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Abstract
Objectives: This study aimed to verify possible associations between sociodemographic and clinical factors in
live births with spinal dysraphism .

Methods: An analytical (descriptive and inferential), ecological study was carried out based on secondary data
of 11,308 live births with spinal dysraphism registered in the Live Birth Information System (SINASC) in Brazil
from 1999 to 2019. Demographic factors analyzed were age, education, mothers' marital status and
geographic region. The clinical factors analyzed were duration, gestation period, birthweight and number of
prenatal visits performed by women who underwent medical follow-up.

Results: There was an increase in the number of cases of spinal dysraphism in recent years in Brazil with an
annual percentage variation of 3.52%. However, the period from 2005 to 2009 showed a reduction in live births
with spinal dysraphism . The regions with the highest incidence were the South and Southeast. The risk
increased in mothers born after 1980, older than 30 years and with a high level of education. The risk was
increased in live births of whites and blacks, born from double pregnancy and with body weight less than
3,000 g. The absence of prenatal care was associated with a higher incidence.

Conclusion: Sociodemographic and clinical factors have speci�c characteristics that can predict spinal
dysraphism in newborns in Brazil.

Synopsis
Study Question.

What sociodemographic and clinical characteristics are associated with spinal dysraphism  in live births in
Brazil?

What is already known.

The prevalence of spinal dysraphism  varies between Asian and European countries and in different regions of
the United States according to time period, race, ethnicity, age and sex. In Brazil, there are no studies on the
prevalence of spinal dysraphism   by number of inhabitants according to demographic variables. Also, there is
lack of studies that address the risk factors related to this disease.

What this study adds.

The study highlights the association between clinical and sociodemographic factors and spinal dysraphism  in
live births in Brazil. In addition, the study identi�es the risk factors for this disease in the country and
collaborates with the prevention and formulation of public policies aimed at managing and reducing this
disease in Brazil.

1. Background
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Spinal dysraphism is a congenital malformation in which the spinal column is split (bi�d) as a result of failed
closure of the embryonic neural tube during the fourth week post-fertilization [1]. The prevalence of spinal
dysraphism varies across Asian and European countries (per 1000 inhabitants) [2] and in different regions of
the United States [3] according to time period, race, ethnicity, age, and sex [2, 3]. In Brazil, there are no studies
on the prevalence of spinal dysraphism by the number of inhabitants according to demographic variables.
According to an investigation by the Latin American Collaborative Study of Congenital Malformations
(ECLAMC), Brazil has the highest prevalence of neural tube defects: (3.13) (1999), (3.32) (2000), and (3.36)
(2001) per thousand live births, and an average of 0.81/thousand live births in the 2005–2007 period [4].

Children with spinal dysraphism carry complications that make it a serious public health problem, whose
repercussions range from their families to the community with which they live. These complications include
Arnold-Chiari malformation, neurogenic lower limb paralysis, neurogenic bladder, and bowel dysfunction,
congenital clubfoot, hip dislocation, fractures, scoliosis, hydronephrosis, as well as vesicourethral re�ux [5].

The defect can be covered by essentially normal skin(spinal dysraphism occulta), or be associated with a
cystic protrusion, which may contain abnormal meninges, cerebrospinal �uid-meningocele, elements of the
spinal cord and/or nerves, and myelomeningocele. Another clinical form is encephalocele, in which the brain
and meninges herniate through a skull cap defect. [6].

Although neural tube closure defects have a heterogeneous etiology and several mechanisms have been
described for their genesis, most cases are attributed to the interaction between various genes and
environmental factors, which is called multifactorial inheritance [7, 8]. Several consistent factors have already
been identi�ed as risk factors for spinal dysraphism, including female sex, [9, 10] inadequate maternal folic
acid intake, [11] family history of neural tube defect-affected pregnancies [2].

An extensive number of potential risk factors for the onset of spinal dysraphism has been studied, although
there is insu�cient evidence to con�rm this association. Although there are well-de�ned risk factors for spinal
dysraphism, there are no studies on the risk factors that are the focus of this study, which is of great
importance in de�ning the most appropriate strategy for reducing its incidence. However, in Brazil, there are no
comprehensive studies describing the association of demographic, social, and clinical characteristics in
relation to spinal dysraphism .

The purpose of this study was to verify possible associations of sociodemographic and clinical characteristics
in patients with spinal dysraphism, thereby providing a basis for policymakers to identify appropriate risk
management measures to reduce the disease in Brazil.

2. Methods

2.1. Type of study
An analytical (descriptive and inferential), ecological study was carried out based on secondary data on live
births with spinal dysraphism registered in the Live Birth Information System (SINASC) of the Ministry of
Health, Brazil.

2.2. Outcomes
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Classi�cation of the sociodemographic factors are as follows: geographic regions (North, Northeast, Midwest,
South, and Southeast); age (≤ 19, 20 to 29, 30 to 39, 40 to 49, 50 to 59, 60 to 69, 70 to 79, ≥ 80 years); sex
(Male and Female); and mother's educational level (no schooling to 12 or more years of education).

Duration of pregnancy (less than 22 weeks, 22 to 25 weeks, 28 to 31 weeks, 32 to 36 weeks, 37 to 41 weeks,
and 42 weeks or more), type of pregnancy (single, double, triple or more), Birthweight (Less than 500 g; 500 to
999 g; 1000 to 1499 g; 1500 to 2499 g; 2500 to 2999 g; 3000 to 3999 g; 4000 g and more), and number of
prenatal care (absent prenatal care; 1 to 3; 4 to 6; more than 7 prenatal care) were the clinical factors analyzed.

2.3. Data source and statistical analysis
SINASC is a secondary database available from the Ministry of Health's Database [12].Data on live births
recorded from 1999 to 2019 in Brazil in the health information system were collected. A total of 11,308
newborns with spinal dysraphism and a corresponding number of mothers were studied.

The data were subjected to descriptive and inferential analyses. Relative and absolute frequencies were used
to describe the data. The data were subjected to the Shapiro-Wilk test to verify the distribution of the normality
of the data. The Pearson r correlation test (parametric) was used to verify the level of correlation between the
rate of live births and spinal dysraphism per year.

The Spearman r correlation test (non-parametric) was used to verify the level of correlation between the rate of
live births and the number of prenatal care. The R-squared (r²) test was used to determine the coe�cient of
determination. In addition, linear regression was applied for data analysis. The chi-square test was used to
examine associations between categorical variables. Odds ratios (ORs) with 95% con�dence intervals (95% CI)
were used to quantify the degree of association for the occurrence of spinal dysraphism in live births in Brazil.

An age-period cohort (APC) analysis using a suitable model for the identi�cation problem due to independent
effects of age groups, calendar time periods of birth of newborns with spinal dysraphism, and maternal birth
cohorts was performed. For all analyzed variables in this study, the following functions were estimated: net
drift, local drifts, all age, period, or cohort deviations, and all period or cohort rate ratios (RR).

The Wald test was used to verify the differences. These parameters were estimated using the APC Web Tool
(Biostatistics Branch, National Cancer Institute, Bethesda, MD, USA) [13]. Results were considered signi�cant at
p < 0.05. QGIS software (version 2.6.1, Open Source Geospatial Foundation, Arizona) was used to depict the
spatial distribution of the spinal dysraphism cases and prenatal care on an open Brazil map.

2.4. Ethics approval
This study analyzed secondary data available in the Department of Informatics of the National Health System
(DATASUS) [12]. The data are publicized with unrestricted use and access. Ethical assessment of the research
ethics committee is not required according to the terms of the National Health Council Resolution n. 510, April
7, 2016.

3. Results
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The fee distribution of live births with spinal dysraphism (n = 11,308) per 100,000 inhabitants is shown in
Fig. 1. It was observed that there was a positive correlation with an increase in the number of children with
spinal dysraphism in recent years in Brazil (p < 0.0001; Pearson r = 0.8022; r2 = 0.6435) and in the North (p < 
0.0001; Pearson r = 0.8646; r2 = 0.7476), Northeast (p < 0.0001; Pearson r = 0.9419; r2 = 0.8872), South (p = 
0.0002; Pearson r = 0.7319; r2 = 0.5357), and Midwest (p < 0.0001; Pearson r = 0.7747; r2 = 0.6002), except in the
Southeast region (p = 0.1305; Pearson r = 0.3498; r2 = 0.1224).

The distribution of live birth rates per 100,000 inhabitants by race and region is shown in Fig. 2. The incidence
rate was higher in white and black newborns (Fig. 2A). Regarding children born with anomalies in the regions,
it was possible to verify that the South and Southeast regions had the highest incidence rates (Fig. 2B).

Figure 3 shows the results obtained from the APC analysis. From 1999 to 2019, the net drift, which represented
the annual percentage change in the expected age-adjusted rates, was 3.52% (95% CI: 2.43 to 4.62) per year.
Regarding Cohort RR, it was observed that women who were born before 1980 had a low risk (1955: RR = 
0.089, 95% CI = 0.01 to 0.66; 1960: RR = 0.441, 95% CI = 0.32 to 0.59; 1965: RR = 0.701, 95% CI = 0.61 to 0.80;
1970: RR = 0.795, 95% CI = 0.72 to 0.87; 1975: RR = 0.899, 95% CI = 0.83 to 0.96) and those who were born after
1980 had increased risk (1985: RR = 1.137, 95% CI = 1.07 to 1.20; 1990: RR = 1.267, 95% CI = 1.18 to 1.35; 1995:
RR = 1.413, 95% CI = 1.30 to 1.52; 2000: RR = 1.495, 95% CI = 1.32 to 1.68; 2005: RR = 1.891, 95% CI = 1.17 to
3.05) (Fig. 3B). 

In relation to the period, it was possible to identify an increase in incidence in 1999 to 2004 (RR = 1.083, 95% CI 
= 1.00 to 1.16), 2010 to 2014 (RR = 1.380, 95% CI = 1.27 to 1.48), and 2015 to 2019 (RR = 1.732, 95% CI = 1.54
to 1.94) (Fig. 3C). However, when �tted temporal trends for period rate ratios were analyzed through the
analysis of Period Deviations, we observed that the 1999 to 2004 (deviation: 0.102, 95% CI = 0.07 to 0.12) and
2015:2019 (deviation: 0.052, 95% CI = 0.03 to 0.07) an increase in spinal dysraphism incidence, while 2005 to
2009 (deviation: -0.151, 95% CI = -0.15 to -0.11) showed a reduction (Fig. 3D).

3.1. Demographic variables

3.1.1. Region
The association tests showed that children born in the north, northeast, and midwest regions of Brazil
presented a lower association of developing spinal dysraphism, while children born in the Southeast region
presented a high risk of spinal dysraphism (Table 1). Regarding the federation units, only Rondônia in the
North region presented results considered to be a risk factor for spinal dysraphism. In the northeast, the states
of Rio Grande do Norte, Pernambuco, and Sergipe were considered to be associated with spinal dysraphism. In
the Southeast region, only the state of São Paulo showed a high association with spinal dysraphism. In the
southern region, Rio Grande do Sul showed a high association for anomalies (Table 1). In the Midwest region,
the state of Mato Grosso demonstrated a high risk of spinal dysraphism .
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Table 1
Geographic regions of the mothers of live births with spinal dysraphism .

  spinal dysraphism Absent

(n = 77,052,926)

spinal dysraphism Present

(n = 11,308)

OR 95% CI

North 7,719,197 816 0.69 (0.65, 0.75)

Rondônia 729,971 110 1.49 (1.22, 1.82)

Acre 412,679 24 0.53 (0.35, 0.80)

Amazonas 1,822,478 217 1.16 (0.99, 1.35)

Roraima 256,268 12 0.43 (0.24, 0.76)

Pará 3,468,911 375 1.04 (0.90, 1.19)

Amapá 378,766 23 0.56 (0.37, 0.85)

Tocantins 650,124 55 0.78 (0.59, 1.03)

Northeast 22,124,293 2,739 0.79 (0.76, 0.82)

Maranhão 2,806,233 206 0.55 (0.48, 0.64)

Piauí 1,274,746 81 0.49 (0.39, 0.62)

Ceará 3,413,685 435 1.03 (0.93, 1.14)

Rio Grande do Norte 1,304,280 202 1.27 (1.10, 1.46)

Paraíba 1,145,641 191 1.06 (0.91, 1.23)

Pernambuco 3,839,064 792 1.93 (1.78, 2.10)

Alagoas 1,509,439 177 0.94 (0.81, 1.09)

Sergipe 956,030 185 1.60 (1.38, 1.86)

Bahia 5,564,175 470 0.61 (0.55, 0.68)

Southeast 30,540,009 5,468 1.42 (1.37, 1.42)

Minas Gerais 6,522,977 1,006 0.83 (0.77, 0.88)

Espírito Santo 1,430,575 150 0.57 (0.48, 0.67)

Rio de Janeiro 6,108,559 971 0.86 (0.80, 0.92)

São Paulo 16,477,898 3,341 1.34 (1.26, 1.41)

South 10,660,246 1,667 1.07 (1.02, 1.13)

Paraná 4,306,512 661 0.96 (0.87, 1.06)

Santa Catarina 2,366,154 318 0.82 (0.73, 0.93)

a. Chi-square test with Yates correction. OR: Odds ratio; 95% CI: con�dence interval.
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  spinal dysraphism Absent

(n = 77,052,926)

spinal dysraphism Present

(n = 11,308)

OR 95% CI

Rio Grande do Sul 3,987,580 688 1.17 (1.06, 1.29)

Midwest 6,609,181 618 0.62 (0.57, 0.67)

Mato Grosso do Sul 1,093,754 116 1.03 (0.84, 1.27)

Mato Grosso 1,320,366 176 1.41 (1.18, 1.68)

Goiás 2,416,425 243 0.96 (0.81, 1.13)

Distrito Federal 1,178,636 83 0.63 (0.50, 0.80)

a. Chi-square test with Yates correction. OR: Odds ratio; 95% CI: con�dence interval.

 

Table 2. Sex, race, age, and education level of the mothers of live births with

spinal dysraphism .
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  spinal dysraphism 
Absent

(n =77,052,926)

spinal dysraphism 
Present

(n = 11,308)

OR 95% CI

Sex        

Male 39,428,840 5,694 0.98 (0.95,
1.02)

Female 37,520,511 5,493 1.01 (0.97,
1.05)

Race        

White 27,520,990 5,381 1.22 (1.18,
1.27)

Black 2,190,132 428 1.11 (1.01,
1.22)

Yellow 344,933 35 0.57 (0.41,
0.80)

Brown 29,818,366 4,712 0.81 (0.78,
0.84)

Indigenous 413,349 43 0.59 (0.43,
0.79)

Mother's Age           

14 years or any less (-) 675,081 85 0.85 (0.68,
1.05)

15 to 19 years 15,051,859 1,909 0.82 (0.78,
0.87)

20 to 24 years 22,000,044 2,920 0.86 (0.82,
0.89)

25 to 29 years 18,237,220 2,706 1.00 (0.96,
1.04)

30 to 34 years 12,589,946 2,136 1.18 (1.12,
1.23)

35 to 39 years 6,266,027 1,177 1.30 (1.22,
1.38)

40 to 44 years 1,584,883 354 1.52 (1.37,
1.69)

45 to 49 years 114,161 20 1.18 (0.76,
1.83)

   Mother's Education
Level

       

None 2,121,169 114 0.28 (0.23,
0.34)



Page 9/19

1 to 3 years 4,962,631 660 0.71 (0.65,
0.76)

4 to 7 years 16,358,777 2,793 0.91 (0.87,
0.95)

8 to 11 years 27,541,510 5,672 1.26 (1.21,
1.30)

12 years or more (+) 9,812,651 1,861 1.04 (0.99,
1.09)

a. Chi-square test with Yates correction. OR: Odds ratio; 95% CI: con�dence interval.
 

3.2. Social variables
The social variables are listed in Table 2. Sex was not associated with the occurrence of spinal dysraphism.
The results demonstrated an association between spinal dysraphism in white and black newborns. In relation
to maternal age, the results showed that mothers who had delivered before the age of 24 years indicated a
protective factor against spinal dysraphism. Mothers who had children after 30 years of age had a greater
chance of birthing children with spinal dysraphism. The results demonstrated that mothers who had a high
education level (i.e., eight or more years of schooling) were associated with a high chance of spinal
dysraphism in their neonates.

3.3. Clinical variables
Clinical variables are presented in Tables 3 and 4. The results showed that double pregnancy was highly
associated with the disease (Table 3). The results on the duration of pregnancy revealed that women who had
a gestation of 22 to 41 weeks maintained the risk of birthing children with spinal dysraphism (Table 3). Live
births under 3000 g also have a higher chance of having spinal dysraphism (Table 3). In addition, we observed
that a lower number of women with absent prenatal care had a higher incidence (Table 4). The higher number
of women receiving prenatal care (1–6 medical care) resulted in a lower incidence (Table 4). However, the high
number of prenatal care (7 or more medical care) is related to a greater incidence of live births with spinal
dysraphism (Table 4). The spatial distribution of spinal dysraphism cases and prenatal care from 1999 to
2019 in Brazil is presented in Fig. 4.

Table 3. Type of pregnancy, duration of pregnancy, and birthweight of live births

 with spinal dysraphism .
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  spinal dysraphism  Absent
  (n=77,052,926)

spinal dysraphism 
Present

(n =11,308)

  
OR

95% CI

Type of Pregnancy        

One 73,583,694 10,959 0.66 (0.59,
0.74)

Double 1,401,290 318 1.52 (1.36,
1.70)

Triple and more (+) 71,247 12 1.11 (0.63,
1.97)

Duration of
Pregnancy

       

Less than 22
weeks (-)

 

From 22 to 27
weeks

 

From 28 to 31
weeks

 

From 32 to 36
weeks

 

From 37 to 41
weeks

 

42 weeks or more
(+)

 

 

45,009

 

335,451

 

512,498

 

4,422,128

 

66,086,419

 

1,673,397

 

6

 

160

 

324

 

2,137

 

8,413

 

131

 

0.87

 

3.15

 

4.22

 

3.50

 

3.16

 

0.50

(0.39,
1.94)

 

(2.69,
3.68)

 

(3.78, 
4.72)

 

(3.50,
3.84)

 

(3.03,
3.30)

 

(0.42,
0.60)

Birthweight        

Less de 500g 59,238 20 2.28 (1.47,
3.54)

500 a 999g 324,504 181 3.81 (3.29,
4.41)

1000 a 1499 g 529,040 334 4.36 (3.91,
4.86)
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1500 a 2499 g 5,364,132 2,085 2.99 (2.85,
3.14)

2500 a 2999 g 17,319,539 3,390 1.46 (1.40,
1.52)

3000 a 3999 g 48,533,731 4,889 0.43 (0.42,
0.45)

4000g and more 4,074,647 377 0.61 (0.55,
0.67)

a. Chi-square test with Yates correction. OR: Odds ratio; 95% CI: con�dence interval.
 
 
 

Table 4
Correlations between the number of prenatal care with incidence of spinal dysraphism in live birth in

Brazil.

    Brazil North Northeast Southeast South

Absent r -3.922 -8.857 -6.255 -1.585 -466

CI 95% -0.71 to 0.06 -0.95 to -0.72 -0.83 to -0.25 -0.56 to 0.30 -0.75 to -0.02

p 787 < 0.0001 24 4.926 332

1 to 3 r -5.247 -6.282 -6.625 143 -4.262

CI 95% -0.78 to -0.10 -0.83 to -0.25 -0.85 to -0.31 -0.43 to 0.45 -0.73 to 0.02

p 146 23 11 9.509 54

4 to 6 r -5.351 -5.028 -5.377 -1.442 -461

CI 95% -0.79 to -0.12 -0.77 to -0.07 -0.79 to -0.12 -0.55 to 0.31 -0.75 to -0.02

p 124 202 119 533 354

7 or more r 787 8.312 8.961 4.052 7.327

CI 95% 0.52 to

0.91

0.61 to

0.93

0.75 to 0.95 -0.04 to 0.71 0.42 to 0.88

p < 0.0001 < 0.0001 < 0.0001 684 2

95% CI: con�dence interval.

 

4. Comments

4.1 Principal �ndings
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This study shows that sociodemographic and clinical factors have speci�c characteristics that predict spinal
dysraphism in live births in Brazil.

4.2 Strengths of the study
This study offers, in an objective language, information about social, demographic and clinical factors that
predict spinal dysraphism in a Brazilian context of 21 years. In addition, another strength of the study is that
its statistical analyzes were made with data available to everyone from the database of the Brazilian Uni�ed
Health System (SUS). Thus, given the need to understand the predictors of the disease in Brazil and to support
the planning of public policies, this study contributes to the scarce scienti�c literature on this disease in the
Brazilian context.

4.3 Limitations of the data
Although there is a reduction in data underreporting in Brazil, as in other developing countries, it is possible to
observe a large number of unknown or unreported items that do much harm to the reliability of the analysis.
Another limitation is the change in deadlines and items in billing spreadsheets, reducing standardization in the
collection, and late release of data on the platform [14].

4.4 Interpretation
There has been an increase in the number of cases of spinal dysraphism in recent years in Brazil, with an
annual percentage change of 3.52%. In addition, during the period from 2005 to 2009, there was a reduction in
the incidence of the disease. In 2005, the National Iron Supplementation Program (PNSF) was implemented,
which consists of prophylactic iron and folic acid supplementation for pregnant women [15].

The forti�cation of foods with folic acid is an unquestionable intervention in primary prevention, with a
positive impact on the prevention of neural tube defects already demonstrated in several countries [16]. Thus,
we believe that after 2009, the strategy for implementing this health program may have been modi�ed, which
in�uenced the progressive increase in the number of cases.

The prevalence of spinal dysraphism remains high in federation units: Rondônia, Rio Grande do Norte,
Pernambuco, Sergipe, Mato Grosso, São Paulo, and Rio Grande do Sul. However, the South (São Paulo) and
Southeast (Rio Grande do Sul) regions had a higher incidence of cases. Despite policies promoting prenatal
folic acid supplementation and forti�cation of the food supply, health promotion strategies that encourage
women of reproductive age to take folic acid supplements have failed, considering that the proportion of
women taking their supplements has decreased over the years in other countries, such as England [17].

In addition, the heritability (the genetic component of risk) was estimated to be 60–70% based on the relative
proportions of individuals affected among siblings of index cases [18]. The genetic causes as part of the
disease process should be considered, which may imply a higher frequency of spinal dysraphism in these
regions.

This study shows that the risk was increased in mothers born after 1980, aged over 30 years, and with a high
education level, showing the demographic change that the country has presented over the past few years, in
which women increasingly assume the posture of having children later and actively participating in the labor



Page 13/19

market. Another possible explanation for this correlation is that the increase in the level of education of
mothers allows them to become pregnant later than usual; for this reason, they are more likely to have
neonates with the disease in question, since there is a positive correlation between the age of the mother and
the disease [19].

The increased risk of live births with spinal dysraphism belonging to the White and Black race can be
explained by the difference in dietary habits and practices of supplement intake between racial groups [20]. In
addition, the difference in the level of education [21] and later pregnancy in white individuals may contribute to
explaining this relationship. In Brazil, the income distribution is lower for black individuals, [21] which may
imply worse eating habits and greater di�culties in accessing health care, making it di�cult to monitor during
prenatal care.

Regarding clinical factors, the results showed that one pregnancy was a protective factor for the occurrence of
spinal dysraphism, but a double pregnancy was highly associated with the disease, as well as the body weight
under 3,000 g of the newborn. This relationship probably occurs due to the de�ciency of folic acid offered to
neonates, [22] since the nutritional need is doubled in twin pregnancies. The use of multivitamins and folate
during double pregnancy after a recognized twin pregnancy has been observed [23]. However, inadequate
prenatal care can lead to inadequate nutritional intake or supplementation.

Finding ways to prevent more cases of spinal dysraphism is a priority for future research and public health
implementation, and this study shows that absent prenatal care resulted in a higher incidence of spinal
dysraphism. Thus, it a�rms the concept that without adequate prenatal care, pregnant women do not have, by
extension, adequate prevention and care for diseases, including spinal dysraphism. In this sense, the absence
of prenatal care makes it di�cult to carry out PNSF, [14] which may result in an increase in cases.

5. Conclusions
In this study, we observed that sociodemographic and clinical factors present speci�c characteristics that
predict spinal dysraphism in live births in Brazil. There has been an increase in the number of cases of spinal
dysraphism in recent years in Brazil, with an annual percentage change of 3.52%. However, the period of 2005
to 2009 showed a reduction in live births with spinal dysraphism. The units of the federation with the highest
incidence were Rondônia, Rio Grande do Norte, Pernambuco, Sergipe, São Paulo, Rio Grande do Sul, and Mato
Grosso. However, the highest incidence was observed in the South (Rio Grande do Sul) and Southeast (São
Paulo) regions. The risk was increased in mothers born after 1980, aged over 30 years, and with a high
education level. The risk was increased in live births in white and black, double pregnancy, and body weight
under 3,000 g. Absent prenatal care was also associated with higher incidence. These �ndings can be used to
reformulate professional practices and improve guidelines for public health policies.
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Figures

Figure 1
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Distribution of the live birth rate / 100,000 inhabitants with spinal dysraphism per year.

Figure 2

Distribution of the live birth rate/100,000 Inhabitants with spinal dysraphism per race/color (A) and region (B).

* p < 0.05, compared to white. # p < 0.05, compared to black. + p < 0.05. compared to the southeast. X p < 0.05.
compared to the South.
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Figure 3

APC analysis with Wald test (A), Cohort RR (B), and Period (RR [C] and deviations [D]).
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Figure 4

Spatial distribution of spinal dysraphism cases and prenatal care, 1999 to 2019, in Brazil.


