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Neonatal mortality still remains a complex challenge to be addressed. In Brazil, 60% of neonatal deaths
occur among preterm infants with a gestational age of 32 weeks or less (<32w). The aim of this study
was to evaluate the factors involved in the high mortality rates among newborns with a gestational

age <32w in a socioeconomically developed southern city in Brazil. Data on retrospective births and
deaths (2000-2014) were analyzed from two official Brazilian national databases. The risk of neonatal
death for all independent variables (mother’s age and schooling, prenatal visits, birth hospital, delivery
method, gestational age, and the newborn’s sex, age, and birth year, gemelarity, congenital anomalies
and birthplace) was assessed with a univariable and a multivariable model of Cox’s semiparametric
proportional hazards regression (p < 0.05). Data of 288,904 newborns were included, being 4,514 with
a gestational age <32w. The proportion of these early newborns remained stable among all births,
while the neonatal mortality rate for this group tended to decrease (p < 0.001). The adjusted risk was
significantly for lower birthweight infants (mean 659.13 g) born from Caesarean (HR 0.58 [95% ClI
0.47-0.71)), but it was significantly higher for heavier birth weight infants (mean 2,087.79) also born via
Caesarean section (HR 3.71[95% Cl 1.5-9.15]). Newborns with lower weight seemed to benefit most
from Cesarean deliveries. Effort towards reducing unacceptably high surgical deliveries must take into
account cases that the operations may be lifesaving for mother and/or the baby.

The reduction in infant mortality rates over the past few years has enabled Brazil to attain the fourth goal of the
eight Millennium Development Goals proposed by the United Nations: to reduce infant mortality by two-thirds
between 1990 and 2015'. However, unlike postneonatal mortality, neonatal mortality has not yet reached accept-
able rates considering the country’s technological and economic development. Neonatal mortality in Brazil still
remains a complex challenge to be addressed>.

Most neonatal deaths occur among preterm newborns®. In Brazil, 60% of neonatal deaths occur among pre-
term infants with a gestational age of 32 weeks or less*. Of all neonatal deaths, 75% occurred between zero and six
days of age, and one in four deaths occurred during the first 24 hours of life>®. Despite this scenario, there are few
studies that seek to elucidate the causes or factors contributing to mortality in this population.

This study investigated the possible contributing factors involved in the high mortality rates among new-
borns with a gestational age of up to 32 weeks at a socioeconomically developed capital city in southern Brazil.
Data were obtained through the vital statistics published by two official health information systems combined by
means of a record linkage in a time series.

Methods

Porto Alegre is the capital city of the state of Rio Grande do Sul, Brazil, with a population of 1,467,823 (2013)
and a very high Human Development Index (0.805). Almost all births (99%) in Porto Alegre take place within
the municipality in one of its ten hospitals (three of them university hospitals) that contain a Neonatal Intensive
Care Unit (NICU). These units are also reference centers for high-risk pregnancies at both metropolitan and
state level’. The municipality’s vital statistics (births and deaths) are processed by the Live Birth Information
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System (Sistema de Informagoes de Nascidos Vivos - SINASC) and by the Mortality Information System (Sisterna
de Informagdes de Mortalidade - SIM) and integrate a high-quality data set®.

This study used data from birth and death certificates of infants under 1 year old issued between 2000 and
2015. The data were obtained from the SINASC and SIM systems with the assistance of the General Coordinating
Committee for Health Vigilance of the Municipal Health Office of Porto Alegre. Record linkage between the
databases was performed using a deterministic procedure on STATA®. We retrieved the Live Birth Declaration
numbers from both systems and resorted to a manual linkage procedure when necessary.

Newborns weighing less than 500 g were excluded from the study to minimize inclusion of births where sur-
vival was unfeasible®®. The records were divided in three groups: term births (infants born at a gestational age of
37 weeks or more), late preterm births (infants born at a gestational age between 32 and 36 weeks and 6 days), and
early preterm births (infants born at a gestational age of less than 32 weeks). Only the records of early preterm
newborns were included in the multivariable analysis. Infants without a death certificate and those who died after
the 27th day were considered survivors. The independent variables used were the mother’s age and schooling,
number of prenatal visits, type of hospital where the birth took place, delivery method, gestational age, and the
newborn’s sex, age, and birth year, gemelarity, congenital anomalies and outhospital birth. Dependent variables
were death and age of death.

Gestational ages on the birth certificates from 2000-2010 were classified into three categories relevant to
this study: (1) less than 22 weeks; (2) 22-27 weeks; and (3) 28-31 weeks'®. Even though these continuous var-
iables sometimes extended days or weeks into 2011, these categories were kept based on the previous criteria.
Conforming previous study with data from 2011 year, the preferential information padronized for gestational age
colected was last menstrual period, and alternatively accepted direct information from physical exam or other
methods. Last menstrual period was informed in 42,2% of birth registrys and other methods or method not
informed in 54%. No gestational age information or missing cases added up 3,8%'°. Over time the completeness
of SINASC information is improving for most of variables, including duration of gestation'!.

The National Registry of Health Facilities of the Brazilian Ministry of Health classifies hospitals into three
basic categories: (1) public hospitals exclusively funded by the national public health system (Sistema Unico de
Satide - SUS); (2) private hospitals funded by private health insurance plans and the patients’ own funds; and
(3) mixed hospitals (non-profit private institutions) funded by SUS, private health insurance plans or by the
patients’ own funds. For analysis purposes, this study considered private and mixed hospitals as one single cate-
gory (private).

First, we performed a descriptive analysis of all variables. In multivariable modelling, the conceptual model
was from farthest to the nearest for outcomes. Birthweight was also analyzed both as a continuous and categorical
variable (in quintiles) to check for model adequacy and interactions with the other variables. Birth year was also
included in the final model to control for general changes in risk of death throughout the years and to allow for a
time evolution of the mortality outcome.

We then performed a survival analysis of the early newborn group using a univariable and a multivariable
model of Cox’s semiparametric proportional hazards regression, calculated with the Survival package included
with the R software!2. Were considered statistically significant p values <0.05. Each covariate was individually
assessed with Kaplan-Meier curve analysis and Schoenfeld residuals. They were then assessed together through a
global correlation between covariates and time. Both procedures indicated that the data were adequate for Cox’s
proportional hazards regression?.

For statistical modelling, we performed a univariable regression analysis of each independent variable for the
time to event outcome (death or survival), then investigated their interactions. Those with a statistically signifi-
cant difference were used in the next phase, which applied the multivariable model with the technique known as
“backward stepwise”. The final main model was chosen by comparing the likelihood ratio tests (“goodness-of-fit”).

The consistency of the model was assessed based on its application to different scenarios composed by data-
base variables containing only: a) deliveries in private hospitals; b) deliveries in public hospitals; c) deliveries by
mothers with less than eight years of schooling; and d) deliveries between 2006 and 2014. The final model was
used on the dataset on early newborns (gestational age <32 weeks) and separately on each weight quintile, adding
up to a total of six regressions.

This study was approved by the Research Ethics Committee of the Hospital de Clinicas de Porto Alegre (pro-
tocol no. 17/0124) and by the Municipal Health Office of Porto Alegre (certificate no. 60897216.4.0000.5327).
As the present research used secondary data from the municipality’s health information systems, the informed
consent form was waived. Thus, all methods were performed in accordance with the latest current guidelines and
regulations of the National Health Council of the Brazilian Ministry of Health (Resolution No. 466/2012 and No.
580/2018).

Results

We analyzed 288,904 records issued between 2000 and 2014 (Table 1). The chi-square test for trend showed that
the proportion of early preterm births remained stable, while the neonatal mortality rate for this group tended to
decrease (p < 0.001). A total of 1,845 infants died during the first 27 days of life, with 21% of deaths occurring on
the birthday, 45% between days 1 and 6, and 33% between days 7 and 27.

With early preterm group records, we analyzed 4,514 newborns. Cox’s univariable semiparametric regression
analysis showed all variables to have statistical significance except gemelarity (Table 2). After adjustment for the
other variables, maternal age and schooling did not have any statistical significance, while attending less than
four prenatal care visits was considered a risk for neonatal death compared to four or more visits (HR 1.21 [95%
CI 1.05-1.40]). Deliveries in public hospitals had a greater risk for neonatal mortality compared to deliveries
in private hospitals (HR 1.54 [95% CI 1.33-1.78]). Male newborns were at greater risk of non-survival than
female newborns (HR 1.39 [95% CI 1.22-1.59]). With weight as a continuous variable, the risk rate changed
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Early preterm
births Late preterm births Term births
n (GA 22-31weeks) (GA 32-36 weeks) (GA > 37 weeks)
Live Live Live
Live births births births
Year births | NNM (%) NNM (%) NNM (%) NNM
2000-2002 | 63,925 | 7.6 1.47 4.0 8.46 1.4 89.86 1.9
2003-2005 | 57,199 | 6.9 1.54 3.7 9.04 13 89.37 1.8
2006-2008 | 54,351 | 6.3 1.58 33 9.24 1.1 89.12 1.9
2009-2011 | 55,497 | 5.5 1.66 3.0 9.96 1.0 88.33 1.3
2012-2014 | 57,932 | 5.2 1.55 2.6 9.57 1.0 88.80 1.5
p? — 1,39E-06 | 0.07688 | 3,82E-03 | <2.2e-16 |0.009521 |3,36E-12 |0.01244

Table 1. Births and neonatal mortality trends from 2000-2014 according to gestational age groups in Porto
Alegre, Brazil. GA Gestational Age. NNM Neonatal Mortality. NMA Number of neonatal deaths/number of
newborns x 1000, GA Gestational age. *P-value of Chi-squared Test for Trend in Proportions.

little between univariable and multivariable analyses, meaning that weight provided protection against neonatal
mortality (HR 0.996 [95% CI 0.995-0.996]). The results of the adjusted analyses for delivery method followed two
distinct directions, as there was a significant interaction between delivery method and birthweight (p < 0.001).
Cesarean delivery generally provided greater protection against neonatal mortality compared to vaginal delivery
(HR 0.19 [95% CI 0.12-0.30]), but the interaction between delivery method and birthweight showed a greater
risk with Cesarean delivery depending on weight gain (HR 1.001 [95% CI 1.0009-1.0019]). As shown in Fig. 1,
vaginal delivery offers less protection in the lower quintiles, but provides greater protection in the higher weight
quintiles (4" and 5%).

Table 3 indicates greater neonatal mortality rates among infants born from vaginal delivery than from
Cesarean section in the three lowest birthweight quintiles, while the opposite is seen in the highest quintile. The
adjusted regression for the other variables suggests that Cesarean sections provide greater protection (HR 0.58
[95% CI 0.47-0.71]) compared to normal delivery in the lightest quintile (mean birthweight 659.13 g). In the 5%
quintile (mean birthweight 2,087.79), neonatal mortality becomes a risk with Cesarean births (HR 3.71 [95% CI
1.5-9.15]).

After applying the final model to four different scenarios (deliveries in private hospitals only, deliveries in
public hospitals only, infants born to mothers with less than eight years of schooling, and infants born between
2006 and 2014, Cesarean delivery continued to be a protective factor compared to vaginal delivery for newborns
with a lower birthweight (p < 0.05).

Discussion

Assessment of the temporal trend for preterm birth rates showed that the proportion of early preterm births in
relation to the other gestational age ranges has remained stable over the years (around 1.56% of all births), even
with a percentage increase in preterm births (p < 0.001). The neonatal mortality rate among early preterm infants
tended to decrease (p < 0,001), which also was observed in late preterm infants. The steady proportion of early
preterm births in the context of an increase in preterm births and the difference in reduction of neonatal mortality
for early preterm, late preterm, and term births may be partially explained by the preferential choices of delivery
method, which is a constant subject of research!#-!6.

The descriptive analysis of the variables showed that most neonatal deaths occurred between the second and
sixth day, which points to a high-quality standard of care during the first 24 hours of life. This is a favorable and
positive scenario compared to the other regions of Brazil and other developing countries, where the proportion of
deaths on the first day of life is often higher"®. According to the multivariable regression analysis, the population
most affected by neonatal mortality were congenital anomalies, low birthweight male infants, born before 2006,
from vaginal delivery and at public hospitals, to mothers who had attended less than four prenatal care appoint-
ments. This rate was not associated with maternal age, schooling or gemelarity. Cesarean section was a significant
factor in protecting against neonatal mortality in the lowest weight quintile. Its statistical significance decreased
up to the 5th quintile, where it became a statistically significant risk for neonatal mortality.

Despite the low maternal schooling, extreme maternal age and gemelarity, three classics factors for neonatal
mortality did not demonstrate a statistically significant risk after the multivariable adjustment in this study. The
research conducted by Lansky et al. with data taken from various Brazilian states showed similar results for
maternal age, although not for low schooling and gemelarity, which represented a statistically significant risk for
neonatal mortality*.

Over the past few years, education levels, prenatal care coverage, and neonatal health care have been improv-
ing both in Porto Alegre and on a national level. This may help explain the decrease in mortality rates"!”. However,
our results pointed to a need for qualification of prenatal care, particularly through anticipating care for pregnant
women, even in socioeconomically developed cities. Early diagnosis and adequate management of high-risk preg-
nancies are essential to reduce the incidence of preterm births and neonatal deaths'®'.

Delivery at a public hospital was shown to be a risk factor for neonatal mortality. We controlled for maternal
age, schooling, and number of prenatal visits in the multivariable regression, then reapplied the regression anal-
ysis to an exclusive population of mothers with eight years of schooling or less (i.e., the predominant profile in
public hospitals). Public hospitals were again found to be a higher risk factor for neonatal mortality compared to
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Livebirths N Univariable regression Multivariable regression®

(%) HR 95%CI P HR 95%CI P
Maternal age
20 to 34 years®el. 2809 (62.0) 1.00 Ref. 1.00 Ref.
Less than 20 years 799 (17.7) 1.30 1.11-1.52 0.00102 1.01 0.85-1.20 0.858095
More than 34 years 903 (20.0) 0.90 0.76-1.073 0.25068 1.10 0.92-1.32 0.271338
Maternal schooling
High School graduate or +R¢* 1158 (25.65) 1.00 Ref. 1.00 Ref.
Less than 8th grade 1512 (33.49) 1.53 1.28-1.82 1.92e-06 1.08 0.89-1.33 0.402286
8th through 11th grade;no diploma | 1810 (40.09) 1.45 1.22-1.73 1.77e-05 1.08 0.89-1.33 0.383019
Antenatal visits
4 or more Ref 2798 (61.98) 1.00 Ref. 1.00 Ref.
Less than 4 visits 1680 (37.21) 2.00 1.76-2.27 <2e-16 1.21 1.05-1.40 0.007569
Delivery type
Vaginal Ref. 1843 (40.82) 1.00 Ref. 1.00 Ref.
Cesarean 2669 (59.12) 0.47 0.41-0.53 <2e-16 0.19 0.12-0.30 8.05e-12
Birthweight:cesarean interaction — — — 1.001 1.0009-1.0019 2.27e-07
Hospital type
Private insurance accept 2148 (47.58) 1.00 Ref. 1.00 Ref.
Public insurance only 2177 (48.22) 2.01 1.76-2.31 <2e-16 1.54 1.33-1.78 5.23e-09
Sex
Female R 2139 (47.38) 1.00 Ref. 1.00 Ref.
Male 2369 (52.48) 1.23 1.08-1.4 0.0012 1.39 1.22-1.59 7.91e-07
Birth year
2000-02 943 (20.89) 1.71 1.40-2.09 1.36e-07 1.49 1.19-1.85 0.000334
2003-05 885(19.61) 1.47 1.19-1.81 0.000238 1.49 1.20-1.86 0.000313
2006-08 860 (19.05) 1.26 1.01-1.56 0.034730 1.22 0.97-1.53 0.074902
2009-11 925 (20.49) 1.10 0.88-1.36 0.393218 1.17 0.93-1.47 0.156298
2012-14 Rt 901 (19.96) 1.00 Ref. 1.00 Ref.
Birthweight (Quintile) 0.9966 | 0.9963-0.9968 <2e-16 0.996 0.995-0.996 <2e-16
Lighter 910 (20.16) — — — — — —
2th 901 (19.96) — — — — — —
3th 909 (20.14) - - - - - —
4th 913 (20.23) — — — — — —
Heavier 881 (19.52) — — — — — —
Birth local
Hospital k" 4447 (98.51) 1.00 Ref. 1.00 Ref.
Other 65 (1.43) 241 1.65-3.51 4.24e-06 1.31 0.75-2.30 0.336763
Gestational type
Single Rt 3748(83.03) | 1.00 Ref. 1.00 Ref.
Multiple 764 (16.92) 0.96 0.81-1.145 0.697 0.99 0.82-1.18 0.943713
Congenital anomalies
No 4265 (94.48) 1.00 Ref. 1.00 Ref.
Yes 198 (4.38) 3.83 3.14-4.66 <2e-16 2.82 2.29-3.48 <2e-16
Neonatal mortality
Survival 3537 (78.36) — — — — — —
Neonatal death 977 (21.64) — — — — — —

Table 2. Description analysis and hazard ratios according to the characteristics of early newborns gestational
age <32 weeks), mothers, and gestational periods between 2000-2014 in Porto Alegre, Brazil. Livebirths are
presented as number (percentage). HR hazard ratio, 95% CI 95% confidence interval. Ref. The reference group
in categorical variables were the 20-34 years age group, the high school graduate or + group, the 4 or more
antenatal visits group, the vaginal delivery group, the private insurance accept group, the female group, the
born in the 2012-2014 period group, the born in hospital group, the single-pregnancy group and the group
without congenital anomalies. *Cox’s multivariable survival analysis adjusted for maternal age and schooling,
number of prenatal care visits, delivery method, interaction between delivery method and birthweigth, type of
hospital where the delivery took place, gestational age, gemelarity, anomalies, birthweight, sex, and birth year;
Concordance =0.837 (se =0.01); Likelihood ratio test=1388 on 17 df, p = 0; Wald test=1089 on 17 df, p=0;
Score (logrank) test = 1129 on 17 df, p=0.
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Figure 1. Interaction between delivery method and birthweight.

Delivery rate Neonatal survival
Birthweight* Vaginal Cesarean Univariable regression | Multivariable regression®
Total HR (95% HR (95%
Quintile (N=4514) | Mean (sd) % % CI) P CI P
. 0.46 0.58
Lightest 910 658.14 (84.71) 549 45.1 (0.38-0.55) <2e-16 (0.47-0.71) 1.45e-07
2nd 901 921.53 (69.9) 37.62 62.38 0.5 2.99¢-07 0.63 0.00258
i ) ! : (039-0.65) ) (0.47-0.85) |
0.54 0.57
3th 909 1176.5 (74.16) 32.45 67.55 (0.36-0.81) 0.00296 (0.36-0.90) 0.01626
0.97 1.51
4th 913 1446.94 (89.92) 32.89 67.11 (0.55-1.71) 0.922 (0.79-2.89) 0.20863
Heaviest 881 2082.65 (530.78) 46.54 53.46 3.14 0.00736 371 0.004454
: : : : (1.36-7.27) : (1.5-9.15) :

Table 3. Birthweight, delivery rate and neonatal survival per birthweight quintile and delivery method
from 2000-2014 in Porto Alegre, Brazil. sd standat error, HR hazard ratio, 95% CI 95% confidence interval.
*Birthweight in grams®. "Cox’s multivariable regression for delivery method, adjusted for maternal age and
schooling, number of prenatal care visits, type of hospital where the delivery took place, gestational age,
gemelarity, anomalies, birthweight, sex and birth year.

private hospitals. In spite of this, there were no clinical data to support the claim that pregnant women at public
hospitals were under worse health conditions than those at private hospitals. There were also no data related to
perinatal care procedures such as pre-labor monitoring, corticoid use, contraction inhibitor administration, and
surfactant therapy in newborns. In light of this, the significant risk of neonatal mortality associated with public
hospitals may be explained by a lack of infrastructure and qualified human resources*?°-?2. Although prenatal
corticoids for pregnant women and surfactants for newborns are available in the public health system, their use is
not yet widespread in the hospitals of Brazil. According to the yearly reports of the Brazilian Network on Neonatal
Research comprising 20 teaching hospitals in Brazil, 60% of pregnant women who gave birth to infants under
1,500 g in 2008 had used prenatal corticoids, while 49% of these infants had received surfactant therapy. By 2016,
these numbers had increased to 78% e 55%, respectively®.

Male newborns seemed to have a lower chance of surviving, possibly due to factors such as differences in body
maturation when compared to female newborns. This subject remains under research®%21:2425,

The risk factor represented by the delivery method changed depending on the newborn’s weight range.
Cesarean sections acted as a markedly protective factor against neonatal mortality for low birthweight infants.
Although our study did not rely on this particular type of clinical perinatal data, there are indications in literature
that children under chronic hypoxic stress, such as fetuses with restricted intrauterine growth, could have a worse
outcome following vaginal delivery due to the risk of further injury associated with perinatal hypoxia during
labor®?. Another risk factor associated with vaginal delivery for very early preterm newborns is breech presenta-
tion during labor. While breech presentation affects only 4% of term births, it corresponds to 20-35% of infants
born at 28 weeks, which contributes to a higher mortality rate among vaginal delivery babies*>?’. Interestingly,
Cesarean section did not represent a protective factor for heavier birthweight infants, becoming in turn a signifi-
cant risk factor. This may be related to a higher frequency of severe respiratory complications and use of mechan-
ical ventilation among late preterm infants born from Cesarean sections than among those born from vaginal
delivery*”?%. Hormonal and pulmonary physiological aspects and respiratory diseases related to delivery method
have also been reported in literature®.

Using the National Vital Statistics System of the United States, after adjusting for other risk factors, Lee and
Gould found a higher death risk associated with vaginal delivery than with Cesarean section for newborns
too small for gestational age (SGA) (26 to 30 weeks)®. According to the same study, vaginal deliveries were
more protective than Cesarean sections against the same outcome for SGA newborns over 36 weeks and for
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appropriate-for-gestational-age (AGA) newborns over 28 weeks. Using the same database, Malloy et al. found
Cesarean deliveries to be a protective factor for newborns with a gestational age between 22 and 25 weeks regard-
less of the reason behind indication for a Cesarean section’. The odds ratio ranged from 0.58 (95% CI: 0.38-0.87)
for a gestational age of 22 weeks to 0.81 (95% CI: 0.69-0.94) for 25 weeks. Among infants born at the 31 or 32"
week, Cesarean delivery became a risk factor for neonatal death. These findings are consistent with the results of
our study. Other studies with smaller sample sizes did not find a significant difference in risk of death among the
groups born from vaginal delivery and from Cesarean sections**-32. Several randomized trials designed to eluci-
date the best preterm birth method were suspended due to difficulties in recruiting participants?*>.

Regarding prenatal coverage, the risk of neonatal mortality among pregnant women who had attended less
than four prenatal care visits was similar to the ones found in other studies. In a neonatal survival study with data
from 57 low- and middle-income countries, attending four or more prenatal visits represented a protective factor
against neonatal mortality (HR 0.54 [95% CI 0.50-0.59]) compared to attending no visits*. Similar results were
found by Dhaded et al.*".

The difference in neonatal mortality rates between different hospital types has also been observed in other
studies. Lansky et al. analyzed 266 hospitals across all regions of Brazil in the “Nascer no Brasil” (“Being born
in Brazil”) survey and found a higher mortality risk among infants born at publicly-funded hospitals (OR 2.78
[95% CI 1.37-5.6]) compared to those born at hospitals with fully private funding®. This study also suggested that
adequate early intervention measures during situations of perinatal hypoxemia could save many lives throughout
the country. This is corroborated by a previous study conducted in Belo Horizonte, the capital city of the state of
Minas Gerais, also placed at the top of the Human Development Index??. Our study compared privately funded
hospitals and mixed-fund hospitals (private and public) as one single category against publicly funded hospitals,
which may have contributed to a lower risk (HR 1.54 [95% CI 1.33-1.78]). It should be noted that, despite the
findings of this study, public hospitals in Porto Alegre have good ratings both on a national and international
level, and most offer high-quality healthcare study programs. Further studies may lead to a clearer understanding
of the risk of mortality associated with the public health system.

This is a pioneering study on population-specific risk factors for neonatal mortality in preterm infants with
less than 32 weeks of gestational age. These risks have been often designated as the main cause behind the main-
tenance of high neonatal mortality rates in the country. Few studies in Brazil have used information systems on
vital statistics to assess infant mortality.

One of the study’s limitations is in the information systems’ lack of important data for investigating outcomes,
such as diseases or clinical conditions during gestation and delivery, medical treatments undergone by mothers
before and after delivery, smoking habits and other factors. Likewise, gestational age was classified into categories
of 22-27 weeks and 28-32 weeks, which prevents a more detailed analysis of weight adequacy by gestational age.

One of the strengths of this study is the use of two high-quality official health information systems
(SINASC and SIM) recognized by the Ministry of Health and available throughout the entire national territory.
Additionally, relying on a population sample allows for lower costs and a reduced execution time. Another impor-
tant aspect is the use of a multivariable regression analysis of survival to obtain a better overall statistical accuracy
by incorporating not only the binary neonatal mortality outcome, but also the day of the event.

Our study showed that the risk of neonatal death among early preterm infants has been declining over the
years and that Cesarean delivery may be more important in reducing neonatal mortality than it is currently
thought to be. The mortality risk for newborns born from vaginal delivery was shown to be significantly depend-
ent on birthweight. Newborns with lower weight seemed to benefit most from Cesarean deliveries.

Faced with an epidemic of surgical deliveries throughout the country, the Brazilian government has been
taking actions in an effort to reduce unacceptably high cesarean section rates take into account that are cases
when the operations must be conducted, and make clear that many times they may lifesaving for mother and/or
the baby.

Received: 24 October 2019; Accepted: 7 April 2020;
Published online: 29 April 2020

References
1. Brasil. Secretaria de Vigilancia em Saude. Departamento de Analise de Situagdo em Satide. Satide Brasil 2013: Uma anilise da
situagdo de saude e das doengas transmissiveis relacionadas a pobreza 1-384 (Ministério da Saude, 2013).
2. Carlo, W. A. & Travers, C. P. Maternal and neonatal mortality: time to act. J. Pediatr. 96, 543-545 (2017).
3. Blencowe, H. et al. Born too soon: the global epidemiology of 15 million preterm births. Reprod. Health. 10, S2, https://doi.
org/10.1186/1742-4755-10-S1-S2 (2013).
4. Lansky, S. et al. Pesquisa Nascer no Brasil: perfil da mortalidade neonatal e avaliagdo da assisténcia a gestante e ao recém-nascido.
Cad. Satide Puiblica. 30, S192-S207 (2014).
5. Barros, E C. et al. The challenge of reducing neonatal mortality in middle-income countries: Findings from three Brazilian birth
cohorts in 1982, 1993, and 2004. Lancet. 365, 847-854 (2005).
6. Oza, S., Cousens, S. N. & Lawn, J. E. Estimation of daily risk of neonatal death, including the day of birth, in 186 countries in 2013:
a vital-registration and modelling-based study. Lancet Glob. Health. 2, e635-444 (2014).
7. Brasil, Ministério da Satide. Cadastro Nacional de Estabelecimentos de Satide. http://cnes.datasus.gov.br (2017).
8. Lee, H. C. & Gould, J. B. Survival rates and mode of delivery for vertex preterm neonates according to small- or appropriate-for-
gestational-age status. Pediatrics. 118(6), 1836-144 (2006).
9. Malloy, M. H. Impact of cesarean section on neonatal mortality rates among very preterm infants in the United States, 2000-2003.
Pediatrics. 122(2), 285-292 (2008).
10. Brasil. Coordenagio Geral de Informagdes e Analise Epidemioldgica. Consolidagao do Sistema de Informagdes sobre Nascidos
Vivos http://tabnet.datasus.gov.br/cgi/sinasc/Consolida_Sinasc_2011.pdf (2013).
11. Silvestrin, S., Buriol, V. C. S,, Silva, C. H. & Goldani, M. Z. Avaliagio da incompletude da variavel escolaridade materna nos registros
das Declaragoes de Nascidos Vivos nas capitais brasileiras - 1996 a 2013. Cad. Saiide Publica. 34, €00039217, https://doi.
0rg/10.1590/0102-311x00039217 (2018).

SCIENTIFIC REPORTS |

(2020) 10:7252 | https://doi.org/10.1038/s41598-020-64357-x


https://doi.org/10.1038/s41598-020-64357-x
https://doi.org/10.1186/1742-4755-10-S1-S2
https://doi.org/10.1186/1742-4755-10-S1-S2
http://cnes.datasus.gov.br
http://tabnet.datasus.gov.br/cgi/sinasc/Consolida_Sinasc_2011.pdf
https://doi.org/10.1590/0102-311x00039217
https://doi.org/10.1590/0102-311x00039217

www.nature.com/scientificreports/

12. Therneau T. A Package for Survival Analysis in S. Version 2.38. 2015. http://CRAN.R-project.org/package=survival (2018).

13. George, B., Seals, S. & Aban, I. Survival analysis and regression models. J. Nucl. Cardiol. 21, 686-694 (2014).

14. Da Silva, C. H. et al. Secular trend of very low birth weight rate in Porto Alegre, Southern Brazil. J. Biosoc. Sci. 42, 243-253 (2010).

15. De Souza Buriol, V. C., Hirakata, V., Goldani, M. Z. & da Silva, C. H. Temporal evolution of the risk factors associated with low birth
weight rates in Brazilian capitals (1996-2011). Popul. Health Metr. 14, 15, https://doi.org/10.1186/s12963-016-0086-0 (2016).

16. Silva, A. A. et al. The epidemiologic paradox of low birth weight in Brazil. Rev. Saude Publica. 44, 767-775 (2010).

17. Brasil. Secretaria de Ciéncia, Tecnologia e Insumos Estratégicos - Departamento de Ciéncia e Tecnologia. Sintese de evidéncias para
politicas de satide mortalidade perinatal. 1-44 (Ministério da Satde, 2015).

18. Lawn, J. E. et al. Born Too Soon: Accelerating actions for prevention and care of 15 million newborns born too soon. Reprod. health.
10, S6, https://doi.org/10.1186/1742-4755-10-S1-S6 (2013).

19. Dean, S. V. et al. Born Too Soon: care before and between pregnancy to prevent preterm births: from evidence to action. Reprod.
Health. 10(Suppl 1), S3, https://doi.org/10.1186/1742-4755-10-S1-S3 (2013).

20. Carlo, W. A. et al. Newborn-care training and perinatal mortality in developing countries. N. Engl. . Med. 362, 614-623 (2010).

21. Dhaded, S. M. et al. Neonatal mortality and coverage of essential newborn interventions 2010-2013: a prospective, population-
based study from low middle-income countries. BMC Reprod Health. 12(suppl 2), S6, https://doi.org/10.1186/1742-4755-12-52-S6
(2015).

22. Lansky, S., Subramanian, S. V., Franga, E. & Kawachi, I. Higher perinatal mortality in National Public Health System hospitals in
Belo Horizonte, Brazil, 1999: a compositional or contextual effect? Int. J. Gynecol. Obstet. 114(10), 1240-1245 (2007).

23. Rede Brasileira de Pesquisas Neonatais. Relatorios Anuais. http://www.redeneonatal.fiocruz.br/index.php/10-destaque/29-
relatoriosanuais (2016).

24. Johansson, S. et al. Preterm delivery, level of care, and infant death in Sweden: a population-based study. Pediatrics. 113, 1230-1235
(2004).

25. Lee, H. C. et al. Prediction of death for extremely premature infants in a population-based cohort. Pediatrics. 126, e644-50, https://
doi.org/10.1542/peds.2010-0097 (2010).

26. Herbst, A. & Kallen, K. Influence of mode of delivery on neonatal mortality and morbidity in spontaneous preterm breech delivery.
Eur. ]. Obstet. Gynecol. Reprod. Biol. 133, 25-29 (2007).

27. Bergenhenegouwen, L. A. et al. Vaginal delivery versus caesarean section in preterm breech delivery: a systematic review. Eur. J.
Obstet. Gynecol. Reprod. Biol. 172, 1-6 (2014).

28. Malloy, M. H. Impact of cesarean section on intermediate and late preterm births: United States, 2000-2003. Birth. 36, 26-33 (2009).

29. Jain, L. & Golde, G. Respiratory transition in infants delivered by cesarean section. Semin. Perinatol. 30, 296-304 (2006).

30. Kayem, G. et al. Mortality and morbidity in early preterm breech singletons: impact of a policy of planned vaginal delivery. Eur. J.
Obstet. Gynecol. Reprod. Biol. 192, 61-65 (2015).

31. Kayem, G. et al. Early preterm breech delivery: is a policy of planned vaginal delivery associated with increased risk of neonatal
death? Am. J. Obstet. Gynecol. 198(289), e1-6 (2008).

32. Garite, T. ]. et al. A multicenter prospective study of neonatal outcomes at less than 32 weeks associated with indications for maternal
admission and delivery. Am. J. Obstet. Gynecol. 217(01), 72.e1-72.e9 (2017).

33. Alfirevic, Z., Milan, S. J. & Livio, S. Caesarean section versus vaginal delivery for preterm birth in singletons. Cochrane Database Syst.
Rev. 12(9), CD000078, https://doi.org/10.1002/14651858.CD000078.pub3. (2013).

34. Doku, D. T. & Neupane, S. Survival analysis of the association between antenatal care attendance and neonatal mortality in 57 low-
and middle-income countries. Int. J. Epidemiol. 46(5), 1668-1677 (2017).

Author contributions

M.R.T. and C.S.V. participated in data collection, literature review, analysis and writing article. C.H.S. participated
in the design of the study and performed the statistical analysis and discussion. P.V.T. participated in literature
review and writing article. M.R.T., M.Z.G. and C.H.S. conceived of the study, and participated in its design and
coordination and helped to draft the manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to P.d.V.T.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFIC REPORTS |

(2020) 10:7252 | https://doi.org/10.1038/s41598-020-64357-x


https://doi.org/10.1038/s41598-020-64357-x
http://CRAN.R-project.org/package=survival
https://doi.org/10.1186/s12963-016-0086-0
https://doi.org/10.1186/1742-4755-10-S1-S6
https://doi.org/10.1186/1742-4755-10-S1-S3
https://doi.org/10.1186/1742-4755-12-S2-S6
http://www.redeneonatal.fiocruz.br/index.php/10-destaque/29-relatoriosanuais
http://www.redeneonatal.fiocruz.br/index.php/10-destaque/29-relatoriosanuais
https://doi.org/10.1542/peds.2010-0097
https://doi.org/10.1542/peds.2010-0097
https://doi.org/10.1002/14651858.CD000078.pub3.
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Risk Factors for Neonatal Mortality in Preterm Newborns in The Extreme South of Brazil

	Methods

	Results

	Discussion

	Figure 1 Interaction between delivery method and birthweight.
	Table 1 Births and neonatal mortality trends from 2000–2014 according to gestational age groups in Porto Alegre, Brazil.
	Table 2 Description analysis and hazard ratios according to the characteristics of early newborns gestational age <32 weeks), mothers, and gestational periods between 2000–2014 in Porto Alegre, Brazil.
	Table 3 Birthweight, delivery rate and neonatal survival per birthweight quintile and delivery method from 2000–2014 in Porto Alegre, Brazil.




