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Summary 
Background Tranexamic acid, given within 3 h of birth, reduces bleeding deaths in women with postpartum 
haemorrhage. We examined whether giving tranexamic acid shortly after birth can prevent postpartum haemorrhage 
in women with moderate or severe anaemia.

Methods This international, randomised, double-blind, placebo-controlled trial was done in 34 hospitals across 
four countries (Nigeria, Pakistan, Tanzania, and Zambia). We recruited women of any age in active labour with 
moderate or severe anaemia (haemoglobin <100 g/L). We randomly assigned women (1:1) who had given birth vaginally 
to receive 1 g of tranexamic acid or matching placebo by slow intravenous injection (over 10 min) within 15 min of the 
umbilical cord being cut or clamped. Women were randomly assigned by selection of the lowest numbered treatment 
pack from a box containing 20 packs that were identical apart from the pack number. Participants, care givers, and 
those assessing outcomes were masked to group assignment. The primary outcome was a clinical diagnosis of primary 
postpartum haemorrhage, which might be an estimated blood loss of more than 500 mL or any blood loss sufficient to 
compromise haemodynamic stability within 24 h of randomisation, analysed on an intention-to-treat basis. Safety 
analyses were performed in all participants included in the intention-to-treat population. This trial was registered on 
ISRCTN (ISRCTN62396133), ClinicalTrials.gov (NCT03475342), and the Pan African Clinical Trial Registry 
(PACTR201909735842379) and is closed to recruitment.

Findings From Aug 24, 2019, to Sept 19, 2023, 16 586 women aged 14–50 years were invited to take part and 1518 were 
excluded. 7580 women were randomly assigned to receive tranexamic acid and 7488 to receive placebo. Primary 
outcome data were unavailable for one woman in each group. The median time interval from the start of the 
administration of the trial treatment to the diagnosis of postpartum haemorrhage was 18·5 min (IQR 5–58); 20 min 
(8–64) in women with moderate anaemia and 13 min (7–44) in women with severe anaemia. 358 (35%) of 1024 with 
postpartum haemorrhage for whom time data were available were diagnosed before the trial treatment had been fully 
administered. Clinically diagnosed postpartum haemorrhage occurred in 530 (7·0%) of 7579 in the tranexamic acid 
group and in 497 (6·6%) of 7487 in the placebo group (risk ratio [RR] 1·05, 95% CI 0·94–1·19). There was no strong 
evidence against the null hypothesis of homogeneity of effects for any of the prespecified subgroup analyses: severity 
of anaemia (p=0·44), antepartum haemorrhage (p=0·044), birth canal trauma (p=0·37), use of pain control (p=0·37), 
and baseline risk of postpartum haemorrhage (p=0·31). There were no vascular occlusive events (pulmonary 
embolism, deep vein thrombosis, stroke, and myocardial infarction) reported in either group. There were no adverse 
events related to the treatment and no treatment-related deaths.

Interpretation In women with moderate and severe anaemia, giving tranexamic acid within 15 min of the umbilical 
cord being clamped did not reduce the risk of clinically diagnosed postpartum haemorrhage.

Funding The Bill & Melinda Gates Foundation and the Wellcome Trust.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 
4.0 license.

Introduction
Worldwide, half a billion women of reproductive age are 
anaemic and 20 million are severely anaemic.1 In 
sub-Saharan Africa and south Asia, nearly half of all 
pregnant women are anaemic.2 Women with anaemia have 
a greatly increased risk of severe bleeding after childbirth,3,4 
and women with severe anaemia are also considerably 

more likely to die than women with moderate anaemia if 
they do have severe bleeding.4 Efforts to reduce the preva-
lence of anaemia in women of reproductive age have not 
been successful and in many countries the prevalence has 
risen.5 Effective ways to prevent and treat anaemia are 
urgently needed, but interventions to prevent severe post-
partum bleeding in women with anaemia are also required.

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(24)01749-5&domain=pdf
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Tranexamic acid reduces bleeding after surgery and 
reduces the risk of death from bleeding in trauma victims 
by inhibiting the breakdown of blood clots.6,7 In our 
previous study, the WOMAN trial,8 we showed that 
tranexamic acid, given within 3 h of birth, reduces the 
risk of death from bleeding in women with postpartum 
haemorrhage. In women treated within 3 h of giving 
birth, 1·2% of women in the tranexamic acid group died 
from bleeding compared with 1·7% in the placebo group 
(risk ratio [RR] 0·69, 95% CI 0·52–0·91; p=0·008).8 In 
this Article we present the results of the WOMAN-2 trial, 
conducted to investigate whether giving tranexamic acid 
as soon as possible and no later than 15 min after the 
umbilical cord was cut or clamped can reduce postpar-
tum haemorrhage in women with moderate and severe 
anaemia.

Methods 
Study design and participants 
The WOMAN-2 trial is an international, randomised, 
double-blind, placebo-controlled trial investigating the 
effect of tranexamic acid on postpartum bleeding in 
women with moderate to severe anaemia who are giving 
birth vaginally. Women of any age who were in active 
labour and had a haemoglobin concentration of less than 
100 g/L and no indication or contraindication for 

tranexamic acid treatment were enrolled at 34 hospitals 
in Nigeria, Pakistan, Tanzania, and Zambia. We 
conducted the trial according to the International Council 
for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use Good Clinical Practice 
guidelines.9

The WOMAN-2 trial was approved by the London 
School of Hygiene & Tropical Medicine Research Ethics 
Committee (REF 15194) on May 10, 2018; the National 
Health Research Ethics Committee of Nigeria 
(NHREC/01/01/2007-29/09/2019) on Sept 29, 2019; the 
National Bioethics Committee of Pakistan on Nov 27, 2018 
(NBC-340); the National Institute of Medical Research of 
Tanzania (NIMR/HQ/R.8a/Vol.IX/3767) on Aug 19, 2021; 
and the University of Zambia Biomedical Research 
Ethics Committee (REF 001-04-19) on Feb 2, 2019. Local 
site approvals were also obtained where relevant.

Written informed consent was obtained when the 
woman had the mental and physical capacity to give fully 
informed consent during labour, otherwise verbal 
agreement was obtained in the presence of an impartial 
witness, and written consent was obtained as soon as 
possible after delivery. If the woman was not legally an 
adult, consent was obtained from her guardian. If a 
woman could not give consent herself, we obtained proxy 
consent from a relative or representative. If neither was 

Research in context 

Evidence before this study 
Randomised controlled trials have shown that early treatment 
with tranexamic acid reduces blood loss in surgery and reduces 
death due to bleeding after trauma. When given within 3 h of 
birth, tranexamic acid reduces deaths caused by bleeding in 
women with postpartum haemorrhage. However, for many 
women, the initiation of treatment of postpartum 
haemorrhage is too late to prevent death. Over a third of 
pregnant women worldwide are anaemic and many are severely 
anaemic. These women have an increased risk of postpartum 
haemorrhage and have more severe outcomes if postpartum 
haemorrhage occurs. A systematic review conducted before the 
start of the WOMAN-2 trial showed that there was insufficient 
evidence on whether tranexamic acid prevents postpartum 
haemorrhage during childbirth, especially in women with 
anaemia at high risk. There is an urgent need to identify a safe 
and effective way to reduce postpartum bleeding in women 
with anaemia. We conducted a systematic review before the 
start of the WOMAN-2 trial to assess the effects of tranexamic 
acid on the risk of postpartum haemorrhage and other clinically 
relevant outcomes. We searched for randomised controlled 
trials comparing tranexamic acid with no tranexamic acid or a 
placebo in women delivering vaginally or by caesarean section 
in the MEDLINE, CENTRAL, Embase, PubMed, ClinicalTrials.gov, 
and WHO International Clinical Trials Registry Platform 
electronic databases from database inception to May 31, 2015. 
Search terms have been published previously (Ker and 

colleagues, 2016). Most of the available trials of tranexamic acid 
to prevent postpartum haemorrhage were small, unreliable, 
and did not provide sufficient evidence on whether tranexamic 
acid could prevent postpartum haemorrhage during childbirth, 
especially in women with anaemia who were at high risk.

Added value of this study 
The WOMAN-2 trial investigated the effect of tranexamic acid 
on postpartum bleeding in women with moderate or severe 
anaemia who gave birth vaginally. We found that giving 
women with moderate or severe anaemia tranexamic acid 
within 15 min of the umbilical cord being cut or clamped did 
not reduce the risk of clinically diagnosed postpartum 
haemorrhage. We found no evidence that tranexamic acid 
increases thromboembolic events in these women. Also, we did 
not find strong evidence against the null hypothesis of the 
homogeneity of effects in our subgroup analysis. However, 
there appeared to be an increase in the risk of postpartum 
haemorrhage in the subgroup of women with antepartum 
haemorrhage who received tranexamic acid.

Implications of all the available evidence 
Giving tranexamic acid after cord clamping might be too late 
to prevent severe bleeding in many women and randomised 
trials of earlier treatment are needed. Our results also highlight 
the need to prevent and treat anaemia in women of 
reproductive age.
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available, we deferred consent. In these instances, the 
woman was advised about the trial as soon as possible 
and we obtained her consent to use the trial data. The 
consent procedures are described in detail in the 
WOMAN-2 trial protocol.10 This trial was registered on 
the International Standard Randomised Controlled Trial 
Number registry (ISRCTN62396133), ClinicalTrials.gov 
(NCT03475342), and the Pan African Clinical Trial 
Registry (PACTR201909735842379).

Randomisation and masking 
We randomly assigned (1:1) participants to receive 
tranexamic acid or matching placebo by administering 
the lowest numbered treatment pack from a box contain-
ing 20 packs that were identical apart from the pack 
number. The randomisation codes were generated by an 
information technology expert and a statistician who 
were not involved in the conduct of the trial. We gave the 
randomisation codes to the trial drug manufacturer so 
that treatment packs could be prepared in accordance 
with the randomisation list. The sponsor representative, 
who was also not involved in the trial, was sent a copy of 
the codes so that a backup was available in an emergency. 
The tranexamic acid was manufactured by Focus 
Pharmaceuticals (London, UK); the Guy’s and 
St Thomas’ NHS Foundation Trust Pharmacy 
Manufacturing Unit (London, UK) manufactured the 
matching placebo (sodium chloride 0·9%) and prepared 
the trial treatment packs. The Guy’s and St Thomas’ 
NHS Foundation Trust Pharmacy Manufacturing Unit 
were also responsible for masking, ensuring that the 
ampoules and treatment packs were identical in appear-
ance except for the randomisation codes. Adherence to 
the allocation sequence was monitored throughout the 
trial by the central coordinating team and investigators 
were retrained if treatment packs were used out of 
sequence. Participants, trial coordinating team 
members, and site research teams were masked to the 
treatment allocation. Correct masking and coding of 
ampoules was checked by independent random testing 
of treatment packs by high-performance liquid chroma-
tography to identify the contents of the ampoules. An 
emergency unblinding service was available to clini-
cians; however, unblinding was not required for any 
participant in the trial.

Procedures 
Women in active labour who planned to give birth 
vaginally were offered a point-of-care haemoglobin test 
(HemoCue Hb 201+ System, Hemocue, Ängelholm, 
Sweden)11 and those with a haemoglobin measurement 
of less than 100 g/L were invited to take part in the trial. 
Once consent or verbal agreement had been obtained, 
baseline data were collected before delivery. Final eligibil-
ity was confirmed after the delivery of the baby’s anterior 
shoulder and before cutting or clamping the umbilical 
cord because some women became ineligible if they had 

a caesarean section or developed postpartum haemor-
rhage before the cord was cut or clamped.

After eligibility was confirmed, the lowest numbered 
pack was taken from a box of 20 treatment packs. Each 
treatment pack contained two ampoules, each containing 
500 mg (5 mL) of tranexamic acid or placebo (5 mL), 
one sterile 10 mL syringe, and one 21 G needle. The 
women received 1 g (10 mL) of tranexamic acid or placebo 
by slow intravenous injection (about 1 mL/min) as soon 
as possible but no later than 15 min after the umbilical 
cord was cut or clamped. The women were considered 
randomly assigned when the administration of the trial 
treatment started. The women were monitored and 
outcome data related to postpartum haemorrhage were 
collected 24 h after randomisation or before death or 
discharge. The remaining outcome data were collected at 
death, discharge, or 42 days after randomisation, 
whichever occurred first. The research team at each 
hospital included the clinical team, research fellows, and 
other relevant personnel. Adverse events were monitored 
for up to 42 days after randomisation; those occurring 
while the woman was in hospital were documented by 
the research fellow in the case report form. Women dis-
charged within 42 days of randomisation were given an 
alert card with the principal investigator’s contact details 
and were asked to contact them if they had any medical 
event within the monitoring period. The research team 
documented any adverse events reported in the case 
report form. To prevent reporting delays, the clinician 
responsible for the woman’s care initially graded the 
seriousness of the adverse event and its relatedness to 
the trial treatment. All adverse events and serious adverse 
events were subsequently reviewed by the principal 
investigator. The clinical team documented estimated 
blood loss at delivery in the medical record and the 
research fellow followed up the woman after birth to 
document postpartum blood loss. The research fellows 
estimated total blood loss from the medical records, 
collected data on quality of life, and conducted the 
exercise tolerance test (a 6 min walk test).

Outcomes 
The primary outcome was a clinical diagnosis of post-
partum haemorrhage, which might be an estimated 
blood loss of more than 500 mL or any blood loss suffi-
cient to compromise haemodynamic stability within 
24 h of randomisation. The research team at each 
hospital were trained to estimate blood loss from the 
point of delivery until 24 h after birth, or until earlier 
discharge, by monitoring and documenting the number 
of blood-soaked pads used by the women during this 
period. Pictograms were provided to help estimation. 
Haemodynamic instability was based on clinical 
judgement via clinical signs (low systolic blood pressure, 
tachycardia, reduced urine output, etc). The suspected 
cause of bleeding was documented by the research 
team. Postpartum blood loss, haemoglobin (measured 
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with the HemoCue Hb 201+ System), use of interven-
tions to control primary postpartum haemorrhage 
(medical and surgical), and blood transfusion were 
assessed at 24 h after administration of the trial 
treatment or at 24 h after discharge from hospital, 
whichever occurred first. We recorded the lowest blood 
pressure and its corresponding pulse rate in the 24 h 
after birth (or until death or discharge).

We also assessed secondary outcomes at death, 
discharge from hospital, or 42 days after randomisation, 
whichever occurred first. Secondary outcomes were 
vascular occlusive events, death or near miss defined as 
a severe postpartum haemorrhage (blood loss of 
>1000 mL), surgical intervention for bleeding (eg, hys-
terectomy, laparotomy, embolisation, uterine 
compression sutures, and arterial ligation), absence of 
clot formation, transfusion of more than 5 units of 
blood, cardiovascular dysfunction (eg, shock, cardiac 
arrest, continuous vasoactive drugs, severe hypo-
perfusion, severe acidosis, and cardiopulmonary 
resuscitation), or renal dysfunction (eg, oliguria non-
responsive to fluids or diuretics, dialysis for acute renal 
failure, and severe acute azotaemia12), quality of 
life assessed with a participant-reported outcomes ques-
tionnaire,13 anaemia symptoms, exercise tolerance 
(6 min walk test), organ dysfunction, sepsis, in-hospital 
death, length of hospital stay, admission to and time 

spent in a higher-level facility, status of baby (eg, livebirth 
or stillbirth), and any thromboembolic events in the 
baby or babies. Women were monitored by the research 
team until discharge, death, or 42 days after randomisa-
tion, whichever occurred first. Postpartum haemorrhage 
prophylaxis was routinely used at all study sites.

Statistical analysis 
We published the statistical analysis plan before the trial 
treatment allocation was unblinded.12 This plan has 
details of the protocol amendment to increase the sample 
size from 10 000 to 15 000 women. We originally estimated 
that a trial with 10 000 women would have over 90% power 
(two-sided α of 5%) to detect a 25% reduction from 10% to 
7·5% in the proportion of women with postpartum 
haemorrhage. While the trial was in progress, several 
trials of tranexamic acid for the prevention of postpartum 
haemorrhage were published. When we pooled the 
results of those trials that included more than 
1000 women, we found that the treatment effect, although 
still important, was more modest (about 15% relative risk 
reduction) than we had estimated.14–16 Assuming 
tranexamic acid reduces the risk of post partum haemor-
rhage by 15% with a placebo group event rate of 9%, a 
trial with 15 000 women would have 85% power to detect 
a 15% relative risk reduction with a two-side α of 5%. The 
re-estimation of sample size was done before unblinding 
and without any knowledge of the trial results. An inde-
pendent data monitoring committee conducted 
five unblinded interim analyses to monitor the safety, 
efficacy, and overall trial progress during the course of the 
trial. The data monitoring committee had no part in the 
decision to change the sample size.

All analyses were done on an intention-to-treat basis, 
regardless of whether the participant received all the 
allocated treatment. Safety analyses were performed in all 
participants included in the intention-to-treat population. 
The results are presented as RRs and 95% CIs. We report 
the effect of tranexamic acid on cause-specific postpartum 
haemorrhage (ie, atony, placenta implantation abnormali-
ties, tears, retained placental tissue, uterine rupture, 
other, and unknown). However, the primary analysis was 
for all-cause postpartum haemorrhage. We ran two sensi-
tivity analyses for the primary outcome: (1) adjusting for 
baseline risk factors for postpartum haemorrhage in a 
logistic regression model (ie, age, haemoglobin before 
birth, previous postpartum haemorrhage, multiple birth, 
placental abnormality, and birth canal trauma); and 
(2) excluding women with continuing antepartum haem-
orrhage because dis tin guishing between continuing 
antepartum and postpartum bleeding in these women is 
difficult. Analyses were performed on Stata version 18 
and R version 4.3.0.

We report heterogeneity p values for all subgroup 
analyses. We prespecified subgroup analyses on the basis 
of the severity of anaemia (moderate vs severe anaemia), 
antepartum bleeding, birth canal trauma (traumatic vs 

Figure 1: Trial profile
*Other reasons recorded by the research team include the woman leaving against medical advice (n=40), fetal 
distress (n=25), the trial treatment was not available (n=22), the woman was referred to another hospital (n=12), 
a diagnosis of antepartum haemorrhage was made (n=11), the woman had to undergo emergency surgery (n=11), 
and various other reasons (n=39). †Participants for whom there is no information about the primary endpoint.

16 586 enrolled and had baseline data collected

16 586 assessed for eligibility

15 068 randomly assigned after delivery of baby’s anterior shoulder

7580 assigned to tranexamic acid 

4 protocol violations

1 lost to follow-up†

11 protocol violations

1 lost to follow-up†

7488 assigned to placebo 

1518 excluded 
 1345 did not meet the inclusion criteria
 13 declined to participate
 151 did not participate for other reasons*
 9 no reason given

7579 with outcome data received 
allocated treatment and were 
included in the primary analysis

7487 with outcome data received 
allocated treatment and were 
included in the primary analysis
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non-traumatic), use of pain control (any vs none), and 
baseline risk of postpartum haemorrhage (low, interme-
diate, or high). For baseline risk of postpartum 
haemorrhage, we developed a prognostic model using 
baseline characteristics collected before randomisation as 
predictors. Unless there was strong evidence against the 
null hypothesis of homogeneity of effects (ie, p<0·001), 
we considered the overall effect to be the most reliable 
guide to the approximate effect in each of the subgroups.12

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

Results 
From Aug 24, 2019, to Sept 19, 2023, 16 586 women were 
invited to take part in the trial, of whom 1518 were 
excluded (figure 1). The age range of those included was 

Figure 2: Baseline characteristics within the current pregnancy of the women by haemoglobin before birth and association between haemoglobin before 
birth and a clinical diagnosis of postpartum haemorrhage (N=15 066)
Datapoints show the proportion of women and error bars show the corresponding 95% CI. Stillbirth refers to stillborn in at least one baby at baseline. Birth canal 
trauma includes episiotomy, vaginal, perineal, or cervical tear, or uterine rupture. Clinical postpartum haemorrhage might have been an estimated blood loss of 
>500 mL or any blood loss sufficient to compromise haemodynamic stability. 
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14–50 years. We randomly assigned 15 068 women to 
receive tranexamic acid (n=7580) or placebo (n=7488). 
Seven (<0∙1%) women (one [<0∙1%] in the tranexamic 
acid group and six [<0∙1%] in the placebo group) received 
only one of the two ampoules of the trial treatment 
because the other ampoule was found to be broken when 
the pack was opened, but these women were included in 
the primary analysis. There were 15 (0∙1%) protocol viola-
tions: four (<0∙1%) women in the tranexamic acid group 
and three (<0∙1%) in the placebo group received previous 
non-trial tranexamic acid, seven (0∙1%) women in the 
placebo group had postpartum haemorrhage before ran-
domisation, and one (<0∙1%) woman in the placebo 
group was having a miscarriage and not in an active stage 
of labour when randomly assigned. All 15 participants 
with protocol violations were included in the main 

analysis. We obtained primary outcome data for all but 
two women (one [<0∙1%] in the tranexamic acid group 
and one [<0∙1%] in the placebo group); therefore, the 
primary analysis includes data for 15 066 (99∙9%) of 
15 068 women. The median time interval between birth 
and cord clamping was 2 min (IQR 1–2). The median 
time interval between birth and the start of the trial 
treatment was 5 min (3–6). The median time interval 
from the start of the administration of the trial treatment 
to the diagnosis of postpartum haemorrhage was 
18·5 min (IQR 5–58): 20 min (8–64) in women with 
moderate anaemia and 13 min (7–44) in women with 
severe anaemia.

Figure 2 shows the characteristics of the women at 
baseline according to pre-birth haemoglobin concentra-
tions. For women with haemoglobin concentration less 
than 50 g/L, 44 (20%) of 219 had postpartum haemor-
rhage. Baseline characteristics were balanced between the 
tranexamic acid and placebo groups (table 1). A clinically 
diagnosed postpartum haemorrhage occurred in 
1027 (6·8%) of the 15 066 women (table 2). 358 (35%) of 
1024 women with postpartum haemorrhage for whom 
data giving the time of diagnosis were available were 
diagnosed before the trial treatment had been completely 
administered.

Clinically diagnosed postpartum haemorrhage 
occurred in 530 (7·0%) of 7579 women in the tranexamic 
acid group and in 497 (6·6%) of 7487 women in the 
placebo group (RR 1·05, 95% CI 0·94–1·19; table 2). 
Similar results were obtained in the two prespecified 
sensitivity analyses: first, after adjusting for the baseline 
risk factors of age, pre-birth haemoglobin, previous 
postpartum haemorrhage, number of babies in this 
pregnancy, placental abnormality in this pregnancy, and 
birth canal trauma in this pregnancy (1·09, 0·97–1·22), 
and second, after excluding women with continuing 
antepartum haemorrhage (1·03, 0·91–1·17). The 
presumed primary causes of the postpartum haemor-
rhage were atony (348 [4·6%] in the tranexamic acid 
group vs 341 [4·6%] in the placebo group), tears 
(101 [1·3%] vs 91 [1·2%]), retained placenta tissue 
(52 [0·7%] vs 47 [0·6%]), placenta implantation abnor-
malities (9 [0·1%] vs 6 [0·1%]), uterine rupture (0 vs 1 
[<0∙1%]), and other or unknown (20 [0·3%] vs 11 [0·1%]).

The prespecified subgroup analyses are presented in 
figure 3. There was no strong evidence against the null 
hypothesis of homogeneity of effects for any of the pre-
specified subgroup analyses: severity of anaemia 
(p=0·44), antepartum haemorrhage (p=0·044), birth 
canal trauma (p=0·37), use of pain control (p=0·37), and 
baseline risk of postpartum haemorrhage (p=0·31).

The key secondary outcomes are presented in table 2. 
Estimated blood loss data were missing for four (0∙1%) 
women in the tranexamic acid group and four (0∙1%) in 
the placebo group. The mean blood loss was 309·8 mL 
(SD 193·9) for women in the tranexamic acid group 
and 310·8 mL (191·5) in the placebo group. 

Tranexamic acid 
group (n=7580)

Placebo group 
(n=7488)

Mean age, years 27∙3 (5∙6) 27∙1 (5∙6)

Haemoglobin, g/L

Mean 82∙7 (11∙8) 82∙8 (11∙9)

Moderate (70–99 g/L) 6527 (86∙1%) 6462 (86∙3%)

Severe (<70 g/L) 1053 (13∙9%) 1026 (13∙7%)

Mean estimated gestation, weeks 37∙4 (2∙7) 37∙4 (2∙7)

Number of fetuses

1 7290 (96∙2%) 7195 (96∙1%)

2 283 (3∙7%) 285 (3∙8%)

3 7 (0∙1%) 8 (0∙1%)

Placental abnormalities

Abruption 210 (2∙9%) 221 (2∙3%)

Previa 15 (0∙2%) 26 (0∙4%)

Accreta 1 (<0∙1%) 2 (<0∙1%)

Antepartum haemorrhage 207 (2∙7%) 228 (3∙0%)

Pre-eclampsia 162 (2∙1%) 159 (2∙1%)

Stillbirths per mother

1 507 (6∙7%) 509 (6∙8%)

2 7 (0∙1%) 13 (0∙2%)

Macrosomia (>4000 g) 57 (0∙8%) 51 (0∙7%)

Assisted delivery

Ventouse 119 (1∙6%) 116 (1∙5%)

Forceps 61 (0∙8%) 63 (0∙8%)

Other 35 (0∙5%) 33 (0∙4%)

Lacerations and tears

Perineal 865 (11∙4%) 923 (12∙3%)

Cervical 165 (2∙2%) 169 (2∙3%)

Vaginal 85 (1∙1%) 78 (1∙0%)

Prophylactic uterotonics

Oxytocin 7569 (99∙9%) 7479 (99∙9%)

Misoprostol 27 (0∙4%) 22 (0∙3%)

Ergometrine 3 (<0∙1%) 8 (0∙1%)

Prostaglandins 1 (<0∙1%) 3 (<0∙1%)

Data are mean (SD) or n (%). 

Table 1: Baseline characteristics for the current pregnancy of 
participants before random assignment
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2547 (33·6%) women in the tranexamic acid group and 
2503 (33·4%) in the placebo group had an estimated 
blood loss less than 250 mL; 31 (0·4%) women in the 
tranexamic acid group and 24 (0·3%) in the placebo 
group had an estimated blood loss of at least 1500 mL. 
Postpartum haemoglobin data were missing for 
112 (1∙5%) women in the tranexamic acid group and 
91 (1∙2%) in the placebo group. Mean postpartum hae-
moglobin, measured within 24 h of birth and corrected 
for blood transfusion, was 82·2 g/L (SD 15·5) in the 
tranexamic acid group and 82·1 g/L (15·7) in the placebo 
group; 1402 (18·8%) women with available data in the 
tranexamic acid group and 1360 (18·4%) in the placebo 
group had a 24 h corrected haemoglobin less than 
70 g/L; 167 (2·2%) women with available data in the 
tranexamic acid group and 182 (2·5%) in the placebo 
group had a 24 h corrected haemoglobin of at least 
110 g/L.

There were 122 (1·6%) deaths or near misses in the 
tranexamic acid group and 137 (1·8%) in the placebo 
group (RR 0·88, 95% CI 0·69–1·12). There were no 
vascular occlusive events (ie, pulmonary embolism, deep 
vein thrombosis, stroke, or myocardial infarction) in 
either group. The number of adverse events and serious 
adverse events did not differ in the tranexamic acid group 
versus the placebo group (appendix p 9). None of the 
adverse events were suspected to be related to the trial 
treatment. There were no cases of inadvertent intrathecal 
injection of tranexamic acid.

There were no significant between-group differences 
in quality of life assessed with a participant-reported 
outcomes questionnaire, anaemia symptoms, exercise 
tolerance (ie, 6 min walk test), use of medical and surgical 
interventions to control primary postpartum haemor-
rhage, blood transfusion, organ dysfunction, sepsis, 
in-hospital death, length of hospital stay, admission to 
and time spent in a higher-level facility, status of baby (ie, 
livebirth or stillbirth), and any thromboembolic events in 
the baby (table 3; appendix pp 4–8).

In a post-hoc exploratory analysis in which we used an 
objective measure of blood loss based on the change in 
maternal haemoglobin before and 24 h after birth, after 
adjusting for blood transfusion, we found that the results 
were similar to the main analysis (appendix p 9).

Discussion 
In women with moderate or severe anaemia, giving 
tranexamic acid shortly after the umbilical cord is 
clamped did not reduce the risk of clinically diagnosed 
postpartum haemorrhage. Our study has many 
strengths, but also some limitations. The randomisa-
tion method ensured that participating clinicians had 
no foreknowledge of treatment allocation. Baseline 
prognostic factors were balanced, and because almost 
all trial participants were followed up, there is minimal 
potential for bias. We initially planned to enrol 
10 000 women; however, while the trial was in progress 

and without knowledge of the interim results, we 
increased the sample size to 15 000 women to have more 
power to reliably support or refute a modest treatment 
effect. We have previously shown that our primary 
outcome measure, clinically diagnosed postpartum 

Tranexamic acid 
group (N=7579)

Placebo group 
(N=7487)

Estimate (95% CI)* p value

Postpartum 
haemorrhage

530 (7∙0%) 497 (6∙6%) 1∙05 (0∙94 to 1∙19) 0∙39

Primary cause of postpartum haemorrhage

Atony 348 (4∙6%) 341 (4∙6%) ∙∙ ∙∙

Tears 101 (1∙3%) 91 (1∙2%) ∙∙ ∙∙

Retained placenta 
tissue

52 (0∙7%) 47 (0∙6%) ∙∙ ∙∙

Placenta implantation 
abnormalities

9 (0∙1%) 6 (0∙1%) ∙∙ ∙∙

Uterine rupture 0 1 (<0∙1%) ∙∙ ∙∙

Other 9 (0∙1%) 7 (0∙1%) ∙∙ ∙∙

Unknown 11 (0∙1%) 4 (0∙1%) ∙∙ ∙∙

Sensitivity analysis

Adjusted RR ∙∙ ∙∙ 1∙09 (0∙97 to 1∙22) 0∙14

Adjusted RR with 
exclusions† 

∙∙ ∙∙ 1∙03 (0∙91 to 1∙17) 0∙62

Estimated blood loss, mL

Mean 309∙8 (193∙9) 310∙8 (191∙5) –0∙95 (–7∙10 to 5∙21) 0∙76

Blood loss category ∙∙ ∙∙ 0∙99 (0∙93 to 1∙06) 0∙80

<250 mL 2547/7575 (33∙6%) 2503/7483 (33∙4%) ∙∙ ∙∙

250–499 mL 4489/7575 (59∙3%) 4444/7483 (59∙4%) ∙∙ ∙∙

500–999 mL 437/7575 (5∙8%) 422/7483 (5∙6%) ∙∙ ∙∙

1000–1499 mL 71/7575 (0∙9%) 90/7483 (1∙2%) ∙∙ ∙∙

≥1500 mL 31/7575 (0∙4%) 24/7483 (0∙3%) ∙∙ ∙∙

Corrected 24-h haemoglobin, g/L‡

Mean 82∙2 (15∙5) 82∙1 (15∙7) 0∙12 (–0∙26 to 0∙50) 0∙54

Haemoglobin category ∙∙ ∙∙ 0∙97 (0∙91 to 1∙05) 0∙47

<70 g/L 1402/7467 (18∙8%) 1360/7396 (18∙4%) ∙∙ ∙∙

70–99 g/L 5314/7467 (71∙2%) 5276/7396 (71∙3%) ∙∙ ∙∙

100–109 g/L 584/7467 (7∙8%) 578/7396 (7∙8%) ∙∙ ∙∙

≥110 g/L 167/7467 (2∙2%) 182/7396 (2∙5%) ∙∙ ∙∙

Death or near-miss death 
at 24 h§

122 (1∙6%) 137 (1∙8%) 0∙88 (0∙69 to 1∙12) 0∙30

Data are mean (SD) or n (%). Differences in N are due to missing data. Adjusted RR is adjusted for age, pre-birth 
haemoglobin, previous postpartum haemorrhage, number of babies in this pregnancy, placental abnormality in this 
pregnancy, and any birth canal trauma in this pregnancy. For estimated blood loss we reported the number and 
percentage of women in each category by group, then estimated an OR and 95% CI using an ordinal logistic regression 
model. We used a likelihood ratio test to confirm the proportional odds assumption was not violated. We found no 
evidence that the proportional odds assumption was violated (p=0∙34). No vascular occlusive events (ie, pulmonary 
embolism, deep vein thrombosis, stroke, and myocardial infarction) were recorded in either group. *Mean difference for 
continuous variables (estimated blood loss and corrected 24-h haemoglobin), common OR for categorical variables 
(blood loss category and corrected 24-h haemoglobin category), and RR for the binary variable (death or near-miss 
death at 24 h). †Excluding 234 women with ongoing antepartum haemorrhage at the time of birth. ‡Corrected for 
blood transfusion. §Death from any cause or near-miss death from postpartum haemorrhage, defined as severe 
postpartum haemorrhage (ie, blood loss of >1000 mL), surgical intervention for bleeding (ie, hysterectomy for 
bleeding, laparotomy, embolisation, uterine compression sutures, or arterial ligation), failure to form clots, transfusion 
of >5 units, cardiovascular dysfunction (ie, shock, cardiac arrest, continuous vasoactive drugs, severe hypoperfusion, 
severe acidosis, or CPR), or diagnosed renal dysfunction (ie, oliguria non-responsive to fluids or diuretics, dialysis for 
acute renal failure, or severe acute azotaemia). OR=odds ratio. RR=risk ratio.

Table 2: Effect of tranexamic acid on women with moderate or severe anaemia (primary and secondary 
outcomes)

See Online for appendix
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haemorrhage, has high specificity for clinical signs of 
shock (95% specificity for shock index ≥1) and was 
strongly associated with postpartum fatigue and breath-
lessness after vaginal birth.17 An important weakness of 
our study is that we did not use calibrated drapes to 
quantify postpartum blood loss. The use of drapes was 
not standard clinical practice when our trial was 
conducted. Furthermore, because there is no estab-
lished definition of postpartum haemorrhage for 
women with anaemia, we could not rely on any particu-
lar blood loss criterion.18 Instead, we asked clinicians to 
estimate the blood loss and its effect on the woman’s 
haemodynamic status, as they would do in their usual 
clinical practice. However, when our analyses were 
repeated (a post-hoc exploratory analysis) with an 
objective measure of blood loss,15 based on the change 
in maternal haemoglobin before and 24 h after birth 
after adjusting for blood transfusion, the results were 
similar (appendix p 9). We measured haemoglobin 
using the HemoCue Hb 201+ System;11 although this 
device has high accuracy compared with laboratory 
measurements, some error is inevitable.19 Because we 
did not run coagulation tests, such as those used to 
diagnose disseminated intravascular coagulation (eg, 
prothrombin time, fibrinogen, platelet count, and 
D-dimers), we cannot describe the frequency or type of 
coagulation abnormalities seen in women giving birth 
with moderate or severe anaemia.

Women with moderate and severe anaemia have a 
greatly increased risk of postpartum haemorrhage.4 The 

Figure 3: Effect of tranexamic acid on clinically diagnosed postpartum haemorrhage overall and by subgroup
p values are for heterogeneity. Birth canal trauma includes episiotomy, vaginal, perineal, or cervical tear, or uterine rupture. Baseline variables included in the risk of 
postpartum haemorrhage model can be found in the appendix (p 2).  

Anaemia severity

Moderate (70–99 g/L)

Severe (<70 g/L)

Antepartum haemorrhage

Yes

No

Birth canal trauma

Yes

No

Any pain control

Yes

No

Risk of postpartum haemorrhage

Low

Medium

High

Overall

0·44

0·044

0·37

0·37

0·31

Tranexamic acid allocated
(N=7579)

Events/participants (%)

 401/6527 (6·1%)

 129/1052 (12·3%)

 68/207 (32·9%)

 462/7372 (6·3%)

 274/2960 (9·3%)

 256/4619 (5·5%)

 63/925 (6·8%)

 467/6654 (7·0%)

 171/5151 (3·3%)

 170/1816 (9·4%)

 189/612 (30·9%)

 530/7579 (7·0%)

Placebo allocated
(N=7487)

 387/6461 (6·0%)

 110/1026 (10·7%)

 52/228 (22·8%)

 445/7259 (6·1%)

 276/3007 (9·2%)

 221/4480 (4·9%)

 49/885 (5·5%)

 448/6602 (6·8%)

 

169/4957 (3·4%)

 169/1911 (8·8%)

 159/619 (25·7%)

 497/7487 (6·6%)

Risk ratio (95% CI) p value

1·03 (0·90–1·17)

1·14 (0·90–1·45)

1·44 (1·06–1·96)

1·02 (0·90–1·16)

1·01 (0·86–1·18)

1·12 (0·94–1·34)

1·23 (0·86–1·77)

1·03 (0·91–1·17)

0·97 (0·79–1·20)

1·06 (0·86–1·30)

1·20 (1·01–1·44)

1·05 (0·94–1·19)

0·60 0·75 1·00 1·30 1·75

Tranexamic acid worse   Tranexamic acid better

Total  
(N=15 066)

Tranexamic acid 
(N=7579)

Placebo  
(N=7487)

Oxytocin 1962 (13∙0%) 993 (13∙1%) 969 (12∙9%)

Ergometrine 19 (0∙1%) 10 (0∙1%) 9 (0∙1%)

Carbetocin 2 (<0∙1%) 1 (<0∙1%) 1 (<0∙1%)

Prostaglandins 12 (0∙1%) 7 (0∙1%) 5 (0∙1%)

Misoprostol 1527 (10∙1%) 773 (10∙2%) 754 (10∙1%)

Non-trial tranexamic acid 844 (5∙6%) 439 (5∙8%) 405 (5∙4%)

Perineal sutures 5743 (38∙1%) 2849 (37∙6%) 2894 (38∙7%)

Cervical sutures 334 (2∙2%) 165 (2∙2%) 169 (2∙3%)

Perineal or vaginal packing 239 (1∙6%) 123 (1∙6%) 116 (1∙5%)

Uterine tamponade

Any 160 (1∙1%) 81 (1∙1%) 79 (1∙1%)

Balloon* 66 (0∙4%) 31 (0∙4%) 35 (0∙5%)

Packing* 96 (0∙6%) 51 (0∙7%) 45 (0∙6%)

Bimanual compression 234 (1∙6%) 113 (1∙5%) 121 (1∙6%)

External aortic compression 6 (<0∙1%) 3 (<0∙1%) 3 (<0∙1%)

Anti-shock garment 7 (<0∙1%) 5 (0∙1%) 2 (<0∙1%)

Removal of placenta 289 (1∙9%) 157 (2∙1%) 132 (1∙8%)

Uterine compression sutures 4 (<0∙1%) 2 (<0∙1%) 2 (<0∙1%)

Arterial ligation 4 (<0∙1%) 2 (<0∙1%) 2 (<0∙1%)

Arterial embolisation 0 0 0

Hysterectomy 19 (0∙1%) 9 (0∙1%) 10 (0∙1%)

Type of hysterectomy

Subtotal hysterectomy 17/19 (89∙5%) 9/9 (100∙0%) 8/10 (80∙0%)

Total hysterectomy 2/19 (10∙5%) 0 2/10 (20∙0%)

(Table 3 continues on next page)
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monotonic biological gradient between pre-birth hae-
moglobin and postpartum haemorrhage suggests a 
causal relationship. The reduced blood viscosity and the 
increased heart rate and cardiac output caused by 
anaemia can increase blood loss.20–22 Anaemic blood 
clots also appear to be more susceptible to fibrinoly-
sis.23–24 Furthermore, as the haemoglobin concentration 
falls, the risk of serious obstetric complications, 
including antepartum bleeding, abruption, and still-
birth, increases. Whether these complications are 
directly caused by anaemia or whether both anaemia 
and these serious obstetric complications are caused by 
other factors, such as poverty or limited access to quality 
health care, is not certain. Nevertheless, the prenatal 
activation of coagulation caused by these conditions 
leads to the consumption and depletion of coagulation 
factors and platelets causing severe bleeding that occurs 
soon after birth.25,26

When 1 g of tranexamic acid is given by slow intrav-
nous injection, the mean time to reach the blood 
concentration needed to inhibit fibrinolysis is estimated 
to be 3 min (range 2–7) after the end of the injection.27 
In our trial, given that 35% of postpartum haemorrhage 
diagnoses were made before the trial treatment had 
been fully administered, it is possible that many post-
partum haemorrhage diagnoses were made before the 
trial treatment had any therapeutic effect. Furthermore, 
if bleeding from birth canal trauma or from the 
placental bed started at the time of birth, a considerable 
amount of blood might have been lost before the trial 
treatment started. Although the diagnosis of postpar-
tum haemorrhage was made after the start of the trial 
treatment, earlier severe blood loss could have made 
this diagnosis inevitable in some women. Because of 
the rapid onset of severe postpartum bleeding in 
women with anaemia, tranexamic acid given after cord 
clamping could be too late to prevent postpartum 
haemorrhage.

Tranexamic acid appeared to increase the risk of post-
partum haemorrhage in the subgroup of women with 
antepartum haemorrhage. Although our case report 
form did not collect data on the presumed cause of this 
antepartum haemorrhage, given the similarly high 
prevalence of placental abruption, it is probable that 
abruption accounted for most of these instances. In this 
subgroup analysis we did not find strong evidence 
against the null hypothesis of the homogeneity of 
effects, and because we conducted several statistical 
tests for heterogeneity, there is a moderate chance of 
making a false positive claim even when there is no 
heterogeneity. However, if this increase is real, temporal 
changes in coagulation activation might be the explana-
tion. Randomised trials of tranexamic acid in traumatic 
and postpartum bleeding show that early treatment is 
beneficial, but late treatment might be harmful.28 
Treatment with tranexamic acid is only recommended 
for patients who are within 3 h of injury from trauma or 

Total  
(N=15 066)

Tranexamic acid 
(N=7579)

Placebo  
(N=7487)

(Continued from previous page)

Reason for hysterectomy

Postpartum 
haemorrhage

18/19 (94∙7%) 8/9 (88∙9%) 10/10 (100∙0%)

Rupture 1/19 (5∙3%) 1/9 (11∙1%) 0

Laparotomy to control 
bleeding

9 (0∙1%) 2 (<0∙1%) 7 (0∙1%)

Any blood product 3822 (25∙4%) 1926 (25∙4%) 1896 (25∙3%)

Whole blood or packed cells, units

0 11 265 (74∙8%) 5664 (74∙7%) 5601 (74∙8%)

1 3017 (20∙0%) 1523 (20∙1%) 1494 (20∙0%)

2 668 (4∙4%) 336 (4∙4%) 332 (4∙4%)

≥3 116 (0∙8%) 56 (0∙7%) 60 (0∙8%)

Fresh frozen plasma, units

0 14 918 (99∙0%) 7506 (99∙0%) 7412 (99∙0%)

1 65 (0∙4%) 32 (0∙4%) 33 (0∙4%)

2 30 (0∙2%) 14 (0∙2%) 16 (0∙2%)

≥3 53 (0∙4%) 27 (0∙4%) 26 (0∙3%)

Platelets, units

0 15 033 (99∙8%) 7564 (99∙8%) 7469 (99∙8%)

1 10 (0∙1%) 6 (0∙1%) 4 (0∙1%)

2 5 (<0∙1%) 2 (<0∙1%) 3 (<0∙1%)

≥3 18 (0∙1%) 7 (0∙1%) 11 (0∙1%)

Cryoprecipitate, units

0 15 065 (100∙0) 7578 (100∙0%) 7487 (100∙0%)

1 0 0 0

2 1 (<0∙1%) 1 (<0∙1%) 0

≥3 0 0 0

Maternal death in hospital 18 (0∙1%) 9 (0∙1%) 9 (0∙1%)

Time to maternal death, h

Mean (SD) 77∙31 (124∙56) 79∙84 (82∙81) 74∙77 (161∙55)

Median (IQR) 8∙80 (4∙08–138∙83) 56∙73 (4∙08–179∙28) 8∙18 (5∙63–12∙33)

Range 1∙50–489∙35 2∙25–188∙25 1∙50–489∙35

Cause of maternal death

Bleeding 7/18 (38∙9%) 4/9 (44∙4%) 3/9 (33∙3%)

Sepsis 2/18 (11∙1%) 2/9 (22∙2%) 0

Other 9/18 (50∙0%) 3/9 (33∙3%) 6/9 (66∙7%)

MedDRA-defined cause of other maternal death

Acute kidney injury 1/9 (11∙1%) 1/3 (33∙3%) 0

Acute respiratory distress 
syndrome

1/9 (11∙1%) 1/3 (33∙3%) 0

Anaemia 2/9 (22∙2%) 0 2/6 (33∙3%)

Eclampsia 1/9 (11∙1%) 1/3 (33∙3%) 0

HELLP syndrome 1/9 (11∙1%) 0 1/6 (16∙7%)

Multiple organ dysfunction 
syndrome

2/9 (22∙2%) 0 2/6 (33∙3%)

Shock haemorrhagic 1/9 (11∙1%) 0 1/6 (16∙7%)

Babies breastfed 12 843/14 604 (87∙9%) 6445/7354 (87∙6%) 6398/7250 (88∙2%)

Data are n (%) unless otherwise specified. HELLP=haemolysis, elevated liver enzymes, and low platelet count. 
MedDRA=Medical Dictionary for Regulatory Activities. *Participants could have more than one type of uterine 
tamponade.

Table 3: Interventions given after randomisation, in-hospital maternal death, and breastfeeding 
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postpartum haemorrhage from childbirth. The idea that 
for women with antepartum haemorrhage, the bleeding 
might have started many hours before birth is possible.

In women with moderate and severe anaemia, giving 
tranexamic acid within 15 min of the umbilical cord 
being clamped did not reduce the risk of clinically 
diagnosed postpartum haemorrhage. Giving tranexamic 
acid after cord clamping might be too late to prevent 
severe bleeding in many women and randomised trials 
of earlier treatment are needed. The I’M Woman trial29 
is currently evaluating the effect of giving tranexamic 
acid just before childbirth on the risk of postpartum 
haemorrhage. Our results also highlight the need to 
prevent and treat anaemia in women of reproductive 
age. Because anaemia in pregnancy increases the risk of 
abruption and stillbirth, efforts to prevent anaemia 
should begin early, ideally before conception.30,31 The 
WOMAN-3 trial (NCT06519422), due to begin in 2025, 
will examine the role of giving tranexamic acid during 
menstruation in addition to iron and folic acid for the 
treatment of anaemia in women of reproductive age.
The WOMAN-2 Trial Collaborators 
Writing Committee: Eni Balogun (senior trial manager), Ian Roberts 
(co-chief investigator), Haleema Shakur-Still (co-chief investigator), 
Rizwana Chaudhri (lead investigator, Pakistan), Oladapo Olayemi 
(co-lead investigator, Nigeria), Folasade Adenike Bello (co-lead 
investigator, Nigeria), Projestine Muganyizi (lead investigator, Tanzania), 
Bellington Vwalika (lead investigator, Zambia), 
Sabaratnam Arulkumaran (protocol committee member), 
Mwansa Ketty Lubeya (site principal investigator, Zambia), 
Luzango Evarist Maembe (site principal investigator, Tanzania), 
Mojisola Mobolaji-Ojibara (site principal investigator, Nigeria), 
Olorunfemi Oludele Owa (site principal investigator, Nigeria), France 
John Rwegoshora (site principal investigator, Tanzania), 
Cheng-Hock Toh (haematology expert), Raoul Mansukhani (trial 
statistician), Timothy John Collier (trial statistician), Aasia Kayani 
(research coordinator, Pakistan), Kiran Javaid (assistant research 
coordinator, Pakistan), Olujide Okunade (research coordinator, Nigeria), 
Danielle Prowse (senior data manager), Amber Geer (data manager), 
Katharine Ker (assistant professor), Amy Brenner (assistant professor). 
Trial steering committee: France Donnay (chair), Racheal Phiri (patient 
representative), Tina Lavender, Ghazala Mahmud, Haleema Shakur-Still, 
Ian Roberts, Jens Kieckbusch (observer), James Lawrence (observer), 
Sari Watson (observer). Data monitoring committee: Jane Armitage 
(chair), Maria Quigley, Olufemi T Oladapo. Protocol Committee: 
Sabaratnam Arulkumaran, Imelda Bates, Rizwana Chaudhri, 
Bukola Fawole, Katharine Ker, Ian Roberts, Haleema Shakur-Still. 
Central Coordinating Team (Clinical Trials Unit, London School of Hygiene 
& Tropical Medicine, London, UK): Eni Balogun (senior trial manager and 
research fellow), Danielle Prowse (senior data manager), 
Danielle Beaumont (senior trial manager and research fellow), 
Charlotte Fleming (assistant trial manager, September, 2018–
January, 2022), Monica Arribas (senior trial manager and research 
fellow), Collette Barrow (trial administrator), Llion Roberts (assistant 
trial manager, April, 2022–ongoing), Amber Geer (data manager), 
Julio Gil Onandia (trial assistant), Madeleine Cargill (data assistant, 
September, 2018–September, 2020), Andrew Thayne (assistant data 
manager), Christiana Alao (data assistant, January, 2022–ongoing), 
Petula Buck (trial assistant), Raoul Mansukhani, (statistician), 
Timothy John Collier (statistician), Katharine Ker (assistant professor), 
Mbwana Mohammed (IT systems manager), Amy Brenner (assistant 
professor), Myriam Benyahia (project coordinator), Judith Lieber 
(research assistant), Haleema Shakur-Still (chief investigator), 
Ian Roberts (chief investigator). Pakistan coordinating team (Global 
Institute of Human Development, Shifa Tameer-e-Millat University, 
Islamabad, Pakistan): Rizwana Chaudhri (coordinating centre director), 

Aasia Kayani (research coordinator), Kiran Javaid (assistant research 
coordinator). Tanzania coordinating team (Muhimbili University of Health 
and Allied Sciences, Dar es Salaam, Tanzania): Projestine Muganyizi 
(coordinating centre director), Alice Kawala (assistant trials coordinator), 
Rose Temba (assistant trials coordinator). Nigeria coordinating team 
(College of Medicine, University of Ibadan, Ibadan, Nigeria): 
Oladapo Olayemi (coordinating centre director), Folasade Adenike Bello 
(coordinating centre director), Olujide Okunade (trials coordinator). 
Zambia National coordinator: Bellington Vwalika (University Teaching 
Hospital, Lusaka, Zambia).

Trial sites and investigators 
Pakistan (11025 participants): Aziz-un-Nisa Abbasi, Ruqqia Sultana, 
Shehla Noor, Ansa Islam, Sadia Bibi, Sundus Khan, Wajeeha Khurshid 
(Units A, B, and C, Ayub Teaching Hospital, Abbottabad [1391]); 
Shahida Magsi, Basma Zia (Unit 1, Chandka SMBBMU Shaikh Zaid 
Women Hospital, Larkana [1145]); Haleema Yasmin, Khadija Bano, 
Saba Khan (Unit 1 ward 8 and Unit 2 ward 9, Jinnah Postgraduate 
Medical Centre, Karachi [856]); Naheed Fatima, Bushra Sher Zaman, 
Sohail Mahmood Chaudhry, Shakila Yasmin, Khiaynat Sarwar Hashmi, 
Nadia Babar (Units 1 and 2, Bahawal Victoria Hospital, Bahawalpur 
[829]); Arif Tajammul, Alia Bashir, Farah Siddique (Jinnah Hospital, 
Lahore [727]); Fouzia Perveen, Nusrat Shah Kamal, Riffat Jaleel, 
Sarah Kazi, Aruna Hira, Pushpa Makhija (Units 1 and 3, Civil Hospital, 
Karachi [699]); Syeda Batool Mazhar, Nasira Tasnim, Saera Afghan, 
Mussarat Batool, Sobia Luqman (Unit 1 and 2, MCH PIMS, Islamabad 
[681]); Fouzia Kashif ,Shaista Hifaz Abro, Javeria Abro (Unit 2 and 3, 
Chandka SMBBMU Shaikh Zaid Women Hospital, Larkana [673]); 
Najma Ghaffar, Rakhshanda Mushtaq, Safia Bibi (Unit 3 and 4, Bolan 
Medical Complex, Quetta [666]); Shamsa Humayun, Zohra Khanum, 
Noreen Akmal, Shamila Ijaz Munir, Aisha Malik, Amna Zia Eusaph, 
Sofia Manzoor, Khola Yousaf, Misbah Kausar, Yasmeen Waqas (Units 
1–4, Sir Ganga Ram Hospital, Lahore [595]); Naila Ehsan, Aisha Siddiqa, 
Uzma Suhail Afridi, Nosheen Sikandar, Rehana Kamaal (Units 1 and 2, 
Sandeman Provincial Hospital, Bolan Medical Complex, Quetta [576]); 
Mehnaz Khakwani, Rashida Perveen (Unit 2, Nishtar Hospital, 
Multan [310]); Huma Quddusi, Hajira Masood, Syeda Ali, Asma Akhter 
(Unit 1, Nishtar Hospital, Multan [305]); Mubashra Samina, Sana 
Ishfaque (Koohi Goth Hospital, Karachi [276]); Rizwana Chaudhri, 
Humaira Bilqis (Unit 1, Holy Family Hospital, Rawalpindi [264]); Shahid 
Irshad Rao, Saima Ashraf, Uzma Shaheen (Unit 3, Nishtar Hospital, 
Multan [212]); Tayyiba Wasim, Natasha Rasool (Unit 2, Services Hospital, 
Lahore [121]); Nabeela Waheed, Khansa Iqbal (Unit 2, Holy Family 
Hospital, Rawalpindi [152]); Shahida Husain Tarar, Rizwana Khalid 
(Aziz Bhatti Shaheed Teaching Hospital, Gujrat [132]); Rubina Sohail, 
Shehla Kanwal (Unit 1, Services Hospital, Lahore [172]); 
Shagufta Saeed Sial, Humera Noreen (Benazir Bhutto Shaheed Hospital, 
Rawalpindi [121]); Naila Israr (Federal Government Polyclinic, 
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Rawalpindi [34]). Tanzania (2029 participants): Luzango Maembe, 
Julius Nyambarino (Mwananyamala Regional Referral Hospital, 
Dar es Salaam [730]); Enid Simon Chiwanga, Lazaro Y Madeha (Dodoma 
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Evelyne Ludovick (Mount Meru Regional Referral Hospital, Arusha 
[278]); Baya H Kissiwa, Sangalala Mtingele (Amana Hospital, 
Dar es Salaam [179]); Vincent Tarimo, Alfred Secha (Muhimbili National 
Hospital, Dar es Salaam [169]); Hudson August Manyanga, 
Idrisa Hussein (Temeke Hospital, Dar es Salaam [155]); Alphonce Moyo, 
Delila Msigwa (Tumbi Hospital, Kibaha [85]); France John Rwegoshora, 
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(Ilorin General Hospital, Ilorin [350]); Owa Olorunfemi Oludele, 
Samuel Ojo (Mother & Child Hospital, Akure [250]); Oladipo Aremu, 
Kehinde Ogundairo (Adeoyo Maternity Hospital, Ibadan [242]); 
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Ogbomosho [88]); Theresa Irinyenikan (University of Medical Sciences 
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