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Abstract

Purpose Childhood brain tumors (CBT) are the second

most common type of childhood cancer and the leading

cause of childhood cancer mortality. Few causes of CBT

are known, but parental, fetal, and early life exposures are

likely to be important given the early age at diagnosis of

many cases. We aimed to investigate whether parents’

diagnostic radiological procedures before conception, in

the mother during pregnancy or the child’s procedures

were associated with an increased risk of CBT.

Methods This population-based case–control study was

conducted between 2005 and 2010. Cases were identified

through all ten Australian pediatric oncology centers, and

controls via nationwide random-digit dialing; frequency-

matched to cases on age, sex and state of residence.

Information on radiological exposures in the time periods

of interest was obtained for 306 case and 950 control

families through mailed questionnaires. Analysis used

unconditional logistic regression, adjusting for matching

variables and potential confounders.

Results We found no evidence of positive associations

between risk of CBT overall and childhood or parental pre-

pregnancy radiological procedures. Increased ORs for high-

grade gliomas associated with childhood radiological proce-

dures were based on small numbers and may be due to chance.

Conclusions Given the evidence for an increased risk of

CBT in cohort studies of computed tomography (CT) in

childhood, the lack of such an association in our study may

be due to the reduced intensity of CTs after 2001. Future
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research to investigate the safety of fetal exposure to more

intense procedures like CT scans is needed.

Keywords X-rays � Child � Central nervous system �
Neoplasms � Medical imaging � Case–control study � CT

scans

Introduction

Childhood brain tumors (CBT) are the second most com-

mon type of childhood cancer after acute leukemia and are

associated with a high rate of morbidity and mortality. The

known causes of CBT are limited to exposure to ionising

radiation in childhood and a few specific genetic syn-

dromes which account for less than 5 % of cases [1]. Many

cases of CBT occur in early childhood, indicating that

some predisposing or initiating events may occur before

conception, during fetal life or in infancy.

The International Agency for Research on Cancer has

stated that there is sufficient evidence for the carcinogenicity

of X-radiation in humans, including ‘substantial evidence

that suggests a causal association between exposure to

diagnostic radiation in utero and childhood cancers’ (p168)

[2]. Ionising radiation has been shown to increase the risk of

brain tumors among children treated for tinea capitis or

hemangioma [3]. Children and fetuses may be more sus-

ceptible to the DNA-damaging effects of radiation than

adults, because of the high rate of cellular proliferation [4].

Two recent cohort studies of exposure to computerised

tomography (CT) in childhood and/or early adulthood

reported positive associations for brain tumor risk, after

follow-up of up to 23 years [5, 6]. In both studies, the

increased risks were highest after CTs of the brain and, in

the Australian study, for CTs done at younger ages and

closer to the time of diagnosis (after excluding a ‘lag

period’) [6]. Another smaller cohort study with maximum

follow-up to age 15 reported an OR of 0.52 (95 % CI 0.25,

0.95) for any radiological procedure in childhood; only

3.7 % of procedures were CT scans [7].

Among case–control studies of childhood radiological

exposure and CBT, three reported little evidence of asso-

ciations [8–10], while four others reported at least weak

evidence of positive associations, with ORs of 1.5 (95 %

CI 0.8, 3.0) [11], 1.5 (95 % CI 0.7, 3.3) [12], 2.2 (95 % CI

0.6, 8.8) [13], and 2.3 (95 % CI 0.91, 5.7) for primitive

neuroectodermal tumors (PNETs) after cranial X-rays for

reasons other than head injury [14].

As described in two recent reviews [15, 16], most

studies of maternal radiological procedures during preg-

nancy and risk of CBT have reported null results, consis-

tent with studies published since these reviews [7, 10].

Only one study of gestational procedures reported an

increased risk, and this was observed for PNET only [17].

The only previous study we identified of parental precon-

ception radiological exposures reported no increased risk

for procedures carried out on either parent [11].

The Australian Study of Childhood Brain Tumors (Aus-

CBT) was a nationwide case–control study designed to

investigate environmental and genetic risk factors for CBT.

The aim of the current analysis was to determine whether

diagnostic radiological procedures in the parents or the child

were associated with an increased risk. We specifically aimed

to investigate whether any such association varied by period of

exposure and procedure type (and by inference, dose).

To our knowledge, this is the first epidemiological study

to investigate the risk of CBT in relation to parental pre-

conception, fetal, and postnatal exposure to specific types

of radiological procedures.

Methods

Details of the design and recruitment methods for Aus-

CBT have been described previously [18]. Briefly, incident

cases of CBT diagnosed between 2005 and 2010 were

identified through all 10 pediatric oncology centers in

Australia. Where deemed appropriate, the treating clinician

invited the parents to participate in the study as soon as

possible after diagnosis. Controls were recruited by

national random-digit dialing (RDD) and frequency-mat-

ched to cases by age (within 1 year), sex, and state of

residence in a ratio of 3:1. Controls recruited in 2007–2010

were frequency-matched to incident CBT cases, while

those recruited in 2005 and 2006 had been frequency-

matched to cases in our concurrent study of childhood

acute lymphoblastic leukemia (Aus-ALL; 2003–2007); the

studies used identical RDD recruitment methods [19].

Cases and controls were eligible for inclusion if they

resided in Australia and had a biological parent who could

complete questionnaires in English. Both studies were

approved by the Human Research Ethics Committees at all

participating hospitals.

As soon as consent was received, parents were mailed

questionnaires requesting detailed information about

demographics and relevant exposures, including radiolog-

ical procedures. Mothers were asked whether the child had

undergone any ‘X-rays’ before their diagnosis (for cases)

and since birth (for controls). Requested details included

the body part/s examined: ‘Head (including dental),’

‘Chest,’ ‘Abdomen (including stomach/hips),’ ‘Arm(s),’

‘Legs(s),’ ‘Whole body’; and procedure type: ‘Plain

X-ray,’ ‘CAT scan (CT scan),’ ‘IVP (kidney)’ (intravenous

pyelogram), ‘Barium study,’ ‘other.’ The child’s age at the

time of the procedure was requested in years and months.

The reason for the procedure was not ascertained.

376 Cancer Causes Control (2014) 25:375–383

123



Table 1 Distribution of demographic and birth characteristics

Variable Category Case

n

Case

%

Control

n

Control

%

n missing

(cases/

controls)

Any written questionnaire

returned

306 950

Mother questionnaire returned

(maternal and filial exposures)

302 941

Father questionnaire returned

(paternal exposures)

247 801

Child gender Female 123 40.2 450 47.4

Male 183 59.8 500 52.6

Child age group 0–1 30 9.8 110 11.6

2–4 85 27.8 304 32.0

5–9 92 30.1 294 30.9

10–14 99 32.4 242 25.5

Child state residencea NSW/ACT 103 33.7 286 30.1

Vic/Tas 86 28.1 251 26.4

SA/NT 19 6.2 78 8.2

WA 42 13.7 114 12.0

Qld 56 18.3 221 23.3

Child’s birth year 1990–1998 86 28.1 229 24.1

1998–2003 127 41.5 472 49.7

2004–2010 93 30.4 249 26.2

Year of diagnosis/recruitment 2005–2006 109 35.6 418 44.0

2007–2008 101 33.0 271 28.5

2009–2010 96 31.4 261 27.5

Maternal age group \25 47 15.4 87 9.2 1/1

25–34 188 61.6 598 63.0

35? 70 23.0 264 27.8

Paternal age group \25 16 6.0 26 3.2 36/146

25–34 154 57.0 436 54.2

35? 100 37.0 342 42.5

Ethnic groupb European 186 60.8 682 71.8

At least 50 % European 76 24.8 176 18.5

At least 50 % non-European 12 3.9 30 3.2

Indeterminate 32 10.5 62 6.5

Best parental education Did not complete secondary school 43 14.1 92 9.7

Completed secondary

school and/or trade qualification

101 33.0 303 31.9

University/College 162 52.9 555 58.4

Household income Up to $40,000 50 16.4 129 13.3 2/3

$40,001–$70,000 80 26.3 265 28.0

$70,001–$100,000 80 26.3 251 26.5

[$100,000 94 31.0 302 31.9

Area-based SESc Quartile 1 62 20.5 150 16.0 4/11

Quartile 2 68 22.5 213 22.7

Quartile 3 79 26.2 298 31.7

Quartile 4 93 30.8 278 29.6

Birth order 1 139 45.6 400 42.1 1/1

2 100 32.8 331 34.9

3? 66 21.6 216 23.0
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Both parents were asked whether they had undergone any

radiological procedures before the child was born, and the

body parts involved: ‘Pelvis,’ ‘Hips,’ ‘Lower back,’

‘Abdomen (including stomach),’ ‘Kidneys’; the scan type

(options as above), and the age in years when the procedure

took place. The body areas chosen were designed to obtain

information about procedures that could potentially affect

the reproductive organs in the parents, or the fetus in utero.

The information provided also enabled exclusion of non-

radiological procedures (e.g., MRI, ultrasound) from the

analyses.

As previously described, we also had an area-of-resi-

dence-based measure of socioeconomic status (SES) for

each family who agreed to take part in the study, the Index

of relative socioeconomic disadvantage [18].

Exposure metrics

Radiological procedures undertaken on the mother or

father at any time before the index pregnancy were iden-

tified from the questionnaire data. Maternal procedures

during the pregnancy and paternal procedures during the

2 years leading up to the conception of the index child

were also identified; paternal procedures after the

conception date were excluded. Child exposures were

limited to procedures that occurred more than 6 months

before the censoring date (the age at diagnosis for cases

and the age at questionnaire return for controls), in an

attempt to exclude procedures that may have been related

to early symptoms of CBT. Sensitivity analyses using

12-month and 5-year lag periods were also performed.

Statistical procedures

Odds ratios and 95 % CIs were estimated using uncondi-

tional logistic regression in PASW Statistics for Windows

version 18.0 (SPSS Inc., Chicago, 2009). The matching

variables (child’s age, sex, and state of residence) were

included in all analytical models. The following variables

were investigated as potential confounders as they have

been previously reported, by us or others, to be associated

with CBT risk, participation, or the exposures under

investigation: child’s birth year, diagnosis/recruitment

year, child’s ethnicity, parental age, parental alcohol use,

parental smoking, maternal pre-pregnancy folate supple-

mentation, parental education, household income, and area-

based SES. Variables assessed by visual comparison of

distributions as associated both with case–control status

Table 1 continued

Variable Category Case

n

Case

%

Control

n

Control

%

n missing

(cases/

controls)

Maternal folic acid supplementation

1 month before pregnancy

No 211 70.1 578 61.1 5/4

Yes 90 29.9 368 38.9

Maternal alcohol use 12 months before pregnancy No 93 30.8 227 24.1 4/9

Yes 209 69.2 714 75.9

Maternal alcohol use during pregnancy No 211 69.9 579 61.5 4/9

Yes 91 31.1 362 38.5

Paternal spirits consumption 12 months before pregnancy No 144 58.3 536 66.5 59/149

Yes 103 41.7 265 33.1

Prematurity Term 37 ? weeks 272 89.2 869 92.0 1/5

Preterm \37 weeks 33 10.8 76 8.0

Multiple birth No 295 96.7 914 96.3 1/1

Yes 10 3.3 35 3.7

Birth defect No 289 95.4 903 96.0 3/9

Yes 14 4.6 38 4.0

a NSW New South Wales, ACT Australian Capital Territory, Vic Victoria, Tas Tasmania, SA South Australia, NT Northern Territory, WA

Western Australia, Qld Queensland
b Based on parent self-report; European: at least 3 European grandparents; 50 % European: 2 European grandparents; at least 50 % non-

European: 2 non-European grandparents and ethnicity of two other grandparents unknown; indeterminate: no 2 grandparents of same ethnicity

(i.e., European or non-European) and 2? grandparents of unknown ethnicity
c SES Area-of-residence-based socioeconomic status (Q4 = highest SES, cut-points based on population data)
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and with exposure among controls were included in the

models (erring on the side of inclusion). Different covari-

ates were included in the models of the child’s and parents’

radiological exposures, as different variables met the cri-

teria for confounding in each. The covariates included in

final statistical models are listed in the footnotes of

Tables 2 and 3. Linear trends were tested for with a Wald

test for ordinal categorical variables entered into models

with 1 degree of freedom.

Results

Full recruitment details and participation rates have been

published previously [18]. Briefly, 730 eligible CBT cases

diagnosed between 2005 and 2010 were identified, 568 of

whom were invited to participate by their treating physician;

the physician opted not to invite the remaining 162 cases for

medical or psychosocial reasons. Parents of 374 cases con-

sented to participate (65.8 % of invited, 51.2 % of eligible).

The age and sex distributions among invited and uninvited

cases were similar: mean age 6.9 versus 6.1 (respectively),

and 58.3 versus 55.6 % were boys (respectively). Similarly,

the age and sex distributions among cases who consented and

those who did not were: mean age 6.8 versus 7.2 (respec-

tively), and 58.6 versus 57.7 % were boys (respectively).

In the same time period, 3,624 eligible control children

were identified by RDD, of whom 2,255 (62.2 %) agreed to

participate; in accordance with our frequency-matching

quotas, 1,467 children were recruited. For ethical reasons,

no information was available about potential controls that

declined to participate.

Information on radiological procedures was provided via

questionnaire by 302 case mothers (81 % of those recruited),

247 case fathers (66 % of recruited), 941 control mothers

(61 % of recruited), and 801 control fathers (55 % of recrui-

ted). The distributions of child’s age and sex were similar

among questionnaire completers and non-completers. Among

both cases and controls, however, completers had higher area-

based SES scores than non-completers (p \ 0.01) and, in

cases but not controls, completers were born 2 years earlier,

on average, than non-completers (p \ 0.01).

The demographic characteristics of families who had

returned any written questionnaire are shown in Table 1.

Because controls for cases diagnosed in 2005 and 2006 had

been matched to cases from our study of ALL, there were

proportionally more female controls and fewer controls

aged over 10 years, compared with case children. Controls

were more likely than cases to be recruited in 2005–2006,

have older and more highly educated parents, and be of

European ethnicity.

The OR for having any diagnostic radiological proce-

dures during childhood was 0.66 (95 % CI 0.48, 0.90), with

an apparent inverse trend (p for trend = 0.009) (Table 2).

The ORs for X-ray examinations, including those to the

head or the chest, were below the null. The ORs for CT

scans were also below the null, although they tended to be

higher than those for X-rays and were less precise as a

result of relatively small numbers. When the lag period

between the last exposure and the censoring date was

increased from 6 to 12 months and 5 years, ORs for any

radiological procedure during childhood changed little:

0.59 (95 % CI 0.43, 0.83) and 0.61 (95 % CI 0.39, 0.97),

respectively. Our findings did not vary by age at exposure

(data not shown). There was little evidence of any inter-

action between parental or filial radiological procedures

and age at diagnosis/recruitment (data not shown). The

results for childhood exposures were fairly consistent

across CBT subtypes, although the OR for any childhood

radiological exposure and high-grade glioma was 1.71

(95 % CI 0.68, 4.30; Table 4). No case children and only

14 control children had a barium study, and only 3 cases

and 14 controls had an IVP (data not shown).

Table 2 Childhood exposure to diagnostic radiological procedures

and the risk of CBT

Exposure n cases/controls

281/898

ORa, b 95 % CI

No diagnostic

radiological

procedure

179/523 1.00 Referent

Any diagnostic

radiological

procedure

102/375 0.66 0.48, 0.90

No. of procedures

1 67/235 0.70 0.50, 0.99

[1 35/140 0.59 0.38, 0.93

p for trend 0.009

Type of radiological

procedure

Any plain X-ray 97/349 0.68 0.49, 0.93

Any CT scan 13/35 0.78 0.38, 1.59

Site of body and

type of procedure

Any procedure

to head (inc. dental)

37/118 0.68 0.42, 1.08

Plain head X-ray 27/93 0.61 0.36, 1.03

CT scan to head 12/31 0.83 0.40, 1.75

Any plain chest X-ray 27/112 0.67 0.42, 1.08

Any whole body X-ray 3/7 1.03 0.25, 4.25

CBT childhood brain tumors, OR Odds ratio, CI confidence interval,

CT computed tomography
a Adjusted for matching variables, maternal age group, child’s birth

year, maternal alcohol consumption during pregnancy, maternal folic

acid use before pregnancy
b Radiological procedure within 6 months of the census date were

excluded from the analysis
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There was essentially no evidence of any increased risk

of CBT associated with maternal or paternal exposure to

radiological procedures at any time before the index

pregnancy; in fact, the ORs for maternal pre-pregnancy

exposures were all below the null, with an apparent inverse

trend (Table 3). The ORs for paternal exposure were all

close to the null: 0.89 (95 % CI 0.64, 1.24) for any time

prior to conception (Table 3) and 1.15 (95 % CI 0.60, 2.21)

for procedures in the 2 years before the child’s conception

(results not tabulated).

The effect estimates for childhood and parental radio-

logical procedures in the CBT subtype analyses generally

lacked precision (Table 4).

The overall OR for fetal in utero exposure (based on

eight exposed cases and 14 exposed controls) was 1.71

(95 % CI 0.69, 4.23) (results not tabulated). There were too

few procedures carried out during pregnancy to investigate

fetal exposure further.

Discussion

We found no evidence of positive associations between

risk of CBT overall and diagnostic radiological procedures

during childhood or in either parent in the period leading

up to the child’s conception. Weak evidence of an

increased risk was seen only for maternal procedures dur-

ing pregnancy, and for childhood procedures and risk of

high-grade gliomas, but these results were based on small

numbers and may be due to chance.

Unexpectedly, most of our results for childhood and

maternal pre-pregnancy radiological procedures were sug-

gestive of inverse associations with risk, and decreasing

trends were observed for all procedures combined. An

inverse association was also seen for childhood exposure in

a small German cohort study that included 10 CBT cases

[7]. However, two large cohort studies have found child-

hood CT scans are associated with increased brain tumor

risk in childhood and early adulthood [5, 6], and previous

case–control studies of CBT have generally reported null

or positive results [8–14]; therefore, we believe our results

are unlikely to reflect true protective effects.

That we did not see increased risks associated with

childhood CTs like those reported in two recent cohort

studies [5, 6] might be explained by the different calendar

periods during which the majority of scans were done. As

in the UK, CT scan doses reduced considerably in Australia

from 2001 because of the more frequent use of age-specific

dose settings [6]. For example, the current UK dose esti-

mate for a CT brain scan on a 5-year-old child is

Table 3 Parental exposure to diagnostic radiological procedures at any time before the index pregnancy and the risk of CBT

Maternal Paternal

n cases/controls

(293/929)

ORa 95 % CI n cases/controls

(243/789)

ORb 95 % CI

No diagnostic radiological procedurec 228/642 1.00 Referent 178/548 1.00 Referent

Any diagnostic radiological procedure 65/287 0.69 0.50, 0.94 65/241 0.89 0.64, 1.24

No. of procedures

1 44/178 0.72 0.49, 1.04 49/165 0.95 0.66, 1.39

[1 21/109 0.64 0.39, 1.05 16/76 0.74 0.41, 1.32

p trend 0.02 0.35

Type of radiological procedure

Any plain X-ray 54/231 0.72 0.51, 1.01 52/209 0.81 0.57, 1.17

Any CT scan 8/47 0.51 0.24, 1.12 11/29 1.27 0.60, 2.70

Any barium study 6/42 0.48 0.20, 1.16 8/29 0.99 0.43, 2.27

Any IVP 9/30 0.82 0.38, 1.79 3/10 1.00 0.27, 3.76

Site of body

Any abdominal X-ray 23/94 0.76 0.47, 1.24 19/82 0.78 0.46, 1.35

Any X-ray or CT of lower back, pelvis or hips 41/200 0.62 0.43, 0.91 49/180 0.91 0.62, 1.32

Any kidney X-rays 13/40 0.95 0.49, 1.84 4/19 0.62 0.20, 1.89

a Adjusted for matching variables, maternal age, child’s ethnicity, year of diagnosis, maternal alcohol consumption 12 months before pregnancy,

maternal folic acid use 1 month before pregnancy
b Adjusted for matching variables, paternal age, child’s ethnicity, child’s birth year, paternal alcoholic spirit consumption 12 months before

pregnancy, area-based SES quartiles
c Reference group for all maternal analyses was no radiological procedures at any time before or during the pregnancy, for paternal analysis no

radiological procedures at any time before the pregnancy
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28 mGy—approximately one-half to one-third of the dose

used before 2001 [5]. In our study, more than two-thirds of

the CTs for children were done from 2001 onwards, while

approximately two-thirds of CTs in the Australian cohort

study [6], and almost all CTs from the UK study [5] were

done before 2001. Thus, lower post-2001 dose levels may

explain, at least in part, the lack of evidence of an increased

risk in our study. In addition, the two cohort studies

included tumors that developed in early adulthood.

The fact that most previous studies of radiological

procedures during childhood have reported null or positive

associations with CBT suggests the inverse associations we

observed between use of radiological procedures and CBT

may be due to bias or uncontrolled confounding. However,

we have not identified any obvious candidate biases or

confounders. Both cases and controls in our study had

higher area-based SES scores than the average for Aus-

tralia [18], but scores among participating controls were

similar to those for cases. Further, although SES was

related to study participation, it was not associated with

radiological procedures for the child or the mother, and

only marginally associated with area-based SES for the

father. In addition, all analyses were adjusted for factors

meeting the criteria for confounding. It is therefore unli-

kely that selection bias or confounding had a major impact

on our results. If case parents had recalled exposures more

fully than control parents, the ORs would tend to be

inflated rather than reduced; therefore, it is unlikely that

our findings are attributable to recall bias. Similarly, the

use of a 6-month lag period would not necessarily exclude

confounding by indication. However, such an influence

would lead to inflated rather than reduced ORs, and

extending the lag period to 12 months and then 5 years did

not change the observed associations; thus, confounding by

indication is unlikely to explain our findings. Apart from

chance, notwithstanding the low p value, alternative

explanations for these findings are difficult to identify.

Few mothers (8 cases and 14 controls) in our study

underwent radiological procedures during pregnancy, so

the effect estimate was imprecise: OR 1.71 (95 % CI 0.69,

4.23). A Swedish study [17] reported an increased OR only

for PNET: 1.88 (95 % CI 0.92–3.83). The great majority of

recent studies have reported null results [15]. Thus, this

increased OR may be due to recall bias if case mothers had

better recall than control mothers when considering the

causes of their child’s disease. Recall bias is unlikely in the

Swedish study; however, as data were extracted from

medical records, but the estimates were based on only 16

exposed cases. In older studies where positive associations

were seen for gestational procedures [20, 21], more than

10 % of mothers were exposed, and radiological doses

were higher than those currently used.

Consistent with our results for radiological procedures in

the parents prior to the child’s conception, Shu et al. [11]

found no association for paternal procedures, but some evi-

dence of an inverse association for maternal procedures: OR

0.6 (95 % CI 0.3, 1.2) among mothers who had two or more

X-rays in the 2 years before conception. Bunin et al. [8]

Table 4 Childhood and parental diagnostic radiological procedure by CBT subtype

Any

procedure?

Childhood (at least 6 months before diagnosis) Mother pre-pregnancy Father pre-pregnancy

n cases/

controls

ORa 95 % CI n cases/

controls

ORb 95 % CI n cases/

controls

ORc 95 % CI

Low-grade gliomas No 78/523 1.00 Referent 109/642 1.00 Referent 87/548 1.00 Referent

Yes 53/375 0.82 0.54, 1.26 30/287 0.65 0.42, 1.00 32/241 0.90 0.57, 1.41

High-grade gliomas No 12/523 1.00 Referent 21/642 1.00 Referent 16/548 1.00 Referent

Yes 13/375 1.71 0.68, 4.30 5/287 0.63 0.23, 1.74 6/241 1.12 0.40, 3.08

Embryonal tumorsd No 49/523 1.00 Referent 51/642 1.00 Referent 41/548 1.00 Referent

Yes 18/375 0.39 0.21, 0.72 17/287 0.83 0.47, 1.50 14/241 0.83 0.43, 1.58

Germ cell tumors No 11/523 1.00 Referent 16/642 1.00 Referent 9/548 1.00 Referent

Yes 9/375 0.38 0.14, 1.04 4/287 0.72 0.21, 2.43 2/241 0.45 0.08, 2.47

Ependymomas No 14/523 1.00 Referent 17/642 1.00 Referent 13/548 1.00 Referent

Yes 6/375 0.81 0.28, 2.35 5/287 0.65 0.23, 1.83 7/241 1.41 0.52, 3.80

CBT childhood brain tumors, OR odds ratio, CI confidence Interval
a ORs adjusted for matching variables, ethnicity, child’s birth year, maternal age, maternal folic acid use 1 month before pregnancy, maternal

alcohol consumption during pregnancy
b ORs adjusted for matching variables, ethnicity, year of diagnosis/recruitment group, maternal age, maternal folic acid use 1 month before

pregnancy, maternal alcohol consumption 12 months before pregnancy
c ORs adjusted for matching variables, ethnicity, child’s birth year, paternal age, paternal alcoholic spirit consumption 12 months before the

pregnancy, area-based SES quartiles
d Embryonal tumors comprises: medulloblastomas, primitive neuroectodermal tumors, atypical teratoid rhabdoid tumors
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reported reduced ORs for paternal CT and risk of astrocy-

toma and PNET. These findings are imprecise and may be

due to chance; alternative explanations are not clear.

Our study is only the second to investigate a variety of

radiological procedures in fathers as well as mothers and

children. We were also able to conduct preliminary anal-

yses by procedure type, body area scanned, and CBT

subtype, although the power for these sub-analyses was

limited, particularly for in utero exposure because of the

relative infrequency with which radiological procedures

are carried out during pregnancy [22].

Like all case–control studies involving self-report, our

findings are subject to recall error. However, our question-

naires were designed to aid accurate recall, with explicit

prompts regarding the procedure type, body part, and tim-

ing; thus, we were able to reduce misclassification by

excluding non-radiological procedures (e.g., ultrasounds/

MRIs), those potentially related to the child’s CBT diag-

nosis, and paternal procedures occurring after the child’s

conception.

In conclusion, we found no evidence that diagnostic

radiological procedures during childhood—including CTs—

increase the risk of CBT, with the possible exception of high-

grade gliomas. This may be due to the relatively lower

exposures from CTs done since 2001 or to currently unex-

plained bias in our results. Similarly, although there is little

evidence of an increased risk of CBT with fetal in utero

exposure to radiological procedures at current doses, more

research is needed to establish the safety of more intense

procedures like CT scans.
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