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Sex differences in inappropriate imaging
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Imaging Decision And Support (MIDAS) study
Stijntje Willemijn Dijk1,2,3* , Claudia Wollny4, Thomas Kroencke4,5 and M. G. Myriam Hunink1,2,6

Abstract

Objective Inappropriate diagnostic imaging can lead to unnecessary radiation exposure, delayed diagnoses, and
increased healthcare costs. While multiple factors contribute to inappropriate imaging, sex-based disparities remain
understudied. This study investigates whether inappropriate imaging requests differ among women and men.

Materials and methods We analyzed baseline data from the MIDAS study, a multi-center cluster-randomized trial
conducted in three academic hospitals in Germany. Imaging requests submitted via computerized physician order
entry systems were evaluated for appropriateness using the ESR iGuide, a clinical decision support tool based on the
American College of Radiology Appropriateness Criteria. Requests were classified as appropriate, conditionally
appropriate, or inappropriate. We compared the proportion of inappropriate requests between male and female
patients using chi-square tests and calculated odds ratios, applying Bonferroni corrections for multiple comparisons.

Results Among 61,220 scored imaging requests, 31,025 were for women and 30,195 for men. The proportion of
inappropriate requests was significantly higher in women (7.32%) compared to men (6.08%) (OR 1.22, 99% CI:
1.12–1.33, p < 0.001), with significant differences observed in subgroups for MR and among patients aged 25–65.

Conclusion Women were more likely than men to receive inappropriate imaging requests, suggesting potential
disparities in diagnostic decision-making. Addressing these gaps will require further research and more sex- and
gender-sensitive approaches in clinical decision-making and guideline development to ensure equitable imaging
practices.

Key Points
Question Inappropriate diagnostic imaging incurs radiation exposure and costs. Sex-based disparities in this context are
understudied; do inappropriate imaging requests differ between men and women?
Findings Among 61,220 requests, inappropriate orders were significantly higher in women (7.32%) than in men (6.08%).
Clinical relevance Our results suggest sex differences in diagnostic decision-making. Further research and sex- and gender-
sensitive approaches in guideline development are needed to ensure equitable imaging practices.

Keywords Sex differences, Diagnostic imaging, Clinical decision support systems, Guidelines as topic,
Healthcare costs
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Graphical Abstract

Introduction
Diagnostic imaging is essential for accurate diagnostic and
treatment decisions. However, inappropriate imaging
requests are a growing concern due to overutilization,
unnecessary radiation exposure, delayed diagnoses, and
increased healthcare costs [1–4]. Given the widespread
use of diagnostic imaging, all factors relating to imaging
appropriateness should be explored.
Multiple factors contribute to inappropriate imaging,

including clinical uncertainty, time pressure, medico-legal
concerns, patient expectations, and variation in physician
knowledge or adherence to guidelines. As health systems
strive to improve the value and efficiency of care,
understanding these drivers is essential. One such factor
that may play a role, but has received limited attention, is
the sex of the patient.
Sex differences in healthcare delivery and outcomes are

well documented. Women and men often present with
different symptoms, receive different diagnostic evalua-
tions, and may experience disparities in treatment and
care quality. In the context of diagnostic imaging, emer-
ging evidence suggests sex-based differences in utilization
patterns. For example, studies have shown that women
may be less likely to receive appropriate imaging in
emergency settings or for cardiac evaluation, while more

frequently undergoing certain tests, such as venous
ultrasonography for suspected deep vein thrombosis,
without clear differences in clinical risk [5–8]. Women
also undergo diagnostic imaging more frequently for
lower back pain, whereas men are more often recom-
mended surgical intervention [9]. Similarly, women with
ischemic stroke experience greater emergency room
delays than men that cannot be explained by their pre-
senting symptoms, time of arrival, age, or other con-
founders [10]. Physicians may also assume somatization
more often in women, offering fewer interventions
[11, 12].
These findings point to potential disparities in imaging

appropriateness, which could reflect unconscious biases,
guideline gaps, or systemic differences in how clinical
decision-making is applied across sexes.
Despite these findings, a comprehensive assessment of

sex-based disparities in imaging appropriateness across
modalities, age groups, and clinical settings remains
lacking. Most prior studies have focused on specific
imaging types or conditions and have not systematically
evaluated whether women and men are equally likely to
receive imaging that aligns with clinical guidelines. A
recent study by Singer et al, examining CT scan appro-
priateness using the ESR iGuide, revealed varying results
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across different countries. In several countries, appro-
priateness was found to be lower in females compared to
males—including in Belgium (71% vs. 81%), Estonia (65%
vs. 72%), Greece (55% vs. 60%), and Slovenia (77% vs.
91%). Conversely, some countries showed higher appro-
priateness rates for females, including Denmark (88% vs.
84%), Finland (80% vs. 78%), and Hungary (77% vs. 74%)
[13]. Other investigations on imaging appropriateness
using the iGuide did not provide sex-specific information
on inappropriateness [13–18].
To address this gap, the present study investigates sex-

related differences in the appropriateness of imaging
requests using data from the Medical Imaging Decision
and Support (MIDAS) trial—a large, multi-center eva-
luation of diagnostic imaging practices in German aca-
demic hospitals. By leveraging the ESR iGuide, a validated
decision support system based on the American College
of Radiology Appropriateness Criteria, we systematically
assess whether women and men differ in the likelihood of
receiving imaging deemed inappropriate [19, 20].

Materials and methods
This study analyzed baseline data from the Medical
Imaging Decision and Support (MIDAS) trial, a multi-
center, cluster-randomized controlled trial conducted
across 26 departments from three German academic
hospitals [19–23]. The MIDAS trial investigated the
impact of a clinical decision support system (CDSS) on
the appropriateness of diagnostic imaging requests in
routine clinical practice. Approval from the relevant
Medical Research Ethics Committees was obtained under
protocol numbers 20-069 (Augsburg), B 238/21 (Kiel), 20-
318 (Lübeck), and 2020-15125 (Mainz), and the trial was
registered on ClinicalTrials.gov (NCT05490290).
The present analysis focuses on all imaging requests

made during the pre-intervention (blinded) phase of the
trial, representing a 15-month baseline period (December
2021–February 2023). Requests were submitted via the
hospitals’ Computerized Physician Order Entry (CPOE)
systems and included structured indication input. All
imaging modalities were included in our study, which
analyzed requests for computed tomography, magnetic
resonance imaging, X-ray and ultrasound. Consequently,
if a physician or department conducted an ultrasound
independently—such point-of-care abdominal ultrasound
—without submitting a formal CPOE request to the
radiology department, these exams were not captured in
our dataset. All requests were evaluated for appropriate-
ness using the ESR iGuide, a CDSS based on the Amer-
ican College of Radiology Appropriateness Criteria and
adapted for European use [24].
Each imaging request was scored automatically by the

iGuide, assigning one of three categories: “appropriate”

(green), “appropriate under certain conditions” (yellow),
or “inappropriate” (red). A request was classified as
inappropriate if the selected imaging modality was unli-
kely to be indicated given the clinical scenario or if the
expected risk-benefit ratio was considered unfavorable.
Requests that could not be scored due to unmatched
indication-exam combinations or non-standard inputs
were excluded from the appropriateness analysis. For
example, if a physician selected an indication such as
“pain left foot” but for that indication requested an “MRI
of the right arm,” the system would not be able to assign a
score, as no valid score for such a combination exists
within the iGuide’s system. In cases where multiple
indications were selected, the highest appropriateness
score was used. Physicians were blinded to the appro-
priateness scores during the baseline phase. This choice in
design aims to capture unbiased patterns of imaging
behavior without any active decision support influencing
their choices. As such, our results reflect current clinical
practice prior to the provision of active decision support.
For this analysis, we investigated the prevalence of sex-

based differences in the appropriateness of imaging
requests. The analysis included only those imaging
requests for which a valid appropriateness score was
available and where the patient’s sex was recorded as male
or female. Requests with unknown sex (n= 23) were
excluded. The sex recorded in the hospital’s adminis-
trative system reflects the binary classification used during
clinical registration and does not include gender-diverse
categories.
The primary outcome of this analysis was the propor-

tion of inappropriate imaging requests among women and
men. We used chi-square (χ2) tests to compare the pro-
portion of inappropriate requests between sexes, applying
a conservative significance threshold of α= 0.01 as spe-
cified in the MIDAS protocol, and used a Welch two-
sample T-test to compare the mean ages between
unscored and scored requests [19]. Odds ratios (ORs) and
99% confidence intervals (CIs) were calculated to quantify
the strength of associations. Secondary analyses examined
the prevalence of sex differences across age groups and
imaging modalities. To control for multiple comparisons,
Bonferroni corrections were applied. All statistical ana-
lyses were conducted using R statistical software [25].

Results
Of 117,572 imaging exams requested from participating
departments, 61,243 (52.09%) received a valid score.
Unscored requests had no combination of indication and
exam type that linked to a recommendation by the iGuide
(n= 56,329). The percentage of women was higher among
unscored requests (47.9% vs. 50.7%, p < 0.001), and the
age was lower (mean age 63 vs. 61, p < 0.001) (Fig. 1).
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Among scored requests, 23 requests were excluded as
sex was unknown. The final analysis included 30,195
exams for men and 31,025 for women (Table 1).
Overall, 6.70% of requests were judged as inappropriate.

The proportion of inappropriate requests was higher in
women (7.32%) than in men (6.08%; χ2= 37.176,
p < 0.001, OR 1.22 [99% CI 1.12–1.33]). This difference
was also present in the subgroups for the ages 25–65 and
MRs (p < 0.001) (Table 2).

Discussion
In our study, the odds were 22% higher for clinicians to
request inappropriate imaging for women. While the

absolute percentage differences were small (1.24%), the
disparity warrants further investigation. In the MR and
25–65-year age group, women also had a significantly
higher proportion of inappropriate imaging requests.
While not statistically significant at our stringent alpha
level, all remaining age groups and modalities, except for
CT, showed higher proportions of inappropriate requests
for women.
Little previous research has been done on the sex-

specific appropriateness of imaging requests. The recent
study by Singer et al found mixed results with several
countries finding more inappropriateness on CT ordering
among women (Belgium, Estonia, Greece, and Slovenia)

Fig. 1 Study flowchart. F, female; M, male; U, unknown

Table 1 Cross-tabulation containing the original summary-level data of inappropriate exam frequency by sex, modality and age
group

Subgroup

variable

Subgroup

level

Women—inappropriate

exam

Women—appropriate

exam

Men—inappropriate

exam

Men—appropriate

exam

Total no. of imaging

requests

Total 2270 28,755 1836 28,359

Exam type CT 744 11,400 951 13,059

MR 512 7991 302 6714

XR 471 6588 459 7834

US 543 2776 124 752

Age group < 25 74 646 60 702

25–65 1184 12,927 812 11,501

> 65 1012 15,182 964 16,156

The table displays the number of exams conducted across various imaging modalities (CT, MR, XR, US) and stratified by age group (< 25, 25–65, > 65)
CT computed tomography, MR magnetic resonance imaging, XR X-ray, US ultrasound
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and higher appropriateness in Denmark, Finland and
Hungary [13, 14, 26]. Our (German) study CT subgroup
showed no statistically significant difference, though
appropriateness was higher among women. The authors,
like us, suggest that further research would be required to
better understand the origin of these discrepancies.
The higher prevalence of inappropriate requests in

women may be caused by a variety of factors, both
human- and technology-driven. It may reflect differences
in clinician awareness and adherence to imaging guide-
lines when ordering for women due to, including
unconscious biases or lack of sex-specific training in
diagnostics. Previous research suggests that sex and gen-
der stereotypes can influence clinical judgment, poten-
tially affecting both treatment and diagnostic decisions
[27]. For example, clinicians may perceive older female
patients as more frail or vulnerable, leading to more
cautious or protective decisions that are not always
aligned with guidelines or patient preferences [11, 12, 27].
In the context of imaging, such biases could contribute to
deviations from guideline-based appropriateness, espe-
cially if clinicians apply different thresholds for ordering
or withholding exams based on patient sex. This high-
lights the need to consider not only guideline adherence
but also the potential impact of implicit attitudes in
clinical training and support systems.
Decision support tools, when well-integrated, might

help reduce these discrepancies by standardizing imaging
decisions and prompting more consistent application of
clinical criteria. However, the main results of the MIDAS
trial did not find a reduction in inappropriate imaging
requests after decision support was introduced [20, 22].
Alternatively, the imaging guidelines may not fully cap-
ture female-specific considerations in appropriateness,
leading to clinically justified requests being classified as
inappropriate.

The ESR iGuide has been developed with the intention
of considering factors such as age and sex, and does
include some female-specific recommendations [24].
Nevertheless, research underlying these guidelines is
likely, as in much of medicine, to be predominantly based
on studies involving men [28, 29]. This reflects a historical
trend in which treatment plans and medical guidelines
have often been developed primarily using male data.
While not specific to imaging, a recent review of the
representation of female research participants in the
development of national clinical guidelines compared to
the proportion of women affected by these conditions, for
example, found a significant underrepresentation of
women in research on antiarrhythmics, though also a
slight overrepresentation in some women, such as color-
ectal cancer and chronic fatigue studies [30].
Our study evaluates whether imaging requests align

with the iGuide’s recommendations, which are applied
based on the available clinical information. As such, our
findings reflect adherence to these established guidelines
rather than providing direct insight into potential bias
within the guidelines themselves. It is plausible that
physicians may make decisions that deviate from guide-
line recommendations based on more nuanced or recent
clinical knowledge. In such cases, particularly where
female-specific considerations may not be fully captured
by guidelines, a request might be rated as inappropriate by
the iGuide even if it is clinically justifiable. This under-
scores an important area for further research in refining
and updating guidelines to reflect a more inclusive evi-
dence base. Guideline developers should consider the use
of sex-disaggregated data and critically assess the applic-
ability of evidence to all patient populations, ensuring that
reference populations used to inform recommendations
accurately reflect those most affected by the condition in
question.

Table 2 Percentage of inappropriate imaging requests in men and women, stratified by age group and exam modality (CT, MR, XR,
US)

Subgroup variable Subgroup level % Inappropriate exam

(women)

% Inappropriate exam

(men)

p-value OR (women vs. men)

[99% CI]

Overall study Overall ↑7.32% 6.08% < 0.001* 1.22 [1.12–1.33]

Exam type CT 6.13 ↑6.79 0.030 0.90 [0.79–1.02]

MR ↑6.02 4.3 < 0.001* 1.42 [1.18–1.73]

XR ↑6.67 5.53 0.003 1.22 [1.02–1.45]

US ↑16.36 14.16 0.112 1.19 [0.90–1.57]

Age group < 25 ↑10.28 7.87 0.107 1.34 [0.84–2.14]

25–65 ↑8.39 6.59 < 0.001* 1.30 [1.15–1.47]

> 65 ↑6.25 5.63 0.017 1.12 [0.99–1.26]

Asterisks indicate statistically significant differences at the adjusted alpha level of 0.0014 (p = 0.01/7). ↑ indicates the percentage of inappropriateness is highest for
this sex
CT computed tomography, MR magnetic resonance imaging, XR X-ray, US ultrasound, OR odds ratio of inappropriate requests in women compared to men
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We did not have sufficient data available to reassess
individual justifications for exams that were deemed
inappropriate by the CDSS. While our descriptive analysis
did not examine the underlying causes of the identified
disparities, the findings underscore the need for further
investigation and heightened awareness among both
requesting clinicians and radiologists when considering
imaging for women.
This study’s strength lies in the real-world integration of

the ESR iGuide within routine hospital workflows,
allowing us to assess imaging appropriateness in a clinical
setting across a wide range of departments, exam types,
and clinical indications. By embedding the decision sup-
port tool into the computerized physician order entry
system without alerting physicians to appropriateness
scores at baseline, we were able to capture unbiased
patterns of imaging behavior.
However, several limitations warrant consideration.

First and foremost, despite the iGuide’s extensive cover-
age of 15,000 Appropriate Use Criteria across all mod-
alities, many requests (48%) remained unscored. This
represents a considerable proportion and highlights a
limitation of the clinical decision support system used. It
remains unclear whether this is primarily due to limited
scenario coverage in the iGuide, variability in how clin-
icians select indication-modality pairs, or other workflow-
related issues. Potentially, this large percentage can stem
from, on the one hand, clinical scenarios for which no
valid combination between indication and request exists,
suggesting a need for a wider coverage of the system.
Alternatively, physicians may have struggled with the
additional steps and efforts needed to be taken in order to
use the iGuide, which may lead them to fill out the
request form less carefully. This second potential expla-
nation aligns with a recent qualitative survey among
iGuide users, in which the majority of users experienced
challenges with the integration of the system [31], and the
decision from all participating departments in the MIDAS
study to discontinue the use of the iGuide after the trial
had concluded.
We found small but statistically significant differences

in the percentage of women between the unscored
requests and the scored requests included in our study.
We do not have supporting evidence that can explain this
difference. One hypothesis is that there are more clinical
pathways for which no matching guideline exists between
the indication and request in requests that are more
commonly made for women than for men.
Second, our analysis evaluated each imaging request as

a discrete event, without accounting for the cumulative
context of individual patient trajectories. This means we
could not assess whether a patient underwent multiple
inappropriate or appropriate exams over time, nor

whether imaging was omitted when it may have been
indicated, limiting our ability to comment on potential
underuse. We also did not capture the sex or gender
identity of the requesting physician, which may be a
relevant factor, as prior research suggests that provider
gender can influence diagnostic and treatment decisions.
A previous study investigating CT appropriateness did,
however, not find a difference between male or female
physicians requesting imaging [32].
Finally, our analysis was limited to binary sex as

recorded in the hospital information system, preventing
exploration of disparities experienced by transgender,
non-binary, or other gender-diverse individuals. Future
work should aim to incorporate more inclusive data col-
lection and explore how patient and provider character-
istics intersect to shape diagnostic pathways.

Conclusion
This study found that women were more likely than men
to have inappropriate imaging ordered for them, high-
lighting a small but consistent sex-based disparity.
Addressing these gaps will require further research and
more sex- and gender-sensitive approaches in clinical
decision-making and guideline development to ensure
equitable imaging practices.

Abbreviations
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CI Confidence interval
CPOE Computerized physician order entry
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ESR European Society of Radiology
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MR Magnetic resonance imaging
XR X-ray

Acknowledgements
We would like to thank all participating departments, as well as those who
worked to integrate the iGuide in local hospital systems. In particular, we
would like to thank Mr. Ulf Wolkenstein (Universitätsklinikum Augsburg), Mr.
Florian Demuth (ESR), and Katherine Anakina (ESR), Mrs. Barbara Gluth (UKSH
Lübeck), and Mrs. Eileen Küchler (UKSH Kiel). All persons listed in the
acknowledgment section were employed by their respective organizations
and received no additional compensation beyond their regular salaries for
their contribution to this study.

Funding
This study has received funding from the German Innovation Fund
(01VSF18008).

Compliance with ethical standards

Guarantor
The guarantor for this paper is M.G. Myriam Hunink.

Conflict of interest
The authors declare the following financial interests/personal relationships,
which may be considered as potential competing interests: Dr. Dijk receives (or
received in the past 36 months) research funding from the Gordon and Betty

Dijk et al. European Radiology (2026) 36:3292–3299 3297



Moore Foundation. Dr.rer.nat. Wollny has no conflicts of interest to report. Dr.
Kroencke receives (or received within the past 36 months) research funding
outside the submitted work from The Bavarian Centre for Cancer Research, the
national Network University Medicine (NUM) and Siemens Healthineers, has
received honoraria for educational symposia from SIRTEX Medical, Boston
Scientific and Abbott Medical GmbH and re-imbursements of expenses related
to his work in the executive committee and congressional events of the
Cardiovascular and Interventional Radiological Society of Europe. Dr. Hunink
receives (or received in the past 36 months) Royalties from Cambridge
University Press for a textbook on Medical Decision Making, reimbursement of
expenses to attend the 2022 European Congress of Radiology from the
European Society of Radiology (ESR) for work on the ESR guidelines for imaging
referrals, and research funding from the American Diabetes Association, the
Netherlands Organization for Health Research and Development, Netherlands
Educational Grant (“Studievoorschotmiddelen”), and the Gordon and Betty
Moore Foundation. The technical implementation and integration of the iGuide
within the computer order entry systems was supported by the ESR iGuide
team. The iGuide team exported scored session data. ESR played no role in the
study design; analysis and interpretation of data; writing of the report; and the
decision to submit the report for publication.

Statistics and biometry
No complex statistical methods were necessary for this paper.

Informed consent
Consent for a cluster to participate in the MIDAS study was obtained through a
guardian who possesses the legitimate authority to make decisions on the
department’s behalf. Guardians of the clusters were the chairs of each
participating department. Individuals were not able to withdraw, as the trial
intervention is implemented in the imaging referral system. Physicians may,
however, at all times choose not to follow the recommendations provided by
the CDSS. The study does not collect any identifiable information from patients
or physicians; therefore, no additional individual consent for data collection
was sought. This procedure was approved by the relevant medical ethics
review committee bodies.

Ethical approval
Approval from the Medical Research Ethics Committee (MREC) was obtained
under protocol numbers 20-069 (Augsburg), B 238/21 (Kiel), 20-318 (Lübeck)
and 2020-15125 (Mainz). The trial is registered in the Clinical Trials Register
(http://www.ClinicalTrials.gov) under trial number NCT05490290. The study
was conducted according to the principles of the WMA Declaration of Helsinki.
All changes to the study protocol were shared with the MREC, which gave a
favorable opinion to the study, and all significant changes were noted in the
public trial registry. The presented descriptive study in this paper based on the
MIDAS study is not part of the original MIDAS study protocol.

Study subjects or cohorts overlap
Some data entries from study subjects have been previously reported in the
main MIDAS trial results (Dijk et al [20]). The present study includes entries that
were excluded from the main trial, as the originating department could not.
Additionally, the present study contains detailed information on sex-specific
inappropriateness, which was not reported in the main trial.

Methodology

● Prospective
● An observational study nested in the pre-implementation phase of a
randomized controlled trial

● Multi-center study

Author details
1Department of Radiology and Nuclear Medicine, Erasmus MC University
Medical Center, Rotterdam, The Netherlands. 2Department of Epidemiology
and Biostatistics, Erasmus MC University Medical Center, Rotterdam, The
Netherlands. 3Department of Radiology, Elisabeth-Tweesteden Ziekenhuis,
Tilburg, The Netherlands. 4Department of Diagnostic and Interventional
Radiology, University Hospital Augsburg, Augsburg, Germany. 5Centre for

Advanced Analytics and Predictive Sciences (CAAPS), University of Augsburg,
Augsburg, Germany. 6Centre for Health Decision Science, Harvard T.H. Chan
School of Public Health, Boston, MA, United States of America.

Received: 20 April 2025 Revised: 6 September 2025 Accepted: 3 October
2025
Published online: 6 November 2025

References
1. Picano E, Vano E, Rehani MM et al (2014) The appropriate and justified

use of medical radiation in cardiovascular imaging: a position document
of the ESC Associations of Cardiovascular Imaging, Percutaneous Cardi-
ovascular Interventions and Electrophysiology. Eur Heart J 35:665–672

2. Ståhlbrandt H, Björnfot I, Cederlund T, Almén A (2023) CT and MRI ima-
ging in Sweden: retrospective appropriateness analysis of large referral
samples. Insights Imaging 14:134

3. Morgan DJ, Dhruva SS, Coon ER et al (2019) 2019 update on medical
overuse: a review. JAMA Intern Med 179:1568–1574

4. Brenner DJ, Hall EJ (2007) Computed tomography—an increasing source
of radiation exposure. N Engl J Med 357:2277–2284

5. Hendel RC, Cerqueira M, Douglas PS et al (2010) A multicenter assess-
ment of the use of single-photon emission computed tomography
myocardial perfusion imaging with appropriateness criteria. J Am Coll
Cardiol 55:156–162

6. Mehta R, Williams KA (2011) AUC for SPECT: is gender bias inappropriate. J
Nucl Cardiol 18:538–540

7. Zhong A (2020) Bias on the brain: how patient gender influences use of
emergency room diagnostic imaging. University of California, Berkeley

8. Beebe HG, Scissons RP, Salles-Cunha SX et al (1995) Gender bias in use of
venous ultrasonography for diagnosis of deep venous thrombosis. J Vasc
Surg 22:538–542

9. Taylor BA, Casas-Ganem J, Vaccaro AR et al (2005) Differences in the work-
up and treatment of conditions associated with low back pain by patient
gender and ethnic background. Spine (Phila Pa 1976) 30:359–364

10. Gargano JW, Wehner S, Reeves MJ (2009) Do presenting symptoms
explain sex differences in emergency department delays among patients
with acute stroke? Stroke 40:1114–1120

11. Chapman EN, Kaatz A, Carnes M (2013) Physicians and implicit bias: how
doctors may unwittingly perpetuate health care disparities. J Gen Intern
Med 28:1504–1510

12. Ballering AV, Muijres D, Uijen AA et al (2021) Sex differences in the
trajectories to diagnosis of patients presenting with common somatic
symptoms in primary care: an observational cohort study. J Psychosom
Res 149:110589

13. Singer C, Luxenburg O, Rosen S et al (2023) Advancing acceptance:
assessing acceptance of the ESR iGuide clinical decision support system
for improved computed tomography test justification. Front Med
10:1234597. https://doi.org/10.3389/fmed.2023.1234597

14. Gabelloni M, Di Nasso M, Morganti R et al (2020) Application of the ESR
iGuide clinical decision support system to the imaging pathway of
patients with hepatocellular carcinoma and cholangiocarcinoma: pre-
liminary findings. Radiol Med 125:531–537

15. Markus T, Saban M, Sosna J et al (2023) Does clinical decision support
system promote expert consensus for appropriate imaging referrals?
Chest–abdominal–pelvis CT as a case study. Insights Imaging 14:45.
https://doi.org/10.1186/s13244-023-01371-3

16. Palen TE, Sharpe RE, Shetterly SM, Steiner JF (2019) Randomized clinical
trial of a clinical decision support tool for improving the appropriateness
scores for ordering imaging studies in primary and specialty care
ambulatory clinics. AJR Am J Roentgenol 213:1015–1020. https://doi.org/
10.2214/AJR.19.21511

17. Doyle J, Abraham S, Feeney L et al (2019) Clinical decision support for
high-cost imaging: a randomized clinical trial. PLoS One 14:e0213373.
https://doi.org/10.1371/journal.pone.0213373

18. Blackmore CC, Mecklenburg RS, Kaplan GS (2011) Effectiveness of clinical
decision support in controlling inappropriate imaging. J Am Coll Radiol
8:19–25. https://doi.org/10.1016/j.jacr.2010.07.009

Dijk et al. European Radiology (2026) 36:3292–3299 3298

http://www.ClinicalTrials.gov
https://doi.org/10.3389/fmed.2023.1234597
https://doi.org/10.1186/s13244-023-01371-3
https://doi.org/10.2214/AJR.19.21511
https://doi.org/10.2214/AJR.19.21511
https://doi.org/10.1371/journal.pone.0213373
https://doi.org/10.1016/j.jacr.2010.07.009


19. Dijk SW, Kroencke T, Wollny C et al (2023) Medical Imaging Decision And
Support (MIDAS): study protocol for a multi-centre cluster randomized
trial evaluating the ESR iGuide. Contemp Clin Trials 135:107384

20. Dijk SW, Wollny C, Barkhausen J et al (2025) Evaluation of a clinical
decision support system for imaging requests: a cluster randomized
clinical trial. JAMA 333:1212–1221

21. Dijk S (2025) Decision-making in medical research, practice and educa-
tion. Doctoral Thesis, Erasmus University Rotterdam. Available from:
https://pure.eur.nl/en/publications/decision-making-in-medical-research-
practice-and-education

22. Dijk SW, Kroencke T (2025) Clinical decision support system for imaging
requests—reply. JAMA 334:277. https://doi.org/10.1001/jama.2025.5285

23. Kroencke T, Dijk SW, Halfmann MC et al (2025) Challenges and insights
from implementing clinical decision support systems for radiologic
imaging: experience from the MIDAS trial. Insights Imaging 16:152.
https://doi.org/10.1186/s13244-025-02027-0

24. European Society of Radiology (2019) Methodology for ESR iGuide con-
tent. Insights Imaging 10:32

25. R Development Core Team (2010) R: a language and environment for
statistical computing. available from: https://cran.r-project.org/

26. Singer C, Saban M, Luxenburg O et al (2024) Computed tomography
referral guidelines adherence in Europe: insights from a seven-country
audit. Eur Radiol 35:1166–1177. https://doi.org/10.1007/s00330-024-
11083-x

27. Kalff MC, Dijksterhuis WPM, Wagner AD et al (2023) Sex differences in
treatment allocation and survival of potentially curable gastroesophageal
cancer: a population-based study. Eur J Cancer 187:114–123

28. Mascia L (2016) H2020 Programme-guidance on gender equality in
Horizon 2020. Available via https://policycommons.net/artifacts/1904836/
h2020-programme/2656013/. Accessed 18 Oct 2025

29. Goldstein KM, Kung LCY, Dailey SA et al (2024) Strategies for enhancing
the representation of women in clinical trials: an evidence map. Syst Rev
13:2. https://doi.org/10.1186/s13643-023-02408-w

30. Ballantyne AJ, Rogers WA (2011) Sex bias in studies selected for clinical
guidelines. J Women’s Health (Larchmt) 20:1297–1306. https://doi.org/10.
1089/jwh.2010.2604

31. Singer C, Luxenburg O, Rosen S et al (2023) Advancing acceptance:
assessing acceptance of the ESR iGuide clinical decision support system for
improved computed tomography test justification. Front Med 10:1234597

32. Rosen S, Singer C, Vaknin S et al (2023) Inappropriate CT examinations:
how much, who and where? Insights from a clinical decision support
system (CDSS) analysis. Eur Radiol 33:7796–7804. https://doi.org/10.1007/
s00330-023-10136-x

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

Dijk et al. European Radiology (2026) 36:3292–3299 3299

https://pure.eur.nl/en/publications/decision-making-in-medical-research-practice-and-education
https://pure.eur.nl/en/publications/decision-making-in-medical-research-practice-and-education
https://doi.org/10.1001/jama.2025.5285
https://doi.org/10.1186/s13244-025-02027-0
https://cran.r-project.org/
https://doi.org/10.1007/s00330-024-11083-x
https://doi.org/10.1007/s00330-024-11083-x
https://policycommons.net/artifacts/1904836/h2020-programme/2656013/
https://policycommons.net/artifacts/1904836/h2020-programme/2656013/
https://doi.org/10.1186/s13643-023-02408-w
https://doi.org/10.1089/jwh.2010.2604
https://doi.org/10.1089/jwh.2010.2604
https://doi.org/10.1007/s00330-023-10136-x
https://doi.org/10.1007/s00330-023-10136-x

	Sex differences in inappropriate imaging requests: insights from the Medical Imaging Decision And Support (MIDAS) study
	Stijntje Willemijn Dijk, Claudia Wollny, Thomas Kroencke, M. G. Myriam Hunink
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  

	Sex differences in inappropriate imaging requests: insights from the Medical Imaging Decision And Support (MIDAS) study
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Acknowledgements


