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Abstract

Background: The reduction in maternal mortality worldwide has increased the interest in studying more frequent
severe events such as maternal near miss. The Human Development Index is a sociodemographic country-specific
variable that includes key human development indicators such as living a long and healthy life, acquiring
knowledge, and enjoying a decent standard of living, allowing differentiation between countries. In a globalised
environment, it is necessary to study whether the Human Development Index of each patient's country of origin
can be associated with the maternal near-miss rate and thus classify the risk of maternal morbidity and mortality.

Methods: A systematic review of the literature published between 2008 and 2019 was conducted, including all
articles that reported data about maternal near miss in their sample of pregnant women, in addition to describing
the study countries of their sample population. The Human Development Index of the study country, the maternal
near-miss rate, the maternal mortality rate, and other maternal-perinatal variables related to morbidity and mortality
were used.

Results: After the systematic review, eighty two articles from over thirty countries were included, for a total of 3,
699,697 live births, 37,191 near miss cases, and 4029 mortality cases. A statistically significant (p <0.05) inversely
proportional relationship was observed between the Human Development Index of the study country and the
maternal near-miss and mortality rates. The most common cause of maternal near miss was haemorrhage, with an
overall rate of 38.5%, followed by hypertensive disorders of pregnancy (34.2%), sepsis (7.5%), and other undefined
causes (20.9%).

Conclusions: The Human Development Index of the maternal country of origin is a sociodemographic variable
allowing differentiation and classification of the risk of maternal mortality and near miss in pregnant women. The
most common cause of maternal near miss published in the literature was haemorrhage.

Trial registration: PROSPERO ID: CRD 42019133464
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Background
Worldwide, over 1500 women die every day due to com-
plications of pregnancy or childbirth. It is possible that
most of these deaths could be prevented if the women
were in countries other than their countries of origin.
Although the Millennium Development Goal of redu-
cing maternal mortality (MM) by 75% between 1990 and
2015 has not been achieved globally, significant progress
has been made; in many countries, maternal health has
improved significantly, and the goals for 2030 are to
achieve MM rates of less than 70 per 100,000 live births
and to increase the proportion of births attended by
skilled health personnel [1]. One of the Millennium De-
velopment Goals set in 2000 by the member countries of
the United Nations is to improve the health of women
through multiple interventions, such as promoting ac-
cess to family planning services and emergency obstetric
care by qualified and trained personnel. In this respect,
women in low-income countries are especially vulner-
able to dying from obstetric causes. The World Health
Organization, through its “Global Strategy for Women´s,
Children´s and Adolescents´ Health (2016-2030),” is
analysing relevant indicators and scores to improve the
survival of newborns and pregnant women. Although
the world has made substantial progress on these two is-
sues, the decline in maternal and neonatal mortality has
recently slowed down. Moreover, in 2017-2019, the
Quality of Care Network group supported by the WHO
included more countries – such as Ethiopia, Ghana,
India, Malawi, Nigeria, Tanzania and Uganda – on its
agenda to complete the following tasks:

– Accelerate action by adapting the WHO’s standards
for improving the quality of maternal and newborn
care in health facilities at the country level.

– Foster learning and generate evidence on quality of
care through a learning platform.

– Develop and support institutions and mechanisms
that will ensure accountability for quality of care by
designing a national accountability framework.

Traditionally, the analysis of maternal deaths has been
the approach of choice for evaluating women's health
and the quality of obstetric care. However, due to the
success of modern medicine, such deaths have become
very rare in developed countries, which has led to an in-
creased interest in analysing so-called “near miss” events.
The World Health Organization defines a maternal near
miss (MNM) as “a woman who nearly died but survived
a complication that occurred during pregnancy, child-
birth or within forty-two days of termination of preg-
nancy”. A MNM is also assumed to be a better indicator
than MM alone when designing, monitoring, following-
up and evaluating safe motherhood programmes [2].

Year after year, increasingly more authors are interested
in publishing MNM events that occur in their countries,
and it is necessary to analyse morbidity and mortality
data over the past decade to compare situations in dif-
ferent countries.
Haemorrhage, hypertensive disorders of pregnancy,

and infections stand out as the direct causes of more
than 70% of both MNM and mortality. In all these cases,
the lack of care or access to care, the high cost of health
care or its poor quality, and the variation among differ-
ent countries results in 1 million maternal orphans every
year, and these children are also more likely to die dur-
ing the years following their mother's death.
For years, gross national income per capita has been

used to weigh differences among countries; however, in
the 1990s, the WHO introduced the Human Develop-
ment Index (HDI) as a sociodemographic variable to
help differentiate countries, thus avoiding reliance on
the purely economic value of each nation and trying to
classify the world population in homogeneous groups
through more comprehensive indicators.
This index has helped the WHO to establish different

strategies to end preventable maternal morbidity and mor-
tality; its use is increasingly widespread in the medical lit-
erature, where a very high HDI is typical of countries with
more resources. Tuncalp is the first author to relate the
HDI of the maternal country of origin to severe maternal
outcomes such as MNM and MM with data from coun-
tries in Africa, Asia, Latin America, and the Middle East.
That author describes a significant relationship between
mothers from countries with medium and low HDIs;
women in those countries are shown to have a risk of ma-
ternal complications that is 2-3 times higher than for
women from countries with high HDIs [3].
Using the HDI of pregnant women from other countries

and assessing the influence of HDI on maternal-perinatal
health in our country, Spain, a previous study conducted by
our team [4] observed an increased risk of adverse
maternal-perinatal events in pregnant women from low-
HDI countries compared to women originating from coun-
tries with higher HDIs. Similarly, Luque-Fernandez et al.
[5], analysing the trend of stillbirth in Spain, showed an in-
creased risk of stillbirth, approximately three times higher,
in pregnant women from low-HDI countries. For both au-
thors, incorporating HDI improves the characterisation of
the maternal socio-economic level by introducing the HDI
of the maternal country of origin and maternal educational
attainment to population analysis, producing a fuller ana-
lysis compared to those studies that only include the coun-
try of origin of immigrant pregnant women.
In this study, we will consider the HDI of the place of

publication (as a proxy measure like that used in the
study on immigration) and determine the relationship
with adverse maternal-perinatal outcomes.
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The aim of this study is to conduct a systematic review of
the articles published over the last decade reporting severe
acute maternal morbidity. We use as a reference the HDI
of the country where the study was conducted—which dir-
ectly reflects the HDI of its population of pregnant
women—to analyse its relationship with relevant adverse
maternal-perinatal outcomes during pregnancy, childbirth,
and the postpartum period, such as MNM and MM.

Methods
Protocol, eligibility criteria, information sources and
search strategies
This review was performed according to an a-priori-
designed protocol recommended for systematic reviews.
PRISMA [6] and MOOSE guidelines were followed [7].
The study was registered in the PROSPERO database
(registration number: CRD 42019133464). The systematic
literature search was conducted in two electronic data-
bases, PubMed/MEDLINE and EMBASE, utilising combi-
nations of the relevant medical subjects by MeSH terms
with the following keywords: “near miss” or “morbidity”
and “pregnancy” or “mothers” or “pregnancy outcome”.
The search period was between 17/02/2008 and 17/02/
2019. A reference database (EndNote X7, Thomson Reu-
ters) was used to incorporate all references.
The inclusion criteria were as follows:

– studies published between 17/02/2008 and 17/02/2019;
– studies conducted with humans;
– studies in English, both the abstract and the main

text; and
– studies that included MNM analysis in their study

population.

The exclusion criteria were as follows:

– studies with scarce information about the study
population, such as country of origin, or studies
investigating specific ethnic, racial, or immigrant groups;

– published articles that did not report data on MNM
or those on maternal morbidity events not meeting
MNM criteria according to the WHO;

– systematic reviews, expert opinions, and intervention
studies without quantitative data about the MNM
rate; and

– studies conducted on the same patient cohort. In
these cases, we selected the most up-to-date patient
cohorts and excluded secondary analysis studies on
the same sample.

Study selection
Titles and abstracts of the search results were screened
by two researchers independently (SGTL and FAV). If
the title and abstract did not provide useful information

for the review or was irrelevant, the articles were elimi-
nated from the analysis. Potentially eligible studies were
assessed in full-text format. Any disagreement on the eli-
gibility of studies was resolved through discussion and
joint assessment until consensus was reached between
the two researchers.

Data collection and data items
Data were extracted using an appraised extraction form.
Each reviewer collected the data independently, and dis-
crepancies between them were resolved by the two au-
thors checking the study against the form. The review
authors were not blinded to the journal or author de-
tails. Extracted data included the name of the first au-
thor and year of publication, first and last year of the
study, study period, country or countries where the
study was conducted, HDI group to which the study
country belongs, and the HDI score of the study
country.
The HDI is a summary measure of a country’s average

level of achievement in the following major dimensions
of human development: living a long and healthy life, be-
ing educated, and having a decent standard of living. Life
expectancy serves as an indicator of the health dimen-
sion; standard of living is measured in terms of gross na-
tional income per capita; and education level is
evaluated as the average number of years of schooling
among adults aged twenty-five years and older and ex-
pected number of years of schooling among children [8].
A country obtains a higher HDI score when its popu-

lation has a higher life expectancy, education level, and
gross national income (GNI) per capita; these scores are
reported within the annual Human Development Report
published by the United Nations Development
Programme (UNDP) [9]. The UNDP divides countries
into four broad categories of human development: group
1 (very high HDI), group 2 (high HDI), group 3
(medium HDI), and group 4 (low HDI) based on the nu-
merical score obtained, with a minimum of 0 and a max-
imum of 1.
Other maternal-perinatal variables included in the

study were type of study (single- or multi-centre), study
design, total number of live births (LBs), number of
MNM events in the study, rate of MNM/1000 LBs,
number of maternal mortality events, rate of MM/100,
000 LBs, percentage of MNM due to haemorrhage, per-
centage of MNM due to hypertensive disorders of preg-
nancy, percentage of MNM due to sepsis, percentage of
MNM due to other causes, MNM in the immigrant
population, MNM by ethnic group, maternal age at
MNM, percentage of primiparous mothers in the MNM
group, parity in MNM, percentage of births <37 weeks
gestation in the MNM group, caesarean section rate in
the MNM group, and neonatal near miss.
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In the case of multicountry studies, the average HDI
score given by the HDI scores of all included countries
was calculated.
After data collection, the data were ordered according

to the publication year.

Risk of bias assessment and statistical analysis
The risk of bias was assessed independently by both au-
thors, who determined the adequacy of compliance with
the inclusion criteria. The items assessed were correct
description of MNM cases, complete reporting of pro-
portion and type of near miss in the case group, and ad-
equate description of the country or countries where the
study was carried out. We tried to choose strict eligibil-
ity criteria to achieve a good number of studies that
were as homogeneous as possible and thereby extract
concrete and valid conclusions.
The quality of the evidence of the studies included was

assessed according to the Grade of Evidence Working
Group Criteria [10].
Statistical analyses were carried out using STATA, ver-

sion 13.1 (Stata Corp., College Station, TX, USA) in its
default settings. The results are expressed as rates (%)

for dichotomous variables, and we calculated 95% confi-
dence intervals (95% CIs). We tried to perform a quanti-
tative synthesis with pooled relative risks and 95%
confidence intervals (95% CI), but a meta-analysis was
not feasible given the lack of a control group and the
heterogeneity of the available studies.

Results
Figure 1 describes the workflow process. As shown, the
initial search identified 4842 articles in the databases.
After screening and applying the eligibility and exclusion
criteria in the final phase of the records, eighty-two arti-
cles were selected. A total of 3,699,697 LBs, 37,191 near
miss cases and 4029 mortality cases were reported, repre-
senting the population analysed in this systematic review.
Table 1 describes the results obtained in each study

for the different variables analysed in the review. Over
90% of the studies were led by different authors; among
those who led in publishing, the author who published
the most studies in the period included in this analysis
of MNM was Jayaratnam, with four. Of all the articles,
sixty-two (75.6%) have been published since 2014, and
the study by Okusanya et al. [53] (reference) included

Fig. 1 Work flow process

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 4 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

A
ut
ho

rs
Pu

bl
ic
at
io
n

Ye
ar

Fi
rs
t

Ye
ar

La
st

Ye
ar

Pe
rio

d
Ye
ar
s

C
ou

nt
ry

H
D
I

G
ro
up

H
D
I

sc
or
e

St
ud

y
Ty
pe

St
ud

y
D
es
ig
n

To
ta
ll
iv
e

bi
rt
hs

M
N
M

ca
se
s

M
N
M

ra
te

A
di
sa
sm

ita
et

al
.

[1
1]

20
08

20
03

20
04

1
In
do

ne
si
a

3
0.
69
4

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

56
69

76
3

13
4.
6

D
riu

le
t
al
.[
12
]

20
08

19
98

20
08

10
Ita
ly

1
0.
88

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

18
93
6

95
5.
0

Ro
os
t
et

al
.[
13
]

20
09

20
06

20
07

1
Bo

liv
ia

3
0.
69
3

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

81
36

40
1

49
.3

A
lm

er
ie
et

al
.[
14
]

20
10

20
06

20
08

2
Sy
ria

4
0.
53
6

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
ca
se
-c
on

tr
ol

28
02
5

90
1

32
.1

Sh
re
st
ha

et
al
.[
15
]

20
10

20
09

20
09

1
N
ep

al
3

0.
57
4

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

15
62

36
23
.0

So
uz
a
et

al
.[
16
]

20
10

20
05

20
05

1
M
ul
tic
ou

nt
ry

0.
74
5

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

97
09
5

29
64

34
.0

A
li
et

al
.[
17
]

20
11

20
08

20
10

2
Su
da
n

4
0.
50
2

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
co
ho

rt
95
78

20
5

21
.4

A
m
ar
al
et

al
.[
18
]

20
11

20
05

20
05

1
Br
az
il

2
0.
75
9

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

44
91

95
21
.1

D
on

at
ie
t
al
.[
19
]

20
11

20
04

20
05

1
Ita
ly

1
0.
88

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

53
93
82

12
59

2.
3

Ja
ya
ra
tn
am

et
al
.

[2
0]

20
11

20
09

20
10

1
A
us
tr
al
ia

1
0.
93
9

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

N
R

17
6.
0

Ka
ye

et
al
.[
21
]

20
11

20
10

20
10

1
U
ga
nd

a
4

0.
51
6

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
co
ho

rt
14
0

21
15
0.
0

Lo
ba
to

et
al
.[
22
]

20
12

20
08

20
08

1
Br
az
il

2
0.
75
9

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
re
vi
ew

11
63

27
23
.2

So
uz
a
et

al
.[
23
]

20
12

20
09

20
10

1
Br
az
il

2
0.
75
9

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

82
38
8

77
0

9.
3

A
de

oy
e
et

al
.[
24
]

20
13

20
06

20
07

1
N
ig
er
ia

4
0.
53
2

m
ul
ti-

ce
nt
re

Pr
os
pe

ct
iv
e
ca
se
-c
on

tr
ol

37
5

75
20
0.
0

Ja
bi
r
et

al
.[
25
]

20
13

20
10

20
10

1
Ira
q

3
0.
68
5

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

25
47
2

12
9

5.
1

Ka
ro
lin
sk
ie
t
al
.

[ 2
6]

20
13

20
08

20
09

1
A
rg
en

tin
a

1
0.
82
5

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

65
03
3

51
8

8.
0

N
el
is
se
n
et

al
.[
27
]

20
13

20
09

20
11

2
Ta
nz
an
ia

4
0.
53
8

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

91
36

21
6

23
.6

Ro
op

a
et

al
.[
28
]

20
13

20
11

20
12

1
In
di
a

3
0.
64

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

73
90

13
1

17
.8

Sh
en

et
al
.[
29
]

20
13

20
08

20
12

4
C
hi
na

2
0.
75
2

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

18
10
4

69
3.
8

Tu
nc
al
p
et

al
.[
3]

20
13

20
10

20
11

1
M
ul
tic
ou

nt
ry

0.
64
9

m
ul
ti-

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

31
46
23

16
67

5.
3

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 5 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
Pu

bl
ic
at
io
n

Ye
ar

Fi
rs
t

Ye
ar

La
st

Ye
ar

Pe
rio

d
Ye
ar
s

C
ou

nt
ry

H
D
I

G
ro
up

H
D
I

sc
or
e

St
ud

y
Ty
pe

St
ud

y
D
es
ig
n

To
ta
ll
iv
e

bi
rt
hs

M
N
M

ca
se
s

M
N
M

ra
te

ce
nt
re

W
ah
lb
er
g
et

al
.

[3
0]

20
13

19
98

20
07

9
Sw

ed
en

1
0.
93
3

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

91
44
74

26
55

2.
9

A
ba
lo
s
et

al
.[
31
]

20
14

20
04

20
08

4
M
ul
tic
ou

nt
ry

0.
65
5

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

31
30
30

12
27

3.
9

D
av
id

et
al
.[
32
]

20
14

20
08

20
08

1
M
oz
am

bi
qu

e
4

0.
43
7

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

27
91
6

56
4

20
.2

G
al
va
o
et

al
.[
33
]

20
14

20
11

20
12

1
Br
az
il

2
0.
75
9

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l/N

es
te
d
ca
se
-

co
nt
ro
l

16
24
3

77
4.
7

Li
to
rp

et
al
.[
34
]

20
14

20
12

20
12

1
Ta
nz
an
ia

4
0.
53
8

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

13
12
1

46
7

35
.6

Lu
ex
ay

et
al
.[
35
]

20
14

20
11

20
11

1
La
os

3
0.
60
1

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

12
15

11
9.
1

Lu
m
bi
ga
no

n
et

al
.

[3
6]

20
14

20
15

20
11

1
M
ul
tic
ou

nt
ry

-
m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

31
46
23

23
65

7.
5

M
az
ha
r
et

al
.[
37
]

20
14

20
11

20
11

1
Pa
ki
st
an

4
0.
56
2

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

13
17
5

94
7.
1

Pa
ch
ec
o
et

al
.[
38
]

20
14

20
11

20
11

1
Br
az
il

2
0.
75
9

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

22
91

24
10
.5

Pa
nd

ey
et

al
.[
39
]

20
14

20
11

20
12

1
In
di
a

3
0.
64

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

63
57

63
3

12
0.
0

Ro
ch
a
Fi
lh
o
et

al
.

[4
0]

20
14

20
09

20
10

1
Br
az
il

2
0.
75
9

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

82
14
4

77
0

9.
4

A
ss
ar
ag

et
al
.[
41
]

20
15

20
12

20
12

1
M
or
oc
co

3
0.
66
7

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
ca
se
-c
on

tr
ol

29
9

80
26
7.
6

Ba
sh
ou

r
et

al
.[
42
]

20
15

20
11

20
15

4
M
ul
tic
ou

nt
ry

(E
gy
pt
,

Le
ba
no

n,
Pa
le
st
in
e
an
d
Sy
ria
)

0.
61
6

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

90
63

71
7.
8

C
ec
at
ti
et

al
.[
43
]

20
15

20
09

20
10

1
Br
az
il

2
0.
75
9

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

95
55

77
0

80
.6

H
as
sa
n
et

al
.[
44
]

20
15

20
11

20
12

1
Pa
le
st
in
e

-
si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

15
58

15
9.
6

Ku
lk
ar
ni

et
al
.[
45
]

20
15

20
12

20
13

1
In
di
a

3
0.
64

m
ul
ti-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

19
17
6

88
4

46
.1

M
ad
ei
ro

et
al
.[
46
]

20
15

20
12

20
13

1
Br
az
il

2
0.
75
9

si
ng

le
-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l/

Pr
os
pe

ct
iv
e

lo
ng

itu
di
na
l

58
41

56
9.
6

N
ad
er
ie
t
al
.[
47
]

20
15

20
13

20
13

1
Ira
n

2
0.
79
8

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

19
90
8

50
1

25
.2

O
la
da
po

et
al
.[
48
]

20
15

20
12

20
13

1
N
ig
er
ia

4
0.
53
2

m
ul
ti-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

91
72
4

14
51

15
.8

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 6 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
Pu

bl
ic
at
io
n

Ye
ar

Fi
rs
t

Ye
ar

La
st

Ye
ar

Pe
rio

d
Ye
ar
s

C
ou

nt
ry

H
D
I

G
ro
up

H
D
I

sc
or
e

St
ud

y
Ty
pe

St
ud

y
D
es
ig
n

To
ta
ll
iv
e

bi
rt
hs

M
N
M

ca
se
s

M
N
M

ra
te

O
liv
ei
ra

et
al
.[
49
]

20
15

20
06

20
07

1
Br
az
il

2
0.
75
9

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

19
94
0

25
5

12
.8

Ru
lis
a
et

al
.[
50
]

20
15

20
11

20
12

1
Rw

an
da

4
0.
52
4

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

17
39

19
2

11
0.
4

Sa
ng

ee
ta

et
al
.[
51
]

20
15

20
12

20
13

1
In
di
a

3
0.
64

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

68
92

27
4.
0

So
m
a-
Pi
lla
y
et

al
.

[5
2]

20
15

20
13

20
14

1
So
ut
h
A
fri
ca

3
0.
69
9

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

26
61
4

13
6

5.
1

O
ku
sa
ny
a
et

al
.

[5
3]

20
16

19
93

20
13

20
N
ig
er
ia

4
0.
53
2

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
cr
os
s-
se
ct
io
na
l

30
55
3

11
6

3.
8

de
M
uc
io

et
al
.

[5
4]

20
16

20
13

20
13

1
La
tin

A
m
er
ic
a
(1
2
co
un

tr
ie
s)

0.
72
3

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

31
96

37
11
.6

D
om

in
gu

es
et

al
.

[5
5]

20
16

20
11

20
12

1
Br
az
il

2
0.
75
9

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
ca
se
-c
on

tr
ol

23
98
4

24
4

10
.2

El
G
ha
rd
al
lo
u
et

al
.

[5
6]

20
16

20
12

20
12

1
Tu
ni
si
a

2
0.
73
5

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

99
57

58
5.
8

Ja
ya
ra
tn
am

et
al
.

[5
7]

20
16

20
14

20
15

1
A
us
tr
al
ia

1
0.
93
9

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

20
80

10
4.
8

Ka
lis
a
et

al
.[
58
]

20
16

20
14

20
14

1
Rw

an
da

4
0.
52
4

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
co
ho

rt
39
79

86
21
.6

Li
m
a
et

al
.[
59
]

20
16

20
09

20
10

1
Br
az
il

2
0.
75
9

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

46
17

50
10
.8

M
oh

am
m
ad
ie
t
al
.

[6
0]

20
16

20
12

20
14

2
Ira
n

2
0.
79
8

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
ca
se
-c
on

tr
ol

12
96
5

82
6.
3

N
ak
im

ul
ie
t
al
.[
61
]

20
16

20
13

20
14

1
U
ga
nd

a
4

0.
51
6

m
ul
ti-

ce
nt
re

Pr
os
pe

ct
iv
e
co
ho

rt
N
R

69
5

8.
4

N
an
su
bu

ga
et

al
.

[ 6
2]

20
16

20
13

20
13

1
U
ga
nd

a
4

0.
51
6

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

15
57

43
4

27
8.
7

N
or
ha
ya
ti
et

al
.

[6
3]

20
16

20
14

20
14

1
M
al
ay
si
a

2
0.
80
2

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

21
57
9

47
2.
2

Pa
rm

ar
et

al
.[
64
]

20
16

20
12

20
12

1
In
di
a

3
0.
64

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

19
29

46
23
.9

Ra
th
od

et
al
.[
65
]

20
16

20
11

20
13

2
In
di
a

3
0.
64

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

21
99
2

16
1

7.
6

Ta
ni
m
ia
et

al
.[
66
]

20
16

20
12

20
13

1
Pa
pu

a
N
ew

G
ui
ne

a
4

0.
54
4

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

13
33
8

12
2

9.
1

Bo
ln
ga

et
al
.[
67
]

20
17

20
14

20
16

2
Pa
pu

a
N
ew

G
ui
ne

a
4

0.
54
4

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

60
19

15
3

25
.4

G
ol
de

nb
er
g
et

al
.

20
17

20
14

20
16

2
M
ul
tic
ou

nt
ry

(C
on

go
,

0.
59
3

m
ul
ti-

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

12
27
07

48
66

39
.7

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 7 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
Pu

bl
ic
at
io
n

Ye
ar

Fi
rs
t

Ye
ar

La
st

Ye
ar

Pe
rio

d
Ye
ar
s

C
ou

nt
ry

H
D
I

G
ro
up

H
D
I

sc
or
e

St
ud

y
Ty
pe

St
ud

y
D
es
ig
n

To
ta
ll
iv
e

bi
rt
hs

M
N
M

ca
se
s

M
N
M

ra
te

[6
8]

G
ua
te
m
al
a,
In
di
a,

Ke
ni
a,
Pa
ki
st
an

an
d
Za
m
bi
a)

ce
nt
re

H
er
kl
ot
s
et

al
.[
69
]

20
17

20
16

20
16

1
Ta
nz
an
ia

4
0.
53
8

si
ng

le
-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

41
25

37
6.
7

Kh
an

et
al
.[
70
]

20
17

20
09

20
11

2
In
di
a

3
0.
64

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
cr
os
s-
se
ct
io
na
l

20
55
6

30
2

14
.7

Ki
ru
ja
et

al
.[
71
]

20
17

20
15

20
15

1
So
m
al
ia

4
-

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

13
85

12
0

86
.6

Li
ye
w

et
al
.[
72
]

20
17

20
15

20
16

1
Et
hi
op

ia
4

0.
46
3

m
ul
ti-

ce
nt
re

C
ro
ss
-s
ec
tio

na
l

29
69
7

23
8

8.
0

M
aw

ar
ti
et

al
.[
73
]

20
17

20
11

20
12

1
In
do

ne
si
a

3
0.
69
4

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

33
00

86
26
.0

M
ba
ch
u
et

al
.[
74
]

20
17

20
15

20
15

1
N
ig
er
ia

4
0.
53
2

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

26
2

52
19
8.
5

M
ek
an
go

et
al
.

[7
5]

20
17

20
16

20
16

1
Et
hi
op

ia
4

0.
46
3

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

30
8

10
3

33
4.
4

Sa
yi
nz
og

a
et

al
.

[7
6]

20
17

20
16

20
16

1
Rw

an
da

4
0.
52
4

m
ul
ti-

ce
nt
re

Pr
os
pe

ct
iv
e
ca
se
-c
on

tr
ol

55
77

20
1

36
.0

W
itt
ev
ee
n
et

al
.

[7
7]

20
17

M
ul
tic
ou

nt
ry

(N
et
he

rla
nd

s,
Ta
nz
an
ia
,M

al
aw

i)
0.
64
8

m
ul
ti-

ce
nt
re

Pr
os
pe

ct
iv
e
co
ho

rt
N
R

23
08

N
R

A
w
ow

ol
e
et

al
.

[7
8]

20
18

20
07

20
16

9
N
ig
er
ia

4
0.
53
2

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

11
24
2

43
3.
8

Be
ni
m
an
a
et

al
.

[7
9]

20
18

20
15

20
15

1
Rw

an
da

4
0.
52
4

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

N
R

98
N
R

C
hi
ka
da
ya

et
al
.

[8
0]

20
18

20
16

20
16

1
Zi
m
ba
bw

e
4

0.
53
5

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

11
87
1

11
0

9.
3

Iw
uh

et
al
.[
81
]

20
18

20
14

20
14

1
So
ut
h
A
fri
ca

3
0.
69
9

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

19
22
2

11
2

5.
8

Ja
ya
ra
tn
am

et
al
.

[8
2]

20
18

20
14

20
15

1
A
us
tr
al
ia

1
0.
93
9

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

27
73

19
7.
0

Li
ye
w

et
al
.[
83
]

20
18

20
15

20
16

1
Et
hi
op

ia
4

0.
46
3

m
ul
ti-

ce
nt
re

Pr
os
pe

ct
iv
e
co
ho

rt
82
8

20
7

25
0.
0

O
liv
ei
ra

N
et
o
et

al
.

[8
4]

20
18

20
13

20
15

2
Br
az
il

2
0.
75
9

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

80
65

60
7.
4

Tu
ra

et
al
.[
85
]

20
18

20
16

20
17

1
Et
hi
op

ia
4

0.
46
3

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

74
04

59
4

80
.2

W
ol
de

ye
s
et

al
.

[8
6]

20
18

20
15

20
15

1
Et
hi
op

ia
4

0.
46
3

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

27
37

13
8

50
.4

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 8 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
Pu

bl
ic
at
io
n

Ye
ar

Fi
rs
t

Ye
ar

La
st

Ye
ar

Pe
rio

d
Ye
ar
s

C
ou

nt
ry

H
D
I

G
ro
up

H
D
I

sc
or
e

St
ud

y
Ty
pe

St
ud

y
D
es
ig
n

To
ta
ll
iv
e

bi
rt
hs

M
N
M

ca
se
s

M
N
M

ra
te

Ya
ng

et
al
.[
87
]

20
18

20
12

20
15

3
C
hi
na

2
0.
75
2

si
ng

le
-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

14
10
5

26
5

18
.8

H
er
kl
ot
s
et

al
.[
88
]

20
19

20
17

20
18

1
Ta
nz
an
ia

4
0.
53
8

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

26
84
2

25
6

9.
5

Ja
ya
ra
tn
am

et
al
.

[8
9]

20
19

20
15

20
16

1
Ti
m
or

3
0.
62
5

si
ng

le
-

ce
nt
re

Pr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

45
29

39
8.
0

O
pp

on
g
et

al
.[
90
]

20
19

20
15

20
15

1
G
ha
na

3
0.
59
2

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

84
33

28
8

34
.2

Za
na
rd
ie
t
al
.[
91
]

20
19

20
09

20
10

1
Br
az
il

2
0.
75
9

m
ul
ti-

ce
nt
re

Re
tr
os
pe

ct
iv
e
lo
ng

itu
di
na
l

82
38
8

62
4

7.
6

A
ut
ho

rs
M
M

ca
se
s

M
M

ra
te

M
N
M

H
ae
m
or
rh
ag
e

%

M
N
M

H
yp
er
te
ns
io
n

%

M
N
M

Se
ps
is

%

M
N
M

O
th
er
s

%

M
N
M

im
m
ig
ra
nt
s

M
N
M

et
hn

ic
ity

M
N
M

M
at
er
na
l

ag
e

G
1
in

M
N
M

%

Pa
rit
y
in

M
N
M

G
A
<

37 w
ee
ks

in M
N
M

%

C
ae
sa
re
an

ra
te

in
M
N
M

%

N
eo

na
ta
l

ne
ar

m
is
s

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 9 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
M
M

ca
se
s

M
M

ra
te

M
N
M

H
ae
m
or
rh
ag
e

%

M
N
M

H
yp
er
te
ns
io
n

%

M
N
M

Se
ps
is

%

M
N
M

O
th
er
s

%

M
N
M

im
m
ig
ra
nt
s

M
N
M

et
hn

ic
ity

M
N
M

M
at
er
na
l

ag
e

G
1
in

M
N
M

%

Pa
rit
y
in

M
N
M

G
A
<

37 w
ee
ks

in M
N
M

%

C
ae
sa
re
an

ra
te

in
M
N
M

%

N
eo

na
ta
l

ne
ar

m
is
s

A
di
sa
sm

ita
et

al
.[
11
]

12
7

22
40

40
.6

32
.3

N
R

16
.3

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

D
riu

le
t
al
.

[1
2]

1
5.
4

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

Ro
os
t
et

al
.

[1
3]

15
18
7.
0

48
46

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

A
lm

er
ie
et

al
.

[1
4]

15
54
.8

34
52

2.
8

N
R

N
R

N
R

M
ea
n
28
.4

ye
ar
s

28
P0

28
%
;P
1-
3
40
.8
%
;

P≥
4
(3
1.
1%

)
in

N
M

N
R

54
%

N
R

Sh
re
st
ha

et
al
.[
15
]

5
32
4.
0

41
.6

27
.7

19
.4

8.
3

N
R

N
R

M
ea
n
27

ye
ar
s

30
.5

G
1
N
M
=
30
.5
%

N
R

N
R

2.
77
%

sh
ou

ld
er

dy
st
oc
ia

So
uz
a
et

al
.

[1
6]

25
26

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

A
li
et

al
.[
17
]

41
43
2.
0

40
.8

18
21
.5

N
R

N
R

N
R

M
ea
n
25
.5

ye
ar
s

N
R

M
ea
n
3.
01

in
N
M

N
R

N
R

N
R

A
m
ar
al
et

al
.

[1
8]

4
89

17
.9

57
.8

14
.3

17
.8

N
R

N
R

N
R

N
R

N
R

N
R

60
pe

rin
at
al

de
at
hs

D
on

at
ie
t
al
.

[1
9]

N
R

N
R

40
29

3
25

Im
m
ig
ra
nt
s

O
R
3

N
R

≥
35

ye
ar
s
2.
8/

10
00

N
R

N
ot

sp
ec
ifi
ed

N
R

70
%

N
R

Ja
ya
ra
tn
am

et
al
.[
20
]

N
R

N
R

40
12

N
R

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

N
R

N
R

Ka
ye

et
al
.

[2
1]

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

M
ea
n
3.
3

N
R

67
.9
0%

N
R

Lo
ba
to

et
al
.

[2
2]

N
R

N
R

4
80

N
R

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

N
R

N
R

So
uz
a
et

al
.

[2
3]

14
0

17
0.
0

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

N
R

N
R

A
de

oy
e
et

al
.

[2
4]

N
R

N
R

45
.3

37
.3

18
.6

N
R

N
R

N
R

>
40

ye
ar
s
5.
3%

N
R

1-
2
(6
1.
3%

);
3-
4

(2
5.
3%

);
5
or

m
or
e

(1
3.
4%

)i
n
N
M

N
R

N
R

N
R

Ja
bi
r
et

al
.

[2
5]

16
62
.8

65
.9

21
N
R

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

67
.8
3%

N
R

Ka
ro
lin
sk
i

et
al
.[
26
]

34
52
.3

36
.7

31
.1

4.
4

15
.3

N
R

N
R

>
35

ye
ar
s
in

21
.8
%
,<

20
ye
ar
s
in

16
.1
%

26
.6

26
.6
%

P0
;3
7.
5%

>
P3

in
N
M

N
R

80
.1

N
R

N
el
is
se
n

et
al
.[
27
]

32
35
0.
3

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

N
R

N
R

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 10 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
M
M

ca
se
s

M
M

ra
te

M
N
M

H
ae
m
or
rh
ag
e

%

M
N
M

H
yp
er
te
ns
io
n

%

M
N
M

Se
ps
is

%

M
N
M

O
th
er
s

%

M
N
M

im
m
ig
ra
nt
s

M
N
M

et
hn

ic
ity

M
N
M

M
at
er
na
l

ag
e

G
1
in

M
N
M

%

Pa
rit
y
in

M
N
M

G
A
<

37 w
ee
ks

in M
N
M

%

C
ae
sa
re
an

ra
te

in
M
N
M

%

N
eo

na
ta
l

ne
ar

m
is
s

Ro
op

a
et

al
.

[2
8]

23
31
3.
0

44
.2

23
.6

16
N
R

N
R

N
R

N
R

58
N
R

N
R

N
R

Sh
en

et
al
.

[2
9]

3
16
.0

36
.1

31
.7

N
R

N
R

aO
R
in

Im
m
ig
ra
nt
s

2.
34

(9
5%

C
I,

0.
45
–2
4.
9)

N
R

M
ea
n
28

±
5

ye
ar
s

76
.8

G
1
76
.8
%

in
N
M

N
R

89
.9

40
%

ad
m
is
si
on

to
ne

on
at
al
IC
U

Tu
nc
al
p
et

al
.

[3
]

36
0

11
4.
4

N
R

N
R

N
R

N
R

M
N
M

by
gr
ou

ps
:0
.8
%

H
D
I1
-2
,

0.
5%

H
D
I3
,

1.
1%

H
D
I4

N
R

≥
35

ye
ar
s

10
.6
%

N
R

G
1
37
.3
%

of
th
e
to
ta
l

N
R

N
R

N
R

W
ah
lb
er
g

et
al
.[
30
]

22
2.
4

N
R

N
R

N
R

N
R

Sp
ec
ifi
ed

by
gr
ou

ps
of

or
ig
in

N
R

Sp
ec
ifi
ed

by
gr
ou

ps
of

or
ig
in

N
R

Sp
ec
ifi
ed

by
gr
ou

ps
of

or
ig
in

N
R

N
R

N
R

A
ba
lo
s
et

al
.

[3
1]

20
4

65
.2

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

P2
-4

51
.9
%

in
no

pr
ee
cl
am

ps
ia
gr
ou

p;
45
.6
%

in
pr
ee
cl
am

ps
ia
;P
1

61
.6
%

in
ec
la
m
ps
ia

gr
ou

p

N
R

N
R

N
R

D
av
id

et
al
.

[3
2]

71
25
4.
0

58
35
.5

3.
9

N
R

N
R

N
R

14
-1
9
(2
3.
6%

),
20
-2
4
(2
7%

),
25
-2
9
(2
6.
2%

),
30
-3
4
(1
6.
7%

),
≥
35

(6
.6
%
)

33
.9

0
(3
3.
9%

);
1
(2
0.
47
%
);

2-
4
(4
0.
6%

);
≥
5

(4
.8
%
)
in

N
M

N
R

56
.6

N
R

G
al
va
o
et

al
.

[3
3]

N
R

N
R

N
R

N
R

N
R

N
R

N
R

84
.4
%

no
n
w
hi
te
;

15
.6
%

w
hi
te

<
35

ye
ar
s

73
.9
%
;≥

35
ye
ar
s
26
.1
%

N
R

N
ot

sp
ec
ifi
ed

N
R

74
.5

N
R

Li
to
rp

et
al
.

[3
4]

77
58
7.
0

13
42

N
R

N
R

N
R

N
R

M
ea
n
26

ye
ar
s

43
P0

(4
3%

);
1-
4
(5
0%

);
>
4(
3.
9%

);
in

N
M

N
R

35
N
R

Lu
ex
ay

et
al
.

[3
5]

2
17
8.
0

N
R

N
R

N
R

N
R

N
R

La
o
(7
0.
6%

);
tr
ib
es

(1
8.
3%

)
M
ea
n
24
.4

ye
ar
s

43
G
1
43
%

of
th
e
to
ta
l

12
.8

N
R

N
R

Lu
m
bi
ga
no

n
et

al
.[
36
]

N
R

N
R

N
R

8.
1

28
.1

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

N
R

N
R

M
az
ha
r
et

al
.

[3
7]

38
29
9.
0

48
.5

25
.8

N
R

N
R

N
R

N
R

20
-4
0
ye
ar
s

96
.2
%

37
G
1
37
%

in
N
M

47
49

N
R

Pa
ch
ec
o

et
al
.[
38
]

3
13
0.
9

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

29
.7

N
R

Pa
nd

ey
et

al
.

24
7

46
84
.0

45
.6

24
.2

7.
5

8.
7

N
R

N
R

N
R

N
R

N
R

N
R

N
R

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 11 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
M
M

ca
se
s

M
M

ra
te

M
N
M

H
ae
m
or
rh
ag
e

%

M
N
M

H
yp
er
te
ns
io
n

%

M
N
M

Se
ps
is

%

M
N
M

O
th
er
s

%

M
N
M

im
m
ig
ra
nt
s

M
N
M

et
hn

ic
ity

M
N
M

M
at
er
na
l

ag
e

G
1
in

M
N
M

%

Pa
rit
y
in

M
N
M

G
A
<

37 w
ee
ks

in M
N
M

%

C
ae
sa
re
an

ra
te

in
M
N
M

%

N
eo

na
ta
l

ne
ar

m
is
s

[3
9]

Ro
ch
a
Fi
lh
o

et
al
.[
40
]

14
0

17
0.
4

43
.5

N
R

N
R

56
.5

N
R

43
.1
%

w
hi
te
;

56
.9
%

no
n
w
hi
te

≥
40

ye
ar
s
7%

38
.9

G
1
38
.9
%

in
N
M

72
.3

89
.5

N
R

A
ss
ar
ag

et
al
.

[4
1]

N
R

N
R

39
45

10
5

N
R

N
R

M
ea
n
29
.2

ye
ar
s

50
P1

(5
0%

);
2-
3
(3
9%

);
≥
4
(1
1%

)i
n
N
M

N
R

66
N
R

Ba
sh
ou

r
et

al
.

[4
2]

6
66
.2

10
0

15
.4

N
R

30
.9

N
R

N
R

N
R

N
R

(E
gy
pt

40
.7
%
)
3-
4;

(L
eb

an
on

60
%
)
0;

(P
al
es
tin

e
43
.8
%
)
>
5;

(S
yr
ia
27
.8
%
)
0,
1-
2,

3-
4

N
R

Eg
yp
t
65
.6
%
;

Le
ba
no

n
10
0%

;
Pa
le
st
in
e

50
%
;S
yr
ia

61
.1
%

N
R

C
ec
at
ti
et

al
.

[4
3]

16
17
0.
0

40
.5

45
.3

5.
7

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

N
R

N
R

H
as
sa
n
et

al
.

[4
4]

N
R

N
R

16
.4

4.
2

2.
5

26
.9

N
R

N
R

N
R

16
.2

G
1=

25
3
(1
6.
2%

)
of

th
e
to
ta
l

N
R

24
20
.0
0%

0.
6%

ad
m
is
io
n

U
C
I,
14

pe
rin

at
al

de
at
hs

Ku
lk
ar
ni

et
al
.

[4
5]

94
49
0.
2

7.
7

53
.4

N
R

N
R

N
R

N
R

M
ea
n
25
.8

ye
ar
s

41
41
%

G
1
in

N
M

N
R

N
R

N
R

M
ad
ei
ro

et
al
.[
46
]

10
17
1.
2

10
0

86
.1

N
R

N
R

N
R

N
R

<
20

ye
ar
s

25
.8
%

N
R

≥
4
13
.6
%

in
N
M

54
.8

87
.5

N
R

N
ad
er
ie
t
al
.

[4
7]

2
10

46
.1

31
.9

N
R

15
.2

N
R

N
R

N
R

41
.5

N
R

54
.2

N
R

O
la
da
po

et
al
.[
48
]

99
8

10
88
.0

49
20
.5

2.
5

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

N
R

pe
rin

at
al

de
at
hs

60
.5
/

10
00

liv
e

bi
rt
hs

O
liv
ei
ra

et
al
.

[4
9]

56
28
0.
8

53
.7

62
.7

N
R

N
R

N
R

57
.3
%

m
ix
ed

,
17
.6
%

w
hi
te
,7
.1
%

bl
ac
k

≥
35

ye
ar
s

11
.8
%

44
.7

G
1
44
.7
%

in
N
M

54
.5

76
.4

N
R

Ru
lis
a
et

al
.

[5
0]

50
28
75
.2

19
.3

28
.6

30
.2

N
R

N
R

N
R

≥
35

ye
ar
s

15
.6
%

N
R

N
ot

sp
ec
ifi
ed

45
45
.5

N
R

Sa
ng

ee
ta

et
al
.[
51
]

8
11
6

40
.7

26
7.
4

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

So
m
a-
Pi
lla
y

et
al
.[
52
]

19
71
.4

37
.5

32
.4

10
.3

N
R

N
R

N
R

N
R

29
N
R

N
R

N
R

O
ku
sa
ny
a

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

20
-2
4
n=

3;
25
-

N
R

0
n=

6;
1
n=

20
;2

n=
N
R

N
R

N
R

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 12 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
M
M

ca
se
s

M
M

ra
te

M
N
M

H
ae
m
or
rh
ag
e

%

M
N
M

H
yp
er
te
ns
io
n

%

M
N
M

Se
ps
is

%

M
N
M

O
th
er
s

%

M
N
M

im
m
ig
ra
nt
s

M
N
M

et
hn

ic
ity

M
N
M

M
at
er
na
l

ag
e

G
1
in

M
N
M

%

Pa
rit
y
in

M
N
M

G
A
<

37 w
ee
ks

in M
N
M

%

C
ae
sa
re
an

ra
te

in
M
N
M

%

N
eo

na
ta
l

ne
ar

m
is
s

et
al
.[
53
]

29
n=

31
;3
0-
34

n=
40
;3
5-
39

n=
33
;4
0-
44

n=
9

27
;3

n=
35
;4

n=
14
;5

n=
14

de
M
uc
io

et
al
.[
54
]

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

13
.3

N
R

N
R

D
om

in
gu

es
et

al
.[
55
]

N
R

N
R

N
R

N
R

N
R

N
R

N
R

56
.1
%

m
ix
ed

;
33
.8
%

w
hi
te
;8
.6
%

bl
ac
k;
1.
1%

as
ia
n;

0.
4%

in
di
ge

no
us

of
th
e
to
ta
l

N
R

46
.9

P0
46
.9
%
;P
1
29
.4
%
;

2-
3
18
.8
%
;>

4
4.
9%

N
R

43
.7

N
R

El
G
ha
rd
al
lo
u

et
al
.[
56
]

1
10
.0

74
.1

20
.7

N
R

25
.9

N
R

N
R

M
ea
n
32

±
5.
2

ye
ar
s,
>
39

ye
ar
s
12
.1
%

36
.2

G
1=

36
.2
%

in
N
M

N
R

66
.7

15
.4
%

ne
on

at
al

de
at
h,
48
.5
%

(n
=
16
)I
C
U

ad
m
is
si
on

Ja
ya
ra
tn
am

et
al
.[
57
]

N
R

4.
8

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

N
R

N
o

Ka
lis
a
et

al
.

[5
8]

13
32
5.
0

57
31
.4

N
R

N
R

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

43
N
o

Li
m
a
et

al
.

[5
9]

10
21
6

N
R

N
R

N
R

N
R

N
R

N
R

N
R

54
.3

N
R

N
R

N
R

M
oh

am
m
ad
i

et
al
.[
60
]

12
92
.6

35
32

7
N
R

N
R

N
R

≥
35

ye
ar
s
n=

12
4

23
G
1
n=

49
5
(2
3%

G
1

in
N
M
)

48
81

20
4

pe
rin

at
al

de
at
hs

N
ak
im

ul
i

et
al
.[
61
]

13
0

50
3.
0

26
.5

22
11
.8

N
R

N
R

N
R

≥
25

ye
ar
s

55
.7
%

26
.5

G
1
n=

18
4
(2
6.
5%

)o
f

N
M

N
R

78
%

N
R

N
an
su
bu

ga
et

al
.[
62
]

N
R

N
R

55
0.
2

3.
5

4.
1

N
R

N
R

N
R

N
R

N
ot

sp
ec
ifi
ed

N
R

N
R

N
R

N
or
ha
ya
ti

et
al
.[
63
]

2
9.
3

80
.9

21
.3

N
R

38
.3

N
R

N
R

M
ea
n
33
.2
(6
.0
3)

ye
ar
s,
>
35
ye
ar
s

42
.6
%

N
R

N
ot

sp
ec
ifi
ed

N
R

63
.8
0%

19
.1
%

pe
rin

at
al

de
at
h
,

63
.2
%

ad
m
itt
ed

to
ne

on
at
al
IC
U

Pa
rm

ar
et

al
.

[6
4]

18
93
3.
0

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

42
N
R

39
%

pe
rin

at
al

de
at
h

Ra
th
od

et
al
.

[6
5]

66
30
0

26
.7

11
.8

11
.5

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 13 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
M
M

ca
se
s

M
M

ra
te

M
N
M

H
ae
m
or
rh
ag
e

%

M
N
M

H
yp
er
te
ns
io
n

%

M
N
M

Se
ps
is

%

M
N
M

O
th
er
s

%

M
N
M

im
m
ig
ra
nt
s

M
N
M

et
hn

ic
ity

M
N
M

M
at
er
na
l

ag
e

G
1
in

M
N
M

%

Pa
rit
y
in

M
N
M

G
A
<

37 w
ee
ks

in M
N
M

%

C
ae
sa
re
an

ra
te

in
M
N
M

%

N
eo

na
ta
l

ne
ar

m
is
s

Ta
ni
m
ia
et

al
.

[6
6]

9
67
.5

38
32

7.
4

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

Bo
ln
ga

et
al
.

[6
7]

10
16
6.
0

42
.5

22
.2

16
.3

3.
3

N
R

N
R

N
R

N
R

N
R

N
R

26
.8
0%

N
R

G
ol
de

nb
er
g

et
al
.[
68
]

19
0

15
5.
0

79
42

75
N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

H
er
kl
ot
s

et
al
.[
69
]

28
67
8.
8

29
.7

24
.3

10
.8

2.
7

N
R

N
R

<
20

ye
ar
s

12
.3
%
;2
0-
35

ye
ar
s
66
.2
%
;

>
35

ye
ar
s

21
.5
%

20
P0

20
%
;P
1-
4
60
%
;

P>
4
20
%

N
R

63
N
R

Kh
an

et
al
.

[7
0]

67
32
5.
0

63
.6

20
.5

2.
6

N
R

N
R

N
R

M
ea
n
26
.7

ye
ar
s

36
.4

G
1
(3
6.
4%

);
G
2-
3

(5
0%

);
G
4-
6
(1
3.
6%

)
N
R

64
.2

N
R

Ki
ru
ja
et

al
.

[7
1]

18
13
28
.0

36
.7

55
2.
5

1.
7

N
R

N
R

M
ea
n
29
.5

ye
ar
s

2.
5

≥
7
(2
9.
2%

);
5-
6

(1
0.
8%

);
2-
4
(2
9.
2%

);
1
(2
8.
3%

);
0
(2
.5
%
)

N
R

N
R

21
.7
%

pe
rin

at
al

de
at
h

Li
ye
w

et
al
.

[7
2]

N
R

N
R

38
53

1
N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

M
aw

ar
ti
et

al
.

[7
3]

29
87
9

5.
81

95
4.
5

N
R

N
R

N
R

N
R

50
N
R

N
R

N
R

N
R

M
ba
ch
u

et
al
.[
74
]

5
19
08
.0

24
.6

28
.1

1.
8

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

M
ek
an
go

et
al
.[
75
]

N
R

N
R

44
.7

38
.8

9.
7

N
R

N
R

N
R

≥
40

ye
ar
s
n=

88
N
R

G
1
N
=
5

54
.4

N
R

N
R

Sa
yi
nz
og

a
et

al
.[
76
]

13
23
3.
1

22
.9

8.
5

7.
5

5
N
R

N
R

≥
35

ye
ar
s
60
%

60
G
1
60
%

34
52

46
.1
%

pe
rin

at
al

de
at
h

W
itt
ev
ee
n

et
al
.[
77
]

12
6

N
R

N
R

N
R

N
R

N
R

M
N
M
%

sp
ec
ifi
ed

by
co
un

tr
y
of

or
ig
in

N
R

Sp
ec
ifi
ed

by
co
un

tr
y

N
R

Sp
ec
ifi
ed

by
co
un

tr
y

N
R

N
R

N
R

A
w
ow

ol
e

et
al
.[
78
]

N
R

N
R

18
40

12
N
R

N
R

N
R

M
ea
n
29
.2

ye
ar
s

N
R

M
ea
n
2

N
R

N
R

N
R

Be
ni
m
an
a

et
al
.[
79
]

N
R

N
R

23
.1

21
.5

27
.3

N
R

N
R

N
R

16
-2
4y
ea
rs

(2
8.
9%

);
25
-3
4

ye
ar
s
(5
2.
1%

);
≥
35

ye
ar
s

(1
9%

)

17
.4

0
(1
7.
4%

);
1-
2

(5
3.
7%

);
≥
3
(2
8.
9%

)
N
R

N
R

N
R

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 14 of 24



Ta
b
le

1
Su
m
m
ar
y
of

al
lt
he

st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

w
ith

th
ei
r
re
su
lts

(C
on

tin
ue
d)

A
ut
ho

rs
M
M

ca
se
s

M
M

ra
te

M
N
M

H
ae
m
or
rh
ag
e

%

M
N
M

H
yp
er
te
ns
io
n

%

M
N
M

Se
ps
is

%

M
N
M

O
th
er
s

%

M
N
M

im
m
ig
ra
nt
s

M
N
M

et
hn

ic
ity

M
N
M

M
at
er
na
l

ag
e

G
1
in

M
N
M

%

Pa
rit
y
in

M
N
M

G
A
<

37 w
ee
ks

in M
N
M

%

C
ae
sa
re
an

ra
te

in
M
N
M

%

N
eo

na
ta
l

ne
ar

m
is
s

C
hi
ka
da
ya

et
al
.[
80
]

13
10
9.
5

31
.8

28
.2

N
R

20
N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

Iw
uh

et
al
.

[8
1]

13
67
.6

33
.9

44
.6

11
.6

N
R

N
R

N
R

<
18

ye
ar
s
3.
6%

;
18
-3
4
ye
ar
s

84
.8
%
;≥

35
ye
ar
s
11
.6
%

41
.1

P0
41
.1
%
;P
1-
4
58
%
;

P5
0.
9%

N
R

N
R

N
R

Ja
ya
ra
tn
am

et
al
.[
82
]

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

Li
ye
w

et
al
.

[8
3]

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

P
0-
2
(7
9.
2%

);
P3
-4

(1
5.
5%

);
P>

5
(5
.3
%
)

40
.6

N
R

29
.5
%

pe
rin

at
al

de
at
h

O
liv
ei
ra

N
et
o

et
al
.[
84
]

5
62

64
.5

25
.8

6.
5

N
R

N
R

N
R

>
35

ye
ar
s
75
%

N
R

N
R

N
R

74
N
R

Tu
ra

et
al
.

[8
5]

28
37
8

36
45
.6

21
.2

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

W
ol
de

ye
s

et
al
.[
86
]

24
87
7.
0

22
.5

21
10
.1

5.
8

N
R

N
R

N
R

41
.6

N
R

N
R

25
.7

N
R

Ya
ng

et
al
.

[8
7]

10
70
.9

36
.9

49
N
R

N
R

N
R

N
R

≥
35

ye
ar
s

2.
54
%

22
.3

G
1-
2
2.
33
%

5.
36

N
R

35
pe

rin
at
al

de
at
hs

H
er
kl
ot
s

et
al
.[
88
]

79
29
4

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

Ja
ya
ra
tn
am

et
al
.[
89
]

30
66
2

25
25

N
R

N
R

N
R

N
R

N
R

50
N
R

N
R

N
R

N
R

O
pp

on
g

et
al
.[
90
]

62
73
5

12
.2

41
11
.1

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

Za
na
rd
ie
t
al
.

[9
1]

11
3

13
7.
1

N
R

N
R

N
R

N
R

N
R

N
R

N
R

37
N
R

63
%

73
.9

14
.2
%

pe
rin

at
al

de
at
h

García-Tizón Larroca et al. BMC Pregnancy and Childbirth          (2020) 20:224 Page 15 of 24



the longest period of data collection, at twenty years.
Over 70% of the studies had a follow-up design with
retrospective data collection/analysis.
Looking at single-country studies, over thirty-three

countries were represented, and seven studies were con-
ducted with populations from several countries; Brazil
published more studies than any other country, with
thirteen (15.4%), followed by India, with six (7.1%), and
Nigeria and Ethiopia, with five each (6%). Regarding the
number of studies classified by HDI group, seven
belonged to group 1, nineteen to group 2, eighteen to
group 3, and twenty-nine to group 4. In only three stud-
ies, the HDI score could not be obtained because of the
lack of data provided regarding the study country.
Regarding the MM rate, the median was 175 deaths

per 100,000/LBs, with six studies reporting a rate above
1000; in relation to the MNM rate, the median was 11
events per 1000 LBs, with nine studies reporting a rate
above 100. Regarding MNM, the average of the overall
percentage of publications reported the cause to be
haemorrhage (38.5%), hypertensive disorders of preg-
nancy (34.2%), sepsis (7.5%), and other causes (20.9%).
In relation to gestational data, the mean percentage of

primiparous women in the total cases of MNM pub-
lished was 37%. The mean percentage of premature
births in the MNM cases was 38%. The mean percentage
of caesarean sections in the MNM cases reported in the
twenty-eight articles that reported these data was 57.2%.
Of all the articles included in the review, only sixteen

presented data on adverse neonatal outcomes; the most
commonly described complication was perinatal death,
reported in twelve articles.
Finally, 4/82 articles referred to the differential analysis

of near-miss ratios in immigrants, and 16/82 provided
data on perinatal mortality or morbidity (near miss) in
their results.
Figures 2 and 3 show the exponential trend relation-

ship between the HDI score of the study population and
the MNM and MM rates. In both, an inversely propor-
tional relationship between the two variables was shown;
higher MNM rates and higher MM rates were observed
for study countries with lower HDI scores, significantly
in both cases:

– Average rate of MNM/country = 331.71e-4.572country
HDI per 1000 live births (R2 = 0.2251; p = 0.001)

– Average rate of MM/country = 47290e-8.663country
HDI n per 100,000 live births (R2 = 0.4304; p =
0.038)

In addition, to provide more detail in these figures, Ta-
bles 2 and 3 show the MNM and MM rates, respectively,
weighted by the number of LBs according to the HDI
group of the study population. The articles whose study

population belonged to HDI group 1 showed the lowest
MNM and MM rates compared to the rest of the
groups. Those whose study population belonged to HDI
group 3 had the highest MNM rate, 7.6 times higher
than that of HDI group 1. Studies whose population was
classified as HDI group 4 had the highest MM rate, 98.4
times higher than that of HDI group 1. It should be
noted in these tables that the MNM rate for group 4
was lower than that for HDI group 3.
The proportion of each cause of MNM published in

each study is shown in Figure 4. This same figure re-
flects the overall proportions of each type of MNM. The
most common cause of MNM in the set of studies se-
lected in this review was haemorrhage, occurring in
38.5% (95% CI, 37.7-39.2) of all cases.
Concerning haemorrhagic causes of MNM, the study

by Lobato et al. [22] reported the lowest proportion of
this complication, with 3.7%, compared to the study by
Madeiro et al. [46], which reported the highest percent-
age of haemorrhagic causes of MNM, 100% of total cases
in their sample.
Regarding hypertensive disorders as a cause of MNM,

the studies by Lobato et al. [22], Madeiro et al. [46], and
Mawarti et al. [73] predominantly include populations of

Fig. 2 Relationship between HDI score and MNM rate

Fig. 3 Relationship between HDI score and MM rate
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pregnant women from countries in HDI groups 2 and 3,
with proportions of MNM greater than 80% out of all
cases in their respective samples.
Overall, the less common cause of MNM was infec-

tion/sepsis, at 7.5%, although the studies by Rulisa et al.
[50] and Benimana et al. [79] observed this cause to be
responsible for 30.2% and 27.6%, respectively, of total
MNM cases. Both studies were conducted in countries
belonging to HDI group 4. A total of 83.7% of studies
that reported infectious causes of MNM were conducted
in countries classified as HDI groups 3 and 4.

Discussion
This systematic review of the literature selected eighty-
two studies that included over three million live births,
over 37,000 MNM cases, and just over 4,000 MM events
over the past eleven years, representing over fifty
countries.
To our knowledge, this is the most up-to-date review

of MNM as an adverse perinatal outcome, and the only
one in which the country of origin of the study popula-
tion has been analysed. In addition, it is the first review
that analyses these results in relation to the HDI of each
country of publication.
As shown in Table 1, increasingly more studies are

publishing MNM results as an indicator for monitoring
the quality of maternal health and maternal care. These
data will be a valuable contribution to taking necessary
action to improve the quality of maternal care.

MNM as an analysis variable of maternal morbidity and
mortality and the importance of the country of origin
Despite the differences in MM between countries, these
events are increasingly infrequent and related to an LB

rate on the order of 100,000. As stated above, MNM
data collection is increasingly necessary; most of the
studies included have been published since 2014, show-
ing the growing interest in considering this variable.
Brazil published the most studies in this period,

followed by India, Nigeria and Ethiopia; most studies
were published in low-HDI countries, leading to publica-
tion bias because, as this study shows, cases of severe
maternal morbidity are more prevalent in more disad-
vantaged countries.
As highlighted in Table 1, only four studies underline

the relationship between MNM and migration when
analysing maternal origin, where perinatal outcomes
were more unfavourable in immigrant groups. However,
many studies analysed this variable for MM. In a system-
atic review that included thirteen studies involving over
forty-two million women and 4995 maternal deaths, im-
migrant women had twice the risk of this complication
over native women in Western Europe [92].
As in the results obtained in those four studies regard-

ing both MNM and MM, our results highlight a signifi-
cant relationship between the HDI of the place of
publication and adverse maternal-perinatal outcomes.
These results are in line with previous studies by Tun-
calp et al. [3] and Luque-Fernandez et al. [5] and those
reported previously by our team.
These studies highlight the importance of classifying

maternal risk by considering not only economic data but
also other relevant aspects of human development and
capacity for survival in each country, or, in the case of
immigrants, their country of origin, specifically in the
case of pregnant women from low-income countries
where monitoring of pregnancy and childbirth occurs in
their countries of origin and when a pregnant woman

Table 2 MNM rate weighted by the number of LBs according to the HDI group

HDI group Sum of MNM Sum of livebirths MNM rate per 1000 livebirths

1 4556 1542678 2.95

2 4844 439728 11.01

3 4265 188743 22.59

4 7196 352653 20.40

Total 20861 2523802 8.26

Table 3 MM rate weighted by the number of LBs according to the HDI group

HDI group Sum of MM Sum of livebirths MM rate per 100,000 live births

1 57 998443 5.7

2 527 398338 132.4

3 841 188444 446.3

4 1563 277953 562.2

Total 2988 1863178 160.4
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Fig. 4 Proportion of each cause of MNM published according to HDI group
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becomes an immigrant in a country with higher re-
sources. Wahlberg et al. [30] observed, in a study con-
ducted in Sweden that included 914,474 births and 2655
MNM cases, that women from low-income countries
had a significant 2.3 times greater risk than native
women of suffering from severe morbidity events. This
study revealed some hypotheses about plausible mecha-
nisms by which this relationship occurred, such as a
breach of previous social networks among immigrant
women, low socio-economic status, poor access to
health and prenatal care, and communication problems
resulting from suboptimal language acquisition.
Urquia et al. [93] analysed 1,252,543 births in On-

tario hospitals between 2002 and 2012 and observed
heterogeneity that included severe maternal morbidity
rates according to the world regions of origin of preg-
nant women. Overall, they found no significant differ-
ences in the risk of such pregnancy complications
between native and immigrant women; however, in
women from East Asia, such as Vietnam and the
Philippines, an increased risk of severe maternal mor-
bidity was observed among these patients in Canadian
hospitals.
Finally, it is necessary to highlight the data from Table

1, which show that only a minority of the authors re-
ported maternal morbidity data, such as MNM, and neo-
natal morbidity results. Less than 20% of these
publications considered adverse perinatal outcomes in
newborns, reporting neonatal mortality as the most
common complication but poorly describing very im-
portant information such as pH at birth, Apgar score,
need for neonatal resuscitation manoeuvres, or admis-
sion to the neonatal intensive care unit.

Main findings
The present study shows that MNM and MM rates have
a significant relationship with maternal country of ori-
gin. Specifically, the HDI of the maternal country of ori-
gin where the different studies were conducted was
significantly related to MNM and MM rates. Thus, we
have observed that the lower the HDI score of the ma-
ternal country of origin, the greater the risk is of suffer-
ing from these 2 severe pregnancy complications.
We must emphasise that HDI group 3 had the highest

MNM rate compared to the other groups even though
group 4 would be expected to have the worst results for
this complication. The reason for this is not explained in
our review, although a possible cause could be that HDI
group 4 had lower MNM ratios compared to group 3
because cases of severe morbidity in these countries
more frequently caused maternal deaths. This hypothesis
would explain why HDI group 4 had an overall MM rate
higher than Group 3 and other groups.

Thus, the present study allows calculation of the aver-
age expected MNM ratios based on the country's HDI
score, as shown in the following examples:

- Average MNM rate in Sweden = 331.71e-4.572x0.933 = 4.69 per 1000 LBs
- Average MNM rate in Brazil = 331.71e-4.572x0.759 = 10.38 per 1000 LBs
- Average MNM rate in Uganda = 331.71e-4.572x0.516 = 31.54 per 1000 LBs

In the same way, if we wanted to calculate the average
expected MM rate in a country based on its HDI, we
could apply the following formula presented in the
results section:

- Average MM rate in Sweden = 47290e-8.663x0.933 = 15.02 per 100,000
LBs

- Average MM rate in Brazil = 47290e-8.663x0.759 = 67.46 per 100,000 LBs
- Average MM rate in Uganda = 47290e-8.663x0.516 = 549.73 per 100,000
LBs

We can observe how the MNM and MM rates
increase as the HDI score of the reference country
decreases. On the other hand, we see rates of these
complications similar to those published by the authors
of the studies included in this review. The calculation of
these rates is limited by the use of a single explanatory
variable such as the HDI score of the country in which
the adverse event occurs in the study; therefore, we can
observe differences in the results published by other
authors, such as the study by Vangen et al. [94] in
Norway, which presented an HDI score similar to that of
Sweden and a MM rate of 7.2 per 100,000 LBs, half of
what was anticipated from our equation.
Estimating these two severe adverse events of

pregnancy, childbirth, and the postpartum period can be
important for clinicians, enabling them to classify the
risk of such events according to the place of maternal
origin. Considering previous calculations, a clinician in
Sweden can expect that near-miss and mortality rates
for a patient attending their hospital from Uganda may
be higher than those of a patient from Brazil (if we con-
sider the rates of these countries and how to discrimin-
ate between Uganda and Brazil), even if both are
immigrants. Obviously, this hypothesis must be con-
firmed by more studies; surely, the near-miss rate of an
immigrant patient in Sweden is lower than that corre-
sponding to their country of origin, but according to our
results, it is possible that HDI can help estimate the risk
with more accuracy.
The HDI simplifies and captures major socio-

demographic characteristics and encompasses various
aspects of human development across countries in the
form of a common score, as explained above. Therefore,
using the HDI, maternal origin can be categorised not
only by race and ethnicity but also by income and
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educational level, which provide accurate information
regarding poverty and inequality worldwide. According
to our systematic review, the excess risk of MNM and
MM seems to depend not only on the maternal birth-
place but also on the region where the prenatal checkups
and delivery took place, other maternal characteristics
and the presence of comorbidities. Therefore, taking into
account that a significant proportion of MNM and MM
cases are avoidable, there should be an initiative to de-
velop and implement epidemiological analysis systems in
host countries to identify socio-demographic risk factors
– such as indicators of poverty and social impairment –
that have a significant impact on the perinatal outcomes
of pregnant immigrant women.
This proposal to use HDI as a parameter related to

morbidity and mortality rates is another step in
calculating these risks by analysing other aspects than
just the average income of the maternal country of
origin or immigrant status. Previously, other authors
showed an increased risk of severe maternal morbidity
events during pregnancy, childbirth, and the postpartum
period in women from low-income countries, such as
those in sub-Saharan Africa and the Caribbean [95–97].
The study published by Blagoeva Atanasova et al. [98] in
Spain showed a significantly increased MM risk (four
times higher) in immigrant women from South Ameri-
can countries. Similarly, this study highlighted important
inequalities in the rate of this complication depending
on the place of maternal origin.

Near-miss types by HDI group (Figure 4)
Our review showed that the most common cause of
MNM was haemorrhage (38.5% of cases), followed
closely by hypertensive disorders of pregnancy.
Overall, we did not observe significant differences in

the proportions of MNM types according to the HDI or
maternal HDI groups. Thus, although the absolute
number and MNM rate are higher in low-HDI countries
compared to countries with higher HDI, the proportion
of causes of these maternal morbidity events does not
differ substantially from one country to another for rea-
sons that are not clear in the literature.
Published studies reflect heterogeneous results in the

proportions of MNM, as in a recent multi-centre ana-
lysis published by Oppong et al. [90] conducted in
Ghana with 8,433 LBs and 288 MNM cases. In this
study, the most common cause of MNM was preeclamp-
sia/eclampsia, at 41%, compared to haemorrhage, which
was observed in 12.2% of cases. The identification and
classification of near-miss cases were performed in this
group using the WHO Maternal Near Miss Tool [23].
Tanimia et al. [66], however, in a study conducted in

Papua New Guinea with 13,338 LBs and 122 near-miss
cases, identified, using the same tool and WHO criteria,

haemorrhage as the most common cause of maternal
near miss (38%), followed by hypertensive disorders of
pregnancy (32%).
The main cause of MM identified by the Global

Burden of Disease (GBD) study, which conducted a
global and regional review of data from 186 countries
during the period of 1990–2015, was obstetric
haemorrhage. Other relevant causes of MM were
hypertensive disorders of pregnancy, maternal sepsis,
obstructed labour, and uterine rupture [99].
There are several reasons why the proportion of

MNM causes may differ from one study to another even
among countries with similar socio-economic develop-
ment levels as defined by the HDI. On the one hand, the
method used in the collection, definition, and classifica-
tion of MNM varies from one study to another in both
the sources and classification systems of these pregnancy
complications. There are several cases in which patients
may suffer from several types of near-miss incidents, or
one cause of near miss may trigger another, but these
situations may not be revealed in the results of the stud-
ies included in this review. Furthermore, the description
of the study population and hospitals where the condi-
tions were treated in the various studies were not always
sufficiently detailed to identify the reason why, in some
studies, one cause of near miss was more prevalent than
another. In this regard, the maternal HDI given by the
country of origin where each study was conducted does
not explain the differences found between the studies in
the proportion of each type of MNM.

Strengths of the review
This is the most recent and up-to-date systematic review
that addresses the importance of characterising pregnant
women by their country of origin and investigates a rele-
vant sociodemographic variable, HDI, and its relation-
ship with adverse events such as MNM and MM. From
what has been published over the course of a decade,
eighty-two articles were collected, describing results
from over forty countries, including a large number of
patients and maternal morbidity and mortality events.

Limitations of the review
Several limitations are worth considering when interpreting
the results of this review. However, there is a lack of
uniform criteria for the identification of cases of severe
obstetric morbidity or MNM. The identification of cases is
complex and varies across studies. Three major criteria
have been mentioned in a review conducted by the WHO
[100]. The review suggested the use of organ system
dysfunction-based criteria supplemented with compatible
clinical markers of organ system dysfunction that are feas-
ible for collection in the absence of higher-level amenities-
based criteria for identifying all severe morbidity and
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investigating the cause as the most reproducible one across
similar areas.
Population characteristics in case-control groups were

not always well described; in several studies, relevant ad-
justment variables of perinatal outcomes were not used,
such as maternal comorbidities, maternal age, parity,
maternal body mass index (BMI), or belonging to ethnic
or sociodemographic groups that are more vulnerable to
pregnancy complications.
As we have described, very few studies refer to

immigrant pregnant women or maternal HDI influencing
adverse events during pregnancy, childbirth, and the
postpartum period.
To address these limitations, Mengistu et al. [101]

have recently published a protocol for the systematic
review and meta-analysis of severe maternal morbidity
events and MNM, at least in high-income countries.
Finally, we must note the limitations of the HDI. On the

one hand, the population in the study country is not
homogeneous with regard to origin, education level, or
income; these factors are not always perfectly described in
national epidemiological publications or data. On the
other hand, migration flows are very diverse from one
country to another depending on economic, social,
political, and geographical factors; therefore, the quantity
and characteristics of the immigrant population of a
nation can be more or less heterogeneous even within
similar territories, as in the European Union. We
attempted to divide the patients into groups in a simple
manner that was based on maternal HDI; additionally, we
obtained as much information as we could regarding the
mothers’ social situation, as indicated by their country of
origin but this might not be entirely informative.

Conclusions
In summary, this review of the literature highlights the
usefulness of identifying the HDI of the maternal country of
origin through the HDI of the country of publication. Based
on eighty-two articles, the review includes a great variety of
countries, patients, and maternal morbidity and mortality
events. This variety has allowed us to study the inverse and
significant relationship between maternal morbidity and
mortality and the HDI of the countries included. This rela-
tionship is maintained according to the HDI groups.
The most common causes of MNM described were

haemorrhage and hypertensive disorders of pregnancy and,
less frequently, infectious complications and sepsis. Overall,
there were no significant differences in the proportion of
each cause of MNM, the HDI, and HDI groups.

Implications for clinical practice
This study shows that the use of maternal
sociodemographic variables, including the HDI, may be
useful to categorise the risk of maternal morbidity and

mortality. In addition to economic value, the HDI
weighs education level and life expectancy – as health
and social parameters of pregnant women – according
to their origin. The HDI is a variable that is easily
accessible and calculated, although it may have
limitations influenced by other factors, for example, in
the immigrant population, such as time spent in the
destination country, baseline health state, or the degree
of social integration and family income. More studies
are needed to determine the discriminatory value of risk
in the immigrant population treated in different
countries.
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