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[bookmark: _Toc198602155]Abstract
Background: 
Birth asphyxia is one of the leading causes of neonatal death world widely. In Ethiopia, it is also cause of neonatal morbidity & mortality. Since this research was conducted after the implementation of different neonatal care related interventions like increasing antenatal contact sessions to eight, it uses to understand the risk factors of birth asphyxia clearly. There are also gaps that will be filled by this research in order to know: maternal socioeconomic, disparities in neonatal care across different public health facilities and role of maternal comorbidities in birth asphyxia.
Method: A facility based unmatched case-control study was conducted on selected four health centers and two hospitals at Dire Dawa city administration from February 20, 2025 to April 30, 2025. Total sample of 308 newborns (103 cases and 205 controls) selected. Data was collected by using checklist and questionnaire prepared with KoboCollect apk. The data was entered by kobo collect and analyzed using Statistical Package for Social Science version 26. Tables and graphs was used to summarize data. Variables with p<0.25 in bivariate analysis was transferred to multivariable logistic regression model for final analysis. Variables with an adjusted odd ratio (AOR) of 95%CI and p<0.05 was reported as determinants of birth asphyxia. 
Result: This unmatched case control study in Dire Dawa, Ethiopia showed determinants of birth asphyxia among 308 neonates & mothers of neonates. After running multiple logistic regression <4 ANC follow up (AOR 5.00; [95% CI: 2.57-9.66]), Prolonged labor (AOR 4.25; [95% CI: 2.12-7.79]), Instrumental delivery (AOR 2.70; [95% CI: (1.11-7.36]), Non-term newborn (AOR 5.58; [95% CI: 1.91-19.63]) & low birth weight (AOR 4.51; [95% CI: 2.07-11.67) were significantly associated independent variables of birth asphyxia.
Conclusion & recommendation: In this study, <4 ANC follow-up, prolonged labor, instrumental delivery, non-term gestational age and low birth weight were significant determinants of birth asphyxia. Considering this, health facilities must work vigorously to enhance maternal and neonatal care to prevent the incidence of birth asphyxia.
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1. [bookmark: _Toc198602156]INTRODUCTION
Birth asphyxia (BA) is an insult to the fetus or newborn due to failure to breath or breathing poorly, leading to decrease oxygen perfusion to various organs. World Health Organization  (WHO) defines neonatal asphyxia as the failure of a newborn to establish its spontaneous respiration or delay in the establishment of normal respiration at one minute of birth; this leads to progressive hypoxia associated with carbon dioxide retention and significant metabolic acidosis According to WHO (1), 4 million deaths occur due to birth asphyxia yearly, representing 38% of all deaths of children fewer than 5 years of age (1). 
International Classification of Diseases (ICD); Birth asphyxia classification of diagnosis relays on the Apgar score (2). In 1952 Dr. Virginia Apgar proposed the Apgar score as an objective tool to assess the condition of newborns immediately after birth. The score contribute equally to the total score, each with rating of 0, 1 or 2 points and consists of five characteristics of the newborn infant: skin color (pink, blue or pale), heart rate (≥100/ minute, <100/minute or absent), respiratory effort (normal rate and effort, irregular gasping or absent), muscle tone (active, arms and legs flexed or ‘floppy tone’) and reflex irritability (pulls away, grimace or absent) (3). 
The Apgar score is a vitality index from 0 to 10 assigned to virtually every newborn infant at one, five, and 10 minutes after birth. 7-10 is considered “normal”, an APGAR score value of 4 to 7 indicates moderate birth asphyxia while severe birth asphyxia is between 0 to 3 scores (2). A lower Apgar score indicates depressed vitality & an extremely low Apgar score could be indicative of birth asphyxia. However, several possible causes of low Apgar scores exist, such as perinatal asphyxia, congenital infections, maternal fever in labor, a diagnosis of chorioamnionitis, malformations, and preterm birth (4). Severe birth asphyxia can cause severe multi-organ damage resulting in brain damage, lung dysfunction, renal failure, hepatic failure, and necrotizing enterocolitis. Birth asphyxia is the primary cause of perinatal mortality and neurological morbidity, thus leading to brain damage among newborns with 80% of survivors suffering from lifelong health problems like developmental delays, intellectual disabilities, seizure, coma, and hypotonic (neonatal encephalopathy) and behavioral problems (5-8). Even if the world has made substantial progress in child survival since 1990, globally, 2.3 million, declined from 5 million neonates died in the first month of life in 2021, with an approximate neonatal deaths of 6400 every day amounting to 44 % of all child deaths under the age of 5 years (9). For proven effective prevention and management of intrapartum-related complications; appropriate care through labor and at the time of birth with access to emergency obstetric care, essential & extra newborn care, and neonatal resuscitation are the commonest. Fetal movement counting, abnormal fetal heart rate, non-stress testing, meconium staining of the liquor and reduction of liquor volume are used to identify infants at risk of perinatal asphyxia(10). Most of the time up to 10% of newborns requires some assistance to begin breathing at birth, but less than 1% requires advanced measures, such as the use of cardiac massage, intubation, and medications(11). An immediate newborn assessment along with drying and tactile stimulation for the baby is the first response if birth asphyxia occurs. Through this care, the majority of newborns will initiate and sustain breathing within the “golden minute” after birth(12). Within a minute of birth, a baby who is not breathing and does not respond to drying and stimulation should assist to breathe with a bag and mask(13).
If birth asphyxia causes brain damage during birth, the baby usually develops hypoxic ischemic encephalopathy (HIE) shortly after being born. HIE is a neurological impairment caused by low oxygen or lack of oxygen. HIE is one of the leading causes of infant mortality or severe impairments after birth (14-16).
The consequences of birth asphyxia are devastating as survivor presents various neurodevelopmental problems with heavy financial, emotional and physical burden on victims and their families. Epidemiological studies in developed countries indicate that perinatal asphyxia is the cause of 8-15% of cerebral palsy. The occurrence of post-asphyxia neurological sequelae is high especially in children with severe Hypoxic-ischemic encephalopathy. The main sequelae were mental retardation, Cerebral Palsy and epilepsy(17).
Most studies conducted to assess determinants of birth asphyxia weren’t includes public health facilities, they are conducted before 2020 and they haven’t clear sub-categories of independent variables which enables to know root causes for birth asphyxia. Additionally some significant variables were excluded. These are some gaps which can be filled by this study. 
Globally, around 5.3 million under-five children die per year and 45% occurs during the neonatal period. In developing countries, neonatal deaths accounted for 52% of all under-5 mortality, however it is due to preventable causes including perinatal asphyxia (1, 7, 18). 
Birth asphyxia is the difficulty to initiate and maintain breathing at birth which is distinguished by a marked impairment of gas exchange; if sustained leading to progressive hypoxemia and substantial metabolic acidosis (19-21). WHO report indicate that birth asphyxia is major cause of infant mortality in newborns next to infection and premature birth and frequently results in serious long-term effects such as cerebral palsy, mental retardation, and other neurodevelopmental delay & abnormalities (22). The prognosis and severity of the symptoms of child with birth asphyxia depend on the risk factors and management of the patient (23, 24). This estimation implies that birth asphyxia is the cause of around one million neonatal deaths each year(20). Findings from Nigeria (25) and Khulna Urban Slum, Bangladesh (26) indicate that birth asphyxia is reprehensible for about 23.9%, 30%, and 39% of neonatal deaths, respectively. Most of the time causes of birth asphyxia can be divided as antepartum, intrapartum, maternal and fetal risk factors; which includes increasing or decreasing maternal age, prolonged rupture of membranes, meconium stained fluid, multiple births, non-attendance for antenatal care, low birth weight infants, malpresentation, augmentation of labor with oxytocin, ante partum hemorrhage, severe eclampsia and pre-eclampsia, ante partum and intrapartum anemia (23, 27). 
In Ethiopia neonatal mortality remains high (28). Sustainable Development Goal (SDG) Target 3.2 is to end preventable deaths of newborns by 2030, aims to reduce neonatal mortality to 12 or fewer deaths per 1,000 live births (29). Since birth asphyxia is among causes of neonatal mortality and the most common causes of birth asphyxia is complications during birth; identification of this child birth related complications in the context of this local area was not researched well. Therefore, this study aims to identify such significant determinants of birth asphyxia to reduce its impact and then it will give recommendations for prevention and intervention strategies. Most researches to assess determinants of birth asphyxia were conducted before 2020, which means key interventions of birth asphyxia; like immediate resuscitation, therapeutic hypothermia (cooling), monitoring & assessment, multidisciplinary care and early feeding weren’t up-to-date. They weren’t includes public health facilities and they haven’t clear sub-categories of independent variables or some significant variables were excluded to know root causes of birth asphyxia. Since this study will be recent to conduct, it will be help to clearly understand the significant risk factors of birth asphyxia after the implementation of the above up-to-date interventions. And it will also be used to get clear understanding about causal-effect relationship of dependent and independent variables. Additionally this research will be used to know: variations in intrapartum monitoring (e.g., fetal heart rate monitoring) that contribute for birth asphyxia; maternal socioeconomic factors (e.g., education, income, rural vs. urban residence) that can affect access to quality obstetric care and birth asphyxia outcomes; disparities in neonatal care across different public health facilities and role of maternal comorbidities (e.g., anemia, gestational diabetes, hypertension) in birth asphyxia.

This study will help health practitioners primarily to improve their knowledge for proper intervention and identification of significant risk factors that can cause birth asphyxia which enables them to act accordingly. It can also create awareness for pregnant women to take care of themselves from maternal & obstetrics related determinants of birth asphyxia and increase their healthy behaviors related to pregnancy through health educations accessed from health facilities. Additionally, the results will be used to support policy revision for neonatal care and will have potential to be used as an input to revise treatment guidelines of birth asphyxia related programs of newborn. Finally, it provides baseline data for future researches. 
[bookmark: _Toc198602171]Methods and Materials
[bookmark: _Toc198602172]Study Area, Period and Design
Dire Dawa city administration is found 516 Kilometers the capital of Ethiopia towards east which has 4 rural and 5 urban districts, bounded by Somali region from North & East and Oromia region from the South & West that further classified into 10 urban and 37 rural kebeles, the smallest administrative unit in Ethiopia (57).
From 2016 EFY annual report of regional health bureau of Dire Dawa City Administration, The Population estimates around 581,506 and about 68% of the people live in urban and 32% rural areas. In the city administration there are 3 governments owned Hospitals, 16 health centers and 31 health posts with 5 private hospitals and 21 private clinics. The catchment population of health facilities are; Goro Primary Health Care Unit (PHCU); 55855, Dire Dawa PHCU; 33730, Dechatu PHCU; 28479 & Gendekore PHCU; 35955.
The city also has both arid and semiarid climatic zones that, lies between 1200 m above sea level with an average monthly temperature of 24.8 ◦C (57). A facility based unmatched case-control study was conducted from February 20, 2025 to April 30, 2025 in selected health institutions of Dire Dawa administration.

[bookmark: _Toc198602174]Population
[bookmark: _Toc198602175]Source population 
· All Newborns with their respective mothers in health institutions of Dire Dawa Administration.
[bookmark: _Toc198602176]Study population 	
· All Newborns with their respective mothers in the selected health facilities of Dire Dawa Administration during data collection period. 
· Cases (asphyxiated newborns): all neonates diagnosed with asphyxia by the attending health professionals using an Apgar score of less than 7 at 1st & 5th minutes after birth were considered as cases (32, 58). 
· Controls (non-asphyxiated newborns): all neonates diagnosed as non-asphyxiated by the attending health professionals using an APGAR score of more than 7 at 1st & 5th minutes were considered as controls (32, 34). 
[bookmark: _Toc198602177]Eligibility criteria 
[bookmark: _Toc198602178]Inclusion Criteria
All mothers whose babies had met the case-control definition & developed birth asphyxia, delivered with a gestational age greater than or equal to 28 weeks and had a complete medical history.
[bookmark: _Toc198602179]Exclusion Criteria 
[bookmark: _Toc198602180]All newborns with one or more identified life-threatening malformation, mothers critically ill and both mothers & newborn with incomplete medical records like first & 5th minute Apgar score.
Sample Size Determination and Sampling procedure
Sample Size Determination
The sample size was estimated using an unmatched case-control, double population proportion formula, using Epi Info version 7.1.2 from the factors reviewed which gives maximum value by assumed 95% CI, 80% power, case to control ratio 1:2, Odds Ratio=2.21 which is the ratio of odds of cases among neonates with birth asphyxia to odds of controls among neonates free of birth asphyxia; proportion of controls 22.7% and proportion of cases as 39.3%, preterm, unable to read and write, primiparous and ante partum hemorrhage as a variable and got maximum sample size is 293 (98 cases & 195 controls); after adding 5% non-respondent rate it became 308 (103 cases & 205 controls). Cases and controls were recruited on a continuous basis of February 20, 2025 to April 30, 2025 until the appropriate sample size was reached for both groups.  



[bookmark: _Toc198602181]Sampling procedure	
Cases were recruited starting from first day of data collection period consecutively from asphyxiated neonates by using medical records to select for interview of mothers; whereas controls were selected from non-asphyxiated newborn by using systematic random sampling in registration book. Both primary (by interviewing mothers) and secondary (from medical records) data sources were used to get information about independent variables. All delivered neonates in the selected health facilities were used as a sampling frame of the study. By taking monthly delivery report from the health monitoring information system report in the health facilities had an average of 795 deliveries and 58 asphyxiated newborns. This total monthly delivery report number was used for the calculation of proportion to size allocation of health facilities. Every asphyxiated baby was selected as a case, while every 2nd non-asphyxiated newborn was selected as a control. On the first day of data collection, the initial study participant was randomly chosen from the registration book at the time of registration to delivery ward.
Health facility Selection: From 16 health centers and three hospitals: Goro, Gendekore, Dire Dawa, Dechatu health centers, Sabian general hospital and dilchora referral hospital were chosen using a lottery method, employing a simple random sampling technique to ensure fairness and randomness in the selection process.	

[bookmark: _Toc198602182]Variables of the Study
[bookmark: _Toc198602183]Dependent variable
· Birth Asphyxia
[bookmark: _Toc198602184]Independent variables

· Socio-demographic & Behavioral determinants: (Age, Religion, Maternal educ., Residence, Occupation, Marital status & Substance use)
· Obstetrics determinants: (Birth spacing (Years), History of adverse pregnancy outcome, Type of adverse pregnancy outcome, Number of ANC follow up, Parity, Hospital arrival, Pre-eclampsia, Eclampsia, Polyhydraminos & Oligohydraminos)

· Maternal health related determinants: (Anemia, Hypertension, Diabetes mellitus, STI & Asthma) 

· Antepartum & Intra- partum determinants: (Labor started, Labor attend by, Duration of labor, Mode of delivery, premature rupture of membrane, fetal presentation, Delivery outcome & APH) 
· Neonatal determinants: (Gestational age, Baby cry at birth, Sex of neonate & Newborn weight

[bookmark: _Toc198602185]4.8. Operational definition
The following operational definitions are used:-
· Birth asphyxia: a neonate who had < 7 Apgar score and fail to start & sustain sufficient respiration within 5 minutes of birth (34).
· Cases (asphyxiated newborns): all neonates diagnosed with asphyxia by the attending health professionals using an Apgar score of less than 7 at 1 & 5 minutes after birth will be considered as cases (58). 
· Controls (non-asphyxiated newborns): all neonates diagnosed as non-asphyxiated by the attending health professionals using an APGAR score of more than 7 at 5th minutes will be considered as controls (34). 
· Apgar Score: method of assessing a neonate wellbeing immediately after birth (59).
· Antenatal cares follow up: number of once which mothers followed during the pregnancy (60)
· Prolonged rupture of membrane: rupture of membrane for greater than 18 hours (61)
· Duration of labor: pattern of labor recorded on the partograph is >18hrs, it is considered as prolonged labor (62). 
· Still birth: pregnancy loss that occurs after 7 months of gestation (63).
· Preterm: When the newborn was born < 37 gestational age (64).
· Low Birth weight: neonates weighing <2500g at birth regardless of gestational age were considered as low birth weight (65).
· Hypo-ischemic encephalopathy (HIE) - refers to a collection of abnormal neurological signs that occur in a temporal sequence over a period and has subdivided into mild, moderate and severe categories (59, 66)

	
[bookmark: _Toc198602186]Data Collection Tools and Data collectors and Procedures	
Data was collected by using a pre-tested structured interview administered questionnaire and check list using KoboCollect apk. It was taken approximately 20 minutes to interview mothers of the new born. The questions prepared by English language which translated to three local languages (Amharic, Oromifa & Somali) then translated back to English to check the consistency. The questionnaire and checklist are adopted from peer reviewed journals (25, 55, 56). They had part 1: socio-demographic and behavioral, obstetric and antepartum determinant components for mother’s face to face interview and part 2: maternal health related, intra-partum and neonatal determinants component for reviewing medical records of the mother and neonate. 
Part Ⅰ: have three sections prepared for data collection through face to face interview of the mother;
· Section 1: Socio-demographic and Behavioral determinant (Age, Religion, Maternal educ., Residence, Occupation, Marital status and Substance use)
· Section 2: Obstetrics determinants (Birth spacing (Years), History of adverse pregnancy outcome, Type of adverse pregnancy outcome, Parity,)
· Section 3: Antepartum determinant (ANC follow up, health facility) 
Part Ⅱ: also have three sections prepared for secondary data collection from medical records and index cards. 
· Section-1: Maternal health related determinants (Hypertension, Diabetes mellitus, Anemia, Preeclampsia/eclampsia, APH, Oligo/Polyhydraminos STI & Asthma)
· Section-2: Intra-partum determinants (Labor started, Labor attend by, Duration of labor, Mode of delivery, premature rupture of membrane, fetal presentation, Delivery outcome, APH & Meconium stained, Used anesthesia and uses of partograph) 
· Section-3: Neonatal determinants: (Gestational age, Baby cry at birth, Sex of neonate & Newborn weight)
There were three BSc nurse data collectors which supervised by one BSc nurse who works on out of the selected health institutions. 
[bookmark: _Toc198602187]Data quality control
Study was conducted from February 20, 2025 to April 30, 2025. Prior to the data collection, a two-day training session was provide to the data collectors and supervisor. The training covers the purpose of the study, the questionnaire, data collection methods, and ethical considerations. Pretesting of the questionnaire was conducted on 5% (15 delivered mothers) of the sample size in an adjacent area (private health facilities) before the actual data collection. Throughout the data collection process, close supervision was maintained by the supervisor and investigator. The data was checked for the completeness and accuracy at daily basis at the end of the data collection. 

[bookmark: _Toc198602188]Data processing, Analysis and Interpretation
Data was cleaned, coded and entered by using Kobo Collect mobile application and then exported to SPSS 26 for analysis. Descriptive analysis was conducted to summarize the data and the final result of the study was interpreted in the form of text, figures and tables. Binary logistic regression analysis was executed by computing odds ratio (OR) with 95% confidence interval to see the crude association between each independent and dependent variable. All independent variables associated with the dependent variable with p≤0.25 were entered into multivariable logistic regression for further analysis, then significant association was identified based on p<0.05 and adjusted odds ratio (AOR) with 95% CI. Model fitness was checked by using Hosmer and Lemeshow goodness of fit (0.938).
[bookmark: _Toc198602189]Ethical consideration 
The ethical clearance was obtained from Institutional Review Board (IRB) of Dire Dawa University, after examine and approve research before beginning of data collection, as the study involve in humans. Dire Dawa University College of health science and medicine was send letter of cooperation to the concerned bodies and the letter has been accepted, the head of institutions asked to give written, voluntary, informed and signed consent. After providing a comprehensive explanation of the procedures and objective of the study in local languages, it is crucial to obtain informed consent from participants/mothers of new born to remain anonymous throughout the research time and helps to ensure the confidentiality that maintain their trust in the research process. Then data collection process was conducted by telling their data were coded and no need of writing their name. To ensure principle of beneficence the investigator ensured that mothers particularly had no harm by refuse to participate, withdraw from the study at any time during the interview and not obliged to give reason for refusal and not have any consequences on subjects and the services provided for them. Record review and mother’s interview permitted from hospital management. All data from medical record of patients have confidentiality in order not to given for third party.  
[bookmark: _Toc198602191]Result
[bookmark: _Toc198602192]Socio-demographic & behavioral determinants
Totally, 308 (103 cases and 205 controls) participants who had 100% response rate were involved in this study.
The mean age of mothers of the cases were 24.6 (SD: ±5.57) and mothers of controls were 26.5 (SD: ±5.39) years. Regarding to educational status category 42(40.8%) cases & 91(44.4%) controls of mothers of neonates were attend upto primary school. More than half of the mothers 78(75.7 %) of asphyxiated neonates and 167(81.5%) of mothers of non-asphyxiated neonates were from urban area. Out of all participants, 87(84.5%) mothers of asphyxiated neonets and 140(68.3%) non-asphyxiated neonate mothers were house wives. (Table 1)

[bookmark: _Toc198602193]Obstetrics determinants
Among the study subjects, 53(51.5%) mothers of the cases & 68(33.2%) mothers of the controls were primiparous; 19(34.5%) mothers of the cases & 20(14.2%) mothers of the controls have two years & less birth spacing from their last delivery. Almost three-quarter of 78(75.7%) mothers of cases & 90(43.9%) mothers of the controls had <4 times ANC folow up. (Table 2)
[bookmark: _Toc198602194]Maternal health related determinants
Among maternal health related determinants; 23(22.3%) mothers of asphyxiated neonates & 27(13.2%) mothers of non-asphyxiated neonates and 1(1.0%) case mothers & 3(1.5%) control mothers faced anemia and hypertension consecutively. (Table 3)
	
[bookmark: _Toc198602195]Antepartum & Intrapartum determinants
Among all respondents 45(43.7%) case mothers & 31(15.1%) control mothers’ labor were prolonged. Regarding to mode of delivery, 41(39.8%) mothers of asphyxiated neonates & 62(30.2%) non-asphyxiated mothers of neonates delivered by caesarean section. Of all the respondents 26(25.2%) cases & 32(15.6%) controls faced premature rupture of membrane and finaly, 4(3.9%) cases & 6(2.9%) controls fetal presentation were non-cephalic. (Table 4)

[bookmark: _Toc198602196]Neonatal determinants
Concerning to neonatal determinants, nearly three-quarter of cases (68.9%) cases & 101(49.3) controls were males, 95(92.2%) cases and 4(2.0%) controls were not cry at birth, 23(22.3%) cases & controls 7(3.4%) were non-term. Additionally, 33(32.0%) cases & 14(6.8%) controls were under weight during birth. 



[bookmark: _Toc198602197]Determinants of birth asphyxia 
The bi-variable logistic regression analysis was run to select maternal age, mode of delivery, residence, parity, sex of neonates, gestational age, birth weight, duration of labor, ANC follow-up, premature rupture of membrane and anemia which are candidates for multiple logistic regression analysis.
From those eleven variables listed above; ANC follow-up, duration of labor, mode of delivery, gestational age and birth weight were significantly associated with birth asphyxia in multiple logistic regression analysis.
The likelihood of developing birth asphyxia among neonates delivered from mothers with <4 ANC follow up were approximately five times higher than mothers of neonates that had greater/equal to four ANC folow-up (AOR 5.00; [95% CI: 2.63-9.50]). Mothers of neonates who had prolonged labor were 4.25 times to develop birth asphyxia (AOR 4.25; [95% CI: 2.26-7.98]). Regarding to mode of delivery, neonates of mothers delivered by instrument were 2.7 times more likely to face birth asphyxia than mothers’ deliverd spontaneously (AOR 2.70; [95% CI: 1.07-6.80]). Neonates born from non-term mothers were 5.58 times more likely to develop birth asphyxia when compared to term ones (AOR 5.58; [95% CI: 1.81-17.24]). The odds of having birth asphyxia was 4.51 times more for neonates who had low birth weight than thier counter parts (AOR 4.51; [95% CI: 1.94-10.47). (Table 5)
[bookmark: _Toc198602198]Discussion
This study revealed that neonates delivered from mothers having less than four ANC follow up has five times more likely to develop birth asphyxia than mothers with greater or equal to four ANC follow up. The result was consistent with the studies done in Nepal (68), Nigeria (69), Debereberhan (33) and Southern Ethiopia (23). Incontroversially a research done in Wolaita (70) didn’t identified ANC follow-up as significant independent variable for asphyxia. When number of visits decrease, it is difficult to monitor fetal well being; unable to deliver necessary health service for the mothers, like nutritional supliments and vaccination which can support the neonate to have health development during pregnancy time (71). ANC help to assess fetal development and identify potential issues like fetal distress (72); if not followed properly it will negatively affect the newborn to exposed for asphyxia. 
Neonates of who have prolonged labored mothers have 4.25 times chance to develop birth asphyxia than their counter parts which was similar to studies in Pakistan (38), Cameron (73), Uganda (74), Debremarkos (34), Hawassa (41),  Tigray (40), South Ethiopia (39) & Debreberhan (33). This is because of the fetus exposed for danger of oxygen deprivation due to long stay on birth canal. This leads to pressure exertion on blood vessels to supply enough oxygen and nutrients during contraction. All these complications can lead to hypoxic ischemic encephalopathy (HIE) following birth asphyxia. Mothers exposed for prolonged labor may also develop infection (75, 76) which can cause a newborn to asphyxiate. Additionally, prolonged labor may be a sign for obstructed labor because of fetal positioning or cephalo pelvic disproportion that leads to fetus aspire meconium-stained amniotic fluid (77). 
Instrumental delivery has significance of higher odds which was approximately three times more than that of spontaneously delivered neonates. A previous study from this local area Dire Dawa, Harar (78) and West Shoa also has similar findings (32). On the other hand, researche from gondar (25) resulted that instrument delivery was not significantly related with birth asphyxia. It may be due to sample size and variables difference. Assisting the delivery process/labor by forceps or vacuum extractors can result physical trauma to the baby and can lead to complications affecting the newborn's ability to breath effectively (79, 80). Most of the time instrumental delivery will applied after the mother is extremely fatigued (81). In this case the mother face difficulty for pushing down in order to assist effective delivery, this place the fetus at risk of birth asphyxia.
Concerning to gestational age, non-term delivered neonates has 5.58 times higher odds than term neonates. This study result was harmonious to research findings showed in Thailand (47), Yemen (49), Togo (48) & South Gondar (51). Non-term neonates either they delivered earlier, before their pulmonary surfactant production were not enough to create a continuous reforming surface layer over the alveoli to reduces tension or those  post term babies possibly had pregnancy related malformations. Air sacs in the lungs may also collapse and can lead to respiratory distress syndrome (RDS) (82). Non-term infants have difficulty transitioning to breathing air at birth asphyxia. Post-term infants tend to have macrosomia that hinders maneuvering through the birth canal (83). Therefore, this situation put the baby at risk of developing asphyxia due to oxygen deprivation.
Furthermore neonates of low birth weight has 4.51 times higher odds of birth asphyxia when compared to neonates with normal birth weight. This study result was highly supported by different research findings from China (45), Nepal (46), Benishangul Gumuz (53), West Shoa Zone (32), Wolaita (50), Gondar (35) & Ilu Aba Bor zone (52) with having the odds range from two to ten times higher. The explanation for this situation was being low in weight was related to compromise maternal nutritional status which can lead to some growth restriction & complications of the fetus inside the womb. Infants’ ability to withstand stress during labor and delivery will be affected due to their low birth weight (84), which means they have less fat and glycogen reserves (68). Due to this all reasons Low Birth Weight (LBW) makes difficult newborn babies to adapt and continue life in this environment easily, making them more vulnerable to asphyxia. 
[bookmark: _Toc198602202]Conclusions
In conclusion, birth asphyxia remains among one cause for perinatal morbidity, long term complications and even death wordwidely. This study showed that <4 ANC follow-up, prolonged labor, instrumental delivery, non-term gestational age and low birth weight as significant determinants of birth asphyxia. Among those significant variables Non-term and <4 ANC follow-up had higher odds. Therefore, since all these risk factors are modifiable; timely identification and management can possibly reduce the occurrence of birth asphyxia. 
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Table 1: Socio-demographic & behavioral factors for the determinants of birth asphyxia among newborns delivered at public health facilities in Dire Dawa , Eastern Ethiopia 2025
	[bookmark: _Toc198602203]Variable
	Category
	Case
	Control
	Total
	p-value

	
	
	n=103(%)
	n=205(%)
	n=308(%)
	

	Age of mother
	
	 18-29
	73(70.9%)
	175(85.4%)
	248(80.5%)
	0.006

	
	 <18	
	15(14.6%)
	11(5.4%)
	26(8.4%)
	

	
	 >=30
	15(14.6%)
	19(9.3%)
	34(11.0%)
	

	 Religion 	

	 Orthodox
	13(12.6%)
	60(29.3%)
	73(23.7%)
	0.001

	
	 Muslim
	89(86.4)
	137(66.8%)
	226(73.4%)
	

	
	 Protestant
	1(1.0%)
	8(3.9%)
	9(2.9%)
	

	 Maternal  educational status
	Can not read & write
	 41(39.8%)
	41 (20.0%)
	82(26.6%)
	0.000

	
	Primary school_1-8
	42(40.8%)
	91(44.4%)
	133(43.2%)
	

	
	Secondary school_9-12
	18(17.5%)
	47(22.9%)
	65(21.1%)
	

	
	Certificate 
	1(1%)
	5(2.5%)
	6(2 %)
	

	
	Diploma & above
	1(1%)
	21(10.3%)
	22(7.1%)
	

	Residence	
	 Urban
	78(75.7%)	
	167(81.5%)
	245(79.5%)
	0.239

	
	 Rural
	25(24.3%)
	38(18.5%)
	63(20.5%)
	

	 Occupation 
	Government employed
	2(1.9%)
	17(8.3%)
	19(3.2%)
	0.017

	
	Private employed 
	12(11.7%)
	42(20.5%)
	54(17.5%)
	

	
	Merchant 
	2(1.9%)
	6(2.9%)
	8(2.6%)
	

	
	House wives
	87(84.5%)
	140(68.3%)
	227(73.7%)
	

	 Marital status
	Married 
	103(100.0%)
	 203(99.0%)
	306(99.4%)
	0.315

	
	Single
	 0(0.0%)
	1(0.5%)
	1(0.3%)
	

	
	divorced
	 0(0.0%)
	1(0.5%)
	1(0.3%)
	

	Substance use
	 Yes
	6(5.8%)
	16(7.8%)
	22(7.1%)
	0.524

	
	 No
	97(94.2%)
	189(92.2%)
	286(92.9%)
	



[bookmark: _Toc198601142]
Table 2: Obstetrics & antepartum related determinants of birth asphyxia among newborns delivered at public health facilities in Dire Dawa, Eastern Ethiopia 2025.
	Variable
	Category
	Case
	Control
	Total
	p-value

	
	
	n=103(%)
	n=205(%)
	n=308(%)
	

	Parity
	 Primiparous	
	53(51.5%)
	68(33.2%)
	121(39.3%)
	0.002

	
	 Multiparous
	50(48.5%)
	137(66.8%)
	187(60.7%)
	

	Hospital arrival 
	On foot
	2(1.9%)
	2(1.0%)
	4(1.3%)
	0.001

	
	By taxi
	91(88.3%)
	201(98.0%)
	292(94.8%)
	

	
	By ambulance
	10(9.7%)
	2(1.0%)
	12(3.9%)
	

	Pre-eclampsia
	Yes 
	4(3.9%)
	7(3.4%)
	11(3.6%)
	0.834

	
	No 
	198(96.6%)
	99(96.1%)
	297(96.4%)
	

	Polyhydraminos 
	Yes 
	0(0.0%)
	2(1.0%)
	2(0.6%)
	0.315

	
	No 
	103(100.0%)
	203(99.0%)
	306(99.4%)
	

	Oligohydraminos 
	Yes 
	0(0.0%)
	2(1.0%)
	2(0.6%)
	0.315

	
	No 
	103(100.0%)
	203(99.0%)
	306(99.4%)
	

	History of adverse pregnancy outcome
	Still birth
	2(1.9%)
	14(6.8%)
	16(5.2%)
	0.068

	
	No 
	101(98.1%)
	191(93.2%)
	292(94.8%)
	

	
	Abortion
	6(5.8%)
	19(9.3%)
	25(8.1%)
	0.297

	
	No
	97(94.2%)
	186(90.7%)
	283(91.9%)
	

	Birth spacing
	≤2 years
	19(34.5%)
	20(14.2%)
	39(19.9)
	0.001

	
	≥3 years
	36(65.5%)
	121(85.8%)
	157(80.1%)
	

	ANC follow up
	<4 times
	78(75.7%)
	90(43.9%)
	168(54.5% )
	0.000

	
	≥4 times
	25(24.3%)
	115(56.1%)
	140(45.5%)
	



Table 3:  Maternal health related factors of Birth asphyxia among newborns delivered at public health facilities in Dire Dawa, Eastern Ethiopia 2025G.C.
	Variable
	Category
	Case
	Control
	Total
	p-value

	
	
	n=103(%)
	n=205(%)
	n=308(%)
	

	Anemia 
	Yes 
	23(22.3%)
	27(13.2%)
	50(16.2%)
	0.040

	
	No 
	80(77.7%)
	178(86.8%)
	258(83.8%)
	

	Hypertension
	Yes 
	1(1.0%)
	3(1.5%)
	4(1.3%)
	0.719

	
	No 
	102(99.0%)
	202(98.5%)
	304(98.7%)
	

	Diabetes mellitus
	Yes 
	0(0.0%)
	3(1.5%)
	3(1.0%)
	0.217

	
	No 
	103(100.0%)
	202(98.5%)
	305(99.0%)
	

	Asthma 
	Yes 
	0(0.0%)
	3(1.5%)
	3(1.0%)
	0.045

	
	No 
	103(100.0%)
	202(98.5%)
	305(99.0%)
	



[bookmark: _Toc198601144]Table 4: Ante/Intrapartum related factors of Birth asphyxia among newborns delivered at public health facilities in Dire Dawa, Eastern Ethiopia 2025G.C.
	Variable
	Category
	Case
	Control
	Total
	p-value

	
	
	n=103(%)
	n=205(%)
	n=308(%)
	

	Labor started at
	Spontaneous 
	67(65.0%)
	127(62.0%)
	194(63.0%)
	0.595

	
	Induced 
	36(35.0%)
	78(38.0%)
	114(37.0%)
	

	Labor attend by
	Intern 
	15(14.6%)
	16(7.8%)
	31(10.1%)
	0.164

	
	Midwives 
	64(62.1%)
	133(64.9%)
	197(64.0%)
	

	
	Obstetrician 
	24(23.3%)
	56(27.3%)
	80(26.0%)
	

	Duration of labor
	Normal	
	58(56.3%)
	174(84.9%)
	232(75.3%)
	0.000

	
	Prolonged
	45(43.7%)
	31(15.1%)
	76(24.7%)
	

	Mode of delivery
	Spontaneous 
	44(42.7%)
	129(62.9%)
	173(56.2%)
	0.001

	
	*CS
	41(39.8%)
	62(30.2%)
	103(33.4%)
	

	
	Instrumental 
	18(17.5%)
	14(6.8%)
	32(10.4%)
	

	Premature rupture of membrane
	Yes 
	26(25.2%)
	32(15.6%)
	58(18.8%)
	0.041

	
	No 
	77(74.8%)
	173(84.4%)
	250(81.2%)
	

	Fetal presentation
	Cephalic 
	99(96.1%)
	199(97.1%)
	298(96.8%)
	0.655

	
	Non-cephalic
	4(3.9%)
	6(2.9%)
	10(3.2%)
	

	Delivery outcome
	Singleton
	97(94.2%)
	201(98.0%)
	298(96.8%)
	0.070

	
	Multiple 
	6(5.8%)
	4(2.0%)
	10(3.2%)
	

	*APH
	Yes 
	0(0.0%)
	2(1.0%)
	2(0.6%)
	0.315

	
	No 
	103(100.0%)
	203(99.0%)
	306(99.4%)
	

	Amniotic fluid status
	Meconium stained
	1(1.0%)
	2(1.0%)
	3(1.0%)
	0.997

	
	Clear 
	102(99.0%)
	203(99.0%)
	305(99.0%)
	

	Use of partograph
	Yes 
	86(83.5%)
	162(79.0)
	248(80.5%)
	0.350

	
	No
	17(16.5%)
	43(21.0%)
	60(19.5)
	


*APH Antepartum haemorrhage   *CS caesarean section


Figure 1: Neonatal related factors of Birth asphyxia among newborns delivered at public health facilities in Dire Dawa, Eastern Ethiopia 2025G.C.

Table 5: Bi-variable & multivariable analysis for birth asphyxia among newborns delivered at public health facilities in Dire Dawa, Eastern Ethiopia 2025G.C.
	Variable 	
	Category 
	Cases
(n=103) 
	Controls
(n=205) 
	COR
[95%CI]
	AOR
[95%CI]
	P-value

	Maternal age
	≥30
	15(14.6%)
	19(9.3%)
	1.89(0.91-3.93)
	1.50(0.61-3.68)
	0.378

	
	<18
	15(14.6%)
	11(5.4%)
	3.27(1.43-7.46)
	2.10(0.78-5.64)
	0.140

	
	18-29
	73(70.9%)
	175(85.4%)
	1
	1
	

	Residence	
	 Rural
	25(24.3%)
	38(18.5%)
	1.39(0.86-2.24)
	1.11(0.53-2.34)
	0.769

	
	 Urban
	78(75.7%)	
	167(81.5%)
	1
	1
	

	Parity
	 Primiparous
	53(51.5%)
	68(33.2%)
	2.14(1.32-3.46)
	1.13(0.59-2.17)
	0.709

	
	 Multiparous
	50(48.5%)
	137(66.8%)
	1
	1
	

	ANC follow up
	<4 times
	78(75.7%)
	90(43.9%)
	3.99(2.35-6.76)
	5.00(2.63-9.50)
	0.000**

	
	≥4 times
	25(24.3%)
	115(56.1%)
	1
	1
	

	Anemia
	Yes 
	23(22.3%)
	27(13.2%)
	1.89(1.02-3.51)
	1.05(0.48-2.29)
	0.902

	
	No 
	80(77.7%)
	178(86.8%)
	1
	1
	

	Duration of labor
	Prolonged
	45(43.7%)
	31(15.1%)
	4.36(2.52-7.51)
	4.25(2.26-7.98)
	0.000**

	
	Normal	
	58(56.3%)
	174(84.9%)
	1
	1
	

	Mode of delivery
	Instrumental 
	18(17.5%)
	14(6.8%)
	3.77(1.73-8.20)
	2.70(1.07-6.80)
	0.035*

	
	CS
	41(39.8%)
	62(30.2%)
	1.94(1.150-3.27)
	1.89(1.00-3.58)
	0.050*

	
	Spontaneous 
	44(42.7%)
	129(62.9%)
	1
	1
	

	PROM
	Yes 
	26(25.2%)
	32(15.6%)
	1
	1
	

	
	No 
	77(74.8%)
	173(84.4%)
	1.82(1.02-3.27)
	1.45(0.71-2.96)
	0.135

	Child Sex 
	Male 
	62(60.2%)
	107(52.2%)
	1.41(0.80-2.50)
	1.24(0.69-2.23)
	0.481

	
	Female 
	41(39.8%)
	98(47.8%)
	1
	1
	

	Gestational age
	Non-term 
	23(22.3%)
	7(3.4%)
	8.13(3.36-19.70)
	5.58(1.81-17.24)
	0.003*

	
	Term 
	80(77.7%)
	198(96.6%)
	1
	1
	

	Birth weight
	<2500 g
	33(32.0%)
	14(6.8%)
	6.43(3.25-12.73)
	4.51(1.94-10.47)
	0.000**

	
	≥2500 g
	70(68.0%)
	191(93.2%)
	1
	1
	

	* Significant at the level p=<0.05,  ** P=<0.01







Neonatal determinants

Female	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	139	Male	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	169	Total	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	308	yes	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	209	no	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	99	total2	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	308	term	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	278	non-term	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	30	total4	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	308	>	=2500	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	261	<	2500	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	47	total3	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	308	<	7	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	104	>	7	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	204	total5	Sex	Baby cry at birth	Gestational age	Birth wieght	Apgar score	308	



