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Introduction

Neonatal mortality is a major global public health issue, with uneven distribution
across regions. Its determinants remain poorly understood in Tshopo province.
Purpose

This study aimed to identify the determinants of neonatal mortality in hospitals
in the Tshopo province of the Democratic Republic of Congo.

Methods

A case-control study was conducted in the maternity wards of selected hospitals.
Based on records in the children's files, deaths occurring during the first 28 days
were classified as cases, and survivors were considered controls. Data were
collected using a structured questionnaire administered by trained interviewers.
Statistical analysis was performed using Jamovi 2.6.44. Descriptive statistics,
association tests, and binary logistic regression were employed to identify
determinants at a 95% confidence level.

Results

Binary logistic regression revealed the following determinants: insufficient
tetanus vaccination (ORa =2.1,95% CI [1.2-3.7], p = 0.007); presence of pregnancy
pathologies (ORa =4.4, 95% CI [2.7-7.1], p < 0.001), including high blood pressure
(ORa =94, 95% CI [3.7-23.8], p < 0.001), gonorrhea (ORa = 4.1, 95% CI [1.6-10.1],
p = 0.003), and malaria (ORa = 2.4, 95% CI [1.4-4.3], p = 0.002). Other
determinants included scarred uterus (ORa = 0.4, 95% CI [0.3-0.9], p = 0.019),
prematurity (ORa = 3.2, 95% CI [1.1-9.4], p = 0.033), fetal distress (ORa = 6.6, 95%
CI [3.5-12.47], p < 0.001), out-of-hospital delivery (ORa = 2.2, 95% CI [1.0-4.5], p
= 0.037), male newborn (ORa = 1.6, 95% CI [1.0-2.4], p = 0.042), and low birth
weight (ORa = 3.8, 95% CI [2.0-7.2], p < 0.001).

Conclusion

This study underscores the need for concerted efforts to improve maternal and
neonatal health in Tshopo province. It demonstrates that effective pre-, intra-, and
postnatal monitoring can reduce neonatal mortality.
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INTRODUCTION

Neonatal mortality, defined as all deaths occurring from
birth to the twenty-eighth day (Sartorius et al., 2024), is a
major public health problem worldwide, with up to 7,000
cases occurring daily (Mangold et al., 2021), particularly
during the first week after birth (Gesso et al., 2025). Its
prevalence remains high in many regions, especially in
developing countries, including most African nations and
sub-Saharan Africa in particular (Ahmed et al., 2023; GBD
2019 Under-5 Mortality Collaborators, 2021; Moges et al.,
2024).

Being one of the best indicators of health system
performance and a key component of infant mortality,
neonatal mortality is often assessed in two stages: early
neonatal mortality and late neonatal mortality (Irana et al,,
2023). Furthermore, several factors influence neonatal
mortality, including sociodemographic, cultural, economic,
health-related factors, and specific characteristics of the
newborn (Correa-de-Araujo & Yoon, 2021; Mackay et al.,
2025; Tekeba et al., 2024).

In the Democratic Republic of Congo, particularly in the
Tshopo province, neonatal mortality remains alarmingly
high. In a 2022 study conducted in this province, the
neonatal mortality rate in Kisangani, the provincial capital,
was estimated at 333 deaths per 1,000 live births (Ramazani
Tabora et al., 2022). This figure underscores the urgency of
conducting in-depth research to identify the specific
determinants of neonatal mortality in this region.

Several reasons justify this study. First, neonatal mortality
has profound and lasting consequences on the well-being
of families and communities, affecting parents and the
social and economic dynamics of the region. Second,
although previous studies have explored neonatal
mortality in other contexts, little research has specifically
focused on Tshopo province. Finally, the findings of this
study will provide evidence to inform targeted prevention
strategies aimed at reducing neonatal mortality and

improving maternal and child health in Tshopo province.

Purpose

This study was initiated to identify the determinants of
neonatal mortality in hospitals in Tshopo province,
Democratic Republic of Congo.

METHODS

Design

A case-control epidemiological study was conducted to
identify the determinants of neonatal mortality in Tshopo
province.

Study Population

The study focused on mother-newborn pairs who received
care at health facilities in Tshopo province between 2022
and 2023. Inclusion criteria were: mothers who gave birth
in health facilities in Tshopo province between January 2022
and December 2023; children aged 0-28 days at the time of
death for the case group; living children of the same age for
the control group; and voluntary consent to participate.

Exclusion criteria included: mothers not residing in Tshopo
province, children from multiple pregnancies (twins,
triplets, etc.), and mothers with a language barrier.

Sampling

A total of 230 cases (neonatal deaths) and 460 controls
(living children) were recruited. Stratified random
sampling was used to ensure representation from both rural

and urban areas of the province.

Recruitment of Participants

Participants were identified from health facility records. In
the maternity wards of selected facilities, deaths occurring
within the first 28 days were classified as cases, and
surviving children of the same age were included as
controls. Additional information not available in medical
files, mainly sociodemographic data, was collected by
following up with mothers in their homes when necessary.

Data Collection

Data were collected using a structured questionnaire
administered by trained interviewers. The questionnaire
covered:

e Sociodemographic characteristics (age, education,
marital status, place of residence)

e Medical health  during
pregnancy, pathologies, vaccinations, prenatal

history  (maternal

consultations)
e Delivery conditions (type of delivery, place of birth,
complications)
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e Newborn characteristics (sex, birth weight, APGAR
scores at 3 and 5 minutes)

Pregnancy outcome was the dependent variable.

Bias Control

Several strategies were implemented to control potential

biases:

e Selection bias: minimized through stratified
random sampling and matching controls with cases
by age and place of residence.

e Recall bias: mitigated by using a standardized
questionnaire administered by trained
interviewers.

e Information bias: data were validated by study
managers, and medical records were used to
corroborate health status information.

e Non-response bias: participants were offered
appropriate incentives, and follow-ups were
conducted for non-respondents.

e Confounding: logistic regression analyses adjusted
for confounding factors to accurately assess
associations between determinants and neonatal

mortality.

Data Analysis

Data were analysed using Jamovi version 2.6.44. Analysis

proceeded in three stages:
1. Descriptive statistics characterized the case and

control groups.

2. Chi-square or Fisher's exact tests assessed
differences between groups.

3. Binary logistic regression identified determinants
of neonatal mortality. Odds ratios (OR) and 95%

confidence intervals (CI) were calculated.

Ethical Considerations

The study adhered to ethical research principles. Informed
consent was obtained from all participants. Ethical
approval was granted by the Ethics Committee of the
Higher Institute of Medical Techniques of Kinshasa (No.
0024/ CBE/ISTM/KIN/RDC/PMBBL/2023, 29 November
2023).

RESULTS

Participant Profile
A total of 690 mother-newborn pairs were included in the
study, comprising 230 cases (neonatal deaths) and 460
controls (living

newborns). Sociodemographic

characteristics of the participants are presented in Table 1.

Table 1:
Sociodemographic Characteristics of Participants

Status of the child

Sociodemographic Deceased (case) Living (control) p-value
characteristics Number %) Number %)

n =230 n =460
Mother's age
<20 39 17) 89 (19.3) 0.405
20-34 169 (73.5) 339 (73.7)
35 and over 22 9.6) 32 (7)
Educational level
Weak 211 91.7) 427 (92.8) 0.61
Pupil 19 (8.3) 33 (7.2)
Place of residence
Rural 103 (44.8) 201 (43.7) 0.786
Urban 127 (55.2) 259 (56.3)
Marital status
Bride) 91 (39.6) 172 (37.4) 0.579
Free union 139 (60.4) 288 (62.6)

Note: There were no statistically significant differences in sociodemographic characteristics
between cases and controls (p > 0.05).

The majority of mothers were aged 20-34 years (73.5% of
cases and 73.7% of controls), and most had low educational
attainment (91.7% of cases and 92.8% of controls). Slightly
more than half of the participants resided in urban areas
(55.2% of cases and 56.3% of controls), and the majority
were in a free union (60.4% of cases and 62.6% of controls).
There were no statistically significant differences between
cases and controls with respect to mothers” age, educational
level, place of residence, or marital status (p > 0.05),
indicating comparable demographic profiles across the two
groups.

Obstetric Characteristics

Table 2 summarises the obstetric characteristics of the
study population. Significant differences were observed
between cases and controls for several variables. Mothers of
deceased neonates were less likely to have attended
prenatal consultations (86.5% vs. 97.6%, p < 0.001) and were
more likely to have fewer than three prenatal visits (60.9%
vs. 53.5%, p = 0.065). Tetanus vaccination within the last five
years was less common among cases (84.8% vs. 95.2%, p <
0.001), and vaccination coverage <2 times was higher
among cases (73.9% vs. 56.3%, p < 0.001). Maternal illness
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during pregnancy was also more frequent in the case group
(61.3% vs. 16.7%, p < 0.001). No significant differences were
observed regarding special diet during pregnancy or
interbirth interval (p > 0.05). Other factors significantly
associated with neonatal death included type of delivery,
fetal
presentation, feto-pelvic disproportion, fetal distress, and
place of birth (p < 0.05).

scarred uterus, prematurity, caesarean section,

No 141 (61.3) 423 (92.0) <0001
Yes 89 (38.7) 37 (8.0)

Place of birth

At home 33 (143) 29 63 _yo0
At the maternity ward 197 (85.7) 431 (93.7)

Note: Si;gul:ﬁumf zi{fﬂ’rmw~ were nlburnui_ﬁrr prenatal consultation, tetanus vaccination,
illness during pregnancy, type of delivery, scarred uterus, prematurity, caesarean section,

fetal presentation, feto-pelvic disproportion, fetal distress, and place of delivery (p < 0.05). No

significant differences were observed for special diet, number of prenatal consultations, and
interbirth interval.

Pregnancy Pathologies

As shown in Table 3, certain maternal pathologies were
significantly — associated with neonatal mortality.
Hypertension (20% of cases vs. 2.4% of controls, p < 0.001),
pre-eclampsia (4.3% vs. 0.9%, p = 0.002), gonorrhea (11.3%
vs. 2.4%, p <0.001), and malaria (50.9% vs. 17.4%, p < 0.001)
were more prevalent among mothers of deceased neonates.
Other conditions, such as gestational diabetes and genital
infections, did not show statistically significant associations

(p > 0.05).

Table 3:
Pathologies During Pregnancy and Neonatal Mortality

Status of the child

Pathologi
at.o ogles Deceased (case) Living (witness)
during p-value
Number Number
pregnancy o 0
n=230 n=a60 "
Hypertension 46 (20) 11 (2.4) <0.001
arterial
Diabetes 4 1.7) 2 (0.4) 0.082
pregnant
Preeclampsia 10 (4.3) 4 0.9) 0.002
Infection 8 (3.5) 7 (1.5) 0.097
genital
Gonorrhea 26 (11.3) 11 (2.4) <0.001
Malaria 117 (50.9) 80 (17.4) <0.001

Table 2:
Obstetric Characteristics of Participants
Status of the child

Deceased (case) Living (control) p-value

Obstetric characteristics Effectiv
Number

e (%) n = 460 (%)

n =230
Special diet during pregnancy
No 203 (88.3) 423 (92.0) 0115
Yes 27 (11.7) 37 (8.0)
Prenatal consultation
No 31 (13.5) 11 (2.4) <0.001
Yes 199 (86.5) 449 (97.6)
Number of CPNs performed
<3 140 (60.9) 246 (53.5) 0,065
4 and more 90 (39.1) 214 (46.5)
Tetanus vaccination in the last 5 years
No 35 (152) 22 4.8) <0.001
Yes 195 (84.8) 438 (95.2)
Number of vaccination times
<2 170 (73.9) 259 (56.3) <0.001
3 and more 60 (26.1) 201 43.7)
Illness during pregnancy
No 89 (38.7) 383 (83.3) <0.001
Yes 141 61.3) 77 (16.7)
Parity
Multiparous 154 (67.0) 335 (72.8) 011
Primiparous 76 (33.0) 125 (27.2)
Interbirth interval < 2 years
<2 years 198 (86.1) 386 (83.9) 0.455
> 2 years 32 (13.9) 74 (16.1)
Type of delivery
Low way 192 (83.5) 432 (93.9) <0.001
High road 38 (16.5) 28 6.1)
Scarred uterus
No 184 (80.0) 398 (86.5) 0.006
Yes 46 (20.0) 62 (13.5)
Prematurity
No 203 (88.3) 452 (98.3) <0.001
Yes 27 117y 8 1.7)
Caesarean section
No 218 (94.8) 452 (98.3) 0,010
Yes 12 (5.2) 8 1.7)
Seat presentation
No 208 (90.4) 449 97.6) <0.001
Yes 22 9.6) 11 (2.4)
Fetopelvic disproportion
No 217 (94.3) 451 (98.0) 0,009
Yes 13 (5.7) 9 (2.0)

Fetal distress

Note: Neonatal deaths were significantly associated with hypertension, preeclampsia,
gonorrhea, and malaria (p < 0.05).

Newborn Characteristics

Newborn characteristics are presented in Table 4. Male
neonates were more likely to die than females (54.3% vs.
41.7%, p = 0.002). Low APGAR scores at three minutes (<7)
were observed more frequently among cases (62.6% vs.
53.0%, p = 0.017), and similar trends were seen at five
minutes (36.1% vs. 44.1%, p = 0.043). Low birth weight was
significantly more common among deceased neonates
(24.3% vs. 8.5%, p < 0.001).

Orapuh | orapj.orapuh.org

https://dx.doi.org/10.4314/orapj.v6i9.90



https://orapj.orapuh.org/

Ramazani-Tabora et al., Orapuh Journal 2025, 6(9), €1290

Determinants of neonatal mortality in hospitals in the Tshopo province of the
Democratic Republic of Congo

Table 4:
Newborn Characteristics and Neonatal Mortality

Status of the child

Characteristics of the Deceased (case) Living (Witness)
newborn Number Number p-value
(%) (%)
n =230 n =460
Gender of the child
Female 105 (45.7) 268 (58.3) 0,002
Male 125 (54.3) 192 (41.7)
APGAR score at 3 minutes
Less than 7 144 (62.6) 244 (53.0) 0.017
Greater than 7 86 (37.4) 216 (47.0)
APGAR score at 5 minutes
Less than 7 83 (36.1) 203 (44.1) 0.043
Greater than 7 147 (63.9) 257 (55.9)
Low birth weight
No 174 (75.7) 421 91.5)
<0.001
Yes 56 (24.3) 39 (8.5)
Note: Neonatal mortality differed significantly by sex, APGAR scores at 3 and 5 minutes,

and low birth weight (p < 0.05).

Determinants of Neonatal Mortality

Binary logistic regression analysis (Table 5) identified
several determinants of neonatal mortality in the hospital
environment of Tshopo province. Significant risk factors
included: vaccination <2 times (ORa = 2.15, 95% CI [1.23-
3.74], p = 0.007), presence of pregnancy-related illness (ORa
=4.39,95% CI [2.72-7.10], p < 0.001), vaginal delivery (ORa
=2.84,95% CI [1.21-6.65], p = 0.017), scarred uterus (ORa =
0.44, 95% CI [0.22-0.88], p = 0.019), pregnancy-induced
hypertension (ORa = 9.43, 95% CI [3.73-23.82], p < 0.001),
gonorrhea (ORa = 4.06, 95% CI [1.64-10.08], p = 0.003),
malaria (ORa = 244, 95% CI [1.39-4.29], p = 0.002),
prematurity (ORa = 3.20, 95% CI [1.10-9.37], p = 0.033), fetal
distress (ORa = 6.62, 95% CI [3.54-12.39], p < 0.001),
childbirth outside the maternity ward (ORa = 2.18, 95% CI
[1.05-4.52], p = 0.037), male gender (ORa = 1.58, 95% CI
[1.02-2.45], p = 0.042), and low birth weight (ORa = 3.81,
95% CI [2.01-7.20], p < 0.001).

Table 5:

Binary Logistic Regression Analysis of Determinants of Neonatal Mortality
Factors ORa 95% €1 - p-value

Lower Superior

Ordinate at the origin 0.0298 0.0141 0.0630 <.001
No ANC 2.7707 0.9420 8.1490 0.064
No tetanus vaccination 1.4903 0.6194 3.5857 0.373
Vaccination < 2 times 2.1472 1.2335 3.7375 0.007**
Pregnancy-related illness 4.3913 2.7156 7.1010 <.001**
Vaginal delivery 2.8360 1.2095 6.6497 0.017*
Scarred uterus 0.4415 0.2227 0.8753 0.019*
Pregnancy-induced 9.4294 3.7320 23.8247 <.001***
hypertension
Preeclampsia 3.1268 0.7048 13.8725 0.134
Gonorrhea 4.0622 1.6369 10.0813 0.003**
Malaria 2.4411 1.3895 4.2888 0.002**

Prematurity 3.2042 1.0956 9.3708 0.033*
Bad presentation 1.7829 0.6556 4.8485 0.257
Fetal-pelvic disproportion 1.1018 0.3026 4.0116 0.883
Fetal distress 6.6221 3.5395 12.3891 <.001***
Childbirth outside the 2.1779 1.0491 4.5212 0.037*
maternity ward

Male gender 1.5782 1.0176 2.4474 0.042*
APGAR £7 at 3 min 1.0130 0.6127 1.6746 0.960
APGAR <7 after 5 min 1.2153 0.7584 1.9476 0.418
Low birth weight 3.8085 2.0136 7.2032 <.001**

Note. The estimate represents the log odds of "Child Status = Deceased" vs.
"Child Status = Alive"

* Significant difference at the 0.05 threshold

** Significant difference at the 0.01 level

*** Significant difference at the 0.001 level

Note: The estimate represents the log odds of “Child Status = Deceased” vs. “Child Status =
Alive.” *Significance levels: *p < 0.05; **p < 0.01; **p < 0.001.

These findings indicate that both maternal health factors

(such as hypertension, malaria, gonorrhea, and
prematurity) and neonatal characteristics (male sex, low
birth weight, and fetal distress) significantly increase the
risk of neonatal mortality. Preventive interventions
targeting these determinants are critical for reducing

neonatal deaths in Tshopo province.

DISCUSSION

Determinants of Neonatal Mortality

The results of this study indicate that neonatal mortality
was influenced by maternal health during pregnancy,
characteristics of delivery (process and mode), and neonatal
characteristics.

Maternal Factors

Our findings show that children born to mothers who were
not fully vaccinated against tetanus had at least twice the
risk of dying during the neonatal period (ORa = 2.1 [1.2-
3.7, p = 0.007). This outcome likely reflects the lack of
protective benefits from incomplete vaccination during
pregnancy, as 73.9% of deceased newborns had mothers
who received fewer than three of the five recommended
doses for women of childbearing age. Vaccination during
pregnancy can reduce maternal mortality and neonatal
death by preventing complications and enhancing neonatal
resilience (Carcelen et al., 2021). The tetanus vaccine, along
with other recommended vaccines, is strongly advised
during pregnancy and the immediate postpartum period
(Guzman-Holst et al., 2023; Murphy et al., 2008; Miraglia
Del Giudice et al., 2025).
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In addition, the presence of pregnancy-related pathologies
(ORa = 4.4 [2.7-7.1]; p < 0.001), including hypertension
(ORa =9.4 [3.7-23.8]; p < 0.001), gonorrhea (ORa = 4.1 [1.6-
10.1]; p = 0.003), and malaria (ORa = 2.4 [1.4-4.3]; p = 0.002),
increased the risk of neonatal death within the first 28 days.
Previous studies confirm that maternal hypertension is
associated with higher risks of both maternal and feto-
neonatal mortality (Farahi et al., 2024; Cifkova, 2023; Kipnis
et al., 2022), with up to 10% of cases resulting in neonatal
death (Bajpai et al., 2023). Similarly, sexually transmitted
infections and other maternal infections negatively affect
pregnancy outcomes and neonatal survival (Ravindran et
al., 2021; Olaleye et al., 2020; Lara-Escandell et al., 2024;
Gamberini et al., 2023; Mussa et al., 2023). Malaria during
pregnancy has also been associated with low birth weight
and increased neonatal mortality (Chua et al, 2021).
Furthermore, severe maternal morbidity is closely linked
with adverse neonatal outcomes (Ukah et al., 2024). These
findings underscore the importance of effective
management of maternal conditions to prevent neonatal

complications.

Neonatal Factors

Newborns experiencing fetal distress (ORa = 6.6 [3.5-12.47];
p <0.001) or born outside a maternity ward (ORa =2.2 [1.0-
4.5]; p = 0.037) were at greater risk of neonatal death. Fetal
distress indicates intrauterine hypoxia, which poses
significant risks to both the fetus and mother (Deng et al.,
2023).  Untreated
supraventricular tachycardia can also result in fetal or
neonatal death (Bhatia et al., 2020). Birth outside a hospital
increases perinatal mortality due to limited access to skilled

cardiac anomalies such as

care and emergency interventions (Lang et al, 2021;
Grinebaum et al., 2020). Moreover, lack of advanced
medical equipment, rapid diagnostics, and comprehensive
postpartum care contributes to adverse outcomes (Bellini et
al., 2025).

Premature newborns (ORa = 3.2 [1.1-9.4]; p = 0.033), low
birth weight infants (ORa = 3.8 [2.0-7.2]; p < 0.001), and
male newborns (ORa = 1.6 [1.0-2.4]; p = 0.042) also faced
higher mortality risks. Prematurity is associated with organ
immaturity, increasing vulnerability to complications (Dai
et al., 2024; Atuba et al., 2023; Kebede & Kekulawala, 2021).
Similarly, low birth weight significantly increases the risk
of early and late neonatal death (Gesso et al., 2025). Male

neonates consistently show slightly higher mortality rates
compared with females, a trend observed in this study and
others.

Reflection on Confounding Factors and Causality

The study highlights the influence of confounding factors,
such as socioeconomic status and access to healthcare,
which may affect both maternal vaccination and neonatal
mortality. Establishing clear causal relationships requires
further research that isolates individual risk factors. While
maternal vaccination and management of pregnancy
complications are critical, addressing social determinants of
health is equally essential to reduce neonatal mortality.

Limitations and Strengths

Limitations of this study include reliance on secondary data
for certain neonatal variables and potential recall bias from
mothers. Strengths include rigorous data collection,
multivariate analysis using binary logistic regression, and
clear presentation of results, which support generalization
across Tshopo Province.

CONCLUSION

This study identified key determinants of neonatal
mortality in Tshopo Province, Democratic Republic of
Congo.  Maternal  vaccination,  pregnancy-related
complications, preterm birth, low birth weight, male
gender, fetal distress, and out-of-hospital delivery were

significant predictors of neonatal death.

These findings underscore the need to improve maternal
and neonatal healthcare, particularly in rural areas.
Targeted interventions may include increasing vaccination
coverage, enhancing access to antenatal care, training
health personnel in maternal pathology management, and
health
campaigns, psychosocial support, financial assistance for

implementing  mobile services. ~Awareness
low-income families, and longitudinal surveillance systems
are also recommended to reduce neonatal mortality and

inform public health policy.
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