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Abstract

Background: Exposure to medical ionizing radiation has been increasing over the past decades and constitutes
the largest contributor to overall radiation exposure in the general population. While occupational exposures are
generally monitored by national radiation protection agencies, individual data on medical radiation exposure for the
general public are not regularly collected. The aim of this study was to determine the feasibility of assessing lifetime
medical ionizing radiation exposure from diagnostic and therapeutic procedures retrospectively and prospectively
within the framework of the German National Cohort study.

Methods: Retrospective assessment of individual medical radiation exposure was done using an interviewer-based
guestionnaire among 199 participants (87 men and 112 women) aged 20-69 randomly drawn from the general
population at two recruitment locations in Germany. X-ray cards were distributed to 97 participants at one recruit-
ment center to prospectively collect medical radiation exposure over a 6-month period. The Wilcoxon-Mann-Whit-
ney test was used to test differences in self-reported median examination frequencies for the variables age, sex, and
recruitment center. To evaluate the self-reported information on radiological procedures, agreement was assessed
using health insurance data as gold standard for the time period 2005 to 2010 from 8 participants.

Results: Participants reported a median of 7 lifetime X-ray examinations (interquartile range 4-13), and 42% (n = 83)
reported having had a CT scan (2, IQR = 1-3). Women reported statistically significant more X-ray examinations

than men. Individual frequencies above the 75th percentile (>15 X-ray examinations) were predominantly observed
among women and in individuals >50 years of age. The prospective exposure assessment yielded a 60% return-rate
of X-ray cards (n = 58). 16 (28%) of the returned cards reported radiological examinations conducted during the
6-month period but generally lacked more detailed exposure information. X-ray examinations reported for the period
for which health insurance data were available provided a moderately valid measure of individual medical radiation
exposure.

Conclusions: The assessment of more recent medical examinations seems in the German National Cohort study
feasible, whereas lifetime medical radiation exposure appears difficult to assess via self-reports. Health insurance data
may be a potentially useful tool for the assessment of individual data on medical radiation exposure both retrospec-
tively and prospectively.
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Background

With the advancement of medical science and health care
technologies, diagnostic imaging techniques and inter-
ventional radiological procedures are increasingly used to
accurately diagnose a wide range of diseases and injuries.
In particular, the frequency of dose-intensive diagnostic
procedures such as computed tomography (CT) has been
increasing worldwide, for instance in the United States
[1] and in Germany [2]. In Germany, the annual radiation
exposure from medical diagnostic examinations gradu-
ally increased from 1.5 to 1.8 mSv per capita dose from
1996 to 2010. Much larger increases have been noted
in the US [3]. In both countries, this is mainly due to
the concurrent increase of CT examinations. While CT
examinations account for only 6% of all types of medical
examinations, they contribute approximately 60% of the
collective effective dose of medical diagnostic exposures
in Germany [4].

Collecting individual medical radiation exposure data
for the general public in many countries including Ger-
many is a complex endeavor, as there is no regular patient
monitoring and surveillance of ionizing radiation expo-
sure. In recent international studies, diagnostic and ther-
apeutic examination data for individuals were abstracted
from hospital radiological databases to assess and analyze
individual radiation exposure and health outcomes such
as cancer or cardiovascular diseases [5, 6]. Most hospital
databases however fail to provide a comprehensive over-
view of lifetime medical radiation exposure. Additionally,
there are difficulties in estimating doses due to limited
dose information. Thus most studies primarily rely on
published dose estimates for exposure assessment, e.g.
[71.

When collecting medical examinations using self-
reported information, assessing the reliability of the col-
lected data with regard to actual received procedures and
associated radiation exposure is essential. In previous
international studies, medical records were used to assess
the agreement of self-reports for radiological examina-
tions and radiation exposures [8—11]. In non-clinical,
population-based studies, health insurance data may pro-
vide similar validation options for self-reporting where
such data are available, and may additionally provide data
of all received radiological examinations covered by the
health insurance provider [12]. Validation with medi-
cal records or health insurance data as the gold standard
may identify the potential introduction of recall or other
bias which may in turn lead to under-/over-reporting in
the self-reported data. For such purposes, comprehen-
sive health insurance data have been available for health
research in Germany since 2005, and comprise out-
patient and hospital service records including procedures
using medical ionizing radiation.
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The main aim of this project was to develop and test
tools to assess radiation exposures from diagnostic and
therapeutic procedures retrospectively and prospectively
for a comprehensive assessment of individual lifetime
medical radiation exposure. To identify potential dis-
crepancies in self-reporting, agreement between health
insurance data and self-reports were also calculated. This
study was part of several feasibility studies conducted in
preparation for the German national cohort study. The
prospective, long-term population-based cohort study
aims to recruit 200,000 participants aged 20-69 years.
The participants will be medically examined and ques-
tioned about their living habits with the aim of investi-
gating causes, risk factors, preventive potentials and early
detection approaches for a wide range of chronic and
infectious diseases [13].

Methods

Retrospective and prospective medical radiation exposure
assessment

A questionnaire to retrospectively assess previous ionizing
medical radiation exposure was developed based on sur-
vey instruments used in previous radiation-epidemiologi-
cal studies addressing exposure to medical diagnostic and
therapeutic radiation [14-16]. The questionnaire aimed
to assess individual lifetime exposure to medical radiation
from conventional X-ray examinations, as well as inten-
sive examinations such as computed tomographies (CT),
interventional radiological examinations e.g. heart cath-
eterization, nuclear medicine examinations including scin-
tigraphy, and radiation therapy (Additional file 1).

X-ray cards were designed for prospective assessment.
In the event of a radiological examination, the attending
physician was asked to provide exposure-related data (i.e.
type of examination, body part, if possible: dosimetry
information such as dose length product (DLP)) on the
card. For logistic reasons the X-ray cards were distrib-
uted only at one recruitment center (Bremen) to use for a
period of 6 months.

Participants for this feasibility study were 20—69 years
old. The sample was randomly drawn from the residents’
registration offices at two recruitment centers in Bremen
and Hamburg, Germany, stratified by age and sex. The
questionnaire survey was conducted between 2011
and 2012, during the feasibility phase of the German
national cohort study. The interviews were administered
by specially trained study nurses and were conducted in
recruitment centers specifically set up for the purpose of
this study, not in hospitals.

Survey results were stratified by age, sex, and type of
examination. We only report numbers for conventional
X-ray and computed tomography procedures because
they account for most frequent diagnostic examinations.
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Dental radiological examinations are reported but
excluded for the statistical analyses as these examina-
tions contribute minimal radiation doses compared to
other examinations such as CT scans. We additionally
conducted sub-analyses of individuals who were in the
75th percentile of reported examinations in the study
population (i.e., had more than 15 examinations in their
lifetime), whom we classified as highly exposed. The Wil-
coxon—Mann—Whitney test was used to test differences
in self-reported median examination frequencies for the
variables age, sex, and recruitment center. Data manage-
ment and statistical analyses were done using SAS 9.3
(SAS Institute, Cary, NC, USA).

Assessment of self-reporting reliability

97 of 99 of the participants in Bremen consented to the
abstraction of their health insurance data for the vali-
dation of their reported information. However, only
one insurance company agreed to collaborate and pro-
vided claims data for 2004-2010. To assess the agree-
ment between self-reporting and health insurance data
as the gold-standard, we calculated a simple overall
agreement measure, dividing the actual examinations
recorded in the health insurance data by the self-reported
examinations.

Results

Medical radiation exposure assessment

In total, 199 individuals (Bremen n = 99, Hamburg
n = 100) participated in this study, 87 male and 112
female (Table 1). The sex distribution was similar in
both study centers. The mean age of all participants was
48.5 years (range 20-69) and the mean interview dura-
tion was 11 min (standard deviation 45 min).

Table 1 Study population characteristics

Total study population Highly exposed

(n=199) individuals (=15
examinations)
(n=>51)
n % n %
Sex
Female 112 56.3 33 64.7
Male 87 437 18 353
Age (in years)
<40 59 29.6 6 1.8
40-50 40 20.1 7 137
>50 100 503 38 745
Center
Bremen 99 49.7 27 529
Hamburg 100 503 24 471
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Conventional X-ray examinations

All participants reported having had at least one radio-
logical examination. Most participants reported hav-
ing had examinations of the upper (n = 122) and
lower extremities (n = 118), thorax region (n = 112),
spine (n = 87), and mammograms in women (n = 60)
(Table 2). The median number of examinations was 7
(interquartile range 4-13); women reported statisti-
cally significant more X-ray examinations than men: 8
(IQR 4-14) and 6 (IQR 3-11), respectively (Table 2). The
number of reported X-ray examinations increased with
age: the above 50 age group reported significantly more
X-ray examinations with a median of 10 (IQR 5-15)
compared to the under 40 [4 (IQR 2-7)] and 40-50 years
age groups [7 (IQR 4-10)], respectively (Table 2). 60
female participants (54%) reported having had a mam-
mogram (Table 2); about 25% of these women were
below the age of 50. The median number of reported
mammograms was 3 (IQR 2-6) and increased with age.

High dose examinations

83 study participants (42%) reported ever having had
a CT examination [median number of exams 2.0 (IQR
2.0-5.5)] (Table 2). The most participants reported hav-
ing had CT examinations of the head (n = 40) followed
by spine (n = 27), abdomen (n = 15) and thorax (n = 15)
examinations (Table 2). Interventional examinations (e.g.
cardiac catherization or stent insertion), nuclear medi-
cine examinations and radiation therapy treatment were
infrequent (data not shown).

Highly exposed individuals

51 (25.6%) of the participants had examinations in the 75th
percentile (more than or equal to 15 lifetime X-ray exami-
nations) and were therefore classified as highly exposed.
In this group, 33 (64.7%) were female and 38 (74.5%) more
than 50 years of age, and were equally distributed between
both centers (Table 1). This group accounted for 38% of all
reported X-ray examinations in the overall study population.
With regard to computed tomography scans these individu-
als accounted for almost half of all reported CT examina-
tions in the overall study population [73% for abdominal CT,
52% for spine CT (Table 2)]. The median number of exami-
nations for X-ray and computed tomography examinations
among this group were 17 (IQR 14-27) and 2 (IQR 2.0-5.5),
respectively (Table 2). Females reported more CT exami-
nations than males (2.5, IQR 2.0-5.5 vs. 2.0, IQR 2.0-7.0;
p = 0.35), and participants more than 50 of age reported
more CT examinations than younger participants (p = 0.48)
(Table 2). Participants in Hamburg (66.7% of whom were
female) reported significantly more CT examinations com-
pared to those in Bremen: median 3.5 (IQR 2-6) and 2.0
(IQR 1-3), respectively.
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Table 2 Median number of self-reported examinations for X-ray and computed tomography examinations by total study

population and highly exposed participants

Total study population (n = 199)

Highly exposed individuals (>=15 examinations)

(n=>51)
X-ray examinations CT examinations X-ray examinations CT examinations
(N=199) (N =283) (N=51) (N=51)
n Median (IQR) n Median (IQR) n Median (IQR) n Median (IQR)
Body part 7.0 (4.0-13.0) 20(1.0-3.0) 7.0 (14.0-27.0) 20(2.0-5.5)
Head 81 2.0(1.0-3.0) 40 1.0(1.0-1.0) 28 2.0(1.0-5.0) 14 1.0 (1.0-2.0)
Thorax 112 2.0(1.0-4.5) 15 1.0(1.0-6.0 41 5.0(2.0-8.0) 10 4.5(1.0-7.0)
Abdomen 31 1.0 (1.0-1.0) 15 1.0(1.0-50) 16 1.0 (1.0-2.5) 1 1.0 (1.0-7.0)
Spine 87 2.0(1.0-3.0) 27 1.0(1.0-20 41 2.0(1.0-4.0) 14 1.5(1.0-2.0)
Lower extremities 118 20(1.0-3.0) 12 1.5(1.0-20) 41 3.0(1.0-4.0) 5 1.0 (1.0-2.0)
Upper extremities 122 2.0(1.0-3.0) 2 1.5(1.0-20) 36 2.0(2.0-4.0) 2 1.5(1.0-2.0)
Mammograms (females only) 60 3.0 (2.0-6.0) - - 28 5.5 (2.5-8.5) - -
Sex
Female 112 8.0 (4.0-14.0)* 35 20(1.0-4.0) 33 17.0 (15.0-24.0) 20 2.5(2.0-5.5)
Male 87 6.0 (3.0-11.0) 48 20(1.0-3.0) 18 16.5 (14.0-20.0) 16 20(2.0-7.0)
Age (in years)
<40 59 4.0 (2.0-7.0)* 14 1.0(1.0-20 6 21.0 (18.0-26.0)* 4 2.5(1.5-5.0)
40-50 40 7.0 (4.0-10.0)* 17 20(1.0-20) 7 16.0 (14.0-30.0)* 5 2.0(2.0-4.0)
>50 100 10.0 (5.0-15.0)* 52 20(1.0-35) 38 17.0 (14.0-24.0)* 27 2.0 (2.0-6.0)
Center
Bremen 99 7.0 (4.0-13.0) 39 1.0(1.0-3.0) 27 17.0 (14.0-23.0) 18 2.0(1.0-3.0)*
Hamburg 100 7.0 (4.0-13.0) 44 20(1.0-2.0) 24 17.0 (14.0-24.5) 18 3.5(2.0-6.0)*

IQR interquartile range.
*Significant at p value <0.05.

Prospective exposure assessment

X-ray cards for the prospective assessment were distributed
to 98 Bremen participants. One participant did not accept
the X-ray card. A total of 58 participants returned the cards
to the Bremen recruitment center after the 6-month period
as required. 16 (28%) of the returned cards provided basic
data such as body part examined, but generally lacked more
detailed exposure information such as dose area/-length
product values required for detailed (organ) dose-estima-
tions. In total, 9 women and 7 men reported 23 radiological
examinations during the 6 months of the study. The mean
age of the respondents was 56.3 years (range 32—-68). The
most frequently reported examination was dental X-ray
(n = 10), the spine (n = 3), and intravenous urograms
(n = 3). Additionally, one mammogram and two head CT
examinations were reported (data not shown.)

Agreement between health insurance data

and self-reported information

One insurance company with eight participating insur-
ants (all female, mean age 56.1; 32-68) agreed to col-
laborate and provide data on medical ionizing radiation
examinations for the period 2005-2010.

The participants reported a total of 41 X-ray exami-
nations for this period, most of them conventional
X-rays. The single most reported examination was
mammograms. Two individuals reported having had a
computed tomography examination. According to the
health insurance data, the participants had undergone
a total of 38 examinations, of which the participants
actively reported 28 examinations only (74% of 38). Of
the ten examinations found in the health insurance data
but not reported by the participants, seven (70%) were
conventional X-ray examinations and three (30%) were
computed tomographies. Among the 13 self-reported
examinations that were not found in the health insur-
ance data, the most frequent examinations were mam-
mograms (5; 38%) and computed tomographies (3; 23%)
(data not shown).

Overall, a moderate agreement of 55% was found
between self-reporting and health insurance data for
the time period 2005-2010. The proportion of agree-
ment decreased with increasing time since examination.
Reported examinations conducted during the 24 months
prior to the survey had a 67% agreement rate with insur-
ance data. Rates remained stable at approximately 65%



Dreger et al. BMC Res Notes (2015) 8:300

until 2008 and then dropped to below 60% agreement for
examinations reported between 2007 and 2005.

Discussion

We assessed individual medical radiation exposure
using a retrospective interviewer-based questionnaire
approach among 199 participants aged 20-69 at two
recruitment sites in Germany. All participants reported
having had at least one X-ray examination, and 42%
reported having had a CT examination during their life-
time. The majority of participants classified as highly
exposed were female and older than 50 years of age. Our
explorative assessment of self-reporting reliability indi-
cated that self-report of radiological examinations dur-
ing the 6-year period 2005-2010 generally provided a
moderately accurate account of individual medical radi-
ation exposure. The agreement however decreased over
time.

A strength of the standardized personal interview
approach is that it allowed us to probe participants
and also to offer additional explanations and descrip-
tions of the different examinations [e.g. the difference
between CT and magnetic resonance imaging (MRI)]
as required. This is a major advantage in comparison to
self-administered questionnaires [14—16]. Furthermore,
we used health insurance data to validate self-reporting
of radiological examinations for a subsample of the study
participants. In contrast to medical data such as hospi-
tal records, insurance health data in Germany include
every radiological examination covered by the respective
insurance provider during the time period under study,
providing a comprehensive and valid account of X-ray
examinations. We were thus able to assess accuracy of
year and type of examination reported by the subsample
of participants.

As a limitation, we were restricted to a small subsample
(n = 8) from one German insurance provider for the self-
reporting assessment, as the other insurance companies
did not consent to our request for data. Furthermore, we
could only assess the period 2005-2010 because health
insurance data were not available for the years earlier
than 2005. The subsample included only women and
the number of regular (bi-) annual mammogram exami-
nations (which are covered by insurance via the Ger-
man breast cancer screening program for the age group
50-69) may have had an effect on the moderate corre-
lation between health insurance data and self-reported
examinations. Due to the limited data for assessing
the agreement between health insurance data and self-
reporting we could only use a simple correlation meas-
ure. However, we additionally calculated the intra-class
correlation coefficient, which presented similar results.
Access to health insurance data requires an extensive
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formal approval process due to very strict data protec-
tion regulations in Germany. For this feasibility study,
we started the formal approval process once data col-
lection was completed and concrete numbers on health
insurance coverage were available to contact the respec-
tive providers; hence, the ad hoc approval requests were
difficult and resulted in the health insurance providers’
very low willingness to cooperate. For the main German
National Cohort study, however, these permissions are
expected to be in place. Health insurance data and addi-
tional secondary data will be available for participants
who consent to data abstraction.

The medical radiation examination frequencies
observed in this survey are consistent with data from
the German Federal Office for Radiation Protection
indicating that high-dose examinations such as com-
puted tomographies are increasingly contributing to
the total per capita dose in Germany [4]. It should how-
ever be noted that because of the age inclusion criteria
of the German National cohort (20-69 years of age), the
observed exposure patterns are only applicable to the
adult population in Germany.

The results of our sub-analysis to assess self-reporting
reliability in our study should be carefully interpreted
due to the sparse data provided by one insurance com-
pany only. The differences we saw in self-reporting and
insurance data resulted mainly from under-reporting,
which has been also observed in earlier international
studies and related to underreporting of high-dose
examinations such as computed tomographies, and
accurate reporting of routine procedures such as mam-
mograms [8—11]. Some age effects in our study may have
additionally affected the self-reporting as we observed
some under-reporting from relatively old participants
(mean 56.1 years) [9]. In addition to the observed under-
reporting as indicated by the health insurance data, we
additionally found some evidence of over-reporting in
our data. These examinations were reported by the par-
ticipants but were not recorded in the health insurance
data. Similar to under-reporting, this also involved mam-
mograms and CT examinations. As CT examinations
are rather expensive and in Germany it is generally not
common to pay for such medical examinations privately,
we therefore surmise that these extra CT examinations
are factual over-reporting, possibly being mixed up with
MRI. We have no explanation for the additional, over-
reported mammograms in our study sample. In practice
in Germany, mammograms outside the screening pro-
gram are mostly conducted based on specific indications
such as family history of breast cancer or palpable lump.
These examinations are fully covered by the insurance
provider and should therefore appear in the health insur-
ance data.



Dreger et al. BMC Res Notes (2015) 8:300

Estimations of organ or effective doses from the
examinations which were done remain another major
issue. A subproject of this feasibility study was a dosim-
etry study to explore whether it is possible to do dose
estimations based on the information available. The
questionnaires and X-ray cards provided only basic
information on the part of body examined as well as
frequency and date of examination. Similarly, the insur-
ance data provided only limited relevant information.
We thus arrived at rather crude dose estimates, which
are not reported here. Linkage with other data sources,
e.g. hospital databases, could provide further options
to arrive at comprehensive assessment of individual
medical radiation exposure. For example, Chen and
colleagues in Canada suggest the implementation of so-
called patient exposure registers [17]. Additionally, the
International Atomic Energy Agency proposes a smart
card approach to prospectively monitor radiation expo-
sure and collect detailed dosimetry information for
more precise dose estimates [18, 19].

Future research could incorporate web-based question-
naires with multimedia input options such as images,
animations or short video clips to facilitate better under-
standing of technical terminology and precise report-
ing of specific examinations for subsequent radiation
exposure estimates. Web-based approaches are likely to
be less resource-intensive in comparison to interviewer-
based surveys, and could even be implemented pop-
ulation-wide nationally and, perhaps, internationally.
Population-wide, web-based approaches may, however,
not be equally accessible by all population groups; hence
selection bias remains a potential limitation. Comple-
mentary to the prospective exposure assessment using
X-ray cards, quarterly web-based questionnaires could
be implemented as an inexpensive tool to collect individ-
ual information on radiological examinations during the
follow-up period. To address the observed over-report-
ing issue, additional questions regarding out-of pocket
payments should be included in future questionnaires
to account for potential examinations not covered by
the health insurance company. To control for potential
reporting bias factors affecting the reporting such as
educational level and socio-economic status should be
considered in further analyses as part of the main study.
Furthermore, insurance providers should be involved at
a very early stage in future projects to ensure coopera-
tion and sufficient data for more reliable assessment of
self-reporting.

In summary, this study indicates that while individuals
can relatively accurately recall previous X-ray examina-
tions for the period of up to 4 years, it is difficult to assess
lifetime medical radiation exposure using self-report. It
further shows that—provided legal and data protection
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requirements are met—health insurance data are a via-
ble and potentially valid source of information for the
study and for monitoring of medical ionizing radiation
exposure in the general population. This is especially so
as it is expected that data from several health insurance
companies will be available in the main German National
Cohort. Furthermore, the possibility of linkage with hos-
pital databases for more precise dose information is also
expected to increase.

Additional file

Additional file 1: Retrospective questionnaire to assess medical radia-
tion exposure within the German National Cohort.

Authors’ contributions

SD performed the data analysis and drafted the manuscript. FSZ and SP con-
ducted the survey and assisted in the data analysis and data interpretation.
HM and FSZ developed the questionnaire and the X-ray card. JB and AN con-
ducted the dosimetry study and assisted in the data interpretation. HZ had
the initial study idea, coordinated the study, and assisted in the data analysis
and data interpretation. All authors read and approved the final manuscript.

Author details

! Leibniz Institute for Prevention Research and Epidemiology-BIPS, Achter-
strasse 30, 28359 Bremen, Germany. % Institute of Medical Biostatistics, Epide-
miology and Informatics, University Medical Centre Mainz, Obere Zahlbacher
Strasse 69, 55131 Mainz, Germany. > Technische Hochschule Mittelhessen
(THM), University of Applied Sciences, Wiesenstrasse 14, 35390 Giessen,
Germany. * Health Sciences Bremen, University of Bremen, Bibliothekstrasse 1,
28359 Bremen, Germany.

Acknowledgements

The Leibniz Institute for Prevention Research and Epidemiology—BIPS coor-
dinated this feasibility study within the German National Cohort consortium.
The study was conducted jointly with the Institute for Medical Biostatistics,
Epidemiology and Informatics (IMBEI), University Medical Center Mainz, and
the Institute for Medical Physics and Radiation Protection, THM University of
Applied Sciences, Giessen. We would like to thank Dr. Nadia Obi, Universitaet-
sklinikum Hamburg-Eppendorf, Hamburg, for support during data collection.
In addition, we thank Dr. Heiner von Boetticher (Hospital Links der Weser,
Bremen) for his valuable input during the planning stages of this study, and
the DAK health insurance for cooperation in the validation study. Last but not
least we thank all participating respondents and their doctors.

Funding

This work was supported by the German Federal Office for Radiation Protec-
tion (BfS), contract 3610540001. The funding agency was not involved in any
of the following: the study design, the analysis, the interpretation of data,
the writing of the manuscript or the decision to submit the manuscript for
publication.

Compliance with ethical guidelines

Competing interests
The authors declare that they have no competing interests.

Ethics approval
This study was given ethical clearance by the ethical review committee of
Bremen University.

Received: 30 October 2014 Accepted: 1 July 2015
Published online: 10 July 2015



Dreger et al. BMC Res Notes (2015) 8:300

References

1.

Mettler FA, Huda W, Yoshizumi TT, Mahesh M (2008) Effective doses

in radiology and diagnostic nuclear medicine: a catalog. Radiology
248:54-63

Brix G, Nekolla E, Griebel J (2005) Radiation exposure of patients from
diagnostic and interventional X-ray procedures. Facts, assessment and
trends. Radiologe 45:340-349

National Council on Radiation Protection and Measurements (2009)
lonizing Radiation Exposure of the Population of the United States.
Bethesda, MD: NCRP; Report No. 160

Bundesamt fuer Strahlenschutz (2011) Umweltradioaktivitat und Strahl-
enbelastung im Jahr 2011: Unterrichtung durch die Bundesregierung.
Bundesministerium fuer Umwelt, Naturschutz und Reaktorsicherheit
(BMU), pp 1-96

Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U, Bronnum
D et al (2013) Risk of ischemic heart disease in women after radiotherapy
for breast cancer. N Engl J Med 368:987-998

Pearce MS, Salotti JA, Little MP, McHugh K, Lee C, Kim KP et al (2012)
Radiation exposure from CT scans in childhood and subsequent risk

of leukaemia and brain tumours: a retrospective cohort study. Lancet
380:499-505

Fazel R, Krumholz HM, Wang Y, Ross JS, Chen J, Ting HH et al (2009) Expo-
sure to low-dose ionizing radiation from medical imaging procedures. N
EnglJ Med 361:849-857

Berrington de Gonzalez A, Ekbom A, Glass AG, Galanti MR, Grimelius L,
Allison MJ et al (2003) Comparison of documented and recalled histories

of exposure to diagnostic X-rays in case-control studies of thyroid cancer.

Am J Epidemiol 157:652-663

Hallquist A, Jansson P (2005) Self-reported diagnostic X-ray investigation
and data from medical records in case-control studies on thyroid cancer:
evidence of recall bias? Eur J Cancer Prev 14:271-276

14.

15.

Page 7 of 7

. Pijpe A, Mulder RL, Manders P, van Leeuwen FE, Rookus MA (2011) Valida-

tion study suggested no differential misclassification of self-reported
mammography history in BRCA1/2 mutation carriers. J Clin Epidemiol
64:1434-1443

. Pogoda JM, Preston-Martin S (2002) Radiation exposure from diagnostic

imaging: agreement between self-report and medical records. Health
Phys 83:907-917

. Caplan LS, McQueen DV, Qualters JR, Leff M, Garrett C, Calonge N (2003)

Validity of women's self-reports of cancer screening test utilization in a
managed care population. Cancer Epidemiol Biomark Prev 12:1182-1187

. German National Cohort (GNC) Consortium (2014) The German National

Cohort: aims, study design and organization. Eur J Epidemiol 29:371-382
Doody M, Mandel JS, Lubin JH, Boice JD Jr (1998) Mortality among United
States radiologic technologists, 1926-1990. Cancer Causes Control
9:67-75

Hoffmann W, Meiboom MF, Weitmann K, Terschueren C, von Boetticher

H (2013) Influence of age, sex and calendar year on lifetime accumulated
red bone marrow dose from diagnostic radiation exposure. PLOS One
8:1-13

. Hoffmann W, Terschueren C, Heimpel H, Feller A, Butte W, Hostrup O et al

(2008) Population-based research on occupational and environmental
factors for leukemia and non-Hodgkin's lymphoma: the Northern Ger-
many Leukemia and Lymphoma Study (NLL). Am J Ind Med 51:246-257

. Chen J, Moir D, Cornett J (2010) Considerations and preliminary design of

patient exposure registry. Radiat Prot Dosim 142:255-264

. Rehani MM, Frush DP (2011) Patient exposure tracking: the IAEA smart

card project. Radiat Prot Dosim 147:314-316

. Rehani MM, Kushi JF (2013) A study of smart card for radiation exposure

history of patient. Am J Roentgenol 200:780-782

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

® Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central
J




	Retrospective assessment of self-reported exposure to medical ionizing radiation: results of a feasibility study conducted in Germany
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Retrospective and prospective medical radiation exposure assessment
	Assessment of self-reporting reliability

	Results
	Medical radiation exposure assessment
	Conventional X-ray examinations
	High dose examinations
	Highly exposed individuals
	Prospective exposure assessment
	Agreement between health insurance data and self-reported information

	Discussion
	Authors’ contributions
	Received: 30 October 2014   Accepted: 1 July 2015References




