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Abstract

Background. Postpartum hemorrhage (PPH) is a serious condition that can lead to several complications.
Many different factors precipitate PPH.

Objectives. To assess the role and impact of different factors such as body mass index (BMI), age, hyperten-
sion, parity, and embryo transfer on PPH.

Materials and methods. Thirty-one studies have been included in the current meta-analysis. The outcomes
of these studies were analyzed using a random-effects model and it was used to calculate the mean difference
(MD) with 95% confidence interval (95% Cl) in order to quantify the impact of different risk factors on PPH.

Results. Regarding the maternal age, older subjects (>35 years) showed a significantly higher incidence
of PPH (MD = 1.15, 95% Cl: 1.03—1.27, p = 0.01). On the other hand, BMI had no impact on the incidence
of PPH (MD=0.76, 95% (I: 0.26—2.24, p=0.62). At the same time, primiparous subjects, those with hyper-
tension and those in whom frozen—thawed embryo transfer (FTET) was performed showed a significantly
higher PPH incidence (MD = 1.27,95% (l: 1.02—1.56, p = 0.03; MD = 1.51, 95% (I 1.42-1.61, p < 0.001;
and MD = 1.43,95% (l: 1.11-1.85, p = 0.006, respectively).

Conclusions. The weight of the subjects is not a risk factor for PPH. However, a higher incidence of the disease
can be observed in older, hypertensive and primiparous subjects, as well as those in whom FTET performed.
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Introduction

Postpartum hemorrhage (PPH) is a medical emergency,
regardless of the type of delivery.! Postpartum hemorrhage
is defined as blood loss after delivery greater than 500 mL
and it occurs in 18% of births. About 3% of all vaginal
births are accompanied by severe PPH,? and this condi-
tion is a leading cause of maternal mortality. Severe PPH
is defined as blood loss of more than 1000 mL.!

Each year, about 14 million of people lose their lives due
to PPH.3 About half of all postpartum deaths occur dur-
ing the first 24 h, and the majority (66%) happen within
the first week. It is difficult to recognize the signs of a medi-
cal emergency during labor and the first 24 h after giving
birth, which contributes to maternal mortality.* The global
prevalence of PPH is estimated at 6% and 10%.> Accord-
ing to the previous systematic review of the epidemiology
of PPH,® the overall prevalence of PPH is between 6.09 and
10.55% (7.23% when objectively examined and 5.40% when
evaluated subjectively). The evaluation of prevalence ac-
cording to study design revealed a 5.95% prevalence in ob-
servational studies and a 13.94% prevalence in randomized
controlled studies.”

Postpartum hemorrhage-related deaths are more
prevalent in places with limited access to medical care.
The consequences of PPH may be exacerbated in such set-
tings by factors such as malnutrition, malaria and anemia.
In places with suitable infrastructure and medical care,
PPH-related deaths are quite uncommon.? To reduce the oc-
currence of PPH, midwives should assess the expectant
mother’s risk factors during each prenatal appointment.’
Pregnant women should be included in the care plan design,
and high-quality medical care should be made available
to them.” Midwives play an integral role in assessing risks,
implementing safeguards and obtaining medical attention.!°

According to the World Health Organization (WHO),
postpartum care should cater to the individual require-
ments of both mothers and newborns, to avoid potential
health problems and provide prompt medical attention
in the event of any.! Over 2/3 of women with PPH have
no identifiable risk factors.}? No risk factors for PPH have
been discovered, and the risk of PPH associated with high
multiparity and many pregnancies has grown, according
to the World Health Organization’s Recommendations for
the Prevention and Treatment of PPH.? A history of PPH,
being nulliparous, being multiparous (going into labor
more than 5 times), having coagulopathy (congenital or ac-
quired, use of drugs such as aspirin or heparin), abnor-
mal placental attachment, being older than 30, anemia,
excessive stretching of the uterus (multiple pregnancies,
polyhydramnios), and fetal macrosomia are all risk factors
for PPH in the antepartum period.'*!* The meta-analysis
approach has been used to analyze some of the maternal
characteristics in the antepartum period that either in-
crease or decrease the risk of PPH, in order to identify risk
factors that are directly associated with PPH.
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Over 5 million babies have been born thanks to in vi-
tro fertilization (IVF) as a therapy method of infertility.!®
The use of frozen—thawed embryos has become common-
place ever since the first successful live birth was reported
using a cryopreserved embryo transfer in 1984.16-18 Im-
proved perinatal outcomes of frozen—thawed embryo trans-
fer (FTET) due to the fast refining of embryo cryopreserva-
tion procedures have made FTET a competitive option for
fresh embryo transfer (FET).!*?° In light of the mounting
evidence showing that FET is superior to FET, “freeze-all”
cycles are replacing FETs in clinical practice.'>* The cur-
rent data that support embryo cryopreservation are based
on low-quality randomized controlled trials and individual
observational studies,®® which lack the power to demon-
strate statistically significant differences in some perinatal
outcomes when low background risk of complications ex-
ists. There is still some debate as to whether FTET provides
better clinical outcomes. Quantifying the risks of compli-
cations and bad birth outcomes calls for a meta-analysis.

Objectives

The study aims to assess the role and impact of different
factors such as body mass index (BMI), age, hypertension,
parity, and embryo transfer on the incidence of PPH.

Materials and methods
Study design

This systematic review and meta-analysis of clinical tri-
als was included in the epidemiological declaration and
had a set study protocol. For data collection and analysis,
several of databases were searched.

Data pooling

Prospective and retrospective cohort studies focusing
on the assessment of the impact of several risk factors
on the incidence of PPH were chosen for this analysis.
Human-related studies were included, regardless of lan-
guage. There were no restrictions regarding the sample
size. We did not include reviews, editorials or letters
to the editor because they do not report a measure of as-
sociation. The study procedure is depicted in Fig. 1.

Eligibility and inclusion

Analysis of the impact of different maternal character-
istics and embryo transfer on the incidence of PPH was
used to construct a summary.

The sensitivity analysis comprised only papers report-
ing the role of age, BMI, hypertension, parity, and em-
bryo transfer on PPH. Several methods of analysis were
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Fig. 1. Schematic diagram of the study procedure

BMI - body mass index.

employed to demonstrate the impact of different factors
on PPH.

The inclusion criteria were as follows:

1. Retrospective, prospective or cohort studies;

2. The target population consisted of individuals with
certain maternal characteristics related to age, BMI, parity,
hypertension, and embryo transfer;

3. Theintervention regimen of the included studies was
based on comparing the incidence of PPH among subjects
with different levels/scores for each analyzed outcome.

The exclusion criteria were as follows:

1. Studies that failed to identify the incidence rate (event
number or percent) of PPH;

2. Review articles, letters, books, and book chapters;

3. Studies not focusing on the comparison between dif-
ferent groups regarding the outcomes of the study.

Identification

According to the PICOS principle, a protocol of search
strategy was developed®? and defined as follows: P (popu-
lation) — female subjects with a previous history of preg-
nancy; I (intervention/exposure) — PPH incidence; C (com-
parison) — age (<35 years and >35 years), BMI (<25 kg/m?
and 225 kg/m?), blood pressure (hypertensive and nonhy-
pertensive women), parity (primiparity and multiparity),
and embryo transfer method (FTET and FET); O (outcome)
— number or percent of occurrence for each parameter
in different conditions; S (study design) — cohort studies.*?

Using the keywords and associated phrases listed
in Table 1, we conducted a complete search of the PubMed,
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Table 1. Search strategy for each database

Database | Search strategy

#1 “postpartum hemorrhage” [MeSH terms] OR
“maternal” [all fields]

#2 "age’[MeSH terms] OR "risk factors” [all fields]

#3 #1 AND #2

#1 “postpartum hemorrhage” [all fields] OR “maternal”
[all fields]

#2 "age’[all fields] OR "risk factors” [all fields]

#3  #1 AND #2

PubMed

ovID

#1 “postpartum hemorrhage”OR “maternal”
#2 "age"OR "risk factors”
#3 #1 AND #2

Google
Scholar

#1 "postpartum hemorrhage'/exp OR “maternal”
Embase #2 "age'/exp OR "risk factors”
#3 #1 AND #2

#1 "postpartum hemorrhage”: ti,ab,kw OR “maternal”:
ti,ab,kw (word variations have been searched)

#2 "age”: ti,ab,kw OR “risk factors": ti,ab,kw (word
variations have been searched)

#3  #1 AND #2

Cochrane
Library

ti,ab,kw — terms in either title or abstract or keyword fields;
exp — exploded indexing term.

OVID, Cochrane Library, Embase, and Google Scholar da-
tabases concerning studies published between January 2000
and August 2022. The titles and abstracts of all the pub-
lications that had been collated into reference managing
software have been reviewed. The 2 authors (CZ and CW)
indentified suitable studies.

Screening

According to the following criteria, data were com-
piled to include: study- and subject-related features
in a standard format, the surname of the first author,
the period of the study, the year of publication, the coun-
try of the study, the design of the study, the population
type recruited in the study, the total number of subjects,
qualitative and quantitative evaluation method, demo-
graphic data, clinical and treatment characteristics, in-
formation source, outcome evaluation, and statistical
analysis results.?* Each study was assessed for bias, and
the methodological quality of the chosen studies was
evaluated by 2 abovementioned authors in a blinded
fashion.

The Newcastle—Ottawa Scale (NOS), a quality and bias
assessment tool developed specifically for observational re-
search, was used to evaluate the quality and bias of the study.
The NOS examines the sample, the comparability of cases
and controls, and the exposure in observational studies,
and the resuls is expressed by assigning values between 0
and 9. Studies with a rating of 7-9 are of the highest qual-
ity and have the lowest risk of bias compared to those with
a rating of 4. Studies with a rating of 4—6 are considered
to be of moderate quality. Each study underwent a meth-
odological evaluation by the 2 abovementioned authors
(CW and CZ).
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Fig. 2. Forest plot showing the impact of age (<35 years and >35 years) on postpartum hemorrhage (PPH)

95% Cl — 95% confidence interval; df — degrees of freedom.

Statistical analyses

In the current meta-analysis, the mean difference (MD)
with a 95% confidence interval (95% CI) was calculated us-
ing a random-effects model. Since using the fixed-effects
model requires a high similarity between included studies
and low heterogeneity (I?) level, all groups were analyzed
using the random-effects model due to high heterogeneity
in some groups and inconsistent methodology in other
groups. The I? index (determined using Reviewer Man-
ager v. 5.3 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark) and expressed
in the form of forest plots), in a form of a numeric value
ranging from 0% to 100%, was calculated. Values ranging
from 0% to 25%, 50% and 75% indicated no, low, moder-
ate, and high heterogeneity, respectively. As previously
stated, the subcategory analysis was performed by stratify-
ing the initial evaluation into result categories. Publication
bias was investigated quantitatively using the Begg’s test
and publication bias was considered present if p > 0.05.3
To obtain the p-values, a two-tailed test was used. The sta-
tistical analysis and graphs were presented with Reviewer
Manager v. 5.3 and jamovi software v. 2.3 (https://www.
jamovi.org/) using the dichotomous model.

Results

After areview of 1526 relevant articles, a total of 31 stud-
ies published between January 2000 and August 2022 were
included in the meta-analysis because they fit the inclu-
sion criteria.?>~52 Table 2 summarizes the findings of these
investigations.

Age
Ten studies (the study by Butwock et al. was presented

twice in the same analysis, one for American subjects
and the other for Swedish subjects) including 3,168,287

subjects reported data stratified according to age (sub-
jects 235 years compared subjects <35 years; Fig. 2). Older
subjects had a higher incidence of PPH compared with sub-
jects younger than 35 years (MD = 1.15,95% CI: 1.03-1.27,
p =0.01, I* = 92%).

BMI

Nine studies including 791,597 subjects reported data
stratified according to BMI (BMI > 25 kg/m? compared
to BMI < 25 kg/m? Fig. 3). The weight of included sub-
jects had no impact on the incidence rate of PPH, as both
groups showed nonsignificant rates (MD = 0.76, 95% CI:
0.26-2.24, p = 0.62, 12 = 100%).

Parity

Eight studies including 1,120,995 subjects reported data
stratified according to parity (primiparous compared to mul-
tiparous subjects; Fig. 4). Multiparous subjects were associ-
ated with a lower incidence of PPH compared to primiparous
subjects (MD = 1.27, 95% CI: 1.02-1.56, p = 0.03, I = 39%).

Hypertension

Six studies including 365,354 subjects reported data
stratified according to the presence of hypertension dur-
ing pregnancy (hypertensive compared to nonhypertensive
subjects; Fig. 5). Hypertensive subjects had a higher PPH
incidence compared with nonhypertensive pregnant sub-
jects (MD = 1.51, 95% CI: 1.42-1.61, p < 0.00001, I = 0%).

Embryo transfer

Three studies including 8610 subjects analyzed the im-
pact of embryo transfer method (FTET compared to FET;
Fig. 6). Frozen—thawed embryo transfer showed a sig-
nificantly higher incidence of PPH compared with FET
(MD = 1.43, 95% CI: 1.11-1.85, p = 0.006, I? = 48%).
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Table 2. Characteristics of the studies selected for the meta-analysis

Year ‘ Country Total, n Gro:p l ‘ Gro:p 2 Group 1 characteristics cha?::i)tuepriftics
Bais et al.2? 2004 Netherlands 3464 149 3315 >35 years <35 years 9
Baker and Haeri?® 2012 USA 730 65 665 hypertensive not hypertensive 7
Basak et al. 2022 Bangladesh 104 53 51 primiparous multiparous 6
Biguzzi et al.® 2012 [taly 2699 2074 625 primiparous multiparous 8
Blomberg?® 2011 Sweden 1,114,071 494162 619,909 primiparous multiparous o
2011 Sweden 206,817 206,817 206,817 =35 years <35 years
Bujold et al?’ 2005 Germany 8217 5916 66 BMI > 25 kg/m? BMI < 25 kg/m? 7
Butwick et al 28 2021 USA 1,485,629 1,434,821 50,808 =35 years <35 years 9
2021 Sweden 328,729 323,344 5385 =35 years <35 years
Driessen et al.?? 2011 France 4546 700 3846 >35 years <35 years 9
Ford et al 2007 Australia 164,133 21,983 142,150 =35 years <35 years .
2007 Australia 164,043 15,343 148,700 hypertensive not hypertensive
Gofton et al.?! 2001 Canada 12,765 1331 11,434 hypertensive not hypertensive 9
Guo et al*? 2016 China 1516 587 929 FTET FTET [§
Halloran et al. 2012 USA 160,362 7912 1346 BMI > 25 kg/m? BMI < 25 kg/m? 9
Healy et al 34 2010 Australia 6730 2503 4227 FTET FTET 8
Lao et al?® 2014 China 64,886 12,686 52,200 >35 years <35 years 8
2021 China 1012 506 506 >35 years <35 years
Liuetal3® 2021 China 506 506 395 BMI > 25 kg/m? BMI < 25 kg/m? 8
2021 China 33,334 506 32,828 hypertensive not hypertensive
Luetal 2022 China 986 230 756 >35 years <35 years 6
Magann et al 3 2011 USA 27,563 2256 412 BMI > 25 kg/m? or more BMI < 25 kg/m? 8
Marzieh et al*° 2010 Iran 538 245 293 >35 years <35 years 6
Miller et al.4° 2017 USA 159 159 132 BMI > 25 kg/m? BMI < 25 kg/m? 6
Nove et al.4! 2012 UK 481,171 121,422 20,247 BMI > 25 kg/m? BMI < 25 kg m? 8
Otigbah et al.#? 2000 UK 602 266 336 primiparous multiparous 6
Puri et al.# 2011 India 38 18 20 primiparous multiparous 6
Sebire et al# 2001 UK 111,092 110,290 6 BMI > 25 kg/m? BMI < 25 kg/m? 7
Shabbir et al# 2014 Pakistan 2401 682 1719 primiparous multiparous 6
Sharma et al.# 2005 India 958 320 638 primiparous multiparous 7
Sheiner et al.#’ 2005 Israel 154,311 9591 144,720 hypertensive not hypertensive 8
Suzuki et al.4® 2007 Japan 171 14 157 hypertensive not hypertensive 7
Tixier et al* 2011 France 122 52 70 primiparous multiparous 6
Tsukamoto et al.*° 2007 Japan 2243 277 52 BMI > 25 kg/m? BMI < 25 kg/m? 8
Wang etals 2022 China 293 53 240 >35 years <35 years .
2022 China 284 50 37 BMI > 25 kg/m? BMI < 25 kg m?
Wikland et al > 2010 Sweden 364 214 150 FTET FTET 7

NOS — Newcastle-Ottawa Scale; BMI — body mass index; FTET - frozen—thawed embryo transfer; ET - fresh embryo transfer.

and embryo transfer method analysis were p = 0.65,
p=0.61,p =04, p=0.47 and p = 0.99, respectively.

The risk of bias assessment was evaluated using NOS
(Table 2). Twenty-one studies had a score between 7 and 9,
which reflect a low risk of bias and high methodological
quality. Ten studies showed a moderate risk of bias, achiev-
ing a score ranging from 4 to 6 points.

It was not possible to assess the impact of individual
characteristics such as ethnicity on the comparison
results because no data on these variables had been
analyzed in the study. In addition, publication bias was
assessed using the Begg’s test and it showed a nonsignifi-
cant bias for all included groups with a value of p > 0.05.
The obtained p-values for age, BMI, parity, hypertension,
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Fig. 3. Forest plot showing the impact of body mass index (BMI) (<25 kg/m? and >25 kg/m?) on postpartum hemorrhage (PPH)

95% Cl — 95% confidence interval; df — degrees of freedom.

Fig. 4. Forest plot showing the impact of parity (primiparity and multiparity) on postpartum hemorrhage (PPH)

95% Cl — 95% confidence interval; df — degrees of freedom.

Fig. 5. Forest plot showing the impact of hypertension (hypertensive and nonhypertensive women) on postpartum hemorrhage (PPH)

95% Cl — 95% confidence interval; df — degrees of freedom.

Discussion

A total of 5,454,843 subjects from different countries
examined in 31 cohort studies were included in the cur-
rent meta-analysis.

Every successful PPH treatment must begin with
a prompt diagnosis. Learning about the potential causes
of PPH is crucial. According to the National Institute for
Health and Care Excellence (NICE), women with PPH
risk factors should give birth in a unit equipped to han-
dle emergencies.” This meta-analysis found that a BMI

of 25 kg/m? or higher has no impact on the PPH incidence
rate. Regarding maternal age, older subjects (=35 years)
showed a significantly higher incidence of PPH (MD = 1.15,
95% CI: 1.03-1.27, p = 0.01). On the other hand, BMI had
no impact on the incidence of PPH (MD = 0.76, 95% CI:
0.26-2.24, p = 0.62). At the same time, primiparous sub-
jects, those with hypertension, and those with FTET
showed a significantly higher PPH incidence (MD = 1.27,
95% CI: 1.02-1.56, p = 0.03; MD = 1.51, 95% CI: 1.42-1.61,
p < 0.001; and MD = 1.43, 95% CI: 1.11-1.85, p = 0.006,
respectively).
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Fig. 6. Forest plot showing the impact of embryo transfer (frozen-thawed embryo transfer (FTET) and fresh embryo transfer (FET)) on postpartum

hemorrhage (PPH)

95% Cl — 95% confidence interval; df — degrees of freedom.

According to the Society of Obstetricians and Gynae-
cologists of Canada, women older than 35 are more likely
to have adverse birth outcomes, such as miscarriage,
complications during pregnancy, premature delivery,
or to bear more than 2 babies in 1 delivery (i.e., twins
or more).>* Maternal age >40 years increases the risk
of PPH, according to both the NICE> and the Royal Col-
lege of Obstetricians and Gynecologists (RCOG) clinical
guidelines® for the prevention and management of PPH.
Pregnant women aged 235 years had a higher risk of ad-
verse pregnancy and delivery outcome.>® After conduct-
ing a meta-analysis, Walker et al. found that inducing
labor did not increase the incidence of cesarean sec-
tion for women aged >35 years.>” In their meta-analysis,
Wood et al. found that inducing labor had no effect
on cesarean section rates among women aged 245 years
in a subgroup analysis.>® The current meta-analysis in-
dicated that older age is related to adverse events such
as PPH, which is consistent with the recommendations
of RCOG.% The studies included in the meta-analysis
covered study populations different countries. Maternal
age is a significant risk factor for PPH in many nations
because of the low quality of care provided to moth-
ers aged 235 years throughout pregnancy, delivery and
the postpartum period.

According to the WHO, having a BMI > 25 kg/m? is as-
sociated with an increased chance of comorbidities, and
the risk of complications increases with increasing obesity.
According to NICE guidelines, an increased risk was as-
sociated with a BMI > 35 kg/m?%.>* According to RCOG
(2011), having a BMI > 35 kg/m? is associated with an in-
creased risk of PPH. Obese pregnant women have a higher
risk of perinatal problems and interventionist delivery, ac-
cording to research by Bogaerts et al.>® The current meta-
analysis found no significant difference between the ideal
body weight and obese subjects regarding the PPH rate.
In addition, the current study included obese subjects with
a BMI = 25 kg/m?, and the studies that showed a signifi-
cantly lower impact of obesity stated that a BMI > 35 kg/m?
is related to such adverse events. Hence, we cannot make
a general conclusion indicating that obesity is related
to PPH.

Post-term birth is more common in first-time moth-
ers, as indicated by the American College of Obstetricians
and Gynecologists in their clinical management guide
for obstetricians/gynecologists (OB/GYNs).%® According
to a comprehensive review and meta-analysis by McDon-
ald et al.,®! parity increased the risk of premature delivery
in IVF and twin pregnancies; however, this association
was not statistically significant. A comprehensive review
conducted by Wang et al. found that primiparity is a risk
factor in perineal lacerations.®? According to the results
of the present research, first-time mothers are at a higher
risk of developing PPH.

According to research published in 2013, hypertension
rates increase in pregnancy, and preeclampsia rates are
4 times greater than the mean in 5% of pregnant women
worldwide. The risk of PPH is increased by prenatal
hypertension, preeclampsia and eclampsia, according
to the RCOG clinical guidelines for the prevention and
management of PPH.% In this way, the current results are
consistent with the clinical standards. Postpartum hemor-
rhage is a potential complication of maternal hypertension.

Postpartum hemorrhage was more common in the FTET
group, as shown in the current study. Whether or not
the embryo cryopreservation process had a negative im-
pact on the increased risk ratios of these events is un-
known. The risk of hypertension problems was found to be
greater in a FTET compared to FET in observational co-
hort research comparing outcomes in sibling pregnancies
in women.®® Somewhat inconclusive results came from
ashort study conducted in China that compared FET with
vitrified and slow-frozen embryo transfer.%*

Limitations

This study may have been skewed by the exclusion
of many trials from the meta-analysis. However, our meta-
analysis excluded studies that did not meet the inclusion
criteria. In addition, some of the included studies have not
evaluated the impact of race on the represented outcomes.
Thus, it was not possible to assess the impact of ethnicity
on the results. Some of the included studies have moderate
methodology quality, as evaluated using the NOS score.
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Variables such as nutritional status were not considered
in the included studies, which may have skewed the results.
Study results could be biased if there are unpublished ar-
ticles and uncollected data.

Conclusions

The weight of the subjects is not a risk factor for PPH.
However, a higher incidence of the disease can be observed
in older (=35 years), hypertensive and primiparous subjects,
as well as those in whom FTET was performed. Hence,
controlling the blood pressure and using the optimum em-
bryo transfer method could result in beneficial outcomes
regarding PPH. Nevertheless, future clinical multicenter
studies are needed to reach a more sensible conclusion.
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