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Maternal anaemia and the risk of postpartum haemorrhage: 
a cohort analysis of data from the WOMAN-2 trial
The WOMAN-2 trial collaborators* 

Summary
Background Worldwide, more than half a billion women of reproductive age are anaemic. Each year, about 
70 000 women who give birth die from postpartum haemorrhage. Almost all deaths are in low-income or middle-
income countries. We examined the association between anaemia and the risk of postpartum haemorrhage.

Methods We did a prospective cohort analysis of data from the World Maternal Antifibrinolytic-2 (WOMAN-2) trial. 
This trial enrols women with moderate or severe anaemia giving birth vaginally in hospitals in Pakistan, Nigeria, 
Tanzania, and Zambia. Hospitals in each country where anaemia in pregnancy is common were identified from a 
network established during previous obstetric trials. Women who were younger than 18 years without permission 
provided by a guardian, had a known tranexamic acid allergy, or developed postpartum haemorrhage before the 
umbilical cord was cut or clamped were excluded from the study. Prebirth haemoglobin, the exposure, was measured 
after hospital arrival and just before giving birth. Postpartum haemorrhage, the outcome, was defined in three ways: 
(1) clinical postpartum haemorrhage (estimated blood loss ≥500 mL or any blood loss sufficient to compromise 
haemodynamic stability); (2) WHO-defined postpartum haemorrhage (estimated blood loss of at least 500 mL); and 
(3) calculated postpartum haemorrhage (calculated estimated blood loss of ≥1000 mL). Calculated postpartum 
haemorrhage was estimated from the peripartum change in haemoglobin concentration and bodyweight. We used 
multivariable logistic regression to examine the association between haemoglobin and postpartum haemorrhage, 
adjusting for confounding factors.

Findings Of the 10 620 women recruited to the WOMAN-2 trial between Aug 24, 2019, and Nov 1, 2022, 
10 561 (99·4%) had complete outcome data. 8751 (82·9%) of 10 561 women were recruited from hospitals in Pakistan, 
837 (7·9%) from hospitals in Nigeria, 525 (5·0%) from hospitals in Tanzania, and 448 (4·2%) from hospitals in 
Zambia. The mean age was 27·1 years (SD 5·5) and mean prebirth haemoglobin was 80·7 g/L (11·8). Mean estimated 
blood loss was 301 mL (SD 183) for the 8791 (83·2%) women with moderate anaemia and 340 mL (288) for the 
1770 (16·8%) women with severe anaemia. 742 (7·0%) women had clinical postpartum haemorrhage. The risk of 
clinical postpartum haemorrhage was 6·2% in women with moderate anaemia and 11·2% in women with severe 
anaemia. A 10 g/L reduction in prebirth haemoglobin increased the odds of clinical postpartum haemorrhage 
(adjusted odds ratio [aOR] 1·29 [95% CI 1·21–1·38]), WHO-defined postpartum haemorrhage (aOR 1·25 [1·16–1·36]), 
and calculated postpartum haemorrhage (aOR 1·23 [1·14–1·32]). 14 women died and 68 either died or had a near 
miss. Severe anaemia was associated with seven times higher odds of death or near miss (OR 7·25 [95% CI 
4·45–11·80]) than was moderate anaemia.

Interpretation Anaemia is strongly associated with postpartum haemorrhage and the risk of death or near miss. 
Attention should be given to the prevention and treatment of anaemia in women of reproductive age.

Funding The WOMAN-2 trial is funded by Wellcome and the Bill & Melinda Gates Foundation.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Worldwide, about 500 million women of reproductive 
age are anaemic and 20 million are severely anaemic.1 
The prevalence of anaemia is highest in western and 
central Africa and in south Asia, where about half of 
women of reproductive age are anaemic.2 Poor access to a 
healthy diet and untreated heavy menstrual bleeding, 
compounded by exposure to chronic infectious diseases 
(HIV, malaria, tuberculosis, or intestinal parasites), are 
believed to be the main causes.1 The consequences of 
anaemia include reduced work capacity in adults and 
poor cognitive and motor development in children.3 

Severe anaemia in pregnancy increases the risk of 
maternal and infant death.4,5

Postpartum haemorrhage, often defined as losing 
500 mL or more of blood in the 24 h after giving birth,6 
causes about 70 000 maternal deaths worldwide each 
year.7 Most deaths from postpartum haemorrhage are in 
low-income or middle-income countries.7 A systematic 
review and meta-analysis included all available evidence 
worldwide published before August, 2019, to investigate 
the association between prenatal anaemia and post-
partum haemorrhage.8 The studies had a small sample 
size of low methodological quality, and considered 
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anaemia as a categorical variable.9–14 The systematic 
review concluded that severe anaemia increased the risk 
of postpartum haemorrhage, but found no statistical 
association between mild or moderate anaemia and the 
risk of postpartum haemorrhage. We examined the 
continuous association between prebirth haemoglobin 
and the risk of postpartum haemorrhage in a large cohort 
of women from Pakistan, Nigeria, Tanzania, and Zambia. 
The advantage of examining anaemia as a continuous 
variable is that demonstration of a monotonic biological 
gradient is more suggestive of a causal relationship. This 
analysis also allows determination of threshold effects.

Methods
Study design and participants
In our prospective cohort analysis, we used data from the 
World Maternal Antifibrinolytic-2 (WOMAN-2) trial, an 
ongoing randomised, placebo-controlled trial done in 
Pakistan, Nigeria, Tanzania, and Zambia.15 Participants 
were recruited from hospitals in each country where 
anaemia in pregnancy is common, and these were 
identified from a network established during previous 
obstetric trials. The WOMAN-2 trial includes women 
with moderate or severe anaemia (haemoglobin 
concentration <100 g/L or packed cell volume <30%), 
who have given birth vaginally and for whom the 
responsible clinician is substantially uncertain whether 
to use tranexamic acid. Information about the woman’s 
health and pregnancy status (including prebirth 
haemoglobin concentrations) were obtained as part of 
the assessment for trial entry. Women who were younger 
than 18 years without permission provided by a guardian, 

had a known tranexamic acid allergy, or developed 
postpartum haemorrhage before the umbilical cord was 
cut or clamped were excluded from the study. Women 
were weighed after admission and before giving birth. If 
scales were unavailable, we used the weight recorded at 
the most recent antenatal clinic visit. Clinicians were 
asked to measure postpartum haemoglobin within 24 h 
of the birth. The WOMAN-2 trial protocol15 was approved 
by the London School of Hygiene & Tropical Medicine’s 
Ethics Committee (reference 15194). We obtained 
informed consent from women if their physical and 
mental capacity allowed. If a woman could not give 
consent, we obtained proxy consent from a relative or 
representative. If no proxy was available, then if local 
regulation allowed, we deferred or waived the consent. In 
these cases, we told the woman about the trial as soon as 
possible and obtained consent for use of the data 
collected. The consent procedures are described in detail 
in the WOMAN-2 trial protocol.15

Procedures and outcomes
The exposure was prebirth haemoglobin concentration 
and the outcome was postpartum haemorrhage defined 
in one of three ways: (1) clinical postpartum haemorrhage, 
(2) WHO-defined postpartum haemorrhage, and 
(3) calculated postpartum haemorrhage. Firstly, clinical 
postpartum haemorrhage is diagnosed by a clinician 
usually because the patient has an estimated blood loss 
of at least 500 mL, or any blood loss sufficient to 
compromise haemodynamic stability within 24 h of the 
birth. Clinicians at each site were trained to estimate 
blood loss by the lead obstetrician and the trial team. We 

Research in context

Evidence before this study
 A systematic review and meta-analysis of the association 
between prenatal anaemia and postpartum haemorrhage was 
published in 2019. The review reported the results of a search of 
MEDLINE, Scopus, ClinicalTrials.gov, PROSPERO, Embase, and 
the Cochrane Central Register of Controlled Trials, with the 
search terms “anaemia”, “haemoglobin”, “postpartum 
haemorrhage”, and “postpartum bleeding”. The review found 
that severe anaemia was associated with an increased risk of 
postpartum haemorrhage (odds ratio [OR] 3·54 95% CI 
[1·20–10·4]) but there was no statistical evidence of an 
association with moderate (OR 2·09 [0·40–11·1]) or mild 
(OR 0·60 [0·31–1·17]) anaemia. The included studies were small, 
of low methodological quality, and used a variety of different 
postpartum haemorrhage definitions. Anaemia was examined 
as a categorical variable with no dose–response analysis.

Added value of this study
To our knowledge, this is the first study to examine the 
association between prebirth haemoglobin and postpartum 
haemorrhage, with haemoglobin as a continuous variable. This 

was possible because of the large sample size (n=10 561). The 
study participants were from low-income and middle-income 
countries where almost all deaths from postpartum 
haemorrhage occur. We controlled for confounding factors and 
there were negligible missing data. We found that with 
decreasing maternal haemoglobin concentration, the risk of 
postpartum haemorrhage increases monotonically. A 10 g/L 
decrease in prebirth haemoglobin is associated with increased 
odds for clinician-diagnosed postpartum haemorrhage. Women 
with severe anaemia had seven-fold increased odds of death or 
near miss compared with women with moderate anaemia. Our 
results were robust to different definitions of postpartum 
haemorrhage and to correction for haemoglobin measurement 
error.

Implications of all the available evidence
Anaemia is strongly associated with postpartum haemorrhage, 
with a dose–response relationship. Anaemia also increases the 
risk of death from postpartum haemorrhage and near miss. 
Attention should be given to preventing and treating anaemia 
in women of reproductive age.
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used pictorial guides, with photographs of soiled pads 
and bed sheets, to aid visual estimation of blood loss. 
Haemodynamic instability was based on signs such as 
low blood pressure, tachycardia, or reduced urine output. 
Secondly, we used the 1989 WHO working group 
definition for WHO-defined postpartum haemorrhage 
measurements, which is blood loss of at 500 mL or more 
from the genital tract within 24 h of a vaginal birth.16 The 
visual estimation was also based on the training. 
Finally, we used calculated postpartum haemorrhage 
measurements. Women with severe anaemia can appear 
unwell during and after birth regardless of the quantity 
of blood lost. Clinicians might overestimate blood loss in 
these women. We therefore used an objective measure 
of blood loss based on peripartum haemoglobin 
concentration.17,18 We calculated estimated blood loss as 
the product of estimated blood volume and relative 
peripartum change in haemoglobin. Estimated blood 
volume (in litres) was obtained by multiplying weight in 
kg by 0·85. We corrected for the effect of transfusion on 
postpartum haemoglobin using the method described by 
Roubinian and colleagues.19 We classified a woman 
as having calculated postpartum haemorrhage if her 
calculated estimated blood loss was 1000 mL or more.

Because anaemia reduces the oxygen-carrying capacity 
of blood, women with anaemia cannot tolerate the same 
volume of bleeding as healthy women and become 
shocked after a smaller blood loss. Given the lack of an 
established definition of postpartum haemorrhage in 
women with anaemia, before conducting this study, we 
examined different definitions of postpartum haemor-
rhage in terms of their specificity for substantial bleeding 
(defined as shock index ≥1·0) and their association 
with fatigue, physical endurance, and breathlessness.20 
We found that a clinical diagnosis of postpartum 
haemorrhage was highly specific for clinical signs of 
shock (95% specificity for shock index ≥1) and associated 
with worse maternal function. Estimated blood loss 
of 500 mL or more (WHO-defined) and calculated 
postpartum haemorrhage had similarly high specificity 
and were also associated with worse maternal 
functioning. We measured haemoglobin in capillary 
blood using a portable HemoCue 201+.

Statistical analysis 
We reported the cumulative incidence (risk) of 
postpartum haemorrhage over the observation period 
(24 h after birth). We then used multivariable logistic 
regression to examine the association between prebirth 
haemoglobin concentration and postpartum haemor-
rhage. The 10 g/L decrease in haemoglobin was obtained 
as an explanatory variable in the multivariable logistic 
regression model. To account for clustering, we included 
a random effect at the site level and a fixed effect for 
country. The same confounding factors were used in the 
models for each of the three definitions for postpartum 
haemorrhage. From the obstetric literature, we identified 

factors likely to be associated with maternal anaemia and 
the risk of postpartum haemorrhage. We described our 
causal assumptions using a directed acyclic graph 
(appendix p 1). We examined the association between the 
identified factors and postpartum haemorrhage using 
odds ratios (ORs) and 95% CIs. In our multivariable 
analyses, we controlled for BMI, previous postpartum 
haemorrhage, number of fetuses, parity, any antepartum 
haemorrhage, previous caesarean sections, placenta 
abnormalities, current infection, induction or 
augmentation of labour, pre-eclampsia, episiotomy, 
operative vaginal delivery, prolonged labour (labour 
lasting 20 h or more for first time mothers and 14 h or 
more for women who had previously given birth), and 
macrosomia (birthweight >4000 g). We estimated ORs 
and 95% CIs for the association between haemoglobin 
concentration and postpartum haemorrhage after 
controlling for these factors. We checked for collinearity 
using variance inflation factors, with a score of 4 or more 
considered to indicate collinearity. To examine whether 
antepartum haemorrhage or an abnormal placenta might 
modify the effect of haemoglobin concentration on 
clinical postpartum haemorrhage, we created a combined 
variable for both exposures. We added an interaction 
term between haemoglobin and this combined variable 
to our multivariable model. Finally, we calculated a 
p value for heterogeneity using a Wald test. We calculated 
an OR for the association between severe anaemia and 
maternal death or near miss. WHO defines a maternal 
near miss as ‘‘a woman who nearly died but survived a 
complication that occurred during pregnancy, childbirth 
or within 42 days of termination of pregnancy’’.21 The 
complications used for a near miss are shown in the 
appendix (p 2). We used a t test and Satterthwaite’s 
approximation formula to test the hypothesis that 
estimated blood loss is independent of anaemia severity.

We examined the association between haemoglobin  
concentration and postpartum haemorrhage stratified by 
the presence or absence of other risk factors for 
postpartum haemorrhage. We created an indicator 
variable for having one or more risk factors. We used 
crude logistic regression to estimate the association 
between haemoglobin and clinical postpartum haemor-
rhage. We added polynomial terms for haemoglobin and 
used likelihood ratio tests to see if this improved 
the model fit. We used a threshold of p<0·05. We then 
added interaction terms for the indicator variable and 
all haemoglobin terms to our model. We checked if 
interaction terms improved fit in a likelihood ratio test 
with a threshold of p<0·05.

We also corrected for haemoglobin measurement 
error. The COMPARE study validated haemoglobin 
measurements obtained using capillary HemoCue 
samples against a laboratory gold standard in 5724 women 
who were aged 18 years or older and eligible to give blood 
through the UK’s National Health Service donation 
service.22 We contacted the COMPARE study authors for 

See Online for appendix
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Participants (n=10 561) 

Haemoglobin (g/L)

Mean (SD) 80·7 (11·8)

Moderately anaemic 8791 (83·2 %)

Severely anaemic 1770 (16·8%)

Country

Pakistan 8751 (82·9%)

Nigeria 837 (7·9 %)

Zambia 448 (4·2%)

Tanzania 525 (5·0%)

Age, years

Mean (SD) 27·1 (5·5)

<20 572 (5·4%) 

20–29 6361 (60·2%)

30–39 3355 (31·8%)

≥40 273 (2·6%)

BMI, kg/m²

Mean (SD) 26·4 (3·8)

<25 3933 (37·2%) 

25–30 4924 (46·6%)

30–39 1665 (15·8%)

≥40 37 (0·4%)

Missing 2 (<0·1%)

Weight, kg

Mean (SD) 66·2 (9·3)

<55 875 (8·3%)

55–64 3582 (33·9%)

65–74 4208 (39·8%)

≥75 1896 (18·0%)

Number of fetuses

1 10 187 (96·5%)

2 363 (3·4%)

3 11 (0·1%)

Parity (includes this pregnancy)

1 3490 (33·0%)

2–4 4984 (47·2%)

≥5 2087 (19·8%)

Previous postpartum haemorrhage

Yes 113 (1·1%)

No 6808 (64·5%)

No previous birth 3486 (33·0%)

Missing 154 (1·5%)

Placenta abnormalities

Abruption 332 (3·1%)

Previa 31 (0·3 %

Abruption, previa 5 (<0·1%)

Accreta 1 (<0·1%)

None 10 192 (96·5%)

Any antepartum haemorrhage

Yes 337 (3·2%)

No 10 224 (96·8%)

(Table 1 continues in next column)

Participants (n=10 561) 

(Continued from previous column)

Number of previous caesarean sections

0 10 023 (94·9%)

1 512 (4·8%)

2 20 (0·2%)

3 6 (0·1%)

Current infection status

HIV 173 (1·6%)

Hepatitis 118 (1·1%)

Malaria 16 (0·2%)

Syphilis 11 (0·1%)

Other 72 (0·7%)

None 10 185 (96·4%)

Hypertensive disease

Eclampsia 27 (0·3%)

Pre-eclampsia 204 (1·9%)

Pre-existing hypertension 45 (0·4%)

Pregnancy-induced hypertension 540 (5·1%)

None 9749 (92·3%)

Assisted delivery

Forceps 96 (0·9%)

Ventouse 160 (1·5%)

Other 53 (0·5%)

None 10 256 (97·1%)

Induction

Artificial membrane rupture 328 (3·1%)

Mechanical method 380 (3·6%)

Membrane sweep 155 (1·5%)

Oxytocin 45 (0·4%)

Misoprostol 341 (3·2%)

Prostaglandin 386 (3·7%)

None 9167 (86·8%)

Augmentation

Oxytocin 3162 (29·9%)

Other 259 (2·5%)

None 7201 (68·2%)

Episiotomy

Yes 3370 (31·9%)

No 7191 (68·1%)

Long labour

Yes 727 (6·9%)

No 9834 (93·1%)

Known macrosomia

Yes 162 (1·5%)

No 10 399 (98·5%)

Data are mean (SD) or n (%). For infection status, hypertensive disease, assisted 
delivery, induction, and augmentation, proportions will not sum to 100% as 
responses are not mutually exclusive. For other variables proportions might not 
sum to 100% due to rounding.

Table 1: Baseline characteristics
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details about their regression model for the difference 
versus the mean of haemoglobin measured by capillary 
HemoCue and the gold standard (appendix p 5). We used 
the coefficients and variance covariance matrix from 
their model to create a joint distribution. Regression 
coefficients were obtained by randomly sampling from 
this joint distribution. Gaussian error terms with mean 
of zero and variance equal to the mean squared error 
from COMPARE’s regression model were also generated. 
These coefficients and error terms were used to impute 
gold standard haemoglobin measurements. We then 
randomly sampled our dataset with replacement. An OR 
for the effect of a 10 g/L reduction of haemoglobin on 
risk of postpartum haemorrhage was calculated using 
the imputed gold standard measurements. We repeated 
the afore mentioned steps 10 000 times. Our central 
estimate and confidence intervals were the median, and 
the 2·5% and 97·5% centiles of our 10 000 samples. 
Further details of how we corrected for protentional 
HemoCue inaccuracy are provided in the appendix (p 4).       
    For cases in which an analysis had a missing value for 
a relevant variable, participants were excluded. All data 
analysis was performed using R (version 4.3.0).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation or  
writing of the report.

Results
A total of 10 620 women were recruited to the WOMAN-2 
trial between Aug 24, 2019, and Nov 1, 2022, of 
whom 10 561 (99·4%) had complete outcome data. 
8751 (82·9%) of 10 561 women were recruited from 
hospitals in Pakistan, 837 (7·9%) from hospitals in 
Nigeria, 525 (5·0%) from hospitals in Tanzania, and 
448 (4·2%) from hospitals in Zambia. Baseline 
characteristics are presented in table 1. Patient 
characteristics by country are shown in the appendix 
(pp 6–17). Data were missing for BMI (two women), 
estimated blood loss (six women), and postpartum 
haemoglobin (149 women). We estimated loss to follow-
up as less than 0·1 % (appendix p 3). The mean age was 
27·1 years (SD 5·5) and the mean bodyweight was 
66·2 kg (9·3). Weight was measured for 5744 (54·4%) 
women and estimated on the basis of the most recent 
antenatal visit for 4817 (45·6%). Mean prebirth 
haemoglobin was 80·7 g/L (SD 11·8).

742 (7·0%) women had a clinical postpartum 
haemorrhage. Mean prebirth haemoglobin for women 
with clinical postpartum haemorrhage was 76·4 g/L 
(SD 13·8). The risk of clinical postpartum haemorrhage 
was 6·2% (544 of 8791) in women with moderate anaemia 
and 11·2% (198 of 1770) in women with severe anaemia. 
The primary diagnosis for postpartum haemorrhage 
by anaemia status is shown in table 2. The most 
common diagnoses were uterine atony (361 [66%] of 

544 participants with moderate anaemia and 134 [68%] of 
198 with severe anaemia), tears (101 [19%] of 544 with 
moderate anaemia and 23 [12%] of 198 with severe 
anaemia), and retained placenta tissue (58 [11%] of 
544 with moderate anaemia and 20 [10%] of 198 with 
severe anaemia).

14 women died (six with moderate anaemia and eight 
with severe anaemia), in whom the mean prebirth 
haemoglobin was 68·4 g/L (SD 19·1). Primary causes of 
death were bleeding (eight women), anaemic cardiac 
failure (two women), acute respiratory distress syndrome 
(two women), HELLP syndrome (one woman; defined 
as pre-eclampsia characterised by microangiopathic 
haemolytic anaemia, elevated liver enzymes, and low 
platelets), and sepsis (one woman). Compared with 
moderate anaemia, severe anaemia was associated with 
an increased odds of death (OR 6·65 [95% CI 2·30–19·18]). 
For the nine women who died and had clinical postpartum 
haemorrhage, mean haemoglobin was 70·0 g/L (SD 17·4). 
For the eight women who died and had bleeding as their 
cause of death, mean haemoglobin was 66·6 g/L 
(SD 17·3). 68 women died or had a near miss, in whom 
mean haemoglobin was 65·0 g/L (SD 18·1). Severe 

Moderate anaemia 
(n=544)

Severe anaemia 
(n=198)

Atony 361 (66%) 134 (68%)

Tears 101 (19%) 23 (12%)

Retained placenta tissue 58 (11%) 20 (10%)

Placenta implantation 
abnormalities

3 (1%) 7 (4%)

Uterine rupture 1 (<1%) 0

Other 8 (1%) 9 (5%)

Unknown 12 (2%) 5 (3%)

Data are n (%).

Table 2: Primary cause of postpartum haemorrhage

Figure 1: Bar chart of estimated blood loss stratified by anaemia status
170 women with estimated blood loss of 1 L or more and six women with a missing estimated blood loss value are 
omitted (n=10 385).
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anaemia was associated with a seven times higher 
increased odds of death or near miss (OR 7·25 [95% CI 
4·45–11·80]) than was moderate anaemia.

Estimated blood loss by anaemia severity is shown in 
figure 1. Mean estimated blood loss was larger (p<0·0001) 
in women with severe anaemia (340 mL [SD 288]) than in 
women with moderate anaemia (301 mL [183]). 22 (0·3%) 
of 8787 women with moderate anaemia and 22 (1·2%) of 
1768 women with severe anaemia lost at least 1500 mL of 
blood.

Univariable and multivariable analyses of risk factors 
for postpartum haemorrhage are shown in tables 3–5. 
Univariable analyses show that a 10 g/L reduction in 
prebirth haemoglobin increases the odds of clinical 
postpartum haemorrhage (OR 1·36 [95% CI 1·27–1·46]), 
WHO-defined postpartum haemorrhage (OR 1·31 
[1·22–1·41]), and calculated postpartum haemorrhage 
(OR 1·25 [1·16–1·34]). After controlling for potential 
confounding factors in our multivariable model, the 
association between prebirth haemoglobin and 
postpartum haemorrhage was slightly reduced. A 10 g/L 
reduction in prebirth haemoglobin increased the odds 
for clinical postpartum haemorrhage (with an adjusted 
[a] OR 1·29 [95% CI 1·21–1·38]), WHO-defined 

Number of women 
with postpartum 
haemorrhage

OR (95% CI) aOR (95% CI)

10 g/L reduction 
in prebirth 
haemoglobin 

742/10 561 (7·0%) 1·36 
(1·27–1·46)

1·29 
(1·21–1·38)

Country

Pakistan 601/8751 (6·9%) 1 (ref) 1 (ref)

Nigeria 78/837 (9·3%) 1·47 
(0·99–2·19)

2·17 
(1·33–3·52)

Tanzania 32/525 (6·1%) 0·95 
(0·62–1·46)

1·43 
(0·84–2·44)

Zambia 31/448 (6·9%) 1·11 
(0·90–1·38)

1·37 
(0·91–2·05)

BMI, kg/m²

<25 284/3933 (7·2%) 1 (ref) 1 (ref)

25–30 337/4924 (6·8%) 0·99 
(0·84–1·18)

1·01 
(0·83–1·23)

30–39 117/1665 (7·0%) 1·04 
(0·78–1·38)

0·97 
(0·72–1·32)

≥40 4/37 (10·8%) 1·60 
(0·51–5·04)

1·51 
(0·51–4·49)

Number of fetuses

1 672/10 187 (6·6%) 1 (ref) 1 (ref)

≥2 70/374 (18·7%) 3·36 
(2·58–4·38)

3·79 
(2·86–5·01)

Parity (includes this pregnancy)

1 251/3490 (7·2%) 1 (ref) 1 (ref)

2–4 310/4984 (6·2%) 0·84 
(0·71–1·00)

1·06 
(0·87–1·30)

≥5 181/2087 (8·7%) 1·15 
(0·92–1·44)

1·31 
(1·01–1·70)

Previous postpartum haemorrhage

No or no 
previous birth

707/10 294 (6·9%) 1 (ref) 1 (ref)

Yes 17/113 (15·0%) 2·34 
(1·27–4·32)

2·16 
(1·19–3·94)

Placenta abnormalities

No 632/10 192 (6·2%) 1 (ref) 1 (ref)

Yes 110/369 (29·8%) 6·85 
(5·13–9·16)

3·63 
(2·20–6·01)

Any antepartum haemorrhage

No 651/10 224 (6·4%) 1 (ref) 1 (ref)

Yes 91/337 (27·0%) 5·84 
(4·34–7·87)

1·52 
(0·93–2·47)

Previous caesarean sections

No 708/10 023 (7·1%) 1 (ref) 1 (ref)

Yes 34/538 (6·3%) 0·88 
(0·58–1·33)

0·82 
(0·54–1·24)

Current infection

No 704/10 185 (6·9%) 1 (ref) 1 (ref)

Yes 38/376 (10·1%) 1·56 
(0·81–2·99)

1·60 
(0·92–2·77)

Hypertensive disease

No 610/9749 (6·3%) 1 (ref) 1 (ref)

Yes 132/812 (16·3%) 3·01 
(2·32–3·89)

2·12 
(1·62–2·78)

(Table 3 continues in next column)

Number of women 
with postpartum 
haemorrhage

OR (95% CI) aOR (95% CI)

(Continued from previous column)

Assisted delivery

No 688/10 256 (6·7%) 1 (ref) 1 (ref)

Yes 54/305 (17·7%) 3·10 
(2·25–4·27)

2·30 
(1·58–3·34)

Augmentation or induction

No 413/6612 (6·2%) 1 (ref) 1 (ref)

Yes 329/3949 (8·3%) 1·41 
(1·15–1·74)

1·30 
(1·04–1·64)

Episiotomy

No 480/7191 (6·7%) 1 (ref) 1 (ref)

Yes 262/3370 (7·8%) 1·25 
(1·03–1·51)

1·67 
(1·32–2·12)

Long labour

No 682/9834 (6·9%) 1 (ref) 1 (ref)

Yes 60/727 (8·3%) 1·13 
(0·91–1·42)

1·13 
(0·90–1·42)

Known macrosomia

No 719/10 399 (6·9%) 1 (ref) 1 (ref)

Yes 23/162 (14·2%) 2·21 
(1·47–3·32)

2·19 
(1·44–3·32)

The multivariable model controls for haemoglobin, country, BMI, number of 
fetuses, parity, previous postpartum haemorrhage, placenta abnormalities, any 
antepartum haemorrhage, previous caesarean sections, any current infection, 
hypertensive disease, assisted delivery, augmentation or induction, episiotomy, 
long labour and known macrosomia. n=10 561 for the univariable model and 
n=10 405 for the multivariable model. aOR=adjusted odds ratio.

Table 3: Univariable and multivariable analyses of risk factors for clinical 
postpartum haemorrhage in women with moderate or severe anaemia
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postpartum haemorrhage (aOR 1·25 [1·16–1·36]), and 
calculated postpartum haemorrhage (aOR 1·23 
[1·14–1·32]).

Antepartum haemorrhage, placenta abnormalities, and 
current infection might be on the causal pathway between 
anaemia and postpartum haemorrhage in which case 
controlling for these factors would be inappropriate. 
When we conducted a post-hoc sensitivity analysis 
excluding these factors from the multivariable model 
(appendix p 18), the results were similar (clinical 
postpartum haemorrhage, aOR 1·40 [95% CI 1·30–1·50]). 
There was no evidence that antepartum haemorrhage or 
abnormal placenta modified the association between 
haemoglobin and clinical postpartum haemorrhage 
(p=0·31). A 10 g/L reduction in haemoglobin increased 
the odds of postpartum haemorrhage in 442 women with 
antepartum haemorrhage or abnormal placenta (aOR 1·41 
[95% CI 1·19–1·68]) and in 10 119 women without these 
risk factors (aOR 1·26 [1·17–1·36]).

We found no evidence of variable collinearity. The 
maximum variance inflation factor was 3·0 for abnormal 

Number of women 
with postpartum 
haemorrhage

OR (95% CI) aOR (95% CI)

10 g/L reduction 
in prebirth 
haemoglobin

810/10 555 (7·7%) 1·31 
(1·22–1·41)

1·25 
(1·16–1·36)

Country

Pakistan 633/8747 (7·2%) 1 (ref) 1 (ref)

Nigeria 97/835 (11·6%) 1·77 
(1·30–2·41)

2·30 
(1·59–3·32)

Tanzania 44/525 (8·4%) 1·40 
(0·76–2·58)

1·91 
(1·14–3·22)

Zambia 36/448 (8·0%) 1·22 
(1·02–1·46)

0·88 
(0·64–1·22)

BMI, kg/m²

<25 297/3929 (7·6%) 1 (ref) 1 (ref)

25–30 369/4922 (7·5%) 1·00 
(0·86–1·17)

1·02 
(0·85–1·21)

30–39 140/1665 (8·4%) 1·16 
(0·84–1·61)

1·12 
(0·77–1·63)

≥40 4/37 (10·8%) 1·37 
(0·43–4·38)

1·21 
(0·38–3·82)

Number of fetuses

1 733/10 181 (7·2%) 1 (ref) 1 (ref)

≥2 77/374 (20·6%) 3·33 
(2·61–4·26)

3·74 
(2·89–4·84)

Parity (includes this pregnancy)

1 285/3488 (8·2%) 1 (ref) 1 (ref)

2–4 338/4982 (6·8%) 0·80 
(0·70–0·92)

1·04 
(0·86–1·24)

≥5 187/2085 (9·0%) 1·07 
(0·86–1·33)

1·27 
(0·97–1·65)

Previous postpartum haemorrhage

No or no 
previous birth

771/10 288 (7·5%) 1 (ref) 1 (ref)

Yes 20/113 (17·7%) 2·51 
(1·44–4·38)

2·38 
(1·42–4·00)

Placenta abnormalities

No 698/10 186 (6·9%) 1 (ref) 1 (ref)

Yes 112/369 (30·4%) 6·23 
(4·84–8·02)

3·70 
(2·20–6·22)

Any antepartum haemorrhage

No 717/10 218 (7·0%) 1 (ref) 1 (ref)

Yes 93/337 (27·6%) 5·25 
(3·90–7·07)

1·38 
(0·80–2·36)

Previous caesarean sections

No 776/10 018 (7·7%) 1 (ref) 1 (ref)

Yes 34/537 (6·3%) 0·79 
(0·55–1·15)

0·74 
(0·51–1·07)

Current infection

No 771/10 179 (7·6%) 1 (ref) 1 (ref)

Yes 39/376 (10·4%) 1·37 
(0·65–2·89)

1·38 
(0·70–2·74)

Hypertensive disease

No 667/9743 (6·8%) 1 (ref) 1 (ref)

Yes 143/812 (17·6%) 2·91 
(2·32–3·67)

2·11 
(1·62–2·74)

(Table 4 continues in next column)

Number of women 
with postpartum 
haemorrhage

OR (95% CI) aOR (95% CI)

(Continued from previous column)

Assisted delivery

No 758/10 250 (7·4%) 1 (ref) 1 (ref)

Yes 52/305 (17·0%) 2·63 
(1·87–3·70)

1·85 
(1·27–2·69)

Augmentation or induction

No 459/6607 (6·9%) 1 (ref) 1 (ref)

Yes 351/3948 (8·9%) 1·39 
(1·17–1·66)

1·28 
(1·05–1·55)

Episiotomy

No 510/7187 (7·1%) 1 (ref) 1 (ref)

Yes 300/3368 (8·9%) 1·29 
(1·10–1·52)

1·73 
(1·42–2·12)

Long labour

No 745/9829 (7·6%) 1 (ref) 1 (ref)

Yes 65/726 (9·0%) 1·14 
(0·93–1·39)

1·11 
(0·90–1·37)

Known macrosomia

No 788/10 393 (7·6%) 1 (ref) 1 (ref)

Yes 22/162 (13·6%) 1·88 
(1·22–2·89)

1·81 
(1·16–2·83)

WHO-defined postpartum haemorrhage is defined as blood loss of at least 
500 mL in the first 24 h after giving birth. The multivariable model controls for 
haemoglobin, country, BMI, number of fetuses, parity, previous postpartum 
haemorrhage, placenta abnormalities, any antepartum haemorrhage, previous 
caesarean sections, any current infection, hypertensive disease, assisted delivery, 
augmentation or induction, episiotomy, long labour, and known macrosomia. 
n=10 555 for the univariable model and n=10 399 for the multivariable model. 
aOR=adjusted odds ratio.

Table 4: Univariable and multivariable analyses of risk factors for 
WHO-defined postpartum haemorrhage in women with moderate or 
severe anaemia
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placenta in the multivariable model with the outcome 
clinical postpartum haemorrhage. When we corrected 
for HemoCue inaccuracy, a 10 g/L reduction in prebirth 
haemoglobin increased both the unadjusted (OR 1·30 
[95% CI 1·22–1·40]) and the adjusted (aOR 1·22 
[1·14–1·32]) odds of clinical postpartum haemorrhage.

The relationship between prebirth haemoglobin 
and postpartum haemorrhage is presented in figure 2. 
For all three postpartum haemorrhage definitions, 
as haemoglobin decreases, the risk of postpartum 
haemorrhage increases.

The association between prebirth haemoglobin and 
clinical postpartum haemorrhage in women with 
(n=4564) and without (n=5997) one or more risk factors 
is presented in figure 3. Our model includes a quadratic 
term for haemoglobin. For those with additional risk 
factors, a decrease in haemoglobin from 90 g/L to 70 g/L 
increased the risk of postpartum haemorrhage from 
6·9% to 12·2% (a 77% increased risk). In those without 
risk factors, a decrease in haemoglobin from 90 g/L to 
70 g/L increased the risk of postpartum haemorrhage 

Number of women 
with postpartum 
haemorrhage

OR (95% CI) aOR (95% CI)

10 g/L reduction 
in prebirth 
haemoglobin

926/10408 (8·9%) 1·25 
(1·16–1·34)

1·23 
(1·14–1·32)

Country

Pakistan 664/8624 (7·7%) 1 (ref) 1 (ref)

Nigeria 90/820 (11·0%) 1·48 
(1·03–2·11)

1·85 
(1·32–2·58)

Tanzania 90/523 (17·2%) 2·46 
(1·65–3·66)

2·97 
(2·18–4·06)

Zambia 82/441 (18·6%) 2·80 
(2·27–3·47)

2·94 
(2·33–3·71)

BMI, kg/m²

<25 304/3853 (7·9%) 1 (ref) 1 (ref)

25–30 444/4858 (9·1%) 1·27 
(1·05–1·54)

1·27 
(1·08–1·50)

30–39 173/1659 (10·4%) 1·45 
(1·19–1·76)

1·40 
(1·14–1·72)

≥40 4/36 (11·1%) 1·09 
(0·34–3·47)

1·02 
(0·39–2·69)

Number of fetuses

1 862/10 040 (8·6%) 1 (ref) 1 (ref)

≥2 64/368 (17·4%) 1·99 
(1·55–2·54)

1·98 
(1·54–2·53)

Parity (includes this pregnancy)

1 341/3441 (9·9%) 1 (ref) 1 (ref)

2–4 402/4905 (8·2%) 0·84 
(0·72–0·99)

0·85 
(0·68–1·07)

≥5 183/2062 (8·9%) 0·99 
(0·84–1·17)

0·91 
(0·70–1·18)

Previous postpartum haemorrhage

No or no 
previous birth

887/10 147 (8·7%) 1 (ref) 1 (ref)

Yes 20/109 (18·3%) 2·19 
(1·41–3·39)

2·10 
(1·38–3·20)

Placenta abnormalities

No 829/10 047 (8·3%) 1 (ref) 1 (ref)

Yes 97/361 (26·9%) 4·04 
(3·06–5·34)

2·02 
(1·22–3·35)

Any antepartum haemorrhage

No 835/10 076 (8·3%) 1 (ref) 1 (ref)

Yes 91/332 (27·4) 4·13 
(3·08–5·53)

1·90 
(1·14–3·19)

Previous caesarean sections

No 872/9882 (8·8%) 1 (ref) 1 (ref)

Yes 54/526 (10·3%) 1·20 
(0·85–1·69)

1·16 
(0·80–1·66)

Current infection

No 870/10 040 (8·7%) 1 (ref) 1 (ref)

Yes 56/368 (15·2) 1·36 
(1·00–1·85)

1·29 
(0·98–1·69)

Hypertensive disease

No 790/9603 (8·2%) 1 (ref) 1 (ref)

Yes 136/805 (16·9%) 2·21 
(1·83–2·66)

1·67 
(1·38–2·03)

(Table 5 continues in next column)

Number of women 
with postpartum 
haemorrhage

OR (95% CI) aOR (95% CI)

(Continued from previous column)

Assisted delivery

No 859/10 107 (8·5%) 1 (ref) 1 (ref)

Yes 67/301 (22·3%) 2·78 
(1·98–3·89)

2·11 
(1·56–2·85)

Augmentation or induction

No 551/6499 (8·5%) 1 (ref) 1 (ref)

Yes 375/3909 (9·6%) 1·19 
(1·00–1·41)

1·12 
(0·93–1·35)

Episiotomy

No 625/7109 (8·8%) 1 (ref) 1 (ref)

Yes 301/3299 (9·1%) 1·14 
(0·97–1·34)

1·19 
(0·95–1·48)

Long labour

No 863/9688 (8·9%) 1 (ref) 1 (ref)

Yes 63/720 (8·8%) 0·89 
(0·69–1·13)

0·84 
(0·64–1·11)

Known macrosomia

No 896/10 248 (8·7%) 1 (ref) 1 (ref)

Yes 30/160 (18·8%) 2·26 
(1·52–3·36)

2·30 
(1·56–3·41)

Calculated postpartum haemorrhage is defined as calculated estimated blood 
loss of at least 1000 mL. The multivariable model controls for haemoglobin, 
country, BMI, number of fetuses, parity, previous postpartum haemorrhage, 
placenta abnormalities, any antepartum haemorrhage, previous caesarean 
sections, any current infection, hypertensive disease, assisted delivery, 
augmentation or induction, episiotomy, long labour, and known macrosomia. 
n=10 408 for the univariable model and n=10 254 for the multivariable model. 
aOR=adjusted odds ratio.

Table 5: Univariable and multivariable analyses of risk factors for 
calculated postpartum haemorrhage in women with moderate or 
severe anaemia
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from 3·8% to 6·6% (a 75% increased risk). Although 
the proportional effect of haemoglobin on risk of 
postpartum haemorrhage is similar in women with and 
without additional postpartum haemorrhage risk 
factors, there was some evidence of statistical 
heterogeneity (p=0·072).

Discussion
A low prebirth haemoglobin concentration greatly 
increases the probability of postpartum haemorrhage. The 
association between prebirth haemoglobin and postpartum 

haemorrhage is similar regardless of how postpartum 
haemorrhage is defined. Women with severe anaemia also 
have a greatly increased risk of death or near miss.

To our knowledge, this is the largest cohort study of 
the association between prebirth haemoglobin and 
postpartum haemorrhage. The large sample size allowed 
us to examine maternal anaemia as a continuous rather 
than a categorical variable. Loss to follow-up was negligible 
and there were few missing data for any variable. Prebirth 
haemoglobin concentration was measured using capillary 
haemoglobinometry (HemoCue), which has been shown 
to be accurate and with the smallest bias in comparison 
with the reference standard. Postpartum haemorrhage 
was assessed clinically and objectively on the basis of 
measured haemoglobin change. The study dataset allowed 
us to control for many potential confounding factors for 
anaemia and postpartum haemorrhage risk.

Several cohort studies have shown that maternal 
anaemia increases the risk of postpartum haemorrhage 
and death. Daru and colleagues4 analysed data from the 
WHO Multi-country Survey and found that the odds of 
postpartum haemorrhage and death are higher for 
women with severe anaemia than those without severe 
anaemia. Shi and colleagues5 examined data from China’s 
Hospital Quality Monitoring System and found that 
compared with no anaemia, all anaemia categories (mild, 
moderate, or severe) were associated with an increased 
risk of postpartum haemorrhage. A cohort study in 
Assam, India, investigated the association between 
anaemia and maternal outcomes in 1007 women giving 
birth in hospital and found that the odds of postpartum 
haemorrhage in women with severe anaemia were nine 
times higher than in women with mild or no anaemia.9 
A cohort study in Norway showed that a prebirth 
haemoglobin concentration of less than 90 g/L was 
associated with a doubling of the odds for severe obstetric 
haemorrhage.12 Smaller cohort studies done in Senegal, 
Mali, and Tanzania also found an increased risk.10,23 Our 

Figure 2: Percentage of women with postpartum haemorrhage versus prebirth haemoglobin concentration
Clinical postpartum haemorrhage is defined as an estimated blood loss of at least 500 mL or any blood loss sufficient to compromise haemodynamic stability. WHO-
defined postpartum haemorrhage is defined as blood loss of at least 500 mL in the first 24 h after giving birth. Calculated clinical postpartum haemorrhage is defined 
as calculated estimated blood loss of at least 1000 mL. For clinical postpartum haemorrhage, n=10 561; for WHO-defined postpartum haemorrhage, n=10 555; for 
calculated postpartum haemorrhage, n=10 408. The numbers of women with postpartum haemorrhage are displayed on the histogram bars.

Figure 3: Relationship between haemoglobin and risk of clinical postpartum 
haemorrhage
The risk of postpartum haemorrhage is calculated using logistic regression with a 
quadratic term for haemoglobin. The red is the postpartum haemorrhage risk in 
4564 women with one or more risk factors (previous postpartum haemorrhage, 
abnormal placenta, antepartum haemorrhage, infection, multiple pregnancy, 
and primigravida). The blue line is the risk of postpartum haemorrhage in 
5997 women without risk factors. The shaded areas are 95% CIs.
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results confirm and extend the conclusions of these 
studies. However, unlike previous cohort studies in which 
anaemia was recorded as a binary or categorical variable, 
our study recorded true haemoglobin concentrations in 
all women, allowing us to assess the dose–response 
relation between prebirth haemoglobin and the risk of 
postpartum haemorrhage. Another major strength is that 
our study has negligible missing data on confounding 
variables and almost complete follow-up. The monotonic 
biological gradient between prebirth haemoglobin and 
postpartum haemorrhage risk observed in our study is 
suggestive of a causal relationship.

Although studies comparing haemoglobin concen-
tration measured using capillary HemoCue and a 
reference standard laboratory measurement have shown 
that accuracy is high, some measurement error is 
inevitable.22 Using data from the COMPARE study22 
to correct for HemoCue inaccuracy slightly attenuated 
our results. There will also be some inaccuracy in 
postpartum blood loss estimation. This is likely to 
attenuate the association between haemoglobin and 
postpartum haemorrhage risk. Although we adjusted 
for many potential confounding factors, there might be 
some confounding factors that we were unable to 
control for. Because all women in our study had 
moderate or severe anaemia, we could not investigate 
the association between haemoglobin and postpartum 
haemorrhage in women with mild anaemia. Although 
women were enrolled from hospitals in Pakistan, 
Nigeria, Zambia, and Tanzania, most were recruited in 
Pakistan. However, we see no biological reason why 
the association between anaemia and postpartum 
haemorrhage that we observed would not be widely 
generalisable to women giving birth out of hospital or in 
other countries. Our cohort study is part of an ongoing 
randomised controlled trial of the effect of tranexamic 
acid on the risk of postpartum haemorrhage. Tranexamic 
acid should not confound the association between 
prebirth haemoglobin and postpartum haemorrhage 
risk, but the possibility of a biological interaction 
between haemoglobin and tranexamic acid is open to 
question and will be examined in the WOMAN-2 trial.

There are several mechanisms through which 
anaemia could worsen postpartum bleeding. First, the 
increased heart rate and cardiac output caused by 
anaemia could increase blood flow from bleeding 
vessels.24 As haemoglobin falls, hypoxia-sensing cells in 
the aortic arch activate the sympathetic nervous system, 
increasing heart rate and stroke volume to maintain 
oxygen delivery. Second, the reduced blood viscosity 
from anaemia could result in increased blood flow. 
Whittaker and Winton showed that apparent blood 
viscosity decreases with decreasing haematocrit and 
Poiseuille’s law predicts an increase in blood flow as 
viscosity falls.25 Third, anaemic blood clots might be 
more susceptible to fibrinolysis.26 Red blood cells 
appear to have an antifibrinolytic effect due to 

suppressed tPA-induced fibrinolysis in red blood cell-
modified fibrin structures. Finally, it has been suggested 
that anaemia might cause uterine atony from impaired 
uterine oxygenation.9 However, isovolaemic reduction 
of haemoglobin to 50 g/L in healthy volunteers has no 
measurable effect on tissue oxygenation or blood lactate 
and uterine hypoxia appears to increase rather than 
decrease the strength of myometrial contraction.24,27

Although the OR for a 10 g/L reduction in prebirth 
haemoglobin is smaller than for some other known risk 
factors for postpartum haemorrhage, because anaemia is 
a strong risk factor that is also highly prevalent worldwide, 
a substantial proportion of postpartum haemorrhage 
cases are likely to be due to anaemia. Nonetheless, 
anaemia was not recorded as the primary cause of 
postpartum haemorrhage in any of the 10 561 women in 
our study.  Our results endorse the recommendation that 
every effort should be made to correct anaemia before 
delivery.28

WOMAN-2 trial collaborators
Writing committee: Raoul Mansukhani (Chair), Ian Roberts (Chief 
Investigator), Haleema Shakur-Still (Chief Investigator), 
Rizwana Chaudhri, Folasade Adenike Bello, Projestine Muganyizi, 
Aasia Kayani, Kiran Javaid, Olujide Okunade, Oladapo Olayemi, 
Alice Kawala, Rose Temba, Alia Bashir, Amber Geer, Ansa Islam, 
Danielle Prowse, Eni Balogun, Francis Ngimwichi Joseph, 
Haleema Yasmin, Mehnaz Khakwani, Mojisola Mobolaji-Ojibara, 
Najma Ghaffar, Olorunfemi Oludele Owa, Riffat Jaleel, Ruqqia Sultana, 
Saba Khan, Shahida Magsi, Shaista Hifaz Abro, Shakila Yasmin, 
Shamila Ijaz Munir, Shamsa Humayun, Shehla Noor, Sobia Luqman, 
Syeda Ali, Uzma Suhail Afridi, Vincent Timothy Tarimo.

WOMAN-2 trial contributors
Sites and investigators: Pakistan Aziz-un-Nisa Abbasi, Ruqqia Sultana, 
Shehla Noor, Ansa Islam, Sadia Bibi, Sundus Khan, Wajeeha Khurshid 
(Ayub Teaching Hospital units A, B and C); Shahida Husain Tarar, 
Rizwana Khalid (Aziz Bhatti Shaheed Teaching Hospital); 
Naheed Fatima, Bushra Sher Zaman, Sohail Mahmood Chaudhry, 
Shakila Yasmin, Khiaynat Sarwar Hashmi, Nadia Babar (Bahawal 
Victoria Hospital Bahawalpur Units 1 & 2); Shagufta Saeed Sial, 
Humera Noreen (Benazir Bhutto Shaheed Hospital); Naila Ehsan, 
Aisha Siddiqa, Uzma Suhail Afridi, Nosheen Sikandar, Rehana Kamaal 
(Bolan Medical Complex [Sandeman Provincial Hospital] Units 1 and 2); 
Najma Ghaffar, Rakhshanda Mushtaq, Safia Bibi (Bolan Medical 
Complex Unit 3 and 4); Shahida Magsi, Basma Zia (Chandka SMBBMU 
Shaikh Zaid Women Hospital Unit 1); Fouzia Kashif, Shaista Hifaz 
Abro, Javeria Abro (Chandka SMBBMU Shaikh Zaid Women Hospital 
Unit 2 and 3); Fouzia Perveen, Nusrat Shah Kamal, Riffat Jaleel, 
Sarah Kazi, Aruna Hira, Pushpa Makhija (Civil Hospital Karachi Units 1 
and 3); Naila Israr (Federal Government Polyclinic); Rizwana Chaudhri, 
Humaira Bilqis (Holy Family Hospital Unit 1); Nabeela Waheed, 
Khansa Iqbal (Holy Family Hospital Unit 2); Arif Tajammul, Alia Bashir, 
Farah Siddique (Jinnah Hospital Lahore); Haleema Yasmin, 
Khadija Bano, Saba Khan (Jinnah Postgraduate Medical Centre Unit 1/
ward 8 and Unit 2/ward 9); Mubashra Samina, Sana Ishfaque (Koohi 
Goth Hospital Karachi); Syeda Batool Mazhar, Nasira Tasnim, 
Saera Afghan, Mussarat Batool, Sobia Luqman (MCH PIMS Unit 1 
and 2); Shehla Baqai, Asifa Siraj (Military Hospital Rawalpindi); 
Huma Quddusi, Hajira Masood, Syeda Ali, Asma Akhter (Nishtar 
Hospital Unit 1); Mehnaz Khakwani, Rashida Perveen (Nishtar Hospital 
Unit 2); Shahid Irshad Rao, Uzma Shaheen (Nishtar Hospital Unit 3); 
Rubina Sohail, Shehla Kanwal (Services Hospital Unit 1); 
Tayyiba Wasim, Natasha Rasool (Services Hospital Unit 2); 
Shamsa Humayun, Zohra Khanum, Noreen Akmal, Shamila Ijaz Munir, 
Sofia Manzoor, Khola Yousaf, Misbah Kausar, Yasmeen Waqas 
(Sir Ganga Ram Hospital Units 1–4).
Nigeria Oladipo Aremu, Kehinde Ogundairo (Adeoyo Maternity 



Articles

www.thelancet.com/lancetgh   Published online June 27, 2023   https://doi.org/10.1016/S2214-109X(23)00245-0 11

Hospital); Mojisola Mobolaji-Ojibara, Michael Babalola (Ilorin General 
Hospital); Owa Olorunfemi Oludele (Mother & Child Hospital Akure); 
Iman Usman (Muhammad Abdullahi Wase Specialist Hospital Kano); 
Oyewole Tunde Aremu (State Hospital Oyo).
Tanzania Enid Simon Chiwanga, Lazaro Y Madeha (Dodoma Regional 
Referral Hospital); France John Rwegoshora, Delfina Mkenda (Mbeya 
Zonal Referral Hospital); Francis Ngimwichi Joseph, Evelyne Ludovick 
(Mount Meru Regional Referral Hospital); Vincent Tarimo, Alfred Secha 
(Muhimbili National Hospital); Luzango Maembe, Julius Nyambarino 
(Mwananyamala Regional Referral Hospital).
Zambia Mwansa Ketty Lubeya, Kenneth Chanda (Women and Newborn 
Hospital); Bellington Vwalika (University Teaching Hospital Lusaka, 
University of Zambia).
Trial coordination: Eni Balogun, Danielle Prowse, Danielle Beaumont, 
Monica Arribas, Collette Barrow, Charlotte Fleming, Llion Roberts, 
Amber Geer, Julio Gil-Onandia, Madeleine Cargill, Andrew Thayne, 
Petula Buck, Raoul Mansukhani, Tim Collier, Katharine Ker, Mbwana 
Mohammed, Amy Brenner, Myriam Benyahia, Haleema Shakur-Still, 
Ian Roberts (London School of Hygiene & Tropical Medicine)

Contributors
RM and IR planned the analyses. RM, IR and HS-S drafted the 
manuscript with input from all authors. RM did the statistical 
analyses, interpreted the data, and generated the figures. IR and HS-S 
were the co-lead investigators of the WOMAN-2 trial. RC was lead 
coordinating investigator in Pakistan. FAB and OOI were lead 
coordinating investigators in Nigeria. PM was lead coordinating 
investigator in Tanzania. AKay and KJ managed the trial in Pakistan. 
OOk managed the trial in Nigeria. AKaw and RT managed the trial in 
Tanzania. EB was responsible for overall study management. AG and 
DP managed the data collection. RM, DP, EB, and AG had direct 
access to the data and verified the data reported in the manuscript. All 
members of the writing committee were involved in the development 
of the original manuscript, and read and approved the final version 
submitted. All members of the writing committee had final 
responsibility for the decision to submit for publication.

Declaration of interests
We declare no competing interests.

Data sharing
Following publication of the WOMAN-2 trial results, individual 
deidentified patient data, including a data dictionary, will be made 
available via our data sharing portal, The Free Bank of Injury and 
Emergency Research Data (freebird.lshtm.ac.uk) website, indefinitely.

Acknowledgments
The WOMAN-2 trial is funded by Wellcome and the Bill & Melinda 
Gates Foundation.

References
1 WHO. Anaemia in women and children. WHO global anaemia 

estimates, 2021 edition. 2021. https://www.who.int/data/gho/data/
themes/topics/anaemia_in_women_and_children (accessed 
June 25, 2022).

2 Stevens GA, Paciorek CJ, Flores-Urrutia MC, et al. National, 
regional, and global estimates of anaemia by severity in women and 
children for 2000–19: pooled analysis of population-representative 
data. Lancet Glob Health 2022; 10: e627–39.

3 WHO. Nutritional anaemias: tools for effective prevention and 
control. 2017. https://www.who.int/publications/i/item/ 
9789241513067 (accessed June 6, 2022).

4 Daru J, Zamora J, Fernández-Félix BM, et al. Risk of maternal 
mortality in women with severe anaemia during pregnancy and 
post partum: a multilevel analysis. Lancet Glob Health 2018; 
6: e548–54.

5 Shi H, Chen L, Wang Y, et al. Severity of anemia during pregnancy 
and adverse maternal and fetal outcomes. JAMA Netw Open 2022; 
5: e2147046.

6 WHO. WHO recommendation on tranexamic acid for the 
treatment of postpartum haemorrhage. 2017. https://www.who.int/
publications/i/item/WHO-RHR-17.21 (accessed July 10, 2021).

7 Say L, Chou D, Gemmill A, et al. Global causes of maternal death: 
a WHO systematic analysis. Lancet Glob Health 2014; 2: e323–33.

8 Omotayo MO, Abioye AI, Kuyebi M, Eke AC. Prenatal anemia and 
postpartum hemorrhage risk: a systematic review and meta-
analysis. J Obstet Gynaecol Res 2021; 47: 2565–76.

9 Nair M, Choudhury MK, Choudhury SS, et al. Association between 
maternal anaemia and pregnancy outcomes: a cohort study in 
Assam, India. BMJ Glob Health 2016; 1: e000026

10 Kavle JA, Stoltzfus RJ, Witter F, Tielsch JM, Khalfan SS, Caulfield LE. 
Association between anaemia during pregnancy and blood loss at 
and after delivery among women with vaginal births in Pemba 
Island, Zanzibar, Tanzania. J Health Popul Nutr 2008; 26: 232–40.

11 Malhotra M, Sharma JB, Batra S, Sharma S, Murthy NS, Arora R. 
Maternal and perinatal outcome in varying degrees of anemia. 
Int J Gynaecol Obstet 2002; 79: 93–100.

12 Al-Zirqi I, Vangen S, Forsen L, Stray-Pedersen B. Prevalence and risk 
factors of severe obstetric haemorrhage. BJOG 2008; 115: 1265–72.

13 Nyfløt LT, Sandven I, Stray-Pedersen B, et al. Risk factors for severe 
postpartum hemorrhage: a case-control study. 
BMC Pregnancy Childbirth 2017; 17: 17.

14 Butwick AJ, Walsh EM, Kuzniewicz M, Li SX, Escobar GJ. Patterns 
and predictors of severe postpartum anaemia after Caesarean 
section. Transfusion (Paris) 2017; 57: 36–44.

15 Ker K, Roberts I, Chaudhri R. et al. Tranexamic acid for the 
prevention of postpartum bleeding in women with anaemia: study 
protocol for an international, randomised, double-blind, placebo-
controlled trial. Trials 2018; 19: 712.

16 WHO. The prevention and management of postpartum 
haemorrhage. 1989. https://apps.who.int/iris/bitstream/
handle/10665/61409/WHO_MCH_90.7.pdf (accessed July 23, 2021).

17 Shook PR, Schultz JR, Reynolds JD, Spahn TE, DeBalli P. 
Estimating blood loss for cesarean section: how accurate are we? 
Society for Obstetric Anesthesia and Perinatology 35 Annual 
Meeting; 2003; May 14–17, 2003 (abstr SOAP A2).

18 Sentilhes L, Sénat MV, Le Lous M, et al. Tranexamic acid for the 
prevention of blood loss after cesarean delivery. N Engl J Med 2021; 
384: 1623–34.

19 Roubinian NH, Plimier C, Woo JP, et al. Effect of donor, component, 
and recipient characteristics on hemoglobin increments following 
red blood cell transfusion. Blood 2019; 134: 1003–13.

20 Brenner A, Roberts I, Balogun E, et al. Postpartum haemorrhage in 
anaemic women: assessing outcome measures for clinical trials. 
Trials 2022; 23: 220.

21 Say L, Souza JP, Pattinson RC. Maternal near miss—towards a 
standard tool for monitoring quality of maternal health care. 
Best Pract Res Clin Obstet Gynaecol 2009; 23: 287–96.

22 Bell S, Sweeting M, Ramond A, et al. Comparison of four methods 
to measure haemoglobin concentrations in whole blood donors 
(COMPARE ): a diagnostic accuracy study. Transfus Med 2021; 
31: 94–103.

23 Tort J, Rozenberg P, Traoré M, Fournier P, Dumont A. Factors 
associated with postpartum hemorrhage maternal death in referral 
hospitals in Senegal and Mali: a cross-sectional epidemiological 
survey. BMC Pregnancy Childbirth 2015; 15: 235.

24 Weiskopf RB, Viele MK, Feiner J, et al. Human cardiovascular and 
metabolic response to acute, severe isovolemic anemia. JAMA 1998; 
279: 217–21.

25 Whittaker SR, Winton FR. The apparent viscosity of blood flowing 
in the isolated hindlimb of the dog, and its variation with 
corpuscular concentration. J Physiol 1933; 78: 339–69.

26 Wohner N, Sótonyi P, Machovich R, et al. Lytic resistance of fibrin 
containing red blood cells. Arterioscler Thromb Vasc Biol 2011; 
31: 2306–13.

27 Alotaibi M, Arrowsmith S, Wray S. Hypoxia-induced force increase 
(HIFI) is a novel mechanism underlying the strengthening of labor 
contractions, produced by hypoxic stresses. Proc Natl Acad Sci USA 
2015; 112: 9763–68.

28 Muñoz M, Stensballe J, Ducloy-Bouthors AS, et al. Patient blood 
management in obstetrics: prevention and treatment of postpartum 
haemorrhage. A NATA consensus statement. Blood Transfus 2019; 
17: 112–36.


	Maternal anaemia and the risk of postpartum haemorrhage: a cohort analysis of data from the WOMAN-2 trial
	Introduction
	Methods
	Study design and participants
	Procedures and outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


