by the much lower prevalence 

of iron deficiencv and hookworm infection, both major contributing factors for anemia in the 

studies reporting higher anemia prevalence.4 '6 '7 
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Approximately a third of the anemia seen in this study was attributable to iron deficiency 

(ferritin <12 Hg/L). Half of the anemic individuals had normocytic iron replete anemia, 

consistent with anemia of chronic disorders or infection (i.e. shortened erythrocyte survival, 

impaired bone marrow erythropoietic response, altered iron metabolism) or hemolvsis. 

Although, older girls (14—18 years) were equally likely to be anemic and/or iron deficient as 

younger girls (12-13 years), and the ratio of IDA and NIDA was similar, the main risk factors 

of anemia were found to differ between these age groups. 

Schistosomiasis and malaria were the main risk factors identified in younger girls. Malaria is 

a main cause of anemia in young children in sub-Saharan Africa.55 In areas witfi stable malaria 

transmission, partial immunity is acquired with increasing age and exposure and infections are 

less likely to be associated with symptoms than in voung children and typically remain of low 

density. Unlike in a previous birth cohort in children 2—16 months of age,56 schoolgirls with 

sickle cell trait in this study, had similar prevalence of anemia, symptomatic malaria and high 

density infections as girls with HbAA, suggesting that children with the A A phenotype who sur

vived the time window of selective pressure in early childhood have acquired sufficient clinical 

immunity by adolescence to negate any relative advantage of sickle cell trait. Nevertheless, this 

study implicates malaria as an important cause of anemia in young adolescents regardless of 

HbS phenotype, as insecticide treated bed nets were found to markedly reduce the prevalence of 

anemia in this age group. There was no evidence for a beneficial impact in older girls (Chapter 4). 

Stratification by IDA and NIDA suggested that the effect of bed nets were associated with 

reductions in the prevalence of NIDA. We were unable to determine what proportion had acute 

malaria or estimate the association with anemia, as no attempt was made to visit sick children 

at home who were absent on the day of survey. 

Almost half of the girls had helminthiasis, though the majority of infections were of low 

worm burden and not associated with anemia, with the exception of Schistosomiasis. 

Schistosoma infections were significantly more common in the younger girls (15.1% vs. 9.0%). 

This could reflect increased resistance to infection with age, as a sharp decline of reinfection 

rates in the early teenage years, independent of age-related differences in water contact has 

repeatedly been seen.57 '58Young girls infected with S. mansoni (12% overall) were more likely 

to be anemic (OR 2.01, P = 0.045), especially girls with high intensity infection.There was 

no association with anemia in older girls. Several studies have shown an association between 

S. mansoni and malnutrition, including anemia and iron deficiency, though the exact patho

physiology is not clear and may include direct blood losses, appetite suppression and anemia 

of infection.59 Hookworm infection, a major attributable factor for anemia in school children 

from other areas in East-Africa,4'7 was not associated with anemia in this study probably due 

to the low prevalence of mainly low grade infections. 

Menstruation, particularly when perceived as 'heavy', was the main risk factor for anemia 

and ID identified in older girls. A study from Nigeria quantifying menstrual blood loss also 



found heavy menstrual bleeding, present in 12 .1%, to be one of the most important contribut

ing factors to IDA.60 Moreover, we found a negative correlation between hemoglobin level and 

time since menarche, suggesting that in menstruating girls iron deficiency may progressively 

increase over time. These findings put forward that in a number of older girls the dietary intake 

of iron is insufficient to cope with the demands of sexual-maturitv. This may also explain the 

higher prevalence of anemia in the second survey (despite a lower prevalence of malaria), which 

occurred just at the end of the 'dry' season, whereas the first survey took place shortly after 

the main harvesting season when food availability is relative good. Though the loss of plasma 

samples from the first survey precludes analysis confirming differences in iron status between 

the surveys, it is probable that seasonal variation in food availability influenced iron status. 

HIV is a potential cause of anemia in older girls that was not assessed in this study. High pre

valence (approx. 24%) of HIV-1 infection has recently been reported in IS—19 year olds from 

neighboring Kisumu citv, suggesting a high incidence among teenage girls in this area.61 

Another potential unmeasured contributor to anemia in this population is cT-thalassaemia, 

the most common hemoglobinopathy in sub-Saharan Africa (approx. 40%).62 The prevalence 

of oc+-thalassaemia is high on the Kenyan coast (45.6%),6 3 but is unknown in western Kenya. 

Homo- as well as heterozygous cT-thalassaemia is known to contribute to mild anemia in 

Nigerian children and adults.64 

Although the cross-sectional design limits the interpretation of our findings, this study 

implicates malaria and schistosomiasis, as potential causes of anemia in young adolescents, 

but not in older girls, presumably because resistance to parasitic infection improves with age 

and pubertal development. Both these risk factors are amendable to interventions and young 

girls from ITN villages were less likely to be anemic (Chapter 4). In older girls menstruation 

was the only risk factor identified. Other causes of anemia, in particular HIV should be investi

gated in this age group. In this poor rural area with a high prevalence of malnutrition among 

under fives and intense year-round malaria transmission, anemia is less of a public health 

concern in adolescent girls that are attending school than in pre-school children and pregnant 

women. Our findings are consistent with other school-based studies conducted recently in 

Kenya, and suggest that limited direct hematological benefit from school-based interventions 

to reduce anemia can be expected in this age group. It deserves further study to determine if 

adolescent girls not able to attend school are at higher risk of anemia. 
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Abstract 

Objective Nutritional status is an important marker of overall health and linear growth retardation 

has serious long-term physiological and economic consequences. Approximately 40% and 35% 

of pre-school children in sub-Saharan Africa are stunted and underweight, respectively. There is 

relatively little information available about the nutritional status in adolescents, the age group 

with the highest growth velocity after infancy. We conducted a series of three cross-sectional 

survey to determine the prevalence and main risk groups for malnutrition in adolescent school

girls in western Kenya. 

Design Three cross-sectional surveys; one in Mumias, using random sampling in all schools, 

and two surveys in Asembo, using a multi-stage random sample design. 

Setting Public primary schools in two different rural malaria endemic areas in western Kenya 

with high levels of malnutrition in preschool children. 

Sufc>/ects928 randomly selected adolescent schoolgirls aged 12-18 years. 

Results Overall prevalence of stunting and thinness was 12 .1% and 15.6%, respectively. 2% Of 

girls were severely stunted. Menarche and start of puberty were delayed by approximately 

1.5-2 years compared to a US reference population. The prevalence of stunting and thinness 

decreased with age and mean height for age z-scores converged towards the median of the US 

reference curve. Girls who had not yet started menstruating were more likely to be stunted 

than the girls of the same age who were post-menarche. Parasitic infections (malaria and intes

tinal helminths) and socio-economic status were not associated with poor nutritional status. 

Conclusions Stunting and thinness are common in young adolescent schoolgirls in these poor 

rural settings in western Kenya, but the prevalence decreases with age, providing observational 

support that children catch up on incomplete growth attained earlier in life due to a matura-

tional delay of 1.5-2 years allowing prolonged growth. 



Introduction 

Malnutrition is a prevailing health care problem in the developing world, especially in South-

East Asia and sub-Saharan Africa.' Most studies of malnutrition in sub-Saharan Africa have 

focused on children <5 years of age; The fourth report on the world nutrition situation showed 

that the global scope of malnutrition is still unacceptably high and progress in most regions to 

reduce it is slow.2 In eastern Africa, 48.1 and 35.9% of the under-fives were estimated to be 

stunted and underweight respectively.' There is relatively little nutritional information available 

from adolescents, the age group with the highest growth velocity after infancy. Studies of 

Ghanaian andTanzanian schoolchildren aged 7 to 18 years report 40 to 60% of girls to be 

stunted and 30 to 40% to be underweight.4 '5 Although, results were not presented separately 

for adolescents, studies including older adolescents show a trend towards higher height and 

weight-for-age z-scores with increasing age. Studies looking specifically at adolescent girls from 

the general population suggested a wide range oflinear growth retardation ranging from 10 

to 47%, again with more stunting in the youngest age groups.6 '7 

Adolescence is the last time window of opportunity to implement strategies to correct any 

growth deficits, and knowledge of the main risk factors and risk groups is required to design 

and target appropriate interventions. It is estimated that at least 25% of adolescent girls in the 

developing world have their first child by the age of 19.8Teenage pregnancies, where girls 

haven't reached their full growth potential, have been associated with an increased risk of ob

structed labour due to cephalo-pelvic disproportion (CPD), which in turn is associated with 

an increased risk of peripartum and maternal mortality.9 Adolescent mothers also have an in

creased risk of severe anemia, preterm delivery, still birth, and neonatal death, due to the com

peting nutritional requirements of the developing fetus and growing mother.10 12 However, 

little is known about the determinants of adolescent nutritional status, and the precise mecha

nisms by which it is linked to other health and social outcomes.13 

The major part oflinear growth retardation occurs in early childhood, though there is evi

dence that children continue to grow at a slower rate during the school-age years and continue-

to diverge from reference populations.4-1415 Whether stunted children have the potential to 

catch up on linear growth is debated.16 In situations where menarche is delayed long enough 

to allow for a prolonged period of growth, compensatory growth is possible, as was seen in 

two recent longitudinal studies from rural Africa.717 However, in most developing countries, 

the period of maturational delav mav not be long enough to allow full compensatory growth, 

especially in situations where living conditions remain unchanged compared to that in early 

childhood.16There is some evidence from controlled trials in Nigeria that micro-nutrient sup

plementation positively effects linear growth in deficient adolescent girls.18 

The aim of this observational study is to add to the limited available information on the 

nutritional status of adolescents in the developing world. We describe the results of a series of 
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cross-sectional surveys that aimed to determine the prevalence of malnutrition in adolescent 

schoolgirls in two study sites in western Kenya with different malaria endemicity and degrees of 

malnutrition. We also describe the associations between age, sexual maturation and nutritional 

status during adolescence, and its relationship with parasitic infections (e.g. malaria & intestinal 

parasites) and socio-economic status. 

Methods and Materials 

Study Area and Population 

This study was conducted at public primarv schools in two different areas of western Kenya; 

Mumias, and Asembo. Mumias (Mumias Division, Kakamega District, Western Province) is one 

of the most densely populated areas in Kenya and predominantly rural. The predominant ethnic 

group in the area are the Luhya. Sugarcane is the main cash crop, and has replaced previously 

grown food crops as maize, beans and cooking bananas. The main rainy seasons are from April 

to June and from October to November. Malaria transmission is low but perennial with the 

highest transmission in the rainy seasons.19 Malaria is by far the most common diagnosis and 

cause of death in adults and children admitted to St Mary's Hospital, the local mission hospital.20 

Infant and under-five mortality rates are 41/1000 and 53/1000, respectively, and the prevalence 

of malnutrition as assessed bv amid-upper-arm circumference of <11 cm in children 12—23 

months old is ~35%. 2 1 

The Asembo study was conducted in Rarieda Division (Asembo), Bondo District, located on 

the shores of Lake Victoria in Nvanza Province, western Kenya. The study site and the resident 

population have been described in detail elsewhere.22 '25 Briefly, Asembo comprises an area of 

200km2 with a widely dispersed culturally homogeneous population (predominantly Luo) of 

approximately 55,000 people.The main occupation (74%) is in cultivation (maize, sorghum, 

cassava, millet, or vegetables) and limited animal husbandry.The rainfall pattern is bimodal, 

with the long rains falling between March and May, and the short rains from October to 

December, though in 1998 there was less rainfall than usual throughout the year and virtually 

no rain in February 1999. Perennial malaria transmission occurs, since some rain falls in each 

month,.24 Inlant and under-five mortality are considerably higher than in other parts of Kenya 

(176/1000 and 2 7 5 / 1 0 0 0 ) . " Between 60-90% of the children under five years are anaemic at 

any time (Hb <11 g/dl) . 2 6 and 30% and 20% are stunted or underweight.27 No data are available 

of the nutritional status in adolescents. 

There are 58 primary schools in Asembo. Primary school starts at the age of five years and 

teaches children from standard 1 through to standard 8.Tuition is charged each trimester and 

parents decide when their child will start school. Until recently, some parents have waited for 

their child to reach the age of seven before sending them to school. If children fail exams or 



families are unable to pay tuition, they may repeat years, such that some children remain in pri

mary school up to the age of 18.28 

Asembo was also the site of a large community-based group randomized controlled study on 

the effect of Insecticide Treated bed net (ITBNs) on under-five mortality.23 Half of 79 yillages 

were randomly assigned to the intervention group and each household in diese villages received 

permethrin treated bed nets (ITNs) during die 4th quarter of 1996. 

Study Design 

Three cross-sectional surveys were conducted. The first survey (Mumias) was conducted be

tween November 1997 (first part of the dry season) and March 1998 (beginning of rain season). 

Two additional surveys were conducted in Asembo October-November 1998 (tail end of the 

short rains) and in February-March 1999 (end of the dry season just before the long rains). 

In Mumias all 6 public non-boarding primary schools within an approximate 10 km radius of 

the town were included in the survey. In each school SO girls aged 12-16 years were randomly 

selected from the existing register. If girls were absent or consent could not be obtained the 

next girl on the list was selected until the proposed number of participants was reached. 

In Asembo a multi-stage random sample design was used, with primary schools as the first 

stage unit and schoolgirls as the second stage unit.29 Prior to randomisation, information on the 

number and size of schools in the study area was obtained from the district education authority 

and entered into a computerized database. Information on the longitude and latitude of each 

school was added to the database using mapping data, obtained using global positioning system 

(GPS) hardware and geographic information system (ATLAS-GIS).30 Schools were selected by 

random sampling proportional to size, ranked by geographical location to allow for equal distri

bution of the schools over the study area.31 Thirty girls aged 12-18 years were then randomly 

selected from 28 school units (N = 840) using the computerized list. Schools with less than 30 

girls in the relevant age category were joined with the closest neighbouring school to form one 

school unit. 

Procedures 

Clinical history, Demographic and Socio-economic data 

Each study participant was interviewed by a study nurse using a standardized questionnaire, 

which included questions on demographics (villages or residence, age, date of birth, school 

form/standard, and ITN use [Asembo surveys only]), morbidity in the month prior to survey 

(history of recent febrile and non-febrile illnesses, history of night blindness, menstrual history 

and age at menarche [recall], history of recent medication use including traditional medicine, 

geophagia, iron, folic acid, anti-malarials etc.). An age-for-grade score was calculated by taking 

the age and subtracting the expected age for being in the class the schoolgirl was in, to give an 

indication of late enrolment or a delay in progression through school. Socio-economic and 
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educational status of caretakers was also collected as part of the last Asembo survey. The choice 

of indicators for the assessment of the household socio-economic indicators was based on a 

previous study conducted as part of the ITBN project.32 

Anthropometrics and Clinical data 

A basic clinical examination was performed by one of the female study nurses, including; 

measurements of height, weight, mid upper arm circumferences, skinfold thickness according 

to standard W H O procedures.33 and assessment of the axillary temperature, auscultation of 

the lungs, and assessment of the modified Tanner score (breast development only).34 Having 

entered puberty, pubarche, was defined as having breast development stage B2 or more. 

Weight was measured to the nearest 0.1 kg on a battery powered digital scale (Seca, Inc, 

Columbia, MD) and heights to the nearest 0.1 cm using a wooden length-measuring board 

with sliding head bar.33 Mid-upper-arm-circumference (MUAC) was measured using specialised 

non-stretchable measuring tapes (Zcrfuss insertional tapes, Ross ltd, USA). Skinfold thickness 

was measured to the nearest 0.2 mm using a skin caliper (Holtan, Ltd, Crymych, UK). All 

measurements were taken twice and the average computed. 

Age was calculated from the reported date of birth given after verification against school 

records. If the day of birth was unknown (40%), thelSth day of the month was used. If month 

ot birth was unknown (31%), the midpoint of the year of birth was taken as date of birth. 

Body mass index (BMI) was calculated as weight/height and thinness defined as BMI-for-age 

below the Sth percentile for that age using the NHANES I reference population.35The new CDC 

(2000) reference population was used to obtain BMI-for-age z-scores.36 Height-for-age and 

weight-forage z-scores were obtained using the 1978 C D C / W H O normalized version of the 

1977 NCHS reference curves.37 Stunting and severe stunting were defined as height-for-age 

Z-scores less than -2 and - 3 standard deviations below the median of this reference population 

respectively.35The EpiNut program in Epiinfo2000 tm was used to calculate all z-scores. 

NHANES I reference data was used for determining skinfold thickness for age <Sth percentile.38 

Arm fat index, a summary measure of body composition, was calculated as the ratio between 

upper arm fat area and total upper arm area, derived from MUAC and triceps skinfold measure

ments, as described by Friscancho.39 

Laboratory methods 

A finger-prick blood sample was drawn (500-7S0 uL) for determination of haemoglobin con

centrations and malaria parasitaemia. Hb was measured in the field with a battery-powered 

hemoglobinometer (HaemoCue AB, Angelholm, Sweden). In the two Asembo surveys, haemo

globin was also determined by Coulter Counter (Model ACT 10, Coulter Co, Florida, USA) 

and these were used for the analysis, unless they were missing, in which case the Haemocue 

reading was used (in 1.2%). 



Thick blood smears were stained with Giemsa and examined for malaria parasites, counted 

per 300 leukocytes. Parasite densities are expressed per mm' of blood, assuming a leukocyte 

count of 8,000 per mm3. High density malaria parasitemia was defined as parasitemia >500 

parasites/mm', the previously estimated fever threshold for 10-14 year-olds from the same 

study area in Asembo.26 All study participants in both Asembo surveys, were asked to bring 

fresh (<24 hours old) stool and urine samples to be examined for the presence of occult blood, 

geohelminths (hookworm, Ascaris lumbricoides,Trichuris trichiura and Strongyloides stercoralis) 

and Schistosoma mansoni. Samples were stored at 4°C and processed the day after collection. 

Stool was microscopically examined by concentration using a modification of the formol-ether 

and ethvl acetate techniques and by Kato-Katz methods.40 '42 High density hookworm and schis

tosomiasis infections were defined as an egg-count >2000/gr of stool or >400/gr of stool, re

spectively. Urine was examined using a filtration based concentration method.43 

Anemia and severe anemia were defined as haemoglobin concentrations <120 g / L and 

70 g /L, respectively. Malaria parasitaemia was defined as the presence of asexual stage parasites 

(any species) in thick smears. High density parasitemia was defined as >500 parasites/mm'. 

Symptomatic malaria was defined as malaria parasitemia with documented fever (axillary 

temperature a37.5°C). 

Girls found to be anaemic on site using the Haemocue system received ferrous sulphate 

tablets. All girls with a documented fever were given presumptive treatment with sulphadoxine-

pvrimethamine. Antibiotics were prescribed where indicated. Children with evidence of hel

minth infections or schistosomiasis were revisited and treated with albendazol and praziquantel 

respectively. 

Statistical analysis 

Data were Analyzed using SAS (the SAS system for Windows, version 8.01, SAS Ine), 

Epilnfo2000 (Centers for Disease Control and Prevention, Atlanta, USA) and SUDAAN soft

ware (SAS callable version, release 7.S.6, Research Triangle Institute). Variance estimates took 

into account the correlation among observations taken from the same school (cluster-unit). 

The design specification in SUDAAN was with replacement. To maintain the assumption of an 

equal probability sample, data from Asembo was weighted to obtain clusters of equal size to 

adjust for non-responders." Because the study design of the Mumias survey was not propor

tional to size, its analysis was weighted by school-size. Differences between proportions were 

compared bv the X2 test. Normally distributed continuous data were compared by the Student's 

t-test. Data not conforming to a normal distribution were compared by the Wilcoxon-Mann-

Whitnev U test and the Kruskal-Wallis one-way analysis of variance. Correlations were assessed 

by Pearson's or Spearman's rho where appropriate. A multivariate logistic regression model 

(proc logistic in SUDAAN) was used to explore determinants of thinness and stunting. Median 

age at menarche and pubarche, and their 95% fudicial limits were estimated with status quo 
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data using probit analysis in SAS, assuming a normal distribution.35 '44Two sided P-values <0.05 

were considered statistically significant. 

Ethical Clearance and Informed Consent 

The school-based studies were approved by the ethical committee of the Kenya Medical Research 

Institute (KEMRI) and the Academic Medical Centre, University of Amsterdam. Parents-teachers 

meetings were held in each school prior to the survey to create awareness of the planned study. 

Written consent was obtained from the parent-teacher association of each school and from the 

individual student and her parents. 

Results 

In Mumias, 300 girls were enrolled. Ten were subsequently excluded because, further analysis 

using date of birth revealed they were less than 12 years of age, despite the reported age. In the 

two Asembo surveys, of the 840 girls randomised, 669 (79.6%) were enrolled. The remaining 

had moved out of the study area or were absent on the day of survey (N = 55), or consent was 

not given or could not be obtained (N = 116). A further 21 were younger than 12 years of age 

and were excluded. Thus 938 girls contributed to the final data set, including 290 from Mumias 

and 648 from Asembo. Their characteristics are given in Table 1. 

All girls knew their year of birth, but almost a third of the girls did not know their month 

of birth and age was approximated as described in the methods. Observed standard deviations 

for height-for-age and weight-for-age z-score distributions were 1.14 and 1.17 respectively, 

indicating that the quality of the data was good.35 

Prevalence of thinness and stunting and age at menarche 

Overall 15.6% had a BMI <5th percentile for their age; 18.3% in Asembo and 7.8% in Mumias. 

Overall 12 .1% and 2.0% were stunted and severely stunted respectively; 10.8% and 1.6% in 

Asembo and 15.6% and 3.4% in Mumias. In total, 36 girls (3.9%) were classified as being both 

thin and stunted. Mean height-for-age z-scores are presented in table 1 and the crude non-age 

standardized anthropometric measures in table 2. No differences in thinness and stunting were 

seen between the two Asembo surveys, conducted in different seasons with different food avail

ability and malaria transmission (Table l ) .The prevalence of thinness was appreciably higher in 

Asembo than in Mumias; odds ratio 2.67 (1.83, 3.88).This is explained by the significantly 

higher mean height-for-age z-score in Asembo with a similar mean weight-for-agc z-score to 

that of Mumias. Prevalence of stunting in Mumias was higher than in Asembo; odds ratio 1.52 

(0.84, 2.74). Only 5 girls (0.6%) (4 in Asembo [0.7%] and 1 in Mumias [0.3%]) had a BMI 

2:85th percentile for their age and were classified as overweight. In Asembo, median age at 



Table 1 

Demograph ic and n u t r i t i o n a l characterist ics of 9 3 8 adolescent schoolgir ls f r o m weste rn Kenya-

( Asembo It 

1 Significant difference between Mumias and both Asembo surveys (P < 0.05) 

2 Significant difference between all surveys (P < 0.05) 

3 Significant difference between Mumias and Asembo-2 and Asembo-1 and Asemnbo-2 (P < 0.05) 

4 NHANES f reference d a t a » » 

5 Normalised NCHS (1977) reference data (< 1 8 y r s o n l y ) " 

6 NHANES I reference data (< 18 yrs only}3 8 

Number of study participants 

Age; median (interQ range) 

Menstruating; No. (%) 

Median Age at Menarche; 

median (95% fiducial limits) 

Median Age at start of puberty (B2); 

median (95% fiducial limits) 

Hb ing /L ;mean(95%CI ) 

H b < 1 2 0 g / L ; N o . (%) 

Maturity rating (breast development); 

median (interQ range) 

BMI-for-Age < 5th percentile; No. (%)' 

Height-for-Age Z-score; 

mean (95% CI) ' 

Height-for-Age Z-score < -2SO; No. (%) 

Height-for-Age Z-score < -35D; No. (%) 

Thin and Stunted; No. (%) 

Weight-for-Age Z-score; 

mean (95% CI) ' 

Weight-for-Age Z-score < -2SD; No. (%) 

Weight-for-Age Z-score < -3SD; No. (%) 

Triceps Skinfold Thickness for age 

< 5th percentile; No. (%)* 

(Nov'97, Mar'98) (Oct-Nov '98) 

290 

13.7 

(13.0,14.7)' 

91 (322) 

14.6 

(14.4, 14.9) 

11.7 

(10.4,12.3) 

13.1 

(13.0,13.2)' 

4 5 ( 1 6 3 ) ' 

3 (2, 3) 

22(7.8) ' 

-0.95 

(-1.15,-0.75)' 

45(15.6) 

10(3.4) 

12(43) 

-1.00 

(-1.08,-0.91) 

26 (8.8) 

0 

40 (14.8) 

312 

14.3 

(13.3, 15.4) 

101 (32.3) 

15.1 

(14.9,15.3) 

12.4 

(11.8,12.7) 

13.5 

(13.2, 13.8) 

32(11.5) 

3(2,4) 

60(19.0) 

-0.68 

(-0.80, -0.55) 

32(10.9) 

3(1.2) 

8(2.6) 

-1.02 

(-1.12,-0.92) 

28 (8.9) 

1(03) 

NA 

(Feb-Mar '99) 

336 

14.2 

(13.0,15.2) 

110(32.4) 

15.0 

(14.9,15.2) 

12.2 

( I t .7,12.5) 

12.4 

(12.2,12.5) 

103(30.2) 

3 (2, 4) 

57(17.7) 

-0.75 

(-0.87, -0.62) 

37 (10.8! 

7 (2.0) 

16(4.9) 

-1.09 

(-1.17,-1.01) 

32 (9.7) 

1 (0.3) 

37 (10.8) 

Overall 

648 

14.2 

(13.2,15.3) 

211 (323) 

15.1 

(14.9,15.2) 

12.2 

(11.8,12.5) 

12.9 

(12.7,13.2) 

135(21.1) 

3(2 ,4) 

117(183) 

-0.71 

(-0.80, -0.62) 

69 (10.8) 

10(1.6) 

24(3.8) 

-1.05 

(-1.12,-0.99) 

60 (8.9) 

2 (0.3) 

37(10.8) 

938 

14.1 

(13.1,15.1) 

302 (32.2) 

15.0 

(14.9,15.1) 

12.1 

(11.7,12.3) 

13.0 

(12.8,13.2) 

,80(19.9, 

3(2,4) 

139(15.6) 

-0.77 

(-0.86, -0.68) 

114(12.1) 

20 (2.0) 

36(3.9) 

-1.04 

(-1.09,-0.99) 

86(9.2) 

2(2.1) 

77(12.4) 
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menarche was 15.1 vears (95% fiducial limits; 14.9 — 1 5.2), and median age at the start of 

puberty (breast development stage B2) 12.2 years (95% fiducial limits; 11.8— 12.5). 

Maturational delay in Mumias was 5 months shorter. Overall, only 26 girls (2.8%) were in the 

correct class for their age according to the governments criteria from the Ministry of Education. 

Median age-tor-grade score, calculated by subtracting official age for that grade from current 

age, was 4 (interquartile range: 3-5), suggesting either a high frequency of late enrolment in 

school, a high frequencv of repeating school years or both.4 ' 

Table 2 

Anthropomet r i c m e a s u r e m e n t s 

Age N 

<yrs) 

12 214 

13 250 

14 228 

15 157 

16 74 

:J " 

17+18 15 

Height (cm) 

147.3 

(146.0,148.6) 

151.6 

(150.4, 152.7) 

156.7 

(155.7, 157.7) 

160.4 

(159.4,161.3) 

160.7 

(159.3,162.1) 

162.2 

(159.6,164.8) 

of 9 3 8 adolescents schoolgir ls f r o m western Kenya, s t ra t i f i ed by a g e . 

W e i g h t (kg) 

35.4 

(34.4, 36.3) 

38.9 

(37.8,40.0) 

43.8 

(42.5,45.0) 

47.5 

(46.3,48.7) 

51.7 

(50.4,53.0) 

56.4 

(54.0, 58.9) 

BMI ( k g / m ' ) 

16.2 

(16.0,16.5) 

16.9 

(16.6,17.2) 

17.8 

(17.4,18.2) 

18.5 

(18.1,18.9) 

20.0 

(19.5,20.5) 

21.4 

(20.6,22.3) 

MUAC ( c m ) ' 

20.5 

(20.2,20.8) 

21.1 

(20.7,21.6) 

22.5 

(22.2,22.9) 

23.4 

(23.0, 23.8) 

25.3 

(24.8, 25.9) 

26.4 

(25.4, 27.3) 

Triceps sk in fo ld 

th ickness ( m m ) ' 

9.8 

(8.2,11.4) 

11.1 

(9.0, 13.3) 

11.0 

(9.4,12.5) 

12.6 

(10.8,14.4) 

15.2 

(12.5,17.9) 

16.3 

(12.7,19.9) 

Arm Fat 

i n d e x 

25.7 

(23.8,27.5) 

26.5 

(25.2, 27.8) 

26.2 

(25.2,17.1) 

28.2 

(26.6, 29.8) 

30.9 

(293,32.3) 

32.0 

(31.4,32.6) 

• : , - • • ••• 

• 

1 Mean (95% CI) 

2 Mid upperarm circumference only available from Asembo surveys 

3 Skinfold measurement only available from Mumias and Asembo-2 survey 

History of recent illness and anemia 

Girls classified as thin were less likelv than girls with normal BMI for age to report illness or to 

have used conventional medicine in the month prior to survey, but were just as likely to have 

used traditional medicine (Table 3). Stunted girls were more likely to report illness and to have 

used conventional or traditional medicine in the month prior to survey (Table 3). Soil eating 

was not associated with thinness or stunting (Tables 3). 

No statistically significant differences in prevalence of anemia or mean hemoglobin concen

trations were seen between stunted and non-stunted girls, or between girls classified as thin and 

girls with normal BMI (Table 3). 



Table 3 

Factors associated with thinness and stunting in 938 adolescent schoolgirls from western Kenya. 

Thin itsMi for age < sth percentile} Stunted (Height for age z-score <c -2sd) 

N(%) 

. ... 

Odds ratio 

i 95% CI) 

Saciodemographk factors 

Cross-sectional survey 

i Mumias 
1 

1 Asembo 1 

Asembo 2 

A g e (years} 

12 

' 3 

14 

; '5 

Ï 1 6 

1 

2 

3 

4 

5 

22/290 (7.8) 

60/312(19.0) 

57/335(17.7) 

45/214(20.8) 

42/249(192) 

34/228(15.9) 

15/157(10.1) 

3/89 (3.0) 

53/149 (36.4) 

45/233(21.8) 

28/305 (9 J ) 

10/132(7.9) 

1/114(0.8) 

0.39 (0.28, 056) 

1.09(0.63,1.88) 

reference 

reference 

0.95(0.52,1.73) 

0.72(0.36,1.43) 

0.38(0.18,0.82) 

0.10(0.02,0.44) 

»t} v 

reference 

0.59(0.32,1.08) 

0.20(0.12,0.32) 

0.14(0.05,0.35) 

0.01 (0.00,0.10) 

45/290(15.6) 

32/310(10.9) 

37/334(10.8) 

50/214(22.8) 

44/249(17.8) 

13/228(6.3) 

6/157 (3.5) 

1/86(1.0) 

52/149(33.5) 

41/233(18.1) 

19/305 (65) 

0/132(0) 

1/111 ( 0 * 

1.52(0.80,2.90) 

1.00(0.53,1.90) 

reference 

reference 

0.72 (0.44, 1.19) 

0.22(0.10,0.51) 

0.13(0.04,0.37) 

0.03 (0.00, 0.29) 

reference 

0.41 (0.22,0.75) 

0.13(0.07,0.24) 

— 
0.02(0.00,0.11) 

: M e n s t r u a t i o n 

Pre-menarche 

Post-menarche 

126/625(21.2) 

12/302 (4.0) 

reference 

0.15(0.07,0.30) 

105/625(16.6) 

5/299(1.7) 

reference 

0.09 (0.03,0.25) 

Parenta l s c h o o l i n g 4 - / • ; . ; ! 

<20th percentile 

5:20th percentile 

10/75(14.0) 

47/260(18.8) 

0.70(0.38, 1.32) 

reference 

8/75(10.5) 

29/259(10.9) 

0.95(0.36,2.51) 

reference 

W e a l t h i n d e x * 

<20th percentile 

>20th percentile 

i l l p rev ious m o n t h i 

No 

Yes 

12/64(18.6) 

45/271 (17.5) 

1.08(0.54,2.17) 

reference 

6/64 (8.9) 

31/270(113) 

History o f recent i l lness a n d m e d i c a t i o n use 

60/314(19.9) 

79/623(13.4) 

Used c o n v e n t i o n a l med ica t ion 

No 

Yes 

64/332(20.1) 

71/582(13.0) 

reference 

0.64 (0.49,0.83) 

reference 

0.58 (0.42,0.80) 

33/313(10.1) 

81/621 (13.1) 

34/330(10.1) 

71/581 (12.4) 

0.76(0.19,3.06) 

reference 

HI IB 
reference 

132(0.94,1.84) 

WÊÊÊÊÊ 
reference 

1.27(0.85,1.90) 
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Table 3 (continued) 

Factors associated with thinness and stunting in 938 adolescent schoolgirls from western Kenya. 

Thin (BMI for age < 5th percentile) 

N!%) Odds ratio 

(95% CI) 

Stunted (Height for age z-score < -2sd) 

N (%) Odds ratio 

(95% CI) 

Used traditional medicine 

No 

Yes 

91/624(15.0) 

48/311 (17.0) 

reference 

1.02(0.68,1.53) 

68/621 (10.4) 

46/311 (15.4) 

reference 

1.74(1.15,2.61) 

Geophagia . 1 

No 

Yes 

• • B H 

Anaemia 

Hb<120g/L 

Hb>120g/L 

100/693(14.9) 

39/243(17.8) 

reference 

1.24(0.75,2.04) 

Laboratory results 

23/179(133) 

110/742(15.6) 

0.78(0.44,139) 

reference 

94/690(13.4) 

20/243 (8.2) 

i;:i!:!hlhi;iiiii±:i;:ïil.::<ri:: • • 

24/178(13.3) 

85/740(113) 

reference 

0.58(033,1.00) 

•fi.
::-"f:"' v-T; ; 

1.23(0.66,2.29) 

reference 

1 1 ] 

Sickle cell trait 

HbAA 

HbAS 

: 33/192(17.4) 

12/59(22.3) 

reference 

136(0.59,3.14) 

19/191 (10.0) 

9/59(14.2) 

reference 

1.48(0.76,2.91) 

Insecticide treated bed nets 

No 

Yes 

54/305 (183) 

63/341 (18.4) 

reference 

1.02(0.64, 1.61) 

30/303 (10.0) 

39/340 (11.6) 

• reference 

1.19(0.66,2.13) 

Malaria parasitaemia 

No 

<500 p/mm' 

>500 p/mm3 

Symptomatic m a l a * 

No 

Yes 

83/654 (13.4) 

29/163(17.7) 

15/43 (37.6) 

' 

126/849(15.6) 

1/11 (10.3) 

reference 

130(0.81,2.10) 

3.40(1.68,6.86) 

reference 

0.59(0.08,4.53) 

71/652(10.8) 

23/162(13.6) 

7/43(16.4) 

HI. 
98/846(114) 

3/11 (28.4) 

reference 

1.38(0.71,2.71) 

1.86(0.89,3.86} 

reference 

| 3.08(0.79,12.03) 

: ' • 

Any worm infection 

, No 

i Yes 

Hookworm 

! No 

: Mild 

Schistosoma manson 

No 

Mild 

Heavy 

48/287(16.7) 

47/252 (18.7) 

85/464(183) 

10/75 (13.0) 

i 

83/477 (174) 

12/56(21.3) 

0/6 (0) 

reference 

1.14(0.63,2.05) 

reference 

0.66(0.32,1.35) 

reference 

1.24(0.62,2.52) 

... 

26/285 (9.2) 

33/252(13.2) 

48/462(10.4) 

11/75(15.3) 

47/475(10.0) 

11/56(18.4! 

1/6(25.0) 

reference 

' 1.51 (0.89,2.58) 

reference 

1.57(0.86,2.85) 

reference 

2.14(0.86,5.32) 

3.01 (0.26,35.4) 



Table 3 (continued) 

1 Odds ratios, obtained by logistic regression, adjusted for survey and clustering in schools 

2 Parental schooling and wealth index comparing the lowest 20th percentile of sample distribution to the rest 

Risk factors for thinness and stunting 

Sociodemographic factors 

Data on socio-economic status was available from 335 girls from the second Asembo survey. 

Neither socio-economic status, nor number of years of parental schooling, were associated with 

thinness or stunting (Tables 3). 

Age and sexual maturation 

The prevalence of thinness and stunting decreased markedly with age and sexual maturation 

(Table 3). BMI-for-age z-scores and height-for-age z-scores were significantly associated with 

age (Spearmans rho [P-value]; 0.25 [P <0.001] and 0.34 [P <0.001 ] for BMI and height respec

tively) and with sexual maturation (Kruskal-Wallis one-way analysis of variance; P <0.001 and 

P <0.001). The mean z-scores of height-for-age converged towards the US reference median 

with age and the corresponding prevalence of stunting decreased (Figure 1). A similar relation

ship with between z-scores and sexual maturation, was seen (data not shown). A third of all 

girls (32.2%) had passed menarche and thinness and stunting were rare in these girls compared 

to pre-menarcheal girls (Table 3). 

Age at menarche and age at pubarche in this population were markedly delayed relative to 

the median ages for these maturational events in the N C H S / W H O reference population. ! ; 

In Asembo and Mumias there were approximate delays of 2 and 1.5 years, respectively. When 

height-for-age z-scores were adjusted for this maturational delay (using age — maturational delav 

to calculate z-scores)S5 the overall prevalence of stunting was only 1.0%. 

When girls were classified as late to start menstruating (girls not menstruating even though 

they were older than the estimated median age at menarche) or as having started menstruation 
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early (girls menstruating and younger than the estimated median age at menarche), girls relatively 

late to start menstruating had significantly lower height-for-age z-score than girls having gone 

through menarche relatively early (t-test mean difference = -0.36 [-0.63, -0.10]), even after 

adjusting for age (adjusted mean difference [95% CI]; -0.47 [-0.86, -0.08]). Additionally, girls 

late to start menstruating were more likely to be classified as thin (crude odds ratio [95% CI]; 

5.37 [1.22, 23.76]), even after adjusting for age (adjusted odds ratio [95% CI]; 9.30 [2.00, 

43.33]). The same was true for BMI-for-age z-scores (t-test mean difference [95% CI]; -0. 85 

[-1.12, -0.58], adjusted mean difference [95% CI]; -0.92 [-1.23, -0.61]). 

r 0.5 

Co 20 

Figure 1. Measures of linear growth by age in 938 adolescent schoolgirls from western Kenya. Bars represent prevalence of stunting 

(height-for-age z-score < -2sd); Circles and error bars represent mean height-for-age z-score and it's 95% confidence interval. Horizontal 

dashed line represents reference median height-for-age. Height-for-age z-scores and prevalences were calculated using 1978 CDC7WHO 

reference data." 

Parasitic infections 

As described previously, helminth infections were common (48.8%) in Asembo (not assessed in 

Mumias), but most were of low intensity (Chapter 2). We could not demonstrate a relationship 

between any of the geo-hclminth infections (hookworm, T. trichiura, A. lumbricoides) and 

stunting or thinness (Table 3). Infection with S. mansoni was more common in stunted girls 

and was associated with a lower height-for-age z-scores (mean difference [95%]; -0.33 [-0.72, 

0.05]), but neither of these associations were statistically significant in univariate analysis, nor 

alter adjusting for co-variates (Table 3).There was no association between Schistosomiasis and 

thinness (Table 3). 

Girls with high density P. falciparum parasitemia (>500 parasites/mm'), but not those with 

low density parasitemia (<500 parasites/mm'), were more likely to be classified as thin than 



girls with no malaria (Table 3).This association was apparent also after adjusting for age and 

survey (adjusted odds ratio [95% CI]; 3.09 [1.52, 6.28]). Moreover, BMI-for-age z-scores were 

lower in girls widi high density parasitemia (crude mean difference [95% CI]; -0.47 [-0.77, -0.17]) 

and in girls with low density parasitemia (crude mean difference [95% CI]; -0.20 [-0.37, -0.03]) 

compared to girls without parasitemia. No association between parasitemia and stunting was 

seen (Table 3), but girls with high density parasitemia did have lower height-for-age z-scorcs 

(crude mean difference [95% CI]; -0.29 [-0.57, -0,00]), even after adjusting for age (adjusted 

mean difference [95% CI]; -0.27 [-0.52, -0,02]). Symptomatic malaria was more common in 

stunted girls than in non stunted girls, but no difference between girls with low or normal BMI 

was seen (Table 3). The mean z-scores and prevalence of stunting and thinness were comparable 

in bed net and control villages, as published in more detail elsewhere (Chapter 4) . 

Discussion 

In this sample of schoolgirls aged 12-18 years, we found that malnutrition was prevalent in 

young girls, but relatively uncommon in older adolescents; overall 20.0% and 20.1 % of the 

younger girls (12-13 years) and 11.6% and 4 .3% of the older girls (14-18 years) could be clas

sified as thin (low BMI) or stunted, respectively. Severe stunting was rare (2%). Furthermore, 

mean z-scores for height-forage tended to converge towards the median of the US reference 

curve in older girls and prevalence of thinness and stunting decreased with age. The prevalence 

of stunting in adolescent girls was approximately a third of that found in children under five 

years from the same study area in Asembo.27The prevalence of stunting was lower than the 

figures of one other studv in African adolescent girls using the same reference data.7 

The median age at menarche and median age at start of pubertv (Tanner B2), obtained using 

the status quo method,44 were delayed relative to diat of the NCHS/WHO reference population is 

bv approximately 2 years in Asembo and 1.5 years in Mumias. Similar delavs have previouslv 

been described in undernourished adolescents and the decline in age at menarche in developed 

countries has been attributed to secular changes in welfare.44-4649 

In this population girls who were relatively late to start menstruating were more malnourished 

than girls of the same age who started menstruating early. In most girls menarche comes 

approximately a year after peak height velocity and coincides with the last part of the adolescent 

growth spurt. Maturational delay in undernourished populations, has been shown to provide an 

opportunity for catch-up growth . 7 l 6 ' l 7 The trend towards higher height-for-age z-scores with 

age and sexual maturation seen in this population, is similar to that reported from cross-sectional 

studies published earlier.4-3 On the assumption that age related patterns in cross-sectional data 

reflect patterns of longitudinal growth, this gives observational support to the phenomenon of 

catch-up growth. When the prevalence of stunting was adjusted for maturational delav, allowing 
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a comparison with the reference population excluding average effects that accompany differences 

in maturational rate,35 only 1.0% of girls were classified as being stunted, suggesting potential 

for complete catch-up growth within the 1.5 to 2-year period of maturational delay. 

There were differences in mean height-for-age and body composition between the two study 

sites. The distinct ethnic (genetic) makeup of each area is a likely explanation for these differences. 

The Luo, the predominant tribe in Asembo, are a Nilotic peoples and generally taller and 

thinner than the Luhya, the predominant tribe in Mumias, who are Bantu. Whether differences 

in nutritional conditions during the pre-school years, the main period in which linear growth 

retardation occurs, are responsible for this difference cannot be ruled out. 

Malaria intervention studies have shown a relationship between malaria and under-nutrition 

in voung children in sub-Saharan Africa.50'53 Although we found an association between low 

BMI and high density parasitemia, there was no evidence from our bed net study that insecticide 

treated bed nets (ITNs) have a beneficial effect on any of the standard nutritional parameters in 

this age group, despite a marked effect on malarial anemia (Chapter 4) . The lack of effect by 

ITNs on the nutritional status is consistent with the results from a longitudinal study of ITNs 

in 5-12 year old schoolchildren conducted simultaneously in the same study area.28 ITNs did 

however have a marked beneficial impact on weight and height gain in infants.54" 

The prevalence of thinness in this study is likely to overestimate the true prevalence of func

tional malnutrition because the US reference data used for our analyses have been reported to 

be markedly skewed towards higher values when compared to other well nourished (European) 

populations.35 A recent study evaluating the use of the NCHS reference data in populations of 

different ethnic background concluded that use of these curves led to a misleadingly high preva

lence of thinness in an otherwise well-off group of Indian adolescent boys.55 

Because of the selected sample of school attendees, generalizations of our findings to the 

adolescent population overall, must be made with caution. No attempt was made to identify 

randomised children absent from school on the day of survey (6.5% of randomised girls e.g. 

due to illness, domestic duties, care for ill siblings or failure to pay school fees), or to evaluate 

children who do not attend school at all. Studies from Ghana and Tanzania have shown marked 

health differences between children who attended school and those of the same age who did 

not.56 '57This selection may explain the lack of clear association with socio-economic or educa

tional status of the caretakers and malnutrition. A contemporary prospective school based 

study of vounger children from the same area suggested that girls are more likely to drop out 

of school than boys.28 Girls may drop out of school because of teenage pregnancy or if they 

become orphaned.The study sample is thus potentially biased towards healthier girls, possibly 

with higher socio-economic status, potentially resulting in an underestimation of the proportion 

of girls with (severe) malnutrition. Furthermore, the cross-sectional design makes any inference 

of growth patterns over time difficult. We cannot rule out that selective dropout of malnourished 

girls is, at least in part, responsible for the age-related decline in malnutrition. 



We conclude that stunting and thinness are common in young adolescent schoolgirls in these 

poor rural settings in western Kenya, but that prevalence decreases with age, providing obser

vational support that children catch up on incomplete growth attained earlier in life due to a 

maturational delay of 1.5-2 years allowing prolonged growth. 
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Abstract 

The impact of insecticide (permethrin)-treated bed nets (ITNs) on the health of adolescent 

schoolgirls was investigated during a community based, randomized, controlled trial of ITNs 

in western Kenya. Two school-based cross-sectional surveys were conducted to determine 

the prevalence of malaria and anemia in 644 schoolgirls aged 12-18 years old in a rural area 

with intense perennial malaria transmission. In 12- and 13-year-old schoolgirls, ITNs were 

associated with a reduced prevalence of all cause anemia (hemoglobin level <12 g/dL, 16.9% 

versus 31.4%, adjusted odds ratio [OR] = 0.38, 95% confidence interval [CI] = 0 .21 , 0.69) 

and a 0.34 g /dL (95% CI = 0.02, 0.66) increase in mean hemoglobin concentrations. 

No beneficial effect on all cause anemia (adjusted OR = 0.79, 95% CI = 0.43, 1.45) or hemo

globin concentrations (difference in mean 0.14 g/dL, 95% CI = -0.24, 0.53) was evident in 

older girls. In all age groups, no effect was found on malaria parasite prevalence or density, 

clinical malaria, all-cause morbidity, standard measures of nutritional status and growth, or the 

use of antimalarials and other medication. ITNs approximately halved the prevalence of mild 

anemia in young, school-attending, non-pregnant, adolescent girls, but had no impact in older 

girls or on other malaria-associated morbidity or nutritional status. 



Introduction 

Several large-scale trials have shown that insecticide (permethrin)-treated bed nets (ITNs) 

reduce all-cause morbidity and mortality in children less than five years of age in areas of sub-

Saharan Africa with high or low, but seasonal malaria transmission.1'5 More recently, trials in 

areas of intense perennial transmission have been completed in western Kenya and Tanzania, 

and demonstrate similar beneficial impacts.6-7The 1TN trials have predominantly focused on 

pre-school children and pregnant women, the two main risk groups for severe disease caused 

by malaria in sub-Saharan Africa. However, the impact of ITNs on the healdi of adolescents, 

particularly in areas of intense and perennial malaria transmission, remains unknown. 

In holoendemic malarious areas, such as our study site in western Kenya, immunity against 

clinical malaria is acquired during die first few years of life.8'9 School-age children are at a 

markedly reduced risk of the adverse consequences of malaria because most children who sur

vive tiieir pre-school years have acquired sufficient immunity to prevent severe disease associated 

with Plasmodium falciparum infection. Earlier studies in this age group have indicated that, 

on average, up to 60% of young adolescents may be parasitemic at any time.8 '1 0 A recent study 

in adolescent males in western Kenya suggests that further development of anti-parasite immu

nity against malaria occurs during puberty. 10This implies that apart from accumulated recognition 

of parasite variants through childhood, host development during puberty, possibly mediated 

by adrenal-hormones, is required to attain adult levels of immunity against malaria.10 Despite 

incomplete development of the immune system, die majority oi infections in adolescents is 

controlled and associated with low parasite densities only, does not result in fever, and is thus 

likely to remain undetected and untreated.8 Such low-density infections, however, have been 

associated with an increased risk of severe anemia in children under two years of age in western 

Kenya.11 It is not known if chronic low-density infection among older children and adolescents 

results in similar hematological consequences, or if malaria in this age group is truly mostly 

asymptomatic. Potential hematological adverse effects are particularly relevant for the health 

of adolescent girls, where pre-pregnancy hemoglobin levels may be a major determinant of 

the risk of anemia related morbidity and mortality during possible later teenage pregnancy.12 

Chronic anemia, especially when associated widi concomitant micro-nutrient deficiencies, may 

also affect the adolescent's physical performance, growth, as well as school performance and 

attendance, although there is little evidence that chronic malaria-induced anemia in the absence 

of iron deficiency leads to decreased productivity and performance.15 

We conducted a study to determine the prevalence of and risk factors for anemia, malaria, 

and malnutrition in adolescent schoolgirls. Aldiough this study was not originally designed to 

determine the impact of ITNs, it was conducted in the same geographical location as a concurrent 

population-based study to determine the impact of ITNs on mortality and morbidity in children 

less then five years of age.14 We took the opportunity to assess whether ITNs would have any 
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significant effect on clinical parameters in adolescent schoolgirls, particularly anemia. 

Evaluation of the magnitude and risk factors associated with anemia in this age group will be 

presented elsewhere. 

Materials and Methods 

Study site and population 

This study was conducted at the ITN trial site in Rarieda Division (Asembo) in Bondo District, 

located on the shores of Lake Victoria in Nyanza Province in western Kenya. The study site and 

the resident population have been described in detail elsewhere.14 '15 Briefly, approximately 

55,000 people live in Asembo in an area covering 200 km2. The population is widely dispersed. 

They are culturally homogeneous, predominantly Luo subsistence farmers who practice some 

animal husbandry. Generally, the rainfall pattern is bimodal, with a long rainy season between 

March and May, and a short rainy season from October to December.14 Malaria is holoendemic 

and since some rain falls in each month, transmission occurs throughout the year. More than 

90% of malarial infections are due to P. falciparum, infection with P. malariae making up most 

of the balance, along with an occasional P. ovale infection. The number of infective bites per 

person varies substantially at household level, but is calculated as a crude yearly average to 

range between 60 and 300 per year.16 Anopheles gambiae and An. funestus are responsible for 

more than 90% of the transmission, with the remainder transmitted by An. arabiensis. The ITNs 

have been shown to reduce transmission by up to 90%.1 7 High-grade chloroquine resistance is 

widespread in the area.18 

There are 58 primary schools in Asembo. Primary school starts at the age of five years and 

teaches children for a total of eight years (standard 1 to standard 8). Tuition is charged each 

trimester and parents decide when their child will start school. Until recently, some parents 

have waited for dieir child to reach the age of seven before sending them to school. If children 

fail exams or miss schooling, for example when unable to pay tuition, they may repeat years, 

with the result that some children may remain at primary school right up to the age of 18. 

Girls may drop out of school because of pregnancy or if they become orphaned. A concurrent 

prospective school-based study of younger children from the same area saw a larger number of 

girls than boys lost to follow-up in the course of two years, suggesting that girls are more likelv 

to drop out of school.19 

Bed net trial 

Details of the randomized controlled trial of ITNs are presented elsewhere.14 '20 bed net (Siam-

dutch Mosquito Netting Co., Bangkok,Thailand) prc-impregnated widr the target dose of 0.5g 

permethrin/m2 of netting were randomly distributed to half the villages in Asembo during the 



fourth quarter of 1996. ITNs were re-treated twice annually. The trial was implemented from 

January 1997 to March 1999. An ITN coverage rate of 1.46 persons per ITN was achieved, with 

an overall compliance (persons observed to be sleeping under ITNs) rate of 72%.2 I Residents in 

the control villages received ITNs in April 1999. 

Study design 

The school-based study used a multi-stage random sample design, with primary schools as the 

first stage unit and schoolgirls as the second stage unit.22 Prior to randomization, information 

on the number and size of schools in the study area was obtained from the district education 

authority and entered into a computerized database. Information on the longitude and latitude 

of each school was added to the database using mapping data obtained using global positioning 

system (GPS) hardware and a geographic information system (ATLAS-GIS).25 Schools were 

selected by random sampling proportional to size ranked by geographical location to allow for 

equal distribution of the schools over the study area.24 Schools with less than 30 girls in the 

relevant age category were joined with the closest neighboring school to form one school unit. 

In each school unit, 30 girls aged 12—18 years of age were then randomly selected using the 

computerized list. A total of 840 girls in 28 schools were selected. 

Data collection 

Two cross-sectional surveys were performed at 28 selected schools at the end of the two-year 

ITN trial; 14 schools in October—November 1998 and 14 schools in February—March 1999. 

At each survey, participants were interviewed by a female study nurse to document age, date 

of birth, school standard, village of residence, and reported ITN use. Participants were asked 

about their recent medical history, including febrile and non-febrile illnesses in the previous 

month, menstrual history, and any recent medication. The study nurse performed a clinical 

examination on all participants to measure height, weight, and axillary temperature. Sexual 

development was also assessed, using a modified Tanner score based on breast development 

onlv.25 Anthropometric measurements were performed according to standard procedures of 

the World Health Organization.26 Weight was measured to the nearest 0.1 kg on a battery-

powered digital scale (Seca, Inc., Columbia, MD). Heights were measured to the nearest 

0.1 cm using a wooden length-measuring board with sliding head.27 All measurements were 

taken in duplicate and the mean computed. Z-scores for height-for-age were calculated using 

Epilnfo2000 (Centers for Disease Control and Prevention, Atlanta, GA).The 1977/1985 

U.S.-based National Centers for Health Statistics/World Health Organization reference data 

were used. 

A finger-prick blood sample was drawn into heparinized capillary tubes (250—500 (XL) for 

hematology and parasitology. Hemoglobin concentrations were measured in the field using 

a portable battery-powered photometer (HemoCue, AB, Angelholm, Sweden). A full blood 
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count, including repeat hemoglobin, was determined the same afternoon using a Coulter 

Counter (Coulter, Hialeh, FL).The hemoglobin concentrations assessed by Coulter Counter 

were used in this analysis, but if a hemoglobin result was missing (n = 7 of 650), it was replaced 

with the HemoCue reading. Blood slides were stained with Giemsa and examined for die pres

ence of malaria parasites at a magnification of xl ,000. Parasites and leukocytes were counted in 

the same fields until 300 leukocytes were counted. Parasite densities were estimated using an 

assumed leukocyte count of 8 ,000/mm' of blood. Slides were considered negative if no asexual 

parasites were found in 200 high-power ocular fields of the thick blood smear. 

Study participants were asked to bring a fresh (<24 hours) stool and urine sample to be 

examined for the presence of geohelmindis (hookworm, Ascaris lumbricoides,Trichuris trichiura 

and Strongvloides stercoralis) and Schistosoma mansoni. Samples were stored at 4°C and 

processed within 24 hours after collection. Stool was microscopically examined by concentration, 

using a modification of the formol-ether and ethyl acetate techniques, and by Kato-Katz 

methods.2 8 5 0 Urine was examined using a filtration-based concentration method." 

Participants found to be anemic (hemoglobin level <1 2 g/dL) during survey at their school 

were given iron supplementation.Those having a documented fever (axillary temperature 

a 37.5°C) were given presumptive treatment with sulfadoxine-pyrimethamine (SP), antibiotics, 

or both, as indicated. Intestinal helminth infections and schistosomiasis were treated widi 

albendazol and praziquantel, respectively. 

Definitions 

Adolescence was defined as an age of 12—18 years. Girls with a hemoglobin less than 12 g/dL 

and 7 g/dL were considered to have anemia and severe anemia, respectively.32 Malaria was 

defined as the presence of asexual blood stage parasites in the blood smear (any species). 

Clinical malaria was defined as a positive malaria smear with a concurrent axillary temperature 

a 37.5°C. Body Mass Index (BMI)-for-age (measure of thinness) and height-for-age (measure 

of stunting) were used to measure nutritional status. ! ï The BMI was calculated as weight 

(kilograms) divided by height (meters) squared, and thinness was defined as a BMI below the 

fifth percentile for age. ï 3 Stunting was defined as height-for-age Z-score less than —2 standard 

deviations from the mean of a reference population." Age was calculated from date of birth 

as reported, and when possible, date of birth was checked with school records. If the exact 

day of birth was unknown (in 4 1 % of the participants), the 15th day of the month was used. 

If month of birth was unknown (in 28%), the midpoint of the year of birth was used . 

Statistical analysis 

Analysis was done using the SAS system for Windows, version 8.01 (SAS, Inc., Cary, NC) and 

Epi-Info2000 (Centers for Disease Control and Prevention, Atlanta, GA). SUDAAN software 

(SAS callable version; Research Triangle Institute, Research Triangle Park, NC) was used to 



allow for correlation among observations taken from the same village (cluster-unit). Use of 

village as the cluster unit, as opposed to school, was based on the assumption that participants 

coming from one village were more alike concerning risk factors of the main end points (malaria, 

anemia, and malnutrition) than those attending the same school since malaria is more likely to 

be acquired at the villages after sunset than during school hours. In addition, randomization of 

the exposure variable of interest (ITNs) was based on village cluster. To maintain the assumption 

of an equal probability sample, weighting was used to adjust for unequal cluster size resulting 

from variation in the number of absentees or refusals between clusters.24 

Differences in proportions between ITN and control groups were compared with the 

Cochran-Mantel-Haenszel chi-square test (Table 1). Multivariate logistic and linear regression 

were used to estimate the effect of ITN use on various laboratory and clinical endpoints using 

the backward elimination approach to assess interaction and confounding.'4The presented 

means for hemoglobin concentrations, parasite density and hcight-for-age Z-score are adjusted 

for the co-variates using linear regression (Table 2). 

Analysis suggested potential effect modification by age of the impact of ITNs on anemia 

(P value of interaction term = 0.07). Results of the effect of ITNs are given stratified by age 

(age x ITN interaction term in the model with two age categories: 12 and 1 3 year olds and 

a 14 years old), as well as pooled for all study participants (main effect model without the 

interaction term). 

The analysis of ITN efficacy was based on the intent-to-treat principle; groups are compared 

based on randomization status (reported village of residence) rather than reported bed net use. 

Two-sided P values <0.05 were considered statistically significant. 

Ethical clearance and informed consent 

The ITN project was reviewed and approved by the institutional review boards of the Kenya 

Medical Research Institute (Nairobi, Kenya) and the Centers for Disease Control and Prevention 

(Atlanta, GA).The study of the prevalence and risk factors of anemia in adolescent schoolgirls 

was approved bv the institutional review boards of the Kenya Medical Research Institute and 

the Academic Medical Center, University of Amsterdam (Amsterdam, the Netherlands). 

Written consent was obtained from the individual student and her parents. 

Results 

Of 840 schoolgirls randomized, 669 (79.6%) were enrolled (321 in survey 1 and 348 in survey 2). 

The remainder had either moved out of the study area or was not present at survey (n = 55) 

or consent was not obtained (n = 116). Of the 669 girls present, 25 were excluded from the 

analvsis: 21 because further analvsis using date of birth revealed they were younger than 12 
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years old (despite their reported age), three because they had a history of recent blood transfu

sion (two from ITN and one from a control village), and one because the village of residence 

(randomization status) was unknown. Age and sexual development of the 644 participants were 

comparable by randomization status, except that more girls from control villages had started 

menstruating (Table 1). There was no difference in the number of girls reporting heavv men

struation (P = 0.771). Of 339 participants from ITN villages, 49 (14.6%) reported not using an 

ITN, while 31 (9.7%) of 305 participants from control villages reported sleeping in a house 

having an ITN. All of the latter ITNs were reported to be study bed nets (identifiable by die green 

color) supplied by die ITN project to intervention villages. Unlike die study nets in intervention 

villages, bed nets in control villages were not retreated routinelv with insecticide bv die study staff. 

Table 1 

Characterist ics o f t h e study popu la t ion overa l l a n d s t ra t i f i ed for age and randomiza t ion g r o u p 

:.;-_ 12-13 

I T U ' 

years 

Cont ro l 

N u m b e r o f Study Par t ic ipants 163 131 

M a t u r i t y leve l ; no . (%) M o d i f i e d t a n n e r Breast s tage 

Bl 

B2 

B3 

B4 

B5 

50 (30.3) 

50(32.1) 

51 (30.8) 

7 (4.0) 

5 (2.8) 

44 (34.6) 

40 (30.8) 

34 (25.4) 

9(7.0) 

3 (2.2) 

14-18 

Bed net rando 

ITN 

176 

8 (4.9) 

18(10.0) 

53 (29.8) 

47(26.1) 

50(29.1) 

j 
years 

mizat ion grou 

Control 

174 

8 (4.2) 

19(11.0) 

60 (33.0) 

40 (23.7) 

47 (28.0) 

Ov« 

P 

ITN 

339 

58(17.1) 

68 (20.6) 

104(30.3) 

54(15.5) 

55(16.5) 

•rai l 

Cont ro l 

Ï 0 5 

52(17.2) 

59 (19.5) 

94 (29.8) 

49(16.6) 

50(17.0) 

M e n s t r u a t i o n ; no. (%) 

normal 

heavy 

Any H e l m i n t h in s too l ; no. {%} 

Hookworm; no. (%) 

Schistosoma mansoni; no. {%) 

Trichuris trichiura; no. (%) 

Ascaris lumbricoides; no. (%) 

Strongyloides stercoralis; no. {%) 

Schistosoma haematobium; no. (%) 

9 (55 ) 

0 

72(51.0) 

19(13.2) 

25 (18.3) 

30(21.5) 

32 (22.1) 

1 (0.7) 

1 (0.7) 

11 (8.4) 

1 10.8) 

55(51 .2) 

16(15.0) 

11 (10.3) 

22(21.0) 

31 (27.6) 

0 

0 

67 (36.7) 

22(11.8) 

64(42 .2) 

18(11.8) 

12(7.6) 

23(15.5) 

32(21.1) 

0 

1 (0.8) 

78 (45.4) 

21 (12.5) 

60 (43.5) 

21 (15.0) 

13(10.6) 

14(10.6) 

32(21.4) 

0 

1 (0.7) 

76(21.7) 

22(6.1) 

136(46.4) 

37(12.5) 

37(12.8) 

53(18.4) 

64(21.6) 

1 (0.4) 

2 (0.7) 

89 (29.5)' 

22 (7.5) 

115(46.9) 

37(15.0) 

24(10.5) 

36(15.1) 

I - > 

0 

1 (0.4) 

1 Significantly different (P <0.05). 

2 ITN = insecticide-treated bed net group. 
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Figure 1. Effect of insecticide-treated bed net (ITNs) on the prevalence of malaria parasitemia (upper graph) and anemia (lower graph) in 

adolescent schoolgirls in Kenya. Dark bars represent control villages and light bars represent ITN villages. Text boxes contain the odds ratios 

195% confidence intervals [CIs]) adjusted for age, cross-sectional survey and use of antimalarials (upper graph), or for age, cross-sectional 

survey, menstruation, helminth infections and use of antimalarials (lower graph). Hb = hemoglobin. 
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Positive blood smears for malaria were detected in 27 .8% of all girls. The prevalence was 

lower in 12—1 3-vear-old girls from ITN villages than in girls from control villages, but this dif

ference was not statisticallv significant.There was no difference in older girls (Figure l) .The geo

metric mean (95% confidence interval [CI]) parasite density was 209/mm J (1 50-290 /mm' ) , 

with no difference between ITN and control groups overall or between the two age strata (Table 2). 

The prevalence of high-density parasitemia and clinical malaria were also similar (Table 3). 

Table 2 

1 Mean difference adjusted for: age, cross-sectiona! survey, menstruation, helminth infections and malaria medication use 

2 Parasitemic cases included only 

Overall, 2 1 . 1 % of the girls were anemic (hemoblobin level <12 g /dL) . Only one girl 

(from an ITN village) had severe anemia (hemoglobin level <7 g/dL) . Girls in ITN villages 

were less likely to be anemic than girls in control villages; adjusted odds ratio (95% CI) for all 

age groups = 0.55 (0.34 0.89) (P = 0.016). Interaction term models suggested that this 

beneficial effect of ITNs on anemia was dependent on the age of the girl (P value age x ITN 

interaction term = 0.07). A significant effect of ITNs was apparent only in 12-1 3-year-old girls, 

while no difference was observed in older girls (Figure 1). Similarly, the mean hemoglobin level 

was significantly higher in 12—13-year-old girls from ITN villages compared with control vil

lages (P = 0.04), but mere was no ITN-associated difference in older girls (P = 0.46) (Table 2). 

The magnitude of the effect of ITNs on anemia with concurrent malaria parasitemia was greater 

than on all-cause anemia (Table 3). 



Table 3 

Ef fec t o f i n s e c t i c i d e - t r e a t e d b e d ne t s o n s e c o n d a r y e n d p o i n t s u s i n g l o g i s t i c r e g r e s s i o n j 

I l lness En t h e p r e v i o u s 

All ages 

12-13 years 

| 14-18years 

Fever p r e v i o u s m o n t h , 

All ages 

12~13years 

14-18 years 

.:. 

m o n t h ; n o 

n o . (%) 

Used a n y m e d i c a t i o n l a s t m o n t h ; 

I All ages 

12-13 years 

14-18 years 

C r u d e p r e v a l e n c e 

Bed n e t r a n d o m i z a t i o n g r o u p ' 

ITN 

H i s t o r y o 

t%> j a H 
223 (65,0) 

107(64.8) 

116(65.3) 

173(50.3) 

86(52.0) 

87 (48.8) 

n o . (%) 

133(38.9) 

71 (40.4) 

62 (37.3) 

Used a n t i m a l a r i a l s fas t m o n t h ; n o . (%) 

| All ages 

12-13 years 

14-18 years 

109(32.5) 

53 (32.8) 

56 (32.2) 

C o n t r o l 

i l l ness a n d m e d i c a t i o n u s e 

197 (63 J ) 

81 (61.9) 

116(65.1) 

153(50.3) 

63 (48.7) 

90(51.6) 

137(45.4) 

78(45.1) 

59(45.9) 

88 (27.9) 

34U4J2) 

54 (30.8) 

A d j u s t e d P r e v a l e n c e 

O d d s R a t i o 

1.07(0.76,1.50) 

1.13(0.71,1.80) 

1.01 (0.61, 1.67) 

1.03(0.72, 1.46) 

1.17(0.69,1.99) 

0.89(0.56,1.41) 

0.77(0.52,1.13) 

0.71 (0.42, 1.19) 

0.82(0.52,1.29) 
: :v • .• . . . :::: . . . . : : • 

Vvy'iBirMi- TirrrY^ 
1.23(0.81, 1.88) 

1.51(0.83,2.75) 

1.05(0.63,1.76) 

Used t r a d i t i o n a l m e d i c i n e l a s t m o n t h ; n o . {%) 

All ages 

12-13 years 

! 14-18 years 

HI a t p r e s e n t a t i o n ; n o 

All ages 

12-13years 

14-18 years 

(%) 

C l i n i c a l m a l a r i a ; no» ( % } J 

; All ages 

12-13 years 

14-18 years 

115(33.9) 

62 (37.8) 

53 (30.3) 

C l i n i ca 

3(1.0) 

1 (0.7) 

2(1.3) 

2 (0.6) 

1 (0.6) 

1 (0.6) 

132(43.4) 

53 (39.3) 

79(46.6) 

a n d l a b o r a t o r y m e a s u r e s 

13(4.6) 

6(5.9) 

j 7 (3.7) 

;;• • • •'•:• • • : . • • ••"-. •:•.' .. . • . - . • " ; ' : ^ ' ; ; V , • ' • • ••m^.-\ - ••:.-. 

6(2.3) 

4 (3.6) 

2(1.4) 

0.68(0.43,1.09) 

0.98(0.58,1.66) 

0.50(0.29,0.85) 

""mms-
0.20 (0.05, 0.77) 

0.11 (0.02,0.77) 

0.32(0.05,2.14) 

031 (0.06, 1.68) 

0.21 (0.02, 2.03) 

0.53 (0.06,4.79) 
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Table 3 (continued) 

Effect of insecticide-treated bed nets on secondary end points using logistic regression 

Crude prevalence 

Bed net randomization gro 

ITN 

Anemia and concurrent parasitemia; no. (%) 

All ages 12(3.7) 

14-18 years 7(4.2) 

High density parasitemia ï 500/mm'; no. (%) 

All ages 19(5.9) 

12-13 years 10(6.5) 

14-18 years 9(5.4) 

Anthropometrics BMI < 5th percentile; no. (%) 

All ages 

12-13 years 

14-18 years 

Helght-for-Age < 

All ages 

12-13 years 

14-18 years 

-2SD; no. (%) 

63 (18.5) 

38 (23.1) 

25 (14.3) 

HH 

39(11.7) 

31 (18.8) 

8(5.1) 

Control 

54(18.4) 

32 (24.2) 

22(13.3) 

30(10.1) 

24(18.6) 

6 (3.6) 

Adjusted Prevalence 

Odds Ratio 

(95% CI)2 

' 22(13.3) J 

30(10.1) 

0.42(0.17,1.02) 

0.21 (0.06,0.72) 

0.83 (0.27, 2.56) 

0.77 (0.33, 1.84) 

0.76 (0.29, 2.00) 

0.77 (0.25,2.33) 

0.97(0.60,1.58) 

0.89(0.50,1.59) 

1.09(0.52,2.29) 

1.11 (0.58,2.13) 

0.96(0.50,1.84) 

1.53(0.42,5.42) 

H i 

1 Crude prevalence. 

2 Adjusted for co-variates: age, cross-sectional survey, menstruation, BMI < 5th percentile, and helminth infections 

3 Positive malaria smear plus axillary temperature > 37.5°C 

4 Compared to no parasitemia and parasitemia < 500/mm' 

ITN = insecticide-treated bed net. 

Few girls (2.7%) were considered ill by the study nurse at the time of the physical exami

nation, although this proportion was significantly higher in the control group (P = 0.038) 

(Table 3). The BMI was below the fifth percentile for age in 18.5% of participants, and 10.9% 

had a height below - 2 SD for their age. ITNs had no effect on nutritional status (Tables 2 and 3). 

A high proportion (64.4%) of the study participants reported illness in the month prior to 

survey (Table 3). Among them, headache was the most frequently mentioned symptom (84%), 

followed by abdominal pain (31%), fever/chills (1 3%), and cough (12%). Medication was 

reportedly used by 71.4% of participants in the preceding month. Antimalarials were used bv 

almost one-third of the girls (30.3%), of whom 186 (94.8%) reported taking chloroquine, 

five (2.5%) used SP alone, four (1.9%) a combination of chloroquine with SP, one (0.4%) used 

amodiaquine and one (0.4%) used quinine. Use of iron and folic acid supplementation was rare, 



with just 5. 3% and 1.1% of participants reporting their use, respectively. Reported recent 

illness, fever, use of traditional or conventional medication, and use of antimalarials in the pre

vious month were equally likely in control and intervention villages (Table 3). 

Analysis taking school clustering into account rather than village clustering, or analysis based 

on reported ITN use rather dian intention to treat, did not alter the conclusions. 

Discussion 

In this study we explored die effect of ITNs on malaria-associated outcomes in adolescent school

girls, as part of a large, community based, group randomized, controlled trial of ITNs in an area of 

intense perennial malaria transmission in western Kenya. To our knowledge, this is die first study 

describing die impact of ITNs in adolescent girls in sub-Saharan Africa. One previous study, which 

compared die efficacy of ITNs with placebo-treated bed net in two age groups was conducted in 

Irian-Jaya, which has hypercndemic malaria.3S A significant reduction in infection rates and densities 

of P. falciparum was found in children older than 10 years and adults mat used treated bed nets.35 

In the current study, we observed a reduction in die prevalence of mild all-cause anemia 

(Hemoglobin level <12 g/dL) from 3 1 % to 17% in schoolgirls 12—13 years of age. This was 

associated with 0.34 g/dL higher mean hemoglobin concentrations in girls living in ITN 

villages. Similarly the prevalence of mild anemia associated widi concurrent parasitemia was 

reduced from 12% to 3%. This improvement in hematologic status in the 12—13-year-old girls 

from ITN villages implies that malaria is still a substantial contributor to anemia in these young 

adolescents and that the ITN intervention can provide important benefit to this age group. 

There was no evidence of a beneficial effect on anemia in older adolescent girls 14—18 

years old.This provides furdier observational support for the hypothesis that maximal expression 

of resistance to infection and morbidity occurs later in adolescence and may depend on age, 

a proxy for cumulative exposure, and also on host pubertal development, independent of age.10 

In all of our study adolescents, regardless of age, ITNs did not appear to affect malaria pre

valence, parasite density, all-cause morbidity, nutritional parameters, or the use of healthcare or 

antimalarial medication. Other malaria intervention studies in sub-Saharan Africa have shown a 

relationship between malaria and under-nutrition in young children 2>36'38 and in our study site, 

ITNs resulted in improved weight gain in children less than three years old 39 and improved 

weight and height gain in infants.40 A contemporary malaria intervention cohort study in pri

mary school children 5-12 years old conducted in our same study area showed no improvement 

in nutritional status.19 However, young adolescent girls experience the highest growth velocity 

after infancy, and it is plausible that frequent malaria infection could have a negative impact on 

such growth. We observed no evidence that ITN use resulted in improved linear growth or BMI 

scores in any of the adolescent girls, including those 12-13 year olds. 
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A considerable proportion of women in developing countries will have their first pregnancy 

during adolescence,41 and young primigravidae are at particular risk of the adverse consequences 

of malaria-associated morbidity such as severe maternal anemia and low birth weight.42 

The observed improvements in hemoglobin concentrations with die ITN intervention in young 

adolescents are likely to have important functional benefits for those who might become pregnant. 

Conversely, while it is well understood that early teenage pregnancies, in which girls have not 

reached their full growth potential, have been associated widi an increased risk of obstructed 

labor due to cephalo-pelvic disproportion and its associated increased risk of peripartum maternal 

mortality,43 our study suggests that antimalarial interventions provided only in adolescents may 

not alter this scenario. 

Several design-related limitations should be considered when interpreting the results of 

our study. A caveat associated with generalization of these findings concerns die school-based 

design. No attempt was made to identify adolescents either absent from school on the day of 

survey (e.g. due to illness) or to evaluate the effect in children who do not attend school at all. 

Girls may drop out of school if they become orphaned or because of teenage pregnancv. 

The selected study sample is dius likely to be biased towards healthier girls, possibly with higher 

socio-economic status, potentially resulting in an underestimation of the proportion of girls 

with clinical malaria and more severe anemia. It is also noted that the effect observed in the 

current study was due to a combination of individual barrier protection by ITNs, and a general 

reduction in malaria transmission consequent to the observed area-wide community or mass 

effect of insecticide-treated ITNs on vector populations and sporozoite rates.44 It is likely tiiat 

the area-wide reductions in die malaria-transmitting mosquito populations, which benefited at 

least 2 3 % of the control population in this area, will have resulted in an underestimate of the 

impact of ITNs.4S Third, both the ITN trial and this school-based study were group-randomized 

trials (cluster randomization), which because of the limited number of assignment units, have 

a greater potential for bias dian studies which use randomization by individual.46 Furthermore, 

the study in adolescent schoolgirls was conducted in preparation for a nutritional intervention 

study, independently, but simultaneously with the ITN trial. It was not designed originally to 

determine the impact of ITNs, hence the lack of a baseline survey to determine if the study 

groups were comparable before the introduction of ITNs. 

Should prevention and intervention programs directed at adolescent health in malarious 

areas include ITN distribution efforts focused on this population? Our study suggests that the 

prevention of malaria by permethrin-treated bed nets would halve die prevalence of mild anemia 

in young, school-attending, non-pregnant adolescent girls in this area and similar areas with 

intense malaria. However, it also suggests that in older girls little direct health benefits can be 

expected from school-based ITN programs and would not justify diverting resources from 

other essential preventive health activities. Conversely, targeting school-age children may have 

indirect benefits to the community, and may be a practical means to increase ITN coverage and 



contribute to any area-wide reductions in malaria transmission.47 Furthermore our analyses 

presented elsewhere in this supplement show that the prevention of malaria by ITNs during 

pregnancv and infancy have a marked beneficial impact on maternal health, birth outcome and 

subsequent infant survival.6.40.48 However, teenage pregnant girls and their newborns are the 

least likely to be ITN users.48-49 Thus, the additional public health value of such school-based 

ITN programs could thus be their potential to reach and educate teenage girls on the benefits 

of ITNs before they become pregnant and drop out of school. The potential direct and indirect 

benefits of distributing ITNs through schools, along with other intervention programs 5 0 5 2 for 

adolescent girls, deserve further study. 
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Abstract 

In areas where Plasmodium falciparum malaria is endemic, parasite density, morbidity, and mor

tality decrease with increasing age, which supports the view that years of cumulative exposure 

are necessary for the expression of maximal protective immunity. Developmental changes in the 

host also have been implicated in the expression of maximal resistance. To further evaluate the 

contribution of host developmental factors in malaria resistance, we examined the relationship 

between P. falciparum parasitemia and pubertal development in a cross-sectional sample of 12—18-

year-old schoolgirls from an area of intense transmission in western Kenya. Among pubertal girls, 

dehydroepiandrosterone sulfate (DHEAS) levels were significantly associated with decreased 

parasite density, even after adjustment for age. DHEAS levels also were related to increased 

hemoglobin levels, even after accounting for age and other determinants of hemoglobin level. 

These findings support the hypothesis that host pubertal development, independent of age and, 

by proxy, cumulative exposure, is necessary for maximal expression of resistance to malarial 

infection and morbidity, as assessed by hemoglobin level. 



Introduction 

Plasmodium falciparum malaria remains one of the most important causes of morbidity and mor

tality in sub-Saharan Africa, accounting for the deaths of up to 1 million children/year ' and 

contributing to the economic instability of the region.2 Understanding the epidemiology of 

malaria-attributed illness and death remains vital for the effective targeting of scarce public 

health resources. 

The magnitude and age distribution of malaria-attributable morbidity and mortality varies 

with the intensity of transmission. In areas with intense, stable malaria transmission, the risk of 

morbidity declines rapidly within the first years of life.3~s Where transmission is less intense, 

clinical immunity develops at a slower pace, and children remain at risk of severe disease and 

death for a longer time.6 Under conditions of stable transmission, adolescents are at a markedlv 

reduced risk of severe malaria morbidity and mortality, compared with preschool children. 3>4 

Despite this reduced risk, adolescents continue to suffer from frequent asymptomatic infections 

and periodic clinical illness and death.1-7 

The age-related decline in parasite density, morbidity, and mortality observed during child

hood has supported the view that years of cumulative exposure, potentially to multiple parasite 

strains, are necessary for the production of protective immune responses. Recently, studies of 

transmigrant populations in Irian Jaya (now West Papua) and longitudinal cohort studies in 

Kenya have challenged this hypothesis. Baird et al.8<9 demonstrated that nonimmune, adult trans

migrants moving from Java, where malaria is not endemic, to parts of Irian Java where malaria 

is endemic acquired immunity faster than did their transmigrant children. Kurtis et al.10 

demonstrated that, among Kenyan males, resistance to reinfection after antimalarial treatment 

increased during puberty and was predicted by levels of the pubertal steroid dehydroepiandos-

terone sulfate (DHEAS), independently of age and, by proxy, cumulative exposure. 

In the present study, we examined the relationships among DHEAS levels, malaria parasitemia, 

and anemia in a group of 12—18-year-old schoolgirls from an area of western Kenya where 

malaria is holoendemic. We hypothesized that, as in males, DHEAS levels in girls would be asso

ciated with reduced parasite densities, even after adjustment for age. We further hypothesized 

that DHEAS would predict decreased malarial morbidity, as measured by increased hemoglobin 

(Hgb) levels. 

Subjects, Materials, and Methods 

Study area and population 

Two cross-sectional surveys were conducted between October 1998 and March 1999 at public 

primary schools in Asembo, Rarieda Division, Bondo District, located on the shores of Lake 

DHEAS levels, malaria parasite density, and hemoglobin 95 



Victoria in Nyanza Province, western Kenya. The study area is representative of many parts of 

sub-Saharan Africa, with intense perennial malaria transmission. Details of the study site have 

been published elsewhere.11 '12 In brief, -55,000 people live in an area covering 200 km3. 

Malaria transmission is year-round, and the number of infective bites per person per year is 

comparable with the highest rates documented worldwide (estimated to be 60—300 bites/ 

person/year). Between 60% and 90% of children <5 years old are anemic at any time (Hgb 

level, <11 g/dL), and 10%—25% have moderate-to-severe anemia (Hgb level, <7 g/dL) . 1 3 

Malaria is one of the most important determinants of anemia in young children in this area. 

Approximately 60% of 10—14-year-old children were found to be parasitemic at any time, 

most with asymptomatic low parasite density infections.3The present study coincided with 

a large community-based, randomized controlled study of the efficacy of insecticide-treated 

bed net (ITNs),11.14 and half the girls we studied were sleeping under ITNs. 

Study design 

A multistage, random-sample design, with primary schools as first-stage units and schoolgirls 

as second-stage units, was used.15 Schools were ranked by geographic location, to allow for 

equal distribution of the schools over the study area, and were selected by random sampling 

with probability proportional to size.16A total of 840 12—18-year-old girls in 28 schools were 

randomly selected to participate. Complete data were collected on 669 individuals (80%): 

116 girls refused (median, 6 girls/school; interquartile range [IQR], 2.5—8 girls/school), and 

55 had moved away or were absent from school on the day of survey (median, 2 girls/school; 

IQR, 0—2.5 girls/school). No attempt was made to follow up randomized girls who refused to 

participate or who were absent. During data cleaning, 21 girls who reported that they were 

a l 2 years old were excluded from the final data set, because analysis of age using date of birth 

revealed that they were actually <12 years old. Six hundred forty-eight girls were included in 

the final data set: 312 in the first survey and 336 in the second survey. 

Writ ten consent was obtained from each participating student, her parents, and the 

parent-teacher association of each school. The study was approved by the ethical committee 

of the Kenya Medical Research Institute and the Academic Medical Center of the University 

of Amsterdam. 

The cross-sectional surveys were originally designed to study the prevalence of and risk 

factors for anemia, malaria, and malnutrition in adolescent school girls in an area of intense 

malaria transmission. During the course of the study, data from a cohort study conducted in the 

same study area, demonstrating that puberty and DHEAS levels predict resistance to malaria 

in males, were published.10Therefore, we chose to determine whether this same relationship 

operated in our cross-sectional sample of adolescent girls. 



Cross-sectional surveys 

The first of 2 cross-sectional surveys (14 schools) was conducted in October—November 1998 

(after the rainy season), and the second (14 different schools) was conducted in February-

March 1999 (after a prolonged drv period). Data were collected by a trained local team. 

A variety of demographic, clinical, laboratory, and anthropometric data were collected via a 

questionnaire, a finger-prick blood sample was obtained, and a basic clinical examination, 

including assessment of pubertal development through a modified Tanner staging based on 

breast development only,17 was done. Pubertal development was quantified on an ordinal scale 

from Bl (prepubescent) to B5 (postpubescent). 

Heights and weights were measured using standard anthropometric procedures. '8 

Height-for-age z scores and body mass index (BMI)-for-age z scores were calculated using 

the EpiNut program in Epilnfo 2000 with Centers for Disease Control and Prevention 2000 

reference data.19 

Laboratory methods 

A finger-prick blood sample (2S0—500 uX) was obtained for determination of hematologic 

markers, plasma analytes, and malaria parasitemia. Blood was collected into heparinized tubes 

and kept on ice in cooler boxes until transport to the laboratory the same day. After a com

plete blood count was obtained by use of a Coulter Counter (model ACT 10; Coulter), samples 

were centrifuged, and cells and plasma were separated and stored at -18°C. 

Thick blood smears were stained with Giemsa and examined for malaria parasites. Parasites 

and leukocytes were counted in the same fields until 300 leukocytes or 500 parasites were 

counted. Parasite densities (parasites/mm !) were calculated using the actual white blood cell 

count determined simultaneously by Coulter Counter. The limit of detection was - 1 0 para

sites/mm5 . 

At the time of each survey, all study participants were asked to bring fresh (<24 h old) stool 

and urine samples to be examined for the presence of geohelminths (i.e., hookworm, Ascaris 

lumbricoides,Trichuris trichiura, and Strongyloides stercoralis), Schistosoma mansoni, and 

Schistosoma haematobium. Stool and urine samples were obtained from 540 and 554 volunteers, 

respectively. Samples were stored at 4°C and processed the day after collection. Stool samples 

were microscopically examined by concentration methods, using a modification of the formol-

ether and ethvlacetate techniques, and by Kato-Katz methods.20-22 Urine samples were exam

ined using a filtration-based concentration method.23 

Quantitative plasma DHEAS, ferritin, and C-reactive protein (CRP) assays were performed 

using PANTEX EIA kits (1CN Pharmaceuticals), for DHEAS assays, and solid-phase ELISA kits 

(ICN Pharmaceuticals), for ferritin and CRP assays. Immunoassays were done for a subsample 

of 264 of 648 girls (36/ 312 from the first survey and 228/336 from the second survey), 

because clusters of plasma samples (packed per school) were lost in transport during a pro-
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longed power failure in Kisumu in 1999. Descriptive statistics of subjects with and without a 

DHEAS immunoassay result are presented in table 1. Girls with inflammation, defined as a 

plasma CRP level a l8 .2 mg/L, 2 + were excluded from statistical analvses that included ferritin 

as the end point or as a covariate, because ferritin levels increase as an acute phase response 

and no longer reflect the component of stored iron.23 Iron deficiency was defined as a plasma 

ferritin level <12 Lig/L.26 

Table 1 

Descr ipt ive stat ist ics of par t ic ipants w i t h and w i t h o u t ava i l ab le d e h y d r o e p i a n d r o s t e r o n sul fate (DHEAS) 

leve l d a t a . 

: 

Age; median years (IQR) 

Maturity rating; median (IQR) •' 

DHEAS level, geometric mean ng/mL (95% CI) 

ITN use 

Prevalence of malaria parasitaemia 

Parasite density for positive blood films only, 

geometric mean parasites/mm1 (95% CI) 

Anemia'' 

Hemoglobin level, mean g/dL (95% CI) 

Any helminth infection 

Hookworm 

Schistosoma mansoni 

Trichuris trichiura 

Ascaris lumbricoides 

DHEAS leve l d a t a 

ava i l ab le 

No. of 

subjects 

e v a l u a t e d Va lue 

264 14.0(13.1-15.1) 

263 B3 (B2-B4) 

264 968(834-1122) 

263 144(53.9) 

222 48(21.6) 

48 178(129-246) 

263 74 (27.6) 

263 12.6(12.2-12.9) 

237 117(48.8) 

237 29(11.9) 

237 23 (9.9) 

237 43(18.1) 

237 66(26.9) 

DHEAS level d a t a 

n o t ava i lab le 

N o . o f 

subjects 

e v a l u a t e d ' Va lue 

384 14.3 (13.2-15.4) 

384 B3(B2-B4) 

n.a. 

384 197(51.0) 

• • • • • H l i a a a a a a a a a a a a a l 
353 116(31.0) 

116 | l 59 (100-253) 

1 
371 | 61 (17.0) 

371 13.2(12.8-13.4) 

303 136(45.1) 

303 46(15.1) 

303 39(13.0) 

303 47(16.1) 

303 J 62(19.9) 

P 

.149' 

.024 ' ' 

n.a. 

.819* 

. 0 9 1 ' 

.699' 

.066* 

,019 s 

.611* 

.390* 

.454* 

.560* 

.302* 

Note. Data are no. (%) of subjects, except where noted. CI, confidence interval; IQR, interquartile range; 

ITN, insecticide-treated bed net; NA, not applicable. 

1 Wilcoxon-Mann-Whitney U 2-sample test. 

2 Modified Tanner staging of breast development only. u 

3 The group from whom DHEAS level data were available was more mature than the group from whom 

DHEAS level data was not available. 

4 x' test 

5 Student's r test 

6 Anemia is defined as a hemoglobin level <12 g/dL 



Definitions 

Adolescence was denned as age 12—18 years. Malaria parasitemia was defined as the presence of 

P. falciparum asexual stage parasites in thick smears of peripheral blood. Nonfalciparum para

sitemia was not detected in any of the volunteers in this study. Prepuberty was defined as having 

no breast development (i.e., a breast development score <B2). Puberty was defined as having 

a breast development score ;>B2. 

Statistical analysis 

Analysis was done using SAS for Windows (version 8.02; SAS Institute); SUDAAN software 

(SAS callable version; Research Triangle Institute) was used to allow for correlation among 

observations taken from the same school (cluster-unit). To maintain the assumption of an equal 

probability sample, weighting was used to adjust for unequal cluster size due to variation in 

the number of absentees or refusals between clusters.16 

All analyses were adjusted for clustering in schools. Differences between proportions were 

compared by the x' test. The Mantel-Haenszel test for linear association (1 df) was used to test 

linear relations between 2 ordinal variables. Normally distributed continuous data were com

pared by the Student's t test and analysis of variance. Data that did not conform to a normal 

distribution were compared by the Wilcoxon-Mann-Whitney U 2-sample test and the Kruskal-

Wallis 1-way analysis of variance. Correlations were assessed by Pearson's or Spearman's p for 

normally or nonnormally distributed data, respectively. Multivariate linear regression models 

were used to control for confounding and effect modification of the relationships among DHEAS 

levels, parasite density, and Hgb levels. A multivariate logistic regression model was used to 

control for other determinants of anemia. Nonnormally distributed variables of interest, DHEAS 

levels, malaria parasite density, and ferritin levels were transformed by calculating the natural 

logarithm (Ln) of the + 1 , for use variable in regression analyses. The least-squares means proce

dure was used to obtain adjusted means for Hgb and Ln-transformed parasitemia for high, 

medium, and low tertiles of DHEAS level, as presented in figure 1 and 2. For figure 2, mean 

parasitemia data were back-transformed to their original scale (no. of parasites/mm'). DHEAS 

tertiles were based on the distribution in all available samples (n = 264) (low, <699 ng/mL; 

medium, 699-1426 ng/mL; and high, s l427 ng/mL).Two-sided was P s .05 considered to be 

statistically significant. 

Analysis showed significant effect modification of DHEAS levels on parasite density, by 

pubertal status (P = .002), and of DHEAS levels on Hgb levels, by pubertal status (P - .032). 

Therefore, separate multivariate regression models for pubertal and prepubertal girls were used 

in the analysis of the associations between DHEAS levels and the end points of parasitemia and 

Hgb level. 
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Results 

Descriptive statistics 

A total of 648 girls participated in the 2 cross-sectional surveys. Details of the prevalence and 

determinants of anemia and malnutrition for this same study population will be published 

elsewhere. DHEAS levels were successfully measured for a subsample of 264 girls. The median 

age in the subsample was 14.0 years (IQR, 13.1—15.1 years), and the median maturity rating 

ŵ as B3 (IQR, B2-B4).The geometric mean DHEAS level was 968 ng /mL (95% confidence 

interval [CI], 834—1122 ng/mL) and was significantly correlated with age (Spearman's p, 0.41; 

P < .001), maturity level (Spearman's p, 0.37; P < .001), height-for-age z score (Spearman's p , 

0.30; P < .001), and BMI-for-age z score (Spearman's p , 0.15; P = .01 3). The geometric mean 

DHEAS level was 1038 ng /mL (95% CI, 892-1208 ng/mL) among pubertal girls and 655 

ng/mL (95% CI, 464—926 ng/mL) among prepubertal girls. The prevalence of malaria was 

21.6%, and the geometric mean parasitemia in those with a positive blood slide result was 178 

parasites/mm' (95% CI, 129—246 parasites/mm'). The prevalence of anemia was 27.6%, and 

the mean Hgb level was 12.6 g /dL (95% CI, 12.2—12.9 g/dL).Table 1 compares descriptive 

statistics of the subjects with available DHEAS data with those without DHEAS data. 

p < 0.05 
600 -, | 1 

High 

Figure 1. Adjusted mean parasite density, by plasma level of dehydroepiandosterone sulfate (DHEAS), in parasitemic pubertal girls from 

western Kenya (n = 38). Bars, mean parasite density (least-squares means procedure) for low (<699 ng/mL), medium (699-1426 ng/mL), 

and high (>1427 ng/mL) tertiles of DHEAS level, adjusted for effects of age, insecticide-treated bed net use, survey number, and body mass 

index-for-age z score. Error bars, 95% confidence interval for the mean. 

The 2 groups were comparable with respect to most determinants of parasite density and Hgb, 

with the exception that the group with DHEAS data was slightly more mature (table 1). 

Low Medium 

DHEAS 



In addition, because of the loss of stored plasma samples, the first survey was underrepresented 

in the subsample with available DHEAS data. Of importance, the relationship between the pre

dictors (age and maturitv rating) and the outcome variables (parasite density and Hgb level) did 

not differ significantly for individuals with or without DHEAS results (data not shown). 

DHEAS and parasitic infections 

In the whole sample population, the prevalence of malaria decreased with increasing age and 

maturity level (P = .020, for linear association between malaria prevalence and age, and P - .005, 

for linear association between malaria and maturity [Mantcl-Haenszel test]). In the subsample, 

we saw no association between malaria prevalence and DHEAS level (P = .679, Student's t test). 

DHEAS level was negatively correlated with parasite density in parasitemic pubertal girls 

(Spearman's p , -0.40; P = .013). In multivariate linear regression analyses, this relationship 

remained statistically significant, even after controlling for age, survey number (i.e., seasonal 

variation), ITN use, and BMI-for-age z score (P = .012 ; table 2). The residual plot of this rela

tionship showed a linear trend across all levels of DHEAS (data not shown). No association 

between DHEAS level and parasite density was seen in the prepubertal girls (regression coeffi

cient, -0.07; 95% CI, -0.38 to 0.24; P = .656). Adjusted mean parasite density in pubertal girls 

with a DHEAS level in the upper tertile was 62% lower than adjusted mean parasite density in 

girls with a DHEAS level in the lower tertile (P = .048; figure 1). 

Table 2 

Multivariate linear regression analysis of the association between dehydroepiandrosterone sulfate (DHEAS) 

level and natural logarithm-transformed (Ln) malaria parasite density (parasites/mm3) in parasitemic pubertal 

school girls (n=38). 

Regression coefficient (95% CI) 

-0.72 (-1.24 to-0.20) 

Reference 

-1.87 (-5.03 to 1.29) 

-1.62 (-4.80 to 1.5 

-1.74 (-5.00 to 1.51) 

-1.78 (-4.84 to 1.28) 

0.23 (-0.89 to 1.35) 

0.46 (-0.23 to 1.16) 

0.01 (-0.40 to 0.43) 

Note. BMI, body mass index; CI, confidence interval; ITN, insecticide-treated bed net, 

1 First survey vs. second survey. 
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High DHEAS level was associated with a lower prevalence of helminth infection (all types 

combined) in bivariate analysis (crude odds ratio [OR] for high vs. low tertile, 0.50; 95% CI, 

0.27—0.94; P - .032); however, after adjustment for age, this association was no longer signifi

cant (adjusted OR, 0.56; 95% CI, 0 . 2 8 - 1 . 1 1 ; ? = .092). DHEAS had a similar association with 

T. trichiura infection alone (P = .095), and this association also was attenuated after controlling 

for age (P = .121). No associations were found between DHEAS level and S. mansoni, hook

worm, or A. lumbricoides prevalence or intensity of infection. 

Table 3 

M u l t i v a r i a t e l inear regression analysis of t h e associat ion b e t w e e n dehydroep iandros te rone sul fate (DHEAS) 

level (ng/rnL) and h e m o g l o b i n level ( g / d U in p u b e r t a l school gir ls (n = 1 7 1 ) . 

Characteristic 

Ln DHEAS level 

Age, years 

12 

13 

Regression coef f ic ient ( 9 5 % CI) 

0.39(0.15,0.64) 

15 

a ! 6 

Menstruation 

No 

Yes 

Heavy 

ITN use 

Helminth infections 

Hookworm 

I trichiura 

A lumbricoides 

S. mansoni 

Survey number ' 

Ln ferritin level 

BMI-for-age z score 

Reference 

-0.05 (-0.50,0.41 

-0.18 (-0.64,0.27) 

-0.39 (-0.88, 0.10) 

-056 (-0.99,-0.13) 

Reference 

-0.11 (-0.45,0.23) 

-031 (-1.04,0.43) 

0.63(0.20,1.06) 

0.06 (-0.50, 0.62) 

-0.02 (-0.74,0.71) 

-0.13 (-0.54,0.28) 

-0.151-0.56,0.27) 

-1.001-2.16,0.15) 

0.37(0,18,0.57) 

-0.04 (-0.25, 0.18) 

Note. BMI, body mass index; CI, confidence interval; ITN, insecticide-treated bed net; Ln, natural logarithm-transformed. 

1 First survey vs. second survey. 

DHEAS, Hgb, and ferritin levels 

DHEAS level was positively correlated with Hgb level in pubertal girls (Spearman's p , 0.15; 

P = .022). Inclusion of known and potential determinants of Hgb level (menstruation, ITN use, 



helminth infections, survev number, BMI-for-age z score, and ferritin level) in a multivariate 

linear regression model did not attenuate the positive association between Hgb and DHEAS 

levels (tabic 3), nor did DHEAS attenuate the association of any of the parasitic infections with 

Hgb. The residual plot of this relationship showed a linear trend across all levels of DHEAS 

(data not shown). Girls in the upper tertile of DHEAS had Hgb levels 0.5 g /dL higher than 

those of girls in the lower tertile of DHEAS (figure 2). No association between DHEAS and 

Hgb was seen in the least mature girls (i.e.,Tanner score of Bl) (linear regression coefficient, 

-0.04; 95% CI, -0.45 to 0.37; P = .847). DHEAS level was associated with a lower prevalence 

of anemia in all girls, although this result was not significant (adjusted prevalence OR tor 

low-to-medium DHEAS level, 0.55 [95% CI, 0.24-1.27; P = .152]; adjusted prevalence OR for 

low-to-high DHEAS level, 0.78 [95% CI, 0 .27-2.28; P = .645]). 

DHEAS level was positively associated with ferritin level in all girls (Spearman's p , 0.13; 

P = .056).This association was still present after adjustment for potential determinants of ferritin 

level (menstruation, ITN use, helminth infections, survey number, and BMI-for-age z score) 

(adjusted mean difference for low-to-medium DHEAS level, 5.6 u.g/L [P = -091]; adjusted 

mean difference for low-to-high DHEAS level, 13.9 M-g/L [P = .004]). No association between 

DHEAS level and prevalence of iron deficiency was seen (data not shown). 

p < 0.05 

Low Medium High 

DHEAS 

Figure 2. Adjusted mean hemoglobin level, by plasma level of dehydroepiandosterone sulfate (DHEAS), In pubertal girls from western 

Kenya (n = 171 ). Bars, mean hemoglobin level (least-squares means procedure) for low (<699 ng/mL), medium (699-1426 ng /m l ) , and 

high (>1427 ng/mL) tertiles of DHEAS level, adjusted for effects of age, menstruation, insecticide-treated bed net use, helminth infections, 

body mass index-for age z score, ferritin level and survey number. Error bars, 95% confidence interval for the mean. 
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DHEAS level, medication use, and clinical history 

Reported illness or fever in the month prior to the survey was common (66% and 54%) but 

not associated with DHEAS level (data not shown). Similarly reported conventional medication 

use (64%), including antimalarials (33%), in the month prior to survey was common but not 

associated with DHEAS level (data not shown). 

Discussion 

In areas where malaria is endemic, children and voung adolescents suffer a disproportionately 

high burden of malaria-attributable morbidity and mortalitv, compared with adults. This obser

vation has supported the view that resistance to malarial infection and disease results from vears 

of cumulative exposure to multiple parasite strains. The majority of population-based studies 

documenting this observation have examined life-long inhabitants of areas where malaria is 

endemic. In these populations, host age is highly colinear with lifetime cumulative exposure, 

thus obscuring the relative contributions of these distinct variables on resistance. 

Recently, Baird et al.8 '9 have demonstrated that non-immune, adult transmigrants moving 

from Java, where malaria is not endemic, to parts of Irian Jaya where malaria is endemic acquire 

immunity faster than do their transmigrant children. Because their entire study population 

migrated to the area where malaria is endemic en masse, host age was decoupled from cumula

tive exposure. After 1—2 years of exposure, adult transmigrants showed resistance, as measured 

by cross-sectional prevalence of infection and parasite density, equivalent to that of life-long 

adult inhabitants of the area where malaria is endemic. The transmigrant children remained at 

equal risk as children raised in the area where malaria is endemic. These data, replicated in 

several distinct transmigrant populations, are not consistent with the notion that resistance in 

adults results from cumulative exposure to multiple parasite strains. Instead, these data suggest 

that there is an intrinsic difference in the development of resistance between adults and 

children and that expression of this resistance in adults requires relatively little exposure to 

the parasite.27-28 

Kurtis et al.10 examined resistance to reinfection after antimalarial treatment in a longitudinal 

cohort study of 12—35-year-old males living in an area of western Kenya where malaria is holo-

endemic. Resistance to reinfection increased during puberty and was predicted by levels of the 

pubertal steroid DHEAS. The age at onset of puberty and the duration of puberty are hetero

geneous. This heterogeneity permitted estimation of the influence of pubertal development on 

resistance to reinfection after adjustment for age and, by proxy, cumulative exposure. After 

adjustment for age, individuals with low DHEAS levels had significantly higher parasite densities 

than did individuals with higher DHEAS levels. DHEAS has potent immunomodulatorv effects 

and may be in the causal pathway that permits the induction of protective immune responses. 

Therefore, increasing levels of DHEAS during adolescence could, in part, account for the 



greater resistance to malaria enjoyed by adults, compared with children. 

In the present cross-sectional study of 12—18-year-old schoolgirls from western Kenya, 

we found that DHEAS level was an independent predictor of malaria parasite density in 

the parasitemic girls who had entered puberty (i.e.,Tanner score aB2). As in the earlier study 

of Kenyan males, 10 this relationship remained significant even after adjustment for age. We did 

not detect this association in parasitemic prepubertal girls, likely because of a threshold effect 

due to significantly lower levels of DHEAS in these girls. Furthermore, we did not detect a 

relationship between cross-sectional prevalence of malaria and DHEAS level, possibly because 

of misclassification of girls unexposed to infective mosquito bites before the survey as being 

resistant to infection. Potential misclassification of "nonresistant" girls (i.e., not exposed and 

thus blood smear negative) together with truly resistant girls (i.e., exposed and negative blood 

smear) as resistant to infection would bias results toward the null. 

DHEAS is a potent immunoactivator that modulates bo thT and B cell function29-34 and 

augments antibody titers.3 5 - 3 7We speculate that DHEAS is associated with the expression of 

adultlike resistance, because it up-regulates the production of protective antimalarial immune 

responses. Longitudinal studies measuring the acquisition of protective immune responses 

during adolescence are necessary to evaluate this hypothesis. Alternately, DHEAS may simply 

be a marker for another, unmeasured, factor which is associated widi host development and 

mediates resistance to parasitemia. 

In pubertal girls, DHEAS level was also positively associated with Hgb level, even after 

adjustment for age and several known determinants of Hgb level, including menstruation, ITN 

use, helminth infections, ferritin level, and malnutrition (table 3). Of importance, we detected 

this protective effect of DHEAS on Hgb level in pubertal girls, many of whom had undergone 

menarche. This finding is striking, because, in this age group and economic and nutritional con

text, Hgb levels frequently decrease with age.38To the best of our knowledge, only one earlier 

study has demonstrated an association, independent of age, between Hgb and DHEAS levels.39 

There are several mechanisms that could explain the protective effect of DHEAS on Hgb. 

Because DHEAS is associated widi decreased parasite density, higher DHEAS levels would 

be associated with fewer circulating parasites, resulting in decreased parasite-induced erythro

cyte lysis. 

Malaria-associated anemia is due, in part, to the anemia of inflammation,40 which is charac

terized by dyserythropoiesis, shunting of iron to nonbioavailable forms, decreased erythro

poietin production and responsiveness, and decreased erythrocyte survival.41>42This form of 

anemia is mediated, in part, by die proinflammatory cytokines tumor necrosis factor-a, inter-

leukin (IL)—6, and IL-1. DHEAS is a potent down-modulator of all 3 of these proinflammatory 

cytokines 30-3+.+3^6 an^ m a v attenuate the deleterious consequences of parasite-associated pro

inflammatory cytokines on Hgb level. 
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Some design-related limitations of this study should be considered. Because no attempt was 

made to follow up randomized girls who were absent from school on die day of the survey 

(e.g., because of illness), the sample potentially missed girls widi clinical malaria or severe anemia. 

It is unlikely, however, that this would have greatly influenced our results, because absenteeism 

was relatively uncommon (6.5%) and because reasons for absenteeism other than health (e.g., 

domestic duties, care for ill siblings, or failure to pay periodic tuition) are frequent. The unfor

tunate loss of plasma samples, as described in Subjects, Materials, and Methods, is also unlikely 

to have biased our results, because no significant differences between die predictors (age and 

maturity rating) and the outcome variables (parasite density and Hgb level) were seen for indi

viduals with or without DHEAS data. 

In summary, we detected a relationship between DHEAS level and decreased parasite density 

in parasitemic pubertal girls, even after adjustment for age. Our data are not consistent with the 

view that resistance to parasitemia results from years of cumulative exposure to multiple parasite 

strains. In contrast, our data are consistent with earlier studies of transmigrant populations and 

studies of DHEAS and resistance to P. falciparum reinfection in males. Together, these studies 

support a role for host development in the acquisition of adultlike resistance to falciparum 

malaria. These findings arc of particular relevance to die development and implementation of 

a malaria vaccine, because they imply that vaccination of prepubertal children may not result 

in adultlike immunity. This situation may require the use of immunoadjuvants, possibly including 

DHEAS,36 '37 specifically designed to boost adultlike immunity. 

We also detected a relationship between DHEAS level and increased Hgb level in pubertal 

girls, even after adjustment for age and known determinants of Hgb. We hypothesize that DHEAS 

leads to improved Hgb levels by decreasing parasite-mediated erythrocyte lysis and attenuating 

malaria-associated anemia of inflammation. Understanding the precise relationship between 

puberty, DHEAS levels, and Hgb levels in the context of P. falciparum malaria infection will 

require focused longitudinal studies and should lead to a better understanding of malaria-

associated morbidity. 
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Abstract 

Iron deficiency anemia (IDA) is a major public health problem in developing countries. 

The developmental changes that occur during puberty and the onset of menstruation increase 

requirements for iron and other micronutrients. IDA may affect school performance and 

physical work capacity in non-pregnant adolescents, and increase the risk of anemia during 

subsequent teenage pregnancies. We conducted a double-blind randomized placebo-controlled 

trial of the effect of weekly iron (120 mg elemental iron) and vitamin A (25,000 IU) supple

mentation on hemoglobin concentrations, nutritional parameters, malaria and non-malaria 

morbidity, cognitive function, and school performance in 279 adolescent schoolgirls in western 

Kenya. In menstruating schoolgirls, 21 weeks of iron supplementation was associated with a 

11.5 g/L greater increase in hemoglobin concentrations relative to iron-placebo (P<0.0001). 

The effect of iron was independent of the effect of vitamin A and vice versa. No effect was evi

dent in girls pre-menarche. No significant increase in hemoglobin was seen with weekly vitamin 

A, alone, or combined with iron (1.4 g /L, P = 0.329). No effect of iron or vitamin A was seen 

on nutritional parameters. Iron supplementation was associated with a higher incidence of 

malaria parasitemia (rate ratio 1.43 [95% CI1.1 5-1.79]), but vitamin A was not (rate ratio 1.08 

[95% CI 0.86-1.35]). However, iron was not associated with an increased risk of clinical malar

ia or other infections. Iron supplementation had no beneficial impact on cognitive function or 

school performance. Weekly iron supplementation is effective in increasing hemoglobin concen

tration in menstruating adolescent schoolgirls in this area in western Kenya and is likely to out

weigh any potential associated adverse effects caused by increased risk of malaria. 



Introduction 

Anemia, including iron deficiency anemia, remains one of the most widespread public health 

problems in developing countries, with preschool children and pregnant women most severely 

affected.' During early adolescence, requirements of iron and other micronutrients, including 

vitamin A, increase considerably due to die rapid expansion of total blood volume and increase 

in lean body mass during die growth spurt, and following the onset of menstruation.2 In settings 

where additional risk factors of anemia (e.g. malaria & hookworm) prevail and nutritional in

take is inadequate, adolescents are at significant risk of developing anemia, with or without iron 

deficiency. The prevalence of anemia in adolescent girls in sub-Saharan Africa is estimated to 

be around 40%. ?-4 

Adverse consequences of anemia and iron deficiency range from severe morbidity to more 

subtle effects on physical work capacity, and deficits in cognitive development and potentially 

school performance.5 7 Pre-pregnancy hemoglobin level and iron status are also important 

determinants of the risk of anemia related morbidity and mortality during pregnancy.8 10 

Furthermore, iron deficiency may be associated with retarded growth, which in turn may be 

associated wim obstructed labour due to cephalopelvic disproportion." Vitamin A requirements 

also rise significantly during puberty reflecting the role of this nutrient in sexual maturation.12 

Vitamin A deficiency, even when subclinical, may cause anemia through the modulation of iron 

metabolism as reviewed by Semba and Bloem.13 Randomized trials in anemic subjects have 

shown that vitamin A added to iron supplementation gave better hematological response than 

iron alone. 1 4 1 6 Conversely iron supplementation has been associated with a redistribution of 

vitamin A in infants with marginal vitamin A status leading to lower plasma vitamin A concen

trations and simultaneously to greater vitamin A liver stores, which might induce vitamin A 

deficiency.17 Low vitamin A stores have also been associated with menstrual irregularities,18 

possibly through its role as a cofactor in the regeneration of die endometrial layer and regulation 

of fibrinolytic enzymes within the endometrium.19 '20 When intake of vitamin A is marginal, 

menstruation may be negatively effected and menorrhagia may contribute to anemia. Vitamin A 

deficiency is also recognized to play a role in growdi, development and the functioning of the 

immune system.4 

There is a long-standing controversy about the safety of iron supplementation in malaria 

endemic areas. Whereas iron deficiency causes a number of biochemical abnormalities and 

impaired cell mediated immunity with increased susceptibility to infections,21 concerns have 

also been raised that hvperferremia resulting from iron therapy, may exacerbate infections, 

in particular malaria.22 Because vitamin A supplementation raises serum iron this might also 

increase susceptibility to infection. On the other hand vitamin A supplementation in deficient 

individuals may boost the immune response and has been shown to provide protection against 

a number of infections.2!-24 High dose vitamin A supplementation has been shown to reduce die 
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number and severity of clinical malaria attacks in two trials25-26 but not in another.27 

School based interventions in adolescent girls offer an opportunity to combat iron deficiency, 

anemia and stunting before pregnancy.2 We conducted a randomized placebo-controlled trial 

to determine the effect of weekly supplementation with iron alone, vitamin A alone or the com

bination of the two, on hemoglobin concentrations, growth, cognitive function and school per

formance in adolescent schoolgirls in western Kenya. We also determined whether the addition 

of vitamin A has the potential to decrease or neutralize any adverse effects of iron supplemen

tation on morbidity both from malaria and other infections. 

Methods 

Study area and population 

This study was conducted between April 1998 and November 1998 in the city of Kisumu, 

located on the shores of Lake Victoria, in Nyanza Province, western Kenya. Kisumu is the third 

largest city in Kenya with a population of -320,000. Most inhabitants are from the Luo tribe 

followed by the Luhya and the Kisii. Most urban people work as casual laborers in the informal 

sector, but some work in the industry or small businesses sector. 

Malaria transmission in this area is largely uncharacterized, but is perennial with highest 

transmission during peak rainfall from April—July and October—December. Exposure to infective 

mosquitoes is likely to vary from the city center to die peri-urban areas as entomological inocu

lation rates are dependent on level of urbanization and socio-economic factors.28 A recent study 

of pregnant women attending the hospital antenatal clinic reported an overall parasitemia preva

lence in teenage pregnancies of 2S%.2 9 Chloroquine resistance is widespread; in the early 1990's, 

75% of patients with acute P. falciparum infections treated widi the standard 25 mg/kg regimen 

had RII/RIII type responses.30 HIV infection is highly prevalent and approximately 26% of 1 5 

to 19 year old girls are estimated to be infected.51 A recent study of vitamin A status conducted 

in a rural area 60 km north-west of Kisumu found the prevalence of sub-clinical vitamin A de

ficiency (serum retinol s 70 u.mol/L) to be 55.2% and 17.5% in preschool and primarvschool 

girls, respectively, and none with signs of xerophthalmia.32 Detailed information on the nutri

tional status of adolescents or young children in Kisumu is lacking. 

Study design and recruitment 

This study was a double-blinded, randomized placebo-controlled trial with a 2x2 factorial design. 

After consent was obtained from the parents-teachers associations of 14 public primary schools 

within the Kisumu municipality, all girls between 12 and 18 years-of-age were screened for the 

presence of anemia using a portable Hemocue system (HaemoCue AB, Angelholm, Sweden). 

Girls with mild to moderate anemia (hemoglobin 70 - 120 g/L) were subsequently enrolled 6 



to 8 weeks later. On enrollment a questionnaire was completed and a physical examination 

performed. A repeat finger-prick blood sample was also taken (details below). A pregnancy test 

was conducted for girls with a history of delayed menstruation. Any girls with severe anemia 

(Hb <70 g/L) or evidence of severe vitamin A deficiency (i.e. signs of xerophthalmia), who were 

pregnant or had concomitant disease requiring hospitalization were excluded from the study 

and referred for further health care free of charge. 

Randomization and blinding 

Each schoolgirl was assigned a study code in numerical order of recruitment. A balanced block 

randomization scheme (N = 12) was used to randomly assign each girl to one of four supplemen

tation groups. Study drugs and placebos were manufactured bv Laboratory and Allied Limited 

(Nairobi, Kenya) and the key to die study and placebo drugs revealed to the investigators only 

alter completion of the study. 

Interventions 

Enrolled girls were randomly assigned to be given one of the following supplementations; 1) iron 

and vitamin A, 2) iron and placebo vitamin A, 3) vitamin A and placebo iron or, 4) placebo iron 

and placebo vitamin A (double placebo). Iron supplementation consisted of 120 mg elemental 

iron in the form of two 200 mg ferrous-sulphate tablets given once weekly on the same day. 

Because the teratogenicity of vitamin A precludes the use of large single doses (e.g. 200,000 i.u.) 

in potentially sexually active adolescent girls, a relatively low weekly dose o( vitamin A was given, 

which is considered safe in the first trimester of pregnancy and consisted of 25,000 i.u. (8.3 mg) 

retinol in the form of a gelatin capsule given once weekly.3i All schools were visited weekly by a 

study nurse for approximately two school terms for the supervised administration of study drugs. 

If girls were absent on die day of die visit, study drugs were left with the teachers widi die instruc

tion to give die drugs when girls returned to school. Supervised supplementation was not possible 

during a 3-week leave period between two school terms and a 2-week teachers strike. Instruc

tions were given to the girls to take the study drugs at home and following the return to school. 

Follow-up 

The study was initially designed to include a 24-week intervention period, but because of a 

delayed start, the tail end of die intervention period would have fallen in the school examina

tions weeks. Following the request from teachers the protocol was therefore amended to a 21-

week intervention and follow-up period. Study girls were each seen five times during this peri

od at approximately 4-weekly intervals and at the end of the intervention period: 4, 8, 1 3, 16 

and 21 weeks after the start of supplementation. The 12 week follow-up visit was delayed with 

1 week because of school holidays. At each follow-up visit a blood sample (for hemoglobin con

centration and malaria smear) was taken, a questionnaire (including medical history, menstrual 
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history, history of potential side effects and use of medication in die prior month) was completed 

and a basic physical examination was performed (including clinical impression, skin rash and 

axillary temperature). Anthropometric measurements were taken at baseline, at 1 3 weeks and 

at the final follow-up visit (21 weeks). 

At each weekly supplementation visit girls were seen by the study-nurse. Girls with symp

tomatic illness detected at the weekly visits were referred to a dedicated study pediatrician. 

Each girl was given a health passport and girls suspecting illness could report directlv to this 

clinic at no cost. The study pediatrician filled in a dedicated study form that was used for 

passive surveillance. 

Laboratory methods 

After collection of each finger-prick sample, whole blood was transported in cooler boxes to 

a central laboratory at the Kenya Medical Research Institute in Kisian, 10 km from Kisumu. 

In Kisian, blood cells and plasma were separated and stored at -20°C, and subsequently at -70°C 

until further processing. A Coulter Counter (Model M530, Coulter Electronics Limited, Luton, 

England) was used to determine hemoglobin concentration (Hb). Daily control samples were 

run to determine the daily coefficient of variation, which never exceeded 7%. 

Thick blood smears were stained with Giemsa and examined for the presence of malaria 

parasites with a xlOO oil-emersion objective. Parasites and leukocytes were counted in the same 

fields until 300 leukocytes were counted. Parasite densities were estimated using an assumed 

leukocyte count of 8,000 leukocytes per mm1 of blood. Slides were considered to be negative 

if no asexual parasites were found in 200 ocular fields of the thick smear. 

Anthropometric data 

Measurements of height and weight were performed according to standard W H O procedures.34 

Weight was measured to the nearest 0.1 kg on a battery powered digital scale (Seca, Inc, 

Columbia, MD) and heights to the nearest 0.1 cm using a wooden length-measuring board 

with sliding head bar. '4 All measurements were taken twice and the average computed. Sexual 

maturation was assessed using a modified Tanner score based on the assessment of breast 

development only.33 

Height-for-age and weight-for-age z-scores were obtained using the 1978 C D C / W H O nor

malized version of the 1977 NCHS reference curves3 6 in Epi Info (version 2000; CDC, Atlanta, 

GA, USA). Body mass index (BMI) was calculated as weight/(height2). 

Cognitive function, school performance and attendance 

Cognitive function was assessed by the Rev Auditory Verbal Learning Test (RAVLT)37 and the 

deVilliers/Brandt Cancellation Test. The RAVLT is a categorised 1 S word list with 7 free recall 

trials, designed to test verbal learning and immediate memory span. Participants are read the 



same list of words 5 times and each time are asked to repeat as many words as they recall (recall 

trial). Subsequently, a second list of words is read and participants are again asked to recall as 

many words as they can. Finally, the participants are asked to name as many words from the first 

list as thev can recall. The test is scored by counting total number of correctly recalled words 

after 5 recall trials and the difference between trial 5 and 7. Recall after trial 3 is not normally 

scored,37 however, we did asses this endpoint to allow comparison with a recent supplementa

tion study assessing cognitive effects of iron which reported total recall score after 3 recall trials 

as the endpoint of an auditory verbal learning test, similar to the one used in this study.6 

The deVilliers/Brandt Cancellation Test is a timed tesl of visual scanning, target detection and 

cancellation; participants are given a form with 300 figures of 4 different types (squares, stars, 

circles and triangles), 4 different colours (red, blue, yellow and green) and 2 different sizes 

(big and small). They are asked to strike out all the figures of one type, size and colour as quickly 

as they can.The test is repeated two more times with different tasks. All girls were tested 3 

times; approximately 1 week before the start of supplementation, at 13 weeks and towards the 

end of the intervention period. On every occasion the tests were administered individually by 

the same specifically trained study nurse. 

At the end of the supplementation trial teachers were given forms to record school perfor

mance and attendance for all participating girls. Class rank, attendance and exam scores for 

each subject in the curriculum were recorded for three trimesters: one trimester pre-intervention 

(baseline), and the two trimesters during the intervention. For each girl the exam scores for the 

different subjects were combined in one summary score per trimester. 

Definitions 

Anemia and severe anemia were defined as hemoglobin concentrations <120 g/L and <70 g/L, 

respectively. Malaria parasitemia was defined as the presence of asexual stage parasites 

(anv species) in the thick smear. High-density parasitemia was defined as >500 parasites/mm'. 

Symptomatic malaria was defined as the presence of malaria parasitemia with concurrent fever 

(axillary temperature a37.5°C). Stunting and severe stunting were defined as hcight-for-age 

z-scores 2 and 3 standard deviations below the reference median.38Thinness was defined as 

BMI-for-age below the 5th percentile for that age using the NHANES I reference population.38 

Sample Size 

We estimated that a sample size of 220 participants (55 per arm) would be sufficient to detect 

a 5 g/L difference in the mean change in hemoglobin between the supplementation groups 

bv the end of the intervention period, with 90% power and 95% confidence, anticipating 20% 

drop out and assuming a standard deviation of the mean Hb level of 8 g /L. This same sample 

size would also allow the detection of a 2 cm difference in the increment of height between the 

groups with 90% power and 95% confidence assuming a SD of <3.2 cm. 
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Statistical methods 

Data forms collected in the field were entered in Clarion™, with built-in range and error 

checks. Data was entered twice, checked for consistency and corrected. All analyses were 

conducted in SAS (Statistical Application Software Institute, version 8.02, Cary, NC). Analyses 

were done on an intention to treat basis. 

Sample specific z-scores were calculated from smoothed reference curves for height, 

weight and BMI estimated by maximum penalized likelihood using the LMS method ï 9 with 

an LMS software package (Tim Cole, die Institute of Child Health, London, UK). To meet the 

normality assumption for parametric analysis, these sample specific z-scores were used as the 

nutritional endpoints. 

Baseline differences in proportions between groups were assessed using the Cochran-Mantel-

Haenszel Chi-square test. Fischer's exact test was used for rare outcomes. Normally distributed 

continuous outcomes, at baseline and final follow-up, were compared by ANOVA. Data not 

conforming to a normal distribution were compared by the Kruskal-Wallace test. 

Change in mean hemoglobin concentration, height-for-age, weight-for-age and BMI-for-age 

z-scores after 21 weeks of supplementation were assessed using repeated measures analysis. 

The restricted maximum likelihood method of estimation was implemented using Proc Mixed 

in SAS 8.02 to account for within subject correlation. To take any difference in effect of supple

mentation between schools into account, school was entered as a random effect, creating a hier

archical generalized linear model.40 Factors at baseline were introduced into the initial model 

individually to assess possible confounding and/or effect modification. Least squares means at 

21 weeks are reported for a child with the global mean of each outcome at baseline. The inter

action between the effects of iron and vitamin A was tested using the -2 log likelihood ratio 

test. Because the interaction term was not significant in any of the models, the main effect of 

iron while adjusting for the effect of vitamin A, and vice versa, was estimated by fitting models 

similar to the one presented above, but without the interaction term. Prevalence ratios of dif

ferences in anemia and school exam pass/fail rates between supplementation groups at final 

follow-up were assessed by log binomial regression in Proc Genmod in SAS, adjusting for base

line prevalence and clustering in schools. 

Differences in geometric mean parasite density between supplementation groups over the 

course of the study period were assessed by a similar repeated measures model as above (Proc 

mixed) and are reported as ratios. The incidence rates of malaria parasitemia, history of illness 

due to malaria or all causes, and irregular or heavy menstruation in the month prior to survey 

were calculated based on time up to the episode, the end of the main intervention period or 

loss to follow-up. All parasitemia events were counted, regardless of status at prior follow-up. 

Each episode detected at the 4-weekly visits was considered a new episode. Observation time 

and events occurring within 28 days of a treated malaria episodes at the clinic were excluded 

from analysis of the incidence of parasitemia. Rate ratios for incidence of malaria and clinical 



outcomes were obtained from a poisson regression model (Proc Genmod), controlling for 

confounding factors and adjusting for the cluster effect of school. 

Change in mean cognitive function and school performance scores at final follow-up were 

assessed by a repeated measures model, adjusting for baseline values, similar to the one 

described above (Proc mixed). Prevalence ratios ot differences in school exam pass/fail rates 

between supplementation groups at final follow-up were assessed bv log binomial regression 

(Proc Genmod), adjusting for baseline prevalence and clustering in schools. Differences in 

RAVLT learning curves, assessing performance across recall trials, were assessed at 21 weeks 

using a repeated measures generalized linear model (Proc Mixed) with recall trial as repeated 

measure, adjusting for the baseline learning curve and for clustering in schools. 

Results 

A total of 1615 girls aged 12 to 18 years were screened in 14 schools during a six-week period 

in April and May 1998. 350 (21.7%) girls were found to have mild/moderate anemia (70 g /L 

s Hb <120 g/L) . Only 6 (0.4%) girls had severe anemia (Hb <70 g/L). Overall 40.6% of the 

girls screened had started menstruating (post menarche). Post-menarcheal girls were cqually 

likely to be anemic as girls who had not yet started menstruating (25.4% vs. 22.2). 

Of the 350 anemic girls 279 were enrolled in one of the four supplementation arms 6 to 8 

weeks following screening. Of the remaining 71 girls not enrolled, 30 were from schools with 

less then 10 anemic girls per school.These four schools were excluded for logistical reasons. 

From a further 18 girls parental consent could not be obtained in time for the supplementation 

study. The remaining 23 turned out to meet exclusion criteria; 3 had developed severe anemia 

since screening, 3 were pregnant, or pregnancy could not be excluded widi certainty, 2 had 

concomitant disease (sickle cell disease and juvenile arthritis with severe malnutrition), 3 had 

moved since screening, 11 were younger than 1 2 years of age and 1 was absent on the day of 

enrollment for unknown reasons. After enrollment 279 girls were randomized to one of the 

four supplementation arms. 

Loss to follow-up 

Loss to follow up at the end of the study was 10.8% (30 of 279) and not different between the 

supplementation groups (Figure 1). Girls lost to follow-up were similar to those that had com

pleted the study with regard to baseline characteristics (data not shown). 
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Figure 1 . Subject d is t r ibut ion for double bl ind p lacebo-contro l led tr ial on the effect of weekly iron and vi tamin A on hemog lob in 

concentrat ion (Hb), nutr i t ional parameters, cogni t ive funct ion and school performance in anemic adolescent schoolgir ls in Kisumu 

city, western Kenya. 



Descriptives 

Supplementation groups were comparable at baseline (Table l ) .The median age was 13.8 (IQ 

range; 12.9, 14.8) years.The median maturity rating (Tanner breast development stage) was 

3 (IQ range; 2, 4) and 46 .8% of the girls had passed menarche. 30 .5% of the girls that were 

anemic at screening (based on die Hemocue assessment) were anemic at start of supplementation 

(6 to 8 weeks later, based on the coulter counter Hb assessment). Baseline mean (95% CI) 

hemoglobin was 128.0 (125.9, 1 30.2). A quarter of the girls had malaria parasitaemia at base

line, a third of these had parasite densities above 500 / m m ' . Only one girl presented with 

symptomatic malaria. Prevalence of stunting (4.4%) and diinness (12.3%) was relatively low. 

The mean (95% CI) height-for-age and weight-for-age z-scores (relative to 1977 NCHS reference 

curves) were - 0 . 1 7 (-0.29, -0.05) and - 0 . 6 0 (-0.69, -0.50) respectively. 

• Iron & Vitamin A 

• Iron 

A Vitamin A 

• Double placebo 

15 

10 -

5 

0 

-5 

. , ii 

| -10-1 16 21 4 8 13 

Time (weeks) 

Figure 2. Crude mean change in hemoglobin (Hb) level per supplementation group per follow-up over a 21 week supplementation 

period. Error bars represent 95% CI. 

Hematological response 

Figure 2 shows the crude mean hemoglobin levels for each supplementation group at each fol

low-up visit. There was considerable fluctuation in mean hemoglobin level over time reflecting 

physiological and seasonal fluctuations. 

Table 2 presents the results from the interaction models of the effect of supplementation bv 

study group on mean change in hemoglobin levels controlling for within group correlation and 

school clustering. The adjusted mean increase in hemoglobin by the end of the intervention 

period relative to that in the double placebo group was greatest in the iron&vitamin A group 

(P = 0.0005), followed by the group receiving iron alone (P = 0.003).The additional beneficial 
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Table 1 

Baseline character ist ics by s u p p l e m e n t a t i o n g r o u p 

Covariates 

Age (years); 

median (IQ range) 

Menstruating; No. (%) 

a 
Hb (g/L); mean (95% CI) 

H b < 1 2 0 g / L ; N o . (%) 

Parasite density (/mm !); 

geometric mean (95% CI) ' 

Any parasitemia; No. (%) 

Parasitemia > 5 0 0 / m m ' ; No. (%) 

Height-for-age z-score5; 

mean (95% CI) 

Stunt ing' ; No. (%) 

Weight-for-age z-score'; 

mean (95% CI) 

Underweight8 ; No. (%) 

BMI-for-age z-scores; 

mean (95% CI) 

Thinness'; No. (%) 

RAVLT score Trial 1 - III (nr of words); 

mean (95% CI ) " 

RAVLT difference Trial V & VII 

(nr of words); mean (95% CI) 'u 

Cancellation test (seconds); 

mean (95%CI)" 

Summary school exam score (%); 

mean (95% CI) 

. ,. .. ... 

v i t a m i n A 

13.9(12.9,14.5) 

33/68 (48.5) 

128.1 (123.2,133.0) 

18/58(31.0) 

348(144,839) 

16/51 (31.4) 

5/51 (9.8) 

-0.02 (-0.26,0.21) 

2/67 (3.0) 

-0.061-0.29,0.18) 

3/68 (4.4) 

-0.08 (-0.31, 0.16) 

7/67(10.5) 

20.6(19.2,22.1) 

-2.0 (-2.6,-1.4) 

125.8(117.7,133.9) 

44.5(41.4,47.6) 

i n te rven t ion groups 

Iron 

13.7 (12.9,14.5) 

31/70(44.3) 

125.7(120.6,130.8) 

22/62 (35.5) 

263(102,676) 

15/55(27.3) 

6/55 (10.9) 

-0.03 (-0.30, 0.23) 

5/70(7.1) 

0.01 (-0.25, 0.28) 

4/70 (5.7) 

0.03 (-0.23, 0.29) 

11/70(15.7) 

21.3(20.0,22.6) 

-1.7 (-2.2,-1.2) 

122.3(113.8,130.8) 

41.8(38.4,45.3) 

Vitamin A 

13.9(12.9,15.0) 

35/70 (50.0) 

127.7(124.2,131.3) 

17/59(28.8) 

221 (90, 540) 

9/52(17.3) 

3/52 (5.8) 

-0.061-0.29,0.18) 

4/69 (5.8) 

0.101-0.14,0.33) 

3/70 (4.3) 

0.17 (-0.07, 0.41) 

7/69(10.1) 

22.9(21.3,24.5) 

-1.9 (-2.5,-1.4) 

111.8(104.3,119.2) 

42.8(39.1,46.5) 

Placebo 

13.7(12.9,14.9) 

31/71 (43.7) 

130.5(126.6,134.3) 

17/64(26.6) 

26(166,423) 

14/55(25.5) 

3/55 (5.5) 

0.16 (-0.08, 0.40) 

1/70(1.4) 

0.061-0.18,0.30) 

2/70 (2.9) 

-0.05 (-0.29, 0.20) 

9/70(12.9) 

22.1 (20.5, 23.6) 

-1.5 (-2.1, 1.0! 

112.7(104.8,120.6) 

43.7 (40.7,46.6) 

Stat ist ical 

d i f fe rence 

p-value 

0.98' 

0.74 

0.48' 

0.43-

0.88' 

0.31-

0.27' 

0 5 7 ' 

0.34' 

0.84 ' 

0.92' 

0.50' 

0.93' 

0.16' 

0.63' 

0.03' 

0.68' 

1 Kruskal-Wallistest 

2 Chi-square test 

3 ANOVA 

4 Positive blood smears only 

5 Z-scores relative to sample specific reference curves 

6 Height-forage below -2 sd relative to normalised 

NCHS (1977) reference data » 

7 Fisher's exact test 

8 Weight-forage below -2 sd relative to normalised NCHS 

(1977) reference data J 6 

9 Body mass index (BMI) below 5th percentile relative to 

NHANES I reference data swo 

10 Rey Auditory Verbal Learning Test 

11 de Villiers/Brandt Cancellation Test 



Table 2 

Effect of s u p p l e m e n t a t i o n groups o n hemato log ica l a n d a n t h r o p o m e t r i c outcomes a f te r 21 weeks 

of s u p p l e m e n t a t i o n . 

I ron & v i t a m i n A I ron 

H e m o g l o b i n concent ra t ion (g/L) 

crude mean change 7.3 7.8 

adjusted mean change 9.4 8.2 

difference in crude mean 

1 

3.9 

i 

Placebo 

-0.1 

2.2 

change (95%CI) c 7.4 (0.5,14.3) p= 0.035 8.0 (1.3,14.7) p= 0.020 1.1 (-5.7, 7.9) p= 0.741 reference 

difference in adjusted 

mean change (95% CI) 7.2 (3.2,11.2) p= 0.0005 6.0 (2.1,10.0) p=0.003 1.7 (-2.3, 5.7) p=0.406 reference 

H e i g h t - f o r - a g e z -score 

crude mean change 0.01 0.04 

adjusted mean change 0.01 0.04 

difference in crude mean 

l ^ H S H S ^ H S 

I change (95% Ci) 0.01 (-0.07, 0.10) p=0.723 0.05 (-0.03,0.13) p=0.238 -0.03 (-0.1,0.05 )p=0.466 reference 

: difference in adjusted 

i means(95%CI) 0.01 (-0.07, 0.09) p= 0.836 0.04 (-0.04, 0.12) p= 0.345 -0.04 (-0.13,0.04) p=0.294 reference 

W e i g h t - f o r - a g e z-scon 

crude mean change 0.09 0.06 0.08 0.02 

adjusted mean change 0.09 0.06 0.08 0.03 

difference in crude mean 

change (95% CI) 0.07 (-0.08, 0.22) p=0.348 0.04 (-0.11, 0.19) p=0.596 0.06 (-0.09,0.21) p=0.441 reference 

| difference in adjusted 

means(95%CI) 0.05 (-0.08, 0.19) p= 0.439 0.03 (-0.11, 0.17) p=0.680 0.05 (-0.09, 0.19) p= 0.463 reference 

BMI- for -age z-score 

crude mean change 0.13 0.03 0.13 0.02 

! adjusted mean change 0.11 0.03 0.15 0.04 

difference in crude mean 

change(95%CI) 0.10 (-0.11, 0.32) p= 0.331 0.01 (-0.20, 0.215 p=0.944 0.11 (-0.11,0.32) p=0.327 referem 

difference in adjusted 

i means(95%CI) 0.08 (-0.11,0.27) p=0.417 -0.00 (-0.19, 0.19) p= 0.980 0.12 (-0.08, 0.31) p-0.234 reference 

Note. Adjusted mean change; Least square means at week 21, obtained from repeated measures analysis, adjusted for the baseline value 

of the endpoint and for clustering in schools. Crude difference in mean change at week 21 , obtained from ANOVA. 
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effect of vitamin A when added to iron, however, was small and not statistically significant 

(adjusted difference in mean change in hemoglobin compared to iron alone (95% CI); 1.1 g /L 

[-3.0, 5.2], P = 0.587).There was also no statistically significant difference between the group 

receiving vitamin A alone and the double placebo group (P = 0.406) (Table 2). No interaction 

was seen between the effects of iron and vitamin A on hemoglobin concentrations (p-value 

interaction term = 0.283), which allowed us to estimate the main effects of iron and vitamin A, 

while controlling for the effect of vitamin A and iron respectively (Table 3). Iron supplemen

tation was associated with a 5.7 g /L increase in hemoglobin (P <0.0001), and vitamin A with 

a 1.4 g /L increase (P = 0.322). 

As iron losses are presumably higher in menstruating than in non-menstruating adolescents 

we also examined whether the effect of supplementation on hemoglobin concentration depend

ed on the presence of menarche at baseline. Menstruation was a significant effect modifier of 

the effect of iron supplementation (p-value two-way interaction term menarche-iron = 0.002). 

The effect estimates for menstruating and non-menstruating girls are presented in Table 4. Iron 

supplementation was only effective in girls that had passed menarche before the baseline survey. 

Again, there was no statistically significant beneficial effect of vitamin A, when given alone or in 

addition to iron, regardless of the menarche. 

By 21 weeks the groups receiving iron had a significantly lower prevalence of anemia than the 

group receiving placebo-iron (9 .1% vs. 30.3%; prevalence ratio [95% CI]; 0.33 [0.21, 0.51], 

P<0.0001). Vitamin A had no effect on the prevalence of anemia compared to the group receiving 

placebo vitamin A (20.0% vs. 20.2%; prevalence ratio [95% CI]; 0.95 [0.57, 1.60], P = 0.851). 

Table 3 

Note. Difference in mean change at week 21, obtained from repeated measures analysis, adjusted for baseline value of the endpoint and 

for clustering in schools. Main effect of iron is compared to placebo iron. Main effect of vitamin A is compared to placebo vitamin A. 



Table 4 

Note. Difference in mean change between iron and placebo iron, controlling for vitamin A, and vitamin A and placebo vitamin A, control

ling for iron, obtained from repeated measures analysis, adjusting for baseline hemoglobin, clustering in schools and the effect 

of the vitamin A on iron and vice versa. lron*menstruation interaction term p-value = 0.002. Vitamin A*menstruation interaction 

term p-value = 0.128. Three-way interaction term p-value = 0.396. 

Nutritional response 

There was no interaction between iron and vitamin A for any of the cndpoints; (p-value inter

action terms; hcight-for-age z-scores = 0.489, weight-for-age z-scores = 0.942, BMI-z scores 

= 0.561). No significant differences in height gain, weight gain or BM1 were seen between the 

supplementation groups after the 21-week supplementation period (Tables 2 & 3). 

Impact on the incidence of malaria, all cause morbidity, side effects 

and menstrual abnormalities 

There was no interaction between the effects of iron and vitamin A on malaria parasitemia 

(p-value interaction term = 0.428), high density parasiteamia (p-value interaction term = 0.861), 

any morbidity (p-value interaction term = 0.982), clinical malaria (p-value interaction term 

= 0.068), or non-malarial illness (p-value interaction term = 0.929). The main effects incidence 

risk ratios are given in Table 5. 

The results from the monthly follow-up visits indicated that girls in the iron supplemented 

group were more likely to be parasitemic (P = 0.0008) compared to girls who were randomized 

to the placebo-iron groups, however, geometric mean parasite densities of the parasitemic girls 

were not significantly higher (ratio of geometric means [95% CI]; 1.09 [0.66, 1.62], P = 0.737). 

No differences between groups were seen in any measures of morbidity at the 4-weekly follow-

up or clinic visits (Table 5). 

Passive surveillance indicated that 32 girls visited the study clinic during the follow-up period. 

The most common diagnosis was malaria (diagnosed 8 times) followed by allergic conjunctivitis 

(7 times), tonsillitis (6 times) and gastritis (5 times).There was no difference between the groups. 

Anemia was diagnosed only twice; once in a girl with malaria (iron & vitamin A group) and 

once in a girl with menorrhagia (double placebo group). None of the girls presented with 

severe disease. 
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Table 5 

Effect of s u p p l e m e n t a t i o n groups on incidence of ma la r ia , o ther cl inical ou tcomes and menst rua l history. 

Placebo i ron V i t a m i n A Placebo v i t a m i n A 

Any p a r a s i t e m i a ' 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

High 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

Any m o r b i d i t y 2 

incidence rate; 

/ I 000 person months 

Risk Ratio (95% CI) 

1.36(0.96, 1.92), p=0.087 

34 

reference 

242 

1.17(0.87, 1.57), p=0.298 

207 

reference 

1.84(0.35, 9.80), p=0.475 

233 

1.15(0.89, 1.49), p=0.291 

Clinical m a l a r i a / 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

Non-malar ia l i l lness 1 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

"Heavy" m e n s t r u a t i o n 

Incidence rate; 

/1000 person months 

Risk Ratio (95% CI) 

" I r regular" mens t rua t i e 

Incidence rate; 

/1000 person months 93 

Risk Ratio (95% CI) 1.06 (0.65,1.71), p=0.81 

87 

reference 

46 34 

1.36 (0.68, 2.70), p=0.386 reference 

233 

1.08(0.79, 1.48), p=0.621 

215 

reference 

9 I 7 

1.26 (0.62, 2.52), p=0.523 reference 

91 ' 89 

1.02 (0.63,1.64), p=0.943 reference 

Note. Risk Ratio for incidence of malaria and clinical outcomes, obtained through poisson regression, adjusting for clustering in schools. 

1 Adjusted for age and baseline parasitemia. 

2 4-weekly fol low-up and passive surveillance combined. 

3 Adjusted for age and "heavy" menstruation at baseline. 

4 Adjusted for age and "irregular" menstruation at baseline. 



Girls receiving iron were twice as likely as girls receiving placebo iron to report constipation 

or dark stools during monthly follow-up visits (Risk Ratio [95% CI] for constipation 2.2 

[1.1, 4.4] and dark stool 6.4 [1.0, 41.5]).There was no difference between groups regarding 

the occurrence of other symptoms or potential side effects as nausea, vomiting or diarrhoea. 

During the study period 48 and 67 girls perceived their menstruation as "heavy" and "irregular", 

respectivelv, compared to what thev were used to. There was no interaction between iron and 

vitamin A. No significant differences in incidence of reporting menstrual irregularities was seen 

between the supplementation groups (Table 5). Only three girls, one from each group except 

the iron&vitaminA group, went to the study clinic because of dysmenorrhoea. 

Table 6 

Effect of supp' unct ion a n d school p e r f o r m a n c e . 

i r o n 

RAVLT to ta l recall t r ia l f if * (nr of words) 

adjusted mean change 10.2 9.1 

difference in adjusted 

means (95%CI) 1.0(0.1,1.9), p=0.033 reference 

RAVLT d i f fe rence recal l t r i a l V & V I I ' (nr of words) 

adjusted mean change 1.0 0.7 

difference in adjusted 

means (95% CI) 0.4 (-0.03,0.78), p=0.072 reference 

Cancel lat ion t e s t ; (seconds) 

adjusted mean change -19.8 -17.1 

difference in adjusted 

means (95% CI) -2.7 (-8.3, 3.0), p=0.358 reference 

Summary school exam score (percentage points} 

adjusted mean change 2.2 2.4 

difference in adjusted 

means {95% CI) -0.2 {-1.4,1.9), p=0.782 reference 

Final t e r m pass/fai l rate * 

Proportion passing; 

proport ion {%) 43/82 (52.4) 38/77 (49.4) 

Prevalence ratio 0.83 (0.65,1.07), p=0.145 reference 

Placebo v i tamin A 

-0.1 (-1.0, 0.9), p=0.878 reference 

0.2 (-0.19, 0.62), p=0.303 reference 

-3.0 (-8.6, 2.6), p=0.294 reference 

).3 (-1.6, 1.0), p=0.646 reference 

38/74(51.4) ; 43/85(50.6) 

1.1 (0.87,1.40), p=0.434 reference 

Note. Difference in mean change at week 21, obtained from repeated measures analysis, adjusted age and clustering in schools. 

1 Rey Auditory Verbal Learning Test 

2 deVilliers/Brandt Cancellation Test 

3 Prevalence ratios for passing exams at 21 weeks, obtained from log binomial regression, adjusted for baseline pass/fail rate, clustering in 

schools and the effect of vitamin A on iron and vice versa 
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Cognitive function and school performance 

The effect of supplementation on cognitive function and school performance is presented in 

Table 6. There was no interaction between the effects of iron and vitamin A on anv of the 

endpoints.The group receiving iron scored better than the group receiving placebo iron on 

total RAVLT recall score after 3 recall trials (P = 0.033), after 5 recall trials (adjusted difference 

in mean improvement [95% CI]; 0.9 [-0.5, 2.3], P = 0.206) and recall after interference bv 

the second word list (P = 0.072) (Table 6). RAVLT learning curves improved for all girls at each 

successive survey but there was no significant difference in improvement between groups after 

21 weeks of supplementation (P = 0.429). No significant differences in improved performance 

on the cancellation test, average school exam scores or pass/fail rates were seen between groups 

(Table 6). Record keeping of school attendance by the school was poor and no inference about 

the effect of any of the interventions on school attendance could be made. 

Discussion 

This randomized controlled trial aimed to determine the effect of weekly iron and vitamin A 

supplementation on hemoglobin levels, growth, morbidity and school performance in adolescent 

schoolgirls in Kisumu city, western Kenya. Twenty-one weeks of weekly supplementation widi 

iron was associated with an increase of 11.5 g /L in mean hemoglobin concentrations compared 

to those receiving placebo iron (P <0.0001).This effect was only evident in schoolgirls that had 

passed menarche, and not in girls who had not yet started menstruating. By contrast, weekly 

vitamin A given alone, was not associated with a significant increase in hemoglobin concentrations 

regardless of whether menarche had occurred. There was no evidence that the effect of iron was 

dependent on the concomitant administration of vitamin A, or vice versa (i.e. no interaction). 

It has long been recognized that vitamin A is essential for normal hematopoiesis and plavs 

a role in the etiology of anemia.'3 In a study of iron supplementation for anemic vitamin A 

depleted individuals, a hematological response to iron was only observed after vitamin A status 

was improved.16 Recent randomized controlled trials that determined the effect of vitamin A 

in addition to iron supplementation for the treatment of anemia showed that the combination 

therapy resulted in significantly better hematological recovery than iron supplementation 

alone. I4>41-42 However, others have failed to confirm these findings.15.43-45 The difference between 

the above named studies is not explained by differences in dosage, as most gave daily doses 

between 5,000 to 8,000 IU retinol (i.e. 35,000 to 56,000 IU per week). Moreover, one of the 

studies showed a significantly enhanced effect in adolescent girls even with a relatively low 

weekly dose of 8,000 IU retinol for 12 weeks.42 Thus, it is unlikely that the lack of effect of 

vitamin A seen in this trial was due to the relatively low dose given (25,000 IU retinol per week). 

The lack of effect may imply that vitamin A status in this adolescent population is adequate 



in most of the girls and that iron metabolism is not negatively influenced as a direct result. 

The results from the biochemical marker of iron and vitamin A status are pending. 

Several recent supplementation trails in adolescent girls reported significant hematological 

improvement in response to weekly iron (some in combination with folic acid).42'45"50 Similarly, 

we show a significant hematological response to weekly iron supplementation, but only in girls 

that had passed menarche.The lack of a hematological response following iron supplementation 

in the non-menstruating schoolgirls may reflect that iron deficiency is not a main cause of anemia 

during pre-menarche in this area. This is consistent with our previous observations from cross-

sectional surveys conducted in this same age group in neighboring Bondo district (Chapter 2). 

Although die cross-sectional design of diis previous study limits the interpretation of the findings, 

it implicated malaria and schistosomiasis as potential causes of anemia in young adolescents, 

but not in older girls. In die older girls heavy menstruation was the only risk factor identified, 

presumably because resistance to parasitic infection improves with age and pubertal develop

ment (Chapter S). Insecticide treated bed net were also found to reduce the prevalence of 

malaria associated anemia in young schoolgirls aged 12-13 years, but not in the older girls 

(Chapter 4). Thus these combined results suggest that the relative contribution of iron deficiency 

as a cause of anemia is likely to be greater in the menstruating girls. 

Unlike previous findings of Lithgow and Politzer, that supplementation with vitamin A 

reduced menorraghia, we found no significant difference in the incidence of menstruation per

ceived as 'heavy' by the girls.18 Eleven percent of the girls perceived their menstruation to be 

"heavy", but this wasn't objectivated and the proportion with true menorraghia might have been 

lower than reported. Moreover, die dose of vitamin A in this study was 12.5 times lower than 

that used by Lithgow & Politzer. 

In the current study no effect of iron or vitamin A supplementation on linear growth, weight 

gain, or bodv composition was seen.The lack of effect mav be explained by the fact that at base

line, even in this "selected" population, stunting was uncommon (4%) and consequently little 

catch-up growth could be expected. Similarly only 12% had body-mass-index scores below the 

5th percentile of the reference population for this age group (an indicator of'thinness'). 

Although there is some evidence diat iron supplementation improves linear growth in anemic 

children,41 '51 little evidence exists that iron supplementation improves linear growth in adoles

cent girls. Recent randomized controlled trials in adolescents only found significant weight gain 

in response to iron (one study also included folic acid) supplementation.49-52 Only a single study 

involving pregnant adolescent Nigerian girls demonstrated significant height gain in response to 

daily iron and folate supplementation.55 However, die mean height at baseline was not compara

ble between the study groups and girls receiving iron and folate were smaller than girls in the 

placebo group before the start of the intervention. Rather than a true effect on linear growth, 

the observations that iron supplemented girls experienced greater height gain may be explained 

by regression towards the mean, because no attempt was made to adjust for the differences at 

The effect of weekly iron and vitamin A 131 



baseline.'4 It remains unclear whether iron supplementation could benefit nutritional status 

in adolescents who are more severely malnourished, iron deficient and anemic than in our 

population. 

Despite the well-recognized public health burden of anemia and the beneficial effects of iron 

supplementation, the use of iron therapy remains controversial in many malaria endemic countries 

because of the concerns that iron therapy exacerbates infections and it's use in malaria endemic 

areas remains debated.22-55 ' 8 However, a recent meta-analysis by the International Nutritional 

Anemia Consultative Group concluded that the overall increased risk of malaria parasitemia is 

small and does not outweigh the hematological benefits of iron supplementation.56 We did not 

find that girls assigned to the iron supplementation group had a significantly increased risk of 

clinical malaria on passive surveillance and at the 4-weekly follow-up visits compared with girls 

receiving placebo iron (RR 1.84, 95% CI 0.35, 9.80). The overall number of clinical malaria 

attacks in this study, however, was very small, and further studies would clearly be needed to 

verify our observation. Nevertheless, we found that girls receiving iron experienced a higher 

incidence of parasitemia, although the overall incidence in all supplementation groups was low. 

The concomitant administration of vitamin A did not modify the effect of iron on malaria para

sitemia or clinical malaria. Vitamin A alone was also not associated with an in- or decreased 

incidence of malaria parasitemia, malarial or other illness or menorrhagia. 

A recent systematic review by Grantham-McGregor and Ani concluded that there is convin

cing evidence that iron supplementation beneficially effects cognition, in anemic children older 

than 2 years, but data in adolescents is scarce.7This study found inconclusive evidence that iron 

supplementation improves cognitive function in adolescence. Iron supplementation improved 

free recall in an auditory verbal learning test, similar to a recent randomized study of the cogni

tive effect of iron supplementation in non-anemic iron-deficient adolescent girls.6 However, 

there was only a significant effect on total recall after 3 trials, but not after five trials or after 

interference by a second word list and no difference in improvement of learning curves 

between groups was seen. We found no impact of iron on visual search and target detection, 

a measure of attention, or on school performance. More research is needed to conclude whether 

iron supplementation can reverse cognitive impairment, due to iron deficiency, in adolescents. 

We conclude that school-based weekly iron supplementation is well-tolerated and effective 

in increasing hemoglobin concentrations in menstruating girls aged 12—18 years. Iron supple

mentation had no effect on hemoglobin concentration in pre-menarcheal girls. Weekly vitamin 

A supplementation, alone, or combined with weekly iron, did not result in a significant increase 

in hemoglobin, regardless of menstrual status. Iron had no beneficial effect on cognitive func

tion or school performance. Neither iron nor vitamin A supplementation had an effect on stan

dard nutritional parameters or malaria and non-malaria morbidity. Further research is required 

to determine the long-term effects of iron supplementation programs in schoolgirls of repro

ductive age for the prevention of anemia related adverse outcomes in adolescent pregnancies. 



Acknowledgments 

We are grateful to all the schoolgirls, parents and teachers who participated in the study. We are 

indebted to Jenifer Matara and other staff from KEMRI for all their hard work and dedication 

to this project. We thank Laboratory and Allied Limited, Nairobi, Kenya for donating the study 

drugs. We thank Dr. Margaret Oloo for her advice and being the study pediatrician. We thank 

Dr. A.H. Zwinderman, (Academic Medical Center, University of Amsterdam) Meghna Desai 

and Lisa Mirel (Centers for Disease Control) for their statistical support. We thank the Director 

of the Kenya Medical Research Institute (KEMRI) for his permission to publish this work. 

This study was supported by a grant from The Netherlands Foundation for the Advancement ot 

Tropical Research (WOTRO), the Netherlands). 

The effect of weekly iron and vitamin A 133 



References 

1 WHO. Iron deficiency anaemia: assessment, prevention and control. Geneva: World Health 

Organization, 2001 

2 Brabin L, Brabin BJ. The cost of successful adolescent growth and development in girls in 

relation to iron and vitamin A status. Am J Clin Nutr 1992; 55: 955-8. 

3 DeMaeyer E, Adiels-Tegman M. The prevalence of anaemia in the world. World Health 

S ta tQ 1985; 38: 302-16 

4 ACC/SCN. Third Report on the World Nutrition Situation. Geneva: ACC/SCN, 1997 

5 Stoltzfus RJ. Iron-deficiency anemia: reexamining the nature and magnitude of the public 

health problem. Summary: implications for research and programs. J Nutr 2001; 131: 

697S-700S; discussion 700S-701S 

6 Bruner AB, Joffe A, Duggan AK, Casella JF, Brandt J. Randomised study of cognitive effects 

of iron supplementation in non-anaemic iron-deficient adolescent girls. Lancet 1996; 

348: 992-6 

7 Grantham-McGregor S, Ani C. A review of studies on the effect of iron deficiency on 

cognitive development in children. J Nutr 2001; 131: 649S-666S; discussion 666S-668S. 

8 Brabin L, Verhoeff FH, Kazembe P, Brabin BJ, Chimsuku L, Broadhead R. Improving ante

natal care for pregnant adolescents in southern Malawi. Acta Obstet Gynecol Scand 1998; 

77: 402-9. 

9 Beaton GH. Iron needs during pregnancy: do we need to rethink our targets? Am J Clin 

Nutr 2000; 72: 265S-271S 

10 BothwellTH. Iron requirements in pregnancy and strategies to meet them. Am J Clin Nutr 

2000; 72: 257S-264S 

11 Harrison KA. Child-bearing, health and social priorities: a survey of 22 774 consecutive 

hospital births in Zaria, Northern Nigeria. Br J Obstet Gynaecol 1985; 92: 1-119. 

12 Michaelsson G, Vahlquist A, Juhlin L, MellbinT, Bratt L. Zinc and vitamin A: serum con

centrations of zinc and retinol-binding protein (RBP) in healthy adolescents. Scand J Clin 

Lab Invest 1976; 36: 827-32 

13 Semba RD, Bloem MW The anemia of vitamin A deficiency: epidemiology and pathogenesis. 

Eur J Clin Nutr 2002; 56:271-81 

14 Suharno D, West CE, Muhilal, Karyadi D, Hautvast JG. Supplementation with vitamin A 

and iron for nutritional anaemia in pregnant women in West Java, Indonesia. Lancet 1993; 

342: 1325-8 

15 Mejia LA, Chew F. Hematological effect of supplementing anemic children with vitamin A 

alone and in combination with iron. Am J Clin Nutr 1988; 48: 595-600 

16 Hodges RE, Sauberlich HE, Canham JE, Wallace DL, Rucker RB, Mejia LA, Mohanram M. 

Hematopoietic studies in vitamin A deficiency. Am J Clin Nutr 1978; 31: 876-85 



17 Wieringa FT, Dijkhuizen MA, West CE.Thurnham Dl, Muhilal, Van der Meer JW. 

Redistribution of vitamin A after iron supplementation in Indonesian infants. Am J Clin 

Nutr 2003; 77: 651-7 

18 Lithgow DM, PolitzerWM. Vitamin A in the treatment of menorrhagia. S Afr Med J 1977; 

SI: 191-3 

19 Laurence PA, Sobel AE. Changes in serum vitamin A level during the human menstrual 

cycle. J Clin Endocrinol 1953; 13: 1192-200 

20 Cohen BJ, GiborY. Anemia and menstrual blood loss. Obstet Gynecol Surv 1980; 

35: 597-618 

21 Fleming AF. Anaemia as a world health problem. In: Wcatherall DJ, Ledingham JGG, 

Warrell DA, eds. Oxford Textbook of Medicine. Oxford: Oxford University Press, 

1987:1972-79. 

22 Oppcnheimer SJ. Iron and its relation to immunity and infectious disease. J Nutr 2001; 

131: 616S-633S; discussion 633S-635S 

23 Semba RD. Vitamin A and immunity to viral, bacterial and protozoan infections. Proc Nutr 

Soc 1999;58:719-27 

24 Villamor E, Fawzi WW. Vitamin A supplementation: implications for morbidity and 

mortality in children. J Infect Dis 2000; 182 Suppl 1: S122-33 

25 Stoltzfus RJ, Dreyfuss M, Shrestha JB, Kharty SK, Schultze K, West KP, Jr. Effect of maternal 

vitamin A or beta carotene supplementation on iron deficiency in Nepalese pregnant 

women, post partum mothers and infants. XVIII IVACG Meeting. Cairo, Egypt, 1997 

26 Shankar AH, Genton B, Semba RD, Baisor M, Paino J,Tamja S, AdigumaT, Wu L, Rare L, 

Tielsch JM, Alpers MP, West KP, Jr. Effect of vitamin A supplementation on morbidity due 

to Plasmodium falciparum in voung children in Papua New Guinea: a randomised trial. 

Lancet 1999; 354: 203-9 

27 Binka FN, Ross DA, Morris SS, Kirkwood BR, Arthur P, Dollimore N, Gyapong JO, Smith 

PG. Vitamin A supplementation and childhood malaria in northern Ghana. Am J Clin Nutr 

1995; 61 : 853-9 

28 Robert V, Macintyrc K, Keating J,Trapc JF, Duchemin JB, Warren M, Beier JC. Malaria 

transmission in urban sub-Saharan Africa. Am JTrop Med Hyg 2003; 68: 169-76 

29 van Eijk AM, Ayisi JG, ter Kuile FO, Misore A, Otieno JA, Kolczak MS, Kager PA, Steketee 

RW, Nahlcn BL. Human immunodeficiency virus seropositivity and malaria as risk factors 

for third-trimester anemia in asymptomatic pregnant women in western Kenya. Am JTrop 

Med Hyg 2001; 65: 623-30 

30 Bloland PB, Lackritz EM, Kazembe PN, Were JB, Steketee R, Campbell CC. Beyond 

chloroquine: implications of drug resistance for evaluating malaria therapy efficacy and 

treatment policy in Africa. J Infect Dis 1993; 167: 932-7. 

The effect of weekly iron and vitamin A 135 



31 Glynn JR, Carael M, Auvert B, Kahindo M, Chege J, Musonda R, Kaona F, Buve A. Why do 

young women have a much higher prevalence of HIV than young men? A studv in Kisumu, 

Kenya and Ndola, Zambia. Aids 2001; 15: S51-60. 

32 Friis H, Mwaniki D, Omondi B, Muniu E, Magnussen P, GeisslerW,Thiong'o F, Michaelsen 

KF. Serum retinol concentrations and Schistosoma mansoni, intestinal helminths, and malarial 

parasitemia: a cross-sectional study in Kenyan preschool and primary school children. Am J 

ClinNutr 1997;66:665-71 

33 WHO. Safe vitamin A dosage during pregnancy and lactation: recommendations and 

report of a consultation. NUT/98 .4 . Geneva: World Health Organization/Nutrition 

Programme, 1998 

34 W H O Working Group. Use and interpretation of anthropometric indicators of nutritional 

status. Bull World Health Org 1986; 64: 929-41 

35 Tanner J. Growth at adolescence. 2nd ed. Oxford: Blackwcll Scientific Publications, 1962 

36 Dibley MJ, Goldsby JB, Staehling NW, Trowbridge FL. Development of normalized curves 

for the international growth reference: historical and technical considerations. 

Am J Clin Nutr 1987; 46: 736-48 

37 Lczak MD. Neuropsychological assessment. 2nd ed. New York: Oxford University Press, 1983 

38 W H O Expert Committee on Physical Status. Physical status: the use and interpretation 

of anthropometrv. Geneva: 1995 

39 ColeTJ, Green PJ. Smoothing reference ccntile curves: the LMS method and penalized 

likelihood. Stat Med 1992; 11: 1305-19 

40 Singer JD. Using SAS PROC MIXED to fit multilevel models, hierarchical models, and 

individual growth models. J Educ Behav Stat 1998; 24: 323-355 

41 Mwanri L, Worsley A, Ryan P, Masika J. Supplemental vitamin A improves anemia and 

growth in anemic school children in Tanzania. J Nutr 2000; 130: 2691-6 

42 Ahmed F, Khan MR, Jackson AA. Concomitant supplemental vitamin A enhances the 

response to weekly supplemental iron and folic acid in anemic teenagers in urban 

Bangladesh. Am J Clin Nutr 2001; 74: 108-15 

43 Muslimatun S, Schmidt MK, Schultink W, West CE, Hautvast JA, Gross R, Muhilal. Weekly-

supplementation with iron and vitamin A during pregnancy increases hemoglobin concen

tration but decreases serum ferritin concentration in Indonesian pregnant women. 

J Nutr 2001; 131:85-90 

44 Kolsteren P, Rahman SR, Hilderbrand K, Diniz A. Treatment for iron deficiency anaemia 

with a combined supplementation of iron, vitamin A and zinc in women of Dinajpur, 

Bangladesh. Eur J Clin Nutr 1999; S3: 102-6 

45 Katelhut A, Schultink W, Angeles I, Gross R, Pietrzik K.The effect of weekly iron supple

mentation with folic acid, vitamin A, vitamin C on iron status of Indonesian adolescents. 

Asia Pacific J Clin Nutr 1996; 5: 181-185 



46 Tee ES, Kandiah M, Awin N, Chong SM, Satgunasingam N, Kamarudin L, Milani S, 

Dugdale AE, Viteri FE. School-administered weekly iron-folate supplements improve 

hemoglobin and ferritin concentrations in Malaysian adolescent girls. Am J Clin Nutr 

1999; 69: 1249-56 

47 Kianfar H, Kimiagar M, Ghaffarpour M. Effect of daily and intermittent iron supplemen

tation on iron status of high school girls. Int J Vitam Nutr Res 2000; 70: 172-7 

48 Zavaleta N, Respicio G, Garcia T. Efficacy and acceptability of two iron supplementation 

schedules in adolescent school girls in Lima, Peru. J Nutr 2000; 130: 462S-464S 

49 Kanani SJ, Poojara RH. Supplementation with iron and folic acid enhances growth in 

adolescent Indian girls. J Nutr 2000; 1 30: 4S2S-45SS 

50 Hall A, Roschnik N, Ouattara F,Toure I, Maiga F, Sacko M, Moestue H, Bendech MA. A 

randomised trial in Mali of the effectiveness of weekly iron supplements given by teachers 

on the haemoglobin concentrations of schoolchildren. Public Health Nutr 2002; 5: 413-8 

51 Bhandari N, Bahl R.Taneja S. Effect of micronutrient supplementation on linear growth of 

children. Br J Nutr 2001; 85 Suppl 2: S131-7 

52 Beasley NM, Tomkins AM, Hall A, Lorri W, Kihamia CM, Bundy DA. The impact of weekly 

iron supplementation on the iron status and growth of adolescent girls in Tanzania. 

Trop Med Int Health 2000; 5: 794-9. 

53 Harrison KA, Fleming AF, Briggs ND, Rossiter CE. Growth during pregnancy in Nigerian 

primigravidae. Br J Obstet Gynaecol 1985; 92 Suppl 5: 32-9 

54 Vickers AJ, Altman DG. Statistics notes: Analysing controlled trials with baseline and follow 

up measurements. Bmj 2001; 323: 1123-4 

55 Gillespie SH, Johnston JL. Expert consultation on anemia determinants and interventions. 

Ottowa:The Micronutrient Initiative, 1998 

56 INACG Consensus Statement. Safety of iron supplementation programs in malaria-ensemic 

regions. Washington DC: International Life Sciences Institute, 1999 

57 Shankar AH. Nutritional modulation of malaria morbidity and mortality. J Infect Dis 2000; 

182 Suppl 1: S37-53 

58 Shankar AH, Fishman S, Goodman S, Stoltzfus RJ.The influence of iron supplementation 

on malaria morbidity: a meta-analysis of controlled trials. Br Med J in press; 

59 Must A, Dallal GE, Dietz WH. Reference data for obesity: 85th and 95th percentiles of 

body mass index (wt/ht2) and triceps skinfold thickness. Am J Clin Nutr 1991; 53: 839-46. 

60 Must A, Dallal GE, Dietz WH. Reference data for obesity: 85th and 95th percentiles of 

body mass index (wt/ht2) and triceps skinfold thickness - a correction. Am J Clin Nutr 

1991; 54: 773 

The effect of weekly iron and vitamin A 137 







The studies presented in this thesis aim to define the magnitude and main risk factors of anemia, 

malnutrition and malaria in adolescent schoolgirls in western Kenya, and to assist in the design 

of suitable interventions to reduce anemia in this age group. Below we will summarize our main 

conclusions, discuss their implications for public health and put forward questions that remain 

to be addressed by future research. 

Conclusions 

Anemia 

The prevalence of anemia in adolescent schoolgirls in rural western Kenya was found to be rela

tively low compared to the prevalence in pre-school children and pregnant women from the 

same area (Chapter 2). Furthermore, most anemia was mild (90 g/L < Hb <120 g/L) and only 

a few girls had severe anemia (Hb <70 g/L). A possible explanation for the unexpected low 

prevalence is that children who have survived to adolescence in this area with intense perennial 

malaria transmission and high under-five mortality (275/1000) , ' represent a selection of rela

tively healthy girls. Although our cross-sectional surveys do not allow assessment of causality, 

malaria and infections with Schistosoma mansoni were implicated as main risk factors for anemia 

in young adolescent girls aged 12-13 years. Older girls were found not to be adversely affected 

by malaria or Schistosoma infection, presumably because they have acquired sufficient immunity 

with increasing exposure and sexual maturation to be protected from the adverse effects of these 

infections. Nevertheless, after menarche, menstruation becomes a risk factor for iron deficiency 

anemia, reflecting inadequate dietary intakes of iron to balance menstrual iron losses and the 

iron requirements for continued growth. 

Catch-up growth 

The prevalence of stunting and thinness was relatively high in young girls, but with age, the pre

valence of malnutrition decreased and anthropometric z-scores converged towards the reference 

median (Chapter 3). The 1.5 to 2 year delay in maturation, relative to that of the N C H S / W H O 

reference population, likely resulted in a prolonged period of growth, allowing girls to catch up 

on incomplete linear growth attained earlier in life.2 

Malaria in puberty 

Insecticide treated bed nets (ITNs) reduced the prevalence of malaria-associated anemia in 

12-13 year old adolescent girls but not in those 14 years and older (Chapter 4). These findings 

indicate that the adverse effects of malaria decrease to a minimum during adolescence. In addi

tion, we found that plasma level of the pubertal hormone dehydroepiandosterone sulfate was 



independently associated with resistance to malaria in pubertal girls, indicating that, apart 

from cumulative exposure, developmental changes in puberty play a role in the attainment of 

acquired immunity (Chapter S). Together, these findings offer observational support for the 

hypothesis that maximal resistance to malaria only develops when puberty is reached. 

Weekly iron supplementation 

School-based weekly iron supplementation is well-tolerated, safe and effective in increasing 

hemoglobin concentrations in menstruating girls (Chapter 6). However, iron supplementation 

had no effect on hemoglobin concentration in pre-menarcheal girls. Vitamin A, alone or in com

bination with iron, did not result in a significant increase in hemoglobin, probably reflecting ade

quate vitamin A status in this age group. No beneficial effect on standard nutritional parameters, 

malaria and non-malaria morbidity or cognitive function and school performance was seen. 

Implications 

School-based interventions 

Large scale school-based health programs are a logistically feasible and cost effective means 

to combat common diseases in school children.3 Our cross-sectional studies identified different 

amendable risk factors for adolescents 12-13 years old and for those 14 years and older. 

Insecticide treated bed nets 

Our study suggests that prevention of malaria by ITNs would halve the prevalence of mild ane

mia in young adolescent girls in areas with intense malaria transmission (Chapter 4). However, 

our findings also indicate that the adverse effects of malaria decrease to a minimum by mid-

adolescence. School programs targeting malaria in adolescents are therefore expected to have 

limited direct health impact on older adolescents, but may nevertheless, provide indirect bene

fits by getting these girls accustomed to using and caring for ITNs (e.g. re-treating with insecti

cide every six months), such that they are more likely to use ITNs during a subsequent pregnancy. 

Following the promising results from recent studies of ITNs in reducing the adverse effects of 

malaria in pregnant women, 4 6 ITNs are increasingly promoted to be included in standard 

antenatal care free of charge or at highly subsidized prices.7-8 However, many women, adoles

cents in particular, are likely to visit an antenatal clinic relatively late (>20 weeks) into their 

pregnancy.9 u Distributing ITNs and promoting their use in adolescent schoolgirls could ensure 

use throughout a subsequent pregnancy (i.e. from conception to delivery) and protect the 

new-born from birth. 

Besides the indirect effects at the individual level, ITN programs in schools may benefit the 

community as a whole by contributing to high population coverage. A high level of ITN coverage 
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has been shown to have a community wide protective effect, due to markedly reduced vector 

populations.n Wide-spread deployment of ITNs, even to those groups not directly affected, 

may be critical to enhance health and survival in pregnant women and infants.'3 

Iron supplementation 

Menstruation was identified as a major risk factor for iron deficiency anemia in two studies pre

sented in this thesis (Chapters 2 & 6). A recent longitudinal study demonstrated a progressive 

drop in ferritin levels following menarche in girls with low dietary intake of iron.14 Similarly, 

in our cross-sectional surveys we found a significant negative correlation between time since 

menarche and hemoglobin level, suggesting that in these menstruating girls hemoglobin levels 

are also likely to drop over time. This is a concern because a significant number of girls may 

become pregnant during adolescence.9-15 Poor pre-pregnancy iron status will likely increase the 

risk of adverse pregnancy outcomes. Even though iron absorption progressively rises after the 

first trimester, the amounts that can be absorbed from even an optimal diet are less than the 

iron requirements in the later stages of pregnancy.16 

Postponing the first pregnancy till after adolescence is probably the best way to avoid the 

high risks associated with teenage pregnancy. However, teenage pregnancies are a reality in 

many traditional rural African societies9 '15 due to socio-cultural pressures and poor educational 

infra-structure resulting in high drop-out rates. 

Our randomized placebo-controlled trial demonstrated that supervised weekly iron supplemen

tation in schools is effective in preventing and treating mild iron deficiency anemia (Chapter 6). 

Beaton and McCabe, in their recent meta-analysis evaluating the efficacy of intermittent iron 

compared to daily supplementation, recommend that intermittent iron supplementation for the 

control of iron deficiency should be considered only in situations where supervision and high 

compliance can be assured. 17The rational behind this is that poor compliance is common in every 

supplementation program and supplements are bound to not be taken on occasion; missing 

a weekly supplement will have a bigger impact than missing one or two daily supplements.17 

Although weekly supplementation is less efficacious than daily supplementation when taken com

pliantly, in situations where supervision of weekly supplementation is logistically feasible (e.g. in 

school based programs), weekly supplementation is a suitable alternative to daily supplementation.17 

Despite the well-recognized public health burden of anemia and the beneficial effects of iron 

supplementation, the use of iron therapy remains controversial in many malaria endemic coun

tries because of the concerns that iron therapy exacerbates infections and it's use in malaria 

endemic areas remains debated.18 22 A recent meta-analysis by the International Nutritional 

Anemia Consultative Group, however, concluded that the overall increased risk of malaria para

sitemia is small and does not outweigh the hematological benefits of iron supplementation to 

risk groups.19 In our study girls receiving iron did not have a significantly increased risk of clinical 

malaria or other infections. However, because the overall number of clinical malaria attacks in 



this study was very small, further studies would clearly be needed to verify our observation. 

Nevertheless, we did find that girls receiving iron experienced a higher incidence of parasitemia, 

although the overall incidence in all supplementation groups was low. Our findings of a pro

tective effect of ITNs in the younger, more susceptible girls, suggests that the concomitant use 

of ITNs with iron supplementation is likely to protect against the potential adverse effects of 

iron on malaria morbidity.In conclusion, school-based programs providing ITNs together with 

weekly supervised iron supplementation are likely to be a practical, safe and cost-effective 

means to control anemia in adolescent schoolgirls of all ages in malaria endemic areas. 

Malnutrition 

Stunting is a cumulative process of poor growth mat primarily occurs in the first three years of 

life, is not easily reversed, and generally persists into adulthood.2 Two situations in which catch

up growth can occur have been described; improved living conditions early in life (e.g. sustained 

food supplementation or adoption into affluent societies) and maturational delay in adolescence.2 

However, it remains debated whether catch-up growth is possible after three years of age when 

environmental factors are significantly improved.23 '24 

Our cross-sectional surveys suggest that marked maturational delay is a key mechanism 

allowing the majority of stunted girls to reach their growth potential. However, in most devel

oping countries the duration of maturational delay may be insufficient to allow completed 

catch-up growth.2 Although there is some evidence that iron supplementation results in im

proved growth in young schoolchildren,25 our study and other recent iron supplementation 

trials in adolescents26-27 found no effect of iron on linear growth. Similarly, school feeding pro

grams have also resulted in limited beneficial impact on the nutrition of school-age children.28 

These findings, together with the observation that linear growth retardation mainly occurs 

before the age of three, support the view that programs preventing malnutrition early in life 

(e.g. promotion of breast feeding, supplementary feeding29 or ITNs 30) are likely to be more 

successful to reduce the prevalence of stunting in adults than school-based approaches. 

Further research 

Adolescent girls not attending school 

Due to the selected population under study, generalization of the findings presented in this thesis 

to all girls in this age-group should be made with care. It is conceivable that we have under 

estimated the true prevalence of anemia and malnutrition due to the exclusion of more socio-

economicaliv deprived girls, not attending school. It deserves further study to determine if 

adolescent girls not, or no longer, attending school are at higher risk of anemia, iron deficiency 

and malnutrition. 
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Long term effects of iron supplementation 

Our study, and those of others, suggest that intermittent iron supplementation in schools will 

have a beneficial impact in reducing the prevalence of iron deficiency anemia in menstruating 

g i r l s . 2 6 . " ' 6 Further research is needed to establish the duration of benefit on hematological 

indices and iron status after a given period of supplementation. This information would help in 

the rational design of iron supplementation schedules; for example is continuous supplementa

tion required or is iron supplementation for a limited period each year sufficient (e.g. one 

school-trimester). Little is known about which pre-pregnancy level of hemoglobin and iron 

status, as a target for prevention, correlates best with functional outcomes of pregnancy.37'38 

More research is needed to determine the long-term effects of iron supplementation programs 

in schoolgirls of reproductive age in the prevention of anemia-related adverse outcomes in 

pregnancy. 

Iron and cognition 

Our randomized controlled trial found inconclusive evidence that iron supplementation 

improves cognitive function. There is sufficient evidence from iron supplementation studies in 

younger children that iron deficiency is associated with poor cognitive development, but data 

from adolescents is sparse.39 Additionally, observational studies have found significant differences 

in school performance between non-anemic iron replete children and iron deficient anemic 

children, but only one of two trials that assessed school achievement also found a significant 

improvement upon iron supplementation.39 Further research is needed to evaluate whether 

cognitive impairments due to iron deficiency can be reversed by iron supplementation in school

children and adolescents. 

Malaria immunity in puberty 

Recent studies in transmigrant populations moving from non-endemic areas to malaria endemic-

areas demonstrated that non-immune, adult, transmigrants acquire immunity faster than their 

transmigrant children.40 '41 Because this entire study population migrated to the endemic area 

en masse, host age was decoupled from cumulative exposure. After one to two years of expo

sure, adult transmigrants showed equivalent resistance, as measured by cross-sectional prevalence 

of infection and parasite density, to that of life long adult inhabitants of the endemic area. The 

transmigrant children remained at equal risk compared to children raised in the endemic area. 

These data, replicated in several distinct transmigrant populations, are not consistent with the 

notion that resistance in adults results from cumulative exposure to multiple parasite strains.42 

Instead, these data suggest that there is an intrinsic difference in the development of resistance 

between adults and children and that expression of this resistance in adults requires relatively 

little exposure to the parasite.4 3 4 4 Since, only one longitudinal study has evaluated potential 

mechanisms behind this phenomenon. In a longitudinal cohort study of 1 3 to 35 year old males 



Kurtis and colleagues demonstrated that resistance to re-infection following anti-malarial treat

ment increased during puberty, but not before, and was independently predicted by the puber

tal hormone DHEAS.45 Our cross-sectional study (Chapter 5) provides additional support for 

the hypothesis that developmental changes play a role in the acquisition of adult-like resistance 

to falciparum malaria. Longitudinal studies are needed to further characterize this phenomenon 

and to evaluate more precisely the mechanisms behind the developmental changes of immunity. 

A thorough understanding of the maturation of malaria-associated immunity during puberty 

mav contribute to efforts in vaccine development and our understanding of malaria attributable 

morbidity for falciparum infection. 
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Anemia in Adolescent Schoolgirls in Western Kenya; 
Epidimiology and Prevention 

This thesis presents the results from studies denning the magnitude and main risk factors of 

anemia, malnutrition and malaria in 12-18 year old adolescent schoolgirls in western Kenya. 

Additionally, studies evaluating interventions to reduce and prevent anemia in this age group 

are presented. 

In Chapter 1 we present the background to the studies presented in this thesis. Anemia remains 

a major public health concern in preschool children and pregnant women in the developing 

world. While many studies have examined these two at-risk groups, there is a paucity of data on 

anemia in adolescents living in developing countries in the complex ecologie context of poverty, 

parasitism and malnutrition. This relative omission is surprising considering that developmental 

processes of adolescence exert significantly increased demands on both micro and macronutri-

ents, especially in girls entering menarche. It is estimated that approximately half of adolescent 

girls living in sub-Saharan Africa is anemic. Adverse effects of anemia range from severe mor

bidity to decreased physical work capacity to deficits in cognitive development and potentially 

school performance. A significant proportion of African women have their first pregnancy 

during adolescence and pre-pregnancy hemoglobin and iron status are important determinants 

of the risk of anemia related morbidity and mortality during pregnancy. Stunting is an impor

tant indicator reflecting the cumulative inadequacies in nutrition and healdi and has considerable 

long-term physiological and economic consequences. A direct consequence of short maternal 

height is obstructed labor due to cephalopelvic disproportion (incongruence between the head 

of the fetus and the pelvis of the mother), resulting in an increased risk of peripartum and 

maternal mortality. Teenage pregnancies are also at increased risk of severe anemia, preterm 

deliveries, stillbirths, and neonatal deaths, likely due to competition between nutritional 

requirements of the developing fetus and the mother's requirement for continuing growth. 

Knowledge of the magnitude and main risk factors of anemia and stunting in this age group is 

of public healdi importance because adolescence offers a last window of opportunity to correct 

hemoglobin concentrations and growth deficits and to prepare for the demands of motherhood. 

Chapter 2 describes the results of two cross-sectional surveys that assessed the prevalence, severity 

and risk factors of anemia and iron deficiency in adolescent schoolgirls in Asembo, an area with 

year-round intense malaria transmission and a high level of anemia and malnutrition in young 

children and pregnant woman. The prevalence of anemia (Hb < 120 g/L) was 21 .1%; only one 

girl had an Hb less than 70 g /L.The prevalence of iron deficiency (Ferritin <12 u,g/L) was 

19.8% and 30.4% of anemic girls were iron deficient. Malaria and Schistosoma infections were 

the main risk factors for anemia in younger girls (12-13 yrs) while menstruation was the prin-



cipal risk factor in older girls (14—18 yrs). There was a significant negative correlation between 

time since menarche and hemoglobin, suggesting that iron deficiency in menstruating girls is 

likely to increase with age. Iron deficiency and anemia in school attending girls in western 

Kenya were more prevalent than in developed countries, but considerably less prevalent than 

in pre-school children and pregnant women from the same study area. 

In Chapter 3 we describe the prevalence, severity and main risk factors of malnutrition and the 

age at menarche in 12—18 year-old adolescent schoolgirls as assessed by a series of cross-sec

tional surveys conducted in two areas of western Kenya with different levels of malaria trans

mission and malnutrition. The prevalence of stunting and thinness was relatively high in young 

girls, but with age, the prevalence decreased and anthropometric z-scores converged towards 

the reference median. Menarche was delayed by 1.5 to 2 year relative to that of a US reference 

population, likely resulting in a prolonged period of growth, allowing girls to catch up on 

incomplete linear growth attained earlier in life. Parasitic infections (malaria and intestinal 

helminths) and socio-economic status were not associated with nutritional status. 

Adolescents are at a markedly reduced risk of malaria-associated morbidity and mortality com

pared to young children and pregnant women. Though resistance to symptomatic malaria devel

ops, sterilizing immunity does not and low-grade asymptomatic malaria infections are common 

in all inhabitants of malaria endemic areas. Whether these infections in adolescents are truly 

asymptomatic or have adverse hematological consequences, as in young children, is not known. 

Chapter 4 describes the impact of insecticide treated bed nets (ITNs) on malaria and malaria-

associated anemia and growth in adolescent girls as part of a large scale community-based 

group-randomized controlled trial. In 12 and 13-year-old schoolgirls, ITNs were associated 

with a reduced prevalence of all cause anemia (16.9% versus 31.4%; adjusted prevalence odds 

ratio [95% CI]; 0.38 [0.21, 0.69]), and malaria associated anemia (3.2% versus 11.2%; adjusted 

prevalence odds ratio [95% CI]; 0.21 [0.06, 0.72]). No significant beneficial effect on all cause 

anemia or hemoglobin concentrations was seen in older girls. No effect of bed nets was seen on 

malaria parasite prevalence or density, clinical malaria, all-cause morbidity, standard measures 

of nutritional status and growth, or the use of antimalarials and other medication. This suggests 

that malaria is associated with mild anemia in young adolescent girls, but not in older girls, 

and that ITN use will improve Hb in this age group. 

The age-related decline in parasite density, morbidity, and mortality observed during childhood 

has supported the view that years of cumulative exposure, potentially to multiple parasite strains, 

are necessary for the production of protective immune responses. However, recent transmigrant 

and cohort studies have implicated developmental changes in the host, apart from cumulative 

exposure to the parasite, in the expression of maximal resistance. Chapter 5 presents the results 
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of a study that tests the hypothesis that levels of the dehydroepiandrosterone sulfate (DHEAS), 

an adrenal steroid whose concentrations parallel pubertal development, are associated with 

reduced parasite density and other malaria related outcomes such as anemia, independent of 

age, and by proxy, cumulative exposure. In pubertal girls DHEAS was significantly associated 

with decreased parasite density after adjusting for age (P = 0.012). DHEAS levels were also 

related to increased hemoglobin levels after accounting for age and other determinants of 

hemoglobin (P = 0.004). These findings support the hypodiesis that host pubertal development, 

independent of age and, by proxy, cumulative exposure, is necessary for maximal expression of 

resistance to malarial infection and morbidity as assessed by hemoglobin. 

Chapter 6 describes a randomized double-blind placebo-controlled trial of the effect of weekly 

iron and vitamin A supplementation, alone or combined, on hemoglobin concentrations, 

nutritional parameters, malaria and non-malaria morbidity, cognitive function and school per

formance in adolescent schoolgirls in Kisumu. In menstruating schoolgirls, 21 weeks of iron 

supplementation was associated with a 11.5 g /L greater increase in hemoglobin concentrations 

relative to iron-placebo (P<0.0001). The effect of iron was independent of the effect of vitamin 

A and vice versa. No effect was evident in girls pre-menarche. No significant increase in hemo

globin was seen with weekly vitamin A, alone, or combined with iron. No effect of iron or 

vitamin A was seen on nutritional parameters. Iron supplementation was associated with a higher 

incidence of malaria parasitemia (rate ratio 1.43 [95% CI 1.1S -1.79]), but vitamin A was not 

(rate ratio 1.08 [95% CI 0.86-1.35]). However, iron was not associated with an increased risk 

of clinical malaria or other infections. Iron supplementation had no beneficial impact on cognitive 

function or school performance. Weekly iron supplementation is effective in increasing hemo

globin concentrations in menstruating adolescent schoolgirls in this area in western Kenya and 

is likely to outweigh any potential associated adverse effects caused by increased risk of malaria. 

Chapter 7 summarizes the results presented in diis thesis and discusses the implications for pub

lic health programs and future research. Menstruating girls are a group at risk of iron deficiency 

anemia. School-based programs providing weekly supervised iron supplementation are likely to 

result in significant hematological benefit in girls at high risk of iron deficiency. Further research 

is needed to determine whether our findings in adolescent schoolgirls are representative of all 

adolescent girls in this area, including those not attending school. Further research is also need

ed to determine the long-term effects of iron supplementation programs in schoolgirls of 

reproductive age in the prevention of anemia-related adverse outcomes in pregnancy. Similarly, 

more research is needed to determine if iron supplementation in school-children and adoles

cents can reverse cognitive impairments due to iron deficiency earlier in life. 

Prevention of malaria by ITNs would halve the prevalence of mild anemia in young adoles

cent girls in areas with intense malaria transmission. Although older adolescents are less likely 



to have direct benefit from ITN use, there are potential indirect benefits to distributing and pro

moting ITNs in schools; educating adolescent girls about the benefits of ITNs may ensure use 

of ITNs throughout a subsequent pregnancy. Moreover, distributing ITNs through schools will 

contribute to high population coverage which may enhance health and survival in infants, 

by contributing to the community wide effect of ITNs. 

Finally, longitudinal studies are needed to further characterize die changes in acquired 

resistance to falciparum malaria during puberty and to evaluate more precisely the mechanisms 

behind these developmental changes. 
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Anemie bij Adolescente Schoolmeisjes in West Kenia; 
Epidemiologie en Preventie 

Dit proefschrift behelst de resultaten van studies die de prevalentie, ernst en voornaamste risico

factoren van anemie, ondervoeding en malaria bij 12—18 jaar oude schoolmeisjes in West Kenia 

beschrijven. Tevens werden interventies die tot doel hebben anemie in deze leeftijdsgroep te 

behandelen en te voorkomen geëvalueerd. 

In Hoofdstuk 1 presenteren we de achtergronden van de studies die in dit proefschrift zijn 

opgenomen. Anemie is en blijft een omvangrijk gezondheidsprobleem bij kinderen jonger dan 

vijfjaar en zwangere vrouwen in ontwikkelingslanden. Terwijl veel studies anemie in deze twee 

risicogroepen hebben onderzocht, is er een schaarste aan gegevens over anemie bij adolescenten 

die leven in ontwikkelingslanden, in de complexe ecologische context van armoede, infectie

ziekten en ondervoeding. Deze relatieve omissie is verassend aangezien door de lichamelijke 

veranderingen in de puberteit de behoefte aan micronutriënten en andere voedingsstoffen 

aanzienlijk verhoogd is, met name bij meisjes wanneer zij beginnen te menstrueren. Geschat 

wordt dat ongeveer de helft van de adolescente meisjes in Afrika, beneden de Sahara gelegen, 

anemie heeft. De negatieve gevolgen van anemie variëren van ernstige morbiditeit tot vermin

derde lichamelijke fitheid tot vertraagde cognitieve ontwikkeling en eventueel verminderde 

prestaties op school. Een aanzienlijk deel van de vrouwen in Afrika wordt voor het eerst 

zwanger in de adolescentie. Het hemoglobinegehalte (Hb) en de ijzerstatus voor de zwanger

schap zijn belangrijke determinanten van het risico op anemiegerelateerde morbiditeit en mor

taliteit tijdens de zwangerschap. "Stunting" (geringe lengte voor de leeftijd) is een belangrijke 

indicator die cumulatieve tekortkomingen van voeding en gezondheid weerspiegelt en op de 

lange termijn belangrijke fysiologische en economische consequenties heeft. Een direct gevolg 

van korte lengte van de moeder is niet vorderende uitdrijving tijdens de bevalling door discon

gruentie tussen het hoofd van de foetus en het bekken van de moeder, wat resulteert in een 

verhoogd risico op peripartum and maternale mortaliteit. Tienerzwangerschappen hebben een 

verhoogd risico op ernstige anemie, vroeggeboorte, spontane abortussen en neonatale sterfte, 

waarschijnlijk ten gevolge van competitie tussen de voedingsbehoefte van de zich ontwikkelende 

foetus en de voedingsbehoefte van de moeder voor verdere groei. Kennis van de omvang en 

voornaamste risicofactoren van anemie en "stunting" in deze leeftijdsgroep is van groot belang 

omdat de adolescentie een laatste mogelijkheid biedt het hemoglobinegehalte te verbeteren, 

groeiachterstand in te halen en zich voor te bereiden op het moederschap. 

Hoofdstuk 2 beschrijft de resultaten van twee cross-sectional surveys die de prevalentie, ernst 

en risicofactoren van anemie en ijzerdeficiëntie bepalen bij adolescente schoolmeisjes in Asembo, 

een gebied met het hele jaar door intensieve malariatransmissie en een hoge prevalentie van 



anemie en ondervoeding bij jonge kinderen en zwangere vrouwen. De prevalentie van anemie 

(Hb < 120 g/L) was 21.1 %; slechts één meisje had een Hb onder de 70 g /L. De prevalentie van 

ijzerdeficiëntie (Ferritine <12 Hg/L) was 19.8% en 30.4% van de anemische meisjes had ook 

ijzerdeficiëntie . Malaria en Schistosoma infectie waren de voornaamste risicofactoren voor ane

mie bij jonge meisjes (12—13 jaar) terwijl menstruatie de belangrijkste risicofactor bij oudere 

meisjes (14—18 jaar) was. Er was een significante negatieve correlatie tussen tijd sinds de me-

narche en hemoglobinegehalte, wat suggereert dat ijzergebrek bij menstruerende meisjes met 

de tijd geleidelijk zal toenemen. Ijzerdeficiëntie en anemie bij schoolmeisjes in West Kenia komt 

meer voor dan in welvarende landen, maar is aanzienlijk minder prevalent dan bij kinderen 

jonger dan vijfjaar en zwangere vrouwen uit hetzelfde gebied. 

In Hoofdstuk 3 beschrijven we de prevalentie, ernst en voornaamste risicofactoren van onder

voeding bij adolescente schoolmeisjes en de gemiddelde leeftijd waarop zij de menarche 

bereiken, zoals bepaald bij een serie cross-sectional surveys in twee gebieden in West Kenia met 

elk een ander niveau van malariatransmissie en ondervoeding. De prevalentie van "stunting" 

en te lage Quetelet-index was relatief hoog bij jonge meisjes, maar met de leeftijd, nam de pre

valentie af en benaderden de gemiddelde lengte voor leeftijd en het gemiddelde gewicht voor 

leeftijd de mediaan van de referentiepopulatie. De menarche vond gemiddeld anderhalf tot 

twee jaar later plaats dan in de referentie populatie uit de VS, waardoor waarschijnlijk een ver

lengde periode van groei heeft plaatsgevonden, die het meisjes mogelijk heeft gemaakt de 

groeivertraging uit de vroege kindertijd in te halen. Parasitaire infecties (malaria en intestinale 

wormen) en socio-economische status waren niet geassocieerd met de voedingstoestand. 

Vergeleken met jonge kinderen en zwangere vrouwen, hebben adolescenten een aanzienlijk 

verminderd risico op morbiditeit en mortaliteit door malaria. Ondanks de ontwikkeling van 

afweer tegen symptomatische malaria, ontstaat steriliserende immuniteit niet en laaggradige 

asymptomatische infecties komen veelvuldig voor bij alle inwoners van malaria-endemische 

gebieden. Of deze infecties bij adolescenten ook daadwerkelijk asymptomatisch zijn of dat ze 

negatieve hematologische gevolgen hebben, zoals bij jonge kinderen, is nog onduidelijk. 

Hoofdstuk 4 beschrijft de effecten die met insecticide behandelde klamboes (ITNs), verspreid 

als onderdeel van een grootschalige per dorp gerandomiseerde gecontroleerde trial, hebben op 

malaria en met malaria geassocieerde anemie en groei bij adolescente meisjes. Bij 12—13 jaar 

oude schoolmeisjes waren ITNs geassocieerd met een reductie van de prevalentie van anemie 

(16.9% versus 31.4%; adjusted prevalence odds ratio [95% betrouwbaarheidsinterval]; 0.38 

[0.21, 0.69]), en malariageassocieerde anemie (3.2% versus 11.2%; adjusted prevalence odds 

ratio [95% betrouwbaarheidsinterval]; 0.21 [0.06, 0.72]). Geen significant gunstig effect op 

anemie en Hb werd gezien bij oudere meisjes (14—18 jaar). ITNs hadden geen effect op de pre

valentie van malaria parasitemie of parasietenaantal of op de prevalentie van klinische malaria, 
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morbiditeit door alle oorzaken, voedingstoestand, groei of het gebruik van antimalariamiddelen 

of andere medicatie. Dit suggereert dat malaria is geassocieerd met milde anemie in jonge ado

lescente meisjes, maar niet in oudere meisjes, en dat gebruik van ITNs het hemoglobinegehalte 

in deze meisjes zal verbetert. 

De leeftijdsafhankelijke afname van parasietenaantal, morbiditeit en mortaliteit tijdens de kin

derjaren heeft geleid tot het standpunt dat jaren van cumulatieve blootstelling, mogelijk aan 

meerdere varianten van de parasiet, noodzakelijk zijn voor het ontwikkelen van beschermende 

afweer tegen malaria. Echter, recente transmigratie- en cohortstudies hebben de puberteits-

veranderingen bij de gastheer, en niet de noodzaak voor cumulatieve blootstelling aan de parasi

et per se, aangewezen als belangrijk voor de expressie van maximale afweer. Hoofdstuk 5 

beschrijft de resultaten van een studie die de hypothese test dat het plasmaniveau van dehy-

droepiandrosteron sulfaat (DHEAS), een bijnier steroïde waarvan de concentratie parallel aan 

de puberteitsontwikkeling stijgt, onafhankelijk van leeftijd, en bij gebrek aan een betere maat, 

cumulatieve blootstelling, geassocieerd is met een verlaagd parasietenaantal en andere aan 

malaria gerelateerde uitkomsten zoals anemie. Bij meisjes in de puberteit was DHEAS significant 

geassocieerd met verminderde parasietenaantallen, na correctie voor leeftijd (P = 0.012). 

DHEAS was ook geassocieerd met een verhoogd hemoglobinegehalte, na correctie voor leeftijd 

en andere determinanten van het Hb (P = 0.004). Deze bevindingen ondersteunen de hypothese 

dat puberteitsontwikkeling van de gastheer, onafhankelijk van leeftijd en cumulatieve bloot

stelling, noodzakelijk is voor het ontwikkelen van maximale afweer tegen malaria-infectie en 

zijn gevolgen, zoals anemie. 

HooJUstuk 6 beschrijft een dubbelblinde gerandomiseerde placebogecontroleerde trial naar het 

effect van wekelijkse suppletie met ijzer en vitamine A, apart of gecombineerd, op hemoglobine

gehalte, lengte en gewicht, malaria- en non-malariamorbiditeit, cognitieve functies en school

resultaten bij adolescente schoolmeisjes in Kisumu. Bij menstruerende schoolmeisjes was ijzer

suppletie gedurende 21 weken geassocieerd met een 11.5 g/L grotere hemoglobine stijging 

vergeleken met de placebo-ijzer groep (P<0.0001). Het effect van ijzer was onafhankelijk van 

het effect van vitamine A en vice versa. Bij meisjes die nog niet waren begonnen met menstrueren 

werd geen effect van ijzersuppletie gezien. Geen significante stijging van hemoglobine werd 

gezien na wekelijkse suppletie met vitamine A, apart, of in combinatie met ijzer. IJzer of 

vitamine A hadden beide geen effect op groei. Ijzersuppletie was geassocieerd met een hogere 

incidentie van malaria parasitemie (Rate ratio 1.43 [95% Cl; 1.15—1.79]), maar vitamine A 

was dat niet (Rate ratio 1.08 [95% Cl; 0.86—1.35]). Desalniettemin, ijzer was niet geassocieerd 

met een verhoogd risico op klinische malaria of andere infecties. Ijzersuppletie had geen gunstig 

effect op cognitief functioneren of schoolresultaten. Wekelijkse ijzer suppletie is effectief in het 

stimuleren van de bloedaanmaak bij menstruerende adolescente schoolmeisjes in dit gebied van 



West Kenia. De voordelen van de suppletie wegen op tegen de potentiële negatieve gevolgen 

van een verhoogde gevoeligheid voor malaria die is beschreven bij ijzersuppletie. 

Hoofdstuk 7 vat de resultaten die in dit proefschrift uiteengezet worden samen en bediscussieert 

de gevolgen die deze hebben voor gezondheidsprogramma's en toekomstig onderzoek. 

Menstruerende meisjes zijn een belangrijke risicogroep voor ijzerdeficiëntie en anemie. 

Programma's die wekelijkse ijzersuppletie aanbieden op scholen zullen zeer waarschijnlijk een 

gunstig hematologische effecten hebben op meisjes met een verhoogd risico op ijzerdeficiëntie. 

Verder onderzoek is nodig om te bepalen of onze bevindingen bij adolescente schoolmeisjes 

representatief zijn voor alle adolescente meisjes in dit gebied; ook degenen die niet naar school 

gaan. Meer onderzoek is ook nodig om de lange termijn effecten te evalueren van ijzersuppletie 

programma's voor schoolmeisjes ter preventie van anemiegerelateerde morbiditeit en morta

liteit tijdens de zwangerschap. Eveneens is meer onderzoek nodig om te bepalen of ijzersuppletie 

bij schoolkinderen en adolescenten cognitieve gevolgen van ijzerdeficiëntie op jongere leeftijd 

kan terugdraaien. 

In gebieden met intense malariatransmissie zal preventie van malaria door ITNs de prevalen

tie van milde anemie bij jonge adolescenten halveren. Hoewel het effect op oudere adolescenten 

beperkt zal zijn, zijn er potentieel indirecte voordelen van het uitdelen en aanbevelen van ITNs 

door scholen; adolescente meisjes voorlichten over de voordelen van het gebruik van ITNs zal 

er mogelijk toe bijdragen dat meisjes die zwanger worden gedurende de gehele zwangerschap 

een ITN gebruiken. Bovendien, zal de distributie van ITNs via scholen een bijdrage leveren aan 

een hoge concentratie van ITNs in de gemeenschap, wat mogelijk weer de gezondheid en over

levingskans van jonge kinderen bevordert, door bij te dragen aan een "community wide effect" 

van ITNs. 

Als laatste is er behoefte aan longitudinale studies die in meer detail de veranderingen van 

de immuniteit tegen malaria tijdens de puberteit beschrijven en preciezer de mechanismen die 

verantwoordelijk zijn voor deze veranderingen achterhalen. 
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