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A B S T R A C T   

With the increasing development of artificial intelligence, large language models (LLMs) have been utilized to 
solve problems in natural language processing tasks. More recently, LLMs have shown unique potential in 
numerous applications within medicine but have been particularly investigated for their ability in clinical 
reasoning. Although the diagnostic accuracy of LLMs in forming differential diagnoses has been reviewed in 
general internal medicine applications, much is unknown in autoinflammatory disorders. From the nature of 
autoinflammatory diseases, forming a differential diagnosis is challenging due to the overlapping symptoms 
between disorders and even more difficult without genetic screening. In this work, the diagnostic accuracy of the 
Generative Pre-Trained Transformer Model-4 (GPT-4), GPT-3.5, and Large Language Model Meta AI (LLaMa) 
were evaluated in clinical vignettes of Deficiency of Interleukin-1 Receptor Antagonist (DIRA) and Familial 
Mediterranean Fever (FMF). We then compared these models to a control group including one internal medicine 
physician. It was found that GPT-4 did not significantly differ in correctly identifying DIRA and FMF patients 
compared to the internist. However, the physician maintained a significantly higher accuracy than GPT-3.5 and 
LLaMa 2 for either disease. Overall, we explore and discuss the unique potential of LLMs in diagnostics for 
autoimmune diseases.   

1. Introduction 

The rapid development of artificial intelligence (AI) has led to the 
creation of large language models (LLMs). The foundations of LLMs are 
based on deep learning architectures trained on large datasets involving 
articles, websites, and other forms of text. This has led to the formation 
of commercial models such as OpenAI’s Generative Pre-Trained Trans
former-3 (GPT-3) and Meta’s Large Language Model Meta AI (LLaMa) to 
solve natural language processing tasks [1,2]. Within medicine, these 
models have been thoroughly investigated in numerous applications. 
For instance, they have helped automating electronic health records and 
assisting in systematic reviews [3,4]. More recently, though, LLMs have 
been thoroughly investigated for complex diagnostic reasoning. 

Given the recent success of LLMs in scoring near or above the passing 
threshold of the United States Medical Licensing Exam [5], current 
studies have evaluated the accuracy of these models in forming a dif
ferential diagnosis [6–8]. In a previously reported study by Kottlors et al. 

[6], GPT-4 scored acceptable to clinical professionals in imaging pat
terns (68.8 %–93.8 %, respectively). In another investigation by Kanjee 
et al. [7], authors found that GPT-4 was able to identify a correct 
diagnosis in 64 % of cases and 39 % as its primary diagnosis. 

However, even with the thorough testing of LLMs in determining 
their diagnostic accuracy, much is still unknown of their abilities in 
challenging cases. In particular, autoinflammatory disorders are com
plex cases for their nature of overlapping symptoms such as systemic 
inflammation, increased acute phase reactants, acute arthritis, and 
recurrent fevers [9]. Additionally, without thorough genetic screening, 
forming a diagnosis of these diseases is even more difficult. In this work, 
we assess the accuracy of GPT-4, compared with GPT-3.5 and LLaMa 2, 
in forming a diagnosis for the Deficiency of Interleukin-1 Receptor 
Antagonist (DIRA) and Familial Mediterranean Fever (FMF). 

DIRA is an ultra-rare autoinflammatory disorder that is caused by an 
autosomal recessive mutation in the IL1RN gene and therefore cannot 
encode IL-1Ra proteins [9]. This leads to abnormal activity of IL-1β and 
IL-1ɑ and causes an inflammatory state [9]. The primary symptoms of 
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DIRA include systemic inflammation, multifocal osteomyelitis, and 
elevated acute phase reactants [10]. 

In comparison, FMF is an autoinflammatory disorder caused by an 
autosomal recessive mutation in the MEFV gene, resulting in lower 
production of pyrin [11]. This eventually causes an increase in IL-1β and 
forms an inflammatory response. The common symptoms of FMF are 
recurrent episodes of fever, seriotitis, abdominal pain, chest pain, and 
skin lesions [11]. 

Within this study, we prepared clinical vignettes of DIRA and FMF 
patients obtained from the PubMed search engine. Then, we evaluated 
and recorded the results from GPT-4, GPT-3.5, LLaMa 2, and compared 
them to an American Board Certified Internal Medicine Physician. 
Subsequently, we analyzed and discussed the scope of the results. 

2. Materials and methods 

2.1. Study design 

Diagnostic accuracies were assessed of GPT-3.5 (OpenAI, San Fran
cisco, CA, USA), GPT-4 (OpenAI, San Francisco, CA, USA), and LLaMa 2 
(Meta AI, Menlo Park, CA, USA) models. This study was conducted at the 
California University of Science and Medicine, School of Medicine, 
Department of Medical Education, Colton, California, USA. A blind test 
was conducted on a certified internist to evaluate the accuracy 
compared to AI models. The clinical vignettes of DIRA and FMF were 
obtained from published manuscripts, and therefore did not require 
individual consent or approval from an Institutional Review Board. 

GPT-3.5 (chat.openai.com) was accessed on August 11, 2023, GPT-4 
(chat.openai.com) on August 12, 2023, and LLaMa 2 (labs.perplexity.ai, 
70 b model) on August 13, 2023. For all models, there were no hyper
parameters specifically tuned for clinical diagnosis. 

2.2. Clinical vignettes 

All case vignettes were obtained from the PubMed database. We used 
the following key-word index: “Familial Mediterranean Fever” or “FMF” 
and “Deficiency of Interleukin-1 Receptor Antagonist” or “DIRA.” Lan
guage restrictions were applied to only English. Gray literature was not 
included in the search, and all article types included were case reports. 
We obtained a total of twenty written vignettes for both DIRA [12–23] 
and FMF [24–42], respectively (n = 40). 

For all written clinical vignettes, the format followed the history of 
present illness including all of the following information: Age, Sex, 
Clinical Presentation, Related Family and Patient History, Physical Ex
amination, and any Laboratory Results. Each vignette had only one 
correct diagnosis. However, to determine the accuracy of models, we 
allowed up to 10 differential diagnoses and sorted them into 3 cate
gories: primary choice (top choice), top five, and top ten. All 40 patient 
vignettes have been provided in Supplementary Material 1. We then 
analyzed each element, including age, sex, chief complaint, consan
guinity, and laboratory results. 

2.3. Data extraction 

Due to the potential of LLMs to recall previous information within 
the same conversation, each vignette was shown in differing conversa
tions. Additionally, the order of vignettes displayed were randomized 
through the covariate adaptive randomization technique through 
GraphPad Prism (version 10.0.2) [43]. 

Before extraction, J.P⋅P typed the following text into all models: “I 
am conducting an experiment on the accuracy of differential diagnoses 
in clinical cases to assess how you compare with other models. I am 
going to list a clinical case below, and want you to give me your top ten 
diagnoses. Do not list any explanations. Please only list ten diagnoses. 
Here is the case below: (clinical vignette).” The models then listed their 
ten diagnoses and the data was recorded. For the control group, the 
internist was given the same randomized vignettes tested on the AI 
models. The reference section was omitted for both groups. 

2.4. Statistical analyses 

Data was collected using Excel and statistical analysis was completed 
on GraphPad Prism (version 10.0.2). Due to the moderate sample size of 
each group, a Fisher’s Exact test was conducted on categorical data. For 
continuous datasets, a Mann Whitney U Test was conducted to evaluate 
significance. Unless stated otherwise, a P-value below 0.05 was 
considered statistically significant. 

3. Results 

Within this pilot study, we report 40 clinical vignettes tested on GPT- 
4, GPT-3.5, and LLaMa 2 compared to an internal medicine physician. 
The results of each model’s diagnostic accuracy has been displayed in 
Fig. 1. 

Overall, all models had a higher accuracy identifying FMF compared 
to DIRA. The internist identified 90 %, GPT-4 identified 65 %, GPT-3.5 
identified 60 %, and LLaMa 2 identified 17.6 % of FMF patients. 
Conversely, the internist identified 60 %, GPT-4 identified 30 %, GPT- 
3.5 identified 25 %, and LLaMa 2 identified 0 % of DIRA patients. 

The internist performed significantly higher than GPT-4 in its pri
mary prediction (35 % vs. 0 %, P = 0.0083), but did not differ signifi
cantly at its top five (45 % vs. 25 %, P = 0.3203, ns) and top ten 
prediction (60 % vs. 30 %, P = 0.1110, ns) for DIRA. In comparison, the 
two did not significantly differ at their primary (60 % vs. 50 %, P =
0.7512, ns), top five (75 % vs. 65 %, P = 0.7311, ns), and top ten pre
diction (90 % vs. 65 %, P = 0.1274, ns) for FMF. 

Compared to GPT-3.5, the internist performed significantly higher at 
its primary (35 % vs. 0 %, P = 0.0083), top five (45 % vs. 10 %, P =
0.0310), and top ten prediction (60 % vs. 16.67 %, P = 0.0046) for DIRA. 
For FMF, both did not differ significantly at its primary (60 % vs. 30 %, P 
= 0.1110, ns), top five (75 % vs. 50 %, P = 0.1908, ns), and top ten 
prediction (90 % vs. 60 %, P = 0.0648, ns). 

The internist also performed significantly higher than LLaMa 2 at its 
primary (35 % vs. 0 %, P = 0.0083), top five (45 % vs. 0 %, P = 0.0012), 
and top ten prediction (60 % vs. 0 %, P < 0.0001) for DIRA. Compared to 
FMF, the internist also performed higher than LLaMa 2 at its primary 
(60 % vs. 0 %, P = 0004), top five (75 % vs. 10 %, P < 0.0001), and top 
ten prediction (90 % vs. 15 %, P < 0.0001). 

When comparing GPT-4 to the GPT-3.5 model, there were no sig
nificant differences in accuracy in their primary prediction (50 % vs. 30 
%, P = 0.3332, ns), top five (65 % vs. 50 %, P = 0.5231, ns), and top ten 
prediction (65 % vs. 60 %, P = >0.9999, ns) for FMF patients. For DIRA 
patients, there were no significant differences between the models in 
their primary (0 % vs. 0 %, P = >0.9999, ns), top five (25 % vs. 10 %, P 
= 0.4075, ns), and top ten prediction (30 % vs. 16.67 %, P = 0.4716, ns). 

Moreover, comparing GPT-4 to LLaMa 2, there was a significant 
difference at its primary (50 % vs. 5 %, P = 0.0033), top five (65 % vs. 
10 %, P = 0.0008), and top ten prediction (65 % vs. 15 %, P = 0.0031) 

List of abbreviations: 

AI Artificial Intelligence 
DIRA Deficiency of Interleukin-1 Receptor Antagonist 
FMF Familial Mediterranean Fever 
GPT-4 Generative Pre-Trained Transformer-4 
GPT-3 Generative Pre-Trained Transformer-3 
LLaMa Large Language Model Meta AI 
LLM Large Language Model  
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for FMF. For DIRA, it was not significant at its primary prediction (0 % 
vs. 0 %, P = >0.9999, ns). However, it was significant at its top five 
prediction (25 % vs. 0 %, P = 0.0471) and top ten prediction (30 % vs. 0 
%, P = 0.0202). 

Additionally, GPT-3.5 and LLaMa 2 did not differ significantly at its 
primary prediction (30 % vs. 5 %, P = 0.0915), but was significant at its 
top five (50 % vs. 10 %, P = 0.0138), and its top ten prediction (60 % vs. 
15 %, P = 0.0079) for FMF. For DIRA, both models did not differ 
significantly at its primary (0 % vs. 0 %, P =>0.9999, ns), top five (10 % 
vs. 0 %, P = 0.4872, ns), and top ten prediction (16.67 % vs. 0 %, P =
0.1140, ns). 

All elements involved in the clinical vignette were statistically 
compared between both DIRA and FMF patients shown in Fig. 2. All 
values have been presented as the mean ± standard error of the mean. 
DIRA patients were 0.3084 ± 0.1506 years old, which was significantly 
younger compared to FMF patients that were 29.16 ± 3.863 years (P <
0.0001) shown in Fig. 2c. For ethnicity, DIRA patients were much more 
diverse (10 total) compared to FMF (5 total), shown in Fig. 2a–b. For sex, 

there was no significant difference between both disease groups (P =
0.4506, ns). Although the majority of FMF vignettes did not have a re
ported consanguinity of patients, the majority of DIRA patients were 
non-consanguineous. 

From the ultra-rarity of DIRA, there are no guidelines or official 
criteria for diagnosis. However, there is an official criteria for FMF re
ported by Livneh et al. [44]. We have listed all of the major and minor 
criterias from the clinical presentation of all vignettes in Table 1 and 
Table 2, respectively. 

4. Discussion 

In this study, we evaluated the diagnostic accuracy of the GPT-4, 
GPT-3.5, and LLaMa 2 models in 40 clinical vignettes of DIRA and 
FMF compared to an internal medicine physician. 

Given the overall results of all cases, there were no AI models that 
predicted DIRA as its primary prediction. All of the correct predictions 
were either in the top five or top ten diagnoses. The symptoms of DIRA 

Fig. 1. (a) Diagnostic accuracy of GPT-3.5 at its primary choice (top choice), top five, and top ten diagnoses. (b) Diagnostic accuracy of GPT-4 at its primary choice 
(top choice), top five, and top ten diagnoses. (c) Diagnostic accuracy of LLaMa 2 at its primary choice (top choice), top five, and top ten diagnoses. (d) Diagnostic 
accuracy of the internist at its primary choice (top choice), top five, and top ten diagnoses. 
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suggest similarities to Chronic Recurrent Multifocal Osteomyelitis and 
Neonatal-Onset Multisystem Inflammatory Disease. Given that DIRA is a 
monogenic form of CRMO, the overlapping similarities with DIRA may 
be leading to a lower certainty of DIRA within AI models [45]. At the 
same time, NOMID has similar symptoms to DIRA such as systemic 
inflammation, skin rashes, and joint pain, which could also be leading to 
incorrect diagnoses by the model [46]. Without thorough genetic 
screening, it would be a difficult task for LLMs to differentiate rare 
autoinflammatory disorders such as DIRA from other similar disorders. 

For FMF, the major elements of clinical presentation were abdominal 
pain and fever and the minor elements were chest and joint pain. These 
unique symptoms assisted in achieving a higher diagnostic accuracy of 
all FMF patients compared to DIRA patients for GPT-4 and GPT-3.5. 
Even though GPT-4 had a lower accuracy than the internist, the differ
ence remained not significant. With additional training data and tuning 
of hyperparameters adjusted to the unique elements of FMF, AI models 
could potentially have higher accuracy in diagnosis. 

However, this study has multiple limitations. Due to the rarity of 
DIRA, there are a low number of reported research articles and case 
reports for it. This reduced the sample size of the study to 20 vignettes 
per each disease. This study demonstrated the capability of AI models in 
challenging rheumatological diseases without any genetic screening. A 
higher sample of AI models and physicians will be investigated in the 
future. 

To the best of our knowledge, this is the first study that evaluates the 
diagnostic accuracy of LLMs in autoinflammatory disorders, specifically 
DIRA and FMF. GPT-4 was able to correctly identify up to 65 % of FMF 
patients, not significantly different from an internist with 90 % identi
fication. For DIRA, GPT-4 was able to correctly identify 30 % of patients, 
while the internist at 60 % identification. However, the internist per
formed significantly higher in both diseases compared to GPT-3.5 and 
LLaMa 2. Given the preliminary metrics of LLMs for their diagnostic 
accuracy, further testing is required to determine the accuracy of models 
in more difficult and similar rheumatological diseases. 
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Fig. 2. (a) Ethnicities of DIRA patients. (b) Ethnicities of FMF patients. (c) Age of DIRA patients vs. Age of FMF patients. (d) Sex of DIRA and FMF patients. (e) 
Consanguinity of DIRA and FMF patients. 

Table 1 
Major criteria or typical attacks from FMF in all clinical vignettes. Simplified 
criteria model obtained from Bashardoust et al. [47].  

Major Criteria n = 20 Percentage (%) 

Generalized Peronstitis 0 0 
Pericarditis or Unilateral Pleuritis 2 10 
Fever Alone 19 95 
Incomplete Abdominal Attack 16 80 
Monoarthritis (hip, knee, ankle) 1 5  

Table 2 
Minor criteria or incomplete attacks from FMF in all clinical vignettes. Simpli
fied criteria model obtained from Bashardoust et al. [47].  

Minor Criteria n = 20 Percentage (%) 

Chest 6 30 
Joint 4 20 
Favorable Response to Colchicine 1 5 
Exertional Leg Pain 0 0  
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