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Application of generative artificial intelligence models in
diagnosis of localized skin diseases in a tertiary care
teaching hospital in Pakistan
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Background Generative artificial neural networks like ChatGPT, Gemini, and Grok are rapidly being
investigated for applications in medicine. Their application in dermatology, particularly for visual

Objective To assess the clinical usefulness and diagnostic precision of generative Al tools in identifying
localized skin diseases from photographs, as well as the satisfaction of consultant dermatologists and

Methods A total of 216 patients were enrolled with clinical images examined utilizing ChatGPT,
Gemini,and Grok (72 patients each). Each Al tool made a diagnosis based only on the image input.
Consultant dermatologists independently reviewed all patients and served as the gold standard. Consultant
satisfaction ratings and recommendations for future use were also collected. SPSS was used to analyze the
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Introduction

Results With a diagnosis accuracy of 61.1%, ChatGPT outperformed Gemini, (1.4%) and Grok (0%). Grok
had the most missing or improper responses, whereas ChatGPT had the highest consultant satisfaction rate
(54.2%). Chatgpt was recommended (79.1%) by consultant dermatologist in comparison with other Al
tools. Variations were statistically significant (P<.01) in all domains: recommendation, accuracy, and
satisfaction.

Conclusion In terms of clinical recommendation, consultant satisfaction, and diagnostic accuracy,
ChatGPT performed better than Gemini, and Grok. Although more research involving clinical data is
necessary, its image-based diagnostic capability shows potential for future usage in dermatology teaching
and decision assistance.
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In recent years Al has considerably improved
disease diagnosis by expanding the integration of
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data and diagnostic capacities." The technology has
enhanced data processing and pattern recognition
capabilities, leading to greater precision in medical
assessment.” It has evolved from simple neural
networks to the complex generative models, which
aids diagnostic imaging in health sector. This
innovation promises huge potential in different
applications in healthcare by providing new insights
and tools for healthcare professionals as well as
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academics.®* With all of this progress, practical
implementation of these types of models remains
guestionable, especially under difficult clinical
situations.’

Al is quickly changing the field of dermatology
through increased image recognition and predictive
algorithms.” The practice in clinical dermatology is
being transformed by complex Al models that use
large-scale self-supervised learning to reduce health
disparities, improve screening, generate images, and
support  clinical tasks.”> Beyond diagnostics,
generative Al has a significant impact on patient
education by providing relevant information about
symptoms, therapies, drugs, and lifestyle changes.®

Skin malignancies notably melanomas, squamous
cell carcinomas and basal cell carcinomas pose
unique therapeutic and clinical concerns. Melanomas
are estimated to impact 13.1 million individuals
worldwide by 2030. The use of artificial intelligence
in dermatology offers potential advances in early
diagnosis and significantly improve patient
outcomes.” Large language models (LLMSs), such as
ChatGPT, Grok, and Gemini, have shown potential
in dermatological diagnosis and dermatopathology.
Moreover, acnhe, which impacts 9.4% individuals
worldwide, is an outstanding example of how
artificial intelligence might change dermatological
diagnostics. Its diagnosis has traditionally been
subjective, and recent advances in Al have
demonstrated potential for improving the recognition
and classification of different variants of acne.?
Unlike  image-processing models such as
convolutional neural networks (CNNs) and
generative adversarial networks (GANSs), LLMs such
as ChatGPT, Grok, and Gemini are conversational
Al systems capable of generating diagnostic
responses based on the information provided to
them. However, these models require greater
validation because they can produce factually wrong
predictions, particularly in complex situations such
as cutaneous adnexal lesions.**°

414

Despite these advancements, difficulties such as the
accuracy of data, credibility, and ethical issues
remain major barriers, which highlights the
importance of ongoing research and development.**
Ethical and regulatory frameworks along with
involvement of all stakeholders is needed for the
successful integration of Al in Dermatology.**
Although generative Al in Pakistan has enormous
potential in dermatology, it faces significant
limitations such as inadequate digital record-
keeping, lack of skilled professionals, unstable
internet access, technical infrastructure and lack of
awareness among healthcare professionals in
Pakistan. In order to fully benefit from generative
Al, these issues must be resolved.*®

This study aims to assess how well the generative
Al tools ChatGPT, GROK, and Gemini diagnose
localized skin diseases using dermatological images
alone, without additional patient history or clinical
information. By comparing these Al-generated
diagnoses with the clinical diagnosis provided by
consultant dermatologists, the study seeks to
evaluate the accuracy of these diagnoses. It also
aims to comprehend how these tools might help with
diagnostic decision-making in practical contexts.
Given the rising prevalence of skin diseases and the
demand for effective diagnostic assistance, this
research is important. However, this study
specifically evaluates the visual diagnostic accuracy
of these Al tools and does not represent
comprehensive clinical diagnosis. Only
dermatological images showing lesions that could be
reasonably identified on visual examination were
included, while complex cases requiring detailed
patient history, physical examination, laboratory
investigations, or other clinical information were
excluded. Therefore, the findings should be
interpreted in the context of image-based diagnostic
assessment and may not be directly applicable to
complex dermatological cases requiring full clinical
evaluation.
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Methods

This cross-sectional, observational study was carried
out in the Department of Dermatology, Rashid Latif
Medical College, Lahore, using 216 clinical
photographs of different localized skin diseases.
This study was conducted between 01-01-2025 to
01-07-2025. Identical photographs were provided
independently to all three Al tools- Grok (n = 72),
Gemini (n=72), and ChatGPT (n=72)- to allow a
direct head-to-head comparison of their diagnostic
performance. The Epi Calculator was used to
determine the sample size, using a 95% confidence
level, an expected proportion of 50%, and an
absolute precision of 7%. Informed consent from
patients was taken. Standard protocol was followed
to obtain high-quality clinical photographs of
localised skin diseases. The Al tools were given
specific instruction prompt with photograph of
specific disease to produce a diagnosis. A consultant
dermatologist also conducted an independent
evaluation of each patient. The gold standard for
comparison was the dermatologist's diagnosis. This
study adhered to all relevant ethical requirements
and approved by the Institutional Review Board
(IRB) of RLKU medical and dental college (Ref no:
RLKUMC/IRB/0035/24 dated 28.08.2024).
Principles of research ethics and relevant legal
requirements were fully complied with, and duly
considered during the entire process. Patient
information was kept private and safe. All the results
obtained were evaluated using SPSS version 26.0. A
bivariate analysis was conducted, Chi-square test
was employed for this analysis. To allow for a direct
head-to-head comparison of diagnostic performance,
ChatGPT, Gemini, and Grok independently assessed
the identical clinical photos. The model version and
testing date were noted, and all three Al models
were assessed using the same standardized prompt,
picture quality, diagnostic job, and testing
circumstances. The exact standardized prompt
provided to each Al tool was: “Please identify the
most likely diagnosis based solely on the attached
clinical  photograph.  Provide one primary
dermatological diagnosis only.” To evaluate Al
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performance across various illness groups, cases
were divided into key diagnostic categories based on
the final diagnosis. When clinically necessary,
dermoscopy, microscopy, culture, histopathology, or
other pertinent tests were used to support the
reference diagnosis, which was made by consultant
dermatologists. Al replies were categorized as
accurate, somewhat correct, wrong, or non-response/
refusal; incorrect diagnoses and refusals were
examined independently. Since all three Al models
evaluated the identical instances, diagnostic
performance was examined as paired data using the
relevant statistical tests, and 95% confidence
intervals were provided. Using predetermined,
standardized criteria, consultant satisfaction and
perceived clinical utility were evaluated and
examined independently of diagnostic accuracy.
Before being sent to Al platforms, all clinical
pictures were anonymised, and the proper patient
consent was acquired for their usage in research and
processing by third-party Al platforms. The
comparative performance of the Al models was not
seen as proof of any platform's intrinsic superiority;
rather, it was interpreted under the particular
standardized research settings. The appropriate
completed checklist was supplied as supplemental
material, and the study was published in accordance
with the EQUATOR guidelines for diagnostic-
accuracy and clinical-Al research.

Result

Compared to Gemini (1.39%) and Grok (0%),
ChatGPT had the highest diagnosis accuracy, with
61.11% of diagnoses being accurate. Although
ChatGPT demonstrated higher diagnostic accuracy
than the other Al tools evaluated in this study, its
overall accuracy of 61.1% indicates that substantial
diagnostic errors remain. Therefore, these findings
suggest that ChatGPT should not be relied upon as
an independent diagnostic or training tool without
appropriate clinical oversight and supervision. To
evaluate the relationship between the Al model and
diagnosis accuracy, a chi-square test was used. Due
to a large percentage of incorrect and non-generated
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responses, Grok and Gemini did poorly. Gemini and
Grok refused to provide answers in a number of

instances, citing that they were not licensed
dermatologists, ethical concerns, or policy
limitations. These safety-related refusals were

recorded as a separate outcome category and were
not classified as incorrect medical diagnoses.
Diagnostic errors were analyzed independently from
non-response or safety-related refusals to distinguish
limitations in diagnostic performance from the
models' refusal behavior.

Consultant satisfaction was highest with ChatGPT
(54.17%), followed by Gemini (0.0%) and Grok
(0.0%), having the highest proportion of
unsatisfactory outcomes. In terms of future use of Al
tools for training residents and general physicians,
Chatgpt is preferred mostly by consultant
dermatologists (79.2%), compared to 16.7% for
Gemini and 13.9% for Grok.

Three major performance indicators-diagnostic
accuracy, consultant satisfaction, and referral rate-
were examined to determine whether there were
statistically significant differences amongst the three
Al models-ChatGPT, Grok, and Gemini-using the
chi-square test. The P-value in each of these
domains was 0.01, which is less than the standard
cut off of 0.05. This suggests that the observed

Table 1 Diagnostic accuracy by different Al models.

variations between the Al models are statistically
significant and unlikely to have happened by
coincidence. The reported performance benefits of
ChatGPT are not the result of chance, but rather
represent actual underlying differences in model
capabilities and clinician acceptance, according to
the statistically significant Chi-square results across
all three domains. These results support the idea that
ChatGPT is more appropriate than Grok and Gemini
for clinical decision assistance in dermatology.

Discussion

This study intended to compare and assess the
performance of three Al models- ChatGPT, Grok,
and Gemini- in the diagnosis of localised skin
diseases. The key areas were diagnostic accuracy of
the Al models, consultant dermatologist acceptance,
and the possibility of recommending these tools to
younger doctors and general practitioners.

Among the three models, ChatGPT had the highest
diagnostic accuracy, correctly diagnosing 61.1% of
cases. Grok, on the other hand, provided no
completely accurate diagnoses and had the highest
rate of missing responses (44.4%), while Gemini
demonstrated limited performance, with only one
accurate diagnosis and a high percentage of partially
correct (37.5%) and incorrect responses.

Al models Accurate diagnosis  Partially Accurate Inaccurate Non-generated Total P-
f (%) diagnosis f (%) diagnosis f (%)  responses f (%) cases value
Chat gpt 44 (61.11%) 21 (29.17%) 7 (9.72%) 0 (0.00%) 72 .01
Grok 0 (0.00%) 19 (26.39%) 21 (29.17%) 32 (44.44%) 72 .01
Gemini 1 (1.39%) 27 (37.50%) 24 (33.33%) 20 (27.78%) 72 .01
Table 2 Consultant Dermatologists satisfaction of different Al models.
Al models Satisfied Moderately Not satisfied Non-generated Total cases  P-value
f (%) Satisfied f (%) f (%) responses f(%)
Chat gpt 39 (54.17%) 26 (36.11%) 7 (9.72%) 0 (0.00%) 72 <.01
Grok 0 (0.00%) 18 (25%) 22 (30.56%) 32 (44.44%) 72 <.01
Gemini 0 (0.00%) 32 (44.44%) 20 (27.78%) 20 (27.78%) 72 <.01
Table 3 Consultant Dermatologists recommendation of Al models.
Al models Recommended Not recommended Non-generated Total cases P_value
F (%) f (%) responses f (%)
Chat gpt 57(79.17%) 15(20.83%) 0(0.00%) 72 <.01
Grok 10(13.89%) 30(41.67%) 32(44.44%) 72 <.01
Gemini 12(16.67%) 39(54.17%) 20(27.78%) 72 <.01
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The Chi-square test revealed a significant difference
(P<.01) in diagnostic response categories across the
Al models. However, this statistical difference
reflects performance under the conditions of the
present study and should not be interpreted as
evidence that ChatGPT has inherently superior
medical reasoning or that Grok and Gemini lack
technical diagnostic capability. In particular, the
high proportion of non-responses from Grok and
Gemini may have been influenced by organisational
safety policies and restrictions on diagnosing
medical images rather than solely by limitations in
their medical capabilities. Therefore, refusal to
answer should be distinguished from an incorrect

diagnosis when interpreting comparative Al
performance.
Similarly, in another study, Hirosawa et al.** used

ChatGPT to generate differential diagnoses and
reported an accuracy rate of 53.3%. Our study
demonstrated a comparable accuracy of 61.1%. In
contrast to their study, which included systemic
symptoms, we used dermatological images without
clinical presentation to simulate a self-diagnosis.
Johnson et al®® similarly performed a
comprehensive evaluation in which ChatGPT was
asked a variety of medical questions. They found
that the median accuracy of responses was relatively
high. This suggests that ChatGPT can provide
accurate responses for a considerable proportion of
medical questions, highlighting its potential as a
supplementary clinical and educational tool.”® Prior
research indicates that, while ChatGPT has potential
for self-diagnosis, its reliability and consistency are
variable, particularly in the absence of symptom-
specific clinical information.™

Consultant feedback revealed significant differences
between models. ChatGPT received the highest
satisfaction and recommendation rate (79.1%),
indicating greater perceived usability and acceptance
among participating consultants. However, this
recommendation  rate  represents  perceived
usefulness and should not be interpreted as evidence
that ChatGPT is sufficiently reliable for independent
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diagnosis or unsupervised resident training. Its
approximately 39% combined rate of partially
correct and incorrect responses demonstrates that
substantial diagnostic limitations remain. Therefore,
ChatGPT should never be recommended as a stand-
alone training tool for medical residents; its outputs
should only be used as supplementary information
under strict supervision and verification by qualified
clinicians. Grok and Gemini had lower
recommendation rates and higher proportions of
refusals. These refusals may have resulted from
ethical and safety mechanisms designed to prevent
automated diagnosis from medical photographs and
should not necessarily be regarded as evidence of
poor medical or technical ability. Such safety
limitations are important when interpreting Al
performance and considering integration into clinical
practice. In addition, data quality should be
improved, algorithms made more transparent, Al
incorporated appropriately into clinical workflows,
ethical concerns addressed, regulations followed,
and relevant stakeholders involved to ensure the safe
and sustainable application of Al in dermatology.*

Conclusion

ChatGPT showed significantly higher diagnostic
precision, dermatologist satisfaction, and
recommendation rates than Grok and Gemini.
However, because the models were tested using
isolated images without clinical history, these
findings cannot be directly generalized to routine
practice or medical training. Further clinical studies
are needed before Al can be routinely integrated into
dermatology

Limitations This study has a few limitations,
including the clinical assessment of photographs by
consultant  dermatologists rather than histo-
pathological confirmation.
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