Review EMH]J - Vol. 29 No. 5 - 2023

Systematic review and meta-analysis of maternal mortality ratio and
related factors in the Islamic Republic of Iran

Malahat Khalili,* Mahdieh Mashrouteh,? Ali Haghdoost,* Samaneh Torkian? and Maryam Chegeni?

'Guilan Road Trauma Research Center, Guilan University of Medical Sciences, Rasht, Islamic Republic of Iran. *HIV/STI Surveillance Research Center,
and WHO Collaborating Center for HIV Surveillance, Institute for Futures Studies in Health, Kerman University of Medical Sciences, Kerman, Islamic
Republic of Iran (Correspondence to A.Haghdoost: ahaghdoost@kmu.ac.ir; ahaghdoost@gmail.com). 3Modeling in Health Research Center, Institute for
Futures Studies in Health, Kerman University of Medical Sciences, Kerman, Islamic Republic of Iran.

Abstract
Background: Maternal mortality is an indication of the health status of women in the society.

Aims: To investigate the maternal mortality ratio, causes of maternal mortality, and related risk factors among Iranian
women.

Methods: Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist and the
Peer Review of Electronic Search Strategies (PRESS) guideline, we systematically searched electronic databases, and the
grey literature, for publications in Farsi and English from 1970 to January 2022 for studies that reported the number of
maternal deaths and/or maternal mortality ratio and their related factors. Data analysis was conducted using Stata 16 and
2-sided P < 0.05 was considered statistically significant, if not otherwise specified.

Results: A subgroup meta-analysis of studies conducted since 2000 estimated the maternal mortality ratio as 45.03
per 100 000 births during 2000-2004, 36.05 during 2005-2009, and 23.71 after 2010. The most frequent risk factors for
maternal mortality were caesarean section, poor antenatal and delivery care, unskilled birth attendance, age, low maternal
education level, lower human development index, and residence in rural or remote areas.

Conclusion: There has been a significant decrease in maternal mortality in the Islamic Republic of Iran during the last few
decades. Mothers in the country need to be monitored more carefully by trained healthcare workers during the pregnancy,
delivery and postpartum periods so they can effectively handle postpartum complications, such as haemorrhage and
infection, thereby further reducing maternal mortality.
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One of the United Nations Sustainable Development
Goals is focused on improving maternal health to reduce
MMR worldwide to < 70 per 100 000 live births by 2030
(13). There is increased political attention to how countries
progress towards this target (14). Although MMR globally

Introduction

Maternal mortality is widely used as a summary indicator
to describe population health and socioeconomic
development (1). WHO defines maternal mortality as

“the death of a woman while pregnant or within 42 days
of termination of pregnancy, irrespective of the cause of
death (obstetric and nonobstetric)” (2). It has important
negative social and economic consequences on society
and families, especially on newborn babies and under
conditions of socioeconomic deprivation (3,4). Maternal
mortality ratio (MMR) is a key indicator of health and
socioeconomic development that reflects the overall
quality and effectiveness of health policies, quality of
healthcare services, and women’s health status and life
expectancy (5-7). MMR is affected by several factors,
including educational level, rural road networks, access to
midwifery services in an emergency situation, healthcare
costs, telecommunication networks, household income,
provision of health services, and reducing difficulties
during pregnancy (8-12).

declined from 385 deaths per 100000 live births in
1990 to 211 in 2017 (15), there are still global inequalities
in achieving the target (16). There are considerable
differences between regions regarding progress towards
reducing MMR. According to the estimation of Alkema et
al. for 171 countries, the highest annual decline in MMR
was in East Asia (5%), and the lowest was in the Caribbean
(1.8%) between 1990 and 2015 (17). MMR also decreased in
most developed industrialized countries during 2000-
2014 (18). Maternal mortality is higher in developing than
in developed countries (19), and > 99% of these deaths
occur in developing countries and most are avoidable (20).

The Islamic Republic of Iran is a middle-income
country (21) with a population of ~84 million (49%
female) (22), and it has achieved the fifth Millennium
Development Goal to improve maternal health (23,24).
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According to the latest WHO report, MMR in the Islamic
Republic of Iran was reduced from 48 to 16 per 100 000
live births from 2000 to 2017, which indicates a nearly
6.3% annual reduction (25). According to the latest report
by the Iranian Ministry of Health, MMR reached 177
deaths per 100000 live births in 2018 (26). However,
this figure is not sufficiently low compared with some
developed countries (27-29). A systematic review in the
Islamic Republic of Iran revealed that the leading causes
of maternal mortality were haemorrhage, hypertensive
disorders, and cardiovascular diseases (4).

Maternal mortality is indicative of women’s overall
status, access to health care, and responsiveness of the
healthcare system to their needs. Therefore, knowledge
of maternal mortality level is essential for determining
complications during pregnancy and childbirth, as well
as women’s health and, indirectly, their socioeconomic
status and inequity. Determination of MMR and
its associated risk factors and causes of mortality is
necessary for diagnosis and assessing the progress and
effectiveness of existing programmes. Several Iranian
studies have assessed MMR and the causes of maternal
mortality, but they were not systematically evaluated
and did not report an overall pooled estimate of MMR.
Additionally, official reports of maternal mortality,
produced annually by the Iranian Ministry of Health and
WHO, are usually affected by under-reporting bias.

A valid estimate of MMR is crucial for effective
policymaking, health programme decision-making,
funding to control the problem, and supporting advocacy
for pregnant women. Understanding the causes of
maternal mortality and its associated risk factors are
essential for reducing maternal mortality and adopting
policies for care of pregnant women. Therefore, this
systematic review and meta-analysis aimed to estimate
the MMR and highlight the causes of maternal mortality
and related risk factors in the Islamic Republic of Iran.

Methods
Search strategy

The details of the research questions, search strategy,
study selection procedure, and analytical approach were
designed a priori in an internal unpublished protocol
before initiation of the review. Following the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist (Supplementary Table
S1) and the Peer Review of Electronic Search Strategies
(PRESS) guideline (30,31), we searched Web of Science,
PubMed, Embase, Google Scholar, and Iranian scientific
databases, including Scientific Information Database
(https://www.sid.ir/En/Journal/) and Magiran (https://
www.magiran.com/) from inception in 1970 to 16 January
2022, for studies that reported the number of maternal
deaths, and/or MMRs and their related factors. We also
searched the grey literature. Search terms were combined
using appropriate Boolean operators and included subject

heading terms/keywords relevant to maternal mortality
that were adapted for each database. The search strategy
included both English and Farsi keywords. Our sample
search strategy is shown in Supplementary Table S2.

Inclusion criteria

We included quantitative studies in English and Farsi
that reported the number of maternal deaths and/
or MMRs among pregnant women at the national,
provincial, and local levels. Studies investigating
pregnant women with specific illnesses were excluded,
given their different underlying conditions compared
with the general population of pregnant women. Studies
were included in the meta-analysis if they provided data
on the number of deaths, live births, and standard errors.
No ethical approval was required because this study used
secondary data and involved no interaction with human
subjects. Two authors independently completed the
abstract and full-text screening. The full text of articles
that met our inclusion criteria or were unclear were
screened by 2 independent reviewers, and disagreements
were resolved through discussion with the senior author.
Duplicate records were excluded.

Data extraction

Data were extracted independently by 2 authors, and
discrepancies were resolved by a third author. The
followinginformation was extracted: authors, publication
year, year of conducting the study, source of data, study
duration, study design, age, MMR, number of maternal
deaths, number of live births, maternal mortality risk
factors, and causes of maternal mortality.

Quality assessment

We used the Joanna Briggs Institute Critical Appraisal
Checklists for methodological quality assessment based
on the design of the included studies (32). This appraisal
tool aimed to assess the methodological quality of
the included studies and determined how each study
addressed the possibility of bias in its design, conduct,
and analysis. Selected studies were examined for
representativeness, sample size, recruitment, description
of the study participants and setting, data coverage of the
identified sample, reliability of the measured condition
(i.e. maternal mortality), bias, and adequacy of the
statistical analysis. The methodological quality of the
studies was assessed by two reviewers. Disagreements
were resolved through discussions with a third author.
The tool was modified to provide a numerical score
(33, 34), and acquisition of more than half of scores was
characterized as low/fair quality and lower than half
scores as moderate/good quality.

Statistical analysis

Studies conducted after 2000 were included in the meta-
analysis. We used a random-effects model to pool data
for MMRs across studies, which considered within-
and between-study variability. The 95% confidence
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interval (CI) was calculated for pooled MMRs during
the study period. Heterogeneity between studies was
assessed using both the I* statistic with a cutoff of >
50% and y* test with P < 0.10 to define a significant
degree of heterogeneity (35). After observing substantial
heterogeneity among the studies, meta-regression
was performed to identify the potential sources of
heterogeneity. The following variables were included
in the model: study year/median study year, number
of live births, and study location. Then, we performed
a subgroup meta-analysis according to the study year/
median study year (statistically significant variable in the
meta-regression model). MMR for 2020 was estimated
based on the adjusted regression coefficient for the study
year obtained from the meta-regression analysis. We
conducted a sensitivity analysis to assess the impact of
excluding studies with outlier estimates on the pooled
MMR. Stata 16 (StataCorp, College Station, TX, USA) was
used for all the analyses and graphics. Two-sided P < 0.05
was considered statistically significant, if not otherwise
specified.

Results

Characteristics of included studies

We retrieved and screened 3334 papers based on title and
abstract, and 3249 were excluded because they did not
meet the inclusion criteria or were duplicates. Eighty-five
papers were eligible for full-text review, and 28 of these
were subsequently excluded (Figure 1). Finally, 57 papers
were selected for the systematic review of maternal
mortality, and 30 were used for meta-analysis of MMR.
Twenty-seven papers were excluded from the meta-
analysis and only presented in the systematic review,
because they did not report sufficient data to calculate
the standard error.

The main characteristics of the included studies are
presented in Supplementary Table S3. The reviewed
studies were conducted in different parts of the Islamic
Republic of Iran from 1970 to 2021. Most of the included
studies were cross-sectional or descriptive and of
moderate or good quality. The study duration was from
2 months (36) to 27 years (24, 37). The mean maternal
age was between 18.79 (1.27) (38) and 35.1 (6.4) (39) years.

Figure 1 PRISMA flowchart of screened and included studies
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Eleven (19.3%) studies were conducted at the national
level, and 5 were carried out in Tehran Province and 5
in Fars Province. Almost all of them (24, 37-39) used the
WHO definition for maternal mortality, and data from
the Maternal Mortality Surveillance System were used in
the majority of studies.

Maternal mortality ratio

The MMR among live births was reported in 42 studies,
ranging from o to 248.7 per 100 000 births (95% CI: 36.67-
44.16) from 1963 to 2020. Thirty studies were included
in the meta-analysis. The pooled MMR was estimated
as 3134 per 100000 births (95% CI. 28.36-34.33).
Heterogeneity testing (I> = 100%) revealed significant
differences among the included studies in the meta-
analysis. Multivariate meta-regression analysis showed
that MMR was significantly decreased by almost 5 per
100 000 births with each increase in study year (adjusted
B = -2.097; P = 0.046). Therefore, we performed a
subgroup analysis according to the study year/median
study year. After 2010, the overall pooled MMR was 23.71
(95% CI: 20.77-26.65), and this was estimated at 15.8 per

100 000 births in 2020 based on the adjusted regression
coefficient (Figure 2). Sensitivity analysis was not
significant for the pooled estimate of MMR (29.25; 95%
CI: 26.37-32.12).

Causes and risk factors for maternal mortality

Common causes of maternal mortality were reported
in 35 studies. Obstetric haemorrhage, eclampsia/pre-
eclampsia, infection, embolism, delays in treatment, and
underlying conditions (e.g. heart disease) were the most
common causes of maternal mortality among Iranian
pregnant women. Maternal infections, haemorrhage,
eclampsia/pre-eclampsia, and underlying diseases (e.g.
embolism, cardiac disease, and nervous system disorders)
were leading causes of maternal mortality (4,51). The risk
factors for maternal mortality were determined in 25
studies. Common significant risk factors were the type
of delivery (caesarean section), insufficient antenatal and
delivery care, skill of person who performed the delivery,
low maternal educational level (illiterate/primary school),
low Human Development Index, residence in rural and
remote areas, and age.

Figure 2 Forest plot of pooled maternal mortality ratios. Random-effects model was used to estimate overall pooled rate. I2 test
measured between-study heterogeneity; the horizontal lines indicate 95% confidence intervals. The diamonds indicate pooled rate

estimates. Year shows study period/median year of study period.
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Discussion

This systematic review and meta-analysis estimated
MMR among Iranian women and provided an overview
of the causes of maternal mortality and its related risk
factors. The overall pooled MMR was 31.34 per 100 000
live births, according to studies published in 1970-2021.
The heterogeneity in our findings resulted from the year
that studies were conducted, and the subgroup analysis
showed that after 2010, the estimated pooled MMR was
23.71 per 100 000 live births. The most common causes
of maternal mortality were haemorrhage, hypertensive
disorders, infection, embolism, delays in treatment,
and underlying conditions. Significant risk factors for
maternal mortality were type of delivery, insufficient
antenatal and delivery care, the person who performed
the delivery, low maternal educational level, low Human
Development Index, residence in rural and remote areas,
and age.

We found that pooled MMR in the Islamic Republic
of Iran was lower than the global estimate (211 per
100 000 live births) (40), which was affected by the study
year. A previous systematic review showed that, except
for developed countries, there was large variability in
national maternal mortality estimates (41). Girum et al., in
an ecological study in 82 developing countries from 2008
to 2016, found that MMR ranged from 7.0 per 100 000
live births in Cape Verde to 1360 per 100 000 live births
in Sierra Leone, with an average of 311 (19). In developed
countries, MMR was 17.5 in the United States of America
(42), 9.3 in Canada (43), 9.2 in Italy (27), and 5.0 in Japan
(44), which are lower than our pooled estimate. However,
our subgroup analysis showed that pooled MMR had a
decreasing trend and reached 2371 per 100 000 live births
after 2010 and 15.8 in 2020. Recent studies reported that
maternal deaths attributed to COVID-19 could have
affected our MMR estimation for 2020 and the decreasing
MMR trend in the Islamic Republic of Iran (45,46).

The Islamic Republic of Iran has achieved the fifth goal
of the United Nations Millennium Development Goals,
and MMR has decreased from 48 deaths per 100 000 live
births in 2000 to 16 in 2017, showing an annual reduction
rate of about 6.3% (23). The Iranian Government and
Ministry of Health have taken valuable measures to
reduce maternal mortality over the past few decades.
The improvement in this indicator was a consequence
of women’s increased literacy and their enhanced social
status, accompanied by expanded availability of facilities
in reproductive healthcare, including pregnancy-related
care, establishment of mother-friendly hospitals, safe
delivery, facilitation of access to free family planning
services, and qualitative and quantitative expansion of
civil society networks and community health centres
(47, 48). The comprehensive family planning programme
in the Islamic Republic of Iran since the beginning of
the 1990s led to significant reductions in fertility and
population growth (49). Along with these changes, the
country has achieved a dramatic reduction in MMR that
is comparable with that in some developed countries (50).

Continuation and advocacy of policies and programmes
that promote improved maternal health and safe
motherhood are necessary. Further research is needed
to determine maternal mortality in different provinces,
cities, and remote areas in the Islamic Republic of Iran.

We reported common causes of maternal mortality
in the Islamic Republic of Iran. Our results are similar to
those of a previous systematic review in which theleading
direct and indirect causes of mortality were identified as
haemorrhage, hypertensive disorders, and cardiovascular
diseases (4). Bailey et al. identified that hypertensive
disorders and haemorrhage were the predominant
causes of institutional maternal death in 40 low- and
middle-income countries (51). Another systematic review
showed that leading causes of maternal mortality among
adolescents are similar to those among older women,
including hypertensive disorders, haemorrhage, abortion,
and sepsis (52). In previous observational studies in the
Islamic Republic of Iran, pregnancy-related infections
and obstetrichaemorrhage were the most common causes
of maternal deaths (53-55). Most recent studies stated
that the major causes of maternal deaths in the Islamic
Republic of Iran showed a shift towards eclampsia/pre-
eclampsia and underlying disease (37,56-60). However,
Banaei et al. in 2020 (57) and Barzegar et al. in 2019 (58)
indicated that pregnancy-related infection was still one of
the most common causes of maternal mortality. Despite
established interventions to prevent and treat direct
causes of maternal deaths, pre-eclampsia and eclampsia
are still the major causes of maternal mortality globally
(61,62). WHO highlighted that all women need access
to high-quality care during pregnancy and during and
after childbirth. It is crucial that all births are attended
by skilled health professionals, as timely management
and treatment can make a difference to the risks for
mothers and infants (62). Understanding the context-
based causes of maternal deaths and identifying the
causes with high priority is critical for policymakers to
develop interventions to reduce the burden of mortality
and morbidity.

In this systematic review, we evaluated factors related
to maternal mortality. Consistent with previous studies
(4,63,64), we found that type of delivery, antenatal and
delivery care, the person who performed the delivery,
maternal educational level, Human Development Index,
residence in rural and remote areas, and maternal age had
significant effects on maternal mortality. Identification
of these factors is challenging because of the variations
in study dates, design, and population, and confounder
variables. To improve maternal health, barriers that
limit access to quality maternal health services must
be identified and addressed at both health system and
societal levels (62). Further studies are required to und)
erstand which specific aspects of maternal health could
be improved to reduce maternal deaths in the Islamic
Republic of Iran.

Most maternal deaths are preventable and
medical comorbidities, pregnancy complications, and
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socioeconomic inequalities are important risk factors.
The healthcare solutions to prevent or manage maternal
complications are well known. According to the particular
situation of each country, policymakers and health system
managers should develop comprehensive policies and
interventions to reduce maternal mortality, particularly
for fragile states. Coverage of all pregnancies and
childbirthsineachregionisessential forunderstandingthe
underlying causes of maternal mortality. The prevention
of unwanted pregnancies is also crucial to avoid maternal
deaths. One of the challenges in maternal mortality in the
Islamic Republic of Iran is government policies in recent
years to promote large families, which may increase
maternal mortality. The Ministry of Health can prevent
the increase in MMR by providing appropriate health
education, advocating family planning, and monitoring a
downward trend in MMR.

There were a few limitations to our systematic review.
Several included studies did not clearly report the causes
and risk factors for maternal mortality, and we could not
comprehensively assess these factors and report group-
specific MMR. We used the mean and standard error of
MMR during the study period and assumed a normal
distribution, which may have led to underestimating the
right tail of the distribution. Most of the included studies
used data from the Maternal Mortality Surveillance
System, and/or medical records that were likely
incomplete. As a result, the MMR estimate may have
been subject to underestimation and uncertainty. These
data were not collected primarily for research purposes
and often contained noisy, inconsistent, or wrong
information. Given the nature of maternal mortality data
and the observational design of the included studies,
most studies in the review were at risk of bias, and the
quality of existing evidence was not ideal. However, our

systematic review provides valuable insight into the
maternal mortality in the Islamic Republic of Iran, which
could inform public health and public policy decision-
makers. Lastly, publication bias was also likely for MMR
in some provinces.

Conclusion

MMR in the Islamic Republic of Iran has undergone a
significant overall reduction during the last few decades.
MMR was estimated at 15.8 per 100 000 live births in
2020, which shows that the Islamic Republic of Iran
has reached the fifth Millennium Development Goal
by reducing MMR by almost 75% from 1990 figures.
Trained healthcare workers should carefully monitor
mothers during pregnancy, delivery, and postpartum,
particularly in handling postpartum complications,
such as haemorrhage and infections. The identified risk
factors and causes of maternal deaths demonstrate the
importance of improving the quality of pregnancy care
services, universal access to reproductive healthcare,
access to skilled birth attendance, and reducing
socioeconomic inequalities. Our findings could help
increase awareness of decision-makers and policymakers
about the magnitude, social effects, and preventability
of maternal mortality, which may lead them to target
actions for each avoidable factor. We suggest a national
study to determine factors related to maternal deaths and
identify the provinces that need more attention.
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Analyse systématique et méta-analyse du taux de mortalité maternelle et des
facteurs associés en République islamique d'Iran

Résumeé

Contexte : La mortalité maternelle est une indication de 1'état de santé des femmes dans la société.

Objectifs : Etudier le taux de mortalité maternelle, les causes de ce type de mortalité et les facteurs de risque associés
chez les femmes iraniennes.

Méthodes : A l'aide de la liste de contrdle PRISMA (Eléments de notification préférés a des fins d'examens et de
méta-analyses systématiques - Preferred Reporting Items for Systematic Reviews and Meta-Analyses) et de la ligne
directrice PRESS (Examen par des pairs des stratégies de recherche électronique - Peer Review of Electronic Search
Strategies), nous avons effectué des recherches systématiques dans les bases de données électroniques et dans la
littérature grise pour les publications en farsi et en anglais de 1970 a janvier 2022 afin de trouver des études ayant
rapporté le nombre de décés maternels et/ou le taux de mortalité maternelle ainsi que leurs facteurs associés.
L'analyse des données a été réalisée a l'aide du logiciel Stata 16 et un p bilatéral inférieur ou égal a 0,05 a été
considéré comme statistiquement significatif, sauf indication contraire.

Résultats : Une méta-analyse en sous-groupes d'études menées depuis 2000 a estimé le taux de mortalité maternelle
a 45,03 pour 100 000 naissances durant la période comprise entre 2000 et 2004, a 36,05 pour celle allant de 2005
a 2009 et a 23,71 apres 2010. Les facteurs de risque de mortalité maternelle les plus fréquents étaient les suivants : la
césarienne, les soins prénatals et l'accouchement de mauvaise qualité, les accouchements en présence de personnel
non qualifié, 1'dge, le faible niveau d'éducation des meéres, un indice de développement humain inférieur et la
résidence dans des zones rurales ou éloignées.
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Conclusion : I y a eu une baisse significative de la mortalité maternelle en République islamique d'Iran au cours des
dernieres décennies. Les meres dans le pays doivent étre suivies plus attentivement par des agents de santé formés
pendant la grossesse, I'accouchement et la période postpartum afin qu'elles puissent faire face efficacement aux
complications survenant durant cette période, telles que les hémorragies et les infections, ce qui permettra de réduire
davantage la mortalité maternelle.
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