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ABSTRACT

Objectives To evaluate the potential of large language
models (LLMs) in health education for patients with
ankylosing spondylitis (AS)/spondyloarthritis (SpA),
focusing on the accuracy of information transmission,
patient acceptance and performance differences between
different models.

Design Cross-sectional, single-blind study.

Setting Multiple centres in China.

Participants 182 volunteers, including 4 rheumatologists
and 178 patients with AS/SpA.

Primary and secondary outcome

measures Scientificity, precision and accessibility of

the content of the answers provided by LLMs; patient
acceptance of the answers.

Results LLMs performed well in terms of scientificity,
precision and accessibility, with ChatGPT-40 and Kimi
models outperforming traditional guidelines. Most patients
with AS/SpA showed a higher level of understanding and
acceptance of the responses from LLMs.

Conclusions LLMs have significant potential in medical
knowledge transmission and patient education, making
them promising tools for future medical practice.

INTRODUCTION

Ankylosing spondylitis/spondyloarthritis
(AS/SpA) is a chronic autoimmune inflam-
matory disease that primarily affects the
sacroiliac joints, spine and peripheral joints,
leading to inflammation, bone spurs' and,
eventually, in severe cases, fusion of the spine,
significantly impacting a patient’s quality of
life and ability to work."™ The total preva-
lence of AS was 0.1-0.5% and continues to
increase, with a male-to-female ratio of 2:1
to 4:1.7% Currently, the primary treatment
strategy for AS/SpA involves a combination
of anti-inflammatory drugs, physical therapy
and exercise rehabilitation.” The goal of
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study included a diverse group of participants
from multiple centres in China.

= The use of a cross-sectional, single-blind design
helps to minimise bias.

= The evaluation of multiple large language models
(LLMs) provides a comprehensive comparison.

= The study is limited by its relatively small sample
size and the potential for questionnaire fatigue
among participants.

= The study only evaluated four LLMs, and future mod-
els may offer different performance characteristics.

these treatments is to alleviate symptoms,
control inflammation, inhibit bone formation
and thus maintain and improve spinal and
peripheral joint function, reducing the risk of
disability." ™" Growing evidence suggests that
for a chronic disease like AS/SpA, the prog-
nosis is closely tied to adherence to the basic
treatment strategy, that is, patient compli-
ance."” Educating patients about the disease,
conducting regular check-ups and assess-
ments and encouraging patients to engage in
self-management, such as adhering to medi-
cation, engaging in appropriate exercise and
quitting smoking and drinking, are essential
for improving patient compliance.'*"®

How to educate patients about AS/SpA
using professional yet easily understandable
language, making it easier for patients to
comprehend and accept related knowledge,
and address their questions and concerns in
real-time has always been a challenging task."?
Healthcare professionals, while possessing
expert knowledge, often lack sufficient time
to provide detailed answers to patients’
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questions at any given moment. Medical textbooks, on
the other hand, often contain complex terminology
and content that are difficult for patients to understand.
Whether there is a more cost-effective and convenient
way to complete or assist in this task is a question worth
exploring. Therefore, finding a more economical and
convenient way to provide or assist in providing concise,
reliable and easy-to-understand medical information to
patients with AS/SpA has become a significant challenge
in clinical practice.

In recent years, the rapid development of artificial
intelligence (AI), particularly the emergence of large
language models (LLMs), has provided new solutions
for acquiring and disseminating medical informa-
tion.* ™ Advanced Al models such as ChatGPT4o possess
powerful natural language understanding and text gener-
ation capabilities, enabling them to process vast amounts
of information and generate high-quality responses in a
short period.” Trained on massive datasets using deep
learning algorithms such as the transformer architec-
ture, these models can produce coherent and contextu-
ally relevant responses, simulating the response style of
human experts to a certain extent.”’ ** The application
scenarios of large models have expanded to various fields,
including medical report generation, demonstrating
their potential in medical information processing.*™

However, it is important to note that LLMs also have
limitations, including potential biases and the occurrence
of hallucinations, which can affect the accuracy and reli-
ability of their responses. These issues need to be care-
fully considered and addressed in the development and
application of such models.” Additionally, the perfor-
mance of different models in terms of response quality
and patient acceptance needs further comparison and
research to determine the most suitable model for prac-
tical applications.”

Therefore, we apply LLM technology to health educa-
tion for patients with AS/SpA to effectively convey
disease-related knowledge, help patients better under-
stand the disease and treatment plans, enhance their
self-management awareness and ability, improve patient
adherence to treatment and ultimately improve disease
prognosis and quality of life.*™®

The aim of this study is to evaluate the potential of
LLMs in health education for patients with AS/SpA.
Specifically, we focus on the accuracy of information
transmission, patient acceptance and performance differ-
ences between different models.

METHODS

A cross-sectional, single-blind study design was employed,
involving 182 volunteers from different regions of
China. The study was conducted in Chinese to ensure
that all participants could understand and respond to
the questionnaires and instructions. Volunteers were
asked to complete two online surveys according to the

requirements, and the survey data were subsequently
collected and analysed (figure 1).

Questionnaire design

Two questionnaires were used in this study. Questionnaire
1 was designed to evaluate the scientificity, precision and
accessibility of the content of the answers provided by
different LLMs to medical questions. Questionnaire 2
was used to evaluate patients’ acceptance of the answers
provided by different LLMs to medical questions. Both
questionnaires included 15 AS/SpA-related questions as
the basic questions (online supplemental documents).
These 15 questions were derived from the ‘Practical
Guidelines for Patients with AS/SpA’ (hereafter referred
to as the ‘Guidelines’),” which were developed to help
patients better understand and implement the principles
of AS/SpA diagnosis and treatment and participate in
disease management. Given the complexity and diver-
sity of rheumatic diseases, including all conditions in
our study would have required an extensive number of
questions, making the feasibility of the study challenging.
Therefore, we chose to focus on a single disease for our
initial research. Among the conditions considered, AS/
SpA was selected because it is one of the few diseases for
which a comprehensive patient self-management guide-
line is available. These Guidelines formed the basis for
our study design and provided a structured framework for
evaluating the performance of LLMs in patient education.
Although there are several international and national
guidelines available for the diagnosis and treatment of
AS/SpA, these guidelines are primarily aimed at health-
care professionals. This Guidelines was chosen because it
is highly regarded for its scientific accuracy, practicality
and comprehensiveness, making it a valuable reference
for patient education in clinical practice. According to
the Guidelines, these 15 questions were selected through
a systematic review of published guidelines, research
papers and systematic reviews in the field of AS/SpA, as
well as face-to-face interviews with 52 rheumatologists and
other multidisciplinary experts and patients with AS/SpA.
A total of 34 questions were selected, and a questionnaire
survey was completed by presidents or patient represen-
tatives of AS/SpA patient associations from 19 countries
and 6 regions in Asia, America and Europe. Finally, 15
questions were selected according to the ranking. These
15 questions cover multiple aspects, including disease
management, treatment options and quality of life, and
are representative. For each of the 15 basic questions, our
two questionnaires provided five answers, one of which
was from the original description of the Guidelines,
and the other four were from the four LLMs (OpenAl’s
ChatGPT4o, OpenAl’s ChatGPT3.5, Google’s Gemini 1.5
Flash and Moonshot’s Kimi), each providing a distinct
answer option for evaluation. Questionnaire 1 evaluated
the scientificity, precision and accessibility of the content
of each answer to the 15 questions; Questionnaire 2
required participants to select the answer that was easy
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Research roadmap. A cross-sectional, single-blind study design was employed. 15 questions related to ankylosing

spondylitis (AS)/spondyloarthritis (SpA) were developed. Answers to these questions were provided by both the ‘Clinical
Practice Guidelines for Patients with AS/SpA’ and four large language models (LLMs): ChatGPT-40, ChatGPT-3.5, Gemini1.5
Flash and Kimi. Based on the questions and corresponding answers, two questionnaires were constructed. Questionnaire

1 was completed by four volunteer physicians using a 5-point Likert scale to evaluate the professionalism of the answers.
Questionnaire 2, consisting of multiple-choice questions, was completed by 178 voluntary patients with AS to assess their
understanding and acceptance of the answers. Finally, data from both questionnaires were collected and analysed.

to understand and acceptable among the five answers for
each question.

Volunteer recruitment and questionnaire collection

A total of 182 volunteers were enrolled in the study,
including 4 rheumatologists with over 5 years of expe-
rience and 178 patients with a confirmed diagnosis of
AS/SpA.*” AS/SpA patient volunteers were recruited
through the internet, with online survey links distrib-
uted to potential participants via social media groups
and email. The questionnaire collection period lasted
1month. The four rheumatologists were required to
complete Questionnaire 1 to evaluate the profession-
alism of the answers. Doctors needed to evaluate each
answer to 15 questions based on three aspects: scienti-
ficity, precision and accessibility of the content. Scien-
tificity refers to whether the answer conforms to the
theoretical basis of modern medicine, the development
patterns of the disease and the evidence-based medicine
of diagnosis and treatment. Precision refers to whether
the concepts in the answer are clear, the expression is
accurate and the word choice is appropriate. Accessibility

refers to whether complex medical knowledge can be
explained in simple and easy-to-understand language,
and whether the communication style can be adjusted
from the patient’s perspective. The evaluation used a
5-point Likert scale, ranging from 1 to 5, with 1 being
the lowest and 5 being the highest.

The 178 AS/SpA volunteers completed Questionnaire
2 to evaluate the acceptability of the answers, including
comprehensibility and understandability. Comprehensi-
bility refers to the ability to understand the meaning of
medical information and to relate the medical informa-
tion to one’s own situation. Understandability refers to
the clarity and simplicity of the presentation of medical
information, avoiding the use of obscure technical terms.
Unlike doctors, to ensure the reliability of the question-
naire results and avoid volunteers feeling bored when
faced with a large number of scientific answers, leading
to biased choices, volunteers only needed to evaluate
the answers to the questions they were interested in and
did not need to complete the evaluation of all questions.
For each question of interest, they could select one or
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more answers that they considered understandable and
acceptable.

It is worth noting that neither the doctors nor the AS/
SpA volunteers participating in the survey were aware of
the source of the answers. In other words, they did not
know whether the answers came from the Guidelines or
from LLMs, nor did they know which LLM was used.

Data analysis

In the statistical analysis, we first assessed the normality
of the data using the Shapiro-Wilk test. For the content
of the 75 answers collected from Questionnaire 1, the
average scores for scientificity, precision and accessibility
were calculated for each of the four questionnaires from
four doctors. Paired t-tests were used to analyse the differ-
ences in scores between the answers provided by LLMs
and the answers from the Guidelines when the data were
normally distributed. For the evaluation of accessibility,
differences between the Guidelines versus Kimi groups
were normally distributed and analysed using paired
t-tests, while differences between other groups were
not normally distributed and were analysed using the
Wilcoxon signed-rank test. For the 178 questionnaires
collected from Questionnaire 2, statistical analysis was
conducted. First, the basic demographic characteristics
of the volunteers were analysed. The 15 questions were
categorised into four groups: disease diagnosis and assess-
ment, daily life management, disease drug treatment
and disease and fertility (box 1). The number of people
interested in each category of questions was counted, and
the proportion of people interested in each category was
calculated.

Next, based on the AS/SpA volunteers’ choices for each
question, the selection situations were categorised into
three types: ‘Considered the Guidelines answer better’
(only selected the answer from the Guidelines), ‘Consid-
ered the Guidelines answer and one or more LLMs
answers equally good’ (selected both the answer from
the Guidelines and one or more answers from the LLMs)
and ‘Considered the LLMs answer better’ (only selected
one or more answers from the LLMs). The proportion of
the three categories of choices for each question and the
overall proportion of the three categories of choices for
the 15 questions were calculated to evaluate the accep-
tance of the AS/SpA volunteers towards the answers from
the Guidelines and the LLMs.

Finally, a detailed analysis was conducted on the propor-
tion of the number of choices for the answers of the four
different models in the 15 questions to analyse the differ-
ences in answer quality and volunteer acceptance among
the four models and to evaluate the performance of each
model.

Model access and data handling

In our study, we used specific versions of the LLMs to
ensure consistency and reproducibility. The models and
their versions used were: OpenAl’s ChatGPT-4o0, OpenAl’s
ChatGPT-3.5, Google’s Gemini 1.5 Flash and Moonshot’s

Box 1 Classification of the 15 questions into four groups

based on their respective attributes

Group 1: disease diagnosis and assessment

= What is ankylosing spondylitis/spondyloarthritis (AS/SpA)?

= Can the presence of the human leukocyte antigen (HLA)-B27 con-
firm the diagnosis of AS/SpA?

= Why do patients with AS/SpA need to have their C reactive protein
levels checked regularly?

= Why do patients with AS/SpA need to have MRI scans repeated?

= Why should patients with AS/SpA be tested for hepatitis B virus
(HBV)?

Group 2: daily life management

= Does smoking affect disease activity and function in patients with
AS/SpA?

= What are the benefits of exercise for patients with AS/SpA?

Group 3: disease drug treatment

= What are the first-line medications for AS/SpA?

= What are the cardiovascular effects of oral non-steroidal anti-
inflammatory drugs (NSAIDs) in patients with AS/SpA?

= What are the gastrointestinal effects of oral NSAIDs in patients with
AS/SpA?

= When are tumour necrosis factor (TNF)-alpha inhibitors used to treat
AS/SpA?

= (Can patients with AS/SpA with HBV coinfection be treated with TNF-
alpha inhibitors?

= Does using TNF-alpha inhibitors increase the risk of tuberculosis
infection in patients with AS/SpA?

Group 4: disease and fertility

= Can HLA-B27-positive AS/SpA be passed on to the next generation?

= What are the effects of TNF-alpha inhibitors on fertility in patients
with AS/SpA?

Kimi. These models were accessed via their respective web
interfaces, which allowed us to interact with the models
directly through a web browser and retrieve responses to
our queries.

Data storage and management were handled securely
to ensure privacy and integrity. All data collected from
the questionnaires and the responses generated by the
LLMs were stored in an encrypted database. Access to the
database was restricted to authorised personnel only, and
all data transfers were conducted over secure channels.

To handle errors in calling or parsing answers, we
implemented a robust error-handling mechanism. This
included logging all errors encountered during the inter-
action with the web interfaces. If an error occurred, the
specific query and error details were reviewed manually
to identify and resolve the issue. This approach ensured
that any transient issues were addressed, and any systemic
problems were identified and corrected promptly.

Patient and public involvement

In this study, there was no patient or public involvement.
The research design, implementation and dissemina-
tion of results were all independently completed by the
research team.
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Table 1
patients

Demographic and clinical characteristics of

Characteristic Value (proportion %)

Gender

Male 142 (79.78)
Female 36 (20.22)

Age (years)
<20 0(0)
20-30 12 (6.75)
30-40 95 (53.37)
40-50 58 (32.58)
50-60 11 (6.18)
>60 2(1.12)

RESULTS

Participant characteristics and interest distribution

Among the 178 AS/SpA volunteers included in this
study, 79.78% were male and 20.22% were female,
which is generally consistent with the gender distribu-
tion of patients with AS/SpA. The largest number of
AS/SpA volunteers were aged 30-40 years and 40-50
years, accounting for 53.37% and 32.58%, respec-
tively (table 1). Based on the IP addresses of the AS/
SpA volunteers who completed the questionnaire, the
geographical distribution of the volunteers was analysed.
It was found that AS/SpA volunteers covered 23 of the
34 provincial-level administrative regions in China, with

a geographical coverage rate of 67.6%. AS/SpA volun-
teers were most interested in the following categories
of questions in descending order: disease and fertility
(34.76%), disease drug treatment (27.81%), daily life
management (21.93%) and disease diagnosis and assess-
ment (15.51%) (figure 2).

Evaluation of professionalism of LLM answers

The rheumatologists” evaluation of the scientificity, preci-
sion and accessibility of the answers provided by LLMs
is shown in table 2. The scores for the scientificity of
the content of the answers provided by the four LLMs
(ChatGPT-40: 4.68+0.10, ChatGPT-3.5: 4.43+0.10, Gemini
1.5 Flash: 4.13+0.12 and Kimi: 4.77+0.07) were very close
to the score of the Guidelines (4.72+0.09), with Kimi’s
score being even slightly higher than that of the Guide-
lines. Except for Gemini 1.5 Flash (p<0.05), there was no
statistically significant difference between the scores of
the other models and the Guidelines (p>0.05).

The scores for the precision of the expression of the
answers provided by the four models (ChatGPT-4o:
4.57+0.11, ChatGPT-3.5: 4.38+0.10, Gemini 1.5 Flash:
3.85+0.11 and Kimi: 4.78+0.06) were very close to the
score of the Guidelines (4.70+0.07), with Kimi’s score
being even slightly higher than that of the Guidelines.
There were statistically significant differences between
the scores of ChatGPT-3.5 and Gemini 1.5 Flash and the
Guidelines (p<0.05), but no statistically significant differ-
ences between the scores of ChatGPT-40 and Kimi and
the Guidelines (p>0.05).

Disease and fertility 4 |
Disease drug treatment 4 P
Daily life management 4 | S |
Disease Diagnosis and Assessment - P
0 é lIO 2I0 2I5 3l0 3I5 4I0

Proportion (%)

Figure 2 Distribution of patients with ankylosing spondylitis’ interest across different question categories. The 15 questions
were classified into four categories. A horizontal bar chart, sorted by the proportion of patients’ interest, illustrates the
distribution of questions within each category. Patients show interest in the following areas with the following percentages:
‘disease and fertility’ at 34.76%+3.7 %, ‘disease drug treatment’ at 27.81%+3.6%, ‘daily life management’ at 21.93%+3.5%
and ‘disease diagnosis and assessment’ at 15.51%+3.3%. Error bars representing the SD are added to each bar to illustrate the

variability of the data.
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Table 2 Rheumatologists’ assessment of the professionalism of responses from different large language models and their

comparison with guidelines

Evaluation 5-point Likert scale score P value*

Scientificity
Guidelines vs ChatGPT-40
Guidelines vs ChatGPT-3.5
Guidelines vs Gemini 1.5 Flash
Guidelines vs Kimi

Precision
Guidelines vs ChatGPT-40
Guidelines vs ChatGPT-3.5
Guidelines vs Gemini 1.5 Flash
Guidelines vs Kimi

Accessibility
Guidelines vs ChatGPT-40
Guidelines vs ChatGPT-3.5
Guidelines vs Gemini 1.5 Flash
Guidelines vs Kimi

4.72+0.09 vs 4.68+0.10
4.72+0.09 vs 4.43+0.10
4.72+0.09 vs 4.13+0.12
4.72+0.09 vs 4.77+0.07

4.70+0.07 vs 4.57+0.11
4.70+0.07 vs 4.38+0.10
4.70+0.07 vs 3.85+0.11
4.70+0.07 vs 4.78+0.06

4.02+0.07 vs 4.67+0.12
4.02+0.07 vs 4.63+0.08

4.02+0.07 vs 4.38+0.12
4.02+0.07 vs 4.70+0.06

0.812
0.080
0.002
0.670

0.349
0.039
0.000
0.475

0.006
0.001
0.026
0.000

*Evaluation of the scientificity and precision of the questions and answers. Differences between groups were normally distributed, and paired
t-tests were used for analysis. For the evaluation of accessibility, differences between the Guidelines versus Kimi groups were normally
distributed and analysed using paired t-tests, while differences between other groups were not normally distributed and were analysed using

the Wilcoxon signed-rank test.

The scores for the accessibility of the answers provided
by ChatGPT-40, ChatGPT-3.5, Gemini 1.5 Flash and Kimi
(4.67+0.12, 4.63+0.08, 4.38+0.12 and 4.70+0.06, respec-
tively) were all higher than the score of the Guidelines
(4.02+0.07), and the differences were statistically signifi-
cant (p<0.05).

Evaluation of patient acceptance of LLM answers

Overall trends

On average, 54.8% of patients preferred the answers
provided by LLMs, while 16.4% considered the Guide-
lines’ answers to be better, and 28.7% considered the
answers from the Guidelines and one or more LLMs
to be equally good. This indicates a general preference
among patients for the responses generated by LLMs over
those from the Guidelines. For most questions, a higher
proportion of patients with AS/SpA found the answers of
LLMs more acceptable, particularly for questions related
to treatment timing and the impact of treatments on
fertility (figure 3A and C).

Model-level analyses

When comparing the four LLMs, ChatGPT-40 had the
highest average selection rate of 33.68%, ranking first.
It significantly outperformed other models in specific
questions, such as ‘What is AS/SpA?’ (48.57%) and
‘Does TNF-alpha inhibitor treatment increase the
risk of tuberculosis infection in AS/SpA patients?’
(40.68%). The Kimi model had a stable performance
with an average selection rate of 24.77%, ranking
second. It performed well in questions like ‘What are

the cardiovascular effects of oral NSAID treatment in
AS/SpA patients?’ (33.33%) and ‘When should AS/
SpA patients start TNF-alpha inhibitor treatment?’
(32.50%). The average selection rates for ChatGPT-3.5
and Gemini 1.5 Flash were 20.27% and 21.28%, respec-
tively (figure 3B and D).

DISCUSSION
Contextualisation within existing research
Our study contributes to the growing body of research
that explores the integration of LLMs with rheumatology,
particularly in the context of AS/SpA. Recent studies
have demonstrated the potential of LLMs in various
medical fields, including rheumatology, for tasks such as
patient education, diagnosis and treatment planning. For
instance, Venerito et al applied LLMs to assist in the diag-
nosis of rheumatic conditions, highlighting the models’
ability to process and interpret complex clinical data.*
Our approach aligns with these studies in leveraging
LLMs to enhance patient education and engagement.
However, our study uniquely focuses on the specific chal-
lenges and needs of patients with AS/SpA, providing
tailored educational content that addresses their
concerns and questions. Unlike previous studies that may
have focused on broader rheumatic conditions, our study
delves into the nuances of AS/SpA, offering detailed
insights into disease management, treatment options and
quality of life issues specific to this patient population.
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What is AS/SpA?
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Can HLA-B27-positive AS/SpA be passed on to the next generation?

Why do AS/SpA patients need to have their C-reactive protein (CRP) levels checked regularly?
Why do AS/SpA patients need to have MRI scans repeated?

Does smoking affect disease activity and function in patients with AS/SpA?

What are the benefits of exercise for AS/SpA patients?

What are the first-line medications for AS/SpA?

Question

What are the cardiovascular effects of oral NSAIDs in AS/SpA patients?

What are the gastrointestinal (Gl) effects of oral NSAIDs in AS/SpA patients?
When are TNF-alpha inhibitors used to treat AS/SpA?

Why should AS/SpA patients be tested for hepatitis B virus (HBV)?

Can AS/SpA patients with HBV coinfection be treated with TNF-alpha inhibitors?
What are the effects of TNF-alpha inhibitors on fertility in AS/SpA patients?

Does using TNF-alpha inhibitors increase the risk of TB infection in AS/SpA patients?
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o
=
14
>
o
®
-
o

Proportion (%)

B mE ChatGPT4o  wem ChatGPT35 mEm Gemini mmm Kimi
What is AS/SpA?
Can the presence of the human leukocyte antigen (HLA)-B27 confirm the diagnosis of AS/SpA?
Can HLA-B27-positive AS/SpA be passed on to the next generation?
Why do AS/SpA patients need to have their C-reactive protein (CRP) levels checked regularly?
Why do AS/SpA patients need to have MRI scans repeated?
Does smoking affect disease activity and function in patients with AS/SpA?
What are the benefits of exercise for AS/SpA patients?

What are the first-line medications for AS/SpA?

Question

What are the cardiovascular effects of oral NSAIDs in AS/SpA patients?

What are the gastrointestinal (GI) effects of oral NSAIDs in AS/SpA patients?

When are TNF-alpha inhibitors used to treat AS/SpA?

Why should AS/SpA patients be tested for hepatitis B virus (HBV)?

Can AS/SpA patients with HBV coinfection be treated with TNF-alpha inhibitors?

What are the effects of TNF-alpha inhibitors on fertility in AS/SpA patients?

Does using TNF-alpha inhibitors increase the risk of T8 infection in AS/SpA patients?

Average
o 20 40 60 80 100
Proportion (%)

0.8 1

0.5 1
0.7 1
0.6 1 0.4
0.5

0.3 1
0.4 1
031 021
0.2 1

0.1 1
0.11

0.0 1
0.0 T T T T T T T

Guidelines Same LLMs ChatGPT 40 ChatGPT 3.5 Gemini Kimi

Figure 3 Evaluation of patients’ acceptance of large language model (LLM) responses. (A and C) A 100% stacked horizontal
bar chart and a violin plot are used to visualise the proportions and distributions of patients who rated the answers from the
Guidelines, LLMs or both as better, for each of the 15 questions. (B and D) A 100% stacked horizontal bar chart and a violin
plot are used to visualise the proportions and distributions of patients who rated the answers from different LLMs (ChatGPT-4o0,
ChatGPT-3.5, Gemini 1.5 Flash and Kimi) as better, for each of the 15 questions. The median in the violin plot is marked by a
long dashed line, while the shorter dashed lines delineate the IQR. AS/SpA, ankylosing spondylitis/spondyloarthritis; NSAIDs,
non-steroidal anti-inflammatory drugs; TB, tuberculosis; TNF, tumour necrosis factor.
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Qualitative insights into model performance

The superior performance of specific LLMs, such as
ChatGPT-4o0, can be attributed to several factors related
to their training data diversity and algorithmic design.
ChatGPT-4o, developed by OpenAl, is trained on a vast
and diverse dataset that includes a wide range of medical
literature, patient forums and clinical guidelines. These
diverse training data enable the model to generate
responses that are not only accurate but also contextu-
ally relevant and easily understandable for patients. The
model’s advanced algorithmic design, which incorpo-
rates deep learning techniques such as the transformer
architecture, further enhances its ability to process and
generate high-quality text. ChatGPT-4o’s algorithmic
design emphasises the generation of clear and concise
responses, making it particularly effective in providing
understandable and acceptable answers to patients with
AS/SpA.

Practical implications for clinical workflows

Integrating LLMs into clinical workflows offers signif-
icant benefits, including enhanced patient education
and improved efficiency in managing patient inquiries.
LLMs can provide accurate, relevant and easily under-
standable information, which can boost patient engage-
ment and adherence to treatment plans, leading to
better health outcomes. For instance, LLMs can generate
personalised educational materials that address specific
patient concerns, making the information more relat-
able and actionable. Additionally, LLMs can assist health-
care providers by generating high-quality responses to
common patient questions, reducing the burden on
healthcare staff and allowing them to focus on more
complex tasks, thereby improving workflow efficiency
and resource allocation.

Limitations
While our study demonstrates the potential of LLMs in
improving patient education for AS/SpA, it is not without
limitations. One significant limitation is the occurrence of
hallucinations, where the LLMs may generate responses
that are not entirely accurate or relevant to the specific
context of AS/SpA. This highlights the need for contin-
uous refinement and validation of the models to ensure
the reliability and accuracy of the information provided.

Additionally, our study acknowledges the potential for
biases in the LLMs’ responses. These biases may stem
from the training data, which may not be representative of
diverse patient populations. For instance, the models may
exhibit biases related to age, gender or treatment choices,
potentially affecting the relevance and applicability of the
generated responses for different demographic groups.
Future research should focus on addressing these biases
by incorporating more diverse and representative training
data to enhance the models’ performance across various
patient demographics.

Furthermore, the study’s findings are limited by the
relatively small sample size and the specific geographical

region from which the participants were recruited. This
may affect the generalisability of the results to other
regions or populations. Future studies should consider
larger and more diverse samples to validate the findings
and explore the potential of LLMs in different contexts.
Given that patients were recruited via the internet, self-
selection bias may have been introduced, potentially
affecting the generalisability of our findings. The valida-
tion of the scientific accuracy of the educational content
was conducted by a relatively small sample of four rheu-
matologists. The limited number of experts involved in
the validation process could potentially introduce bias
and may affect the generalisability of the results. Future
studies should consider increasing the number of experts
to enhance the robustness and reliability of the validation
process.

Finally, due to the voluntary nature of participation,
there may be self-selection bias. For example, patients
who are more interested in disease knowledge and more
willing to participate in surveys may be more likely to
participate, which could affect the representativeness of
the sample.

In conclusion, our study highlights the promising role
of LLMs in enhancing patient education for AS/SpA. By
providing accurate, relevant and easily understandable
information, LLMs can significantly improve patient
engagement and adherence to treatment plans. However,
the study also underscores the need for addressing limita-
tions such as hallucinations and potential biases to fully
realise the potential of LLMs in medical practice.

CONCLUSION

This study demonstrates that LLMs have significant
potential for application in health education for patients
with AS/SpA. They can provide accurate, professional
and easily understandable medical information, helping
to improve patient adherence to treatment and quality
of life. Although the application of LLMs in the medical
field still faces certain challenges, their advantages in
medical science popularisation and patient education
make them a promising tool for future medical practice.
Through further research and optimisation, LLMs have
the potential to be widely applied in many medical fields,
ultimately providing patients with higher quality medical
services.
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