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Abstract t 
Background:: A single study showed that iron supplementation in Gambian pregnant women 

withh sickle-cell trait {HbAS) is associated with increased susceptibility to malaria and decreased 

hematologicall responses compared to pregnant women with the normal (HbAA) phenotype. It is 

unknownn if a similar interaction exists in children. 

Objective:: To determine the influence of the sickle-cell hemoglobin phenotype on hematological 

responsess and malaria following iron supplementation in anemic children aged 2-35 months (Hb 

70-109g/L). . 

Design:: Children (115 HbAS, 408 HbAA) were enrolled in a double-blind randomized placebo-

controlledd trial of intermittent preventive treatment with 4-weekly sulfadoxine-pyrimethamine (IPT) 

andd daily-supervised iron for 12 weeks. 

Results:: The mean difference in hemoglobin concentrations at 12 weeks between children assigned 

ironn and placebo-iron, adjusting for the effect of IPT, was 9.1g/L (95% confidence intervals [Cl]:6.4-

11.8)) and 8.2g/L (95%CI:4.0-12.4) in HbAA and HbAS children respectively (P-value interaction 

term=0.68).. Although the incidence of malaria parasitemia and clinical malaria was greater in HbAS 

childrenn in the iron than placebo-iron group, this difference was not statistically significant; incidence-

ratee ratios (95%CI) adjusted for the effect of IPT: 1.23(0.64-2.34) and 1.41(0.39-5.00), respectively. 

Thee corresponding incidence-rate ratios in HbAA children were: 1.07(0.77-1.48) and 0.59(0.35-

1.01).. The interactions between the effects of iron and hemoglobin phenotype on malaria 

parasitemiaa (P=0.70) or clinical malaria (P=0.20) were not significant. 

Conclusions:: There was no evidence for clinically relevant modification by hemoglobin-S phenotype 

off the effects of iron supplementation in the treatment of mild anemia. The benefits of iron 

supplementationn are likely to outweigh possible risks associated with malaria in children with either 

HbAAA or HbAS. 
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Introduction n 
Anemiaa (Hb <110g/L) has a prevalence of 50-75% among pre-school children in sub-Saharan 

Africaa (1, 2) and is predominantly caused by iron deficiency and malaria (3, 4). Despite the well 

recognizedd public health burden of anemia and the beneficial impact of iron supplementation 

onn hematological status (5-7), the use of iron supplementation for treatment of anemia in sub-

Saharann Africa remains a topic of debate (5, 6, 8, 9). Whereas iron deficiency causes a number 

off biochemical abnormalities and impaired cell mediated immunity with increased susceptibility 

too infections (10-12), concerns have also been raised that iron therapy exacerbates infections, in 

particularr malaria (5, 6, 9). A meta-analysis of 13 clinical trials showed that the hematological 

benefitss of iron supplementation outweigh the statistically significant increase in malaria 

parasitemiaa and non-significant increase in the risk of clinical malaria (8). The International 

Nutritionall Anemia Consultative Group (INACG) re-affirmed in 1999 that iron supplementation 

shouldd be pursued in the context of an integrated strategy for prevention and treatment of 

anemiaa in malaria endemic areas (6). 

AA remaining concern is whether the sickle cell trait phenotype, as well as other 

hemoglobinopathiess that offer protection against malaria, modify the effect of iron 

supplementationn (5, 6, 9). It has been suggested that in populations with a high prevalence of 

hemoglobinopathies,, depending on type and zygosity, a potential deleterious effect of iron on 

malariaa might be either masked due to the protective effect in carriers, or aggravated due to 

carrierss losing their pre-existing protective effect, and thus being predisposed to malaria (13). 

Thee effect of sickle cell trait on the response to iron supplementation was addressed as part of a 

placebo-controlledd trial of daily oral iron supplementation in multigravid women in The Gambia. 

Inn contrast to the observed beneficial effect of iron on hemoglobin levels and birthweight in 

HbAAA women, iron supplementation in women with the sickle cell trait resulted in lower 

hemoglobinn levels and birthweights. HbAS women assigned to the iron group were also at an 

increasedd risk of placental malaria, whereas HbAA women were not (14). To our knowledge, no 

otherr studies have addressed this potential interaction between iron supplementation and HbS 

phenotype. . 

Inn Asembo Bay, an area of intense perennial malaria transmission on the shores of lake Victoria 

inn western Kenya, the sickle cell trait offers significant protection from severe malaria morbidity 

andd mortality in children aged 2-16 months (15). We previously conducted a randomized placebo-

controlledd treatment study among anemic pre-school children in this area to compare the efficacy 

off single and combined therapy with 12 weeks of daily-supervised iron supplementation and/or 4-

weeklyy intermittent preventive treatment with sulfadoxine-pyrimethamine (IPT) in improving 

hemoglobinn concentrations. Their effect on the risk of malaria was also assessed. The methods 

andd results of this study were reported in detail elsewhere (16). Iron supplementation alone was 

associatedd with marked hemoglobin improvements, without increased risk of malaria. IPT 
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approximatelyy halved the incidence of malaria parasitemia and the combination of IPT and iron 

supplementationn was most effective in the treatment of mild anemia. A secondary objective of this 

triall was to determine whether the risks and benefits of iron supplementation depend on the sickle 

celll phenotype. The results of this sub-analysis are presented here. 

Subjectss And Methods 
StudyStudy population. This study was conducted between April 1999 and November 2000 in 15 

villagess in Asembo, Bondo district, northeast of Lake Victoria in Nyanza Province in western 

Kenya.. The study site has been described in detail before (17, 18). Briefly, the population is 

ethnicallyy homogeneous; more than 95% are members of the Luo tribe. Malaria transmission is 

intensee and perennial (19), however, recent area-wide deployment of insecticide-treated bednets 

(ITN)) has substantially reduced the transmission pressure (20-22). All study participants in this 

anemiaa treatment study were living in households using ITNs that were routinely retreated with 

insecticidee every six-months. Despite the high prevalence of anemia, most local clinics in this area 

lackk standardized guidelines for the use of iron supplementation in the treatment or prevention 

off anemia (16). Clinic based surveillance showed that iron supplementation was not routinely 

givenn to children with mild and moderate anemia and prescribed for only 12% of the children 

lesss than five years of age with clinically diagnosed severe anemia, while all received presumptive 

antimalariall treatment (23). 

StudyStudy design. The study design and recruitment are described in detail elsewhere (16). In brief, 

thee study was a double-blinded, randomized placebo-controlled anemia treatment trial with a 

2x22 factorial design. All resident children from the 15 villages aged 2-36months for whom consent 

wass obtained were screened. Children were eligible for enrolment if they had mild anemia 

(hemoglobinn concentration 70-109 g/L), were aparasitemic or had parasite counts<20,000 

parasites/mm3,, had no reported iron supplementation, SP treatment, or blood transfusions within 

thee last 2 weeks, and did not have the HbSS phenotype. Children with the HbSS phenotype were 

referredd to a local pediatrician free of charge for further counselling and management. Children 

weree assigned sequentially (by M.R.D.) to 1 of 4 treatment groups, using balanced block 

randomizationn (8 children per block) and a random number listing generated independently 

beforee the study (by F.O.t.K). On enrollment all children were given a single presumptive treatment 

dosee of sulfadoxine-pyrimethamine (SP). The subsequent four study treatment regimens included: 

intermittentt preventive treatment with SP at 4 and 8 weeks plus daily oral iron for 12 weeks, 4-

weeklyy placebo-SP plus daily iron, 4-weekly SP plus daily placebo-iron, and, 4-weekly placebo-SP 

pluss daily placebo-iron. The target dose of iron (Ferrous Sulphate 40 mg/ml, 27.5% elemental, 

syrup)) was 3 mg/kg and was dosed according to body weight (24). All children were visited 
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dailyy at their homes by our study staff, who supervised the administration of all iron doses. 

Participantss received instructions in the local language with regard to expected side effects, 

safetyy issues, and correct dose of iron supplementation to be delivered. All iron bottles were 

labeledd with personal identifiers and dosing instructions. 

Follow-up.Follow-up. In addition to daily home visits by staff to administer the iron or iron placebo, each 

childd was visited at home every two weeks, at which time a standardized morbidity questionnaire 

wass completed and the axillary temperature recorded. At every other visit (i.e. 4-weekly), a finger 

orr heel prick blood sample (250-500 ul) was taken to determine Hb concentration and the 

presencee of malaria parasites. Participants had access to free out- and in-patient care in the local 

hospita!! and three dedicated health facilities. Details of all clinic visits were monitored using 

continuouss passive malaria case detection. Children with uncomplicated symptomatic malaria 

(axillaryy temperature C with any malaria parasitemia), as well as those without fever but 

withh high-density parasitemia (> 5,000 /mm3), detected at follow-up visits or through passive 

surveillance,, were treated with supervised oral quinine (10 mg/kg three times daily for 7 days). 

Childrenn diagnosed during active or passive follow-up visits with severe malaria, severe anemia 

(hemoglobinn concentrations below 50 g/L), or other severe disease requiring hospitalization, 

weree referred to the local hospital for further management. 

LaboratoryLaboratory methods. An ACT 10 Coulter Counter (Coulter Co., Florida, USA) was used to 

determinee the Hb and mean corpuscular volume (MCV). Assays were performed once on a 

singlee sample. The coefficient of variation (CV) for Hb was >2.0% (12.0-18.0g/dL range). The 

CVV for the MCV analyses was <3.0% (80-100 fl). Slides were Giemsa stained, and Plasmodium 

parasitess were counted against 300 leukocytes. Slides were considered negative if no asexual 

parasitess were found in 200 high-power ocular fields of the thick smear. Parasite densities are 

expressedd per microliter, using individual white blood cell (WBC) counts, determined by coulter 

counter,, for those who had them available, or the average of all WBC counts during the 

interventionn period (10.9x103) for those with missing WBC counts. Hemoglobin phenotype was 

assessedd on fresh samples using hemoglobin electrophoresis of a red blood cell hemolysate on 

cellulosee acetate plates (Helena laboratories, TX, USA). Serum samples were stored at C and 

subsequentlyy transported on dry ice to the CDC laboratories in Atlanta, GA, and kept in liquid 

nitrogenn until further assays of serum transferrin receptor (sTfR) concentrations. STfR 

concentrationss on enrollment and at 12 weeks were determined 10-15 months after sample 

collectionn in the first 154 children enrolled in the study (16) using a commercially available enzyme 

immunoassayy (Ramco Laboratories Inc., Stafford, Texas, U.S.A.). The CV for the normal control 

(rangee 4,29-7.42) was 14%. All sTfR assays were determined in duplicate and all assays with CVs 

>15%% were repeated. 
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Definitions.Definitions. Malaria parasitemia was defined as asexual blood stage malaria parasites of any 

Plasmodiumm species and density detectable by microscopy on a thick btood smear. Clinical malaria 

wass defined as an axillary temperature C in the presence of any malaria parasitemia (25). 

AdequateAdequate hematological recovery was defined as the absence of anemia {i.e. Hb concentration 

>1100 g/L) by 12 weeks from enrolment. Microcytemia was defined as a MCV level below an age 

specificc cut-off: 0-5 month: <70fL, 6-11 month: <73fL, >12 month: <75fL (26). 

StatisticalStatistical methods. All analyses were conducted in SAS {Statistical Application Software 

Institute,, version 8.0, Cary, NC) on an intention to treat basis. 

Thee impact on mean Hb concentrations, mean MCV levels and geometric mean parasite 

densitiess was analyzed using a linear model with repeated measures. Reported p-values and 

confidencee limits are adjusted for within subject correlation. Missing data was assumed to be 

missingg at random. Poisson regression models were used to estimate the incidence rate ratio of 

malariaa parasitemia and clinical malaria between iron and placebo-iron groups. Adjusted hazard 

ratioss obtained from Cox proportional hazards models were used to compare the rate of 

adequatee hematological recovery between groups. Geometric mean sTfR levels were analyzed 

usingg analysis of variance. 

Thee presence of a significant interaction between HbS phenotype and iron (or any other 2-

andd 3-way interactions tested) was assessed in each model using the -2 log likelihood ratio test. 

Covariatess that were determined to be significantly associated with the outcome but did not 

causee confounding, effect modification, and/or did not have a marked impact on the precision 

off the point estimates associated with treatment group, were omitted from the final model. 

Modelss were controlled for IPT, age, baseline Hb (centered at the overall mean of 94.7g/L), and 

baselinee presence of parasitemia. Age was categorized as being below and above 12 months. 

InformedInformed consent The study was approved by the institutional ethical review boards of the 

Kenyaa Medical Research Institute (KEMRI), Nairobi, Kenya, by the Centers for Disease Control 

andd Prevention (CDC), Atlanta, USA, and by the Academic Medical Center at the University of 

Amsterdam,, Amsterdam, The Netherlands. Written informed consent was obtained from the 

caretakerss of each individual participant. 

Results s 
AA total of 753 children were screened between April and November 1999; it was initially 

determinedd that 554 fulfilled the enrollment criteria, and these were randomly assigned to 

treatmentt groups (16). The hemoglobin phenotype was successfully determined in 531. Eight 

childrenn were excluded from enrollment because Hb-electrophoresis revealed that they had the 
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HbSSS phenotype. In total 523 children with known HbS phenotype were enrolled (Figure 1). 

Thiss involved 505 households with 18 households contributing 2 siblings. 

Off these 523 children, 22% carried the sickle cell trait, and 55.6% and 89.7% of the children 

weree below 1 and 2 years of age, respectively. Hb and sTfR were not statistically different among 

thee 4 exposure groups, but mean MCV levels were lower in both HbAS groups (Table 1). Parasitemia 

prevalencee was not different, but HbAS children had lower geometric mean parasite densities than 

HbAAA children (P=0.009). Nearly all of the 133 malaria infections at baseline were caused by P. 

falciparumfalciparum (95.5%), with the remaining due to mixed infections of P. falciparum with either P. 

malariaemalariae or P. ovale (3.8%), or due to mono-infection with P. ovale (0.8%). The average daily dose 
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Figuree 1. Profile of a study of sickle cell hemoglobin phenotype and the response to iron supplementation 
inn young children in western Kenya. 
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Tablee 1 Baseline characteristics of 523 enrolled children by HbS phenotype and iron supplementation group. 

HbAA A 

Sex;; No. Male (%) 
Agee in months, mean (SD) 
SESS ranked; median (IQR) 
Weight-for-age;; mean (SD) 
Height-for-age;; mean (SD) 
Weight-for-height;; mean (SD) 
MUAC-for-age;; mean (SD) 
Hbb in g/L; mean (SD) 
-- Hb < 80 g/L; No. (%) 
Anyy parasitemia; No. {%) 
GMPD,, mean (95% CI)2 

MCVV in fL; mean (SD) 
-- Microcytemia; No. (%) 
STfRR in ng/ml; median (IQR) 
-- sTfR <11.2 ug/ml; No. (%) 

iron/plac iron/plac 

203/205 5 
203/205 5 
193/195 5 
198/194 4 
172/173 3 
167/170 0 
119/122 2 
203/205 5 
203/205 5 
200/199 9 
46/55 5 
152/147 7 
152/147 7 
64/56 6 
64/56 6 

Iron n 

933 (45.8) 
11.22 (7.22) 

57.00 (27.0-76.0) 
-0.377 (1.37) 
-1.100 (1.36) 
0.488 (1.42) 
-0.788 (1.08) 
95.22 (10.2) 

200 (9.9) 
466 (23.0) 

2962(1628-5389) ) 
71.55 (8.92) 
944 (61.8) 

7.7(2.4-12.7) ) 
222 (34.4) 

Placebo o 

1022 (49.8) 
11.99 (7.87) 

45.00 (22.0-75.0) 
-0.422 (1.53) 
-1.388 (1.29) 
0.600 (1.66) 
-0.988 (1.01) 
94.11 (11.1) 
288 (13.7) 
555 (27.6) 

2991(1751-5109) ) 
72.33 (7.99) 
788 (53.1) 

6.6(2.9-11.8) 6.6(2.9-11.8) 
155 (26.8) 

PAA PAA 

0.43 3 
0.34 4 
0.23 3 
0.75 5 
0.05 5 
0.47 7 
0.14 4 
0.29 9 
0.23 3 
0.29 9 
0.95 5 
0.41 1 
0.12 2 
0.73 3 
0.37 7 

Abbreviations:: GMPD= geometric mean parasite densities, Hb = hemoglobin, IQR = inter quartile range, MCV= 
meann corpuscular volume, MUAC = Mid-upper arm circumference, SD = standard deviation, sTfR = serum 

off iron received based on the enrollment weight of the child was 3.8 mg/kg (range 2.8-5.0 mg/kg). 

Fortyy children (8%) did not complete their 12 week follow-up period; 7 had died, the caretaker 

off 1 child withdrew consent, and 32 moved or left for an indefinite period of time. These children 

weree equally divided among the study groups (Figure 1). Children lost to follow-up were similar 

acrosss all baseline characteristics to the 483 children who were successfully followed for 12-weeks. 

HematologicalHematological effects of iron supplementation. There was no evidence of interaction among 

Hbb phenotype, iron supplementation, and IPT on the effect on hemoglobin levels at 12 weeks 

(3-wayy interaction P=0.16). There was also no evidence for 2-way interactions between iron 

andd IPT (P=0.74), Hb phenotype and IPT (P=0.48), or Hb phenotype and age on hemoglobin 

levelss (P=0.97). The effect of iron on mean hemoglobin levels and adequate hematological 

recoveryy by 12 weeks were not statistically different between HbAA and HbAS children, in both 

IPTT groups (data not shown) and also in models which assessed the effect of iron exclusively 

whilee adjusting for the effect of IPT (Table 2). Neither the effects of iron on MCV or on sTfR levels 

weree statistically significantly different between HbAA and HbAS children (Table 2). 

EffectsEffects of iron supplementation on malaria. Of the 473 children from whom malaria smear 

resultss were available on a monthly basis, 214 positive smears were found in 143 children. Of the 

childrenn who were parasitemic at baseline, 41.4% were parasitemic at their first 4-weekly follow-

up,, despite the treatment dose of SP received by all children at baseline. Among aparasitemic 
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Hon/plac Hon/plac 

60/55 5 
60/55 5 
58/52 2 
59/53 3 
51/48 8 
50/48 8 
40/38 8 
60/55 5 
60/55 5 
59/55 5 
19/13 3 
47/43 3 
47/43 3 
15/19 9 
15/19 9 

HbAS S 

Iron n 

311 (51.7) 
12.66 (7.76) 

56.00 (31.0-79.0) 
-0.822 (1.44) 
-1.399 (1.20) 
0.188 (1.77) 
-1.077 (1.01) 
94.66 (10.2) 

7(11.7) ) 
199 (32.2) 

756(310-1846) ) 
69.66 (8.43) 
322 (68.1) 

4.7(1.9-11.3) ) 
44 (26.7) 

Placebo o 

277 (49.1) 
12.44 (7.79) 

38.55 (21.5-56.5) 
-0.499 (1.34) 
-1.211 (1.26) 
0.299 (1.50) 
-1.022 (1.16) 
95.00 (10.6) 

66 (10.9) 
133 (23.6) 

1485(503-4385) ) 
69.11 (8.14) 
333 (76.7) 

4.8(2.1-11.7) ) 
55 (26.3) 

pp
A5 A5 

0.78 8 
0.90 0 
0.02 2 
0.21 1 
0.46 6 
0.73 3 
0.85 5 
0.75 5 
0.90 0 
0.31 1 
0.41 1 
0.76 6 
0.36 6 
0.79 9 
0.993 3 

P P 

i i 
AS-AA A 

0.74 4 
0.24 4 
0.89 9 
0.08 8 
0.66 6 
0.09 9 
0.25 5 
0.82 2 
0.89 9 
0.55 5 
0.009 9 
0.01 1 
0.01 1 
0.31 1 
0.62 2 

Transferrinn receptor, 1 P-value comparing the difference between the pooled HbAS group and the pooled 
HbAAA groups, 2 Geometric Mean Parasite Densities, only includes positive smears 3 Fisher's exact test. 

childrenn 8.7% had become parasitemic at their first 4-weekly follow-up. These prevalences were 

similarr in all groups. Similar to what was observed for hematological outcomes, none of the 

three-- and two- way interaction terms examined above were found to be significant. Over the 

wholee 12-week treatment period, the incidence rate of malaria parasitemia in the iron group 

wass slightly higher (not significant) than in the children randomized to the iron placebo group, in 

bothh the HbAA (RR 1.07, 95% CI 0.77-1.48) and HbAS children (RR 1.23, 95% CI 0.64-2.34) 

(Tablee 3). These incidence-rate ratios were not statistically significantly different between HbAA 

andd HbAS children, as indicated by the interaction term P-value of 0.70, in the overall model, or 

inn each IPT group (IPT-placebo: P=048; IPT: P=0.76) (Table 3). 

Duringg this 12-week treatment period, 73 clinical malaria episodes were observed in 64 children. 

Thee incidence of clinical malaria in the HbAA group was lower among children randomized to 

thee iron groups compared to the iron-placebo groups (RR=0.59, 0.35-1.01) while in the HbAS 

groupp the incidence was higher (RR=1.41,0.39-5.00). The difference between the HbAA and 

HbASS groups was not significant (P=0.20), though the number of observed events was small 

(Tablee 3). Geometric mean parasite densities were higher in HbAS children receiving iron than 

thosee receiving placebo-iron, though this difference was not statistically significant (F-0.57). In 

HbAAA children, the densities were significantly lower in the iron group (P=0.03). This difference 

betweenn the effects of iron on parasite densities in HbAS versus HbAA children was not statistically 

significantt (P-value interaction term=0.14) (Table 3). 
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Tablee 2. Hematological response by 12 weeks to iron or placebo-iron supplementation 

HbAA A 

NN M 
iron/ptöc iron/ptöc 

187/185 5 
187/185 5 
168/167 7 
52/42 2 

Iron n 

67.4 4 
110 0 
75.5 5 
1.42 2 

Plac. . 

42.2 2 
101 1 
70.6 6 
2.89 9 

HRR (95%CI) or diff. 
inn mean (95%CI) 

2.000 (1.50-2.66)* 
9.11 (6.4-11.8)3 

4.99 (3.3-6.5)4 

0.499 (0.23-1.06)5 

P P 

<0.0001 1 
<0.0001 1 
<0.0001 1 

0.07 7 

Hbb >110 g/L; No. (%? 
Hbb in g/L; mean3 

MCVV in fl_; mean4 

sTfRR in ug/ml; geo. mean5 

Plac.. = Placebo-iron; geo. mean = geometric mean. 'P-value for the interaction term assessing whether the 
effectt of iron supplementation on hemoglobin, MCV, or sTfR is dependent on Hb phenotype. 2Cox proportional 
hazardss analysis of adequate hematological recovery during the 12-week intervention, adjusted for age, 
enrollmentt hemoglobin concentration, IPT, and presence of parasitemia. Column 5 represents the hazard 
ratioo (HR) with the 95% Confidence intervals. 3 Least square means at week 12 obtained from a linear 
modell with repeated measures, adjusted for age, enrollment hemoglobin (centered at the overall mean of 
94.7g/L),, IPT, and presence of parasitemia. Column 5 represents the difference in means with the 95% 

Tablee 3. Crude incidence per 1000 child months of malaria parasitemia and clinical malaria, and geometric 
meann parasite densities (GMPDs) during 12 weeks of iron or placebo supplementation. 

Anyy parasitemia 3 

-- No IPT 

-IPT T 

Anyy clinical malaria 3 

-- No IPT 

-IPT T 

GMPD4 4 

-- No IPT 

-IPT T 

tron/plac tron/plac 

Inc.. rate1 

184/182 2 
(68/434) ) 

87 /93 3 
(36/208) ) 

97 /89 9 
(32/226) ) 

186/186 6 
(21/426) ) 

88 /95 5 
(11/203) ) 

98 /91 1 
(10/223) ) 

% , , 

8 0 / 9 4 4 

4 1 / 5 6 6 

39 /38 8 

HbAA A 

Iron n 
Inc.. rate1 

157 7 
(75/447) ) 

173 3 
(47/224) ) 

142 2 
(28/223) ) 

49 9 
(42/446) ) 

54 4 
(25/225) ) 

45 5 
(17/221) ) 

GMPD D 
(95%CI) ) 

1664 4 
(1035-2673) ) 

2492 2 
(1329-4675) ) 

1067 7 
(508-2241) ) 

Placebo o 
(95%CI) ) 

168 8 
(0.77-1.48) ) 

210 0 
(0.60-1.44) ) 

126 6 
(0.75-2.09) ) 

94 4 
(0.35-1.01) ) 

111 1 
(0.26-1.08) ) 

77 7 
(0.31-1.50) ) 

GMPD D 
(95%CI) ) 

3374 4 

(2136-5328) ) 
4106 6 

(2338-7211) ) 
2605 5 

(1231-5513) ) 

RR R 

1.07 7 

0.93 3 

1.25 5 

0.59 9 

0.53 3 

0.68 8 

P P 

0.03 3 

0.24 4 

0.09 9 

Abbreviations:: IPT = Intermittent preventive treatment, GMPD = geometric mean parasite densities. ' incidence 
ratee expressed as number events per 1000 child months (1 person month = 28 days).2 P-value for the interaction 
termm assessing whether the effect of iron supplementation on malaria indices is dependent on Hb phenotype. 
33 Estimated rate ratios (RR) were obtained from Poisson regression models, adjusted for age, presence of 
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N N 
iron/plx iron/plx 

56/51 1 
56/51 1 
46/44 4 
11/17 7 

Iron n 

66.1 1 
108 8 
73.4 4 
1.56 6 

HbAS S 

Plac. . 

39.2 2 
100 0 
67.1 1 
2.87 7 

HRR <95%CI) or diff. 
inn mean (95%CI) 

1.644 (0.95-2.83)2 

8.22 (4.0-12.4)3 

6.33 (3.8-8.9)4 

0.555 (0.13-2.28)5 

P P 

0.0780 0 
0.0002 2 
<0.0001 1 

0.40 0 

P,, ' 
inter r 

0.53 3 
0.68 8 
0.30 0 
0.90 0 

confidencee intervals.4 Least square means at 12 weeks obtained from a linear model with repeated measures 
adjustedd for age, enrollment MCV, IPT, and presence of parasitemia. Column 5 represents the difference in 
meanss with the 95% confidence intervals. 5 sTfR levels were determined in subgroup of the first 154 
childrenn enrolled. Least square geometric means at 12-weeks were obtained from a linear model, IPT and 
baselinee sTfR. The difference in geometric means is expressed in column 5 as their ratio with the corresponding 
95%% confidence intervals. 

iron/ptac iron/ptac 

N N 
korypix korypix 

50/51 1 
(22/123) ) 

29/25 5 
(15/75) ) 
21/26 6 
(7/48) ) 

50/51 1 
(6/120) ) 
29/25 5 
(6/73) ) 
21/26 6 
(0/47) ) 

Iron n 
Inc.. rate' 

179 9 
(16/121) ) 

200 0 
(8/55) ) 

146 6 
(8/66) ) 

50 0 
(4/122) ) 

82 2 
(1/54) ) 

0 0 
(3/68) ) 

HbAS S 

Placebo o 
Inc.. rate1 

132 2 
(0.64-2.34) ) 

145 5 
(0.55-3.08) ) 

121 1 
(0.38-2.92) ) 

33 3 
(0.39-5.00) ) 

19 9 
(0.50-34.6) ) 

44 4 

RR R 
(95%CI) ) 

1.23 3 

1.30 0 

1.04 4 

1.41 1 

4.16 6 

--

GMPD D 
(95%CI) ) 

GMPD D 
(95%CI) ) 

23/24 4 

16/12 2 

7/12 2 

2842 2 
(1157-6985) ) 

2176 6 
(771-6141) ) 

6203 3 
(1209-31828) ) 

1986 6 
(827-4769) ) 

2040 0 
(626-6649) ) 

1853 3 
(489-7018) ) 

0.57 7 

0.93 3 

0.25 5 

0.70 0 

0.48 8 

0.76 6 

0.20 0 

0.07 7 

0.14 4 

0.53 3 

0.08 8 

parasitemiaa at enrollment and IPT. " Represents the geometric mean parasite densities (GMDP) of all positive 
smearss recorded during the 12-week intervention (one child could contribute several positive smears). Least 
squaree geometric means were obtained from a linear model with repeated measures, adjusted for age, IPT, 
andd presence of parasitemia at enrollment. 
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Discussion n 
Thee primary objective of this randomized placebo-controlled trial was to determine the risks and 

benefitss of 12 weeks of daily iron supplementation and 4-weekly SP in the treatment of mild to 

moderatee anemia in children aged 2-35 months in an area of perennial malaria transmission 

withh wide spread bednet use (16). It also provided an opportunity to look at the potential 

interactionn between the effect of hemoglobin phenotype and iron supplementation on 

hematologicall responses and malaria as a secondary objective. In contrast to previous observations 

inn multigravid pregnant women in The Gambia (14), we found no indication that the effect of 

ironn supplementation on hemoglobin, mean corpuscular volume (MCV) or serum transferrin 

receptorr was dependent on the hemoglobin phenotype. Children with HbAS benefited as much 

fromm iron supplementation as did HbAA children. 

Thee previous study in The Gambia, which was conducted in an area with low to intermediate 

andd highly seasonal malaria transmission, indicated a possible increased risk of placental malaria 

inn HbAS women supplemented with iron (P=0.06) (14). While the current study was done in an 

areaa of perennial and previously intense transmission, it should be noted that with the high 

coveragee of insecticide-treated bednets (>70% of households regularly deployed bednets), area 

widee malaria transmission was estimated to be reduced by approximately 90%, resulting in a 

levell of annual transmission not much higher than that observed in The Gambia. We did not find 

thatt HbAS children assigned to the iron supplementation group had a significantly increased risk 

off malaria parasitemia at the 4-weekly follow-up visits compared with children receiving placebo 

ironn (RR 1.23, 95% CI 0.64-2.34). However, the risk estimate was similar to the small but statistically 

significantt increased risk reported in the meta-analysis of 13 previous iron supplementation trials 

(RRR 1.17, 95% CI 1.08-1.25) (8). There was also no significant effect of iron supplementation 

onn malaria parasitemia in HbAA children in the current study (RR 1.07, 95% CI 0.77-1.48). The 

differencee between the effects of iron on malaria parasitemia in HbAS versus HbAA children was 

nott statistically significant. 

Wee found some indication that HbAS children receiving iron supplementation experience higher 

parasitee densities and incidence of clinical malaria compared with HbAS children not receiving 

iron.. The number of clinical malaria attacks in the HbAS children, however, was very small and 

furtherr studies would clearly be needed to verify our observation. Nevertheless, even if the four-

foldd increased risk of clinical malaria associated with iron that was observed in HbAS children 

whoo were not protected by intermittent SP would hold in larger studies, the incidence in these 

childrenn would still be similar or lower to that observed among HbAA children without iron 

supplementation,, regardless of IPT status. Similarly, parasite densities in HbAS children 

supplementedd with iron never exceeded that of HbAA children assigned to the iron placebo 

group.. Thus this possible interaction between the effects of iron and HbS phenotype on malaria 

iss unlikely to outweigh the substantial health benefits associated with improved hemoglobin 
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concentrationss achieved with iron supplementation. 

Thee studied sample is representative of mildly and moderately anemic young children from 

thiss area. Most children were between 2 and 18 months of age (78.4%), the age group likely to 

bee at high risk of iron deficiency and most vulnerable to the potential adverse effects of malaria 

inn this area (15, 27). This is also the period when sickle cell trait carriers are at a significantly lower 

riskk of all-cause mortality, clinical malaria, and severe malarial anemia compared to children without 

thee trait (15). The hemoglobin phenotype was determined for 95.8% of the enrolled children, 

andd loss to follow-up by 3 months was <10%. Potential confounders of the association between 

ironn supplementation and malaria were equally distributed between groups and parasite 

prevalencee at baseline was controlled for, making it less likely that residual bias explains our 

findings.. Iron intake was ensured through observation of daily doses administered by study 

staff.. The dose of daily iron was relatively high (mean 3.8 mg/kg/day) and exceeded the 2.2 

mg/kg/dayy above which iron supplementation has been associated with a small increase in the 

riskk of malaria (5, 8). Thus, these results are likely to be representative of the effect of iron 

supplementationn for the treatment of mild to moderate anemia in this age group in areas with 

similarr moderate malaria transmission (due to the widespread use of insecticide-treated bednets). 

Menendezz et al hypothesized that iron may interfere with the genotype specific non-

immunologicall mechanisms that protect against malaria causing pregnant women with sickle-

celll trait to be more susceptible to malaria and thus anemia (14). Our study does not provide 

conclusivee evidence to support or refute this hypothesis, but differs in that HbAS children clearly 

benefitedd from iron supplementation, whereas Gambian pregnant women with HbAS did not. 

Moree studies may be required to exclude or confirm whether the risk of malaria associated with 

ironn supplementation is indeed modified by the HbS phenotype in pregnant women or in children, 

alsoo in those not protected by insecticide-treated bednets. This may not necessarily require 

prospectivee studies, as retrospective analysis of available data from randomized controlled trials 

off iron supplementation may provide further insight. 

Youngg children are an important target group for the control of iron deficiency anemia in sub-

Saharann Africa where 10-30% of the population carries the sickle cell trait (28). This study, 

conductedd in an area with widespread insecticide-treated bednet use, showed that iron 

supplementationn in the treatment of children with mild anemia was efficacious in increasing 

hemoglobinn concentrations regardless of the HbS phenotype. Available evidence suggests that 

thee benefits of iron supplementation in the treatment of anemia is likely to outweigh any adverse 

effectss caused by an increased risk of malaria in children with either normal hemoglobin or the 

sicklee cell trait. 
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