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Abstract

Background: The continued rise in caesarean section (c-section) deliveries raises a major public health concern
worldwide. This study assessed the trend of c-section deliveries and examined factors associated with a rise in c-
section deliveries among the Egyptian mothers, from 2005 to 2014, by place of delivery.

Methods: This study utilized the 2005, 2008, and 2014 Egypt Demographic and Health Surveys (EDHS). The EDHS
reported on the mode of delivery for the last birth occurred within five years preceding each survey including
place of delivery and sociodemographic information for a total sample of over 29,000 mothers in the three surveys.
To document trend of c-section, the EDHS-2005 was set as a reference in two binary logistic regression models;
among all mothers together and for mothers stratified by place of delivery (public or private). P-value for the trend
was assessed by entering the year of the survey as a continuous variable. The study followed STROBE statement in
reporting observational studies.

Results: Institutional-based c-sections increased by 40.7 points from EDHS-2005 to EDHS-2014 (@OR, 3.46, 95%Cl: 3.15-3.
80, Pyena < 0.001). Compared to mothers with low socioeconomic status (SES), mothers with high SES had higher odds
(@OR, 1.78, 95%Cl: 1.25-2.54, P=0.001) for c-section, but only in EDHS-2005. The adjusted trend of c-sections was found to
be 4.19-time (95%Cl: 3.73-4.70, P < 0.001) higher in private sector while that in public sector it was 2.67-time (95%Cl: 2.27—
3.13, P=0.001) higher, in EDHS-2014 relative to EDHS-2005. This increase in the private sector is explained by significant
increases among mothers who are potentially at low risk for c-sections; mothers aged 19-24 years vs. 235 years (@aOR: 0.31,
95%Cl: 0.21-045, in EDHS-2005 vs. 043, 95%Cl: 0.33-0.56, in EDHS-2014, P < 0.001); primigravida mothers vs. mothers with
24 children (aOR: 1.62, 95%(Cl: 1.12-2.34, in EDHS-2005 vs. 3.76, 95%(Cl: 2.94-4.80 in EDHS-2014); and among normal
compared to high risk birth weight babies (@OR: 0.79, 95%Cl: 0.62-0.99 in EDHS-2005 P < 0.05 vs. 0.83, 95%Cl: 0.65-1.04 in
EDHS-2014, P> 0.05).

Conclusions: Results showed a steady rise in c-sections in Egypt that has reached an alarming level in recent years. This
increase appears to be associated with a shift towards delivery in private health care facilities. More vigilance of c-section
deliveries, particularly in the private sector, is warranted.
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Background

Caesarean section (c-section) delivery is a major surgical
operation aimed at saving lives [1]. Globally, the propor-
tion of c-sections, one of the most common surgeries,
continues to rise particularly in high- and middle-income
countries [1]. Caesarean sections should be performed
when vaginal delivery poses a risk to the mother or baby
as in case of prolonged labor, fetal distress, or fetal mal-
presentation. The World Health Organization (WHO) un-
derscores the importance of focusing on the needs of the
pregnant mothers and discourages performing c-sections
with no need. Caesarean delivery without a medical need
places mothers and their babies at-risk of short- and long-
term health consequences [1]. It is associated with in-
creased risk of blood transfusion, hysterectomy, maternal
and child death [2-4], uterine rupture, placenta accreta,
and placenta previa [5, 6]. It also costs more and requires
longer hospitalization than vaginal delivery [7].

The WHO has considered a population-based rate of
c-sections between 10 and 15%, as an ideal rate that was
associated with a notable decline in maternal mortality
ratio (MMR) and neonatal mortality rate (NMR) [1]. In
2008, half of 137 countries have exceeded this recom-
mended threshold [8]. In 23 out of 24 countries, propor-
tion of c-sections without medical indication ranged
between 0.01% and 2% [3]. Caesarean section rate varied
across different countries, worldwide. The rate was be-
tween 20% and 22.5% in the United Kingdom and
Canada. In Italy and South America, c- section rate was
as high as 85% [9-11]. In Saudi Arabia, the c-section
rate increased by 80%, from 10.6% to 19.1%, between the
years 1997 and 2006 [12]. Private practice has contrib-
uted to the increased c- section rate internationally. In
Rome, the rate of c-section delivery was reported to be
approximately 44%; 85% of all birth in some private
clinics of Rome were c-section [13]. In Jordan, a neigh-
boring country to Egypt, between 2002 and 2012, the c-
section deliveries increased significantly over time, from
18.2% in 2002 to 30.3% in 2012; an increase by 70% in c-
sections was in the private hospitals [14].

Health services in Egypt are provided by three sectors
based on the financing source: the public, the parastatal,
and the private sector. The public sector covers the gov-
ernment and quasi-governmental hospitals (parastatal).
Public hospitals receive funding from the Ministry of Fi-
nance while the government ministries have a control-
ling share of decision making in parastatal hospitals [15].
Public hospitals include a total of 1,048 inpatient facil-
ities with more than 80,000 beds. The private sector has
a total of 2,024 inpatient facilities with a total of 22,647
beds that accounts for approximately 16% of the total in-
patient bed capacity in Egypt [15].

In the past two decades, there were significant
achievements in matters related to maternal health in
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Egypt. Home-based deliveries declined by over 60% [16],
medically assisted births rose sharply from 35% in 1988
to 92% in 2014, and 90% of mothers received antenatal
care (ANC) services from a trained provider [16]. The
MMR declined from 174/100,000 live births in 1992 to
54/100,000 in 2010 [17]. However, over the last two
years, the MMR has slightly increased to 57/100,000;
23.5% of these mortalities delivery were initiated in a pri-
vate clinic [17]. The NMR was 14/1,000 births during
the five-year period prior to 2014 [16].

The last study tracking changes in c-sections in Egypt
was reported in 2004 [18]. According to which, based on
data from two Egyptian Demographic and Health Surveys
(EDHS), the institutional-based proportion of c-sections
increased from 13.9% in 1988 to 22% in 2000 [18]. Birth
delivery in the private sector was associated with this in-
crease [18]. However, this study did not explore the
change in c-section rate among mothers who are poten-
tially at low risk for c-section. Although EDHS is a non-
institutional-based survey, it is reported that the DHS data
on c-section deliveries are sufficiently reliable for national
and global monitoring purposes since the recall bias on
reporting a major surgical procedure is very low [19].
With the increased access to healthcare services in Egypt,
represented by a decline in home-based deliveries and an
increase in ANC services [16], the specific objectives of
this study are: to (1) assess the trend of c-section deliveries
and (2) to identify factors associated with the over time
change in c-sections in Egypt, from 2005 to 2014, with a
focus on the role of place of delivery in performing c-
sections, particularly for mothers who are potentially at
low risk for c-section delivery.

Methods

Data sources

The EDHS survey aimed at providing national estimates
with special emphasis on maternal and child health [16].
Employing a standardized and rigorous sampling and
data collection methodology, the survey collected infor-
mation from a nationally representative sample of Egyp-
tian individuals with a large sample size [16]. Details
related to sampling design, sample size, study instru-
ments, data collection, how informed consent was ob-
tained, and other related methodology are described
elsewhere [16]. The EDHS data are accessible from the
Measure DHS website [20]. The STROBE statement for
reporting observational studies was followed [21]
(STROBE checklist can be found in the Additional file 1).

Study population

For the purpose of this study, the 2005, 2008, and 2014
EDHS ever-married women databases were merged
based on established guidelines for managing DHS data
[22]. All mothers who replied by “yes” or “no” to the
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question “Has your last baby born in the past five years,
including this year, was delivered by a c-section or nor-
mal/vaginal delivery?” were included in the analysis,
leaving a final sample of 29,489 mothers (weighted sam-
ple of 29,107) after excluding five women with missing
data and 28,269 women who did not report giving birth
within the prior five years (Fig. 1).

Study variables

Sociodemographics

Specific information collected in the EDHS that reported
[14, 18, 23] or could potentially have an influence on the
mode of birth delivery was characterized. Sociodemo-
graphic characteristics included mother’s age at last birth
(<18, 19-24, 25-29, 30-34, and =35 years). Mother’s so-
cioeconomic status (SES) was defined based on compos-
ite scores of the mother’s education level and
household’s wealth status. This was performed to ad-
dress the problem of multicollinearity between education
and income [24]. First, mothers were dichotomized ac-
cording to their education level as either with “low edu-
cation” (primary or below) or with “high education”
(secondary or above) and trichotomized them according
to their wealth status into tertiles: poor, middle, or rich.
Details related to the EDHS wealth index can be found
elsewhere [16]. Then, based on the sum of scores of edu-
cation and wealth variables, mothers with low SES (poor

Page 3 of 14

and with low education), middle SES (either poor or
with low education), and high SES (non-poor and with
high education) were identified [24].

Mothers were categorized according to their lifetime
parity into primigravida, multipara with 2-3, or multip-
ara with >4 births. Female genital mutilation (FGM) sta-
tus was reported in a binary variable (yes or no). Body
mass index (BMI) (kg/m2) was calculated as the ratio of
the weight in kilograms divided by height squared (m?)
data that were collected at the time of survey. Mother’s
BMI was trichotomized into normal (BMI=185-
24.9 kg/m2), underweight (BMI <18.5 kg/m2), or over-
weight/obese (BMI >25 kg/m2) [25]. Maternal BMI has
been linked to increased risk of adverse pregnancy out-
comes leading to c-section delivery. Underweight and
overweight/obese mothers were defined as a “high-risk”
group for c-section. Underweight mothers are more
likely to have underweight babies and pre-term delivery
[26] while overweight/obese mothers are more likely to
have overweight babies, preeclampsia, macrosomia, and
gestational diabetes [27-30].

Spatial characteristics

Spatial characteristics included place of residence (rural
or urban) and geographical region (urban governorates,
urban or rural-lower Egypt, and urban or rural-upper

Egypt).

-

57,763 (aged 15-49 years) ever-
married women participated in
the EDHS-2005, 2008, 2014

\ 4

[ |
2005 2008 2014
(N=19,474) (N=16,527) (N=21,762)
28,269 women reported no
"""""" > birth in the last five years
, , (Excluded)
2005 2008 2014
(N=9,966) (N=8,033) (N=11,495)
| [
____________ > 5 women were with missing data
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before the survey

29,489 (weighted 29,107) ever-married
women reported on the mode of delivery of
their last birth born within five-year period

Fig. 1 Sample selection, unweighted numbers
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Newborn characteristics

Mothers were categorized according to the birth weight
as mother with: normal (2,500-3,999 g), low (<2,500 g),
or high (24,000 g) birth weight baby. According to the
birth multiplicity of the last birth born within the 5 years
prior to the EDHS survey, mothers were categorized into
two groups (singleton or multiple births). Mothers re-
ported singleton or normal birth weight (2,500 to
3,999 g) babies were categorized as “low risk” while mul-
tiple or low/high birth weight (<2,500 g or 24,000 g) ba-
bies were categorized as a “high risk” group for c-section
[14, 23]. Low/high birth weight or multiple births are
main obstetric variables to increase risk of c-section [23,
31]. The mode of last birth delivery in relation to mode
of delivery of the previous birth occurred within the five
years of survey was categorized into vaginal after c-
section, repeated c-section, repeated vaginal, or c-section
after vaginal. Primigravida mothers were also included
within this variable.

Institutional characteristics

According to the number of ANC visits made by mother
during her last pregnancy, mothers were categorized
into four groups (no visits, 1-3, 24, or don’t know/miss-
ing). Place of birth delivery was categorized into: home,
public sector including parastatal health care facilities,
or private sector.

Statistical analyses

Frequency of mothers for each survey and their percent-
age distribution per each measured characteristic for all
births and for institutional-based births were calculated,
by survey round. Also, the proportion of institutional-
based c-sections for each measured characteristic by sur-
vey round were recorded and assessed the over time
trend of c-sections for each measured category’s item by
chi-square tests for trend.

The crude and adjusted trend of c-sections utilizing
the EDHS-2005 as a reference in binary and multivari-
able logistic regression models for all institutional-based
deliveries, and stratified by place of delivery, after mer-
ging the datasets were subsequently investigated. This
stratification was done to examine the role of place of
delivery on the over time trend of c-sections in Egypt. In
the binary logistic regression models, P-value for the
trend was assessed for each model by entering the year
of the survey as a continuous variable.

The quantitative association between institutional-
based c-sections and each measured characteristic for
each survey separately was also investigated. The crude
(ORs) and adjusted odds ratios (aORs) and their respect-
ive 95% confidence intervals (ClIs) were reported. To
adjust for any potential confounding effect, all covariates
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were entered under analysis simultaneously in multivari-
able models.

A place of delivery-stratified multivariable logistic re-
gression analysis was performed to quantify the associ-
ation between institutional-based c-sections and the
measured characteristics for each survey round. This
was performed to understand which factors were associ-
ated with increased trend of c-sections in Egypt, strati-
fied by place of delivery.

The sampling weights available in the EDHS databases
were applied in all of performed statistical calculations.
The data were analyzed using IBM SPSS version 22.0
(IBM Corp., Armonk, NY, USA) [32]. P-values <0.05
were considered statistically significant.

Results

The three EDHSs were based on a nationally representa-
tive sample of 57,763 ever-married women aged 15 to
49 years, of which, 29,107 mothers reported on the
mode of delivery of their last birth born within five years
preceding each survey (Fig. 1).

Table 1 presents descriptive characteristics of all
mothers and mothers who reported institutional-based
delivery by survey round. The table shows that the
institutional-based last birth occurred at mother’s age of
235 years or <18 years declined slightly from 11.4% to
10.2% and from 4.9% to 3.7%, from EDHS-2005 to
EDHS-2014, respectively. Percentage of mothers with
low SES who reported institutional-based birth declined
by 4.9 percentage points mainly for an increase by 3.9
percentage points for the favor of mothers with a
medium SES. Percentage of primigravida or mothers
with >4 children declined from 28.2% to 24.3% and from
21.7% to 20.7%, respectively. Percentage of overweight
mothers increased from 76.2% to 79.6%. Over the study
period, percentage of institutional-based normal birth
weight babies increased by 13.6 percentage points.
Institutional-based c-sections increased from 32.4% in
EDHS-2005 to 61.8% in EDHS-2014. Repeated c-sections
increased by 10 percentage points along a slight increase
in c-sections after vaginal delivery by only 1.1 percentage
points. Birth delivery declined in public sector by 11.8 per-
centage points for the favor of the private sector.

Proportion of c-sections by year showed that the
population-based trend of c-sections increased exponen-
tially from 17.8% in 2000 to 59.7% in 2014 that further
increased from 26.6% to 67.3% when the analysis was
limited to the institutional-based deliveries, during the
same study period (Fig. 2).

Table 2 shows the over time changes in proportion of
institutional-based c-sections. From EDHS-2005 to
EDHS-2014, proportion of c-sections increased among
mothers in each measured characteristic within each
measured category. Largest increases were among
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Table 1 Descriptive characteristics of all mothers (N =29,107) and mothers with the last institutional-based (N = 22,194) birth oc-

curred within five years prior to each survey, by survey round

EDHS-2005 EDHS-2008 EDHS-2014
All births Institutional All births N=7893 Institutional All births Institutional
N=9823 births N=6517 births N=5713 N=11,391 births N = 9964
% % % % % %
Socio-demographic
Age at last birth, years
235 1.7 114 1.1 1.2 10.5 102
30-34 182 183 16.6 164 19.1 188
25-29 29.2 303 306 31.2 329 332
19-24 36.0 35.1 36.8 363 338 34.1
<18 49 49 49 4.8 37 37
Socioeconomic status
Low 284 18.7 246 16.6 16.7 13.8
Medium 26.2 24.5 251 235 296 284
High 454 56.8 50.1 60.0 53.7 579
Lifetime parity
Multipara with 24 children 27.5 21.7 23.7 19.2 23.1 20.7
Multipara with 2-3 children 487 50.1 49.7 50.2 54.2 550
Primigravida 238 28.2 26.6 306 22.7 243
FGM®
No 39 49 47 57 86 9.2
Yes 96.0 95.1 95.3 94.3 914 90.7
Missing 0.01
BMI
Normal 18.5-24.9 (low risk) 257 223 28.7 255 198 193
Underweight <18.5 (high risk) 06 0.5 06 04 03 03
Overweight =25 (high risk) 72.7 76.2 70.1 734 79.0 796
Missing 1.0 1.1 0.6 0.7 0.8 0.8
Spatial
Residence
Urban 38.1 480 38.1 453 318 343
Rural 619 520 619 54.7 68.2 65.7
Region
Urban governorates 14.8 19.7 164 204 108 1.8
Urban-Lower Egypt 10.0 13.1 10.1 12.0 94 104
Rural-Lower Egypt 31.1 322 343 354 39.0 40.2
Urban-Upper Egypt 126 144 108 119 1.1 15
Rural-Upper Egypt 30.1 194 27.3 188 288 252
Frontier governorates 12 1.1 14 15 0.9 09
Newborn characteristics
Birth weight
Normal (2,500-3,999 g) 30.5 39.0 35.1 435 494 526
High risk (<2,500, 24,000 g) 8.7 10.8 8.1 10.1 135 14.1
Not weighted/Missing 60.8 50.2 56.8 46.3 37.1 333
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Table 1 Descriptive characteristics of all mothers (N =29,107) and mothers with the last institutional-based (N = 22,194) birth oc-
curred within five years prior to each survey, by survey round (Continued)

EDHS-2005 EDHS-2008 EDHS-2014
All births Institutional All births N=7893 Institutional All births Institutional
N=9823 births N=6517 births N=5713 N=11,391 births N = 9964
% % % % % %
Birth multiplicity
Singleton birth 97.6 97.0 979 974 97.8 97.6
Multiple birth 24 30 2.1 26 2.2 24
Delivery mode
Vaginal 785 67.6 70.8 59.7 459 38.2
C-section 215 324 29.2 403 54.1 618
Delivery mode in relation to the previous®
Primigravida 66.0 69.0 69.0 70.5 66.2 66.8
Vaginal after caesarean 0.5 04 04 04 04 03
Repeated caesarean 52 7.8 6.9 95 156 178
Repeated vaginal 270 209 222 17.5 15.2 121
Caesarean after vaginal 13 19 1.5 2.1 26 30
Institutional

Antenatal care visits

No visits 285 183 258 17.1 9.7 73
1-3 10.1 83 6.9 6.0 7.1 6.1
24 60.7 72.8 66.5 76.2 82.8 86.2
Don't know/missing 0.7 06 0.8 0.7 04 04
Place of delivery

Home 336 0.0 276 0.0 125 0.0
Public sector 269 40.6 27.2 376 252 288
Private sector 395 594 452 624 62.3 71.2
Missing 4 3

Weighted numbers and percentages
BMI: body mass index
2 female genital mutilation, ® previous birth occurred within past five years

mothers aged <18 years (34.1 points), primigravida
mothers (34.4 points), mothers with normal BMI (31.4
points), normal birth weight (30.1 points) or singleton ba-
bies (29.5 points), and in the private sector (32.6 points).
Of the 6158 institutional-based c-sections performed in

EDHS-2014, 77.3% were performed in the private sector. 80
The multivariable analysis revealed a 3.46-time (95% 70
CI: 3.15-3.80) increase in trend of c-sections in EDHS- o
2014 relative to EDHS-2005. The further place of s
delivery-stratified multivariate analysis showed that this ; 40
increase in trend of c-sections was higher in private sec- g "
tor (aOR, 4.19, 95% CI: 3.73—4.70) than in public sector £ »
(aOR, 2.67, 95% CI: 2.27-3.13) (Table 3). 0
Table 4 shows the results of bivariate and multivariable
logistic regression of association between institutional- ® T 01 2wz 20 20e ws 2000 07 2w 2009 00 201 202 0 200
based c-section and measured characteristics by survey Year
round. As the table shows, relative to mothers aged ) , e e mm——
Fig. 2 Trend in c-section deliveries in Egypt, 2000-2014
.

235 years, in EDHS-2014, the trend of c-section among
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Table 2 Institutional-based proportion of c-section deliveries among mothers with a last birth occurred within five years prior to
each survey, by survey round

EDHS-2005 N = 6517 EDHS-2008 N =5713 P-value® EDHS-2014 N = 9964 P-value® Absolute difference
C-section, % C-section, % C-section, % (% in 2014-% in 2005

Socio-demographic

Age at last birth
235 372 443 0.007 624 <0.001 252
30-34 355 43.1 <0.001 624 <0.001 269
25-29 336 423 <0.001 61.5 <0.001 279
19-24 29.2 37. <0.001 61.8 <0.001 326
<18 258 336 0.038 599 <0.001 34.1
P-value” <0.001 <0.001 0903

Socioeconomic status
Low 22.7 335 <0.001 516 <0.001 289
Medium 29.2 352 0.001 579 <0.001 28.7
High 370 442 <0.001 66.1 <0.001 29.1
P-value” <0.001 <0.001 <0.001

Lifetime parity
Multipara with 24 children 273 333 0.001 522 <0.001 249
Multipara with 2-3 children 329 40.8 <0.001 61.8 <0.001 289
Primigravidas 356 439 <0.001 70.0 <0.001 344
P-value” <0.001 <0.001 <0.001

FGM©
No 448 535 0.027 689 <0.001 241
Yes 318 395 <0.001 61.1 <0.001 293
P-value® <0.001 <0.001 <0.001
Missing 5 0 3

BMI
Normal (18.5-24.9) 26.2 36.3 <0.001 576 <0.001 314
High risk (<18.5, 225) 34.2 416 <0.001 62.8 <0.001 286
P-value® <0.001 <0.001 <0.001
Missing 69 41 80

Spatial

Residence
Urban 36.8 445 <0.001 65.8 <0.001 290
Rural 284 36.9 <0.001 59.7 <0.001 313
P-value® <0001 <0001 <0.001

Region
Urban governorates 404 44.6 0.034 67.3 <0.001 269
Urban-Lower Egypt 420 488 0.008 736 <0.001 316
Rural-Lower Egypt 323 384 <0.001 65.8 <0.001 335
Urban-Upper Egypt 276 412 <0.001 578 <0.001 302
Rural-Upper Egypt 222 344 <0.001 50.2 <0.001 280
Frontier governorates 247 289 0.550 516 0.002 269
P-value® <0.001 <0.001 <0.001

Newborn characteristics

Birth weight
Normal (2,500-3,999) 35.1 414 <0.001 652 <0.001 30.1

High risk (<2,500, 24,000) 416 511 0.001 67.1 <0.001 255
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Table 2 Institutional-based proportion of c-section deliveries among mothers with a last birth occurred within five years prior to
each survey, by survey round (Continued)

EDHS-2005 N=6517 EDHS-2008 N=5713 P-value® EDHS-2014 N = 9964 P-value® Absolute difference
C-section, % C-section, % C-section, % (% in 2014-% in 2005

P-value® 0002 <0.001 0182

Not weighted/Missing 3272 2648 3317

Birth multiplicity

Singleton birth 320 40.1 <0.001 61.5 <0.001 29.5

Multiple birth 480 50.0 0.709 752 <0.001 27.2

P-value” <0.001 0016 <0.001

Mode of delivery in relation to the previous birth®
Primigravidas mother 329 40.8 <0.001 614 <0.001 285
Vaginal after caesarean - - - - _
Repeated caesarean - - - - _
Repeated vaginal - - - - -
C-section after vaginal - - - - -
Institutional

Antenatal care visits

No visits 188 30.1 <0.001 424 <0.001 236
1-3 26.7 34.1 0.019 486 <0.001 219
24 364 433 <0.001 644 <0.001 280
P-value® <0.001 <0.001 <0.001

Don't know/missing 40 41 36

Place of delivery

Public sector 294 354 <0001 485 <0001 19.1
Private sector 344 432 <0.001 67.0 <0.001 326
P-value® <0001 <0001 <0001

@ P-value, assessed over time differences in proportion of institutional-based caesarean delivery between EDHS-2005 and EDHS-2008, and between EDHS-2008
and EDHS-2014

b p-value, assessed differences in proportion of institutional-based caesarean delivery between each measured sub-categories in each survey

¢ female genital mutilation

9 previous birth occurred within the past five years

mothers aged <18 years (aOR, 0.33, 95% CI: 0.23-0.47)  SES (aOR, 1,78, 95% CI: 1.25-2.54, P = 0.001) were more
or 19-25 years (aOR, 0.41, 95% CI: 0.31-0.55) was likely to undergo c-section relative to those with low
higher when it compared with c-sections in EDHS-2005  SES, but in EDHS-2014 this observed significant differ-
(aOR, 0.26, 95% CI: 0.16—0.50 and 0.31, 95% CI: 0.22—  ence disappeared. Among primigravida, trend of c-
0.42, respectively). In EDHS-2005, mothers from high  sections in EDHS-2014 (aOR, 5.57, 95% CI: 4.46-6.97)

Table 3 Bivariate and multivariate logistic regression for the trend of institutional-based c-section delivery among all mothers, strati-
fied by place of delivery

Among all mothers OR (95% Cl) aOR (95% Cl)

Survey round (Ref: EDHS-2005)

EDHS-2008 141 (131-152)" 139 (1.25-1.54)"

EDHS-2014 337 (3.20-360)" 346 (3.15-3.80) "

Place of delivery Public sector Private sector

Survey round (Ref: EDHS-2005) OR (95% Cl) aOR (95% Cl) OR (95% Cl) aOR (95% Cl)
EDHS-2008 132 (1.16-149)" 135 (1.13-1.61)* 145 (133-160)" 142 (125-162)"
EDHS-2014 226 (202-253)" 267 (227-3.13)* 288 (3.58-4.21)" 419 3.73-4.70)"

OR: odds ratio, aOR: adjusted odds ratio (for all covariates under analysis), CI: confidence interval
P-value for the trend was assessed by entering the year of the survey as a continuous variable
"P<0.05, "P=0.001, "'P<0.001
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Table 4 Bivariate and multivariate logistic regression for the association between institutional-based c-section as dependent variable
and measured characteristics by the survey round

Characteristics EDHS-2005

EDHS-2008

EDHS-2014

OR (95% Cl)

aOR (95% CI)

OR (95% Cl)

aOR (95% Cl)

OR (95% CI)

aOR (95% Cl)

Socio-demographic

Age at last birth (Ref: 235 yrs)

30-34 093 (0.77-1.12) 077 (057-104) 093 (0.77-1.12) 083 (061-1.11) 100 (086-1.17) 077 (0.61-0.95)"
25-29 085 (0.71-101) 047 (035-065) 085 (0.71-101) 072 (055-095)"" 097 (084-1.11) 054 (044-066)"
19-24 070 (059-0.83)" 031 (022-042)"" 070 (0.59-0.83)"" 041 (031-055)"" 098 (0.85-1.13) 041 (0.31-0.55)""
<18 058 (044-078)"" 0.26 (0.16-0.50) 063 (047-0.85)"" 037 (023-060)" 090 (0.71-1.15) 033 (0.23-047)""

Socioeconomic status (Ref: low)

Medium
High

140 (118-167)""
20 (1.72-232)"

1.55 (1.07-2.24)"
1.78 (1.25-2.54)"

1.08 (0.91-1.29)

157 (1.35-1.83)"

0.79 (0.58-1.07)
0.77 (0.57-1.04)

129 (1.13-147)"
183 (163-2.07)""

0.98 (0.80-1.21)
097 (0.85-1.12)

Lifetime parity (Ref: multipara with 24 children)
Multipara with 2-3 children  1.31 (1.14-1 507
147 (123—171)

152 (1.27-181)"
557 (446-697)"

213 (1.89-241)"
148 (134-164)"

141 (1.08-1.84)
388 (2.83-533)

138 (1.19-1.59)"
157 (134-183)""

1.06 (0.81-1.38)
Primigravidas 291 (2.11-4.00)""

FGM? (Ref: no)

Yes 0.57 (046-072)"" 069 (051-094) 057 (045-0.71)" 061 (044-084)" 071 (061-082) 093 (0.76-1.13)
BMI (Ref: normal 18.5-24.9)
High risk (<18.5, 225) 146 (128-167)"" 127 (1.02-159)° 126 (1.11-142)" 138 (1.13-177)"  125(1.13-138)" 144 (124-169)

Spatial
Residence (Ref: urban)

Rural 068 (061-0.76)"" 078 (0.09-656)  0.73 (0.66-0.81)"" 066 (0.12-3.52) 0.77 (0.71-084)"" 073 (0.19-2.68)

Region (Ref: urban governorates)

Urban-Lower Egypt 207 (120-356)" 094 (0.73-1.21) 3(1.19-3157 108 (081-143) 193 (1.26-296)" 1.16 (091-147)
Rural-Lower Egypt 1(127-383)" 099 (0.12-835) 229 (1.39-3.75)" 140 (026-7.61) 262 (1.70-4.04)"" 1.08 (0.29-4.00)
Urban-Upper Egypt 145 (085-249) 050 (0.38-0.67) 49 (092-241) 090 (0.68-1.17) 1(01.19-274" 062 (049-077)"
Rural-Upper Egypt 7 (067-203) 090 (0.10-7.66) 8(1.02-276) 127 (023-692)  128(084-197)  0.74 (0.20-2.75)
Frontier governorates 0.87 (0.5 51) 047 (0.18-1.22) 6 (0.77-2.05) 0.56 (0.25-1.25) 0.95 (0.62-1.44) 0.69 (0.33-2.74)

Newborn characteristics
Birth weight (Ref: high risk <2,500, 24,000)

Normal 2,500-3,999 0.75 (0.64-090)" 076 (063-091)" 067 (0.56-0.81)"" 065 (054-0.79)"" 092 (0.81-1.04) 086 (0.75-0.98)"

Birth multiplicity (Ref: multiple)

Singleton 051 (0.38-068)"" 044 (030-065)" 067 (048-092)° 050 (0.32-0.781)" 052 (0.39-0.70)"" 046 (0.32-066)

Previous birth c-section® (Ref: no)
Yes 66.3 (443-99.2)"
187 (1.64-2.10)"

1233 (719-211)"
3.82 (327-446)"

694 (479-100)""
264 (2.38-291)"

1144 (553-236)"
283 (230-349)

614 (39.6-95.1)"
1.90 (47.9-100)""

113 (584-218)""

Primigravidas 276 (2.23-341)""

Institutional
ANC (Ref: no visits)

1-3 visits 156 (1.24-200)"" 158 (1.01-247)" 120 (093-1.56)  1.18 (0.76-1.85) 128 (1.04-160) 087 (0.61-1.24)
> 4 visits 248 (211-290)"" 164 (121-223)" 177 (152-206)" 151 (1.17-194)" 245 (210-290)" 131 (1.01-1.70)"

Place of delivery (Ref: public)
126 (1.13-140)"" 136 (1.14-162)" 139 (1.26-155"" 140 (1.17-166)" 216 (1.98-2.36)" 196 (1.72-2.23)""

Number of cases included in multivariate models was only 12,894 (9236 children were not weighted and 64 mothers did not report on the ANC visits)
OR: odds ratio, aOR: adjusted odds ratio (for all covariates under analysis), CI: confidence interval, ANC: antenatal care

2 female genital mutilation, ® previous birth occurred within the past five years

"P<0.05, "P=0.001, P <0.001

Private sector
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was higher than that in EDHS-2005 (aOR, 2.91, 95% CI:
2.11-4.00). Normal birth weight babies had higher odds
undergoing c-section delivery in EDHS-2014 (aOR, 0.86,
95% CI: 0.75-0.98) compared to EDHS-2005 (aOR, 0.76,
95% CI: 0.63-0.91).

Furthermore, place of delivery-stratified multivariable
logistic regression demonstrated that in private sector,
mothers aged <18 years had less likelihood to undergo
c-sections in EDHS-2005 (aOR, 0.28, 95% CI: 0.15-0.53)
compared to EDHS-2014 (aOR, 0.40, 95% CI: 0.26—
0.63). However, in EDHS-2014 same age group of
mothers was 84% less likely to undergo c-sections in the
public sector. In public sector, SES was not associated
with c-section delivery in all survey rounds, but in pri-
vate sector, the significant association of SES with c-
section observed in EDHS-2005 disappeared in EDHS-
2014. The likelihood of primigravida mothers to undergo
c-section in public sector declined from 2.21-time (95%
CI: 1.37-3.58) to 1.72-time (95% CI: 1.18-2.50) whereas
it increased in private sector from 1.62-times (95% CI:
1.12-2.34) to 3.76-times (95% CI: 2.94—4.80), in EDHS-
2005 to EDHS-2014, respectively. Normal birth weight
babies were significantly at lower risk to undergo c-
section in EDHS-2005, but in EDHS-2014 they had an
equal likelihood with high-risk birth weight babies in
both public and private sectors (Table 5).

Discussion

The study estimated trend of c-sections among Egyptian
mothers sampled in 2005, 2008, and 2014. There was a
substantial rise in trend of institutional-based c-sections
by more than three-fold, over the study period. The pri-
vate sector appears to be the driver of the rising c-
sections in Egypt, a substantial increase was also ob-
served in use of this surgical procedure in public sector.
The more than 4-folds increase in c-sections in the pri-
vate sector was driven by substantial increases in c-
sections among mothers who are potentially at low risk
for c-section delivery.

In Egypt, the nearly 60% population-based proportion of
c-sections performed in 2014 greatly exceeds the thresh-
old of 10-15% recommended by WHO [1]. A population-
based proportion of c-sections >10% did not lead to health
improvements for mother or newborn [33]. Although the
observed over time increase in c-section rate in Egypt is in
line with what has been noted in many national and inter-
national studies [12, 14, 18, 34], this over time increase
places Egypt as a country with the highest c-sections per-
formed worldwide, after Brazil (45.9%) [8]. The
institutional-based proportion (67.3%) of c-sections re-
corded in Egypt in 2014 is 2.2-time and 2.7-time higher
than that recently recorded in Jordan (30.3%) [14] and in
Saudi Arabia (25%) [35], respectively. The decline in
home-based deliveries by over 60% merely reflects an
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improvement in provided health care services in Egypt.
Over the past decade, per capita total expenditure on
health increased from US$75.8 in 2000 to US$123.2 in
2010 [36]. However, improving administered health care
services should not justify the massive increase in c-
sections. This exponential rise in c-sections indicates an
overuse for this surgical procedure that might be due to
many c-sections may increasingly be performed without
any medical indication.

This rise in c-sections would pose further economic bur-
den in a resource limited-setting such as Egypt, which is
already burdened with different economic difficulties where
26.3% of Egyptians live below the poverty line [37]. In 2008,
the WHO estimated that 253,890 unnecessary c-sections
had been performed with a total cost of US$ 41,085,585 per
year [38]. Referring to the obtained results, the discernible
increase in c-sections in Egypt in 2014, this study assumes
that the unnecessary c-sections and its associated spending
at least would double the ones estimated in 2008 [38]. Fur-
thermore, the increased c-sections would pose further un-
favorable health outcomes as a result of adverse outcomes
associated with c-sections [5, 6] in a country already bur-
dened with a relatively high MMR and NMR in addition to
other infectious diseases mainly hepatitis C virus that infect
nearly 15% of the 15 to 59 years old Egyptian people [39].
This disease alone consumes about 20% of the Ministry of
Health and Population total annual budget to treat infected
individuals [40]. Rigorous institutional-based study is
needed to assess the impact of this high proportion of c-
sections and identify the exact medical and non-medical
needs for c-section deliveries for future planning and effect-
ive policy interventions.

In the three surveys, childbearing at <18 vyears or
235 years, living in high SES, maternal overweight/obesity,
pregnancy with high-risk birth weight or multiple babies,
delivery in a private sector were found as significant factors
associated with c-section delivery in Egypt except for SES
in EDHS-2014. Older mothers are more likely to experi-
ence different complications during pregnancy and delivery
[41-45], even in the absence of complications, and they are
more inclined to have c-section, especially primigravida
mothers [44]. Younger mothers are more likely to have
small pelvis to deliver a fetus which necessitate a c-section
[46]. Women with high SES are more likely to be educated
and to have higher income who tend to delay giving birth
until older age, therefore, increasing their likelihood of a c-
section delivery [42]. However, the disappeared association
of SES with c-sections observed in EDHS-2014 merely ex-
plains the penetration of health care services to the socially
and economically disadvantaged mothers, nevertheless this
should not justify the increased c-sections among this so-
cially deprived group. Maternal overweight/obesity in-
creases the risk of different c-section inducing factors such
as preeclampsia and gestational diabetes [47].
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Table 5 Place of delivery-stratified multivariate logistic regression for the association between institutional-based c-section delivery
as dependent variable and measured characteristics, by the survey round

EDHS-2005 EDHS-2008 EDHS-2014
Public Private Public Private Public Private
aOR (95% Cl) aOR (95% Cl) aOR (95% Cl)
Socio-demographic
Age at last birth (Ref: 235 yrs)
30-34 023 (009-062)" 059 (041 0A87)** 070 (043-1.15) 093 (0.63-1.36) 075(051-1.10)  0.79 (0.61-1.07)
25-29 033 (0.19-054)" 040 (0.28-0.56) 089 (057-140) 066 (046-093)° 052 (0.36-0.74) 056 (044-072)"
19-24 0.71 (044-1.14) 031(021-045"" 037 (023-061)"" 044 (030-064) 039 (0.27-057)"" 043 (033-056)
<18 123 (0.77-1.98) 028 (0.15-053)"" 027 (0.11-067)" 043 (024-079)" 0.6 (0.07-035)"" 040 (0.26-063)""

Socioeconomic status (Ref: low)

Medium
High

Lifetime parity (Ref: 24)

2-3

Primigravidas

1.31 (0.76-2.27)
1.51 (0.90-2.55)

1.54 (1.05-2.26)"
221 (1.37-358)"

FGM? (Ref: no)

Yes 0.77 (041-1.45

BMI (Ref: normal 18.5-24.9)
High risk (<185, 225)
Spatial

Residence (Ref: urban)

)

1.14 (0.78-1.67)

Rural 0.82 (0.60-10.9)

Region (Ref: urban governorates)
1.14 (0.73-1
1.06 (0.08-1

Urban-Lower Egypt
Rural-Lower Egypt

Rural-Upper Egypt

(
Urban-Upper Egypt 0.34 (0.19-0.58

(

(t

Frontier governorates  0.81

Newborn characteristics

067 (0.05-9.46
0.24-2.71

79)
4.7)
o
)
)

Birth weight (Ref: high risk <2,500, =4,000)

Normal (2,500-3,999)
Birth multiplicity (Ref: multiple)
Singleton

Previous birth C-section® (Ref: no)

Yes 536 (25.8-1204)"
261 (1.81-370)"

Primigravidas
Institutional
ANC (Ref: no visits)

063 (047-0.84)"

0.39 (0.20-0.75)"

1-3 0.92 (0.46-1.84)

>4 159 (1.03-2.44)"

171 (1.04-2.83)"

204 (126-329)"

1.04 (0.76-141)
162 (1.12-2.34)

0.68 (0.48-0.97)"

134 (101-1.77)

0.70 (0.01-36.73)

0.66-1.24
1.07 (0.02-56.6

1.18 (0.02-63.2
0.25 (0.05-1.23

0.79 (0.62-0.99)°

046 (028-0.77)"

2633 (82.2-843)"
285 (2.19-3.72)"

233 (127-428)"

171 (1.11-263)

1 ( )

( )
061 (043-0.86)"

( )

( )

1.23 (0.74-2.06)
1.25 (0.76-2.05)

141 (0.95-2.07)
1.50 (0.92-2.44)

051 (0.24-1.06)

1.24 (0.88-1.76)

0.95 (0.10-8.69)

0.95 (0.57-1.62)
1.29 (0.14-12.19)
0.96 (0.59-1.54)
1.27 (0.14-11.9)
0.56 (0.18-1.77)

046 (0.34-062)""

1.0 (047-0.2.11)

665 (25.1-176)""
184 (1.27-2.70)"

0.72 (0.30-1.74)

189 (1.29-2.77)"

0.59 (0.39-0.88)"
061 (042-0.88)"

2.20 (1.60-3.03)"
3.73 (256-542)"

062 (0.43-0.89)

152 (119-1.92)"

0.52 (0.04-7.05)

1.13 (0.79-1.60
1.56 (0.11-214
0.89 (0.64-1.24)

2 (0.09-18.2)
0.62 (0.19-1.91)

)
)

0.81 (0.64-1.04)

0.33 (0.18-0.60) "

2365 (73.1-765) "
3.56 (2.76-4.60)

1.33 (0.77-2.29)
1.29 (091-1.81)

0.86 (0.60-1.22)
1.11 (0.78-1.59)

41 (1.05-1.89)"
172 (1.18-2.50)"

0.81 (0.55-1.20)

178 (1.32-240)"

0.56 (0.08-4.04)

1.04 (0.69-1.56)
1.55 1-114)

1.04
0.72

14-7.67)
19-2.75)

0.83 (0.66-1.05)

0.57 (0.32-1.03)

954 (41.7-218)""
248 (1.86-332)"

1.04 (0.58-1.84)
144 (0.98-2.10)

(
02
062 (0.42-0.91)°
.
.

1.07 (0.83-1.38)
0.97 (0.76-1.25)

182 (1.51-2.21)"

3.76 (294-4.80)"

0.95 (0.75-1.20)

133 (1.11-160)"

1.0 (0.14-6.96)

0.88-1.60
0.74 (0.11-5.14

0.51 (0.07-3.54
0.68 (0.27-1.73

0.83 (0.65-1.04)

9( )

( )
0.60 (0.45-0.80)"

( )

( )

041 (0.26-0.66) "

1453 (71

0-297)"

452 (3.75-545)""

0.78 (0.49-1.24)
1.21 (0.84-1.74)

Number of cases included in multivariate models was only 12,894 (9236 children were not weighted and 64 mothers did not report on the ANC visits)

OR: odds ratio’ aOR: adjusted odds ratio (for all covariates under analysis), Cl: confidence interval, ANC: antenatal care
® previous birth occurred within the past five years

2 female genital mutilation,
"P<0.05, "P=0.001, P <0.001
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One of the principal objectives of this investigation
was to identify main drivers of the increased c-sections
in Egypt. Study findings documented that place of deliv-
ery is a major contributor to the exponentially increased
c-sections in Egypt. Although the private sector occupies
only 16% of total hospitals beds in Egypt [15], the trend
of c-sections increased by more than 4-time over the
study period. This finding is still persistent in Egypt and
in line with the previous study reported in 2004 and an-
alyzed comparably collected data [18]. Lack of compli-
ance with regulations by private practitioners and
inadequate enforcement of the law, public’s perception
that medical services in private sector due to the avail-
ability of necessary medical technology and better in-
patient quality care services for this surgical
intervention, particularly in presence of near birth com-
plications, as well as obstetricians’ predisposition to
manage their time, are suggested [18, 23] and docu-
mented factors associated with the increasing c-sections
in the private sector [31, 43, 48].

The study found that this sizeable rise in propor-
tion of c-sections in the private sector was driven by
increasing c-sections among mothers who are theor-
etically and empirically known as not at risk of c-
section including mothers who fallen in an age
group of 25-29 years, mothers of normal BMI, and
mothers reported normal birth weight or singleton
babies. This increase contributed substantially to the
overall increase in c-sections in Egypt which sup-
ports the notion that a sizeable proportion of per-
formed c-sections might be performed unnecessarily.
This is in line with what has been recently reported
from nationally-representative data in Jordan [14].
According to which, the rising in c-sections from
18.2% in 2002 to 30.3% in 2012, driven primarily by
substantial rises among apparently low-risk mothers;
mothers with normal birth weight or singleton ba-
bies [14].

It is worth to be mentioned that encouragement of vagi-
nal delivery is very important to curb the steady rise in c-
sections in Egypt. This study observed a decline by 12.8%
in repeated institutional-based vaginal deliveries among
mothers reported two births in five years preceded the
survey. External cephalic version (turning the fetus from a
breech or transverse position into a vertex position), vagi-
nal birth after a previous c-section, and one-on-one
trained support during labor were effective psychosocial
and structural strategies at reducing the likelihood of c-
sections, even among those who may have a medical indi-
cation [49]. Moreover, initiatives to raise peoples’ and
health professionals’ awareness about the adverse out-
comes associated with c-section and advantages of vaginal
delivery are also urgently needed. Educating mothers
about risks associated with c-section, midwifery training,
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and establishment of birthing centers, could also help en-
courage mothers to deliver vaginally.

The strengths of this study are that the data were from
large, randomly selected population-based three datasets
collected by accredited and reliable official entities using
comparable methodology. The larger sample size and high
response rates provided in the study with good statistical
power and objective outcome measures. However, in
population-based survey, the probability of recall bias is
low since mothers who had a c-section delivery would not
easily forget the mode of delivery given its surgical nature,
particularly for the last birth [19]. Estimates associated
with c-section were adjusted for any potential confound-
ing effect of the measured characteristics. Stratification ac-
cording to the place of delivery provided more insights
about the substantial contribution of the private sector to
the rising c-sections in Egypt with revealing contributing
factors for the increased c-sections in this sector.

Findings from this study should be interpreted in
light of the following limitations. The cross-sectional
design of the EDHS limits the causality pathway with
regard to the factors found associated with increased
c-sections. Given the nature of the household-based
survey where medical records are usually unavailable,
collected data did not include information about
whether the c-sections were performed under medical
indications such as fetal mal-presentation or based
solely on maternal demand, except for the birth
weight and birth multiplicity that served as the only
obstetric indicators could potentially at medically ne-
cessary c-section. Despite of these limitations, this
study provided evidence-based estimates on trend of
c-section deliveries in Egypt and associated factors to
fine-tune strategies necessary to halt the rising c-
sections in Egypt.

Conclusions

Obtained results demonstrated that the proportion of c-
sections in Egypt has been increasing steadily in recent
years and has reached an alarming level. The proportion
of c-sections documented in the last EDHS conducted in
2014 quadrupled the maximum threshold recommended
by the WHO. The increase in number of birth deliveries
occurred in the private sector appears to be associated
with a shift towards delivery in private facilities. This in-
crease in the private sector, particularly among mothers
who were potentially at low risk of c-sections requires an
urgent need to adopt critical policies and strategies that
able to halt the steady rise in c-sections in Egypt and im-
prove reproductive health and mothers and babies health
outcomes. In the meantime, an in-depth institutional-
based study collecting data on the exact indications asso-
ciated with c-sections in Egypt is also necessary.
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