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ABSTRACT

Objective: To describe the clinical and epidemiological characteristics of fetal and neonatal deaths 
registered in San Martín, Peru, from 2011 to 2025 and to evaluate the association between neonatal death 
characteristics and timing of death.
Methods: This observational analytical study was based on publicly available regional data. Clinical, 
obstetric, geographic, and temporal variables were summarized using frequencies, percentages, medians, 
and interquartile ranges. Among neonatal deaths with classifiable timing of death, characteristics were 
compared according to timing of death: less than 24 hours, 1–6 days, and 7–27 days. Adjusted prevalence 
ratios (aPRs) were estimated using Poisson regression with robust variance.
Results: A total of 3,084 deaths were analyzed: 1,423 (46.1%) fetal and 1,661 (53.9%) neonatal. Among 
neonatal deaths, 1,130 (68.0%) occurred in preterm newborns and 1,127 (67.9%) in newborns with 
low birth weight. The most frequent causes of neonatal death were other causes (28.0%), prematurity-
immaturity (27.7%), and infections (24.6%). Among the 1,637 neonatal deaths with classifiable timing 
of death, 572 occurred within the first 24 hours, 715 at 1–6 days, and 350 at 7–27 days. Among neonatal 
deaths, the proportion occurring within the first 24 hours was higher in records with a gestational age 
of less than 28 weeks (aPR = 1.88; 95% CI: 1.55–2.28), asphyxia and related causes (aPR = 3.25; 95% CI: 
2.58–4.11), congenital malformations or lethal congenital malformation (aPR = 2.74; 95% CI: 2.11–3.56), 
and prematurity-immaturity (aPR = 1.76; 95% CI: 1.37–2.26).
Conclusions: Neonatal deaths were concentrated among preterm and low-birth-weight newborns. 
Deaths occurring within the first 24 hours showed a profile characterized by extreme prematurity, 
asphyxia and related causes, and congenital or lethal malformations. These findings describe differences 
in the timing of death and do not estimate mortality risk among live-born infants.
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Características de las muertes fetales y 
neonatales registradas en San Martín, Perú, 
2011–2025

RESUMEN

Objetivo: Describir las características clínico-epidemiológicas de las defunciones fetales y neonatales 
registradas en San Martín, Perú, durante 2011–2025 y evaluar la asociación entre las características de las 
defunciones neonatales y el momento del fallecimiento.
Métodos: Estudio observacional y analítico basado en datos públicos regionales. Se resumieron las 
variables clínicas, obstétricas, geográficas y temporales mediante frecuencias, porcentajes, medianas y 
rangos intercuartílicos. Entre las defunciones neonatales con momento clasificable, se compararon las 
características según el momento del fallecimiento: menos de 24 horas, 1–6 días y 7–27 días. Se estimaron 
razones de prevalencia ajustadas (RPa) mediante regresión de Poisson con varianza robusta.
Resultados: Se analizaron 3 084 defunciones: 1 423 (46,1 %) fetales y 1 661 (53,9 %) neonatales. Entre 
las defunciones neonatales, 1 130 (68,0 %) ocurrieron en recién nacidos prematuros y 1 127 (67,9 %) en 
recién nacidos con bajo peso al nacer. Las causas neonatales más frecuentes fueron otras causas (28,0 
%), prematuridad-inmadurez (27,7 %) e infecciones (24,6 %). Entre las 1 637 defunciones neonatales 
con momento de fallecimiento clasificable, 572 ocurrieron en las primeras 24 horas, 715 entre 1 y 6 días 
y 350 entre 7 y 27 días. Entre las defunciones neonatales, el fallecimiento en las primeras 24 horas fue 
proporcionalmente más frecuente en los registros con una edad gestacional menor de 28 semanas (RPa = 
1,88; IC 95 %: 1,55–2,28), asfixia y causas relacionadas (RPa = 3,25; IC 95 %: 2,58–4,11), malformaciones 
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congénitas o malformación congénita letal (RPa = 2,74; IC 95 %: 
2,11–3,56) y prematuridad-inmadurez (RPa = 1,76; IC 95 %: 1,37–
2,26).
Conclusiones: Las defunciones neonatales se concentraron en recién 
nacidos prematuros y con bajo peso. Las defunciones ocurridas 
en las primeras 24 horas presentaron un perfil caracterizado por 
prematuridad extrema, asfixia y causas relacionadas, así como por 
malformaciones congénitas o letales. Estos hallazgos describen 
diferencias en el momento de la defunción y no estiman el riesgo de 
mortalidad entre los nacidos vivos.

Palabras clave: Muerte Fetal; Muerte Perinatal; Mortalidad Infantil 
(Fuente: DeCS)

INTRODUCTION

Fetal and neonatal mortality is a major global public health 
challenge and a sensitive indicator of the quality of care 
during pregnancy, childbirth, and the neonatal period (1,2). 
In 2022, 2.3 million newborns died within the first 28 days 
of life (3), accounting for 47% of all deaths among children 
younger than 5 years. Although neonatal mortality has 
declined by 44% since 2000, the burden remains greatest in 
low- and middle-income countries (3,4), where barriers to 
timely access to health services increase the risk of neonatal 
death (5).

The World Health Organization (WHO) (6,7) defines fetal 
death as one that occurs before the complete expulsion or 
extraction of the product of conception, regardless of the 
duration of pregnancy, and neonatal death as death occurring 
during the first 28 days of life (6). Prematurity, intrapartum 
complications, neonatal infections, and congenital anomalies 
remain among the leading causes of neonatal death (8). These 
conditions often coexist with social determinants that restrict 
access to prenatal care, high-quality obstetric care, and 
specialized neonatal care (9).

In Peru, neonatal mortality has shown a steady decline; 
however, substantial disparities persist among departments 
and are associated with poverty, education, and access to 
health services (4,10), especially in Amazonian regions, 
where geographic conditions and population dispersion may 
influence the pattern of these deaths (11,12).

Characterizing the clinical and epidemiological features 
of fetal and neonatal deaths can help identify vulnerable 
populations, recognize patterns of occurrence, and guide 
prevention strategies tailored to the local context. However, 
regional evidence based on long-term population registries 
remains limited in Peru, even though geographic and social 
differences and disparities in access to health services may 
affect the profile of these deaths, particularly in Amazonian 
regions such as San Martín. The first day of life is a clinically 
distinct period related to neonatal transition, intrapartum 
care, and initial stabilization (13).

Therefore, this study aimed to describe the clinical and 
epidemiological characteristics of fetal and neonatal 
deaths registered in San Martín, Peru, from 2011 to 2025 
and to evaluate the association between neonatal death 
characteristics and timing of death.

METHODS

Study design

An observational, retrospective, and analytical study was 
conducted, with a descriptive component and a comparative 
component limited to comparisons of neonatal deaths 
by timing of death. The study was based on the secondary 
analysis of a publicly accessible administrative database of 
fetal and neonatal deaths registered in the San Martín region, 
which is located in the northeastern Peruvian Amazon and 
comprises 10 provinces.

Data source

The data source was the “Mortalidad Neonatal y Perinatal” 
dataset, developed by the Gobierno Regional de San Martín 
using information from the Dirección Regional de Salud. The 
database includes records of fetal and neonatal deaths reported 
in health facilities in the region, as well as variables related 
to the facility, geographic location, newborn characteristics, 
diagnosis, type of death, place and setting of delivery 
(institutional or home), gestational age, birth weight, place 
of death, and preventability classification. As a surveillance 
registry, the database allows analysis of reported deaths but 
does not permit independent verification of completeness, 
reporting coverage, or the extent of potential underreporting.

Population

The study population comprised all fetal and neonatal deaths 
registered in San Martín between 2011 and 2025. For the 
comparative component, fetal and neonatal records with 
dates, times, or temporal classifications that were inconsistent 
or could not be used to determine the timing of neonatal 
death were excluded.

Variables

For the comparative component restricted to neonatal 
deaths, the outcome was death occurring within the first 
24 hours of life versus death occurring between 1 and 27 
days; this outcome was defined by the difference between 
the date and time of birth and the date and time of death. 
For the descriptive analysis, timing of neonatal death was 
categorized into three groups: less than 24 hours, 1–6 days, 
and 7–27 days. The variables included sex, categorized 
gestational age, categorized birth weight, grouped cause of 
death, registration period, place of delivery, place of death, 
province, and preventability classification. Prematurity and 
low birth weight were retained solely as descriptive clinical 
summaries and were not entered into the multivariable 
model simultaneously with the variables from which they 
were derived. Gestational age was classified as ≥ 37 weeks, 
32–36 weeks, 28–31 weeks, and < 28 weeks. Birth weight was 
categorized as ≥ 2,500 g, 1,500–2,499 g, 1,000–1,499 g, and < 
1,000 g. The periods 2011–2015, 2016–2020, and 2021–2025 
were defined a priori as three consecutive five-year periods 
of equal duration to facilitate temporal comparisons of the 
composition of the records. The preventability variable 
reflected the binary classification recorded in the source and 
was neither recalculated nor validated by the investigators. 
Causes of death were grouped by the research team based on 
the recorded diagnosis and the code from the International 
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Classification of Diseases, Tenth Revision (ICD-10). Because 
fetal and neonatal death taxonomies are not equivalent, the 
categories were interpreted specifically for each type of death; 
individual low-frequency diagnoses were combined into 
clinically related groups.

Statistical analysis

Categorical variables were summarized using absolute 
frequencies and percentages. Numerical variables were 
described using the median and interquartile range (IQR) 
because of their non-normal distributions. The initial 
descriptive analysis compared the characteristics of registered 
fetal and neonatal deaths. Subsequently, among neonatal 
deaths, characteristics were compared by timing of death: < 24 
hours, 1–6 days, and 7–27 days. The chi-square test or Fisher’s 
exact test was used for bivariate comparisons, as appropriate, 
and nonparametric tests were used for continuous variables.

To evaluate the association between the characteristics of 
neonatal deaths and timing of death, Poisson regression 
models with a log link and robust variance were fitted. The 
outcome compared deaths occurring within the first 24 hours 
with those occurring between 1 and 27 days. Crude prevalence 
ratios (cPRs) and adjusted prevalence ratios (aPRs) were 
estimated with their corresponding 95% confidence intervals 
(CIs). The assumptions of the crude model were assessed 
beforehand. The primary adjusted model included variables 
selected based on clinical and epidemiological relevance: 
sex, categorized gestational age, grouped cause of death, 
registration period, and place of delivery. Multicollinearity 
was subsequently assessed using the variance inflation 
factor (VIF), with a cutoff of 5. Data processing, cleaning, 
and statistical analysis were performed in RStudio (RStudio, 
PBC, Boston, MA, USA). A p-value < 0.05 was considered 
statistically significant. Prevalence ratios were interpreted as 
measures of association with timing of death within the set of 
neonatal deaths and not as estimates of mortality risk among 
live-born infants.

Ethical considerations

Because the study used a publicly available, anonymized 
database without direct personal identifiers, it involved neither 
contact with participants nor intervention involving human 
subjects. Accordingly, approval by an ethics committee was 
not required. The information is publicly available through 
Peru’s Open Data portal.

RESULTS

A total of 3,084 fetal and neonatal deaths registered in the San 
Martín region from 2011 to 2025 were analyzed (Figure 1). Of 
these, 1,423 (46.1%) were fetal deaths and 1,661 (53.9%) were 
neonatal deaths. By study period, 1,225 deaths were registered 
in 2011–2015 (39.7%), 953 in 2016–2020 (30.9%), and 906 in 
2021–2025 (29.4%). The distribution across periods did not 
differ between fetal and neonatal deaths (p = 0.913). Male sex 
was recorded in 1,697 cases (55.0%), including 955 neonatal 
deaths (57.5%). The median gestational age was 34.0 weeks 
(IQR: 29.0–38.0) overall, 35.0 weeks (IQR: 29.0–39.0) among 
fetal deaths, and 33.0 weeks (IQR: 29.0–38.0) among neonatal 
deaths. A gestational age of less than 37 weeks was recorded in 

1,952 deaths (63.3%), and low birth weight in 1,989 (64.5%). 
Among neonatal deaths, 1,130 (68.0%) occurred among 
preterm newborns and 1,127 (67.9%) among newborns with 
low birth weight. Most deliveries were institutional (n = 
2,811; 91.1%), and most deaths occurred in health facilities 
(n = 2,649; 85.9%). Among neonatal deaths, delivery was 
institutional in 1,557 cases (93.7%), and death occurred in a 
health facility in 1,591 cases (95.8%) (Table 1).

Grouped causes differed by type of registered death. Among 
fetal deaths, the most frequent categories were fetal death of 
unspecified cause (n = 687; 48.3%) and intrauterine hypoxia (n 
= 322; 22.6%). Congenital malformations or lethal congenital 
malformation were also recorded in 130 cases (9.1%), and 
other causes in 124 (8.7%). Among neonatal deaths, the most 
frequently recorded categories were other causes (n = 465; 
28.0%), prematurity-immaturity (n = 460; 27.7%), infections 
(n = 409; 24.6%), asphyxia and related causes (n = 174; 
10.5%), and congenital malformations or lethal congenital 
malformation (n = 151; 9.1%) (Table 2).

Of the 1,661 neonatal deaths, 1,637 had a classifiable timing of 
death: 572 occurred within the first 24 hours of life, 715 at 1–6 
days, and 350 at 7–27 days. The remaining 24 records were not 
included in this analysis because their timing of death could 
not be classified. Among deaths occurring within the first 24 
hours, 325 were male (56.8%), and 245 were female (42.8%). 
By gestational age, this group included 173 deaths among 
neonates at ≥37 weeks (30.2%), 137 at 32–36 weeks (24.0%), 
110 at 28–31 weeks (19.2%), and 152 at <28 weeks (26.6%). 
By birth weight, 158 deaths occurring within the first 24 
hours were among neonates weighing <1,000 g (27.6%). The 
distributions of categorized gestational age and birth weight 
differed by timing of death (p < 0.001 for both variables). 
In contrast, the distributions of sex, prematurity, low birth 
weight, and preventability did not differ significantly across 
the three timing-of-death categories. Regarding grouped 
causes according to the timing of neonatal death, among 
deaths occurring within the first 24 hours, prematurity-
immaturity accounted for 177 cases (30.9%), other causes 
for 146 (25.5%), asphyxia and related causes for 105 (18.4%), 
infections for 74 (12.9%), and congenital malformations or 
lethal congenital malformation for 69 (12.1%). Among deaths 
at 1–6 days, other causes accounted for 214 cases (29.9%), 
prematurity-immaturity for 195 (27.3%), and infections 
for 194 (27.1%). Among deaths at 7–27 days, infections 
accounted for 134 cases (38.3%), other causes for 96 (27.4%), 
and prematurity-immaturity for 84 (24.0%). The distributions 
of grouped causes, place of delivery, place of death, and 
registration period differed by timing of neonatal death 
(Table 3).

In the adjusted Poisson regression model with robust variance, 
which was restricted to neonatal deaths and compared deaths 
occurring within the first 24 hours with those occurring 
between 1 and 27 days, gestational age <28 weeks had an aPR 
of 1.88 (95% CI: 1.55–2.28; p < 0.001), with ≥37 weeks as 
the reference category. Compared with infections, the aPRs 
were 1.76 for prematurity-immaturity (95% CI: 1.37–2.26; p 
< 0.001), 3.25 for asphyxia and related causes (95% CI: 2.58–
4.11; p < 0.001), 2.74 for congenital malformations or lethal 
congenital malformation (95% CI: 2.11–3.56; p < 0.001), 
and 1.64 for other causes (95% CI: 1.28–2.10; p < 0.001). 
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Figure 1. Annual number of fetal and neonatal deaths registered in San Martín, 2011–2025 

Values are absolute counts of notifications, not mortality rates.

For 2016–2020 and 2021–2025, the aPRs were 0.76 (95% CI: 
0.65–0.89; p < 0.001) and 0.70 (95% CI: 0.59–0.82; p < 0.001), 
respectively, with 2011–2015 as the reference period. Sex and 
place of delivery were not statistically significantly associated 
with timing of death in the adjusted model (Table 4). These 
estimates describe the relative prevalence of death within the 
first 24 hours among neonates who died.

DISCUSSION

The pattern of fetal and neonatal deaths registered in the 
San Martín region from 2011 to 2025 demonstrated high 
perinatal vulnerability. This vulnerability was reflected in the 
high frequencies of prematurity (68.0%) and low birth weight 
(67.9%), as well as in the concentration of neonatal deaths 
within the first 24 hours of life. Among neonatal deaths, 
one of the most relevant findings was the higher relative 
frequency of death on the first day in records of neonates 
with a gestational age of <28 weeks and in deaths attributed to 
prematurity-immaturity or asphyxia.

The leading causes of neonatal death identified in this study 
are consistent with patterns reported nationally. Prematurity-
immaturity, infections, asphyxia and related causes, and lethal 
congenital malformations have been reported as important 
categories of neonatal mortality in Peru (12,14). Accordingly, 
these causes accounted for a substantial proportion of the 
neonatal deaths registered in this study. However, “other 
causes” was the most frequent category, accounting for 465 

cases (28.0%), which limits specific etiologic interpretation 
and may reflect diagnostic heterogeneity, variability in 
classification, or clinical imprecision in administrative 
records (15).

Analysis of the timing of death helps identify periods of 
greater neonatal vulnerability. Among neonatal deaths with 
classifiable timing, 572 occurred within the first 24 hours of 
life and 715 at 1–6 days, indicating that the greatest burden 
was concentrated in the early neonatal period. This pattern 
is consistent with previous studies reporting that neonatal 
mortality and severe morbidity tend to cluster in the first 
postnatal days, particularly on the first day of life (15). 
These findings highlight the importance of intrapartum and 
immediate neonatal care, including obstetric monitoring, 
neonatal resuscitation, initial stabilization, and timely referral 
of critically ill newborns. The proportions of deaths classified 
as preventable were similar across the three timing-of-death 
categories; because this classification was derived from the 
registry and was not reassessed by the authors, the absence of 
differences should be interpreted with caution.

Among the neonatal deaths analyzed, extreme prematurity 
was associated with a higher proportion of deaths occurring 
within the first 24 hours. Although prematurity, when 
evaluated as a dichotomous variable, did not differ significantly 
by timing of death, the analysis by gestational age categories 
showed that the relative proportion of deaths on the first day 
was higher among neonates with a gestational age of <28 
weeks. Additionally, the adjusted prevalence of death on the 
first day was 88.0% higher among neonates with a gestational 
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Characteristic
Total
n = 3,084
n (%)

Fetal
n = 1,423
n (%)

Neonatal
n = 1,661
n (%)

p

Period 0.913

2011–2015 1,225 (39.7) 571 (40.1) 654 (39.4)

2016–2020 953 (30.9) 436 (30.6) 517 (31.1)

2021–2025 906 (29.4) 416 (29.2) 490 (29.5)

Sex < 0.001

Female 1,350 (43.8) 647 (45.5) 703 (42.3)

Male 1,697 (55.0) 742 (52.1) 955 (57.5)

Indeterminate/other 37 (1.2) 34 (2.4) 3 (0.2)

Gestational age, weeks
median (IQR) 34.0 (29.0–38.0) 35.0 (29.0–39.0) 33.0 (29.0–38.0) < 0.001

Categorized gestational age < 0.001

≥ 37 weeks 1,132 (36.7) 601 (42.2) 531 (32.0)

32–36 weeks 808 (26.2) 341 (24.0) 467 (28.1)

28–31 weeks 574 (18.6) 206 (14.5) 368 (22.2)

< 28 weeks 570 (18.5) 275 (19.3) 295 (17.8)

Gestational age < 37 weeks < 0.001

No 1,132 (36.7) 601 (42.2) 531 (32.0)

Yes 1,952 (63.3) 822 (57.8) 1,130 (68.0)

Birth weight, g
median (IQR)

1,927.5 (1,100.0–
2,910.0)

2,070.0 (1,100.0–
3,010.0)

1,800.0 (1,080.0–
2,800.0) 0.002

Categorized birth weight < 0.001

≥ 2,500 g 1,095 (35.5) 561 (39.4) 534 (32.1)

1,500–2,499 g 800 (25.9) 351 (24.7) 449 (27.0)

1,000–1,499 g 551 (17.9) 215 (15.1) 336 (20.2)

< 1,000 g 638 (20.7) 296 (20.8) 342 (20.6)

Low birth weight < 0.001

No 1,095 (35.5) 561 (39.4) 534 (32.1)

Yes 1,989 (64.5) 862 (60.6) 1,127 (67.9)

Province < 0.001

Bellavista 234 (7.6) 113 (7.9) 121 (7.3)

El Dorado 170 (5.5) 78 (5.5) 92 (5.5)

Huallaga 78 (2.5) 31 (2.2) 47 (2.8)

Lamas 320 (10.4) 153 (10.8) 167 (10.1)

Mariscal Cáceres 185 (6.0) 56 (3.9) 129 (7.8)

Moyobamba 559 (18.1) 247 (17.4) 312 (18.8)

Picota 158 (5.1) 72 (5.1) 86 (5.2)

Rioja 470 (15.2) 245 (17.2) 225 (13.5)

San Martín 702 (22.8) 306 (21.5) 396 (23.8)

Tocache 208 (6.7) 122 (8.6) 86 (5.2)

Place of deliverya < 0.001

Home 272 (8.8) 168 (11.8) 104 (6.3)

Institutional 2,811 (91.1) 1,254 (88.1) 1,557 (93.7)

Not recorded 1 (< 0.1) 1 (0.1) 0 (0.0)

Place of death < 0.001

Community/home 435 (14.1) 365 (25.7) 70 (4.2)

Health facility 2,649 (85.9) 1,058 (74.3) 1,591 (95.8)

Table 1. General characteristics of fetal and neonatal deaths registered in San Martín, 2011–2025
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IQR: interquartile range. Values are presented as n (%) except for gestational age and birth weight, which are presented as median (IQR). “Indeterminate/
other” corresponds to the category recorded in the data source; the database did not allow a missing entry, a coding error, or a specific clinical condition to 
be distinguished. The dichotomous gestational age variable is retained as a complementary descriptive summary. aOne place-of-delivery value was missing 
in the fetal death group. The p-value was calculated using records with available information (n = 3,083).

*Fisher’s exact test was used for sex; Pearson’s chi-squared test was used 
for all other comparisons. Values are presented as n (%). Preventability 
corresponds to the classification recorded in the data source and was not 
reassessed by the authors. The matching marginal frequencies for place of 
delivery and place of death in the <24-hour group do not imply individual-
level concordance between the two records.

Table 2. Grouped causes by type of registered death in San 
Martín, 2011–20255

Grouped cause Total 
n (%)

Fetal 
n (%)

Neonatal 
n (%)

Fetal death of unspecified cause 687 (22.3) 687 (48.3) —

Intrauterine hypoxia 322 (10.4) 322 (22.6) —

Placental, cord, and membrane 
complications 61 (2.0) 61 (4.3) —

Maternal complications of 
pregnancy 31 (1.0) 31 (2.2) —

Maternal conditions unrelated to 
the current pregnancy 31 (1.0) 31 (2.2) —

Short gestation/low birth weight 37 (1.2) 37 (2.6) —

Prematurity-immaturity 460 (14.9) — 460 (27.7)

Infections 409 (13.3) — 409 (24.6)

Asphyxia and related causes 174 (5.6) — 174 (10.5)

Congenital malformations or 
lethal congenital malformation 281 (9.1) 130 (9.1) 151 (9.1)

Other causes 589 (19.1) 124 (8.7) 465 (28.0)

Not recorded 2 (0.1) 0 (0.0) 2 (0.1)

Values are presented as n (%). The em dash (—) indicates a category 
that is not applicable; the fetal and neonatal categories do not 
constitute a single taxonomy.

Characteristic
<24 hours
n = 572
n (%)

1–6 days
n = 715
n (%)

7–27 days
n = 350
n (%)

p

Sex 0.408*

Female 245 (42.8) 294 (41.1) 155 (44.3)

Male 325 (56.8) 421 (58.9) 194 (55.4)

Indeterminate/
other 2 (0.3) 0 (0.0) 1 (0.3)

Gestational age < 0.001

≥ 37 weeks 173 (30.2) 227 (31.7) 122 (34.9)

32–36 weeks 137 (24.0) 212 (29.7) 114 (32.6)

28–31 weeks 110 (19.2) 161 (22.5) 91 (26.0)

< 28 weeks 152 (26.6) 115 (16.1) 23 (6.6)

Prematurity 0.342

No 173 (30.2) 227 (31.7) 122 (34.9)

Yes 399 (69.8) 488 (68.3) 228 (65.1)

Birth weight < 0.001

≥ 2,500 g 180 (31.5) 235 (32.9) 108 (30.9)

1,500–2,499 g 138 (24.1) 198 (27.7) 108 (30.9)

1,000–1,499 g 96 (16.8) 145 (20.3) 91 (26.0)

< 1,000 g 158 (27.6) 137 (19.2) 43 (12.3)

Low birth weight 0.770

No 180 (31.5) 235 (32.9) 108 (30.9)

Yes 392 (68.5) 480 (67.1) 242 (69.1)

Preventable 0.740

No 444 (77.6) 542 (75.8) 270 (77.1)

Yes 128 (22.4) 173 (24.2) 80 (22.9)

Place of delivery 0.006

Home 44 (7.7) 29 (4.1) 28 (8.0)

Institutional 528 (92.3) 686 (95.9) 322 (92.0)

Place of death < 0.001

Community/home 44 (7.7) 10 (1.4) 14 (4.0)

Health facility 528 (92.3) 705 (98.6) 336 (96.0)

Period < 0.001

2011–2015 268 (46.9) 268 (37.5) 113 (32.3)

2016–2020 160 (28.0) 240 (33.6) 111 (31.7)

2021–2025 144 (25.2) 207 (29.0) 126 (36.0)

Table 3. Characteristics of neonatal deaths by timing of death 
in the San Martín region, 2011–2025
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age of <28 weeks than among those with a gestational age of 
≥37 weeks. This finding suggests that extreme prematurity, 
rather than prematurity in general, is associated with greater 
immediate vulnerability. Clinically, this is plausible because 
pulmonary, hemodynamic, metabolic, and neurologic 
immaturity limits cardiopulmonary transition at birth and 
reduces the likelihood of stabilization during the first hours of 
life (16). Moreover, studies have shown that survival among 
extremely preterm newborns varies markedly by gestational 
age: it is lower at earlier gestational ages and increases as 
gestation advances (17,18). The findings from San Martín 
highlight the need to strengthen the prevention of extremely 
preterm birth, antenatal referral, and the capacity to provide 
immediate neonatal care.

In addition to gestational age, the recorded cause of death 
revealed relevant temporal patterns. In the adjusted model, 
deaths attributed to asphyxia and related causes had the highest 
relative prevalence of occurring within the first 24 hours, 
followed by deaths attributed to congenital malformations 
or lethal congenital malformation and to prematurity-
immaturity. This finding is consistent with population-based 

Table 4. Characteristics associated with the occurrence of death within the first 24 hours among neonatal deaths registered in 
the San Martín region, 2011–2025

Characteristic cPR 95% CI p aPR 95% CI p

Sex

Female — — — — — —

Male 0.98 0.86–1.12 0.8 0.96 0.85–1.09 0.6

Gestational age

≥ 37 weeks — — — — — —

32–36 weeks 0.89 0.74–1.08 0.2 1.01 0.84–1.21 > 0.9

28–31 weeks 0.92 0.75–1.12 0.4 1.09 0.88–1.34 0.4

< 28 weeks 1.58 1.34–1.86 < 0.001 1.88 1.55–2.28 < 0.001

Grouped cause

Infections — — — — — —

Prematurity-immaturity 2.11 1.67–2.67 < 0.001 1.76 1.37–2.26 < 0.001

Asphyxia and related causes 3.30 2.60–4.18 < 0.001 3.25 2.58–4.11 < 0.001

Congenital malformations or lethal congenital malformation 2.53 1.94–3.31 < 0.001 2.74 2.11–3.56 < 0.001

Other causes 1.74 1.36–2.22 < 0.001 1.64 1.28–2.10 < 0.001

Not recorded 2.72 0.67–11.00 0.2 2.40 0.55–10.50 0.2

Period

2011–2015 — — — — — —

2016–2020 0.76 0.65–0.89 < 0.001 0.76 0.65–0.89 < 0.001

2021–2025 0.73 0.62–0.86 < 0.001 0.70 0.59–0.82 < 0.001

Place of delivery

Institutional — — — — — —

Home 1.27 1.00–1.60 0.046 1.18 0.94–1.47 0.2

cPR: crude prevalence ratio; aPR: adjusted prevalence ratio; 95% CI: 95% confidence interval. Prevalence ratios were estimated using Poisson regression 
models with robust variance. The outcome compared deaths occurring within the first 24 hours with those occurring between 1 and 27 days. The adjusted 
model included sex, categorized gestational age, grouped cause of death, registration period, and place of delivery. The prevalence ratios represent 
associations conditional on the occurrence of a neonatal death and do not estimate mortality risk among live-born infants.

studies using vital records (19), such as the study conducted 
in São Paulo, Brazil, where neonatal mortality associated with 
perinatal asphyxia was concentrated early, with a median time 
of approximately 24 hours until 50% of deaths had occurred 
(20). In the department of San Martín, this pattern highlights 
the importance of the intrapartum period and the immediate 
stabilization of the newborn, although the available data do 
not permit causal inference or direct assessment of the quality 
of care. In contrast, infections were proportionally more 
frequent among deaths occurring at 7–27 days, suggesting a 
later temporal pattern, possibly related to the immunologic 
vulnerability of preterm infants and to postnatal exposures 
associated with neonatal care, as described in studies of late-
onset neonatal sepsis (21).

Among fetal deaths, the high proportion of cases registered as 
fetal death of unspecified cause was a noteworthy finding. This 
category accounted for 48.3% of fetal deaths, far exceeding 
the proportions attributed to intrauterine hypoxia and to 
congenital malformations or lethal congenital malformation. 
This concentration of nonspecific diagnoses limits etiologic 
interpretation and reduces the registry's usefulness in guiding 
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preventive interventions. The standardized classification of 
perinatal deaths, such as the World Health Organization’s 
International Classification of Diseases for Perinatal 
Mortality (ICD-PM), seeks to link fetal and neonatal deaths 
to contributing maternal and perinatal conditions, thereby 
facilitating comparisons across settings and the identification 
of opportunities for prevention (22). Therefore, the findings 
suggest a need to improve the quality of records, strengthen 
the clinical investigation of fetal deaths, and standardize 
etiologic classification.

In Peru, the study findings should be interpreted in light 
of the fact that neonatal mortality is not evenly distributed 
across the country. National studies have shown persistent 
department-level inequalities associated with poverty and 
education, indicating that neonatal survival is influenced not 
only by clinical conditions but also by social and territorial 
determinants (10). Ecological analyses have also documented 
a decrease in the neonatal mortality rate in Peru between 
2007 and 2021, although regional inequalities persisted and 
the epidemiologic profile shifted toward a higher proportion 
of deaths related to extreme prematurity and low birth 
weight (12). Against this background, among neonatal deaths 
registered in San Martín, the lower relative prevalence of 
death within the first 24 hours in 2016–2020 and 2021–2025 
than in 2011–2015 could reflect changes in perinatal care, 
obstetric-neonatal referral, or the initial survival of critically 
ill newborns; however, it could also have been influenced by 
changes in the registration or classification of deaths (23,24). 
This comparison does not constitute an estimate of the trend 
in the neonatal mortality rate because the study did not 
include live births as the denominator.

The main strengths of this study include the analysis of 
15 years of data and the use of a regional database of fetal 
and neonatal deaths, which enabled the characterization of 
clinical and epidemiological patterns and the comparison of 
characteristics associated with the timing of neonatal deaths. 
However, the findings should be interpreted in light of the 
limitations of administrative records, including incomplete 
data, diagnostic variability, possible underreporting, 
unverifiable reporting coverage, and the absence of relevant 
clinical variables. The data source also did not allow 
antepartum and intrapartum fetal deaths to be distinguished 
in a standardized manner or the preventability classification to 
be reassessed. Furthermore, the high frequency of nonspecific 
categories and the observational design limit etiologic 
interpretation and preclude causal inference. Nevertheless, 
these findings provide useful regional evidence to guide 
interventions focused on preventing extremely preterm 
birth, improving intrapartum care, stabilizing critically ill 
newborns, and strengthening perinatal registration.

In conclusion, neonatal deaths registered in San Martín, 
Peru, from 2011 to 2025 were concentrated among preterm 
and low-birth-weight newborns. Among neonatal deaths, 
those occurring within the first 24 hours showed a profile 
characterized by extreme prematurity, asphyxia and related 
causes, and congenital malformations or lethal congenital 
malformation. These findings describe differences in the 
timing of death among neonates who died and do not estimate 
mortality risk among live-born infants.
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