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Abstract: Neonatal mortality rates in developing countries are influenced by a complex array of
factors. Despite advancements in healthcare, Angola has one of the highest neonatal mortality rates
in sub-Saharan Africa, with significant contributors including premature birth, intrapartum events,
tetanus, and sepsis. This study aimed to identify the primary causes and contributing factors of
neonatal mortality among infants admitted to the Neonatology Service at DBPH in Luanda from
May 2022 to June 2023. A retrospective matched case-control design was employed, pairing each
neonatal death with two surviving neonates based on age and sex. The analysis included 318
newborns, of whom 106 experienced hospital deaths. A stepwise binary logistic regression model
was used to examine associations between variables and neonatal mortality. Variables with p <0.25
in bivariate analysis were included in the multivariate model. Significant factors associated with
neonatal mortality included: a low Apgar score at 1 minute (< 7) (OR 2.172; 95% CI: 1.436-4.731);
maternal age under 20 years (OR 3.746; 95% CI: 2.172-6.459); home delivery (OR 1.769; 95% CI:
1.034-3.027); and a short hospital stay of < 48 hours (OR 2.791; 95% CI: 1.183-6.587). Addressing
these issues requires urgent interventions, including improving Apgar score management through
enhanced training for healthcare professionals, supporting young mothers with intensified
maternal education, ensuring deliveries occur in appropriate healthcare settings, and improving
universal health coverage and referral systems. These measures could be crucial for enhancing
neonatal care and reducing mortality.

Keywords: Angola; neonatal mortality; neonatal care; case-control study

1. Introduction

Neonatal mortality, defined as death occurring within the first 28 days of life [1], poses a
significant challenge to global public health, particularly in developing nations [2,3] with limited
resources [4,7]. Statistics from the World Health Organization (WHO, 2020) indicate that
approximately 2.4 million neonatal deaths occur annually, accounting for nearly half of all deaths in
children under five years old [4].

Sub-Saharan Africa has recorded the highest neonatal mortality rate, with 27 deaths per 1000
live births in 2019, followed by Central and South Asia with 24 deaths per 1000 live births [8,9] . The
likelihood of death within the first month of life is approximately ten times higher in these regions
compared to high-income countries [8,10].

Sustainable Development Goal (SDG) 3 has set ambitious targets for 2030, including reducing
neonatal mortality to 12 or fewer deaths per 1000 live births [11]. Despite significant reductions in

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.0434.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 October 2024 d0i:10.20944/preprints202410.0434.v1

neonatal mortality since 1990, continuous efforts are required to accelerate progress and achieve SDG
3 targets by 2030 [12].

Neonatal mortality rates in developing countries are influenced by a complex interplay of
factors. These include access to prenatal care, pregnancy complications, place of delivery, birth
weight, neonatal healthcare and overall maternal health indicators. These factors exhibit significant
regional and national variability, underscoring disparities in healthcare access and quality.
Understanding these dynamics is crucial for developing effective and affordable interventions aimed
at reducing neonatal mortality.

Angola faces significant challenges in meeting the Sustainable Development Goals (SDGs),
including inadequate healthcare infrastructure, a shortage of qualified health professionals [2,13,14],
limited access to prenatal and postnatal care [14], a low percentage of institutional deliveries attended
by qualified personnel [2,15], as well as issues related to extremes of maternal age, poverty, and low
levels of caregiver education [15]. Despite 5these obstacles, the country has made notable progress,
reducing its under-five mortality rate from 105 to 71.5 per 1,000 live births between 2012 and 2020
[1,2,8]. Nevertheless, one in every 42 live-born infants dies within the first month of life [2].
Approximately 60% of child deaths occur within the first year, with over half (54.5%) specifically
during the neonatal period [2].

Leading causes of neonatal death in Angola include complications from premature birth,
intrapartum events, and neonatal sepsis [2,15], underscoring the critical need for quality maternal
and neonatal care services to prevent these deaths.

Most studies on neonatal mortality in Angola to date have relied on data from population
surveys and general hospital records with a cross-sectional approach [2,6,16,17]. The rationale for this
hospital-based case-control study lies in the urgent need to comprehensively understand the
determinants of neonatal mortality in Angola. By examining clinical conditions, socioeconomic
factors, and access to healthcare, this study aims to address critical gaps in the existing literature on
neonatal mortality. Such a comprehensive analysis is crucial for informing the development of
targeted maternal and child health policies and interventions tailored to local contexts.

Moreover, this study aligns explicitly with SDGs. Here, we analyze determinants of hospital
neonatal mortality at David Bernardino Pediatric Hospital (DBPH) in Luanda. Insights gained could
be critical for guiding national and international strategies aimed at enhancing child health in Angola,
thereby contributing significantly to achieving global targets.

This study utilizes key theoretical frameworks to analyze factors associated with hospital
neonatal mortality, with the goal of identifying significant patterns and implications for public health.
We apply Intersectionality Theory to understand how social factors—such as gender, race, and
socioeconomic status—interact to influence neonatal outcomes [18]. This theory helps elucidate how
variables like newborn sex, maternal age, and residential location impact mortality rates.

In addition, we use the Social Determinants of Health (SDOH) Framework to explore how
factors such as maternal education, access to prenatal care, delivery type, and living conditions affect
neonatal mortality. This framework emphasizes disparities and structural issues in healthcare access
[19,20].

Furthermore, Ecosocial Theory is employed to integrate social, environmental, and biological
factors affecting health outcomes. This broader context includes variables such as gestational age,
birth weight, and maternal health [21].

By addressing gaps in the understanding of neonatal mortality determinants in hospital settings,
this study examines the interplay of clinical and sociodemographic factors. Our findings aim to
inform public health policies and enhance maternal and child care, particularly in Angola.

2. Materials and Methods
Study Design, Type, and Location

A matched case-control study was conducted at the David Bernardino Pediatric Hospital
(DBPH) in Luanda, a tertiary-level teaching and research centre, and the primary referral facility for
paediatric care within Angola’s National Health Service. Operating with 554 inpatient beds across 12
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services and maintaining a 97% occupancy rate, DBPH admits neonates primarily from other
healthcare facilities due to its lack of a maternity unit. This study investigates neonatal mortality
within this specific context, where the clinical profiles of admitted neonates are influenced by prior
care at public or private institutions. Data were retrospectively retrieved from the neonatology
service records at DBPH's Statistics Department for the period from May 2022 to June 2023. Factors
associated with neonatal deaths were identified based on relevant literature [14,15,22-24], using
routinely collected data from the neonates” medical records.

The Neonatology Service comprises a main ward with 21 beds, a specialised room for the care
of premature infants, a dedicated unit for infants with tetanus, and a post-operative care area staffed
by a nurse. Each area is equipped to deliver comprehensive care tailored to the specific needs of
neonatal patients, providing a secure and supportive environment for their recovery and
development. This structured setup is designed to optimise care for neonates with diverse clinical
needs and enhance overall patient outcomes.

Population and Sample

The study defined cases as neonates admitted to the neonatology service between May 2022 and
June 2023 who died within the first 28 days of life. Controls were neonates admitted to the same
service in the same month as the corresponding case’s death and who survived beyond the first 28
days of life. Controls were matched to each case by age (+2 days) and sex (1 case: 2 controls).

Inclusion and Exclusion Criteria

All neonatal cases recorded in the service’s registry book, matched by age and sex with two
control neonates each, were included and analysed. Neonates with incomplete records or insufficient
information for the study’s objectives were excluded, as were those with unknown discharge
outcomes or unknown dates of birth.

Sample Size Estimation

Sample size was determined using G*Power software (Version 3.1.9.7, Heinrich-Heine-
Universitat Diisseldorf, Germany) [25]. Based on hospital statistics from the previous year, the
following parameters were used: a 95% confidence interval, 90% power, a proportion of non-
institutional births among cases (P1) of 63.4%, and among controls (P0) of 44.1%. The minimum
detectable odds ratio was set at 2.2 with a case-to-control ratio of 1:2, and a phi coefficient of 0.2 was
assumed for the correlation coefficient (r) between cases and controls [26]. The estimated minimum
sample size was initially 276 (92 cases and 184 controls), which was increased by 15% to account for
contingencies, resulting in a final sample of 318 participants (106 cases and 212 controls).

Sample Selection

A simple random sampling approach was employed to ensure the representativeness of the case
and control groups and to enable valid comparative analyses. The medical records department
provided files of cases and controls based on the hospital admission list during the study period,
which comprised 3,653 admissions, including 527 deaths. Each neonatal death case was assigned a
unique number, and cases were selected using an electronic random number generator until the
desired sample size was achieved, ensuring that each newborn had an equal chance of being included
in the case group. Similarly, two controls were randomly selected for each case from patients
discharged home, matched by age (+2 days of the corresponding case) and sex. If a generated control
did not meet the matching criteria, another number was generated until a suitable match was found.
During this process, 16 records (5 cases and 11 controls) were excluded.

Data Collection and Questionnaires
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A structured data collection instrument was used to assess factors associated with neonatal
death by reviewing medical records. The instrument included only variables routinely collected
during newborn admissions. The following components were considered:

e  Dependent variable: Neonatal mortality.

e Independent variables: Demographic and biological data, including gestational age, newborn
sex, birth weight, Apgar score at one minute, Apgar score at five minutes, and neonate’s age.

e  Socioeconomic factors: Maternal age, maternal parity, place of residence,

e  Prenatal care and delivery: Type of delivery, place of delivery, number of prenatal visits,
length of hospital stay.

. Exposures and health conditions: Maternal HIV status, breastfeeding, vaccinations, umbilical
cord treatment.

Data Quality Assurance Techniques, Data Processing, and Analysis

Two data collectors participated in the process. They underwent a two-day training session
conducted by the principal investigator on the checklist and data extraction procedures. Prior to
actual data collection, a pilot testing phase was conducted on 5% of the checklists to ensure adequacy.
Following data collection, a rigorous validation process was implemented where 10% of the data
entries were cross-checked against medical records to ensure data consistency. Subsequently, the
coded data underwent thorough cleaning to address missing values and variables. Data analysis was
performed using IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY, USA®)
under the supervision of the principal investigator.

Statistical Analysis

Statistical analysis was conducted in two stages. The initial descriptive analysis summarized
quantitative variables using the median and interquartile range (IQR), given their non-normal
distribution (p=0.001). Categorical variables were described using absolute and relative frequencies,
with cutoff points derived from the literature. The proportionate mortality rate (PMR) was calculated
by dividing the number of cause-specific deaths by the total number of deaths and then multiplying
by 100. The effect size of explanatory variables was estimated using the crude Odds Ratio (OR) with
95% Confidence Intervals (CI). In the second stage, a stepwise binary logistic regression model was
used to examine the association between each independent variable and the dependent variable
(neonatal mortality). Variables with a significance level of p < 0.25 in bivariate analysis were
considered for inclusion in the multivariate model. Model adequacy was assessed using the Hosmer-
Lemeshow goodness-of-fit test, and collinearity among independent variables was evaluated with
variance inflation factors (VIF), revealing no significant multicollinearity. Adjusted Odds Ratios
(AOR) with 95% CI were computed to quantify the strength of associations, with statistical
significance set at p < 0.05 for neonatal mortality.Finally, the results were meticulously presented
using tables and narrative text.

All maternal and neonatal factors were extracted from the Neonatal Intensive Care Unit (NICU)
registry and hospital statistics department records. The International Classification of Diseases (ICD-
10) was utilized to classify the underlying causes of neonatal deaths.

Table 1. Operational definitions of variables.

Variable Definition Categorization
Gestational The duration of pregnancy, | According to WHO recommendations [27]:
Age expressed in completed weeks, | Preterm: Less than 37 weeks gestation. Term:

calculated from the first day of | Between 37 and 42 weeks gestation. Post-
the mother’s last menstrual | term: More than 42 weeks gestation.

period or confirmed by
ultrasound.

Birth Weight | The weight of the newborn | Low Birth Weight: Less than 2500 grams;
measured shortly after birth | Appropriate Birth Weight: Between 2500 and
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using a calibrated scale, recorded
in grams.

4000 grams; High Birth Weight: Above 4000
grams

Assessment of the newborn’s
vital by a healthcare
professional at the first and fifth

signs

minutes after birth.

Apgar >7: Adequate adaptation; Apgar <7:
Requires additional attention

The age of the newborn
calculated in complete days from
the exact date and time of birth.

< 7 days (Early neonatal); 8 — 28 days (Late
neonatal).

The age of the mother at the time
of delivery.

<20 years; 20-35 years; = 35 years

Number of previous pregnancies
lasting more than 20 weeks,
including the current delivery
[28].

Less than 3 previous pregnancies; Three or
more previous pregnancies

The geographical location where
the mother resides, as defined by
official administrative

boundaries.

Rural or Urban

Method used for the baby’s
delivery.

Normal (Vaginal) or Cesarean

Apgar Scores
Neonate Age
Maternal Age
Maternal
Parity

Place of
Residence
Type of
Delivery
Place of
Delivery

Setting where the baby’s birth
occurs.

Hospital or Home

Number of
Antenatal
Visits

The total number of prenatal care
visits attended by the mother

during pregnancy, with the
WHO recommending a
minimum of four visits for

adequate care.

<4 visits (inadequate); > 4 visits (adequate)

Maternal
HIV Status

Presence or absence of HIV
infection in the mother during
pregnancy. Determined by
specific laboratory tests during
pregnancy or before delivery.

HIV positive: Presence of HIV infection in the
mother during pregnancy; HIV negative:
Absence of HIV infection in the mother during
pregnancy

Breastfeeding

Practice of exclusively feeding
the newborn with breast milk in
the first months of life.

(Yes/No)

Vaccinations

The record of administration of
vaccines by
national and international health
guidelines during pregnancy and
for the newborn.

recommended

Received: Record of administration of
recommended vaccines for the newborn; Not
received: Absence of record of administration
of recommended vaccines

Umbilical
Cord Care

The practice and technique used
for the care of the umbilical cord
stump after birth, including
cleaning and monitoring to
prevent infection.

Appropriate (The use of antiseptics, such as
70% ethyl alcohol) or Inappropriate (The
application of substances like salt, palm oil,
clay, leaves, and other non medical materials).

d0i:10.20944/preprints202410.0434.v1
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3. Results
Sample Characterization

A total of 318 medical records (106 cases and 212 controls) were retrospectively reviewed from
May 2022 to June 2023, with a slight predominance of females (57.9%). Maternal age had a median
(IQR) of 22 (10) years, while the newborns included in the study had a median (IQR) age of 9 (9) days,
ranging from 1 to 28 days. The median (IQR) length of hospital stay was 4 (4) days, with durations
ranging from 1 to 24 days. The median (IQR) birth weight of the neonates was 2880 (955) grams, with
weights ranging from 800g to 5000g. Among the cases, 56 (52.8%) were born in a hospital setting,
while 50 (47.2%) were born at home or in an ambulance. In contrast, among the controls, 137 (64.6%)
were born in a hospital.

Table 2. Frequency distribution of diagnoses for cases (cause of death) and controls (hospital
discharge). David Bernardino Pediatric Hospital (Angola): May 1, 2022 - June 30, 2023.

ICD-10 Casen Controln  Total n
Diagnosis PMR
Diagnosis (%) (%) (%)
A33 Neonatal tetanus 35(33.0) 18(8.5) 53 (16.7) 33.0
P07 Prematurity 19 (17.9) 22 (10.4) 41 (129) 179

Birth complications (perinatal asphyxia, trauma,
P21-P24 7(6.6)  8(3.8%) 1547) 6.6
meconium aspiration)

Congenital malformations (cardiac, chromosomal,
Q00-Q99 18(17.0) 70(33.0)  88(277) 17.0

Central Nervous System )

P36 Neonatal sepsis 12 (11.3) 33 (15.6) 45 (14.1) 113
P59 Neonatal jaundice 4 (3.8) 30 (14.2) 34(10.7) 3.8
P61 Anaemia 4 (3.8) 7 (3.3) 11(335) 38

(encephalopathy, surgical abdomen, arthritis,
Others 7 (6.6) 24 (11.3) 319.7) 6.6
cellulitis, haemorrhages, meningitis, pneumonia)

Total 106 (100) 212 (100) 318 (100) 100

PMR-Proportionate Mortality Rate.

Table 3. Association between Demographic and Biological Factors and Neonatal Mortality at David
Bernardino Pediatric Hospital (Angola): May 1, 2022 - June 30, 2023.

Variable Cases (number/%) Controls OR (95% CI)
(number/%)
Gender
Male 45(42.5) 90(42.5) 1,0(0.6-1.6)
Female 61(57.5) 122(57.5) 1
Neonate’s age
<7 days 49(46.2) 79(37.3) 1.5(0.9-2.3)
8 -28 days 57(53.8) 133(62.7) 1

Gestational age
Preterm 28(26.4) 37(17.5) 1.7(1.0-30)
Term 76(71.7) 170(80.2) 1
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Post-Term 2(1.9) 5(2.3) 0.9(0.2-4.7)
Birth weight

Low Birth Weight 42(39.6) 59(27.8) 1.6(1.0-2.7)
Normal Birth Weight 61(57.6) 140(66.1) 1
Macrosomia 3(2.8) 13(6.1) 0.5(0.1-1.9)
1st minute Apgar

<7 35(33.0) 42(19,8) 2(1.2-3.4)
>7 71(67.0) 170(80.2) 1

5th minute Apgar

<7 11(10.4) 15(7,7) 1.5(0.6-3.4)
27 95(89.6) 197(92,3) 1

Table 4. Association between Socioeconomic Factors and Neonatal Mortality at David Bernardino
Pediatric Hospital (Angola): May 1, 2022 — June 30, 2023.

Variable Cases (number/%) Controls (number/%) OR (95% CI)

Maternal age

<20 years 60(56.6) 56(26.4) 3.5(2.1-5.8)
20-35 years 41(38.7) 133(62.7) 1

> 35 years 5(4.7) 23(10.8) 0.7(0.3-2)
Maternal parity

<3 97(91.5) 175(82.5) 1

24 9(8.5) 37(17.5) 2.3(1.1-4.9)

Place of residence
Urban 100(94.3) 184(86.8) 1
Rural 6(5.7) 28(13.2) 2.5(1.1-6.3)

Table 5. Association of Prenatal Care and Delivery Factors with Neonatal Mortality at David
Bernardino Pediatric Hospital, Angola (May 1, 2022 — June 30, 2023).

Variable Cases (number/%) Controls OR (95% CI)
(number/%)
Type of delivery
- Cesarean 8(7.5) 14(6.6) 1.2 (0.5-2.8)
- Vaginal 98(92.5) 198(93.4) 1
Place of delivery
- Home 50(47.2) 75(35.4) 1.6(1-2.6)
- Hospital 56(52.8) 137(64.6) 1

Number of prenatal visits

<4 70(66.0) 141(66.5) 1.0(0.6-1.6)
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>4 36(34.0) 71(33.5) 1

Length of hospital stay

<48 h 17(16.0) 12(5.7) 3.1(1.5-6.9)
>48 h 89(84.0) 200(94.3) 1

Table 6. Association of Exposures and Health Conditions with Neonatal Mortality at David
Bernardino Pediatric Hospital, Angola: May 1, 2022 - June 30, 2023.

Variable Cases (number/%) Controls (number/%) OR (95% CI)
Mother HIV status
- Yes 6(5.7) 5(2.4) 2.5(0.7-8.3)
-No 100(94.3) 207(97.6) 1
Breastfeeding
-No 6(5.7) 3(1.4) 4.2(1.0-17.1)
- Yes 100(94.3) 209(98.6) 1
Vaccinations
-No 55(51.9) 79(37.3) 1.8(1.1-2.9)
- Yes 51(48.1) 133(62.7) 1

Umbilical cord treatment
-Not correct 57(53.8) 78(36.8) 2(1.2-3.2)

- Correct 49(46.2) 134(63.2) 1

Table 7. Results of Logistic Regression Analysis Using the Forward Stepwise Method.

B S.E. Wald | df | Sig. | Exp(B) 95% C.I. for
EXP(B)
Lower | Upper
Maternal age 26,814 2,000
<20 years 1,246 ,258 23,361| 1|,000| 3476| 2,097 5,760
Stepl” > 35 years -,349 ,525 A443| 11,506 ,705| 252 1,972
Constant -1,177 ,179 43,398 | 11,000 ,308
Apgar at 1 minute(<7) ,841 ,287 8599| 1|,003| 2,319| 1,322 4,068
Maternal age 28,457 | 2,000
Step 2P <20 years 1,329 ,265 25,128 | 1|,000| 3,776| 2,246 6,349
> 35 years -,311 ,531 342 11,558 ,733| 259 2,075
Constant -1,434 ,207 48,147 | 1| ,000 ,238
Apgar at 1 minute (<7) ,860 ,290 8,787 11,003 2,364 1,338 4,176
Maternal age 26,853 | 21,000
Step 3¢
<20 years 1,324 ,269 24,289 1,000 3,759| 2,220 6,366
> 35 years -,193 ,535 131 11,718 ,824| 289 2,350
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Length  of  hospital
1,108 ,425 6,797 1,009 3,028| 1,317 6,965
stay(<48 h)
Constant -1,558 ,217 51,753 | 11,000 211
Apgar at 1 minute (< 7) ,902 ,293 9469 | 1|,002| 2464| 1,387 4,375
Maternal age 23,812 21,000
<20 years 1,267 271 21,796 | 1|,000| 3,550| 2,086 6,042
> 35 years -,142 ,539 ,070( 11,792 ,867 ,301 2,497
Step 44 Length  of  hospital
1,079 424 6,460| 1,011 2941| 1,280 6,756
stay(<48 h)
Umbilical cord treatment(
,578 ,260 4,928 | 1],026| 1,782| 1,070 2,969
Not correct)
Constant -1,811 ,252 51,477 | 11,000 ,163
Apgar at 1 minute (<7) ,852 ,297 8252| 1,004 2,344| 1,311 4,191
Maternal age 25,040 21,000
<20 years 1,326 ,275 23,175| 1|,000| 3,764| 2,194 6,458
> 35 years -,087 ,539 ,026| 11,872 917,319 2,637
Sten 5 Place of residence(Rural) -,959 ,488 3,857 | 11,050 ,383 ,147 ,998
tep 5¢
Length of hospital
1,016 ,429 5608 1|,018| 2,763| 1,191 6,408
stay(<48 h)
Umbilical cord treatment(
,567 ,263 4,663| 1|,031| 1,763| 1,054 2,949
Not correct)
Constant -1,723 ,255 45,689 | 11,000 ,179
Apgar at 1 minute (< 7) ,958 ,304 9,923| 1,002 2,607 | 1,436 4,731
Maternal age 24,314 2,000
<20 years 1,321 ,278 22,566| 1|,000| 3,746 2,172 6,459
> 35 years -,072 ,540 ,018| 11,894 ,930 ,323 2,679
Place of residence(Rural) | -1,024 ,492 4,339| 1| ,037 ,359 137 ,941
Step 6f Place of delivery (Home) ,570 274 4327| 1|,038| 1,769| 1,034 3,027
Length  of  hospital
1,026 ,438 5488 | 1|,019| 2,791| 1,183 6,587
stay(<48 h)
Umbilical cord treatment(
,498 ,266 3,498 | 1,061 1,646 ,976 2,775
Not correct)
Constant -1,944 ,282 47,490| 11,000 ,143
a. Variables included in step 1: maternal age; b. Variables included in step 2: APGAR at 1 minute; c. Variables|
included in step 3: Length of hospital stay; d. Variables included in step 4: umbilical cord treatment; e. Variables|
included in step 5: place of residence; f. Variables included in step 6: place of delivery.

4. Discussion

This case-control study conducted at DBPH in Angola identified neonatal tetanus as the primary
cause of neonatal mortality, with a Proportionate Mortality Ratio (PMR) of 33.0. Neonatal tetanus,
preventable through proper umbilical cord care and vaccination, remains a critical issue due to
insufficient vaccination coverage and inadequate hygiene practices [2,17,29]. Addressing these
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factors by improving vaccination rates and hygiene practices is essential to reducing neonatal
mortality from tetanus.

Prematurity was also a significant cause of neonatal deaths, with a PMR of 17.9. Premature
infants are at increased risk of severe complications and mortality, highlighting the need for enhanced
neonatal intensive care and postnatal support [30,31]. Recent literature emphasizes that interventions
to improve intensive care capabilities and promote full-term deliveries are crucial for better outcomes
[31,32]. Additionally, birth complications, such as perinatal asphyxia and trauma (PMR of 6.6), and
congenital malformations (PMR of 17.0), significantly contributed to neonatal mortality. This
underscores the importance of implementing safe delivery practices and early diagnosis and
management of congenital conditions [33-35].

Neonatal sepsis, with a PMR of 11.3, and neonatal jaundice, with a PMR of 3.8, were other major
causes of mortality. Sepsis, associated with severe infections, necessitates improvements in infection
control and treatment protocols. Although less prevalent, neonatal jaundice requires timely
monitoring and treatment to prevent severe outcomes [36]. Implementing effective protocols and
enhancing neonatal care practices are vital for reducing mortality rates and improving neonatal
outcomes.

Determinants of neonatal mortality were organised into logical groups according to the
theoretical frameworks employed. Among the demographic and biological factors, only an Apgar
score of less than 7 was significantly associated with increased neonatal deaths. Infants with an Apgar
score of <7 at 1 minute had a twofold higher risk of mortality compared to those with a score of > 7.
This finding aligns with existing literature, which correlates low Apgar scores with adverse outcomes
such as perinatal asphyxia and respiratory complications, which are associated with higher mortality
rates [37-39].

Although low birth weight (LBW) is a recognised predictor of mortality and morbidity,
particularly in resource-limited settings where care may be suboptimal [40-42], this study found that
the risk of neonatal death was 1.6 times higher in infants with LBW (95% CI: 1.0-2.7), underscoring
the urgent need for targeted interventions. In contrast, the association with macrosomia was not
statistically significant, with an odds ratio of 0.5 (95% CI: 0.1-1.9), although it still warrants
monitoring. These findings highlight the importance of public health policies focused on reducing
LBW and improving neonatal care to mitigate mortality and promote better health outcomes in
vulnerable populations. Future research should continue to explore these links to inform clinical
practices and intervention strategies.

Intersectionality Theory and the Social Determinants of Health (SDOH) Framework were used
to explore disparities in healthcare access between urban and rural areas, as well as the impact of
maternal socioeconomic status on newborn health. Maternal age emerged as a significant
determinant of neonatal mortality. Mothers under 20 years of age faced a risk of neonatal mortality
3.5 times higher compared to those aged 20 to 35 years. This finding is consistent with literature
linking adolescent pregnancies to higher rates of neonatal complications due to factors such as
biological immaturity and limited access to prenatal care [3,43—46]. In contrast, mothers aged 35 years
or older had an Odds Ratio (OR) of 0.7 (95% CI: 0.3-2.0), suggesting a reduced risk relative to the
reference group. Although advanced maternal age may be associated with specific risks, the
magnitude of these risks was not significantly greater than that observed in the reference group,
aligning with recent studies discussing the complexities of pregnancies at older ages [45,47-48].

Parity was also identified as a significant factor. Mothers with four or more children had a
neonatal mortality risk 2.3 times higher compared to those with three or fewer children. This result
is consistent with literature associating high parity with adverse neonatal outcomes. While some
studies suggest that multiparity may be associated with lower risks for certain adverse birth
outcomes [49], higher birth orders are frequently linked with complications such as prolonged
gestation, increased likelihood of preterm birth, and reduced access to adequate prenatal care, all of
which contribute to increased neonatal mortality [50,51]. Additionally, high parity may reflect lower
resource availability and social support, which are crucial for healthy pregnancies and positive
neonatal outcomes.
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Residential location, whether rural or urban, also demonstrated a significant association with
neonatal mortality. The risk was 2.5 times higher for residents of rural areas compared to their urban
counterparts. This increased risk can be attributed to several factors, including reduced access to
quality healthcare, lower availability of emergency services, and limited resources in rural areas
[52,53]. Disparities in healthcare access between urban and rural areas significantly impact neonatal
outcomes, highlighting the need for health policies that address these inequalities [54,55].

Prenatal care and delivery conditions were also assessed. The type of delivery did not show a
significant association with neonatal mortality, consistent with mixed results in the literature
regarding delivery methods. While some studies suggest cesarean sections may be linked to
increased neonatal complications, others indicate that appropriately indicated cesarean deliveries can
mitigate these risks [56-59].

Conversely, the place of delivery reveals a statistically significant association with neonatal
mortality (p = 0.04), with home deliveries associated with a 1.6-fold higher risk compared to
hospital deliveries. This underscores the importance of hospital settings, which provide essential
medical resources and skilled personnel [60,61]. Additionally, the odds of neonatal death were 3.1
times higher for infants with less than 48 hours of hospitalisation, reflecting the critical role of
adequate hospital care in reducing mortality [16]. Late presentation from home or alternative
treatments may have contributed to these outcomes, highlighting the need for improved primary
healthcare strategies and referral systems.

The association between maternal HIV status and neonatal mortality yielded an Odds Ratio (OR)
of 2.5 (95% CI: 0.7-8.3), suggesting a potential increased risk for infants born to HIV-positive mothers.
Although this finding did not reach statistical significance, it is consistent with existing literature
linking maternal HIV infection to adverse neonatal outcomes, such as vertical transmission and
compromised maternal health [62,63]. This underscores the critical need for enhanced maternal
healthcare interventions to mitigate these risks and improve neonatal survival rates.

The likelihood of neonatal death was 4.2 times higher among non-breastfed infants. Current
research highlights the substantial protective effect of breastfeeding against neonatal mortality, due
to its provision of essential nutrients and antibodies critical for newborn health [64,65].

Vaccination status also revealed a significant association with neonatal mortality, with
unvaccinated neonates exhibiting an OR of 1.8 (95% CI: 1.1-2.9), indicating that they are 1.8 times
more likely to die compared to their vaccinated counterparts. The absence of vaccination increases
the vulnerability of these infants to severe, preventable infectious diseases, including tuberculosis
meningitis, miliary tuberculosis, and poliomyelitis, which are major contributors to neonatal
mortality [66-69]. In addition, inadequate umbilical cord care was linked to a twofold increased risk
of neonatal death. Proper care of the umbilical cord is vital for preventing infections like sepsis and
other complications. Effective management requires collaboration between healthcare providers and
mothers to ensure optimal neonatal outcomes [70,71].

Subsequently, a stepwise binary logistic regression analysis was conducted to identify the main
predictors of neonatal mortality in the study population. The analysis evaluated the impact of the
following variables: gestational age, birth weight, Apgar score at one minute, Apgar score at five
minutes, neonate’s age, maternal age, maternal parity, place of residence, place of delivery, length of
hospital stay, maternal HIV status, breastfeeding, vaccinations, and umbilical cord treatment.

Prior to this, the model fit was assessed using the Hosmer-Lemeshow test, which indicated a
good fit (x?=11.768; df = 8; p = 0.162). The final model (step 6), which included the variables Apgar
score at one minute, maternal age, place of residence, place of delivery, length of hospital stay, and
umbilical cord treatment, was statistically significant in predicting neonatal mortality within the
studied population [x? (7) = 57.094; p < 0.001; Nagelkerke R? = (0.228].

The logistic regression analysis revealed that only the following factors collectively had a
significant impact on predicting neonatal mortality during the study period: Apgar score at 1 minute
(<7), abiological factor, with an Odds Ratio (OR) of 2.172 (95% Confidence Interval [CI]: 1.436-4.731);
maternal age under 20 years, a socioeconomic factor, with an OR of 3.746 (95% CI: 2.172-6.459); home
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delivery, a factor associated with delivery practices, with an OR of 1.769 (95% CI: 1.034-3.027); and
hospital stay of <48 hours, a factor related to prenatal care, with an OR of 2.791 (95% CI: 1.183-6.587).

Factors such as gestational age, birth weight, Apgar score at five minutes, neonate’s age,
maternal parity, maternal HIV status, breastfeeding, vaccinations, and umbilical cord treatment were
not statistically associated with neonatal mortality

Limitations

The retrospective design and reliance on available data constrained our ability to control for key
confounding factors influencing neonatal mortality. Specific biological variables, such birth
conditions, as well as sociodemographic factors like paternal age and family structure, were not fully
accounted for. Additionally, elements related to the quality of neonatal intensive care and follow-up
services were not controlled. These limitations restrict a comprehensive evaluation of how these
variables impact neonatal mortality.

Furthermore, DBPH, which lacks a maternity unit, primarily manages severe neonatal cases
transferred from other facilities. This may result in an inflated mortality rate that reflects case severity
rather than care quality, potentially skewing the data and limiting its representativeness for the
general neonatal population in Luanda. Variability in birth settings and care standards between home
births and private and public maternity facilities further complicates mortality rate assessments.
Despite these limitations, the study highlights the need for targeted educational and preventive
strategies, as well as multi-sectoral interventions to improve neonatal health. Accurate
contextualisation of DBPH data is essential for informing relevant health policies and practices.

5. Conclusions

This study, conducted at David Bernardino Paediatric Hospital (DBPH), has identified critical
determinants of neonatal mortality based on a thorough analysis rooted in robust theoretical
frameworks. The key predictors of neonatal mortality identified were: Apgar score at one minute (<
7), maternal age under 20 years, home delivery, and a hospital stay duration of 48 hours or less. These
factors underscore the urgent need for specific interventions aimed at improving responses to low
Apgar scores, supporting young mothers, ensuring deliveries occur in appropriate facilities, and
enhancing patient referral and counter-referral systems.

5. Recommendations

To address these challenges, we recommend several strategies: (1) Capacity Building for
Healthcare Professionals: Develop and implement training programmes focused on neonatal
resuscitation and postnatal care to improve outcomes related to low Apgar scores. (2) Intensified
Maternal Education: Initiate educational campaigns aimed at young pregnant women to highlight
the importance of antenatal care and the risks associated with early pregnancies. (3) Improvement of
Access to Healthcare Services: Invest in infrastructure to ensure all deliveries occur in hospital
settings, including the establishment of community health centres and facilitation of transportation
for pregnant women. (4) Optimisation of the Healthcare System: Integrate primary healthcare
services, alternative treatment institutions, and hospitals to ensure efficient referrals and expand
primary care for early detection of neonatal conditions. (5) Evidence-Based Policy Formulation:
Utilise this study’s findings to inform public policies that prioritise maternal and neonatal health,
ensuring that interventions are grounded in data and contextually relevant. Implementing these
recommendations can significantly reduce neonatal mortality and drive substantial improvements in
maternal and child health in Angola.
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