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Abstract

Introduction: The objective of this study was to observe characteristics and outcomes associated 

with cesarean birth as compared to vaginal birth.

Methods: This study was a prospective hospital-based cross-sectional analysis of a convenience 

sample of 1, 000 women. Data was collected on admission, delivery, and discharge by trained 

physician data collectors on paper forms through chart review and patient interview.

Results: Data on mode of delivery was available for 993/1000 women (0.7% missing data), 

23.4% of whom underwent cesarean. These women were less likely to have labored (84.5% versus 

87.4%), more likely to have been transferred (62.0% versus 45.2%), more likely to have been 

admitted in early labor (53.0% versus 48.6%), more likely to be in labor for longer than 24 hours 

(10.7% versus 3.3%) and were less likely to have multiple gestation (7.7% versus 3.9%), p < 0.05. 

In a Poisson model, history of cesarean (aRR 2.0, p < 0.001), transfer during labor (RR 1.5, p = 

0.003), labor longer than 24 hours and larger birthweight (RR 2.7, p 0.001) were associated with 

an increased risk of cesarean.

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license 
4.0
*Corresponding author: Margo S Harrison, University of Colorado School of Medicine, Mail Stop B198-2, Academic Office 1, 
12631 E. 17th Avenue, Rm 4211, Aurora, Colorado 80045, USA, Tel: 303.724.2938.
Author Contributions
EK, BT, TW designed the data collection forms with MSH and collected the data under the supervision of TY and MM. AJZ managed 
the data and provided quality checks. MSH conceived of the analytic plan, analyzed the data, and wrote the manuscript with feedback 
from all authors.

Data Availability
De-identified data will be considered for availability under a data use agreement.

Conflict of Interest
The authors have no relationships to disclose that may be deemed to influence the objectivity of this paper and its review. The authors 
report no commercial associations, either directly or through immediate family, in areas such as expert testimony, consulting, 
honoraria, stock holdings, equity interest, ownership, patent-licensing situations or employment that might pose a conflict of interest to 
this analysis. Additionally, the authors have no conflicts such as personal relationships or academic competition to disclose. The 
findings presented in this paper represent the views of the named authors only, and not the views of their institutions or organizations.

HHS Public Access
Author manuscript
J Womens Health Dev. Author manuscript; available in PMC 2022 January 01.

Published in final edited form as:
J Womens Health Dev. 2021 ; 4(2): 47–63. doi:10.26502/fjwhd.2644-28840060.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion: Our analysis suggests cesarean birth is being used among women with a history of 

prior cesarean and in cases of labor complications (prolonged labor or transfer), but fresh stillbirth 

is still common in this setting.
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1. Introduction

Understanding and optimizing the use of cesarean birth is a global health priority and of 

great interest to the World Health Organization (WHO) [1, 2]. Globally, cesarean birth rates 

are increasing, although they remain below the recommended 10% rate in many sub-Saharan 

African settings [3, 4]. However, in many sub-Saharan African countries (and in other low- 

and middle-income countries) significant disparities in the use of cesarean birth exist [5, 6]. 

In many rural areas it is under-accessed and underused while in urban areas among certain 

populations it may be over-accessed and overused [5, 6]. Though cesarean birth can be 

essential to saving lives, it is also a major abdominal surgery with added risks above baseline 

pregnancy-related morbidity and mortality; as such, its use should be limited to medically 

indicated situations where optimization leads to a balance of risks and benefits [2, 5]. We 

wanted to observe the use of cesarean birth as compared to vaginal birth in a convenience 

sample of women delivering at a tertiary care facility in Mizan Aman, Mizan-Tepi 

University Teaching Hospital (MTUTH), in the Southern Nations, Nationalities, and 

People’s Region of Ethiopia (SNNPR). The objective of this analysis was to document mode 

of delivery at the hospital and characteristics and maternal and perinatal outcomes associated 

with cesarean birth. This was not hypothesis-driven research intended to fill a generalizable 

gap in knowledge, but rather an initial analysis intended to provide preliminary descriptive 

data that we can then use to study cesarean birth in more detail, prospectively.

Nonetheless, we did expect that the cesarean birth rate would be higher than that of the 

overall SNNPR region as MTUTH is a referral facility and that women with complications 

of pregnancy would give birth by cesarean. We also expected to observe that, similar to use 

of cesarean birth in other sub-Saharan African cohorts, cesarean may result in adverse 

pregnancy outcomes in women who necessitate the service [7, 8].

2. Methodology

2.1 Study design/setting

We conducted a prospective, hospital-based cross-sectional study at Mizan-Tepi University 

Teaching Hospital (MTUTH), which is located in Mizan-Aman in the Southern Nations, 

Nationalities, and People’s Region (SNNPR), Ethiopia.

2.2 Participants

The population for this study was a convenience sample of all pregnant women who 

consecutively delivered on labor and delivery at MTUTH between May 6 and October 21, 

2019, which was the point at which 1, 000 women were included in the dataset. Only 
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mothers who delivered after 28 completed weeks of pregnancy were included. Women were 

offered enrollment at admission and consented for de-identified collection of data regarding 

their delivery experience. Those who did not consent to have their data collected were not 

followed, accordingly.

2.3 Variables

We modeled our data collection documents after those used in the Global Survey for 

Maternal and Perinatal Health conducted by the World Health Organization, and those of the 

Global Network for Women’s and Children’s Health Research. Admission data included 

sociodemographic and early labor details, delivery data included details on the labor course 

and delivery mode, and the discharge form collected data on the postpartum course 

including maternal and perinatal complications and interventions. The forms used for data 

collection have been provided in an appendix. Common definitions for variables were 

defined by study authors prior to data collected, and a clear definition was included with the 

codebook.

2.4 Data sources/measurement

De-identified data was collected by highly trained physician data collectors with the intent 

of planning future quality improvement and research interventions. A combination of chart 

review and structured interview was used to collect information upon admission, delivery, 

and discharge. Data was collected on paper forms and the data collectors reviewed each 

other’s forms for completeness prior to data entry into REDCap for transmission and secure 

storage on a password protected server at the University of Colorado, Aurora, Colorado, 

USA [9]. Data from the paper forms were entered into REDCap 9.1.9, and STATA software 

version 15.2 (StataCorp LP, College Station, TX, USA) was used for analysis. This two-part 

data collection technique was used per preference of the data collectors who did not want to 

use personal cellular data to enter information.

2.5 Bias

We deliberately chose a cross-sectional, convenience, consecutive sample of patients for a 

baseline assessment of patients and their experience at MTUTH, which would have been 

biased by the sample that women who desired to deliver in a facility or were transferred 

there. No efforts were made to address any potential source of bias, but we did compare our 

population to the Ethiopian Demographic and Health Surveys in another analysis (under 

review) to describe how our sample may have differed.

2.6 Study size

MTUTH is a high-volume hospital that allowed for a large sample to be obtained over a 

relatively short amount of time. As a research team we agreed that collecting data on 1000 

consecutive women over a number months women would hopefully give a less biased 

sample than a smaller sample collected over a shorter timeframe, but no formal sample size 

calculation was performed.

Harrison et al. Page 3

J Womens Health Dev. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.7 Statistical methods

As our objective was to observe characteristics and outcomes associated with cesarean birth 

compared to vaginal birth at MTUTH, we compared these two groups, specifically. Bivariate 

comparisons of sociodemographic, obstetric, labor, delivery, and pregnancy outcomes of 

women experiencing vaginal versus cesarean birth were performed, utilizing Fisher’s exact, 

Chi-squared, and Mann-Whitney U tests depending on the variables. For small cell size 

categorical variables the Fisher’s exact test was used, for categorical variables with larger 

counts and percentages, the chi-squared test was used, and more continuous variables the 

Mann-Whitney U test was employed. All covariates significant to p < 0.05 in bivariate 

comparisons were included in a multivariable Poisson model with robust error variance 

(because cesarean birth was prevalent) to determine which covariates were independently 

associated with cesarean birth. Subsequently, individual poisson regressions of maternal and 

perinatal outcomes (significant in the bivariate comparisons) were run with the outcomes as 

the dependent variable and cesarean birth as the independent variable, adjusted for all 

covariates significant in the original multivariable Poisson model, to describe the association 

between cesarean birth and adverse pregnancy outcomes.

2.8 Ethics

This quality improvement survey was given an exempt from human subjects’ research 

approval (COMIRB # 18–2738) by the University of Colorado and approval. Despite the 

quality improvement nature of the work and the fact that only de-identified data was 

collected, oral consent was obtained from each woman before any of her data was recorded.

3. Results

3.1 Participants

As shown in Figure 1, 1, 000 women on whom data was collected, 993 (99.3% of the study 

population) included information on mode of delivery (how the woman gave birth).

3.2 Descriptive data

Almost a quarter (23.4%, n = 234) of women delivered by way of cesarean, with the 

remainder experiencing vaginal birth. The majority of women (90.2%) underwent cesarean 

birth in an emergent setting with the remaining (9.8%) of cesareans classified as elective. In 

terms of characteristics of the populations (Table 1), the median age of women delivering by 

cesarean was 25 (interquartile range [IQR] 21, 28), was almost statistically different than 

women delivering vaginally (p = 0.06). Compared to women who experienced vaginal birth, 

those that gave birth by cesarean were no different in education level, religion, relationship 

status, months since last delivery, gestational age, HIV status, or number of prenatal visits, p 

> 0.05. However, the proportion of cesarean birth was higher among women living in urban 

areas (65.0% versus 51.3%) and among women with a history of cesarean birth (14.1% 

versus 2.1%), p < 0.001. Outcome Data, Characteristics Associated with Cesarean Birth in 

Bivariate Comparisons (Table 2): Women who underwent cesarean birth compared to 

vaginal had a very different labor experience. Those experiencing cesarean birth were more 

likely to have been augmented (12.3% versus 12.1%) and less likely to be in spontaneous 
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labor (84.5% versus 87.4%), more likely to have been transferred during labor (62.0% 

versus 45.2%), to be in latent versus active labor on admission as determined by cervical 

dilation (median of 3cm versus median of 4cm), to have a longer duration of labor (10.7% 

experience labor > 24 hours compared to 3.3%), and not have had their partograph 

completely utilized (30.8% versus 71.7%), p < 0.05. They also had less vaginal exams 

(median 2 exams versus 3 exams), experienced more antepartum hemorrhage (4.3% versus 

1.6%), had larger babies (median 3200 grams versus 3000 grams), and were less likely to be 

carrying multiple gestations (7.7% not multiple gestation versus 3.9%), p < 0.05. Anesthesia 

use and delivery provider varied by vaginal versus cesarean birth, as expected.

Outcome Data, Outcomes Associated with Cesarean Birth in Bivariate Comparisons (Table 

3): Complications of delivery also varied by mode of birth. Postpartum blood transfusion 

(4.7% versus 0.5%), antibiotic administration (30.3% versus 2.2%), and hypertensive 

treatment (2.6% versus 2.4%) were more common after cesarean birth, p < 0.05. Infants 

born to mothers by cesarean had a lower median 5-minute apgar score (8 versus 9) and were 

more likely to have a fresh stillbirth (6.0% versus 2.0%), p < 0.05. However, macerated 

stillbirths were more likely to be delivered vaginally (1.5% vaginally versus 0.4% by 

cesarean). Both maternal and neonatal length of hospitalization statistically significantly 

varied by mode of delivery, as expected. Outcome Data, Characteristics Associated with 

Cesarean Birth in Multivariable Model (Table 4A): Our final table illustrates the findings of 

both our Poisson model of characteristics associated with experiencing cesarean birth (4A) 

followed by independently run Poisson regressions where cesarean birth was the dependent 

variable testing its adjusted association with various maternal and perinatal outcomes (4B). 

All statistically significant variables with p < 0.05 in Tables 1 & 2 were included in the 

Poisson model with the addition of often important covariates age and parity, as both had 

borderline significance of p = 0.06. Only statistically significant associations are shared in 

Table 2A; characteristics associated with an increased risk of cesarean birth include: history 

of cesarean birth (aRR 2.0), having been transferred in labor (aRR 1.5), being in labor 

between 12 and 24 hours (aRR 1.3; compared to less than 12 hours) or being in labor longer 

than 24 hours (aRR 2.7; also compared to less than 12 hours), and carrying a fetus with a 

birthweight of ≥ 2500 grams (aRR 2.7; as compared to a baby with a birthweight < 2500 

grams), although this last covariate is unknown until after birth, p < 0.05. Regarding 

characteristics that were independently associated with a reduced risk of cesarean birth, with 

each increasing centimeter of dilation of the cervix on admission to the hospital, there was 

an associated aRR of 0.9, and partograph completion had an aRR 0.6, p < 0.05 for both 

variables. Outcome Data, Outcomes Associated with Cesarean Birth in Individual, Adjusted 

Multivariable Models (Table 4B): Independent Poisson regressions of outcomes noted to be 

statistically significant in bivariate comparisons (Table 3) were run with cesarean birth as the 

dependent variable, adjusted for the statistically significant covariates (reported in Table 

4A). Maternal interventions tested included postpartum blood transfusion, antibiotics, and 

hypertensive or anticonvulsant therapy. Cesarean birth was only associated with increased 

adjusted odds of antibiotic administration (aRR 10.5, p < 0.001), which could have been due 

to prophylactic administration [10]. The neonatal outcomes we tested were Apgar score, 

odds of live birth, and odds of the neonate being alive on discharge from the hospital; 
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cesarean birth was associated with a reduced risk of having an Apgar score of greater than 7 

at five minutes (aRR 0.9, p < 0.001).

4. Discussion

In summary, in our cross-sectional analysis of a convenience, consecutive sample of 1000 

women who gave birth at MTUTH, we found that cesarean birth was prevalent (23.4%) in 

the 993 women with data on mode of birth, was more common in labors with complications 

(transfer, bleeding, prolongation), and in settings where it was used, maternal (bleeding, 

infection) and neonatal (lower 5-minute Apgar, fresh stillbirth) complications were more 

prevalent. Notable findings included the higher rate of cesarean birth among women from 

urban areas and the high prevalence of fresh stillbirths (compared to macerated) among 

cesarean as compared to vaginal births. Regarding the finding of a higher prevalence of 

cesarean birth among women living in urban areas, which for the purposes of this analysis 

represents the Mizan-Aman town from which about 45.0% of the population hails (data not 

shown), this is a common finding in the literature [11, 12]. Further analysis is needed 

comparing urban versus rural women undergoing cesarean birth in terms of pregnancy 

outcomes. If the rate of cesarean among urban women is higher without a resultant 

improvement in adverse outcomes such as stillbirth, the higher rate represents an unclear 

benefit. Conversely, if women in rural areas are experiencing more adverse outcomes with a 

lower cesarean birth rate, this would represent an unmet need for cesarean where a higher 

cesarean birth rate in this subgroup might contribute to improved outcomes. Though the 

overall rate of HIV positivity is low in the cohort (although higher than overall national 

estimates), it is notable that the mode of birth does not vary by HIV status [13]. More 

investigation into whether this is because pregnant women living with HIV are well-

controlled with a low viral load that does not prohibit vaginal birth, or if it is because women 

were managed according to their obstetric indications for cesarean birth and not their HIV 

status, is warranted. This might be an area to pursue additional qualitative or survey research 

to understand how pregnant women living with HIV are managed in this setting.

Regarding obstetrical complications associated with cesarean birth, it is consistent with 

international literature that women with a history of cesarean birth, those transferred during 

labor, women admitted in early labor, and those with a prolonged labor course were more 

likely to experience cesarean birth [14–20]. What is less clear is the result suggesting that 

completion of the partograph (compared to non-use), reduced the risk of cesarean birth. We 

wonder if this is a spurious association, which might represent the fact that for women 

undergoing cesarean birth, their partograph was not used because they either had a truncated 

or nonexistent labor course. However, we feel it safe to recommend complete and high-

quality use of the partograph given recent literature showing it reduces the rate of stillbirth 

(an adverse outcome common in this facility) [21]. It is well-known that women requiring 

cesarean birth experience more adverse outcomes than women undergoing vaginal birth [2, 

5, 7, 8, 18, 22–24]. Cesarean birth is a major abdominal surgery that can result in adverse 

outcomes in itself, but it does follow logically that women with prolonged labor courses that 

required transfer who may have larger babies are more likely to experience labor dystocia, 

which might contribute to increased adverse outcomes. However, the finding that cesarean 

birth was associated with an increased risk of antibiotic use and not hemorrhage, for 
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example, may support the known literature that endometritis is more common after cesarean 

than vaginal birth [25]. It is a limitation of this analysis that we did not define and observe 

sepsis rates, as in some settings it is standard practice for administration of postpartum 

prophylactic antibiotics so we do not know if this finding represents true infection [10]. A 

6.0% rate of fresh stillbirth is concerning, but given our study was not designed to look at 

this outcome specifically, it is hard to draw and conclusions regarding the outcome. 

However, we would consider fresh stillbirth a modifiable risk factor. Intermittent fetal 

auscultation is a low-resource, low-complexity technology that the WHO has recommend 

during labor to monitor the fetal status [26, 27]. In light of the high stillbirth rate, this WHO 

recommendation may be indicated to ensure cesarean birth is used as a fetal life-saving 

measure when medically indicated [21]. MTUTH could consider a qualitative intervention to 

improve monitoring of laboring women or designing a prospective study to determine the 

root causes of stillbirth and any role under-monitoring might play.

This study is limited by the convenience, consecutive sampling technique and the variables 

selected for inclusion. The study sample may have been biased towards a population of 

women desiring to deliver in a facility or with high health-seeking behavior. The variables 

included those the study authors felt were relevant to labor and delivery care based on the 

literature and their own experience but may have neglected to include some other 

practitioners in the field consider to be relevant. For example, body mass index was not 

included, which would have been an informative variable, and given our finding about 

postpartum antibiotics, it would have been important to know whether they were 

administered prophylactically or for a confirmed diagnosis of postpartum endometritis. 

Strengths of the study include the large sample size and high-quality data collection by 

physicians with an intimate understanding of labor and delivery care.

5. Conclusion

In summary, cesarean birth appears to be being used at MTUTH in cases of labor 

complications (prolonged labor or transfer), which are medical indications. In this cohort, 

according to our analytic methods, there were minimal complications attributable to the 

procedure itself suggesting that high-quality cesareans are being performed at MTUTH. 

More research on the prevalence of stillbirth in this facility is warranted.
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Appendix

Appendix:

Degrees of Freedom, Test Statistic, and Cramer’s V for Each Covariate

Characteristic Degrees of Freedom Test Statistic Cramer’s V Test of 
Correlation with Mode of 
Birth

Age - Z = −1.9 0.1

Education 5 3.1 0.06

Religion 1 13.9 −0.1

Relationship Status 2 1.5 0.5

Woreda 2 1.6 0.04

Parity 6 12.1 0.06

Months Since Last Delivery (parity 1+ n = 
572)

- Z = 0.5 0.2

Gestational Age Determination 2 2.29 0.05

History of Cesarean Birth 2 55.2 0.2

HIV+ 1 2.3 −0.04

Number of Prenatal Visits - Z = −0.9 0.2

a
: Mann Whitney U test;

b
: Fisher’s Exact test;

c
: Chi-squared test
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Figure 1: 
Study Population by Mode of Delivery (Cesarean versus Vaginal Birth).
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