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Abstrac t t 
Background ::  Approximately three quarters of preschool children in sub-Saharan Africa are 

anemic.. The etiology of anemia in early childhood is complex and multifactorial. 

Objective ss and methods : Data from three community-based cross-sectional surveys were 

usedd to determine the prevalence and severity of anemia, and to determine factors that can 

identifyy children at risk in an area with intense malaria transmission. 

Results ::  In a random sample of 2,774 children <3 years old, the prevalence of anemia (Hb 

<11g/dL)) was 76.1% and 71%, respectively, in villages without and with insecticide treated 

bedd nets (ITNs); severe-moderate anemia (Hb <7g/dL) was observed in 11% (non-ITN) and 

8.3%% (ITN). The prevalence of anemia, high-density malaria parasitemia (21.7%), microcytosis 

(34.9%),, underweight (21.9%), and diarrhea (54.8%) increased rapidly from 3 months onwards 

andd remained high until 35 months. Even very low-density malaria parasitemia was associated 

withh severe-moderate anemia (Odds ratio [95% CI]: 3.11 [1.12, 8.61]). Helminthes infections 

weree present in 8.3% and not associated with Hb levels in this young age group. In multivariate 

analyses,, family size, history of fever, 'pale body', general body weakness, diarrhea, soil eating, 

concurrentt fever, stunting, and malaria parasitemia were associated with mean Hb levels. 

Conclusion ::  A high prevalence of malaria, malnutrition and diarrhea overlap placing children 

betweenn 3-24 months at a particular risk of severe anemia. Prevention of severe anemia should 

startt early in infancy and include a combination of micronutrient supplementation, malaria 

control,, and possibly interventions to prevent diarrheal illness. 
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Introductio n n 
Approximatelyy three quarters of preschool children in sub-Saharan Africa suffer from anemia, 

renderingg it a common direct and indirect cause of pediatric morbidity and mortality in this 

regionn [1].The complex etiology of anemia involves the interaction between multiple factors 

includingg nutritional deficiencies, genetic red blood cell disorders, and infectious diseases, 

particularlyy malaria and hookworm infections. HIV/AIDS is also increasingly being considered 

ass a direct and indirect contributor to anemia in this young age group [2, 3]. 

Thee Roll Back Malaria Initiative of the World Health Organization has recently proposed 

usingg anemia as one of its indicators for monitoring progress and success of interventions, as 

previouss indicators (e.g. malaria-associated mortality) have required large surveys and longer 

intervalss between surveys before estimates have become available. A better understanding of 

thee distal and proximal risk factors and socio-demographic and clinical indicators of anemia 

mayy assist in identifying children at risk for anemia, who could benefit from interventions. 

Thesee can also assist in the design of anemia interventions targeting young children. 

Wee conducted a series of cross-sectional surveys involving a random selection of 2,774 

childrenn aged less than three years as part of a larger controlled study of the impact of 

insecticidee treated bed nets (ITN) on childhood morbidity and mortality [4-6]. These community-

basedd household surveys provided an opportunity to determine the prevalence and severity of 

anemia,, and present descriptive statistics of factors associated with hemoglobin concentrations 

inn mostly 'healthy' pre-school children living in a setting with intense malaria transmission. 

Material ss  and method s 
StudyStudy  Area and Population.  The study area was Asembo, located in Bondo district (until 

1999,, part of Siaya district), lying northeast of Lake Victoria in Nyanza Province in western 

Kenya.. The study site has been described in detail elsewhere [5, 7, 8]. In brief, approximately 

55,0000 people live in Asembo (14% of whom are < 5 years of age), an area covering 200 km2. 

Thee population is culturally homogeneous: over 95% are members of the Luo tribe. Families in 

thiss polygamous society live in compounds constituting a main house surrounded by several 

housess for women and children. The houses are dispersed and surrounded by fields, and 

peoplee earn their living primarily through subsistence farming and fishing. Malaria is holoendemic 

withh year round transmission, and a mean entomological inoculation rate ranging between 60 

andd 300 bites per person a year [9]. Sulfadoxine Pyrimethamine (SP) replaced chloroquine as 

first-linee drug for the treatment of uncomplicated malaria in this area in January 1999 [10]. 

Choleraa and bacillary dysentery are endemic in this area [11, 12]. Malnutrition is also an 

importantt health problem; over 30% of children aged 6-59 months are stunted [13]. This area 

hass high infant and under-five-year mortality rates (176/1000 and 257/1000 live births [14]). 
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BedBed  net  study  design.  Following randomization, permethrin-treated bednets (Siam Dutch, 

Thailand),, pre-impregnated to the target dose of 0.5g permethrin per m2 of netting, were 

distributedd to half of the villages in Asembo by January 1997 (ITN villages). The control villages 

receivedd ITNs in early 1999 after the two-year intervention period [4]. ITNs were re-treated 

biannuallyy by the project personnel. The coverage was 1.46 persons per ITN. 

ParticipantParticipant  recruitment  and study  design.  Between February 1998 and July 1999, three 

independentt cross-sectional surveys (henceforth referred to as survey-1, survey-2 and survey-3) 

weree conducted to determine the impact of ITNs on all-cause morbidity in pre-schooi children, 

ass described in more detail elsewhere [13, 15]. Briefly, each household was randomized to 

cross-sectionall survey 1, 2 or 3, such that one household and their occupants could only 

contributee once. Caregivers were invited to bring all children aged <3 years (survey-1) or <5 

yearss (surveys 2 and 3) living in their household to a central location in the village on a preset 

day.. They were asked to bring fresh stool samples of the children on the day of the survey. 

Procedure s s 
Househol dd characteristics . A structured questionnaire was used to record details of the 

socio-economicc status for each household, the main income generating activities, and the 

educationn and age of the caretaker and head of household. The choice of indicators for the 

assessmentt of the household socio-economic status was based on a previous study conducted 

ass part of the ITN study [16], 

Clinica ll  data . The age of each child was copied from census records (collected on a 6-

monthlyy basis as part of the ITN study) and vaccination cards (if available) after verbal verification 

withh the caregiver. Caretakers were asked open-ended and prompted questions (yes/no/don't 

know)) regarding signs and symptoms of illness observed in their children in the last 2 weeks. 

Thesee included questions on treatment seeking behavior and history of signs or symptoms; 

fever,, general body weakness (del monyosore), body rash, ear pain/pus, eye infection, coughing 

orr difficulty breathing, gastro-intestinal complaints including diarrhea, a specific question on 

soil-eating,, and the presence of del maraton'g, a local term for pale body/skin. Anthropometric 

measurementss were recorded [13], and each child was examined by a village health worker for 

signss and symptoms of anemia. In surveys 2 and 3, palpable spleen and signs of kwashiorkor were 

alsoo determined. A finger-prick blood sample was collected in eppendorf tubes (200-500 ul). 

Finallyy each child was seen by a clinical officer and treated free of charge if indicated. All children 

withh hemoglobin <11 g/dL received a treatment dose of SP or amodiaquine, and iron 

supplementation.. Children with severe illness were referred for further evaluation and treated 
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freee of charge at the local mission hospital. 

Laborator yy methods . Hemoglobin concentrations were measured in the field using a portable 

batteryy powered Hemocue® machine (HemoCue AB, Angelholm, Sweden). A full blood count, 

includingg repeat hemoglobin, was determined the same afternoon using a Coulter-Counter® 

(Coulterr Corporation, Miami, FL). Blood slides were stained using Giemsa and examined for the 

presencee of malaria parasites. Parasites and leukocytes were counted in the same fields until 500 

leukocytess were counted. Parasite densities are expressed per u l of blood using the coulter counter 

leukocytee count or assuming a leukocyte count of 8000/|iL if coulter counter readings were missing. 

Slidess were considered negative if no asexual parasites were found in 200 high-power ocular fields 

off the thick smear. Species diagnosis was made using the thin film. A stool sample was 

microscopicallyy examined for helminth infection using a modification of the formol-ether and ethyl 

acetatee concentration technique and by Kato-Katz methods [17, 18]. 

Ethica ll  clearanc e and informe d consent . The ITN study was approved by the institutional 

revieww boards of the Kenya Medical Research Institute (KEMRI), Nairobi, Kenya and the Centers 

forr Disease Control and Prevention (CDC), Atlanta, USA. Written informed consent was obtained 

fromm caretakers for each individual participant. 

Dataa analyses . Because survey-1 only included children <36 months, all analyses have been 

restrictedd to this age group. Since ITNs were found to have a profound impact on hemoglobin 

levelss [15], and all villages had been given ITNs by the time survey-3 was conducted, data have 

beenn analyzed separately for children from households with an ITN at the time of survey 

(interventionn villages in surveys 1-2, and all villages in survey-3) and without an ITN (control 

villagess of surveys 1-2). 

Variabless of interest have been categorized into socio-demographic indicators, history of 

illnesss and health care seeking indicators, findings from the basic clinical examination, and 

laboratoryy results. The data was initially described and summarized using univariate statistics 

too document their distribution among children. Regression methods were used to compare 

meann Hb across covariate levels, controlling for cross-sectional survey. Continuous variables 

weree categorized using either known cut-off values based on previous analyses (e.g. distance 

too nearest ITN household [19]), or by division into five equal categories based on ranking (e.g. 

wealthh index). In non-ITN households, within each of the predictor variable categories, factors 

thatt were associated with mean hemoglobin in preliminary analyses (at alpha=0.1) were entered 

intoo a multivariate linear regression model and assessed for significance at alpha=0.05 after 

adjustmentt for cross-sectional survey and age (using global mean for non-ITN households). These 

samee factors were then tested for their association with hemoglobin levels in children from 
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householdss with an ITN. In an effort to identify one final model for the non-ITN households, the 

fourr multivariate models were consolidated into a single model. Factors found to be no longer 

significantt were removed. A logistic regression model was also fit to assess the association 

betweenn severe-moderate anemia and malaria parasitemia. Standard errors are adjusted for 

clusteringg at the compound level. 

Definitions Definitions 

Anemia:Anemia: Anemia was defined as hemoglobin (Hb) <11.0 g/dL and categorized as severe (Hb <5 

g/dL),, moderate (Hb 5.1-6.9 g/dL) and mild (Hb 7.0-10.9 g/dL) anemia. 

MicrocyticMicrocytic anemia: Mean corpuscular volume (MCV) value below an age-specific cut-off (measured 

inn femtoliters): 0-5 months: 70fl, 6-11 months: 73fl, and greater than 12 months: 75fl [20]. 

Malaria:Malaria: Malaria infection was defined as any parasitemia (any species) detected in the blood 

smear.. Clinical malaria was defined as a documented axillary temperature > 37.5 C in the 

presencee of malaria parasitemia (any species) above an age dependent fever threshold parasite 

densityy (0-5 months=1,500/mm3; 6-11 months=6,000/mm3; and 12-35 months=7,000/mm3 

[21],, High-density parasitemia was defined as a parasite density above 5000/mm3, irrespective 

off the presence of fever. 

NutritionalNutritional parameters: Height-for-age (HAZ), weight-for-age (WAZ), weight-for-height (WHZ), 

andd mid-upper-arm-circumference-for-age (MAZ) Z-scores were calculated using reference data 

fromm the National Centers for Health Statistics (NCHS) and WHO [22] (Epi Info version 2000, 

Atlanta,, Georgia). Infants were classified as stunted, underweight, or wasted as the HAZ, WAZ, 

andd WHZ -score was below 2 standard deviations of the NCHS reference median, respectively. 

Low-MUACC for age was defined as a MAZ-score below 2 standard deviations of the NCHS/ 

WHOO reference (which was only available for children above 6 months of age). Presence of 

bothh thin and light hair were used as indicators of kwashiorkor. 

UpperUpper gastrointestinal problem: history of a loss of appetite or vomiting in the previous two 

weeks s 

HeavyHeavy hookworm infection: Heavy hookworm infection was defined as > 100 eggs per gram 

off stool. This cut-off was the 80th percentile of the frequency distribution of egg counts in 

childrenn infected with hookworm. 

Vaccination:Vaccination: Children in each age group were considered to have completed their age-specific 
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vaccinationss if they had received immunizations with the following vaccines: 1 day-7.9 weeks 

old,, anti-tuberculosis vaccine (Bacillus Calmette-Guerin [BCG]) and one dose of the oral polio 

vaccinee (OPV); 8-11.9 weeks old, the above plus one additional dose of OPV and the first 

immunizationn with anti-diphtheria, pertussis and tetanus vaccine (DPT); 12-15.9 weeks old, the 

abovee plus one additional dose of OPV, and the second DPT immunization; 16-51.9 weeks old; 

BCG,, and all the OPV and DPT vaccinations. Children 12 months and older were considered 

fullyy immunized if they had received BCG, OPV (4x), DPT (3x), and the anti-measles vaccination. 

Attendancee at either the 1997 or 1998 polio eradication campaigns was considered to be a 

satisfactoryy substitute to fulfill the polio immunization criteria. 

Result s s 
PrevalencePrevalence  of  anemia.  The overall prevalence of anemia was 7 6 . 1 % and 7 1 % in villages 

withoutt ITNs (surveys 1 and 2) and with ITNs (surveys 1, 2, and 3), respectively. The prevalence 

off severe to moderate anemia (Hb <7 g/dL) was 1 1 % in non-ITN villages and 8.3% in villages 

withh ITNs. 

Thee association between age and anemia was similar in non-ITN and ITN villages (figures 1 

andd 2). Data of mean hemoglobin by age show that children born in households without ITNs 

havee considerably lower hemoglobin concentration in the first t w o months of life than a 

normall Caucasian American reference population [20]. Non-ITN children <2 months of age 

weree found to have Hb levels in the normal range, though 41.3% were anemic (Hb <11 g/dL). 

Dataa shows that children in this study area experience the normal physiological fall in the first 
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Figur ee 1 : Mean hemoglobin by age and presence of ITN in the household; reference values use capillary blood 
sampless from a healthy western population [20]. 
Note ::  ITN= Insecticide treated net, LCI= lower 95% confidence limit, UCI= upper 95% confidence limit 
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Figur ee 2: Prevalence of anemia by age and ITN status among 2770 children <36 months enrolled in three cross-
sectionall surveys (Feb 1998- July 1999), western Kenya 

2-33 months of age, however they do not exhibit the subsequent rise in hemoglobin concentrations 

ass is seen in healthy reference infants. Instead, the hemoglobin concentrations continued to fall 

untill they reached a nadir at the age of 9-10 months, after which Hb concentration increased 

slightlyy but remained well below two standard deviations from the reference mean (figure 1). 

OtherOther  characteristics.  Table 1 shows characteristics of 2774 children <36 months enrolled 

inn the three cross-sectional surveys stratified by household ITN status. 

Thee mean [95% CI] age of children was 17.4 [17.0, 17.7] months and 48.9% were males. Eight 

hundredd (38%) of children > 12 months were fully immunized (including anti-measles vaccine). 

Theree was a very high cumulative prevalence of morbidity reported by the caretakers. Perceived 

febrilee episodes in the previous two weeks were the most common illness reported by the 

caretakerr (six out of every 7 children). One in two children were reported to have had diarrhea in 

thee previous two weeks, with the prevalence being highest among children aged 3-24 months 

(figuree 3). Among these, 7.3%, 82.4%, and 35.4%, respectively, were reported to have bloody, 

non-bloody,, and watery diarrhea. Healthcare was sought for over three-quarters of children 

(2291/2774);; of them, 47.0% visited a traditional healer, 25.0% visited a formal clinic, 36% 

visitedd a shop that also sells drugs, and 11% visited a market vendor/hawker. The prevalence of 

wasting,, underweight, and stunting was, respectively, 5.8%, 21.9%, 24.8% in all children and 

6.6%,, 25.7% and 29.5% in children 6-35 months of age. Eight percent had a documented fever 

att the time of survey. Palpable spleen was evident in 61.4% and 25.1% of the children in non-ITN 

andd ITN households, respectively. The presence of thin and light hair (indicative of kwashiorkor) 

wass observed in 7% of all children, and only 1% of all children had bipedal edema. 
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Tablee 1 : Characteristics of 2774 children less than 36 months old enrolled in three cross-sectional surveys in 
westernn Kenya 

Characteristic c 

Cross-sectionall survey 

1:Feb-Mar1998;No{%) ) 
2:Nov-Dec1998;No{%) ) 
3:Jun-JuM999;No(%) ) 

Agee (months); mean [95% CI] 
Genderr (male); No {%) 

Receivedd complete set of childhood vacdnations 

Education ,, Housin g and Socioeconomics ' 
Headd of Household's (HH) level of education 

Primaryy school completed 

Primaryy school not completed 
Headd of household's most common income generating activities 

Farmer r 

Salariedd work 
Otherr (fisher, labor, business, etc.) 

Distancee to nearest dink; <500 meters 
Distancee to nearest control/ ITN compound <300 meters 

Numberr of children < 5yo 

1 1 

2-3 3 

>3 3 
Mother'ss age (years)b; No (%) 

<21 1 
21-30 0 

>30 0 

NON-ITN(n=912) ) 

479(52.5) ) 

433(47.5) ) 

0(0) ) 
18.11 [17.5, 

450(49.3) ) 
240(31.5) ) 

443(65.4) ) 
234(34.6) ) 

303(42.6) ) 
119(16.7) ) 

289(40.6) ) 

76(10.0) ) 
171(22.4) ) 

335(47.1) ) 

370(52.0) ) 
6(0.84) ) 

56(13.8) ) 
226(55.7) ) 

124(30.5) ) 

Histor yy of illness , treatmen t or soi l eatin g in previou s 2 weeks 

Fever r 
Gastrointestinall problems 

Bodyy pallor; No (%) 
'Weakk Body'; No (%) 

Respiratoryy tract problems; No (%) 

Diarrhea;; No (%) 
Soill eating; No (%) 

Soughtt healthcare; No {%) 

Clinica ll  Examinatio n 
) ) 

Weightt for Height Z-score Mean [95% CI] 

<-22 Z-score; No (%) 

Weightt for Age Z-score Mean [95% CI ] 
<-22 Z-score; No (%) 

Heightt for Age Z-score Mean [95% CI ] 
<-22 Z-score; No (%) 

MUACC for Age Z-scorec Mean [95% CI] 

<-22 Z-score; No (%) 

802(87.9) ) 

629(69.0) ) 
398(43.8) ) 

237(26.1) ) 
113(12.4) ) 
521(57.4) ) 

247(27.1) ) 

770(84.5) ) 

92(10.1) ) 

18.7] ] 

-0.381-0.46,-0.30] ] 

54(6.1) ) 
-1.022 [-1.11, 

203(22.7) ) 

-1.111 [-1.21, 

213(24.4) ) 

-1.244 [-1.32, 

169(22.3) ) 

-0.92] ] 

-1.01] ] 

-1.15] ] 

mN(n=1862) ) 

5011 (26.9) 
477(25.6) ) 

884(47.5) ) 
17.0[16.5,17.4] ] 
906(48.7) ) 

560(41.7) ) 

874(63.2) ) 

510(36.8) ) 

762(53.0) ) 
258(18.0) ) 

417(29,0) ) 
58(3.9) ) 

582(39.4) ) 

756(52.6) ) 
677(47.1) ) 

4(0.28) ) 

161(18.5) ) 
451(51.7) ) 

260(29.8) ) 

1612(86.6) ) 
1276(68.5) ) 

741(40.1) ) 
436(23.4) ) 

367(19.8) ) 

9%% (53.6) 
409(22.0) ) 
1521(81.7) ) 

138(7.5) ) 
0.311 [-0.36,-0.26] 

1011 (5.6) 

-0.966 [-1.02,-0.89] 
395(21.5) ) 

-1.12[-1.19,-1.05] ] 

445(25.0) ) 

-1.155 [-1.20, -1.09] 
287(19.4) ) 

TOTALL (n=2774) 

980(35.3) ) 
910(32.8) ) 

884(31.9) ) 
17.4[17.0,17.7] ] 

1356(48.9) ) 
800(38.0) ) 

1317(63.9) ) 

744(36.10) ) 

1065(49.6) ) 
377(17.6) ) 

706(32.9) ) 
134(6.0) ) 
753(33.7) ) 

10911 (50.8) 
1047(48.7) ) 

10(0.47) ) 

217(17.0) ) 

677(53.0) ) 
384(30.1) ) 

2414(87.0) ) 
1905(68.7) ) 

1139(41.3) ) 

673(24.3) ) 
480(17.4) ) 

1517(54.8) ) 
656(237) ) 

2291(82.6) ) 

230(8.4) ) 

-0333 [0.38,-0.29] 

155(5.8) ) 
-0.981-1.03,-0.92] ] 

598(21.9) ) 

-1.12[-1.17,-1.06] ] 

658(24.8) ) 

-1.18(-1.23,-1.13] ] 
456(20.4) ) 
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Characteristic c 

Laborator yy Examinatio n 
Malariaa smear positive; No (%) 
Geometricc mean [95% CI] parasitemia/mm3 

High-densityy parasitemia; No (%) 
Gametocytemic;; No (%) 

Clinicall malaria 

Meann Corpuscular Volumeb; mean [95% CI] 

Microcytosisb;No(%) ) 

Hb(g/dL);mean[95%CI] ] 
HbSS pheriötypeb; No (%) 

HbAS S 
HbSS S 

HbAA A 
Anyy helminth in stool"; No (%) 
Hookworm;; No (%) 

Density;; median (range) 

Countt > 100 per gram stool; No (%) 

Ascariss lumbricoides; No (%) 

Trichuristrichiura;; No(%) 
Strongyloidess stercoralis; No (%) 

Schistosomaa mansoni; No (%) 

NON-ITNN (n=912) 

6011 (66.6) 

159.22 [119.9,213.3 

236(25.9) ) 

274(30.5) ) 
53(5.9) ) 

75.22 [74.3,76.1] 
143(33.6) ) 

9.522 ]9.38,9.67] 

90(21.5) ) 
3(0.7) ) 

325(77.8) ) 

151(25.2) ) 
52(8.7) ) 

33(17,1333) ) 

5/52(9.62) ) 
117(19.5) ) 

19(3.2) ) 

0(0) ) 
0(0) ) 

ITN(n=1862) ) 

949(52.1) ) 

51.99 [42.2,63.4] 

365(19.6) ) 

1070(58.8) ) 

56(3.1) ) 

74.7(74.1,75.3] ] 
429(35.4) ) 

9.877 [9.77,9.97] 

284(22.2) ) 

7(0.5) ) 

9911 (77.3) 
299(23.0) ) 

99(7.6) ) 
67(17,800) ) 

21/99(21.2) ) 

250(19.2) ) 
32(2.5) ) 

5(0.4) ) 

1(0.1) ) 

TOTALL (n=2774) 

1550(56.9) ) 
75.2(63.4,89.2] ] 

601(21.7) ) 

1344(49.5) ) 

109(4.0) ) 

74.8(74.3,75.3] ] 
572(34.9) ) 

9.766 [9.67,9.84] 

374(22.0) ) 
10(0.59) ) 
1316(77.4) ) 

450(23.7) ) 

151(8.0) ) 

50(17,1333) ) 
26/151(17.2) ) 

367(19.3) ) 
511 (2.7) 

5(0.26) ) 

11 (0.05) 

adataa based on number of households (2238), not number of children; bonly measured in surveys 2 and 3;c WHO 
referencee used for 6-59mo children dfor all helminthes, n=1299 in ITN villages and n=600 in non-ITN villages 

malariaa • high density parasitemia • microcytosis Ounderweight Odiarrhea Ofever 

12-177 18-23 

Agee (months ) 

24299 30-35 

Figur ee 3: Prevalence of malaria parasitemia (any species and density), high density parasitemia (>5000/mm3), 

microcytosis,, underweight, history of diarrhea and fever by age, among children in non-ITN village s 
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122 18 24 30 36 
Agee (months) 

-anyy worm 
-- hookworm 
-A.. lumbricoides 
-T.. trichiura 

Figuree 4: Prevalence of helminth infection 
byy age. Note: Data are for all children 
<366 mo with a stool examination 
(n=1899).. Schistosomiasis mansoni or 
hematobiumhematobium was absent. 

Thee overall prevalence of malaria parasitemia was 56.9% with the following species distribution: 

PlasmodiumPlasmodium falciparum: 82.8%, P. malariae: 1.03%, P. ovale: 0.13%, mixed species: 15.7%. 

Overalll only 4.0% had concomitant fever (clinical malaria). The frequencies were lowest in ITN 

households.. Microcytemia was detected in 34.9% of the children; exploration of age pattern 

inn non-ITN villages revealed that microcytosis was most common in children aged 6-18 months 

(figuree 3), and overlapped with the high prevalence of malaria parasitemia and reported diarrheal 

illnesss in this age period. Hb-electrophoresis (assessed in survey-2 and survey-3 only) indicated 

thatt 22.0% of the children had the sickle cell trait, and 0.6% had the HbSS phenotype. The 

prevalencee of helminthes infection was low in infants (8.4%), but increased rapidly with age; 

overr 40% of the children who were 30 months and older were infected with one or more 

helminthess (figure 4). Ascaris lumbricoides was the most common geo-helminth identified 

(19.3%)) followed by hookworm (8.0%) and Trichuris trichiura (2.7%). Schistosoma infection 

(Schistosoma(Schistosoma mansoni or 5. hematobium) was virtually absent (0.1%). 

FactorsFactors  associated  with  mean Hb concentrations  (Tables  2 and 3) 

Socio-demographicSocio-demographic indicators: The caretaker's and head of household's level of education 

weree strongly correlated (r = 0.86) and therefore only the results of the head of household's 

levell of education are presented. Three household indicators and 2 geographic variables were 

significantlyy associated (alpha-level of 0.10) with mean hemoglobin levels in the non-ITN 

villages:: level of education of the head of household; wealth; number of children under age 5 

yearss in the household; distance to nearest ITN compound; and distance to nearest clinic. Of 

these,, all but distance to clinic remained significant when entered into a multivariate model 

containingg all the other variables, as well as cross-sectional survey and age. 

Estimatess of adjusted means from the multivariate model indicate significantly lower Hb 

levelss in: children from households where the head of the household did not complete primary 

schooll compared to those with head of households who did complete primary school; in 

childrenn from poorer households (<60,h percentile) as compared to wealthier households; and 
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Tabl ee 2 Factors associated wi th hemoglobin among children less than 36 months old in western Kenya* 

Riskk Factor 

Sododemographic s s 
Gender r 

Male e 

Female e 

Receivedd complete set of childhood vaccinations 
Yes s 
No o 

Headd of Household's (HH) level of education 
Primaryy school completed 

Primaryy school not completed 

HH'ss most common income generating activities 
Farmer r 

Other r 

Salariedd work 

Wealthh below 6 0 % 

Yes s 
No o 

Distancee to nearest dinic <500m 

Yes s 
No o 

Distancee to nearest control/ ITN compound <300m 

Yes s 
No o 

Numberr of children < 5yo 

1 1 
2-3 3 
>3 3 

Mother'ss age (years)3 

<21 1 
21-30 0 

>30 0 

Hemoglobin n 

meann [95% CI] 

9.399 [9.19,9.59] 
9.688 [9.48,9.87] 

9.399 [9.11,9.67] 

9.499 [9.28,9.71] 

9.677 [9.49,9.86] 

9.344 [9.10,9.57] 

9.53(9.32,9.74] ] 

9.466 [9.23,9.70] 

9.744 [9.38,10.1] 

9.42(9.25,9.60] ] 
9.70(9.46,9.94] ] 

10.055 [9.57,10.52] 
9.488 [9.34,9.62] 

9.911 [9.64,10.17] 

9.433 [9.27,9.59] 

9.32(9.10,9.54] ] 
9.733 [9.54,9.92] 

8.44(77 48,9.40] 

9.38(8.68,10.08] ] 

10.144 [9.83,10.45] 
10.07(9.72,10.43] ] 

Histor yy o f illness , t reatmen t o r soi l eatin g in previou s 2 week s 
Fever r 

Yes s 
No o 

Gastrointestinall problems 

Yes s 
No o 

Bodyy pallor 

Yes s 
No o 

'Weakk Body' 

Yes s 
No o 

Respiratoryy tract problems 

Yes s 
No o 

Diarrhea a 

Yes s 
No o 

Soill eating 

Yes s 
No o 

Soughtt healthcare 

Yes s 
No o 

9.400 [9.25,9.54] 

10.59(10.11,11.06] ] 

9.299 [9.13,9.46] 

10.07(9.83,10.32] ] 

9.000 [8.79,9.21] 

9.955 [9.78,10.12] 

8.74(8.48,9.00] ] 

9.80(9.64,9.95] ] 

9.211 [8.84,9.57] 

9.599 [9.44,9.74] 

9.211 [9.04,9.38] 

10.00(9.79,10.20] ] 

8.83(8.59,9.061 1 

9.800 [9.63,9.96) 

9.411 [9.26,9.55] 

10.244 [9.86,1061] 

NON-ITN<n=908) ) 

Differencee in Hb 

meann [95% CI] 

-0.299 [-0.57,-0.01] 

REFERENCE E 

-0.10(0.47,0.27] ] 

REFERENCE E 

00 34(0.04,0.64] 

REFERENCE E 

-0.211 [-0.62,0 21] 

-0.288 [-0.71,0.16] 
REFERENCE E 

-0.288 [-0.57,0.01] 
REFERENCE E 

0.577 [0.08,1.07] 

REFERENCE E 

0.48(0.17,0.78] ] 
REFERENCE E 

REFERENCE E 

0.411 [0.12,0.70] 
-0.888 [-1.87,0.10] 

-0.700 [-1.48,0.09] 

0.077 [-0.39,0.52] 
REFERENCE E 

-1.19[-1.69,-0.70] ] 

REFERENCE E 

-0.788 [-1.07, -0.49] 
REFERENCE E 

-0.955 [-1.21,-0.70] 
REFERENCE E 

-1.066 [-1.36,-0.75] 
REFERENCE E 

-0.399 [-0.78,0.01 [ 
REFERENCE E 

-0.799 [-1.05,-0.52] 

REFERENCE E 

0.977 [-1.25,-0.69] 
REFERENCE E 

-0.833 [-1.23,0.43] 
REFERENCE E 

P-value e 

0.04 4 

0.59 9 

0.03 3 

0.45 5 
0.32 2 

0.21 1 

0.06 6 

0.02 2 

0.002 2 

0.003 3 

0.007 7 

0.08 8 

13 3 
0.08 8 
0.76 6 

O.0001 1 

O.0001 1 

O.0001 1 

O.0001 1 

0.05 5 

O.0001 1 

O.0001 1 

0.0001 1 
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ITN(n=1862) ) 

Hemcglobin n 
meann [95% CI] 

9.73(9.59,9.88] ] 
10.11 [9.96,10.24] 

9.66(9.49,9.83] ] 
10.02(9.83,10.21] ] 

9.94(9.81,10.08] ] 
9.888 [9.71,10.06] 

9.98(9.83,10.13] ] 
9.86(9.67,10.05] ] 
9.85(9.62,10.09] ] 

9.96(9.82,10.10] ] 
9.86(9.69,10.02) ) 

10.40(9.89,10.92] ] 
9.90(9.80,10.01] ] 

9.866 [9.68,10.04] 
9.95(9.82,10.08] ] 

9.833 [9.68,9.98] 
9.98(9.84,10.13] ] 
10.83(9.65,12.01] ] 

10.07(9.70,10.44] ] 
10.03(9.81,10.24] ] 
10.06(9.81,10,31] ] 

9.76(9.65,9.86] ] 
10.90(10.57,11.23] ] 

9.65(9.52,9.77] ] 
10.47(10.28,10.66] ] 

9.38(9.22,9.54] ] 
10.24(10.11,10.38] ] 

9.11(8.91,9.30] ] 
10.16(10.04,10.28] ] 

9.744 [9.52,9.96] 
9.96(9.84,10.08] ] 

9.61(9.48,9.75] ] 
10.26(10.10,10.42] ] 

9.16(8.97,9.36] ] 
10.14(10.02,10.26] ] 

9.73(9.62,9.84] ] 
10.755 [10.46,11.05] 

Differencee in Hb 
meann [95% CI] 

-0.377 [-0.57,-0.17] 
REFERENCE E 

-0.366 [-0.63,-0.10] 
REFERENCE E 

0.0588 [-0.16,0.28] 
REFERENCE E 

0.13[-0.15,0.40] ] 
0.004(0.29,0.30] ] 
REFERENCE E 

0.10(0.10,0.31] ] 
REFERENCE E 

0.500 [-0.02,1.03] 
REFERENCE E 

-0.09[-0.32,0.14] ] 
REFERENCE E 

REFERENCE E 
0.166 [-0.05,0.36] 
1.000 [-0.19,2.19] 

0.011 [-0.43,0.46] 
-0.033 [-0.36,0.30] 
REFERENCE E 

-1.144 [-1.49,-0.79] 
REFERENCE E 

-0.822 [-1.05,-0.60] 
REFERENCE E 

-0.877 [-1.07,-0.66] 
REFERENCE E 

-1.055 [-1.28,-0.83] 
REFERENCE E 

-0.211 [-0.46,0.03] 
REFERENCE E 

-0.655 [-0.85,-0.44] 
REFERENCE E 

-0.977 [-1.20,-0.75] 
REFERENCE E 

-1.033 [-1.34,-0.71] 
REFERENCE E 

P-value e 

0.0004 4 

0.008 8 

0.60 0 

0.50 0 
0.36 6 
0.98 8 

0.32 2 

0.06 6 

0.43 3 

0.10 0 

0.14 4 
0.10 0 
0.97 7 
0.95 5 
0.86 6 

O.0001 1 

O.0001 1 

O.0001 1 

<0.0001 1 

0.09 9 

O.0001 1 

«.0001 1 

«.0001 1 
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NON-ITN(n=908) ) 

Riskk Factor Hemoglobin n 
meann (95% CI ( 

Differencee in Hb 
meann [95% CI] 

P-value e 

Clinica ll  Examinatio n 
Axillaryy temp C 

Yes s 
No o 

Palpablee spleen3 

Yes s 
No o 

Weightt for Height Z-score <-2 
Yes s 
No o 

Weightt for Age Z-score <-2 
Yes s 
No o 

Heightt for Age Z-score <-2 
Yes s 
No o 

MUACC for Age Z-score <-2 
Yes s 
No o 

Signss of kwashiorkor (thin and light hair)3 

Yes s 
No o 

Laborator yy Examinatio n 
Malariaa smear 

Positive e 
Negative e 

Gametocytemic c 
Yes s 
No o 

Clinicall malaria 
Yes s 
No o 

MkTocytosisa a 

Yes s 
No o 

HbSS phenotype" 
HbAS S 
HbSS S 
HbAA A 

Anyy helminth in stoolb 

Yes s 
No o 

Hookworm m 
Yes s 
No o 

Heavyy hookworm 
Yes s 
No o 

Ascariss lumbricoides 
Yes s 
No o 

Trichuristrichiura a 
Yes s 
No o 

8.37(7.98,8.76] ] 
9.67(9.53,9.82] ] 

9.38(9.15,9.61] ] 
11.01(10.68,11.35] ] 

8.74(8.18,9.30] ] 
9.599 [9.43,9.74] 

8.71(8.44,8.99] ] 
9.76(9.61,9.92] ] 

8.977 [8.70,9.24] 
9.72(9.56,9.88] ] 

8.666 [8.37,8.96] 
9.588 [9.43,9.74] 

9.37(8.74,10.00] ] 
10.08(9.82,10.33] ] 

9.09(8.93,9.25) ) 
10.422 [10.21,10.64] 

8.88(8.66,9.09] ] 
9.811 [9.65,9.98] 

8.31(7.81,8.81] ] 
9.61(9.46,9.76] ] 

9.677 [9.39,9.95] 
10.18(9.90,10.46] ] 

10.30(9.94,10.67] ] 
9.27(8.39,10.15] ] 
9.88(9.63,10.13] ] 

9.50(9.05,9.95] ] 
9.488 [9.25,9.71] 

9.55(8.66,10.44] ] 
9.49(9.23,9.75] ] 

9.73(8.18,11.27] ] 
9.48(9.02,9.94] ] 

9.46(8.98,9.93] ] 
9.49(9.25,9.74] ] 

9.59(8.22,10.96] ] 
9.48(9.19,9.78] ] 

-1.30[-1.72,-0.89] ] 
REFERENCE E 

-1.633 [-2.03,-1.24] 
REFERENCE E 

-0.855 [-1.43,-0.27] 
REFERENCE E 

-1.05[-1.37,-0.73] ] 
REFERENCE E 

-0.755 [-1.07, -0.44] 
REFERENCE E 

-0.922 [-1.25,-0.60] 
REFERENCE E 

-0.711 [-1.39,-0.03] 
REFERENCE E 

-1.333 [-1.60,-1.07] 
REFERENCE E 

-0.93[-1.20,-0.67] ] 
REFERENCE E 

-1.300 [-1.81,-0.79] 
REFERENCE E 

-0.511 [-0.89,-0.13] 
REFERENCE E 

0.42(0.001,0.84] ] 
-0.611-1.53,0.31] ] 
REFERENCE E 

0.022 [-0.45,0.49] 
REFERENCE E 

0.066 [-0.77,0.89] 
REFERENCE E 

0.244 [-1.30,1.79] 
REFERENCE E 

-0.044 [-0.56,0.49] 
REFERENCE E 

0.100 [-1.28,1.48] 
REFERENCE E 

O.0001 1 

O.0001 1 

0.007 7 

O.0001 1 

O.0001 1 

O.0001 1 

0.04 4 

<0.0CO1 1 

<0.0001 1 

O.0001 1 

0.01 1 

0.04 4 
0.05 5 
0.18 8 

0.95 5 

0.57 7 

0.89 9 

0.85 5 

*alll analyses adjusted for clustering at the compound level, and controlling for cross-sectional survey; aonly 
measuredd in surveys 2 and 3; bAnalyses restricted to surveys 2 and 3 (for ITN) and survey 2 (for non-ITN) and 
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ITN(n=1862) ) 

Hemoglobin n 
meann [95% CI] 

9.25(8.89,9.61] ] 
9.97(9.86,10.08] ] 

8.99(8.77,9.21] ] 
10.40(10.25,10.54] ] 

9.33(8.94,9.72] ] 
9.96(9.85,10.07] ] 

9.10(8.89,9.32] ] 
10.15(10.04,10.27] ] 

9.20(9.02,9.39] ] 
10.18(10.06,10.30] ] 

8.88(8.63,9.14] ] 
9.80(9.69,9.91] ] 

9.18(8.67,9.69] ] 
10.05(9.92,10.18] ] 

9.13(8.99,9.27] ] 
10.73(10.58,10.88] ] 

9.33(9.16,9.50] ] 
10.44(10.26,10.62] ] 

8.29(7.75,8.83] ] 
9.96(9.85,10.07) ) 

9.28(9.11,9.45] ] 
10.32(10.16,10.48] ] 

10.16(9.93,10.39] ] 
7.10(5.93,8.27] ] 
9.98(9.83,10.13] ] 

9.06(8.50,9.63] ] 
9.19(8.69,9.68] ] 

9.21(8.41,10.02] ] 
9.17(8.65,9.68] ] 

8.411 [5.87,10.95] 
9.16(8.06,10.26] ] 

9.05(8.47,9.63] ] 
9.19(8.69,9.68] ] 

8.41(7.30,9.51] ] 
9.18(8.60,9.76] ] 

Differencee in Hb 
meann [95% CI] 

4.733 [-1.10,-0.35] 
REFERENCE E 

-1.411 [-1.67,-1.14] 
REFERENCE E 

-0.633 [-1.03,-0.23] 
REFERENCE E 

-1.055 [-1.28,-0.81] 
REFERENCE E 

-0.98[-1.19,-0.77] ] 
REFERENCE E 

-0.921-1.19,-0.65] ] 
REFERENCE E 

-0.877 [-1.41,-0.34] 
REFERENCE E 

-1.600 [-1.80,-1.40] 
REFERENCE E 

-1.111 [-1.39,-0.82] 
REFERENCE E 

-1.677 [-2.22,-1.11] 
REFERENCE E 

-1.044 [-1.27,-0.81] 
REFERENCE E 

0.188 [-0.09,0.45] 
-2.88[4.06,-1.71j j 
REFERENCE E 

-0.13[-0.42,0.16] ] 
REFERENCE E 

0.055 [-0.50,0.60] 
REFERENCE E 

-0.755 [-2.73,1.22] 
REFERENCE E 

-0.133 [0.43,0.17] 
REFERENCE E 

-0.777 [-1.73,0.19] 
REFERENCE E 

P-value e 

0.0002 2 

O.0001 1 

0.003 3 

O.0001 1 

<0.0001 1 

O.0001 1 

0.002 2 

<O.0001 1 

O.0001 1 

O.0001 1 

<0.0001 1 

<0.0001 1 
0.19 9 
O.0001 1 

0.38 8 

0.85 5 

0.24 4 

0.37 7 

0.10 0 

estimatess also control for hemoglobin S phenotype due to confounding. There were too few cases of Strongyloides 

stercolasiss and Schistosoma mansoni for inclusion in further analyses. 
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inn children who came from households with 4 or more children as compared to those with only 

one.. Children from households with 2 or 3 children had higher mean Hb levels than those with 

onlyy one child. Residing within 300m of an ITN compound resulted in childrenn having significantly 

higherr mean Hb levels as compared to those who lived further away. Of note is that none of 

thesee indicators were associated with hemoglobin levels in the villages with ITNs. 

HealthHealth care seeking behavior and morbidity: Seeking healthcare, including visiting a traditional 

healer,, a health center/dispensary, or a market vendor in the last two weeks was strongly 

associatedd with lower mean hemoglobin levels, regardless of whether treatment was received 

orr not. All of the reported signs and symptoms of illness were significantly associated with 

lowerr mean hemoglobin levels. In multivariate analyses for households without ITNs, history of 

fever,, 'pale body', 'weak body', diarrhea, and soil eating were all associated with lower mean 

hemoglobinn levels, but upper gastro-intestinal symptoms were not (Table 3a). These parameters 

weree also statistically significant in the multivariate model for ITN households (Table 3b). 

Furtherr stratification of diarrheal illness showed that a history of bloody diarrhea was not 

significantlyy associated with hemoglobin concentrations (mean hemoglobin [95% CI]: -0.35 [-

1.00,, 0.30]) but non-bloody diarrhea (-0.73 [-1.00, -0.47]) and watery diarrhea (-0.73 [-1.06, -

0.39])) were. In addition, children who ate soil were more likely to be microcytemic (45.6%) 

thann those who were not reported as eating soil (31.9%). 

ClinicalClinical examination: Univariate models showed that documented fever, palpable spleen, WHZ, 

WAZ,, HAZ, MAZ and signs of kwashiorkor were all associated with mean Hb levels. Of the four 

measuredd indicators of malnutrition, only HAZ and WHZ were considered in the multivariate 

modeling.. Having a palpable spleen and signs of kwashiorkor were only available in surveys 2 

andd 3, thus were also not considered in multivariate modeling. Results from the multivariate 

modelss indicate that children who had a history of fever and/or stunting had significantly 

lowerr mean Hb levels than children who did not exhibit these symptoms, for both non-ITN and 

ITNN households. 

LaboratoryLaboratory results: Children with evidence of asexual malaria parasitemia had considerably 

lowerr mean hemoglobin concentrations in both non-ITN and ITN villages. Similarly children 

withh gametocytemia had lower mean hemoglobin values than children without gametocytemia, 

evenn if there were no asexual parasites seen on thick smear. Microcytosis was also associated 

withh lower mean hemoglobin. 

Furtherr analysis of the relationship between asexual parasite densities and anemia showed 

thatt malaria parasitemia was associated with severe to moderate anemia (Hb <7 g/dL), and 

thatt the odds increased with increasing parasite densities. This relationship was similar in ITN 
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Tabl ee 3 Multivariate analyses by sociodemographics, history of illness 

a)) NON-UN 

Sociodemographics * * 
Headd of Household's (HH) level of education 

Primaryy school completed 

Primaryy school not completed 

Wealthh below 6 0 % 

Yes s 
No o 

Distancee to nearest ITN compound <300m 

Yes s 
No o 

Numberr of children < 5yo 

1 1 
2-3 3 
>3 3 

Histor yy o f illness , t rea tmen t o r soi l eat in g in 

Fever r 

Yes s 
No o 

Bodyy pallor 

Yes s 
No o 

'Weakk Body' 

Yes s 
No o 

Diarrhea a 

Yes s 
No o 

Soill eating 

Yes s 
No o 

Clinica ll  Examination 3 

Axillaryy temps 37.5 C 
Yes s 
No o 

Heightt for Age Z-score <-2 
Yes s 
No o 

Laborator yy Examination -1 

Malariaa smear 
Positive e 
Negative e 

Gametocytemic c 
Yes s 
No o 

Clinicall malaria 
Yes s 
No o 

Hemoglobinn mean 
[95%% CI] 

9.455 [9.11,9.79] 
9.122 [8.75,9.48] 

9.133 [8.79,9.47] 
9.433 [9.08,9.79] 

9.522 [9.12,9.91] 
9.05(8.75,9.34] ] 

9.48(9.23,9.73] ] 
9.82(9.62,10.02] ] 
8.55(7.69,9.41] ] 

previou ss 2 weeks * 

9.133 [8.96,9.30] 
9.855 [9.39,10.32] 

9.32(9.01,9.62] ] 
9.677 [9.40,9.94] 

9.18(8.84,9.51] ] 
9.811 [9.55,10.07] 

9.34(9.07,9.60] ] 
9.655 [9.34,9.96] 

9.133 [8.82,9.44] 
9.86(9.59,10.12] ] 

8.18(7.76,8.59] ] 
9.466 [9.29,9.63] 

8.411 [8.09,8.73] 
9.23(9.00,9.45] ] 

8.68(8.43,8.92] ] 
9.89(9.54,10.25] ] 

9.044 [8.71,9.36] 
9.53(9.27,9.80] ] 

8.888 [8.38,9.39] 
9.699 [9.53,9.84] 

clinical,, and laboratory examination 

Differencee in Hb mean 
[95%% CI] 

0.333 [0.04,0.63] 
REFERENCE E 

-0.300 [-0.59,-0.02] 

REFERENCE E 

0.477 [0.16,0.78] 

REFERENCE E 

REFERENCE E 
0.34(0.05,0 .63] ] 

-0.933 [-1.81,-0.05] 

-0.72[-1.20,-0.25] ] 
REFERENCE E 

-0.355 [-0.62, -0.08] 

REFERENCE E 

-0.633 [-0.96,-0.31] 

REFERENCE E 

-0.311 [-0.58,-0.05] 

REFERENCE E 

-0.733 [-1.00,-0.45] 

REFERENCE E 

-1.299 [-1.71,-0.86] 

REFERENCE E 

-0.822 [-1.13.-0.51] 
REFERENCE E 

-1.211 [-1.51,-0.91] 

REFERENCE E 

-0.499 [-0.76, -0.22] 

REFERENCE E 

-0.811 [-1.31,-0.30] 

REFERENCE E 

P-value e 

0.028 8 

0.037 7 

0.003 3 

0.004 4 

0.022 2 

0.038 8 

0.004 4 

0.01 1 

0.0002 2 

0.02 2 

O.0001 1 

O.0001 1 

<0.0001 1 

<0.0001 1 

0.001 1 

0.003 3 

"adjustedd for cross-sectional survey and age (global mean 18.1 months); "since microcytosis and HbS phenotype onlyy measured 
inn surveys 2 and 3, they were not included in the multivariate analyses. Note : factors that were independently associated (p<0.1) 
withh mean hemoglobin in bivariate analyses {table 2) were entered into multivariate models for each of the categories of 
sociodemographics,, history of illness, clinical examination, and iaboratory examination (backward selection) 



46 6 Chapterr 2 

b)) ITN 

Sociodemographics * * 
Headd of Household's (HH) level of education 

Primaryy schoot completed 

Primaryy school not completed 

Wealthh below 60% 
Yes s 

No o 

Distancee to nearest control compound <300m 
Yes s 

No o 

Numberr off children < 5yo 
1 1 

2-3 3 

>3 3 

Histor yy of illness , treatmen t or soi l eatin g in 
Fever r 

Yes s 

No o 

Bodyy pallor 

Yes s 

No o 

'Weakk Body' 

Yes s 
No o 

Diarrhea a 

Yes s 
No o 

Soill eat ing 

Yes s 
No o 

Clinica ll  Examinat ion 3 

Axillaryy temp > C 

Yes s 
No o 

Heightt for Age Z-score <-2 

Yes s 
No o 

Laborator yy Examinat ion ^ 

Malariaa smear 
Positive e 

Negative e 
Gametocytemic c 

Yes s 

No o 

Clinicall malaria 

Yes s 

No o 

Hemoglobinn mean 

[95%% CI] 

10.211 [9.80, 10.63] 

10.166 [9 .71 , 10.60] 

10.244 [9 .81. 10.67] 

10.133 [9.70, 10.56] 

10.122 [9.69, 10.56] 
10.244 [9.83, 10.66] 

9.799 [9.63,9.95] 

9.944 [9.79,10.10] 

10.822 [9.61,12.03] 

previou ss 2 weeks * 

9.411 [9.27, 9.54] 

10.155 [9 .81, 10.49] 

9.577 [9.35, 9.80] 

9.999 [9.77, 10.20] 

9.500 [9.24, 9.76] 

10.066 [9.88, 10.25] 

9.644 [9.44, 9.85] 

9.922 [9.69, 10.14] 

9.411 [9 .16 ,9 .66 ] 
10.155 [9.96, 10.34] 

9.188 [8 .81 , 9.55] 

9.755 [9.63, 9.87] 

9.000 [8.75, 9.26] 
9.933 [9.73, 10.12] 

8.700 [8.44, 8.97) 

10.266 [9.96, 10.56] 

9.299 [8.99, 9.59] 

9.677 [9.37, 9.97J 

9.011 [8.48, 9.55] 

9.955 [9.84, 10.05] 

Differencee in Hb mean 

[95%% CI] 

0.066 [-0.16, 0.27] 

REFERENCE E 

0.111 [-0.10, 0.33] 
REFERENCE E 

-0.122 [-0.35, 0.12] 

REFERENCE E 

REFERENCE E 

0.155 [-0.06,0.36] 

1.033 [-0.19, 2 24] 

-0.744 [-1.08, -0.40] 

REFERENCE E 

-0.422 [-0.63, -0.20] 
REFERENCE E 

-0.577 [-0.81,-0.32] 

REFERENCE E 

-0.277 [-0.47, -0.07] 

REFERENCE E 

-0.744 [-0.96, -0.52] 
REFERENCE E 

-0.577 [-0.94, -0.20] 

REFERENCE E 

-0.922 [-1.13, -0.71) 
REFERENCE E 

-1.566 [-1.78, -1.34] 

REFERENCE E 

-0.388 [-0.67, -0.09] 

REFERENCE E 

-0.933 [-1.48, -0.39J 

REFERENCE E 

P-value e 

0.60 0 

0.29 9 

0.33 3 

0.11 1 

0.16 6 

0.10 0 

<0.0001 1 

0.0002 2 

O.0001 1 

0.009 9 

O.0001 1 

0.003 3 

O.0001 1 

O.0001 1 

0.01 1 

0.002 2 

33adjustedadjusted for cross-sectional survey and age (global mean 17.0 months); "although microcytosis and HbS 

phenotypee were strongly associated with hemoglobin levels in bivariate analyses, since they were only measured 

inn surveys 2 and 3, they were not included in the multivariate analyses. Note : factors that were independently 

associatedd (p<0.1) with mean hemoglobin in bivariate analyses (table 2) were entered into multivariate models for 

eachh of the categories of sociodemographics, history of illness, clinical examination, and laboratory examination 

(backwardd selection) for children in control villages. Variables that remained in the final model from control 

householdss were then forced into a model using children from ITN households. 
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andd non-ITN households. Of note was, that even low parasite densities (between 10th and 20th 

percentile,, or 64-352 parasites/mm3) were associated with significantly increased odds of 

severee to moderate anemia (figure 5) as compared to those without parasitemia. This relationship 

wass maintained when analysis was restricted to children less than 24 months or 6-24 months 

oldd (data not shown). 

Figur ee 5: Odds Ratios and 95% Confidence Limits (adjusted for cross-sectional survey and age) for the association 
betweenn parasite densities and severe to moderate anemia among children <36 months old in western Kenya. 
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Parasitemiaa (10th percentiles ) 

nn =898 for non-ITN and 1818 for ITN households; using negative parasitemia as reference group 

AA previous study in eastern Kenya found that stunting increased the detrimental effect of 

malariaa on hemoglobin levels [23]. In our study, stunting (but not underweight status or 

wasting)) was associated with 1.87 times the odds of having malaria (95% CI 1.25, 2.79), 

adjustingg for cross-sectional survey and age. However, our data did not confirm findings from 

easternn Kenya and revealed that the malaria-associated decrease in mean hemoglobin was 

slightlyy greater in the non-stunted children (mean [95% CI] -1.39g/dL [-1.70, -1.08]) than the 

stuntedd children (-0.76g/dL [-1.47, -0.05], p-value of interaction = 0.12 in non-ITN villages). The 

malaria-associatedd decrease in mean hemoglobin was also greater in children who were not 

underweightt (-1.45 [-1.75, -1.14]) than in underweight children (-0.60 [-1.27, 0.06], p-value of 

interact ion^.03).. In ITN households, however, the malaria-associated decrease in hemoglobin 

wass very similar between stunted and non-stunted children (p-value of interaction = 0.69) and 

underweightt and non-underweight children (p-value of interaction for WAZ-malaria = 0.90). 

Ass expected, those with HbAS phenotype had higher hemoglobin levels than those with 

HbAA,, and children with the HbSS phenotype had the lowest Hb concentrations. Helminthes 

weree not associated with hemoglobin levels, at any density detected, and in any age group. 

Previouss studies have suggested that helminth infection may modify the severity of malaria-

associatedd anemia [24], Multivariate analysis indicated that the effect of malaria on mean 
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hemoglobinn levels was not influenced by the presence of helminthes infection (p-value of 

interactionn in non-!TN=0.23 and ITNO.24, adjusted for age and HbS phenotype). 

OverallOverall  Model.  The final linear regression model began with all factors that were shown to be 

significantlyy associated with Hb levels in the multivariate models of the sociodemographic, history 

off illness, healthcare seeking, clinical examination, and laboratory classifications in non-ITN 

householdss (from Table 3a). The final model contains those variables that remained significant 

whenn all other variables, including age and cross-sectional survey, were in the model. These 

were:: number of children <5y, history of fever, 'pale body', 'weak body', diarrhea, soil eating, 

axillaryy temperature , stunting, and presence of malaria parasitemia (table 4). 

Tablee 4 Overall multivariate model for non-ITN households* 

Hemoglobinn mean Difference in Hb mean P-value 
[95%% CI] [95% CI] 

Numberr of children < 5y 0.04 
1 1 
2-3 3 
>3 3 

Fever r 
Yes s 
No o 

Bodyy pallor 
Yes s 
No o 

'Weakk Body' 
Yes s 
No o 

Diarrhea a 
Yes s 
No o 

Soill eating 
Yes s 
No o 

Axillaryy temp > 37.5 C 
Yes s 
No o 

Heightt for Age Z-score <-2 
Yes s 
No o 

Malariaa smear 
Positive e 
Negative e 

9.099 [8.73,9.44] 
9.411 [9.06, 9.76] 
9.044 [8.20,9.87] 

8.866 [8.51,9.21] 
9.500 [8.94,10.05] 

8.999 [8.56,9.43] 
9.366 [8.96,9.76] 

8.966 [8.52,9.40] 
9.399 [8.98,9.81] 

9.02(8.62,9.42] ] 
9.333 [8.90,9.77] 

8.85(8.41,9.28] ] 
9.511 [9.11,9.91] 

8.79(8.25,932] ] 
9.57(9.20,9.95] ] 

8.922 [8.46, 937] 
9.444 [9.05,9.83] 

8.611 [8.23,8.99] 
9.755 [9.30,10.20] 

REFERENCE E 

0.33(0.07,0.58] ] 
-0.055 [-0.86,0.77] 

-0.64[-1.11,-0.17] ] 
REFERENCE E 

-0.37[-0.64,-0.10] ] 

REFERENCE E 

-0.433 [-0.76,-0.10] 

REFERENCE E 

-0.311 [-0.58,-0.05] 

REFERENCE E 

-0.666 [-0.94, -0.39] 

REFERENCE E 

-0.799 [-1.23,-0.34) 

REFERENCE E 

-0.522 [-0.83,-0.21] 

REFERENCE E 

-1.141-1.41,-0.87] ] 
REFERENCE E 

0.01 1 

0.90 0 

0.009 9 

0.009 9 

0.01 1 

0.02 2 

<0.0001 1 

0.001 1 

0.001 1 

O.0001 1 

** controlling for cross-sectional survey and age (global mean 18.1 months) 
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Discussio n n 
Childhoodd anemia is a significant public health problem in this area of intense malaria transmission 

andd high prevalence of malnutrition: 76.1% and 71% of children <36 months were anemic in 

householdss without ITNs and with ITNs, respectively, which is consistent with other published 

reportss from sub-Saharan Africa [1, 25]. 

Infantss 0-2 months old had similar hemoglobin concentrations as healthy reference children 

fromm developed countries [20], but unlike in reference populations, hemoglobin levels continued 

too fall until the age of 9-10 months with little subsequent improvement. Approximately two-

thirdss of the infants aged 3-5 months had become anemic, and 83% were anemic between 6-

188 months. Thus, in this area most anemia is acquired from the age of 2 months onwards. 

Similarr findings have been reported from cohort studies in this and other malaria endemic 

areass [8, 26, 27]. 

Althoughh our cross-sectional design limits the interpretation of our findings, our previous 

studiess implicate malaria and iron deficiency as the main causes of anemia in these young 

childrenn [15, 28-31]. Of note was that, in households without ITNs, almost half of infants aged 

3-55 months were infected with malaria. Infants in the first few months of life are partially protected 

againstt clinical malaria through a combination of reduced exposure to mosquito bites, physiologic 

(fetall hemoglobin) and immunologic factors such as the in-utero transfer of maternal IgG antibodies 

andd sensitization of the fetus [32, 33]. Our results, and that from a concomitant birth cohort 

indicatee that this period of protection is short lived in this area with intense malaria transmission. 

Inn our birth cohort, half of the children unprotected by ITNs had their first malaria episode by the 

agee of 4.5 months, and this was delayed to 10.7 months with ITNs, resulting in a 70% reduction 

inn severe anemia in infants < 3 months and 3-6 months old [29]. Thus, malaria plays an important 

rolee in the etiology of childhood anemia from very early infancy onwards. 

Inn addition, the contribution of iron deficiency is likely to increase from 3 months onwards. 

Inn non-ITN households, the prevalence of microcytosis was 3.2% in 0-2 months old infants and 

increasedd to 21% and 45% among 3-5 and 6-18 month old children, respectively. More recent 

studiess point to evidence that exclusively breastfed children in less developed countries are 

nott protected from developing iron deficiency anemia within 4 to 6 months [34-42], which is 

inn contrast to earlier findings from observational studies that suggested that healthy term 

infantss are usually born with adequate iron stores that will last approximately six months, 

irrespectivee of the iron status of the mother [43]. The maternofetal unit is dependent on 

exogenouss iron, and the level of iron stores is related to maternal iron status during pregnancy. 

Thiss is consistent with observations from our placebo controlled anemia treatment studies in 

childrenn 2-36 months old, which indicate even 2-6 months old infants with anemia benefited 

considerablyy from iron supplementation [30]. 

Ass reported in more detail elsewhere, few children less than 3 months of age in these 
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surveyss were stunted or underweight, but the prevalence increased rapidly between 3-18 months 

off age and was highest among children who are 18-23 months [13]. Stunting and underweight 

childrenn had markedly lower hemoglobin levels than their well-nourished counterparts. In addition, 

ourr data showed that stunted children were at greater risk of having malaria parasitemia than 

non-stuntedd children, similar to findings reported in a recent review [44]. Some studies have 

shownn that anemia associated with malaria [23] or febrile/ diarrheal illness [45] is more severe 

amongg stunted than non-stunted children, suggesting that stunting modifies the association 

betweenn some infectious diseases and hemoglobin concentrations. We, however, were unable 

too confirm this in the current study; the malaria-associated decrease in hemoglobin in our study 

wass slightly higher among non-stunted and non-underweight children than stunted and 

underweightt children, respectively, but only in the control villages and not in the ITN villages. 

Theree was a clear relationship between parasite densities and hemoglobin levels in all age 

groups.. Among children living in households without ITNs, the odds of severe to moderate 

anemiaa were increased 7-fold in the highest parasite density group compared to children 

withoutt parasitemia. However, we also found that even the very low-density infections (10th-

20thh percentile) were significantly associated with severe to moderate anemia among children 

(Oddss ratio [95% CI]: 3.11 [1.12, 8.61]). Low-density infections are very common in these 

areass of intense malaria transmission [21], and either reflect chronic low-grade infections or 

thee tail-end of what may have started as an acute high density infection. Previous studies with 

longitudinall follow-up have also shown a significant impact of 'asymptomatic' chronic low-

densityy parasitemia on anemia [26, 28]. The significance of both low and high-density parasitemia 

couldd imply that malaria control interventions that combine interventions that prevent infections, 

albeitt incompletely, such as ITNs [29, 46, 47], with interventions that treat and clear stealthy 

asymptomaticc infections, such as intermittent preventive treatment, may have a greater impact 

onn anemia than any of these interventions alone. 

Off the long list of symptoms and signs collected in the morbidity questionnaire, a history of 

perceivedd fever was the most common symptom reported, and this was also the most strongly 

associatedd with hemoglobin levels. Similarly, over half the children had a history of diarrheal 

episodess requiring treatment in the 2 weeks before the surveys and this was also independently 

associatedd with lower hemoglobin concentrations. Approximately one-third of children in the 

firstt 3 months of life had a history of diarrhea; the prevalence increased rapidly thereafter and 

remainedd high in 3-24 month old children. Diarrheal illness is associated with loss of iron and 

decreasedd absorption of nutrients needed to maintain normal hematologic status [45] and, if 

severe,, may lead to wasting [48]. While specific pathogens were not determined in the current 

study,, clinic-based surveillance conducted in this area between May 1997 and April 1998 

implicatedd Shigella, Campylobacter, Salmonella, and Vibrio cholera species as predominant 

bacteriall causes of diarrheal episodes [49]. 
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AA recent survey conducted among 1,246 children aged 10-12 years in 32 primary schools in 

thiss area, reported a high prevalence of geohelminths (63%) and 5. mansoni infection (16%)[50]. 

Ourr study found a low prevalence of helminth infections among pre-school children in this 

area:: 8%, 2.7%, and 0.05% of the children had hookworm, T. trichiuria, and S. mansoni, 

respectively.. Infection with A. lumbricoides was more prevalent (19.3%). However, none of 

thesee helminth infections were associated with anemia. Of interest in this respect is the high 

prevalencee of soil-eating among pre-school children in our study sample (24%). Geophagy is 

veryy common among Luo women and children in western Kenya [51-53] and a likely source of 

ascariasiss and possibly tirchuriasis, as well as dietary iron and zinc [51, 54]. Geophageous 

childrenn had considerably lower hemoglobin concentration and were more likely to be 

microcytemicc than non-geophageous children, consistent with previous longitudinal study in 

school-agedd children in this area [51]. In our study, however, we did not find a significant 

associationn between infection with A. lumbricoides and soil eating. 

Ass reported by others, several of the socio-demographic factors were associated with 

hemoglobinn levels, including educational level of the head of household and caretaker, socio-

economicc status, and family size [37, 45, 55-57]. Of note, however, was that the relative 

differencess were small, and not consistent between the surveys conducted in households with 

ITNss and those who did not yet receive ITNs. The variation in socio-economic status is small in 

thiss community, where essentially every one is poor [16]. 

Noo inference about causality can be made from these cross-sectional survey data, and this 

studyy provides at best descriptive statistics of anemia as a public health problem in this area. 

Despitee these limitations this study demonstrates that infants in this area have hemoglobin 

concentrationss similar to that of healthy reference populations in the first 2 months of life, but 

aree at high risk of becoming severely anemic thereafter. The peak prevalence of malaria [21, 58], 

malnutritionn [13] and diarrhea overlap placing children between 3-24 months at a particularly 

highh risk of developing severe anemia. HIV status was not assessed in these surveys, but it is also 

knownn to contribute to anemia in infants in this area [3]. Prevention of severe anemia should 

startt early in infancy and include a combination of micronutrient supplementation, malaria control, 

andd possibly control interventions to reduce diarrheal illness in these young children. 
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