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ABSTRACT
Objective The study aims to determine the magnitude 
and factors that affect maternal death in different settings.
Design, setting and analysis A review of national 
maternal death surveillance data was conducted. The data 
were obtained through medical record review and verbal 
autopsies of each death. Generalised structural equation 
modelling was employed to simultaneously examine the 
relationships among exogenous, mediating (urban/rural 
residence) and endogenous variables.
Outcome Magnitude and factors related to the location of 
maternal death.
Participants A total of 4316 maternal deaths were 
reviewed from 2013 to 2020.
Results Facility death constitutes 69.0% of maternal 
deaths in the reporting period followed by home death 
and death while in transit, each contributing to 17.0% 
and 13.6% of maternal deaths, respectively. Educational 
status has a positive direct effect on death occurring 
at home (β=0.42, 95% CI 0.22 to 0.66), obstetric 
haemorrhage has a direct positive effect on deaths 
occurring at home (β=0.41, 95% CI 0.04 to 0.80) and 
death in transit (β=0.68, 95% CI 0.48 to 0.87), while it 
has a direct negative effect on death occurring at a health 
facility (β=−0.60, 95% CI −0.77 to −0.44). Moreover, 
unanticipated management of complication has a positive 
direct (β=0.99, 95% CI 0.34 to 1.63), indirect (β=0.05, 
95% CI 0.04 to 0.07) and total (β=1.04, 95% CI 0.38 to 
1.70) effect on facility death. Residence is a mediator 
variable and is associated with all places of death. It has a 
connection with facility death (β=−0.70, 95% CI −0.95 to 
−0.46), death during transit (β=0.51, 95% CI 0.20 to 0.83) 
and death at home (β=0.85, 95% CI 0.54 to 1.17).
Conclusion Almost 7 in 10 maternal deaths occurred 
at the health facility. Sociodemographic factors, medical 
causes of death and non- medical causes of death 
mediated by residence were factors associated with the 
place of death. Thus, factors related to the place of death 
should be considered as an area of intervention to mitigate 
preventable maternal death that occurred in different 
settings.

INTRODUCTION
Pregnancy and childbirth are accompa-
nied by negative consequences that affect 

the lives of millions of women and families. 
The impact is more prominent in middle 
and lower income countries.1–3 The burden 
of maternal death differs across the globe 
ranging from 12 maternal deaths per 100 
000 live births in high- income regions to 
546 maternal deaths per 100 000 live births 
for sub- Saharan African countries.4 5 Efforts 
were made by countries to reduce maternal 
death and there has been a notable decline 
in maternal death, resulting in the achieve-
ment of Millennium Development Goals by 
several countries.6 However, the goal was not 
achieved by all countries in 2015 due to the 
varying policies and programmes countries 
adopted towards maternal and child health.7 
Therefore, to alleviate these discrepancies a 
new global strategy was put in place to reduce 
maternal death to 70 per 100 000 live births 
in 2030.8

Ethiopia is one of the top maternal death- 
reporting countries in sub- Saharan Africa, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ One of the main strengths of the study is the applica-
tion of multivariate analysis (generalised structural 
equation modelling) to assess the effect of socio-
demographic status, medical history and cause of 
maternal death simultaneously in determining the 
place of death in various settings.

 ⇒ The other strength of the study is the utilisation of 
a non- linear combination of estimators to compute 
the mediation effect of residence along with the di-
rect, indirect and total effects on the place of ma-
ternal death.

 ⇒ The study does not capture the national estimate of 
maternal death, it encompasses a relatively limit-
ed geographical area and it only addresses public 
health facilities with poor implementation of com-
munity surveillance.

 ⇒ The study used cross- sectional research approach; 
hence, it is difficult to establish causality.
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with an annual mortality rate of 401 per 100 000 live 
births,9 which dropped from 871 per 100 000 live births 
in 2000.10 Since 2000, Ethiopia has settled a national stra-
tegic plan to reduce maternal mortality by improving the 
governance and management of the health system.11 The 
establishment of national maternal mortality surveillance 
system was one of the strategies designed by the govern-
ment. It supports the effort of maternal death reduction 
by availing real- time data that are relevant for policy deci-
sions beyond counting the number of deaths.12

Maternal death surveillance and response (MDSR) is 
a form of continuous surveillance that links the health 
information system and quality improvement processes 
from local to national level, which includes the routine 
identification, notification, quantification and deter-
mination of causes of all maternal deaths, as well as the 
use of this information to respond with actions that will 
prevent future deaths.13

In Ethiopia, since 2013, a surveillance system was in 
place for reporting maternal deaths. Later on, in 2017, 
the system was expanded to include perinatal death.14 
The primary goal of the MDSR system is to eliminate 
preventable maternal death by generating strategically 
valid information to guide public health actions and 
monitor their impact.15 Currently, the system is actively 
running throughout 10 regions and two city administra-
tions of Ethiopia.16

One of the cardinal dimensions of MDSR is to identify 
the place where the mother died due to pregnancy and 
pregnancy- related complications. Place of maternal death 
is influenced by several factors, which goes from concep-
tion to delivery and from delivery to puerperium.17 Avail-
ability of skilled birth attendant during delivery is a key 
determinant for a place of death. However, many poor 
and marginalised rural women have no access to skilled 
birth attendants. Skilled birth attendants are mainly avail-
able at the health facility level (ie, in a health centre and 
hospital).18 Besides, various socioeconomic and cultural 
factors have been identified as contributing factors to 
determine the place of death. Medical cause of maternal 
death and poor utilisation of health services were factors 
mentioned in front line in relation to place of death.19 
In a resource- constrained country like Ethiopia, women 
often do not have the economic resources and educa-
tion to make an informed decision about issues related 
to their health and well- being. Women are also denied 
access to reproductive health services and information 
due to various social, religious and cultural barriers.20 21 
Other factors that determine the place of death include 
distance, cost, poor service quality and substandard 
care.22 23 Human resource constraints, poor infrastruc-
ture, inadequate equipment and supplies contribute to 
determining the place of death.24–26

Per the assessment of Ethiopian service availability and 
readiness assessment in 2018, only 48% of assessed facil-
ities (both health centres and hospitals) provide the full 
service of basic emergency obstetric care. Similarly, only 
75% of the hospitals provide compressive emergency 

obstetrics care.27 Moreover, several women give birth at 
home unattended or with the assistance of relatives or 
other community members who do not have the basic 
training in delivery and maternal care.28 In Ethiopia, 52% 
of women give birth at home.29 Due to this, their place of 
delivery might be their place of death.30

Several studies were conducted to identify the factor 
leading to maternal death in connection with the place of 
death.31–33 However, those studies lack depth in exploring 
relationships as most followed a univariate analysis. In 
that case, the model determines the direct effect only 
from the independent variable of the dependent vari-
able, rather than the indirect effect via the mediator. 
In response to the above gap, this study is conducted 
through a retrospective historical data analysis approach 
using the generalised structural equation modelling 
(GSEM). GSEM is a more advanced and robust analysis 
approach than the traditional analysis methods because 
it assesses the associations between multiple independent 
variables and outcome variables in the same model even 
if outcome variables differ by their nature.34 Therefore, 
our main objectives are (a) to assess the magnitude of 
maternal death in different settings and (b) to examine 
the association of various factors (non- medical cause of 
death (NMCOD), the medical cause of death (MCOD), 
time of death, socioeconomic status and medical history 
of the women) in relation to place of death among 
reviewed maternal deaths in Ethiopia.

METHODS
Study area
The study took place in Ethiopia, a country located in 
the horn of Africa with an estimated population of 114 
963 588 in 2020.35 The country has nine regional states 
and two city administrations. Ethiopia has 274 hospitals, 
3545 health centres and 15 491 health posts that provide 
different levels of care. Currently, MDSR is in place in all 
facilities as one reportable event.

Study design
We carried out secondary data analysis by extracting data 
for seven consecutive years (2013–2020) reported from 
all regions and city administrations of Ethiopia, which 
included a total of 4316 reviewed maternal deaths.

Case definition
The surveillance data were reported to the next level 
using predefined case definitions implemented in facility 
and community settings.14

A. Community case definition (probable maternal deaths): 
death of a woman of reproductive age (between 15 
and 49 years of age).13

B. Suspected maternal deaths: community case definition 
plus at least one of the following screening questions:
 – Died while pregnant.
 – Died within 42 days of termination of pregnancy.
 – Missed her menses before she died.
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C. Standard case definition: the death of a woman while 
pregnant or within 42 days of the end of pregnancy 
(irrespective of duration and site of pregnancy) from 
any cause related to or aggravated by the pregnancy or 
its management but not from accidental or incidental 
causes.36

Investigation and verification of death
After the death is distinguished using the above case 
definitions, the next step is the investigation and veri-
fication of death by the health extension workers at the 
community level. Whereas at a health facility level, the 
Public Health Emergency Management focal person 
is responsible for it. Following that, a verbal autopsy 
will be used to investigate and verify the community 
death. The investigation will only proceed after taking 
verbal consent from the family of the deceased woman. 
However, facility- based abstraction format is used for 
facility death.14

Review of death
Each completed verbal autopsy and facility- based maternal 
death abstraction will go through the review process by an 
established MDSR committee at the health facility. After 
the review, the death will be reported to the next level 
using case- based reporting format.14

Population under surveillance
All women of reproductive age in Ethiopia are eligible for 
the surveillance system.

Data type and source
Secondary data from the Ethiopian Public Health Insti-
tute, specifically from the Centre for Public Health Emer-
gency Management, were used for the study.

Variable measure
The final case- based report has five distinct dimensions 
(reporting facility, socioeconomic status, medical history, 
cause of death (COD) and NMCOD) that provide a 
clear picture of the deceased woman. A hypothesised 
relationship was formulated for the variables based on 
literature review, plausibility of the relationship and the 
author’s experience related to the place of death.37 38 The 
proposed model was used to examine the effect of socio-
economic status, medical history and COD (medical and 
non- medical causes) on the place of death and possible 
mediation by residence (rural and urban) of the deceased 
women (figure 1).

The place of death studied includes health facility, 
transit and at home; they were endogenous variables 
measured with respective categories. Women deceased 
at a health centre and a hospital are declared as ‘facility 
death’, whereas women deceased at community and 
health post level are categorised as ‘home death’. Simi-
larly, women deceased while on the way to a health facility 
(a death on an ambulance and arrival from the referred 
facility) are considered as ‘death in transit’.

Patient and public involvement
Neither the public nor the patient was involved in the 
design, conduct, reporting or dissemination plans of this 
research.

Study variable and measurement
Socioeconomic status and medical history
Reporting facilities comprised the name of a region, 
zone, district and health facility. The socioeconomic 
status includes age, residence, marital status and educa-
tional status of the deceased women. The medical history- 
related variable includes history of antenatal care (ANC) 
follow- up, parity and time of death (before delivery, 
during delivery and after delivery).

Medical cause of death
The MCOD was assigned using the standard WHO tool 
of the International Statistical Classification of Diseases 
and Related Health Problems, Tenth Revision, adopted 
for deaths during pregnancy, childbirth and puerperium. 
The assigned COD for each reviewed maternal death was 
grouped based on underlying causes of death during preg-
nancy, childbirth and the puerperium that is mutually 
exclusive from one another by its nature. The MCOD has 
nine groups: six of them are considered as a direct COD 
(direct obstetric deaths are those resulting from obstetric 
complications of the pregnancy state, from interventions, 
omissions, incorrect treatment, or from a chain of events 
resulting from any of the above). The remaining three 
MCODs included under indirect MCOD, unspecified and 
coincidental.36

Non-medical cause of death
NMCOD is commonly known as the delay model devel-
oped by Thaddeus and Maine.39 It is a framework that is 
used to evaluate the circumstances surrounding maternal 

Figure 1 Hypothesised model for the place of death and 
associated factors among reviewed maternal deaths in 
Ethiopia, 2020. ANC, antenatal care.
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death. Maternal delays are classified into three, namely 
delay 1, delay 2 and delay 3.

Delay 1, which is a delay in deciding to seek care, is 
measured using five- item questions that include (1) 
visiting a traditional healer or traditional birth atten-
dant first, (2) family having insufficient money, (3) lack 
of awareness of obstetric complications, (4) nearest 

healthcare facility is being more than 5 km away and (5) 
lack of decision to health facility due to perceived poor 
quality of care at a health facility. Similarly, delay 2, which 
is a delay in reaching a healthcare facility, is assessed using 
five- item questions that include (1) poor road condition 
or terrain, (2) long travel time from home to a healthcare 
facility (more than an hour), (3) cost of transportation, 
(4) lack of transportation and (5) no healthcare facility 
in the area (takes more than 1 hour to reach the health-
care facility). Furthermore, delay 3, which is a delay in 
receiving care at the healthcare facility, is also measured 
using four- item questions that include (1) presence of 
inadequate referral system, (ambulances not available, 
no fuel, breakdown and use of public transport), (2) 
shortage of equipment and supplies, (3) delayed manage-
ment after admission (more than 30 min from the time of 
arrival to time of being assessed or receiving treatment) 
and (4) wrong assessment of risk, wrong diagnosis and 
wrong treatment. Responses to all questions related to 
delay were binary recorded as ‘1’ for Yes and ‘0’ for No. A 
row sum score of each delay was computed. Thus, we used 
the sum score of each delay and treated it as a continuous 
variable in the model.

Data processing, model building and analysis
Data were captured and coded in Epi Info V.7.2 and 
exported to STATA V.17 for further analysis. Missing 
data were handled through the listwise deletion method, 
whereby variables with missing values were excluded 
and the remaining data were analysed. Descriptive statis-
tics and summary statistics were displayed using text, 
figures and tables. We employed one- way analysis of vari-
ance to compare the mean score of each delay among 
three groups (health facility, home and in transit) after 
checking normality and equal variance assumption. 
GSEM was employed to examine the relationship between 
various exogenous and endogenous or mediating vari-
ables. All endogenous variables were binary outcomes 
and fitted with binomial family and logit link function. 
The analysis started with the proposed model (figure 1), 
and changes were made iteratively by adding path links 
or including mediator variables if theoretically supported 
and comparing the information criteria of each model 
fit. Finally, the model identified with the lowest Bayesian 
information criterion (BIC) was retained. The model 
selection criteria were not solely dependent on the statis-
tical significance of the effects. It also considered the 
theoretical plausibility, selection information criteria and 
model parsimony. Diagrammatically, the effect of each 
exogenous and mediating variable exerts on respective 
dependent variables, where indicated by the path unstan-
dardised coefficient with a single- headed arrow. Further-
more, the correlation among disturbances was depicted 
by double arrow symbols. Statistically significant effects 
were assumed for p<0.05 at a CI of 95%. The mediation 
of effects was computed using the residence as a medi-
ator, and the direct, indirect and total effects were deter-
mined using the non- linear combination of estimator 

Table 1 Background characteristics and medical history 
among reviewed maternal deaths in Ethiopia, 2020

Variable Category Frequency %

Age at death (years)

10–19 246 5.7

20–29 2101 48.7

30–39 1726 40.0

40–49 243 5.6

Region

Addis Ababa 249 5.8

Afar 62 1.4

Amhara 1207 28.0

Benishangul Gumuz 78 1.8

Dire Dawa 163 3.8

Gambella 31 0.7

Harari 86 2.0

Oromia 1295 30.0

SNNP 555 12.9

Somali 24 0.60

Tigray 566 13.1

Residence

Rural 3671 85.1

Urban 645 14.9

Marital status

Married 4030 93.4

Unmarried 286 6.6

Religion

Christian 2712 62.8

Muslim 1604 37.2

Educational level

Illiterate 3504 81.2

Primary 459 10.6

Secondary and above 353 8.2

Parity

0–1 1508 34.9

2–4 1711 39.6

5 and above 1097 25.4

History of ANC follow- up

Yes 1384 32.1

No 2932 67.9

Time of death

Before delivery 856 19.8

During delivery 649 15.1

After delivery 2811 65.1

ANC, antenatal care; SNNP, Southern Nations, Nationalities, and Peoples' Region.



5Tesfay N, et al. BMJ Open 2023;13:e060933. doi:10.1136/bmjopen-2022-060933

Open access

Table 2 Place of death by various socioeconomic factors and medical history among reviewed maternal deaths in Ethiopia, 
2020

Variable Category

Place of death

Home (n=752)
n (%)

In transit (n=588)
n (%)

Health facility (n=2976)
n (%)

Age group (years)

10–19 47 (6.3) 36 (6.1) 163 (5.5)

20–29 327 (43.5) 260 (44.2) 1514 (50.9)

30–39 318 (42.3) 256 (43.5) 1152 (38.7)

40–49 60 (8.0) 36 (6.1) 147 (4.9)

Region

Addis Ababa 12 (1.6) 19 (3.2) 218 (7.3)

Afar 7 (0.9) 4 (0.7) 51 (1.7)

Amhara 314 (41.8) 214 (36.4) 679 (22.8)

Benishangul Gumuz 11 (1.5) 11 (1.9) 56 (1.9)

Dire Dawa 5 (0.7) 4 (0.7) 154 (5.2)

Gambella 5 (0.7) 1 (0.2) 25 (0.8)

Harari 5 (0.7) 1 (0.2) 80 (2.7)

Oromia 202 (26.9) 195 (33.2) 898 (30.2)

SNNP 47 (6.3) 47 (8.0) 461 (15.5)

Somali 7 (0.9) 0 (0.0) 17 (0.6)

Tigray 137 (18.2) 92 (15.6) 337 (11.3)

Residence

Urban 48 (6.4) 49 (8.3) 548 (18.4)

Rural 704 (93.6) 539 (91.7) 2428 (81.6)

Marital status

Married 700 (93.1) 449 (76.4) 2881 (96.8)

Unmarried 52 (6.9) 139 (23.6) 95 (3.2)

Religion

Christian 531 (70.6) 400 (68.0) 1781 (59.8)

Muslim 221 (29.4) 188 (32.0) 1195 (40.2)

Educational status

Illiterate 616 (81.9) 481 (81.8) 2407 (80.9)

Primary 103 (13.7) 68 (11.6) 288 (9.7)

Secondary and above 33 (4.4) 39 (6.6) 281 (9.4)

Parity

0–1 243 (32.3) 159 (27.0) 1106 (37.2)

2–4 275 (36.6) 237 (40.3) 1199 (40.3)

5 and above 234 (31.1) 192 (32.7) 671 (22.5)

History of ANC follow- up

Yes 236 (31.4) 184 (31.3) 964 (32.4)

No 516 (68.6) 404 (68.7) 2012 (67.6)

Time of death

Before delivery 117 (15.6) 116 (19.7) 623 (20.9)

During delivery 85 (11.3) 114 (19.4) 450 (15.1)

After delivery 550 (73.1) 358 (60.9) 1903 (64.0)

ANC, antenatal care; SNNP, Southern Nations, Nationalities, and Peoples' Region.
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technique.40 In addition, variables that demonstrated 
statistical significance at an alpha level of 0.05 were only 
retained and presented in the result. Furthermore, the 
result of the final model was interpreted using OR=eβ.41

RESULTS
Sociodemographic status and medical history of the deceased 
women
A total of 4316 maternal deaths were included in the 
study. The mean age of the deceased women was 28.7±6.3 
years (SD), and nearly half (48.7%) of them were in the 
age range of 20–29 years. Nearly 70% (69.2%) of the 
deceased women resided in Oromia and Amhara regions. 
Majority (81.2%) of the deceased women were illiterate, 
and 85.1% of them lived in a rural area. Besides, 67.9% 
of the deceased women had no history of ANC follow- up, 
and 65.1% of them were deceased after delivery (table 1).

Place of death
The proportion of maternal death at a health facility 
is 69.0% while at home and in transit are at 17.4% and 
13.6%, respectively. Among the women deceased at a 
health facility, majority of them were aged 20–29, prac-
tised Christianity, resided in rural areas, were married, 
had no formal education, had no ANC follow- up and 
were deceased after delivery (table 2).

Comparison of COD among reviewed maternal deaths
Death due to obstetric haemorrhage (70.9%) for women 
who died in transit was higher than for women who died 
in a health facility and at home. However, the proportion 
of the remaining COD was higher for women who died at 
a health facility (table 3).

The mean score was higher in delay 1 for women 
deceased at home. Furthermore, the mean score of delay 
2 and delay 3 was significantly higher for women who 
died during transit and in a health facility, respectively 
(table 4).

Factors associated with place of death among reviewed 
maternal deaths
The fitted model was relatively parsimonious and had 
the minimum BIC value compared with other competing 
models. Several variables, namely history of ANC 
follow- up, marital status, some of the MCOD (pregnancy- 
related infection, non- obstetric complication and abor-
tive pregnancy outcome), were excluded from the final 
model as their contributions were not statistically signifi-
cant at an alpha level of 0.05.

Accordingly, the model included 11 exogenous vari-
ables (age, parity, educational status, obstetric haemor-
rhage, hypertensive disorders in pregnancy, childbirth 
and the puerperium (HDP) and unanticipated complica-
tion of management, deceased before delivery, deceased 
during delivery, delay 1, delay 2 and delay 3). It included 

Table 3 Underlying causes of death by place of death among reviewed maternal deaths in Ethiopia, 2020

Variables Category

Place of death

Home (n=752)
n (%)

In transit (n=588)
n (%)

Health facility (n=2976)
n (%)

Cause of death Obstetric haemorrhage 512 (68.1) 417 (70.9) 1456 (48.9)

Hypertensive disorders in pregnancy, childbirth and the puerperium (HDP) 47 (6.3) 47 (8.0) 512 (17.2)

Pregnancy- related infection 59 (7.8) 31 (5.3) 261 (8.8)

Other obstetric complications 7 (0.9) 5 (0.9) 115 (3.9)

Pregnancies with abortive outcome 17 (2.3) 11 (1.9) 68 (2.3)

Unanticipated complications of management 4 (0.5) 1 (0.2) 55 (1.8)

Non- obstetric complication 68 (9.0) 49 (8.3) 345 (11.6)

Unknown and undetermined 37 (4.9) 26 (4.4) 163 (5.5)

Coincidental causes 1 (0.1) 1 (0.2) 1 (0.0)

Table 4 Comparison of NMCOD scores among reviewed maternal deaths in different places in Ethiopia, 2020

Domain of NMCOD and overall score

Place of death

P value
Home (n=752)
Mean (SD)

In transit (n=588)
Mean (SD)

Health facility (n=2976)
Mean (SD)

Overall score 2.1 (1.5) 2.6 (1.8) 2.1 (1.7) <0.0001

Delay 1 1.6 (1.2) 1.3 (1.2) 1.0 (1.1) <0.0001

Delay 2 0.4 (0.8) 0.8 (1.0) 0.5 (0.8) <0.0001

Delay 3 0.1 (0.4) 0.4 (0.6) 0.6 (0.7) <0.0001

NMCOD, non- medical cause of death; SD, Standard deviation .
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one mediator variable (residence) and three endogenous 
variables (death in a health facility, death at home and 
death during transit). Religion and obstetric haemor-
rhage were associated significantly with all endogenous 
variables. Moreover, nine exogenous variables, namely 
age, educational status, parity, death during delivery, 
obstetric haemorrhage, an unanticipated complication 
of management, delay 1, delay 2 and delay 3, were both 
directly and indirectly related to respective endogenous 
variables via the mediator variable of residence (figure 2).

Being resident in a rural area has a direct negative 
effect on health facility death (adjusted β=−0.70, 95% CI 
−0.95 to −0.46), whereas being resident in a rural area has 
a direct positive effect on death occurring during transit 
(adjusted β=0.51, 95% CI 0.20 to 0.83) and at home 
(adjusted β=0.85, 95% CI 0.54 to 1.17) (figure 2).

Among upstream variables (exogenous variables related 
to the mediator variable, rural residence), attending 
school up to primary has positive direct (adjusted β=0.41, 
95% CI 0.03 to 0.79), indirect (adjusted β=0.02, 95% CI 
0.001 to 0.030) and total (adjusted β=0.44, 95% CI 0.05 to 
0.83) effects on death occurring at home. Regarding the 
MCOD, death due to HDP has a negative direct (adjusted 
β=–0.78, 95% CI –1.14 to –0.43) effect on death at home. 
Regarding death in transit, women deceased due to 
obstetric haemorrhage had a positive direct (adjusted 
β=0.68, 95% CI 0.48 to 0.87), indirect (adjusted β=0.003, 
95% CI 0.001 to 0.005) and total (adjusted β=0.68, 95% 
CI 0.49 to 0.88) effect on transit death. Moreover, death 

due to unanticipated complication of management had 
a positive direct (adjusted β=0.68, 95% CI 0.48 to 0.87), 
indirect (adjusted β=0.003, 95% CI 0.001 to 0.005) and 
total (adjusted β=1.04, 95% CI 0.38 to 1.70) effect on 
facility death (table 5). The detailed interpretation of the 
result is available in online supplemental table S1.

DISCUSSION
This study can be taken as one of the most substantial 
studies done on maternal death using surveillance data. 
Residence was associated with all places of maternal 
death; it was also a significant mediator variable among 
the three places of maternal death, and the exogenous 
variables such as socioeconomic status, medical history 
and COD (both MCOD and NMCOD) were included in 
the model. All places of maternal deaths have direct, indi-
rect and total effects with respective exogenous variables.

Per the assessment, more than two- thirds of deaths 
occurred at a health facility, whereas the proportion of 
death that occurred in transit and at home had almost 
similar contribution. Moreover, our estimate of health 
facility death was much greater than the known estimate 
of facility death in Ethiopia.42 43 But it was comparable 
with some studies conducted on reviewed maternal 
death.17 21 31 The high proportion of maternal death 
at the facility level in Ethiopia might be explained by 
the weak implementation of community- level surveil-
lance in identifying and reporting deaths.44 Besides, the 

Figure 2 Generalised structural equation modelling (GSEM) predicting place of death among reviewed maternal deaths in 
Ethiopia, 2020. B.Delivery, before delivery; D_Delivery, during delivery, with β of unstandardised coefficients; HDP, hypertensive 
disorders in pregnancy, childbirth and the puerperium; HF, health facility; Obs.Hemo, obstetric haemorrhage; Unat_Com, 
unanticipated complication of management.

https://dx.doi.org/10.1136/bmjopen-2022-060933
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Table 5 The direct, indirect and total effects of sociodemographic status and cause of death (medical and non- medical 
causes of death) on determining the place of death among reviewed maternal deaths in Ethiopia, derived from the GSEM 
model, 2020

Characteristics Direct effect (95% CI) Indirect effect (95% CI) Total effect (95% CI)

DV: home (effect measure is β)
Age at death (years)

  10–19 – – –

20–29 0.0 0.0 0.0

  30–39 0.03 (0.001 to 0.050) 0.003 (0.001 to 0.006) 0.033 (0.002 to 0.056)

  40–49 0.09 (0.03 to 0.13) 0.008 (0.002 to 0.014) 0.10 (0.03 to 0.13)

Religion

  Christian 0.50 (0.32 to 0.69) – –

  Muslim 0.0 – –

Educational status

  Up to primary 0.42 (0.04 to 0.80) 0.02 (0.01 to 0.03) 0.44 (0.05 to 0.83)

  Secondary and above 0.0

Deceased before delivery

  Yes −0.35 (−0.58 to −0.12)

  No 0.0

Deceased during delivery

  Yes −0.48 (−0.73 to −0.23) 0.005 (0.001 to 0.009) −0.48 (−0.73 to −0.22)

  No 0.0 0.0 0.0

Obstetric haemorrhage

  Yes 0.41 (0.22 to 0.60) 0.005 (0.003 to 0.008) 0.41 (0.22 to 0.61)

  No

HDP

  Yes −0.78 (−1.13 to −0.44) – –

  No 0.0 – –

Delay 1 0.93 (0.86 to 1.06) 0.008 (0.005 to 0.011) 0.94 (0.80 to 1.06)

Delay 2 −0.64 (−0.80 to −0.48) 0.008 (0.005 to 0.011) −0.63 (−0.79 to −0.47)

DV: in transit (effect measure is β)
Religion

  Christian 0.25 (0.07 to 0.44)

  Muslim 0.0 – –

Parity 0.05 (0.02 to 0.09) 0.0013 (0.006 to 0.0019) 0.06 (0.02 to 0.09)

Deceased before delivery

  Yes 0.27 (0.04 to 0.50)

  No 0.0 – –

Deceased during delivery

  Yes 0.33 (0.09 to 0.57) 0.0028 (0.0004 to 0.0051) 0.33 (0.09 to 0.57)

  No 0.0 0.0

Obstetric haemorrhage

  Yes 0.68 (0.48 to 0.87) 0.003 (0.001 to 0.005) 0.68 (0.49 to 0.88)

  No 0.0 – –

Delay 2 0.58 (0.44 to 0.73) 0.004 (0.002 to 0.006) 0.59 (0.44 to 0.74)

DV: health facility (effect measure is β)
Religion

Continued
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politicised nature of MDSR implementation makes the 
death reporting and review very challenging due to fear 
of blame and accountability by a higher official.45

Place of death is determined by various circumstances46 
and our study addressed this situation by exploring and 
analysing concurrently with the site of death outcome 
variables, residence in rural areas47 and other potential 
predisposing factors (sociodemographic, medical and 
NMCOD).32 48 Thus, this study adopted a rather unique 
and appropriate statistical technique and approach in 
identifying a complex network of relationships among 
the factors that affect the place of death.

Sociodemographic variables (age and educational 
status), time of death (deceased during and after delivery) 
and COD (MCOD and NMCOD) predict directly and 
independently for the different places of death except 
for the time of death; all these variables were also indi-
rect predictors of a site of death through residence as 
mediator. Residence area (rural or urban) of deceased 
women was positively associated with death occurring at 
home49 and in transit, whereas it was negatively related 
to facility death. This finding was coherent with other 
reports.50 51 Women who resided in rural areas were less 
likely to receive adequate healthcare due to the absence 
of a facility with reasonable distance, lack of information 
and cultural beliefs and practices.52 As a mediator vari-
able, residence was positively associated with age at death, 
parity, time of death, COD (both MCOD and NMCOD) 
and educational status for deaths that occurred at home 
and during transit, but negatively related to health facility 
death within respective predictor variables except for 
delay 3.

The association between level of education and death 
at home could potentially be related to the likelihood 

that less educated women tend to have lower access to 
obtain information regarding pregnancy complications, 
which could potentially jeopardise making informed 
decisions on the utilisation of healthcare services.53 Age 
at death is also positively associated with death occurring 
at home, and this may not be surprising as ageing leads 
to non- specific deterioration of most physiological func-
tions. Moreover, history of successful delivery at home can 
contribute to it.54–56 Women were less likely to die at home 
before and during delivery, which suggests that maternal 
death is more likely to occur at home after having birth. In 
connection with this, obstetric haemorrhage had a signif-
icant positive association with death occurring at home. 
This might be due to postpartum haemorrhage that takes 
place after delivery of the fetus, which could be managed 
and prevented easily by active management of the third- 
stage labour, which can be handled at the health facility.57 
Unlike obstetric haemorrhage, HDP was negatively asso-
ciated with a home death. The finding was consistent 
with studies in Canada and Norway, which reported that 
several women who died from HDP received substandard 
care in a health facility.58 The same finding was obtained 
from this study. This suggested that prompt recognition 
of pre- eclampsia and its proper management can reduce 
the worst complications of the disorder.59 Furthermore, 
as the score of delay 1 rises, it will likely increase the risk 
of dying at home, and those attributed to barriers associ-
ated with healthcare- seeking behaviour such as the pref-
erence for traditional healers,60 low women autonomy 
and knowledge of danger signs continue to lead to delay 
in decision and departure to seek care.61 Besides, nega-
tive past experiences and expectations of poor quality of 
care were also important factors contributing to death 
occurring at home.62

Characteristics Direct effect (95% CI) Indirect effect (95% CI) Total effect (95% CI)

  Christian −0.43 (−0.58 to −0.29)

  Muslim 0.0 – –

Parity −0.04 (−0.07 to −0.02) −0.004 (−0.005 to −0.003) −0.05 (−0.08 to −0.02)

Obstetric haemorrhage

  Yes −0.60 (−0.77 to −0.44) −0.009 (−0.0013 to −0.004) −0.61 (−0.78 to −0.44)

  No 0.0 0.0

HDP 0.0

  Yes 0.63 (0.36 to 0.90)

  No 0.0 – –

Unanticipated complication of management

  Yes 0.99 (0.34 to 1.63) 0.05 (0.04 to 0.07) 1.04 (0.38 to 1.70)

  No 0.0 0.0 0.0

Delay 1 −0.48 (−0.59 to −0.37) −0.014 (−0.018 to −0.009) −0.50 (−0.61 to −0.38)

Delay 3 1.01 (0.87 to 1.16) 0.009 (0.005 to 0.0013) 1.02 (0.87 to 1.17)

DV, Dependent Variable; GSEM, generalised structural equation modelling; HDP, hypertensive disorders in pregnancy, childbirth and the 
puerperium.

Table 5 Continued
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Obstetric haemorrhage is an independent positive 
predictor for death occurring during transit. However, it 
is negatively associated with facility- level death, probably 
likened to death that occurred during transit in connec-
tion with poor obstetric referral services explicated by 
the absence of life- saving medical assistance during trans-
porting to the referred facility.63 Thus, this result suggested 
the paramount importance of non- pneumatic antishock 
garment usage during the referral process to reduce 
preventable maternal deaths.64 65 On the contrary, the 
risk of dying due to obstetric haemorrhage at the facility 
is low because of the availability of mini- blood banks 
and tranexamic acid in facilities that provide caesarean 
section service.16 66 Furthermore, unanticipated compli-
cations of management became a key factor, which is 
commonly related to the administration of anaesthesia,67 
contributing to facility death. The possible reason for 
anaesthesia- related maternal mortality includes the role 
of general anaesthesia, inadequate supervision of trainee 
anaesthetists and a lack of appropriate monitoring.68–70 
This demonstrates that health facilities should be vigilant 
while undertaking anaesthesia to reduce anaesthesia- 
related maternal death.

Women who had a high score of delay 2 were more 
likely to die during transit. This finding was coherent with 
studies in Ethiopia and Afghanistan that commonly relate 
to delays in reaching health service providers.71 72 This 
might be because of the distance to the health facility 
and inadequate ambulance services.73 In connection with 
this, delay 3 is a significant factor in determining facility- 
level death. In particular, delay 3 had a solid linkage 
with multiple referrals, delay in initiating treatment and 
absence of adequate skilled personnel.74

The study has the following limitations that need to 
be acknowledged: (1) Nearly all the reviewed deaths 
were collected from public health facilities with limited 
involvement of private healthcare providers, affecting 
the inclusiveness of the study. (2) The implementation 
of MDSR system, despite being planned to be rolled out 
nationally, is not completely achieved. Several health 
facilities are not properly recording maternal death, and 
this affects the representativeness of the study. (3) Despite 
commendable achievements in recording facility- based 
maternal deaths, the community- based surveillance of 
maternal deaths under the MDSR system has a long way 
to go, and this affects the comprehensiveness of the study. 
(4) The study adopted a correctional research design, 
and hence it is difficult to make any temporal causality 
from the study findings.

CONCLUSION
Almost 7 in 10 maternal deaths occurred in a health 
facility. Sociodemographic factors (age, residence and 
level of education), medical history (parity and time of 
death), the MCOD (obstetric haemorrhage, HDP, unan-
ticipated management of complication) and the NMCOD 
(delay 1, delay 2 and delay 3) mediated by residence 

(rural area) were factors associated with place of death. 
A higher proportion of facility death could be suggestive 
of strengthening community surveillance. Community 
surveillance needs concerted effort in the engagement 
of political leaders and health extension workers in 
identifying and reporting community death. Besides, 
urgent emphasis is needed in unanticipated complica-
tion management parallel with the dominant causes of 
maternal death. Furthermore, policies and strategies 
should be revised, designed and implemented in consid-
eration of the place of maternal death to mitigate prevent-
able deaths.
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