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Rationale and Objectives: To investigate how occupational exhaustion, travel, and hunger affect mammography reading performance 
among radiologists and radiology trainees.

Methods: Thirty participants (22 radiologists, eight radiology trainees) completed mammography reading assessments using the 
DetectedX platform during two radiology conferences in Saudi Arabia. Each participant interpreted 30 de-identified mammographic 
cases (15 abnormal, 15 normal) under standardized conditions. Performance was measured using jackknife alternative free-response 
receiver operating characteristic (JAFROC), lesion sensitivity, area under the receiver operating characteristic curve (ROC AUC), sen
sitivity, and specificity. Three independent variables were self-reported using a questionnaire completed immediately before the 
mammography reading session: occupational exhaustion (low to moderate or high, assessed by the Emotional Exhaustion subscale of 
the Maslach Burnout Inventory–General Survey), recent travel (traveler or non-traveler), and hunger status (hungry or not hungry). 
Mann–Whitney U tests were used to examine differences in reading performance associated with each variable.

Results: Participants with high occupational exhaustion had significantly lower JAFROC scores compared to those with low to 
moderate exhaustion (0.213 vs 0.383; p = 0.041). Recently traveled participants had significantly lower ROC AUC scores (0.681 vs. 
0.772; p = 0.03) and lower sensitivity (70.0% vs. 80.0%; p = 0.04) than non-travelers. Hungry participants exhibited higher sensitivity 
(85.0% vs. 70.0%; p = 0.04) but lower specificity (40.0% vs. 65.0%; p = 0.02) compared to non-hungry participants.

Conclusion: Occupational exhaustion was associated with poorer JAFROC scores, recent travel lowered sensitivity and overall di
agnostic accuracy, and hunger increased sensitivity at the cost of specificity. These findings highlight the importance of addressing 
radiologists’ well-being by optimizing workloads, allowing recovery periods after travel, and ensuring structured meal schedules. Future 
research should explore real-world clinical settings and targeted interventions, including AI integration.
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INTRODUCTION

D espite the digital evolution of mammography 
screening, its accuracy remains dependent on 
human interpretation. Since Garland’s landmark 

1949 study, retrospective analyses have consistently revealed 
substantial error rates of ∼30% (1–3), with rates of 3–5% 
observed in daily practice (2,4), mainly from cognitive errors 
and perceptual or search errors (5,6). Perceptual errors occur 
when abnormalities are initially overlooked but detected 
upon review, such as missing a subtle mass due to fatigue; 
cognitive errors arise when abnormalities are detected but 
their significance is misinterpreted, such as dismissing an 
architectural distortion (8,9).

Previous research on errors has focused on visual search 
patterns. The Nodine–Kundel three-phase model describes 
how radiologists analyze 2D images as follows: pattern re
cognition, focused attention, and decision-making (7,8). In 
the first phase, expert radiologists can identify abnormalities 
within ∼0.25 s through holistic viewing; this is followed by 
detailed examination of potential targets and a comprehen
sive re-scan and concluded with diagnostic decision-making 
(9). Eye fixation experiments have revealed three main types 
of errors: search (failure to fixate on lesions; 30%), recogni
tion (insufficient fixation time; 25%), and decision (adequate 
fixation but incorrect interpretation; 45%) (13).

Research has also found significant variations in perfor
mance between radiologists, with numerous contributing 
factors (10–12), including annual mammogram volumes 
(13), training quality, experience (14), fatigue (15,16), sleep 
patterns, duration of wakefulness (17), time of day (18,19), 
lesion characteristics (20), and even social networking among 
radiologists (21). Further potential influences therefore 
warrant investigation, including occupational exhaustion, 
travel, and hunger, which have been shown to impact 
competence in other fields (22–24) but are thus far under- 
investigated in radiological practice.

Occupational exhaustion, for instance, is one of the critical 
components and initiators of burnout (25–29). It often results 
from prolonged stress and heavy workloads and is therefore 
particularly relevant in healthcare settings, where mental and 
emotional depletion can lead to diminished cognitive resources 
and increased risk of errors (25–29). The demands–resources 
theory provides a framework for understanding occupational 
exhaustion, positing that it results from an imbalance between job 
demands and available resources (27). In radiology, these de
mands may include excessive workload, emotional labor, and 
interpersonal conflicts, which all require sustained effort and can 
incur physiological and psychological costs. Insufficient recovery 
from such demands can trigger exhaustion, and when demands 
consistently outweigh resources, chronic fatigue may develop, 
leading to occupational exhaustion.

Similarly, the effects of travel, such as disrupted routines and 
jet lag, can also influence alertness and attention to detail (24). 
Radiologists are increasingly required to travel for various rea
sons, including conferences, specialized consultations, and global 

health initiatives. Though essential for professional development 
and collaboration, this can disrupt work schedules and potentially 
affect cognitive function. Travel fatigue, characterized by general 
fatigue, disorientation, and weariness, often occurs during or 
immediately after travel (30) and can be exacerbated by other 
travel stressors, such as long queues, delays, and security checks. 
Irregular meals, limited access to preferred food, and disrupted 
sleep due to schedules or sleeping environments, can also strain 
health and impair cognitive function (30).

Furthermore, physiological hunger has been shown in other 
fields to alter decision-making processes and risk assessments 
(18,19,23,31,32). For example, studies of parole hearings have 
found that judges tend to make more lenient decisions early in 
the day and shortly after meals than later in the day or just before 
eating, indicating increased risk aversion. Similar risk-averse 
trends have been observed among audiologists evaluating patients 
and individuals engaged in gambling, suggesting a broader phe
nomenon of risk-averse decision-making in response to hunger. 
In radiology, this could manifest as a tendency to interpret am
biguous findings as potentially malignant, thus reducing the risk 
of missing tumors—an error that impacts both patients and liti
gation risks.

Several theoretical frameworks offer explanations for this 
phenomenon. One is the hot–cold empathy gap theory, 
which posits that individuals struggle to accurately predict or 
empathize with decision-making processes across different 
psychological states (33); thus, radiologists in a “hot” state, 
such as hunger, would find it harder to replicate the rational 
decision-making of a “cold” or calm—in this case, satia
ted—state. Hungry radiologists would instead respond to an 
instinct to avoid risks under perceived scarcity, making less 
logical and more cautious decisions. This shift in decision- 
making may be unconscious and difficult to mitigate, even 
for decisions unrelated to hunger.

Alternatively, ego-depletion theory (34,35) argues that 
cognitive resources are limited and can be depleted by states 
like hunger (35). For example, hungry participants with low 
glucose levels may experience negative mood and fatigue 
(36–38), even while the hunger hormone ghrelin increases 
stress and anxiety through cortisol elevation (39–43). These 
physiological changes would then reduce available cognitive 
resources, leading to greater reliance on emotional cues and 
heuristics and thus to intuitive rather than deliberate deci
sion-making (41). This means a more cautious approach, 
resulting in more cases recalled for further investigation ra
ther than risking missed cancers.

Given the potential impact of occupational exhaustion, 
travel, and hunger on radiologists, this study aimed to in
vestigate how they influence performance in mammography 
interpretation.

MATERIALS AND METHODS

This study used self-reported and performance data of radi
ologists from Saudi Arabia and few other neighboring 
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countries during the 13th Annual Radiological Society of 
Saudi Arabia (RSSA) conference in Jeddah (February 9–11, 
2023) and the 14th RSSA conference in Riyadh (December 
14–16, 2023). Participants were practicing radiologists and 
trainees who also completed a survey on factors such as 
occupational exhaustion, travel, and hunger. Data collection 
was integrated into the conference activities, enabling effi
cient gathering of real-world performance data from practi
cing radiologists at various career stages and experience levels 
in a standardized setting. The online platform DetectedX 
(44) was used, which provides standardized sets of pre-di
agnosed, de-identified mammography images to allow direct 
comparisons of radiologists’ performance metrics and per
formance-influencing factors.

Ethical Approval, Informed Consent, and Confidentiality

Ethical approval was secured from the Human Research 
Ethics Committee, project number E-24–9079. Participants 
consented to the use of de-identified data for research pur
poses; the data from DetectedX were anonymized, with 
radiologists identified only by reader numbers.

DetectedX Overview

DetectedX is a digital screen-reading program designed to 
evaluate radiologists’ performance in detecting breast cancer 
and cancer-free cases. The test set consisted of 30 de-iden
tified mammographic cases (15 abnormal and 15 normal), 
each comprising the following two views: cranio-caudal and 
medio-lateral oblique. Normal cases were those not recalled 
at screening or recalled and verified as benign. Abnormal 
cases were those recalled at screening and confirmed histo
pathologically as cancerous. Figure1 presents an example of 
the mammography images on the DetectedX platform.

Test Set Reading and Environment

The mammogram readings were conducted between 8:00 a.m. 
and 6:00 p.m. The participants selected time slots based on their 
availability, so the session time allocation was not randomized. 
Prior to their session, participants viewed a web-based instruc
tional video on using the DetectedX platform, covering the 
mammogram review process, rating system, and image manip
ulation features like zoom, pan, and brightness/contrast adjust
ments. No clinical histories or information regarding the 
distribution of normal versus abnormal cases were provided to 
the participants. To simulate clinical conditions, the reading 
environment was standardized, with ambient light levels main
tained at 30–40 lux and images displayed on an LED backlight 
monitor with a resolution of 3840×2160 pixels.

Each radiologist was allotted around 2 h to evaluate the 
test set. They were instructed to mark identifiable lesions and 
to assign ratings using a four-point confidence scale as fol
lows: 2 (benign), 3 (equivocal), 4 (suspicious), and 5 (un
questioned malignancy). For cases deemed to have no 
significant abnormalities, the radiologists proceeded to the 
next case by selecting the “NEXT” button. For binary 
classification analysis (calculating sensitivity and specificity), 
the responses were categorized as follows: selecting “NEXT” 
or assigning a score of 2 (benign lesion) was considered a 
negative finding (normal), while scores of 3 to 5 were 
considered positive findings (abnormal–breast cancer). A 
response was deemed correct when either a negative finding 
matched a normal case or a positive finding matched an 
abnormal case. The software allowed retrospective review 
and for any decision to be changed until the final submission.

Performance Metrics

Upon completion of the test set, the system immediately ana
lyzed the data and provided instant feedback for the participants. 

Figure 1. DetectedX platform interface showing standard two-view digital mammogram: CC and MLO views with image manipulation tools 
and navigation controls. CC, cranio-caudal; MLO, medio-lateral oblique.
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The performance metrics that were generated and are included 
in this study were the jackknife alternative free-response receiver 
operating characteristic (JAFROC) curve, lesion sensitivity, area 
under the receiver operating characteristic curve (ROC AUC), 
sensitivity, and specificity. These are defined as follows:

Sensitivity: The proportion of actual positive cases in the 
test set that are correctly identified.

Specificity: The proportion of actual negative cases in the 
test set that are correctly identified.

ROC AUC: A single comprehensive measure of the 
overall ability to discriminate between normal and abnormal 
cases. This metric combines sensitivity and specificity by 
plotting the true-positive rate against the false-positive rate 
across different confidence thresholds. The resulting value 
ranges from 0.5 (performance at the level of chance) to 1.0 
(perfect diagnostic accuracy).

Lesion sensitivity: The proportion of actual malignant 
breast lesions in the test set that are correctly identified and 
localized within a 50-pixel radius of the true lesion center.

JAFROC: A measure of performance in detecting and 
localizing lesions and identifying negative cases. It is calcu
lated from the alternative free-response receiver operating 
characteristic curve, which plots the lesion localization 
fraction (LLF) against the false-positive fraction (FPF). 

• LLF: The fraction of true-positive decisions with the 
correct localization.

• FPF: The false-positive fraction, which is 1−specificity.

DetectedX also collected data on the participants’ pro
fessional roles (radiologists vs. radiology trainees) and their 
years of experience in those roles.

Independent Variables: Occupational Exhaustion, Travel 
Status, and Hunger

Three independent variables were self-reported using a 
questionnaire completed immediately before the mammo
graphy reading session: occupational exhaustion, recent 
travel, and hunger status. Occupational exhaustion was as
sessed using the Emotional Exhaustion subscale of the 
Maslach Burnout Inventory–General Survey (MBI-GS). The 
MBI-GS has demonstrated strong cross-cultural validity, 
with a reliability coefficient of 0.89 for the Emotional 
Exhaustion subscale (45). This subscale includes seven items 
aimed at evaluating feelings of fatigue, emotional depletion, 
and burnout. The specific items are the following: 

1. I feel emotionally drained by my work.
2. Working with people all day long requires a great deal of 

effort.
3. I feel like my work is breaking me down.
4. I feel frustrated by my work.
5. I feel I work too hard at my job.
6. It stresses me too much to work in direct contact with 

people.

7. I feel like I am at the end of my rope.

The participants responded to each item using a seven-point 
Likert scale, ranging from 0 (never) to 6 (every day). The total 
score across these seven items was calculated for each participant, 
with higher scores reflecting greater levels of occupational ex
haustion. Participants scoring 30 or less were classified as ex
periencing low to moderate exhaustion, while those scoring 
above 30 were considered to have high exhaustion levels (46). In 
addition to the MBI-GS, two supplementary questions were 
included in the assessment. First, the participants were asked a 
binary (yes/no) question regarding whether they had traveled far 
to attend the conference, capturing their travel status. Second, 
immediately prior to the reading assessment, the participants were 
asked to indicate (yes/no) whether they felt hungry at that 
moment.

Statistical Analysis

Data analysis was conducted using IBM-SPSS Statistics ver
sion 29 to evaluate the potential impact of readers’ occupa
tional exhaustion, hunger, and travel on mammography 
reading performance using various performance metrics, 
including sensitivity, specificity, lesion sensitivity, ROC 
AUC, and JAFROC. The statistical significance level was 
0.05 for all tests. Non-parametric tests were applied after 
initial assessment with the Kolmogorov-Smirnov test re
vealed a non-normal data distribution.

The preliminary analysis began with Mann–Whitney U tests 
of differences between the readers’ professional roles (categorical 
variable: radiologists and radiology trainees) and their perfor
mance metrics. We also used Spearman’s rank correlation coef
ficient to explore potential significant correlations between the 
readers’ experience levels in their professional roles, measured in 
years (continuous variable), and their performance metrics. These 
two examinations aimed to identify statistically significant dif
ferences or correlations and inform the selection or exclusion of 
potential covariates.

The primary analysis evaluated whether reading perfor
mance varied according to occupational exhaustion (low to 
moderate exhaustion = 0, high exhaustion = 1), hunger 
status (0 = not hungry, 1 = hungry), and long-distance travel 
to attend the conference (0 = non-traveler, 1 = traveler) 
using Mann–Whitney U tests. This non-parametric test was 
selected for its robustness; its ability to compare independent 
groups effectively, even with small or unequal sample sizes; 
and its suitability for data that do not meet parametric test 
assumptions, such as normal distribution (47–51).

RESULTS

Participant Characteristics

Initially, 32 participants were recruited (22 radiologists, eight 
radiology trainees, and two radiographers). The radio
graphers were excluded from the analysis because the study 
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focused specifically on radiologists and radiology trainees. Of 
the 30 remaining participants, one radiologist’s data was only 
partially analyzed due to their selection of the screening-only 
option in DetectedX, which allows for binary (positive/ 
negative) case classifications without lesion localization or 
the four-point rating scale. Thus, while this radiologist’s data 
was included in the analyses of sensitivity and specificity 
(n = 30), it was excluded from ROC, JAFROC, and lesion 
sensitivity (n = 29).

The median experience of the 30 participants was 5.50 
years (interquartile range [IQR]: 2.75–10.75 years), within 
which the eight radiology trainees had a median experience 
of 3.50 years (IQR: 1.25–4.00 years).

Preliminary Analyses

Performance Comparison of Radiologists and Radiology Trainees
The results of Mann–Whitney U tests examining the dif
ferences in performance metrics between radiologists and 
radiology trainees are presented in Table 1. No significant 
differences were found.

Performance Correlations with Reader Experience
Spearman correlation analyses between the participants’ ex
perience (measured in years of service in their professional 
role as either radiologist or radiology trainee) and the per
formance metrics are presented in Table 2. No significant 
correlations were found when analyzing the participants 
collectively or separating them by professional role.

The preliminary analyses thus found no significant dif
ferences in performance between radiologists and radiology 
trainees (Mann–Whitney U tests) nor any significant corre
lations between years of professional experience and the 
performance metrics (Spearman’s rank correlations). 
Consequently, neither professional role nor experience level 
were included as covariates in the primary analysis.

Participant Distributions Across Independent Variables
The proportions of radiologists in each category were un
balanced (Table 3), which can reduce statistical power. 
Under such conditions, near-significant findings may 

indicate obscured effects that should be tested in future re
search.

Primary Analyses: Effects of Occupational Exhaustion, 
Travel, and Hunger on Performance Metrics

Mann–Whitney U tests were performed to examine differ
ences in performance metrics according to occupational 
exhaustion, travel status, and hunger (Table 4).

Occupational Exhaustion
Occupational exhaustion significantly affected JAFROC 
scores (U = 31.0, p = 0.041), with participants experien
cing high exhaustion demonstrating lower JAFROC scores 
than those with low-to-middle levels of exhaustion (Fig 2). 
No significant differences were observed for lesion sensi
tivity, sensitivity, or specificity.

Travel
Travel status significantly impacted ROC (U = 40.0, 
p = 0.03) and sensitivity (U = 45.0, p = 0.04), with 
participants who traveled exhibiting lower ROC scores 
(Fig 3) and lower sensitivity (Fig 4) than those who did not. 
No significant differences were found for JAFROC, lesion 
sensitivity, or specificity.

Hunger
Hunger significantly affected sensitivity (U = 131.0, 
p = 0.04) and specificity (U = 39.5, p = 0.02), with 
hungry participants demonstrating higher sensitivity (Fig 5) 
but lower specificity (Fig 6) than non-hungry participants. 
No significant differences were observed for JAFROC, le
sion sensitivity, or ROC.

DISCUSSION

This study aimed to assess the influence of three human 
factors—occupational exhaustion, recent travel, and hun
ger—on the mammogram reading performance of radi
ologists and trainees. The results show that occupational 
exhaustion negatively impacts JAFROC scores, travel de
creases sensitivity and ROC scores, and hunger creates a 

TABLE 1. Comparison of Diagnostic Performance Metrics Between Radiologists (n = 22) and Radiology Trainees (n = 8): 
Mann–Whitney U Test Results for JAFROC, Lesion Sensitivity, ROC, Sensitivity, and Specificity 

Radiology Trainees Median (IQR) Radiologists Median (IQR) Mann–Whitney U p*

JAFROC 0.33 (0.21–0.41) 0.41 (0.24–0.55) 104.0 0.349
Lesion sensitivity 31.81 (18.18–52.27) 54.55 (31.81–59.09) 113.0 0.168
ROC 0.75 (0.645–0.771) 0.77 (0.68–0.84) 101.0 0.429
Sensitivity 80.0 (70.0–87.50) 80.0 (70.0–90.0) 85.0 0.909
Specificity 52.5 (31.25–65.0) 60.0 (45.0–75.0) 114.5 0.219

ROC, receiver operating characteristic; JAFROC, jackknife alternative free-response ROC; IQR, interquartile range. Sample size for radi
ology trainees is eight; for radiologists, it is 22 for sensitivity and specificity and 21 for JAFROC, lesion sensitivity, and ROC due to missing 
data for one radiologist for these metrics.

* Two-tailed test.   
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trade-off by increasing sensitivity while decreasing speci
ficity.

Highly exhausted readers exhibited significantly lower 
JAFROC scores than their low and moderately exhausted 
counterparts, which is consistent with literature that links 
occupational exhaustion—a primary symptom and key ele
ment of burnout (27,45,52,53)—to adverse outcomes for 
physicians, including increased medical errors (25,26). Ex
haustion may thus negatively impact both the accuracy of 
lesion localization and the ability to identify normal mam
mographic findings, systematically reducing the quality and 
value of readings. This finding adds to prior general ob
servations of the prevalence of occupational exhaustion 
among breast radiologists (54,55).

Breast imaging presents unique challenges among the 
radiological subspecialties, including excessive work de
mands, fear of litigation, and stressful interactions with ad
ministrators, colleagues, and patients (56). In the broader 
context of radiology, occupational exhaustion stems from 
professional challenges, including long hours in static posi
tions, high caseloads, and constant adaptation to evolving 
technologies. Increasing volumes and non-reporting re
sponsibilities, such as multidisciplinary tumor conferences, 
further strain the limited pool of radiologists, leading to 
excessive and irregular working hours (57,58).

These factors contribute to occupational exhaustion and 
may compromise both the well-being and professional 

performance of radiologists. The lower JAFROC scores 
among exhausted radiologists in the current study suggest 
they may expend increased emotional and cognitive effort to 
maintain performance, potentially leading to errors or 
oversights. This is consistent with demands–resources theory 
(27,29), which predicts that the balance between job de
mands and available resources directly influences diagnostic 
accuracy. The multifaceted landscape of stressors points to an 
urgent need for organizational interventions to address 
workload management, provide adequate resources, and 
promote radiologist well-being in order to reduce occupa
tional exhaustion and maintain high standards of patient care.

Radiologists who had recently traveled were also less ac
curate and more likely to miss diagnoses; this extends the 
travel fatigue literature (24,30) by providing specific evi
dence of its impact on radiological diagnosis. The decreases 
in ROC and sensitivity also suggest that the effect of travel is 
more complex than previously understood. While sleep 
disruptions and circadian rhythm problems are well-known 
(18,59), the current findings from a national conference 
suggest that the stresses of travel itself—queues, security 
checks, disrupted meals, trekking through large airports with 
luggage—may have separate and measurable effects on di
agnostic accuracy. Appropriate adaptations may include 
modifying work schedules, optimizing travel arrangements, 
or providing recovery periods. Travel stressors may also in
clude psychological strains, such as prolonged immobility, 
limited social interaction, and crowded vehicles. Though less 
studied than circadian disruptions, all these stressors warrant 
further investigation (24,60).

Although we asked the participants if they traveled to 
attend the conference, we did not query the distance, di
rection, or time zone. The participants came from locations 
across Saudi Arabia and nearby countries, with minimal time 
zone differences, yet even those small variations may have 
produced sleep disruptions or jet lag, which were not in
cluded in the analysis. Nevertheless, lower performance 
among primarily domestic travelers highlights the impact of 
travel-related factors, suggesting that even short-distance 
travel can affect diagnostic accuracy and raising further 
questions about the impact of longer distances, multiple time 
zones, and international travel. Future studies should 

TABLE 2. Spearman Correlation Analysis of Reader Experience and Performance Metrics: Examining Relationships Across All 
Readers (n = 30), Radiologists (n = 22), and Trainees (n = 8) 

Reader experience JAFROC Lesion Sensitivity ROC Sensitivity Specificity

r p r p r p r p r p

All readers 0.005 0.980 0.293 0.123 0.119 0.540 0.106 0.578 0.119 0.532
Radiologists −0.047 0.840 0.221 0.336 0.098 0.673 0.123 0.587 0.024 0.915
Radiology trainees −0.434 0.282 0.262 0.531 0.0001 1.000 0.092 0.828 0.231 0.582

JAFROC, jackknife alternative free-response ROC; ROC, receiver operating characteristic; ’r’ represents the Spearman correlation coef
ficient (ranges from −1 to +1), and ’p’ represents the p-value for statistical significance.

Note: Sample size for radiology trainees is eight; for radiologists, it is 22 for sensitivity and specificity and 21 for JAFROC, lesion sensitivity, 
and ROC due to missing data for one radiologist for these metrics.

TABLE 3. Sample Distribution by Human Factors: 
Participant Numbers Across Occupational Exhaustion 
Levels (Low to Middle or High), Travel Status (Travelers or 
Non-Travelers), and Hunger Status (Hungry or Not Hungry) 

Number of 
Readers

Occupational 
exhaustion

Low to middle 24
High 6

Travel Not traveled 22
Traveled 8

Hunger Not hungry 22
Hungry 8
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TABLE 4. Impact of Human Factors on Diagnostic Performance: Mann–Whitney U Test Results Comparing Performance Metrics 
Across Occupational Exhaustion, Travel Status, and Hunger Status Groups 

Occupational exhaustion

Low to Moderate Median (IQR) High Median (IQR) Mann–Whitney U p

JAFROC 0.383 (0.287–0.552) 0.213 (0.163–0.422) 31.0 0.041*
Lesion sensitivity 45.45 (27.27–54.55) 40.91 (18.18–63.64) 65.5 0.854
ROC 0.772 (0.685–0.835) 0.717 (0.670–0.790) 53.5 0.414
Sensitivity 80.0 (70.0–90.0) 85.0 (75.0–100.0) 100.0 0.158
Specificity 60.0 (45.0–75.0) 40.0 (30.0–65.0) 35.0 0.057
Travel

Not traveled Median (IQR) Traveled Median (IQR) Mann–Whitney U p
JAFROC 0.365 (0.246–0.551) 0.335 (0.209–0.537) 76.0 0.72
Lesion sensitivity 54.55 (36.36–63.64) 27.27 (18.18–54.55) 47.5 0.07
ROC 0.772 (0.721–.842) 0.681 (0.631–0.785) 40.0 0.03*
Sensitivity 80.0 (70.0–90.0) 70.0 (62.5–77.5) 45.0 0.04*
Specificity 55.0 (45.0–72.5) 60.0 (43.7–72.5) 88.0 1.0
Hunger

Not hungry Median (IQR) Hungry Median (IQR) Mann–Whitney U p
JAFROC 0.360 (0.267–0.551) 0.425 (0.187–0.509) 79.0 0.83
Lesion sensitivity 45.45 (22.72–54.55) 45.45 (27.27–63.64) 94.0 0.64
ROC 0.755 (0.687–0.842) 0.753 (0.641–0.821) 77.5 0.75
Sensitivity 70.0 (65.0–90.0) 85.0 (80.0–95.0) 131.0 0.04*
Specificity 65.0 (45.0–75.0) 40.0 (32.5–60.0) 39.5 0.02*

IQR, interquartile range; JAFROC, jackknife alternative free-response ROC; ROC, receiver operating characteristic.
Note: Sample size for radiology trainees is eight; for radiologists, it is 22 for sensitivity and specificity and 21 for JAFROC, lesion sensitivity, 

and ROC due to missing data for one radiologist for these metrics
* Significant at the.05 level (two-tailed).   

Figure 2. Impact of occupational exhaustion on JAFROC scores: box plot comparing low-to-middle (n = 21, median = 0.383, 
IQR = 0.287–0.552) and high (n = 8, median = 0.213, IQR = 0.163–0.422; p = 0.041) exhaustion groups.
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therefore investigate individual travel parameters (e.g., 
duration, direction, time zones).

The participants’ physiological hunger was also significant 
and was associated with higher sensitivity but lower speci
ficity, suggesting a hunger-driven shift in readers’ decision 
thresholds and hence a trade-off that did not impact overall 

accuracy. These effects are consistent with other fields in 
which decision-makers have displayed increased risk aversion 
when hungry (18,19,23,31,32), as described in the in
troduction. In radiology, this would manifest as a lower 
threshold for considering potential abnormalities as can
cerous and a preference for recalling patients for further 

Figure 3. Effect of travel on ROC performance: box plot comparing non-travelers (n = 21, median = 0.772, IQR = 0.721–0.842) to 
Travelers (n = 8, median = 0.681, IQR = 0.631–0.785; p = 0.03).

Figure 4. Impact of travel on sensitivity: box plot comparing non-travelers (n = 22, median = 80.0%, IQR = 70.0–90.0%) to Travelers 
(n = 8, median = 70.0%, IQR = 62.5–77.5%; p = 0.04).
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investigations to reduce negative consequences for the pa
tient and the chance of malpractice litigation. However, al
though higher sensitivity while hungry could reduce false 
negatives—thus preventing delayed diagnoses and poorer 
patient outcomes—the concurrent decrease in specificity 
may increase false positives, leading to overdiagnosis, 

heightened patient anxiety, and additional healthcare costs 
from follow-up imaging and biopsies.

Overall, the findings highlight the importance of physio
logical factors in radiological practice and decision-making 
protocols. The demands of radiology work often disrupt 
mealtimes, which can be compounded by dietary trends like 

Figure 5. Effect of hunger on sensitivity: box plot comparing non-hungry (n = 22, median = 70.0%, IQR = 65.0–90.0%) to Hungry 
(n = 8, median = 85.0%, IQR = 80.0–95.0%; p = 0.04) Readers.

Figure 6. Impact of hunger on specificity: box plot comparing non-hungry (n = 22, median = 65.0%, IQR = 45.0–75.0%) to Hungry 
(n = 8, median = 40.0%, IQR = 32.5–60.0%; p = 0.02) Readers.
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intermittent fasting (61). Future research could explore in
terventions to mitigate these effects, such as optimizing meal 
schedules or providing nutritional support during long 
reading sessions.

Interpreting mammograms involves multiple processes, 
including pattern recognition to identify potential abnorm
alities, detailed examinations of flagged areas, and deciding if 
abnormalities are present (1), and the differential effects of 
the stressors on performance metrics suggest they may se
lectively impact individual process. For example, hunger has 
previously been shown to influence decision-making and 
risk assessment (2), which are part of the final decision phase, 
in contrast to occupational exhaustion and travel, which may 
impact visual search and attention (22,24). Future research 
using eye tracking, neuroimaging, and cognitive testing 
(62–64) could better elucidate these distinct pathways and 
inform targeted interventions. The findings also suggest that 
other, seemingly mundane physiological factors may have 
unexpected impacts on clinical decision-making; we should 
therefore consider the effects of such stressors, explore in
novative solutions, and seek insights from other high-stakes 
decision-making professions.

By identifying the impact of occupational exhaustion, 
hunger, and travel on diagnostic accuracy, we have high
lighted the importance of a more holistic approach to radi
ology practice and the need for a paradigm shift in how 
radiology departments and healthcare systems manage 
working conditions and environments for their staff. By 
researching, acknowledging, and addressing human factors, 
we can enhance not only the quality of diagnoses but also the 
sustainability of the radiology profession in the face of 
growing challenges, such as burnout and cognitive fatigue.

LIMITATIONS AND RECOMMENDATIONS

This study was conducted in a controlled environment that 
differed from typical clinical settings, particularly in the lack of 
real-world variables present in daily clinical work, such as in
terruptions, established workflows, and typical workplace stres
sors. The prevalence of cancer cases in our sample was also higher 
than in routine screening, where cancer detection rates are ty
pically 4–5 per 1000 examinations, which may have influenced 
reading patterns and the readers’ thresholds for recall. Although 
previous research has found strong correlations between labora
tory and clinical readings (65), the differences in cancer pre
valence and reading environment require careful consideration 
when generalizing the findings to clinical practice.

The structured two-hour interpretation sessions did not 
replicate a full clinical workday but did enable us to isolate 
and examine the impacts of occupational exhaustion, travel, 
and hunger independently of the fatigue of extended shifts 
(15). However, the study design did not control for several 
potential confounding variables related to fatigue, including 
participants’ total time awake before reading, the quality and 
duration of their sleep, and their circadian phase.

While conducting this study during conferences provided 
access to a large group of radiologists, conference attendees 
may differ systematically from the broader radiological 
workforce in terms of academic engagement, institutional 
support for professional development, and motivation for 
performance improvement. The conference setting is also 
distinct from routine clinical practice, with varied session 
scheduling, different workstation setups, and distractions 
from conference activities. Motivation and performance 
awareness, in the form of heightened attention and profes
sional pride, might also have influenced reading behavior.

Because the conferences were held in Saudi Arabia, some 
confounding factors common at international conferences, 
such as alcohol consumption, were not present, but others, 
like unfamiliar hotel accommodations and conference com
mitments, were. Future studies should therefore examine 
settings that more closely mirror real-world clinical condi
tions to validate and expand upon these findings.

The sample size warrants careful consideration of statistical 
power and generalizability; while comparable to similar 
studies in radiological research, the relatively small sample 
and uneven distribution across conditions (Table 3) may 
have prevented the detection of subtle effects, which were 
suggested by the near-significant impacts of occupational 
exhaustion on specificity and of travel on lesion sensitivity. 
The inconsistent representation across training levels may 
also have prevented us from distinguishing experience-re
lated effects from those directly associated with occupational 
exhaustion, hunger, or travel—indeed, the analysis of ex
perience as a confounding variable yielded no significant 
effects, contradicting existing literature. This unexpected 
finding might also be attributable to methodological factors, 
such as variations in annual reading volumes and non-local 
test cases that eliminated institutional familiarity advantages. 
That is, while non-local cases enhanced internal validity by 
controlling for institutional familiarity bias and created a 
more controlled environment to isolate the variables of in
terest—which was a strength—they may also have reduced 
the performance differential between experienced and less 
experienced radiologists by removing the context in which 
experienced radiologists’ pattern recognition would typically 
manifest, thus representing a limitation.

Mann–Whitney U tests were chosen for their ability to 
handle small and uneven sample sizes, and they identified 
significant effects across multiple metrics (47–51) with effect 
sizes at the low end of the range conventionally considered 
large (Exhaustion JAFROC: Cohen’s d = 0.82; Travel 
ROC: d = 0.87; Travel sensitivity: d = 0.81; Hunger 
sensitivity: d = 0.81; Hunger specificity: d = 0.92). This 
suggests that the sample size was sufficient to capture large 
effects but that medium or small effects might have been 
subject to Type II errors (66,67). Future research should 
employ larger, balanced cohorts with controlled distributions 
of stressors across experience levels to enhance statistical 
power and generalizability. Randomized study designs in 
controlled settings would also allow for more precise 

Academic Radiology, Vol 32, No 8, August 2025 FACTORS AFFECTING MAMMOGRAPHY INTERPRETATION 

4417Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en agosto 08, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



examination of these relationships and a stronger assessment 
of causality. Such studies, with larger, balanced samples, 
could also take advantage of more sophisticated statistical 
approaches than were justifiable in the current study, such as 
mixed-effects models, which could account for both fixed 
and random effects and handle repeated measures and nested 
data structures.

Although the MBI-GS Emotional Exhaustion subscale is a 
well-validated tool, the travel and hunger questions were 
binary self-reports without prior validation, introducing 
concerns about reliability, subjectivity, and recall bias. Future 
studies should therefore consider standardized and validated 
tools for assessing physiological factors; they could also in
corporate a broader range of physiological and psychological 
measures, such as blood glucose levels, body temperature, 
fatigue scales, sleep patterns, visual function tests, mood as
sessments, and concentration metrics; they could even cor
relate functional neuroimaging with occupational exhaustion 
and performance. It would also be valuable to examine how 
these factors interact with age, gender, and experience, 
which are known to influence susceptibility to fatigue and 
performance fluctuations (16,68). Long-term studies tracking 
radiologists through various work schedules and conditions 
could provide even more comprehensive insights into the 
impact of human factors on diagnostic accuracy.

Additionally, investigating interventions to mitigate the 
effects of exhaustion, hunger, and travel on performance 
would be beneficial for developing evidence-based radiology 
workplace policies. A significant advance could be the in
tegration of AI technology, a major strength of which is its 
ability to produce near-instantaneous interpretations of 
radiographs, neither constrained by traditional working 
hours nor susceptible to human fallibilities, such as fatigue or 
hunger. Incorporating AI could complement radiologists’ 
work by providing consistent interpretations with pre
dictable strengths and weaknesses that would help to coun
terbalance the natural fluctuations in human performance 
caused by physiological and psychological factors. However, 
potential over-reliance on AI systems and the risk of training 
biases require careful consideration (69). Furthermore, major 
challenges remain in validating AI systems across diverse 
patient populations and imaging equipment and in devel
oping strategies to mitigate algorithmic gender, ethnicity, 
and socioeconomic biases. Future implementations should 
focus on robust validation processes and appropriate human 
oversight to ensure AI integration enhances rather than 
compromises radiological care.

CONCLUSIONS

This study found that occupational exhaustion, travel, and 
hunger significantly impact mammographic interpretation. 
Key findings include decreased JAFROC scores with oc
cupational exhaustion, reduced overall diagnostic perfor
mance (ROC and sensitivity) following travel, and a 

sensitivity–specificity trade-off when hungry, revealing the 
distinct impacts of physiological and psychological states on 
different aspects of diagnostic performance. The evidence 
suggests the possible need for new workplace policies and 
interventions for radiology departments, such as structured 
recovery periods after travel, optimized work schedules to 
manage exhaustion, and regular meal breaks, although vali
dation of the findings in real-world clinical settings is needed 
to confirm the practical value of such measures. Future re
search with larger samples should focus on developing tar
geted interventions, integrating AI technologies to 
complement human expertise, and creating more supportive 
work environments.
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