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Abstract

Introduction: Central nervous system (CNS) neoplasms are the most
common solid tumors within the pediatric population, being an important
cause of death and functional losses in this age group. Although studies show
that there is good evolution and adaptation of pediatric survivors in adulthood,
the interaction of these individuals with social inclusion factors still worries
the medical environment. Objective: To analyze the temporal trend of
mortality, hospitalization and social vulnerability of children with CNS
Neoplasia and correlate with social indicators. Methods: An ecological study
carried out in November 2018, through the analysis of secondary data on
mortality, hospital admission, social vulnerability index and social indicators
of Brazil, collected in DATASUS, and the Atlas of Social Vulnerability
available at the Institute of Economic Research in the period from 2010 to
2015. Results: The improvement of social variables in all Brazilian regions;
There was an increase in hospitalizations for Nervous System neoplasms for
the 5 to 9-year-old male in the Northeast region; To the North, in the age group
0 to 4 years the hospitalization rates were positively correlated with the 1VS,
negatively with the HDI and positively with the Gini index; It was possible to
identify a negative correlation between the IVS and the total number of
hospitalizations for the Northeast in the female sex; Regarding mortality, there
was a positive correlation between total mortality and IVVS in the Midwest for
the male population. Conclusion: It was concluded that there was a correlation
between the various social indexes (HDI, 1VS and Gini index) and the
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incidence and mortality due to Central Nervous System neoplasms in the
pediatric population.

Keywords: Neoplasm, Central Nervous System, Socioeconomic factors,
Pediatrics

Introduction

Central nervous system (CNS) neoplasms are the most common solid
tumors within the pediatric population, being an important cause of death and
functional losses in this age group (Ostrom, 2014) (Mora, 2018). Low-grade
gliomas are more commonly found in children, about 50%, with astrocytoma
being the most common neoplastic type (Sturm, 2017) (Louis, 2007).

Although studies show that there is good evolution and adaptation of
pediatric survivors in adulthood (Zeltzer, 2009) (Michel, 2010), the interaction
of these individuals with social inclusion factors still worries the medical
environment (Strauser, 2018). Work, for example, is an important source of
income, independence, and social interaction in adult life, yet the sequelae left
by CNS neoplasms during childhood impair up to eight times the ability to
obtain work compared to healthy survivors (Kirchoff, 2010) (Kirchhoff,
2010).

Socioeconomic status and patterns of social vulnerability have already
been related to the increase in mortality due to several diseases and even the
increase in the incidence of some neoplasms in children (Starfield, 2002)
(Sommer, 2015). This is due to several behavioral and environmental factors
that when associated may interfere with quality of life and predisposition to
numerous morbidities (Kehm, 2017). Despite this importance, knowledge is
still considered little, especially when it comes to the scientific evidence about
possible associations with socioeconomic factors, and the information found
in the international databases is often contradictory and does not reach a
consensus, for varying positive associations between these variables (Pan,
2010) (Kamihara, 2017) (Alston, 2007) (Keegan, 2013).

Despite vacancies, studies in developed countries seek to associate
socioeconomic and vulnerability variables with the incidence of cancer in
several segments of society, with expressive results regarding the higher
incidence and mortality of different types of cancer in the socioeconomic
disparity classes and of greater vulnerability (Baquet, 1997). Nevertheless,
studies in lower income countries, in which socioeconomic dichotomies are
even more evident, still lack in the literature, which impairs the understanding
of this relevant topic.

Thus, it is important to research on possible associations between
socioeconomic variables and CNS neoplasia in children. For this, the choice
of a locality in which different regions of each other are located, as to their
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culture and their socioeconomic characteristics is of exponential impact so that
a wider comparison of these variables is possible. It is in this sense that Brazil
was considered for the accomplishment of the present work, since it is a
country of deep and well-known social, cultural and economic inequalities
between its regions, which allows a complex analysis of the factors of social
vulnerability and how these factors may be influencing the epidemiological
pattern of Central Nervous System neoplasms in children.

In this context, this study aims to analyze the temporal trend of
mortality, hospitalization and social vulnerability of children with Central
Nervous System Neoplasia and correlate with social indicators.

Methods

An ecological study carried out in November 2018, through the
analysis of secondary data on mortality, hospital admission, social
vulnerability index (IVS) and social indicators of Brazil, collected in
DATASUS, and the Atlas of Social Vulnerability available at the Institute of
Economic Research (IPEA) in the period from 2010 to 2015.

Because it is a research of secondary data, where access is free and
unrestricted, there was no need for the appreciation of the Research Ethics
Committee for human beings.

Brazil is considered an extensive, medium-income country, divided
into five administrative regions: The North, the Northeast, the Southeast, the
South, and the Midwest. These regions present population differences
depending on each area.

The Department of Informatics of the Unified Health System
(DATASUS) is a database with all the health information of Brazil, with
access is free through the website: www.datasus.gov.br (Ministério da Saude,
2019).

The Gini index was collected in the IPEA system and measured the
income inequality per capita. This index ranges from 0 to 1, the value close to
1 represents income inequality and the values close to zero represent the
opposite (Brasil A, 2013). In addition, the HDI, available on the IPEA
platform, compares indicators in the areas of wealth, literacy, education, life
expectancy, birth rate, and others, in order to assess the well-being of a
population, especially children. It ranges from zero to one and is released by
the United Nations Development Program (UNDP) in its annual report (Brasil
A, 2013).

The VS seeks to assess the issue of social vulnerability and exclusion
in Brazil, taking into account other aspects of poverty, not only the lack of
financial resources, and is built on the Atlas of Human Development (ADH)
in Brazil. This IVS brings 16 indicators structured in three dimensions: 1) IVS
urban infrastructure; 1) VS human capital and 111) IVS income and work. The
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IVS index ranges from 0O to 1, the closer the result to 1, the greater the social
vulnerability of a locality. For localities that present IVS between 0 and 0,200
it is considered very low social vulnerability, between 0,201 to 0,300 indicate
low vulnerability, between 0.301 to 0.400 are average social vulnerability,
between 0,401 and 0,500 are considered high vulnerability and between 0,501
to 1 the locality very high social vulnerability (Atlas da Vulnerabilidade Social
nas Regides Metropolitanas Brasileiras, 2015).

The study was composed of all deaths recorded in the Mortality
Information System (SIM) and all hospital admissions from the Hospital
Information System of the Unified Health System (SIH / SUS) by Malignant
Neoplasia of the Central Nervous System (CNS) in children between January
1, 2010 and December 31, 2015, in all Brazilian residents.

Data on death and hospital admission for malignant neoplasm of the
CNS were collected using the International Classification of Diseases in its
10th revision (CID-10) with codes C70, C71 and C72 for the total population
and stratified by regions (North, Northeast, Southeast, South and Midwest),
age groups (0-4 years, 5-9 years and 10-14 years), sex (male and female) and
calendar years (2010, 2011, 2012, 2013, 2014 and 2015) according to the
availability of DATASUS data. However, the census of 2010 and the
intercensorial projections (2011 to 2015) of the Brazilian Institute of
Geography and Statistics (IBGE) were also used to collect data on the total
population, which is also available in the DATASUS system.

Mortality rates (number of deaths by the total population at risk) and
hospital admission in children (hospital admissions by the total population at
risk) per 100,000 inhabitants, stratified by age groups, regions, sex and civil
years, were calculated. Subsequently, mortality rates and hospital admission
were standardized by age by direct method according to the World Health
Organization (WHO) (Ahmad, 2001).

Statistical analysis

Pearson's correlation was used to compare the rates of hospitalization
and mortality in children due to social vulnerability and social indicators (HDI
and Gini index) according to age, gender and regions, in addition, social
vulnerability indexes and social indicators regions of Brazil.

The trend of the mortality rate and hospitalization for malignant CNS
cancer in children in the regions of Brazil by sex stratified in age groups was
evaluated using Linear Regression. The values of B (angular coefficient), p
(probability) and r2 (predictive capacity of the model) were used.

The confidence level adopted for all analyzes was 95% and the
statistical program used was Data Analysis and Statistical Software for
Professionals (Stata) version 11.0®.
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Results

As for the social vulnerability index of the North, there was a reduction
of -0.02 (CI: -0.041; -0.002, p = 0.038, r? = 0.70) r2 = 0.66, p = 0.05) for the
variable Income and Labor, an increase of 0.009 (CI: 0.005; 0.001, r? = 0.89,
p = 0.005) of the HDI, a reduction of -0.02 (Cl: -0.04; -0.001 , r>=0.69, p =
0.041) of the Gini index and a reduction of -0.002 (CI = -0.05; -0.003; r?> =
0.72, p = 0.032) for the total IVVS. In the Northeast there was an increase in
HDI by 0.008 (CI: 0.004, 0.012, r> = 0.87, p = 0.007) and a reduction of -0.02
(CI: -0.04; -0.001, r*> = 0.68, p = 0.042) in the Gini index. In the Southeast, the
reduction to the Human Capital variable of the IVS was -0.001 (Cl: -0.02; -
0.003, r2 = 0.77, p = 0.021) and there was an increase of 0.005 (Cl: 0.003,
0.008, r> = 0.87, p = 0.007). (Table 1)

Table 1. Linear Regression of Social Vulnerability Index.
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0.012) 83 .008) 0.01) 0.009)
iy 0.02 (- 0. 001 0.01 (- 0.02 (-
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0.006)
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* Linear regression

In the South, there was a reduction of the VS Human Capital variable
in -0.015 (CI: -0.02; -0.009, r> = 0.93, p = 0.002) and an increase of 0.007 (CI:
0.004, 0.001, r>=0.91, p = 0.003) of the HDI. For the Central West, there was
an increase of 0.006 (ClI: 0.002, 0.009, r?> = 0.84, p = 0.01) of the HDI and a
decrease of -0.02 in the Gini index (CI: -0.03, -0.004, r? = 0.77, p = 0.021).
(Table 1)
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Regarding the hospitalization rate for Central Nervous System
neoplasms, there was an increase of 7.07 (Cl: 1.95,12.13,r>=0.78, p = 0.018)
for the 5 to 9-year-old male in the Northeast region. (Table 2)

In the North, for the 0-4 age group, there was a positive and statistically
significant correlation between the IVS and the male (r = 0.82, p = 0.048) and
female (r = 0.85, p = 0.03). For the other regions and age groups there was a
correlation, however without statistical significance. (Table 3). However, it
was possible to identify a negative correlation between the 1S and the total
number of hospitalizations for the Northeast in the female sex (r =-0.90, p =
0.015). (Table 5)

Table 2. Linear regression of the Male and Female rate of Hospitalization

) Male Female
Regions > 2
B (1C95) p* r B (1C95) p r
Age range 0 to 4 years
North -5.95 (-19.99; 8.08) 0.304 0.26 -3.83 (-9.87; 2.20) 0.153 0.43

Northeast 1.68 (-3.53; 6.89) 0421 0.17  -5.77(-25.20;13.65) 0.456 0.14
Southeast 12.97 (-7.79; 33.73) 0.158 0.43  10.21(-10.08;30.50) 0.235 0.32

South -5.57(-49.74; 38.59)  0.744 0.02  -19.24(-39.64;1.16)  0.059 0.63
Midwest 19.12 (-31.76; 70.02)  0.356 0.21  27.03(-29.51;83.59) 0.255 0.3

Age range from 5 to 9 years

North 3.77 (-2.90; 10.44) 0.192 0.38 0.19 (-6.50; 6.89) 0.94 0
Northeast 7.04 (1.95;12.13) 0.018 0.78 1.66 (-2.51; 5.84) 0.33 0.23
Southeast -0.69 (-7.12; 5.72) 0.778 0.02 1.06 (-4.65; 6.79) 0.633 0.06

South -9.17 (-22.88; 4.54) 0.137 0.46 -8.79 (-20.50; 2.90) 0.105 0.52
Midwest 4.07 (-2.53; 10.68) 0.162 0.42 -4.33 (-13.49; 4.81) 0.259 0.3

Age group from 10 to 14 years

North -3.43 (-11.69; 4.83) 0.313 0.25 -2.29 (-10.73; 6.15) 0.493 0.12
Northeast 2.47 (-3.00; 7.96) 0.278 0.28 2.05 (-3.27; 7.38) 0.344 0.22
Southeast -4.81 (-11.83; 2.21) 0.13 047 -5.71 (-11.65; 0.21) 0.055 0.64

South -0.67 (-4.65; 3.30) 0.662 0.05 -0.91 (-10.01; 8.18) 0.794 0.01
Midwest 3.23 (-1.91; 8.38) 0.156 0.43 -0.25 (-8.04; 7.54) 0932 O

* Linear regression.

For the North region, the HDI was negatively correlated with the
hospitalizations of the 0 to 4 age group for the female population (r = -0.85, p
=0.03). In the Southeast this association was observed for the age range of 10
to 14 years for girls (r =-0.90, p = 0.014). (Table 6).

A positive correlation was observed between the Gini index and
admissions for Central Nervous System neoplasms in the North for the 0 to 4-
year age group among boys (r = 0.83, p = 0.043) and among girls (r =0.84, p
=0.036). (Table 6). A positive correlation was also observed between the total
Northeastern hospitalizations and the HDI among the female sex (r = 0.82, p
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= 0.045) and a negative correlation of these variables in the South among the
girls (r =-0.82, p = 0.045), for the Gini index there was a negative correlation
with the total hospitalizations of the Northeast for the female sex (r = -0.84, p
=0.033). (Table 7)

Table 3. Correlation between hospitalization rate and 1VS in male and female.

Regions Male Female
r p* r p*

North

0Oa4 0.82 0.048 0.85 0.03

5a9 -0.29 0.57 -0.06 0.91
10a 14 0.17 0.75 -0.001 0.998

Northeast

0a4 -0.42 0.41 -0.14 0.80

5a9 -0.57 0.24 -0.47 0.34
10a14 -0.22 0.68 -0.16 0.77

Southeast

0Oa4 -0.23 0.66 -0.45 0.37

5a9 0.39 0.44 -0.33 0.53
10a14 0.39 0.45 0.65 0.17
South

0Oa4 -0.32 0.54 0.44 0.38

5a9 0.10 0.85 0.44 0.38
10a 14 0.38 0.45 0.19 0.72
Midwest

0Oa4 -0.52 0.29 -0.50 0.31

5a9 -0.08 0.88 0.51 0.30
10a 14 -0.34 0.50 0.09 0.87

*Pearson Correlation

Table 4. Correlation of social indicators (HDI and Gini) with the Social vulnerability index
of the regions

. HDI Gini
Regions = =
r p r p
North -0.95 0.005 0.99 0.000
Northeast -0.94 0.005 0.96 0.003
Southeast -0.88 0.022 0.97 0.001
South -0.83 0.039 0.97 0.001
Midwest -0.95 0.004 0.97 0.002

* Pearson Correlation.
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Table 5. Correlation of the index of regional social vulnerability with hospitalization and

mortality from cancer in the central nervous system.

Hospitalization Hospitalization and  Mortality and

Mortality and

Regions _and male IVS female IVS male IVS female 1VS
R p* R p* r p* r p*
North 025  0.63 -0.51 0.303 01 085 -011 0.831
Northeast 0_53 0.275 -0.9 0.015 -0.07 0901 -0.14 0.797
Southeast 0.69  0.13 -0.34 0.513 -041 0421 -021 0.684
South  0.02  0.963 0.56 0.25 0.34 0516 -0.36  0.483
Midwest 0 '59 0.22 -0.58 0.226 0.83 0.043 -037 0475

* Pearson Correlation.

There was a positive and statistically significant correlation between
IVS and Gini index for all regions and a negative association between IVS and
HDI of all regions. (Table 4)

Regarding mortality, there was a positive correlation between total
mortality and IVS in the Midwest for the male population (r = 0.83, p = 0.043).
(Table 5). For the same region and sex, a negative correlation was observed
between total mortality and HDI (r = -0.92, p = 0.008) and a positive
correlation between this mortality and the Gini index (r = 0.85, p = 0.031).

(Table 7).

Table 6. Correlation of the HDI and the Gini index of the regions with the hospitalization
for cancer in the central nervous system.

HDI of the regions Male = Female <
r p r p

North

0a4 -0.74 0.091 -0.85 0.03

5a9 0.36 0.479 0 0.996
10a14 -0.45 0.374 -0.26 0.62
Northeast

0Oa4 0.44 0.387 -0.17 0.748

5a9 0.8 0.054 0.43 0.395
10a14 0.3 0.564 0.21 0.686
Southeast

0Oa4 0.61 0.2 0.7 0.121

5a9 -0.23 0.661 0.13 0.8
10a14 -0.62 0.191 -0.9 0.014

On

0Oa4 0.02 0.975 -0.72 0.105

5a9 -0.57 0.243 -0.74 0.093
10a14 -0.39 0.445 -0.18 0.737
Midwest

0Oa4 0.61 0.196 0.61 0.195

5a9 0.37 0.474 -0.57 0.237
10a14 0.43 0.392 -0.16 0.757
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Gini of the regions

North

0Oa4 0.83 0.043 0.84 0.036

5a9 -0.27 0.607 -0.06 0.917
10a14 0.12 0.824 -0.06 0.912
Northeast

0Oa4 -0.23 0.661 0.04 0.946

5a9 -0.58 0.228 -0.4 0.429
10a14 -0.22 0.674 -0.23 0.662
Southeast

0Oa4 -0.24 0.654 -0.39 0.444

5a9 0.27 0.611 -0.22 0.682
10a14 0.47 0.342 0.54 0.265

South

0Oa4 -0.21 0.691 0.5 0.317

5a9 0.12 0.814 0.38 0.456
10a14 0.29 0.571 0.2 0.706
Midwest

0Oa4 -0.55 0.259 -0.61 0.198

5a9 -0.25 0.636 0.57 0.237
10a14 -0.48 0.339 0.12 0.828

* Pearson correlation.

Table 7. Correlation of HDI and Gini with the index of Total Admissions and Mortality.

Index of Total Admissions

Regions HDI Gini HDI Gini
r p* r p* r p* r p*
Male Female
North -0.3 0.555 0.26  0.608 037 0459 -048 0.325
Northeast 0.77 0.07 -0.56  0.244 0.82 0.045 -0.84 0.033
Southeast -0.33  0.512 0.72 0.104 0.1 0.84 -0.21  0.681
South -0.56  0.246 0.03 0942 -0.82 0.045 0.55 0.248
Midwest 0.77 0.069 -0.74 0.09 0.64 0.17 -0.65  0.158
Index of total Mortality
HDI Gini HDI Gini
Regions r p* r p* r p* r p*
Male Female
North 0 0.996 0.09  0.856 0.07 0.891 -0.11 0.831
Northeast -0.18 0.73 0.01 0.976 0.14 0.781 -0.32  0.533
Southeast 0.21 0.689 -0.52  0.282 034 0505 -0.21  0.686
South -0.2 0.702 047  0.343 0.45 0369 -0.16 0.753
Midwest -0.92  0.008 0.85 0.031 0.12 0815 -0.19  0.705
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Discussion
In this study the main findings were:

1. The improvement of social variables in all Brazilian regions;

2. There was an increase in hospitalizations for Nervous System
neoplasms for the 5 to 9-year-old male in the Northeast region;

3. To the North, in the age group 0 to 4 years the hospitalization rates
were positively correlated with the 1VS, negatively with the HDI and
positively with the Gini index;

4. It was possible to identify a negative correlation between the IVS
and the total number of hospitalizations for the Northeast in the female sex;

5. Regarding mortality, there was a positive correlation between total
mortality and VS in the Midwest for the male population

First, one can expect this improvement observed in social variables
throughout the country. This is because Brazil is still in the socio-economic
transition characterized by greater access to instruments that reflect a better
quality of life for its population. An example of this is found in the best literacy
rates found in a study that evaluates the functional literacy performance of the
Brazilian school population, this marker is of exponential importance for
better access to social inclusion means, such as work and higher income, and
for understanding of their rights [18].

Regarding the hospitalization rates, the increase in the Northeast can
be explained by the greater access of the population to the medical means of
diagnosis. This greater access reflects the expansion of the Unified Health
System, which, despite its resource constraints and high population demand,
still constitutes a service of technical advances with some reference centers
that provide diagnostic means for the population in general, following in
certain principles of universality [19].

However, increasing hospitalization rates requires special and
troubling analysis. It is an age group of neural and social formation of the
child, corresponding to the pre-school period and the first years of basic
education in which the individual receives numerous stimuli and is subject to
important sequelae of an oncological treatment of his nervous system. Thus, a
study proposed by Pulsifer et al in 2018 confirms this concern by showing a
significant reduction in intelligence quotient and functional abilities in
children who survived this treatment [20].

The finding that there was a higher incidence of Neoplasias in children
aged 0 to 4 years, the worse their social indexes (IVS, HDI and Gini index)
makes sense. This was observed in the North region, perhaps due to the greater
socioeconomic disparity of this region compared to the rest of the country. An
explanation for this association can be given not only by the child directly, but
by maternal dietary factors. A study by Bunin shows that the maternal diet
during gestation can influence the incidence of neoplasias of the nervous
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system, and the consumption of folate, vegetables and vitamins by the mothers
were considered as protective factors for the development of cancer in the
children in their first years of life [21]. This is directly related to social
indicators, since it is intuitive to conclude that women in situations of social
vulnerability and low income have less resources to plan their pregnancies in
order to establish a balanced dietary intake.

However, it was observed that if we ignore the age group and analyze
the hospitalizations of general forms in the Northeast, the IVS correlates
negatively with the incidence. Although it seems contradictory, several studies
support this finding, stating that the higher the socioeconomic status, the
greater the chance of developing central nervous system cancer in children
[22]. This would be explained by the greater exposure of pesticides and
agrochemicals in this higher income population, which may be related to brain
neoplastic processes [23-25]. This fact also explains why these findings are
more evident in the total incidence and not in the age group, since these same
studies affirm that the relation between the chemical products and neoplasias
is "dose dependent”, that is, it has a cumulative effect. Thus, the younger age
groups, 0 to 4 years old, would not be so inserted in this risk since it is an age
still not very affected by this cumulative effect and that would have a very
natural feeding, due to the maternal breastfeeding up to 2 years in average. On
the other hand, if we consider the pediatric population as a whole, the use of
toxic products would be affecting the incidence of neoplasias more strongly
due to the child's insertion into the family routine.

Finally, a positive association was established between 1VS and total
mortality due to central nervous system neoplasms. These findings corroborate
studies stating that socioeconomic and racial disparities would be associated
with more advanced stages of neoplasms and a longer travel time for
treatment, that is, worse prognosis and treatment compliance [26]. In addition,
low economic status and social exclusion are associated with a longer waiting
time and preparation for surgery, which is further hampered by the high rate
of cancellations and delays, making surgical time difficult [27-29].

This study has as positive points the analysis of a population with
different degrees of vulnerability, given the socioeconomic disparities found
in Brazil for centuries. This allows a more effective comparison between
groups avoiding bias. On the other hand, it has as a negative side a transversal
approach, which limits the study because it is not possible to create relations
of causality between the variables.

Conclusion

It was concluded that there was a correlation between the various social
indexes (HDI, IVS and Gini index) and the incidence and mortality due to
Central Nervous System neoplasms in the pediatric population. This
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correlation is dependent on the age group, being in some cases positive and,
in others, negative. Regarding mortality, there was a positive correlation
between total mortality and 1S in the Midwest for the male population.

Therefore, it is extremely important that more research is done on the

subject, since it is a public health concern. Allied to this, a better understanding
of how social variables affect the incidence and mortality of pediatric
neoplasias should be treated as a priority, since it is a population still in
formation that can acquire sequels, impairing their quality of life for years and
having their workforce diminished.
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