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Abstract 

Background:  Maternal mortality in the Middle East and North Africa (MENA) region decreased significantly between 
1990 and 2017. This was uneven, however, with some countries faring much better than others.

Methods:  We undertook a trend analysis of Maternal Mortality Ratios (MMRs) of countries in the region in order to 
understand differences in reduction across countries. Data were extracted from several databases for 23 countries 
and territories in the region on measures of women’s empowerment, availability of vehicles and human resources for 
health (as a proxy to the three delays model). We identified factors associated with MMR by grouping countries into 
five different Stages (I-V) of obstetric transition from high to low MMRs.

Results:  Among the four Stage II countries, MMR is associated with “antenatal care coverage (% with at least one 
visit)” and “medical doctors per 10,000 population”. Among the eight Stage III countries, MMR is associated with 
“Gender Parity Index in primary and secondary level school enrolment” and with “nursing and midwifery personnel 
per 10,000 population”. Among the 10 countries and one territory in Stages IV and V, MMR is associated with “GDP per 
capita”, “nursing and midwifery personnel”, and “motor vehicle ownership/motorization rate”. Two factors were associ-
ated with changes in MMR from the period 2006–2010 to 2011–2015: 1) change in adolescent birth rate (r = 0.90, 
p = 0.005) and 2) Gender Parity Index in primary level school enrolment (r = − 0.51, p = 0.04).

Conclusion:  Though impressive reductions in MMR have been achieved across countries in the MENA region since 
1990, governments should realize that there exists an opportunity to learn from each other to bring MMRs as close 
to zero as possible. Immediate steps in the right direction would include investment in human resources for health, 
particularly nurses and midwives; measures to improve adolescent sexual and reproductive health; and greater invest-
ments in achieving gender equity in education.
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Background
Maternal mortality is defined “as death that occurs to a 
woman as a direct result of obstetric complications or 
indirectly as a result of pregnancy-induced exacerbation 
of pre-existing medical conditions, but not as a result 
of incidental or accidental causes” [1]. Maternal mortal-
ity is generally considered a good indicator of a coun-
try’s health system performance and at the same time, 
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socio-economic theories have helped to explain reduc-
tion of maternal mortality among populations that have 
advanced in wealth and education [2, 3]. The wealth-edu-
cation-health triad is a well-known social and structural 
determinant of health. Maternal mortality ratios (MMRs) 
decreased by 38.4% between 1990 and 2017 globally, 
whereas it declined by 46.6% in the Northern Africa and 
Western Asia region (a proxy for the Middle East and 
North Africa region, (MENA)) [4]. In 2017, the global 
point estimate of MMR was 211/100,000 live births and 
for Northern Africa and Western Asia 81/100,000 live 
births [4]. MMRs decrease in MENA countries is, how-
ever, unequal. Although some countries have made 
remarkable progress over the past two decades, improve-
ment in further reduction of MMR slowed significantly 
in recent years [5]. The progressive decrease of MMR in 
some MENA countries in comparison to others provides 
an opportunity for countries that are currently lagging 
behind to analyze factors for success and lessons learned 
in other MENA countries.

Since MENA countries have varying MMRs, a trend 
analysis of MMRs in these countries during the last two 
decades may be beneficial. Souza et  al. grouped coun-
tries according to their MMRs in five stages (Stage I: 
MMR > 1000/100,000 live births; Stage II: 300–999; Stage 
III: 50 - < 299; Stage IV: < 50; and Stage V: Very low MMR 
(accepted to be < 5) [6]. They also reported various coun-
try-level policy interventions likely to yield optimal out-
comes during the five stages.

Programmatically speaking, the three delays model of 
Thaddeus and Maine (1994) is considered a useful frame-
work to design high impact interventions. This model 
considers these three delays as explaining the reasoning 
behind maternal deaths: a) delay in seeking care (lack of 
empowerment of women) – first delay; b) delay in reach-
ing facilities (failure of transport and communications) 
– second delay; and c) delay in provision of care (defi-
ciencies in human resource and commodity availability) 
– third delay [7]. There is a known relationship between 
the delays found in a country and that country’s obstet-
ric stage. A preponderance of first and second delays is 
predicted for Stage I and II countries, the third delay is 
more commonly found in Stage IV and V countries, and 
there is equal contribution from all three delays in Stage 
III countries [6]. Our objective is to study factors (linked 
to the three delays model) associated with reductions in 
MMRs in MENA countries according to their respective 
obstetric stages.

Methods
MMRs were retrieved for the period 1990–2015 from 
the official United Nations website for the Millennium 
Development Goals (MDG) indicators for 23 countries/

territories (22 countries + one territory) in the MENA 
region [8]. We defined MENA region using the definition 
from the United Nations Children’s Fund for the MENA 
region and also included countries from the Eastern 
Mediterranean Region of the World Health Organization 
(WHO) for comprehensiveness [9, 10]. These together 
included Afghanistan, Algeria, Bahrain, Djibouti, Egypt, 
Islamic Republic of Iran, Iraq, Jordan, Kuwait, Lebanon, 
Libyan Arab Jamahiriya, Morocco, Oman, Pakistan, 
Qatar, Saudi Arabia, Somalia, State of Palestine Sudan, 
Syrian Arab Republic, Tunisia, United Arab Emirates and 
Yemen. Countries are grouped according to the obstetric 
stages (I to V), based on their 2015 MMRs [6, 10].

Using the three delays framework, we extracted data 
for the 23 countries/territories on the measures of wom-
en’s empowerment, availability of vehicles and human 
resources for health. In addition, we also obtained data 
on health system performance related to reproductive 
health care and overall wealth of the country. These data 
were extracted from the United Nations report on the 
Millennium Development Goals for women’s empow-
erment and health system performance, WHO’s global 
observatory data on human resources for health, World 
Bank data on gross domestic product, International 
Organization of Motor Vehicle Manufacturers and the 
Our World in Data project of the global change data lab 
for transport availability [8, 10–14].

We calculated national average MMRs for the period 
2011 to 2015 (when missing for 2015 annual data from 
2016 and 2017 were taken) and looked for associations 
with different variables/ indicators (expressed in percent-
ages). We omitted variables represented by raw numbers. 
Correlation between the various indicators and MMR 
was represented by scatterplots. To improve normality of 
the distribution, MMRs and GDPs were log-transformed.

Results
MMR demonstrates a decreasing trend over the last 
25 years in all MENA countries. The relative reduction 
from the period 1990–1994 to the period 2010–2014 
ranged from 22.3% in Yemen to 74.6% in Iran. In 2015, the 
highest MMRs were reported in Somalia (732), Afghani-
stan (396), Yemen (385) and Sudan (311), while the low-
est MMRs were reported in Kuwait [4], the United Arab 
Emirates [6] and Libya [9]. Change over time is shown 
in Fig.  1 below. While all countries have seen a further 
reduction of their 2010–14 maternal mortality levels in 
2015, Syria stands out an exception with the MMR climb-
ing back to almost its levels in 2000–2004 –an effect of 
the protracted conflict.

GDP per capita (US$) is correlated with MMR and 
many of the selected indicators (Supplementary Table 1). 
Table 1 presents association between selected indicators 
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and respective obstetric stage (average values reported 
during 2011–2015) of countries. A particularly strong 
inverse correlation is observed between GDP and 
MMR (r = − 0.90), while strong positive correlations 
are observed with “nursing and midwifery personnel 
per 10,000 population” (r = 0.83), “medical doctors per 
10,000 population” (r = 0.72) and “proportion of births 
attended by skilled health personnel” (r = 0.69). As a 
measure of wealth, GDP is also strongly correlated with 

“motor vehicle ownership” (r = 0.85) and “motorization 
rate” (r = 0.75) [15, 16].

The countries organized into the four stages of obstet-
ric transition based on their 2015 levels were: 1) one 
country (Kuwait) has reached stage V (with MMR < 5 
per 100,000 live births) 2) nine countries and one terri-
tory (UAE, Libya, Saudi Arabia, Qatar, Bahrain, Leba-
non, Oman, Iran, Egypt and Palestine) were categorized 
as Stage IV (with MMR 5–50 per 100,000 live births) 3) 

Somalia 1208 1156 1024 889 789 -34.7% 732
Afghanistan 1324 1200 994 726 500 -62.2% 396
Yemen 526 475 433 423 409 -22.3% 385
Sudan 708 605 504 398 332 -53.1% 311
Djibouti 484 431 381 318 256 -47.1% 229
Pakistan 403 341 282 232 197 -51.1% 178
Algeria 206 184 159 148 145 -29.6% 140
Morocco 288 242 208 178 138 -52.0% 121
Tunisia 122 98 80 71 65 -46.7% 62
Jordan 102 87 71 59 59 -42.4% 58
Syria 107 83 67 53 56 -47.6% 68
Iraq 99 76 59 52 51 -49.0% 50
Palestine 110 84 68 59 50 -54.4% 45
Egypt 97 74 58 47 37 -62.0% 33
Iran 104 67 43 31 26 -74.6% 25
Oman 25 20 21 19 18 -27.4% 17
Lebanon 66 49 36 23 17 -73.8% 15
Bahrain 24 22 21 18 16 -35.5% 15
Qatar 29 25 22 19 14 -51.4% 13
Saudi Arabia 41 28 21 16 13 -68.6% 12
Libya 32 21 14 10 9 -72.2% 9
UAE 15 10 7 6 6 -60.0% 6
Kuwait 7 8 6 6 4 -36.4% 4

Fig. 1  Change in MMR over time in MENA countries
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eight countries (Iraq, Jordan, Syria, Tunisia, Morocco, 
Algeria, Pakistan, and Djibouti) were categorized as Stage 
III (with MMR of 50–300/100,000); and 4) four coun-
tries (Sudan, Yemen, Afghanistan and Somalia) were cat-
egorized as Stage II (with MMR of 300–1000/100,000). 
No country within the MENA region had an MMR 
> 1000/100,000 (Stage I). Since there was only one coun-
try in stage V (Kuwait), we combined it with others in 
stage IV for analysis purposes.

Significant differences between the three groups of 
countries (stages II, III, IV&V) were observed for most 
indicators during the most recent period (2011–2015) 
(Table  2). Average GDP per capita decreased from 
$23,773 (Stages-IV&V) to $3515 (Stage-III) and $1005 
(Stage-II). Notably, large differences in the number of 
nursing and midwifery personnel per 10,000 popula-
tion (41.5, Stages-IV&V; 16.7, Stage-III and 5.3, Stage-
II) and medical doctors per 10,000 population (18.0, 
Stages-IV&V, 11.7, Stage-III and 2.6, Stage-II) were also 
observed (Table 1).

At univariate analysis, significant correlations were 
observed between MMR (log-transformed to improve 
normality) and most of the selected indicators (Table 2). 
The strongest correlation was found between MMR and 
“GDP per capita” (r = − 0.90) and between MMR and 
“nursing and midwifery personnel” (r = − 0.85). After sin-
gle adjustment for GDP, only “Gender Parity Index in ter-
tiary level enrolment” (p = 0.05) and “number of medical 
doctors per 10,000 population” (p = 0.01) remain asso-
ciated with MMR, but the magnitude of the association 
reduced considerably. Alternatively, after adjustment for 
“nursing and midwifery personnel”, GDP and to a lesser 
extent “motor vehicle ownership”, which itself is corre-
lated with GDP, remain independent predictors of MMR.

Among the four Stage II countries, MMR was associ-
ated with “antenatal care coverage (% with at least one 
visit)” and “medical doctors per 10,000 population”. 
Among the eight Stage III countries, MMR is associ-
ated with “Gender Parity Index in primary and second-
ary level enrolment” and with “nursing and midwifery 

Table 1  Association between selected indicators and obstetric stage (average values reported during 2011–2015)

# of countries 
with available 
data

Stages IV&V
(MMR < 5 &5–50)

Stage III
(MMR 50–299)

Stage II
(MMR 300–999)

Test for linear trend

Mean ± SD Mean ± SD Mean ± SD p-value

MENA COUNTRIES, n 23 11 8 4

GDP per capita, US$ 23 23,773 ± 23,588 3515 ± 1746 1005 ± 651 < 0.0001
Proportion of births attended by skilled health 
personnel, %

13 97 ± 3.8 85 ± 18.9 42 ± 4.2 0.002

Contraceptive use among married women 
15–49 years, any method, %

12 57.7 ± 19.5 50.3 ± 17.2 27.5 ± 9.2 0.09

Contraceptive use among married women 
15–49 years, modern methods, %

12 49.3 ± 13.3 39.0 ± 14.1 22.5 ± 3.5 0.05

Adolescent birth rate, per 1000 women 9 23.3 ± 18.3 9.2 ± 3.4 67.0 0.05

Antenatal care coverage (At least one visit), % 14 94.3 ± 4.4 86.6 ± 10.6 62.3 ± 15.6 0.002
Antenatal care coverage (At least four visits), % 12 87.7 ± 7.2 58.7 ± 25.3 33.0 ± 25.5 0.03
Unmet need for family planning, total, % 10 10.3 ± 3.8 11.3 ± 4.6 29.0 0.008
Unmet need for family planning, spacing, % 10 5.0 ± 1.7 5.3 ± 2.0 15.0 0.003
Unmet need for family planning, limiting, % 10 5.0 ± 3.0 6.2 ± 2.9 14.0 0.03
Gender Parity Index in primary school enrolment, 
girls/boys ratio

17 0.99 ± 0.05 0.94 ± 0.04 0.81 ± 0.09 0.0004

Gender Parity Index in secondary school enrol-
ment, girls/boys ratio

18 1.01 ± 0.07 0.93 ± 0.13 0.71 ± 0.19 0.002

Gender Parity Index in tertiary level school enrol-
ment, girls/boys ratio

18 1.96 ± 1.75 1.15 ± 0.35 0.62 ± 0.42 0.15

Share of women in wage employment in the non-
agricultural sector, %

9 16.5 ± 3.5 20.6 ± 4.8 – 0.18

Proportion of seats held by women in national 
parliament, %

22 7.1 ± 6.1 18.8 ± 6.4 15.9 ± 12.6 0.07

Nursing and midwifery personnel, per 10,000 
population

22 41.5 ± 20.2 16.7 ± 9.3 5.3 ± 0.6 0.0007

Medical doctors, per 10,000 population 22 18.0 ± 6.3 11.7 ± 6.4 2.6 ± 1.6 0.0003
Motor vehicle ownership, per 1000 population 23 315 ± 181 80 ± 51 23 ± 14 0.001
Motorization rate 2014–15, per 1000 population 21 259 ± 155 142 ± 104 29 ± 25 0.01
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personnel per 10,000 population”. Among the 11 Stage 
IV&V countries, MMR is associated with “GDP per 
capita”, “nursing and midwifery personnel” and “motor 
vehicle ownership /motorization rate” (Table 3).

We then assessed whether recent changes (from 2006 
to 2010 to 2011–2015) of the selected indicators could 
be associated with parallel changes in MMR (Table 4). 
Only two factors were associated with MMR reduction: 
“Change in adolescent birth rate” (r = 0.90, p = 0.005) 
and “Gender Parity Index in primary level school enrol-
ment” (r = − 0.51, p = 0.04). Correlations for these two 
factors are displayed in Fig. 2.

Discussion
GDP per capita remains a decisive factor in determining 
the odds of a woman surviving pregnancy or childbirth in 
the MENA region, indicating prevailing inequality in the 
world [17]. In 2015, Somalia, Afghanistan, Yemen, and 
Sudan still had MMRs above 300 per 100,000 live births. 
These countries, however, apart from being affected 
by low GDPs, have also been negatively influenced by 
widespread conflict over several years [18]. Syria (stage 
III) requires special mention as the only country in the 
region in which the MMR has continued to increase dur-
ing the period 2010–15, coinciding with the period of 

Table 2  Association between selected indicators and MMR based on average values reported during 2011–2015, using linear 
regression

a  Log-transformed values

Mean squares and p-value are obtained from univariable and multivariable linear regression models adjusted for GDP or Nursing and midwifery personnel

Pearson 
Correlation 
Coefficient

Univariable 
Linear
regression

Multivariable linear regression 
adjusted for “GDP per capita”

Multivariable linear regression 
adjusted for “Nursing & midwifery 
personnel”

R Mean Square
(p-value)

Adjusted Mean Square (p-value) Adjusted Mean
Square (p-value)

GDP (US$)a −0.90 39.5 (<.0001) – 6.53 (0.0005)
Proportion of births attended by 
skilled health personnel

−0.79 8.57 (0.001) 0.23 (0.46) 0.83 (0.29)

Contraceptive use among married 
women 15–49 years old, any method

−0.58 4.59 (0.046) 1.04 (0.09) 2.17 (0.08)

Contraceptive use among married 
women 15–49 years old, modern 
methods

−0.57 4.45 (0.051) 0.88 (0.13) 1.99 (0.09)

Adolescent birth rate 0.55 4.50 (0.13) 0.17 (0.53) 0.04 (0.82)

Antenatal care coverage (At least one 
visit)

−0.71 7.80 (0.004) 0.76 (0.15) 1.26 (0.18)

Antenatal care coverage (At least four 
visits)

−0.79 7.27 (0.002) 0.55 (0.24) 0.26 (0.55)

Unmet need for family planning, total 0.68 4.23 (0.03) 0.41 (0.33) 1.15 (0.22)

Unmet need for family planning, 
spacing

0.60 3.36 (0.07) 0.92 (0.14) 1.65 (0.13)

Unmet need for family planning, 
limiting

0.69 4.42 (0.03) 0.07 (0.68) 0.61 (0.37)

Gender Parity Index in primary school 
enrolment

−0.73 14.4 (0.0009) 0.79 (0.19) 1.56 (0.14)

Gender Parity Index in secondary 
school enrolment

−0.72 13.5 (0.0002) 0.42 (0.32) 0.88 (0.28)

Gender Parity Index in tertiary level 
school enrolment

−0.48 7.36 (0.046) 1.64 (0.05) 0.41 (0.47)

Share of women in wage employ-
ment in the non-agricultural sector

0.44 1.34 (0.24) 0.17 (0.54) 0.42 (0.46)

Proportion of seats held by women in 
national parliament

0.39 7.20 (0.08) 0.07 (0.69) 0.64 (0.35)

Nursing and midwifery personnel −0.85 34.7 (<.0001) 1.36 (0.07) –

Medical doctors −0.81 31.5 (<.0001) 2.34 (0.01) 2.35 (0.06)

Motor vehicle ownership −0.81 31.9 (<.0001) 0.28 (0.43) 3.59 (0.02)
Motorization rate 2014–15 −0.74 21.0 (0.0001) 0.76 (0.19) 0.83 (0.27)
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high intensity conflict [18]. Among the wealthier MENA 
countries in Stages IV and V, reductions of MMR con-
tinued with increasing wealth of the country [19]. A 
1 % increase in GDP has been shown to produce 0.5% 
reduction in MMR [20]. The wealthier MENA countries 
enjoy better status in terms of women empowerment, 
transport, communication and stronger health systems. 
In addition to the vast gap in wealth level, we found a 
higher number of nursing and midwifery personnel and 
medical doctors in countries with the lowest MMRs. 
This is a significant finding, from which poor countries 
can learn an important lesson—the need for continued 
strategic investment in retaining and recruiting person-
nel for maternal health. The value of investing in human 
resources for maternal health in low-to-middle income 
countries has been emphasized by many experts [21, 22]. 
Continued investments in education to harness human 
capital are an important precursor to investing in human 
resources for health.

Among countries in Stages III-V, the number of nurs-
ing and midwifery personnel had a major impact on 
MMRs, while medical doctors played a more prominent 
role in Stage II countries. This is consistent with other 
findings from peer-reviewed literature. Midwives, when 

well supported, can provide 87% of reproductive health 
care including basic emergency obstetric and neonatal 
care according to the state of the world midwifery report 
in 2014 [23]. Medical doctors, on the other hand, play a 
critical role in emergencies, which cannot be managed by 
midwives in peripheral locations [24]. Our findings and 
observations made by others reflect inadequate support 
provided to midwives and nurses in Stage II countries, 
who struggle to make a difference in peripheral facilities 
[25–27]. Nurses and midwives in Stages III-V countries 
are likely to have better support systems to enable them 
to perform their duties at a higher level, being supported 
by medical doctors when complications occur. These 
findings emphasize urgent needs for continued invest-
ment in human resources for health.

What is novel in our analysis is that we found a strong 
association between the Gender Parity Index in primary 
and secondary school enrollment of girls and MMR in 
Stage III countries. This finding is supported by other 
studies [24]. Our analysis did not reveal any association 
between woman education and MMR in Stage II and 
Stages IV-V countries, presumably due to the strong 
influence of GDP per capita in these countries. Though 
weakly correlated, we found that gender parity in primary 

Table 3  Association between selected indicators and MMR based on average values reported during 2011–2015 in countries in 
different stages

a  Log-transformed values

Stage II 
Countries
(n = 4)

Stage III 
Countries
(n = 8)

Stages IV&V 
Countries
(n = 11)

Correlation coefficient
(P-value)

Correlation coefficient
(P-value)

Correlation coefficient
(P-value)

GDP (US$) a −0.95 (0.05) −0.65 (0.08) − 0.74 (0.008)
Proportion of births attended by skilled health personnel – −0.55 (0.20) − 0.32 (0.68)

Contraceptive use among married women 15–49 years, any method – − 0.68 (0.09) 0.68 (0.52)

Contraceptive use among married women 15–49 years, modern methods – − 0.42 (0.35) 0.94 (0.20)

Adolescent birth rate – – 0.76 (0.08)

Antenatal care coverage (At least one visit) −0.99 (0.008) −0.35 (0.45) 0.57 (0.43)

Antenatal care coverage (At least four visits) 0.68 −0.72 (0.07) 0.59 (0.60)

Unmet need for family planning, total 0.71 (0.11) −0.17 (0.89)

Unmet need for family planning, spacing 0.69 (0.13) −0.85 (0.36)

Unmet need for family planning, limiting 0.69 (0.13) 0.32 (0.79)

Gender Parity Index in primary school enrolment −0.95 (0.20) −0.89 (0.007) 0.11 (0.81)

Gender Parity Index in secondary school enrolment −0.99 (0.07) − 0.80 (0.03) 0.20 (0.64)

Gender Parity Index in tertiary level school enrolment −0.96 (0.17) − 0.51 (0.31) − 0.29 (0.45)

Share of women in wage employment in the non-agricultural sector – − 0.21 (0.79) 0.36 (0.55)

Proportion of seats held by women in national parliament −0.28 (0.72) − 0.15 (0.72) − 0.49 (0.15)

Nursing and midwifery personnel − 0.93 (0.06) − 0.76 (0.03) −0.72 (0.02)
Medical doctors −0.99 (0.003) −0.50 (0.20) − 0.63 (0.05)

Motor vehicle ownership −0.86 (0.14) − 0.54 (0.16) −0.68 (0.02)
Motorization rate 2014–15 0.99 (0.09) −0.52 (0.23) −0.70 (0.02)
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school enrollment was one of the two factors that could 
explain the change in maternal mortality over time in the 
region. Stage II countries should consider prioritizing 
programs aimed at overall socio-economic improvement, 
including transport, communication, and sustained 
investment in girls’ education. Such programs can help 
further reduce maternal mortality.

Another factor that we found to be statistically signif-
icant in explaining reduction in MMR within the region 
was adolescent birth rate. Though data on adolescent 
birth rate was available over time for just seven coun-
tries in the MENA region, we determined that coun-
tries with a steep decline in MMR over the last 15 years 
witnessed a significant decline in adolescent birth rate. 
Although the contribution of declining adolescent birth 
rates to maternal mortality has been a subject of con-
troversy, our analysis offers further guidance regarding 
possible direct (low adolescent maternal mortality) or 
indirect (higher education, greater empowerment, and 
decrease in fertility) effects on reducing maternal mor-
tality [28]. We believe there is sufficient evidence for 
countries in all obstetric stages to progressively pro-
vide support to adolescents with evidence-based infor-
mation and optimal services to enable them to make 
informed decisions about their reproductive health.

While previously published studies have focused on 
corroborating factors associated with maternal mor-
tality reduction at an aggregate level, our analysis 
segregates countries according to obstetric stages to 
inform future policies and interventions. Although an 
impressive reduction in maternal mortality has been 
achieved in the MENA countries to date, they must 
persevere to further reduce maternal mortality, possi-
bly to levels close to zero [29]. Some MENA countries 
have achieved single digit maternal mortality levels. 
However, these countries must advance to stop all 
preventable maternal deaths. Further exploration and 
investment is required to achieve optimal safety for the 
lives of future mothers.

Though this study brings together the best available 
data on maternal mortality and associated factors in the 
region, there are limitations. The data establishes asso-
ciation only and not causation. However, strong associa-
tion, when warranted, may guide public health programs 
and policies to improve maternal health [30]. Though 
we collected data from multiple sources, data for many 
indicators were not available consistently over the years 
for all countries. The choice of indicators related to the 
three delays model pooled from the Millennium Devel-
opment Goals, and the optimal approach taken by the 

Table 4  Association between changes in selected indicators and changes in maternal mortality (average change from 2006 to 2010 
to 2011–2015)

Change in indicator Change in Maternal Mortality Ratio (MMR)  per 100,000 
live births

Number of countries with Pearson Correlation

available data Coefficient (p-value)

GDP (US$) * 22 −0.24 (0.27)

Proportion of births attended by skilled health personnel 11 −0.29 (0.38)

Contraceptive use among married women 15–49 years, any method 9 0.07 (0.86)

Contraceptive use among married women 15–49 years, modern methods 9 − 0.34 (0.37)

Adolescent birth rate 7 0.90 (0.005)
Antenatal care coverage (At least one visit) 12 0.11 (0.74)

Antenatal care coverage (At least four visits) 7 0.24 (0.61)

Unmet need for family planning, total 4 −0.02 (0.98)

Unmet need for family planning, spacing 4 −0.47 (0.53)

Unmet need for family planning, limiting 4 0.25 (0.75)

Gender Parity Index in primary school enrolment 17 −0.51 (0.04)
Gender Parity Index in secondary school enrolment 17 −0.20 (0.44)

Gender Parity Index in tertiary level school enrolment 16 −0.21 (0.43)

Share of women in wage employment in the non-agricultural sector 8 0.26 (0.53)

Proportion of seats held by women in national parliament 19 0.00 (0.99)

Nursing and midwifery personnel 20 0.14 (0.56)

Medical doctors 21 0.02 (0.92)

Motor vehicle ownership 21 −0.14 (0.54)
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authors could mean that there is relevant information 
that was not considered. There are no global databases 
for the number of ambulances in a country, for instance. 
Our choice to include the number of motor vehicles was 
the best fit for this situation, but we found this indica-
tor to be very strongly correlated with the GDP. Lack of a 
good indicator to associate with the second delay leading 
to MMR should be considered a limitation of this study.

Conclusion
Maternal Mortality Ratio in the MENA region has 
reduced significantly over the last 15 years. However, 
inequity prevails. Wealthier countries are doing better 
than poorer countries. While complex geopolitical fac-
tors, including conflicts, will need long-term strategic 
solutions, there are proximate factors that countries 
can concentrate on in the pursuit of saving the lives of 
mothers. Greater investment in human resources for 
health personnel, particularly for nurses and midwives, 
measures to improve adolescent sexual and reproduc-
tive health, and greater investments in achieving gen-
der parity in education would be immediate steps in the 
right direction. It is important that countries learn from 
their more successful neighbors regarding what they 
got right while they were at preceding obstetric stages. 
They can then customize these findings to their local 
context and plan their future investments accordingly. 
We call for more robust data collection of evidence-
based information by all countries to better track their 
progress towards zero preventable maternal deaths 

during pregnancy and childbirth. Individual countries, 
in consultation with such health agencies as the World 
Health Organization, United Nations Population Fund, 
United Nations Children’s Fund and others, should 
focus on collecting relevant information and tracking 
evidence-based indicators for further progress.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12884-​022-​04886-7.

Additional file 1. 

Acknowledgements
We would like to thank Ms. Sinead M O’Rourke, Content Development Special-
ist, Distributed eLibrary, Weill Cornell Medicine—Qatar for her editing services.

Authors’ contributions
SD, SC, and RM conceived the study. AJ and SD extracted the data, PM carried 
out data analysis. SD, SC, PM, and AJ wrote the manuscript. RM reviewed the 
manuscript. All authors have read and agreed to the submitted version of the 
manuscript.

Funding
No funding received.

Availability of data and materials
Datasets from the current study are available from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable as there were no human subjects were involved and the study 
only used already published data.

Adolescent birth rate vs MMR GPI in primary school vs MMR

Fig. 2  Correlation between change in selected indicators and change in maternal mortality (average change from 2006 to 2010 to 2011–2015) GPI: 
Gender parity index; Red dots indicate Stage II countries, purple dots Stage III countries, and blue dots Stages IV and V countries

https://doi.org/10.1186/s12884-022-04886-7
https://doi.org/10.1186/s12884-022-04886-7


Page 9 of 9Doraiswamy et al. BMC Pregnancy and Childbirth          (2022) 22:552 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Consent for publication
Not applicable.

Competing interests
None

Author details
1 Institute for Population Health, Weill Cornell Medicinem Education City, Qatar 
Foundation, Doha, Qatar, P.O. Box 24144. 2 IEO, European Institute of Oncology 
IRCCS, Milan, Italy. 

Received: 29 April 2021   Accepted: 28 June 2022

References
	1.	 Kassebaum NJ, Barber RM, Bhutta ZA, Dandona L, Gething PW, Hay SI, 

et al. Global, regional, and national levels of maternal mortality, 1990-
2013; 2015: a systematic analysis for the global burden of disease study 
2015. Lancet. 2016;388(10053):1775–812.

	2.	 Shen C, Williamson JB. Maternal mortality, women’s status, and economic 
dependency in less developed countries: a cross-national analysis. Soc 
Sci Med. 1999;49(2):197–214.

	3.	 Van Lerberghe W, Matthews Z, Achadi E, Ancona C, Campbell J, Channon 
A, et al. Country experience with strengthening of health systems and 
deployment of midwives in countries with high maternal mortality. 
Lancet. 2014;384(9949):1215–25.

	4.	 World Health Organization. Trends in maternal mortality 2000 to 2017: 
estimates by WHO. UNFPA, World Bank Group and the United Nations 
Population Division: UNICEF; 2019.

	5.	 Sagynbekov K. Childhood and maternal health in the Middle East and 
North Africa. Milken Institute. 2018.

	6.	 Souza JP, Tunçalp Ö, Vogel JP, Bohren M, Widmer M, Oladapo OT, et al. 
Obstetric transition: the pathway towards ending preventable maternal 
deaths. BJOG. 2014;121(s1):1–4.

	7.	 Thaddeus S, Maine D. Too far to walk: maternal mortality in context. Soc 
Sci Med. 1994;38(8):1091–110.

	8.	 United Nations Statistics Division: Millenium Development Goals. https://​
mdgs.​un.​org/​unsd/​mdg/​Defau​lt.​aspx. Accessed 20 Feb 2020.

	9.	 UNICEF Middle East and North Africa. https://​www.​unicef.​org/​mena/​
where-​we-​work. Accessed 15 Jan 2021.

	10.	 WHO’s Eastern Mediterranean Region. http://​www.​emro.​who.​int/​count​
ries.​html. Accessed 18 Feb 2021.

	11.	 Transport availability [Internet]. www.​ourwo​rldIn​data.​org. 2020 [cited 09 
April 2020]. Available from: https://​ourwo​rldin​data.​org/​energy.

	12.	 International Organization of Motor Vehicle Manufacturers: Motorisation 
rate (2015). oica.​net/​vehic​les-​in-​use. Accessed November 2019.

	13.	 The World Bank: GDP. https://​data.​world​bank.​org/​indic​ator/​NY.​GDP.​MKTP.​
CD. Accessed 15 January 2021.

	14.	 World Health Organization. WHO’s global observatory data on human 
resources for health: World Health Organization; 2021.

	15.	 Schafer A, Victor DG. The future mobility of the world population. Transp 
Res A Policy Pract. 2000;34(3):171–205.

	16.	 Sommer M, Dargay J, Gately D. Vehicle ownership and income growth, 
worldwide: 1960-2030. Energy J. 2007;28:143–70.

	17.	 Ronsmans C, Graham WJ. Lancet maternal survival series steering group. Mater-
nal mortality: who, when, where, and why. Lancet. 2006;368(9542):1189–200.

	18.	 The World Bank: Conflict affected countries. http://​pubdo​cs.​world​bank.​
org/​en/​17600​15944​07411​053/​FCSLi​st-​FY06t​oFY20.​pdf. Accessed 18 
February 2021.

	19.	 Swift R. The relationship between health and GCP in OECD countries in 
the very long run. Health Econ. 2011;20:306–22.

	20.	 Bhalotra SR, Clarke D, Gomes J. Maternal mortality and women’s political 
participation; 2020.

	21.	 Ten Hoope-Bender P, Liljestrand J, MacDonagh S. Human resources and 
access to maternal health care. Int J Gynaecol Obstet. 2006;94(3):226–33.

	22.	 Lassi ZS, Musavi NB, Maliqi B, Mansoor N, de Francisco A, Toure K, et al. 
Systematic review on human resources for health interventions to 
improve maternal health outcomes: evidence from low- and middle-
income countries. Hum Resour Health. 2016;14:10.

	23.	 United Nations Population Fund. The state of the world’s midwifery 2014: 
a universal pathway: a woman’s right to health. UNFPA New York; 2014.

	24.	 Deller B, Tripathi V, Stender S, Otolorin E, Johnson P, Carr C. Task shifting 
in maternal and newborn health care: key components from policy to 
implementation. Int J Gynaecol Obstet. 2015;130(Suppl 2):S25–31.

	25.	 Filby A, McConville F, Portela A. What prevents quality midwifery care? A 
systematic mapping of barriers in low and middle income countries from 
the provider perspective. PLoS One. 2016;11(5):e0153391-e.

	26.	 Cramer E, Hunter B. Relationships between working conditions and 
emotional wellbeing in midwives. Women Birth. 2019;32(6):521–32.

	27.	 Adatara P, Amooba PA, Afaya A, Salia SM, Avane MA, Kuug A, et al. Chal-
lenges experienced by midwives working in rural communities in the 
upper east region of Ghana: a qualitative study. BMC Pregnancy and 
Childbirth. 2021;21(1):287.

	28.	 Karlsen S, Say L, Souza JP, Hogue CJ, Calles DL, Gülmezoglu AM, et al. The 
relationship between maternal education and mortality among women 
giving birth in health care institutions: analysis of the cross sectional 
WHO global survey on maternal and perinatal health. BMC Public Health. 
2011;11:606.

	29.	 Skudder-Hill L. Maternal mortality and sustainable development. In: Leal 
Filho W, Wall T, Azul AM, Brandli L, Özuyar PG, editors. Good health and 
well-being. Cham: Springer International Publishing; 2020. p. 461–71.

	30.	 Wakeford R, McElvenny D. From epidemiological association to causation. 
Occup Med. 2007;57(7):464–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://mdgs.un.org/unsd/mdg/Default.aspx
https://mdgs.un.org/unsd/mdg/Default.aspx
https://www.unicef.org/mena/where-we-work
https://www.unicef.org/mena/where-we-work
http://www.emro.who.int/countries.html
http://www.emro.who.int/countries.html
http://www.ourworldindata.org
https://ourworldindata.org/energy
http://oica.net/vehicles-in-use
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD
http://pubdocs.worldbank.org/en/176001594407411053/FCSList-FY06toFY20.pdf
http://pubdocs.worldbank.org/en/176001594407411053/FCSList-FY06toFY20.pdf

	Maternal mortality in the Middle East and North Africa region – how could countries move towards obstetric transition stage 5?
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


