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Objective: This study aims to analyze trends in neonatal mortality
and identify the leading causes of death in Ibn Al-Atheer Teaching
Hospital during the period 2020-2024.

DOI Online: Method: A retrospective descriptive study was conducted using
http:/doi.org/10.64554/nujms.2026.2.1.2 existing data on neonatal deaths over a five-year period starting from
2020, obtained from the Statistical Department at Ibn Al- Atheer
Teaching Hospital. The study included all neonates admitted to the
hospital from January 1st to December 31st of each year within the
study period.

Result: The trend of neonatal mortality rates at Ibn Al-Atheer
Teaching Hospital throughout the study period (2020 — 2024) shows
a notable decline, indicating an improvement in neonatal outcomes
during this period. The most common cause of neonatal mortality
© THIS IS AN OPEN ACCESS ARTICLE UNDER THE throughout the study period was Bacterial Sepsis, which accounted
CC BY LICENSE. ) for the highest proportion of deaths in most of the years observed.
Lttprreredseeonmntonso sl ovin ol Other significant causes included Respiratory distress of the
newborn and Causes related to chromosomal and congenital
abnormalities.

Conclusion: The neonatal mortality patterns observed in our study
have declined over time but face persistent challenges from sepsis,
respiratory distress syndrome (RDS), prematurity, and birth
complications.
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Introduction

The neonatal period, defined as the first 28 days of life, is the most critical and
vulnerable time for a child's survival. It is further subdivided into the early neonatal period (the
first 7 days of life) and the late neonatal period (from day 8 to 28). In 2021, approximately 2.3
million newborns died globally within the first month of life, with the majority of these deaths
occurring during the first week [1][2][3].
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Neonatal mortality (NM), defined as the death of a live-born infant within the first
28 completed days of life, regardless of gestational age, is considered a key international
indicator reflecting the quality and accessibility of a country's health care services [4]. The
neonatal mortality rate (NMR) is calculated as the number of neonatal deaths per 1,000 live
births in a given year [5].

With the transition from the Millennium Development Goals to the Sustainable
Development Goals (SDGs), SDG 3.2 specifically aims to reduce neonatal mortality to at least
12 deaths per 1,000 live births by the year 2030. Since 1990, global neonatal deaths have
declined from around 5 million to approximately 2.3—2.7 million by 2019, demonstrating
progress, although significant disparities remain.

In Iraq, decades of wars, internal conflicts, and humanitarian crises have hindered
progress in maternal, newborn, and child health (MNCH). The neonatal mortality rate in Iraq
dropped from 66 per 1,000 live births in 1975 to 22 per 1,000 in 2020, according to the UN
Inter-agency Group for Child Mortality Estimation (IGME, 2023) [6,7,8]. However, Iraq
experienced a high number of excess child deaths between 1991 and 1998 [9], with estimates
ranging from 400,000 to 500,000 deaths [10]. Subsequent events, including the 2003 Gulf War
[11][12][13]and the ISIS occupation from 2014 to 2017, further devastated the health system,
especially neonatal and reproductive health services [14].

Globally, the leading causes of neonatal death include prematurity and low birth weight,
birth asphyxia, congenital anomalies, infections such as sepsis, and birth trauma. Many of these
conditions are preventable or treatable with relatively low-cost and effective interventions.
Various factors contribute to neonatal mortality, including maternal infections, poor antenatal
care, malnutrition, socioeconomic conditions, obstructed labor, repeated cesarean sections, and
cultural practices. These factors are closely associated with preterm birth and low birth weight,
both of which are strongly linked to increased neonatal morbidity and mortality [15].

According to the World Health Organization (WHO), nearly 2.5 million newborns die
each year, with approximately 47% of all under-five deaths occurring in the neonatal period—
three quarters of which take place in the first week of life. The burden of neonatal mortality is
highest in low- and middle-income countries, particularly in regions affected by poverty,
conflict, and health system disruptions, such as during the COVID-19 pandemic. In Iraq,
neonatal mortality accounted for 27% of under-five mortality in 1990 and declined to 17% by
2017. Reducing neonatal mortality is essential for lowering both infant and under-five mortality
rates [16][17][18].

Methods

A retrospective descriptive study was conducted using existing data on neonatal deaths
over a five year period (2020-2024), from January 1st to December 31st of each year within
the study period. The data obtained from the Statistical Department at Ibn Al-Atheer Teaching
Hospital, Mosul, Iraq, which serves as a major pediatric hospital in Mosul and serves as a
training site for medical students, provides essential clinical and neonatal care services,
including a neonatal intensive care unit (NICU), and also receives the most complicated and
high-risk deliveries referred from surrounding primary health facilities.

Collection of Samples: The data were extracted from hospital registration records and included
the following variables: age at death, sex, and causes of death. Only live-born neonates
admitted to the neonatal care unit within the first 28 days of life were included. Stillbirths and
cases with incomplete medical records were excluded. Institutional and ethical approvals were
obtained from Nineveh Health Directorate, Iraq, in March, 2025, prior to data collection.
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Statistical Analysis: Data analysis was performed using the Statistical Package for the Social
Sciences (SPSS), version 26. A line graph was generated to illustrate the neonatal mortality rate
for each year. Frequencies and percentages were calculated for neonatal sex distribution, early
vs. late neonatal deaths, as well as the death rates for each category. The number and percentage
of deaths for all study years were also reported.

No formal statistical testing or confidence intervals in the initial analysis, because the
study was primarily descriptive and based on hospital records. The results are intended to
summarize trends in hospital-based neonatal mortality not the infer causal relationships.

However, this study was hospital-based data rather than population-level data, because
the total number of live births in Mosul was not fully accessible during the study period.
Therefore, mortality was calculated as the percentage of neonatal deaths among hospital
admissions, which accurately reflects the burden within the hospital rather than the overall
neonatal mortality rate (NMR) per 1,000 live births used in national or global statistics and the
findings represent hospital-based mortality rates, not population-based NMR.

According to International Statistical Classification of Diseases and Related Health
Problems (ICD-10-TM), the included causes of neonatal mortality are arranged as follows:
P21: Perinatal asphyxia
P22: Respiratory distress of the newborn
P23: Congenital pneumonia
P29: Cardiovascular disorders originating in the perinatal period
P36: Bacterial sepsis
Q00—Q99: Causes related to chromosomal and congenital abnormalities.
Other causes: P05 to P20, and P23
Ethical approvals: Nineveh Health Directorate and the University of Nineveh, Mosul, Iraq.

Results

Table 1. Neonatal Deaths at Ibn Al-Atheer Teaching Hospital (2020-2024):

Year Total Neonatal Neonatal Deaths (No.) | Mortality Rate
Admissions (%)
2020 1,126 84 7.5%
2021 1,554 82 5.3%
2022 2,200 59 2.7%
2023 3,108 121 3.9%
2024 3,265 117 3.6%
Total 11,253 463 4.1%

Table 2. Distribution of Neonatal Deaths by Sex and Age at Death (2020-2024)

Year Total Early Late Neonatal | Male Female

Deaths Neonatal Deaths (%) Deaths Deaths

Deaths (%) (%) (%)
2020 84 69.0% 31.0% 57.1% 42.9%
2021 82 51.2% 48.8% 54.9% 45.1%
2022 59 52.5% 47.5% 52.5% 47.5%
2023 121 57.9% 42.1% 52.9% 47.1%
2024 117 53.0% 47.0% 51.3% 48.7%
Total 463 56.8% 43.2% 53.6% 46.4%
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Table 3. Distribution of Causes of Neonatal Deaths (2020-2024) [%]

Year | P36 P22 Q00-Q99 P21 P23 P29 Others
(bacterial | (Respiratory | (Congenital (Asphyxia) | (Pneumonia) | (Cardio)
Sepsis) Distress) abnormalities)
2020 | 51.2% 22.6% 11.9% 1.2% 6.0% 3.6% 3.6%
2021 | 45.1% 19.5% 13.4% 7.3% 4.9% 1.2% 8.5%
2022 | 45.8% 23.7% 5.1% 3.4% 10.2% 0.7% 10.2%
2023 | 40.3% 9.3% 12.4% 2.5% 5.0% — 3.3%
2024 | 49.6% 26.5% 13.7% 1.7% 6.0% 0.9% 1.7%

Neonatal Mortality Rate
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Neonatal Mortality 39 / 4
Rate /3?3\ / 3

r T T T 0
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Figurel trend of neonatal mortality rates from 2020 to 2024

Discussion

Throughout the study period (2020-2024), the admitted neonates to Ibn Al-Atheer
Teaching Hospital were 11,253 neonates. The number of deaths among them were 463,
resulting in an overall mortality rate of 4.1%, as detailed in Table 1. One of the components of
Sustainable Development Goal 3 is reducing neonatal mortality; achieving this goal requires a
comprehensive understanding of the levels and trends in neonatal mortality.

A numerous challenge has been occurred in Iraq over decades, including conflicts, wars,
and economic sanctions, all of which have caused broad disruptions across various sectors,
including the healthcare system.

The study period highlights a series of significant challenges, beginning from ISIS in
2014 and post ISIS conflict in 2017, which led to the widespread destruction of health
infrastructure, loss of medical equipment, pharmaceutical supplies, and critical health data
systems. In addition approximately half of the population was displaced during this time,
further straining the healthcare system.
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In 2021, Ibn Al-Atheer Hospital was designated for reconstruction. During this process,
the hospital was relocated temporarily to an alternative site with considerably smaller capacity.
But despite limited resources, the hospital continued to admit pediatric patients up to 14 years
of age (declared in the hospital's annual admission figures).

Following the hospital's rehabilitation, Ibn-Atheer teaching hospital returned to its
original site in 2022, and it resumed its role as a central pediatric facility for the governorate;
consequently, the number of admissions increased for different pediatric conditions. Table 2
shows the distribution of neonatal deaths by age (categorized as early or late neonatal deaths)
and by sex over the study period. From 463 neonatal deaths, 56.8% occurred during the early
neonatal period, and 43.2% occurred during the late neonatal period. Regarding sex, 53.6% of
deaths were among males, and 46.4% were among females.

Early vs. late neonatal death causes: Historical estimates (2000-2013) indicate early
neonatal deaths are predominantly due to preterm complications and birth asphyxia, while
infections— like sepsis—cause nearly half of deaths in the late neonatal period [19]. This aligns
with your observed split (56.8% early and43.2% late neonatal deaths).

The information on gender difference in stillbirths and mortality in different periods of
infancy is important for developing strategies and identifying measures directed at reducing
sex-specific mortality, our data showed more male than female deaths (53.6% vs. 46.4%). Male
infants in general are ultimately at an increased risk for gastrointestinal and respiratory
infections, mostly due to high testosterone levels that suppress the immune system [20], but
several recent studies have shown higher neonatal and infant mortality in females compared to
males in South Asia [21]

As shown in Table 3, the most common cause of neonatal mortality among all years
under study, was Bacterial Sepsis, followed by other significant causes included respiratory
distress of the newborn and chromosomal and congenital abnormalities.

The study concludes the top ten causes of death among under 5 children were (Disease
of Respiratory System, Certain Conditions originating in the perinatal period, Disease of
circulatory System, Congenital Malformation, Deformation and Chromosomal Abnormalities,
Certain infectious and parasitic disease, Endocrine, Nutritional, Metabolic Disease, Disease of
Nervous System, Malignant Neoplasm and Disease of Digestive System) with death indicators
(under 5 mortality rateUSMR, crude death rate CDR and perinatal mortality PM) showed
decreasing trend toward 2023. Our hospital's early decline mirrors broader global patterns, but
in the subsequent years, could reflect the worldwide challenges in maintaining continuous
improvements [22].

Our data highlight bacterial sepsis (P36) as the most frequent cause of death across 2020—
2024, followed by respiratory distress (P22) and congenital anomalies (Q00—-Q99).Sepsis
burden: A global multicenter study encompassing over 3,200 neonates from 11 countries
reported nearly 20% mortality among culture-positive sepsis cases, compounded by antibiotic
resistance challenges [23].

Neonatal infection trends: Broader data show neonatal infections are increasing in
incidence but decreasing in mortality, especially in regions with higher health coverage—
highlighting gaps in infectious disease prevention and treatment in lower-resource areas [24]
[25].

Respiratory distress syndrome (RDS): a U.S. cohort study found that among late preterm
neonates (34-36 weeks of gestation), RDS was associated with a 3-fold higher risk of neonatal
death. Furthermore, antenatal corticosteroid administration reduces mortality risk substantially
[26] [27].

A Biometry study concludes the top ten causes and trends of under-five mortality in
Nineveh (Disease of Respiratory System, Certain Conditions originating in the perinatal
period, Disease of circulatory System, Congenital Malformation, Deformation and
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Chromosomal Abnormalities, Certain infectious and parasitic disease, Endocrine, Nutritional,
Metabolic Disease, Disease of Nervous System, Malignant Neoplasm and Disease of Digestive
System), showed decreasing trend of all toward 2023 [28].

A retrospective study done in governmental hospitals of Babylon governorate, The
neonatal deaths rate was 42.9 for each 1000 live birth in 2020 and 38 for each 1000 live birth
in 2021 among all admitted neonates. And the neonatal mortality rate NMR was very high
among neonates with respiratory distress syndrome (RDS) (48% in 2020 and 55.2% in 2021)
[29].

Figure 1 illustrates the trend of neonatal mortality rates at Ibn Al-Atheer Teaching Hospital
throughout the study period (2020 — 2024). The graph shows a notable decline in the neonatal
mortality rate from 7.5% in 2020 to 2.7%in 2022, followed by a mild rise to 3.9% in 2023 and
3.6% 1in 2024, reflecting an improvement in neonatal outcomes during this period. This
indicates the improvements in admission rates and improvement in neonatal care and clinical
practices resources, Taking in consideration, the hospital is pediatric specialty and referral
center.

Global trends: WHO reports neonatal deaths have declined by 44% since 2000, yet the
pace of reduction has slowed, particularly in lower-resource settings. In 2022, nearly half of
under-5 deaths occurred during the neonatal period, with prematurity, asphyxia, infections, and
congenital anomalies remaining top causes [30] Comparison to sustainable development goals
(SDGs): According to the Gates Foundation, progress toward SDG targets for neonatal
mortality has plateaued, particularly in regions with lingering gaps in prenatal care, infection
control, and perinatal intervention packages [31].

A Cluster Survey done in Iraq, for the last two decades from 2006, 2011, and 2018 on
national and subnational rates and trends for neonatal and under-five child mortality, showed,
however, wars, conflicts, and invasions, demonstrated significant resilience and is poised to
reach SDG-3.1 goals in upcoming years. Despite, significant inequity persists by regions,
governorates, and socioeconomic variables. Dealing with these inequalities is vital to accelerate
progress in lowering child mortality in Iraq [32].

Our data affirm the critical importance of improving neonatal infection control, perinatal
care, and early intervention strategies, such as breastfeeding support, and timely treatment of
respiratory distress. For future directions, enhancing sepsis identification and management,
optimizing preterm neonatal care (including surfactant and respiratory support), and
implementing quality improvement interventions—such as simulation training or continuous
data-driven care—may help sustain and further reduce neonatal mortality in our setting.
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