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Background: An adverse maternal outcome, such as anemia, postpartum hemorrhage, and postpartum eclampsia, poses a significant risk to women. While studies on the burden of adverse maternal outcomes have been conducted in various countries, including Ethiopia, many predictors beyond obstetric factors have not been fully explored. This study aimed to determine the magnitude and factors associated with adverse maternal outcomes among women who gave birth at selected public hospitals in eastern Ethiopia.



Methods: A hospital-based cross-sectional study was conducted among 2,608 randomly selected women who gave birth in six public hospitals in eastern Ethiopia from November 2023 to March 2024. Data were collected through face-to-face interviews and clinical chart reviews. Factors associated with adverse maternal outcomes were identified using bivariable and multivariable robust Poisson regression analyses. Adjusted relative risk (ARR) with a 95% confidence interval (CI) was used to report the strength of the association. The variables with a p-value of <0.05 were considered statistically significant.



Results: The magnitude of adverse maternal outcomes was 15.68% (95% CI: 14.70%–16.66%). A poor wealth index (ARR = 4.41; 95% CI: 3.46–5.62), having danger signs at admission (ARR = 1.86; 95% CI: 1.18–2.91), alcohol use during pregnancy (ARR = 1.86; 95% CI: 1.32–2.62), duration of labor ≥24 h (ARR = 1.69; 95% CI: 1.00–2.85), and maternal age greater than 35 years (ARR = 1.39; 95% CI: 1.03–1.86) increased the risk of adverse maternal outcomes. In contrast, folic acid intake during pregnancy (ARR = 0.47; 95% CI: 0.38–0.57), having partner support (ARR = 0.70; 95% CI: 0.59–0.83), and spontaneous vaginal delivery (ARR = 0.58; 95% CI: 0.49–0.68) reduced the risk of adverse maternal outcomes.



Conclusion: One in six women who gave birth in eastern Ethiopia experienced adverse maternal outcomes. This rate was determined to be moderate when compared to the WHO projections for lower- and middle-income countries and better than the higher averages reported by the WHO. Targeted intervention programs, such as targeted education and empowerment programs, and the strengthening of the community health worker program would help address socioeconomic disparities and improve early detection and management of danger signs during pregnancy, which would aid in averting the occurrence of adverse outcomes.
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Introduction

An adverse maternal outcome is any pregnancy-related condition that results in maternal morbidity, potentially life-threatening conditions, maternal near misses [an event where a pregnant woman experiences severe complications during pregnancy, childbirth, or within 42 days following the termination of pregnancy but survives these life-threatening condition (1)], or maternal deaths during or following childbirth (2). The following can be considered an adverse maternal outcome: intensive care init (ICU) admission, anemia, length of hospital stay >48 h for a vaginal birth and >72 h for cesarean section (CS) delivery, pregnancy-related complications [postpartum hemorrhage (PPH), shock, uterine rupture, and endometritis], perineal tear, cervical tear, blood transfusion related to pregnancy, postpartum eclampsia, surgical site infections after CS [an infection that occurs at the site of the surgical incision within 30 days following the procedure (3)], and maternal death (4–6).

Adverse maternal outcomes represent a critical public health issue, particularly in low- and middle-income countries (LMICs) where healthcare resources are often limited since the incidence is significantly higher compared to higher-income countries (7). A key component of these outcomes is the need for ICU admission, which serves as an indicator of severe maternal health complications. This necessity is often linked to conditions such as anemia, pregnancy-induced hypertension, and PPH. Admission danger signs [specific symptoms or conditions that indicate a potential risk to the health of the pregnant woman or her fetus (8, 9)], such as hypertensive disorders, are the most prevalent cause of ICU admissions (10). These complications not only lead to increased maternal mortality rates but also result in prolonged hospital stays, averaging 1.3–6.6 days for vaginal deliveries and 2.5–9.3 days for cesarean sections (CSs) (11).

Furthermore, surgical site infections (SSIs) following cesarean deliveries exacerbate the situation, contributing to serious complications and extended recovery times. The prevalence of SSIs varies significantly by region, with notable rates in Africa (11.91%), Ethiopia (12.32%), and North America (3.87%) (12, 13). Another significant concern is postpartum anemia, which affects 50%–80% of mothers in developing countries and is often a consequence of blood loss during delivery or inadequate iron intake, frequently requiring blood transfusions (14).

Despite global efforts to reduce maternal mortality, many women still face life-threatening conditions during and after childbirth (15). The World Health Organization (WHO) estimated that there were approximately 287,000 maternal deaths worldwide in 2020, with sub-Saharan Africa reporting a maternal mortality rate of 542 deaths per 100,000 live births (16, 17). Alarmingly, nearly 75% of these deaths were attributed to preventable complications such as severe bleeding, infections, and hypertension during pregnancy. This underscores the urgent need for improved healthcare interventions to address these interconnected challenges and enhance maternal health outcomes globally (18).

Adverse maternal outcomes have significant impacts on economic stability, family dynamics, national healthcare systems, and obstetrical health (19). Adverse outcomes lead to high medical expenses, particularly in low-income settings, straining family finances (20). For example, maternal morbidity in the USA can cost up to $86 billion annually (21). In low-income countries, maternal deaths can reduce household income by as much as 20%, destabilizing families and affecting child care and household management (22).

At the national level, maternal morbidity and mortality increase the burden on healthcare systems, especially in resource-limited settings, leading to greater demands for services (23). In addition, women who experience severe complications face increased risks in future pregnancies (24); for instance, the WHO reported that such women are 2–4 times more likely to develop cardiovascular diseases later in life (25). Thus, the study's findings could contribute to addressing these challenges by identifying specific risk factors that influence maternal health.

Despite Ethiopia's efforts to implement various strategies to improve maternal health, adverse maternal outcomes remain high due to multifaceted factors. Various factors influence maternal health outcomes in Ethiopia, including healthcare-related, socioeconomic, and cultural factors. Inadequate healthcare infrastructure, such as the availability of skilled birth attendants and quality maternal care services, can lead to complications during childbirth, contributing to high rates of maternal morbidity and mortality. While some studies in Ethiopia have examined adverse maternal outcomes, many of them only focus on obstetrical outcomes and neglect socioeconomic and behavioral factors such as alcohol intake. Studies have shown that even moderate alcohol use during pregnancy can lead to significant health issues for the mother (26). Furthermore, a poor socioeconomic status significantly influences the health behavior of the mother after birth (27). This narrow focus restricts a holistic understanding of the complexities of maternal health challenges (28–30). However, this study not only examines obstetric outcomes but integrates healthcare-related factors with socioeconomic and cultural dimensions since little is known about how such factors are associated with adverse maternal outcomes in Ethiopia, particularly in our study area. This study aims to fill those gaps by integrating a broader range of factors. Comprehending these factors contributes to the country's initiatives to decrease adverse maternal outcomes. It empowers healthcare providers to offer treatment and prevention measures for all pregnant women since every pregnancy by itself is a risk, thus ensuring that every pregnant woman receives appropriate care. This research aimed to determine the magnitude of, and factors associated with, adverse maternal outcomes among women who gave birth in selected public hospitals in eastern Ethiopia (31).



Methods


Study design and setting

This was an institutional-based cross-sectional study conducted from 1 November 2023 to 31 March 2024 in six selected public hospitals across the Oromia, Somali, and Harari regional states and the Dire Dawa administration in eastern Ethiopia. Hiwot Fana Comprehensive Specialized Hospital and Jugal General Hospital in the Harari Region, Bisidimo and Haramaya General Hospitals in the Oromia Region, and Dil Chora Referral Hospital and Sabian General Hospital in the Dire Dawa administration were randomly selected.



Population and sampling

All women who came to the selected hospitals for labor and delivery services and gave live birth or stillbirth were considered for the study. Data from the selected hospitals indicated that between 10,000 and 13,000 deliveries had been conducted in the 6 months before data collection. This study was part of a PhD research project with multiple objectives. Separate sample sizes were initially calculated for adverse maternal outcomes (2,326) and adverse fetal outcomes (2,608). The larger sample size calculated for adverse fetal outcomes was chosen to ensure adequate statistical power to detect significant associations. To strengthen the analysis, we decided to use this larger sample size to examine the magnitude of, and factors associated with, adverse maternal outcomes as well. The sample size was allocated proportionally based on the caseload of each hospital. The calculated sample sizes were as follows: 914 for Haramaya Hospital, 522 for Hiwot Fana Specialized Comprehensive Hospital, 483 for Dil Chora Hospital, 268 for Sabian General Hospital, 260 for Jugal Hospital, and 161 for Bisidimo Hospital.

Based on this information, systematic random sampling was employed to select respondents, calculating N/n = 12,240/2,608 = 4.69–5. Every fifth woman was selected after the first woman was randomly chosen. Initially, we assigned numbers to the first five mothers who arrived to give birth at the start of the study. From these five, one mother was randomly selected to serve as the starting point. From that point onward, we proceeded systematically, using this selected mother as the reference point, until the required sample size was achieved. Mothers who were ineligible (such as those who gave birth in other hospitals and came for management of complications) or declined to participate were excluded from the study since we were unable to track their status after the mother was referred to other hospitals. In addition, if the mother gave birth at a different facility and later presented at our hospital, it was challenging to accurately identify the factors contributing to the occurrence of the adverse outcomes. Furthermore, those who were transferred for specialized care from these hospitals were also excluded from the study. Subsequently, the next eligible mother undergoing the procedure was randomly selected.



Study variables and data collection

The study used a structured questionnaire adapted from the literature (32–34) to ensure their relevance and applicability in the Ethiopian context. The adaptation process began by selecting appropriate measuring instruments that aligned with our research objectives and then a pilot test was conducted to assess the feasibility and clarity of the adapted tools. The questionnaire was prepared in English and was translated into the local languages (Amharic, Afan-Oromo, and Af-Somali). A tool validated by the researchers was used for the collection of the data. The tool gathers data on sociodemographic and maternal behavioral factors, past and current obstetric history, and related care characteristics. In addition, we measured perceived stress during pregnancy using the global measure of perceived stress scale, a 14-component scale (35), and anxiety during pregnancy using the Kessler Psychological Distress Scale, comprising 10 items (36). Both stress and anxiety were assessed using a five-point Likert scale, which categorized the participants' experiences as follows: not at all stressful/anxious, a little bit stressful/anxious, moderately stressful/anxious, very stressful/anxious, and extremely stressful/anxious. To simplify the analysis, we implemented a threshold where ratings of 1 and 2 were classified as “not stressful/anxious” (generally considered “No”), while ratings of 3, 4, and 5 were classified as “having stress/anxiety” (generally considered “Yes”), indicating moderate to high levels of stress or anxiety. Similarly, the Turner Support Scale was used to assess partner support. This tool has four components, and each component reflects a different aspect of perceived partner support (37). For intimate partner violence, a standard tool for domestic violence and abuse (38) was used, and it has four components with a four-point Likert scale to quantify the level of violence experienced.

Maternal information such as sociodemographic characteristics, behavioral characteristics, obstetrical characteristics, and professional factors were assessed using interviewer-administered questionnaires. All data collection procedures followed the national infection prevention guidelines (meaning that the methods used to gather data adhered to established protocols aimed at preventing infections). We utilized electronic data collection tools (Kobo toolbox v2024.2.4), and data were collected by six female BSc midwives recruited from outside the selected hospitals. Two MSc midwife supervisors were assigned to oversee the entire data collection process. One day of training was provided for data collectors and supervisors to ensure consistency in the data collection process. The study period starts at the admission of the mother and lasts once the mother is discharged from the hospital. Women who gave birth at home or in other places and those referred to other hospitals were excluded. Data were collected through face-to-face interviews with individuals with a good command of language. A further chart review was conducted for all cases. The information was kept confidential using computer-generated random identification (ID) numbers to create study IDs that were not associated with their names or any other identifying details.



Data quality assurance

The questionnaire was pretested on 10% of the sample size before data collection in a similar setup at Deder Hospital (a hospital out of the study region) to check the appropriateness of the data collection tool, consistency, and participant selection, and necessary modifications were made accordingly. Data collectors were supervised throughout the data collection period, and regular feedback was provided to them based on the reviewed data to improve data collection quality. Validated tools were used for the collection of the data. The completeness and accuracy of the data were monitored daily. The principal investigator ensured the reliability of the data by randomly reviewing completed questionnaires and monitoring daily data collection activities. During data collection time, real-time checks were conducted to identify errors and ensure immediate corrections.



Data analysis

The data for each question in the questionnaire were manually reviewed for completeness and consistency before being transferred to Stata 14 for analysis. In this study, we employed a complete case analysis, meaning that observations with any missing data for the variables included in a particular analysis were excluded. Descriptive statistics were calculated to characterize the study population using percentages, means, and standard deviation. A wealth index was calculated using principal component analysis (PCA) by considering ownership of assets (such as cars and refrigerators), type of housing, and access to utilities (such as electricity and water) by interviewing the mothers during a survey. A Poisson regression model with robust variance was used to examine the association between adverse maternal outcomes and selected variables. We chose Poisson regression for this analysis because adverse maternal outcomes are count data, representing the number of adverse events experienced by each participant, and Poisson regression is specifically designed to model count data. We used robust variance estimation to address the issue of overdispersion in our data. Overdispersion occurs when the variance of the count data is greater than its mean, violating a key assumption of standard Poisson regression. Variables with a p-value < 0.25 in the bivariable analysis were considered for multivariable analysis. Crude risk ratios (CRRs) and adjusted relative risk (ARR) were calculated with 95% confidence intervals (CIs). In our study, we accounted for several potential confounders that could affect the relationship between maternal factors, such as prior birth histories, access to healthcare for antenatal care (ANC) check-ups during the current pregnancy, and other variables. By incorporating these factors into the multivariable model, we aimed to minimize the influence of confounding variables on our ARR estimates, ensuring that our findings represent a true association. Statistically, a significant association was declared at a p-value less than 0.05 with a 95% confidence interval. The Akaike information criterion (AIC) method, with a value of 3004.006, and the Bayesian information criterion (BIC) method, with a value of 3021.605, were used for model selection. The fitness of the model was assessed using the Hosmer–Lemeshow goodness-of-fit test. The presence of multicollinearity was checked using the variance inflation factor (VIF) before fitting to the model and the variables with a VIF < 10 were selected for the final model. We calculated the VIF for each predictor variable related to adverse maternal outcomes and all had VIF values <10.



Operational definitions of key terms related to adverse maternal outcomes

Adverse maternal outcomes included PPH, hysterectomy, uterine rupture, puerperal sepsis, anemia, bladder trauma, perineal tear, cervical tear, surgical site complications following caesarean or instrumental vaginal delivery, and maternal deaths. If the mother had one or more of the above conditions (recorded on the chart), she was considered to have experienced adverse maternal outcomes (39–41). These adverse outcomes were identified based on clinical diagnoses documented in the maternal chart and were measured based on established obstetrical criteria throughout the study period.

Admission danger signs included hemorrhage, pregnancy-induced hypertension, infection, and obstructed and prolonged labor, or if the mother developed at least one of the nine danger signs stated in the WHO guide list. No danger sign was indicated if no signs developed (42, 43).

Partner support (PS) was measured by an 8-item partner support scale, and if the respondent scored the mean value or above the mean value, they were considered to have received partner support during pregnancy (44).

Intimate partner violence (IPV) was measured to ascertain whether the women experienced physical, psychological, or sexual violence. This was conducted using a 13-item scale (four for psychological violence, six for physical violence, and three for sexual violence), and if the women responded to at least one, the presence of IPV was considered (45).

Stress refers to the physiological and psychological responses that arise when individuals perceive a threat or challenge (46). We measured perceived stress during pregnancy using a 14-component global measure of perceived stress scale (47) and framed a “Yes/No: question to help capture perceived stress during pregnancy.

Anxiety is an emotion characterized by an unpleasant state of inner turmoil that includes feelings of dread over anticipated events (48). We measured anxiety during pregnancy using the Kessler Psychological Distress Scale, which is comprised of 10 items (36), and framed a “Yes/No” question to help capture anxiety during pregnancy.



Ethical approval and consent to participate

Ethical clearance was obtained from the Institutional Health Research Ethical Review Committee (Ref. no. IHRERC/190/2023), College of Health and Medical Sciences, Haramaya University. The purpose, procedure and duration, possible risks, and benefits of the study were explained and informed consent was obtained from each participant. For women younger than 18 years old, informed consent was obtained from their legal guardians for their protection. In addition, we sought oral assent from the minors themselves, ensuring they understood the study's purpose and procedures in a manner appropriate for their age. All respondents gave their informed consent, and the study was carried out in compliance with the Declaration of Helsinki. The information sheet outlined the study's title, objectives, procedures, risks, and benefits of participation. Respondents were informed of their right to decline participation or withdraw from the study at any time.




Results


Sociodemographic characteristics of the respondents

A total of 2,608 women were enrolled in the study, with a 100% response rate. As shown in Table 1, the majority (84.32%) of the women were aged 15–24 years old, with a mean age of 26 (+5.1 years). The majority of respondents were urban residents (60.43%). Approximately three-fourths of the study respondents (73.61%) were housewives, and the majority of them (98.08%) were married. Those who attended primary education accounted for 43.79%, and most (30.37%) belonged to the lowest wealth index classification.


TABLE 1 Sociodemographic characteristics of the women who gave birth at selected public hospitals in eastern Ethiopia in 2024 (n = 2,608).
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Obstetrics-related characteristics of the respondents

Among the study respondents, as shown in Table 2, the majority (49.62%) of women were pregnant more than once, with 45.55% having a birth spacing of 24–59 months. Approximately 6.6% of these women had a history of complications during past pregnancies, either with their baby or themselves. Furthermore, 71.62% of the respondents had received antenatal care, with 56.15% starting in the first trimester. Regarding danger signs upon admission, 20.17% of the women experienced them, with 24.73% being diagnosed with pregnancy abnormalities, including APH, PIH, and amniotic fluid abnormalities. Of all the respondents, 27.22% were referred from private clinics and other government health facilities, with the majority (54.37%) taking more than 30 min to reach the health facilities. Approximately 87.58% of the women went into labor spontaneously, with 81.17% having a total labor duration of less than 12 h.


TABLE 2 Obstetrics-related characteristics of women who gave birth at selected public hospitals in eastern Ethiopia in 2024 (n = 2,608).
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Social and behavior-related characteristics of respondents

Regarding the history of substance use, as shown in Table 3, 18.37%, 5.18%, and 1.04% used khat, alcohol, and either smoked cigarettes or shisha during their current pregnancy, respectively. In this study, a total of 58.63% of respondents did not receive any partner support during their pregnancy. Approximately 43.60% and 49.50% of the study respondents experienced stress and anxiety during their pregnancy, respectively. Since stress and anxiety were assessed regarding the mothers’ experience in the previous 4 weeks before birth and the interview was conducted after she gave birth, they can be considered predictive factors for adverse maternal outcomes.


TABLE 3 Social and behavior-related characteristics of the study respondents during pregnancy in eastern Ethiopia in 2024.
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Magnitude of adverse maternal outcomes

The magnitude of adverse maternal outcomes was 15.68% (95% CI: 14.70%–16.66%). As shown in Table 4, the most common adverse maternal outcome was anemia (89.97%), followed by postpartum hemorrhage (3.6%). Among those who experienced an adverse maternal outcome, 23.71% and 10.51% had long hospital stays following CS and vaginal birth due to PPH and postpartum eclampsia.


TABLE 4 Adverse maternal outcomes among women attending the study hospitals for delivery care in eastern Ethiopia in 2024.
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Predictors for adverse maternal outcomes

As shown in Table 5, study respondents in the poor wealth index category, maternal age greater than 35 years, drinking alcohol during pregnancy, spontaneous vaginal delivery, duration of labor lasting longer than or equal to 24 h, having partner support during pregnancy, diagnosed with an admission danger sign, and folic acid intake during pregnancy were significantly associated with adverse maternal outcomes. Maternal age older than 35 years demonstrated a significantly increased risk of adverse maternal outcomes with an ARR = 2.13 (95% CI; 1.52–2.98). In addition, the presence of admission danger signs was associated with increased risk of adverse maternal outcomes, with an ARR = 2.75 (95% CI; 2.26–3.35). Similarly, pregnant women classified in the poor wealth index category had a more than fourfold increase in the risk of adverse maternal outcomes, with an ARR = 3.81 (95% CI; 2.96–4.89). Furthermore, pregnant women who drank alcohol during pregnancy and mothers who had a labor duration of longer than or equal to 24 h demonstrated a significantly increased risk of adverse maternal outcomes with an ARR = 1.86 (95% CI; 1.32–2.62) and an ARR = 1.69 (95% CI; 1.00–2.85), respectively. However, folic acid intake during pregnancy, having partner support during pregnancy, and those experiencing a spontaneous vaginal delivery were associated with a significant reduction in the risk of adverse maternal outcomes with an ARR = 0.47 (95% CI; 0.38–0.57), an ARR = 0.70 (95% CI; 0.59–0.83), and an ARR = 0.58 (95% CI; 0.49–0.68), respectively.


TABLE 5 Predictors of adverse maternal outcomes among women who gave birth at public hospitals in eastern Ethiopia in 2024.
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Discussion

The objective of this study was to investigate the magnitude of, and factors associated with, the occurrence of adverse maternal outcomes among mothers who gave birth at selected public hospitals. The study found that the prevalence of adverse maternal outcomes was 15.68% (95% CI: 14.70%–16.66%). The study revealed that the main adverse maternal outcome after childbirth was anemia (89.97%), followed by postpartum hemorrhage (3.6%). Among women who experienced an adverse maternal outcome, 23.71% and 10.51% had long hospital stays following CS and vaginal birth, respectively, due to PPH and postpartum eclampsia. This study identified several factors that were significantly associated with adverse maternal outcomes, including poor wealth index classification, maternal age older than 35 years, drinking alcohol during pregnancy, spontaneous vaginal birth, a labor duration of ≥24 h, having partner support during pregnancy, diagnosis with an admission danger sign, and folic acid intake during pregnancy.

The overall prevalence of adverse maternal outcomes was 15.68%, and this was considered to be moderate when compared to the WHO projections for lower- and middle-income countries, reflecting that there are ongoing challenges in maternal health that need attention. This finding is congruent with a study in southern Ethiopia that revealed that the magnitude of PPH was 16.6% (49). Similarly, a systematic review and meta-analysis study conducted in Ethiopia on obstetrics emergencies and adverse maternal and perinatal outcomes showed that the magnitude of adverse maternal outcomes was 15.9% (50).

Comparatively, a study conducted in North Ethiopia reported higher rates of adverse maternal outcomes with 32.6% (anemia and PIH with 24.1% and 20.7%, respectively) (51). This difference could be attributed to variation in the study population in terms of demographic and clinical characteristics, quality of prenatal care, and access to healthcare services, which can greatly affect maternal outcomes.

The results showed that women whose age was greater than 35 years (ARR = 2.13; 95% CI; 1.52–2.98) had adverse maternal outcomes—indicating that this age group is at risk for adverse maternal outcomes following birth. Similarly, a study conducted in southern Ethiopia revealed that mothers aged 35 years and above are six times more likely to experience an adverse maternal outcome than their counterparts (49). Older women face increased risks during pregnancy and childbirth mainly due to biological reasons that result in placental complications and high blood pressure (52). This underscores the need for enhanced monitoring and tailored care strategies for older pregnant women, including regular screenings for potential complications.

In this study, a poor wealth index classification, with an ARR = 3.81 (95% CI; 2.96, 4.89), showed an association with adverse maternal outcomes. A systematic review and meta-analysis report from sub-Saharan Africa revealed that mothers in the middle and rich wealth index groups tend to have a reduced risk of adverse maternal outcomes by 6% and 10%, respectively (53), compared to this study conducted in eastern Ethiopia. Similarly, a study conducted in northwestern Ethiopia also showed that women from poor households have a 3.3 times increased risk for adverse maternal outcomes (54). The wealth index serves as a proxy for socioeconomic status and is often linked to access to healthcare services, nutrition, and overall health literacy (55). Financial constraints and lack of transportation lead to delays in seeking or receiving appropriate medical attention during pregnancy and this increases the likelihood of complications and poor maternal outcomes (56). Thus, factors such as wealth index variation play a significant role in shaping these adverse maternal outcomes.

In this study, women using alcohol during pregnancy, with an ARR = 1.86 (95% CI; 1.32–2.62), had adverse maternal outcomes. Similarly, a study conducted in Ghana also revealed that mothers who drank alcohol during pregnancy experienced more than twofold more surgical site infections following CS birth than their counterparts (57). Similarly, a study conducted in Spain also showed that alcohol intake during pregnancy increased the risk of surgical site infections following CS birth compared to their counterparts (58). Pregnant women who consume alcohol during pregnancy may experience compromised immune function since alcohol can weaken the immune system, making it harder for the body to fight off infections postsurgery (59). Furthermore, alcohol may alter maternal metabolism (60) and lead to deficiencies in essential nutrients critical for wound healing, such as vitamin C, zinc, and protein (61).

Mothers who were diagnosed with admission danger signs, such as APH, pre-eclampsia, and obstructed labor (ARR = 2.75; 95% CI; 2.26–3.35), were found to be at greater risk of adverse maternal outcomes. A study conducted in Norway revealed that the risk of PPH was three times higher among pregnant women who had been diagnosed with severe pre-eclampsia at admission (62). These alarming statistics underscore the critical need for timely recognition and intervention. Similarly, a study conducted in southern Ethiopia showed that women who experienced complications of labor were 1.8 times more likely to experience postpartum hemorrhage (49). These findings collectively highlight that danger signs at admission can lead to significant delays in obstetric management, exacerbate the underlying condition, and ultimately result in adverse maternal outcomes (63). Thus, the systematic identification of these danger signs is crucial, as they often indicate life-threatening situations requiring immediate medical attention.

Having a labor duration of ≥24 h, with an ARR = 1.69 (95% CI; 1.00–2.85), was found to be a predictor of adverse maternal outcome. Similarly, studies conducted in Addis Ababa, Ethiopia, and Oslo also revealed that mothers who experienced prolonged labor had a more than twofold greater risk of experiencing PPH than their counterparts (64, 65). Prolonged labor can endanger women by increasing the risk of severe maternal complications, including postpartum hemorrhage, uterine rupture, and infection (66). Furthermore, extended labor duration can result in uterine atony (failure of the uterus to contract effectively), retained placenta, and other complications that contribute to excessive bleeding after delivery (67). This study conducted in eastern Ethiopia found that a vaginal delivery significantly contributes to reducing adverse maternal outcomes by 42% with an ARR = 0.58 (95% CI; 0.49–0.68). Similarly, a multicountry survey showed that, compared to vaginal birth, CS birth was associated with an increased risk of maternal intensive care unit admission and maternal near miss (68). Studies indicate that both cesarean deliveries (CDs) and operative vaginal deliveries are associated with increased risk of severe adverse maternal outcomes compared to vaginal deliveries. For instance, women undergoing primary cesarean sections have an adjusted odds ratio (aOR) of 10.59 for severe maternal outcomes, as compared to women who deliver vaginally (69). The vaginal mode of delivery is associated with lower risks of complications compared to CS. The natural process of vaginal birth promotes better uterine contractions postdelivery, which helps prevent conditions such as uterine atony and postpartum hemorrhage (70).

Folic acid is very useful for pregnant women to support the rapid growth of the placenta and fetus, and it helps to prevent anemia (71). In this study conducted in eastern Ethiopia, receiving folic acid during pregnancy reduced the occurrence of adverse maternal outcomes by 38%, with an ARR = 0.47 (95% CI; 0.38–0.57). Similarly, a systematic review and meta-analysis conducted in Pakistan on folate supplementation during pregnancy and its effect on maternal anemia and birth outcomes revealed that folate supplements taken during pregnancy reduce the risk of anemia in mothers by 69%, but it did not show a reduction in PPH (72). Furthermore, another systematic review and meta-analysis was conducted in high-, low-, and middle-income countries (Hong Kong, China, and Tanzania), which revealed that folate intake during pregnancy reduces the risk of anemia by 50% (73). Folic acid helps in the production of healthy red blood cells in the mother, which are essential for carrying oxygen throughout the body (74). The implications of these findings are significant for maternal health strategies. The substantial reduction in adverse outcomes associated with folic acid supplementation emphasizes the need for healthcare providers to promote its use among pregnant women.

Partners provide essential emotional backing, which can help reduce stress and anxiety levels in pregnant women and contribute to better maternal health outcomes (75). In this study conducted in eastern Ethiopia, partner support during pregnancy reduced the occurrence of adverse maternal outcomes by 30%, with an ARR = 0.70 (95% CI; 0.59–0.83). Partner support reduces stress during pregnancy (76), which can lead to a reduction of postpartum eclampsia (77).



Strength and limitations

We employed appropriate statistical methods, such as multivariable Poisson regression with robust standard errors, to control for confounding variables, strengthen the validity of the findings, and accurately estimate risk ratios associated with adverse maternal outcomes. In addition, the study's multicenter design enhances its generalizability, as it encompasses a diverse population across various healthcare settings.

The study is not without some limitations. The short follow-up period and not following women after discharge from the hospital may overlook delayed or long-term maternal health complications. Therefore, we could not monitor outcomes throughout the puerperium and may have missed events after discharge, such as postpartum recovery, mental health challenges, and long-term maternal morbidity. Furthermore, variability in clinical practices across different healthcare institutions could affect how maternal care is delivered, leading to inconsistencies in outcomes. Such variability may result in differences in the management of complications during labor and delivery, which can exacerbate the risk of adverse maternal outcomes in the future as well. The self-reporting of substance use and recall bias were also significant limitations in this study.



Conclusion

Almost one in six pregnant women experienced adverse maternal outcomes, and the overall rate of adverse maternal outcomes in eastern Ethiopia was determined to be moderate when compared to the WHO projections for lower- and middle-income countries (78). Anemia was the most prevalent complication, followed by postpartum hemorrhage. Several factors were found to be significantly associated with these adverse outcomes. Folic acid intake, vaginal mode of delivery and having partner support during pregnancy were identified as protective factors.

In contrast, a lower wealth index classification, maternal age older than 35 years, alcohol use during pregnancy, duration of labor longer than or equal to 24 h, and the presence of danger signs at admission were associated with an increased risk of adverse maternal outcomes. Addressing socioeconomic disparities, promoting folic acid supplementation, increasing partner support during pregnancy, closely monitoring high-risk pregnancies using targeted intervention programs, such as targeted education and empowerment programs, and strengthening community health worker programs will help to address socioeconomic disparities and improve the early detection and management of danger signs during pregnancy. These measures will aid in averting the occurrence of, and significantly reduce, adverse maternal outcomes.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Institutional Health Research Ethical Review Committee, College of Health and Medical Sciences, Haramaya University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

ML: Conceptualization, Data curation, Investigation, Methodology, Software, Writing – original draft, Writing – review & editing. AKT: Methodology, Supervision, Validation, Writing – review & editing. HM: Conceptualization, Investigation, Methodology, Validation, Writing – review & editing. KS: Supervision, Validation, Writing – review & editing. NA: Conceptualization, Investigation, Methodology, Supervision, Validation, Writing – review & editing, Visualization.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was funded by Harar Health Science College (HHSC) for data collection purposes only.



Acknowledgments

The authors wish to thank Haramaya University and the administrative bodies of the participating hospitals for facilitating the study. Finally, our gratitude goes to all study participants who participated in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

AIC, Akaike information criterion; ANC, antenatal care; APH, antepartum hemorrhage; ARR, adjusted relative risk; BIC, Bayesian information criterion; BSc, bachelor of science; CI, confidence interval; CRR, crude risk ratios; CS, cesarean section; ICU, intensive care unit; ID, identification; LMIC, low and middle-income countries; MSc, master of science; PCA, principal component analysis; PIH, pregnancy-induced hypertension; PPH, postpartum hemorrhage; SVD, spontaneous vaginal delivery; VIF, variance inflation factor; WHO, World Health Organization.



References

1. WHO. Evaluating the quality of care for severe pregnancy complications. The WHO near-miss approach for maternal health. (2009). Available at: https://www.who.int/publications/i/item/9789241502221 (Accessed December 17, 2024).

2. Guida JP, Costa ML, Parpinelli MA, Pacagnella RC, Ferreira EC, Mayrink J, et al. The impact of hypertension, hemorrhage, and other maternal morbidities on functioning in the postpartum period as assessed by the WHODAS 2.0 36-item tool. Int J Gynecol Obstet. (2018) 141:55–60. doi: 10.1002/ijgo.12467

3. WHO. Global Guidelines for the Prevention of Surgical Site Infection, 2nd edition. Geneva: World Health Organization (2018).

4. WHO. Maternal anthropometry and pregnancy outcomes. Bull World Health Organ. (1995) 73:1–98.

5. National Institute For Health and Care Excellence (NICE). Inducing labour: NICE guideline (2021). Available at: www.nice.org.uk/guidance/ng207 (Accessed December 18, 2024).

6. Li X, Zhang W, Lin J, Liu H, Yang Z, Teng Y, et al. Risk factors for adverse maternal and perinatal outcomes in women with preeclampsia: analysis of 1396 cases. J Clin Hypertens. (2018) 20(6):1049–57. doi: 10.1111/jch.13302

7. WHO. Trends in maternal mortality 2000 to 2017: estimates by WHO, UNICEF, UNFPA, World Bank Group and the United Nations Population Division: executive summary. (2019). Available at: https://iris.who.int/handle/10665/327596 (Accessed December 19, 2024).

8. WHO. Counselling for Maternal and Newborn Health Care: A Handbook for Building Skills. Geneva: World Health Organization (2013).

9. WHO. Maternal, newborn, child and adolescent health (2013). Available at: www.who.int/maternal_child_adolescent/en/ (Accessed January 05, 2025).

10. Pollock W, Rose L, Dennis CL. Pregnant and postpartum admissions to the intensive care unit: a systematic review. Intensive Care Med. (2010) 36(9):1465–74. doi: 10.1007/s00134-010-1951-0

11. Campbell OM, Cegolon L, Macleod D, Benova L. Length of stay after childbirth in 92 countries and associated factors in 30 low- and middle-income countries: compilation of reported data and a cross-sectional analysis from nationally representative surveys. PLoS Med. (2016) 13(3):e1001972. doi: 10.1371/journal.pmed.1001972

12. Mojtahedi MF, Sepidarkish M, Almukhtar M, Eslami Y, Mohammadianamiri F, Moghadam KB, et al. Global incidence of surgical site infections following caesarean section: a systematic review and meta-analysis. J Hosp Infect. (2023) 139:82–92. doi: 10.1016/j.jhin.2023.05.019

13. Wondmeneh TG, Mohammed JA. The incidence of surgical site infection and its predictors among women delivered via cesarean sections in Ethiopia: a systematic review and meta-analysis. Front Med (Lausanne). (2024) 11:1395158. doi: 10.3389/fmed.2024.1395158

14. Milman N. Anemia—still a major health problem in many parts of the world. Ann Hematol. (2011) 90:369–77. doi: 10.1007/s00277-010-1144-5

15. WHO. World Health Statistics 2022: Monitoring Health for the SDGs, Sustainable Development Goals. Geneva: World Health Organization (2022).

16. Musarandega R, Nyakura M, Machekano R, Pattinson R, Munjanja SP. Causes of maternal mortality in Sub-Saharan Africa: a systematic review of studies published from 2015 to 2020. J Glob Health. (2021) 11:04048. doi: 10.7189/jogh.11.04048

17. Lawrence ER, Klein TJ, Beyuo TK. Maternal mortality in low and middle-income countries. Obstet Gynecol Clin North Am. (2022) 49(4):713–33. doi: 10.1016/j.ogc.2022.07.001

18. United Nations Inter-Agency Group for Child Mortality Estimation (UN IGME). Child mortality, stillbirth, and causes of death estimates (2023). Available at: http://www.childmortality.org/ (Accessed December 18, 2024).

19. Thomson K, Moffat M, Arisa O. Socioeconomic inequalities and adverse pregnancy outcomes in the UK and Republic of Ireland: a systematic review and meta-analysis. BMJ Open. (2021) 11:e042753. doi: 10.1136/bmjopen-2020-042753

20. Janaki S, Prabakar S. Examining socioeconomic factors influencing maternal health in pregnancy. J Human Behav Soc Environ. (2024) 10:1–19. doi: 10.1080/10911359.2024.2310272

21. O’Neil SS, Platt I, Vohra D, Pendl-Robinson E, Dehus E, Zephyrin L, et al. Societal cost of nine selected maternal morbidities in the United States. PLoS One. (2022) 17(10):e0275656. doi: 10.1371/journal.pone.0275656

22. Jeong W, Jang SI, Park EC, Nam JY. The effect of socioeconomic status on all-cause maternal mortality: a nationwide population-based cohort study. Int J Environ Res Public Health. (2020) 17(12):4606. doi: 10.3390/ijerph17124606

23. Souza JP, Day LT, Rezende-Gomes AC, Zhang J, Mori R, Baguiya A, et al. A global analysis of the determinants of maternal health and transitions in maternal mortality. Lancet Glob Health. (2024) 12(2):e306–16. doi: 10.1016/S2214-109X(23)00468-0

24. Frick AP. Advanced maternal age and adverse pregnancy outcomes. Best Pract Res Clin Obstet Gynaecol. (2021) 70:92–100. doi: 10.1016/j.bpobgyn.2020.07.005

25. WHO, UNICEF, UNFPA, World Bank Group and the United Nations Population Division. Trends in maternal mortality: 2000 to 2017. In: Gellman M, editor. Trends in Maternal Mortality 2000 to 2017. Geneva: World Health Organizations (2019). p. 1–13.

26. Popova S, Dozet D, O’Hanlon G, Temple V, Rehm J. Maternal alcohol use, adverse neonatal outcomes and pregnancy complications in British Columbia, Canada: a population-based study. BMC Pregnancy Childbirth. (2021) 21(1):74. doi: 10.1186/s12884-021-03545-7

27. Ngandu CB, Momberg D, Magan A, Chola L, Norris SA, Said-Mohamed R. The association between household socio-economic status, maternal socio-demographic characteristics and adverse birth and infant growth outcomes in sub-Saharan Africa: a systematic review. J Dev Orig Health Dis. (2020) 11:317–34. doi: 10.1017/S2040174419000680

28. Biadgo A, Legesse A, Estifanos AS, Singh K, Mulissa Z, Kiflie A, et al. Quality of maternal and newborn health care in Ethiopia: a cross-sectional study. BMC Health Serv Res. (2021) 21:1–10. doi: 10.1186/s12913-021-06680-1

29. Tadese M, Dagne K, Wubetu AD, Abeway S, Bekele A, Misganaw Kebede W, et al. Assessment of the adverse pregnancy outcomes and its associated factors among deliveries at Debre Berhan comprehensive specialized hospital, Northeast Ethiopia. PLoS One. (2022) 17(7):e0271287. doi: 10.1371/journal.pone.0271287

30. Yeshitila YG, Daniel B, Desta M, Kassa GM. Obstructed labor and its effect on adverse maternal and fetal outcomes in Ethiopia: a systematic review and meta-analysis. PLoS One. (2022) 17(9):e0275400. doi: 10.1371/journal.pone.0275400

31. Salamon M. Is Pregnancy Safe for Everyone?. Boston, MA: Harvard Health Publishing, Harvard Medical School (2023).

32. Adane AA, Ayele TA, Ararsa LG, Bitew BD, Zeleke BM. Adverse birth outcomes among deliveries at Gondar University Hospital, Northwest Ethiopia. BMC Pregnancy Childbirth. (2014) 14:1–8. doi: 10.1186/1471-2393-14-90

33. Teshale M, Adera D, Tilaye F, Yadeta D. Adverse birth outcomes among women who gave birth at selected public hospitals in Eastern Ethiopia. East Afr Health Biomed Sci. (2021) 5(2):11–22. doi: 10.21203/rs.3.rs-22703/v1

34. Adhena T, Haftu A, Gebreegziabher B. Assessment of magnitude and associated factors of adverse birth outcomes among deliveries at Suhul hospital Shire, Tigray, Ethiopia from September, 2015 to February, 2016. Biomed J Sci Tech Res. (2017) 1:1–8. doi: 10.26717/BJSTR.2017.01.000619

35. Chan SF, La Greca AM. Perceived stress scale (PSS). In: technical experts from WHO, UNICEF, UNFPA & world bank, editors. Encyclopedia of Behavioral Medicine. New York: Springer (2020). p. 1646–8.

36. Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E, et al. Screening for serious mental illness in the general population. Arch Gen Psychiatry. (2003) 60(2):184–9. doi: 10.1001/archpsyc.60.2.184

37. Turner RJ, Grindstaff CF, Phillips N. Social support and outcome in teenage pregnancy. J Health Soc Behav. (1990) 31:43–57. doi: 10.2307/2137044

38. Deshpande NA, Lewis-O’Connor A. Screening for intimate partner violence during pregnancy. Rev Obstet Gynecol. (2013) 6(3-4):141–8. doi: 10.3909/riog0226

39. Soita M. Fetal and maternal outcomes of mothers presenting with obstructed labour at Provincial General Hospital. University of Nairobi, Kakamega (2020).

40. McMahon MJ, Luther ER, Bowes Jr WA, Olshan AF. Comparison of a trial of labor with an elective second cesarean section. N Engl J Med. (1996) 335(10):689–95. doi: 10.1056/NEJM199609053351001

41. Mavrides E, Allard S, Chandraharan E, Collins P, Green L, Hunt BJ, et al. Prevention and management of postpartum haemorrhage. Int J Obstet Gynecol. (2016) 124(52):e106–49. doi: 10.1111/1471-0528.14178

42. August F, Pembe AB, Kayombo E, Mbekenga C, Axemo P, Darj E. Birth preparedness and complication readiness—a qualitative study among community members in rural Tanzania. Glob Health Action. (2015) 8(1):26922. doi: 10.3402/gha.v8.26922

43. WHO. Postnatal Care for Mothers and Newborns Highlights from the World Health Organization 2013 Guidelines. Geneva: World Health Organization (2015). Available at: www.mcsprogram.org

44. Shah MK, Gee RE, Theall KP. Partner support and impact on birth outcomes among teen pregnancies in the United States. J Pediatr Adolesc Gynecol. (2014) 27(1):14–9. doi: 10.1016/j.jpag.2013.08.002

45. Tho Nhi T, Hanh NT, Hinh ND, Toan NV, Gammeltoft T, Rasch V, et al. Intimate partner violence among pregnant women and postpartum depression in Vietnam: a longitudinal study. BioMed Res Int. (2019) 2019(1):4717485. doi: 10.1155/2019/4717485

46. Lazarus RS, Folkman S. Transactional theory and research on emotions and coping. Eur J Pers. (1987) 1(2):141–69. doi: 10.1002/per.2410010304

47. Chan SF, La Greca AM. Perceived stress scale (PSS). In: Gellman MD, editor. Encyclopedia of Behavioral Medicine. Cham: Springer (2020). p. 247–57.

48. American Psychological Association. Anxiety. (2024).

49. Kebede BA, Abdo RA, Anshebo AA, Gebremariam BM. Prevalence and predictors of primary postpartum hemorrhage: an implication for designing effective intervention at selected hospitals, Southern Ethiopia. PLoS One. (2019) 14(10):e0224579. doi: 10.1371/journal.pone.0224579

50. Leta M, Assefa N, Tefera M. Obstetric emergencies and adverse maternal-perinatal outcomes in Ethiopia; a systematic review and meta-analysis. Front Glob Womens Health. (2022) 3:942668. doi: 10.3389/fgwh.2022.942668

51. Tadese M, Tessema SD, Taye BT, Mulu GB. Adverse obstetric outcome and its associated factors in public hospitals of North Ethiopia: does parity make a difference? BMC Pregnancy Childbirth. (2022) 22(1):693. doi: 10.1186/s12884-022-05021-2

52. Londero AP, Rossetti E, Pittini C, Cagnacci A, Driul L. Maternal age and the risk of adverse pregnancy outcomes: a retrospective cohort study. BMC Pregnancy Childbirth. (2019) 19:1–10. doi: 10.1186/s12884-019-2400-x

53. Tamirat KS, Sisay MM, Tesema GA, Tessema ZT. Determinants of adverse birth outcome in Sub-Saharan Africa: analysis of recent demographic and health surveys. BMC Public Health. (2021) 21:1–10. doi: 10.1186/s12889-021-11113-z

54. Zelka MA, Yalew AW, Debelew GT. The effects of completion of continuum of care in maternal health services on adverse birth outcomes in Northwestern Ethiopia: a prospective follow-up study. Reprod Health. (2022) 19(1):200. doi: 10.1186/s12978-022-01508-5

55. McMaughan DJ, Oloruntoba O, Smith ML. Socioeconomic status and access to healthcare: interrelated drivers for healthy aging. Front Public Health. (2020) 8:231. doi: 10.3389/fpubh.2020.00231

56. Ochieng CA, Odhiambo AS. Barriers to formal health care seeking during pregnancy, childbirth and postnatal period: a qualitative study in Siaya county in rural Kenya. BMC Pregnancy Childbirth. (2019) 19:1–14. doi: 10.1186/s12884-019-2485-2

57. Onuzo CN, Sefogah PE, Nuamah MA, Ntumy M, Osei MM, Nkyekyer K. Surgical site infections following caesarean sections in the largest teaching hospital in Ghana. Infect Prev Pract. (2022) 4(2):100203. doi: 10.1016/j.infpip.2022.100203

58. Delgado-Rodríguez M, Gómez-Ortega A, Sillero-Arenas M, Llorca J. Epidemiology of surgical-site infections diagnosed after hospital discharge a prospective cohort study. Infect Control Hosp Epidemiol. (2001) 22(01):24–30. doi: 10.1086/501820

59. Sarkar D, Jung MK, Wang HJ. Alcohol and the immune system. Alcohol Res. (2015) 37(2):153–5. Available at: https://api.semanticscholar.org/CorpusID:88776770

60. Mulat B, Alemnew W, Shitu K. Alcohol use during pregnancy and associated factors among pregnant women in Sub-Saharan Africa: further analysis of the recent demographic and health survey data. BMC Pregnancy Childbirth. (2022) 22(1):361. doi: 10.1186/s12884-022-04694-z

61. Hoyumpa AM. Mechanisms of vitamin deficiencies in alcoholism. Alcohol Clin Exp Res. (1986) 10(6):573–81. doi: 10.1111/j.1530-0277.1986.tb05147.x

62. Nyfløt LT, Sandven I, Stray-Pedersen B, Pettersen S, Al-Zirqi I, Rosenberg M, et al. Risk factors for severe postpartum hemorrhage: a case-control study. BMC Pregnancy Childbirth. (2017) 17:1–9. doi: 10.1186/s12884-016-1217-0

63. Oguntunde O, Nyenwa J, Yusuf F, Dauda DS, Salihu A, Sinai I. Factors associated with the knowledge of obstetric danger signs, and perceptions of the need for obstetric care amongst married young women in northern Nigeria. Afr J Prm Health Care Fam Med. (2021) 13(1):1–9. doi: 10.4102/phcfm.v13i1.2557

64. Getahun GK, Wubishet D, Wubete BY, Akalu SY, Shitemaw T. Predictors of postpartum hemorrhage at public hospitals in Addis Ababa, Ethiopia: a case-control study. Heliyon. (2024) 10:e26762. doi: 10.1016/j.heliyon.2024.e26762

65. Nyfløt LT, Stray-Pedersen B, Forsen L, Vangen S. Duration of labor and the risk of severe postpartum hemorrhage: a case-control study. PLoS One. (2017) 12(4):e0175306. doi: 10.1371/journal.pone.0175306

66. Sheiner E, Levy A, Feinstein U, Hallak M, Mazor M. Risk factors and outcome of failure to progress during the first stage of labor: a population-based study. Acta Obstet Gynecol Scand. (2002) 81(3):222–6. doi: 10.1034/j.1600-0412.2002.810306.x

67. Chitnis R. Uterine Atony—Reasons, Signs, and Treatment (2019). Available at: https://my.clevelandclinic.org/health/diseases/24010-uterine-atony (Accessed December 17, 2024).

68. Thanh BYL, Lumbiganon P, Pattanittum P, Laopaiboon M, Vogel JP, Oladapo OT, et al. Mode of delivery and pregnancy outcomes in preterm birth: a secondary analysis of the WHO Global and Multi-country Surveys. Sci Rep. (2019) 9(1):15556. doi: 10.1038/s41598-019-52015-w

69. Kongwattanakul K, Thamprayoch R, Kietpeerakool C, Lumbiganon P. Risk of severe adverse maternal and neonatal outcomes in deliveries with repeated and primary cesarean deliveries versus vaginal deliveries: a cross-sectional study. J Pregnancy. (2020) 2020(1):9207431. doi: 10.1155/2020/9207431

70. Negrini R, da Silva Ferreira RD, Guimarães DZ. Value-based care in obstetrics: comparison between vaginal birth and caesarean section. BMC Pregnancy Childbirth. (2021) 21(1):333. doi: 10.1186/s12884-021-03798-2

71. Villines Z. Folic Acid for Pregnancy: Sources, Dosage, and Uses. San Francisco,CA: MedicalNewsToday (2020).

72. Imdad A, Bhutta ZA. Routine iron/folate supplementation during pregnancy: effect on maternal anaemia and birth outcomes. Paediatr Perinat Epidemiol. (2012) 26(1):168–77. doi: 10.1111/j.1365-3016.2012.01312.x

73. Haider BA, Olofin I, Wang M, Spiegelman D, Ezzati M, Fawzi WW. Anaemia, prenatal iron use, and risk of adverse pregnancy outcomes: systematic review and meta-analysis. Br Med J. (2013) 346:3443. doi: 10.1136/bmj.f3443

74. Felman A. What to Know About Folic Acid. San Francisco, CA: MedicalNewsToday (2023).

75. Pilkington P, Milne L, Cairns K, Whelan T. Enhancing reciprocal partner support to prevent perinatal depression and anxiety: a Delphi consensus study. BMC Psychiatry. (2016) 16(23):1–11. doi: 10.1186/s12888-016-0721-0

76. Martin RC, Brock RL. The importance of high-quality partner support for reducing stress during pregnancy and postpartum bonding impairments. Arch Womens Ment Health. (2023) 26(2):201–9. doi: 10.1007/s00737-023-01299-z

77. Monk C, Webster RS, McNeil RB, Parker CB, Catov JM, Greenland P, et al. Associations of perceived prenatal stress and adverse pregnancy outcomes with perceived stress years after delivery. Arch Womens Ment Health. (2020) 23(3):361–9. doi: 10.1007/s00737-019-00970-8

78. WHO. Evaluating the Quality of Care for Severe Pregnancy Complications: The WHO Near-miss approach for Maternal Health. Geneva: World Health Organization (2011).



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Adverse maternal outcomes among women who gave birth at public hospitals in eastern Ethiopia: a cross-sectional study

		Introduction



		Methods



		Study design and setting



		Population and sampling



		Study variables and data collection



		Data quality assurance



		Data analysis



		Operational definitions of key terms related to adverse maternal outcomes



		Ethical approval and consent to participate











		Results



		Sociodemographic characteristics of the respondents



		Obstetrics-related characteristics of the respondents



		Social and behavior-related characteristics of respondents



		Magnitude of adverse maternal outcomes



		Predictors for adverse maternal outcomes











		Discussion



		Strength and limitations



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers Global Women's Health

Adverse maternal outcomes
among women who gave birth
at public hospitals in eastern
Ethiopia: a cross-sectional study









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fgwh-06-1569815-t003.jpg
Variable
Khat chewing

Frequency Percentage

Yes

No

Alcohol intake

Yes

No

Cigarete (Shisha) smoking

Yes

No

Partner support

Yes

No

Intimate partner violence

Yes

No

Perceived stress

Yes

No

Yes

No






OPS/images/logo.jpg
& frontiers | Frontiers in Global Women's Health





OPS/images/fgwh-06-1569815-t002.jpg
Variable
Gravida

Frequency

%

Primigravida

Multigravida

Grand multigravida

Indexed pregnancy

0-23 months

24-59 months

260 months

C in past pregnancy

Yes

No

Antenatal care (ANC) follow-up for this pregnancy

Yes

No

Initiation of ANC

First trimester

Second trimester

Third trimester

Danger sign at admission

Yes

No

Having labor

Yes

No

Yes

No

Time to reach health facilities from the referral point
(n=710)

<30 min

30-60 min

260 min

Onset of labor

Spontaneous

Induced

Labor duration

<12h

12-24h

>24h






OPS/images/fgwh-06-1569815-t001.jpg
Variable Percentage

Age (years)

15-24 |29 | 8432
225 IR 1568
Residency

Urban | s | 60.43
Rural [ | 3957
Ethnicity

Oromo 2015 77.26
Ambara 379 1453
Gurage 107 4.10
Others" 107 4.10
Occupation

Government employee 212 813
Self-employed 244 936
Housewife 1,920 7361
Others” 232 89

Religion

Muslim | 208 | 79.29
Christian ET 2071
Educational status

No formal education 623 23.89
Primary education 1,142 4379
Secondary education 544 2086
Technical education 110 42
Higher education 189 725
Educational status of the husband

No formal education 359 13.77
Primary education 977 37.46
Secondary education 720 2761
Technical education 185 7.09
Higher education 367 1407
Wealth index

Poorest 792 30.37
Poor 392 15.03
Middle 449 1722
Rich 534 2048
Richest 441 1691

*Others: Harar, Somali.
bOthers: NGO, daily laborer.





OPS/images/fgwh-06-1569815-t005.jpg
Variable Adverse CRR (95% ClI) ARR (95% Cl)
maternal
outcome
No
Age group
15-24 390 1809 Ref Ref
2535 76 325 281 (140-5.67) 087 (0.68-1.11) 028
36-45 4 4 106 (0.85-1.33) 213 (152-2.98)° <0.001
Wealth index
Poorest 77 715 Ref Ref
Poor 159 233 417 (3.26-532) 381 (296-489)" <0.001
Middle 37 412 084 (0.58-123) 112 (077-1.63) 053
Rich 109 425 209 (1.60-2.75) 120 (071-2.01) 048
Richest 88 353 205 (154-2.72) 132 (077-2.26) 030
Anxiety
Yes 164 1,127 054 (0.45-0.65) 107 (0.68-1.68) 076
No 306 1011 Ref Ref
Mode of delivery
SVD 269 1476 0.6 (0.56-0.77) 058 (0.49-0.68)" <0.001
cs 201 662 Ref Ref
Alcohol use during pregnancy
Yes 216 97 027 (0.13-057) 186 (132-262)* <0.001
No 254 2,041 Ref Ref
Duration of labor
<12h 400 1,732 143 (109-1.88) 116 (089-1.49) 025
12-24h 55 359 Ref Ref
22h 15 47 185 (1.06-3.22) 169 (100-2.85)" 0.04
Residency
Urban 216 1360 Ref Ref
Rural 193 839 075 (0.63-0.88) 095 (0.79-1.14) 058
Partner support during pregnancy
Yes 269 1260 217 (1.75-268) 0.70 (0.59-083)" <0.001
No 201 878 Ref Ref
Danger sign at admission
Present 158 368 2,00 (1.69-2.36) 275 (226-3.35)" <0.007
Absent 312 1,770 Ref Ref
Folic Acid intake
Yes 214 1328 046 (0.37-056) 0.62 (051-0.76)° <0.001
No 98 228 Ref Ref

CRR, cumulative risk ratio; ARR, adjusted relative risk; CS, cesarean section; SVD, spontaneous vaginal delivery.

*Statistical significance.





OPS/images/fgwh-06-1569815-t004.jpg
Adverse maternal | Frequency | Percentage
outcome

Anemia

Postpartum hemorrhage

Pregnancy-induced hypertension
(severe pre-eclampsia/eclampsia)
Endometritis

Hysterectomy

Surgical site infection






