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Abstract

The rapid evolution of generative artificial intelligence (genAI) has ushered in a new era
of digital medical consultations, with patients turning to AI-driven tools for guidance. The
emergence of Chinese-developed genAl models such as DeepSeek-R1 and Qwen-2.5
presented a challenge to the dominance of OpenAI’s ChatGPT. The aim of this study was
to benchmark the performance of Chinese genAI models against ChatGPT-40 and to
assess disparities in performance across English and Arabic. Following the METRICS
checklist for genAl evaluation, Qwen-2.5, DeepSeek-R1, and ChatGPT-40 were assessed
for completeness, accuracy, and relevance using the CLEAR tool in common patient
ophthalmology queries. In English, Qwen-2.5 demonstrated the highest overall
performance (CLEAR score: 4.43+0.28), outperforming both DeepSeek-R1 (4.31+0.43)
and ChatGPT-40 (4.14+0.41), with p=0.002. A similar hierarchy emerged in Arabic, with
Qwen-2.5 again leading (4.40+0.29), followed by DeepSeek-R1 (4.20+0.49) and
ChatGPT-40 (4.14+0.41), with p=0.007. Each tested genAI model exhibited near-identical
performance across the two languages, with ChatGPT-40 demonstrating the most
balanced linguistic capabilities (p=0.957), while Qwen-2.5 and DeepSeek-R1 showed a
marginal superiority for English. An in-depth examination of genAl performance across
key CLEAR components revealed that Qwen-2.5 consistently excelled in content
completeness, factual accuracy, and relevance in both English and Arabic, setting a new
benchmark for genAI in medical inquiries. Despite minor linguistic disparities, all three
models exhibited robust multilingual capabilities, challenging the long-held assumption
that genAl is inherently biased toward English. These findings highlight the evolving
nature of Al-driven medical assistance, with Chinese genAI models being able to rival or
even surpass ChatGPT-40 in ophthalmology-related queries.
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Introduction

I n the year 2023, the abbreviation “AI” standing for artificial intelligence has been named the

Collins Word of the Year [1]. This recent recognition is indicative of the far-reaching influence of
generative AI (genAl) tools that have overthrown long-standing paradigms in various aspects of
human activities [2-4]. Nowhere is this transformation more divisive than in the healthcare
sector, where genAT’s potential to augment medical education and clinical decision-making is met
with equal measures of enthusiasm and apprehension [5-9]. The genAlI models are characterized
by a remarkable ability to synthesize, contextualize, and even infer knowledge with striking
human-like sophistication [5,9,10]. OpenAI’s ChatGPT models have taken the pole position of
this technological revolution, with Generative Pre-training Transformer (GPT)-4 ascending to
global prominence as a pioneering genAl model [5,9,11]. ChatGPT dominated applications
ranging from casual conversation to complex problem-solving across various professional
domains, such as healthcare [12-15]. Yet, as with all transformative technologies, dominance
invites competition [16].

The emergence of Chinese-developed genAl models, particularly Qwen-2.5 (Alibaba) and
DeepSeek-R1 (DeepSeek), has injected a new and formidable challenge into the genAI landscape
[6,17-19]. In the rapidly evolving field of genAl, OpenATI’s early lead raises the critical issue of
whether its dominance will persist or if emerging challengers are poised to surpass it, particularly
in the healthcare domain. Benchmarking demonstrated that DeepSeek-V3 consistently
outperformed genAl models such as Llama 3.1 across various standard evaluations, particularly
excelling in multilingual comprehension and coding [6]. Notably, DeepSeek-V3 matched
OpenATI’s GPT-40 models in accuracy, language generation quality, and specialized domains like
medicine, despite being developed at a significantly lower cost [6].

The AT tools once seemed like a novelty; however, genAI models have rapidly become an
indispensable tool in healthcare [7,20,21]. Recent evidence indicated that health professionals,
educators, students, and patients are using genAl tools in their daily practices at a rapidly
evolving pace [22-26]. Early genAl adopters have begun using ChatGPT and similar models to
refine differential diagnoses, improve clinical workflow, and alleviate the administrative tasks
burden [27-29]. Soon, healthcare practice will not merely adapt to the presence of genAl; it will
find itself increasingly reliant on it, tightly woven into the fabric of patient care [21]. Nowhere is
this shift more evident than in patient behavior. Patients, once bound by the constraints of
scheduled consultations and the unpredictability of overburdened healthcare systems, are
increasingly turning to genAl for guidance [30,31]. The trend is clear: patients now expect, and
might soon prefer, immediate Al-generated medical insights over traditional healthcare
encounters [23].

For much of its early dominance, OpenAI’s ChatGPT models had a largely unchallenged
position in genAl field. This dominance was manifested in ChatGPT’s superior performance in
different benchmarking studies compared to its Western genAl counterparts, such as Microsoft
Copilot and Google Gemini, in different healthcare fields [32-35]. Therefore, the Western-
developed genAI models, while notable, have not fundamentally altered OpenAlI pioneering steps.
The true challenge to OpenATl’s dominance in genAl has not, as conventional wisdom might
suggest, emerged from the familiar corridors of Silicon Valley, but rather from China [6,17,18].
The introduction of Chinese genAI models such as DeepSeek-R1 and Alibaba’s Qwen-2.5 marked
an escalation in genAl competition and a fundamental shift in genAI development capability
[6,17,18]. Unlike the West’s predominantly market-driven approach, China’s Al strategy is
distinguished by its sheer scale, centralized coordination, and an unambiguous national mandate
to achieve technological advantage [36]. With state-backed funding, nationalized Al initiatives,
and an aggressive push toward digital sovereignty, China has not merely entered the genAl race
but has positioned itself as a formidable competitor at the global level [37]. The Chinese approach,
in many respects, redefined genAl race trajectory by establishing an Al environment that now
stands as a formidable rival to Western AI conglomerates [38]. The introduction of Qwen-2.5 and
DeepSeek-R1 reflects the Chinese genAl development approach. These models are not mere
replicas of ChatGPT but are designed to outperform it, which has been shown in recent
benchmarking studies [6,19].
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Among the many healthcare areas in which genAI has demonstrated utility, ophthalmology
stands as a particularly compelling example [39-45]. Visual conditions are common health
concerns worldwide, with disorders such as distance and near vision impairments, cataracts,
glaucoma, and diabetic retinopathy affecting hundreds of millions of people [46-50]. The
diagnostic process for many ophthalmology conditions is often dependent on pattern recognition
which is an area where genAI models excel [51-53].

Recent studies which evaluated genAI’s ability to provide guidance on eye diseases has
shown that it can generate medically relevant responses, although with notable inconsistencies
in factual accuracy [54,55]. For example, a study showed that ChatGPT matched or outperformed
senior ophthalmology residents in diagnosing primary and secondary glaucoma from clinical
cases [45]. Another study reported that ChatGPT-4 could provide rapid and safe medical guidance
to patients inquiring about blepharoplasty, reinforcing its role in patient education [56].
Moreover, a study demonstrated that ChatGPT outperformed Google Bard in accuracy, empathy,
and medical relevance, in medical eye conditions, postoperative healing, and medications [57].
Furthermore, a previous study found that ChatGPT provided high-quality information on
myopia, although occasional inaccuracies highlight the need for careful evaluation [58].

It is important at this point to show that the utility of genAl into ophthalmology can extend
beyond diagnostics, encompassing patient education and postoperative care instructions [59].
With many ophthalmologic conditions requiring long-term management, genAl models can be
used to provide structured, step-by-step guidance on disease progression, treatment options, and
surgical risks [60-62]. However, the effectiveness of genAl in ophthalmology among other health
fields remains constrained by critical factors such as linguistic performance and training data
biases [63,64]. Previous studies have revealed that ChatGPT’s medical accuracy is markedly
superior in English compared to other languages, such as Arabic [33,65,66], Chinese [67], French
[68], Japanese [69], and Spanish [70]. This raises a critical concern regarding the reliability of
genAl-generated medical information for the majority of the world’s population that does not
speak English as a first language.

It is known that the performance of genAl is inextricably linked to the datasets on which it
is trained, with a majority of Western genAl models being trained heavily on English-language
content [71]. While this approach has resulted in high-quality outputs in English, it has also led
to notable deficits in non-English responses, with previous studies documenting reduced
accuracy and completeness of Western genAl contents [72,73]. This linguistic bias is particularly
consequential in healthcare, where inaccuracy can have grave consequences. Specifically,
linguistic disparities in genAl performance could negatively impact patient safety and result in
decreased quality of healthcare delivery [74,75]. Therefore, until rigorous benchmarking studies
comprehensively assess genAl performance across diverse healthcare domains and languages,
assertions of linguistic disparities remain largely speculative—a hypothesis awaiting empirical
scrutiny [76].

The aim of this study was to address two key questions. First, can Chinese genAI models rival
or surpass ChatGPT-4o0 in ophthalmology queries? Once the gold standard, ChatGPT now faces
growing competition. By systematically evaluating Qwen-2.5, DeepSeek-R1, and ChatGPT-40, we
aimed to assess whether Chinese-developed Al has reached—or exceeded—parity in structured
medical inquiries. Second, do genAl models exhibit language-based disparities? Previous
research suggested that ChatGPT performs better in English than non-English languages
including Arabic [33,65-67,77-79]. By comparing genAl responses in English and Arabic
ophthalmology queries, this study aimed to examine whether the long-standing linguistic
imbalance persists or whether newer genAl models have closed the gap.

Methods

Study design

This study was designed as a structured genAl performance evaluation following the METRICS
checklist for evaluation of genAl models in healthcare [80]. GenAl model configurations,
evaluation methodologies, prompt structures, language considerations (English and Arabic), and
data source transparency were systematically documented. Query selection prioritized clinical
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relevance, with randomization applied where appropriate to minimize bias. GenAl-generated
responses were assessed for completeness, factual accuracy, and relevance using the CLEAR tool
for evaluation of genAl generated content, with interrater reliability measures to reduce
subjectivity [81].

Features of the genAl models tested and prompting approach

This study evaluated the performance of three genAI models: ChatGPT-40 (OpenAl, paid
version), DeepSeek-R1 (free version), and Qwen-2.5 (Alibaba Cloud, free version) [82-84].
ChatGPT-40 is OpenAl's advanced publicly available genAl model, accessible for free with
limitations and fully unlocked via a paid subscription, whereas DeepSeek-R1 and Qwen-2.5 are
freely available genAI models developed in China.

To ensure replicability and consistency, all three studied genAI models were tested under
their default configurations, as provided by their respective platforms at the time of evaluation.
No custom settings, Application Programming Interface (API) modifications, or manual
adjustments were applied to prevent any variability arising from non-standard parameters. A
standardized prompting procedure was implemented, with all queries executed on February 21,
2025, within a controlled timeframe to reduce performance fluctuations due to genAI models’
updates or server-side optimizations. The same set of ophthalmology-related queries was
submitted to each genAI model by three authors (IMA, SWK and RIA-M). Each genAI model’s
responses were recorded in full for subsequent evaluation.

Each genAl model was prompted using the exact ophthalmology-related queries without
modification or follow-up feedback. To maintain the integrity of first-response accuracy, the
“New Chat” feature was used for each query to ensure that every response was generated in
isolation from previous interactions. Additionally, while the accounts had prior usage history, the
tested genAI models do not retain past interactions across sessions, ensuring that all responses
were generated without influence from previous queries.

To eliminate context carryover effects between languages, the same query was executed in
separate, independent sessions when switching between English and Arabic. This process
ensured that responses were generated without influence from prior answers, preventing genAl
models from utilizing previous outputs to refine subsequent responses. Additionally, the
“Regenerate Response” feature and Feedback feature were not used, preserving the spontaneity
and reproducibility of the initial outputs.

Sample size of the queries used to test the genAl models

The selection of minimum sample size of the ophthalmology-related queries was based on a
statistical power analysis to ensure sufficient sensitivity in detecting performance differences
between genAl models across English and Arabic responses. Sample size estimation was
conducted using Statulator, employing a two-sided significance level of 5% (a=0.05), a power of
80% (B=0.20), and an expected effect size of 0.5 [85]. This calculation determined that a
minimum of 34 pairs of queries (each presented in both Arabic and English) was required to
achieve adequate statistical power.

To strengthen the study’s reliability, robustness, and generalizability, the final query set was
increased to 42 pairs, allowing for improved precision in estimating differences, accommodating
potential variability in AlI-generated responses, and reducing the risk of underpowering
secondary analyses.

Formulation of ophthalmology queries
The selection of ophthalmology-related queries was conducted through a collaborative, expert-
driven process involving five authors with expertise in ophthalmology, including a consultant and
full professor of ophthalmology with over 30 years of clinical experience (RZ), as well as three
senior ophthalmology residents (IMA, SWK, and RIA-M) and one junior resident (AA-F), all of
whom are bilingual in Arabic and English. Collectively, the residents contributed a cumulative
130 months of ophthalmology training, ensuring that the queries reflected real-world clinical
scenarios encountered in ophthalmology practice.

The queries were systematically designed to cover the most frequently encountered
ophthalmologic conditions in outpatient and inpatient settings. The topics were classified into
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predefined categories to ensure comprehensive representation across four key domains of
ophthalmology: refractive surgery (n=9), cataract (n=13), glaucoma (n=9), and eye infections
(n=10) (Underlying data).

Following initial formulation in Arabic, the queries underwent a rigorous translation and
validation process. They were first translated into English and then back-translated into Arabic
to verify linguistic and conceptual consistency across both languages.

Any discrepancies identified during back-translation were discussed between two authors
(IMA and SWK), leading to minor refinements for clarity and standardization. This approach
ensured that the queries were equivalent in meaning, clinically relevant, and methodologically
robust for cross-linguistic performance assessment of the genAI models.

Evaluation of genAl generated content

The evaluation of the AI-generated content was conducted independently by three authors (IMA,
ASWK, and RIA-M) without blinding in relation to the genAI model being evaluated. To minimize
subjectivity in the evaluation process, a consensus key response was formulated prior to
assessment.

The evaluation was based on the CLEAR tool [81], modified and divided into three
dimensions as follows: completeness (Is the content sufficient?); accuracy (Is the content
accurate and evidence-based?); and relevance (Is the content clear, concise, easy to understand,
and free from irrelevant information?). Each component was assessed using a 5-point Likert scale
ranging from 5 (excellent) to 1 (poor) [81].

Statistical and data analyses

Statistical analyses were conducted using IBM SPSS Statistics for Windows, Version 26 (IBM,
New York, USA), with a two-sided significance level set at p-value < 0.05 to determine statistical
significance. The primary outcome measure was the average CLEAR score across three
independent raters, encompassing both overall and component-specific scores for completeness,
accuracy, and relevance [81].

To assess the consistency and reliability of AI-generated responses across multiple raters,
intraclass correlation coefficient (ICC) was calculated at 0.665 for the average measures of the
three CLEAR dimensions, which is indicative of moderate reliability based on previous study
[86]. Comparisons of genAI model performance across the three tested models (ChatGPT-4o,
DeepSeek-R1, and Qwen-2.5) were performed using Kruskal-Wallis (K-W) tests, a non-
parametric method selected due to the non-normal distribution of data, as indicated by the
Shapiro-Wilk test (p<0.001).

Pairwise post-hoc comparisons were conducted to evaluate language-based disparities.
GenAlI performance in English vs. Arabic was analyzed separately for each model using Mann-
Whitney U (M-W) tests, a non-parametric alternative to the independent samples t-test due to
non-normality of distribution. Effect sizes were reported using Cohen’s d to quantify the
magnitude of language-based performance disparities [87].

Results

General performance of the tested genAl models in ophthalmology
Across both English and Arabic queries, Qwen-2.5 demonstrated the highest overall performance,
followed by DeepSeek-R1, with ChatGPT-40 consistently ranking lowest, albeit all were ranked as
excellent based on the CLEAR scores’ interpretations. In English, Qwen-2.5 achieved an average
CLEAR score of 4.43+0.28, outperforming DeepSeek-R1 (4.31+0.43) and ChatGPT-40
(4.14+0.41), with a statistically significant difference (p=0.002) (Figure 1). A similar trend was
observed in Arabic, where Qwen-2.5 scored 4.40+0.29, ahead of DeepSeek-R1 (4.20+0.49) and
ChatGPT-40 (4.14+0.41), with statistical significance of p=0.007 (Figure 1).

Despite these differences across the three tested genAl models, language-based comparisons
within each genAl model revealed no statistically significant discrepancies. Qwen-2.5 performed
slightly better in English than in Arabic (p=0.447), DeepSeek-R1 exhibited a similar trend
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(p=0.239), while ChatGPT-40 showed virtually identical performance across both languages
(p=0.957).

Effect size calculations further supported this finding. ChatGPT-40 demonstrated no
meaningful performance gap between English and Arabic (t=-0.042; p=0.966; Cohen’s
d=0.0093). Qwen-2.5 showed only a small advantage in English (t=0.696; p=0.488; Cohen’s
d=0.1537), while DeepSeek-R1 exhibited a slightly more pronounced but still minor preference
for English (t=1.061; p=0.292; Cohen’s d=0.2343).

5
4 ‘ genAl model
S BChatGPT-40
@ ° R .DeepSeek-Rl
£ . BOwen-2.5
Q) — o o
z 3
Z
|
© 2 Pp=0.002 p=0.007
1
English Arabic
Language

Figure 1. Comparison of generative Al (genAl) model performance in English and Arabic using
CLEAR overall scores. The p-values were calculated using Kruskal-Wallis test.

CLEAR component-specific evaluation in ophthalmology per genAlI model
Breaking down performance by CLEAR dimensions (completeness, accuracy, and relevance),
Qwen-2.5 consistently achieved the highest scores across both languages, followed by DeepSeek-
R1, with ChatGPT-40 ranking lowest (Table 1). Specifically, Qwen-2.5 had the strongest
performance in completeness, accuracy, and relevance, with no statistically significant
differences between the two languages. DeepSeek-R1 followed, demonstrating slightly lower
scores across dimensions while maintaining comparable accuracy. ChatGPT-40 showed the
lowest scores overall, particularly in completeness, though its accuracy scores remained relatively
stable across the two languages (Table 1).

Table 1. Comparison of generative Al (genAI) model performance across English and Arabic using
the three CLEAR evaluation dimensions

genAl model Language CLEAR overall Completeness Accuracy Relevance

score score score score
Mean+SD Mean+SD Mean+SD Mean+SD
ChatGPT-40 English 4.14+0.41 4.11+£0.48 4.16£0.58 4.15+0.39
Arabic 4.14£0.41 4.04£0.45 4.22+0.55 4.17+£0.43

p-value2 0.957 0.454 0.585 0.700
DeepSeek-R1 English 4.31+£0.43 4.29£0.56 4.33£0.57 4.31+£0.34
Arabic 4.20+0.49 4.12+£0.66 4.20+0.60 4.28+0.38

p-value2 0.239 0.133 0.221 0.810
Qwen-2.5 English 4.44%0.28 4.44%0.44 4.38+0.40 4.50+0.23
Arabic 4.40£0.29 4.36+0.45 4.37£0.42 4.45+0.24

p-value? 0.477 0.350 0.868 0.438

aAnalyzed using Mann-Whitney test
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Comparative analysis of genAl models’ performance per CLEAR components
across combined languages

While no statistically significant language-based disparities were observed for any of the three
genAl models, differences in overall performance between the three models were prominent
when results from both languages were combined (Table 2). Qwen-2.5 consistently
outperformed DeepSeek-R1 and ChatGPT-40 across all evaluation metrics, with significantly
higher overall CLEAR scores (p<0.001) (Table 2). While accuracy domain did not differ
significantly across models (p=0.147), Qwen-2.5 maintained the highest mean scores
(4.38+0.41), followed by DeepSeek-R1 (4.26+0.58) and ChatGPT-40 (4.19+0.56). In terms of
content relevance, Qwen-2.5 significantly outperformed both DeepSeek-R1 and ChatGPT-40
(p<0.001), achieving the highest scores (4.47+0.23), followed by DeepSeek-R1 (4.29+0.36) and
ChatGPT-40 (4.16+0.41) (Table 2).

Table 2. Comparison of generative Al (genAlI) model overall performance per CLEAR dimensions,
for combined languages (English and Arabic)

genAl model ChatGPT-40 DeepSeek-R1 Qwen-2.5 p-value?
Mean+SD Mean+SD Mean+SD

Overall CLEAR 4.14+0.41 4.25+0.46 4.4240.29 <0.001"

Completeness 4.07+0.46 4.214+0.62 4.40£0.45 <0.001"

Accuracy 4.19+£0.56 4.2640.58 4.38+0.41 0.147

Relevance 4.16+£0.41 4.2940.36 4.47+0.23 <0.001"

aAnalyzed using Kruskal Wallis test
“Statistically significant at p=0.05

Comparative analysis of genAl models' overall performance across combined
languages per ophthalmology topic

The overall performance of ChatGPT-40, DeepSeek-R1, and Qwen-2.5 was then evaluated across
four ophthalmology query topics: refractive surgery, cataract, glaucoma, and eye infections.
Kruskal-Wallis analysis revealed statistically significant differences in genAl performance for
refractive surgery (p<0.001) and eye infections (p=0.015), with better performance noted for
Qwen-2.5 (Figure 2). No significant differences were observed for cataract (p=0.424) and
glaucoma (p=0.347) (Figure 2).

* ns ns *
* ns ns *
* ns ns 118

) *
% 4 *# * . ! genAl model
3 BChatGPT-40
— - M DeepSeek-R1
g ° BMOQwen-2.5
2 3
3
—
O 2 P<0.001 DP=0.424 P=0.347 p=0.015

1—

Refractive Cataract Glaucoma Eye infections
surgery
Query topic

Figure 2. Comparison of generative Al (genAl) model performance across ophthalmology query
topics. p-values were calculated using Kruskal-Wallis test. Post-hoc analysis results using Mann-
Whitney U tests are indicated by the horizontal lines between genAl models, with significant
results indicated by asterisk, while statistically insignificant results are indicated by ns.
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Post-hoc Mann-Whitney U tests demonstrated that for refractive surgery, Qwen-2.5
significantly outperformed both DeepSeek-R1 (U=78.0; Z=-2.68; p=0.007) and ChatGPT-40
(U=30.0; Z=—4.20; p<0.001), while DeepSeek-R1 also outperformed ChatGPT-40 (U=99.0;
Z=-2.01; p=0.045). For eye infection-related queries, Qwen-2.5 and DeepSeek-R1 outperformed
ChatGPT-40. Qwen-2.5 produced significantly more comprehensive responses than ChatGPT-40
(U=102.5; Z=-2.66; p=0.008), while DeepSeek-R1 also outperformed ChatGPT-40 (U=120.5;
Z=-2.19; p=0.029). However, no significant differences were observed between Qwen-2.5 and
DeepSeek-R1 (U=172.5; p=0.449), suggesting that while both models were superior to ChatGPT-
40 in this category, they performed at similar levels to one another.

Comparative analysis of genAl models’ performance for each CLEAR
component per ophthalmology topic

The K-W test revealed statistically significant inter-model differences in at least one CLEAR
dimension for refractive surgery, cataract, and eye infections, while glaucoma-related queries
showed no significant differences across models (Table 3). For refractive surgery, significant
disparities were found in all components: completeness (p<0.001), accuracy (p=0.009), and
relevance (p<0.001) (Table 3). Post-hoc analysis indicated that Qwen-2.5 significantly
outperformed both ChatGPT-40 and DeepSeek-R1 in all three dimensions (p<0.05). ChatGPT-40
scored significantly lower than both Chinese genAI models, particularly in completeness
(p=0.006 vs DeepSeek-R1, p<0.001 vs Qwen-2.5).

For cataract, only relevance showed a significant difference across models (p=0.022), with
Qwen-2.5 scoring higher than ChatGPT-40 (p=0.020) and DeepSeek-R1 (p=0.016). No
significant differences were found in completeness (p=0.558) or accuracy (p=0.802), indicating
similar performance across models for content depth and factual accuracy.

Table 3. Comparative performance of generative Al (genAI) models across ophthalmology topics
based on CLEAR evaluation dimensions

Query topic genAl model CLEAR overall ~ Completeness Accuracy Relevance
score score score score
Mean+SD Mean+SD Mean+SD Mean+SD
Refractive ChatGPT-40 3.98+0.42 3.89+0.38 4.07+0.71 3.96+0.41
surgery DeepSeek-R1 4.26+0.47 4.30£0.64 4.22+0.68 4.26+0.31
Qwen-2.5 4.59+0.26 4.69+0.27 4.52+0.59 4.56+0.20
p-value? <0.001 <0.001" 0.009" <0.001"
Cataract ChatGPT-40 4.30£0.24 4.24+0.33 4.33+0.38 4.33+0.25
DeepSeek-R1 4.15+£0.61 4.05£0.70 4.18+0.74 4.21£0.47
Qwen-2.5 4.35+0.21 4.26+0.34 4.31£0.28 4.49+0.17
p-value 0.424 0.558 0.802 0.022"
Glaucoma ChatGPT-40 4.16+0.45 4.13+0.51 4.28+0.42 4.05+0.54
DeepSeek-R1 4.27+0.42 4.10+£0.71 4.35+£0.41 4.35+0.37
Qwen-2.5 4.34+0.39 4.25+0.69 4.38+0.31 4.38+0.31
p-value 0.347 0.497 0.730 0.097
Eye infections ChatGPT-40 4.0740.46 3.95+0.55 4.03+0.7 4.23+0.33
DeepSeek-R1 4.38+0.22 4.43+0.22 4.32+0.41 4.38+0.16
Qwen-2.5 4.43£0.23 4.48+0.20 4.33+0.43 4.47+0.23
p-value 0.015" <0.001" 0.392 0.032"

aAnalyzed using Kruskal Wallis test
“Statistically significant at p=0.05

For glaucoma-related queries, none of the three genAl models demonstrated statistically
significant differences across completeness (p=0.497), accuracy (p=0.730), or relevance
(p=0.097), suggesting that Al-generated responses in this domain are relatively uniform across
models (Table 3). For eye infections, significant inter-model differences were observed in
completeness (p<0.001) and relevance (p=0.032), but not in accuracy (p=0.392) (Table 3). Post-
hoc analysis revealed that Qwen-2.5 scored significantly higher than ChatGPT-40 in
completeness (p<0.001) and relevance (p=0.018), while DeepSeek-R1 also outperformed
ChatGPT-40 in completeness (p=0.001). No significant differences were found between
DeepSeek-R1 and Qwen-2.5 (Table 3).
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Discussion

The findings of this study mark a major shift in the landscape of genAl in healthcare—one in
which Chinese genAI models have not only rivaled, but in some domains, surpassed the
pioneering model, namely OpenATI’s ChatGPT-4o0. For a few years, Western-developed Al models,
particularly those from technology conglomerates such as OpenAl, Google, Microsoft, and Meta,
have maintained an uncontested intellectual and technological power over large language models
(LLMs). However, the emergence of Qwen-2.5 and DeepSeek-R1 as formidable challengers,
particularly in healthcare domain, signals a dramatic disruption of this status quo.

In this study, the findings delineated a clear hierarchy of performance in responding to
common queries frequently asked by the patients in ophthalmology practice. Specifically, the
findings of this study showed that Qwen-2.5 led across all evaluation metrics, followed by
DeepSeek-R1, while ChatGPT-40 consistently ranked lowest, albeit all of the tested genAI models
demonstrated excellent performance. Notably, this trend held true across both English and
Arabic queries, which signals a remarkable milestone in multilingual genAI competency. In the
initial phase of genAI models’ availability, genAl performance in non-English languages in the
context of healthcare has suffered from linguistic bias, with models demonstrating notable
declines in accuracy, completeness, and relevance outside of English.

For example, a recent study revealed a marked linguistic disparity in genAl performance in
infectious disease queries [65]. The four tested genAl models were consistently rated as
“excellent” in English, yet only “above average” in Arabic [65]. Similarly, in endocrine queries,
ChatGPT-40 outperformed Microsoft Copilot—earning “excellent” rating in English and “very
good” rating in Arabic—while Copilot achieved only “very good” to “good” ratings [88].
Comparable linguistic deficits in genAl performance have also been observed in other languages.
For example, in a study on ChatGPT’s diagnostic accuracy in Chinese language for retinal vascular
diseases, Liu et al. found language disparities in its performance [89]. In contrast, our findings
suggest that this linguistic gap is rapidly narrowing, highlighting the expanding multilingual
generalizability of the next-generation of genAI models, especially the recently released Chinese
genAl models.

In this study, the field of ophthalmology was chosen as the subject for benchmarking to
assess genAl competence in health content generation. Unlike some other healthcare specialties
that rely to a degree on subjective clinical interpretation, ophthalmology is characterized by
highly structured diagnostic criteria, well-defined surgical interventions, and a vast body of
standardized literature. Therefore, genAI models trained in ophthalmology must exhibit factual
accuracy and a capacity for precise, structured, and contextually relevant reasoning. Based on the
intricate nature of ophthalmology practice and education, numerous recent studies assessed the
performance of genAl in this field with variable results [90-103]. For example, a study found that
ChatGPT-40 outperformed other genAl models in myopia care-related queries, with 81% of
responses rated as “good”, compared to 61% for ChatGPT-3.5 and 55% for Google Bard [104].
Another study reported that GPT-3.5 excelled in delivering reliable, in-depth patient information,
while GPT-40 provided strong general knowledge but lacked depth in specialized topics, and
Gemini proved adequate for basic inquiries but insufficient for detailed medical guidance in
thyroid eye disease [105]. Balas et al. demonstrated the potential of ChatGPT in generating
medical retinal disease content that aligns closely with the American Academy of Ophthalmology
Preferred Practice Pattern guidelines [106]. In the same vein, another study demonstrated that
practicing ophthalmologists overwhelmingly preferred ChatGPT over Google for answering
cataract-related frequently asked questions (FAQs), with ChatGPT’s responses containing fewer
inaccuracies [107]. Collectively, this growing body of literature, combined with our results,
suggests that genAl models emerged as a valuable resource for eye health education and may
serve as a tool for ophthalmologists to create customizable educational materials tailored to
varied literacy levels of patients.

On the negative side, a study highlighted ChatGPT's limitations in ophthalmology, noting
that while it received positive ratings, it still generates incomplete, incorrect, or potentially
harmful recommendations [108]. These recommendations included invasive procedures not
endorsed by the American Academy of Ophthalmology [108]. Additionally, a study examined AI
chatbots in ophthalmic outpatient registration and differential diagnosis, finding GPT-4.0
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outperformed GPT-3.5, approaching and occasionally surpassing resident-level diagnostic
accuracy [90]. However, another study also showed that while AI chatbots show promise in
triaging patients, their role in clinical decision-making requires further validation [90]. One
scoping review acknowledged ChatGPT’s potential in retinal conditions, aiding in clinical
decision-making, patient education, and administrative automation [109]. Nevertheless, the
same review highlighted ChatGPT’s susceptibility to misinformation and clinical inaccuracies,
necessitating careful oversight and responsible integration into practice [109].

Our results confirmed that all of the three tested genAI models—ChatGPT-40, DeepSeek-R1,
and Qwen-2.5—demonstrated excellent overall performance in ophthalmology-related queries.
This suggests that genAl has reached a level of maturity where it can serve as a credible resource
for health education and patient counseling. However, the performance gap among models in this
study indicated that not all genAl models are created equal—with Qwen-2.5 consistently
delivering the most comprehensive and contextually relevant responses, particularly in refractive
surgery and eye infections.

The implications of our findings extend far beyond mere genAI benchmarking—they raise
important questions about the role of genAl in the future of ophthalmology [110,111]. Will genAI
remain a passive, informational tool, assisting physicians and patients in knowledge retrieval? Or
are we on the cusp of a profound transformation, where genAl becomes an active participant in
clinical workflows, diagnostic reasoning, and even treatment planning? While this study confirms
that genAlI excels at ophthalmology-related content generation, it also highlights the variability
in genAl performance across different ophthalmologic domains. Although Qwen-2.5
outperformed its counterparts in refractive surgery and eye infections, all three models
performed comparably in cataract and glaucoma-related queries. This suggests that certain
domains of ophthalmology lend themselves more readily to genAl assistance, while others may
require further refinement in training methodologies.

The next frontier in Al-assisted ophthalmology lies in multimodal AI—models that can
integrate LLMs with deep learning algorithms capable of analyzing fundus images, optical
coherence tomography scans, and visual field reports [112-114]. Future Al iterations may not
merely answer patient inquiries but actively assist ophthalmologists in real-time diagnostic
decision-making [115]. Moreover, Al-powered ophthalmology assistant chatbots could soon
become embedded into electronic health records, streamlining -clinical documentation,
summarizing case histories, and offering evidence-based treatment recommendations [116-119].
However, for this vision to be realized safely and ethically, genAI models must be continuously
benchmarked, validated against real-world clinical outcomes, and optimized for domain-specific
accuracy [76].

Finally, despite the rigorous methodology employed in this study, several limitations must
be acknowledged as follows. First, the evaluation of genAl models relied on a structured set of
ophthalmology-related queries, which, while designed to reflect common clinical and patient
inquiries, may not fully capture the variability and complexity of real-world ophthalmic
consultations. The formulation, translation, and back-translation process ensured linguistic
consistency between English and Arabic queries; however, subtle nuances in medical phrasing
and interpretation across languages may still have influenced Al-generated responses. Second,
the CLEAR tool used for assessing genAl performance—while validated for evaluating medical AT
outputs—remains a subjective metric, dependent on human raters’ interpretations of
completeness, accuracy, and relevance. Additionally, to ensure assessment objectivity, future
evaluations should incorporate blinded assessments where evaluators are unaware of which
model generated each response, thereby reducing potential bias in performance comparisons.
Future studies should explore more objective validation methods, such as direct patient outcomes
or expert consensus panels, to refine genAl evaluation in clinical contexts. Third, the genAl
models were tested under default configurations without fine-tuning. While this approach
enhances replicability, it does not account for the potential impact of model updates, API
modifications, or customized prompting strategies, all of which could influence response quality.
Fourth, the study design focused exclusively on text-based AI responses and did not assess
multimodal capabilities, such as Al models integrated with ophthalmic imaging analysis (fundus
photography or optical coherence tomography scans). As genAl advances toward multimodal
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integration, future research should investigate how LLMs perform when coupled with deep
learning models for image-based diagnostics and decision support. Lastly, this study did not
assess patient perceptions or usability factors, which are crucial in determining whether AI-
generated ophthalmic information is actionable, comprehensible, and trusted by patients and
clinicians. Future studies should incorporate qualitative assessments, exploring patient and
provider trust in AI-driven medical information, as well as its impact on health decision-making
and adherence to treatment recommendations. Additionally, it is important to note that
benchmarking outcomes may be affected by temporal and domain-specific biases, potentially
favoring genAl models trained on newer or more representative data. Given these limitations,
while our findings provide strong evidence for the growing capabilities of Chinese genAI models
in ophthalmology, further research is required to validate these results in clinical practice,
optimize Al integration, and ensure safe, equitable, and effective AI-driven ophthalmic care.

Conclusion

The findings of this study highlighted a remarkable shift in genAI dominance, with Chinese genAl
models rivaling the pioneering and leading Western genAl model (ChatGPT-40) in
ophthalmology-related queries. Qwen-2.5 and DeepSeek-R1 have demonstrated that multilingual
genAl models can now rival, and in some domains surpass OpenAI’s (ChatGPT-40). This
milestone is not merely an academic curiosity—it has profound implications for global
ophthalmology, patient education, and equitable access to medical knowledge. GenAl is on the
cusp of transforming ophthalmic care, from multilingual patient education to Al-assisted
diagnostics. However, its integration into clinical practice must be approached with caution,
ensuring that these models are validated against real-world clinical standards and optimized for
domain-specific accuracy. The future of ophthalmology will not be AI versus human expertise—
it will be AT augmenting human expertise. If responsibly developed and ethically deployed, genAl
could become one of the most powerful tools in modern ophthalmology, democratizing access to
high-quality medical knowledge and reshaping the way eye care is delivered worldwide. The
question is no longer whether genAl will revolutionize ophthalmology, but which genAI model
will lead the way—and as this study suggests, the future of AI-driven ophthalmic innovation may
very well be Chinese.
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