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Introduction
Congenital Defects (CD) are defined as structural, functional or metabolic abnormalities 

that occur during embryonic development. They can be related to genetic, environmental-
such as infections and exposure to toxic agents during pregnancy-or multifactorial causes 
[1]. Structural defects can be divided into four main groups: malformations, disruption, 
deformity and dysplasia [2]. Malformations are a type of CD in which the developing tissue 
was not formed correctly from the early stages, in other words, it is a consequence of a defect 
inherent to the affected tissue or organ with permanent changes [3-4]. Malformations can 
also occur due to agenesis or hypogenesis (non-development or underdevelopment of the 
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Abstract
Congenital defects are defined as structural or functional abnormalities that occur during embryonic 
development. In Brazil, it is estimated that 2 to 5% newborns have congenital defects. This study aims to 
characterize newborns with congenital defects at birth, evaluating the association with pre- and perinatal 
factors in comparison with newborns without these defects. A retrospective descriptive epidemiological 
study based on data from the Information System on Live Births between 2008 and 2018. In the period, 
32,124,447 live births were reported in Brazil; of this total, 225,561 had congenital defects identified at 
birth. The detection of these anomalies was significantly more frequent among the maternal age group 
from 45-49 years old; mothers with ≥12 years of schooling; legally separated mothers; mothers who 
had -3 prenatal visits; premature pregnancies of 28-31 weeks; triplet pregnancies or more; women 
who underwent cesarean delivery; yellow color; male sex; newborns with a 5’ Apgar score 0-2 and with 
very low birth weight (P<0.0001). The results of this study suggest a progressive increase of congenital 
defects cases in the country over the years, although it still points out possible underdiagnosis and 
underreporting, highlighting the need for interventions for adequate and early recognition of congenital 
defects.
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structure, respectively) [3]. In addition, the malformations can be 
classified into major or minor, according to the clinical impact [4-
5]. Disruption, on the other hand, is defined as the destruction or 
alteration of already formed structures-previously normal during 
fetal development [4]. Deformity can be understood as a change in 
the shape, contour or position of an organ. Dysplasia is identified 
as the abnormal organization of cells in specific tissues, which can 
lead to changes in shape [5]. Moreover, the sequences are a pattern 
of related CD already known to be derived from a single primary 
anomaly, that is, a single event causes a cascade of effects that 
generate other CD [6].

Environmental factors, such as gestational exposure to some 
infectious agents, drugs and alcohol, correspond to 5 to 10% of CD 
[5,7]. Additionally, some maternal diseases can also be related to 
congenital malformations, such as gestational or previous Diabetes 
Mellitus, which is responsible for around 6% of these occurrences, 
and folic acid deficiency, both well-known preventable risk factors 
for the development of CD [5,7]. Genetic factors correspond to 
approximately 30 to 40% of cases of malformations [2,5,8,10]. 
Annually, approximately 8 million children are born worldwide 
with some CD, representing about 6% of these births [11]. The 
general incidence of CD in Brazil is not very different from that 
presented in the world [12]. In Brazil, it is estimated that around 
2 to 5% of live births have CD [12-13]. Infant mortality is an 
important health indicator, as it is associated with factors such 
as maternal well-being, quality and access to health services, 
socioeconomic conditions and public health practices [13]. Studies 
in developed countries have shown that around 70% of congenital 
malformations can be prevented or have their disabilities minimized 
[14]. Therefore, population surveillance of these births is necessary 
to monitor changes in the pattern of anomalies [7]. This study aims 
to characterize the population of neonates with CD identified at 
birth in Brazil from 2008 to 2018, assessing the association with 
pre-and perinatal factors and comparing to those newborns who 
had no identified CD.

Materials and Methods
A retrospective descriptive epidemiological study was 

conducted to analyze the profile of newborns with CD identified 
at birth in Brazil between 2008 and 2018. The pre-and perinatal 
variables were compared with the population of live births without 
reported CD in the same period. The data, available at the Sistema 
de Informações sobre Nascidos Vivos (SINASC) on the platform 
of the Departamento de Informática do Sistema Único de Saúde 
(DATASUS), were collected with the aid of TABWIN (guide for 
Windows) and TABNET (guide for internet) Softwares. Information 
considered ignored were quantified, but were not considered in 
the comparative analyses. Research involving public domain data 
without identification, such as SINASC, does not need approval 
by the system CEP-CONEP (Research Ethics Committees-National 
Research Ethics Commission) according to National Healthcare 
System (Conselho Nacional de Saúde - CNS) 510/2016 resolution 
[15].

DATASUS, SINASC e DNV
DATASUS was founded in 1991 and is responsible for supplying 

the entities of Brazil’s Unified Health System (Sistema Único de 
Saúde - SUS) about information systems, data collection, and 
computerized support. This department manages the knowledge 
of health indicators [16-17]. In 1990, SINASC was implemented to 
aggregate epidemiological information regarding births notified 
throughout the national territory. SINASC collects and provides 
information on births, maternal data, pregnancy, delivery and 
newborn, making it possible to know the profile of live births in 
Brazil. The system depends on the information obtained from the 
DNV (Declaration of Live Births). Since 1990, there is a field in the 
DNV to describe all the CD observed in the newborn. All CD must 
be registered following the International Classification of Diseases 
(ICD-10). It should be noted that any CD detected after filling the 
DNV are not computed by SINASC [17-20].

Statistical analyses: Microsoft Excel and SPSS version 26.0 
were used for the data collection and analysis. Categorical variables 
are presented as frequencies and percentages, and continuous 
variables as rates, means and standard deviations (±SD). To assess 
the existence of an association between the studied variables, 
correlations were made through the analysis of odds ratios, with 
a 95% confidence level (p≤0.05). Linear regression analysis was 
performed, with statistical significance calculated by Anova.

Result and Discussion
In the study, within the period of 2008-2018, were identified 

32,124,447 live births in Brazil; of this total, 225,561 (0.70%) 
newborns had CD (Table 1). The detection of these anomalies was 
significantly more frequent among mothers from 45 to 49 years 
old; among mothers with 12 years of schooling or more; between 
legally separated mothers; mothers who had 1 to 3 prenatal visits; 
premature pregnancies of 28 to 31 weeks; in triplet pregnancies 
or more; in those who underwent cesarean delivery; yellow color; 
male sex; newborns with 5’ Apgar score 0 to 2 and with birth weight 
from 1000 to 1499 grams (P <0.01) (Table 1). For 924,235 (2.88%) 
newborns, the field related to CD was not filled, and these cases 
were included in the ignored category. The Southeast Region had 
the highest incidence rate of CD (0.93%), and the North Region the 
lowest (0.55%) (P <0.01) (Figure 1). Among the Brazilian states, 
São Paulo had the highest CD incidence (1.12%), and Maranhão 
the lowest (0.40%) (P <0.01). The average incidence between 
regions was 0.74% (± 0.13) and between states it was 0.70% 
(±0.17). Regarding the annual incidence of CD in Brazil during the 
studied period, an average of 23,387 (±608.93) cases per year was 
identified, with a progressive increase in the number of affected 
newborns (R²= 0.94, p<0.01). A peak in the detection of central 
nervous system anomalies was identified between 2015 (8,1/1,000 
live births) and 2016 (9,1/1,000 live births). The most common CD 
were those of the musculoskeletal system, congenital deformities 
of the feet, CD of the nervous system and circulatory system. An 
increased incidence of chromosomal abnormalities was observed 
in neonates born from mothers aged over 35 years.
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Figure 1: Incidence rate of CD in Brazil between 2008 and 2018.

Table 1: Sample characterization.

Characteristics Newborns (with CD) Newborn S (total) Incidence rate (%) Odds Ratio (IC95%) P

Maternal age group (years)

14-Oct 2381 289941 0.821 1.03 (0.99 - 1.07) 0.11

15 - 19 43922 5666321 0.775 0.97 (0.96 - 0.98) <0.01

20 - 24 61219 8397429 0.729 0.89 (0.88 - 0.89) <0.01

25 - 29 56782 7839675 0.724 0.88 (0.87 - 0.89) <0.01

30 - 34 48027 6048122 0.794 0.99 (0.98 - 1.00) 0.75

35 - 39 30565 3082256 0.991 1.28 (1.26 - 1.29) <0.01

40 - 44 11248 748653 1.502 1.94 (1.90 - 1.98) <0.01

45 - 49 1073 47492 2.259 2.90 (2.72 - 3.08) <0.01

50 - 54 29 2929 0.99 1.25 (0.87 - 1.81) 0.22

55 - 59 7 455 1.538 1.99 (0.94 - 4.21)  

Ignored 8 981    

Maternal years of schooling (years)

None 1987 270440 0.734 0.92 (0.88 - 0.96)

<0.01

44564 9711 1345713 0.721 0.90 (0.88 – 0.92)

44658 53878 7009169 0.768 0.96 (0.95 – 0.96)

44784 139448 17314114 0.805 1.02 (1.01 - 1.03)

12 or more 47346 5629583 0.841 1.06 (1.05 - 1.07)

Ignored 2891 555428   

Maternal civil state

Single 121607 15341614 0.792 0.99 (0.98 - 1.00) 0.45

Married 84918 10653606 0.797 1.00 (0.99 - 1.01) 0.69

Widow 590 62785 0.939 1.18 (1.09 - 1.28) <0.01
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Legally separated 3285 342761 0.958 1.20 (1.16 - 1.24) <0.01

Consensual union 42441 5331068 0.796 0.99 (0.98 - 1.00) 0.46

Ignored 2420 392613    

Gestational age (weeks)

Less than 22 326 17287 1.885 2.50 (2.24 - 2.80)

<0.01

22 - 27 4080 148046 2.755 3.63 (3.52 - 3.74)

28 - 31 8906 299884 2.969 3.93 (3.85 - 4.01) <0.01

32 - 36 46121 2726841 1.691 2.39 (2.36 - 2.41)

37 - 41 187066 27427919 0.682 0.45 (0.45 - 0.46)

42 or more 4767 779817 0.611 0.76 (0.74 - 0.78)

Ignored 3995 724653   

Type of Pregnancy

Normal 247156 31419837 0.786 0.66 (0.65 - 0.68)

<0.01
Twin 7382 636773 1.159 1.47 (1.44 - 1.51)

Triplet or more 224 17241 1.299 1.63 (1.43 - 1.86)

Ignored 499 50596   

Delivery Method

Vaginal 96397 14665658 0.657 0.72 (0.71 - 0.72) <0.01

<0.01Caesarian 158372 17413292 0.909 1.37 (1.36 - 1.39)

Ignored 537 45497   

Prenatal care (number of visits)

None 6021 709041 0.849 1.11 (1.08 - 1.14)

<0.01

44564 20857 2191291 0.951 1.22 (1.20 - 1.23) <0.01

44657 69088 8514959 0.811 1.03 (1.02 - 1.04)

7 or more 156690 20443608 0.766 0.16 (0.16 - 0.16)

Ignored 2605 265548   

Sex

Male 144281 16453699 0.876 1.23 (1.23 - 1.24) <0.01

<0.01Female 107426 15665242 0.685 0.76 (0.75 - 0.76)

Ignored 3554 5506   

Color

White (caucasian) 105731 12424064 0.851 1.09 (1.08 - 1.10)

<0.01

Black (afrodescendant) 13493 1342152 1.005 1.27 (1.25 – 1.29) <0.01

Yellow (asian) 1064 105582 1.007 1.26 (1.19 – 1.34)

Brown 122807 16662639 0.737 0.85 (0.84 – 0.86)

Ignored 10541 1358619   

Apgar score at 1 minute

0 - 2 18783 260813 7.201 10.49 (10.33 - 10.65)

<0.01

44625 26324 892042 2.95 4.12 (4.06 - 4.17) <0

44719 37316 3011790 1.238 1.66 (1.64 - 1.68)

44783 168301 26976426 0.623 0.36 (0.35 - 0.36)

Ignored 4537 983376   

Apgar score at 5 minutes

0 - 2 10508 93180 11.277 16.96 (16.61 - 17.31)

<0.01

44625 9857 139388 7.071 9.95 (9.74 - 10.16) <0.01

44719 17634 536018 3.289 4.50 (4.43 - 4.57)

44783 212697 30360525 0.7 0.27 (0.26 - 0.27)

Ignored 4565 995336   
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Birth weight (grams)

Less than 500 736 38.913 1.891 2.49 (2.31 - 2.68)

<0.01

500 - 999 5.112 151.936 3.364 4.48 (4.36 - 4.61)

1000 - 1499 9.52 237.262 4.012 5.40 (5.29 - 5.52)

1500 - 2499 49.911 2.284.322 2.184 3.22 (3.19 - 3.25)

2500 - 2999 63.012 7.362.358 0.855 1.10 (1.09 - 1.11)

3000 - 3999 116.371 20.381.95 0.57 0.47 (0.47 - 0.48)

4000 or more 10.494 1.637.764 0.64 0.79 (0.78 - 0.81)

Ignored 105 29.936

The present study demonstrated a progressive increase in the 
number of newborns with CD in the studied period, from 19,878 in 
2008 to 25,932 in 2018. It also shows significant regional differences, 
with the North region presenting the lowest rate of incidence. The 
discrepancy in the notification can be explained by the possible 
inequality of access and distribution of specialized assistance 
services for CD around the country [21]. The urban centers of the 
South and Southeast regions concentrated the highest incidence of 
CD, in accordance with the distribution of general and specialized 
healthcare services [21]. The Latin American Collaborative Study 
of Congenital Malformations (ECLAMC) has observed differences 
in the records of CD between countries in Latin America, with the 
prevalence in 2011 varying from 1.4% in Ecuador to 4.2% in Brazil 
[22]. These assessments were carried out by trained people who 
were actively searching for CD, since this is the main objective of 
ECLAMC-which could explain the discrepancies in the results 
of their study and the present one. The global prevalence, in the 
same study, was 2.7% in line with the average for countries in Latin 
America [22]. Studies based on SINASC in different regions of Brazil 
have also shown varying frequencies, with 0.20% in Acre [23]; 
0.58% in Rio Grande do Norte [24]; 0.92% in Rio Grande do Sul 
[25]; and 1.6% in São Paulo [26] corroborating the data obtained 
by the present study.

Even with some regions showing higher incidences and with 
the progressive increase in the number of neonates with CD 
nationally, low rates identified strongly suggest the possibility of 
under-registration and point to the need for interventions to qualify 
the diagnosis of CD [13]. Although restricted to large centers, 
education and training in medical genetics have been implemented 
in health services in Brazil [27]. Primary healthcare professionals 
must receive adequate training to administer care to patients with 
CD, knowing how to orientate the prevention, recognition and 
coordination of care at birth or in another period of life [28]. There 
was a peak detection of anomalies of the nervous system between 
2015 and 2016, probably associated with the Zika virus infection 
epidemic [29,30] and the consequent increase in the surveillance of 
such anomalies, especially microcephaly. The syndrome triggered 
by prenatal infection by the Zika virus started to have immediate 
compulsory federal notification as of February 201630 and gained 
national visibility, expanding the surveillance of professionals and 
the healthcare system in relation to such cases [31] The present 
study identified a higher relative frequency of CD in newborns 

with birth weight from 1,000 to 1,499 grams and premature 
pregnancies of 28 to 31 weeks in this period in Brazil. According 
to Costa [32], a newborn with congenital malformation is twice 
as likely to have low birth weight, possibly being a consequence 
of CD or the syndromic condition in these individuals [4]. It is not 
possible, however, to know whether CD were the causative factor 
of the shortest duration of pregnancy, as they are not necessarily 
a factor in early gestational termination [33,34]. The present 
study demonstrated a higher incidence of CD in newborns with 5’ 
Apgar scores 0 to 2, which suggests poor intrauterine conditions, 
impacting on vitality at birth [35]. A similar result was observed 
in a study in the city of Rio de Janeiro, which identified a higher 
prevalence of CD among newborns with a 5’ Apgar score <7 and low 
birth weight [36]. A higher incidence of CD at birth was identified 
in males, as observed in other studies [35,37]. Regarding the 
newborn’s color, there was a higher incidence of CD in yellow color, 
unlike other studies, in which the highest frequencies were found 
among brown individuals [35,37]. It is noteworthy that different CD 
vary significantly between ethnicities, and some dysmorphisms can 
be considered variations from normality [35]. A study published in 
2015 demonstrated similar results, observing a higher frequency 
of CD in children of mothers with advanced age (>35 years old) 
[38]. Regarding maternal education, another study demonstrated 
that the group with less years of study had a higher risk of CD [39], 
which was dissonant from our research. Maternal education can 
be related to socioeconomic factors, access to health information, 
access to health services and the mother’s age. The present study 
may support new prospective studies on each factor to understand 
how each one interferes with the risk of CD.

Pregnancies with less than recommended prenatal visits had 
a higher risk of having CD at birth, while those who had 7 or more 
visits had an incidence around 10% lower, representing a protective 
factor (<0.0001). The Brazilian Ministry of Health recommends at 
least 6 prenatal follow-up visits: one in the first trimester, two in 
the second and three in the third trimester of pregnancy [12,40,41]. 
Ideally, reproductive counselling should start even before 
pregnancy. It is up to health professionals to orientate how couples’s 
lifestyle in gestational planning and pregnant women should be, to 
influence good embryo-fetal development [12,41]. There is also a 
need to perform a thorough prenatal care, in an attempt to modify 
possible problems in maternal and fetal health in a timely manner, 
avoiding unfavorable outcomes [42]. The insertion of clinical 
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genetics in primary care would be a potentially effective action for 
the implementation of an effective service network and, for this, 
the multidisciplinary team must receive adequate, longitudinal and 
updated training. Support services for primary care professionals 
with extensive access, such as Alô genetica, TelegeneticaMG, OCD 
[OsteoCondroDisplasias] and SIAT [National System of Information 
on Teratogenic Agents] are also important sources of information 
and diagnostic support available at national level [42]. However, 
these services are still accessed by a small number of professionals. 
To expand support for primary care professionals in relation to CD, 
the growing insertion of medical genetics services within the scope 
of SUS and teleconsulting initiatives in genetics could possibly be a 
good support.

SINASC is a population surveillance tool for CD since this field 
was incorporated into DNV in 1990 [17-20]. Surveillance services 
(such as these six international collaboration networks: ECLAMC, 
ICBDSR, EUROCAT, BINOCAR, SEAR-NBBD and ReLAMC) [43] 
are essential in monitoring and improving care and can provide 
professionals and the health system with tools to prevent CD on 
the global epidemiological scenario [42,44]. Despite the fact that 
SINASC information is in the unrestricted public domain, available 
to the entire population in free access, there was a scarcity of 
studies evaluating CD in Brazil, limited to local and regional 
initiatives [2,13,25,37,45]. Therefore, this study is the first to 
address the epidemiological profile and to outline factors involved 
in CD cases nationally. The importance of further studies with the 
available data is highlighted, as these data are fundamental for the 
collective construction of knowledge and the management of the 
health system [39]. The reference services in Rare Diseases (RD), 
disorders which prevalence is less than 65per 100,000 individuals 
according to the World Health Organization [12], were established 
by the National Policy for Comprehensive Care for People with RD, 
which offers preventive, diagnostic and therapeutic actions [44], 
aiming to reduce morbidity and mortality and improve the quality 
of life of individuals with RD. There are more than 6 thousand RD 
that affect more than 8% of the population, which constitutes a 
relevant public health problem [30,46], with approximately 77.5% 
of CD being RD [47].

The methodological limitations of this study include the fact 
that it was conducted retrospectively [48]. The assessment of 
the presence of CD was performed exclusively at birth, with no 
longitudinal follow-up of cases or subsequent re-screening of 
individuals without anomalies identified at birth [48]. Furthermore, 
even though public and private hospitals register a progressive 
increase in the number of individuals with CD, the data still suggest 
underreporting [13]. The unequal training of healthcare teams 
prevents qualified screening and makes it difficult to monitor the 
population with CD, which represents a limiting factor for the 
analysis [49]. It is crucial to recognize the need for prospective 
longitudinal studies in this field in order to qualify the strategies for 
surveillance, diagnosis and treatment of these newborns, aiming at 
the most appropriate way to quantify and describe the CD, as well 
as pursuing the prevention and identification of the risk factors 
involved.

Conclusion
This is the first study to assess the epidemiological profile of 

neonates with CD detected at birth throughout Brazil. The reduced 
incidence of registered CD suggests possible underdiagnosis and 
underreporting, highlighting the need for interventions for the 
adequate and early recognition of anomalies. Factors such as age 
group, education level and prenatal care were associated with 
more elevated incidence of CD. These results are relevant for 
public health in the country, as they may be susceptible to change 
in the upcoming years, through awareness campaigns on family 
planning and contraception, investments and improvements in 
education and training of healthcare professionals. It is also urgent 
that prospective studies on each factor be carried out, to better 
comprehend how they individually interfere in the risk of CD.
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