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Abstract

Background In low- and middle-income countries, approximately two thirds of maternal deaths occur in the post-
partum period. Yet, care for women beyond 24 h after discharge is limited. The objective of this systematic review is
to summiarize current evidence on socio-demographic and clinical risk factors for (1) postpartum mortality and (2)
postpartum hospital readmission.

Methods A combination of keywords and subject headings (i.e. MeSH terms) for postpartum maternal mortality

or readmission were searched. Articles published up to January 9, 2021 were identified in MEDLINE, EMBASE, and
CINAHL databases, without language restrictions. Studies reporting socio-demographic or clinical risk factors for
postpartum mortality or readmission within six weeks of delivery among women who delivered a livebirth in a low- or
middle-income country were included.

Data were extracted independently by two reviewers based on study characteristics, population, and outcomes.
Included studies were assessed for quality and risk of bias using the Downs and Black checklist for ratings of rand-
omized and non-randomized studies.

Results Of 8783 abstracts screened, seven studies were included (total N =387,786). Risk factors for postpartum
mortality included Caesarean mode of delivery, nulliparity, low or very low birthweight, and shock upon admission.
Risk factors for postpartum readmission included Caesarean mode of delivery, HIV positive serostatus, and abnormal
body temperature.

Conclusions Few studies reported individual socio-demographic or clinical risk factors for mortality or readmis-
sion after delivery in low- and middle-income countries; only Caesarean delivery was consistently reported. Further
research is needed to identify factors that put women at greatest risk of post-discharge complications and mortal-
ity. Understanding post-discharge risk would facilitate targeted postpartum care and reduce adverse outcomes in
women after delivery.
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Background Methods

The proportion of maternal deaths occurring in the Search strategy

postpartum period is increasing globally [1-3]. In  This systematic review was conducted accord-

low- and middle-income countries (LMICs), approxi-
mately two-thirds of maternal deaths occur in the
postpartum period. Despite more women delivering
in health facilities, which is known to improve out-
comes due to appropriate and timely access to skilled
care [4, 5], many women are still at high risk of death
[6]. Among women who die in the postpartum period,
80% of deaths occur within one week of delivery [7].
Women who do deliver in health facilities are typi-
cally discharged within 24 h without further follow-up,
resulting in a gap in care during a high-risk period [6].
Further, postpartum care beyond 24 h after delivery is
often limited, evidenced by the fact that the majority of
women do not complete the three recommended post-
natal visits [8—10].

Studies in high-income countries (HICs) have begun
to evaluate risk factors for adverse postpartum and
post-discharge outcomes [11, 12], yet little is known
regarding the risk factors for complications or read-
mission following delivery in LMICs where postpar-
tum morbidity and mortality is greatest. Stillbirth has
previously been reported in the literature as a known
risk factor for postpartum mortality and is respon-
sible for a disproportionate number of deaths after
pregnancy compared to a livebirth [13, 14]. However,
to our knowledge, few studies have identified risk fac-
tors other than stillbirth for postpartum mortality or
readmission in LMICs. The ability to identify women
at higher risk of postpartum complications prior to dis-
charge could help reduce mortality and morbidty. An
improved understanding of how to estimate postpar-
tum risk is essential for designing and implementing
targeted interventions in the postpartum period.

The objective of this systematic review is to summa-
rize current evidence on individual socio-demographic
and clinical risk factors for (1) postpartum mortality
and (2) postpartum hospital readmission that could be
used for post-discharge risk stratification in LMICs.
The ultimate goal of this review is to identify individual
risk factors that could be used to determine if a women
is at high risk after delivery for postpartum death or
complication requiring readmission to hospital. We
aim to compel further research and eventually develop
interventions to reduce maternal mortality and rehos-
pitalization in the postpartum period.

ing to PRISMA guidelines [15] and was registered
on PROSPERO prior to completing the final search
(CRD4201813955). Articles published from database
inception to January 9, 2021 were identified using MED-
LINE, EMBASE, and CINAHL databases, with no lan-
guage restrictions. References of systematic reviews
and included studies were also reviewed. Search terms
included a combination of keywords and subject head-
ings (i.e. MeSH terms). See online supplement for each
database’s full search strategy (see Additional files 1, 2
and 3). The search was conducted by the first author
with input from co-authors and a research librarian.
Covidence was used to manage citations throughout the
review process [16].

Study selection

Titles and abstracts were independently screened by two
reviewers to determine eligibility. Conflicts were resolved
by a third reviewer with expertise in obstetrics. Two
authors then assessed all full-text articles for inclusion.
Studies examining individual socio-demographic and
clinical risk factors for postpartum mortality or hospital
readmission (within six weeks) among women delivering
in a low- or middle- income country were included. Stud-
ies that did not differentiate between ante-, intra- and/or
post-partum outcomes were not included. We excluded
papers looking exclusively at outcomes following abor-
tions, stillbirths, or home deliveries. See Table 1 for
details on inclusion criteria.

Data extraction and quality assessment

Data were extracted in Microsoft Excel based on study
characteristics, population and outcomes, using odds
ratio as the primary measure of association for all iden-
tified risk factors (Table 2). Two authors each extracted
data for half the eligible studies and reviewed the other
half for accuracy and consistency. If risk factors and their
respective measures of association were not directly
reported, the odds ratio was independently calculated.
Included studies were assessed for quality and risk of
bias using the Downs and Black checklist for rand-
omized and non-randomized studies (see Additional
file 4) [19]. Modifications to this checklist were made to
allow for all included studies to be assessed. Specifically,
the quality item for reporting adverse events related to
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Table 1 PICOS Inclusion Criteria

Population Postpartum women who delivered in a LMIC, as
defined by those countries currently (2019) classified
by the UNDP? as having low to middle HDIP[17]
Exclusions:

+No maternal data or maternal data not well dif-
ferentiated from other populations

- No disaggregation between ante-, intra- and post-
partum results

- Maternal data exclusively following abortions

- Maternal data exclusively following stillbirths

- Maternal data exclusively following home deliveries

Interventions Usual care, or care during an intervention of any kind

Comparisons None

Outcomes Primary outcomes:

« Risk factors for postpartum* maternal mortality

« Risk factors for postpartum* maternal readmission
Risk factors include location and mode of delivery,
and socio-demographic or clinical characteristics.
Risk factors must be identified and evaluated with
reported measures of association, such as odds ratio
or risk ratio, or provide necessary data to calculate a
measure of association

Secondary outcomes:

« Postpartum maternal mortality rate

« Postpartum maternal readmission rate
*Postpartum period defined using the WHOS stand-
ard of within six weeks of delivery [18]

Study Design Eligible study designs include the following:

« Randomized control trials

« Prospective or retrospective cohort studies

« Case—control studies

- Studies utilizing surveillance data

Exclusions:

- Case reports

« Commentaries

« Conference abstracts

« Review articles (including systematic reviews)

2 United Nations Development Programme; ® Human Development Index; ©
World Health Organization

the intervention was removed and the final question on
power was changed to a yes/no response. ‘Yes’ was cho-
sen if the study reported a sample size or power calcula-
tion representative of the main study aim and design.

Data synthesis

The primary outcomes in this review were risk factors for
postpartum mortality or readmission. Risk factors were
defined as individual socio-demographic or clinical char-
acteristics, including characteristics of the woman giving
birth (e.g. age, parity, medical history, symptoms and lab-
oratory test results) or the care she received during deliv-
ery (e.g. location or mode of delivery). The secondary
outcomes evaluated were rates of postpartum mortality
or readmission (Table 2). A meta-analysis was not con-
ducted due to variation among the study population, risk
factors, and analysis. Studies were organized by popula-
tion type (i.e. general obstetric population, postpartum
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hemorrhage, intensive care unit (ICU) admissions), and
types of risk factors assessed (Tables 3 and 4).

Results

A total of 8783 abstracts were screened. Of these, 7125
were excluded after abstract and title screening, leav-
ing 1658 full-text manuscripts for review. After full-text
screening was completed, seven studies were included
(Fig. 1) [13, 20-25].

Study characteristics can be found in Table 2. Publica-
tion dates ranged from 2007 to 2018, four out of seven
(57%) were published after 2015. Study designs included
four prospective cohort studies, one pre/post-interven-
tion study, and two retrospective studies. Most studies
(six out of seven) were conducted in sub-Saharan Africa.
One study contained data from six countries [21], with
three sites in sub-Saharan Africa and four across India,
Pakistan and Guatemala. The aim of this present review
was to assess post-discharge risk among facility deliver-
ies, however, two included studies used a combination
of facility and home deliveries [21, 24] and three did not
specify delivery location [20, 22, 25].

Overall, the risk of bias in the included studies was
moderate to low with some issues identified in the qual-
ity of reporting and internal validity. The included studies
ranged in score from 14 to 22 out of a total of 26 points
on the modified Downs and Black scale (see Additional
file 4).

Five studies focused on a general maternal population,
while the remaining two studies targeted sub-popula-
tions: those diagnosed with and admitted for postpartum
hemorrhage (PPH) (750 mL of blood loss or greater) after
delivery [25], or those with an obstetric admission to the
ICU anytime between 24 weeks gestation up to six weeks
of delivery [24]. For the purpose of this review, only data
among postpartum ICU admissions were reported. Post-
partum mortality and readmission rates were reported
as secondary outcomes (Table 2). The overall postpar-
tum mortality ratio ranged from 100 to 10,800 deaths per
100,000 deliveries in the included studies. The postpar-
tum readmission rate reported in included studies ranged
from 1.5 to 3.9%. Rates were either reported directly from
the study or calculated by the authors where data was
available. Four studies reported a measure of association
for risk factors [13, 23—-25], while the odds ratio was cal-
culated using 2 x 2 tables for the remaining three studies
[20-22].

Risk factors for postpartum mortality

Five studies enrolling between 95 and 384,461 women
per study reported risk factors for postpartum mortality
(Table 3) [13, 21, 23-25]. Three of these studies evaluated
risk factors among a general maternal population [13, 21,
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Table 2 Study characteristics
Author Study Study Study Population Risk factor  Risk Risk Postpartum Postpartum
country period design (sample factors for factors for mortality readmission
size) postpartum postpartum ratio (rate rate (%)
mortality readmission per 100,000
deliveries)
Bebell [20] Uganda Mar-Oct Prospective  General HIV® serosta- N Y Not appli- 1.7%
2015 cohort (n=1785) tus cable
Harrison [21] Guatemala,  Jan 2010- Prospective  General Mode of Y Y 100 3.9%
India, Kenya, Dec 2015¢ cohort (n=384,461) delivery
Pakistan,
Zambia and
the DRC®
Kanyighe Malawi 2001-2002  Retrospec-  General Mode of Y N Not reported Not applicable
[13] tive case— (n=209) delivery,
control parity,
birthweight,
Apgar score
Ngonzi [22]  Uganda Not reported Prospective  General Bodytem- N Y Not appli- 1.5%
cohort (n=1913) perature cable
Oladapo [23] Nigeria Jan 1990- Retrospec-  General Mode of Y Y 400 2.0%
Dec 2005 tive descrip-  (n=2820) delivery
tive
Igbaruma Nigeria Jan 2009- Prospective  ICU admis-  Age, marital Y N Not reported Not applicable
[24] Dec 2012 observa- sions (n=95) status, refer-
tional ral status,
education,
place of
delivery
Ojengbede  Nigeria Mar 2004- Pre/post- Postpartum  Severityof Y N 10,800 Not applicable
[25] Jan 2008 intervention hemorrhage shock, parity
(h=288)

2 Human Immunodeficiency Virus; ® Democratic Republic of the Congo; € DRC initiated enrollment in 2014

23], and the fourth and fifth study evaluated risk factors
among a maternal population admitted to the ICU [24]
and a population of women with postpartum hemor-
rhage [25], respectively.

Among the three studies evaluating a general mater-
nal population, risk factors for postpartum mortality
included delivery by Caesarean section (CS) [13, 21, 23],
high parity or nulliparity [13], low or very low birth-
weight [13], and an Apgar score of 5 or less [13]. Of these,
CS delivery, nulliparity, and low or very low birthweight
were statistically significant.

Mode of delivery was most frequently reported in
relation to postpartum mortality; however, variation
in how it was defined did not permit further grouped
analysis. All three studies found delivery by CS was
associated with an increased risk of postpartum mor-
tality, although one study was not statistically signifi-
cant, with the odds of mortality ranging from 2.01 (95%
CIL: 0.03-38.83) to 7.38 (95% CI: 2.08-26.07). These
three studies included both elective and emergency CS.
One study evaluated the risk of elective CS compared
to non-operative vaginal delivery (VD) following spon-
taneous onset of labour [23]. Another evaluated the

risk of any CS compared to any VD, including assisted
and spontaneous deliveries [21]. The third study evalu-
ated the risk of postpartum mortality among women
who underwent CS compared to those who did not,
with no further characteristics describing the mode of
delivery [13].

Aside from mode of delivery, parity, infant birthweight
and Apgar scores were also assessed [13]. Risk factors
found to be significant were nulliparity (OR: 3.34, 95% CI:
1.46-7.66), low birthweight between 1.5 and 2.5 kg (OR:
3.51, 95% CI: 1.85-6.63), and very low birthweight below
1.5 kg (OR: 83.23, 95% CI: 10.24-676.2). Low Apgar
scores (between 1 and 5) and high parity (more than 3
previous births) were also assessed, but neither were sta-
tistically significant.

Among the maternal population admitted to the ICU
within six weeks of delivery, none of the reported risk
factors for postpartum mortality were statistically signifi-
cant [24]. The non-significant risk factors identified were
maternal age of 20 to 34 years, married women, referred
women, women delivering at a secondary or tertiary
health facility, and women with a secondary level educa-
tion or below (Table 3).
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Table 3 Risk factors for postpartum mortality
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Risk factor Included study Odds ratio (95% Cl)

Risk factor definition

Reference comparator

General maternal population

Mode of delivery Harrison et al, 2017 [21] 242 (1.95-3.01)

Kanyighe et al., 2008 [13]
Oladapo et al,, 2007 [23]

7.38 (2.08-26.07)
2.01(0.03-38.83)

Parity Kanyighe et al., 2008 [13] 3.34 (1.46-7.66);
1.37(0.50-3.72)
Birthweight Kanyighe et al., 2008 [13] 83.23 (10.24-676.2);

3.51(1.85-6.63)

Apgar score Kanyighe et al., 2008 [13] 1.67 (0.31-8.94)

ICU admissions population

Age Igbarumaetal, 2016 [24] 044 (0.18-1.11)
Marital status Igbarumaetal, 2016 [24]  0.73 (0.26-7.02)
Referral status Igbaruma et al, 2016 [24]  0.98 (0.40-2.40)
Education Igbaruma et al., 2016 [24] 1.39(0.49-3.91)
Place of delivery ~ Igbarumaetal, 2016 [24] 044 (0.10-1.97);

0.30 (0.04-2.20)
Postpartum hemorrhage population

Severity of shock  Ojengbede et al,, 2011 [25]
upon admission

6.84 (1.55-30.19)

Parity Ojengbede et al, 2011 [25]  0.91 (0.40-2.06)

cs?

cs
Elective CS

Nulliparous mothers; high parity (>3
previous births)

Very low birth weight (< 1.5 kg); low
birth weight (1.5 kg-2.5 kg)

Low score (1-5)

Mothers <20 &> 35 years
Single
Not referred

Secondary maternal education or
less

Primary health facility; home/infor-
mal maternal setting

MAP€ <60

High parity (5 or more)

VDP (includes both spontaneous and
assisted vaginal deliveries)

CS not conducted
Non-operative VD following sponta-

neous onset of labour
Low parity (1-3 previous births)
Normal birth weight (> 2.5 kg)

Normal score (6-10)

Mothers aged 20-34 years

Married

Referred

Post-secondary maternal education

Delivery in a secondary/tertiary facility

MAP > 60

Low parity (0-4)

2 Caesarean Section; ® Vaginal Delivery; 23 300 IU of preformed vitamin A as retinyl palmitate; ¢ 42 mg of all trans B carotene; ® Mean Arterial Pressure

Table 4 Risk factors for postpartum readmission

Risk factor Included study Odds ratio (95

% Cl) Risk factor definition

Reference comparator

General maternal population
HIV® status Bebell et al., 2018 [20]
Mode of delivery Harrison et al., 2017 [21]

2.60 (1.15-5.89)
5.15(4.97-5.33)

Oladapo et al., 2007 [23] 3.21 (1.06-9.56)

Body temperature dur-
ing hospitalization

Ngonzi et al, 2018 [22]

12.78 (6.01-27.17)

HIV-infected
csP

Elective CS among booked patients

(<36.0 °C) women

Febrile (>38.0 °C) or hypothermic

HIV-uninfected

VD€ (includes both
spontaneous and
assisted vaginal deliver-
ies)

Non-operative VD
following spontaneous
onset of labour

Normothermic women

2 Human Immunodeficiency Virus; ® Caesarean Section; ¢ Vaginal Delivery

Among women with postpartum hemorrhage, risk
factors for postpartum mortality included severe shock
upon admission and high parity, with the former being
statistically significant [25]. Specifically, severe shock,
defined as a mean arterial pressure (MAP) below 60 or a
non-palpable blood pressure, upon admission predicted
a six-fold increase in the odds of postpartum mortality
compared to women with a MAP of 60 or above (OR:
6.84, 95% CI: 1.55-30.19). High parity, defined as five or
more livebirths, was associated with a reduced likelihood

of postpartum mortality, but this finding was not statisti-

cally significant.

Risk factors for postpartum readmission

Four studies enrolling 820 to 384,461 women per study
reported risk factors for postpartum readmission
(Table 4) [20-23]. Three of these studies described hos-
pital readmissions occurring within six weeks of deliv-
ery [20-22], while one study evaluated readmission
for problems related to mode of delivery but did not
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Fig. 1 PRISMA Flow Diagram

specify the time period [23]. All reported risk factors
for readmission were statistically significant, including
CS delivery [20, 22], human immunodeficiency virus
(HIV) positive serostatus [20], and abnormal body tem-
perature during hospitalization [22]. Similar to mortal-
ity, mode of delivery was the most commonly reported
predictor of postpartum readmission. Both studies
found delivery by CS was associated with an increased
risk of readmission compared to VD; however, nuances
exist within this category of CS delivery. Odds of read-
mission were three times higher (OR: 3.21, 95% CI:
1.06-9.56) among those who had an elective CS [23]
and five times higher (OR: 5.15, 95% CI: 4.97-5.33)
among those with any CS delivery [21]. Bebell et al.
[20] found HIV seropositive women were significantly
more likely to be readmitted to hospital in the postpar-
tum period compared to HIV seronegative women (OR:
2.60, 95% CI: 1.15-5.89). Body temperature abnormali-
ties showed the largest risk estimate for postpartum
readmission. Women who were febrile (>38.0 °C) or
hypothermic (<36.0 °C) during their hospital stay were
nearly thirteen times more likely (OR: 12.78, 95% CI:

'
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S
c
9]
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& \ h 4
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v (n=261)
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E ualitative synthesis abstract/no full-text
° 4 i (n = 465)
=2 (n=7)
(8]
=
| —

6.01-27.17) to be readmitted in the postpartum period
than normothermic women [22].

Discussion

This systematic review of risk factors for maternal death
or readmission after delivery in LMICs identified only
seven eligible studies, mostly from sub-Saharan Africa.
We identified four significant risk factors for maternal
mortality in the postpartum period, specifically CS deliv-
ery, nulliparity, low or very low birthweight, and severe
shock upon admission. Three significant risk factors for
postpartum readmission were identified, notably CS
delivery, HIV positive serostatus, and abnormal body
temperature.

CS delivery was a commonly reported risk factor asso-
ciated with an increased risk of both postpartum mortal-
ity and readmission. This fits with the existing literature
demonstrating that CS increases the risk for postpar-
tum complications, such as postpartum sepsis [26—28];
however, these women may already be high-risk due to
underlying conditions or complications [29]. In this con-
text, CS acts as a proxy, representing risk related to other
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underlying conditions. For this study, we are not con-
cerned with the causal pathway between these underly-
ing conditions and mortality, so CS is still valuable as a
candidate predictor for further research. Research has
also found emergency CS to be associated with a higher
risk of poor maternal outcomes than elective CS [30, 31].
Despite several studies in this review reporting increased
risk of postpartum death or readmission related to CS,
the heterogeneity in the definitions used and the lack of
information regarding indication for CS did not allow
for a meta-analysis. To permit more consistent report-
ing, analysis, and comparison of CS outcomes, the use of
a standardized, global definition for CS such as the Rob-
son classification is recommended in future studies [32].
Findings from this review support the WHO recommen-
dations for postpartum follow-up within 24 h, between
24-72 h, between 7 and 14 days, and six weeks postpar-
tum. Febrile or hypothermic women during hospitaliza-
tion in Uganda were nearly thirteen times more likely
to be readmitted in the postpartum period compared to
normothermic women. Temperature has also been found
to be a risk factor for other adverse outcomes, including
maternal mortality and post-discharge infant mortality
[33, 34]. Kanyinghe et al. [13] also reported an increase
risk of death in women with postpartum infection, but
the method of diagnosing infection was not provided
in the paper, making interpretation of this finding dif-
ficult and thus was not included in the results above.
This review highlights the need for clear definitions of
risk factors for generalizability, study replication, and
meta-analysis.

This systematic review has several strengths. Firstly, the
search strategy was broad to ensure all relevant studies
would be captured. Despite the thousands of citations
screened, less than 0.1% were included. There was a sig-
nificant number of studies that failed to meet inclusion
criteria for this review because they did not disaggregate
timing of maternal death when reporting results. This is
a testament to the distinct lack of evidence surrounding
this topic, which merits further investigation. We recom-
mend that the global maternal health research commu-
nity adopt the practice of disaggregating results by timing
on maternal death and severe morbidity. It is clear that
the causes of maternal death differ by timing [3] and it is
likely the risk factors associated with each of these time
periods and related causes would also differ. In order to
improve care and reduce deaths and severe morbidities
in each of the antepartum, intrapartum and postpartum
period, data specific to each time period is needed. In
addition, a rigorous review process was used with at least
two independent reviewers assessing each study.

This review also has several limitations. Firstly, the
intention was to capture data for post-discharge maternal
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mortality and readmission after facility delivery. Given
the paucity of data targeting post-discharge maternal out-
comes, any outcomes referred to as “postpartum” were
included. These postpartum outcomes were used as a
proxy for post-discharge risk, yet the postpartum period
could have been defined differently and not specified in
some cases. Studies lacking a clear definition of the post-
partum period may have included intrapartum deaths, or
outcomes beyond six weeks. Some studies did not define
the follow-up period and merely referred to outcomes
occurring within the postpartum period; therefore, we
assumed use of the World Health Organization definition
of a six-week postpartum period [18]. Similarly, the defi-
nition of a hospital readmission may vary. Studies may
have been limited to measuring readmissions occurring
at the same hospital as the delivery, which could have
resulted in an underestimation of the true number of
readmissions. For example, some patients may have been
readmitted to other hospitals or local health centers, but
this data was not necessarily available or reported. In
addition, some studies only included data during admis-
sion which may underrepresent the true outcome rates
and result in missing risk factors. Secondly, two studies
were both secondary analyses of the same dataset [20,
22]. However, because each study reported different risk
factors for postpartum readmission (i.e. HIV-positive
serostatus and abnormal body temperature) and a meta-
analysis was not conducted, we included the data from
both studies. We are aware there may be overlap between
these two populations and this may have been the case
for other studies taking place in the same region. While
three of the seven included studies took place in Nige-
ria, we think it is unlikely the same data and populations
were used given these studies all differed by time period
of data collection and study design. Thirdly, we excluded
studies looking exclusively at outcomes following only
abortions or stillbirths due to the inherent difference in
risk for adverse events among these populations com-
pared to women who delivered livebirths. However, some
post-abortion or post-miscarriage data may have been
included because these outcomes were not always speci-
fied by the included studies. Nevertheless, it cannot be
ignored that stillbirth is a risk factor for postpartum mor-
tality [13, 14]. Existing literature suggests low socioeco-
nomic status, lack of antenatal care, history of stillbirth,
and poor maternal nutrition increase risk of stillbirth
[35-37]. It is reasonable to assume these factors would
also predict post-discharge maternal mortality or read-
mission. This warrants further investigation.

Despite the increasing number of facility deliveries
in LMICs and increasing rate of postpartum mortal-
ity, very little research has examined post-discharge
outcomes [6, 38]. To our knowledge, this is the first
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systematic review of individual socio-demographic or
clinical factors that predict mortality or readmission
after delivery in LMICs. We chose to focus on indi-
vidual and measurable socio-demographic and clini-
cal risk factors, such as parity and mode of delivery, as
these can be applied consistently across geographies to
identify risk. Research on predictors of risk in the post-
partum period must be independently validated within
individual regions prior to any clinical use.

There is a clear gap in understanding which factors
may contribute to poor outcomes after delivery and
discharge from facility in low-resource settings. How-
ever, exploration of these issues has begun to emerge in
HICs, such as the United States-based analysis of post-
partum readmission [11]. This study examined hospital
readmissions within six weeks of delivery. CS delivery
and maternal comorbidities, including hypertension
and psychiatric disease, were found to be strong predic-
tors for postpartum readmission [11].

This systematic review explored risk factors for post-
partum mortality and readmission; however, there is
a critical need for further research on this topic. This
review highlights a gap in understanding predictors
of adverse post-discharge maternal outcomes, as evi-
denced by the small number of included studies. Post-
discharge maternal mortality and readmissions data
in LMICs is rarely presented. A small number of stud-
ies in HICs demonstrate this data is feasible to col-
lect and relevant to report [11, 12]. Establishing a set
of socio-demographic and clinical characteristics with
predictive power for determining death or readmis-
sion after delivery would have wide-ranging implica-
tions. Understanding what puts some women at higher
risk after facility delivery could facilitate the design
of targeted postpartum care. Creating differentiated
pathways of postpartum or post-discharge care based
on reliable risk stratification could improve health
outcomes and economic efficiency of health systems.
Studies are currently underway, including the Smart
Discharges program in Uganda, to address this gap
for infants and children [39, 40]. Investigation of post-
discharge outcomes in LMICs has begun to develop in
pediatric research [33, 41], and a similar focus should
be applied within the field of maternal health. This is
especially important in low-resources settings where
the health burden is the greatest and distribution of
scarce resources must be optimized. We recognize that
a one-size fits all approach is not valuable and recom-
mend that research in this area be targeted to specific
individual countries to allow for the influence of vary-
ing health system structures, and social and economic
determinants of health on maternal risk. By identi-
fying women most at-risk following delivery, we can
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target interventions for these women, increase health
resource efficiency and, most importantly, reduce mor-
tality and complications.

Conclusion

We have identified few risk factors for postpartum mor-
tality and readmission in LMICs from the existing litera-
ture; the most common was delivery by cesarean section.
Identification of this significant gap in the literature
should serve as a call to action for further research to
determine what increases the risk of post-discharge com-
plications and mortality for women after delivery. Any
research on maternal death or severe morbidity should
report data disaggregated by timing of outcome to allow
for improvements in postpartum care. There is an impor-
tant opportunity to tailor recommendations for timing
and frequency of follow-up and to guide the use of scarce
healthcare resources to intervene with those at highest
risk. The development of an evidence base upon which
to build recommendations for the timing and intensity of
postnatal care in resource-poor countries based on indi-
vidualized risk prediction is urgently needed.
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