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Gastroschisis; Objective: To analyze gastroschisis annual incidence, mortality rates, and trends in the Brazilian

Annual incidence; state of Rio Grande do Sul from the year 2000 to the year 2017.

Prevalence; Method: Population-based study with the analysis of the temporal trend of gastroschisis annual

Abdominal wall; incidence and mortality rates. Data were obtained from the Live Birth Information System and

Mortality the Mortality Information System, with the analysis performed by polynomial regression
modeling.

Results: There were 2,612,532 live births, 705 hospitalizations, and 233 deaths due to gastro-
schisis. The annual incidence of gastroschisis was 2.69 per 10,000 live births. The annual inci-
dence rate increased by 85% in the total period (p = 0.003), and mortality was 33% in the 2000-
2017 period. Maternal age < 25 years was a risk factor for gastroschisis (p < 0.001). Children
were more likely to be born weighing < 2,500 g (p < 0.001) and with a gestational age < 37
weeks (p < 0.001). The annual incidence trend was to increase, and the mortality trend was to
decrease.

Conclusion: Similar to what has been described in several regions/countries, there was a trend
showing an 85% increase in the annual incidence of gastroschisis (p = 0.003) and the mortality
was 33% with a trend of decreasing (p = 0.002).

© 2021 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Although the annual incidence of most congenital anoma-
lies is constant across geographies, gastroschisis shows an
increased annual incidence in several regions/countries
worldwide.”* Its prevalence ranges from 1 to 5 per 10,000
live births and has increased three times in the past 10 years.’
Some studies predict a possible gastroschisis pandemic, with
an increased rate of up to 300% in about 20 years.*°

Gastroschisis mortality has decreased in the past 60 years
in both developed and developing countries but not in under-
developed countries. Developed countries have gastroschisis
mortality rates below 10%,” while developing countries have
intermediate results, and underdeveloped countries may
have mortality rates ranging from 75% to 100%.%

The morbidity of patients with gastroschisis remains
high.” They are frequently reoperated upon and require long
hospital stays.”’

Studies on gastroschisis conducted in Brazil have fre-
quently presented a relatively small number of cases, with
populations localized to a specific hospital and almost
always with fewer than 50 cases. %"’

To the best of the authors’ knowledge, only one study on
gastroschisis prevalence and trend analysis with a large pop-
ulation database was found that used data from the state of
Sao Paulo, Brazil.'? The authors were unable to find a study
on gastroschisis annual incidence, temporal trend analysis,
and mortality with population data from the state of Rio
Grande do Sul, Brazil.

The objective of this study was to evaluate gastroschisis
annual incidence and mortality and conduct a temporal
trend analysis in extreme Southern Brazil.

Material and methods
Study design, location, and period

This is a population-based study with a temporal trend anal-
ysis using data from children born alive with the diagnosis of
gastroschisis, in the state of Rio Grande do Sul and its health
macro-regions, from 2000 to 2017.

Data on live births, hospitalizations, and mortality
related to gastroschisis were obtained from the electronic
address of the Health Department of the state of Rio Grande
do Sul, Epidemiological Surveillance Tabulation,’® and the
Informatics Department of the Unified Health System.' The
systems accessed were: Live Birth Information System (Sis-
tema de Informagoes sobre Nascidos Vivos - SINASC) and Mor-
tality Information System (Sistema de Informacoes sobre
Mortalidade - SIM). The data were surveyed in 2019.

Population and inclusion and exclusion criteria

This study analyzed data on the hospitalization of newborns
diagnosed with gastroschisis (ICD Q79.3), which was coded
according to the standards of the International Classification
of Diseases 10" revision (ICD-10)."°

The variables analyzed were sex, race/color of the chil-
dren, maternal age (< 20 years, 20 to 24 years and > 25
years), weight (< 2500 g and > 2500 g), duration of pregnancy
(22 to 36 weeks and 37 to 42 weeks), hospitalization rate
(annual incidence), and mortality rate. As gastroschisis is a
congenital disease, the patients were on their first day of life.
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Study protocol

Rates were calculated based on hospitalizations due to gas-
troschisis, selected using the “SINASC” database of the state
of Rio Grande do Sul.”* Mortality was determined based on a
survey of the “SIM” database of Rio Grande do Sul, using
Q79.3 gastroschisis as the basic cause of death.'® Rates (sex,
race/color of the children, maternal age, weight, duration
of pregnancy, annual incidence, and mortality) were calcu-
lated as the ratio between the number of events observed
and the population of live-born children in that year and
location multiplied by 10,000 live births.

Statistical analysis

Mortality and annual incidence rate trends were analyzed
using polynomial regression modeling, considering the rates
as dependent variables (y) and the year of birth as an inde-
pendent variable (x). The “year” variable was transformed
into the year-centered variable (x-2008), and the series
were smoothed using a three-point moving average. Linear
(y=Bo+Bix4), quadratic (y=fo*+Bix1+B2X2), and cubic
(y=Bo+B1X1+B2X2+B3X3) polynomial regression models were
assessed. Trends were considered significant when the esti-
mated model obtained a p-value <0.05. The dispersion dia-
gram, determination coefficient (R?), and residue analysis
were also considered while choosing the best model. When
all criteria were significant for more than one model and the
determination coefficient was similar, the simplest model
was chosen. The chi-square test was used to analyze some
variables, with a significance level of 5% and confidence
intervals (95% Cl). The analyses were performed using the
Microsoft Excel software version 1912 and the Epi Info soft-
ware version 7.2.3.1.

Ethical aspects

Since the authors used secondary public domain data, this
study did not require an evaluation by the Human Research
Ethics Committee, according to resolution number 510/April
7, 2016, of the National Health Council.'®

Results

A total of 2,612,532 live births were analyzed. Of these, 705
patients were born with gastroschisis from 2000 to 2017. In
the same study period, 233 (33.2%) deaths occurred due to
gastroschisis as the basic cause (Tables 1 and 2).

The incidence of gastroschisis in the 2000 to 2017 period
in Rio Grande do Sul was 2.69 cases per 10,000 live births
(Table 2). When considering mothers aged < 25 years, the
incidence increased to 5.22 cases per 10,000 live births, and
when considering mothers aged < 20 years, the incidence
increased to 7.66 cases per 10,000 (Table 1). The chi-square
test comparing the maternal age < 25 years with maternal
age > 25 years showed a relative risk of 5.9 and p < 0.001;
that is, the chance of having a child with gastroschisis was
5.9 times higher for mothers aged < 25 years than for moth-
ers aged > 25 years (Table 1).

The analysis of birth weight showed that 65.5% of the
children with gastroschisis weighed < 2500 g, a higher
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Table 1 Maternal and infant characteristics regarding sex, race/color, birth weight, duration of pregnancy, and maternal age in
Rio Grande do Sul, Brazil, 2000-2017 (Maringd, 2020).
Cases Live births Rate per 10,000 p-value

Sex
Male 351 49.9% 1,338,686 51.2% 2.60 0.484
Female 353 50.1% 1,273,634 48.8% 2.70 0.484
Unknown 1 212
Race/color
White 356 89.0% 1,474,535 89.1% 2.41 0.811
Black 22 5.5% 84,330 5.1% 2.61 0.811
Colored Yellow 0 0.0% 1,007 0.1% 0.00 -

Pardo 22 5.5% 87,850 5.3% 2.50 0.856
Indigenous 0 0.0% 7,341 0.4% 0.00 -
Unknown 305 957,469
Birth weight
<2500¢ 460 65.5% 242,136 9.3% 19.00 < 0.001
>2500¢g 242 34.5% 2,368,343 90.7% 1.02 < 0.001
Unknown 3 2,053
Duration of pregnancy
22 to 36 weeks 390 56.0% 254,261 9.8% 15.34 < 0.001
37 to 42 weeks 307 44.0% 2,342,659 90.2% 1.31 < 0.001
Unknown 8 15,612
Maternal age
< 20 years 345 49.0% 450,031 17.2% 7.66 5.22 < 0.001
20 to 24 years 225 32.0% 642,398 24.6% 3.5
> 25 years 134 19.0% 1,518,959 58.2% 0.8 < 0.001
Unknown 1 1,144
Total 705 2,612,532

Source: SINASC/SUS RS, 2000-2017.

percentage than that of the population of live births, which
was 9.3% (Table 1). The comparison between children with
and without gastroschisis weighing < 2500 g at birth showed
a relative risk of 7.0; that is, the chance of a child with gas-
troschisis weighing < 2500 g at birth was 7 times higher than
that of a child without gastroschisis (Table 1).

Children with gastroschisis had a gestational age of < 37
weeks at birth in 56% of the cases, and 9.8% of the cases
were live births. The chi-square test comparing children
with and without gastroschisis aged < 37 weeks showed a
relative risk of 5.7; that is, the chance of a child with gastro-
schisis being born aged < 37 weeks was 5.7 times higher than
that of a child without gastroschisis (Table 1).

The annual incidence rate of gastroschisis in the popula-
tion of Rio Grande do Sul ranged from 1.31 in 2000 to 3.75 in
2010 (Table 2), showing an increase of 184% (Table 2). Poly-
nomial regression analysis showed an increasing gastroschisis
annual incidence trend in Rio Grande do Sul from 2000 to
2010 and a decreasing trend from 2010 to 2017. The total
period (2000 to 2017) showed an increasing annual incidence
rate of 85% with a p-value = 0.003 (Table 2 and Fig. 1).

Polynomial regression analysis also showed that all
macro-regions (MSs') in Rio Grande do Sul initially had an
increase in the annual incidence trend, with five out of the
seven MSs showing a decreasing trend after 2011. In all
regions, the increasing trend was greater than the decreas-
ing one. Although there was an increasing trend, the p-value
was significant for the entire state of Rio Grande do Sul
(p = 0.003) and for three MSs (p < 0.05) (Table 2).

VAl

The polynomial regression analysis of mortality compar-
ing the percentage of deaths and the number of cases per
year showed a decreasing trend with statistical significance
(p=0.002) (Table 2 and Fig. 2).

The total mortality of patients diagnosed with gastroschi-
sis in Rio Grande do Sul from 2010 to 2017 was 33.2%, ranging
from 18% to 50% depending on the year analyzed (Table 2).

Discussion

To the best of the authors’ knowledge, only one study on
gastroschisis prevalence and trend analysis with a large pop-
ulation database was found that used data from the state of
S30 Paulo, Brazil."?

The authors of the present study were unable to find a
study on gastroschisis annual incidence, temporal trend
analysis, and mortality with populational data from the state
of Rio Grande do Sul, Brazil, this is probably the first study.

This study identified an increasing trend in the annual
incidence rate of gastroschisis from 2000 to 2010 and a
decreasing trend from 2010 to 2017, although with a less
marked curve than the increase. It is important to highlight
that the modification from the increasing trend curve from
2000 to 2010 to the decreasing trend curve from 2010 to
2017 did not revert the initial increase, resulting in a statis-
tically significant increased incidence of gastroschisis in the
total study period. Similar gastroschisis prevalence changes
have been previously described by Allman.’
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Table 2 Annual incidence, mortality rates, trends and overall mortality of gastroschisis in Rio Grande Do Sul (2000 — 2017).

Source: SINASC, SIM/SUS RS, 2000-2017.

Annual incidenceRio Grande do Sul

MortalityRio Grande do Sul

Year Cases BornAlive Rate x10,000 Deaths Rate x10,000 0-12 months > 12 months
2000 23 175,773 1.31 7 30.4% 0.40 7 0
2001 35 160,492 2.18 8 22.9% 0.50 7 1
2002 28 155,183 1.80 12 44.4% 0.77 12 0
2003 26 149,129 1.74 12 46.2% 0.80 11 1
2004 20 153,021 1.31 8 40.0% 0.52 8 0
2005 43 147,307 2.92 18 41.9% 1.22 18 0
2006 43 141,607 3.04 16 37.2% 1.13 16 0
2007 40 133,571 2.99 12 30.0% 0.90 11 1
2008 38 135,371 2.81 14 36.8% 1.03 14 0
2009 46 133,851 3.44 10 21.7% 0.75 10 0
2010 50 133,450 3.75 25 50.0% 1.87 25 0
2011 50 137,898 3.63 9 18.0% 0.65 8 1
2012 43 139,118 3.09 18 41.9% 1.29 18 0
2013 46 141,531 3.25 9 19.6% 0.64 9 0
2014 48 143,622 3.34 22 45.8% 1.53 21 1
2015 41 148,462 2.76 12 30.0% 0.81 12 0
2016 50 141,495 3.53 10 20.4% 0.71 10 0
2017 35 141,651 2.47 11 31.4% 0.78 10 1
2000-2017 705 2,612,532 2.69 233 33.2% 0.89 227 (97.4%) 6 (2.6%)
Source: SINASC, SIM/SUS RS, 2000-2017.

Regional incidence trends in health macro-regions (MS)

Place Model R? p-value (95%Cl) Trend
Rio Grande do Sul y =-0.018x? + 72.555x - 73003 0.89 0.003 (0,038:0,154) M
Center-west MS y = -0.0406x* + 163.16x - 164084 0.43 0.315 (-0.113:0.329) M
Metropolitan MS y = -0.0412x% + 165.95x - 167094 0.36 0.295 (-0.244:0.753) N
Missionary MS y = -0.0088x* + 35.512x - 35776 0.45 0.916 (-0.058:0.064) M
North MS y =0.2603x - 519.58 0.53 0.037 (0.015:0.454) 1
Hill MS y =0.1725x — 344.11 0.50 0.008 (0.063:0.349) 1
South MS y = -0.0679x* + 272.88x - 274288 0.69 0.441 (-0.149:0.327) M
Valley MS y =-0.0203x% + 81.781x - 82330 0.42 0.029 (0.025:0.409) N
Mortality

Rio Grande do Sul y =-0.6533x + 1347.4 0.38 0.002 (-1.318:-0.381) l

Source: SINASC, SIM/SUS RS, 2000-2017.

"le 19 0paly ‘0D ‘eznos ap d°W 49853 'Vd
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2000-2017.

In the present study, the annual incidence of gastroschisis
was higher in younger mothers, corroborating a Center for
Disease Control (CDC) report by Colombani (1977) and other
studies.'”?° Mothers under 25 years of age had a higher
annual incidence of children with gastroschisis, and mothers
under 20 years of age presented an even higher annual inci-
dence, which is in line with previous studies.'>'®?" The
increased annual incidence of gastroschisis in children of
young mothers can be a disease characteristic without a
clear cause. However, this increased annual incidence can-
not be related to a higher number of teenage pregnancies
since several authors, including Ventura, Rasmussen, and

Year

Gastroschisis annual incidence trend in Rio Grande do Sul, Brazil, 2000-2017 (Maringa, 2020).Source: SINASC/SUS RS,

Loane, have already demonstrated that the number of preg-
nant teenagers is decreasing.'®?%%3

The analysis of the seven MSs in Rio Grande do Sul showed
an initially increasing gastroschisis rate trend in all and a
decreasing gastroschisis rate trend in five in the second
period. North, Hill, and Valley MSs presented statistically
significant changes. It is not possible to explain the causes of
the trend variations seen in the observed periods, though
similar gastroschisis rate trend variations were reported in
several regions of the world by Herrera, Allman, and other
authors, probably due to unclear environmental
factors.®”"** A study on gastroschisis in Sao Paulo, Brazil,
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Year

Gastroschisis mortality trend in Rio Grande do Sul, Brazil, 2000-2017 (Maringa, 2020).Source: SIM/SUS RS, 2000-2017.
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described the prevalence and seasonality changes by sug-
gesting that pesticide exposure could have an influence on
these changes. '2

In the present study, the mortality of children with
gastroschisis was 33%, and almost all (97%) deaths
occurred within the first year of life. This mortality rate
is in line with a state in a developing country like Brazil,
where rates ranging from 14.9% to more than 50% have
already been reported by Alves, Bilibio, and other
authors. 2526 Gastroschisis-related mortality varies
widely according to the country in which the study is
conducted. In Uganda, the mortality rate, described by
Wesonga (2020), was 98%, contrasting with the mortality
rate of less than 10%, described by Allman, Anderson,
and Lao in the United States of America and by Bradnock
in the United Kingdom and Ireland.”’®'827:28 The
decreased mortality trend was statistically significant in
the studied period (Fig. 2).

This study analyzed data from large population databases
that represent the studied population very accurately, thus
presenting representative annual incidence and mortality
rates. The analyzed children with gastroschisis had a higher
frequency of low birth weight and prematurity compared
with children without gastroschisis. Low weight and gesta-
tional age < 37 weeks confirmed an association between
intrauterine growth difficulties, prematurity, and gastroschi-
sis, corroborating previous studies by Anderson, Overcash,
and others.” 718

Unlike a report published by the CDC in 2016 and the
description by Anderson, who reported an increased preva-
lence in relation to race/color, the present study found no
statistically significant differences in the analysis of children
born with gastroschisis in terms of race/color.'”'®2? |n Bra-
zil, it is difficult to analyze race/color due to the great mis-
cegenation of the Brazilian population, and evaluations by
race/color can be inaccurate. Analysis by sex showed no sta-
tistically significant differences, as reported by Bilibio and
other authors.'7-%>:3°

Study limitations

The study has some limitations, especially concerning the
use of secondary data, which is subject to diagnosis coding
errors. Another limitation is the fact that children born dead
were not counted because they do not appear in the data-
base. However, the results are valid when considering popu-
lation data, which reduces these errors in the database.
Therefore, the limitations are minimized for this sample and
type of study.

In conclusion, this study on gastroschisis using population
databases from the state of Rio Grande do Sul, shows a ten-
dency to increase the annual incidence of gastroschisis.
With an increase of 184% between 2000 and 2010 and a
decrease in the period from 2010 to 2017. The annual inci-
dence rate increased 85% in the total period of the study.

The mortality of patients with gastroschisis as the under-
lying cause was around one-third, in the study period.
Almost all children who died were less than a year old. The
trend showed a decreased mortality in the study period.

Gastroschisis was confirmed to occur more in children of
mothers aged under 25 years. Children with gastroschisis

74

had a higher prematurity rate and presented low birth
weight.

Further studies are needed to monitor gastroschisis
trends and mortality and to identify the probable etiology
and risk factors related to the disease.
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