
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Anemia in adolescent schoolgirls in Western Kenya

Leenstra, T.

Publication date
2003

Link to publication

Citation for published version (APA):
Leenstra, T. (2003). Anemia in adolescent schoolgirls in Western Kenya. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/anemia-in-adolescent-schoolgirls-in-western-kenya(4283a4d6-4923-493d-8107-b626668bb965).html


CHAPTER 2 

Prevelance and Severity of Anemia and Iron Deficiency: 
Cross-Sectional Studies in Adolescent Schoolgirls in 
Western Kenya 

Tjalling Leenstra , 1 2 Simon K. Kariuki,1 Jonathan D. Kurtis,5 Aggrey J. Oloo,1 

Piet A. Kager,2 Feiko O. ter Kuile l 2 4 

1 Kenya Medical Research Inst i tute , Centre for Vector Biology and Control 

Research, Kisumu, Kenya. 

2 Depar tmen t of Infectious Diseases,Tropical Medic ine & AIDS, Academic 

Medical Center, University of Amsterdam, the Nether lands . 

3 In te rna t iona l Health Inst i tute and Depar tmen t of Pathology and 

Laboratory Medicine, Brown University School of Medicine, Providence, 

RI, USA. 

4 Cur ren t affiliation: Malaria Epidemiology Branch, Centers for Disease 

Control and Prevention, Atlanta, Georgia, USA. 

European Journal of Clinical Nutrition, in press 



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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