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Abstract Objective This article aimed to report a temporal series of respiratory distress syndrome
(RDS)-associated neonatal mortality rates in preterm live births in São Paulo state, Brazil,
and to identify social, maternal, and neonatal characteristics associated with these deaths.
Study Design This is a population-based study of all live births with gestational age (GA)
between 22 and 36 weeks, birth weight �400g, without congenital anomalies from
mothers living in São Paulo state during 2004 to 2015. RDS-associated neonatal mortality
was defined as death up to 27 days after birth with ICD-10 codes P22.0 or P28.0. RDS-
associated neonatal mortality rate (annual percent change [APC] with 95% confidence
intervals [95% CIs]) was analyzed by Prais–Winsten. Kaplan–Meier estimator identified the
time after birth that the RDS-associated neonatal death occurred. Poisson’s regression
model compared social maternal and neonatal characteristics between preterm live births
that survived the neonatal period and those with RDS-associated neonatal deaths, with
results expressed in incidence rate ratio and 95% CI.
Results A total of 645,276 preterm live births were included in the study, of which
612,110 survived and 11,078 had RDS-associated neonatal deaths. RDS-associated
neonatal mortality rate was 17.17 per thousand preterm live births, with a decreasing
annual trend (APC: �6.50%; 95% CI: �9.11 to �3.82%). The median time of these
deaths was 48 hours after birth. The following risk factors for RDS-associated neonatal
death were identified: maternal schooling �7 years (1.18; 1.09–1.29), zero to three
prenatal care visits (1.25; 1.18–1.32), multiple pregnancy (1.24; 1.16–1.33), vaginal
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Respiratory distress syndrome (RDS) is the most common
respiratory disorder and an important cause of neonatal
deaths in preterm infants.1 For many middle-income coun-
tries, the incidence of prematurity2 and respiratory diseases
is unknown3 due to the limited available data on preterm
births.2 Nevertheless, single-center studies show that RDS is
an important cause of neonatal death, varying from 13.6
(China) to 738 (Iran) RDS-associated neonatal deaths per
thousand preterm live births.3,4

Brazil is an upper middle-income country that showed
improvements in the past 20 years in maternal and child
health care coverage.5 In the same period, advances in the
collection and availability of health data by Brazilian federal
system were also observed, ensuring more than 95% of live
births coverage in 2015.6 An idea of the RDS impact on
morbidity and mortality of preterm neonates in the country
was provided by the Brazilian Network on Neonatal Re-
search, which has a prospective database of all very low
birth weight live births in 20 referral public university
hospitals. Among 1,438 very low birth weight preterm live
births in 2015with gestational agebetween 23 and33weeks,
70% presented with RDS.7 In these infants, there was an
association between RDS and unfavorable outcomes, such as
in-hospital death or the presence of severe morbidity de-
fined as one or more of the following: bronchopulmonary
dysplasia, severe intraventricular hemorrhage, periventric-
ular leukomalacia, or surgical retinopathy of prematurity.8

Located in the southeast region of the country, São Paulo
is the richest andmost populous Brazilian state.9 Besides the
federal government information system, it has its own vital
statistics system that captures 99.5% of the data present in
civil records.10 Data on RDS frequency and impact in São
Paulo, as in the rest of the country, are sparse. In a reference
center in São Paulo city, RDS increased the risk of death in
preterm live births (68%).11 For very low birth weight
preterm infants in one city of São Paulo state, severe RDS
increased the mortality risk by 18 times.12

Considering the RDS impact on neonatal mortality de-
scribed in single-center studies of São Paulo state, Brazil, our
aim was to report a temporal series of RDS-associated

neonatal mortality rates in preterm live births over a 12-
year period, and to identify social, maternal, and neonatal
characteristics associated with these deaths.

Materials and Methods

This is a population-based study of all live births from
mothers living in São Paulo state, Brazil, between 2004 and
2015. Neonatal deaths and live births data were obtained
from “Fundação Sistema Estadual de Análise de Dados”
(SEADE Foundation). The death database was composed by
records of neonatal deaths linked to the live birth records
using deterministic linkage. The study was approved by the
Ethics Committee of Universidade Federal de São Paulo,
under the number 4.055.489, withwaived informed consent.

All preterm live births with gestational age between 22
and 36 weeks were included in the study. Exclusion criteria
were birth weight<400 g or congenital anomalies registered
in the birth or in the death certificate. The following defi-
nitions were used: neonatal death—preterm live birth that
died within 27 days after birth; RDS-associated neonatal
death—any neonatal death with the following ICD-10 codes
in any line of theDeath Certificate, P22.0 (RDS of newborn) or
P28.0 (primary atelectasis of newborn)13; and RDS-associat-
ed neonatal mortality rate—number of RDS-associated neo-
natal deaths per thousand preterm live births.

The following demographic characteristics were studied
for preterm live births that survived the neonatal period and
those with RDS-associated neonatal deaths: maternal age
(<20, 20–34, and �35 years), marital status (married or
unmarried), maternal schooling (�7, 8–11, and �12 years),
parity (primiparous or multiparous), number of prenatal
care visits (0–3 and �4), pregnancy (single or multiple),
delivery mode (vaginal or cesarean section), gestational age
(22–27, 28–31, and 32–36 weeks), birth weight (<1,000,
1,000–1,499 g, and �1,500 g), sex (male or female), and 5-
minute Apgar score (0–3, 4–6, and �7).

The annual trend of RDS-associated neonatal mortality
rate was analyzed by Prais–Winsten model.14 This analysis
considers the first and last rates and estimates the annual

Key Points
• RDS is associated with preterm live births.
• Impact of RDS-associated neonatal mortality in middle-income countries is scarce.
• Qualified perinatal care can reduce RDS-associated neonatal mortality.

delivery (1.29; 1.22–1.36), GA 22 to 27 weeks (106.35; 98.36–114.98), GA 28 to
31weeks (20.12; 18.62–21.73),male sex (1.16; 1.10–1.22), and 5-minute Apgar scores
of 0 to 3 (6.74; 6.08–7.47) and 4 to 6 (3.97; 3.72–4.23).
Conclusion During the study period, RDS-associated neonatal mortality rates showed
significant reduction. The relationship betweenRDS-associated neonatal deaths and social,
maternal, and neonatal factors suggests the need for perinatal strategies to reduce
prematurity and to improve the initial management of preterm infants.
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percent change (APC) with 95% confidence intervals (95% CI).
APC is classified as stationary in time, increasing, or decreas-
ing. For non-stationary trends in time, the Poissonmodelwas
modeled with year as the only independent variable, allow-
ing to calculate, for each year, the incidence rate ratio (IRR)
and the 95% CI, considering 2004 as the comparison.

Kaplan–Meier estimator was applied to identify the time
after birth that the RDS-associated neonatal death occurred
for each gestational age group during the 12-year study
period. Considering competing risks, Kaplan–Meier was
done onlywith preterm live births that survived the neonatal
period and with RDS-associated neonatal deaths. Non–RDS-
associated neonatal deaths were excluded from this analysis.

Poisson regression models were used including preterm
live births that survived the neonatal period and those with
RDS-associated neonatal deaths. Birth weight was excluded
from the regression models due to the collinearity with
gestational age. First, Poisson univariate analysis adjusted
by year of birth was applied. Next, all significant variables
were included in a multivariate model adjusted by year of
birth, considering three blocks: (1) social variables: maternal
age, marital status, and maternal schooling; (2) maternal
variables: parity, number of prenatal care visits, delivery
mode, and type of pregnancy; and (3) neonatal variables:
gestational age, sex, and 5-minute Apgar score. All significant
variables were included in a multivariate regression model.
All procedures were done using Stata 15.1 (StataCorp LLC,
Texas).

Fig. 1 Flowchart of the included infants in the study, São Paulo state,
from 2004 to 2015. GA, gestational age; RDS, respiratory distress
syndrome.
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Results

From 2004 to 2015, there were 7,317,611 live births in São
Paulo state, Brazil. Among them, 662,856 (9.1%) were pre-
term live births, and 645,276 (97.3%) were included in the
study. Of these, 612,110 (94.9%) survived and 33,166 (5.1%)
died during the first 27 days of birth, with 11,078 (33.4%) of
these deaths classified as RDS-associated neonatal deaths
(►Fig. 1).

RDS-associated neonatal mortality rate, during 12-year
study period, was 17.17 per thousand preterm live births
(►Table 1). The annual trend of RDS-associated neonatal
mortality rate showed a decreasing pattern, with a negative
APC (�6.50%; 95% CI:�9.11 to�3.82%) (►Fig. 2A). Compared
with 2004, the Poisson regression analysis showed a reduc-
tion of RDS-associated neonatal mortality in 2005 (IRR: 0.88;
95% CI: 0.80–0.96), 2007 (IRR: 0.90; 95% CI: 0.83–0.99), 2009
and 2010 (IRR: 0.84; 95% CI: 0.78–0.91), 2011 (IRR: 0.67; 95%
CI: 0.61–0.74), 2012 (IRR: 0.59; 95% CI: 0.54–0.65), and 2013
to 2015 (IRR: 0.50; 95% CI: 0.47–0.54). For the years 2006 and
2008, RDS-associated neonatal mortality rates were similar
to 2004 (►Fig. 2B).

Kaplan–Meier analysis showed that the median time of
these deathswas 48hours after birth. According to gestational
age, these deaths occurred with a median of 38hours for
preterm infants with gestational age of 22 to 27 weeks, and
68hours for those with 28 to 36 weeks (►Supplementary

Fig. S1 [online only]).
Most demographic variables were almost fully available,

except for maternal married status, schooling, parity, and 5-
minute Apgar score. For the latter variables, informationwas
available for more than 75% of the studied live births
(►Table 2). In the multivariate regression analysis, less

Fig. 2 Annual trend of RDS-associated neonatal mortality rate
adjusted by Prais-Winsten and Poisson models. (A) Observed and
expected (by linear adjust) RDS-associated neonatal mortality rates
per year adjusted by Prais-Winsten analysis; (B) Observed and
expected RDS-associated neonatal mortality rates per year adjusted
by Poisson regression analysis. RDS, respiratory distress syndrome.

Table 2 Preterm live births and RDS-associated neonatal
deaths demographic characteristics

Variables Preterm live
births

RDS-associated
neonatal deaths

Maternal age (y) n¼645,253 n¼11,078

< 20 16.9% 22.6%

20–34 67.1% 64.6%

� 35 16.0% 12.8%

Unmarried n¼505,962 n¼9,094

Yes 52.5% 60.6%

Maternal schooling (y) n¼504,995 n¼9,305

� 7 25.0% 30.6%

8–11 55.1% 54.5%

� 12 19.9% 14.9%

Primiparity n¼487,941 n¼9,485

Yes 43.8% 45.1%

Prenatal care visits n¼633,801 n¼10,693

� 4 87.7% 63.5%

Pregnancy n¼645,110 n¼11,078

Single 86.3% 83.1%

Delivery n¼644,905 n¼11,075

C-section 60.2% 42.5%

Gestational age (wk) n¼645,276 n¼11,078

22–27 5.1% 61.2%

28–31 9.8% 27.4%

32–36 85.1% 11.4%

Birth weight (g) n¼643,751 n¼11,054

< 1,000 5.4% 68.9%

1,000–1,499 7.9% 20.7%

� 1,500 86.7% 10.4%

Sex n¼645,276 n¼11,078

Male 52.7% 57.2%

5-minute Apgar score n¼504,569 n¼8,775

0–3 1.3% 12.6%

4–6 3.1% 28.0%

�7 95.6% 59.4%

Abbreviations: C-section, cesarean section; n, number; RDS, respiratory
distress syndrome.

American Journal of Perinatology Vol. 41 Suppl. S1/2024 © 2022. The Author(s).

RDS-Associated Neonatal Mortality in Preterm Infants Marinonio et al. e301



maternal schooling, lower number of prenatal care visits,
multiple pregnancy, vaginal delivery, lower gestational age,
male sex, and lower 5-minute Apgar score were risk factors
for RDS-associated neonatal deaths (►Table 3).

Discussion

This population-based study evaluated the temporal trend of
RDS-associated neonatal mortality in preterm live births and
the characteristics associatedwith these deaths, in São Paulo
state, Brazil. During a 12-year period, there was a significant
reduction of RDS-associated neonatal mortality rates. The
deaths occurred mostly in the first 3 days after birth. Social
(lower maternal schooling), maternal (lower number of
prenatal care visits, multiple pregnancy, and vaginal deliv-
ery), and neonatal factors (lower gestational age, male sex,
and lower 5-minute Apgar score) were associatedwith these
deaths.

In middle-income countries, RDS rates have been rising
over the years.3 Adequate prenatal care, use of antenatal
corticosteroids, surfactant administration, and early contin-
uous positive airway pressure (CPAP) are considered as good
practices for RDS management.15 Since 2004, Brazilian peri-
natal centers are reporting increase in the antenatal cortico-
steroids use, in the surfactant administration, and in the
early CPAP for preterm live births <34 weeks of gestation.7

Despite the fact that our database does not provide informa-
tion about these practices, the reduction of RDS-associated
mortality rate probably reflects improvements in the man-
agement of preterm infants during the study period.

Despite the reduction of RDS-associated neonatal mortal-
ity, the rate of 17.17 per thousand preterm live births found

in our study is higher than the rates reported in high-income
countries. In Italy, according to information retrieved from
the Lombardy regional database, there was 10.40 RDS-asso-
ciated neonatal deaths per thousand preterm live births with
23 to 36 weeks of gestation between 2010 and 2013.16 São
Paulo state RDS outcomesmay be impacted by deficiencies in
health care system organization, scarce policies for quality
improvement, inequity in access to qualified care,5 and
disparity in utilization of perinatal healthcare resources,17

with difficulties in access to appropriate antenatal care,
especially for mothers with lower socioeconomic status.18

In our study, lowermaternal schooling and lower prenatal
care visits were associated with RDS neonatal mortality.
Adequate prenatal care may prevent, detect, and treat risk
factors for bad pregnancy outcomes; it may allow a pre-
assignment hospital for the delivery, and ensure maternal
safe transfer to a reference perinatal center for high-risk
pregnancies. Among all these benefits, it includes a higher
chance of receiving antenatal corticosteroids for women at
risk for preterm delivery,11,15,19 and an opportune indication
of cesarean section, if needed.20 In São Paulo state (2004–
2013), cesarean sectionwasprotective for neonatal deaths by
37% in 22 to 27 weeks of gestation live births, and by 11% for
those with 28 to 32 weeks of gestation.21 In an Indian single-
center study, vaginal delivery increased the risk for RDS-
associated neonatal deaths in live births with 28 to 34 weeks
of gestation by almost 17 times.19

The association between lower 5-Apgar score and RDS-
associated neonatal deaths found in our study is probably
related to inequities in the access of women at risk for
preterm delivery and their newborn infants to high-quality
care, associated with deficiencies in antenatal and delivery

Table 3 Poisson univariate and multivariate regression models for RDS-associated neonatal deaths

Univariate analysis Multivariate analysis

Maternal age
Reference 20–34 y

<20 y 1.39 (1.33–1.46) 0.99 (0.92–1.05)

�35 y 0.84 (0.79–0.89) 0.88 (0.81–0.95)

Maternal schooling
Reference �12 y

8–11 y 1.35 (1.27–1.43) 1.08 (1.00–1.16)

� 7 y 1.65 (1.54–1.76) 1.18 (1.09–1.29)

Prenatal care visit
Reference �4

0–3 4.52 (4.34–4.70) 1.25 (1.18–1.32)

Pregnancy
Reference single

Multiple 1.27 (1.21–1.34) 1.24 (1.16–1.33)

Delivery mode
Reference cesarean

Vaginal 2.08 (2.00–2.16) 1.29 (1.22–1.36)

Gestational age
Reference 32–36 wk

28–31 wk 23.79 (22.27–25.42) 20.12 (18.62–21.73)

22–27 wk 186.49 (175.31–198.38) 106.35 (98.36–114.98)

Sex
Reference female

Male 1.21 (1.16–1.26) 1.16 (1.10–1.22)

5-minute Apgar score
Reference �7

4–6 21.93 (20.84–23.08) 3.97 (3.72–4.23)

0–3 49.30 (45.67–53.22) 6.74 (6.08–7.47)

Abbreviation: RDS, respiratory distress syndrome.
Notes: Univariate analysis was adjusted by year of birth; multivariate analysis (significant variables) was adjusted for maternal age, maternal
schooling, prenatal care visit, type of pregnancy, delivery mode, gestational age, sex, and 5-minute Apgar score. Analyses were expressed as
incidence rate ratio and 95% confidence interval.
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care, and in the initial postnatal management. Similar to our
study, in Fiji, a lower 5-Apgar score increased the death risk
among newborns with RDS.22

Thefinding that RDS-associated neonatal deaths occurred
in the first 2 to 3 days after birth was similar to the timing
observed for neonatal deaths associated with perinatal as-
phyxia in São Paulo state in the same period, suggesting that
the main problem in the region of the study is not access to
health care but access to qualified health care.23 In northeast
Brazil, a poorer hospital infrastructure was associated with a
higher frequency of very low birth weight deaths in the first
24 hours after birth.24 In eight Brazilian states, between 2010
and 2015, RDS was the major cause of neonatal death in the
first 24 hours after birth.25 In China, one retrospective study,
including data from 39 referral neonatal intensive care units,
reported that almost 50% of RDS-associated neonatal deaths
in extremely low birth weight occurred during the first
48 hours after birth.26

Our study also showed that RDS-associated neonatal
deaths among 22 to 27 weeks of gestational age occurred
mostly during thefirst 38hours after birth, earlier than those
with 28 to 36 weeks of gestational age. Earlier deaths in the
more immature infants were also reported in another Brazil-
ian study and in China.26,27 In the Brazilian Surfactant
Collaborative Group, with 19 centers, almost 40% of deaths
of preterm infants with birthweight less than 750 g occurred
during the first 72 hours after birth, compared with 5% of
deaths within this period in infants with higher birth
weight.27 Lower gestational age, multiple pregnancy, and
male sex are considered biological conditions with higher
vulnerability for bad outcomes,28 and, probably, with the
presence of more severe disease in the first hours of life.29

Infants with these characteristics may demand the availabil-
ity of complex resources to ensure the adequate respiratory
care and reduce the risk of death.30 But quality of care is
muchmore than the availability of technological resources.31

To achieve the best outcomes, trained human resources,
standardized care management based on best available
scientific evidence, and continuous surveillance of the quali-
tyof care are necessary.32 In Brazil, the partnership among49
neonatal units, all over the country, with the Vermont-
Oxford Network, shows the increasing pursuit for offering
better neonatal care.33 On the other hand, several Brazilian
neonatal intensive care teams are still composed by high
number of nonspecialist nurses, working in units without
continued education initiatives, andwith inadequate ratio of
patients per nurse, which are problems that may impair the
quality of care34 and contribute to the high frequency of RDS-
associated neonatal deaths during the first few days after
birth in vulnerable preterm live births.

The present study has limitations. This is a population-
based study performed using a database built from birth and
death certificates that does not include information related
to maternal conditions, such as chorioamnionitis and pre-
eclampsia, which could impact in preterm births and RDS-
associated neonatal mortality. In addition, accuracy of criti-
cal variables for this study such as gestational age and
diagnosis codes of causes of death cannot be checked. Despite

the risk of information bias, the data provided by SEADE
Foundation is based on improved deterministic linkage
method of death and live birth certificates, ensuring consis-
tent and detailed information for epidemiologic studies.10

On the other hand, the linkage process has a manual compo-
nent, and it is time consuming; therefore, 2015 is the most
recent year data available for the study.

This study is one of thefirst population-based analysis of a
temporal trend of RDS-associated neonatal deaths in a
middle-income country and their associated factors. The
temporal trend of one of themain causes of death in preterm
infants found in this study and the variables associated to
these deaths highlight the unique characteristics of the
health care provided to mother–infant dyads in regions
such as São Paulo state of Brazil, where issues related to
quality of care need special attention. Discussion of perinatal
care should not classify low- andmiddle-income settings as a
homogeneous group with similar problems.

In conclusion, during a 12-year period in São Paulo state,
Brazil, RDS-associated neonatal mortality rate showed a
significant reduction, but it is still high compared with rates
reported in high-income countries. The relationship be-
tween RDS-associated neonatal deaths and social, maternal,
and neonatal factors suggests the need for perinatal strate-
gies to reduce prematurity and to improve the initial man-
agement of preterm infants.
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