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Abstract: 

Objective: To determine the iron status of HIV-infected Malawian children and the responses 

of iron markers to iron supplementation.  

Design: The study was part of a double-blind, randomized controlled trial of iron 

supplementation in anemic HIV-infected children (Clinical trial number: ISRCTN-62947977). 

Methods: HIV-infected children aged 6-59 months with moderate anemia (hemoglobin 7.0-9.9 

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

A, C and D) or multi-vitamins alone for 3 months. Iron status was assessed at recruitment, 3 

and 6 months. All participants were followed for 6 months. 

Results: One thousand seven hundred and ninety serological iron tests were conducted in 209 

HIV-infected children over 6 months follow-up. The baseline prevalence of iron deficiency 

ranged from 8.1-48.3% when different serological iron markers were applied. Iron 

supplementation was associated with significant reductions in soluble transferrin receptor 

(sTfR) levels (adjusted mean difference (aMD) -1.00; 95%CI -1.47 to -0.54; p<0.001) and sTfR-

log ferritin (sTfR-F) index (aMD -0.65; 95%CI -0.90 to -0.40; p<0.001) at 3 months, and in 

sTfR-F index at 6 months (aMD 0.21; 95%CI 0.03-0.39; p=0.02). Children who received iron 

were less likely to be iron-deficient at 3 months when assessed using serum ferritin with C-

reactive protein (adjusted prevalence ratio (aPR) 0.29; 95%CI 0.16-0.51; p<0.001); sTfR (aPR 

0.35; 95%CI 0.17-0.73; p=0.005) and MCV (aPR 0.49; 95%CI 0.24-1.00; p=0.05). 

Conclusion: These findings suggest that iron supplementation is effective in improving iron 

status in HIV-infected children, even in resource-limited settings with a high pressure of 

infections.  
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Background: 

The importance of knowing iron status prior to giving iron supplements has recently become 

more significant, with studies suggesting that iron supplementation may increase the risk of 

infections and mortality, especially in malaria-endemic regions [1-3] and in HIV-infected 

individuals [4, 5]. However, the assessment of iron status is difficult in areas with a high 

pressure of infections, where markers of iron status are also markers of the acute phase 

response and may be difficult to interpret in the presence of inflammation [6, 7]. The 

contribution of iron deficiency to anemia in HIV-infection is unknown, but observational 

studies suggest that it may play an important role [8-10]. The use of iron supplements for the 

management of HIV-associated anemia is an on-going discussion among clinicians in resource-

limited settings, where different opinions exist on the effects of iron on iron status in this 

population, and no clear evidence-based guidelines are available [11]. We have assessed iron 

status and the changes in iron markers over time as part of a randomized, double-blinded, 

placebo-controlled trial of iron supplementation in HIV-infected children with moderate 

anemia. 

 

Methods: 

HIV-infected children with moderate anemia (defined as hemoglobin of 7 to 9.9 g/dl) were 

recruited sequentially from pediatric out-patient clinics in 2 hospitals in Southern Malawi 

(Zomba Central Hospital and Thyolo District Hospital) as part of a randomized, controlled trial 

from January 2009 to August 2010. After obtaining parental consent, eligible children were 

randomized into two arms with the first (iron) arm receiving 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 receiving multi-vitamins (Vitamin A, 

C and D) alone (Tri-Vi-Sol©) once daily for 3 months. Both supplements were identical in 

content and appearance with the exception of iron. All participants were followed for 6 

months. Ethical approval was obtained from the College of Medicine Research Ethics 

Committee, Malawi.  
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Blood samples were collected for a full blood count using a Coulter counter (ABX Micros 60, 

Horiba ABX S.A.S, Montpellier, France), the assessment of iron status (ferritin and soluble 

transferrin receptor (sTfR)) and inflammation (C-reactive protein (CRP)) at recruitment, 3  

 

months and 6 months follow-up. Samples were stored at -80 0C till the study was completed 

and then shipped to Meander Medical Center, Amersfoort, the Netherlands where assays were 

done using a Beckman LX20 analyzer (Beckman Coulter, Brea, CA, USA). The assays were 

carried out according the instructions of the manufacturer, where samples were run in a fully 

automated sequence as a single-in-one series with calibrators and control material as per the 

manufacturer’s specifications. 

Iron deficiency was defined as serum ferritin of <12 µg/l in participants without significant 

inflammation (defined as CRP <5.0 mg/l) or <30 µg/l in participants with on-going 

inflammation (defined as CRP was >5.0 mg/l) [12, 13]. Other definitions used were mean cell 

hemoglobin concentration (MCHC) of <32 g/l, mean corpuscular volume (MCV) <67 fl (in 

children <2 years old) and <73 fl (in children 2-5 years old) [13]; sTfR of >3.50 mg/l  

(recommended cut-off for kit specific assay) and sTfR-F index (defined as sTfR / log10 ferritin) 

[14] of >2.38 when CRP ≥5 mg/l or >3.24 when CRP <5 mg/l.  

Stata 10 (StataCorp, College Station, Texas, USA) was used for data analysis. Multiple linear 

regression models were used to test the intervention effect on continuous outcomes, with data 

presented as mean (SD) and treatment effects expressed as mean difference (MD) and 95% 

confidence intervals. Prevalence endpoints were summarized as percentages, with the 

treatment effects expressed as prevalence ratios (PR) and 95% confidence intervals. All 

adjusted treatment effects were adjusted for baseline variables (hemoglobin, bed net use, CD4 

percentage, highly active anti-retroviral therapy (HAART) use at recruitment, and a history of 

blood transfusion in the 3 months preceding recruitment) using negative binomial regression. 

These variables were selected after exploring the association between baseline variables and 

treatment outcomes in uni-variate models and variables with a p-value of <0.10 entered into 

the final multi-variate model. P-values of <0.05 were taken as statistically significant. 
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Results: 

One thousand seven hundred and ninety serological iron tests were conducted in 209 HIV-

infected children over 6 months follow-up. Baseline characteristics of study participants are 

provided in Table 1.  Ninety-nine children (47.4%) were male and the mean (SD) age was 25.8  

 (15.9) months. The baseline prevalence of iron deficiency ranged from 8.1-48.3% when 

different serological iron markers were applied (Table 1). 

 

 

 

The changes in iron markers over the study follow-up period are presented in Table 2. Iron 

supplementation was associated with significant reductions in sTfR levels (adjusted mean 

difference (aMD) -1.00; 95%CI -1.47- -0.54; p<0.001) and sTfR-F index (aMD -0.65; 95%CI -

0.90- -0.40; p<0.001) at 3 months, and in sTfR-F index at 6 months (aMD 0.21; 95%CI 0.03-

0.39; p=0.02). Iron supplementation was also associated with an increase in MCV at 3 months 

(aMD 4.45; 95%CI 1.76-7.15; p=0.001).  

Table 1: Baseline characteristics of study participants1 
Child parameters N (%)/Mean (SD) Iron   Placebo  
Sex (Male) 

 

 

 

 

 

 

 

 

 99 (47.4%) 

 

42 (40.0%) 

 

57 (54.8%) 
Age at recruitment (months) 25.8 (15.9) 25.2 (15.8) 26.4 (16.1) 
Weight (kg) 10.2 (2.8) 10.2 (2.8) 10.1 (2.9) 
Mid Upper Arm Circumference (cm) 14.1 (1.8) 14.2 (1.8) 14.0 (1.7) 
Length (cm) 76.4 (11.2) 76.4 (11.2) 76.3 (11.3) 

Laboratory parameters 
Positive malaria test at enrolment 10 (4.9%) 6 (6.0%) 4 (3.9%) 
C-reactive protein (CRP) (mg/l) 17.5 (38.5) 21.8 (39.2) 13.1 (37.5) 
CD4 count at enrolment (cells/µl) 1418.1 (793.1) 1423.3 (806.8) 1412.8 (783.1) 

Prevalence of iron deficiency based on different iron markers 2 
Ferritin (F) & CRP 72 (34.5%) 38 (36.2%) 34 (32.7%) 
Soluble transferrin receptor (sTfR) 59 (28.2%) 28 (26.7%) 31 (29.8%) 
Mean Cell Haemoglobin Concentration (MCHC) 101 (48.3%) 49 (46.7%) 52 (50.0%) 
Mean Corpuscular Volume (MCV) 67 (32.1%) 35 (33.3%) 32 (30.8%) 
sTfR-F index 17 (8.1%) 9 (8.6%) 8 (7.7%) 
1Data presented as N (%) or mean (s. d.)  
2Defined as Ferritin of <12 µg/l where CRP is <5.0 mg/l & ferritin <30 µg/l where CRP is ≥5.0 mg/l; sTfR >3.5 mg/l; 
sTfR-F >3.24 when CRP <5.0 mg/l  & sTfR-F >2.38 when CRP is ≥5.0 mg/l; MCV <69 fl when age <24 months & MCV 
<73 fl when age >24 months; MCHC <32 g/l. 



P a g e  | 72 

 

Children who received iron were less likely to be iron deficient at 3 months follow-up when 

assessed using serum ferritin with CRP (adjusted prevalence ratio (aPR) 0.29; 95%CI 0.16-

0.51; p<0.001), sTfR (aPR 0.35; 95%CI 0.17-0.73; p=0.005) and MCV (aPR 0.49; 95%CI 0.24-

1.00; p=0.05) when compared with placebo; but this effect was not sustained at 6 months 

follow-up (p>0.05; Table 2).  
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Table 2: Changes in iron markers in HIV-infected children over a 6-month follow-up period 
Changes in iron 

markers 
 

Iron1 Placebo1 Unadjusted MD/PR2 
(95%CI) 

P- 
value 

Adjusted MD/PR2 

(95%CI) 
P- 

value 
Ferritin 
     3 months 18.25 (93.15) -0.49 (39.14) 18.74 (-1.88-39.36) 0.08 17.49 (-4.76-39.74) 0.12 
ID at 3 months3 12 (12.6%) 42 (42.4%) 0.28 (0.16-0.51) <0.001 0.29 (0.16-0.51) <0.001 
     6 months 25.19 (178.18) 21.06 (131.66) 4.13 (-41.54-49.79) 0.86 -2.56 (-55.00-49.88) 0.92 
ID at 6 months3 21 (21.9%) 34 (34.7%) 0.61 (0.38-0.98) 0.04 0.88 (0.50-1.54) 0.65 
sTfR 
    3 months -1.18 (1.69) -0.33 (1.59) -0.85 (-1.31- -0.39) <0.001 -1.00 (-1.47- -0.54) <0.001 
ID at 3 months4 11 (10.5%) 27 (26.0%) 0.40 (0.21-0.77) 0.006 0.35 (0.17-0.73) 0.005 
    6 months -0.88 (1.85) -0.66 (1.56) -0.22 (-0.70-0.26) 0.37 0.37 (-0.02-0.76) 0.06 
ID at 6 months4 18 (17.1%) 21 (20.2%) 0.85 (0.48-1.50) 0.57 1.01 (0.50-2.05) 0.97 
MCHC 
    3 months 0.89 (6.65) 0.83 (2.59) 0.06 (-1.37-1.49) 0.93 -0.07 (-1.73-1.60) 0.94 
ID at 3 months5 37 (35.2%) 37 (35.6%) 0.99 (0.69-1.43) 0.96 1.08 (0.75-1.57) 0.68 
    6 months 4.77 (13.99) 2.42 (7.50) 2.36 (-0.87-5.58) 0.15 3.10 (-0.71-6.90) 0.11 
ID at 6 months5 18 (17.1%) 24 (23.1%) 0.74 (0.43-1.29) 0.29 0.79 (0.44-1.41) 0.43 
MCV 
    3 months 4.70 (8.29) 0.35 (9.71) 4.35 (1.82-6.88) 0.001 4.45 (1.76-7.15) 0.001 
ID at 3 months6 11 (10.5%) 24 (23.1%) 0.45 (0.23-0.88) 0.02 0.49 (0.24-1.00) 0.05 
    6 months 6.47 (9.91) 4.57 (9.48) 1.89 (-0.87-4.65) 0.18 -0.87 (-3.03-1.29) 0.43 
ID at 6 months6 13 (12.3%) 12 (11.5%) 1.07 (0.51-2.25) 0.85 2.33 (0.96-5.67) 0.06 
sTfR-F index 
    3 months -0.63 (1.07) -0.13 (0.73) -0.51 (-0.76- -0.25) <0.001 -0.65 (-0.90- -0.40) <0.001 
ID at 3 months7 6 (5.7%) 11 (10.6%) 0.54 (0.21-1.41) 0.21 0.30 (0.07-1.24) 0.10 
    6 months -0.50 (1.08) -0.25 (0.98) -0.25 (-0.54- -0.04) 0.10 0.21 (0.03-0.39) 0.02 
ID at 6 months7 9 (8.6%) 16 (15.4%) 0.56 (0.26-1.21) 0.14 0.67 (0.27-1.67) 0.39 
1Data presented as mean difference from baseline (SD), or as N (%)  
2Treatment effects presented as mean difference (MD) or prevalence ratios (PR) with 95% confidence intervals; values adjusted for baseline iron 
marker results, baseline haemoglobin level, bed net use, cd4 percentage, HAART use & blood transfusion in 3 months preceding recruitment. 
3 Values adjusted for inflammation. Iron deficiency: ferritin <12 µg/l when CRP <5 mg/l  & ferritin <30 µg/l when CRP ≥5  mg/l   
4 Iron deficiency (ID): sTfR >3.5 mg/l; 5 MCHC<32 g/l; 6 MCV <67fl when age <24 months & MCV< 73fl when age >24 months  
7ID: sTfR-F >3.24 when CRP>5 mg/l  & sTfR-F >2.38 when CRP <5 mg/l 
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Discussion: 

Determination of iron status in HIV-infection is difficult due to associated inflammation, and is 

even more challenging in resource-limited settings where there is a high pressure of infections 

[7]. However information on iron status is crucial as it may impact the outcomes of 

interventions for anemia in resource-limited settings, and the determination of iron status 

prior to giving iron supplements is recommended by the WHO in areas with a high prevalence 

of malaria and infectious diseases [1].  Bone marrow iron assessment, which is the gold 

standard for the determination of iron status, is invasive and hence not ideal for use as a 

screening tool. Studies from Sub-Saharan Africa which have previously investigated iron 

deficiency in HIV-infected children using ferritin as an iron marker were limited by the fact 

that they did not take into account the effect of inflammation; hence there was a risk of 

misclassification bias [9, 10]. We have shown in a recently conducted meta-analysis that iron 

deficiency is equally prevalent in HIV-infected children from high and low income settings 

[15]. We have now confirmed, using different serological iron markers, that iron deficiency is 

prevalent in HIV-infected children, and plays an important role in the multi-factorial etiology 

of anemia in this population. 

Previous studies done in adults have suggested that iron supplementation may be harmful in 

HIV-infection due to pre-existing high iron states [5, 16]. However iron deficiency was 

prevalent in our study cohort prior to iron supplementation. Possible explanations for this 

could be that children are a higher risk group for iron deficiency, as other factors such as poor 

dietary intake and reduced intestinal absorption of iron may contribute to its prevalence [13, 

17]. Also, our HIV-infected cohort was relatively healthy at recruitment with good baseline 

CD4 counts- high iron states are often associated with late stage HIV-infection and mortality 

[5].  

A consensus is yet to be reached on a single iron marker for the determination of iron status in 

regions with a high pressure of infections [18]. Ferritin, which is commonly used for this 

purpose is also a marker of the acute phase response [6]. Serum iron is abnormally low in 

chronic disease and varies diurnally and with meals [18]. Recently, soluble transferrin 

receptor (sTfR) and sTfR-log ferritin index (sTfR-F index) have been put forward for the 

determination of iron status in regions with a high pressure of infections as they are less 

affected by inflammation [14, 19]. Iron supplementation in this study was associated with an 

improvement in iron status as evidenced by a reduction in sTfR and sTfR-F index. There was  
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also a reduction in the prevalence of iron deficiency after 3 months of oral iron use. These 

findings suggest that iron supplementation is effective in the treatment of iron deficiency 

anemia in HIV-infected children living in regions with a high pressure of infections. They also 

suggest that inadequate dietary intake (probably from micro-nutrient deficient diets), rather 

than intestinal malabsorption, is important in the etiology of iron deficiency anemia in HIV-

infected children from resource-limited settings [17]. 

The results of this study further strengthen the case for the use of iron supplementation in 

resource-limited settings with a high pressure of infections, including malaria. It is hoped that 

the beneficial effect of iron supplementation on iron status seen in our study would inform 

policy in such settings. However, iron supplementation should be provided with adequate 

protection from malaria in malaria-endemic regions.  
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