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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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