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Causes of and risk factors for postpartum haemorrhage:
a systematic review and meta-analysis

Idnan Yunas*, Md Asiful Islam*, Kulandaipalayam N Sindhu, Adam J Devall, Marcelina Podesek, Sayeda Sadia Alam, Shoumik Kundu,
Kristie-Marie Mammoliti, Ashraf Aswat, Malcolm J Price, Javier Zamora, Olufemi T Oladapo, loannis Gallos, Arri Coomarasamy

Summary

Background An understanding of the causes of postpartum haemorrhage is needed to provide appropriate treatment
and services. Knowledge of the risk factors for postpartum haemorrhage can help address modifiable risk factors. We
did a systematic review and meta-analysis to identify and quantify the various causes and risk factors for postpartum
haemorrhage.

Methods In this systematic review and meta-analysis, we did a systematic literature search in MEDLINE, Embase,
Web of Science, Cochrane Library, and Google Scholar for cohort studies of postpartum haemorrhage from Jan 1, 1960,
to Nov 30, 2024 without language restrictions. At least two authors independently undertook study selection, data
extraction, and quality assessment. Population-based cohort studies available in English were eligible. Rates of
postpartum haemorrhage causes as well as crude and adjusted odds ratios (ORs) for risk factors were pooled using a
random-effects model. Risk factors were classified as having weak, moderate, or strong association based on the
pooled ORs: weak (OR >1 to 1-5), moderate (OR >1-5 to 2), and strong (OR >2). This study is registered with
PROSPERO, CRD42023479686.

Findings We synthesised data from 327 studies, including 847413451 women with no restriction on age, race, or
ethnicity. Most studies were of high methodological quality. The pooled rates of the five commonly reported causes of
postpartum haemorrhage were uterine atony (70-6% [95% CI 63-9-77-3]; n=834707 women, 14 studies), genital
tracttrauma (16- 9% [9-3—-24- 6]; n=18 449 women, six studies), retained placenta (16 - 4% [12 - 3-20 - 5]; n=235 021 women,
nine studies), abnormal placentation (3:-9% [0-1-7-6]; n=29638 women, two studies), and coagulopathy
(2-7% [0-8—4-5]; n=236 261, nine studies). The pooled rate of women with multiple postpartum haemorrhage causes
was 7-8% (95% CI 4-7-10- 8; n=666, two studies). Risk factors with a strong association with postpartum haemorrhage
included anaemia, previous postpartum haemorrhage, caesarean birth, female genital mutilation, sepsis, no antenatal
care, multiple pregnancy, placenta praevia, assisted reproductive technology use, macrosomia with a birthweight of
more than 4500 g, and shoulder dystocia. Risk factors with moderate association with postpartum haemorrhage
included BMI =30 kg/m2, COVID-19 infection, gestational diabetes, polyhydramnios, pre-eclampsia, and antepartum
haemorrhage. Risk factors with weak association with postpartum haemorrhage included Black and Asian ethnicity,
BMI 25-29-9 kg/m2, asthma, thrombocytopenia, uterine fibroids, antidepressant use, induction of labour,
instrumental birth, and premature rupture of membranes.

Interpretation The finding that uterine atony is the commonest cause of postpartum haemorrhage supports the WHO
recommendation for all women giving birth to be given prophylactic uterotonics. Knowledge of risk factors with a
strong association with postpartum haemorrhage can help to identify women at high risk of postpartum haemorrhage
who could benefit from enhanced prophylaxis and treatment. The importance of multiple concurrent causes of
postpartum haemorrhage supports the use of treatment bundles.

Funding Gates Foundation.

Copyright © 2025 The Author(s). Published by Elsevier Lid. This is an Open Access article under the CC BY 4.0
license.

Introduction

Postpartum haemorrhage is a common cause of maternal
mortality worldwide, accounting for an estimated 27% of
all maternal deaths.*? The commonly used definition of
postpartum haemorrhage is blood loss of 500 mL or
more within the first 24 h after birth.* An understanding
of the causes and risk factors might contribute to efforts
to reduce stagnant mortality rates from postpartum
haemorrhage.

Known causes of postpartum haemorrhage include
uterine atony, genital tract trauma, retained placenta,
abnormal placentation, and coagulopathy. However,
prevalence of these causes is poorly understood. Knowing
the rates of the causes of postpartum haemorrhage and
the burden they represent allows for the planning and
resourcing of health-care services to provide appropriate
management. Previous studies have identified uterine
atony as being the commonest cause.** Confirming this,
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Research in context

Evidence before this study

Postpartum haemorrhage is a leading cause of maternal
mortality worldwide. Updated synthesised data are needed to
guide global policy on risk stratification and mitigation, as well
as postpartum haemorrhage prevention and treatment. We
searched MEDLINE, Web of Science, Embase, Cochrane Library,
and Google Scholar from Jan 1, 1960, to Nov 30, 2024, without
language restrictions, using the search term “postpartum
haemorrhage” in the title and abstract, and as a MeSH term.
We identified 22 studies for the rate of postpartum
haemorrhage causes and 311 studies assessing risk factors for
postpartum haemorrhage. Most of the included studies were of
high methodological quality.

Added value of this study

Our systematic review and meta-analysis produced up-to-date
evidence-based pooled rates of causes of postpartum
haemorrhage, and severe and refractory postpartum
haemorrhage. Uterine atony, which the majority of first-line
postpartum haemorrhage treatments target, was the
commonest cause. Other important causes were genital tract
trauma, retained placenta, abnormal placentation, and

and determining the rate of atony as a cause, will focus
attention on adequately resourcing treatments, such as
uterotonics and uterine tamponade devices. Similarly,
knowing the contribution of the other causes, such as
coagulopathy, will allow for adequate planning and
provision of their treatments.*

There are numerous well established risk factors for
postpartum haemorrhage, such as obesity, anaemia,
history of previous postpartum haemorrhage, and
caesarean birth.” Some of these risk factors are modifiable
(ie, they encompass behaviours and conditions that can
be altered or controlled to reduce the risk of postpartum
haemorrhage). Knowledge of their level of association
with postpartum haemorrhage can help target strategies
to mitigate their effect. It can also help to identify
individuals at high risk of postpartum haemorrhage who
might require closer monitoring as well as enhanced
prophylaxis and treatment. New risk factors for
postpartum haemorrhage have also been identified,
including COVID-19 infection®and antidepressant use.’
Knowing their level of association could provide the
opportunity to modify their effects through strategies
such as vaccination, in the prevention of COVID-19
disease, and monitoring of clotting profile, in the case of
antidepressant use.

The existing literature encompasses systematic reviews
concerning causes of and risk factors for postpartum
haemorrhage, but these are either narrow in their scope,
or out of date.” Some reviews have restricted their scope
to vaginal birth,” others to severe postpartum
haemorrhage,” and others to specific causes, such as
atonic postpartum haemorrhage.”
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coagulopathy. We highlighted the importance of multiple
concurrent causes resulting in postpartum haemorrhage.

A range of risk factors and their levels of association with
postpartum haemorrhage were identified. Many of these are
modifiable. Risk factors with a strong association with
postpartum haemorrhage included anaemia, previous
postpartum haemorrhage, caesarean birth, female genital
mutilation, sepsis, no antenatal care, multiple pregnancy,
placenta praevia, assisted reproductive technology use, fetal
macrosomia with birthweight more than 4500 g, and shoulder
dystocia.

Implications of all the available evidence

Knowledge of postpartum haemorrhage causes and risk factors
can allow policy makers to promote effective prophylaxis and
treatment, particularly for women at high risk for postpartum
haemorrhage, and develop strategies to target the risk factors.
Postpartum haemorrhage caused by multiple concurrent causes
supports the use of treatment bundles. Practices associated
with reduced risks of postpartum haemorrhage, such as skin-
to-skin contact and breastfeeding, should be promoted.

We, therefore, did a comprehensive systematic review
and meta-analysis to identify and quantify the rates of
different causes of postpartum haemorrhage, as well as
the association of a wide range of risk factors for
postpartum haemorrhage at vaginal and caesarean birth.

Methods
Search strategy and selection criteria
For this systematic review and meta-analysis, we followed
PRISMA reporting guidelines.” This study is registered
with PROSPERO, CRD42023479686. Population-based
cohort studies (ie, regional, national, multicountry, or
multicentre studies) that reported the causes and risk
factors for postpartum haemorrhage were eligible.
Unpublished papers, preprints, editorials, comments,
letters, case reports, books, and non-human and non-
English language studies were excluded. We also
excluded review papers, but we did assess their reference
lists for potentially eligible studies. Five electronic
databases were searched (MEDLINE, Web of Science,
Embase, Cochrane Library, and Google Scholar). Grey
literature was identified using Google Scholar. The
reference lists of the included studies and available
reviews were checked to identify further eligible studies.
The search strategy used the keywords “postpartum
haemorrhage” in the title and abstract and as a MeSH
term to identify eligible studies using a comprehensive
search string (appendix p 1). The search results were
restricted to papers published between Jan 1, 1960, and
Nov 30, 2024.

Five authors (MAI, IY, KNS, SSA, and SK)
independently screened studies, initially by title and
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abstract, followed by a full-text review, if appropriate, to
determine eligibility for inclusion. Any differences over
inclusion were resolved by consensus or by discussion
with other review authors (AC, AJD, and IG).

Data extraction from the final selection of studies was
undertaken independently by two authors (MAI and IY).
When duplicate data from the same source population
were found, the older study data were removed. The
following data and information were extracted from each
eligible study using a pre-piloted data extraction table:
first author’s last name, publication year, country, study
duration, number of women, study design, population,
risk factors studied, definition of postpartum
haemorrhage and severe postpartum haemorrhage,
blood loss measurement method (subjective or objective),
and confounders for which adjustment was made.
Subjective measurement methods were based on visual
estimation, whereas objective methods were based on
volumetric (eg, calibrated blood collection drape or tray)
or gravimetric (eg, weighing blood-soaked swabs, pads,
linen, or blood collected in drape or pouch) approaches.

The included studies generally defined postpartum
haemorrhage as blood loss of 500 mL or more in the first
24 h after birth, and severe postpartum haemorrhage as
blood loss of 1000 mL or more in the first 24 h after birth.
Studies which did not state the exact volume of blood
loss for their definition of postpartum haemorrhage and
severe postpartum haemorrhage were still eligible for
inclusion. Refractory postpartum haemorrhage was
defined as haemorrhage that required second-line
treatments, such as additional uterotonics or bimanual
uterine compression.” We grouped severe postpartum
haemorrhage and refractory postpartum haemorrhage
together as they overlap substantially, and both require
second-line treatments.

The methodological quality of included studies was
evaluated by three authors independently (MAI, 1Y, and
SSA) by applying the Joanna Briggs Institute (JBI) critical
appraisal tool for cohort studies.” The JBI tool uses 11
quality checklist items with four options: yes, no, unclear,
and not applicable. One point is given for each response
of yes. The total percentage of yes responses was used to
determine the final score. The evidence provided by each
study for our research question was classified as high
quality (low risk of bias: >80% yes responses), moderate
quality (moderate risk of bias: 60-80% yes responses), or
low quality (high risk of bias: <60% yes responses). Any
disagreements were resolved after discussion with other
authors (AC and IG). We explored publication bias by
generating funnel plots of comparisons that had ten or
more studies. We visually assessed the funnel plots for
asymmetry (appendix pp 188-91).

Data analysis

The pooled rates for the different causes of postpartum
haemorrhage, and severe and refractory postpartum
haemorrhage, and the 95% CIs were calculated using a

random-effects model. For each of the risk factors,
adjusted odds ratios (ORs), controlling for confounders
(appendix pp 2-96), were extracted from individual
studies along with corresponding 95% Cls. Additionally,
the raw aggregate data were extracted from every
individual study included in the analysis to obtain
unadjusted associations that were pooled using the
Mantel-Haenszel method (random-effects model). Our
choice of using a random-effects model, was based on an
expectation that exposures are unlikely to be truly
identical across included studies.® The figures in our
results present both adjusted ORs and crude ORs, where
these were available. The text manuscript prioritises the
reporting of adjusted ORs but presents crude ORs when
the relevant adjusted ORs were unavailable. For risk
factors where the crude OR was significant (p<0-05), but
the adjusted OR was not, we present both the crude OR
and adjusted OR in the text.

The risk factors for postpartum haemorrhage were
grouped into the following categories to allow for
meaningful comparison: demographic, lifestyle, medical,
past and current pregnancy-related, and labour-related
and birth-related. We classified the level of association of
each risk factor with postpartum haemorrhage into weak
(OR >1 to 1-5), moderate (OR >1-5 to 2), and strong
(OR >2) based on the adaptions by Shih and colleagues.”

Heterogeneity of the studies was assessed by
visualisation of the forest plots and calculation of the
12 statistic (on the log odds scale).

When there were fewer than two studies for a particular
comparison, we were unable to do a meta-analysis, and
so we summarised the findings and presented the data in
relevant forest plots. These are provided in the appendix
(pp 109-87).

All statistical analyses were carried out using STATA
version 18 or Review Manager version 5.4.1. We used
STATA to generate the rates of causes of postpartum
haemorrhage, and severe and refractory postpartum
haemorrhage, with their 95% Cls. Review Manager was
used to generate crude estimates and 95% ClIs for the
various risk factors. STATA was used for the adjusted risk
factor estimates with 95% Cls.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

We identified 25 343 studies, from which 12202 ineligible
studies were excluded as they were case reports, book
chapters, comments, editorials, non-English language
manuscripts (or manuscripts not available as English
language translations), non-human studies, review
papers, or duplicate studies. The remaining 13 141 studies
were screened based on their titles and abstracts. After
full-text screening of 610 studies, 327 studies were
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included in the analysis: 22 studies that evaluated
postpartum haemorrhage causes, and 311 studies that
evaluated risk factors. Of these, six studies contributed
data to both the causes and risk factor analyses
(ﬁgure 1).14,18722

Nine of the included studies were conducted across
multiple countries, whereas the remainder (318 studies)
were based in a single country. The most common study
countries were the USA (81 studies), China (36 studies),
the UK (20 studies), Israel (18 studies), Australia
(13 studies), Canada (13 studies), Sweden (11 studies),
India (ten studies), Ethiopia (nine studies), and France
(eight studies; appendix pp 2-96). There was substantial
representation from both high-income countries (HICs),
and low-income and middle-income countries (LMICs;
appendix p 108).

Of the 327 studies analysed, 70 (21-4%) were
prospectively designed, whereas 257 (78-6%) were
conducted retrospectively (appendix pp 2-96). Only
12 (3-7%) of the included studies used an objective
measurement method to measure postpartum blood
loss. The remainder relied on visual estimation.

The results of the JBI risk of bias assessments” showed
that 310 (94-8%) of the included studies were high
quality (low risk of bias), 17 (5-2%) were moderate quality
(moderate risk of bias), and none were low quality (high
risk of bias; appendix pp 97-106).

Uterine atony was the commonest cause of postpartum
haemorrhage. The pooled rate for uterine atony as a
cause for postpartum haemorrhage was 70-6% (95% CI
63-9-77-3; n=834707 women, 14 studies). The pooled
rates for the other causes were as follows: genital tract
trauma, 16-9% (95% CI 9-3-24.6; 18449 women,
six studies); retained placenta, 16-4% (12-3-20-5;
235021 women, nine studies); abnormal placentation,
3-9% (0-1-7-6; 29638 women, two studies); and
coagulopathy, 2-7% (0-8—4-5; 236261 women,
nine studies). The pooled rate for multiple causes (two or
more concurrent causes) was 7-8% (95% CI 4-7-10-8;
666 women, two studies; figure 2).

Uterine atony was also the commonest cause of severe
and refractory postpartum haemorrhage. However, its
pooled rate as a cause for severe and refractory postpartum
haemorrhage was less than that for postpartum
haemorrhage at 41-4% (95% CI 34-9-47-9; 80110 women,
six studies). The pooled rates for the other causes of severe
and refractory postpartum haemorrhage were as follows:
genital tract trauma, 12-8% (95% CI 5-8 to 19-8; 80110
women, six studies); retained placenta, 13-8% (8-1t0 19-4;
80110 women, six studies); abnormal placentation, 8-8%
(21 to 19-8; 42915 women, four studies); and
coagulopathy, 1-1% (-0-2 to 2-4; 3681 women, two studies).
The pooled rate for multiple causes with severe and
refractory postpartum haemorrhage was 27-4% (95% CI
22-8 10 32-0; 361 women, one study; figure 3).

There were no demographic or lifestyle risk factors for
postpartum haemorrhage with a strong association (ie,

www.thelancet.com Vol 405 April 26, 2025

OR >2). The demographic and lifestyle factors with a
moderate association were BMI of 30-0-34-9 kg/m2
compared with BMI of 18-5-24-9 kg/m2 (adjusted
OR 1.51 [95% CI 1-32-1-72]; 3409963 women,
ten studies). The demographic and lifestyle factors with a
weak association with postpartum haemorrhage were
BMI of 25-0-29-9 kg/m?2 compared with BMI of
18-5-24-9 kg/m?2 (adjusted OR 1-21[95% CI 1-13-1-30];
3409963, ten studies); Asian ethnicity compared with
White ethnicity (1-15 [1-04-1-27]; 2598284 women,
three studies); and Black ethnicity compared with White
ethnicity (1-44 [1-03-2-01]; 2598284, three studies;
figure 4).

Skin-to-skin contact and breastfeeding had an adjusted
OR of less than 1 when its association with postpartum
haemorrhage was estimated: (adjusted OR 0-55 [95% CI
0-42-0-73]; 7548 women, one study; figure 4).

The medical risk factors for postpartum haemorrhage
that showed a strong association with postpartum
haemorrhage were anaemia (adjusted OR 2-36 [95% CI
1-29-4-32]; 167573 women, two studies), female genital
mutilation (adjusted OR 2-14 [95% CI 1-43-3-20];

25343 records identified
11496 MEDLINE
5761 Web of Science
614 Embase
6784 Google Scholar
688 Cochrane Library

12202 records removed before screening
2006 case reports
65 books
456 comments
122 editorials
P 1862 non-English
112 non-human studies
754 review papers
114 systematic reviews
101 meta-analysis
6610 duplicate studies

A

| 13141 records screened |

12531 reports not retrieved due to being unrelated to

g the study objective

A4

| 610 reports assessed for eligibility |

283 reports excluded due to study objectives and
methods not being relevant for the review

>

A4

327 studies included in systematic
review and meta-analysis
22 for causes*
311 for risk factors*

Figure 1: Study selection
*Six of the included studies had data for both causes and risk factors.
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Number Number of postpartum Rate (95% ClI) Weight

of events haemorrhage events (%)
Uterine atony
Bateman et al (2010) 20353 25654 ] 79-3(78-8-79-8) 239
Bonnet et al (2013) 10435 16498 ] 633 (62:5-64-0) 239
Chenetal (2021) 1033 1243 | 83-1(81.0-85-2) 239
Harvey et al (2017) 8962 12142 | 73-8(73-0-74-6) 239
Lutomski et al (2012) 12800 16909 ] 757 (75:1-76-3) 239
Marshall et al (2017) 31549 41210 L] 766 (76:1-77-0) 239
Mehrabadi et al (2012) 22100 28221 | 783 (77-8-78-8) 239
Mehrabadi et al (2014) 97920 122676 ] 79-8(79:6-80-0) 239
Mousa et al (2008) 129 306 E 3 422 (36-6-47-7) 2:37
Reale et al (2020) 449578 569086 ] 79:0(78:9-79-1) 239
Shahbazi Sighaldeh et al (2020) 141 215 - 65-6 (59-2-71-9) 236
Talungchit et al (2012) 259 360 - 719 (67:3-76-6) 238
Tiruneh et al (2022) 69 94 —-— 734 (64-5-82:3) 234
Traoré et al (2018) 38 93 | 40-9 (30-9-50-9) 233
Heterogeneity: ’=0-02 <> 70-6 (63-9-77-3)
Genital tract trauma
Bonnet et al (2013) 2351 16498 | | 14-3 (13-7-14-8) 239
Chenetal (2021) 43 1243 ] 35 (2:4-4-5) 239
Mousa et al (2008) 88 306 E 3 28-8(23-7-33-8) 237
Shahbazi Sighaldeh et al (2020) 57 215 E 3 26-5(20-6-32-4) 237
Tiruneh et al (2022) 12 94 - 12-8 (6-0-19-5) 236
Traoré et al (2018) 16 93 - 172(9:5-24-9) 235
Heterogeneity: ’=0-01 <> 16-9 (9-3-24-6)
Retained placenta
Bateman et al (2010) 2466 25654 ] 9-6 (9:3-10:0) 239
Bonnet et al (2013) 3014 16498 ] 183 (17:7-18-9) 239
Marshall et al (2017) 3462 41210 ] 8-4(8-1-87) 239
Mehrabadi et al (2012) 4859 28221 ] 172 (16:8-17-7) 239
Mehrabadi et al (2014) 18383 122676 | 15-0 (14-8-15-2) 239
Shahbazi Sighaldeh et al (2020) 36 215 - 167 (11-8-217) 237
Talungchit et al (2012) 81 360 - 225 (18-2-26-8) 238
Tiruneh et al (2022) 13 94 - 13-8 (6-9-20-8) 236
Traoré et al (2018) 31 93 — 333(23-8-42.9) 233
Heterogeneity: °=0-00 <> 16-4 (12-3-20-5)
Abnormal placentation
Bonnet et al (2013) 322 16498 ] 2:0(17-2-2) 239
Onwere et al (2011) 758 13140 ] 5.8 (5-4-6-2) 239
Heterogeneity: ©=0-00 <> 3:9(0-1-7-6)
Coagulopathy
Bateman et al (2010) 1349 25654 | 5-3(5:0-5:5) 239
Bonnet et al (2013) 115 16498 0-7 (0-6-0-8) 239
Chen etal (2021) 17 1243 1-4 (0-7-2:0) 239
Marshall et al (2017) 3069 41210 7-5(7-2-7-7) 239
Mehrabadi et al (2012) 178 28221 0-6 (0:5-0-7) 239
Mehrabadi et al (2014) 1057 122676 0-9 (0-8-0-9) 239
Mousa et al (2008) 2 306 0-7 (0-0-1-6) 239
Talungchit et al (2012) 5 360 14 (0-2-2:6) 239
Traoré et al (2018) 8 93 8:6(2:9-143) 2:37
Heterogeneity: ’=0-00 2.7 (0-8-4-5)
Multiple causes
Mousa et al (2008) 29 306 9-5(6-2-12-8) 238
Talungchit et al (2012) 23 360 6-4(3-9-8:9) 239
Heterogeneity: ’=0-00 7-8 (4-7-10-8)
Random-effects restricted maximum likelihood model

0 20 40 60 &0
Rate of cause of postpartum
haemorrhage (%)

Figure 2: Rates of causes of postpartum haemorrhage

40157 women, five studies), liver cirrhosis (crude OR 4-43
[95% CI 3-20-6-13]; 8186 women, four studies), sepsis
(adjusted OR 2-31[95% CI 1-55-3-46]; 10619435 women,
three studies), suicidal behaviour (adjusted OR 2-11

[95% CI 1-58-2-83]; 23696522 women, two studies;
appendix pp 107-08), tuberculosis (crude OR 2-39
[95% CI 2-25-2-54]; 57393459 women, one study), and
venous thromboembolism (adjusted OR 4-38 [95% CI

www.thelancet.com Vol 405 April 26, 2025
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Number Number of severe and Rate (95% Cl) Weight
of events refractory postpartum (%)
haemorrhage events
Uterine atony
Al-Zirgi et al (2008) 1054 3501 n 301(28:6t031:6) 402
Kodan et al (2020) 102 180 —— 56-7(49-4t063-9) 3-82
Deleu et al (2021) 599 1495 401 (37-6t042:6) 401
Ladfors et al (2021) 16803 43312 38:8(38:3t0393) 4-03
Ueda et al (2022) 12837 31261 411(405t041:6)  4-03

Widmer et al (2020) 161 361
Heterogeneity: ©'=0-01
Genital tract trauma

Al-Zirqi et al (2008) 485 3501
Kodan et al (2020) 12 180
Deleu et al (2021) 399 1495
Ladfors et al (2021) 3134 43312
Ueda et al (2022) 1153 31261
Widmer et al (2020) 68 361

Heterogeneity: '=0-01
Retained placenta

Al-Zirgi et al (2008) 664 3501
Kodan et al (2020) 35 180
Deleu et al (2021) 211 1495
Ladfors et al (2021) 8456 43312
Ueda et al (2022) 773 31261
Widmer et al (2020) 32 361
Heterogeneity: '=0-00

Abnormal placentation

Al-Zirqi et al (2008) 88 3501
Deleu et al (2021) 79 1495
Uedaetal (2022) 7959 31261
Zlatnik et al (2007) 135 6658
Heterogeneity: '=0-01

Coagulopathy

Al-Zirqi et al (2008) 24 3501
Kodan et al (2020) 4 180

Heterogeneity: '=0-00

Multiple causes

Widmer et al (2020) 99 361
Heterogeneity: ©'=0-00

Random-effects restricted maximum likelihood model
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Figure 3: Rates of causes of severe and refractory postpartum haemorrhage

1-75-10-97); 772 women, one study). The medical risk
factors showing a moderate association were COVID-19
(adjusted OR 1-85 [95% CI 1-56-2-18]; 323959 women,
five studies), Ehlers-Danlos syndrome (adjusted OR 1-66
[95% CI 1-09-2-52]; 14513666 women, two studies),
gestational diabetes (crude OR 1-88 [95% CI 1-16-3-03];
4679 women, six studies), liver disease (crude OR 1-64
[95% CI 1-12-2-42]; 18650041 women, ten studies),
pancreatitis (adjusted OR 1-90 [95% CI 1-55-2-33];
13815919 women, one study), polyhydramnios (adjusted
OR 1.73 [95% CI 1-32-2.28]; 107350 women,
three studies), pre-eclampsia (adjusted OR 1-54 [95% CI
1-48-1-60]; 1697353 women, three studies), and von
Willebrand disease (crude OR 1-52 [95% CI 1-29-1-80];
601959 women, two studies; adjusted OR 3-82 [95% CI
0-78-18-70]; 66 women, one study). The medical risk
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factors showing a weak association were hypo-
thyroxinaemia (crude OR 1-32 [95% CI 1-05-1-66]; 7051
women, one study; adjusted OR 1-29 [95% CI 0-98-1-69];
7051 women, one study), asthma (adjusted OR 1.-24
[95% CI 1-13-1-36]; 82900342 women, three studies),
psoriasis (adjusted OR 1-40 [95% CI 1-04-1-89];
2350330, one study), thrombocytopenia (adjusted
OR 1-40 [95% CI 1-04-1-89]; 233681 women,
three studies), uterine fibroids (adjusted OR 1-20[95% CI
1-06-1-35]; 113984, one study), vitamin D insufficiency
(adjusted OR 1-07 [95% CI 1-03-1-12]; 399 women,
one study); antidepressant use overall (adjusted OR 1-47
[95% CI 1-28-1-70]; 764865 women, six studies),
cannabis use disorder (adjusted OR 1-09 [95% CI
1-08-1-11]; 73109790 women, one study), opioid use
disorder (adjusted OR 1-16 [95% CI 1-14-1-19];
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Crude estimates Number of women 0dds ratio
(studies) (95% Cl)
Demographic risk factors
Maternal age, years
20-24v525-29 2669924 (4) — 0-91 (0-78-1:07)
30-34vs 25-29 2509495 (2) - 1.03 (0-95-1-12)
35-39vs 20-34 4147752 (2) ™ 1-15(0-96-137)
240 vs 20-34 4133152 (5) — . 165 (1-25-2-18)
Ethnicity
Asian vs White 1473580 (4) - 1-14 (1-10-1-19)
Hispanic vs White 1308194 (4) = 176 (1-03-3.03)
Black vs White 1430499 (5) — 141 (112-178)
BMI, kg/m?
<18:5vs18:5-24-9 1826851 (11) . 0-82 (0-74-0-91)
25-29-9vs18-5-24-9 2564608 (16) —.— 1.24 (116-1-34)
30-34-9 vs 18-5-24-9 2100410 (13) —. 1.58 (1-34-1-86)
35-39-9vs 18-5-24-9 1816586 (3) —— 1:33(0-91-1.95)
240vs 18-5-24-9 1739356 (3) o 1.02 (0-84-1-24)
Lifestyle-related risk factors
Skin-to-skin contact and breastfeeding (pronurturance) vs none 7548 (1) - 0-26 (0-20-0-33)
Cigarette smoking vs no smoking 9096788 (1) 0-95 (0-93-0-96)
Alcohol consumption vs no alcohol consumption 1191295 (1) 1& 110 (0-97-126)
T T T T T T
Adjusted estimates
Demographic risk factors
Maternal age, years
20-24 vs 25-29 5285268 (6) - 1.00 (0-92-1-08)
30-34vs525-29 4942851 (5) 'S 0-98 (0-95-1.02)
35-39vs 20-34 4960100 (5) - 1.05(0-99-1-11)
>40vs20-34 4960100 (5) T 115 (0-93-1-43)
Ethnicity
Asian vs White 2598284 (3) --— 115 (1-04-1-27)
Hispanic vs White 1616483 (2) - 1-44 (0-71-2:91)
Black vs White 2598284 (3) —a— 144 (1:03-2-01)
BMI, kg/m?
<18-5vs18-5-24-9 3362867 (8) - 0-92 (0-89-0-96)
25-29-9 vs 18-5-24-9 3409963 (10) —-— 1.21(1-13-1:30)
30-34-9vs18-5-24-9 3409963 (10) —— 151(132-172)
35-39:9 vs 18:5-24-9 3345283 (4) —— 136 (1-04-178)
240 vs 18.5-24-9 3321042 (3) - 1.41(0-96-2-06)
Lifestyle-related risk factors
Skin-to-skin contact and breastfeeding (pronurturance) vs none 7548 (1) —— 0-55 (0-42-0-73)
Cigarette smoking vs no smoking 9096788 (1) - 0-94 (0-90-0-98)
Alcohol consumption vs no alcohol consumption 1191295 (1) — . 0-80 (0-69-0-93)
O«IS 1 1-‘5 2-‘0 2?5 3!0 3“5
+— —>
Reduced risk Increased risk

Figure 4: Demographic and lifestyle-related risk factors for postpartum haemorrhage

73109790 women, one study), and codeine use (adjusted
OR 1-20 [95% CI 1-06-1-35]; 67982 women, one study;
figure 5).

Results for pregnancy-related risk factors for
postpartum haemorrhage are shown in figure 6. The
pregnancy-related risk factors with a strong association
were previous postpartum haemorrhage (adjusted
OR 3.17 [95% CI 2-42-4.16]; 1137846 women,
four studies), previous stillbirth (2-31 [1-44-3.71];

3476 women, one study), no antenatal care visits
(2-78 [1-78—4-36]; 2083 women, three studies),
incarcerated uterus (2-80 [1-79—4-38]; 9096788 women,
one study), multiple pregnancy (5-86 [5-50-6-25]; 210132
women, one study), placenta praevia (3-10 [1-61-5-97];
512289 women, four studies), resolved placenta praevia
(335 [2-43—4-62]; 1706 women, two studies), assisted
reproductive  technology wuse (2-40 [2-08-2-76];
21657010 women, 16 studies), and frozen embryo transfer
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A
Crude estimates Adjusted estimates
Number of 0dds ratio Number of 0dds ratio
women (95% Cl) women (95% Cl)
(studies) (studies)
Anaemia vs no anaemia 508028 (13) —_— 1-68 (1-20-2:34) 167573 (2) 2:36(1-29-4-32)
Asthma vs no asthma 80926149 (3) —-— 126 (114-1-39) 82900342 (3) - 124 (113-1:36)
Blood group O vs non-0 212212 (3) lm— 108 (0-96-1-21) - -
Rh-negative vs Rh-positive 1664610 (1) - 1.21(1:08-1:36) 1664610 (1) te— 110 (0-98-1-23)
Cancer survivors vs no cancer 33344443 (7) o 116 (0-94-1-44) 33344443 (7) — 111(0-94-130)
Current cancer vs no cancer 155263961 (7) - 115 (1.01-132) 198413 353 (7) -— 1.07 (0-97-1-18)
Coeliac disease vs no disease 15030131 (4) I — 1-18 (0-94-1-49) 14877517 (2) - 1-17 (0-90-1-51)
COVID-19 vs no COVID-19 431827 (5) — 158 (119-2-11) 323959 (5) — - 1.85 (1.56-218)
Physical disability vs no disability 3941675 (2) - 1-00 (0-94-1-05) - -
Ehlers-Danlos syndrome vs no disease 14513758 (2) —_—. 1-46 (1.07-2:00) 14513666 (2) —_— 1:66 (1.09-2.52)
Endometriosis vs no endometriosis 3240288 (8) —- 1-29 (1-04-1-59) 2732288(7) -a— 1-17 (0-99-1-38)
Epilepsy vs no disease 603057 (5) —— 116 (1-04-1-29) 598568 (3) -— 1.08 (0-93-1-25)
Female genital mutilation vs no female genital mutilation 67017 (7) —_—.— 1-80 (1-41-2-29) 40157 (5) —_. 2:14 (1-43-3-20)
Gestational diabetes vs no gestational diabetes 4679 (6) S — 1.88 (1-16-3-03) 218 (1) » 939 (1:09-80-65)
HIV vs no HIV 7820603 (7) . 119 (0-97-1-47) 7775333(2) —f@—— 110 (0-70-1-74)
Hypertension vs no hypertension 22480 (2) B 140 (0-77-2:54) - -
Hypothyroxinaemia vs no hypothyroxinaemia 7051 (1) —- 1-32 (1-05-1-66) 7051 (1) - 1-29 (0-98-1-69)
Hypokalaemia vs no hypokalaemia 12431909 (1) - 138(134-1-42) 12431909 (1) - 142 (1:31-1:53)
Inflammatory bowel disease vs no disease 9439796 (6) le— 117 (0-98-1-41) 380452 (3) - 1.06 (0-96-1-17)
Lipid metabolism disorders vs no lipid metabolism disorders 13792544 (1) - 140 (1.26-1.56) 13792544 (1) - 134 (121-1-48)
Liver disease vs no disease 18650041 (10) —_—. 1-64 (1-12-2-42) - -
Liver cirrhosis vs no liver cirrhosis 8186 (4) —= 443(3:20-6:13)
Hepatitis B vs no Hepatitis B 124560 (3) - 1-08 (0-92-1-27)
Hepatitis E vs no Hepatitis E 220(1) 1.58 (0-65-3-81)
Autoimmune hepatitis vs no autoimmune hepatitis 18475245(1) —a—— 1:01(0:70-1-45) -
Non-alcoholic fatty liver disease vs no disease 14708 (1) —f— 1.17 (0-75-1-82) - -
Pancreatitis vs no pancreatitis 13815919 (1) [ 1:99 (1-62-2-44) 13815919 (1) —. 190 (1-55-2:33)
Polyhydramnios vs no polyhydramnios 119640 (5) —_. 184 (1:36-247) 107350 (3) —_— 173 (1-32-2:28)
Pre-eclampsia vs no pre-eclampsia 1460124 (2) B ———— 212(131-343) 1697353 (3) - 154 (1-48-1-60)
Psoriasis vs no psoriasis 2350339 (1) —_— 1.55 (1-15-2-09) 2350330(1) |—a— 1-40 (1-04-1-89)
Sepsis vs no sepsis 10614461 (3) 258 (1-62-4-12) 10619435 (3) B 2:31(1-55-3-46)
Thrombocytopenia vs no thrombocytopenia 45943 (4) —_— 142 (1-07-1-88) 233681 (3) - 1-40 (1-04-1-89)
Tuberculosis vs no tuberculosis 57393459 (1) —-— 2:39 (2-25-2:54) - -
Uterine fibroids vs no uterine fibroids 112532 (2) 2.50 (1-00-6-25) 113984 (1) - 1-20 (1.06-1-35)
Venous thromboembolism vs no venous thromboembolism 307363 (5) - ® , 352(204-608) 772 (1) _ » 438(175-1097)
Vitamin D insufficiency vs vitamin D sufficiency 981(2) 428 (139-13-23) 399 (1) = 1.07 (1-03-112)
von Willebrand disease vs no von Willebrand disease 601959 (2) —. 152 (1-29-1-80) 66 (1) 3.82(078-18.70)
0I~5 10 1l5 2!0 2~I5 3~I0 3!5 0‘-5 1.0 ll-5 2!0 2‘-5 3!5
“— — “«— —
Reduced risk Increased risk Reduced risk Increased risk
B
Antidepressant use overall vs no antidepressants 799941 (6) - 145 (1-26-1.68) 764865 (6) —a 1-47 (1-28-1.70)
Psychosis vs none 23507597 (1) - 119 (116-1-23) - -
Cannabis use disorder vs none B - 73109790 (1) - 109 (1-08-1-11)
Opioid use disorder vs none - - 73109790 (1) - 116 (114-1-19)
Codeine use vs none 67982 (1) —. 132 (120-1-46) 67982 (1) - 120 (1-06-135)
T T T T T T T T T T T
05 1.0 15 2:0 2:5 30 35 05 1.0 15 2:0 2:5 35
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Figure 5: Medical risk factors (A and B) for postpartum haemorrhage

in programming cycles versus frozen embryo transfer in
natural cycles (265 [2-23-3-14]; 30615 women,
two studies). The pregnancy-related risk factors with a
moderate association were antepartum haemorrhage
(crude OR 2-09 [95% CI 0-74-5-89]; adjusted OR 1-94
[95% CI 0-69-5-44]; 229232 women, two studies) and
medical termination of pregnancy versus surgical
termination of pregnancy (adjusted OR 1-71 [95% CI
1-26-2-31]; 45632 women, one study; appendix
pp 107-08). The pregnancy-related risk factors with a
weak association were previous medical termination of
pregnancy versus primigravid women (adjusted OR 1-48
[95% CI 1-20-1-83]; 45632 women, one study) and grand
multiparous versus multiparous (1-20 [1-10-1-30];
290572 women, one study; appendix pp 107-08).

The labour and birth risk factors for postpartum
haemorrhage with a strong association were caesarean
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birth (adjusted OR 5-18 [95% CI 3-42-7-85]; 1014 women,
one study), fetal macrosomia with birthweight =5000 g
(adjusted OR 3-25 [95% CI 1-30-8-14]; 215492 women,
two studies), fetal macrosomia with Dbirthweight
45004999 g (adjusted OR 2-08 [95% CI 1-70-2-54];
277097 women, four studies), and shoulder dystocia (crude
OR 2:06 [95% CI 1-67-2-54]; 177937 women, two studies).
The labour and birth risk factor with a moderate association
was fetal macrosomia with birthweight 40004499 g
(adjusted OR 1-67 [95% CI 1-54-1-80]; 277097 women,
four studies). The following labour and birth risk factors
had a weak association with postpartum haemorrhage:
induction of labour (adjusted OR 1-37[95% CI 1-22-1-54];
295053 women, nine studies), instrumental birth (adjusted
OR 1-44[95% CI 1-03-2-00]; 1166 162, three studies), and
premature rupture of membranes (crude OR 1-39 [95% CI
1-28-1-51]; 108689 women, two studies; figure 7).
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Crude estimates Number of Odds ratio
women (95% CI)
(studies)
Past pregnancy-related risk factors
Previous postpartum haemorrhage vs no previous postpartum haemorrhage 714372 (3) 421(2:96-5:99)
Miscarriage vs no previous miscarriage 12445 (2) - 150 (126 -1.77)
History of previous stillbirth vs no history 3476 (1) 218 (137-3-47)
Multiparous vs primiparous 108059 (1) - 1.04(0-96-1-13)
Grand multiparous vs nulliparous 3678 (1) = 262 (1:24-5:52)
Great grand multiparous vs multiparous 53990 (2) 200 (1-44-2.76)
Grand multiparous vs multiparous 364475 (8) 1.48 (114-1.91)
Great grand multiparous vs grand multiparous 14363 (2) | 157 (0.77-322)
Ectopic vs no ectopic pregnancy - .
Current pregnancy-related risk factors
Current stillbirth vs no current stillbirth 7041 (1 X 25
Threatened miscarriage vs no threatened miscarriage 39474 Ez; i;g 822—27855))
No antenatal care visit vs antenatal visit 3303 (5) 365 (2:67-4-98)
Antepartum haemorrhage vs no antepartum haemorrhage 229232(2) 2.09 (0-74-5-89)
Incarcerated uterus vs no incarcerated uterus 9096788 (1) 2.64 (1.78-3-90)
Multiple pregnancy vs no multiple pregnancy 339139 (4) - 262(214-321)
Placenta praevia vs no placenta praevia 274154 (7) 273 (1-61-4-66)
Resolved placenta previa vs normal placenta 1706 (2) - 2.71(1:79-4-10)
Retained placenta vs no retained placenta 10796 (1) - 8.06 (6-54-9-93)
Early amniotomy vs late amniotomy 285(1) . 1.25 (0-55-2-82)
Assisted reproductive technology vs spontaneous conception 24252095 (22) - 2.87 (2-45-336)
Frozen embryo transfer programmed cycle vs frozen embryo transfer natural cycle 22116 (2) - 3.09 (2:22-4-31)
T T T T T T
Adjusted estimates
Past pregnancy-related risk factors
Previous postpartum haemorrhage vs no previous postpartum haemorrhage 1137846 (4) —_—. 317 (2:42-4-16)
Miscarriage vs no previous miscarriage 33071 (1) — 110 (0-81-1-50)
History of previous stillbirth vs no history 3476 (1) ——— 231 (1-44-3.71)
Multiparous vs primiparous N .
Grand multiparous vs nulliparous
Great grand multiparous vs multiparous . -
Grand multiparous vs multiparous 290572 (1) - 120 (1-10-1-30)
Great grand multiparous vs grand multiparous . .
Ectopic vs no ectopic pregnancy 1117571 (1) - 1.08 (0-98-119)
Current pregnancy-related risk factors
Current stillbirth vs no current stillbirth .
Threatened miscarriage vs no threatened miscarriage 39260 (1 ) - 108 (0-99-1-18)
No antenatal care visit vs antenatal visit 2083 (3) —_—.—— 2.78 (1.78-4-36)
Antepartum haemorrhage vs no antepartum haemorrhage 229232(2) » 1.94 (0-69-5-44)
Incarcerated uterus vs no incarcerated uterus 9096788 (1) —_— 2.80(179-438)
Multiple pregnancy vs no multiple pregnancy 210132 (1) —— 5-86 (5-50-6-25)
Placenta praevia vs no placenta praevia 512289 (4) - 3.10 (1-61-5:97)
Resolved placenta previa vs normal placenta 1706 (z) e — 335(2:43-4-62)
Retained placenta vs no retained placenta .
Early amniotomy vs late amniotomy 285 (1 ) R — 0-95 (0-39-2:29)
Assisted reproductive technology vs spontaneous conception 21657010 (16) —.— 2:40 (2:08-2:76)
Frozen embryo transfer programmed cycle vs frozen embryo transfer natural cycle 30615 (2) - 2.65(2-23-3-14)
T T T T T T
05 1.0 2.0 30 40 5-0 6-0
“— —»
Reduced risk Increased risk

Figure 6: Pregnancy-related risk factors for postpartum haemorrhage

We present additional risk factors for postpartum
haemorrhage in the appendix (pp 107-08). Forest plots
representing the crude and adjusted ORs for all identified
risk factors for postpartum haemorrhage are presented
in the appendix (pp 109-87).

We were unable to perform subgroup analyses for the
causes of postpartum haemorrhage by mode of birth
(vaginal birth vs caesarean birth) as only a limited
number of our included studies disaggregated data for
mode of birth. Most studies provided combined data for
vaginal and caesarean birth.

For most risk factors, we were unable to undertake
subgroup analyses by income setting (HIC vs LMIC), due
to a paucity of available data. However, we did have data to
undertake subgroup analyses for BMI 25-29-9 kg/m?

compared with BMI 18-5-24-9 kg/m2, and assisted
reproductive technology compared with spontaneous
conception. In both cases, there was no significant
difference between subgroups by income setting
(appendix p 192). We were unable to undertake subgroup
analyses by country due to insufficient data to generate
subgroups with enough studies to allow reliable analysis.”

Discussion

We identified a range of risk factors and their levels of
association with postpartum haemorrhage. We found that
the pooled rates for the causes of postpartum haemorrhage,
for which we were able to identify data, showed that
uterine atony was the commonest cause. This finding is
consistent with previously published data,” and supports
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Crude estimates Number of 0dds ratio
women (95% C1)
(studies)
Induction of labour vs no induction of labour 66816 (16) - 1-25 (1-04-1-50)
Augmentation of labour vs none 118943 (4) — - 1-11(0-81-1-54)
Home birth vs hospital delivery 179681 (6) —a— 0-56 (0-43-0-73)
Caesarean birth vs spontaneous vaginal birth 1014 (1) —_—.———— 4-27 (3:20-5-69)
Instrumental delivery vs spontaneous vaginal birth 721198 (2) — 1.57 (0-81-3-01)
Shoulder dystocia vs none 177937 (2) — 2:06 (1-67-2-54)
PROM vs non-PROM 108689 (2) - 1-39 (1.28-1:51)
Birthweight 4000-4499 g vs <4000 g 127448 (3) - 1.50 (1-37-1-65)
Birthweight 4500-4999 g vs <4000 g 113840 (3) - = 2:53 (1-66-3-86)
Birthweight 25000 g vs <4000 g 55677 (1) » 417 (2-85-6-10)
T T T T T T
Adjusted estimates
Induction of labour vs no induction of labour 295053 (9) - 1-37 (1-22-1.54)
Augmentation of labour vs none 134169 (4) 4 128 (0-85-1-94)
Home birth vs hospital delivery 164866 (4) —m—— 0-56 (0-38-0-82)
Caesarean birth vs spontaneous vaginal birth 1014 (1) | 518 (3-42-7-85)
Instrumental delivery vs spontaneous vaginal birth 1166162 (3) — 1-44 (1-03-2-00)
Shoulder dystocia vs none
PROM vs non-PROM
Birthweight 4000-4499 g vs <4000 g 277097 (4) - 1.67 (1-54-1-80)
Birthweight 4500-4999 g vs <4000 g 277097 (4) —— 2:08 (1.70-2-54)
Birthweight 5000 g vs <4000 g 215492 (2) » 3-25(1:30-8:14)
0"5 1.0 2<IO 3-‘0 4!0 5»‘0 6‘»0
+— —»
Reduced risk Increased risk

Figure 7: Labour and birth risk factors for postpartum haemorrhage
PROM=premature rupture of membrane.

the global recommendations for all women giving birth to
be given prophylactic uterotonics for postpartum
haemorrhage prevention.” The other causes of postpartum
haemorrhage, in descending order of frequency, were
genital tract trauma, retained placenta, abnormal
placentation, and coagulopathy. The results showed that
multiple causes (two or more concurrent causes) were also
important for causing postpartum haemorrhage. This
finding lends itself to the use of treatment bundles in the
management of postpartum haemorrhage to address
several causes that might coexist. One such bundle is the
MOTIVE bundle that provides first-response treatment
regardless of the cause of bleeding.”

The results for the pooled rates of causes in severe
postpartum haemorrhage and refractory postpartum
haemorrhage showed that atony was still the commonest
cause, but to a lesser extent than for postpartum
haemorrhage. Severe and refractory postpartum
haemorrhage generally  occur  after  initial
postpartum haemorrhage treatments, which mainly
focus on the management of atony; therefore, it is
expected that atony will have a diminished representation
in those who continue to bleed beyond initial postpartum
haemorrhage treatments.

Our review identified both modifiable and non-
modifiable risk factors for postpartum haemorrhage.

www.thelancet.com Vol 405 April 26, 2025

Modifiable risk factors allow for lifestyle factor
adjustments and correction of deficiencies to potentially
lessen their impact. For non-modifiable risk factors,
health-care providers might improve outcomes with
advanced planning of care, enhanced postpartum
haemorrhage prophylaxis, and prompt postpartum
haemorrhage treatment.

Modifiable risk factors associated with postpartum
haemorrhage in our review included high BMI, anaemia,
hypertension, vitamin D insufficiency, cannabis and
opioid use, and the absence of antenatal care.

Our study showed a biological gradient for the
association of BMI and postpartum haemorrhage.
Higher BMI categories had stronger associations with
postpartum haemorrhage. It is important to consider
regional variations with different cutoff values for BMI
categories. The health implications of cutoff values for
BMI categories for Asian populations, for example, are
different to those for European populations.*

An estimated 37% of pregnant women globally are
anaemic.” Anaemia impacts a pregnant women’s ability
to cope with complications such as postpartum
haemorrhage, infection, and cardiovascular com-
promise. Iron deficiency is a leading cause of anaemia,
and nutrition programmes for pregnant women might
help to reduce its effect.” The association of anaemia
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and postpartum haemorrhage might be due to
compensatory increased placental size and vascularity,”
or due to decreased myometrial strength seen in iron
deficiency states,” both of which increase the likelihood
of bleeding.

The association of no antenatal care with postpartum
haemorrhage highlights the importance of providing
regular antenatal care to pregnant women to identify
other risk factors, such as high BMI, anaemia, and
history of previous postpartum haemorrhage.* Once
identified, these risk factors can be addressed through
lifestyle and dietary advice in the case of high BMI, and
correction of deficiencies in the case of anaemia due to
iron deficiency. Knowledge of a previous history of
postpartum haemorrhage may necessitate closer
monitoring of women giving birth.

We highlighted several underlying medical conditions
with an association with postpartum haemorrhage, which
if optimised might reduce the chances of postpartum
haemorrhage occurring. These included gestational
diabetes, asthma, venous thromboembolism, and
COVID-19 infection. The association of gestational
diabetes with postpartum haemorrhage in some women
might be due to it being a risk factor for macrosomia,”
which itself is a risk factor for postpartum haemorrhage.
Asthma is known to be associated with other risk factors
for postpartum haemorrhage, such as hypertension and
obesity.”” The treatment of venous thromboembolism
involves administration of anticoagulants, which can
increase the risk of bleeding. This reason might account
for the association of venous thromboembolism with
postpartum haemorrhage. COVID-19 infection results in
a prothrombotic state. Despite this, it is associated with
an increased risk of postpartum haemorrhage. This
association might be due to the administration of
anticoagulants for the treatment of COVID-19 in patients,
which can increase the risk of bleeding. As the COVID-19
pandemic was limited to a restricted time period, it
represents an exceptional scenario, which might be less
applicable in the future.

We highlighted antidepressant use as an example of a
non-modifiable risk factor with an association with
postpartum haemorrhage. Antidepressants such as
selective serotonin reuptake inhibitors cause serotonin
depletion in platelets and hinder blood clotting,’ therefore
increasing the likelihood of bleeding. Pregnant women
taking such medication might need closer monitoring of
their blood clotting profile.

Risk factors that had an association with a reduced
likelihood of postpartum haemorrhage included skin-to-
skin contact and breastfeeding. Both result in
endogenous oxytocin release, which causes contraction
of the uterus and reduces bleeding.* For smoking and
alcohol consumption, the estimates were from one study
each. The adjusted and crude ORs for smoking, and the
adjusted OR for alcohol consumption, showed an
association with a reduced likelihood of postpartum

haemorrhage. However, there was discordance between
the adjusted and crude ORs for alcohol consumption.

The adjusted ORs in our study did not show a
significant association between maternal age and
postpartum haemorrhage. This finding contrasts with
that of a previous study,* which showed an association
between increasing maternal age and complications
such as postpartum haemorrhage.

Strengths of our review included the comprehensive
and broad search strategy, which identified several large
cohort studies. This approach allowed us to pool rates
across local, regional, and national levels. Despite
searching databases as far back as 1960, only two of our
included studies were published before 2000, and so our
findings are based on more recent evidence. We performed
quality assessment using the established JBI quality
assessment tool” and found that most studies were of
high methodological quality. We identified no studies of
low methodological quality. Our analyses included several
large studies, so we used 12 rather than 2 when assessing
heterogeneity. In meta-analyses, values of 12 generally
remain unchanged as precision (the size of the included
studies) increases, whereas the values of I2 can quickly
increase towards 100% and create challenges for
interpretation.”” We categorised the strength of the
associations of the various risk factors with postpartum
haemorrhage by adapting the methods of Shih and
colleagues,” who established the following categories:
strong association (OR >2) and weak association (OR >1to
2). We subdivided the weak association category into weak
(OR >1 to <1-5) and moderate categories (OR >1-5 to 2).
This approach allowed us to distinguish risk factors with
strong, moderate, and weak associations with postpartum
haemorrhage.

A limitation of most of the studies included in our
analysis is the use of subjective visual estimation of blood
loss to quantify postpartum haemorrhage. Visual
estimation has been shown to be inaccurate, and so these
studies might not accurately capture the true rate of
postpartum haemorrhage.* A large international, cluster-
randomised trial® investigating postpartum haemorrhage
highlighted the importance of objective blood loss
measurement to accurately diagnose postpartum
haemorrhage and allow its prompt management. The
definitions of postpartum haemorrhage and severe
postpartum haemorrhage used by different studies
included in our review sometimes varied. For our
analysis, we relied on each individual paper’s stated
definition of postpartum haemorrhage and severe
postpartum haemorrhage. With regard to the factors
used by different studies to adjust their findings and
generate adjusted ORs, although common factors were
adjusted for, with maternal age being the commonest,
these factors did vary. This variation might have reduced
precision when adjusted ORs were pooled. For some of
the risk factors we identified, we only had data from a
single study, and occasionally a single, small study. We
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recognise that in such situations we might have
unreliable estimates. These estimates are mainly
presented in the appendix.

Notall of the risk factors we identified act independently.
Often risk factors might act through other connected risk
factors, as aforementioned in the case of gestational
diabetes and macrosomia. Other risk factors that might
be linked include macrosomia and shoulder dystocia,
and antepartum bleeding and anaemia. Reducing the
effect of one risk factor might be helpful in reducing the
effects of other connected risk factors.

Another limitation of our review was the inability to
disaggregate data for vaginal and caesarean births for the
causes of postpartum haemorrhage. Only a few primary
studies that looked at causes of postpartum haemorrhage
separated the rates of postpartum haemorrhage for
vaginal and caesarean birth. The rates of causes of
postpartum haemorrhage and the associations of risk
factors for postpartum haemorrhage might be different
for these two modes of birth.

Our review restricted eligible studies to those available
in English. We did not apply a language filter, but instead
excluded studies at the title and abstract screening stage.
This approach allowed us to include studies that had
originally been published in languages other than
English, but were then translated and made available in
English. Excluding non-English language studies might
have reduced the number of studies from, for example,
French, Spanish, and Chinese speaking countries.
However, we had substantial study representation from
non-English language speaking countries.

It is important to consider the prevalence of risk factors
in conjunction with the strength of their association with
postpartum haemorrhage when planning policy.
Incarcerated uterus had a strong association with
postpartum haemorrhage, but it is much rarer than a
risk factor such as Black ethnicity, which although weakly
associated with postpartum haemorrhage, presents a
greater global health burden due to its higher prevalence.

Women who have risk factors with a strong association
with postpartum haemorrhage, such as anaemia, history
of postpartum haemorrhage, and caesarean birth, can be
identified and prioritised for specific prevention and
treatments. WHO currently recommends oxytocin as
the wuterotonic agent of choice for postpartum
haemorrhage prevention for all births.* However, there
are other uterotonic agents, such as the combinations of
ergometrine plus oxytocin and misoprostol plus
oxytocin, which are more effective but have higher rates
of side-effects.” There has been reluctance to routinely
give all women these more effective agents due to the
concerns about side-effects. However, it might be
appropriate to offer these agents to women identified as
being at high risk for postpartum haemorrhage, due to
the presence of risk factors with a strong association
with postpartum haemorrhage, despite their increased
risk of side-effects.
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Future research should identify risk factors for specific

conditions, such as placenta spectrum disorder, and

severe

and refractory postpartum haemorrhage.

Identifying risk factors for severe and refractory
postpartum haemorrhage could allow for the anticipation
of escalation of care in these cases.

In summary, the synthesis of the available data in this

systematic review and meta-analysis highlights the rates
of causes of postpartum haemorrhage and identifies
several important risk factors and their strength of
association with postpartum haemorrhage. Risk factors
with a strong association include anaemia, previous

postpartum haemorrhage,

caesarean Dbirth, female

genital mutilation, sepsis, no antenatal care, multiple

pregnancy,

placenta praevia, assisted reproductive

technology use, macrosomia with birthweight more than
4500 g, and shoulder dystocia. This information can be
used to allocate appropriate resources to tackle the causes
of postpartum haemorrhage, identify women at high risk
of postpartum haemorrhage, optimise the modifiable
risk factors for postpartum haemorrhage, and mitigate
the non-modifiable risk factors.
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