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ARTICLE INFO ABSTRACT
Keywords: Introduction: Preterm birth remains the most significant clinical and public health encounter.
Neonatal outcome Preterm infant outcomes pose key evidence for clinicians and policymakers and are extensively

Preterm neonate
Ethiopia
Preterm death
Preterm survival

used to set clinical and policy verdicts to improve services. It is necessary to conduct the outcomes
of neonates frequently, as it varies from place to place and even from time to time in a similar
place. There is limited literature in Ethiopia about preterm neonates’ outcomes and their
predictors.

Objective: This study aimed to assess the neonatal outcomes of preterm neonates and their pre-
dictors in South Gondar zone public hospitals, Northwest Ethiopia, 2021.

Methods: A prospective observational study was employed on 462 preterm neonates in South
Gondar Zone Public Hospitals. The data were entered into Epidata 4.6 and analyzed using STATA
version 16/MP software. A parametric log-normal survival model was used to identify possible
predictors for preterm neonate death. Statistical significance was declared at a P-value less than
0.05.

Result: The overall preterm survival rate was 71.1% (95% CI: 66.7, 75.1). Thirty-six percent of
preterm neonates were diagnosed with sepsis. One-fourth of the neonates had respiratory distress

Abbreviations: AGA, Appropriate for Gestational age; APGAR, Appearance, Pulse, Grimace, Activity, Respiratory rate; Afc, Adjusted beta co-
efficient; EPT, Extremely Preterm Infants; LBW, Low Birth Weight; MPT, Moderately Preterm Infants; NICU, Neonatal Intensive Care Unit; PROM,
Premature Rupture of Membrane; PNA, Perinatal Asphyxia; PTB, Preterm Birth; RDS, Respiratory Distress Syndrome; SDG, Sustainable Development
Goals; SGA, Small for Gestational age.
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syndrome. Gestational age greater than 34 weeks (B = 1.04; 95% CI: 0.53, 1.56), respiratory
distress syndrome (B = 0.85; 95% CIL: 0.49, 1.22), body mass index (f = —1.34; 95% CI: —1.87,
—0.80), non-union marital status (p = —0.71; 95% CI: —1.34, —0.09), multiple pregnancies (f =
—0.66; 95% CI: —0.99-0.32), multiparous (B = 0.35; 95% CI: 0.01, 0.69), hypothermia (p =
—1.19; 95% CI: —1.76, —0.62), Kangaroo Mother Care (§ = —1.9; 95% CL: —2.34, —1.41) and
non-cephalic presentation (p = —1.23; 95% CI: —1.99,-0.46) were significant predictors.
Conclusion: In this study, the preterm survival rate was low. Gestational age greater than 34
weeks, no respiratory distress syndrome, and multiparous mothers were positively associated
with the survival of preterm neonates. Though, high pre-pregnancy maternal body mass index,
non-union marital status of mothers, multiple pregnancies, hypothermia, Kangaroo mother care is
not given, and non-cephalic presentation were negatively associated. A significant focus should be
given to implementing WHO recommendations on preventing and caring for preterm births.

1. Introduction

Preterm birth defines birth before 37 completed weeks of gestation or less than 259 days from the first day of a woman’s last normal
Menstrual Period (LMP). Preterm birth is often subdivided further based on birth gestational age. “Late preterm” infants are those born
between 34 weeks and 37 weeks of gestation, “moderate preterm” is included as 32 weeks to less than 34 weeks of gestation, “very
preterm” is defined as 28weeks of gestation to fewer than 32 weeks of gestation, and “extremely preterm,” is designated less than 28
weeks of gestational age [1].

Preterm infants are in varied groups with various possible outcomes [2]. Adverse neonatal outcomes are markedly higher in the
developing world. Viability, a fifty percent probability of survival with or without medical care, is near 34 weeks gestational age in low
and middle-income countries [3].

Preterm birth remains the most important clinical and public health challenge [4,5]. As a public health challenge, it was associated
with high rates of occurrence of mortality, short-term perinatal complications, and lifelong difficulties such as learning infirmities from
audiovisual, visual disabilities, and cognitive teething troubles [6-8].

In 2020, there were 2.4 million infant deaths worldwide and more than 6500 neonatal deaths per day. One-third of all newborn
deaths occur on the first day after birth, and nearly 75% of all neonatal deaths happen within the first week of life. Half of (49%) all
deaths among children under five worldwide occurred in just five nations, including Ethiopia [9,10]. Preterm birth, which accounts for
12.1% of under-five mortality in Sub-Saharan Africa, is the second most common cause of death [11]. Preterm birth and associated
complications account for more than one-fifth of newborn death in Ethiopia [11-16].

Common short-term morbidities of preterm neonates were sepsis, birth asphyxia, hyperbilirubinemia, and respiratory distress
syndrome [17,18]. Late and moderate preterm neonates were significantly more likely to receive resuscitation at birth, respiratory and
nutritional support, and were less likely to be fed breast milk than term infants [17]. Necrotizing enter colitis is a common morbidity
among preterm neonates [19].

The risk of adverse outcomes of preterm neonates declines with increasing gestational age [17,20]. Birth weight, neonatal mor-
bidities such as respiratory distress syndrome, sepsis, hypothermia, hypoglycemia, marital status, required resuscitation after delivery,
no antenatal care, the plurality of pregnancy, sex of neonate, mode of delivery, non-cephalic presentation, fifth minute APGAR score
<7, maternal complication and did not receive kangaroo mother care (KMC) were factors influencing preterm survival [21-27].

Despite WHO recommendations, preterm mortality is the primary cause of neonatal mortality nowadays. Implementation of the
WHO recommendations of 2015 included corticosteroid injections for premature birth, antibiotics when her water breaks, and
magnesium sulfate to prevent forthcoming neurological impairment of the infant and as well as thermal care, use of oxygen and
surfactant to help infants breathe more effortlessly can decrease the chance of death and adverse health outcomes for preterm infants
[28,29]. Even if Ethiopia has undertaken an initiative for measures to reduce the death of preterm babies at all stages of the healthcare
system, the problem is still a public concern.

It is necessary to conduct the outcomes of neonates frequently as it varies from place to place and even from time to time in a similar
place [30] because preterm infants’ outcomes offer vital info to parents, clinicians, and policymakers for generally used to mark
clinical and policy judgments, to design for the provision of medical care, to allocate resources and to advance the effectiveness of care.
Preterm infants’ outcome data are also used for advocating and decision-making earlier and subsequently to birth, benchmarking
regional outcomes, and identifying research questions and hypotheses.

Based on the health target of Sustainable Development Goals (SDGs) by 2030, all countries aimed to lessen neonatal mortality to as
low as 12 per 1000 live births. Therefore, identifying preterm neonatal outcomes substantially affects the efforts to meet the SDG
targets for windup-preventable child deaths by 2030 in Ethiopia.

2. Materials and methods
2.1. Study setting

The study was conducted in the South Gondar Zone public hospital in Northwest Ethiopia. The South Gondar zone is found in
Ambhara regional state. It is located in North West of Ethiopia. There are eight public hospitals in the South Gondar Zone. This study was
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done in Addis- Zemen primary Hospital, Wegeda primary hospital, Nefas Mewcha primary hospital, and Debretabor General Hospital.

2.2. Study design and period

A prospective institutional-based observational study design was employed on preterm neonates from December 1, 2020-May 30,
2021, delivered and admitted in neonatal intensive care units (NICU) in selected South Gondar zone public hospitals.

2.3. Sample size determination

The sample size was calculated using Open Epi Info 7 stat calc double population proportion formula with the assumptions of 95%
CI, 80% power, and one to two exposed to unexposed ratio, by using gestational age as the exposure variable, the proportion of death
among neonates delivered at a gestational age of 33 weeks is 22.6% and proportion of death among neonates delivered at a gestational
age of 34 weeks is 9.6% in Addis Ababa teaching hospitals [31]. The final sample size with a 10% loss follow-up was 462 preterm
neonates.

2.4. Sampling procedure

Preterm neonates were included from December 1, 2020, to May 30, 2021, when they were delivered and admitted to neonatal
intensive care units (NICU) in selected South Gondar zone public hospitals. Four hospitals were selected based on the availability of
organized NICU services and trained staff. Proportional allocation based on the monthly average number of preterm neonates
delivered and admitted to the NICU was determined for each public hospital (Debre Tabor General Hospital, Nifas Mewch Primary
Hospital, Adis Zemen Primary Hospital, and Wegeda Primary Hospital) for six months of the data collection period. A consecutive
sampling technique was applied to those eligible participants. Incomplete charts and those women with unreliable LMP and who were
unsure of their LMP and did not have first-trimester ultrasound records (up to and including 13 6/7 weeks of gestation) were excluded
from the study.

2.5. Data collection instrument and variables

Data were collected using a pretested structured interviewer-administered questionnaire and checklists by reviewing medical
records. The questionnaire was adapted by reviewing different literature pieces by critically evaluating the existing works focusing on
socio-demographic characteristics, maternal medical, obstetric, Prenatal, and neonatal variables related to preterm neonatal
outcomes.

Gestational age was estimated using reliable last normal menstrual period or the first-trimester ultrasound examination (up to and
including 13 6/7 weeks of gestation). If there is an ultrasound measurement of the fetus in the first trimester, gestational age was
determined based on ultrasound examination estimates because it is the most accurate method to confirm gestational age. Whereas for
those women without an ultrasound examination in the first trimester but had reliable LNMP, gestational age was calculated based on
their reliable LNMP.

Neonatal death is defined as a live-born neonate’s death within 28 days after birth [32]. Immediate neonatal morbid-
ity/complications include APGAR score at minutes 1 and 5, respiratory distress syndrome (RDS), hyperbilirubinemia, hypothermia,
and sepsis of preterm infants within 42 PMAs after birth [25]. Neonatal sepsis is a severe infection that was diagnosed with the
presence of at least two clinical symptoms and at least two laboratory abnormal findings in the presence of or as a result of a suspected
or proven infection (positive culture) [33]. Respiratory distress Syndrome was diagnosed with one or more symptoms of tachypnea,
intercostal muscle retraction, grunting, nasal flaring, and cyanosis [34].

Survival time is the quantity of follow-up starting from the date of birth to the occurrence of death [24]. Censored is a preterm
neonate, referred, discharged, or alive at the end of the study period [35]. The survival time of a neonate beyond 42 postmenstrual
ages, referred to and left with medical advice, was declared censored. Infant death between birth and 42 postmenstrual ages was
declared as an event. The outcome variable coded 0 as censored and one as an event. Time-to-death is the death of a preterm neonate at
a definite time during the follow-up period [24].

2.6. Data collection procedure and data quality control

The data were collected by twelve BSc neonatal nurses and four assistant lecturers in nursing supervisors. Trained data collectors
interviewed mothers who were at 28 to less than 37 weeks (36 + 6 days) gestation at the labor ward and abstracted pregnancy,
delivery, and infant data from the chart and followed during a 24-h period until discharge, transfer, death, or 42 postmenstrual ages
after birth and their outcome was recorded.

Questionnaires were pretested with a 5% sample size at Mekane Eyesus general hospital. The training was given to data collectors
and supervisors one day before and one day after the pretest regarding the study’s objective, data collection tool, and ways of data
collection and checking the completeness of the data collection tool.
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2.7. Data analysis

Then data were entered using Epi-data version 4.6. Then exporting, cleaning, and analysis was done using STATA version 16/MP
software. Kaplan Meier survival analysis was used to relate survival rates. Multicollinearity was assessed using the variance inflation
factor (VIF). Multiple imputation techniques were used to deal with missing. The best-fit model was carefully chosen using Akakian
Information Criteria (AIC). The lowest Akakian Information Criteria indicates the best-fit model. By a pure AIC-minimization criterion,
a parametric log-normal survival model wins out. Parametric Log-normal survival model, the density of the “errors” is assumed to have
a bell-shaped standard normal distribution. The function is Y = logT = a+0cW, where W has a standard normal distribution. The hazard
function of the log-normal distribution increases from O to reach a maximum and then decreases monotonically, approaching 0 as t —
0. The hazards first rise and fall over time. This model has an accelerated life interpretation. This may be interpreted as by a factor
exponent of the beta coefficient {p}. In the final model, a p-value <0.05 was considered significant.

2.8. Ethical approval

Ethical approval was obtained from Debre Tabor University, the College of Health Sciences, and the Institutional Review Board
(IRB) with ethical number DTU/2751/2021.

2.9. Consent to participate

Study participants were informed about the purpose, risk, benefits, and confidentiality of the study, and an informed and volun-
tarily signed written consent (thumbprint for those unable to write) was obtained from all eligible mothers of the newborns before the
study.

3. Results
3.1. Maternal socio-demographic characteristics

A total of 456 preterm neonates were involved in this study (Fig. 1).

The median age of the respondents was 26 years. Most respondents (95.6%) were married, followed by single marital status (3.5%).
Thirty-eight percent (177) of the mother’s educational status was that she could not read or write. Regarding the occupation of the
respondents, 364 (79.8%) of them were housewives, and 68 (14.9%) of them were employees. Three hundred (65.8%) respondents
were rural residents (Table 1).

3.2. Maternal obstetric-related characteristics

Among the total respondents, one hundred seventy-two (37.2%) mothers were Para-one. Most mothers (97.4%) had antenatal care
(ANC) follow-up during the current pregnancy. Among those mothers who have ANC follow-ups, 416 (93.7%) have four times and an
above number of ANC follow-ups. Regarding the delivery route, the majority (91.2%) of mothers had vaginal route delivery. Seventy-
six mothers (16.2%) encountered complications during the current pregnancy. Among those mothers who had a complication during
the current pregnancy, antepartum hemorrhage (APH) 24 (31.6%) was the most common complication during the current pregnancy.
Regarding the place of delivery, twenty mothers (4.4%) had home delivery. The median inter-birth interval of the mothers was 36

583 preterm neonates delivered in
study setting from December 1, 2020-
May 30, 2021 \ 121 were excluded from this study

73 unknown gestations
48 incomplete charts

462 neonates were included
\ 6 neonates’ mothers refused to continue
further participation
456 neonates were analyzed

Fig. 1. Flow chart of participants’ selection.
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Table 1

Socio-demographic characteristics among respondents’
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Variable Category Frequency Percent (%)
Marital status Single 16 3.5
Married 436 95.6
Divorced/windowed 4 0.9
Educational status Unable to read and write 177 38.8
Read and write 17 3.7
Primary (1-8) 166 36.4
Secondary (9-12) 40 8.8
College and above 56 12.3
Occupation Housewife 364 79.8
Employed 68 14.9
Merchant 12 2.6
Student 12 2.6
Residence Urban 156 34.2
Rural 300 65.8
Pre-pregnancy body mass index Less than 18.5 kg/m? 88 19.3
18.5-24.99 kg/m? 220 48.2
Greater than 25 kg/m2 148 325

months (Table 2).

3.3. Neonatal related characteristics

Of the total participants, 104 (40.4%) neonates were categorized between thirty-two and thirty-four weeks of gestational age. Two
hundred twenty (52.6%) of the neonates were male (Table 3).

3.4. Immediate morbidity of preterm neonates

Among the total preterm neonates, one-fourth (25.4%) of the neonates had respiratory distress syndrome (RDS). Most (89.9%) of
preterm neonates had hypothermia (less than 36.5 °C). Thirty-six percent of preterm neonates were diagnosed with sepsis. Forty-four

Table 2

Obstetric-related characteristics among respondents’

variables Category Frequency Percent (%)
Parity Null Para 172 37.7
Multiparous 284 62.3
ANC Yes 444 97.4
No 12 2.6
No of ANC Two 4 0.9
Three 24 5.4
Four and above 416 93.7
Route of Delivery Vaginal route 416 91.2
Cesarean Section 40 8.8
The plurality of the neonate Singleton 336 73.7
Multiple 120 26.3
Presentation Cephalic 440 96.5
Non -Cephalic 16 3.5
Complications during this Pregnancy Yes 76 16.7
No 380 83.3
Type of complication Rhesus negative 4 5.2
Antepartum hemorrhage 24 31.6
Pregnancy-induced hypertension 16 21.1
Prolonged/obstructed labor 8 10.4
Urinary tract infection 4 5.2
Cord prolapse 4 5.2
Premature rupture of membrane 12 15.6
Maternal fever 4 5.2
Antibiotics administration Yes 24 5.3
No 432 94.7
Pregnancy intention Wanted 452 99.1
Unwanted 4 0.9
Antenatal corticosteroid administered Yes 137 30.04
No 319 69.96
Magnesium sulfate administered Yes 0 0.0
No 456 100.0
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Table 3

Neonatal-related characteristics among preterm neonates.
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variables Category Frequency Percent (%)
Gestational age Less than 32 weeks 76 16.7
32-34 weeks 196 43.0
Greater than 34 weeks 184 40.4
Resuscitation at birth Yes 36 7.9
No 420 92.1
Sex Male 240 52.6
Female 216 47.4
Preterm Spontaneous 448 98.2
Induced 8 1.8
Type of Feeding Breast milk 252 55.3
Express breast milk by nasogastric tube 108 23.7
Formula milk 4 0.9
Nothing per mouth 92 20.2
Gestational Age for Weight Appropriate for gestational age 440 96.5
Small for gestational age 16 3.5
Birth weight Greater than and equal to 2500 g 34 7.5
1500-2499 g 306 67.1
Less than 1500 g 116 25.4
Kangaroo mother care (KMC) given Yes 110 24.1
No 346 75.9
Ist-minute APAGAR score Less than 7 88 19.3
>7 340 74.6
Not recorded 28 6.1
5 ™ minute APGAR score Less than 7 69 15.1
>7 387 84.9

(9.6%) preterm neonates had perinatal asphyxia (PNA). Seven percent of preterm neonates had hypoglycemia (Table 4).
3.5. The survival rate of preterm neonates

Four hundred fifty-six preterm neonates were followed from birth to 28 days, which gives 2159 days of risk time. The overall
preterm survival rate was 71.1% (95% CI: 66.7, 75.1). The cumulative preterm neonates’ survival probability of surviving at the end of
the first 24 h was 86.3%. The Preterm neonates’ survival probability at the end of the first week was 56.4% (95% CI: 0.45, 0.58).

3.6. Kaplan-Meier preterm neonatal survival probability

The graph shows (Fig. 2A and B) that during the first 10 days of life, the graph went down progressively, indicating that a higher
portion of preterm neonates was dying and there was a lesser probability of survival. While over the following days, the graph became
straight, pointing out that the proportion of neonates who survived remained stable, signifying nearly no deaths. Male infants have a
lower probability of survival related to female infants (Fig. 2C). The probability of death among preterm neonates whose gestational
age was less than 32 weeks was higher (Fig. 2D).

Table 4
Frequency of immediate morbidity among preterm neonates.

Morbidities Category Frequency Percent (%)
RDS Yes 116 25.4
No 340 74.6
Hypothermia Yes 410 89.9
No 46 10.1
Sepsis Yes 164 36.0
No 292 64.0
Perinatal asphyxia Yes 44 9.6
No 412 90.4
Jaundice Yes 56 12.3
No 400 87.7
Congenital anomaly Yes 8 1.7
No 448 98.3
Hypoglycemia Yes 36 7.9
No 420 92.1
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A. Kaplan-Meier survival estimateof preterm neonates B. cumulative hazard estimate among preterm neonates
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Fig. 2. Overall Kaplan Meier survival estimate of neonates (Fig A), cumulative hazard (Fig B), survival estimates by sex of neonates (Fig C), and
survival estimates by gestational age (Fig D).

3.7. Predictors of preterm survival

Those variables with a P value of 0.5 in the log-rank test were entered into parametric analysis with the log-normal model.
Gestational age greater than 34 weeks (c) = 1.04; 95% CI: 0.53, 1.56), Gestational age from 32 to 34 weeks (pc = 0.57; 95% CI: 0.19,0
0.94), had no respiratory distress syndrome (fc = 0.85; 95% CI: 0.49, 1.22), high body mass index (fc = —1.34; 95% CI: —1.87, —0.80),
non-union marital status (fc = —0.71; 95% CI: —1.34, —0.09), multiple pregnancies (fc = —0.66; 95% CI: —0.99-0.32), multiparous
(Bc = 0.35; 95% CI: 0.01, 0.69), hypothermia (pc = —1.19; 95% CI: —1.76, —0.62), KMC is not given (pc = —1.9; 95% CI: —2.34, —1.41)
and non-cephalic presentation (fc = —1.23; 95% CI: —1.99,-0.46) were significant predictors for the survival of preterm neonates
(Table 5).

The survival time for preterm neonates born at a gestational age of greater than 34 weeks was accelerated by a factor of 2.8
compared to neonates born with a gestational age of fewer than 32 weeks (fc = 1.04; 95% CI: 0.53, 1.56). The survival time for Preterm
neonates who were born with a gestational age of between 32 and 34 weeks was increased by a factor of 1.77 compared to neonates
born with a gestational age of fewer than 32 weeks (fc = 0.57; 95% CI: 0.19,0 0.94). Neonates without respiratory distress syndrome
were 2.34 times more likely to survive than those with respiratory distress syndrome (fc = 0.85; 95% CI: 0.49, 1.22). The survival time
for Preterm neonates whose mothers’ pre-pregnancy BMI was greater than twenty-five kg/m? was accelerated by a factor of 0.26
compared to those whose mothers’ BMI was less than 18.5 kg/m? (B¢ = —1.34; 95% CI: —1.87, —0.80). The survival time for Preterm
neonates whose mothers were non-union marital status was accelerated by a factor of 0.49 compared to preterm neonates whose
mothers were married status (c = —0.71; 95% CI: —1.34, —0.09). Multiple preterm neonates’ survival time was increased by a factor
of 0.52 compared to singleton preterm neonates (fc = —0.66; 95% CI: —0.99-0.32). The survival time of preterm neonates born from
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Table 5
Log normal model of predictors of Preterm survival among preterm neonates’

Variables Category Outcome Unadjusted beta coefficient (95% Adjusted beta coefficient (95%
Death  Censored @D @

Marital status Union 120 316 1 1

Not union 12 8 —0.94 (-1.72, —0.16) —0.71(-1.34, -0.09)
The plurality of the neonate Singleton 76 260 1 1

Multiple 56 64 —0.95 (-1.35, —0.55) —0.66(-0.99-0.32)
Presentation Cephalic 124 316 1 1

Non-cephalic 8 8 —1.3(-2.13, —0.41) —1.23(-1.99,-0.46)
Neonate sex Male 92 148 1 1

Female 40 176 0.93 (0.54, 1.32) 0.07 (-0.25, 0.40)
Parity Null Para 40 132 1 1

Multiparous 92 192 —0.45 (-.85, —0.052) 0.35(0.01, 0.69)
Pre-pregnancy maternal body mass <18.5 kg/m? 12 76 1 1

index 18.5-24.99 kg/m?> 64 156 —0.83 (-1.43, —0.23) —0.9(-1.4, -0.36)

> 25 kg/rn2 56 92 —1.21 (-1.83, —0.59) —1.34(-1.87, -0.80)
Respiratory distress syndrome Yes 96 20 1 1

No 36 304 2(1.6,2.4) 0.85(0.49, 1.22)
Gestational age Less than 32 weeks 52 24 1 1

32-34 weeks 64 132 1.48 (1.04, 1.92) 0.57(0.18, 0.96)

>34 weeks 16 168 1.98 (1.43, 2.53) 1.04(0.53, 1.56)
Hypothermia Yes 6 40 1 1

No 126 284 —1.49 (-2.17, —0.65) —1.19(-1.76, -0.62)
Perinatal asphyxia Yes 28 16 1 1

No 104 308 1.1 (0.53, 1.59) —0.35 (-0.78, 0 ..08)
Resuscitated at birth Yes 24 12 1 1

No 108 312 1.5(0.92, 2.1) 0.33 (-0.19, 0.86)
Antenatal corticosteroid administered Yes 20 117 1 1

No 112 207 —0.82 (-1.27, —0.36) —0.06 (-0.43, 0.32)
Birth weight > 2500 g 6 28 1 1

1500-2499 g 42 264 —0.06 (-.80, 0.92) 0.39 (-0.31, 1.1)

<1500 g 84 32 —1.5 (-2.35, —0.60) 0.21 (-0.53, 0.94)
kangaroo mother care Yes 9 101 1 1

No 123 223 —2.13(-2.62, —1.64) —1.9(-2.34, -1.41)

Bold - significant.

multipara mothers’ was increased by a factor of 1.4 compared to those null-para mothers (fc = 0.35; 95% CI: 0.01, 0.69). The survival
time for normothermic preterm neonates was accelerated by a factor of 0.30 compared to hypothermic preterm neonates (fc = —1.19;
95% CI: —1.76, —0.62). The survival time for preterm neonates who were not getting KMC was accelerated by a factor of 0.15
compared to those who got KMC (fc = —1.9; 95% CI: —2.34, —1.41). The survival time for preterm neonates born with non-cephalic
presentation had accelerated by a factor of 0.29 compared to those born with cephalic presentation (fc = —1.23; 95% CI: —1.99,-0.46).

4. Discussion

This study showed the outcome of preterm infants and its predictors in South Gondar zone public hospitals. The overall preterm
survival rate was 71.1% (95% CI: 66.7, 75.1). In the final model, gestational age, respiratory distress syndrome, pre-pregnancy body
mass index, marital status, parity, the plurality of neonates, not given KMC, hypothermia, and presentation were significant predictors
of preterm neonates’ survival.

The overall preterm neonatal survival rate was 71.1% (95% CL: 66.7, 75.1). It was in line with studies done in Addis Ababa,
Ethiopia, 69.3% [36]. In contrast, it is lower than a study conducted in Gondar university comprehensive specialized hospital,
Ethiopia, 74.8% [23]. This discrepancy might be due to these studies being in a comprehensive specialized hospital, in which the
service provided for the maternal and neonatal population might be better than in the primary hospital. This study’s overall preterm
neonatal survival rate was higher than in Jimma, Ethiopia, at 65.1% [24], and Mizan Tepi University Teaching Hospital, Ethiopia [27].
The difference might be a time difference. Currently, the government of Ethiopia gives more attention to neonatal health than before to
achieve the Sustainable Development Goals by 2030. Every year, the government of Ethiopia boosts the number of trained health
professionals, which improves the care of preterm neonates.

This study showed that the survival time for preterm neonates born at a gestational age greater than 34 weeks was higher than those
born with a gestational age of fewer than 32 weeks. This finding was similar to a study conducted in Jimma, Ethiopia [24], and a
prospective study in Nigeria [37]. The possible justification might be that as gestational age increases, better physiological and
immunological maturity occurs.

In the present study, preterm neonates without respiratory distress syndrome had less hazard of death than preterm neonates with
respiratory distress syndrome. This might be because preterm neonates with respiratory distress syndrome might be prone to severe
infection and other comorbidities, such as pulmonary hemorrhage, that upsurge the mortality hazard. This study is consistent with a
study conducted in Gondar and Jimma, Ethiopia [23,24].
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Obese mothers have a high risk for chronic illness, leading to abnormal placentation and perinatal health problems, including
neonatal death. In this study, Preterm neonates whose mothers’ pre-pregnancy BMI was greater than and equal to twenty-five kg/m2
were at a higher risk of death than those whose mothers” BMI was less than 18.5 kg/m2. This is in line with another study that revealed
that a rise in maternal pre-pregnancy BMI was associated with diminished odds of infant survival [31].

In this study, preterm neonates with multiple pregnancies had a high risk of death than singleton pregnancy status. This contrasts
with a Western Uganda [22] study that showed singleton deliveries had higher mortality hazards than multiple gestations. This might
be because multiple gestations are mostly associated with lower birth weight which may be disposed to metabolic disorders such as
hypoglycemia, hypothermia, and other complications which increase the hazard of death of preterm neonates.

In this study, preterm neonates born to non-union mothers had a higher hazard of death than preterm neonates delivered to married
mothers. This is similar to a study done in Brazil that found that unmarried women had a greater chance of neonatal death when
compared to married mothers [38]. This might be because neonates whose mother is widowed or divorced have a higher risk of death
because of more significant economic and psycho-social difficulties related to chronic sorrow. Female-headed households are more
likely to experience poverty, which is associated with an increased risk of infant death [39]. Additionally, evidence shows the presence
of a partner is a protective factor for vertical transmission of infections such as congenital syphilis that expose the neonates to adverse
neonatal outcomes [40].

In this study, having a non-cephalic presentation has a high risk of death. This is similar to a study done in southwest Ethiopia [27].
This might be a non-cephalic presentation in preterm neonates with a greater risk for asphyxia that further complicates and leads to
death. In addition to this, the procedures made to deliver the baby for non-cephalic presentation, such as breech or shoulder pre-
sentation, might lead the baby to ulceration or injuries which lead to sepsis or other complications that increase the risk of death of
preterm neonates, Preterm neonates’ born from null-para mothers had a high risk of death compared to those born from multipara
mothers’. This is similar to other existing literature [41-43]. This might be due to the fact that neonates born to multiparous women
have been found to have a higher birth weight [42]. Additionally, evidence shows null parity has been associated with stillbirth and
intrapartum-related neonatal mortality [44,45].

Hypothermic preterm neonates had more risk of death than normothermic neonates. This is similar to a study done at Mizan Tepi
University Teaching Hospital [27] in Brazil [46], Jigjiga University Referral Hospital [47], Malawi [26], and five hospitals in Ethiopia
[48]. Large body surface area and less subcutaneous fat accumulation may prone preterm neonates to hypothermia. Hypothermia
mainly relates to hypoxia, hypoglycemia, respiratory and metabolic acidosis, and inhibition of surfactant production. Due to these, the
risk of death in preterm neonates increases.

In this study, kangaroo mother care decreased the risk of preterm neonate death. This is in line with studies done in Mizan Tepi
University Teaching Hospital, Ethiopia [27], in northern Ethiopia [49], and meta-analyses, and Systematic Review studies which
showed that KMC substantially reduces neonatal mortality among preterm babies [50,51]. This might be due to KMC’s increased
breastfeeding, weight gain, and psycho-social outcomes such as bonding and maternal satisfaction. Additionally, KMC reduced in-
fections, apnea, prematurity, early recognition of illness, and length of hospital stay.

4.1. Strengths and limitations of the study

The multicenter, prospective cohort study design that enables the collection of highly qualified, more complete, and representative
data is the strength of this study. However, this study is limited to only the short-term neonatal outcome. It does not look at the long-
term morbidity and mortality of these babies. Neurological and cardiovascular morbidity is not included as it needs additional so-
phisticated investigation unavailable in the study setting. Some maternal and neonatal predictors, such as PROM, and institutionally
related predictors such as patient-provider ratio, and good laboratory facility did not address appropriately.

5. Conclusions and recommendations
5.1. Conclusion

In this study, the preterm survival rate was low. Gestational age greater than 34 weeks, no respiratory distress syndrome, and
multiparous mothers were positively associated with the survival of preterm neonates. Whereas high pre-pregnancy maternal body
mass index, non-union marital status of mothers, multiple pregnancies, hypothermia, not getting Kangaroo mother care, and non-
cephalic presentation were negatively associated with the survival of preterm neonates.

5.2. Recommendations

> For Healthcare providers and stakeholders

v Obstetric and neonatal care should be improved

v Special attention should be given to caring for preterm babies to enhance their survival, especially for multiple pregnancies, non-
cephalic presentation, hypothermia, neonates with RDS, and very and moderate preterm neonates.

v Focus on Prevention, early diagnosis & management of neonatal comorbidities.

v Should apply KMC for all stable preterm neonates.
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