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INTRODUCTION 

Rare diseases affect fewer than 1 in 2,000 people and often require extensive diagnostic workups due to their 

heterogeneous presentations. Delays in diagnosis can lead to disease progression, complications, and poor quality of life 

for patients. Traditional diagnostic approaches may be limited by clinician experience and available resources. 

Artificial intelligence (AI) offers the potential to bridge these gaps by analyzing complex datasets, identifying subtle 

patterns, and predicting disease likelihood with high precision. This systematic review evaluates current evidence on the 

role of AI in diagnosing rare diseases and its potential impact on clinical workflows. 

 

MATERIALS AND METHODS 
Study Design: 
A systematic review adhering to PRISMA guidelines was conducted. 

Inclusion Criteria: 

 Studies assessing AI models for diagnosing rare diseases. 

 Publications between 2010 and 2023. 

 Metrics reported: sensitivity, specificity, PPV, NPV, and accuracy. 
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ABSTRACT 

Background: Rare diseases pose significant diagnostic challenges due to 
their low prevalence, atypical presentations, and overlapping symptoms with 
more common conditions. Artificial intelligence (AI) has emerged as a 
promising tool for early and accurate diagnosis by leveraging pattern 
recognition and predictive algorithms. This systematic review aims to 
evaluate the role and effectiveness of AI in the early diagnosis of rare 
diseases. 
Methods: A systematic search was conducted across databases (PubMed, 
Scopus, and Web of Science) to identify studies published between 2010 and 
2023 focusing on AI applications in diagnosing rare diseases. Metrics 
analyzed included sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and overall accuracy. 
Results: A total of 42 studies involving over 10,000 participants were 
included. AI models demonstrated a pooled sensitivity of 89.7%, specificity of 
92.5%, PPV of 88.4%, NPV of 93.6%, and accuracy of 91.2%. AI tools were 
particularly effective in diagnosing genetic disorders, rare cancers, and 
metabolic diseases. Neural networks and deep learning approaches showed 
the highest diagnostic performance. 
Conclusion: AI has demonstrated high accuracy in diagnosing rare diseases, 
particularly in fields requiring complex data integration, such as genetics and 
radiology. Continued development and integration of AI tools into clinical 
practice could reduce diagnostic delays and improve patient outcomes. 
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Exclusion Criteria: 

 Studies on common diseases or non-diagnostic applications of AI. 

 Non-peer-reviewed articles. 

Search Strategy: 
Databases searched included PubMed, Scopus, and Web of Science using keywords such as "artificial intelligence," "rare 
diseases," "diagnosis," and "machine learning." 

Data Extraction and Analysis: 
Two reviewers independently extracted data on study design, population characteristics, AI model type, and diagnostic 

performance metrics. Pooled estimates were calculated using meta-analytic techniques. 

 

RESULTS 
Study Characteristics: 

 Total studies: 42 

 Participants: 10,654 (age range: neonates to 80 years). 

 Common applications: genetic disorders (43%), rare cancers (27%), metabolic diseases (19%), others (11%). 

Diagnostic Accuracy: 

 Neural networks: Sensitivity 93.1%, Specificity 94.7%. 

 Deep learning: Sensitivity 91.8%, Specificity 92.3%. 

 Random forests: Sensitivity 87.4%, Specificity 89.9%. 

 AI excelled in recognizing rare patterns in genomic data and medical imaging. 

 

Comparative Analysis: 
AI was more effective than traditional diagnostic methods in most studies (Table 1). For example, in diagnosing rare 

metabolic disorders, AI reduced diagnostic time by 30% compared to conventional workflows. 

 

Tables 

Table 1: Diagnostic Performance of AI Models in Rare Diseases 

AI Model Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) 

Neural Networks 93.1 94.7 91.4 95.6 94.2 

Deep Learning 91.8 92.3 90.2 94.1 92.8 

Random Forests 87.4 89.9 85.3 91.2 88.5 

 

Table 2: Common Applications of AI in Rare Disease Diagnosis 

Disease Type Number of Studies (%) Top AI Model Key Findings 

Genetic Disorders 18 (43%) Neural Networks Early identification with 92% accuracy. 

Rare Cancers 11 (27%) Deep Learning Reduced diagnostic time by 30%. 

Metabolic Diseases 8 (19%) Random Forests High specificity in detecting metabolic markers. 

Others 5 (11%) Mixed Models Diverse applications with variable success. 

 

Figure 
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DISCUSSION 

AI’s ability to process large datasets and identify complex patterns has revolutionized diagnostics, particularly for rare 

diseases. Neural networks and deep learning were particularly effective due to their capacity to model nonlinear 

relationships and learn from multi-modal datasets (e.g., imaging and genetic data). 

 

Advantages of AI: 

 Early identification of diseases with subtle or non-specific symptoms. 

 Integration of diverse data types, such as genomics, imaging, and clinical records. 

 Reduction in diagnostic delays, improving patient outcomes. 

 

Challenges: 

 Dependence on high-quality training datasets. 

 Risk of bias in algorithms trained on homogenous populations. 

 Ethical concerns related to data privacy and transparency in AI decision-making. 

 The findings align with previous research highlighting AI’s transformative potential in rare disease diagnosis. 

However, integrating AI into clinical practice requires addressing challenges such as data standardization and 

clinician training. 

 
Conclusion 

Artificial intelligence shows significant promise in improving the early and accurate diagnosis of rare diseases. Its ability 

to analyze complex datasets and recognize subtle patterns positions it as a transformative tool in modern medicine. 

Future research should focus on enhancing algorithm transparency, addressing biases, and facilitating integration into 

clinical workflows to maximize AI’s impact on patient care. 
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