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ABSTRACT

Background: The evaluation of risk of bias in neuroimaging-
based artificial intelligence (AI) models for psychiatric
diagnosis has garnered significant attention in recent scholarly
discourse. This literature review synthesizes key findings from
various studies that highlight the implications of bias in Al
systems, particularly in the context of mental health diagnostics.
Literature Review: Ethical considerations are further explored
by (Goisauf & Cano Abadia, 2022), who highlight the societal
implications of systemic biases in Al, particularly regarding
gender and sex. This perspective is critical, as it addresses the
potential for AI tools to perpetuate inequities in mental
healthcare diagnostics. The comprehensive literature review by
(Muley et al., 2023) categorizes the risks associated with Al in
healthcare, including the risk of bias and perpetuation of
inequities. Their call for collaboration among stakeholders to
evaluate and regulate Al systems is vital for maximizing
benefits while minimizing adverse impacts on patient care. The
narrative review by (R. Gashkarimov et al., 2023) focuses on
the application of machine learning techniques in diagnosing
schizophrenia, acknowledging the challenges posed by data
heterogeneity and the necessity for robust methodologies. This
highlights the importance of addressing the variability in data
sources to improve diagnostic accuracy. Further examination of
bias in EHR-based Al models by (Chen et al., 2023) reveals the
pervasive nature of implicit and selection biases, advocating for
standardized frameworks to ensure fairness in Al applications.
This insight is crucial for understanding how biases in
healthcare data can affect AI outcomes. Conclusion: In
conclusion, the literature reveals a nuanced understanding of the
multifaceted challenges posed by bias in neuroimaging-based
Al models for psychiatric diagnosis. There is a critical need for
ongoing research, collaboration, and the development of
standardized frameworks to ensure equitable and effective Al
applications in mental healthcare. Addressing these challenges
is essential for improving diagnostic accuracy and ensuring that
Al technologies contribute positively to patient outcomes.
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INTRODUCTION

The evaluation of risk of bias in neuroimaging-based artificial intelligence (AI)
models for psychiatric diagnosis has garnered significant attention in recent
scholarly discourse. This literature review synthesizes key findings from various
studies that highlight the implications of bias in Al systems, particularly in the

context of mental health diagnostics.

Starting with the work of (Singh et al., 2021), the authors systematically survey bias
in facial analysis tasks, emphasizing the prevalence of biased predictions across Al
applications in healthcare. Their findings underscore the necessity for the research
community to develop mechanisms aimed at improving fairness and
trustworthiness in Al systems. The authors categorize bias mitigation techniques
and identify open challenges that require further exploration, setting a foundational

understanding of bias in Al diagnostics.

(Jayakumar et al., 2022) build upon this foundation by assessing the quality of
systematic reviews in Al diagnostic accuracy studies. Their meta-research reveals
a concerning inconsistency in the evaluation of bias risks, particularly in studies
utilizing photographic images. They highlight that inadequate representation of
diverse demographics can lead to significant disparities in algorithm performance,
thus amplifying existing biases—a critical consideration for neuroimaging

applications.

(Wang et al., 2022) provide empirical evidence supporting the notion that careful

training can significantly mitigate bias in machine learning models applied to

neuroimaging data. Their study indicates that rigorous preprocessing and hyper-
parameter optimization are essential for developing unbiased models, although they
caution that certain biases may remain unaddressed if the sources lie beyond the
data preprocessing stage. This insight is crucial for understanding the complexities

involved in training Al models for psychiatric diagnosis.
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In the realm of ethical considerations, (Goisauf & Cano Abadia, 2022) explore the
societal implications of Al in radiology and oncology imaging. They argue that the
intersection of Al tools with systemic biases has not been adequately examined,
particularly concerning gender and sex biases. This lack of attention to
demographic factors in Al algorithms poses a risk of perpetuating inequities in

mental healthcare diagnostics.

(Muley et al., 2023) further delineate the risks associated with Al in healthcare,
categorizing them into seven major areas, including the risk of bias and perpetuation
of inequities. Their comprehensive literature review emphasizes the need for
collaboration among stakeholders to ensure that AI systems are rigorously
evaluated and regulated, thus maximizing their potential benefits while minimizing

negative impacts on patient care.

(R. Gashkarimov et al., 2023) delve into the application of machine learning
techniques in diagnosing schizophrenia. Their narrative review highlights the
growing body of research focused on utilizing various Al technologies to enhance

diagnostic accuracy, though they also acknowledge the challenges posed by data

heterogeneity and the need for robust methodologies in psychiatric evaluations.

(Chen et al., 2023) conduct a systematic review on bias detection and mitigation
strategies in electronic health record (EHR)-based Al models. Their findings reveal
the pervasive nature of biases in healthcare Al, particularly implicit and selection
biases, and underscore the necessity for standardized frameworks to ensure fairness

and equity in Al applications.

(Yang et al., 2024) survey recent methods for addressing Al fairness and bias in
biomedicine, emphasizing the importance of understanding biases that may arise
during model development. Their exploration of debiasing methods provides
valuable insights into potential solutions for mitigating bias in psychiatric

diagnostics.
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(PERETS et al., 2024) contribute to the discourse by examining inherent biases in
EHRs, highlighting the challenges posed by missing or poorly logged information.
Their scoping review points to the need for more comprehensive research that
addresses the complexities of bias in EHR data and its implications for AI model

development.

Finally, (M Alhuwaydi, 2024) explores current trends and future directions in the
role of Al in mental healthcare. The review discusses the capabilities of Al models
in diagnosing mental disorders and emphasizes the importance of integrating large-
scale data to enhance diagnostic accuracy. However, it also acknowledges the
limitations posed by data heterogeneity and the need for further research to optimize

Al applications in psychiatric care.

Through this literature review, a nuanced understanding of the multifaceted
challenges posed by bias in neuroimaging-based Al models for psychiatric
diagnosis emerges, underscoring the critical need for ongoing research and

collaboration to ensure equitable and effective Al applications in mental healthcare.

LITERATURE REVIEW

The article "Anatomizing Bias in Facial Analysis" by (Singh et al., 2021) provides

a comprehensive examination of bias within artificial intelligence systems,

particularly in the context of facial analysis tasks. The authors articulate the critical

implications of biased Al systems in healthcare diagnostics, emphasizing the
heightened risk of unfair treatment for certain demographic groups. This is
particularly relevant in the realm of psychiatric diagnosis, where neuroimaging-
based Al models may inadvertently perpetuate existing biases if not carefully

evaluated.

The authors present multiple instances demonstrating biased predictions in Al
applications, notably in commercial gender classifiers that exhibit a marked bias
against darker-skinned females. This finding is alarming, as it underscores the
potential for Al systems to misdiagnose or misinterpret data based on demographic
16
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characteristics, which could lead to significant disparities in psychiatric care. The
systematic survey conducted by the authors highlights the need for a deeper
understanding of the sources of bias in model predictions, an aspect that resonates
with the necessity for rigorous evaluation of risk of bias in neuroimaging-based Al

models.

Furthermore, (Singh et al., 2021) discuss various algorithms designed to mitigate
bias, which is crucial for enhancing the fairness and trustability of Al systems. The
development of these algorithms is a step towards addressing the ethical
implications of Al in healthcare, particularly in psychiatric contexts where the
consequences of misdiagnosis can be severe. The article effectively outlines the
importance of creating diverse and representative datasets to train Al models, as
well as the need for ongoing analysis of model performance across different

demographic groups.

The authors also identify open challenges that require attention from the research

community, such as the need for more robust frameworks for assessing and

mitigating bias in Al systems. This call to action is particularly relevant for those

working on neuroimaging-based Al models, as it emphasizes the importance of
continuous evaluation and refinement of these technologies to ensure equitable

outcomes for all patients.

The article titled "Unmasking Bias in Al: A Systematic Review of Bias Detection
and Mitigation Strategies in Electronic Health Record-based Models" by (Chen et
al., 2023) provides a comprehensive examination of biases inherent in AI models
utilizing Electronic Health Record (EHR) data, particularly in the context of
healthcare disparities. The authors systematically review existing literature to
identify six major types of bias, emphasizing implicit and selection biases, which
are critical in understanding how Al can exacerbate inequities in healthcare

delivery.

One of the key insights from the review is the acknowledgment of Al's growing

role in healthcare, which, while promising, raises significant concerns regarding the
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fairness and equity of these technologies. The authors highlight that biases in Al
models can lead to skewed outcomes, thereby worsening existing disparities in
healthcare access and quality. The systematic approach taken by the authors to
categorize biases provides a valuable framework for future research and practical

applications in the field.

The findings also indicate that while many studies employ fairness metrics to assess
biases, there is considerable variability in methodologies. This methodological
disparity complicates the comparison of results across studies and highlights the
need for a more unified approach to evaluating bias in Al systems. The authors
advocate for further investigation into the specific impacts of these biases on health

disparities, particularly within the context of EHR data.

The article "Exploring the Role of Artificial Intelligence in Mental Healthcare:
Current Trends and Future Directions — A Narrative Review for a Comprehensive
Insight" by (M Alhuwaydi, 2024) provides a thorough examination of the
integration of artificial intelligence (AI) in mental healthcare, particularly focusing
on its applications in diagnosis and decision-making processes. The review
synthesizes findings from various studies, highlighting both the potential and
limitations of Al in this field.

A significant insight from the article is the discussion surrounding the decision
support system Al model developed by Tutun et al., which reportedly diagnoses
approximately 90% of mental disorders based on a concise questionnaire of 28
items. This finding underscores Al's potential to enhance clinical decision-making
by providing reliable diagnostic support, thereby allowing mental healthcare

providers to increase patient throughput (M Alhuwaydi, 2024)). However, while

the efficiency gains are promising, the review prompts a critical evaluation of the

model's risk of bias, particularly in how it may generalize across diverse patient

populations.

The evaluation of the EMPaSchiz model by Kalmady et al. introduces a critical

perspective on diagnostic accuracy in Al applications. While the model shows
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promise, the article highlights the necessity for further validation across varied
demographic and clinical settings to ensure that findings are not skewed by inherent
biases in the data used for training these models. The review calls attention to the
heterogeneity of data, which can lead to differential performance of Al systems in

real-world applications.

CONCLUSION

The evaluation of risk of bias in neuroimaging-based artificial intelligence (AI)
models for psychiatric diagnosis is a critical area of research that addresses the
implications of biased Al systems in mental healthcare. The literature reviewed
provides a comprehensive overview of the various dimensions of bias, its sources,
and the potential consequences for diagnostic accuracy and equity in psychiatric

carc.

The initial work by (Singh et al., 2021) systematically surveys bias in Al
applications, particularly in facial analysis tasks, revealing significant disparities in
algorithm performance across different demographic groups. This foundational
understanding is essential, as it highlights the necessity for rigorous mechanisms to
enhance fairness and trustworthiness in Al systems used for psychiatric diagnosis.
The categorization of bias mitigation techniques presented in this study emphasizes

the need for ongoing research to tackle open challenges in this domain.

Building on this foundation, (Jayakumar et al., 2022) critically assess the quality of
systematic reviews in Al diagnostic accuracy studies, uncovering inconsistencies in
bias risk evaluations, particularly in studies using photographic images. Their
findings underscore the importance of diverse demographic representation in
training datasets to avoid exacerbating existing biases in neuroimaging

applications.

The empirical evidence provided by (Wang et al., 2022) supports the assertion that

careful training and preprocessing can mitigate bias in machine learning models.

However, the authors caution that biases may persist if they originate beyond the
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data preprocessing phase, emphasizing the complexity of developing unbiased Al

models for psychiatric diagnosis.

Ethical considerations are further explored by (Goisauf & Cano Abadia, 2022), who
highlight the societal implications of systemic biases in Al, particularly regarding
gender and sex. This perspective is critical, as it addresses the potential for Al tools

to perpetuate inequities in mental healthcare diagnostics.

The comprehensive literature review by (Muley et al., 2023) categorizes the risks
associated with Al in healthcare, including the risk of bias and perpetuation of
inequities. Their call for collaboration among stakeholders to evaluate and regulate
Al systems is vital for maximizing benefits while minimizing adverse impacts on

patient care.

The narrative review by (R. Gashkarimov et al., 2023) focuses on the application
of machine learning techniques in diagnosing schizophrenia, acknowledging the
challenges posed by data heterogeneity and the necessity for robust methodologies.
This highlights the importance of addressing the variability in data sources to

improve diagnostic accuracy.

Further examination of bias in EHR-based Al models by (Chen et al., 2023) reveals
the pervasive nature of implicit and selection biases, advocating for standardized

frameworks to ensure fairness in Al applications. This insight is crucial for

understanding how biases in healthcare data can affect Al outcomes.

The exploration of debiasing methods by (Yang et al., 2024) emphasizes the
importance of understanding biases that arise during model development, providing

valuable insights for mitigating bias in psychiatric diagnostics.

Additionally, the scoping review by (PERETS et al., 2024) highlights the
challenges posed by incomplete or poorly logged information in EHRs,
underscoring the need for comprehensive research addressing the complexities of

bias in EHR data.
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Finally, (M Alhuwaydi, 2024) discuss current trends and future directions in Al's
role in mental healthcare, emphasizing the importance of integrating large-scale
data to enhance diagnostic accuracy while acknowledging the limitations posed by

data heterogeneity.

In conclusion, the literature reveals a nuanced understanding of the multifaceted
challenges posed by bias in neuroimaging-based Al models for psychiatric
diagnosis. There is a critical need for ongoing research, collaboration, and the
development of standardized frameworks to ensure equitable and effective Al
applications in mental healthcare. Addressing these challenges is essential for
improving diagnostic accuracy and ensuring that Al technologies contribute

positively to patient outcomes.
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