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Abstract 
 
Background: It is unknown whether iron supplementation in HIV-infected children, living in 

regions with high infection pressure is safe or beneficial. A 2-arm double-blind randomized, 

controlled trial was conducted to examine the effects of iron supplementation on haemoglobin, 

HIV-disease progression and morbidity. 

Methods: HIV-infected Malawian children aged 6-59 months with moderate anaemia (Hb 7.0-

9.9 g/dl) were randomized to 3mg/kg/day of elemental iron and multi-vitamins (Vitamins A, C 

and D) or multi-vitamins alone for 3 months. Participants were followed for 6 months. Clinical 

trial number: ISRCTN-62947977. 

Results: Two-hundred and nine children were randomized and 196 (93.8%) completed 6 

months follow-up. Iron supplementation was associated with greater increases in 

haemoglobin concentrations (g/dL): adjusted mean difference (aMD) (95% CI) 0.60 (0.06-

1.13); p=0.03, and reduced the risk of anaemia persisting up to 6 months follow-up: adjusted 

prevalence-ratio (95% CI) 0.59 (0.38-0.92); p=0.02. Children who received iron had a better 

CD4 percentage response at 3-months: aMD (95%CI) 6.00 (1.84-10.16); p=0.005, but an 

increased incidence of clinical malaria at 6 months: incidence rate (IR) 120.2 vs. 71.7; adjusted 

incidence rate ratio (aIRR) (95%CI) 1.81 (1.04–3.16); p=0.04, especially during the first 3 

months: IR 78.1 vs. 36.0; aIRR (95%CI) 2.68 (1.08-6.63); p=0.03. 

Conclusions: Iron supplementation for the treatment of anaemia in HIV-infected children has 

beneficial effects on haemoglobin, anaemia and immunity, but increases the risk of malaria. 

Iron supplementation in similar paediatric populations in malaria-endemic areas should only 

be provided in combination with protection from malaria. 

 

 
 
 



P a g e  | 50 

 

Introduction: 

Anaemia is a global health problem with approximately 25% of the world’s population affected 

[1, 2]. The greatest burden is in Africa and South-East Asia, where more than 60% of pre-

school  children are anaemic [1]. Iron deficiency is responsible for approximately 50% of cases 

of anaemia seen in women and pre-school children, the two groups most at risk of the 

condition, and for 2.3 million disability adjusted life years (DALYs) [3]. In developing 

countries, an overlap is often found between anaemia and HIV in areas where both conditions 

are prevalent. This is not surprising since anaemia is an important hematologic complication of 

HIV-infection, associated with poor survival and reduced quality of life [4-6]. Recent studies 

suggest that iron supplementation may be harmful to iron-replete children living in areas with 

a high prevalence of malaria and other infectious diseases [7-10]. This prompted the WHO to 

recommend targeted iron supplementation of children at risk of anaemia and iron deficiency 

[7]. However, this strategy is impractical in resource-limited countries where simple, reliable, 

and affordable tests for the assessment of iron status are not routinely available; and ferritin 

findings may be difficult to interpret where infections are prevalent [11-13]. Blanket iron 

supplementation is still widely used for children living in areas with a high prevalence of 

infections, including HIV. However, it is not known if giving iron to this specific sub-population 

is either safe or beneficial, given their increased susceptibility to infections and the 

suppressive effects of HIV-1 infection on bone marrow haematopoiesis, which may not readily 

respond to iron [14, 15]. We have conducted a randomized, controlled trial of supplementation 

of multi-vitamins with iron versus multi-vitamins without iron in anaemic HIV-infected 

children investigating the effect of iron supplementation on haemoglobin, HIV disease 

progression and morbidity. 

 

Methods: 

Participants 

We conducted a two-arm, double-blind, randomized, placebo-controlled trial of oral iron 

supplementation in HIV-infected children aged 6-59 months with moderate anaemia (defined 

as Hb 7 to 9.9 g/dl) between January 2009 and August 2010 in Southern Malawi, a region of 

moderate to intense perennial malaria transmission. Eligible participants were recruited from 

Thyolo District Hospital and Zomba Central Hospital. HIV-positive children  
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identified by universal HIV counseling and testing within the hospital and who had clinical 

pallor on physical examination were screened at paediatric out-patient clinics for moderate 

anaemia using Hemocue 301 analyser (HemoCue AB, Angleholm, Sweden).  Children were 

excluded from participation if: 1) they had evidence of severe malnutrition (defined as weight-

for-height less than 75% of expected for age or bi-pedal oedema [16]); 2) they were already on 

micronutrient supplements or fortified diets; 3) they had a history of hypersensitivity to study 

medications; 4) they were enrolled in another study involving treatment with medicinal 

products at the time of recruitment; or 5) had a recognized specific cause of chronic anaemia 

(such as sickle cell disease or suspected malignancy). All children received co-trimoxazole 

prophylaxis as it is standard practice for management of HIV-infection in Malawi.  

Children whose parent/guardian consented were randomized to two arms: (iron) arm 

received 3mg/kg of elemental iron and multivitamins (Vitamins A 1500 I.U/ml, C 35mg/ml 

and D 400 I.U/ml) as once-daily concentrated drops for 3 months (commercially available as 

Tri-Vi-Sol with iron©, Mead Johnson Nutritionals, USA) and the second (placebo) arm received 

multi-vitamins alone (commercially available as Tri-Vi-Sol©, Mead Johnson Nutritionals, USA) 

once daily for 3 months. Both medicinal products were identical in appearance and content, 

with the exception of elemental iron in the multi-vitamins with iron preparation. The primary 

end point for the study was the incidence of all-cause out-patient sick visits. All participants 

were followed up for 6 months. 

 

Procedures 

Recruitment: On enrolment a blood sample was taken for full blood count (ABX Micros 60, 

Horiba ABX S.A.S, Montpellier, France), malaria microscopy, blood cultures, and basic 

biochemistry assays, including C-reactive protein (CRP) and serum ferritin. Serum samples 

collected for ferritin and CRP assessment were stored at -800C until study completion and then 

shipped to the Netherlands where the assays were run as a fully automated single-in-one 

series using Beckman LX20 chemistry analyzer (Beckman Coulter, Brea, CA, USA). In addition, 

urine and stool analysis were carried out to exclude bacterial and parasitic infections. Positive 

results for infection were treated according to standard hospital protocols.  

Follow up: Study participants were seen routinely at 1, 2, 3 and 6-months after recruitment in 

the study clinic, at which time clients were assessed for adherence to study medication, 

general well-being and nutritional status. At recruitment, 1 and 2 month visits, guardians were  
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given a month’s supply of study medications. At each scheduled hospital visit a blood and urine 

sample was collected for haemoglobin measurements, malaria microscopy (on clinical 

suspicion of malaria) and urine analysis. Serum samples were also collected at 3 and 6 months 

for CRP and ferritin measurements. Children who presented to hospital due to an illness before 

the scheduled hospital visits were examined and treated according to standard hospital 

protocols.  Children who did not show up for scheduled follow-up after a week were traced to 

their homes by research staff. Details of hospital sick visits by trial participants to other health 

care facilities prior to their scheduled hospital visit were collected from their health passport 

books and parent/guardian interviews at the time they presented for a routine follow-up or 

hospital sick visit. 

Case definitions: Malaria was defined by the presence of Plasmodium falciparum asexual 

parasites on Giemsa-stained thick blood smear microscopy. The parasite density was 

documented as the number of parasites per 200 white blood cells in the thick smear. Malaria 

slides were independently read by two readers; and further by a third reader if the initial 

results differed by more than 25%. A Rapid diagnostic test for P. falciparum histidine-rich 

protein-2 (Paracheck-Pf®, Orchid Biomedical Systems, Goa, India) was done if the microscopy 

was negative or if a trial participant who did not show up for a scheduled hospital visit was 

traced and found to be ill at home.  

A respiratory infection was defined using WHO clinical criteria [17] as a child presenting with 

a history of cough or runny nose, along with fast breathing (defined as a respiratory rate over 

50 breaths/minute if less than one year and over 40 breaths/minute if more than one year old) 

and signs of respiratory distress (chest in-drawing, labored breathing, grunting).  

The number of children who progressed to AIDS in each arm was determined by using a 

combination of clinical (WHO clinical staging [18]) and immunological markers (CD4 

percentage <20%) taken for each trial participant at 3 and 6 months follow-up visits. Iron 

deficiency was defined as serum ferritin <30 µg/dl where CRP level was ≥5.0 (evidence of 

inflammation) and serum ferritin <12 µg/dl where CRP was <5.0 [19, 20]. 

Randomization and blinding: Block randomization (random block sizes ranging from two to 

eight) with 1:1 allocation was used and stratified by study site.  The blinded participant-

specific study drugs were prepared in accordance with a computer generated randomization 

list by a designated person who otherwise was not involved in the study. Study drugs were 
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pre-packed in sealed envelopes and labeled with the study numbers for each study site. For 

each patient a copy of the study code was kept in sealed envelopes by the study safety monitor.  

Ethical approvals were obtained from the College of Medicine Research Ethics Committee, 

Malawi and the Liverpool School of Tropical Medicine Research Ethics Committee, UK. The 

clinical trial registration number was ISRCTN 62947977. 

 

Sample size calculation and statistical analysis 

 A sample size of 1260 was calculated based on data from a large case-control study [21], in 

which we assumed that the mean (SD) number of sick-child out-patient clinic visits over 6 

months follow-up would be 2.2 (2.2), with iron supplementation regarded as safe if the 

incidence of sick visits was not increased by more than 15% compared with placebo, with 90% 

power to infer non-inferiority, assuming 10% loss to follow-up. However, it became clear after 

12 months of recruitment that we would be unable to achieve our projected sample size within 

the approved time period, due to unforeseen changes in national policy on HAART use in 

children and pregnant women, which took effect soon after study commencement [22]. We 

informed the local ethics committee of our decision to stop recruitment in February 2010. All 

participants were followed till August 2010.  

A statistical analysis plan was agreed before un-blinding the data. Data were analyzed by 

intention-to-treat using Stata 10 (StataCorp, College Station, Texas, USA). Multiple linear 

regression models were used to test the intervention effect on changes in haemoglobin (delta 

Hb) and CD4 percentage (delta CD4%) over the follow-up period, with treatment effects 

presented as the mean difference (MD). Prevalence endpoints (anaemia, iron deficiency) were 

summarized as percentages with treatment effects expressed as prevalence ratios (PR); and as 

the number of events per 100 person-years with the treatment effect expressed as incidence 

rate ratios (IRR) for morbidity outcomes, using negative binomial regression with robust 

estimates of the standard error to account for multiple events per-child. All treatment effects 

were adjusted for important baseline variables (previous blood transfusion in the past 3 

months, bed-net use, CD4 percentage at recruitment and baseline haemoglobin). These were 

selected after exploring the association between baseline variables and outcome variables in 

univariate models and variables with a p-value of <0.10 entered into the initial full multi-

variable model. Exploratory analyses was done to determine to what extent the magnitude of  
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treatment effects varied with time period (active intervention vs. passive post-intervention 

period), age (<24 months or >24 months), baseline iron status (iron deficient vs. iron replete), 

bed net use and HAART use at recruitment using interaction term models [23]. As the study 

lacked power to test for treatment effect modification, we used the magnitude of the treatment 

effect ratio (interaction term) between subgroups and its corresponding p-value to guide our 

conclusions. For all other statistical analyses, p-values of <0.05 were taken as statistically 

significant and each estimate is reported with a 95% confidence interval.    

 

Study monitoring  

The study was conducted according to Good Clinical Practice (ICH-GCP) standards. A study 

initiation visit was performed prior to the start of patient recruitment, and a close-out visit 

was performed at the end of the study. Regular study monitoring visits were made by clinical 

research associates (CRA) to both trial study sites, with detailed assessments of trial 

recruitment procedures, documentation and standard operating procedures (SOP) done. 

Monitoring reports and recommendations made available to investigators and the trial 

sponsor at the end of each visit.  

 

Role of funding source 

The study was funded by the Netherlands-African partnership for capacity development and 

clinical interventions against poverty-related diseases (NWO-NACCAP), under the College of 

Medicine, Malawi-Amsterdam-Liverpool (COMMAL) partnership programme. The funders 

played no part in the study design, data collection, analysis, and interpretation or writing of the 

final report.  
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Figure 1: HIV-Iron trial profile 

 

 

   

 

 

  

 

 

 

 

 

 

 

 

  

                                                                                                      

 

 

284 HIV-positive children with clinical 
anaemia were assessed for study eligibility 

75 were excluded:  
• 69 did not meet eligibility criteria 
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Results: 

A total of 209 HIV-infected children (78 from Thyolo District Hospital, 131 from Zomba Central 

Hospital) were recruited between January 2009 and February 2010. One hundred and ninety 

six patients (93.8%) completed 6 months follow-up (figure 1). Baseline characteristics of study 

participants are summarized in Table 1. The mean (SD) age was 25.8 (15.9) months and 47.4% 

(99/209) of the study population were male. Median (IQR) Hb at baseline was 9.4 (8.6–

9.8)g/dl and the prevalence of iron deficiency was 34.5% (72/209; Table 1). 

 

 

 

Table 1: Demographic and baseline characteristics by study arm 
Household characteristics Iron (n=105)  Placebo (n=104) Total (n=209) 
Maternal age (years) 

 

29.5 (5.1) 29.4 (5.4) 29.5 (5.2) 

 Maternal educational level (Primary) 

       

66 (62.9%) 

 

59 (56.7%) 

 

125 (59.8%) 

 Guardian/Father employment status (Employed) 

 

85 (81.0%) 

 

82 (78.9%) 167 (79.9%) 

 Household has electric power supply 13 (12.4%) 17 (16.4%) 30 (14.4%) 
Nutrition (≥3 meals with fish/meat per week) 

   

68 (64.8%) 

 

70 (67.4%) 

 

138 (66.0%) 

 Study site (Thyolo) 

   

   

39 (37.1%) 39 (37.5%) 78 (37.3%) 
Use of a mosquito bed net in the past week1 54 (53.5%) 55 (55.6%) 109 (54.5%) 
Child parameters 
Sex (Male) 
 
 
 
 
 
 
 

 

42 (40.0%) 
 

57 (54.8%) 99 (47.4%) 
 Age at recruitment (months) 25.2 (15.8) 26.4 (16.1) 25.8 (15.9) 

Weight (kg) 10.2 (2.8) 10.1 (2.9) 10.2 (2.8) 
Height (cm) 76.4 (11.2) 76.3 (11.3) 76.4 (11.2) 
MUAC (cm) 14.2 (1.8) 14.0 (1.7) 14.1 (1.8) 
HAART use at recruitment 36 (34.3%) 39 (37.5%) 75 (35.9%) 
Hospital admission in past 3 months2 21 (21.9%) 27 (27.3%) 48 (24.6%) 
Previous use of anti-malarials in past month 28 (27.2%) 27 (27%) 55 (27.1%) 
History of blood transfusion in past 3 months3 6 (6.1%) 4 (4.0%) 10 (5.1%) 
Fever5 at recruitment 16 (15.2%) 6 (5.8%) 22 (10.5%) 
Respiratory symptoms at recruitment 18 (17.1%) 22 (21.2%) 40 (19.1%) 
Haemoglobin level at recruitment 9.4 (8.8-9.8) 9.4 (8.5-9.8) 9.4 (8.6-9.8) 
Prevalence of iron deficiency4 38 (36.2%) 34 (32.7%) 72 (34.5%) 
Positive malaria test6 at recruitment 6 (6.0%) 4 (3.9%) 10 (4.9%) 
CD4 percentage at recruitment 28.7 (8.7) 31.1 (11.2) 29.9 (10.1) 
Data presented as n (%), mean (s. d.) or median (IQR);  1N=200 (four missing values for iron arm & five for placebo); 2N=195 (nine 
missing values for iron arm & five for placebo);  3N=198 (six missing values for iron arm & five for placebo); 4iron deficiency defined as 
serum ferritin<12 µg/dl when CRP is <5.0 & ferritin <30  µg/dl when CRP >5.0; 5 Defined as axillary temperature ≥37.50C; 6 Asexual 
parasites seen on blood smear microscopy. 



P a g e  | 57 

 

Changes in haemoglobin, CD4 percentage, the prevalence of anaemia (Hb<11g/dl) and iron 

deficiency over the study follow-up period are summarized in Table 2. Iron supplementation 

was associated with a better haemoglobin (delta Hb) response compared with placebo at 3 

months (adjusted mean difference (aMD) 0.62 g/dL 95%CI 0.20-1.04, p=0.004) and 6 months 

follow-up (aMD 0.60 g/dL, 95%CI 0.06-1.13, p=0.03). Iron supplementation was also 

associated with a reduced risk of anaemia persisting at 3 months (adjusted prevalence ratio 

(aPR) 0.71 95%CI 0.51-0.97; p=0.03) and 6 months follow-up (aPR 0.59 95%CI 0.38-0.92; 

p=0.02). In addition, iron supplementation was associated with a reduced risk of iron 

deficiency (aPR 0.28 95%CI 0.15-0.49; p<0.001), and a better CD4 percentage response at 3 

months (aMD 6.00 95%CI 1.84-10.16; p=0.005), but not at 6 months follow-up (p>0.05).  

Morbidity outcomes by intervention period are presented in Table 3. Iron supplementation 

was associated with an increased risk of clinical malaria infections over the 6 months follow-

up period (incidence rate (IR) 120.2 vs. 71.7; adjusted IRR 1.81 95%CI 1.04–3.16; p=0.04), 

which was more pronounced in the first 3 months (IR 78.1 vs. 36.0; adjusted IRR 2.68 95%CI 

1.08-6.63; p=0.03). In contrast, iron supplementation was associated with a lower incidence of 

respiratory infections (IR 28.1 vs. 102.8; adjusted IRR 0.28 95%CI 0.09-0.91; p=0.04) in the 

post-intervention period (3-6 months). There was no significant difference by study arm in the 

incidence of out-patient sick visits (IR 350.0 vs. 383.0; adjusted IRR 0.98 95%CI 0.67 – 1.43; 

p=0.91), hospital admissions (IR 28.6 vs. 42.3; adjusted IRR 0.62 95%CI 0.27-1.42; p=0.26) and 

risk of progression to AIDS by 6 months (IR 31.9 vs. 50.8; adjusted IRR 0.61 95%CI 0.35–1.07; 

p=0.08). 

Treatment effect modification of morbidity outcomes by age, iron status, bed-net use and 

HAART use are presented in table 4. Iron supplementation was associated with an increased 

risk of clinical malaria infections in children >24 months old (IRR 3.30 95%CI 1.28-8.49; 

p=0.01, p interaction=0.10), and in children who did not use bed nets (IRR 4.12 95%CI 1.89-

8.98; p=<0.001, p interaction=0.003), In addition, iron supplementation was associated with a 

reduced risk of progression to AIDS in iron deficient children (IRR 0.25 95%CI 0.08-0.83; 

p=0.02, p interaction=0.07; Table 4).  
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Table 2: Changes in laboratory values during the follow-up period by study arm 

Laboratory parameters Iron 1 Placebo1 Unadjusted MD/PR2 P-value Adjusted   MD/PR2 P-value 

Delta Hb3 in g/dL at 3 months 2.08 (1.42) 1.53 (1.60) 0.55 (0.13-0.97) 0.01 0.62 (0.20-1.04) 0.004 

Delta Hb in g/dL at 6 months 2.28 (1.54) 1.69 (1.84) 0.59 (0.11-1.06) 0.02 0.60 (0.06-1.13) 0.03 

Prevalence of anaemia4 at 3 months 41 (39.1%) 60 (57.7%) 0.68 (0.51-0.91) 0.01 0.71 (0.51-0.97) 0.03 

Prevalence of anaemia at 6 months 29 (27.6%) 48 (46.2%) 0.59 (0.41-0.86) 0.005 0.59 (0.38-0.92) 0.02 

Delta CD4%5 at 3 months 3.86 (12.15) -1.45 (14.28) 5.32 (1.46-9.17) 0.007 6.00 (1.84-10.16) 0.005 

Delta CD4% at 6 months 3.3 (12.07) -1.24 (14.52) 4.54 (0.59-8.49) 0.02 0.80 (-2.90-4.50) 0.67 

Prevalence of ID6 at 3 months 19 (18.1%) 51 (49.0%) 0.27 (0.15-0.49) <0.001 0.28 (0.15-0.49) <0.001 

Prevalence of ID at 6 months 30 (28.6%) 41 (39.4%) 0.60 (0.38-0.97) 0.04 0.86 (0.49-1.50) 0.60 

1Data presented as mean change (95%CI) or N (%)  
2 Presented as mean difference (MD) (95%CI) or prevalence ratio (PR) (95%CI); adjusted MD/PR values were adjusted for baseline haemoglobin, 
bed net use, previous blood transfusions, HAART use at recruitment and CD4 percentage at recruitment. 
3Delta Hb is the change in Hb from baseline  
4Anaemia defined as Hb <11g/dl 
5Delta CD4 percentage is the change in CD4 percentage from baseline  
6Iron deficiency (ID) defined as ferritin <12 µg/dl when CRP <5 & ferritin <30 µg/dl when CRP≥5 
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Table 3: Morbidity outcomes by study arm and  time period 

Morbidity Outcomes Iron Placebo Unadjusted IRR1 
(95%CI) 

P-
value 

Adjusted IRR1, 2 
(95%CI) 

P-
value Events (N) Incidence3 Events (N) Incidence

 All-cause out-patient sick visits 
All events over 6 months follow-up 133 (58) 350.0 135 (67) 383.0 0.95 (0.68 – 1.33) 0.76 0.98 (0.67 – 1.43) 0.91 
Intervention period (0-3 months) 63 (27) 275.4 47 (26) 206.6 1.35 (0.83 – 2.19) 0.22 1.48 (0.81 – 2.68) 0.20 
Post-intervention period (>3-6 months) 70 (31) 323.7 88 (41) 460.1 0.79 (0.50 – 1.26) 0.32 0.83 (0.51 – 1.35) 0.45 
All-cause hospital admissions 
All events over 6 months follow-up 14 (14) 28.6 20 (19) 42.3 0.61 (0.31 – 1.20) 0.15 0.62 (0.27 – 1.42) 0.26 
Intervention period (0-3 months) 8 (8) 31.6 6 (6) 23.8 1.43 (0.54 – 3.78) 0.47 1.56 (0.48 – 5.09) 0.46 
Post-intervention period (>3-6 months) 6 (6) 24.2 14 (13) 61.9 0.40 (0.16 – 1.00) 0.05 0.35 (0.11 – 1.14) 0.08 
Clinical malaria episodes 
All events over 6 months follow-up 52 (37) 120.2 33 (24) 71.7 1.73 (1.04 – 2.85) 0.03 1.81 (1.04 – 3.16) 0.04 
Intervention period (0-3 months) 20 (15) 78.1 9 (8) 36.0 2.39 (1.08 – 5.28) 0.03 2.68 (1.08 – 6.63) 0.03 
Post-intervention period (>3-6 months) 32 (22) 140.7 24 (16) 107.9 1.25 (0.68 – 2.31) 0.47 1.44 (0.73 – 2.84) 0.29 
Respiratory infections 
All events over 6 months follow-up 21 (17) 43.5 36 (26) 79.1 0.59 (0.32 – 1.09) 0.09 0.59 (0.29 – 1.22) 0.16 
Intervention period (0-3 months) 14 (12) 56.6 13 (11) 52.8 1.16 (0.55 – 2.44) 0.70 1.42 (0.56 – 3.63) 0.46 
Post-intervention period (>3-6 months)   7 (5) 28.1 23 (15) 102.8 0.29 (0.10 – 0.80) 0.02 0.28 (0.09 – 0.91) 0.04 
Progression to AIDS 
All events over 6 months follow-up 22 (69) 31.9 33 (65) 50.8 0.65 (0.41 – 1.04) 0.07 0.61 (0.35 – 1.07) 0.08 
Intervention period (0-3 months) 11 (27) 40.7 18 (27) 66.7 0.66 (0.36 – 1.22) 0.18 0.64 (0.35 – 1.18) 0.16 
Post-intervention period (>3-6 months) 11 (42) 26.2 15 (38) 39.5 0.69 (0.34 – 1.38) 0.29 0.54 (0.24 – 1.20) 0.13 
1Treatment effects presented as incidence rate ratios (IRR) (95% confidence intervals) 
2All adjusted treatment effects (excluding progression to AIDS) adjusted for baseline haemoglobin, bed net use, baseline cd4 percentage HAART use at 

recruitment and   recent blood transfusion prior to recruitment. Progression to AIDS adjusted for the same variables with the exception of HAART use at 
recruitment.  

3 Expressed as per 100 person-years 
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Table 4: Treatment effect modification with age, iron status, bed-net use and HAART use at recruitment over 6 months follow-up 
 
 

 

Baseline 
parameters 

Out-patient hospital sick 
visits Malaria Hospital admissions 

 
Progression to AIDS 

 
IRR1 (95% CI) p-value IRR1 (95% CI) p-value IRR1 (95% CI) p-value IRR1 (95% CI) p-value 

Age (months) 
≤24 1.11 (0.68 – 1.83) 0.67 1.20 (0.58 – 2.49) 0.62 0.41 (0.15 – 1.14) 0.09 0.30 (0.10 – 0.97) 0.04 
>24  0.74 (0.45 – 1.23) 0.25 3.30 (1.28 – 8.49) 0.01 1.42 (0.36 – 5.53) 0.61 0.81 (0.44 – 1.50) 0.51 
Interaction term  0.26  0.10  0.14  0.14 
Iron status2 
Iron deficient 1.33 (0.70 – 2.53) 0.39 2.67 (0.68 – 10.52) 0.16 0.33 (0.06 – 1.73) 0.19 0.25 (0.08 – 0.83) 0.02 
Iron replete 0.87 (0.54 – 1.38) 0.55 1.79 (0.98 – 3.25) 0.06 0.86 (0.32 – 2.29) 0.76 0.88 (0.46 – 1.70) 0.71 
Interaction term  0.29  0.60  0.33  0.07 
Bed net use 
Yes 1.25 (0.74 – 2.11) 0.41 0.74 (0.33 – 1.67) 0.47 1.13 (0.37 – 3.48) 0.83 0.79 (0.36 – 1.73) 0.56 
No 0.78 (0.47 – 1.29) 0.33 4.12 (1.89 – 8.98) <0.001 0.34 (0.11 – 1.06) 0.06 0.56 (0.28 – 1.12) 0.10 
Interaction term  0.21  0.003  0.14  0.52 
HAART use at recruitment 
On HAART 0.77 (0.40 – 1.45) 0.41 1.03 (0.39 – 2.70) 0.96 0.53 (0.17 – 1.66) 0.28   
Not on HAART 1.14 (0.72 – 1.81) 0.58 2.39 (1.17 – 4.86) 0.02 0.74 (0.24 – 2.31) 0.60   
Interaction term  0.31  0.17  0.68   
1Treatment effects presented as incidence rate ratios (95% confidence intervals); All treatment effects (excluding progression to AIDS) adjusted for 
baseline haemoglobin, bed net use, baseline cd4 percentage HAART use at recruitment and recent blood transfusion prior to recruitment.  
2Defined as ferritin <12 µg/ml when CRP <5 & ferritin <30 µg/ml when CRP  ≥5 
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Discussion: 

 To our knowledge, this is the first double-blind, randomized placebo-controlled trial of iron 

supplementation for the treatment of anaemia in HIV-infected children living in an area with a 

high pressure of infections (including malaria). This is not surprising, given the logistical and 

ethical challenges we encountered in the conduct of this study. Mild-to-moderate anaemia is 

still commonly seen in HIV infection despite increasing HAART use, and anaemia remains 

strongly associated with HIV-disease progression [24, 25]. We have tried to conduct our study 

to mirror common practice in resource-limited settings, where iron supplements are routinely 

given for the treatment of anaemia without prior determination of iron status- in this way, our 

study findings can be generalized for similar settings. The decision to treat anaemia in HIV-

infection, especially in resource-limited settings is often based on clinicians’ opinions and the 

results of observational studies, as the effects (beneficial or detrimental) of iron 

supplementation in this population are unknown [26]. Intervention trials for anaemia in HIV-

infected individuals are urgently needed, especially in resource-limited settings where the 

pressure of infections is high.  

Iron supplementation in our study cohort increased haemoglobin levels and reduced the 

prevalence of anaemia persisting at 6 months follow-up by 40%, but increased the risk of 

clinical malaria infections by 6 months. Our study was not powered to show that iron 

supplementation did not have a deleterious effect on all-cause sick visits, all-cause hospital 

admissions and progression to AIDS by 6 months. 

 

Effect of iron supplementation on haemoglobin, immune function and HIV disease progression 

Previous studies on iron supplementation in HIV-infection have shown varying results. 

Castaldo et al [27] found an improvement in haemoglobin levels in Italian HIV-infected 

children following daily oral iron, similar to the findings of a study in Indian HIV-infected 

children following iron supplementation [28]. However, Olsen et al [29] did not observe any 

haemoglobin improvement following iron supplementation of HIV-infected Kenyan adults over 

a 12-month period [29]. This lack of effect may have been due to under-treatment as iron was 

given only twice weekly. It could also have been due to differences in anaemia-associated co-

factors like the high incidence of helminth infections observed in the Kenyan cohort. These 

findings have resulted in investigators questioning the role of iron deficiency in the aetiology 

of HIV-associated anaemia [30, 31]. However the reduction in the prevalence of anaemia and  
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iron deficiency observed following iron supplementation in our study cohort suggests that iron 

deficiency plays an important role in the aetiology of anaemia in this population [32].  

Iron supplementation in our study was also associated with a better CD4 percentage response 

at 3 months follow-up.  This observation is in line with the findings of a US-based study in a 

cohort of HIV- and Hepatitis C co-infected women following 6 months of iron supplementation 

[33]. Studies from India, Togo and France have previously found iron deficiency to be 

associated with reduced CD4 T-cell subsets and impaired cell-mediated immunity in children 

without HIV-infection [34-36], with some studies demonstrating a beneficial effect on CD 4 

with iron supplementation [34, 35] , and others failing to do so [36]. We have been able to 

show in our study cohort that CD4 percentages respond positively to iron supplementation in 

HIV-infected children. 

 

Effect of iron supplementation on susceptibility to infections in HIV-infected children 

Iron supplementation in our study appeared to increase the risk of malaria particularly during 

the active intervention period, but was protective against respiratory infections during the 

post-intervention period which are rather contrasting effects. Perhaps the differential effects 

of iron on malaria and respiratory infections may be related to the mechanisms by which 

different pathogens derive iron from the body. While Plasmodium species make use of the labile 

intracellular iron pool which can be significantly increased by iron supplementation, many 

bacteria derive iron either by the use of high-affinity siderophores or by direct interaction with 

circulating iron-transport protein complexes [37, 38]. It may also be related to the observed 

beneficial effect of iron supplementation on immune function, which may have been 

responsible for the reduced risk of respiratory infections. The association between iron 

supplementation and malaria morbidity has been highlighted in previous trials done in the 

Gambia, Papa New Guinea and Tanzania [8, 9, 39, 40]. Iron supplementation in pre-school 

Tanzanian children was associated with an increased risk for serious adverse events, hospital 

admissions and deaths mainly due to malaria and other infectious diseases [8]. The increased 

risk for adverse outcomes with iron appears to be mostly limited to regions with a high 

prevalence of malaria, as a large trial of iron and folic acid supplementation of pre-school 

children carried out in southern Nepal (an area with low malaria risk) did not show significant 

differences in morbidity and mortality but appeared to be protective against acute respiratory 

infections [41]. The significant interaction between iron supplementation and age resulting in  
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a higher incidence of malaria infections in older children (>24 months) is also interesting, as 

children aged 6-24 months are at the greatest risk of severe disease and death following 

malaria infection due to an immature immune response [42]. This observation may be a result 

of younger children being more likely to be iron deficient due to nutrient-poor weaning diets, 

hence are protected from malaria [43, 44]. However, further studies are needed to elucidate 

the mechanisms by which iron supplementation resulted in its beneficial effects on immunity.  

A recent meta-analysis on iron supplementation in the treatment of anaemia in children living 

in malaria-endemic regions concluded that iron supplementation is safe when combined with 

regular malaria surveillance and treatment [13]. Given the benefits of iron supplementation, 

the increased risk of malaria and the protective effect of bed nets observed in our study, 

perhaps a combination of interventions providing iron supplementation with malaria 

prevention (by surveillance, treatment and prophylaxis) may be considered for the 

management of HIV-associated anaemia in malaria-endemic regions [45].  

The main limitation of our study was that we were unable to attain the projected sample size 

and thus could not make any inferences on the incidence of all-cause sick child visits. However, 

the effect of iron on malaria was very pronounced and was statistically significant despite the 

reduced sample size. Another limitation of the study was that we were unable to examine the 

effect of iron supplementation on mortality. A much larger sample size is needed if mortality 

would be the primary outcome, which was not feasible in our setting. However these studies in 

HIV-infected children are needed, since studies in HIV-infected adults suggest that iron 

supplementation may be associated with an increased risk of mortality [46, 47].   

 

Conclusions: 

Our findings suggest that iron supplementation in anaemic HIV-infected children has beneficial 

effects on haemoglobin; anaemia and immune function but increases the risk of malaria. Based 

on these findings one may consider combining interventions of iron supplementation with 

malaria prevention, in regions with a high prevalence of malaria. It is clear that further 

mechanistic studies are needed to unravel this complex, but interesting interaction between 

iron, immunity and infections in HIV-infected children. 
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