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Abstract

Sex-and-gender disparities in healthcare are often attributed to biological and social
determinants, butimplicit bias in clinical judgement may also contribute, though empirical
evidence remains limited. Using mandatory clinical simulation exercises across four
medical faculties in Spain, we examine sex- and gender-differences in clinical decision-
making among medical students and resident physicians. Patients were allocated to male
or female standardised cases through routine scheduling, without control over or prior
knowledge of case characteristics, providing a quasi-experimental setting to compare
performance across seven sequential stages of care. Female patients received
significantly lower quality-of-care scores in symptom assessment (-14.79%), initial
diagnosis (-18.50%), and clinician-patient communication (-15.18%), with no differences
in later, more protocolised stages. Disparities persisted after controlling for training level
and institutional fixed effects. Bias concentrates in the earliest, most interpretative stages
of clinical management, with implications for quality of care and medical curriculum
design.

Keywords: bias, clinical decision-making, health disparities, medical education, clinical
simulation



Introduction

Sex and gender inequalities in health have long been explained through biological
and social frameworks. Biological factors such as hormonal and physiological
differences contribute to variation in disease susceptibility and progression. Social
determinants, including education, socioeconomic status, labour market
participation, caregiving responsibilities, and health-seeking behaviours, shape
access to and quality of healthcare. Women, forinstance, are more likely than men
to seek medical advice or pursue specialised care [1, 2].

While foundational, these explanations overlook healthcare providers’ role in
perpetuating or mitigating gender and sex disparities. Importantly, differences in
clinical management are not solely due to internalised stereotypes shaping
clinician-patient interactions, but are also rooted in longstanding gaps in
biomedical research that have historically limited sex- and gender-sensitive
medical knowledge [3], thus constraining healthcare providers’ ability to
appropriately assess sex-and-gender differences in symptomatology, risk factors,
and treatment responses.

Although the first evidence of gender biases in clinical management emerged over
three decades ago [4-6], only recently has research provided large-scale evidence
positioning these biases as a structural challenge for health systems [7] and
documenting persistent deficits in patient-centred care for women [8-10].

In line with this call from scientific literature, a growing body of research has
focused on the presence and persistence of gender biases in clinical settings. For
example, women are more likely to receive substandard care and experience
adverse safety events across several healthcare levels [11-13]. Even in well-studied
conditions such as cardiovascular diseases (CVDs), where sex-specific
presentations are well documented, women remain underdiagnosed and
undertreated [14]. These patterns suggest that inequities also emerge within
clinical reasoning and clinician-patient interactions. Implicit biases, defined as
unconscious stereotypes and attitudes, can influence clinical judgment even
among providers who consciously endorse egalitarian values [15, 16]. Cognitive
biases, such as overconfidence, anchoring, and confirmation bias, further distort
clinical reasoning and decision-making [17, 18].

Despite growing awareness, evidence on how and at what stage these biases affect
clinical management remains limited. Our study addresses this gap by quantifying
sex-and-gender disparities in core clinical management tasks performed by
medical students and early-career healthcare providers. Specifically, we examine
how these biases influence key clinical management tasks and whether they persist
or attenuate across training stages, highlighting the role of experience.
Understanding when bias emerges during the clinical reasoning and management
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process and how it evolves across the training trajectory is key to design targeted,
stage-appropriate interventions focused on bias awareness, before cognitive
shortcuts and clinical heuristics become entrenched.

We employ standardised clinical simulations, a tool that replicates real-world
scenarios in a controlled and rigorous setting. Simulations have proven effective in
improving procedural skills, teamwork, and patient safety [19, 20]. By replicating
real-world patient encounters in a controlled environment, simulations eliminate
many of the confounding factors inherent in observational healthcare data: time
pressure, resource constraints, patient non-cooperation, and systemic variation
across care settings. This makes simulations particularly well-suited to detect
systematic patterns in clinical reasoning, including those shaped by implicit bias,
that would be difficult to observe or impossible to isolate in real clinical settings.

Our study draws on data from clinical simulations conducted in four medical
faculties in Catalonia (Spain) over two academic years. Participants were assigned
to male or female standardised patient cases through routine simulation
scheduling processes in which they had no control over case allocation and were
unaware of the patient characteristics in advance. This allocation mechanism
provides a quasi-experimental setting to examine differences in clinical
performance according to patient sex across seven sequential stages of care.

We find consistent disparities in early-stage clinical management: female patients
receive lower quality-of-care scores in symptom assessment (10 percentage points
lower, which represents a 14.79% decrease with respect to the mean score for this
task), initial diagnosis (12 percentage points lower; an 18.50% decrease), and
communication with the patient (10.7 percentage points lower; a 15.18%
decrease). These differences persist across different levels of clinical experience.
Disparities emerging in early stages of clinical management are particularly relevant
for patient safety and health outcomes, since such deviations may cause important
delays in diagnostic testing, definitive diagnosis and treatment, contributing to
cumulative quality deficits.

Ourfindings therefore have implications for quality of care, medical education, and
health system governance, highlighting the need to address bias in early-stage
clinical decision-making processes. By identifying where in the clinical
management process disparities emerge, this study provides policy-relevant
evidence to guide targeted interventions in clinical reasoning and communication.

Throughout this article, references to bias and inequality explicitly encompass both
sex and gender, which are distinct but interrelated phenomena [21]. This choice is
deliberate and reflects both conceptual and empirical considerations. Sex-based
biases stem from biological factors, as well as gaps in medical knowledge regarding
symptomatology, disease presentation, genetic risk factors, and treatment
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responses [22] with well-documented adverse consequences for women’s health
outcomes [3, 23]. Gender-based biases arise from socially constructed norms and
stereotypes that influence clinical judgement, communication, and diagnostic
reasoning [16].

However, these biases frequently operate simultaneously within doctor—patient
interactions, making it empirically difficult to disentangle their individual effects
[24], particularly in communicative and interpretative dimensions of care. Our
study therefore refers to both sex and gender throughout, reflecting the
multidimensional nature of the inequalities examined.

1. Materials and Methods
1.1. Study design

This study examines sex- and gender-related differences in healthcare delivery
using data from clinical simulation exercises conducted between September 2023
and June 2025 across four medical faculties in Catalonia, Spain: Universitat de
Barcelona (UB), Universitat Pompeu Fabra (UPF), Universitat de Lleida (UdL), and
Universitat Rovira i Virgili (URV)'. The clinical simulations were not specifically
designed for the purposes of this study, nor were additional simulations exercises
introduced into the participants’ academic or clinical training programmes. Rather,
they were part of the pre-existent mandatory curricula of the participating medical
schools and training programmes. Data for the study was collected through
structured observation of these routinely conducted simulation exercises.

Clinical scenarios were developed by the teaching staff at each participating
university and represented specific clinical conditions. Scenarios were designed
according to the learning objectives and expected competencies pf participants at
their respective levels of training. Participants were required to obtain the clinical
information necessary to assess the patient and formulate an initial diagnosis
through the history-taking, physical examination and diagnostic testing; conduct a
differential diagnosis; establish a final diagnosis; initiate appropriate treatment;
and communicate relevant information and decisions to the patient.

Participants were not formally randomised to clinical scenarios. Instead, case
allocation was determined through routine educational scheduling procedures
established independently of the study, and participants had no control over the
case to which they were assigned. The content of the clinical scenario, including the
patient’s sex and clinical condition, was not disclosed to participants before the
simulation. Thus, although allocation did not constitute formal randomisation,

"These four institutions host 56.98% of medicine students in public universities in Catalonia
and 9.11% of those in Spain, according to 2024-2025 data from the Ministry of Science,
Innovation and Universities



assignment to cases occurred independently of participants’ choices and prior
knowledge of scenario characteristics. This allocation mechanism provides a
quasi-experimental setting for analysis, in which differences in clinical
performance according to patient sex can be examined while accounting for
relevant participant-, scenario-, and institutional-level characteristics.

Simulations covered 33 clinical conditions across thirteen ICD disease categories,
spanning infectious diseases, neoplasms, genitourinary, respiratory, immune,
mental health, musculoskeletal, traumatic injuries, and other conditions. All
simulation exercises followed a standardised format: a pre-briefing; a simulated
scenario with a standardised patient; and debriefing and feedback.

A total of 1,597 simulation exercises involving 1,947 participants were evaluated.
Participants included third- through sixth-year medical students and early-career
healthcare providers (medical residents in training, or MIRs in Spanish). First- and
second-year students were excluded due to insufficient clinical training. All eligible
participants taking part in the simulations during the study period were invited to
participates. Opt-out rates were 2.22% in the UB-UPF-UdL group and 0% in URV.
Close to 70% of the simulation exercises were performed by women, reflecting the
underlying gender composition of medical students in Catalonia?2. Women also
represented 66% of supervisors. Male standardised patients accounted for 35% of
the simulated patient encounters (see Table 7).

1.2. Data collection: simulation procedure and assessment of clinical
management

Before each simulation, and following ethical standards, participants were invited
to take part in a research study and informed that research participation was
voluntary and not a condition for participating in the simulation exercise. Those who
consented were provided with the study information, which was carefully framed:
participants were told the study evaluated simulation as a tool for improving
disease management. No reference was made to sex or gender bias to avoid
influencing behaviour.

Clinical performance was assessed across seven domains or tasks representing
sequential components of patient management: (a) symptom assessment; (b)
initial diagnosis; (c) patient monitoring; (d) diagnostic testing; (e) main diagnosis; (f)
treatment administration; and (g) overall communication with the patient (see
Figure 1). Depending on the clinical scenario and the expected competencies
associated with the participant’s stage of training, some domains were not
applicable and were therefore not assessed.

2Women represent 74% of total enrolment in Catalonia, according to data from the National
Statistics Institute in Spain



Figure 1. Sequential nature of the clinical management process and steps evaluated in the clinical simulations
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Note: This figure illustrates the seven core tasks evaluated during each clinical simulation, structured to mirror the patient
clinical management process and the temporal logic of real-life patient care. Each task was evaluated independently
according to standardised criteria. Communication with the patient was assessed throughout the entire simulation, as it is
integral to all stages of clinical decision-making and therapeutic interaction. Source: authors’ elaboration based on focus
group interviews with simulation coordinators from each participating university in the study.

All evaluators were trained health professionals. They assessed performance using
a structured checklist and according to the clinical complexity of the case and the
competencies expected at the participant’s level of training. The use of structured
assessment criteria was intended to promote consistency across evaluators and
participating institutions and to reduce subjectivity.

For each applicable clinical management domain, performance was classified
using a standardised and predefined three-category rubric based on the proportion
of expected actions successfully completed and the presence of clinically relevant
errors or omissions, consistent with established checklist-based approaches to
simulation assessment [26-29]. Each task was classified as correct when more
than 70% of the required actions were completed without major errors; partially
incorrect when only 50-70% were completed or clinically significant omissions
were observed; and incorrect when fewer than 50% were completed or
performance involved severe errors, major omissions, or failure to complete the

task.

In addition to the participants’ performance, patient characteristics (i.e., biological
sex and health condition), participant characteristics (i.e., number, gender,
academic year or residency year, team composition, peer observation), supervisor
gender, institutional affiliation, and simulation date were also collected. Patient



sex, the primary exposure of interest, was recorded for all simulation exercises, with
no missing observations.

The final dataset comprises task-level assessment of participants’ clinical
performance across the seven domains, together with patient-, participant-,
supervisor-, simulation-, and institution-level characteristics.

1.3. Empirical strategy

We analyse performance across tasks according to our primary exposure variable,
the biological sex of the simulated patient. Clinical performance was analysed
separately for each of the seven domains described above. To facilitate analysis,
the original three-category performance measure was dichotomised: a value of 1
was assigned for correct execution (>70% of the task completed without major
errors), and 0 otherwise. This classification treats incomplete performance and
clinically relevant errors or omissions as failure to meet the predefined standard of
correct clinical management.

For each clinical management task, we estimate Ordinary Least Squares (OLS)
regression models in which the performance indicator is regressed on patient sex.
The coefficient on patient sex therefore represents the adjusted difference in the
probability of correct performance between encounters involving female and male
standardised patients, after accounting for the covariates included in the model.
Models adjust for participants’ level of training (academic year or residency stage),
the gender composition of the participating medical team, and the gender of the
simulation evaluator.

Analyses are conducted separately for two groups of participating institutions to
account for an important difference in simulation design: at URV, the standardised
patient also acted as the evaluator, limiting full separation between patient sex and
evaluator characteristics, Hence, estimated differences may partially capture
systematic differences in assessment associated with the standardised
patient/evaluator. At UB, UP, and UdL, the roles were clearly separated. Therefore,
estimates are reported separately for the URV and the UB-UPF-UdL samples rather
combining observations across these different simulation designs, ensuring
transparency regarding these limitations.

Finally, we examine heterogeneity by participants’ level of experience. Analyses are
stratified, separating third- and fourth-year students from fifth-year students and
MIRs, to assess whether disparities in clinical management attenuate or intensify
with increasing clinical training experience.



Table 1. Descriptive statistics

Characteristics
Health providers

Total

URV

uB

UPF

UdL

Women 1351 (69,39%) 977 (69,50%) 204 (67,11%) 141 (71,94%) 29 (70,73%)
Men 594 (30,51%) 429 (30,50%) 99 (32,57%) 54 (27,55%) 12(29,27)
Non-binary 2(0,10%) 0(0,0,%) 1(0,33%) 1(0,51%) 0(0,00%)
Academic level

3rd year 29(1,82%) 0(0,0,%) 2(2,17%) 27 (31,03%) 0(0,00%)
4thyear 794 (49,72%) 707 (50,28%) 57 (61,96%) 26 (29,89%) 4(33,33%)
5th year 346 (21,67%) 296 (21,05%) 33(35,87%) 17 (19,54%) 0(0,00%)
6th year 420 (26,30%) 403 (28,66%) 0(0,00%) 17 (19,54%) 0(0,00%)
MIR 8(0,50%) 0(0,0,%) 0(0,00%) 0(0,00%) 8 (66,67%)

Simulation information

Female patient
Woman supervisor

1037 (64,93%)
1056 (66,12%)

925 (65,79%)
925 (65,79%)

49 (53,26%)
68 (73,91%)

60 (68,97%)
60 (68,97%)

3(25,00%)
3(25,00%)

Clinical case: disease group

Certain infectious or parasitic diseases

Developmental anomalies

Disease of the nervous system

Diseases of the blood or blood-forming organs

Diseases of the circulatory system

Diseases of the ear or mastoid process

Diseases of the genitourinary system

Diseases of the immune system

Diseases of the musculoskeletal system or connective tissue
Diseases of the nervous system

Diseases of the respiratory system

Endocrine, nutritional or metabolic diseases

Injury, poisoning or certain other consequences of external causes
Mental, behavioural or neurodevelopmental disorders
Neoplasms

Symptoms, signs or clinical findings of the nervous system
Symptoms, signs or clinical findings, not elsewhere classified

107 (6,70%)
6 (0,38%)

11 (0,69%)
203 (12,71%)
147 (9,20%)
4(0,25%)
111(6,95%)
10 (0,63%)
5(0,31%)
150 (9,39%)
7 (0,44%)
103 (6,45%)
19 (1,19%)
38(2,38%)
11 (0,69%)
204 (12,77%)
461 (28,87%)

102 (7,25%)
0 (0,00%)

0 (0,00%)
203 (14,44%)
101 (7,18%)
0 (0,00%)

91 (6,47%)

0 (0,00%)

0 (0,00%)
150 (10,67%)
0 (0,00%)
103 (7,33%)
0 (0,00%)

0 (0,00%)

0 (0,00%)
204 (14,51%)
452 (32,15%)

0 (0,00%)
0(0,00%)
0 (0,00%)
0 (0,00%)
38 (41,30%)
0(0,00%)
16 (17,39%)
0 (0,00%)
0(0,00%)
0 (0,00%)
0 (0,00%)
0 (0,00%)
3(3,26%)
24.(26,09%)
11(11,96%)
0(0,00%)
0 (0,00%)

5 (5,75%)
6 (6,90%)
11(12,64%)
0 (0,00%)
4 (4,60%)
4(4,60%)
4(4,60%)
10 (11,49%)
5 (5,75%)
0 (0,00%)
4(4,60%)
0 (0,00%)
13 (14,94%)
14 (16,09%)
0 (0,00%)
0 (0,00%)
7 (8,05%)

0(0,00%)
0(0,00%)
0(0,00%)
0(0,00%)
4(33,33%)
0(0,00%)
0(0,00%)
0(0,00%)
0(0,00%)
0(0,00%)
3(25,00%)
0(0,00%)
3(25,00%)
0(0,00%)
0(0,00%)
0(0,00%)
2 (16,67%)

Note: Descriptive statistics for all study variables. Values are as counts (percentages) for all categorical variables. The table reports both the overall sample and the distribution across participating institutions

(URV, UB, UPF, and UdL).




2. Results
2.1. General findings

Data analysis examines healthcare provider performance across the sequential
process of patient clinical management, which involves the seven tasks previously
described (see Supplemental Material: Figure 1). The findings reveal significant sex
disparities in early-stage clinical management, with lower quality-of-care scores for
female patients in symptom assessment, initial diagnosis, and communication
with the patient (see Figure 2). These differences remain robust after including
institutional and experience-level fixed effects and controlling for the gender
composition of the medical team and the supervisor gender (see Table 2).

The estimated coefficient for symptom assessment of female patients is -0.100,
indicating a 10.0 percentage points reduction in the probability of receiving quality
care when compared to male patients. This corresponds to a 14.79% decrease
relative to the average performance level for this task. Similarly, being assigned a
female patient is associated with a 0.12-point decrease in initial diagnosis (18.50%
decrease). The probability of establishing a good communication with the patientis
10.7 percentage points lower in female versus male patients (15.18% decrease).

No statistically significant sex differences are found in later-stage tasks: patient
monitoring, diagnostic testing, main diagnosis, or treatment administration (see
Table 2).

Figure 2. Effect of patient sex on symptom assessment, initial diagnosis and communication with the patient

Symptom assessment Initial diagnosis Communication with the patient
| | I
I I I
I I I
I ) I
I I I
] ] I
I I I
I I I
I I I
] ] I
I I I
1 I I
) ) I
Famale patient +| ‘—.‘—‘ ) I
I I I
I I I
I I I
I I I
I I I
I I I
I I I
I I I
I | I
] ] I
I I I
I I I
I I I
0.4 -0.2 0.0 0.2 04 -04 -0.2 0.0 0.2 04 -04 -02 0.0 0.2 04

Coefficient estimates (80% C.1)

'. Symplom ‘ Initial diagnosi Communication with the patient

Note: This figure displays the estimated coefficients and 90% confidence intervals for the effect of patient sex on performance
in three core clinical management tasks. Models include data from all four participant institutions: UB, UPF, UdL and URV.
Each coloured point represents the coefficient estimate from an OLS regression, with fixed effects for the participants' level
of training and institution and controls for the Proportion of women in the medical team and the Supervisor gender. Female
patients are significantly associated with lower performance in all three tasks.



Table 2. Clinical management quality-of-care scores for symptoms, initial diagnosis, monitoring, diagnostic testing, main diagnosis, treatment administration and communication with

the patient.
Symptoms Initial dx Monitorization Diagnostic testing Main dx Treatment administration Communication with patient
€] ) 3) “ (%) (6) @)
Female patient -0.100" 0.116™ 0.002 0.016 0.019 0.095 -0.107**
(0.052) (0.053) (0.061) (0.055) (0.054) (0.060) (0.053)
:g’g‘en in the medical 0012 0.106™* 0.118** 0.059** 0025 0023 0.067"**
(0.026) (0.026) (0.060) (0.026) (0.042) 0.037) (0.025)
Supervisor is a woman -0.071 -0.063 0.035 -0.132** -0.141** 0.167°** 0.044
(0.052) (0.053) (0.061) (0.056) (0.056) (0.060) (0.053)
Constant 0.752™** 0.550™** 0.125 0.390*** 0.714*** 0.388"** 0.190
(0.113) 0.115) (0.141) (0.121) (0.113) (0.129) (0.116)
Fixed effects Yes Yes Yes Yes Yes Yes Yes
Mean of dependent 0.676 0.627 0.639 0.564 0.818 0.55 0.705
variable
N 1,596 1,595 366 1,575 495 889 1,585
R? 0.063 0.100 0.166 0.154 0.083 0.091 0.035
Adjusted R2 0.057 0.094 0.142 0.149 0.064 0.080 0.029
Residual Std. Error 0.455 (df = 1585)  0.460 (df = 1584) 0.445 (df = 355) 0.458 (df = 1565)  0.373 (df = 484) 0.477 (df = 878) 0.449 (df = 1574)
- 10.664™ " (df =10;  17.578"* (df = 10; rx 31.594™* (Af=9; 4.404"" (df = 10; . -
F St t tl A = N . = M . = M
atistic 1585) 1584) 7.048™*" (df = 10; 355) 1565) 484) 8753 (df = 10; 878)  5.764™" (df = 10; 1574)

Note: This table presents the OLS regression results for all clinical tasks evaluated. Estimates include data from all four institutions: UB, UPF, UdL and URV. Each model includes fixed effects for level of
training and university. The primary independent variable is the patient sex (female vs. male, reference category). Coefficients represent the difference in the score obtained for each task relative to male
patients. Thus, negative coefficients indicate lower scores when the patient is female, while positive coefficients indicate higher scores. Female patients are associated with significantly lower quality-of-care
scores in symptom assessment, initial diagnosis, and communication with the patient. The proportion of women in the medical teams has a positive and statistically significant effect in the models for initial

diagnosis and communication. The gender of the supervisor shows no effect. Standard errors are reported in parentheses. Significance levels: p <0.1*; p <0.05**; p < 0.01***,
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2.2. Heterogeneity by institution

Disaggregated analyses by institution are consistent with the overall findings:
disparities in clinical management occur in its initial stage, particularly during
symptom assessment and initial diagnosis. At this stage, doctor-patientinteraction
underpins early diagnostic reasoning through the collection clinical information.
Consequently, differences in communication are also expected, given its central
role in eliciting relevant clinical information prior to testing or further interventions.

The absence of statistically significant differences in the UB-UPF-UdL sample for
symptom assessment and communication likely reflects the limited sample size
and reduced statistical power. Importantly, point estimates in the UB-UPF-UdL and
URV samples are nearly identical in magnitude and direction, though standard
errors are larger in the former. Thus, despite the lack of statistical significance in
two of the tasks, the consistency in coefficients reinforces the robustness and
validity of the findings (see Figure 3).

As for diagnostic testing, results are inconclusive: although the URV sample reveals
statistically significant differences, the absence of such differences in the UB-UPF-
UdL sample prevents firm conclusions (see Supplemental Material: Figure 4). For
later-stage tasks (patient monitoring, main diagnosis, treatment), no significant sex
differences are observed (see Table 2; Supplemental Material: Figure 4, Table 3 &
Table 4).

a. Symptom assessment

Across all models, in the URV sample, being a female patient is significantly
associated with a lower probability of accurate symptom assessment, even after
controlling for team composition and supervisor gender. In the UB-UPF-UdL
sample, the results point exactly to the same direction but are slightly smaller in
magnitude and not statistically significant (see Figure 3).

Team composition and supervisor gender show no significant effect on
performance (see Supplemental Material: Table 3 & Table 4).

b. Initial diagnosis

Being a female patient is significantly associated with lower scores in the
assessment of initial diagnosis across all models. The magnitude of the effect
remains stable when controlling for the team composition and supervisor gender.
indicating a substantial and robust sex-related disparity in the first diagnostic
orientation of patient management (see Figure 3).

A higher proportion of women in the medical team is associated with better

diagnostic accuracy (see Table 2). Supervisor gender shows no significant effect
(see Table 2 and Supplemental Material: Table 4).

11



c. Communication with the patient

Being a female patient is consistently associated with a lower quality of
communication with the patient. The effect is consistent in magnitude across all
models and for both samples but is not statistically significant for the UB-UPF-UdL
group due to its notable smaller size. This finding is highly relevant in this context
because it not only indicates that interpersonal dynamics are affected by bias but
might also partially explain why symptom assessment and initial diagnosis are also
affected, since they are tasks that deeply depend on the use of communication and
information exchange to be correctly performed (see Figure 3).

A higher proportion of women in the medical team is associated with better
communication with the patient for both groups, though significance varies across
samples (see Table 2 and Supplemental Material: Table 3 & 4). This suggests that
structural team dynamics related to gender may play a role in reducing bias when
communicating with the patient. Supervisor gender shows no clear effect (see Table
2 and Supplemental Material: Table 4).

Figure 3. Effect of patient sex on symptom assessment, initial diagnosis and communication with the patient

Symptom assessment Initial Diagnosis Communication with the patient
| l ]
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Note: The figure presents coefficient estimates and 95% confidence intervals for patient sex on symptom assessment, initial
diagnosis, and communication with the patient. Estimates are shown separately for each and stratified by model
specification. Each model progressively incorporates additional control variables. Round-shaped coefficients only include
fixed effects for the participants’level of training and institution (only for the UB-UPF-UdL group). Triangle-shaped coefficients
add a control for the gender composition within clinical teams. Squared-shaped coefficients further incorporate the gender
of the supervisor.
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2.3. Heterogeneity by level of training and experience

Clinical experience may also influence bias in patient management. At first glance,
one might assume that greater experience and accumulated knowledge would be
associated with fewer biases. However, this is not necessarily the case: increased
self-confidence and repeated exposure to clinical cases may encourage reliance
on cognitive shortcuts, potentially reinforcing unconscious biases. Analysing bias
in relation to the level of clinical experience can help us understand how, and if, this
phenomenon persists with training and educational progression, and how it may
affect symptom assessment, initial diagnosis, and communication with the patient.

In the URV sample, female patients receive significantly lower scores in symptom
assessment and initial diagnosis across both experience groups (see Supplemental
Material: Figure 5). Although the magnitude of the effect decreases slightly amongst
the more advanced participants, disparities remain persistent across training
levels.

In the UB-UPF-UdL sample, scores for symptom assessment and initial diagnosis
are worse for the more advanced group and statistically significant. However, the
limited sample size, particularly in the more senior student subgroup, reduces
statistical power and complicates definitive conclusions (see Supplemental
Material: Table 5 & Table 6).

Communication with the patient displays a different pattern (see Supplemental
Material: Figure 5). In the URV sample, disparities are not significant among 3-4™
year students but become larger and statistically significant for more advanced
participants, suggesting that communication-related disparities do not diminish
with experience. In the UB-UPF-UdL sample, estimates are imprecise and show no
consistent pattern (see Supplemental Material: Table 7).

Overall, the persistent and systematic disadvantage of female patients in symptom
assessment, initial diagnosis and communication point to structural biases and
patterns in clinical decision-making that remain present across levels of training,
despite slight attenuation with experience.

3. Discussion

This study explores how the biological sex of simulated patients influences clinical
decision-making among medical students and junior doctors. The analysis revealed
consistent disparities in early diagnostic stages: female patients received lower
quality-of-care scores in symptom assessment, initial diagnosis, and
communication with the patient. These differences remained robust after
controlling for participant experience, supervisor gender and gender composition
of the medical team.

Notably, disparities emerged during the earliest stages of clinical management,
where clinician-patient interaction and subjective interpretation are central.
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Symptom assessment and initial diagnostic formulation rely heavily on narrative
information, questioning strategies and interpretative judgement, precisely where
gendered assumptions are most likely to interfere. Communication disparities
further reinforce the role of interaction dynamics in shaping early clinical reasoning.
In contrast, later stages of clinical management, such as monitoring, testing, main
diagnosis and treatment administration, were less affected, likely because they rely
more strongly on standardised protocols, objective clinical data and quantifiable
indicators, which may constrain discretionary judgement and mitigate bias. This
pattern highlights the potential protective role of structured, data-driven decision-
making. However, in real-world settings, early-stage deviations may delay testing,
misdirect diagnostic pathways or postpone treatment, ultimately affecting
timeliness and overall quality of care, with consequences that extend well beyond
the simulation context.

A key methodological strength of this study is the diversity of clinical cases included
in the simulations. Rather than focusing on conditions already recognised as
vulherable to gender bias (e.g., CVDs, chronic pain or mental health disorders), our
study employed 33 conditions across 13 ICD categories. This supports the
interpretation that observed disparities reflect structural patterns in clinical
reasoning, not disease-specific heuristics, strengthening the external validity of the
findings.

Institutional heterogeneity further illuminates how simulation design shapes bias
measurement. In the URV sample, where simulated patients also acted as
evaluators, the penalisation of female patients was significant across multiple
tasks and training levels. In contrast, in the UB-UPF-UdL sample, where roles were
separated, significant differences appeared only in initial diagnosis. While partly
explained by statistical power, this also underscores the importance of simulation
design: overlapping patient-evaluator roles might heighten gendered interaction
dynamics, influencing both behaviour and evaluation.

These findings contribute to the literature on sex-and-gender bias in clinical
management, and carry direct implications for care delivery, medical education
and health system governance. Patient sex influences core management tasks,
particularly those dependent on communication and subjective interpretation,
across conditions and training levels, suggesting implicit cognitive bias rather than
disease-specific knowledge gaps.

The simulation-based design provides a replicable, scalable framework for
identifying and evaluating disparities in clinical performance. Such approaches
could support health systems and educational institutions in systematically
assessing bias, tracking progress over time, and informing the design of targeted
interventions aimed at improving equity in healthcare delivery.

Finally, bias awareness training should be mainstreamed across the entire medical
curriculum, with particular attention to diagnostic reasoning and communication.
More broadly, the concentration of disparities in the earliest stages of the clinical
pathway, where diagnostic trajectories are shaped, positions sex-and-gender
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inequity as a quality-of-care and health system governance challenge, not solely as
a matter of individual behaviour or training issue. Targeted interventions in clinical
reasoning and clinician-patient interaction are likely to yield greater equity than
system-level reforms focused exclusively on protocols or resources.
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