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Introduction: Stillbirth remains a major public health problem in developing countries due to low health coverage and services. Approximately two million stillbirths occur every year; in particular, stillbirths are highly prevalent in low- and middle-income countries such as Ethiopia. However, there is scarce information available in Ethiopia regarding the determinants of stillbirth.



Methods: A facility-based, unmatched case-control study was conducted at Bishoftu General Hospital from April 1 to April 30, 2023. A systematic random sampling technique was used to select samples of the study subjects. The collected data were entered into Epi-info version 7.2. A Bayesian logistic regression model was used in this study, with a 95% Credible interval to determine the association between independent variables and stillbirth. All analyses were performed using STATA version 17 software.



Results: A total of 403 (81 cases and 322 controls) participants were included in the study. The average age of participants was 26 years (SD: ±5.03). According to the adjusted model, mothers who attained a middle school [adjusted odds ratio [AOR] = 0.23; 95% credible interval [CrI]: 0.11, 0.43], diploma and above (AOR = 0.25; 95% CrI: 0.12, 0.46), rural residence (AOR = 2.55; 95% CrI: 1.11, 4.99), married women (AOR = 0.46; 95% CrI: 0.20, 0.93), ANC visits more than 4 (AOR = 0.35; 95% CrI: 0.17, 0.63), history of prior stillbirth (AOR = 8.71; 95% CI: 3.22, 17.69), previous history of abortion (AOR = 3.29; 95% CI: 1.13, 7.666), duration of labor more than 24 h (AOR = 3.71; 95% CI: 1.28, 7.83); normal birth weight (AOR = 0.39; 95% CI: 0.15, 0.57) were significantly associated with stillbirth.



Conclusions: This study revealed that maternal education, rural residence, marital status, history of prior stillbirth, ANC visit, previous history of abortion, duration of labor, and birth weight were identified as determinants of stillbirth. Pregnant mothers should be identified early and given appropriate care, including comprehensive prenatal care and other maternal services.
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Introduction

Stillbirth is indeed a tragic and often underexplored aspect of pregnancy outcomes; it is a common cause of perinatal mortality (1). In 2015, the World Health Organization estimated that 2.4 to 3.0 million stillbirths occur each year globally (2). These figures indicate a 19% decrease in the number of stillbirths since 2000. The vast majority (98%) of stillborn neonates occur in low- and middle-income countries, particularly in sub-Saharan Africa and South Asia (77%) (3). In developing countries, stillbirth remains a major health problem, primarily due to poor-quality care during pregnancy and childbirth (4). Recently, the practice of skilled deliveries has increased in Ethiopia, but the reduction in stillbirths has not been as significant as required (5). Despite achieving marked improvements in many health indicators, including reductions in maternal and child mortality over the last decade, Ethiopia has remained one of the countries with the highest stillbirth rates (1, 6–9).

The prevalence of stillbirths in developing countries remains significantly high (10–12), particularly in Sub-Saharan Africa, including Ethiopia (13, 14). Studies show that Ethiopia is among the countries with the highest stillbirth rates globally, with recent figures indicating around 11 to 12 stillbirths per 1,000 live births (15, 16). A meta-analysis of 21 studies on stillbirth in Ethiopia revealed a pooled prevalence of 7.84% (17). Similarly, a facility-based cross-sectional study reported that the proportion of stillbirths in Ethiopia ranges from 3% to 10% (18–20).

Studies have identified several factors associated with stillbirth, including maternal infections (21–23), asphyxia (22), chronic illnesses (21, 24), and previous preterm births (21, 23, 25, 26). Other risk factors include prolonged labor (21, 25), green or light brown liquor (25), multiple pregnancies (27, 28), maternal age (5, 25, 28), poor antenatal care utilization (9, 21, 26, 29), mode of delivery (9, 25), place of delivery (28), Do not know danger signs during pregnancy (27). low educational levels (23, 26–28), rural residents (21, 27, 28), short inter pregnancy interval (21), gender of child (27), Body mass index (28), poor family (26), and family size (25). Additional contributors include conditions such as anemia (28), uterine rupture (21–23), placental abruption (22, 30), antepartum hemorrhage (26, 30), hypertensive disorders during pregnancy (22, 24), and small for gestational age babies (5, 24, 26, 30, 31). These factors highlight the complex interplay of medical, socio-economic, and environmental influences on stillbirth outcomes.

Ethiopia is implementing the National Newborn and Child Survival Strategy (32) and the Maternal and Child Health Quality Improvement Plan (33) to reduce neonatal mortality and prevent stillbirths. These initiatives prioritize skilled birth attendance, quality antenatal and emergency care, and education on stillbirth risks. Additional efforts include community-based health education, early detection of pregnancy complications, and improved access to obstetric care in rural areas to encourage proactive health-seeking behaviors (32, 34, 35), which have yielded favorable outcomes in reducing stillbirth and neonatal mortality. However, despite these efforts, stillbirth and neonatal mortality rates remain a significant public health issue, underscoring the urgent need for further research to identify healthcare gaps and improve maternal and neonatal health interventions.

Despite various strategies being implemented in Ethiopia, the causes of most stillbirths remain unknown, with studies identifying a poor referral system as a major contributor (36–40). Evidence indicates that many stillbirths are preventable (41–44). Given the high rate of stillbirths at Bishoftu General Hospital, which receives high-risk referrals from under-resourced centers, we conducted a case-control study comparing stillbirths with live births to identify risk factors, care gaps, and socio-economic and medical contributors. The findings will help guide targeted interventions, improve prenatal care, enhance outcomes for high-risk pregnancies, reduce the burden on tertiary hospitals through early community-level care, and inform policy and resource allocation to improve maternal and neonatal health.



Methods


Study area and design

A facility-based unmatched case-control study was conducted from April 1 to April 30, 2023, at Bishoftu General Hospital, Ethiopia. The population is composed of multiple ethnic groups and mixed cultures. Bishoftu town has a total population of 234,970, approximately 50% of which are female. Women of reproductive age account for 51,998 of the total population.



Inclusion and exclusion criteria

The inclusion criteria for patients (cases) were as follows: (1) pregnant women who delivered at Bishoftu General Hospital and whose delivery outcomes were documented; (2) pregnant women who were followed at the Bishoftu General Hospital during pregnancy; and (3) delivery outcome of greater than or equal to twenty-eight weeks of pregnancy. Participants with incomplete data or those transferred from other health centers were excluded from this analysis. The study participants were selected using a systematic random sampling method. The data were extracted by two nurses and degree midwives.



Sample size determination

The sample size for this study was calculated using the double population proportion formula in Epi-Info version 7.2, based on the occurrence of stillbirth. Baseline determinants, including low birth weight, mode of admission, and duration of labor, were drawn from similar studies conducted at Hawassa University Hospital (45) and Bale Zone hospitals (8). The assumptions for sample size calculation included a two-sided 95% confidence interval (1.96), 80% power, and 5% types I error (α = 0.05). The final calculated sample size was 403, consisting of 81 cases and 322 controls, with a 4:1 case-to-control ratio.



Study variables and measurements

The dependent variable in this study was stillbirth status. Independent variables included in this study were sociodemographic factors, such as age, marital status, residence, educational status, occupation, maternal medical-related factors (diabetes, hypertension, HIV, TB, congenital factors, maternal rh factors, birthweight, iron, and foliate supplement use), and obstetric factors (history of stillbirth, history of abortion, mode of delivery, labor duration).



Data analysis

The descriptive statistics of frequency and percentage were used for categorical variables. The mean (standard deviation) was used for normally distributed continuous variables. We utilized Bayesian logistic regression over the frequentist approach due to several advantages: (1) Bayesian analysis provides more reliable estimates with a small sample size; (2) it allows for the incorporation of prior knowledge, enhancing estimates when relevant data or expert insights are available; (3) unlike the p-value-based frequentist approach, Bayesian models provide credible intervals for direct probabilistic interpretation and more robust uncertainty quantification through posterior distributions, p-value may lead to imprecise evidence, as it depends on the sample size; and (4) Bayesian logistic regression supports complex model structures, reduces overfitting, and enhances predictive stability, making it ideal for our study, which focuses on interpretability, uncertainty management, and the integration of prior insights. In a Bayesian model, specifying prior information is essential (46, 47). We opted for a non-informative prior to avoid subjective bias and ensure that the analysis was based on our study data. Although relevant studies from Ethiopia exist, variability in the available prior data could lead to overestimating its influence. Therefore, we chose not to use an informative prior, ensuring the analysis remained objective and data-driven. Consequently, we assumed prior information for each variable's coefficient to be normally distributed with a zero mean and a variance of 10,000. We conducted 10,000 iterations for estimation with a burn-in of 5,000, which showed good convergence during the analysis. All analyses were conducted using STATA version 17 software (StataCorp. 2021).



Operational definition

Stillbirth: is defined as a baby born at or after 28 weeks of gestation who does not show any sign of life after delivery, breath, or shows any other signs of life (48, 49).

History of poor obstetric outcome: mothers who had a history of LBW, preterm birth, stillbirth, prenatal death, or abortion (50).

Cases: deliveries whose birth outcome was stillbirth, defined as babies born without any signs of life at or after 28 weeks of gestation or at least 1,000 g in weight.

Controls: deliveries whose birth outcome was live birth, defined as babies showing evidence of life (such as the beating of the heart or pulsation of the umbilical cord) on delivery at or after 28 weeks of gestation or at least greater than 1,000 g in weight.



Ethical consideration

The Institutional Review Board of Adama Hospital Medical College's Ethical Committee approved this study. The reference number is SPH/0132/2023. The participants were informed of the purpose of the study, and written informed consent was given by each respondent after the purpose and objectives of the study were explained. Confidentiality and privacy were maintained.




Results


Characteristics of the study participants

A total of 403 (81 cases and 322 controls) subjects were included in this study. The average age of the participants was 26 (SD: ± 5.03) years. Of the study subjects, 54 (67%) of cases and 286 (89%) of the controls were urban residents. Regarding the maternal educational status, 28 (34.6%) of cases and 183 (56.8%) of the controls had diplomas. More than half of the study participants were married, with 51 (63%) of the cases and 282 (87.6%) of the controls. Similarly, the majority of the mothers, 68 (83.9%) cases, and 302 (93.8%) of the controls used iron supplements during pregnancy. Concerning the occupational status of the study participants, 35 (43%) of cases and 179 (55.6%) of the controls were housewives (Table 1).


TABLE 1 Characteristics of the women who gave at Bishoftu general hospital 2023.
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Obstetric characteristics of mothers

Regarding the number of ANC visits, 38 (46.9%) cases and 268 (82%) controls had four or more visits, respectively. Sixty-eight (84%) of cases, 302 (93.8%) of the controls had taken iron and foliate supplements. Histories of stillbirth and abortion were recorded; 16 (19.8%) in cases and 11 (3.4%) in controls, 14 (17.3%) cases, and 23 (7.1%) controls had a history of previous stillbirth and abortion,n respectively. Of the total newborns, 54 (66.7%) and 27 (33.3%) of cases had normal and nonnormal birth weights, respectively. Only 5 (6.2%) of cases and 12 (3.7%) of the control had a history of diabetes mellitus (Table 1).

Concerning the mode of delivery, 42 (15.16%), 21 (38.18%), and 24 (25.35%) stillbirths occurred among mothers who delivered via natural vaginal delivery, cesarean section, and assisted vaginal delivery, respectively (Figure 1). Regarding the duration of labor, 37 (16.97%), 20 (16%), and 24 (40%) stillbirths occurred among mothers who labored for less than 12 h, 12–24 h, and more than 24 h, respectively (Figure 2).
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FIGURE 1
Proportion of stillbirth based on the duration of delivery among mothers who gave birth at Adama hospital medical college.
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FIGURE 2
Proportion of stillbirth based on duration labor mothers who gave birth at Adama hospital medical college.




Determinants of stillbirth among women who gave birth

The adjusted odds ratios (AORs) with 95% credible intervals (CrIs) are presented in Table 2. We observed that stillbirth was less likely among women who attained middle school (OR: 0.23; 95% CrI: 0.11, 0.43) and diploma and above school (OR: 0.25; 95% CrI: 0.12, 0.46) than among illiterate women. Women in rural areas were more likely than their urban counterparts to have a stillbirth (OR: 2.55; 95% CrI: 1.11, 4.99). The odds of stillbirth for married women were lower than those of their counterparts (OR: 0.46; 95% CrI: 0.20, 0.93). Women who had more than four ANC visits during the pregnancy were less likely to experience stillbirth than those who had fewer ANC visits (OR: 0.35; 95% CrI: 0.17, 0.63). Women who had a history of previous stillbirths were more likely to have stillbirths (OR: 8.71; 95% CrI: 3.23, 17.69) than their counterparts. The odds of stillbirth of women who had a history of previous abortions were more likely to have stillbirths than their counterparts (OR: 3.29; 95% CrI: 1.13, 7.66). The odds of stillbirth were more likely for women who had labored for more than 24 h than among their counterparts (OR: 3.71, 95% CrI: 25, 7.83). Women who gave birth weighing in the normal range (2,500–4,000 g) were less likely to have a stillbirth than those who had birth in the nonnormal range (OR: 0.32; 95% CrI: 0.15, 0.57).


TABLE 2 Factors associated with stillbirth among mothers who gave birth in this study in bishoftu hospital, oromia regional state, Ethiopia, 2023.
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Discussion

This facility-based, unmatched case-control study was conducted among mothers who gave birth at Bishoftu General Hospital to identify determinants of stillbirth. The findings revealed that rural residence, a history of prior stillbirth, a history of abortion, prolonged labor, and birth weight were statistically significant determinants of stillbirth.

Our study found that rural residents were twice as likely to experience stillbirth compared to urban dwellers, aligning with similar findings from Ethiopian (21, 27, 28), India (51), Zimbabwe (52) and Ghana (53). This is because rural residents often have limited access to healthcare, with fewer healthcare facilities, trained professionals, and medical resources, leading to delays in seeking timely prenatal care or medical intervention during complications. Additionally, rural populations tend to face higher rates of poverty (26), lower levels of maternal education (23, 26–28), and inadequate nutrition (28, 54), all of which contribute to a higher risk of stillbirth compared to urban dwellers.

The study found that individuals with a history of stillbirth were significantly more likely to experience a subsequent stillbirth, a finding consistent with studies conducted in India (25, 55), south Africa (55), Nepal (26), and in north western Ethiopia (21, 23). A study suggested that stillbirths in the first two pregnancies may be linked to biological factors, in addition to established risk factors that could affect subsequent pregnancies (56). This may be due to individuals with a prior history may stem from persistent biological or genetic factors (56), such as placental issues or blood disorders, as well as chronic health conditions like hypertension or diabetes (21, 22, 24, 28). Consistent lifestyle factors and psychological stress from a previous stillbirth may further elevate risk (22). Limited healthcare access can also lead to undiagnosed or unmanaged conditions, compounding the risk in future pregnancies.

Women who had previously undergone abortions were threefold more likely to have a stillbirth than their counterparts. There is no underlying mechanism that links a history of past abortions to the causes of stillbirth. However, research performed at the Jimma University referral hospital revealed that bleeding during a prior abortion causes stillbirth in pregnant women (9). The high risk of stillbirth among women with a history of abortion may be due to factors like uterine scarring or cervical insufficiency from prior procedures (21–23), underlying health conditions (21, 24), and recurrent infections (21–23). Persistent lifestyle risks, inadequate prenatal care (9, 26, 29), and the physical and psychological stress following an abortion may also contribute to complications in subsequent pregnancies (22), collectively increasing the risk of stillbirth.

Mothers who labored for more than 24 h had a four-fold higher risk of stillbirth than those who labored for less than 12 h. These findings are consistent with those reported in Ethiopia (8, 57, 58), Bangladesh (59), and Yemen (60). Extended labor can lead to maternal exhaustion and increase the likelihood of complications, such as fetal distress or oxygen deprivation, which elevate the risk of stillbirth. Prolonged labor also raises the chances of infection infections (21–23), uterine rupture, or placental issues (22, 30), which can further compromise fetal well-being. Additionally, lengthy labor may delay necessary medical interventions, especially in settings with limited resources, further increasing the risk of stillbirth outcomes.

Mothers who delivered infants with normal birth weights were less likely to experience stillbirth compared to those who delivered infants with abnormal birth weights. This finding is congruent with previous research conducted in Ethiopia and in Ghana (8, 61). This may be due to abnormal birth weights often indicate underlying issues such as intrauterine growth restriction (IUGR), preterm birth (21, 23, 25, 26), maternal nutrition status (28), and maternal age (5, 25, 28), all of which can increase the risk of stillbirth.


Limitation of the study

This study has several important limitations. First, it relied on facility-based data, which excluded stillbirths that occurred outside of healthcare settings, such as those in homes or smaller clinics. As a result, the findings may not fully represent stillbirths in the broader population, and the conclusions should be interpreted with caution. Additionally, the study was conducted in a single healthcare facility, which may limit the diversity of the sample and reduce the generalizability of the findings to the entire Ethiopian population. Furthermore, since data was collected over a one-month period, seasonal variations in stillbirth rates were not assessed.




Conclusion

This study highlights key determinants of stillbirth, including rural residence, prior stillbirth, abortion, prolonged labor, and abnormal birth weights. Addressing these factors through improved healthcare access, maternal education, and targeted interventions could help reduce stillbirth rates, especially in rural and high-risk populations. Further multi-centre research is needed to validate these findings and guide evidence-based policy interventions to effectively reduce stillbirth rates.
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