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ABSTRACT
Background Caesarean section (CS) rates in women 
experiencing stillbirth have not been studied with nationally 
representative data. Two Ghana Maternal Health Surveys 
(GMHS) have captured pregnancy and mode of birth data 
for all women including those with stillbirths. We compared 
CS rates between women with live births and stillbirths, 
and identified socio- economic and pregnancy- related 
factors associated with CS in stillbirths.
Methods A population- based cross- sectional study was 
conducted in a pooled sample of 17 138 women who had 
given birth within 5 years preceding the 2007 and 2017 
GMHS. CS rates were compared between women with 
stillbirths and very early neonatal deaths (SBVENDs) and 
women with live births who survived the first day. Bivariate 
and multivariable logistic regressions explored variables 
associated with CS. Effect modification of household’s 
wealth and maternal educational level by birth outcome 
was assessed using multivariable logistic regression with 
interaction terms.
Results CS rate in women with SBVEND was 19.3% 
compared with 9.6% in women with live births who 
survived the first day (rate ratio 2.2; 95% CI 1.6 to 2.9). In 
multivariable analysis, attaining middle school compared 
with no formal education (adjusted OR, aOR 2.8; 95% CI 
1.1 to 7.1), having had five or more births compared with 
nulliparity (aOR 3.7; 95% CI 1.3 to 10.7) and reporting 
prolonged or obstructed labour (aOR 3.3; 95% CI 1.3 to 8.3) 
were associated with CS in women with SBVEND. Higher 
household wealth and educational levels were associated 
with an increased risk of CS in both study groups, with no 
statistically significant difference in effect.
Conclusion Disaggregating CS rates by birth outcome 
revealed a high rate among women with SBVEND, twice 
the overall rate compared with live births. Exclusion of 
these ‘hidden’ CSs from rate calculations may lead to 
underestimation of (inter)national CS rates and potentially 
conceals CS overuse or misuse.

INTRODUCTION
Stillbirths are an important indicator of the 
quality of maternity care.1 For international 
comparisons, the WHO defines stillbirth 

as the death of a fetus at or beyond a gesta-
tional age of 28 weeks and before birth.2 
Timely access to emergency caesarean section 
(CS), as part of comprehensive emergency 
obstetric care, may avert 75% of intrapartum 
stillbirths.3 On the other hand, performing 
CS in women whose babies had already died 
at the time of deciding for surgery might be 
considered as surgery performed ‘too much, 
too late’.4 If performed without maternal 
indication, such procedures expose women 
to the risks of surgery without saving the life 
of the baby. This is important in all settings, 
but especially in sub- Saharan Africa, where 11 
per 1000 women die following CS as a result 
of haemorrhage, sepsis and complications of 
anaesthesia.5

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Caesarean section (CS) in women with stillbirth is 
generally contraindicated, as it exposes women to 
the risks of surgery without benefiting the child.

 ⇒ Population and facility- based studies show high CS 
rates in women experiencing stillbirth.

WHAT THIS STUDY ADDS
 ⇒ This study is the first to provide CS rates in women 
with stillbirth or very early neonatal death in a na-
tionally representative sample.

 ⇒ We found a CS rate in Ghana in women with stillbirth 
or very early neonatal death of twice the rate in live 
births.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ We recommend that stillbirth data be used when 
calculating future national and global CS rates to 
include all women regardless of birth outcome in the 
denominator, instead of only women with live births.

 ⇒ Similar analysis should follow in nationally rep-
resentative samples to unravel the scale of CS in 
women with stillbirth.
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Little is known about CS rates in women experiencing 
stillbirth. Ninety- eight per cent of stillbirths happen in 
low- income and middle- income countries, where house-
hold surveys such as the Demographic and Health Surveys 
(DHSs) are the main source of data used to estimate 
national maternity care seeking and coverage of care.1 
Prior to 2022, in most of these household surveys women 
whose pregnancies ended in stillbirth were not asked 
about their maternity care- seeking and care content.6 
Therefore, for most stillbirths, no data pertaining to 
mode of birth are collected and CS in stillbirths are 
generally overlooked in calculations of national and 
global CS rates.4

Nevertheless, several smaller population- based and 
facility- based studies in sub- Saharan Africa, South 
America and South East Asia have included pregnancies 
ending in stillbirths in measurements of CS rates.7–10 In 
facility- based studies from Zanzibar and Mozambique, 
more than 20% of women with stillbirth gave birth by CS, 
double the rates found in women with live births.7 8 In 
terms of access to CS, this discrepancy in CS rates between 
live and stillbirths might indicate lack of timely emer-
gency obstetric care, rather than no access at all.11 This 
may be particularly relevant in women with a lower socio-
economic status, as they have a higher risk of stillbirth, 
while CS rates are generally found to be relatively low.12 13

The Ghana Maternal Health Surveys (GMHSs) are 
among the few DHS and household surveys that, in addi-
tion to live births, collected mode of birth data for women 
with stillbirths.14–16 CS rates in women with stillbirths have 
not been reported in a nationally representative sample 
in Ghana. In this study, we used GMHS 2007 and 2017 to 
compare CS rates between women with stillbirths or very 
early neonatal deaths (SBVEND) and live births surviving 
the first day of life. Second, we aimed to identify socio-
economic and pregnancy- related factors associated with 
CS in women with stillbirths in Ghana. Finally, the effect 
of household wealth and maternal education on access 
to CS were compared between women with stillbirths and 
live births.

METHODS
This study was reported following the Strengthening 
the Reporting of Observational Studies in Epidemiology 
statement on reporting of cross- sectional studies (online 
supplemental file 1).17

Study design and data collection
A population- based cross- sectional study was conducted 
using data from GMHS 2007 and 2017.18 19 GMHSs are 
cross- sectional, nationally representative household 
surveys, in which women of reproductive age (15–49 
years) were interviewed about reproductive and maternal 
health topics, such as family planning, pregnancy, child-
birth and postnatal care.14 15 These were special surveys 
conducted in addition to the standard Ghana DHS 
survey with the main purpose to assess maternal mortality 

and causes of maternal deaths. We used GMHS, instead 
of standard DHS, because in this survey women with still-
births were asked to answer questions about maternity 
care they received, including data about mode of birth. 
The standard DHS only included women with live births 
in the sample for maternity care questions. To date, in 
Ghana, only GMHSs for the years 2007 and 2017 were 
conducted.

To select samples of women of reproductive age for 
GMHS 2007 and 2017, two- stage stratified sampling 
procedures were performed (figure 1). First, clusters 
(geographical areas covering an estimated number of 
households) were selected using a predetermined sample 
size and probability proportional to size sampling in the 
ten administrative regions in Ghana, stratified in rural 
and urban areas. In GMHS 2007, half of the clusters were 
selected from three regions: Greater Accra, Ashanti and 
Eastern regions. This was due to a national programme 
aimed at reducing maternal mortality in these regions 
specifically. Second, a fixed number of households were 
selected in each cluster using systematic sampling. For 
GMHS 2007 and 2017, 10 370 and 25 062 women, respec-
tively, were interviewed with response rates of 97% and 
99%. Detailed description of sampling techniques and 
questionnaires can be found in the 2007 and 2017 GMHS 
reports.14 15

Participants
We included the most recent birth of all women who 
reported having given birth in the 5 years prior to GMHS 
2007 or 2017, as maternity care data were collected only 
for women’s most recent births. Multiple pregnancy 
(eg, twins) were considered as one birth in which mode 
of birth and birth outcome of the last born were used. 
Thereby, we maintained a one- to- one ratio of the number 
of mothers to births.

Study groups were defined according to birth outcome: 
women with SBVEND were compared with women with 
live births who survived the first day of life. VENDs are 
commonly defined as babies dying within the first day.20 
We combined women with SBVEND into one study group 
to reduce recall bias, because misclassification of still-
births as VENDs are common in household surveys.21 22 
Up to one- fifth of stillbirths were previously found to be 
misclassified as VENDs.21

We defined stillbirth as a baby born dead at gestational 
age of 7 or more months and who had not cried, moved 
or breathed, based on responses to two questions in the 
pregnancy history: ‘Was the baby born alive, born dead or did 
you have a miscarriage or abortion?’ and ‘Did that baby cry, 
move or breathe when it was born?’. VEND was defined as a 
baby born alive (who had cried, moved or breathed after 
birth), but where the mother responded ‘no’ and ‘less 
than a day’ when asked whether the child was still alive 
and how long it had been alive.

The sample of women with SBVEND and women with 
live births who survived the first day were used for calcu-
lation and comparison of CS rates. Women with SBVEND 
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were analysed for factors associated with CS. Figure 1 
shows the derivation of the different study populations 
displaying the unweighted number of participants.

Variables
The dependent variable was giving birth by CS. Women 
were asked where they had given birth and those giving 
birth in health facilities were subsequently asked if their 
child was ‘delivered by caesarean (section), that is, did they cut 
your belly open to take the baby out?’.

In addition to birth outcome, independent variables 
were considered based on their availability in both GMHS 
2007 and 2017 and the effect of variables on CS in women 
with live births in previous studies.23–28 We limited the 
number of included variables due to the small absolute 
number of CS in women with SBVEND, to maintain a ratio 
of one variable per five women.29 In total, 17 variables 
were used, covering sociodemographic and pregnancy- 
related characteristics. Sociodemographic variables were 
ethnicity, region, place of residence, household’s wealth 

Figure 1 Flowchart with the derivation of the different study populations (unweighted). GMHS 2007 and 2017. GHMS, Ghana 
Maternal Health Survey; SB, stillbirth; SBVEND, stillbirth or VEND; VEND, very early neonatal deaths.
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index, exposure to mass media, religion, marital status 
and maternal educational status. Pregnancy- related vari-
ables included maternal age and parity at index birth, 
history of perinatal death, multiple pregnancy, number 
of antenatal visits, antenatal care quality score, any peri-
partum complications, prolonged or obstructed labour 
and reduced fetal movements (online supplemental file 
2). A number of categories per variable were limited to 
provide larger groups of women per category in accor-
dance with our limited sample size. As two surveys were 
pooled in analysis, ‘year of survey’ was included as an 
additional variable.

Wealth index was a variable provided by DHS, gener-
ated from data on household assets, such as type of sanita-
tion facilities available and households flooring material. 
Principal component analysis was used to assign a weight 
to each asset and, based on their score, households are 
divided in household wealth quintiles. We constructed 
‘exposure to mass media’ as an additional variable, based 
on whether women read newspapers, listened to radio 
or watched television. No exposure at least once a week 
meant women were classified as ‘little exposed’, exposure 
to one out of three mass media as ‘moderately exposed’ 
and exposed to more than one classified as ‘highly 
exposed’.30 Additionally, an antenatal care quality score 
was constructed, composed of nine care items women 
during antenatal visits in the index pregnancy: measure-
ment of maternal weight and blood pressure, analysis of 
urine and blood samples, education on danger signs and 
where to go for complications, if they received or were 
told to buy iron supplements, were given antihelminths 
and if they received tetanus vaccination. All nine items 
were scored binary, giving a maximum score of 9. Scores 
were dichotomised into low (0–7) and high8 9 antenatal 
care quality. Cut- off was based on a mean antenatal care 
quality score of 7.4 from a prior analysis of GMHS 2017, 
with scores above average being considered high and 
scores below or equal to the mean being low.31 Details of 
variables and their categorisation are available in online 
supplemental file 2.

Analysis
Analyses were performed using IBM SPSS Statistics, V.28. 
Data from GMHS 2007 and 2017 questionnaires were 
pooled to increase the sample size for analysis of the 
limited absolute number of CS in women with SBVEND. 
Women’s sampling weights were applied to adjust for 
disproportionate sampling due to non- proportional allo-
cation of selected households to regions and response 
rates. Sampling weights were denormalised to account for 
the difference in population size between surveys, using 
population data from the World Bank and the house-
hold population sample distribution from the corre-
sponding GMHS (see online supplemental file 3).14 15 32 
SPSS complex sampling package was used to account for 
the GMHS’s complex sampling design, implementing 
women’s geographical area and cluster when calculating 
. GMHS survey reports did not provide information on 

cluster location. Therefore, in the complex sampling 
package, the 2007 and 2017 clusters were considered to 
be different, whereas geographical areas (strata) were 
considered similar. Apart from numbers regarding the 
study population in figure 1, all tables display weighted 
sample sizes.

We calculated the percentage and 95% CI of women 
that received four or more antenatal care visits (antenatal 
care coverage rate) and gave birth in facilities (facility 
birth rate), all births ending in SBVEND (SBVEND rate) 
and occurring by CS (CS rate). CS rates were stratified 
by birth outcome: SBVEND or liveborn surviving the first 
day. CS rates were compared between study groups using 
χ2 tests to provide rate ratios (RR).

For women experiencing SBVEND, bivariate logistic 
regressions provided crude ORs (cOR) for each inde-
pendent variables’ category compared with a reference 
category. If five or fewer women per cell were observed, 
categories were collapsed.33 Subsequently, multivariable 
logistic regression was used to identify risk factors for CS 
in women experiencing SBVEND. Multivariable anal-
ysis included independent variables based on statistical 
significance in bivariate logistic regression. Instead of p 
values below 0.05, variables with Wald F tests’ p values 
below 0.25 in bivariate analysis were considered statis-
tically significant, as to prevent exclusion of negatively 
correlated variables with a positive effect on outcome.34 
Pearson correlations above 0.8 or variance inflation 
factors higher than 4 were used to detect collinearity. 
The following independent variables were included: resi-
dence, wealth index, exposure to mass media, religion, 
current marital status, educational status, parity, history 
of perinatal death, multiple pregnancy, number of ante-
natal visits, antenatal care quality score, presence of peri-
partum complications, prolonged or obstructed labour 
and reduced fetal movements. To reduce overfitting, we 
used backward elimination based on p values to include 
eight independent variables in the final model, having 
a minimum of ten CS per included variable.35 Adjusted 
ORs were provided (aOR). In bivariate and multivariable 
analyses, independent variables with an OR having a CI 
not containing the value 1 were considered statistically 
significant.

To assess effect modification by birth outcome 
(SBVEND or live birth who survived the first day) of 
household’s wealth quintiles and maternal educational 
level on CS rates, we compared cORs using multivari-
able logistic regression with interaction terms. cORs 
were calculated for both independent variables’ catego-
ries compared with reference categories in women with 
live births who survived the first day. These cORs were 
compared with cORs in women with SBVEND using 
multivariable logistic regression with interaction terms. 
aORs were provided as an effect size. Wald F tests of 
model effects were performed and p values below 0.05 
indicated statistical significance.

As a sensitivity analysis, subgroup analysis was done 
in women with stillbirths. Bivariate and multivariable 
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logistic regression were performed similarly to the meth-
odology described earlier. In assessing effect modifica-
tion, women with VEND were included in the live births 
group. Online supplemental file 4 includes details on this 
analysis.

Missing data
Ten out of 17 165 women were excluded due to missing 
data on place of birth. Additionally, 17 women were 
excluded due to missing data on mode of birth. For each 
independent variable, missing values were less than 3%. 
Due to the limited number of women reporting SBVEND, 
missing values were manually imputed based on related 
variables to retain sample size. Online supplemental file 
2 includes a detailed description of handling missing 
values.

Patient and public involvement
The importance of investigating use of CS and its associ-
ated morbidity in women with SBVEND was highlighted 
by clinical observations and informal conversations 
during clinical work by the authors with postpartum 
women in high- income and low- income settings. Patients 
were not actively involved in the design of our analysis 

of the GMHS data. However, prior to participation in 
GMHS, women were informed on the wide range of 
health topics of the survey and use of their responses to 
inform healthcare.14 Specific components of the research 
partnership are defined in the author reflexivity state-
ment (online supplemental file 5).

RESULTS
The final analysis included 17 138 women who had 
given birth in the 5 years prior to the surveys (table 1). 
Of those women, 411 reported experiencing SBVEND 
(2.6%, 95% CI 2.3% to 2.9%). Overall stillbirth rate was 
1.7% or 17 stillbirths per 1000 total births, while the rate 
of VEND was 0.9% or 9 per 1000 total births. A higher 
SBVEND rate was found in women giving birth in facili-
ties (3.0%; 95% CI 2.6% to 3.4%) compared with women 
giving birth at home (1.9%; 95% CI 1.4% to 2.4%). Of all 
women giving birth, 83.6% stated they had at least four 
antenatal care visits in the index pregnancy (95% CI 82.3 
to 84.8). The pooled percentage of births occurring in 
health facilities was 67.7% (95% CI 65.4% to 69.9%).

In total, 9.9% of women reported giving birth by CS 
(95% CI 9.2 to 10.5). This was higher in the GMHS 

Table 1 Stillbirth and very early neonatal death (SBVEND), antenatal care coverage, facility birth and CS rates (weighted)

GMHS 2007 (N=7819) GMHS 2017 (N=9319) Total (N=17 138)

Cases/total 
births % (95% CI)

Cases/total 
births % (95% CI)

Cases/total 
births % (95% CI)

SBVEND, antenatal care coverage and facility birth rates in the GMHS 2007 and 2017

SBVEND in total 199/7819 2.5 (2.1 to 3.1) 249/9319 2.7 (2.3 to 3.1) 447/17 138 2.6 (2.3 to 2.9)

  SB in total 130/7819 1.7 (1.3 to 2.2) 160/9319 1.7 (1.4 to 2.1) 290/1 7 138 1.7 (1.4 to 2.0)

  VEND in total 69/7819 0.9 (0.6 to 1.2) 88/9319 0.9 (0.7 to 1.2) 157/17 138 0.9 (0.8 to 1.1)

SBVEND in home/other 60/3566 1.7 (1.2 to 2.4) 43/1972 2.2 (1.6 to 3.0) 103/5538 1.9 (1.4 to 2.4)

SBVEND in facility 139/4253 3.3 (2.6 to 4.1) 206/7347 2.8 (2.4 to 3.3) 345/11 600 3.0 (2.6 to 3.4)

  In public facility 120/3399 3.5 (2.8 to 4.5) 189/6298 3.0 (2.5 to 3.5) 309/9697 3.2 (2.8 to 3.7)

  In private facility 19/854 2.2 (1.2 to 3.9) 17/1049 1.6 (0.9 to 2.8) 36/1903 1.9 (1.3 to 2.8)

  Antenatal care coverage 5991/7819 76.6 (74.2 to 78.9) 8337/9319 89.5 (88.5 to 90.3) 14328/17 138 83.6 (82.3 to 84.8)

  In SBVEND 141/199 71.0 (61.2 to 79.2) 211/249 85.1 (79.5 to 89.3) 353/447 78.8 (73.4 to 83.4)

  Births in facility 4253/7819 54.4 (50.4 to 58.3) 7347/9319 78.8 (77.0 to 80.5) 11600/17 138 67.7 (65.4 to 69.9)

  In public facility 3399/7819 43.5 (39.9 to 47.1) 6298/9319 67.6 (65.7 to 69.4) 9697/17 138 56.6 (54.4 to 58.7)

  In private facility 854/7819 10.9 (9.3 to 12.7) 1049/9319 11.3 (10.1 to 12.5) 1903/17 138 11.1 (10.2 to 12.1)

CS rates in the GMHS 2007 and 2017

CS in total 513/7819 6.6 (5.7 to 7.5) 1175/9319 12.6 (11.7 to 13.5) 1688/17 138 9.9 (9.2 to 10.5)

CS in liveborn 481/7620 6.3 (5.5 to 7.2) 1121/9070 12.4 (11.5 to 13.3) 1602/16 691 9.6 (8.9 to 9.3)

  CS in SBVEND 32/199 16.2 (10.5 to 24.3) 54/249 21.7 (16.2 to 28.4) 86/447 19.3 (15.1 to 24.3)

  CS in SB 24/130 18.4 (10.9 to 29.4) 39/160 24.2 (17.3 to 32.6) 63/290 21.6 (16.2 to 28.1)

  CS in VEND 8/69 12.1 (5.1 to 26.0) 15/88 17.3 (9.2 to 30.2) 23/157 15.0 (9.0 to 23.9)

CS in facility 513/4253 12.1 (10.6 to 13.7) 1175/7347 16.0 (15.0 to 17.1) 1168/11 600 14.6 (13.7 to 15.5)

  In public facility 417/3399 12.3 (10.7 to 14.0) 994/6298 15.8 (14.6 to 17.0) 1411/9697 14.5 (13.6 to 15.6)

  In private facility 96/854 11.3 (8.1 to 15.4) 181/1049 17.3 (14.7 to 20.2) 277/1626 14.6 (12.5 to 16.9)

GMHS 2007 and 2017.
CS, caesarean section; GMHS, Ghana Maternal Health Survey; SB, stillbirth; VEND, very early neonatal death.
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2017—12.6% (95% CI 11.7% to 13.5%) compared with 
6.6% (95% CI 5.7% to 7.5%) in the GMHS 2007. Table 1 
shows that in the pooled study population 9.6% of women 
with live births who survived the first day (95% CI 8.9 to 
9.3) and 19.3% of women with SBVEND (95% CI 15.1 to 
24.3) gave birth by CS.

RRs of CS in women with SBVEND compared with women 
with live births who survived the first day
Among women with SBVEND, overall CS rate was 2.2 
(95% CI 1.6 to 2.9) times higher than in women with live 
births who survived the first day (table 2). The highest 
prevalence of CS in women with SBVEND was found in 
multiple gestation births (29.3%), those with prolonged 
or obstructed labour (46.3%) or with reduced fetal move-
ments (32.8%).

When examined according to sociodemographic and 
maternal characteristics, women with SBVEND had 
higher risks for caesarean birth than women with live 
births surviving the first day for most categories (table 2). 
They had a considerably higher risk of CS if they were 
of Mole- Dagbani ethnicity (RR 3.2; 95% CI 1.4 to 7.6), 
from the Northern regions (RR 3.1; 95% CI 1.2 to 7.7), of 
middle wealth (RR 3.1; 95% CI 1.8 to 5.4), of Muslim faith 
(RR 3.6; 95% CI 2.0 to 6.3) or belonged to other non- 
Christian religions or were areligious (RR 5.5; 95% CI 1.7 
to 14.1), if they had some primary education (RR 3.7; 
95% CI 1.9 to 7.2) or had five or more births (RR 3.6; 
95% CI 2.2 to 5.9).

Bivariate and multivariable logistic regression of variables’ 
association with CS in women with SBVEND
Table 3 shows the results of both bivariate and multi-
variable analyses of variables’ association with CS in the 
447 women experiencing SBVEND. Independent varia-
bles providing cORs with a CI not containing the value 1 
in bivariate analysis were being from a household in the 
richest two wealth quintiles (cOR 2.9; 95% CI 1.4 to 5.9), 
being highly exposed to mass media (cOR 3.0; 95% CI 1.1 
to 7.9), having had five or more births (cOR 2.6; 95% CI 
1.1 to 6.6), having had four or more antenatal care visits 
(cOR 4.3; 95% CI 1.3 to 14.3) and having had prolonged 
or obstructed labour (cOR 4.3; 95% CI 1.8 to 10.2). In 
multivariable regression, having attained middle school 
level education (aOR 2.8; 95% CI 1.1 to 7.1), having had 
five or more births (aOR 3.7; 95% CI 1.3 to 10.7) and 
reporting having had prolonged or obstructed labour 
(aOR 3.3; 95% CI 1.3 to 8.3) were associated with CS in 
women experiencing SBVEND.

Multivariable logistic regression with interaction terms 
evaluating effect modification by birth outcome of household 
wealth status and maternal educational level on CS
Women with SBVEND who were from households in the 
median wealth quintile had an cOR of 2.2 (95% CI 1.0 to 
4.8) of having CS as compared with women in the poorest 
two quintiles (table 4). In women with live births, this 
cOR was 1.7 (95% CI 1.4 to 2.1). When comparing these 

cORs using multivariable analysis with interaction terms, 
no statistically significant effect modification by birth 
outcome was found, providing an aOR of 1.3 (95% CI 
0.6 to 3.0). Additionally, women with SBVEND who were 
from the richest two quintiles had an cOR of 2.9 (95% 
CI 1.4 to 5.9) of having CS as compared with women in 
the poorest two quintiles. In women with live births, this 
cOR was 3.9 (95% CI 3.3 to 4.6), which did not differ with 
statistical significance from the cOR found in women 
with SBVEND (aOR 0.7, 95% CI 0.4 to 1.6). The overall 
Wald F p value for effect modification of household’s 
wealth status by birth outcome was 0.33, indicating no 
statistically significant difference in wealth’s effect on CS 
between SBVEND and live births.

Regarding maternal educational level, women with 
SBVEND having attained secondary or higher educa-
tion had an cOR of 2.6 (95% CI 1.0 to 6.7) of having 
CS as compared with women with no formal education 
(table 4). In women with live births who survived the first 
day, this cOR was 5.1 (95% CI 4.1 to 6.4). In multivariable 
analysis with interaction terms, these cORs did not differ 
with statistical significance (aOR 0.5, 95% CI 0.2 to 1.3). 
The effect of education on having CS was also found to 
be similar between study groups when comparing women 
with primary or middle education with women without 
formal education. This provided a Wald F p value 0.17, 
indicating no statistical significant effect modification by 
birth outcome of maternal educational level on CS.

Subgroup analysis
Two- hundred and twenty- nine women with stillbirths were 
included in a subgroup analysis (online supplemental file 
4). Bivariate logistic regression showed cORs similar to 
women with SBVEND. AORs differed from women with 
SBVEND, with multiple pregnancy (aOR 3.6, 95% CI 1.6 
to 8.4) and higher number of antenatal care visits (aOR 
3.9, 95% CI 1.3 to 11.8) having statistically significant 
positive associations with CS.

DISCUSSION
To our knowledge, this is the first nationally represent-
ative study on CS rates in women with stillbirths. We 
found a CS rate of 19% among women with SBVEND, 
more than double the rate of women with live births who 
survived the first day of life. Disaggregating CS rates by 
birth outcome revealed much higher use of CS among 
women experiencing SBVEND, which otherwise would 
have remained hidden. This difference in rates between 
women with stillbirths and live births may potentially 
indicate CS overuse or misuse and exclusion of these 
hidden CS from CS rate calculations may lead to under-
estimation of national and global CS rates.

In women with intrauterine fetal deaths, CS should 
only be performed to manage severe maternal compli-
cations of pregnancy. In the absence of maternal indi-
cations, women should not be exposed to the risks of 
surgery without the option to save the life of the child. 
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Table 2 Caesarean section (CS) rates in women with stillbirth or a very early neonatal deaths and women with live births who 
survived the first day (N=17 138) (weighted)

Stillbirths and very early neonatal 
deaths (N=447)

Live births who survived the 
first day (N=16 691)

RR (95% CI)*CS N Total N CS rate % CS N Total N CS rate %

Total 86 447 19.3 1602 16 691 9.6 2.2 (1.6 to 2.9)

Year of survey

  2007 32 198 16.2 481 7621 6.3 2.8 (1.7 to 4.8)

  2017 54 249 21.7 1121 9070 12.4 1.9 (1.4 to 2.7)

Ethnicity

  Akan 47 243 19.3 864 7717 11.2 1.9 (1.3 to 2.7)

  Ewe 12 49 24.6 261 2147 12.1 2.3 (1.0 to 5.3)

  Mole- Dagbani 10 56 18.5 163 2515 6.5 3.2 (1.4 to 7.6)

  Other 17 99 17.0 314 4312 7.3 2.5 (1.3 to 5.1)

Region

  Coastal 36 163 21.9 800 6939 11.5 2.1 (1.3 to 3.4)

  Middle 43 225 19.3 602 6636 10.1 2.0 (1.4 to 3.0)

  Northern 7 58 12.0 129 3116 4.1 3.1 (1.2 to 7.7)

Residence

  Rural 38 243 15.4 566 9680 5.8 2.8 (1.8 to 4.4)

  Urban 49 205 23.8 1036 7011 14.8 1.8 (1.2 to 2.6)

Household’s wealth index

  Poor 20 177 11.1 340 7153 4.8 2.4 (1.4 to 4.2)

  Middle 22 101 21.7 261 3343 7.8 3.1 (1.8 to 5.4)

  Rich 45 170 26.4 1001 6195 16.2 1.8 (1.2 to 2.8)

Exposure to mass media

  Little exposed 10 81 12.1 250 4380 5.7 2.2 (0.9 to 5.3)

  Moderately exposed 24 187 13.0 525 6276 8.4 1.6 (1.0 to 2.6)

  Highly exposed 52 179 29.0 827 6034 13.7 2.5 (1.6 to 3.7)

Maternal age

  <20 3 39 8.1 120 1846 6.5 1.3 (0.2 to 6.5)

  20–35 54 261 20.6 1108 11 578 9.6 2.4 (1.7 to 3.4)

  >35 30 148 20.0 374 3266 11.4 1.9 (1.1 to 3.3)

Religion

  Christian 61 327 18.7 1338 12 562 10.7 1.9 (1.3 to 2.7)

  Muslim 20 81 24.2 230 2946 7.8 3.6 (2.0 to 6.3)

  Other 5 38 14.1 34 1183 2.9 5.5 (1.7 to 14.1)

Current marital status

  Married or living together 72 361 20.0 1365 14 171 9.6 2.3 (1.6 to 3.1)

  Not married or living together 14 86 16.2 237 2520 9.4 1.8 (0.9 to 3.5)

Maternal educational status

  None 13 116 10.8 219 4784 4.6 2.4 (1.4 to 4.6)

  Primary 32 93 24.1 244 3289 7.4 3.7 (1.9 to 7.2)

  Middle 35 172 20.4 700 6398 10.0 2.0 (1.3 to 3.1)

  Secondary or higher 16 66 24.3 439 2221 19.8 1.3 (0.6 to 2.6)

Parity

  0 10 94 10.3 456 3783 12.1 0.8 (0.4 to 1.7)

  1–4 47 226 20.7 947 10 114 9.4 2.5 (1.7 to 3.6)

Continued
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When fetal heart sounds were heard, stillbirth or neonatal 
death following CS could have followed difficult clinical 
judgement and a reasonably well- founded attempt to save 
the child’s life that did not succeed. Considering such 
attempts as ‘too much, too late’ would disregard the 
complexity of clinical decision- making during obstetric 
emergencies and would wrongly suggest all CS in women 
with VEND are avoidable. However, even when death 
follows a genuine attempt to save the baby’s life, some CS 
or deaths might have been prevented by adequate fetal 
heart rate monitoring, timely usage of assisted- vaginal 
birth and prompt performance of high- quality surgery to 
reduce the decision- to- incision interval. Therefore, use 
of CS in women with SBVEND may serve as an indicator 
of insufficient quality of emergency obstetric care.

Similar to our study, high CS rates in women with 
SBVEND were reported in facility- based studies in 
low- resource settings. In Mozambique, women expe-
riencing stillbirth in health facilities had a CS rate of 
43%, compared with 17% in live births.8 A CS rate of 

26% among stillbirths was found in a referral hospital 
on Zanzibar, which was double the rate found among 
live births.7 Population- based studies, such as the Global 
Network study, reported lower CS rates, probably due to 
the inclusion of stillbirths born from 20 weeks’ gestation 
onward.9 10 These ‘early’ stillbirths are much less likely to 
be born by CS. Notably, in the Global Network study, 90% 
of non- macerated stillbirths were born by CS, suggesting 
fetal death had occurred shortly before surgery.9

Among women living in the Northern region, who 
are Muslim or belonged to the Mole- Dagbani ethnic 
group, CS rates were three times higher among SBVEND 
compared with live births. These characteristics are 
common to the same group of women, as the people 
of Dagbon are mainly situated in Northern Ghana and 
are predominantly Muslim.36 The high CS rates in this 
group among women with SBVEND could be explained 
by limited access to care due to fewer health facilities and 
doctors in northern regions of Ghana.37 Inaccessibility 
of emergency obstetric care is supported by a higher 

Stillbirths and very early neonatal 
deaths (N=447)

Live births who survived the 
first day (N=16 691)

RR (95% CI)*CS N Total N CS rate % CS N Total N CS rate %

  ≥5 30 128 23.4 199 2794 7.1 3.6 (2.2 to 5.9)

History of perinatal death

  No 56 323 17.3 1373 14 985 9.2 2.0 (1.4 to 2.9)

  Yes 30 124 24.4 229 1705 11.6 2.0 (1.2 to 3.2)

Multiple pregnancy

  No 75 408 18.3 1526 16 324 9.3 2.1 (1.6 to 2.9)

  Yes 11 39 29.3 76 367 20.7 1.5 (0.6 to 3.6)

No of antenatal care visits

  None 2 35 4.6 9 492 1.7 2.7 (0.3 to 21)

  1–3 4 60 7.5 68 2224 3.1 2.5 (0.5 to 12.3)

  ≥4 80 352 22.7 1525 13 957 10.9 2.4 (1.8 to 3.3)

Antenatal care quality score

  Low (0–7) 25 165 15.2 373 5531 6.7 2.4 (1.4 to 4.1)

  High (8–9) 61 282 21.6 1229 11 160 11.0 2.2 (1.6 to 3.0)

Peripartum complications

  No 44 283 15.5 1084 13 528 8.0 2.1 (1.4 to 3.0)

  Yes 42 164 25.8 518 3163 16.4 1.7 (1.1 to 2.7)

Prolonged or obstructed labour

  No 67 406 16.5 1475 16 295 9.1 1.9 (1.4 to 2.7)

  Yes 19 41 46.3 127 396 32.1 1.7 (0.8 to 3.6)

Reduced fetal movements

  No 79 426 18.6 1592 16 650 9.6 2.1 (1.6 to 2.8)

  Yes 7 21 32.8 10 41 23.8 1.3 (0.5 to 3.3)

Ghana Maternal Health Survey 2007 and 2017.
*RR dividing the CS rate in women with stillbirth or very early neonatal deaths by the CS rate in women with live births surviving the first 
day.
RR, rate ratio.

Table 2 Continued
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Table 3 Bivariate and multivariable logistic regression of variables associated with caesarean section (CS) in women with 
stillbirth or a very early neonatal deaths (N=447) (weighted)

Stillbirths and very early neonatal deaths (N=447)

CS (N=86) VB (N=361) cOR (95% CI) aOR (95% CI)

Year of survey

  2007 32 166 1

  2017 54 195 1.4 (0.8 to 2.7)

Ethnicity

  Akan 47 196 1

  Ewe 12 37 1.4 (0.5 to 3.5)

  Mole- Dagbani 10 46 1.0 (0.5 to 3.5)

  Other 17 82 0.8 (0.4 to 1.9)

Region

  Coastal 36 127 1

  Middle 43 182 0.8 (0.4 to 1.6)

  Northern 7 51 0.5 (0.2 to 1.4)

Residence*

  Rural 38 205 1

  Urban 49 156 1.7 (0.9 to 3.1)

Household’s wealth index*

  Poor 20 157 1

  Middle 22 79 2.2 (1.0 to 4.8)

  Rich 45 125 2.9 (1.4 to 5.9)

Exposure to mass media*

  Little exposed 10 71 1 1

  Moderately exposed 24 163 1.1 (0.4 to 3.0) 1.0 (0.3 to 2.8)

  Highly exposed 52 127 3.0 (1.1 to 7.9) 2.1 (0.8 to 5.8)

Maternal age

  <35 57 243 1

  ≥35 30 118 1.1 (0.6 to 2.0)

Religion*

  Christian 61 266 1 1

  Muslim, other religions, areligious 25 95 1.2 (0.6 to 2.2) 1.7 (0.8 to 3.8)

Current marital status*

  Married or living together 72 289 1 1

  Not married or living together 14 72 0.8 (0.4 to 1.7) 0.6 (0.3 to 1.3)

Maternal educational status*

  None 13 103 1 1

  Primary 32 71 2.6 (1.0 to 6.6) 2.7 (1.0 to 7.6)

  Middle 35 137 2.1 (1.0 to 4.4) 2.8 (1.1 to 7.1)

  Secondary or higher 16 50 2.6 (1.0 to 6.7) 3.3 (0.9 to 13.1)

Parity*

  0 10 84 1 1

  1–4 47 179 2.3 (1.0 to 5.1) 2.3 (0.9 to 6.0)

  ≥5 30 98 2.6 (1.1 to 6.6) 3.7 (1.3 to 10.7)

History of perinatal death*

  No 56 267 1

  Yes 30 94 1.5 (0.8 to 3.0)

Continued
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maternal mortality ratio in the Northern compared 
with the middle and coastal regions.15 Limited access to 
surgery might, apart from an absolute reduction in CS, 
lead to CS being performed too late, resulting in higher 
risks of stillbirth or perinatal asphyxia with VEND.11

Contrary to the increased risk of CS in multiparous 
women who experienced SBVEND in our study, previous 
findings show multiparity to be associated with reduced 
risks of CS in women with live births.28 This difference 
might be explained by differing indications for CS 

Stillbirths and very early neonatal deaths (N=447)

CS (N=86) VB (N=361) cOR (95% CI) aOR (95% CI)

Multiple pregnancy*

  No 75 333 1 1

  Yes 11 28 1.8 (0.7 to 4.7) 1.9 (0.7 to 4.8)

No of antenatal visits*

  <4 6 89 1 1

  ≥4 80 272 4.3 (1.3 to 14.3) 3.8 (0.5 to 31.4)

Antenatal care quality score*

  Low (0–7) 25 140 1

  High (8–9) 61 221 1.5 (0.8 to 2.9)

Peripartum complications*

  No 44 239 1

  Yes 42 122 1.9 (1.0 to 3.5)

Prolonged or obstructed labour*

  No 67 339 1 1

  Yes 19 22 4.3 (1.8 to 10.2) 3.3 (1.3 to 8.3)

Reduced fetal movements*

  No 79 347 1

  Yes 7 14 2.1 (0.6 to 7.7)

Ghana Maternal Health Survey 2007 and 2017.
*Factors associated with CS in women having stillbirths and very early neonatal deaths with a Wald F- test p<0.25.
aOR, adjusted OR; cOR, crude OR; VB, vaginal birth.

Table 3 Continued

Table 4 Multivariable logistic regression with interaction terms assessing effect modification by birth outcome of household’s 
wealth status and maternal educational level on caesarean section (CS) rates (N=17 138) (weighted)

Stillbirths and very early neonatal 
deaths (N=447)

Live births who survived the first day 
(N=16 691) Wald F* and 

aOR (95% CI)†CS (N=86) VB (N=361) cOR (95% CI) CS (N=1602) VB (N=15 089) cOR (95% CI)

Household’s wealth index 0.33

  Poor 20 157 1 340 6813 1

  Middle 22 79 2.2 (1.0 to 4.8) 261 3082 1.7 (1.4 to 2.1) 1.3 (0.6 to 3.0)

  Rich 45 125 2.9 (1.4 to 5.9) 1001 5194 3.9 (3.3 to 4.6) 0.7 (0.4 to 1.6)

Maternal educational status 0.17

  None 13 103 1 219 4565 1

  Primary 32 71 2.6 (1.0 to 6.6) 244 3045 1.7 (1.3 to 2.1) 1.6 (0.6 to 4.0)

  Middle 35 137 2.1 (1.0 to 4.4) 700 5698 2.6 (2.1 to 3.1) 0.8 (0.4 to 1.8)

  Secondary or higher 16 50 2.6 (1.0 to 6.7) 439 1782 5.1 (4.1 to 6.4) 0.5 (0.2 to 1.3)

Ghana Maternal Health Survey 2007 and 2017.
*Wald F p value serving as a measure of statistical significance. A p<0.05 is considered statistically significant.
†aOR and 95% CIs serve as a measure of effect size of effect modification by birth outcome.
aOR, adjusted OR; cOR, crude OR; VB, vaginal birth.
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between nulliparous and multiparous women. Consid-
ering all CS performed in nulliparous, most are due to 
prolonged labour, while in multiparous women higher 
percentages are due to (pre)eclampsia, placental abrup-
tion and placenta praevia.38 The latter indications have 
higher risks of SBVEND.

The relationship between prolonged labour and CS is 
easily understood, prolonged labour being an obstetric 
condition that may result in uterine rupture, stillbirth 
or perinatal asphyxia. In obstructed labour, CS and 
symphysiotomy are the only methods available to give 
birth. When a fetal heart rate is present, such invasive 
procedures might be justified after informed consent has 
been provided by the mother. When fetal death has been 
confirmed, however, alternative options for birth could 
be considered, such as induction of labour or assisted 
vaginal birth in case of prolonged labour, and destruc-
tive operative vaginal birth in case of obstructed labour. 
These options may reduce CS rates in women experi-
encing fetal death, protecting them from its morbidity 
and mortality.

In Ghana, higher wealth status and educational level 
were associated with an increased prevalence of CS in 
women with live births.13 39 In the current study, similar 
associations were seen in both women with live births and 
SBVEND, with higher CS rates among the richest two 
wealth quintiles and higher education levels. The effect 
of wealth and educational level on CS did, however, not 
differ with statistical significance between study groups. 
This suggests that more CS rates are performed in women 
from richer households, whether the child is alive after 
birth or not. Questions could be raised about the neces-
sity of many of these CS, possibly being a form of ‘too 
much, too soon’ or, even worse, ‘too much, too late’.4 40 
We were unable to differentiate between emergency and 
elective CS, as the GMHS 2007 questionnaire did not 
include questions regarding type of CS.

Limitations
Our study is limited by the small absolute number of 
stillbirths after CS. To increase sample size and provide 
meaningful CI, we pooled datasets from GMHS 2007 and 
2017. Doing so, however, creates a reference population 
that is harder to interpret, as characteristics of women in 
Ghana might have changed over time. We assume that, 
although population characteristics may have changed, 
their effect on CS did not. Therefore, variables should 
have similar effects in regression analysis.

Other limitations were related to the unavailability in 
the GMHS questionnaires of variables important for our 
outcome, including timing, birth weight and gestational age 
of stillbirths, whether CS occurred before or after the onset 
of labour (which was only available in the 2017 survey) and 
whether women had given birth by CS previously. Stillbirths 
could not be classified as antepartum or intrapartum, since 
questionnaires did not include information about presence 
of fetal heart rate or skin maceration (a proxy used to esti-
mate timing of stillbirths). Nevertheless, even when GMHS 

would have included questions on stillbirth’s birth weight, 
gestational age and timing of death, data from household 
surveys regarding these topics are often incomplete and lack 
criterion or convergent validity.22 41 Women may have not 
been made aware of these details by their health provider or 
may not recall them.22

Also, there is a risk of residual confounding due to 
collapsing of independent variables’ categories.42 Cate-
gories at risk are ethnicity and religion variables’ ‘other’ 
categories, as they combine varying categories with 
potential dissimilar effects on having CS.

Implications and future research
DHS using the newly updated DHS- 8 questionnaire, 
which adopts a full pregnancy history capturing data on 
healthcare use during pregnancy and mode of birth for 
all births, including stillbirths, will enable analyses similar 
to ours for all other countries. This may reveal the scale 
of hidden CS in women with SBVEND.43 We recommend 
that this data be used when calculating future (inter)
national CS rates to include all women regardless of birth 
outcome in the denominator, instead of only women 
with live births. Based on our findings, we would also 
encourage separate reporting of CS rates for live births 
and stillbirths to assess the appropriateness of CS use.

In addition to household surveys, facility- based studies 
are needed to further understand CS use in women with 
SBVEND. High- quality facility data collection and health- 
facility registers may provide information on the cause and 
timing of fetal death, timing of CS, use of fetal heart rate 
monitoring and use of labour augmentation with oxytocin. 
Also, by using facility registries, women do not have to 
recount the experience of losing a child in great detail, as 
this may aggravate their fear, pain and grief.44 Strengthening 
of facility- based data collection and documentation, and 
performing perinatal death reviews in women with CS may 
improve CS usage by enhancing professional learning and 
increasing accountability.

To reduce the number of unnecessary CS in women 
with stillbirths, in addition to deepening our under-
standing of explanatory factors through facility- based and 
community- based studies, we urge clinicians to consider 
alternative options for birth, such as induction of labour 
and assisted vaginal birth. Based on our findings, perfor-
mance of CS in women from Northern regions with 
presumed limited access to care, but also in women with 
a high socioeconomic status requires particular scru-
tiny for being well indicated and performed in a timely 
manner. Electronic fetal heart rate monitoring may aid 
the clinician in such timely use.45 If fetal death occurs, 
we advocate for the use of national, or, where these are 
unavailable, international guidelines in its management 
before, during and after birth.46

CONCLUSION
Analysis of a pooled sample from GMHS 2007 and 2017 
showed a CS rate of 19.3% in women in Ghana with 
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SBVEND, double the rate in women with live births who 
survived the first day of life. These CS rates are currently 
excluded from CS rate calculations and inclusion might 
lead to an increase of facility- based, national and global CS 
rates. Future stillbirth data from household surveys and 
facility- based studies may reveal the exact scale of CS use 
in women with stillbirth and increase our understanding 
of why and when the decision for surgery is made. With 
these insights, unnecessary CS may be prevented and, 
instead, CS can be used for the right reasons at the right 
time.
Twitter Aliki Christou @alichristou and Lenka Benova @lenkabenova
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