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ORIGINAL ARTICLE

Trend and high risk clusters for the occurrence of congenital anomalies in the State of 
Mato Grosso, Brazil (2008-2019)

Objectives: to analyze the spatiotemporal dynamics of the prevalence of congenital anomalies in in 
cities of Mato Grosso (MT), in the Mid-West of Brazil, from 2008 to 2019. 

Methods: an ecological study of cases in MT during the period from 2008 to 2019. The Annual 
Percent Change (APC) of the coefficients was used in the tendency analysis, through Prais-Winsten 
regression and the identification of high risk clusters. 

Results: the congenital malformation rate in the State was 6.52 per 1,000 live births, demonstrating 
a stationary tendency (APC-1.02; 95%CI= -2.93-0.93). Most congenital anomalies showed a stationary 
tendency, except for those of the cardiovascular system (APC=13.58; 95%CI= 3.60-24.52). Newborns 
with an Apgar score of ≤ 7 at the first and fifth minutes of life showed an increased tendency (APC=2.30; 
95%CI=0.05-4.60 and APC=4.15; 95%CI= 1.52-6.65, respectively). The spatial distribution was 
heterogeneous, with the highest average rates of cases in the West, Central North, and South health 
macro-regions. The spatiotemporal scan identified three high risk clusters between 2015 and 2019, with 
a relative risk (RR) up to five times higher for anomalies. 

Conclusion: congenital anomalies in MT exhibited a heterogeneous dynamic with specific high 
risk areas, and their increasing tendency among maternal and neonatal factors highlights the need for 
regional prevention and control strategies.
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Introduction

Congenital anomalies (CA) are structural or functional 
abnormalities, including metabolic disorders, which can 
be identified before and during birth or later in life. They 
are disorders of prenatal origin, which can be caused by 
single gene defects, chromosomal disorders, multifactorial 
inheritance, environmental teratogens or micronutrient 
malnutrition. Among the CA are congenital malformations, 
which refer to defects in the morphogenesis of the organs 
or bodies.1,2

CA are commonly classified into major and minor 
anomalies. While major anomalies are mostly responsible 
for related deaths, morbidities and disabilities, although 
minor anomalies, more prevalent in the general population, 
do not cause significant health problems in the neonatal 
period and tend to have limited social or aesthetic 
consequences for the affected individual.1 Internal CAs 
must also be considered, as well as external CAs, which 
will determine whether the diagnosis occurs in the prenatal 
period, during or after birth.1

It is estimated that 6% of live births (LB) are 
diagnosed with some type of congenital anomaly 
worldwide. However, according to the World Health 
Organization (WHO), this percentage may be higher 
because statistics generally do not take into account 
terminated pregnancies and stillbirths. Each year, around 
the world, 295,000 newborns die before reaching four 
weeks of age due to CA and associated complications.3 

In Brazil, anomalies are the second leading cause 
of mortality under five years of age. Between 2010 and 
2022, 37,126,352 LB were registered, of which 309,140 
(0.83%) showed some kind of congenital anomaly, with 
an average of 24,000 LB per year presenting some CA, 
with a prevalence of 83 cases per 10,000 LB.4 Among the 
federative units in Brazil, the regions with the highest 
prevalence of CA per thousand LB that stood out in 2022 
were: Southeast, with 14.13; South, with 11.41; and 
Northeast, with 11.18.4

Between 2010 and 2019, Brazil reported 16,000 LB/
year with some CA in the eight priority groups for birth 
surveillance in the country. These include: limb defects, 
congenital heart defects, oral clefts, neural tube defects, 
abdominal wall defects, microcephaly, genital defects 
and Down’s Syndrome. These cases account for 66% 
per year of all live births diagnosed with any type of CA 
registered in the Sistema de Informação sobre Nascidos 
Vivos (Sinasc)4 (Live Birth Information System).

It is necessary to carry out continuous surveillance 
on births in order to determine the presence of CA. The 
prevalence of different health problems and conditions 
varies according to the characteristics of the person, time 
and place, taking into account maternal, gestational and LB 

characteristics. Evidence indicates that the most common 
CAs found are osteoarticular (30%), cardiovascular (25%) 
and head and neck (13%). These anomalies are associated 
with a greater chance of the event occurring in premature 
infants, in pregnant women aged over 40 and under 19, in 
newborns with birth weight between 500 and 2500g and 
over 3550g and in multiple pregnancies.4,5

A tendency and time analysis study (2001 to 2016) of 
CA carried out by Reis et al. (2021) indicated an increase 
in registrations over the years, growing from 19.3/10,000 
in 2001 to 62.0/10,000 LB in 2016. Differences were 
observed between the cities investigated with CA clusters, 
with high values between the regions studied.6 Thus, it is 
necessary to carry out studies that show robust spatio-
temporal analyses, which allow the dynamics of CA to 
be visualized, as well as identifying the areas most at risk 
of its occurrence.

Therefore, the aim of this study was to analyze the 
spatio-temporal dynamics of the prevalence of congenital 
anomalies in the cities in Mato Grosso, in the Midwest of 
Brazil, from 2008 to 2019.

Methods

This ecological study analyzes the temporal tendency, 
the average CA case rates and high-risk clusters in the 
141 cities of the State of MT, Brazil, from 2008 to 2019.

The State of MT is located in the Midwest region of 
Brazil, has 141 cities included in the Amazônia Legal, 
Cuiabá as its capital, and is geographically divided into 
six health macro-regions: North, South, East, Central 
Northwest, West and Central North. It covers a territorial 
area of 903,208.361 km2 and has a population of 3,658,813 
inhabitants, with 58,169 LB in 2022.7

The data collection period was defined to cover events 
over twelve years. The data was extracted from SINASC, 
made available by the Vigilância Epidemiológica da 
Secretaria Estadual de Saúde de Mato Grosso (SES/MT) 
(Epidemiological Surveillance of the Mato Grosso State 
Health Department). The collection included information 
on the characteristics of births and the registration of the 
presence of congenital anomalies on the Declaração de 
Nascido Vivo (DNV) (Certificate of Live Birth). Only 
births in which a congenital anomaly was identified in 
the newborn were included in the study. Blank or ignored 
registration of congenital anomalies were not included in 
the analysis.

The study population (n=4,207) was made up of LB 
with CA, from mothers living in the cities in the State of 
Mato Grosso, between January 2008 and December 2019, 
as registered in SINASC from the DNV.8

The variables analyzed for maternal characteristics were: 
maternal age group (≤25 years and >25 years), maternal 
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schooling (≤7 years and >7 years) and gestational age (≤36 
weeks and >36 weeks). 

The variables relating to the newborn were: sex (female 
and male), birth weight (≤2,500g and >2,500g) and Apgar 
score in the first and fifth minutes of life (≤7 and >7). The 
variables relating to CA were selected according to the 
International Code of Diseases (ICD10): chromosomal - 
Q90-Q99, central nervous system - Q00-Q07, head and 
neck - Q10-Q18, Q30-Q31; Q35-Q38, respiratory system 
- Q32-Q34, cardiovascular system - Q20-Q28, digestive 
system - Q39-Q45, genitals - Q50-Q56, urinary system - 
Q60-Q64 and musculoskeletal system - Q65-Q79.

The Annual Percentage Change (APC) of the coefficients 
was calculated using the Prais-Winsten regression, which 
corrects for first-order autocorrelation.9 The dependent 
variable was the logarithm of the coefficients, and the 
independent variable was the years of the historical series. 
The quantitative estimation of the tendency was calculated 
using the following expression: APV= [- 1 + 10b] *100%. The 
Confidence Intervals (CI) were calculated as: 95%CI= [- 1 + 
10b±t*se.] *100%, where “b” corresponds to the annual growth 
rate, “se” to the standard error and “t” to the value provided by 
the Student’s t distribution table. The series was considered 
to be increasing when the rate was positive, decreasing when 
it was negative and stationary when there was no significant 
difference between its value and zero in the CI.

Spatial distribution was carried out with the average 
rates per city, considering the average number of cases and 
population of LB for the same period, multiplied by the 
constant 1,000. For the space-time scan, a circular window 
was defined to identify high-risk clusters (RR>1.0), using 
the discrete Poisson probability distribution, adaptive radius 
and plane coordinates (X,Y) for the cities in the State as an 
input parameters, with statistical significance using Monte 
Carlo simulation. SaTScan software, version 10.1.10, was 
used for the analysis

To estimate the Relative Risk (RR) and respective 
p≤0.05 for each cluster, a value was calculated which 
represents the susceptibility of an area to the occurrence of 
the event in relation to the other areas studied.10 The RR of the 
cities was also calculated to understand better the dynamics 
of each cluster identified. All the maps were generated using 
ArcGis 9x software (ESRI Corp).

This project was evaluated and approved by the 
Research Ethics Committee (CEP) of the Universidade 
Federal de Mato Grosso – Área da Saúde Federal (University 
of Mato Grosso - Health Area), under the document of 
Opinion No. 4.082.907. 

Results

The study included 4,207 cases of congenital anomalies 
during the study period, corresponding to a rate of 6.52 

per 1,000 LB, showing a stationary tendency (APV -1.02; 
95%CI= -2.93-0.93). 

The prevalence of CA was higher among boys 
compared to girls, with rates of 7.14 and 5.68 per 1,000 
LB, respectively, both showing a stationary tendency 
(Figure 1).

Regarding the presentation of CA characteristics 
(Table 1), it can be seen that all types of CA had a 
stationary tendency, with the exception of cardiovascular 
anomalies (APV=13.58; 95%CI= 3.60-24.52).

Still in terms of CA types, the highest proportion 
of cases was represented by osteoarticular anomalies 
(n=1757; 41.76%), followed by head and neck anomalies 
(n=747; 17.76%) and Central Nervous System (CNS) 
anomalies (n=668; 15.88%). Comparing 2008 with 2019, 
in isolation there was an increase in the proportion of 
CA for the CNS (9.9% versus 11.9%), the cardiovascular 
system (1.31% versus 5.97%) and the urinary system 
(1.96% versus 5.97%). On the other hand, there was a 
reduction in the proportion of anomalies compared to those 
years for head and neck CA cases (24.2% versus 8.49%) 
and genital tract cases (5.57% versus 0.94%). 

As for birth weight, anomalies were more frequent 
among those weighing more than 2,500g (n=3,066; 
72.88%), with a stationary tendency (APV= -0.56; 
95%CI= -1.55-0.44). LBs who scored ≤7 points in the first 
and fifth minutes of life on the Apgar score showed an 
upward tendency for CA (APV=2.30; 95%CI=0.05-4.60 
and APV=4.15; 95%CI=1.52-6.65, respectively). The 
maternal analysis categories with an upward tendency 
include: age group over 25, schooling over seven years 
and gestational age of less than 36 weeks (APV=6.62; 
95%CI=2.70-10.69; APV=2.43; 95%CI=1.92-2.95; 
APV=3.14; 95%CI=0.92-5.42, respectively).

The spatial distribution of the average rates of 
congenital anomalies among the cities of Mato Grosso is 
heterogeneous, with rates above 11 cases per 1,000 LB 
being observed in all the health macro-regions, being more 
prevalent in the West, Central North and South health 
macro-regions (Figure 2).

The spatio-temporal scan identified three high-
risk clusters (Figure 3), statistically significant for the 
occurrence of CA, which included 35 cities (24.8%). 
Cluster 3 has a five-fold RR for the occurrence of CA in 
relation to the other cities in 2016 and 2017, and includes 
two cities (Porto dos Gaúchos and Tabaporã) belonging to 
the North health macro-region. Next was cluster 1, with a 
RR of 1.8 times for the occurrence of CA between 2015 
and 2019, and included five cites belonging to the South 
health macro-region. Lastly, cluster 2, with a RR of 1.48, 
between 2016 and 2018, which included 28 citis belonging 
to the West, Central Northwest and Central North health 
macro-regions in the State.
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Figure 1

Tendency of the congenital anomaly coefficient, overall and by sex (per 1,000 live births). Mato Grosso, Brazil, 2008 to 2019.

Table 1

Proportion, tendency and annual percentage variation of the congenital anomalies characteristics (N=4,207), Mato Grosso/Brazil, 2008 to 2019.

Variables 
Morbidity 2008 2019

APC 95%CI Interpretation 
n % % %

Type of anomaly 

Chromosomal 167 3.97 3.61 4.40 2.37 -1.28 6.17 Stationary 

CNS 668 15.88 9.18 11.95 3.04 -3.20 9.70 Stationary 

Head and Neck 747 17.76 24.26 8.49 2.66 -6.11 1.06 Stationary 

Respiratory 26 0.62 0.66 0 1.91 -2.49 6.50 Stationary 

Cardiovascular 171 4.06 1.31 5.97 13.58 3.60 24.52 Increasing

Digestive 116 2.76 2.62 3.77 3.09 -2.83 9.38 Stationary 

Genital 208 4.94 5.57 0.94 -2.95 -6.90 1.17 Stationary 

Urinary 68 1.62 1.96 5.97 10.26 -2.50 24.70 Stationary 

Osteoarticular 1.757 41.76 45.90 43.71 -1.62 -4.23 1.06 Stationary 

Others 248 5.90 4.92 14.78 -0.25 -2.96 2.50 Stationary 

Weight (gr)

≤2.500 1.141 27.12 22.61 26.42 1.56 -0.82 4.00 Stationary 

>2.500 3.066 72.88 77.39 73.58 -0.56 -1.55 0.44 Stationary 

Apgar 1st minute

≤7 1075 25.55 24.28 38.03 2.30 0.05 4.60 Increasing

>7 3.076 73.12 75.72 61.97 -0.95 -1.92 0.03 Stationary 

Apgar 5th minute

≤7 546 12.98 8.31 20.66 4.15 1.52 6.65 Increasing

>7 3.605 85.70 91.69 79.34 -0.59 -0.99 -0.19 Decreasing 

Gestational age* (weeks)

≤36 1016 24.15 18.21 27.07 3.14 0.92 5.42 Increasing

>36 3.120 74.16 81.79 72.93 -0.92 -1.59 -0.26 Decreasing 

Maternal age group (years)

≤25 2.039 48.47 57.96 47.17 -0.98 -4.28 2.44 Stationary 

>25 2.168 51.53 42.04 52.83 6.62 2.70 10.69 Increasing

Maternal schooling * (years)

≤7 910 21.63 34.82 11.44 -8.24 -9.61 -6.84 Decreasing

>8 3.256 77.40 65.18 88.56 2.43 1.92 2.95 Increasing

Source: SINASC/SES-MT; DATASUS; *The ignored data was not considered in the analysis; APV=Annual Percentage Variation; 95%CI=Confidence Interval; CNS = Central 
Nervous System.
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Figure 2

Spatial distribution of the average congenital anomaly rate among the cities of Mato Grosso, Brazil, 2008 to 2019.
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Figure 3

Spatio-temporal clusters of high risk for congenital anomaly among the cities of Mato Grosso, Brazil, 2008 to 2019.
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Discussion

The results of this study revealed heterogeneity in the 
prevalence of CA among the cities of MT during the 
period studied. Most CA showed a stationary tendency, 
except for those of the cardiovascular system, which 
increased significantly. There was a higher prevalence 
of osteoarticular anomalies, as well as among neonates 
weighing more than 2,500g, both of which showed a 
stationary tendency. Neonates who scored ≤7 points on the 
Apgar score in the first and fifth minutes of life showed 
an upward tendency in CA. Maternal characteristics 
associated with the occurrence of CA and with an 
increased tendency towards the condition included age 
over 25, higher schooling and gestational age of less 
than 36 weeks. The spatio-temporal analysis identified 
three high-risk clusters for CA, highlighting areas with 
greater susceptibility. These findings provide a detailed 
understanding of the variations and areas of higher risk, 
answering the objective of the study.

CAs are an important cause of childhood disability 
and mortality, especially in the neonatal period, and 
constitute a considerable and growing clinical and public 
health challenge due to their impact on the health of the 
population.11

A prevalence of CA of 6.52 per 1,000 LB was found, 
with a stationary tendency in MT during the period 
analyzed. This was lower than in other Brazilian States, 
according to other studies, which found an average CA 
occurrence rate of 9.20 per 1,000 LB from 2005 to 2014 
in Rio Grande do Sul12 and an average rate of 8.36 per 
1,000 LB from 2015 to 2019 in Rondônia, another State 
in the Amazônia Legal.13 However, the CA rate in the 
State of MT is similar to that found in a study carried out 
between 2001 and 2016 in the State of Maranhão, with a 
prevalence of 6.2 per 1,000 LB.14

The fluctuation in the overall prevalence rate between 
2008 and 2015 shown in Figure 1 may have been attributed 
to a change applied to the DNV from 2011 onwards, which 
may have led to an increase in the number of notifications.11 
The data from this study showed that osteoarticular 
anomalies were the most frequent, similar to studies in Rio 
Grande do Sul and Rondônia.12,13 This may be due to the 
ease with which these CAs can be identified by imaging 
studies during prenatal care or physical examination after 
childbirth.15

A small, statistically non-significant increase in CAs of 
the CNS was also identified, from 9.9% in 2008 to 11.9% in 
2019, possibly explained by exposure to the Zika virus from 
2015 onwards, according to an analysis by the Ministry of 
Health.16 There was a tendency towards an increase in the 
proportion of CAs of the cardiovascular system, reinforcing 
surveillance in specific cases, such as the institution of 
pulse oximetry as a neonatal screening test.17

Similar to other studies,13,18,19 the State of MT showed 
a higher prevalence of CA in newborns weighing over 
2,500g. Congenital defects may be associated with these 
newborn characteristics.20,21

It was observed that CAs had increasing tendencies 
for Apgar scores lower than seven in the first and fifth 
minutes of birth, and in neonates born at less than 37 
weeks of gestation, reinforcing prematurity as a risk 
factor. Prematurity, together with the occurrence of CA, 
represents an important public health problem, increasing 
neonatal morbidity and mortality.19

This study also indicated an increasing tendency 
of CA among the maternal population aged over 25, 
confirming the results of a study which indicated that the 
average maternal age with CA was 25.59±7.6 years, with 
only 10% of mothers were aged over 40.21 Chromosomal 
meiotic errors increase with maternal age, which can 
result in CA.22

This study found a higher prevalence and increasing 
tendency of CA in mothers with more than seven years of 
schooling, indicating that better maternal schooling can 
help in the early diagnosis of CA,11 diverging from other 
studies11,13,23,24 which associated CA with mothers with less 
than seven years of schooling. Further research is needed 
to explore this association.

Spatial distribution revealed heterogeneous variations 
in average CA rates in all the cities, with a higher 
prevalence in the West, Central North and South health 
macro-regions. The spatio-temporal scan statistic 
identified areas of greater risk in the period from 2015 
to 2019, which included 24.8% of the cities with cluster 
3 (2016 and 2017) standing out, located in the North 
macro-region, which showed a five-fold higher RR for 
the occurrence of CA. Cities in this North macro-region 
are among the largest producers of grains and sugar 
cane, as well as a 49.41% increase in the area planted 
with soybeans between 2003 and 2015,25 with the use of 
large quantities of pesticides, which may be related to the 
greater risk of CA.

In MT, the sale of pesticides from 2000 to 2016 was 
increased by 480.3%, which exceeded the increase in the 
area planted (139.6%). Exposure to pesticides is associated 
with CA, which may corroborate the hypothesis that 
environmental exposure has increased the prevalence of 
CA, especially in rural newborns.26,27,28

The main limitations of this study are related to 
the quality and completeness of the data obtained from 
the DNV and SINASC, which can vary among cities 
and over time. Reliance on secondary data can lead 
to underreporting or inaccurate classifications of CA, 
impacting on the accuracy of prevalence estimates. In 
addition, the change in the DNV from 2011 onwards may 
have influenced fluctuations in prevalence rates, making 
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direct comparisons over the period studied difficult. 
Heterogeneity in the availability and quality of health 
services among cities can also affect the detection and 
registration of CA, potentially underestimating prevalence 
in areas with less access to adequate health care. Spatial 
and temporal analysis, although robust, may not capture 
all the nuances of the environmental and socioeconomic 
variables that contribute to the occurrence of CA. In 
addition, the causal relationship between exposure to 
pesticides and increased CA, suggested by the high-risk 
clusters identified, could not be confirmed in this study 
and requires further investigation.

This study contributes to understanding the prevalence 
and spatial distribution of CA in MT, identifying high-risk 
clusters and the tendency of CA according to maternal and 
newborn characteristics. It is recommended to implement 
active surveillance programs for CA, covering live births, 
stillbirths and abortions, to improve early detection and 
monitoring. It is essential to further investigate the relation 
between exposure to pesticides and the occurrence of CA, 
especially in agricultural areas.
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