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Abstract
Background: Previous studies have evaluated the effect of
medical diagnostic radiation on brain tumors. Recent cohort
studies have reported an increased risk associated with exposure
to head CT scans.
Methods: Information regarding medical conditions,
including prenatal and postnatal exposure to medical diagnostic radiation, was obtained from CEFALO, a multicenter
case–control study performed in Denmark, Norway, Sweden,
and Switzerland through face-to-face interview. Eligible cases
of childhood and adolescent brain tumors (CABT) were ages 7
to 19 years, diagnosed between January 1, 2004 and August 31,
2008, and living in the participating countries (n ¼ 352). The
cases were matched by age, sex, and region to 646 populationbased controls.

Results: Prenatal exposure to medical diagnostic radiation and
postnatal exposure to X-rays were not associated with CABTs. A
higher risk estimate of CABTs, although not statistically signiﬁcant, was found for exposure to head CT scan (OR, 1.86; 95%
conﬁdence interval, 0.82–4.22). The associations with head injury, febrile seizure, fever in the ﬁrst 12 weeks, and general anesthesia were close to unity.
Conclusions: Prenatal or postnatal medical conditions, including medical diagnostic radiation, were not associated with CABTs.
On the basis of small numbers of exposed children, we observed a
nonsigniﬁcant increased risk for CT scans of the head.
Impact: We have presented additional evidence, suggesting that
exposure to head CT scan may be associated with the occurrence
of CABTs. Cancer Epidemiol Biomarkers Prev; 26(1); 110–5. 2016 AACR.

Introduction

Note: G. Tettamanti and X. Shu share joint ﬁrst authorship for this article.

Despite extensive epidemiological research, little is known about
the etiology of CBTs: only some rare genetic syndromes and highdose ionizing radiation to the head and neck were consistently
reported to be associated with an increased risk of CBTs (3–5).
Previous studies have evaluated the effect of medical diagnostic
radiation, which is regarded as moderate- and low-dose radiation,
on the risk of brain tumors. No increased risk of CBTs was found
among children exposed, in utero or after birth, to medical X-rays
(6, 7). However, three cohort studies reported an increased risk of
brain tumor associated with radiation exposure from CT scans
during childhood and adolescence (8–10). In adults, an increased
risk of adult glioma was observed among individuals who had
three or more CT scans to the head and neck region, although
limited to persons with a family history of cancer (11). Results
from studies regarding the effect of head injury on the risk of brain
tumor are conﬂicting: Although some case–control studies
reported a positive association (12–14), two large cohort studies
found nonsigniﬁcant results (15, 16).
The aim of this study was to evaluate the effects of speciﬁc
prenatal and postnatal medical conditions, including exposure to
medical diagnostic radiation, on the risk of childhood and adolescent brain tumors (CABT).
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Materials and Methods

Brain tumors are the most common solid tumors in children (1).
The annual incidence rate of childhood brain tumors (CBT) varies
by country, and the Nordic countries have among the highest
observed incidence rates in the world, with slightly over 40 cases
per million children diagnosed below 15 years of age (1, 2).
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The present study was conducted using data from the CEFALO
study, a multicenter case–control study performed in Denmark,
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Norway, Sweden, and Switzerland with the purpose to examine
the association between mobile phone use and CABTs (17, 18).
All children and adolescents in the four countries, ages 7 to 19
years, diagnosed between January 1, 2004 and August 31, 2008,
with a primary intracranial brain tumors deﬁned according to the
International Classiﬁcation of Childhood Cancer, third edition
(ICCC-3; ref. 19), group III, restricted to ICD-O-3 location C71,
were eligible to be enrolled as cases. Information about cases was
obtained both from population-based cancer registries and
reports from pediatric oncology clinics and neurosurgery hospital
departments. Participants with neuroﬁbromatosis or tuberous
sclerosis were excluded from the study. Two controls per case
were randomly selected from the national population registers
continuously throughout the study period and were matched to
the case by age, sex, and geographical region. The reference date
for the controls was deﬁned as the date of diagnosis of their
matched case. The participation rate among cases was 83%, while
among controls was 71%. Participants did not receive any participation incentive.
The exposures of interest in this study were prenatal (i.e., during
mother's pregnancy) and postnatal exposure to medical diagnostic radiation, such as X-ray (dental X-rays excluded), CT and PET
scans, ultrasound, and MRI. Other exposures analyzed in this
study were head injury (deﬁned as a blow to the head that caused a
concussion, a serious wound or a headache), febrile seizure,
jaundice, fever in the ﬁrst 12 weeks of life, and general anesthesia.
Information regarding these exposures was collected through
face-to-face interview, with the child and at least one parent,
using the CEFALO questionnaire.
Regarding exposure to medical diagnostic radiation, initial
information about the number of medical examinations (X-ray
and/or scans) was collected, then for each examination further
information regarding date of the examination, type of examination (X-ray, CT scan, PET scan, ultrasound, and MRI), and
location of the examination (head or neck, thorax, abdomen,
legs or arms, whole body, including head or neck, whole body
excluding head or neck) was obtained. Children were deﬁned as
exposed to medical diagnostic radiation to the head and neck
region if the examination was performed to these areas or if the
whole body, including the head, was exposed. Because only one
participant had a head PET scan, the effect of head PET scans on
CABTs susceptibility was not evaluated.
Because CT scans and MRI are commonly used to diagnose
brain tumors, a latency period of two years was used to exclude
medical examinations that were probably performed because a
tumor was suspected. This latency period was applied to both
cases and controls. We also used a latency period of 2 years for
febrile seizures, head injury and general anesthesia to prevent bias
from reverse causality. Sensitivity analyses using different latency
periods (1 and 5 years) were performed.
Odds ratios (OR) and 95% conﬁdence intervals (CI) were used
to estimate the association between the exposures of interest and
CABTs. Because this was a matched case–control study and
children were matched by age, sex, and region, conditional logistic
regression was used to take into account the matching factors.
Analyses were adjusted for parental age and highest attained
educational level of the two parents (low, elementary school;
intermediate, high school or apprenticeship; high, university or
postgraduate university). Information regarding these potential
confounders was obtained from the questionnaire and referred to
parental age and education at the time of the interview. All
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statistical analyses were performed using SAS software (version
9.4, SAS Institute Inc.). The study was approved by the national
data protection boards and ethical committees in all participating
countries.

Results
Characteristics of the 352 children and adolescent with a brain
tumor and the 646 controls participating in the study are presented in Table 1. Among cases, there were more boys than girls
(54% vs. 46%). Almost 40% of the cases were from Sweden,
whereas only 12% were from Norway. Very few children, only 20
cases and 26 controls, had parents who both had a low education
(i.e., elementary education), whereas the majority had at least one
parent with a high educational level (i.e., university or postgraduate university).
Results regarding the effects of prenatal exposure to medical
diagnostic radiation on CABTs are shown in Table 2. A lower risk
estimate of CABTs, although not statistically signiﬁcant, was
found among children whose mothers did not have an ultrasound
examination during pregnancy (OR, 0.64; 95% CI, 0.32–1.30).
However, when the number of ultrasounds during pregnancy was
considered, no dose–response relationship was observed. An 80%
higher risk estimate of CABTs was found among children whose
mothers had the ﬁrst ultrasound after 25 weeks of gestation (OR,
1.79; 95% CI, 0.74–4.31), but again the association was not
statistically signiﬁcant. Maternal exposure to X-rays or other
medical diagnostic examinations during pregnancy was not associated with CABTs (OR, 0.96; 95% CI, 0.54–1.68).

Table 1. Descriptive characteristics of the children enrolled in the CEFALO study

Age, y
7–12
13–19
Sex
Male
Female
Country
Denmark
Sweden
Norway
Switzerland
Parental educational level
Lowa
Mediumb
Highc
Missing
Maternal age (years)
<36
36–45
46þ
Missing
Paternal age (years)
<36
36–45
46þ
Missing

CABT cases
n (%)

Controls
n (%)

170 (48.3)
182 (51.7)

318 (49.2)
328 (50.8)

190 (54.0)
162 (46.0)

353 (54.6)
293 (45.4)

85 (24.1)
138 (39.2)
44 (12.5)
85 (24.1)

170 (26.3)
228 (35.3)
78 (12.1)
170 (26.3

20 (5.7)
156 (44.3)
176 (50.0)
—

26 (4.0)
269 (41.6)
346 (53.6)
5 (0.8)

42 (11.9)
227 (64.5)
77 (21.9)
6 (1.7)

82 (12.7)
392 (60.7)
153 (23.7)
19 (2.9)

18 (5.1)
198 (56.2)
130 (36.9)
6 (1.7)

37 (5.7)
320 (49.5)
261 (40.4)
28 (4.3)

NOTE: CABT denotes childhood and adolescent brain tumor. For parental
educational level, the highest level of the two parents was chosen.
a
Elementary school.
b
High school or apprenticeship.
c
University or postgraduate university.
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Table 2. Prenatal exposure to medical diagnostic radiation and risk estimates of childhood and adolescent brain tumors
Cases
Controls
Crude ORa (95% CI)
Ultrasound examination during mother's pregnancy
Yes
335
592
1 (ref)
No
14
34
0.71 (0.36–1.38)
Missing
3
20
No. of times
No ultrasound
14
34
0.76 (0.38–1.50)
1
114
212
1 (ref)
2
96
139
1.36 (0.95–1.94)
3
44
94
0.95 (0.60–1.48)
4 or more
77
144
1.05 (0.70–1.58)
Missing
4
3
Gestational week of the ﬁrst ultrasound
No ultrasound
14
34
0.91 (0.45–1.85)
1–12
109
206
1.13 (0.78–1.64)
13–24
151
288
1 (ref)
25þ
13
19
1.47 (0.63–3.40)
Missing
62
79
Maternal X-ray or other scan during pregnancy
Yes
31
57
0.91 (0.54–1.55)
No
306
556
1 (ref)
Missing
15
33
No. of times
No X-ray or scan
306
556
1 (ref)
1
30
51
1.00 (0.58–1.72)
2 or more
1
6
0.33 (0.04–2.77)
Missing


X-ray or scan to the abdomen
Yes
5
7
0.88 (0.25–3.04)
No X-ray or scan to the abdomen
332
606
1 (ref)

Adjusted ORb (95% CI)
1 (ref)
0.64 (0.32–1.30)

0.71 (0.34–1.45)
1 (ref)
1.46 (1.01–2.11)
0.96 (0.61–1.53)
1.11 (0.73–1.68)

0.76 (0.36–1.64)
1.18 (0.81–1.73)
1 (ref)
1.79 (0.74–4.31)

0.96 (0.54–1.68)
1 (ref)

1 (ref)
1.00 (0.56–1.79)
0.43 (0.05–3.98)

0.72 (0.17–2.97)
1 (ref)

a

Conditional logistic regression model.
Conditional logistic regression model adjusted for highest parental education, maternal age, and paternal age.

b

Table 3 shows the association between postnatal exposure to
medical diagnostic radiation and CABTs. Children who had any
type of X-ray or scan examination (CT scan, PET scan, MRI, or

ultrasound) at least 2 years before the reference date, had a
borderline statistically signiﬁcant lower risk estimate of CABTs
(OR, 0.76; 95% CI, 0.58–1.01). However, no association was

Table 3. Postnatal exposure to medical diagnostic radiation and risk estimates of childhood and adolescent brain tumors
1-year latency perioda
Adjusted ORc
Cases
Controls
(95% CI)
X-ray or scan
Yes
182
No
168
Missing
2
No. of X-ray or scan
No X-ray or scan
168
1
87
2
38
3 or more
57
X-ray or scan (head or bodyþhead)
Yes
47
No
303
X-ray (head or bodyþhead)
Yes
21
No X-ray or scan to the head
304
CT (head or bodyþhead)
Yes
16
No X-ray or scan to the head
304
MRI (head or bodyþhead)
Yes
7
No X-ray or scan to the head
304
Ultrasound (head or bodyþhead)
Yes
5
No X-ray or scan to the head
304

2-years latency periodb
Adjusted ORc
Cases
Controls
(95% CI)

5-years latency perioda
Adjusted ORc
Cases
Controls
(95% CI)

362
282
2

0.86 (0.65–1.14)
1 (ref)

159
191
2

333
311
2

0.76 (0.58–1.01)
1 (ref)

115
235

246
398

0.81 (0.60–1.08)
1 (ref)

282
174
77
111

1 (ref)
0.84 (0.60–1.18)
0.85 (0.54–1.34)
0.90 (0.60–1.35)

191
81
34
44

311
169
70
94

1 (ref)
0.75 (0.54–1.06)
0.78 (0.48–1.25)
0.78 (0.51–1.21)

235
66
24
25

398
136
58
52

1 (ref)
0.82 (0.58–1.15)
0.72 (0.43–1.19)
0.81 (0.49–1.36)

80
564

1.19 (0.78–1.80)
1 (ref)

41
309

76
568

1.09 (0.71–1.67)
1 (ref)

28
322

55
589

0.97 (0.60–1.57)
1 (ref)

47
570

0.97 (0.53–1.80)
1 (ref)

18
310

44
574

0.85 (0.45–1.60)
1 (ref)

13
323

34
592

0.82 (0.40–1.69)
1 (ref)

14
571

1.95 (0.90–4.22)
1 (ref)

14
310

13
575

1.86 (0.82–4.22)
1 (ref)

10
323

10
593

1.68 (0.69–4.09)
1 (ref)

10
570

1.75 (0.60–5.11)
1 (ref)

5
310

10
574

1.25 (0.38–4.05)
1 (ref)

2
323

5
592

0.93 (0.17–5.21)
1 (ref)

10
570

0.80 (0.23–2.79)
1 (ref)

4
310

10
574

0.79 (0.22–2.76)
1 (ref)

2
323

9
592

0.47 (0.09–2.32)
1 (ref)

NOTE: Medical diagnostic examinations that were performed during the latency period were not taken into account.
Sensitivity analysis.
Main analyses.
c
Conditional logistic regression models adjusted for highest parental education, maternal age, and paternal age.
a

b
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found between X-ray or any type of scan examination of the head
and neck region and CABTs (OR, 1.09; 95% CI, 0.71–1.67).
Instead, in crude analysis, children who had a CT scan of the
head and neck region had a two times higher risk estimate of
CABTs (OR, 2.13; 95% CI, 0.96–4.77). However, after adjusting
for parental age and educational level the positive association was
somewhat reduced (OR, 1.86; 95% CI, 0.82–4.22). The association was less pronounced when a 5-year latency period was
considered (OR, 1.68; 95% CI, 0.69–4.09) and slightly more
pronounced for a 1-year latency (OR, 1.95; 95% CI, 0.90–4.22).
MRI and ultrasound examinations of the head and neck region
were not associated with CABT susceptibility, though a nonstatistically signiﬁcant increased risk estimate of CABTs was
found for MRI when a 1-year latency period was considered
(OR, 1.75; 95% CI, 0.60–5.11). However, there was no association when a 5-year latency period was used (OR, 0.93; 95%
CI, 0.17–5.21).
As illustrated in Table 4, no positive association was found
between head injury two years before the reference date and
CABTs (OR, 1.18; 95% CI, 0.90–1.54). Moreover, number of
head injuries and factors indicating a severe head injury (i.e., loss
of consciousness, vomit, and headache) were not associated with
CABTs. When a longer latency period was used, weaker associations were observed.
Jaundice, fever in the ﬁrst 12 weeks, and general anesthesia were
not associated with CABT (data not shown). No overall association was found between febrile seizure and CABTs (OR, 1.14;
95% CI, 0.67–1.95). For a ﬁrst febrile seizure at 2 years of age or
later, the OR was nonsigniﬁcantly raised (OR, 1.99; 95% CI, 0.76–
5.21), whereas the corresponding OR for a ﬁrst febrile seizure in

the ﬁrst 2 years of life was slightly reduced (OR, 0.91; 95% CI,
0.49–1.73; not shown in table).

Discussion
Many of the prenatal and postnatal factors that have been
analyzed in the study were not associated with childhood and
adolescent brain tumors. When considering all types of medical
diagnostic examinations that were performed to the head and
neck region, no association was found; however, children who
had a CT scan to the head and neck region had a higher risk
estimate of CABTs, although not statistically signiﬁcant. Moreover, the association between CT scan and CABTs became weaker
when a longer latency period was used.
Contrary to the overall established carcinogenicity of ionizing
radiation (20), a modest lower risk estimate of CABTs was found
among children who had an X-ray or scan examination 2 years
before the reference date. A similar ﬁnding was also observed in
the German part of the Interphone study, in which a negative
association between exposure to medical diagnostic radiation and
risk of adult glioma was found (21). However, both in the
Interphone study and in our study, recall bias may have caused
this negative association: In fact, as it was also noted in the
interphone study, brain tumor cases may have had problems in
answering to questions regarding medical diagnostic exposures.
Moreover, we also found no association when we considered only
X-ray or scan examinations that were performed to the head
and neck region, suggesting that the protective effect of X-ray or
scan examinations on CABTs was probably a chance ﬁnding.
Historically, a consistent positive association between prenatal

Table 4. Head injuries and risk estimates of childhood and adolescent brain tumors

Cases
Head injury
Yes
165
No
186
Missing
1
No. of times
No head injury
186
1
101
2
47
3 or more
17
d
Loss of consciousness
Yes
30
No
126
No head injury
186
Missing
10
Vomitingd
Yes
44
No
118
No head injury
186
Missing
4
Headached
Yes
77
No
68
No head injury
186
Missing
21

1-year latency perioda
Adjusted ORc
Controls
(95% CI)

Cases

2-years latency periodb
Adjusted ORc
Controls
(95% CI)

Cases

5-years latency perioda
Adjusted ORc
Controls
(95% CI)

277
366
3

1.18 (0.90–1.54)
1 (ref)

157
194
1

265
378
3

1.17 (0.89–1.54)
1 (ref)

116
235
1

205
438
3

1.06 (0.79–1.43)
1 (ref)

366
170
71
36

1 (ref)
1.17 (0.85–1.60)
1.35 (0.88–2.07)
0.97 (0.52–1.80)

194
106
36
15

378
172
61
32

1 (ref)
1.20 (0.88–1.64)
1.18 (0.74–1.88)
0.98 (0.51–1.90)

235
88
20
8

438
147
38
20

1 (ref)
1.12 (0.81–1.55)
1.01 (0.55–1.86)
0.76 (0.33–1.78)

42
229
366
9

1.36 (0.82–2.27)
1.09 (0.81–1.48)
1 (ref)

25
124
194
10

37
223
378
9

1.28 (0.73–2.21)
1.10 (0.82–1.48)
1 (ref)

17
94
235
10

26
172
438
9

1.17 (0.61–2.23)
1.02 (0.74–1.40)
1 (ref)

78
194
366
8

1.16 (0.76–1.78)
1.20 (0.90–1.62)
1 (ref)

38
116
194
4

71
90
378
8

1.10 (0.70–1.72)
1.20 (0.89–1.61)
1 (ref)

22
91
235
4

54
148
438
8

0.82 (0.48–1.41)
1.14 (0.83–1.57)
1 (ref)

127
116
366
37

1.22 (0.85–1.75)
1.21 (0.83–1.76)
1 (ref)

66
67
194
21

119
113
378
37

1.14 (0.78–1.66)
1.22 (0.84–1.77)
1 (ref)

39
54
235
21

79
93
438
37

0.95 (0.61–1.50)
1.12 (0.75–1.67)
1 (ref)

NOTE: Head injuries that occurred during the latency period were not taken into account.
Sensitivity analysis.
b
Main analyses.
c
Conditional logistic regression models adjusted for highest parental education, maternal age, and paternal age.
d
Symptoms caused by the head injury.
a
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abdominal X-rays and risk of childhood cancer has been reported
(22–25). However, in our study, as well as in other recent
investigations (6, 7), no association was found. The most likely
explanation for this discrepancy is that radiation doses from X-ray
examinations have substantially decreased over time. Moreover,
abdominal X-ray examinations have been replaced by ultrasounds as a tool in obstetric care: In our study, only 12 mothers
had an abdominal X-ray examination during pregnancy.
We found an indication of a positive association between
CABTs and head CT scans performed at least 2 years before the
reference date. When a latency period of 5 years was used, the
effect of CT scans on CABTs risk decreased, but an almost seventy
percent higher risk estimate was still observed. Even though our
ﬁndings were not statistically signiﬁcant, they are in agreement
with previously reported results from three recent cohort studies
(8–10). A retrospective cohort study performed in Great Britain
found an almost three times higher risk of brain tumors among
children and young adults who received a cumulative dose of 50–
74 mGy (a dose equivalent to 2–3 head CT scans), compared
with those who received a dose of less than 5 mGy (9). Moreover, a
Taiwanese and an Australian cohort study also investigated the
effect of pediatric CT examination on the risk of brain tumors
among children and young adults and found that exposure to CT
scan was associated with an almost three times higher risk of brain
tumors, even though in the Taiwanese study the increased risk was
observed only for benign tumors (8, 10). The fact that we found an
indication of a positive association between head CT scans and
CABTs, but no association between head X-rays and CABTs is not
surprising. In fact, radiation doses from X-rays examinations are
considerably lower than those from CT scans (26). However, a
study has shown that radiation doses from CT scans have reduced
over time in Great Britain (27): Although, to the best of our
knowledge, no study has evaluated the trend in CT scan doses in
the countries that participated in the CEFALO study, a similar
decreasing trend in radiation doses from CT scans has likely
occurred also in these countries.
With regard to the potential effect of head injury on the risk of
brain tumors results from previous studies are conﬂicting (12–
16). Case–control studies have shown that head injuries were
associated with an increased risk of glioma in adults (12), meningioma in men (13), or brain tumors in children (14). However,
only a small but not statistically signiﬁcant increased risk of brain
tumors was found in a Danish cohort study (15), and no association was reported by a Swedish cohort study (16): Both cohort
studies were nationwide and used administrative data, that is,
register data, to identify individuals who had a head injury or a
brain tumor. In line with ﬁndings from these cohort studies, head
injury and indicators of severe head injury (such as loss of
consciousness, vomiting, and headache) were not associated with
CABT susceptibility.
We also found an almost two times higher risk estimate of
CABTs, even though not statistically signiﬁcant, among children
who had the ﬁrst febrile seizure at 2 years of age or later. However,
this ﬁnding was based on small numbers (10 exposed cases and 11
exposed controls), and a nonsigniﬁcantly reduced risk estimate
was found for ﬁrst febrile seizure in the ﬁrst 2 years of life. To the
best of our knowledge there is no biological explanation for such
an age-speciﬁc association. Therefore, chance is a likely explanation for this ﬁnding.
One of the strengths of the present study was that we were able
to obtain detailed information about the exposures of interest. All
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the information captured in the CEFALO questionnaire was
reported by both the children and by at least one of their parents.
Moreover, interviews were conducted by trained interviewers to
ensure a uniform data collection.
All medical diagnostic examinations (X-rays, CT scans, MRIs,
and ultrasounds) that were performed 2 years before the date of
diagnosis (or reference date for the controls) were excluded to
prevent reverse causality bias. In fact, medical diagnostic examinations could have been performed in response to early
unspeciﬁc symptoms induced by a micro-tumor that was not
yet seen on the imaging: this is less likely for imaging performed many years before the diagnosis. The fact that no
association was found between CABTs and MRI to the head,
an examination that is often performed if a brain tumor is
suspected, suggests that medical examinations that were part of
the cancer diagnostic procedure most likely did not inﬂuence
the exposure assessment.
Previous studies used different latency periods: One year (10), 2
years (28), and 5 years (9). For this reason, we performed
sensitivity analyses using different latency periods. In these analyses, we observed a positive association between MRI and CABTs
when a 1-year latency period was used, whereas there was no
association when MRI performed 2 or 5 years before the reference
date were considered. This is a clear indication that the association
observed using a 1-year latency period was because children were
exposed to MRI because a brain tumor was suspected. Therefore,
using a short latency period may result in spurious associations.
However, this reverse causality bias was not observed for CT scan,
as results found using a 1-year latency period were similar to the
ones observed in the main analysis. Moreover, using a 5-year
latency period might be too conservative, as some of the CABT
cases caused by the exposure to head CT scans might have been
excluded, especially those who have been diagnosed at a very
young age. This could explain the lower risk estimate observed in
this sensitivity analysis.
A limitation of our study is that some exposures were very
uncommon. For example, only 14 cases of CABTs had at least one
head CT scans 2 years before the reference date. For this reason,
some of the positive associations reported could simply be chance
ﬁndings, whereas some of the null ﬁndings could be caused by the
fact that we did not have enough statistical power to detect modest
increased risks. Moreover, due to the low number of exposed cases
it was not possible to perform any CABT subtype or sex-stratiﬁed
analyses. Another limitation is that information about the exposures analyzed in this study was self-reported by the child and
their parents. Therefore, it is possible that recall bias could have
inﬂuenced the associations reported in the study and both inﬂated
or attenuated the results, for example, if parents of CABT cases
would have over-reported certain exposures or could have mistakenly reported the date of certain examinations involving medical diagnostic radiation. Moreover, no information regarding
radiation doses was available.
In conclusion, in this multicenter case–control study we mostly
found that speciﬁc prenatal or postnatal medical conditions,
including exposure to medical diagnostic radiation (both prenatal
and postnatal), were not associated with CABT susceptibility. A
nonstatistically signiﬁcant increased risk estimate of CABTs was
found for exposure to head CT scans. This ﬁnding is based on
small numbers and should be interpreted with caution; however,
it is in line with results reported by three recent cohort studies on
the effect of pediatric CT scans on brain tumors.
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