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Iron deficiency in pregnancy 

 Antenatal iron supplementation leads to increased haemoglobin 
concentrations and reduced risk of anaemia at term 

 Iron deficiency is associated with severe anemia and maternal 
death, but causal evidence from randomized trials inconclusive  

What does that mean for maternal and child health? 

 Coverage of antenatal iron supplementation is abysmally low in 
most developing countries 



‘The Pemba study’ 

 Randomised trial, children aged 1-35 
months in Pemba, Zanzibar 
 

 Daily oral supplementation with iron 
and folic acid increased all-cause 
mortality and hospital admission 
(combined endpoint) by 12% 
 

 WHO: children in settings with high 
prevalence of malaria and other 
infectious diseases should not receive 
universal iron supplementation 

Sazawal et al. Lancet 2006;367:133-43. 



Supplementation with iron-containing micronutrients and malaria rates, by iron status 
Randomised trial, Tanzanian children aged 6-60 months 
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–7% (–23% to 13%) 

← Malaria rate reduced Malaria rate increased → 
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p=0.01 

Veenemans et al. PLoS Med 2011;8:e1001125. 

No of episodes with vs 
without micronutrients 

816 vs 756 

212 vs 141 

375 vs 412 



Iron and malaria risk in pregnancy 

 Potential effects of iron interventions on malaria are likely to be most 
pronounced in pregnancy, when iron absorption is very high 

 Observational studies: iron deficiency is associated with a reduced 
prevalence and density of Plasmodium parasites in placental blood 

 Plasmodium infection in pregnancy: usually asymptomatic, but associated 
with adverse outcomes: 

 Infants: reduced birth weight, intrauterine growth retardation, 
preterm delivery, increased neonatal mortality 

 Women: increased risk of severe anemia and death 



Primary objective:  
1. To assess the effect of daily antenatal iron supplementation (60mg elemental 

iron as ferrous fumarate) on Plasmodium infection risk at delivery 
 
Preplanned secondary objectives: 
2. To assess intervention effects on gestational age at delivery, newborn size, 

and maternal and neonatal iron status at 1 month postpartum 
3. To assess effect modification by baseline iron status, gravidity, age and HIV 

infection 

Objectives 



Inclusion criteria: 
 Women aged 15‒45 years 
 Gestational age 13‒23 weeks 
 Written informed consent obtained 
 Planning to deliver in pre-designated health facility 
 Likely available for the duration of intervention 
 
Exclusion criteria: 
 Carrying multiples 
 No venous blood sample collected 
 Haemoglobin concentration < 90 g/L 
 Homestead members did not consent 
 Obvious intellectual disability 
 Metabolic disorder (e.g. diabetes) 
 Medical history of sickle cell anaemia, epilepsy 
 Obstetric history suggestive of (pre-)eclampsia 

Study population 

Nairobi 

Mombasa 

Kisumu 

KENYA 

 



Interventions: 
 Supervised daily supplementation from enrolment to 1 month postpartum 
 Either 60 mg iron as ferrous fumarate or placebo 
 Blinding maintained by use of opaque, colour-coded capsules 

Primary outcome: 
Any evidence of maternal Plasmodium infection at birth, based on: 
 Rapid antigen tests (pLDH and HRP2), or: 
 P. falciparum DNA by PCR, or: 
 Placental histopathology 

Design features 

Blood collection Blood/placenta 
collection for 
safety assessment 

Blood collection 
for efficacy 
assessment 

Child 

Delivery 1 month 
postpartum 

Randomisation 
(13-23 weeks gestational age)  

Screening 
Mother 



Co-interventions (applied to all study participants) 

 During intervention: 
Referral to regular health services for routine 
antenatal and medical care, including intermittent 
preventive treatment with sulfadoxine-pyrimethamine 
against malaria and (as required) antiretroviral therapy 

 Before randomization: 
Chemoprevention of helminth infection 
• Praziquantel  (3×20mg/kg, 1-day treatment) 
• Albendazole (400mg, single dose) 

 Between screening and 1 month postpartum: 
Fortification of flour, supplying 5.6mg elemental iron 
as NaFeEDTA per day to participating women (weighed 
food intake studies, 72 pregnant women)  





Adverse events Iron Placebo 

Death 0 2 

Hospital admission 1 4 

Eclampsia 0 1 

Atonic uterine contraction 0 1 

General sickness 4 3 

Malaria 1 1 

Pneumonia 1 0 

Meningitis 1 0 

Breech delivery 1 0 

Total 9 12 

Adverse events Iron Placebo 

Fetal death 3 3 

Neonatal death 4 4 

Infant death after 28 days of life 1 1 

Neural tube defect 0 2 

Neonatal sepsis 1 1 

Total 9 11 

Maternal events Fetal and neonatal events 

Serious adverse events 



Effect of iron supplementation on selected outcomes at birth 

Indicator Iron Placebo Difference (95% CI) P-value 
Maternal outcomes 

Plasmodium infection 50.9% 52.5% ─1.2% (─11.8% to 9.5%) 0.83 
Haemoglobin concentration, g/L 120.8 111.5 9.3 (5.9 to 12.6) <0.001 
Anaemia (Hb concentration <110 g/L) 22.0% 50.4% ─28.4% (─36.9% to ─19.8%) <0.001 
Erythrocyte ZPP-haem ratio, μmol/mol 29.9 a 66.9 a ─55.3% (─62.5% to ─46.7%) <0.001 

Neonatal outcomes 
Birth weight, g 3,202 3,053 150 (56 to 244) 0.002 
Low birth weight (<2,500 g) 4.3% 10.3% ─6.0% (─11.1% to ─0.8%) 0.02 
Gestational age at delivery, days 274.4 271.0 3.4 (0.8 to 5.9) 0.009 
Premature birth (< 37 weeks gestation) 9.1% 16.2% ─7.1% (─13.2% to ─1.1%) 0.02 
Birthweight for gestational age z-score, SD 0.52 0.31 0.21 (─0.11 to 0.52) 0.20 
Length, cm 50.6 49.7 0.9 (─0.1 to 1.8) 0.07 
Head circumference, cm 34.9 34.6 0.3 (─0.2 to 0.8) 0.28 

Values indicate group mean or a geometric mean unless indicated otherwise 



Effect of iron supplementation on selected outcomes at 1 month after birth 

Indicator Iron Placebo Difference (95% CI) P-value 
Maternal outcomes 

Haemoglobin concentration, g/L 128.9 119.9 9.0 (6.1 to 11.9) <0.001 
Anaemia (Hb concentration <120 g/L) 43.2% 65.7% ─22.4% (─31.4% to ─13.5%) <0.001 
Plasma ferritin concentration, μg/L 32.1 a 14.4 a 123% (86% to 169%) <0.001 
Iron deficiency (ferritin concentration <15μg/L) 

All women 19.8% 56.0% ─36.2% (─44.9% to ─27.5%) <0.001 
Those without inflammation b 21.1% 59.5% ─38.5% (─49.7% to ─27.3%) <0.001 

Plasma transferrin concentration, g/L 2.67 3.07 ─0.40 (─0.49 to ─0.30) <0.001 
Plasma transferrin receptor concentration, mg/L 1.81 a 2.53 a ─28.6% (─35.5% to ─21.0%) <0.001 
Erythrocyte ZPP-haem ratio, μmol/mol 31.9 a 74.5 a ─52.7% (─64.0% to ─49.1%) <0.001 

Neonatal outcomes 
Haemoglobin concentration, g/L 134.5 133.2 1.3 (─5.2 to 7.8) 0.69 
Plasma ferritin concentration, μg/L 163.0 a 138.7 a 17.5% (2.4% to 34.8%) 0.02 
Plasma transferrin receptor concentration, mg/L 1.21 a 1.27 a ─4.4% (─11.3% to 2.9%) 0.23 

Values indicate group mean or a geometric mean unless indicated otherwise 
b Concentrations  of C-reactive protein < 10 mg/L and α1-acid glycoprotein < 1.0 g/L 
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Horizontal bars indicate 95% CIs 



Kenya trial (Mwangi et al. JAMA 2015): key findings 

Effects of antenatal iron supplementation: 

1. No evidence that it affects malaria risk 

2. Birth weight increased by 150g; risk of low birth 
weight decreased by 58% 

3. In women with initial iron deficiency: birth 
weight increased by 234g 

4. Gestational duration and neonatal length 
increased  

5. Risk of premature birth decreased 

6. Maternal haemoglobin concentration at birth 
increased at birth and at 1 month after birth 

7. Maternal and infant iron stores at 1 month 
after birth enhanced 

8. No evidence that effect is modified by IPT use 



Effects of antenatal iron supplementation: 

1. No evidence that antenatal iron 
supplementation affects risk of malaria, birth 
weight or risk of premature birth 

2. Haemoglobin concentration at birth increased 
by 9g/L (p<0.001); ferritin concentration 
increased by 38μg/L (p<0.001) 

Tanzania trial (Etheredge et al. JAMA Pediatr 2015): key findings 



Kenya (Mwangi et al. JAMA 2015) Tanzania (Etheridge et al. JAMA Pediatr 2015) 

n 470 1,500 

Study population Rural, poor Urban 

Malaria transmission High Low 

SP chemoprevention As per routine care Monthly administered 

Has insecticide-treated net 15.2% iron; 15.9% placebo 88.5% iron; 88.9% placebo 

Iron-deficient, anaemic women Included Excluded 

HIV-infected women Included Excluded 

Blinding Capsules Tablets (do not mask iron taste) 

Adherence assessment Swallowing of supplements daily observed Monthly tablet counts 

Plasmodium infection at birth 50.9% iron; 52.1% placebo 6.7% iron; 6.5% placebo 

Effect of iron on Plasmodium risk –1.2% (95%CI: –11.8% to 9.5%) 0.2% (RR: 3%, 95%CI: –35% to 65%; p=0.89) 

Effect on birth weight 150g (56g to 244g; p=0.002) 26g (p=0.89) 

Preterm birth (<37 weeks) 9.1% vs 16.2% 15.0% vs 16.5% 

Effect on preterm birth risk –7.1% (95%CI: –13.2% to –1.1%; p=0.02) –1.5% [RR: –9%, 95%CI:  –29% to 17%, p=0.46) 

Kenya trial vs Tanzania trial: comparison of selected issues in design and results 



Kenya trial (Mwangi et al. 2015) vs Tanzania trial (Etheridge et al. 2015) 

Kenya trial Tanzania trial 

In primary analysis, upper limit of 95% CI of the effect 
of iron excludes an increase in the risk of Plasmodium 
infection beyond 9.5%  

Corresponding value: 65% (the 95% CI is much wider 
because of low risk of Plasmodium infection) 

Results apply to more heterogenous population 
including pregnant women with anaemia, iron 
deficiency, HIV infection, and with low coverage of 
interventions against malaria (IPT, ITNs) 

Results cannot be extrapolated to women with these 
conditions or with low coverage of interventions 
against malaria (because they were excluded) 

Effect on birth weight was large because women with 
iron deficiency and anaemia were retained in the trial 

Effect on birth weight was small because women with 
iron deficiency and anaemia were excluded 

“There was no evidence that gains in birth weight depended on gravidity, maternal age, HIV infection, anemia, and 
IPT use, suggesting benefits from iron for all subgroups thus defined, including primigravidae and those who did 
not receive IPT. Thus, our results may apply to pregnant women in other low- and middle-income countries, 
although the effect on birth weight can vary depending on the prevalence of iron deficiency.” ‒ Mwangi et al. 2015 



 In our study: 
• 60% of women were iron deficient 
• Correction of iron deficiency increased birth weight by 234g 
• Only 16.8 women needed to be supplemented to prevent a 

single case of low birth weight 

 Antenatal iron supplementation has potentially immense benefits 
for infant survival and health that should outweigh any possible 
concerns about risks of malaria 

 Policy makers must give top priority to scaling up and increasing 
universal coverage of universal iron supplementation in pregnancy 

Policy implications 
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Percentage of pregnant women 
receiving ≥ 1 dose of IPTp, 2014* 

* WHO. World malaria report 2015 

WHO policy update 2014: 
IPTp doses should be delivered at each antenatal care 
(ANC) visit after the first trimester (the schedule should 
follow the recommended number of ANC visits), with a 
minimum of three doses received during each pregnancy 
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Ouma et al. PLoS Clin Trial 2006 

Folic acid supplementation can result in therapeutic failure of sulfadoxine-
pyrimethamine against malaria: a randomised trial in Kenyan pregnant women 

Intervention group Hazard ratio (95% CI) 

Placebo Reference 

Folic acid, 0.4 mg/day 1.09 (0.58 to 2.04) 

Folic acid, 5 mg/day 2.01 (1.15 to 3.51) 



Kenya trial Tanzania trial 

Sample size 
calculation 

450 women (both groups) needed to detect 
35% effect on Plasmodium infection risk 

1,500 women (both groups) needed to detect 
35% effect on Plasmodium infection risk 

Assumptions: 
• Power, (1‒β)=92% 
• α=0.05 
• Risk in placebo group: 50% 
• Loss to follow-up: 5% in the iron group 

Assumptions: 
• Power, (1‒β)=80% 
• α=0.05 
• Risk in placebo group: 20% 
• Loss to follow-up: 10% 

Effect Difference: –1.2% (95%CI: –11.8% to 9.5%) RD: 0.2% ; RR: 3% (95%CI: –35% to 65%) 

Actual values: 
• Risk in placebo group: 52.1% 

Actual values: 
• Risk in placebo group: 6.5% 

Power and sample size calculations: irrelevant and misleading in study interpretation 

“The study size was relatively small, and thus the risk of severe adverse effects that occur at low 
frequency could not be ruled out. The power of the study was sufficient to detect only large differences 
(i.e., increased infection rate of 35% or more). Loss to follow-up and missing data resulted in further 
attenuating the sample size.” ‒ Christian and Black. [Editorial] JAMA 2015;314:1003-05. 
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