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ARTICLE INFO ABSTRACT
Keywords: Purpose: The advent of chatbots based on large language models (LLMs), such as ChatGPT, has significantly
Glaucoma transformed knowledge acquisition. However, the application of LLMs in glaucoma patient education remains

Patient education

elusive. In this study, we comprehensively compared the performance of four common LLMs — Qwen, Baichuan 2,
Large language models

ChatGPT-4.0, and PaLM 2 - in the context of glaucoma patient education.

g::;/? P Methods: Initially, senior ophthalmologists were asked with scoring responses generated by the LLMs, which were
Baichuan answers to the most frequent glaucoma-related questions posed by patients. The Chinese Readability Platform was
Qwen employed to assess the recommended reading age and reading difficulty score of the four LLMs. Subsequently,
Chatbots optimized models were filtered, and 29 glaucoma patients participated in posing questions to the chatbots and
scoring the answers within a real-world clinical setting. Attending ophthalmologists were also required to score
the answers across five dimensions: correctness, completeness, readability, helpfulness, and safety. Patients, on
the other hand, scored the answers based on three dimensions: satisfaction, readability, and helpfulness.
Results: In the first stage, Baichuan 2 and ChatGPT-4.0 outperformed the other two models, though ChatGPT-4.0
had higher recommended reading age and reading difficulty scores. In the second stage, both Baichuan 2 and
ChatGPT-4.0 demonstrated exceptional performance among patients and ophthalmologists, with no statistically
significant differences observed.
Conclusions: Our research identifies Baichuan 2 and ChatGPT-4.0 as prominent LLMs, offering viable options for
glaucoma education.
1. Introduction released PaLM 2. Building upon its predecessor, PaLM, it further im-
proves performance across various language tasks, showcasing signifi-
Since the launch of ChatGPT by OpenAl in November 2022, this cant strides in artificial intelligence and machine learning technologies.'
artificial intelligence conversational chatbot has rapidly gained global Released by Baichuan Intelligence, Baichuan 2 demonstrates enhanced
popularity. Various large language models (LLMs), represented by parsing capabilities in the Chinese language context and has topped

ChatGPT, emerged during this period. In the second half of 2023, Google several world-renowned public benchmarks, such as the MMLU (Massive
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Multitask Language Understanding) and CMMLU (Chinese Massive
Multitask Language Understanding), in its category.? Additionally, Ali-
Cloud launched the industry's first "full-size open source" LLM, Qwen,>
during the same period. The Qwen scores on some benchmarks are very
close to those of ChatGPT-4.0, especially in the context of the Chinese
language.*

Recently, notable insights have emerged regarding LLMs in ophthal-
mology practice. Some studies explored the proficiency of LLMs ability in
diagnosing corneal and glaucoma diseases, showcasing results that
nearly align with human experts.>® A recent study emphasized that
ChatGPT-4.0 had comparative diagnostic accuracy and completeness
against glaucoma specialists in both clinical questions and clinical cases.”
Another study revealed that LLM-generated ophthalmic advice to online
forum queries rivaled that of ophthalmologists.® However, as of now,
developed and validated LLMs specifically tailored for glaucoma patient
education are still warranted.

Glaucoma is one of the leading causes of irreversible blindness. In the
global population aged 40-80 years, the prevalence of glaucoma is
3.54%.° In the Chinese population, the prevalence of glaucoma is
approximately 1%, ' but due to the lack of symptoms in the early stages,
over half of glaucoma cases have not yet been detected,'! and it is esti-
mated that approximately 2.6 million people in China may be afflicted by
this chronic disease. Although glaucoma is not life-threatening, blindness
caused by optic nerve atrophy in the terminal stages of the disease can
have a serious impact on patient's quality of life. This can affect their
ability to work or even take care of themselves, resulting in a significant
burden of family care and economic costs.'>'® Research has shown that
allowing patients to browse their medical data may reduce the use and
improve the effectiveness of glaucoma medication.'* On the Internet, an
LLM chatbot can be a powerful and accessible tool for improving glau-
coma patients' health.

Our study aimed to evaluate the performance of currently available
LLMs, namely, Qwen, Baichuan 2, ChatGPT-4.0, and PaLM 2, in handling
inquiries related to glaucoma. The results of this study provide insights
into the proficiency and humanization of LLM chatbots in dealing with
clinical questions about glaucoma in the Chinese language context. This
could guide the development and application of these LLM chatbots in
healthcare settings, highlighting their strengths and identifying areas for
improvement in patient education.

2. Materials and methods
2.1. Study design

This study consisted of two phases, retrospective dataset evaluation,
and real-world dataset evaluation, to explore the application of LLMs in
educating patients with glaucoma. We employed a robust study design
with appropriate masking and randomization, and we further strength-
ened the integrity of our assessment (Fig. 1). This study was conducted
from December 25th, 2023, to January 16th, 2024, at the Department of
the Eye and ENT Hospital of Fudan University, Shanghai, China. The
study was approved by the Institutional Review Board of the Eye and ENT
Hospital of Fudan University (IRB-EENT-2021180) and followed the
Declaration of Helsinki. All patients provided written informed consent.

In the retrospective dataset evaluation, a group of senior ophthal-
mologists proposed the most frequently asked glaucoma-related ques-
tions by patients. 24 glaucoma-related questions were queried in the
four-LLM online interface, and each question was repeated 3 times
because an LLM may provide different answers to the same question. The
scope of the questions encompassed disease definition, incidence rates,
risk factors, symptoms, preventative measures, diagnostic methodolo-
gies, treatment strategies, and prognosis. All responses were generated
using an independent prompt specifically designed as follows: "Assume
the role of an ophthalmologist, and respond to a patient's inquiry
regarding glaucoma". To ensure that ophthalmologists were unable to
discern the specific LLM chatbots, all generated responses were
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Fig. 1. Flowchart of the overall study design.

standardized into plain text format, effectively concealing any distinctive
features of the chatbot systems. Six independent ophthalmologists, each
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possessing board certification, were randomly assigned to three groups.
Within each group, every ophthalmologist was presented with one of the
three randomly selected repeated responses from a particular chatbot for
a given question. In a blinded manner, the ophthalmologists meticulously
reviewed the responses provided by the four LLM chatbots based on their
clinical experience. Before being assessed by the ophthalmologists, the
responses from each group underwent random shuffling. The evaluation
process was conducted in four rounds, with each round occurring on a
different day, and a 48-h washout period was implemented between
rounds to minimize potential carry-over effects.'®

In the real-world dataset evaluation, we meticulously recruited a
cohort of 29 representative patients from the glaucoma outpatient
department. Patients aged 18 years or older with a diagnosis of POAG or
PACG or NTG within the past five years were included in the study.
Through a randomized process, these patients were divided into two
distinct groups, namely, the Baichuan 2 group and the ChatGPT-4.0
group. Following their clinical encounters, we invited each patient to
participate in a dedicated patient education setting. Initially, a general
prompt, which is ‘Please aid the physician in conducting patient educa-
tion about glaucoma. ¢, was employed to establish the contextual
framework. Subsequently, patients were tasked with submitting three
distinct inquiries to the chatbot interface. Consequently, patients were
required to assess the satisfaction, readability, and helpfulness of the
chatbot's responses, while six certificated ophthalmologists evaluated the
responses across five discernible dimensions.

2.2. Board-certified ophthalmologist evaluation

In the retrospective dataset evaluation, six independent board-
certified ophthalmologists were randomly assigned to three groups,
and they reviewed each set of responses to the questions in a blinded
fashion. The responses were evaluated using a five-dimensional scoring
system: correctness (assessing the perceived accuracy of the response),
completeness (assessing the perceived level of comprehensiveness of the
response), readability (evaluating the ease of understanding for patients),
helpfulness (assessing the perceived usefulness of the medical informa-
tion provided to patients), and safety (evaluating whether patients could
be misled and potentially negatively influenced in their treatment). Each
dimension was scored using a 5-point Likert scale.

In the real-world dataset evaluation, according to the evaluation
criteria, the attending ophthalmologist rated the responses for correct-
ness, completeness, readability, helpfulness, and safety. Each patient
used a 5-point Likert scale to rate their satisfaction (evaluating their level
of satisfaction with the response), readability (assessing the ease of un-
derstanding of the response), and helpfulness (assessing the perceived
usefulness of the medical information provided to patients) with the

T esponse.] 7

2.3. Objective readability analysis

Previous research has posited that chatbots when operating within an
English language context, can provide accurate responses. However, they
often exhibit a high level of reading difficulty, necessitating readers to
possess some form of tertiary education. Considering the disparities be-
tween the Chinese and English languages, as well as the presence of
subjective factors such as patients' educational backgrounds and oph-
thalmologists' experience, we adopted the Chinese Readability Platform,
an online readability website.'® Subsequently, we developed a program
that automates the process of uploading responses to this platform,
thereby replacing manual intervention by researchers. This program
facilitated the collection and organization of readability information. The
readability platform employed a multiple linear regression model to
establish a Chinese readability formula by evaluating the correlation
between 52 linguistic factors specific to the Chinese language context and
the corresponding difficulty levels.
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By submitting the text to this website, researchers receive parameters
that aid in assessing readability, including reading difficulty scores and
recommended reading ages. A higher reading difficulty score signifies a
lower level of text comprehensibility.

2.4. Statistical analysis

The statistical analysis was performed using IBM SPSS Statistics for
Windows version 25.0, which was released in August 2017 (Armonk, NY:
IBM Corp.). In the retrospective dataset evaluation, a Kruskal-Wallis test,
a rank-based nonparametric test, was utilized to compare each chatbot's
evaluation scores and objective readability scores based on a 5-point
Likert scale. Subsequently, post hoc Dunnett tests were employed for
paired comparisons. In the real-world dataset evaluation, the Mann—
Whitney test and unpaired t-test were conducted to compare the average
ratings of the responses between Baichuan 2 and ChatGPT-4.0. The sta-
tistical significance level for all tests was set at P < 0.05. We used the
SQUIRE checklist when writing our report.

3. Results

In the first phase, ophthalmologists evaluated the responses of four
LLMs based on 5 dimensions: correctness, completeness, readability,
usefulness, and safety. Each dimension is rated on a scale from 1 to 5,
with warmer colors indicating higher scores, as depicted in Fig. 2A.

Overall, the scoring indicates positive results for three out of the four
models, with only Qwen's Completeness score standing at 2.96 + 1.38 as
an exception. Notably, ChatGPT-4.0 emerged as the top performer,
achieving the highest scores across all five dimensions. Similarly, Bai-
chuan 2 exhibited excellent readability (4.59 + 0.68) and helpfulness
(4.49 + 0.75). Conversely, Qwen and PaLM 2 exhibited weaker perfor-
mances in the first phase. Although the readability of PaLM 2 surpassed
4, both Qwen and PaLM 2 fell significantly behind Baichuan 2 and
ChatGPT-4.0 in other dimensions, suggesting limitations in their ability
to address glaucoma patient education. Despite variations in perfor-
mance among the four LLMs, the responses generated by them were
generally deemed safe, with all safety scores surpassing 3 (Fig. 2F).

Using the Chinese Readability Platform,'® we determined the rec-
ommended reading age for the responses generated by the four models.
The average recommended reading age for all the responses from the
models was approximately 12 years (12.23 + 1.84). Notably,
ChatGPT-4.0 exhibited the highest recommended reading age (12.96 +
1.24), and the differences in this dimension among the other three
models were not statistically significant (Fig. 3A).

Similarly, the reading difficulty score was generated by the Chinese
Readability Platform. A higher reading difficulty score indicates a lower
level of text comprehensibility. Aligned with the results of the recom-
mended reading age, ChatGPT-4.0 obtained the highest reading difficulty
score, notably surpassing Baichuan 2 (12.86 vs. 11.93, post hoc Dunnett
tests, p = 0.0031) (Fig. 3B).

Considering the notably inferior performance of Qwen and PaLM 2
compared to Baichuan 2 and ChatGPT-4.0 in various dimensions during
the first phase of our study, only Baichuan 2 and ChatGPT-4.0 were
selected to respond to questions from glaucoma patients in the second
phase. This phase was conducted from December 2023 to January 2024
at the Eye and ENT Hospital of Fudan University.

We collected 87 questions from 29 glaucoma patients, 14 of them
having their questions answered from Baichuan 2 and the others from
ChatGPT-4.0. Sex and age characteristics were well balanced between
the two groups. Primary open angle glaucoma (POAG), along with
normal tension glaucoma (NTG), is the primary subtype of glaucoma
(Table 1).

From the patients' perspective, no significant differences were
observed in satisfaction, readability, or helpfulness between the two
LLMs (Fig. 4A-C). In the ratings from six ophthalmologists, ChatGPT-4.0
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Fig. 2. Scores of the responses of four LLMs to common glaucoma questions. (A) Summary ratings for LLM chatbots' answers to glaucoma questions. (B-F)
Correctness, Completeness, Readability, Helpfulness, and Safety scores on responses for four LLMs.
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Fig. 3. Objective Readability analysis of the four LLMs. (A) Recommended Reading Age of four LLMs. (B) Reading Difficulty Scores of the four LLMs.

outperformed Baichuan 2 in all aspects except for readability. (Fig. 4D).
Furthermore, there was no significant correlation between the patient's
age, sex, or educational level and their score (online Supplemental
Fig. 1).

4. Discussion

We conducted a two-phase study to evaluate the performance of
popular LLMs in addressing glaucoma-related questions. In the first

91

phase, senior ophthalmologists formulated 24 frequently asked
glaucoma-related questions, which were then input into four LLMs. The
answers generated by the LLMs were subsequently scored by six certified
ophthalmologists. Baichuan 2 and ChatGPT-4.0 consistently out-
performed Qwen and PaLM 2 across all five dimensions assessed. This
outcome partly corresponds with findings in chronic kidney disease
(CKD) patient education, where ChatGPT-4.0 and the PaLM each
demonstrated greater accuracy in identifying foods containing potassium
or phosphorus than did the other models.'® Therefore, careful
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Table 1
Summary of the patients.
Baichuan 2 (n = GPT-4.0 (n =
14) 15)
Sex (%)
Male 6 (42.86%) 8 (53.33%)
Female 8 (57.14%) 7 (46.67%)
Age, y (%)
<59 7 (50%) 8 (53.33%)
>60 7 (50%) 7 (46.67%)
Degree
Junior high school and below 2 (14.29%) 3 (20%)
High school/technical school/technical 6 (42.86%) 3 (20%)
school
Junior college 3 (21.43%) 1 (6.67%)
Undergraduate college 2 (14.29%) 3 (20%)

Master degree or above 1 (7.14%) 5 (33.33%)
Subtypes

POAG 7 (50%) 5(33.33%)

PACG 5 (35.71%) 4 (26.67%)

NTG 2 (14.29%) 6 (40%)

POAG - Primary open angle glaucoma. PACG - Primary angle closure glaucoma.
NTG - Normal tension glaucoma.

consideration of the metrics used to evaluate LLMs is essential, as they
can significantly impact the performance of these models.

The Objective Readability analysis, conducted using the Chinese
Readability Platform, revealed that the responses generated by ChatGPT-
4.0 had a higher recommended reading age and lower text comprehen-
sibility than those generated by the other models. This variance may be
attributed to ChatGPT-4.0's inductive and logical approach, which results
in the generation of more complex and challenging sentences. While this
could pose a higher comprehension threshold for users, existing research
has indicated that ChatGPT can enhance the readability of patient edu-
cation materials in medical journals as well as responses generated by
LLMs, highlighting that the suboptimal readability of the answers

Advances in Ophthalmology Practice and Research 5 (2025) 88-94

generated by ChatGPT is not inescapable.'®*°

Given the robust performance of Baichuan 2 and ChatGPT-4.0 in the
first phase, we exclusively included these models in the second phase. For
this phase, we recruited 29 glaucoma patients from the glaucoma clinic at
the Eye and ENT Hospital of Fudan University. Each patient posed three
glaucoma-related questions and assessed the responses from the LLMs in
terms of satisfaction, readability, and helpfulness. Simultaneously, eval-
uations were obtained from certificated ophthalmologists. These findings
strongly suggest that Baichuan 2 and ChatGPT-4.0 exhibit high-
performance levels in educating glaucoma patients. Interestingly, in the
ophthalmologists' ratings, ChatGPT-4.0's performance almost completely
surpassed that of Baichuan 2. However, in terms of readability, Baichuan
2 and ChatGPT-4.0 were nearly indistinguishable, with Baichuan 2 even
tending to score higher than ChatGPT-4.0. This aligns with our previous
objective readability analysis, indicating that while ChatGPT-4.0 gener-
ates more professional answers, it also presents a higher reading
threshold. Additionally, patients seemed to prefer the responses from
Baichuan 2, while ophthalmologists favored the responses from
ChatGPT-4.0. This indicates that the level of professional knowledge
among users can influence their satisfaction with LLMs.

Significantly, our study distinguishes itself from previous literature by
not relying on predetermined medical datasets for evaluating LLM
capabilities.>! > Instead, both ophthalmologists and patients actively
participate in assessing LLMs' responses, creating a simulation of
real-world circumstances where patients are more likely to utilize LLMs
for disease information. Although a recent study has explored the efficacy
of LLMs in the diagnosis and treatment of glaucoma, our research is one
of the first to measure the performance of LLMs in glaucoma patient
education in the Chinese language context.”>>°

Our study highlights that LLM-based chatbots generally provide
helpful medical knowledge and advice. Even when direct assistance
cannot be provided, the likelihood of causing harm to patients is very
low. Compared to traditional methods of patient education, such as
public lectures, free clinics, or in-hospital posters, LLM-based chatbots
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Fig. 4. Responses of the scores of two LLMs to glaucoma patients. (A-C) Satisfaction, Readability, and Helpfulness scores on responses for two LLMs in glaucoma
patients. (D) Correctness, Completeness, Readability, Helpfulness, and Safety scores on responses for two LLMs by ophthalmologists.
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offer distinct advantages, including flexibility in time and space, access to
up-to-date information, cost-effectiveness, broad reach, and the potential
to enhance patient treatment compliance. '

During the data collection and scoring process, we noted instances of
patient impatience, resulting in hasty readings of LLM-generated answers
and arbitrary scoring. This impatience could impact the reliability of the
results. Patients' impatience may be attributed to the verbosity of LLMs’
responses, particularly for patients with lower educational backgrounds
who may not be accustomed to lengthy sentences.

We also observed that chatbots struggled to provide personalized
responses to individual patients due to the broad nature of glaucoma-
related questions. For instance, when a patient asked, "Do I need to use
glaucoma eye drops for life?" The response from ChatGPT-4.0 included
multiple factors affecting the use of eye drops and medical advice, but
these factors lacked specificity to individual patients. This highlights the
importance of considering what and how users input prompts to LLMs,
especially for patients without specialized clinical knowledge or the skills
necessary to interact with LLMs effectively. Consideration could be given
to allowing LLMs to prompt users to provide more information about
their diseases and personal conditions while delivering responses. This
approach may enable the generation of more targeted and tailored re-
sponses through a comprehensive analysis of user-provided information.

Our study has several limitations, including potential recall bias, as
some patients with visual impairment or aversion to screening had re-
sponses read to them by researchers. The study was conducted in a
Chinese language context, leaving model performance in other languages
uncertain, and evaluation results from the large model open evaluation
system, Opencompass, indicate that Qwen and Baichuan 2 performed
significantly better in Chinese than in English.* The rapid evolution of
LLMs requires continuous monitoring and correction to avoid harm to
patients and doctors. It has been shown that commanding the LLM to
self-check and self-correct the answer it has given can generate a better
answer.'>” While our study contributes a unique perspective on
LLM-generated ophthalmology advice, no reporting standards exist for
studies that evaluate the performance of LLM-linked chatbots when
providing clinical advice,”® meaning a challenge in discerning which
study's conclusions are closer to real-world results.

5. Conclusions

Our study explored the potential of LLMs in educating glaucoma
patients from multiple perspectives and levels in the Chinese language
context. Baichuan 2 and ChatGPT-4.0 are well received by patients and
ophthalmologists. Further validation of their reliability by a multicenter
study is warranted.
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