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Abstract 

Background Ending preventable deaths of newborns and children under five by 2030 is among the United Nations 
Sustainable Development Goals. This study aimed to describe infant mortality rate due to preventable causes in Rio 
Grande do Sul (RS), the Southernmost state in Brazil. With 11,329,605 inhabitants and 141,568 live births in 2017, RS 
was the fifth most populous state in the country.

Method An ecological and cross-sectional statewide study, with data extracted from records of the Mortality 
Information System, Death Certificates, and Live Birth Certificates for the year 2017. Preventability was estimated 
by applying the List of Causes of Deaths Preventable through Intervention of SUS (acronym for Sistema Unico de 
Saude - Brazilian Unified Health System) Intervention. Rates of preventable infant mortality (PIMR), preventable early 
neonatal mortality (PENMR), preventable late neonatal mortality (PLNMR), and preventable post-neonatal mortality 
(PPNMR) per 1000 live births (LB) were quantified. Incidence ratios, according to contextual characteristics (human 
development index of the health region and of the municipality; Gini index of the municipality), maternal character-
istics at the time of delivery (age, education, self-reported skin color, presence of a partner, number of antenatal care 
consultations, and type of delivery), and characteristics of the child at the time of birth (gestational age, weight, and 
pregnancy type) were calculated.

Results In 2017, there were 141,568 live births and 1425 deaths of infants younger than 1 year old, of which 1119 
were preventable (PIMR = 7.9:1000 LB). The PENMR, PLNMR, and PPNMR were 4.1:1000 LB; 1.5:1000 LB; and 2.3:1000 
LB, respectively. More than 60% of deaths in the first week and 57.5% in the late neonatal period could be reduced 
through adequate care of the woman during pregnancy. The most frequent preventable neonatal causes were 
related to prematurity, mainly acute respiratory syndrome, and non-specified bacterial septicemia. In the post-neona-
tal period, 31.8% of deaths could be prevented through adequate diagnostic and treatment.

Conclusions The strategies needed to reduce preventable infant deaths should preferably focus on preventing pre-
maturity, through adequate care of the woman during pregnancy.
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Introduction
Globally, the estimated infant mortality rate (IMR) 
decreased 55.4% between 1990 and 2018, falling from 
65:1000 live births (LB) to 29:1000 LB [1]. In Brazil, 
between 1982 and 2015, IMR decreased more than 80% 
(from 71.3:1000 LB to 14.0:1000 LB), placing the coun-
try among those that successfully met objective num-
ber four of the Millennium Development Goals, whose 
target was a two-thirds reduction in the mortality of 
infants under 5 years old, between 1990 and 2015 [2, 
3]. The sharp decline in infant mortality in Brazil in the 
period was due to the expansion of access to prenatal 
care and hospital care for childbirth in the SUS (acro-
nym in Portuguese for Unified Health System - Sistema 
Unico de Saúde), promotion of breastfeeding, increased 
vaccination coverage, monitoring of the child’s growth 
and development in the first year of life, and reduc-
tion in geographical and economic inequalities in the 
country, which still persist nonetheless [4–6]. In 2017, 
the IMR in Brazil was 13.4:1000 LB, with the South 
(where the Rio Grande do Sul state is located) and 
Southeast regions of the country showing rates below 
the national average (10.1 and 11.3:1000 LB, respec-
tively), while in the North (15.4:1000 LB), Northeast 
(14.1:1000 LB), and Central-West region (11.7:1000 LB) 
the means were higher [7]. The mortality rate declined 
from 2017 to 2020, and this variation was higher in the 
early neonatal period (0–6 days after birth) [8]. In 2020, 
the mortality rates were 6.5, 2.1, 3.4, and 1.7 per 1000 
LB, respectively, for the early neonatal, late neonatal 
(7–27 days), post-neonatal (28–364 days), and 1–4 years 
of age periods [8].

Among the United Nations Sustainable Development 
Goals, of which Brazil is a signatory, there is the goal 
of ending preventable deaths of newborns and children 
under five by 2030 [1]. Achieving that goal involves 
monitoring infant mortality, with the aim of accompa-
nying the changes in mortality rates over time, evalu-
ating the circumstances that led to deaths, as well as 
proposing measures to improve the quality of health-
care and other actions to reduce infant mortality [9]. 
When approached under a territorial reference, infant 
mortality rate has allowed to put in evidence existing 
social inequalities, enabling better targeting of public 
health interventions [10]. Infant mortality according 
to preventable causes, in this context, is considered 
a “sentinel event” of the quality of health care, being 
important to identify the spatial variations and territo-
rial inequalities of this indicator. Thus, this study aimed 
to describe IMR and its components (early neonatal 
mortality, late neonatal mortality, and post-neonatal 
mortality) due to preventable causes in Rio Grande do 
Sul, in 2017, according to contextual, maternal, and 

infant characteristics. Our hypothesis was that prevent-
able causes accounted for most of the infant deaths and 
were related to contextual, maternal and child charac-
teristics at birth.

Methods
This was a descriptive ecological and cross-sectional 
statewide study conducted in Rio Grande do Sul (RS), the 
Southernmost state in Brazil. With 11,329,605 inhabit-
ants living in 497 municipalities in 2017, distributed in 30 
Health Regions, RS was the fifth most populous state in 
the country [11].

Infant deaths at RS in 2017 were identified at the Mor-
tality Information System (SIM, acronym in Portuguese 
for Sistema de Informação sobre Mortalidade) [12]. The 
SIM, developed by the Ministry of Health in 1975, is the 
product of the unification of more than forty Death Cer-
tificate (DC) models used over the years to collect data 
on mortality in the country. With its long time series, the 
SIM is a national asset, containing fundamental informa-
tion on causes of illness that led to death. It is also one 
of the main instruments to support the development of 
more effective public health and social security policies 
aimed at prevention, promotion, and health care. The 
records from the SIM contain socioeconomic data, place 
of residence and occurrence, fetal and non-fetal deaths, 
conditions and causes of death, and information on 
external causes.

Preventable deaths were defined according to the List 
of Causes of Deaths Preventable through Intervention 
of the SUS, which classifies the deaths of infants under 
five into three categories: preventable causes, ill-defined 
causes, and other causes (not clearly preventable) [13]. 
Preventable causes are classified according to six sub-
groups: through immunoprevention actions; through 
adequate care of the woman during pregnancy; through 
adequate care of the woman during delivery; through 
adequate care of the newborn; through adequate diag-
nostic and treatment actions; and through adequate 
health promotion actions, linked to adequate healthcare 
actions.

To classify the cause of death, information extracted 
from Death Certificates (DC) and Live Birth Certifi-
cates (LBC) was used. From the DC, the disease or mor-
bid state that directly caused the death, the antecedent 
causes (the morbid states, if any, that produced the direct 
cause of death) and the underlying cause of death were 
extracted. From the LBC, maternal and child variables 
at birth were extracted. For classification as to prevent-
ability, the DC data were analyzed in the light of the LBC 
information. Thus, for example, a child born at 30 weeks 
of gestational age, whose DC had the respiratory distress 
syndrome of the newborn as the underlying cause of 
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death, this death was attributed to premature birth (pre-
ventable by attention to the woman during pregnancy).

In each case, the utilization of prenatal care by the 
pregnant woman (absence of prenatal care, late-onset 
and/or incomplete prenatal care) and access to primary 
health care, specialized outpatient care, specialized hos-
pital care, high-risk maternity hospital and neonatal and/
or pediatric intensive care unit at the place of residence 
were considered. The classification of causes of death was 
conducted separately by the two authors and the disa-
greements discussed until the consensus.

Independent variables
The selection of the independent variables took into 
account the distal (social), intermediate (care) and proxi-
mal (biological) risk factors for infant mortality, based in 
the model proposed by Mosley and Chen [14].

Contextual characteristics
The Human Development Index (HDI) of the Health 
Region, the HDI and the Gini index of the municipal-
ity of residence of the family were investigated. The HDI 
evaluates the quality of life and economic development 
of a population, and varies between 0 (no human devel-
opment) to 1 (total human development) [15]. HDI is 
classified as very high (0.800–1.0), high (0.700–0.799), 
medium (0.600–0.699), low (0.500–0.599), and very low 
(0.000–0.499). The Health Regions of Rio Grande do Sul 
are classified into only two categories: high and medium. 
Among the municipalities, only one has a very high HDI 
(the state capital, Porto Alegre), one has a low HDI (Dom 
Feliciano), and none are in the very low category. For the 
analyses, the HDI of the municipalities was categorized 
as “very high/high” and “medium/low.”

The Gini index measures the income concentration in 
a particular group, indicating the difference between the 
incomes of the poorest and that of the richest. It varies 
from 0 (situation of equality) to 1 (one person holds all 
the wealth) [15]. For the analyses, the Gini index was cat-
egorized into quartiles, where the 1st quartile was repre-
sented by the lowest values (0.2841–0.4333) and the 4th 
quartile accounted for the highest ones (0.5194–0.7248).

Maternal and infant characteristics
Maternal and infant variables at the time of birth were 
extracted from the Live Birth Certificates (LBC). The 
information on the mothers included: age in full years 
at the time of delivery; full years of schooling (subse-
quently categorized as 0–7, 8–11, and ≥ 12); marital sta-
tus, reported by the mother as single, married, widow, 
legally separated/divorced, stable union, or ignored 
(later recoded as “with a partner,” which included mar-
ried women and those in a stable union, and “without 

a partner,” corresponding to the remaining categories); 
self-reported skin color (white, black, yellow, brown, and 
indigenous) – due to the small number of women who 
declared themselves as yellow (N = 137) or indigenous 
(N = 726), the colors yellow, brown, and indigenous were 
grouped in the same category (“mixed”); number of ante-
natal consultations, categorized as 0, 1–3, 4–6, and ≥ 7); 
and type of birth (vaginal or caesarean).

The information on the infants included sex (male or 
female); gestational age – for the analyses categorized as 
< 28, 28–31, 32–36, and ≥ 37 weeks of gestation; low birth 
weight (LBW; < 2500 g) (yes or no); and type of pregnancy 
(single or multiple).

Analysis
The information extracted from the official documents 
were entered onto an Excel spreadsheet, specifically built 
for the study, and subsequently analyzed in the Stata 12.1 
program (Stata Corp., College Station, USA) [16]. The 
IMR, early neonatal mortality rate (ENMR), late neona-
tal mortality rate (LNMR), and post-neonatal mortality 
rate (PNMR) were calculated by dividing, respectively, 
the number of deaths occurring between 0 and 364, 0–6, 
7–27, and 28–364 days of life by the number of LB in 
2017, and multiplying by 1000.

Afterwards, the IMR, ENMR, LNMR, and PNMR 
due to preventable deaths (respectively PIMR, PENMR, 
PLNMR, and PPNMR) were calculated, whose numera-
tors were the number of preventable deaths occurring in 
the respective age groups. The number and the propor-
tion of preventable deaths, according to the preventability 
classification were obtained for each age group. The most 
frequent causes of preventable deaths were recorded. The 
incidence, differences in incidence, and the gross cumu-
lative incidence ratio according to the independent vari-
ables were calculated. Chi-square test or 95% confidence 
interval (95% CI) was used to assess the statistical signifi-
cance of the observed differences in infant mortality rates 
between categories of the independent variables.

Results
At RS, in 2017, there were 141,568 live births and 
1425 deaths of infants under 1 year old, correspond-
ing to an IMR of 10.1:1000 LB (Table  1). Half of the 
deaths occurred in the first week of life, corresponding 
to an ENMR of 5.0:1000. The LNMR and PNMR were 
1.9:10000 LB and 3.1:1000 LB, respectively. Regard-
ing preventability, it was possible to classify the cause 
of 1421 of the deaths, 1119 of which were found to be 
preventable, corresponding to a PIMR of 7.9:1000 LB. 
The PENMR, PLNMR, and PPNMR were 4.1:1000 LB; 
1.5:1000 LB; and 2.3:1000 LB, respectively.
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Table 1 Infant mortality and preventable infant mortality rate per 1000 live births with 95% confidence interval (95% CI), according to 
contextual, maternal, and infant characteristics. Rio Grande do Sul state, 2017.

Variables Number of 
live births

IMR (95% 
CI)

PIMR (95% 
CI)

ENMR (95% 
CI)

PENMR 
(95% CI)

LNMR (95% 
CI)

PLNMR 
(95% CI)

PNMR (95% 
CI)

PPNMR (95% 
CI)

Total 141,568 10.1 
(9.5–10.6)

7.9 (7.4–8.4) 5.0 (4.7–5.4) 4.1 (3.8–4.5) 1.9 (1.7–2.2) 1.5 (1.3–1.7) 3.1 (2.8–3.4) 2.3 (2.0–2.5)

HDI of the health region (N = 30)

 High 103,773 9.7 (9.1–10.3) 7.6 (7.1–8.2) 4.8 (4.4–5.2) 3.9 (3.5–4.3) 1.9 (1.6–2.1) 1.4 (1.2–1.7) 3.1 (2.7–3.4) 2.3 (2.0–2.6)

 Medium 37,795 11.0 
(10.0–12.1)

8.6 (7.7–9.6) 5.7 (5.0–6.5) 4.8 (4.2–5.6) 2.2 (1.7–2.7) 1.5 (1.2–2.0) 3.1 (2.7–3.8) 2.2 (1.8–2.8)

Characteristics of the municipality

 HDI (N = 497)

  Very 
High/High

122,183 10.0 
(9.5–10.6)

7.9 (7.4–8.4) 5.0 (4.6–5.4) 4.1 (3.8–4.5) 2.0 (1.7–2.2) 1.5 (1.3–1.7) 3.1 (2.8–3.4) 2.3 (2.0–2.6)

  Medium/
Low

19,316 10.0 
(8.7–11.5)

7.8 (6.6–9.1) 5.2 (4.2–6.3) 4.2 (3.3–5.2) 1.7 (1.1–2.3) 1.2 (0.8–1.8) 3.2 (2.5–4.1) 2.3 (1.7–3.1)

 Gini Index (quartiles) (N = 497)

  1st quar-
tile (lowest)

11,893 9.4 (7.8–11.3) 7.5 (6.0–9.2) 5.0 (3.8–6.4) 4.0 (3.0–5.3) 1.6 (1.0–2.5) 1.3 (0.7–2.1) 2.9 (2.0–4.0) 2.3 (1.5–3.3)

  2nd 29,619 10.3 
(9.2–11.5)

7.7 (6.7–8.8) 5.3 (4.5–6.2) 4.1 (3.4–4.9) 2.0 (1.5–2.6) 1.4 (1.0–1.9) 3.0 (2.4–3.7) 2.2 (1.7–2.8)

  3rd 36,977 9.6 (8.6–10.6) 7.4 (6.6–8.3) 5.1 (4.4–5.9) 4.1 (3.5–4.8) 1.6 (1.2–2.0) 1.3 (1.0–1.7) 2.9 (2.4–3.5) 2.0 (1.6–2.5)

  4th quar-
tile (highest)

63,032 10.3 
(9.5–11.1)

8.4 (7.7–9.1) 4.9 (4.4–5.5) 4.2 (3.7–4.7) 2.2 (1.8–2.6) 1.7 (1.4–2.0) 3.2 (2.8–3.7) 2.5 (2.1–2.9)

Maternal characteristics

 Age (years) (N = 141,566)

   < 20 18,163 12.0 
(10.5–13.7)

10.1 
(8.7–11.6)

6.1 (5.0–7.3) 5.3 (4.3–6.4) 2.0 (1.4–2.7) 1.6 (1.1–2.3) 3.9 (3.0–4.9) 3.2 (2.4–4.1)

  20–29 65,589 9.9 (9.1–10.7) 7.9 (7.2–8.6) 5.1 (4.6–5.7) 4.1 (3.6–4.6) 1.9 (1.6–2.3) 1.4 (1.1–1.7) 3.0 (2.6–3.4) 2.3 (1.9–2.7)

  30–34 32,124 8.6 (7.6–9.7) 6.6 (5.7–7.5) 4.4 (3.7–5.2) 3.5 (2.9–4.2) 1.8 (1.4–2.3) 1.5 (1.1–2.0) 2.4 (1.9–3.0) 1.6 (1.2–2.1)

   ≥ 35 25,690 9.4 (8.2–10.6) 6.7 (5.7–7.8) 4.3 (3.5–5.1) 3.4 (2.7–4.2) 2.0 (1.5–2.6) 1.3 (0.9–1.8) 3.1 (2.5–3.9) 2.0 (1.5–2.6)

 Schooling (years) (N = 141,211)

  0–7 23,794 14.0 
(12.5–15.6)

10.8 
(9.5–12.2)

6.3 (5.3–7.4) 5.0 (4.1–6.0) 2.6 (2.0–3.3) 1.9 (1.4–2.5) 5.1 (4.2–6.1) 3.9 (3.2–4.8)

  8–11 82,760 9.5 (8.8–10.2) 7.5 (6.9–8.1) 5.0 (4.5–5.5) 4.1 (3.7–4.5) 1.8 (1.5–2.1) 1.3 (1.1–1.6) 2.8 (2.4–3.2) 2.1 (1.8–2.4)

   ≥ 12 34,657 7.1 (6.2–8.0) 5.5 (4.8–6.3) 3.6 (3.0–4.3) 3.0 (2.4–3.6) 1.6 (1.2–2.1) 1.3 (0.9–1.7) 2.0 (1.5–2.5) 1.4 (1.0–1.9)

 Living with a partner (N = 141,109)

  Yes 67,789 8.7 (8.0–9.4) 6.5 (5.9–7.1) 4.2 (3.7–4.7) 3.3 (2.9–3.8) 2.0 (1.7–2.4) 1.5 (1.2–1.8) 2.5 (2.1–2.9) 1.7 (1.4–2.0)

  No 73,320 10.4 
(9.7–11.2)

8.4 (7.7–9.1) 5.3 (4.8–5.8) 4.5 (4.0–5.0) 1.8 (1.5–2.1) 1.3 (1.0–1.6) 3.3 (2.9–3.7) 2.5 (2.1–2.9)

 Skin color (N = 141,097)

  White 117,223 10.0 
(9.4–10.6)

7.8 (7.3–8.3) 5.0 (4.6–5.4) 4.1 (3.7–4.5) 1.9 (1.7–2.2) 1.5 (1.3–1.7) 3.1 (2.8–3.4) 2.3 (2.0–2.6)

  Mixed 14,076 8.0 (6.6–9.6) 6.6 (5.3–8.1) 4.0 (3.0–5.2) 3.6 (2.7–4.8) 1.6 (1.0–2.4) 1.1 (0.6–1.8) 2.4 (1.7–3.4) 1.9 (1.3–2.8)

  Black 9798 5.5 (4.1–7.2) 4.5 (3.3–6.0) 2.1 (1.3–3.3) 1.8 (1.1–2.9) 1.1 (0.6–2.0) 0.9 (0.4–1.7) 2.2 (1.4–3.4) 1.7 (1.0–2.8)

 No. antenatal care consultations (N = 141,356)

  0 2563 32.8 
(26.2–40.4)

29.7 
(23.4–37.0)

24.2 
(18.6–30.9)

22.6 
(17.2–29.2)

3.9 (1.9–7.2) 3.5 (1.6–6.6) 4.7 (2.4–8.2) 3.5 (1.6–6.6)

  1–3 6092 41.9 
(37.0–47.0)

36.8 
(32.2–41.8)

22.6 
(19.1–26.7)

20.2 
(16.8–24.0)

7.7 (5.7–10.2) 7.4 (5.4–9.9) 11.5 
(9,0–14.5)

9.2 (6.9–11.9)

  4–6 24,462 18.8 
(17.1–20.6)

15.9 
(14.4–17.5)

9.9 (8.7–11.2) 8.5 (7.4–9.7) 3.9 (3.1–4.7) 3.3 (2.6–4.1) 4.9 (4.1–5.9) 4.1 (3.3–5.0)

   ≥ 7 108,239 5.1 (4.7–5.5) 3.4 (3.1–3.8) 2.1 (1.8–2.4) 1.5 (1.3–1.7) 1.0 (0.8–1.2) 0.6 (0.5–0.8) 1.9 (1.6–2.2) 1.3 (1.1–1.5)

 Type of delivery (N = 141,530)

  Vaginal 52,551 11.0 
(10.1–11.9)

9.4 (8.8–10.0) 6.2 (5.7–6.7) 5.6 (5.2–6.1) 1.7 (1.5–2.0) 1.4 (1.2–1.6) 3.1 (2.8–3.4) 2.5 (2.2–2.8)
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Maps 1 and 2 (Fig.  1) show the mean HDI and the 
PIMR of each one of 30 Health Regions in the state. The 
PIMR varied from 5.7:1000 LB in the 6th Health Region 
to 11.6:1000 LB in the 3rd Health Region.

Table  1 presents the mortality rates and preventable 
mortality rates by age of death, according to contextual, 
maternal, and infant characteristics at birth. Missing 
information was below 0.5% for all variables. Variables 
with higher missing data were gestational age (0.41%), 
maternal skin color (0.33%), presence of a partner 
(0.32%), maternal schooling (0.25%), and number of ante-
natal consultations (0.15%).

There was no difference in preventable mortality rates 
at any age according to the HDI of the Health Region nor 
according to the HDI or the Gini Index of the munici-
pality of residence of the family. The PIMR was higher 
among male than in female infants (PIMR = 8.7; 95% CI 
8.0–9.4:1000 LB versus PIMR = 7.1; 95% CI 6.5–7.7:1000 
LB, respectively); among infants from adolescent moth-
ers (PIMR = 10.1; 95% CI 8.7–11.6:1000 LB), in compari-
son with those from mothers aged 20–29 (PIMR = 7.9; 
95% CI 7.2–8.6:1000 LB), 30–34 (PIMR = 6.6; 95% CI 
5.7–7.5:1000 LB) and 35 years or more (PIMR = 6.7; 95% 
CI 5.7–7.8:1000 LB); and with a lower educational level 
(PIMR = 10.8; 95% CI 9.5–12.2:1000 LB), in comparison 

with those of mothers with 8–11 years of schooling 
(PIMR = 7.5; 95% CI 6.9–8.1:1000 LB) and ≥ 12 years 
(PIMR = 5.5; 95% CI 4.8–6.3:1000 LB). There was 
no difference in PIMR between infants from white 
(PIMR = 7.8; 95% CI 7.3–8.3: 1000 LB) and mixed moth-
ers (PIMR = 6.6; 95% CI 5.3–8.1:1000 LB) nor between 
infants from mixed and black mothers (PIMR = 4.5; 95% 
CI 3.3–6.0:1000 LB), whereas PIMR was higher among 
children of white mothers in comparison to those from 
black mothers, specifically at the early neonatal period 
(PENMR = 4.1; 95% CI 3.7–4.5:1000 LB in infants from 
white mothers and PENMR = 1.8; 95% CI 1.1–2.9:1000 
LB in those from black mothers). The PIMR was higher 
among infants of mothers who lived without a partner 
(PIMR = 8.4; 95% CI 7.7–9.1:1000 LB) than among those 
who had a partner (PIMR = 6.5; 95% CI 5.9–7.1:1000 
LB). Among children of mothers who did not attend or 
who attended 1–3 antenatal care consultations, the pre-
ventable mortality rate at all age groups was higher than 
among those who attended ≥7 consultations. The PIMR 
and PENMR were higher among the children born via 
vaginal delivery, in comparison with those born via cae-
sarean (9.4 versus 6.5:1000 LB, and 5.6 versus 3.1: 1000 
LB, respectively). Preterm and LBW infants, as well as 
those from multiple pregnancies presented the highest 

Table 1 (continued)

Variables Number of 
live births

IMR (95% 
CI)

PIMR (95% 
CI)

ENMR (95% 
CI)

PENMR 
(95% CI)

LNMR (95% 
CI)

PLNMR 
(95% CI)

PNMR (95% 
CI)

PPNMR (95% 
CI)

  Caesarean 88,979 8.9 (8.3–9.5) 6.5 (6.0–7.0) 4.1 (3.7–4.5) 3.1 (2.7–3.5) 2.0 (1.7–2.3) 1.5 (1.2–1.8) 2.9 (2.6–3.3) 2.0 (1.7–2.3)

Characteristics of the infant at birth

 Sex (N = 141,541)

  Male 72,946 11.1 
(10.4–11.9)

8.7 (8.0–9.4) 5.4 (4.9–6.0) 4.3 (3.8–4.8) 2.3 (2.0–2.7) 1.8 (1.5–2.1) 3.4 (3.0–3.8) 2.6 (2.2–3.0)

  Female 68,615 8.9 (8.2–9.6) 7.1 (6.5–7.7) 4.6 (4.1–5.1) 3.9 (3.4–4.4) 1.6 (1.3–1.9) 1.2 (0.9–1.5) 2.8 (2.4–3.2) 2.0 (1.7–2.4)

 Gestational age (weeks) (N = 140,980)

   < 28 743 585.5 
(549.1–621.2)

574.7 
(538.2–610.6)

409.2 
(373.5–445.5)

401.1 
(365.6–437.3)

118.4 
(96.1–143.9)

118.4 
(96.1–143.9)

57.9 
(42.2–77.2)

55.2 
(39.9–74.1)

  28–31 1435 138.7 
(121.2–157.6)

115.0 
(98.9–132.6)

83.0 
(69.2–98.4)

63.4 
(51.4–77.3)

30.7 
(22.4–40.9)

29.3 
(21.2–39-4)

25.1 
(7.6–34.6)

22.3 
(15.3–31.3)

  32–36 14,421 17.5 
(15.4–19.7)

10.5 
(8.9–12.3)

8.4 (7.0–10.0) 4.8 (3.7–6.0) 3.3 (2.4–4.4) 2.1 (1.4–3.0) 5.8 (4.6–7.2) 3.5 (2.6–4.6)

   ≥ 37 124,381 3.9 (3.6–4.3) 2.7 (2.4–3.0) 1.2 (1.0–1.4) 0.9 (0.7–1.1) 0.7 (0.6–0.9) 0.3 (0.2–0.4) 2.0 (1.8–2.3) 1.5 (1.3–1.7)

 Low birth weight (<  2500 g) (N = 141,558)

  Yes 13,279 72.0 
(67.6–76.5)

59.1 
(55.2–63.3)

43.1 
(39.9–46.9)

36.1 
(33.0–39.4)

14.3 
(12.4–16.5)

12.4 
(10.6–14.4)

14.6 
(12.6–16.8)

10.6 (8.9–12.5)

  No 128,279 3.6 (3.3–3.9) 2.6 (2.3–2.9) 1.1 (0.9–1.3) 0.8 (0.6–1.0) 0.6 (0.5–0.7) 0.3 (0.2–0.4) 1.9 (1.7–2.2) 1.4 (1.2–1.6)

 Type of pregnancy (N = 141,534)

  Single 138,067 9.0 (8.5–9.5) 6.9 (6.5–7.3) 4.3 (4.0–4.7) 3.5 (3.2–3.8) 1.8 (1.6–2.0) 1.3 (1.1–1.5) 2.9 (2.6–3.2) 2.1 (1.9–2.4)

  Multiple 3467 41.5 
(35.1–48.7)

38.1 
(31.9–45.0)

28.5 
(23.3–34.6)

27.1 
(22.0–33.1)

6.9 (4.4–10.3) 6.3 (4.0–9.6) 6.1 (3.7–9.2) 4.6 (2.6–7.5)

IMR infant mortality rate, ENMR early neonatal mortality rate, LNMR late neonatal mortality rate, PNMR post-neonatal mortality rate, PIMR preventable infant mortality 
rate, PENMR preventable early neonatal mortality rate, PLNMR preventable late neonatal mortality rate, PPNMR preventable post-neonatal mortality rate
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Fig. 1 Map 1: HDI of the 30 health regions of Rio Grande do Sul; Map 2: Preventable infant mortality per 1000 live births, in every health region of 
Rio Grande do Sul, in 2017
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preventable mortality rates at all ages, especially in the 
early neonatal period.

Table  2 shows that more than three quarters of the 
deaths (N = 1119; 78.5%) were preventable with the 
resources available in the SUS. That proportion was 
even higher among the deaths in the first week of life, 
corresponding to 82.2% of all deaths in that age group 
(586/713). More than 60% of deaths in the first week 
(444/689) and 57.5% of those occurring in the late neo-
natal period (158/275) were reducible through adequate 
care of the woman during pregnancy. In the post-neo-
natal period, almost one third (31.8%) of the deaths 
(139/437) were preventable through adequate diagnostic 
and treatment actions.

The most frequent preventable neonatal causes of 
death were related to prematurity: acute respiratory syn-
drome in the newborn (N = 80), non-specified bacterial 
septicemia in the newborn (N = 73), fetus and newborn 
affected by hypertensive maternal disorders (N = 44), 
fetus and newborn affected by chorioamnionitis (N = 35), 
and fetus and newborn affected by premature rupture 
of the membranes (N = 34). Almost a quarter (24.7%; 
N = 352) of the 1425 deaths were of infants with some 
malformation or genetic syndrome. Malformations of the 
cardiovascular system were the most prevalent (44.6%; 
N = 157), and genetic syndromes were present in 9.6% 
(N = 34) of those deaths.

Table 3 describes the incidence, the absolute difference 
in percentage points (p.p.), and the cumulative incidence 
ratio (with 95% confidence interval - 95%CI) of the pre-
ventable deaths, according to the independent variables. 
The absolute difference in the incidence varied from 0.01 
p.p. (among children of mothers aged 30–34 years, in 

comparison with those of mothers aged ≥35) to 57.20 p.p. 
(among those born at < 28 weeks of gestation, in compari-
son with those born at ≥37 weeks of gestation). The pre-
ventable deaths were 16% more frequent in Health Regions 
with a medium HDI than in Regions with a high HDI; 
and 44% less frequent in municipalities with a medium/
low HDI, in comparison with those with a very high/high 
HDI. Preventable deaths were 3.11 times more frequent in 
municipalities from the 4th quartile and 7.50 times more 
frequent in municipalities from the 1st quartile of the Gini 
Index, in comparison with those at the 2nd quartile.

The preventable deaths were 50% more frequent among 
children of adolescent mothers than among those of 
mother aged 35 or more; and 4.73 to 10.96 times more 
frequent among children of mothers who attended < 7 
antenatal care consultations (Table  3). Among children 
of mothers who lived without a partner, the incidence of 
preventable deaths was around 30% higher than among 
those of mothers who lived with a partner. Children born 
via caesarean presented a 31% lower probability of dying 
due to preventable causes. The highest cumulative inci-
dence ratios occurred among the preterm births (213.38; 
42.69; and 3.91 times more frequent among those born 
at < 28, 28–31, and 32–36 weeks of gestation, respec-
tively, than among those born at term), among LBW 
infants (21.63 times higher than among those born with 
≥2500 g), and from multiple pregnancies (5.53 times 
higher than among those from single pregnancies).

Discussion
The main finding of this study is that more than three 
quarters of infant deaths occurring at RS in 2017 were 
preventable using the resources available in the SUS, 

Table 2 Preventability of the cause of infant death at Rio Grande do Sul state in 2017 (N = 1425).

95% CI 95% confidence interval

Age of the child at death (days)

0–6 7–27 28–364 Total

N % (95% CI) N % (95% CI) N % (95% CI) N % 95 CI

Reducible through

 Immunoprevention 0 0.0% (0.0–0.0%) 0 0.0% (0.0–0.0%) 9 2.1% (0.9–3.9%) 9 0.6% (0.3–1.2%)

 Care of the woman during pregnancy 444 62.3% (58.6–65.8%) 158 57.4% (51.4–63.4%) 87 19.9% (16.3–24.0%) 689 48.3% (45.7–50.9%)

 Care of the woman during delivery 62 8.7% (6.7–11.0%) 6 2.2% (0.8–4.7%) 9 2.1% (0.9–3.9%) 77 5.4% (4.3–6.7%)

 Care of the newborn 78 10.9% (8.7–13.5%) 41 14.9% (10.9–19.7%) 2 4.6% (2.8–7.0%) 121 8.5% (7.1–10.1%)

 Diagnosis and treatment 0 0.0% (0.0–0.0%) 2 0.7% (0.09–2.6%) 139 31.8% (27.5–36.4%) 141 9.9% (8.4–11.6%)

 Health promotion 2 0.3% (1.8–4.5%) 2 0.7% (0.09–2.6%) 78 17.8% (14.4–21.8%) 82 5.8% (4.7–7.2%)

 Total preventable 586 82.2% (79.2–84.9%) 209 76.0% (70.5–80.9%) 324 74.1% (69.8–78.2%) 1119 78.5% (76.3–80.6%)

 Not clearly reducible 125 17.5% (14.8–20.5%) 65 23.6% (18.7–29.1%) 112 25.6% (21.6–30.0%) 302 21.2% (19.1–23.4%)

 Ill-defined 2 0.3% (0.0–1.0%) 1 0.4% (0.01–2.0%) 1 0.2% (0.01–1.3%) 4 0.3% (0.08–0.7%)

Total deaths 713 275 437 1425
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Table 3 Cumulative incidence of preventable infant deaths, according to contextual, maternal, and infant characteristics. Rio Grande 
do Sul state, 2017.

1 p.p. percentage points
2 95% CI 95% confidence interval; p-values are from chi-square test

Number of live births Preventable deaths
N (%)

Difference in incidence 
(p.p.)1

Gross cumulative incidence ratio
(95% CI)2

HDI of the health region p = 0,028

 High 94,903 793 (0.84) Ref. 1.00

 Medium 33,590 326 (0.97) 0.13 1.16 (1.02–1.32)

Characteristics of the municipality

 HDI p < 0.001

 Very high/high 110,830 972 (0.88) Ref. 1.00

 Medium/low 30,709 151 (0.49) 0.39 0.56 (0.47–0.67)

 Gini index (quartiles) p < 0.001

  1st quartile 2750 89 (3.24) 2.81 7.50 (5.89–9.54)

  2nd 53,504 231 (0.43) Ref. 1.00

  3rd 35,730 282 (0.79) 0.36 1.83 (1.54–2.17)

  4th quartile 38,839 521 (1.34) 0.91 3.11 (2.66–3.63)

Maternal characteristics

 Age (years) p = 0.005

   < 20 18,163 183 (1.01) 0.34 1.50 (1.22–1.85)

  20–29 65,589 516 (0.08) 0.59 0.13 (0.99–1.40)

  30–34 32,124 211 (0.66) 0.01 0.98 (0.80–1.20)

   ≥ 35 25,690 172 (0.67) Ref. 1.00

 Schooling (years) p = 0.738

  0–7 23,794 258 (1.08) 0.53 1.98 (1.64–2.38)

  8–11 82,760 623 (0.75) 0.20 1.37 (1.17–1.61)

   ≥ 12 34,657 190 (0.55) Ref. 1.00

 Living with a partner p = 0.010

  Yes 67,789 441 (0.65) Ref. 1.00

  No 73,320 614 (0.84) 0.19 1.29 (1.14–1.45)

 Skin color p = 0.612

  White 117,223 918 (0.78) Ref. 1.00

  Mixed 14,076 93 (0.66) 0.12 0.84 (0.68–1.04)

  Black 9798 44 (0.45) 0.33 0.57 (0.42–0.78)

 No. antenatal care consultations p < 0.001

  0 2563 76 (2.97) 2.63 8.84 (6.93–11.29)

  1–3 6092 224 (3.68) 3.34 10.96 (9.30–12.92)

  4–6 24,462 388 (1.59) 1.25 4.73 (4.10–5.45)

   ≥ 7 108,239 363 (0.34) Ref. 1.00

 Type of delivery p < 0.001

  Vaginal 52,551 496 (0.94) Ref. 1.00

  Caesarean 88,979 580 (0.65) 0.29 0.69 (0.61–0.78)

Characteristics of the infant at birth

 Sex p = 0.667

 Male 72,946 633 (0.87) 0.16 1.22 (1.09–1.38)

 Female 68,615 486 (0.71) Ref. 1.00

 Gestational age (weeks) p < 0.001

   < 28 743 427 (57.47) 57.20 213.38 (188.58–241.44)

  28–31 1435 165 (11.50) 11.23 42.69 (35.70–51.06)

  32–36 14,421 152 (1.05) 0.78 3.91 (3.23–4.74)

   ≥ 37 124,381 335 (0.27) Ref. 1.00

 Low birth weight (<  2500 g) p < 0.001

  Yes 13,279 748 (5.63) 5.37 21.63 (19.04–24.58)

  No 128,279 334 (0.26) Ref. 1.00

 Type of pregnancy p < 0.001

  Single 138,067 951 (0.69) Ref. 1.00

  Multiple 3467 132 (3.81) 3.12 5.53 (4.74–6.87)
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most of them (61.6%) through adequate care of the 
woman during pregnancy to reduce the number of pre-
term births. Avoidable causes accounted for 82.2% of 
early neonatal deaths, 76.0% of late neonatal deaths, and 
74.1% of post-neonatal deaths in 2017. Nonetheless, there 
was a different structure of causes of death when com-
paring the neonatal and the post-neonatal periods. Most 
deaths occurring in the neonatal period were preventable 
through adequate attention to women during pregnancy, 
whereas at the post-neonatal period the deaths were 
mainly preventable through diagnosis and treatment. 
Consistent with our findings, another study assessing 
preventable infant deaths in RS from 2000 through 2004 
showed that, despite the absolute reduction in the num-
ber of infant deaths in the period, the proportion of pre-
ventable deaths remained above 60% [17].

Between 2003 and 2017, infant mortality rate in RS fell 
63.5%, decreasing from 15.9:1000 LB to 10.1:1000 LB [18, 
19]. This reduction, however, could even be greater since, 
as identified in our study, most of deaths were prevent-
able. Although this persistence can be partly attributed to 
the improvement in the quality of the data, evaluated by 
the reduction in the percentage of ill-defined causes [20], 
and to the 13% increase in the national coverage of the 
SIM for deaths of those aged less than 1 year verified in 
the period (from 79.4 to 89.6%) [21], other factors need 
to be considered.

The characteristic most strongly related with infant 
death in our study was gestational age. The greatest 
proportion of preventable deaths occurring in the early 
neonatal period was due to complications of prematu-
rity or other causes for which prematurity is a risk fac-
tor, particularly infections [22]. In 2017, 11.8% of the 
children born alive in RS were less than 37 weeks of ges-
tation, most of which (86.9%) were late preterm births 
(34–36 weeks of gestation), which, although apparently 
less vulnerable due to their weight and size at birth, have 
a higher risk of dying in the first year of life than those 
born at term [23]. Preventable deaths in the late preterm 
group in our study was four times higher than among 
infants born at term.

Prevention of preterm births however is a challeng-
ing task, because preterm birth is a complex outcome, 
with a multifactor etiology, differing according to the 
gestational age at which it occurs, race, and character-
istics of the population [24]. Besides spontaneous cases, 
preterm births can be due to medical indication second-
ary to maternal diseases or fetal suffering. Moreover, the 
over-medicalization of births and the sharp increase in 
caesareans have been blamed for the current epidemic 
of preterm births in Brazil [4, 5]. A systematic review 
showed rising trends in the prevalence of prematurity in 
the country since 1990 [25]. A similar trend of increasing 

prematurity is observed in RS. In 2019, fifteen Health 
Regions presented rates above the state average (12.15%) 
[26]. Between 1982 and 2015, preterm births increased 
sharply in RS, from 5.8 to 13.8% [27]. Data from the 
Birth Cohorts of Pelotas, a city located in the south of 
RS, showed that in the same period caesareans increased 
from 27.7 to 65.1%, and were responsible for 86.2% of all 
births in the wealthiest families, while among the poor-
est (who generally accumulate more factors for high risk 
pregnancies), the prevalence was 50.5% [28].

Besides gestational age, other characteristics of the 
infant at birth were strongly associated with prevent-
able mortality: LBW and multiple pregnancies. LBW 
was the second factor most strongly related to avoidable 
deaths in our study. Consistent with data on gestational 
age, the prevalence of LWB has increased in RS. In 2019, 
the prevalence of LBW in fifteen of the Health Regions 
was above the state average (9.6%) [26]. Together with 
gestational age, LWB is one of the main determinants of 
morbidity and mortality in the first year of life, primarily 
during the neonatal period [29].

Infants from multiple pregnancies had a cumula-
tive incidence of preventable deaths throughout the 
first year of life more than five times higher than that 
observed among infants from single pregnancies. 
Between 2007 and 2017, double and triple pregnancies 
in RS corresponded to 10 and 0.8%, respectively, of all 
pregnancies [7]. The perinatal mortality rate is two to 
three times higher in twins than in single newborns, pri-
marily due to prematurity, restricted fetal growth, LWB, 
and intrapartum anoxia [30, 31]. Among the maternal 
characteristics investigated, the number of antenatal 
care consultation was the most strongly associated with 
preventable infant deaths. The relationship between 
preventable infant mortality and antenatal care, verified 
in this and in other studies, may relate both to the insuf-
ficient number of consultations and to the low quality of 
care received [31, 32]. Both factors contribute to death 
in the first days of the child’s life, commonly related to 
preventable causes [33, 34]. Nonetheless, the number of 
antenatal consultations depends on the duration of the 
pregnancy, opening up the possibility of reverse causal-
ity bias. Mothers whose pregnancies end prematurely 
(an outcome that is related to high infant mortality) [35] 
have fewer opportunities for consultations during the 
antenatal period than those whose pregnancies reaches 
37 weeks or more.

PIMR and specifically PENMR were higher in infants 
from white mothers than in infants from black mothers. 
The white population is the majority in Rio Grande do 
Sul State [11], and white women have better education 
level and less pregnant adolescents than black mothers, 
two factors related to lower rates of infant mortality [36]. 
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A nationwide population-based, retrospective cohort 
study found substantial ethnoracial inequalities in child 
mortality in Brazil, especially among the Indigenous and 
Black populations [37]. Thus, our finding reflects more 
the higher number of births to women that declared 
white skin color, as well as the lack of adjustment for con-
founders, than the risk of dying according to maternal 
skin color. Nonetheless, as the objective of our study was 
not to explore risk factors for preventable infant mortal-
ity but instead to describe the distribution of the infant 
mortality in the State, this finding reflects the real inci-
dence of the deaths in Rio Grande do Sul and must be 
interpreted in light of this objective.

The higher incidence of preventable deaths among 
infants born to mothers with fewer years of schooling 
and to mothers who lived without a partner is consist-
ent with findings from a population-based birth cohort 
carried-out in the south of Rio Grande do Sul, in which 
infant deaths were three times higher among infants 
from mothers with fewer years of formal education 
and six times higher among those born to women who 
lived without a partner [38]. In the same way, our find-
ing of increased preventable infant mortality among 
infants from adolescent mothers is in agreement with 
results from a nationally representative data from India, 
which showed that the odds ratio of childhood mortal-
ity was comparatively higher among lower aged women 
(< 20 years old) [39].

Of the contextual characteristics of place of residence, 
the Gini index of the municipality presented the highest 
incidence ratios. Avoidable mortality ratio was higher in 
the extremes of the Gini index, mainly in municipalities 
with lower income concentration. This possibly reflects 
the situation of poor municipalities with lack of access to 
qualified maternal and child health assistance.

This study has strengths and limitations. Among the 
strengths is the use of official data from SIM, a system 
organized with the specific aim of monitoring vital sta-
tistics of the Brazilian population. The findings of our 
study can contribute to the planning of maternal and 
child health services to quality the assistance provided 
to the child and maternal group of citizens in RS and 
in other settings with similar characteristics. The use of 
List of Causes of Deaths Preventable through SUS Inter-
ventions [13], which aims to systematize the contribu-
tion of different factors to infant mortality, as well as 
evaluating the effectiveness of health services is another 
strength of the study [32]. The investigation of a wide 
range of variables, potentially associated with prevent-
able deaths, is another positive aspect of the study. The 
main limitation was the unavailability of detailed infor-
mation on the factors and circumstances that led to 
death. Also, as the objective of the study was to describe 

the incidence of infant mortality in Rio Grande do Sul, 
instead of exploring risk factors for infant mortality in 
the State, no adjustment for confounding factors was 
done. Thus, the incidence differences and ratios can be 
under or overestimated.

Conclusion
Although RS has one of the lowest IMR in Brazil, avoid-
able deaths are still the main cause of infant mortality, 
especially those related to attention to women during 
pregnancy. Policies and programs directed at women’s 
reproductive health implemented in Brazil since 1984 
have managed to achieve wide coverage, primarily among 
women who need it most [5], but there is still a lot to 
improve in terms of family planning and quality of ante-
natal care, in order to achieve the goal of ending prevent-
able infant deaths by 2030.
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