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ORIGINAL ARTICLE

Temporal trend of early neonatal mortality among children of adolescent mothers in 
Brazil and regions between 2000 and 2020

Objectives: to analyze the temporal trend in early neonatal mortality among adolescent mothers in 
Brazil and macroregions between 2000 and 2020. 

Methods: a mixed ecological study, using secondary data publicly available from the Live Birth 
Information System and the Mortality Information System, from which information was consulted on 
children born in Brazil, according to macro-region, between 2000 and 2020, descendants of adolescents. 
Infant mortality rates were calculated for Brazil and its macroregions for each year analyzed. Temporal 
analysis was performed using the Joinpoint Regression Model.

Results: we observed 101,508 early neonatal deaths. The Northeast region had the highest number 
of early neonatal deaths (37,919). The temporal trend between 2000 and 2020 in the early neonatal 
mortality rate among children of adolescent mothers in Brazil showed a decreasing pattern, presenting 
an average variation for the period (AAPC, Average Annual Percent Change) of -0.90; p<0.001. The 
greatest decrease was observed in the Southern (AAPC = -2.23; p<0.001) and the lowest in the North, 
with a general stationary temporal trend (APC = -2.64; p<0.001). 

Conclusion: the findings showed a decreasing temporal trend in the early neonatal mortality rate 
among children of adolescent mothers from 2000 to 2020 in Brazil. The greatest reduction was observed 
in the South, while the North presented a general stationary temporal trend.

Key words Early neonatal mortality, Pregnancy in adolescence, Time series studies, Linear models, 
Health Inequality monitoring
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Introduction

Adolescent pregnancy is a global problem, which may 
lead to intergenerational cycles of poverty and negative 
outcomes for newborns.1 According to estimates of the 
World Health Organization in 2020, approximately 21 
million girls aged between 15 and 19 years become 
pregnant and about 12 million give birth, each year.2 
Considering the age range of 10 to 14 years, the number 
is approximately 780 thousand births per year. Most 
births to adolescent mothers in the world – 95% - occur 
in developing countries, such as Brazil.1,2

The occurrence of adolescent pregnancy seems to 
be related to women with lower socioeconomic level and 
domestic violence (sexual and/or physical).1,3 Still, it is 
not uncommon that adolescent pregnancy occurs in an 
intergenerational standard in which pregnant adolescents 
are daughters of young mothers that faced social, financial, 
medical, educational and employment difficulties.4,5 The 
stigmatization leads to delays in pregnancy diagnosis 
and prenatal care. Moreover, adolescents in general 
possess less psychosocial support than adult women do, in 
addition, the social disapproval caused by early pregnancy 
may affect the attendance to prenatal consultations.6

This context leads to maternal  and neonatal 
complications, since adolescent pregnancy is associated 
with an increased risk of preterm birth, low birth weight, 
eclampsia, anemia, pregnancy hypertensive disorders, 
chlamydia and gonorrhea infections and maternal and 
infant morbidity.7 Adolescent pregnancy is also related to 
higher occurrence to fetal growth restriction, premature 
rupture of membranes, perineal lacerations, episiotomies, 
Apgar index under seven points in the first and fifth 
minutes of life and higher risk of hospitalization in 
intensive care units.8

In order to analyze infant deaths, considering its 
classification is necessary. Infant mortality refers to 
deaths of infants under one year of life, subdivided into 
neonatal mortality (deaths from zero to 27 days of life) 
and post-neonatal mortality (deaths from 27 to 364 days of 
life). Neonatal mortality is also divided into two periods, 
early neonatal (zero to six days of life) and late neonatal 
(seven to 27 days of life). Nevertheless, neonatal mortality, 
mainly early neonatal mortality, is the main component 
of infant deaths since the 1990 decade, corresponding 
to approximately 70% of the current infant mortality.9,10

The assessment of early neonatal mortality rate 
associated with adolescent pregnancy is necessary, since 
it reflects regional socioeconomic conditions, as well 
as the quality of assistance in prenatal care, delivery, 
birth and to the newborn.11 The analysis of the temporal 
behavior of early neonatal deaths is a useful tool for its 
assessment, being capable to help measures of public 

health management and the targeting of assistance public 
policies. We highlight, thus, the importance of surveys 
that comprehend the assistance dynamics of adolescent 
mothers in Brazil and regions of the country. The present 
study aimed to analyze the temporal trend of early neonatal 
mortality within adolescent mothers in Brazil and its 
regions, between 2000 and 2020.

Methods

Ecological study with mixed methods, using secondary 
data of public access available at the Department of 
Informatics of the Unified Health System (DATASUS 
– Portuguese acronym). For the consultation of data, 
performed in February 6, 2023, collected at the Mortality 
Information System (SIM – Portuguese acronym) and 
Live Birth Information System (Sinasc – Portuguese 
acronym), early neonatal deaths were defined as those 
that occurred in infants between zero to six days of life. 
Firstly, we selected information on early neonatal deaths 
per residence in Brazil, of children of young women aged 
between ten and 19 years, present at SIM. At the same 
time, data concerning live births in Brazil according to 
macroregion, between 2000 and 2020, born to mothers 
with established age, were consulted at Sinasc.

Data were initially tabulated in the Microsoft Excel 
2016 software. The analyses were stratified according 
to the regions of the country: North, Northeast, South, 
Southeast and Midwest. The variables explored from SIM 
were analyzed with simple descriptive statistics (absolute 
and relative frequency) and allocated in three groups: 
characteristics related to mothers, characteristics related 
to newborns and characteristics related to birth. In the first 
group, related to mothers, we categorized the age range 
(ten to 14 years and 15 to 19 years) and maternal schooling, 
by years of schooling. In the group related to the newborn, 
we assessed sex and birth weight. With regard to birth, 
we clustered data concerning type of gestation (if single, 
double or triple), way of delivery and gestational age at 
the moment of birth.

Missing data were registered as “ignored” at the end 
of each table and were not used in the statistical analysis.

The infant mortality rates, in temporal trends, were 
calculated for Brazil and its macroregions for each 
analyzed year, with data consulted at SIM and Sinasc, 
according to the formula below.

Early Neonatal Mortality Rate = 
deaths up to six days of life   x 1000
            Live births

The temporal analysis was performed with the 
application of the Joinpoint Regression Model. The model 
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analyzed whether a line with multiple segments were more 
adequate to explain the temporal behavior of data grouping 
compared to a straight line or with fewer segments. 
Accordingly, the trend of each indicator is classified into 
stationary, increasing or decreasing according to the slope 
of the regression line. With this method, we calculated the 
Annual Percent Change (APC) and the Average Annual 
Percent Change (AAPC).12

In the statistical analysis, we adopted the following 
parameters: i) minimum of zero joins, ii) maximum of 
four joins, iii) selection of the model by the Monte Carlo 
computational test (n= 4499 permutations), iv) method 
of autocorrelation of errors based on the date, v) 95% 
confidence interval (CI95%) and vi) 5% significance 
level. Such analyses were performed with the Joinpoint 
regression program (version 4.9.0.1, National Cancer 
Institute, Bethesda, MD, US) relating the early neonatal 
mortality rate within adolescent mothers (dependent 
variable) to year (independent variable).

Since we used public domain data with aggregate 
information that does not allow individual identification, it 
was not necessary to submit the research for the approval 
of the Research Ethics Committee, according to the 
resolution 466/12 of the National Council of Research 
Ethics.

Results

With regard to the characteristics of early neonatal 
deaths of children of adolescent mothers: 101,508 early 
neonatal deaths were included in the present study. The 
Northeast region presented the highest number of early 
neonatal deaths (37,919), whilst the Midwest region 
presented the lowest, with 7911 deaths, as exposed in 
Table 1. Concerning characteristics related to mothers, 
in all Brazilian regions, the age range with the highest 
occurrence was that between 15 and 19 years, which 
corresponds to 93,949 cases (92.5%), and the most 
frequent level of maternal schooling was four to seven 
years of education, with an absolute value of 37,210 
(36.6%). However, the Southeast, South and Midwest 
regions demonstrated more registries of average maternal 
schooling of eight to 11 years of education, with 11,842 
(42.1%), 4424 (41.7%) and 3028 (38.2%) mothers in this 
level of schooling, respectively.

Regarding the characteristics related to newborns, all 
Brazilian regions demonstrated higher occurrences of the 
male sex, equivalent to 58,025 (57.1%) neonates. The most 
frequent birth weight in the national territory varied from 
500 to 999 grams, in 31,637 (31.1%) cases, the category 
of lowest occurrence being that of 4000 grams on, with 
901 (0.8%) registries (Table 1).

Concerning the characteristics related to birth, the 
single pregnancy was the most frequent in all Brazilian 
regions, comprising 91,133 cases (89.7%), as well as the 
vaginal way of delivery, with 72,637 (71.5%) registries. 
With regard to the gestational age, the range from 22 to 
27 weeks demonstrated the highest number of registries 
in the national territory, with 29.308 (28.8%) deaths, 
except for the North region, where the range from 37 to 
41 weeks presented higher occurrence of early neonatal 
deaths, revealing 4745 cases (27.9%) (Table 1).

Regarding the temporal trend of the early neonatal 
mortality rate of adolescent mothers: the lowest early 
neonatal mortality rates of children of adolescent mothers 
occurred in the Southeast, followed by the South, Midwest, 
Northeast and North. The general temporal trend between 
2000 and 2020 of the early neonatal mortality rate of 
children of adolescent mothers in Brazil demonstrated a 
decreasing standard (AAPC= -0.90; p<0.001), as shown 
in Table 2. In the analysis of temporal segments (Figure 
1), an inflection point was revealed, with predominating 
decrease between 2004 and 2020 (APC= -1.31; p<0.001).

The only region that demonstrated a stationary general 
temporal trend between 2000 and 2020 was the North. The 
analysis by inflection points demonstrated three joinpoints 
and only the temporal segment between 2003 and 2014 was 
significant (APC= -2.64; p<0.001). During all the studied 
period (2000 to 2020), the trend of early neonatal mortality 
within children of adolescent mothers was decreasing in 
the Northeast (AAPC = -0.60; p<0.001). Nevertheless, 
in the analysis of temporal segments, we observed an 
increasing trend between 2000 and 2006 (APC = 2.07; 
p=0.003) and decreasing trend between 2006 and 2020 
(APC= -1.67; p<0.001) (Figure 1).

The regions South, Southeast and Midwest, however, 
demonstrated a decreasing trend in all rates during 
the entire period studied (2000 to 2020). The highest 
decreasing trend was observed in the South of the country 
(AAPC= -2.34; p<0.001), followed by the Midwest region 
(AAPC = -1.31; p<0.001) and the Southeast region (AAPC 
= -0.69; p<0.001) (Figure 1).

Discussion

The present study described lower early neonatal mortality 
rates in the regions South and Southeast and higher rates 
in the North and Northeast regions. This disparity may 
suggest that, despite the significant advances, inequalities 
persist in the access and quality of care in the different 
regions of the country.12,13,14 The differences in relation to 
economic development, financial incentives, employment 
offer, level of education and expansion of the healthcare 
network are aspects that influence these indicators.15,16
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Characteristics of early neonatal deaths of adolescent mothers according to Brazilian macroregions, between 2000 and 2020.

Macroregions North Northeast Southeast South Midwest Brazil

Number of deaths
16,996 37,919 28,092 10,590 7,911 101,508

n % n % n % n % n % n %

Characteristics 
related to mothers

Mother’s age (years)

10-14 1,480 8.7 2,921 7.7 1,808 6.4 725 6.8 625 7.9 7,559 7.4

15-19 15,516 91.2 34,998 92.3 26,284 93.5 9,865 93.1 7,286 92.1 93,949 92.5

Total 16,996 100.0 37,919 100.0 28,092 100.0 10,590 100.0 7,911 100.0 101,508 100.0

Maternal schooling 
(years)

None 946 5.5 1,594 4.2 770 2.7 331 3.1 357 4.5 3,998 3.9

1 - 3 2,097 12.3 4,168 10.9 1,512 5.3 635 6.0 537 6.7 8,949 8.8

4 - 7 6,641 39.0 14,743 38.8 8,991 32.0 3,966 37.4 2,869 36.2 37,210 36.6

8 - 11 5,162 30.3 11,006 29.0 11,842 42.1 4,424 41.7 3,028 38.2 35,462 34.9

≥12 344 2.0 673 1.7 766 2.7 370 3.4 249 3.1 2,402 2.3

Ignored 1,806 10.6 5,735 15.1 4,211 14.9 864 8.1 871 11.0 13,487 13.2

Total 16,996 100.0 37,919 100.0 28,092 100.0 10,590 100.0 7,911 100.0 101,508 100.0

Characteristics 
related to newborns

Sex

Male 9,746 57.3 21,764 57.4 16,028 57.0 6,022 56.8 4,465 56.4 58,025 57.1

Female 7,126 41.9 15,739 41.5 11,951 42.5 4,533 42.8 3,410 43.1 42,759 42.1

Ignored 124 0.7 416 1.1 113 0.4 35 0.3 36 0.4 724 0.7

Total 16,996 100.0 37,919 100.0 28,092 100.0 10,590 100.0 7,911 100.0 101,508 100.0

Weight (g)

< 500 400 2.3 1,920 5.0 2,026 7.2 569 5.3 467 5.9 5,382 5.3

500  - 999 4,091 24.0 10,454 27.5 10,679 38.0 3,859 36.4 2,554 32.2 31,637 31.1

1,000 – 1,499 2.976 17.5 6,448 17.0 4,229 15.0 1,651 15.5 1,318 16.6 16,622 16.3

1,500 – 2,499 4.065 23.9 8,356 22.0 4,929 17.5 2,150 20.3 1,644 20.7 21,144 20.8

2,500 – 2,999 1,881 11.0 3,441 9.0 2,204 7.8 910 8.5 710 8.9 9,146 9.0

3,000 – 3,999 2,690 15.8 4,802 12.6 2,585 9.2 1.162 10.9 911 11.5 12,150 11.9

≥ 4,000g 193 1.1 370 0.9 206 0.7 79 0.7 53 0.6 901 0.8

Ignored 700 4.1 2,128 5.6 1,234 4.3 210 1.9 254 3.2 4,526 4.4

Table 1
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Total 16,996 100.0 37,919 100.0 28,092 100.0 10,590 100.0 7,911 100.0 101,508 100.0

Characteristics 
related to birth

Pregnancy

Single 15,507 91.2 34,123 89.9 24,867 88.5 9,522 89.9 7,114 89.9 91,133 89.7

Double 1,261 7.4 3,073 8.1 2,352 8.3 863 8.1 674 8.5 8,223 8.1

Triple and more 33 0.1 101 0.2 68 0.2 21 0.2 24 0.3 247 0.2

Ignored 195 1.1 622 1.6 805 2.8 184 1.7 99 1.2 1,905 1.8

Total 16,996 100.0 37,919 100.0 28,092 100.0 10,590 100.0 7,911 100.0 101,508 100.0

Delivery

Vaginal 12,227 71.9 28,727 75.7 19,294 68.6 6,908 65.2 5,481 69.2 72,637 71.5

Cesarean 4,554 26.7 8,359 22.0 7,941 28.2 3,444 32.5 2,295 29.0 26,593 26.2

Ignored 215 1.2 833 2.2 857 3.0 238 2.2 135 1.7 2,278 2.2

Total 16,996 100.0 37,919 100.0 28,092 100.0 10,590 100.0 7,911 100.0 101,508 100.0

Gestational age 
(weeks)

< 22 873 5.1 2,610 6.8 1,939 6.9 647 6.1 575 7.2 6,644 6.5

22 - 27 3,636 21.3 9,454 24.9 9,971 35.4 3,725 35.1 2,522 31.8 29,308 28.8

28 - 31 3,092 18.1 6,885 18.1 4,778 17.0 1,720 16.2 1,339 16.9 17,814 17.5

32 - 36 3,482 20.4 7,402 19.5 4,835 17.2 1,950 18.4 1,466 18.5 19,135 18.8

37 - 41 4,745 27.9 8,475 22.3 4,850 17.2 2.099 19.8 1,594 20.1 21,763 21.4

≥ 42 192 1.1 390 1.0 240 0.8 89 0.8 69 0.8 980 0.9

Ignored 976 5.7 2,703 7.1 1,479 5.2 360 3.4 346 4.3 5,864 5.7

Total 16,996 100.0 37,919 100.0 28,092 100.0 10,590 100.0 7,911 100.0 101,508 100.0

Source: SIM (Sistema de Informações sobre Mortalidade - Mortality Information System - Portuguese acronym); 2023.

Table 2

Temporal trend of early neonatal mortality rate in Brazil and its regions, in the period of 2000 to 2020.

Region AAPC (%) CI95% Interpretation

Brazil - 0.9* - 1.3; - 0.4 Decrease

North - 1.3 - 2.6; 0.0 Stationary

Northeast - 0.6* - 1.0; - 0.1 Decrease

Southeast - 0.7* - 1.0; - 0.4 Decrease

South - 2.2* - 2.7; - 1.8 Decrease

Midwest - 1.3* - 2.0; -0.6 Decrease

*p<0.05; AAPC=Average Annual Percent Change; CI95%= 95% Confidence Interval. Source: SIM (Sistema de Informações sobre Mortalidade - Mortality Information System - 
Portuguese acronym) and Sinasc (Sistema de Informações sobre Nascidos Vivos - Live Birth Information System - Portuguese acronym); 2023.

According to data from Ruschi et al.,17 in a study from 
2018 carried out in the municipality of Vitória – Espírito 
Santo, only 13% of pregnant women received, in the 
period of assessment of the study, adequate care for the 

advanced level of prenatal, which considers the number of 
consultations, the onset of prenatal, procedures performed 
during the prenatal period and laboratory exams. Another 
study, with data from the National Survey of Health of 
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Figure 1

Temporal trend of the early neonatal mortality rate in children of adolescent mothers in Brazil and its regions in the period from 2000 to 2020.

*p<0.05; APC=Annual Percent Change. Source: SIM (Sistema de Informações sobre Mortalidade - Mortality Information System - Portuguese 
acronym) and Sinasc (Sistema de Informações sobre Nascidos Vivos - Live Birth Information System - Portuguese acronym); 2023.

2013, indicated that women residing in the North region 
presented the lowest frequencies of adequate prenatal 
care, whilst the region Southeast presented the highest,18 
corroborating the regional inequalities registered in 
the present study. The variations of neonatal mortality 
coefficients are sensitive to the development conditions 
of the place in which the survey occurs. African countries, 
with low development levels, such as Ethiopia, present 
very high neonatal mortality coefficients (41.0 per 1,000 
births). On the other hand, high-income countries possess 
rates of around 6.0 per 1000 births, according to data 
from 2017.19

In the present analysis, we found that 7.45% of 
pregnancies of adolescents occurred in the age range of 
ten to 14 years old. This rate was even higher in the North 
region, representing 8.71% of cases. The Law number 
12.015/2009 establishes that having sexual intercourse 
with an individual with less than 14 years old is a sexual 
crime against vulnerable person, regardless of consent.20 

Reidy et al.,21 when analyzing prospectively the temporal 
relation between the experience of sexual violence and the 
occurrence of pregnancy, observed that, within the girls, 
being victim of sexual violence is associated with higher 
risk of pregnancy during adolescence. The combined 
sequels of sexual violence and pregnancy in adolescents 
impair the health and the social and economic development 
of victims.

In the period analyzed in this study, more than 80% 
of mothers presented less than 12 years of schooling. 
Fonseca et al.,22 when comparing neonatal mortality with 
the maternal level of schooling in the state of Rio de 
Janeiro between 2004 and 2010, found that the mortality 
rate decreased only for women with intermediate and 
advanced education. Kale et al.,23 when analyzing the 
evolution of fetal and neonatal mortality in Rio de Janeiro 
from 2000 to 2018, observed that the group of low 
schooling was the only to present high and crescent rates, 
evidencing social inequality in healthcare. Low schooling 
may compromise the acquisition and comprehension of 
important information concerning healthcare, particularly, 
during the prenatal period.22 Population strategies, 
without the proper focus on more vulnerable groups, 
may paradoxically increase disparities; on the other 
hand, the combination of intersectoral activities, such 
as in the education area, and the social participation of 
the population itself are crucial to improve the mortality 
indicators.24

Adolescents that become pregnant are excessively 
exposed to complications related to pregnancy and 
challenge the psychosocial stress associated with 
pregnancy.25 The early pregnancy is related to higher 
incidence of complication such as eclampsia, gestational 
hypertension, HELLP syndrome, puerperal infections 
and unnecessary intrapartum interventions.26 Moreover, 
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maternal age inferior to 19 years is described as being 
associated with newborns with low birth weight, preterm 
and small for gestational age.27 All of these factors are 
related with a higher maternal and infant morbimortality.25

The present study demonstrated that the birth weight 
range that predominated in the early neonatal deaths was 
from 500 and 999 grams. In fact, birth weight is one of the 
most described risk factors in the literature for neonatal 
mortality.23 Low birth weight may have, within its causes, 
prematurity and intrauterine growth restriction, indicators 
that reflect the quality of care provided to mothers during 
pregnancy.28 Unfavorable socioeconomic conditions and 
flaws in the prenatal care may also be in the origin of low 
birth weight.29

The present analysis demonstrated a decreasing trend 
of the early neonatal mortality in almost the entire national 
territory, except for the North region, which presented a 
stationary trend. The observed decrease may be related 
to the implementation of strategies and assistance public 
policies, which resulted in the improvement of economic, 
educational, sanitary and health factors.13

As a limitation of the study, we highlight the use 
of secondary data in which the typing of deaths and 
births are performed in a decentralized manner, with 
potential inconsistencies and missing data. Studies 
based on secondary data have the disadvantage of the 
incompleteness of information that is essential for the 
research. However, the result of other epidemiological 
studies that used SIM and Sinasc reflects the death and 
birth profiles in Brazil and the large number of registries 
contributes to minimizing its possible flaws. Moreover, 
the present analysis did not consider fetal deaths, since 
the calculation of the early neonatal mortality rate used 
data from live births.

Lastly, we conclude that the North region presented 
the highest early neonatal mortality rate, whilst the 
Southeast region presented the lowest. All states presented 
a decreasing trend of the analyzed rate, except for the 
North region, which presented a stationary trend. The 
highest percent change was observed in the South of the 
country. The findings suggest the need for intersectoral 
public policies focused on the assistance offered to 
pregnant adolescents, mainly in the North and Northeast 
regions.
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