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Abstract

Purpose Differences in the risk of childhood central nervous system (CNS) tumors by socioeconomic status (SES) may
enhance etiologic insights. We conducted a nationwide register-based case—control study to evaluate socioeconomic differ-
ences in the risk of childhood CNS tumors in Denmark and examined whether associations varied by different SES measures,
time points of assessment, specific tumor types, and age at diagnosis.

Methods We identified all children born between 1981 and 2013 and diagnosed with a CNS tumor at ages 0-19 years
(n=1,273) from the Danish Cancer Registry and sampled four individually matched controls per case (n =5,086). We used
conditional logistic regression models to estimate associations with individual-level and neighborhood-level socioeconomic
measures.

Results We observed elevated risks of ependymoma and embryonal CNS tumors in association with higher parental education
(odds ratios (ORs) of 1.6-2.1 for maternal or paternal high education and ependymoma) and higher risk of all tumor types
in association with higher maternal income, e.g., OR 1.93; 95% CI 1.05-3.52 for high versus low income for astrocytoma
and other gliomas. Associations were often stronger in children diagnosed at ages 5-19 years. We found little evidence for
an association with neighborhood SES.

Conclusion This large nationwide register study with minimal risk of bias showed that having parents with higher educa-
tional level and a mother with higher income was associated with a higher risk of childhood CNS tumors. Bias or under-
ascertainment of cases among families with low income or basic education is unlikely to explain our findings.

Keywords Tumors of the central nervous system - Childhood - Childhood cancer - Socioeconomic factors - Socioeconomic
status - Denmark - Register-based study

Introduction

Tumors of the central nervous system (CNS) are the most
frequent solid tumors in children, accounting for around
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children, namely pilocytic astrocytoma and medulloblas-
toma, are rarely seen in adults, whereas the most com-
mon adult types, glioblastoma and meningioma, are rarely
diagnosed in children [2]. The etiology of childhood CNS
tumors is still poorly understood [2, 3] and preventive
measures to preclude the disease are lacking. A growing
body of research has targeted parental lifestyle factors
[4—6], occupational exposures [7, 8], or environmental
pollutants [9-12] as possible risk factors but has hitherto
provided inconclusive evidence [2, 3, 13]. Certain genetic
syndromes, exposure to high-dose ionizing radiation, and
high or low birth weight [2, 3, 14, 15] are the only well-
established risk factors to date and those explain only a
minor proportion (5—-10%) of all cases [2, 3]. The early age
at diagnosis suggests an important inherited component
and that the cancer initiating event might occur before con-
ception, during pregnancy, or in early childhood [2, 16].

Although socioeconomic status (SES) is not an etio-
logical risk factor for disease occurrence per se, it may be
associated with risk through mediating factors, including
environmental pollutants, parental occupation, or charac-
teristics in relation to pregnancy and parental life style.
Knowledge about differences in the risk by socioeconomic
group may therefore enhance etiologic insights [17]. To
date, only little research has addressed effects of socio-
economic differences on the risk of childhood CNS tumors
[18-28] with overall inconsistent findings. Most studies
found higher SES being associated with higher risk [18,
21, 23, 24-27], but also null associations [19, 20, 22, 28]
and rarely inverse associations were reported [26]. Stud-
ies varied substantially by design and SES measures used
(including whether the SES indicator was at the individual
[18, 21, 24-26] versus neighborhood level [19, 20, 22, 23,
28]) which hinders cross-study comparisons. Moreover,
previous investigations suffered largely from methodologi-
cal limitations including small sample size, lack of subtype
specific analyses, single or few SES measures examined
and assessed only at a single time point.

The welfare system of a country is obviously important;
some countries have large differences in access to and qual-
ity of health care services and a relationship with SES is
therefore not unexpected but not related to true etiological
differences. The Nordic countries are a particular interesting
setting for this research question, given that health care is
largely free and uniformly accessible together with optimal
opportunities for designing nationwide population-based
register studies [29] with minimal risk of bias. However,
only one regional investigation from Norway is published so
far [26], observing that higher family income was associated
with a higher risk of ependymomas and embryonal tumors,
while a reverse association was seen for astrocytoma [26].
Notably, numbers of subjects in this study were small, and
effect estimates statistically imprecise.

@ Springer

To take advantage of the national population-based reg-
istries with high-quality and detailed health and socioeco-
nomic data in Denmark, we assessed socioeconomic dif-
ferences in the risk of CNS tumors in Danish children. We
sought to evaluate whether associations varied by different
measures of SES, time point of assessment, CNS subtypes,
and child’s age at diagnosis. Moreover, we aimed to assess
whether demographic and pregnancy-related risk factors
mediated associations between SES and childhood CNS
tumor risk.

Material and methods

We conducted a nationwide matched case—control study
based on Danish registry data. Denmark has a civil registra-
tion system with national population-based administrative
registries, [29] such as the Danish Cancer Registry [30],
the Central Population Register and several social registries
administered by Statistics Denmark [31], and a unique per-
sonal identification number (CPR number) used in all reg-
istries [29]. Data linkage between those registries provided
the basis for our study.

Study population

We identified cases of first, primary CNS tumors in children
aged 0—19 years, born and diagnosed between 1 January
1981 and 31 December 2013 from the Danish Cancer Reg-
istry, a nationwide register of all cancers diagnosed in Den-
mark with excellent quality and high completeness (95-98%)
[30, 32]. Four controls per case were sampled randomly by
incidence density sampling from the entire childhood popu-
lation of Denmark using the Central Population Register.
Cases and controls were individually matched by sex and
date of birth. Cases and controls had to be living in Denmark
at date of birth and controls had to be alive and cancer-free at
time of diagnosis of the corresponding case to be eligible as
control, resulting in a final analytical sample of 1,273 cases
and 5,086 controls (n=6,359).

Classification of CNS tumors

CNS tumors were classified according to the International
Classification of Childhood Cancer (ICCC 1st version (i.e.,
the Birch and Marsden Classification) [33] until 2003 and
ICCC 3rd version [34] thereafter) and specific CNS types
grouped as follows: Ependymoma (defined by ICCC 1 and
ICCC 3 group 3a), astrocytoma and other gliomas (ICCC 1
and ICCC 3 groups 3b and 3d combined), embryonal CNS
tumors (defined by ICCC 1 and ICCC 3 group 3c), and other
specified and unspecified (ICCC 1 and ICCC 3 groups 3e
and 3f combined). With this grouping, we aggregated similar
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CNS types into groups of larger sample sizes to increase
statistical power and to overcome dissimilarities in the two
classification versions of ICCC, while keeping distinct diag-
nostic subtypes separate for meaningful analysis.

Measures of SES

The theoretical construct of “socioeconomic status” refers
to both material and social resources and assets as well as
individual’s rank or standing within a social hierarchy of
a society [17]. SES is operationalized in numerous ways
including measures at the individual-level as well as ecologi-
cal grouping which indicates the complexity of the multi-
dimensional construct [17, 35]. To address limitations of
previous research, we evaluated different indicators of SES
including both individual SES measures and neighborhood-
based measures, and compared those different SES measures
acting at different points in time: at time of conception, dur-
ing pregnancy, and before diagnosis.

As indicators for the child’s individual-level SES, we
used maternal and paternal highest attained education and
annual disposable income. The child’s unique CPR number
allowed linkage to first-degree relatives via the Danish Civil
Registration System considered to be 100% accurate [29].
We obtained annual information on maternal and paternal
highest attained education and disposable income from the
Danish social registers [36, 37] administered by Statistics
Denmark. We categorized the highest educational level into
basic [primary and lower secondary education, <9 years
in Denmark], medium [upper secondary including voca-
tional upper secondary education, 10—12 years], and high
[> 12 years] education, following the International Standard
Classification of Education. Disposable income refers to the
annual individual income after tax, interest, and alimony
payments and was categorized into five groups based on the
sex- and calendar year-specific income distribution (quin-
tiles) of the entire Danish population.

We operationalized three neighborhood SES measures,
which reflect the proportion of inhabitants with (i) basic
education, (ii) low disposable income level, and (iii) manual
profession, respectively, in a given parish. A parish is the
smallest geographical unit at which socioeconomic informa-
tion is available in Denmark. In 2013, parishes (n=2,160)
differed in size from 0.12 to 126.2 km? (mean area=19.9
km?) and in population from 26 to 42,251 inhabitants
(median = 1,037 inhabitants). We obtained parish codes
from the Danish Geodata Agency and socioeconomic data
aggregated to the parish level by calendar year from Statis-
tics Denmark. We defined the neighborhood SES measures
as follows: proportion of inhabitants aged 30-60 years in a
given parish with (i) basic education as the highest attained
educational level, (ii) low disposable income level (defined
as family disposable income among the lowest quartile of

the income distribution of the entire Danish population),
and (iii) manual profession (defined as unskilled or semi-
skilled profession). As 30—60-year-old individuals of a soci-
ety determine usually strongest the socioeconomic resources
and assets of the respective neighborhood, we focused only
on this population group. We assigned five levels of SES for
each neighborhood SES measure by calculating quintiles of
the respective SES measure proportion distribution across
all parishes in Denmark in a given calendar year, weighted
by the number of 30-60-year-old inhabitants living in a
respective parish. Level 1 indicates highest level of SES, as
it reflects the lowest proportions of inhabitations with basic
education, low disposable income, or manual profession in
a parish, while level 5 stands for the lowest level of SES.
We traced residential addresses of the children during child-
hood and their mothers during pregnancy via the Central
Population Register, identified the corresponding parish, and
assigned each child the socioeconomic level according to the
respective parish at the relevant point in time.

All socioeconomic information was applied to the three
time points of interest: at conception, during pregnancy, and
before diagnosis (as proxy for the time during childhood,
defined as one year before date of diagnosis/index date).
In the scenario that one year before diagnosis was before
“during pregnancy,” the SES measures corresponded to the
situation during pregnancy.

Demographic and pregnancy-related characteristics

We used information on parental age from the Central Popu-
lation Register. Data on birthweight were obtained from the
Medical Birth Register, which contains mandatory, continu-
ously updated reports on all births in Denmark [38]. Num-
ber of siblings included all full and half siblings (defined as
having either the same mother or the same father, stillborn
children excluded) assessed one year before cancer diag-
nosis or reference date in controls via the Danish Fertility
Database [38].

Statistical analysis

To assess the correlations between the individual and
neighborhood-level SES measures and between time points
of assessment, we calculated Spearman’s rank correlation
coefficients (r).

We fitted conditional logistic regression models to exam-
ine the association of socioeconomic measures with the risk
of childhood CNS tumors and conducted separate analyses
by SES measure, CNS subtype, and time point. The analyses
were accounted for sex, age at diagnosis, and calendar time
by keeping the individual matching. We further adjusted
for maternal or paternal age at child’s birth, respectively, to
account for potential confounding. Results were expressed
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as odds ratios (OR) with two-sided 95% confidence intervals
(CD.

We post hoc categorized maternal and paternal income
into low, medium, and high by defining the 1st population-
based quintile group as “low,” combining the 2nd and 3rd
population-based quintile groups to “medium” and combin-
ing the 4th and 5th quintile groups to “high” as preliminary
analyses had consistently shown similar effect estimates for
the now combined groups. As the neighborhood SES meas-
ures were only available for the years from 1986 onwards,
we had to restrict this analysis to children born in 1986 or
later.

We performed the following additional analyses: (i) to
evaluate whether associations varied according to age at
diagnosis, we conducted analyses by strata of age at diag-
nosis; (ii) to explore whether associations were accounted
for by established demographic and pregnancy-related risk
factor [2, 3, 14], we repeated analyses for main findings with
further adjustment for birthweight and number of siblings;
(iii) to examine the association of SES and childhood CNS
tumor risk in the offspring of younger mothers in compari-
son to older mothers, we conducted stratified analysis by
maternal age (younger 30 years of age at child’s birth versus
30 years and older) for our main findings; (iv) finally, we
tested the independence of associations seen for individual
SES measures by simultaneously fitting models with both
individual and neighborhood SES covariates.

All statistical analyses were performed using STATA,
version 14.2 [39].

Results

Of the 1,273 children with a CNS tumor, 426 (33.5%) were
diagnosed with astrocytoma and other gliomas, 182 (14.3%)
with embryonal CNS tumors, and 99 with ependymoma
(7.8%), while 566 (44.5%) were other and unspecified sub-
types. About 35% of the cases were diagnosed before the age
of 5 years (Table 1). Cases and controls varied only slightly
in the distribution of maternal and paternal age and number
of siblings, while high birthweight was more prevalent in
children with CNS tumors than in control children. Sup-
plementary Material S1 and S2 display the distribution of
individual and neighborhood-level socioeconomic measures
among cases and controls. The proportion of missing infor-
mation was overall very low and varied by SES measure and
time point of assessment between 5.8 and 0.3% (Material
S1 and S2).

We found that level of education was strongly corre-
lated between time points of assessment (Supplementary
Material S3). Similarly, maternal and paternal levels of
income, respectively, were strongly correlated between time
of conception and during pregnancy but only moderately

@ Springer

between time before diagnosis and at conception or during
pregnancy. Individual SES measures were only weakly cor-
related with neighborhood SES measures (Supplementary
Material S4).

Individual SES measures
Maternal and paternal education

Table 2 shows that the risk of childhood CNS tumors over-
all was slightly elevated for children of parents with higher
educational level, displaying, e.g., an OR of 1.18 (95% CI
0.98-1.42) in association with maternal high educational
level at time before diagnosis. Analyses by CNS tumor type
revealed more distinct, although sometimes imprecise, asso-
ciations with specific tumor types, often most pronounced in
children diagnosed at ages 5—19 years compared to children
aged 0—4 years at diagnosis and compared to the full sample.

High maternal and paternal levels of education were asso-
ciated with ORs ranging from 1.6 to 2.1 for ependymoma
across the different time points of assessment. Associations
with paternal education were particular strong in children
diagnosed at ages 5—19 years, with the ependymoma risk
being increased almost fourfold for high paternal educa-
tion at conception and during pregnancy (OR during preg-
nancy =3.82; 95% CI 1.15-12.66). Also the risk of embry-
onal CNS tumors was associated with parental level of
education. In particular, higher level of maternal education
was associated with an increased risk of embryonal CNS
tumors in the offspring, most evident for the time before
diagnosis and in children diagnosed at ages 5-19 year with
an OR of 2.45 (95% CI 1.22-4.92).

Effect estimates for astrocytomas and other gliomas sug-
gested a tendency of a weak inverse association with mater-
nal education.

Overall, risk patterns and effect estimates did not dif-
fer markedly between the three different time points under
study.

Maternal and paternal disposable income

Maternal high and often medium level of disposable income
was consistently associated with an increased risk of CNS
tumors overall and across individual tumor types (Table 3).
Associations were most evident at time before diagnosis and
most marked for the risk of astrocytoma and other gliomas
(OR before diagnosis=1.93; 95% CI 1.05-3.52). Patterns
and effect sizes were generally less consistent between time
points than seen for parental education. An exception is the
group of embryonal CNS tumors for which the effect size of
estimates were similar between time points, with ORs for high
or medium income level ranging from 1.64 to 1.92. We found
stronger associations in children diagnosed at ages 5—19 years



Cancer Causes & Control (2020) 31:915-929 919

Table 1 Characteristics of

the study population, cases of
CNS tumors® in children aged
0-19 years born and diagnosed
between 1981 and 2013 in
Denmark and matched controls

Controls AIICNS Epend-  Astro- Embryo- Other und
tumors ymoma  cytoma nal CNS  unspeci-
and other tumors fied
gliomas

n % n % n % n % n % n %

Sex
Boy 2619 51.5 656 51.5 54 546 206 484 101 555 295 52.1
Girl 2467 48.5 617 485 45 455 220 51.6 81 445 271 479
Age at diagnosis/at index date
<1 420 83 105 83 14 141 25 59 18 9.9 48 8.5
14 1333 26.2 334 262 37 374 127 29.8 65 357 105 18.6
5-9 1430 28.1 358 28.1 21 21.2 124 29.1 66 36.3 147 26.0
10-14 996 19.6 249 19.6 13 13.1 88 20.7 23 12.6 125 22.1
15-19 907 17.8 227 17.8 14 144 62 146 10 55 141 249
Year of birth
1981-1990 2084 41.0 521 409 47 475 195 458 67 36.8 212 375
1991-2000 2037 40.1 510 40.1 35 354 170 399 70 385 235 415
2001-2013 965 19.0 242 19.0 17 172 61 143 45 247 119 21.0
Year of diagnosis/of index date
1981-1990 480 94 120 94 9 9.1 51 12.0 26 143 34 6.0
1991-2000 1763 347 441 34.6 46 465 168 394 59 324 168 29.7
2001-2013 2843 559 712 559 44 444 207 48.6 97 533 364 643
Maternal age at child’s birth
<25 1145 225 267 21.0 22 222 97 228 38 209 110 194
25-29 1926 379 517 40.6 39 394 171 40.1 78 429 229 40.5
30-34 1442 284 353 277 25 253 116 272 43 23.6 169 299
>35 572 113 136 10.7 13 13.1 42 99 23 126 58 103
Paternal age at child’s birth
<25 519 103 133 106 8 81 55 130 19 10.6 51 9.1
25-29 1616 32.0 407 323 37 374 133 315 62 344 175 313
30-34 1688 33.4 420 333 35 354 128 303 63 350 194 347
>35 1225 243 300 238 19 192 106 25.1 36 20.0 139 249
Birth weight (g)
<2500 244 49 56 45 3 32 20 4.7 15 84 18 33
2500-3999 3916 77.8 942 754 74 779 317 74.8 132 73.7 419 759
>4000 875 174 252 202 18 19.0 87 205 32 179 115 2038
Number of siblings®
0 788 155 219 172 26 263 70 164 38 209 85 15.0
1 2225 43.8 565 444 43 434 178 41.8 96 52.8 248 43.8
2 1324 26.0 331 26.0 21 21.2 124 29.1 33 181 153 27.0
>3 749 14.7 158 124 9 9.1 54 127 15 82 80 14.1

Missing information: maternal age: 0.02%; paternal age: 0.80%; birth weight: 1.16%; remaining character-
istics have complete information

Classified by the International Classification of Childhood Cancer (ICCC), up to 2003 by Birch &
Marsden (first edition) and from 2003 onwards by ICCC 3rd version. Grouped as follows: Ependymoma
(defined by ICCC 1 and ICCC 3 group 3a), astrocytoma and other gliomas (ICCC 1 and ICCC 3 groups 3b
and 3d combined), embryonal CNS tumors (defined by ICCC 1 and ICCC 3 group 3c) and other specified
and unspecified (ICCC 1 and ICCC 3 groups 3e and 3f combined)

®Number of full and half siblings (defined as having the same mother or father) assed 1 year before diagno-
sis. In the scenario, that one year before diagnosis was before “during pregnancy”, the number of siblings
corresponds to the situation during pregnancy

@ Springer
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across all tumor types, most distinct for the risk of epend-
ymoma and embryonal CNS tumors (Supplementary Material
S5).

Patterns for the effect of paternal income were inconclu-
sive. Although ORs for paternal medium and high level of
income were elevated for the risk of embryonal CNS tumors
at conception and during pregnancy (OR paternal high income
during pregnancy =1.60; 95% CI 0.82-3.10) and for the risk
of ependymoma at time before diagnosis, no consistent risk
pattern emerged (Table 3).

Neighborhood SES measures

We noted elevated ORs for the risk of ependymoma in associa-
tion with living in a neighborhood with lower proportion of
inhabitants with basic education or low income (Table 4). ORs
were also increased for the risk of embryonal tumors in asso-
ciation with higher neighborhood SES based on the manual
profession quintiles. However, no overall trend or other sys-
tematic risk patterns were evident for any of the neighborhood
SES measures.

Independence of associations and additional
analyses

As illustrated in Table 5, models adjusted for the effect of
birthweight and number of siblings provided similar results
to those of the main analysis (Tables 3 and 4). Adjusting the
association between parental level of education and income
and risk of CNS tumors for measures of neighborhood SES
did similarly not affect the overall risk pattern (Table 6). Only
effect estimates of the association of maternal income level
and ependymoma risk were attenuated towards the null, while
other effect estimates did not change appreciably and some
associations became stronger. However, confidence intervals
were wide.

Additional analyses by smaller age strata revealed that
the stronger associations seen in children diagnosed at ages
5-19 years with ependymoma, embryonal tumors, or astrocy-
toma and other gliomas were mostly driven by the 10-19 year
olds but not solely by the older adolescents (data not shown).

Examining the association of parental level of education
and income in cases with younger mothers compared to older
mothers indicated the tendency that the associations found for
parental education and level of income were more pronounced
for children with cancer of older mothers (data not shown).

Discussion

This nationwide register study is the first assessment of
socioeconomic differences in the risk of childhood CNS
tumors in Denmark and one of few worldwide. We found

higher SES, when operationalized as parental education
or maternal income at the individual level but not when
operationalized as area-level measures, being associated
with a higher risk of specific CNS tumors. Higher risks of
ependymoma and embryonal CNS tumors were observed
for the offspring of parents with higher level of education
and higher risk of all CNS tumor types in association with
higher level of maternal income. Associations were often
stronger in children diagnosed at ages 5-19 years com-
pared to children diagnosed at younger age and compared
to the full sample. On the contrary, we observed little evi-
dence for an association between neighborhood SES and
risk of CNS tumors. Notably, residential area SES was not
a proxy of personal SES in Denmark as demonstrated by
the weak correlation between individual and neighborhood
SES measures.

There may be different explanations for the associa-
tions identified for parental education and maternal income
including (i) selection and information bias, (ii) under-
ascertainment of cases among families of lower SES, (iii)
social patterning of causative risk factors of the disease,
or (iv) chance.

Our use of high-quality population-based register data
with almost complete coverage, not influenced by self-
reported information or non-participation, makes selec-
tion and information bias a highly unlikely explanation of
our observations. The Danish Cancer Registry and Central
Population Register with their excellent quality and high
level of completeness [29, 30, 32] enabled analysis of vir-
tually complete childhood cancer and control group data
with minimal potential for selection bias. Annual socioec-
onomic information at the parish level and parental highest
attained education and disposable income was obtained
from Statistics Denmark precluding information bias that
is often seen in self-reported data [40].

Under-diagnosis and under-ascertainment of cases have
been discussed previously [19, 26, 41, 42] as potential
underlying mechanism of socioeconomic differences in
childhood cancer. Early symptoms of a CNS tumor are
usually of unspecific nature, such as headache, nausea,
or vomiting, and if access to health care services depends
on the economy of a family, under-diagnosis of cases
may affect those with low income. Access to health care
including first-line diagnostics is, however, free of charge
in Denmark. If SES affects the likelihood of being diag-
nosed with a CNS tumor during childhood in Denmark,
more subtle mechanisms must be in play, such as parents
with a higher educational level being able to communicate
better with health professionals or being more persistent
in efforts to find an explanation for their child’s symp-
toms leading to further diagnostic tests, e.g., an MRI scan
of their child’s brain. In principle, such mechanisms may
result in both shorter time between first symptoms and

@ Springer
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Table 5 Association® between maternal and paternal highest attained education” and disposable income® at time before diagnosis and risk of

CNS tumors in children diagnosed at ages 0—19 years, accounted for demographic and pregnancy-related risk factors

All CNS tumors Ependymoma Astrocytoma and Embryonal CNS tumors Other specified
other gliomas and unspecified
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Maternal education
Basic 1.0 1.0 1.0 1.0 1.0
Medium 0.98 (0.82-1.16) 0.99(0.50-1.97) 0.88 (0.66-1.18) 1.54 (0.95-2.51) 0.92 (0.70-1.20)
High 1.13 (0.93-1.36) 1.46 (0.72-2.96) 0.84 (0.61-1.17) 1.74 (1.01-3.03) 1.18 (0.89-1.58)
Paternal education
Basic 1.0 1.0 1.0 1.0 1.0
Medium 0.97 (0.82-1.15) 1.64 (0.85-3.16) 1.05 (0.78-1.41) 0.79 (0.51-1.22) 0.88 (0.68-1.13)
High 1.10 (0.91-1.33) 1.77 (0.82-3.80) 1.04 (0.74-1.47) 1.13 (0.69-1.85) 1.04 (0.78-1.38)
Maternal income
Low 1.0 1.0 1.0 1.0 1.0
Medium 1.57 (1.14-2.17) 1.60 (0.56-4.56) 2.29 (1.23-4.26) 1.18 (0.56-2.49) 1.38 (0.85-2.24)
High 1.50 (1.09-2.05) 1.51 (0.54-4.27) 1.94 (1.06-3.56) 1.59 (0.76-3.31) 1.27 (0.80-2.04)
Paternal income
Low 1.0 1.0 1.0 1.0 1.0
Medium 1.18 (0.92-1.52) 1.36 (0.54-3.46) 1.14 (0.76-1.71) 1.11 (0.56-2.23) 1.19 (0.81-1.77)
High 1.09 (0.85-1.39) 1.32(0.53-3.32) 1.01 (0.67-1.51) 1.04 (0.52-2.06) 1.14 (0.77-1.67)

#Conditional logistic regression analyses [odds ratio (and 95% confidence interval)] adjusted for maternal or paternal age at child’s birth, respec-
tively (modeled as continuous variable), birthweight, and number of siblings. Accounted for sex, age at diagnosis, and calendar time by design

®Categorized according to the highest attained level [basic (primary and lower secondary education, <9); medium (upper secondary including

vocational upper secondary education, 10—12 years); higher (> 12 years)]

“Refers to the annual individual income after tax, interest, and alimony payments, categorized into low, medium, and high based on the income
quintiles of the entire Danish population by calendar year and sex (1st quintile: low, 2nd and 3rd quintiles: medium, 4th and 5th quintiles: high)

diagnosis as well as diagnosis of slowly growing benign
tumors, which might have otherwise remained undetected
for many years or even throughout life [43]. As slowly
growing benign tumors are primarily pilocytic astrocy-
toma and some other low-grade gliomas, we would expect
to see higher risk with higher education primarily for the
group of astrocytoma and other gliomas, if this mecha-
nism was in action. However, for that diagnostic group
we observed a tendency of an inverse relationship with
maternal education, which speaks against this explanation.

The associations identified for parental education and
maternal income may imply a pathway through individual
SES-related mediators such as environmental exposures,
parental occupational exposures, dietary patterns and life-
style, family reproductive decisions, or pregnancy-related
factors [2, 3, 14]. Ionizing radiation is an established risk
factor for childhood CNS tumors [2] and radon in the resi-
dence accounts for half of the ionizing radiation doze in the
Danish population [44]. We would expect a higher propor-
tion of parents of higher SES to live in one-family houses
in which radon concentrations are much higher than in
apartments of apartment buildings. At the same time, it has
been shown that although radon enters the body via inhala-
tion, a significant amount may reach other organs including

@ Springer

the brain [45]. This biologically plausible explanation is,
however, not supported by a previous study that found no
association between radon and childhood CNS tumors in
Denmark [46]. Also occupational exposure to chemicals
or unhealthy lifestyle (e.g., consumption of cured meat,
low intake of vegetables and fruits, tobacco smoking) are
unlikely to explain our findings as those usually are more
prevalent in lower SES groups. In a register study from Min-
nesota, the social patterning of established demographic
and pregnancy-related risk factors accounted for most of
the socioeconomic differences seen for maternal education
and neighborhood-level SES in relation to the risk of child-
hood CNS tumors [24]. However, in the present study, the
adjustments for family and pregnancy-related factors had no
appreciable effect on the results indicating that they were not
responsible mediators for our results.

We undertook multiple tests and would expect one out
of 20 tests to be statistically significant by chance given the
chosen 5% significance level. The 360 tests of Tables 2, 3,
and 4 provided 24 statistical significant results, which is not
much more than the 18 expected just by chance. However,
it speaks against chance as the only explanation for our find-
ings that 23 of the 24 have ORs above 1.00; we would expect
chance to have created similar numbers of significant ORs
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Table 6 Association® between maternal and paternal highest attained education” and disposable income® at time before diagnosis and risk of
CNS tumors in children diagnosed at ages 0—19 years, accounted for neighborhood socioeconomic status

All CNS tumors Ependymoma Astrocytoma and Embryonal CNS tumors Other specified
other gliomas and unspecified
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Maternal education
Basic 1.0 1.0 1.0 1.0 1.0
Medium 1.04 (0.87-1.25) 1.06 (0.51-2.21) 0.90 (0.67-1.22) 1.61 (0.98-2.63) 1.01 (0.77-1.33)
High 1.22 (1.00-1.48) 1.44 (0.65-3.17) 0.84 (0.60-1.18) 1.99 (1.14-3.48) 1.36 (1.01-1.82)
Paternal education
Basic 1.0 1.0 1.0 1.0 1.0
Medium 1.00 (0.84-1.18) 1.72 (0.83-3.56) 1.04 (0.77-1.39) 0.83 (0.53-1.29) 0.95 (0.73-1.22)
High 1.15 (0.94-1.41) 2.23(0.93-5.34) 1.01 (0.71-1.44) 1.24 (0.74-2.06) 1.15 (0.86-1.54)
Maternal income
Low 1.0 1.0 1.0 1.0 1.0
Medium 1.46 (1.04-2.04) 1.15 (0.38-3.46) 2.11 (1.10-4.03) 1.05 (0.47-2.37) 1.31 (0.789-2.17)
High 1.43 (1.03-1.98) 1.08 (0.36-3.20) 1.79 (0.95-3.38) 1.62 (0.73-3.61) 1.26 (0.77-2.05)
Paternal income
Low 1.0 1.0 1.0 1.0 1.0
Medium 1.16 (0.89-1.50) 2.12 (0.69-6.54) 1.06 (0.69-1.61) 0.99 (0.49-2.01) 1.17 (0.79-1.75)
High 1.08 (0.84-1.40) 2.18 (0.72-6.59) 0.91 (0.60-1.38) 0.92 (0.46-1.86) 1.17 (0.79-1.74)

#Conditional logistic regression analyses [odds ratio (and 95% confidence interval)] adjusted for maternal or paternal age at child’s birth, respec-
tively (modeled as continuous variable), and three measures of neighborhood SES which reflect the proportions of inhabitants aged 30-60 years
with (i) basic as highest attained educational level, (ii) low disposable income, and (iii) manual profession in a given parish. Accounted for sex,

age at diagnosis, and calendar time by design

bCategorized according to the highest attained level [basic (primary and lower secondary education, <9 years); medium (upper secondary
including vocational upper secondary education, 10-12 years); higher (> 12 years)]

“Refers to the annual individual income after tax, interest and alimony payments, categorized into low, medium, and high based on the income
quintiles of the entire Danish population by calendar year and sex (1st quintile: low, 2nd and 3rd quintiles: medium, 4th and 5th quintiles: high)

below and above 1.00. Further, the statistically significant
results are most prevalent for ependymomas and embryonal
CNS tumors, but we would expect a more even distribution
among CNS subtypes if chance was the (only) explanation.

The relationship between SES and childhood cancer
has been most exhaustively studied for leukemia with
inconsistent results across studies [22, 24-26, 41, 47,
48]. Regarding CNS tumors, the literature is much more
limited and the evidence [18—-28] does not provide a con-
sistent picture. Higher SES was mostly associated with
higher risk [18, 21, 23-27], particularly in studies using
individual-level SES indicators [18, 21, 24-26], which
corresponds to our observed risk pattern of higher risks for
individual CNS tumors in association with higher level of
parental education and higher level of maternal income in
Denmark. Only few studies investigated individual tumor
types separately but noteworthy is the positive associa-
tion seen for astrocytoma and other gliomas with mater-
nal education in the US [24, 25] and Spain [18], which
was not evident in our present study. Direct cross-study
comparison is however hampered by considerable differ-
ences in study design and potential for bias, SES measures

used, and specific CNS tumor types analyzed. Moreover,
differences in the health care system including access to
health care and conditions related to SES across societies
may to some extent explain discrepancies across studies.
The study most comparable to ours is based on data from
Norway [26], a Scandinavian country with similar health
care system and population-based register infrastructure.
In line with our observations from Denmark was the ten-
dency of higher risk of ependymomas and embryonal
tumors in association with higher family income, whereas
contrary to the present study, no association for paren-
tal educational level was found [26]. Further research in
populations, which share similar welfare systems, social
structure, and the population-based register infrastruc-
ture would complement our findings and might provide
a better understanding of the underlying pathways of our
observations.

A significant strength of our study is the design, includ-
ing both individual-level and neighborhood-level SES meas-
ures assessed at different points in time and analyzed by
individual CNS tumor types and specific age groups. Given
that different cancer types and subtypes likely have different
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etiology [2], it is crucial to assess also socioeconomic dif-
ferences tumor type specifically. Our study is among the
first to do so. Most previous studies considered childhood
SES either at time of birth or diagnosis and rarely distin-
guished between different SES measures acting at differ-
ent time points or evaluating potential differences between
SES measures [19-23, 25, 27, 28]. We assessed the potential
effect of SES during the separate stages of prenatal devel-
opment and childhood and differences between individual-
level and neighborhood-level SES measures as previously
suggested [42]. By being able to account for demographic
and pregnancy-related risk factors, we demonstrated that our
observed associations with individual SES were not medi-
ated through the social patterning of those factors.

A limitation of our study is the size of our study popula-
tion, albeit unavoidable as it reflects the rarity of childhood
CNS tumors and the childhood population size of Den-
mark. Even when including as many as 1,273 childhood
CNS tumor cases, the smaller sample size for tumor type-
specific analyses resulted often in imprecise effect estimates
and prevented us from assessing more thoroughly the effects
in more defined age groups, parental age, and by calendar
period.

In conclusion, this large nationwide register study with
minimal potential for bias indicated a higher risk of specific
CNS tumors among children of parents with higher educa-
tional level and mothers with higher level of income. Under-
ascertainment of cases among families with low income or
basic education is unlikely to explain these socioeconomic
differences, as Denmark is a country with free access to
high-quality health care irrespective of SES and has one
of the most complete cancer registries worldwide. Future
research addressing explicitly the underlying mechanisms
of socioeconomic differences in the risk of childhood CNS
tumors in different countries may help to enhance etiologic
insights of the disease occurrence.

Acknowledgments Open Access funding provided by Projekt DEAL.
The authors are grateful to Nick Martinussen (Danish Cancer Society
Research Center, Work, Environment and Cancer Research Group) and
Andrea Bautz (Danish Cancer Society Research Center, Childhood
Cancer Research Group) for their technical support with data acquisi-
tion and preparation.

Author contributions FE, MS, and ORN conceived the study and
developed the design. ORN, FE, and UAH contributed to the acqui-
sition and preparation of data. FE and ORN developed the analyses
strategy for the statistical analysis. FE conducted the statistical data
analysis and drafted the manuscript. All authors contributed to the
data interpretation, critically reviewed the manuscript for important
intellectual content, and revised the manuscript. All authors approved
the final manuscript as submitted and agreed to be accountable for all
aspects of the work.

Funding This work was supported by a project grant from the Dan-
ish Childhood Cancer Foundation (Grant number 2017-2018). The

@ Springer

funding sources had no involvement in the content or preparation of
the manuscript.

Data availability The data that support the findings of this
study were accessed remotely on a secure platform at Statis-
tics Denmark. Any access to data requires permission from
Statistics Denmark and the Danish Cancer Society.Code
availability All statistical analyses were performed remotely
by accessing a secure platform at Statistics Denmark and
using STATA, version 14.2.

Compliance with ethical standards

Conflict of interest The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Ethical approval No ethics approval and consent was required for this
study. This research was carried out in accordance with The Code of
Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Steliarova-Foucher E, Colombet M, Ries L et al (2017) Interna-
tional incidence of childhood cancer, vol. III (electronic version).
International Agency for Research on Cancer, Lyon

2. Erdmann F, Ghantous A, Schiiz J (2019) Environmental agents
and childhood cancer. In: Nriagu J (ed) Encyclopedia of environ-
mental health, 2nd edn. Elsevier Science & Technology, Burling-
ton, pp 336-347

3. Spector LG, Pankratz N, Marcotte EL (2015) Genetic and non-
genetic risk factors for childhood cancer. Pediatr Clin N Am
62:11-25

4. Infante-Rivard C, El-Zein M (2007) Parental alcohol consumption
and childhood cancers: a review. ] Toxicol Environ Health B Crit
Rev 10:101-129

5. Chiavarini M, Naldini G, Fabiani R (2018) Maternal folate intake
and risk of childhood brain and spinal cord tumors: a systematic
review and meta-analysis. Neuroepidemiology 51:82-95

6. Pogoda JM, Preston-Martin S, Howe G et al (2009) An interna-
tional case-control study of maternal diet during pregnancy and


http://creativecommons.org/licenses/by/4.0/

Cancer Causes & Control (2020) 31:915-929

929

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

childhood brain tumor risk: a histology-specific analysis by food
group. Ann Epidemiol 19:148-160

Spycher BD, Lupatsch JE, Huss A et al (2017) Parental occupa-
tional exposure to benzene and the risk of childhood cancer: a
census-based cohort study. Environ Int 108:84-91

Peters S, Glass DC, Greenop KR et al (2014) Childhood brain
tumours: associations with parental occupational exposure to sol-
vents. BrJ Cancer 111:998-1003

Raaschou-Nielsen O, Hvidtfeldt UA, Roswall N, Hertel O,
Poulsen AH, Sorensen M (2018) Ambient benzene at the resi-
dence and risk for subtypes of childhood leukemia, lymphoma
and CNS tumor. J Int Cancer 143:1367-1373

Lavigne E, Belair MA, Do MT et al (2017) Maternal exposure to
ambient air pollution and risk of early childhood cancers: a popu-
lation-based study in Ontario, Canada. Environ Int 100:139-147
von Ehrenstein OS, Heck JE, Park AS, Cockburn M, Escobedo L,
Ritz B (2016) In utero and early-life exposure to ambient air toxics
and childhood brain tumors: a population-based case-control study
in California, USA. Environ Health Perspect 124:1093-1099
Greenop KR, Peters S, Bailey HD et al (2013) Exposure to pes-
ticides and the risk of childhood brain tumors. Cancer Causes
Control 24:1269-1278

. Zumel-Marne A, Castano-Vinyals G, Kundi M, Alguacil J, Cardis

E (2019) Environmental factors and the risk of brain tumours in
young people: a systematic review. Neuroepidemiology 53:121
Schmidt LS, Schuz J, Lahteenmaki P et al (2010) Fetal growth,
preterm birth, neonatal stress and risk for CNS tumors in children:
a Nordic population- and register-based case-control study. Cancer
Epidemiol Biomark Prev 19:1042-1052

Pearce MS, Salotti JA, Little MP et al (2012) Radiation exposure
from CT scans in childhood and subsequent risk of leukaemia and
brain tumours: a retrospective cohort study. The Lancet 380:499-505
Schiiz J, Kaatsch P, Kaletsch U, Meinert R, Michaelis J (1999)
Association of childhood cancer with factors related to pregnancy
and birth. Int J Epidemiol 28:631-639

Krieger N, Williams DR, Moss NE (1997) Measuring social class
in US public health research: concepts, methodologies, and guide-
lines. Annu Rev Public Health 18:341-378

Ramis R, Tamayo-Uria I, Gomez-Barroso D et al (2017) Risk fac-
tors for central nervous system tumors in children: new findings
from a case-control study. PLoS ONE 12:e0171881

Marquant F, Goujon S, Faure L et al (2016) Risk of childhood
cancer and socio-economic disparities: results of the French
Nationwide Study Geocap 2002-2010. Paediatr Perinat Epidemiol
30:612-622

McNally RJ, Alston RD, Eden TO, Kelsey AM, Birch JM (2004)
Further clues concerning the aetiology of childhood central nerv-
ous system tumours. Eur J Cancer 40:2766-2772

Keegan TJ, Bunch KJ, Vincent TJ et al (2013) Case-control study
of paternal occupation and social class with risk of childhood
central nervous system tumours in Great Britain, 1962-2006. Br
J Cancer 108:1907-1914

Youlden DR, Baade PD, Valery PC et al (2012) Area-based dif-
ferentials in childhood cancer incidence in Australia, 1996-2006.
Pediatr Blood Cancer 58:390-394

Pan 1J, Daniels JL, Zhu K (2010) Poverty and childhood can-
cer incidence in the United States. Cancer Causes Control
21:1139-1145

Kehm RD, Spector LG, Poynter JN, Vock DM, Osypuk TL (2018)
Socioeconomic status and childhood cancer incidence: a popula-
tion-based multilevel analysis. Am J Epidemiol 187:982-991
Carozza SE, Puumala SE, Chow EJ et al (2010) Parental educa-
tional attainment as an indicator of socioeconomic status and risk
of childhood cancers. Br J Cancer 103:136-142

Del Risco KR, Blaasaas KG, Claussen B (2015) Poverty and
the risk of leukemia and cancer in the central nervous system in

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

children: a cohort study in a high-income country. Scand J Public
Health 43:736-743

McKinney P, Ironside J, Harkness E, Arango J, Doyle D, Black R
(1994) Registration quality and descriptive epidemiology of child-
hood brain tumours in Scotland 1975-90. Br J Cancer 70:973-979
Mezei G, Borugian MJ, Spinelli JJ, Wilkins R, Abanto Z, McBride
ML (2006) Socioeconomic status and childhood solid tumor and
lymphoma incidence in Canada. Am J Epidemiol 164:170-175
Pedersen CB (2011) The Danish Civil Registration System. Scand
J Public Health 39:22-25

Gjerstorff ML (2011) The Danish Cancer Registry. Scand J Public
Health 39:42-45

Thygesen LC, Daasnes C, Thaulow I, Bronnum-Hansen H (2011)
Introduction to Danish (nationwide) registers on health and social
issues: Structure, access, legislation, and archiving. Scand J Public
Health 39:12-16

Storm HH, Michelsen EV, Clemmensen IH, Pihl J (1997) The
Danish Cancer Registry-history, content, quality and use. Dan
Med Bull 44:535-539

Birch JM, Mardsen HB (1987) Classification scheme for child-
hood cancer. Int J Cancer 40:620-624

Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P (2005) Inter-
national classification of childhood cancer, third edition. Cancer
103:1457-1467

Galobardes B, Shaw M, Lawlor DA, Lynch JW, Davey SG (2006)
Indicators of socioeconomic position (part 1). J Epidemiol Com-
munity Health 60:7-12

Jensen VM, Rasmussen AW (2011) Danish Education Registers.
Scand J Public Health 39:91-94

Baadsgaard M, Quitzau J (2011) Danish registers on personal
income and transfer payments. Scand J Public Health 39:103-105
Bliddal M, Broe A, Pottegard A, Olsen J, Langhoff-Roos J (2018)
The Danish Medical Birth Register. Eur J Epidemiol 33:27-36
StataCorp (2015) Stata statistical software: release 14. StataCorp
LP, College Station, TX

Kachmar AG, Connolly CA, Wolf S, Curley MAQ (2019) Socio-
economic status in pediatric health research: a scoping review. J
Pediatr 213:163-170

Adam M, Rebholz CE, Egger M, Zwahlen M, Kuehni CE (2008)
Childhood leukaemia and socioeconomic status: what is the evi-
dence? Radiat Prot Dosimetry 132:246-254

Raaschou-Nielsen O, Obel J, Dalton S, TjOnneland A, Hansen J
(2004) Socioeconomic status and risk of childhood leukaemia in
Denmark. Scand J Public Health 32:279-286
Raaschou-Nielsen O, Sorensen M, Carstensen H et al (2006)
Increasing incidence of childhood tumours of the central nervous
system in Denmark, 1980-1996. Br J Cancer 95:416—422
Danish Health Authority (2019) Ionising radiation. Exposure
pathways in Denmark

Kendall GM, Smith T (2005) Doses from radon and its decay
products to children. J Radiol Prot 25:241-256

Raaschou Nielsen O, Andersen CE, Andersen HP et al (2008)
Domestic radon and childhood cancer in Denmark. Epidemiology
19:536-543

Kroll ME, Stiller CA, Murphy MF, Carpenter LM (2011) Child-
hood leukaemia and socioeconomic status in England and Wales
1976-2005: evidence of higher incidence in relatively affluent
communities persists over time. Br J Cancer 105:1783-1787
Adam M, Kuehni CE, Spoerri A et al (2015) Socioeconomic status
and childhood leukemia incidence in Switzerland. Front Oncol
5:139

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Socioeconomic differences in the risk of childhood central nervous system tumors in Denmark: a nationwide register-based case–control study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study population
	Classification of CNS tumors
	Measures of SES
	Demographic and pregnancy-related characteristics
	Statistical analysis

	Results
	Individual SES measures
	Maternal and paternal education
	Maternal and paternal disposable income

	Neighborhood SES measures
	Independence of associations and additional analyses

	Discussion
	Acknowledgments 
	References




