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1. Abstract 
The rapid integration of Artificial Intelligence (AI) into clinical decision support, diagnostics, and resource allocation 

promises a revolution in healthcare efficacy and efficiency. However, this technological advancement risks perpetuating and 

amplifying existing healthcare disparities if the inherent biases within its development and deployment are not critical ly 

addressed. This paper argues that AI systems are not neutral arbiters of care but often reflect the "ghosts" of historical 

inequities, biased datasets, and homogeneous design teams encoded within their algorithms. We first deconstruct the technical  

and sociological origins of bias in medical AI, examining issues of non-representative training data, flawed problem 

formulation, and algorithmic drift. Subsequently, we analyze the multifaceted impacts of biased AI across clinical domains, 

including dermatology, cardiology, and nephrology, demonstrating how it can lead to differential diagnostic accuracy, 

unequal access to interventions, and the exacerbation of distrust in marginalized communities. Moving beyond identification, 

the paper proposes a multi-layered framework for equity-centered AI, encompassing technical strategies (e.g., algorithmic 

audits, federated learning, fairness constraints), procedural reforms (diverse development teams, participatory design with 

affected communities), and robust governance (transparency standards, continuous monitoring, and updated regulatory 

frameworks). We conclude that achieving equitable medical AI is not a mere technical challenge but a profound ethical 

imperative requiring sustained, interdisciplinary collaboration to ensure these powerful tools serve all of humanity, leaving no 

patient behind. 
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3. Introduction: The Promised Land and the 

Perilous Path 
The last decade has witnessed artificial intelligence (AI) 

transition from a research novelty to a clinical contender. 

From diagnosing diabetic retinopathy with superhuman 

sensitivity to predicting sepsis hours before clinical 

deterioration, AI's potential to augment human expertise, 

reduce error, and democratize access to high-quality care is 

undeniable (Topol, 2019). The narrative often centers on a 

frictionless, data-driven future of personalized precision 

medicine [1-26]. 

 

Yet, beneath this promising surface lurk “ghosts” systemic 

biases and historical inequities that are subtly encoded into 

the very algorithms meant to transcend human limitation. 

Unlike a malfunctioning MRI machine whose error is visible 

and discrete, a biased AI system can operate with high 
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aggregate accuracy while systematically failing specific 

populations, its prejudice obscured within complex 

mathematical embeddings (Obermeyer et al., 2019). This 

paper confronts these “ghosts in the machine”. We posit that 

without deliberate, equity-focused intervention, the 

widespread adoption of medical AI risks creating a two-tiered 

healthcare system: one enhanced by AI for the well-

represented and well-served, and one hindered by it for 

historically marginalized groups. This is not a hypothetical 

risk but an emerging reality, making the interrogation of bias 

a foundational requirement for ethical implementation [27-

44]. 

 

4. The Anatomy of a Ghost: Origins of Bias in 

Medical AI 
Bias in AI is not monolithic; it is introduced and compounded 

at multiple stages of the AI lifecycle. 

 

4.1. Data-Layer Hauntings: The Foundation of Bias 

AI models learn from historical data, and healthcare data is a 

reflection of a flawed system. 

 

 Representation Bias: Datasets are often skewed toward 

majority demographics. A seminal 2020 study found that 

over 90% of data in popular medical imaging datasets came 

from patients in the U.S., China, and Europe, neglecting vast 

swaths of the global population (Larrazabal, et al., 2020). 

Models trained primarily on lighter skin tones perform worse 

on darker skin, as seen in dermatology AI (Adamson, & 

Smith, 2018). 

 Label Bias: The “ground truth” labels used for training can 

be biased. If a diagnostic label (e.g., heart failure) is applied 

less frequently to women or racial minorities due to clinician 

bias, the AI learns this pattern as truth, cementing under 

diagnosis. 

 Access Bias: Data only exists for people who access care. 

Models predicting healthcare needs based on electronic 

health records (EHR) inherently ignore populations with poor 

access, confusing lack of data with lack of need [45-67]. 

 

4.2. Algorithmic and design hauntings 

 Problem Formulation Bias: The choice of what to 

optimize matters. An algorithm designed to maximize 

hospital profit by identifying “high-risk” patients for 

intervention will inevitably de-prioritize 

socioeconomically disadvantaged patients who may be 

most in need but are perceived as less profitable, 

confusing clinical risk with financial risk (Ledford, 

2019). 

 Proxy Variable Bias: Algorithms often use convenient 

proxies for complex social constructs. A notorious 

example was an algorithm used by US hospitals to 

allocate care management programs that used healthcare 

costs as a proxy for health need. Because less money was 

spent on Black patients with the same level of sickness, 

the algorithm systematically underestimated their needs 

(Obermeyer, et al., 2019). 

 Automation Bias & Feedback Loops: Once deployed, 

clinicians may over-rely on AI outputs (automation 

bias). If a biased AI recommends against a procedure for 

a certain demographic, and clinicians follow suit, the 

subsequent lack of procedure data for that group 

reinforces the algorithm's original bias in a vicious cycle 

[68-79]. 

 

5. Haunting the Clinic: Manifestations of 

Biased AI in Practice 

The consequences of these biases are not abstract; they 

manifest in concrete, harmful ways across medical 

specialties. 

 

5.1. Diagnostic Disparities 

 Radiology & Dermatology: AI models for detecting 

skin cancers have demonstrated significantly lower 

sensitivity on images of dark skin. Similarly, chest X-ray 

algorithms for detecting pneumothorax or tuberculosis 

have shown degraded performance on patients from 

geographic regions outside their training set (Seyyed-

Kalantari, et al., 2021). 

 Cardiology: AI tools for interpreting echocardiograms 

or ECGs may perform less reliably for women or 

specific ethnic groups if the training data lacks diversity 

in cardiac physiology and presentation [80-95]. 

 

5.2. Predictive Inequity 

 Nephrology: Algorithms estimating glomerular filtration 

rate (eGFR) that included a race coefficient (historically 

using different multipliers for Black patients) have been 

shown to delay referrals for Black patients with kidney 

disease, affecting eligibility for transplants. This is a 

direct case of a historical racial construct being baked 

into a clinical equation, now being revised (Vyas, et al., 

2020). 

 Obstetrics: Risk-prediction models for conditions like 

pre-eclampsia have often underperformed for minority 

women, potentially due to non-inclusive training data 

and failure to account for social determinants of health 

that disproportionately affect these groups. 

 

5.3. Allocation and Access 

 Triage and Resource Allocation: As seen in the cost-

proxy case, biased algorithms can gatekeep access to 

scarce resources like specialist consultations, intensive 

care, or home health services, directing them away from 

the most vulnerable. 

 Pharmacogenomics: AI-driven drug discovery and 

personalized dosing recommendations may fail if the 

genetic databases used are predominantly from 

European-ancestry populations, leading to less effective 

or adverse drug reactions for others [96-103]. 

 

6. Exorcising the Ghosts: A Framework for 

Equity-Centered Medical AI 
Mitigating bias requires a proactive, holistic approach 

spanning the entire AI pipeline from conception to clinic. 

 

6.1. Technical and Computational Strategies 

 Algorithmic Audits & De-biasing: Independent, pre- 

and post-deployment audits for subgroup performance 

are essential. Techniques like re-weighting, adversarial 

de-biasing, and fairness constraints can be applied during 

model training to mitigate disparities (Mehrabi, et al., 

2021). 

 Federated Learning: This allows models to be trained 

on data from multiple, diverse institutions without the 

data ever leaving its source. This can improve 

representativeness while addressing privacy and data 

sovereignty concerns. 

 Explainable AI (XAI): Developing models that can 

explain their reasoning (e.g., highlighting image regions 
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that influenced a diagnosis) helps clinicians identify 

spurious correlations and builds trust [104-124]. 

 

6.2. Procedural and Human-Centric Reforms 

 Diverse Development Consortia: Teams building 

medical AI must include not only computer scientists 

and clinicians, but also ethicists, social scientists, and 

representatives from the communities the technology 

will serve. 

 Participatory Design: Engaging community 

stakeholders in defining the problem, selecting 

appropriate outcome measures, and testing prototypes 

ensures the technology aligns with real-world needs and 

values. 

 Clinician Education: Training healthcare providers on 

the capabilities and limitations of AI, with specific 

emphasis on understanding potential biases, is crucial to 

prevent uncritical over-reliance. 

 

4.3 Governance, Regulation, and Policy 

 Transparency and Reporting Standards: Mandating 

standardized reporting of dataset demographics, 

development processes, and performance across relevant 

subgroups (akin to CONSORT for trials) is necessary. 

The FAIR Guiding Principles (Findable, Accessible, 

Interoperable, Reusable) for data should be 

complemented by equity principles. 

 Dynamic Monitoring and Accountability: Deployment 

is not the end. Continuous performance monitoring 

across demographic subgroups, with mechanisms for 

reporting and redress, must be institutionalized. Clear 

lines of accountability (developer, hospital, regulator) 

must be established. 

 Evolving Regulatory Frameworks: Agencies like the 

FDA are developing frameworks for AI/ML-based 

Software as a Medical Device (SaMD). These must 

evolve to require robust bias assessment and 

demonstration of equitable performance as a condition 

for approval [125-139]. 

 

7. Conclusion: Towards a Hauntology of 

Hope 
The “ghosts in the machine” are real, but they are not 

specters of an inevitable future. They are the tangible 

residues of past and present inequities. Confronting them is 

an urgent ethical, clinical, and social mandate. The pursuit of 

equitable medical AI is not about stifling innovation but 

about steering it toward its highest aspiration: improving 

health for all [140-145]. 

 

Achieving this requires a fundamental shift in mindset from 

viewing AI as a neutral tool to recognizing it as a socio-

technical system that reflects and can reshape our world. It 

demands humility from developers, vigilance from clinicians, 

advocacy from communities, and proactive leadership from 

regulators. By implementing rigorous technical safeguards, 

fostering inclusive design processes, and establishing robust 

governance, we can begin to exorcise the ghosts. The goal is 

not a perfectly unbiased AI an impossible standard for a 

human creation but a relentlessly equity-aware AI ecosystem: 

one that is transparent about its limitations, accountable for 

its impacts, and perpetually striving to ensure that the 

algorithm's gaze is as just and comprehensive as the care we 

aspire to provide. 

 

The promise of AI in medicine is too great to abandon, but 

the peril of inequity is too grave to ignore. Our task is to walk 

the perilous path, eyes open to the ghosts, and build a future 

where technology serves as a bridge to health equity, not a 

new wall. 
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