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Introduction
• Previous literature suggests a u-shaped relationship 

between hemoglobin (Hb) and adverse birth outcomes. 
• There is much less evidence on associations between 

maternal iron status and adverse birth outcomes. 
• High ferritin has been linked to adverse birth outcomes, 

but may not reflect an effect of excess iron.
• Few studies have used markers other than ferritin.

Table 1. Characteristics of study participants at 
enrollment.

Ghana 
(n=1,159)

Malawi
(n=1,067)

Bangladesh
(n=979)

Maternal age (y) 26.7 ± 5.5 25.3 ± 6.1 21.9 ± 5.1

Primiparous (%) 33.8 19.7 40

Education (y) 7.6 ± 3.6 4.0 ± 3.4 6.4 ± 3.2

Low BMI (%)

(BMI<18.5 kg/m2)

3.2 5.7 32.9

Overweight (%)

(BMI ≥25 kg/m2)

36.6 13.2 4.9

Hb (g/L) 111 ± 12 112 ± 16 116 ± 13

ZPPa

(µmol/mol heme)

44.8 ± 28.4 54.5 ± 41.6 --

TfR (mg/L) 4.1 ± 2.6 5.6 ± 3.0 5.2 ± 2.1

Ferritin (µg/L)a -- -- 72 ± 43

Malaria (%)a 10.2 22.8 --

HIV positive (%)a -- 12.7 --

Table 2. Associations of maternal Hb and iron status with pregnancy outcomes in Ghana, Malawi and Bangladesh.

Results
Hb and Pregnancy Outcomes
 In early pregnancy, higher Hb was associated 

with a longer duration of gestation in all three 
cohorts, and with higher birth weight and 
length-for-age (LAZ) in Malawi. 

 In late pregnancy, there was a non-linear 
relationship of Hb with duration of gestation 
in Ghana (but not Malawi or Bangladesh), and 
no association with any other birth outcome in 
any of the sites. 

Iron Status and Pregnancy Outcomes
 Higher iron status in early pregnancy was 

associated with a longer duration of gestation 
in Malawi and Bangladesh, and higher birth 
weight, LAZ, and head-circumference-for-age 
in Malawi. 

 Higher iron status in late pregnancy was 
associated with lower birth weight (Ghana 
and Bangladesh), lower LAZ (Ghana and 
Bangladesh), and smaller head circumference 
(Bangladesh). Higher iron status in late 
pregnancy was associated with a shorter 
duration of gestation in Bangladesh and a 
longer duration in Malawi.

Duration of gestation Birth weight Length-for-age 
z-score

Head circumference 
z-score

Ghana Malawi Bangla. Ghana Malawi Bangla. Ghana Malawi Bangla. Ghana Malawi Bangla.
Early 
Pregnancy
Hb + + + o + o o + o o (+) o

Higher iron 
status 
(lower ZPP) 

o + n/a o o n/a o (+) n/a o o n/a

Higher iron 
status 
(lower TfR)

o + o o + o (-) + o o + o

Higher iron 
status 
(higher ferritin)

n/a n/a + n/a n/a (-) n/a n/a - n/a n/a o

Late Pregnancy
Hb Not 

linear
o o o o o o o o o o o

Higher iron 
status 
(lower ZPP) 

o + n/a (-) o n/a (-) o n/a o o n/a

Higher iron 
status 
(lower TfR)

o (+) o - o - - o - (-) o -

Higher iron 
status 
(higher ferritin)

n/a n/a - n/a n/a - n/a n/a - n/a n/a -

Objective
To determine the associations of maternal Hb and iron 
status with pregnancy outcomes.

 Blood samples were analyzed from pregnant 
women receiving iron-containing nutritional 
supplements in Ghana, Malawi, and Bangladesh

 Hb and blood biomarkers of iron status were 
measured in early (≤ 20 wk gestation) and late 
(34-36 wk gestation) pregnancy

 The primary biomarker for iron status was 
soluble transferrin receptor (TfR). TfR decreases 
as iron status increases.

 Additional biomarkers of iron status included zinc 
protoporphyrin (ZPP, Ghana and Malawi) and 
ferritin (Bangladesh). ZPP decreases and ferritin 
increases as iron status increases.

We used multivariate linear regression models. All 
late pregnancy models adjusted for intervention 
group.  Ferritin was corrected for inflammation. 
Covariates included if significant: maternal age, 
height, BMI, education; season, site, gestational 
age at enrollment; primiparity; food insecurity; 
asset index; inflammatory markers (C-reactive 
protein, α-1-acid glycoprotein); child sex; HIV 
status (Malawi only).

Methods

Associations of maternal hemoglobin and iron status 
with pregnancy outcomes in three countries
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Discussion
In early pregnancy, higher Hb and iron status were 
associated with better birth outcomes. 

• Higher Hb or higher iron status may: 1) Improve 
systemic response to inflammation and infection; 2) 
Reduce stress response from chronic hypoxia; 3) 
lower oxidative stress via less erythrocyte oxidation.

In late pregnancy, Hb generally showed no 
association with birth outcomes and higher iron 
status tended to be associated with poorer birth 
outcomes.

• Plasma volume expansion (PVE) may at least 
partially explain this for hemoglobin and certain 
biomarkers of iron status, e.g. ferritin: Maternal 
plasma volume expands during normal pregnancy 
and is associated with lower concentrations of 
hemoglobin and other biomarkers. Inadequate PVE 
is associated with adverse birth outcomes. 

• However, our results indicate that not only higher 
ferritin but also lower TfR concentrations (both 
indicators of higher iron status) were associated 
with poorer birth outcomes in Ghana and 
Bangladesh.  

• Thus, the associations between higher iron 
status measured by TfR and poorer birth 
outcomes cannot be explained by inadequate 
PVE.

• Higher iron status may: 1) Lead to oxidative stress 
via non-transferrin bound iron – lipid peroxidation 
and DNA damage of placental cells; 2) Impair 
systemic response to inflammation and infection; 3) 
Increase risk of copper and zinc deficiency; 4) 
Possibly alter maternal gut microbiome.

Means ± SD or proportions (%).
aZPP was not measured in Bangladesh; ferritin was not measured 
in Ghana or Malawi; HIV positive women were excluded in Ghana; 
women in Bangladesh were not tested for HIV or malaria due to 
low prevalence in study area.

Associations are based on multivariate linear regression models. = positive β coefficient, p < 0.05; = negative β coefficient, 
p < 0.05;             = positive β coefficient, p < 0.10; = negative β coefficient, p < 0.10; = no association;            = not applicable 
(not measured). 
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