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(ChatGPT, Claude, Copilot, Gemini and Perplexity) as well as the subscribed versions
of ChatGPT, Claude and Perplexity in answering questions on oriental medicine-based
theory and practice of acupuncture and western medicine-based acupuncture-
transmitted infections. Methods—A total of 2528 multiple choices and true/false
questions from four books on theory and practice of acupuncture, and 100 questions on
acupuncture-transmitted infections set by two microbiology and infectious disease
professors, were used for evaluation of the chatbots. Results—Overall, the median score
for the eight free/subscribed chatbots in answering questions on theory and practice of
acupuncture (75%) was significantly lower than that on acupuncture-transmitted
infections (86%) (p < 0.001). Further analysis also showed significantly lower median
score for all the five free chatbots and all the three subscribed chatbots in answering the
questions on theory and practice of acupuncture (75% for both) than those on
acupuncture-transmitted infections (86% and 90% respectively) (p = 0.014 and p =
0.003 respectively). For the three subscribed chatbots, GPT-40 achieved the highest
median score (84%), followed by Perplexity Pro (79%) and Claude 3 Opus (66%) for
the questions on theory and practice of acupuncture (p = 0.036 by Kruskal Wallis test).
Post-hoc Dunn’s test revealed that the median score for GPT-40 was significantly higher
than Claude 3 Opus (p = 0.032). Conclusions—Performance of the chatbots on oriental
medicine-based theory and practice of acupuncture was inferior to that on western
medicine-based acupuncture-transmitted infections. In order to further improve their
usefulness, efforts should be spent on improving the chatbots’ knowledge on the theory
and practice of acupuncture.
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1. Introduction

Artificial intelligence (AI) has become an increasingly important tool in clinical medicine, supporting clinicians
across diagnosis, treatment and healthcare delivery. One of the most established uses of Al is in medical imaging and
diagnostics. Machine-learning algorithms, particularly deep learning can analyze radiological images to detect
abnormalities, such as cancers, fractures, and strokes [1]. In pathology, Al systems assist with digital slide analysis
by identifying malignant cells and grading tumor [2,3]. In microbiology, we have recently shown in a proof-of-
concept study that it was useful for identification of Aspergillus species, and other groups have also used similar
approaches for parasite classification and diagnosis of bacterial vaginosis [4—8]. In ophthalmology and dermatology,
validated Al tools have been used to screen for conditions such as diabetic retinopathy and skin cancer [9]. These
applications improve diagnostic accuracy, reduce reporting times and help address workforce shortages.

ChatGPT and other Al-powered chatbots are rooted in the need to make large amounts of information more
accessible, interactive and useful to humans. As digital data has grown exponentially, traditional interfaces have
become increasingly inefficient for complex, conversational or context-dependent tasks. Chatbots based on large
language models aim to bridge this gap by enabling natural, human-like interaction with computers. At their core,
chatbots are designed to understand and generate natural language. They are trained on vast datasets containing
text from books, articles, websites, and other sources, allowing them to learn patterns in language, reasoning and
communication. This enables users to ask questions, give instructions, or explore ideas in everyday language.
Chatbots are increasingly used in clinical medicine as tools that support patients, clinicians and healthcare systems
by improving access to information, efficiency and continuity of care. Rather than replacing clinicians, they
function as adjuncts that enhance communication, decision-making, and workflow. Recently, we have
demonstrated that chatbots were not inferior to professors in their infectious disease knowledge and data analysis
[10]. However, all the chatbots that were evaluated (i.e., ChatGPT, Claude, Copilot, Gemini and Perplexity) were
products from the western world. Moreover, all the studies that have examined the applications of these chatbots
focused on their performance in answering questions on western medicine. So far, no study has examined the
performance of these chatbots on alternative medical practices that are widely employed by both westerners and
non-westerners for the prevention and treatment of medical diseases.

Among all modalities of alternative medicine, acupuncture is one of the most widely recognized and
evidence-based (Figure 1A). In traditional Chinese medicine, acupuncture is based on the concept of qi (vital
energy) flowing through pathways called meridians. Illness and pain are thought to arise when the flow of qi is
disrupted or imbalanced. Acupuncture aims to restore balance by stimulating specific acupuncture points along
the meridians, thereby normalizing qi flow and supporting the body’s natural healing processes. One of its most
commonly used areas in clinical practice is pain and related disorders. Chronic pain conditions are the most
frequent reason for referral, particularly low back pain, neck pain, knee osteoarthritis. In addition to pain disorders,
acupuncture is also well-established in the treatment of nausea and vomiting, including post-operative nausea,
chemotherapy-induced nausea and pregnancy-induced nausea. In this study, we examined the performance of five
of these software applications, including ChatGPT, Claude, Copilot, Gemini and Perplexity; as well as the free
and subscribed versions of ChatGPT, Claude and Perplexity; in answering multiple choice questions (MCQs) and
true/false (T/F) questions obtained from four books on the theory and practice of acupuncture as well as T/F
questions on acupuncture transmitted infections.

a
ACUPUNCTURE

Figure 1. Panel A, example of a 23-year-old woman presented with right forearm pain undergoing acupuncture
treatment. The acupuncture points LI4 (Hegu, or joining valley) (blue arrow) and LI10 (Shousanli) (yellow arrow)
on the large intestine meridian were punctured. Panel B, the four books where questions on the theory and practice
of acupuncture were extracted in this study.
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2. Methods
2.1. Chatbots and Questions

Five chatbots and three subscribed versions (Supplementary Table S1) were examined using MCQs and T/F
questions extracted from four books on the theory and practice of acupuncture (Figure 1B). The first book, 750
Questions and Answers about Acupuncture: Exam Preparation and Study Guide (Book 1), contains five sections
of questions [11]. The second one, Tests: Chinese Acupuncture and Moxibustion (Book 2), contains five sections
of questions [12]. The third one, TCM Study Guide, Acupuncture Board Exam Practice Questions (Book 3),
contains 8 chapters of questions [13]. The fourth one, Acupuncture Board Exam Study Questions—
DIFFERENTIAL DIAGNOSIS (Book 4), contains 12 chapters of questions [14]. All questions that required
interpretation of pictures or images were excluded. Therefore, a total of 2528 questions on the theory and practice
of acupuncture, which included 650, 543, 1017 and 318 questions extracted from Book 1, Book 2, Book 3 and
Book 4 respectively, were used in the study. All the questions were examined by a practicing doctor on Chinese
medicine and acupuncture to ensure that they were of good quality and the answers provided by the books
reasonable. In addition, 100 T/F questions related to acupuncture transmitted infections [15-28], set and cross-
validated by two microbiology and infectious disease professors, were used as controls (Supplementary Table S2).
These 100 questions were divided into four subsets, including (1) pyogenic bacterial infections associated with
acupuncture, (2) mycobacterial infections associated with acupuncture, (3) viral infections associated with
acupuncture, and (4) infection control for acupuncture.

To ensure methodological consistency and reproducibility, a standardized prompting protocol was
implemented for all chatbot evaluations. Each question was presented using a uniform template: “Please answer
the following multiple-choice question by selecting the single best answer. Respond with the letter corresponding
to your choice only (e.g., A, B, C, or D). Do not provide any explanation.” This instruction was followed
immediately by the question and its answer options. No additional contextual cues or leading information were
provided. Moreover, each question was asked in a new, independent session to prevent any carryover effects from
prior conversations. This approach ensured that responses were not influenced by conversational memory.
Furthermore, no prior dialogue or contextual history was included when presenting each question. This eliminated
potential bias arising from accumulated context.

2.2. Scoring

For each question extracted from the four books as well as the 100 questions on acupuncture transmitted
infections, it was used for testing the five free and three subscribed chatbots. Answers provided by the four books
on the theory and practice of acupuncture were regarded as correct answers. The scoring scheme was as follows:
one point given for each correct answer, no point deducted for wrong answers, and 0.5 and 0.2 points awarded for
T/F questions and MCQs respectively that the chatbot gave a pass. The study was carried out from February to
April 2025.

2.3. Runtime Calculation

A laptop computer with its networking specifications listed in Supplementary Table S3 was used for
estimating the chatbots’ speed of performance. The first 90 questions from each of the four books were grouped
into 3 sets (i.e., 30 questions per set) and each set of questions was fed to the chatbots and the time for running
each set of question was recorded and analyzed.

2.4. Statistical Analysis

Comparison of the scores for questions on theory and practice of acupuncture and acupuncture transmitted
infections, as well as those between the free and subscribed versions of five free chatbots (Claude 3.5 Sonnet,
Copilot, Gemini, GPT-40 mini and Perplexity) and all three subscribed chatbots (Claude 3 Opus, GPT-40 and
Perplexity Pro), was done by Mann-Whitney U-test. The Kruskal-Wallis test, with post-hoc Dunn’s test, was used
to compare the scores for the five free chatbots and the three subscribed ones, as well as the chatbot runtime.

3. Results

Performance of chatbots for questions on theory and practice of acupuncture vs. questions on acupuncture
transmitted infections. Overall, the median score for the eight free and subscribed chatbots for the questions on
theory and practice of acupuncture (75%) was significantly lower than that on acupuncture transmitted infections
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(86%) (p < 0.001) (Figure 2A). Further analysis also showed significantly lower median score for all five free
chatbots (Claude 3.5 Sonnet, Copilot, Gemini, GPT-40 mini and Perplexity) and all three subscribed chatbots
(Claude 3 Opus, GPT-40 and Perplexity Pro) in answering the questions on theory and practice of acupuncture
(75% for both) than those on acupuncture transmitted infections (86% and 90% respectively) (p = 0.014 and p =
0.003 respectively) (Figure 2B).
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Figure 2. Panel A, Overall comparison of the scores for the free and subscribed chatbots on the theory and practice
of acupuncture and questions on acupuncture-transmitted infections. Panel B, Comparison of the five free chatbots
and the three subscribed ones for questions on the theory and practice of acupuncture and questions on acupuncture-
transmitted infections. *, p < 0.05; **, p <0.005; *** p < 0.001.

3.1. Performance of Free Chatbots

As a whole, no significant difference among the median scores obtained by the five free chatbots for both the
questions on theory and practice of acupuncture in the four books and the questions on acupuncture transmitted
infections was observed.

3.2. Performance of Subscribed Chatbots

As a whole, GPT-40 achieved the highest median score (84%), followed by Perplexity Pro (79%) and Claude
3 Opus (66%) for the questions on theory and practice of acupuncture in the four books (Figure 3). Statistically,
significant difference was observed among the median scores of these three subscribed chatbots in answering the
questions on theory and practice of acupuncture in the four books (p = 0.036 by Kruskal Wallis test). Post-hoc
Dunn’s test revealed that the score of GPT-40 was significantly higher than Claude 3 Opus (p = 0.032) (Figure 3).
As for the questions on acupuncture transmitted infections, no significant difference was detected among the scores
of the three subscribed chatbots.

100

Median score

GPT-40 Perplexity Pro Claude 3 Opus

Figure 3. Comparison of the three subscribed chatbots in answering the questions on theory and practice of
acupuncture. *, p < 0.05.

3.3. Free vs. Subscribed Versions

For both the four books of questions on theory and practice of acupuncture as well as the questions on
acupuncture transmitted infections, no significant difference was detected between the median scores of GPT-40
and GPT-40 mini, as well as between Perplexity and Perplexity Pro and between Claude 3.5 Sonnet and Claude 3
Opus (Figure 4).
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Figure 4. Comparison of Claude 3.5 Sonnet, GPT-40 mini and Perplexity and their subscribed counterparts (Claude
3 Opus, GPT-40 and Perplexity Pro) in answering questions on the theory and practice of acupuncture and questions
on acupuncture-transmitted infections.

3.4. Runtime Calculation

For the five free chatbots, it was found that in general the median runtime was the longest for Claude,
followed by Perplexity and the other three chatbots (Figure 5). As for the comparison between the free and
subscribed versions, the median runtime was significantly longer for GPT-40 and Perplexity Pro when compared
to their corresponding free counterparts [GPT-40 mini (27 s) vs. GPT-40 (14 s), p = 0.019 and Perplexity Pro (93
s) vs. Perplexity (15 s), p = 1.86 x 107> by Mann-Whitney U-test] (Figure 5).

o0

Figure 5. Answer generating time for the chatbots for questions on the theory and practice of acupuncture. *, p <
0.05; ***, p <0.001.

4. Discussion

Among all forms of alternative medicine, acupuncture is both one of the most evidence based as well as
widely accepted in a global scale; while at the same time, it is also closely monitored and tightly regulated in the
western world. Back in the last millennium, Australia has published its first infection control guideline for
acupuncture [29]. Currently, in the USA, one of the requirements of the common acupuncture licensure is to pass
the National Certification Commission for Acupuncture and Oriental Medicine (NCCAOM) Board Examination;
in the United Kingdom, acupuncturists have to obtain the British Acupuncture Council Certification in order to
practice acupuncture; and in Germany, medical doctors can obtain acupuncture certification through the German
Medical Acupuncture Association whereas non-medical practitioners have to obtain the Heilpraktiker (Naturopath)
License in order to practice acupuncture. In this study, we compared the performance of five different chatbots,
three of which included both free and subscribed versions, in answering more than 2500 questions on the theory
and practice of acupuncture obtained from four books that were mostly used by candidates preparing for the
NCCAOM Board Examination of the USA. The questions covered diverse subjects in the discipline of acupuncture
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and moxibustion, such as meridians and acupuncture points, acupuncture techniques and modalities, safety and
professionalism, as well as some short mini-case studies. Although some of the questions may not perfect and the
correct answers arguable, such a problem was diluted by the large number of questions used and would not have
significant effect on the overall results. From the results of this study, it was shown that for the free versions of the
five chatbots themselves, no significant difference on the scores achieved was observed. However, for the
subscribed versions of the chatbots, GPT-40 performed significantly better than Claude 3 Opus. As a whole, it
seems that GPT-40 appeared to be the best chatbot on acupuncture related knowledge, followed by Copilot,
Perplexity Pro, etc. In general, the different chatbots performed differently because they are built with varying
training data, model architectures, tuning methods, and safety rules which affect how well they understand
questions, reason, and generate accurate responses. More specifically, the relatively superior performance of GPT-
4o could be because it has integrated strong reasoning, higher accuracy in clinical decision-making and adaptability
[30-33], allowing it to achieve high performance even in specialized tasks even without explicit cultural or
domain-specific optimization.

The most attention-grabbing result revealed in the present study was that the performance of the chatbots on
the theory and practice of acupuncture was inferior to that on acupuncture transmitted infections. In our previous
study on the performance of chatbots in answering more than 2500 questions from three books on microbiology
and infectious disease, the overall median score for all the eight free and subscribed chatbots was 85% [10], which
is comparable to the median score (86%) for the same eight chatbots for the 100 questions on acupuncture
transmitted infections in the present study (Figure 2). These 100 questions on acupuncture transmitted infections
that we set were based on the knowledge we acquired through our own research in the last 25 years as well as
literature review on four different areas, including acupuncture transmitted bacterial infections, acupuncture
transmitted mycobacterial infections, acupuncture transmitted viral infections, and infection control [15—-19].
Although these four categories of knowledge-based questions were related to acupuncture, the approach of
building up the knowledge was based on the scientific approach to microbiology and infectious disease. Therefore,
these questions were used as controls for testing the chatbots on their performance in answering the questions on
the theory and practice of acupuncture, which was primarily based on the oriental medicine approach. In contrast
to a median score of 85-86% for the western medicine-based questions on clinical microbiology and infectious
disease as well as acupuncture transmitted infections, the performance of the chatbots on the four books of
questions on the theory and practice of acupuncture was significantly poorer, with an overall median score of only
75% (Figure 2). Such an overall inferior performance of the eight chatbots for questions on the theory and practice
of acupuncture was also observed when further similar analysis on the five free chatbots or the three subscribed
ones was performed on their scorings for questions on the theory and practice of acupuncture and those on
acupuncture transmitted infections were compared (Figure 2). We speculate that such an inferior knowledge of the
chatbots on acupuncture could be due to the less well-established databases of the chatbots on oriental medicine
as compared to those on western medicine; or alternatively, specific terms and concepts in oriental medicine could
be translated differently in different English textbooks and journals, which may lead to misunderstanding and
misinterpretation. In fact, it is quite well-acknowledged that due to the inherent difference in linguistic complexity
and conceptual framing between the two languages, English is more precise than Chinese for specific scientific
and medical concepts and terms.

In order to further improve their usefulness, efforts should be spent on improving the chatbots’ knowledge
on the theory and practice of acupuncture. Acupuncture is not only practiced by fully trained licensed
acupuncturists and oriental medicine practitioners, but also other health care professionals, such as
physiotherapists, chiropractors, and nurse practitioners, who have completed the recognized training and use
acupuncture as a means to relieve pain due to muscle spasm and menstruation, improve sleep pattern, etc. From
the angle of health care professionals who perform acupuncture treatment on patients, they may consult chatbots
for some ready-to-use knowledge, such as refreshing some concepts and hardcore knowledge in a timely manner,
checking for the possibility of an alternative treatment approach when the original one has failed, and looking for
a second or third opinion based on the information recorded in a few different ancient Chinese medicine books.
Furthermore, from another perspective, as acupuncture is so widely used, it is not uncommon for clinicians from
different specialties to encounter patients who have recent histories of acupuncture treatment. For example,
orthopedic surgeons may see patients with low back pain, gynecologists may have consultations from women with
dysmenorrhea or other menstrual symptoms, and psychiatrists may encounter clients with sleep disorders. Since
not all clinicians have abundant knowledge of acupuncture, they may consult chatbots because they would like to
understand in greater depth about the acupuncture treatment that their patients have gone through, which will
facilitate their own management of the corresponding patients. Since the chatbots are frequently upgraded through
ongoing cycles of improved training data, algorithm refinement, user feedback and software fixes to enhance
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accuracy and performance and new chatbots are being developed, regular evaluation of the chatbots could be
performed accordingly so that end-users will be updated on their usefulness.

Supplementary Materials

The additional data and information can be downloaded at: https://media.sciltp.com/articles/others/26061516
13159707/A1Eng-26010121-S1.pdf. Table S1: Five chatbots and three subscribed versions evaluated in this study,
Table S2: True/false questions on acupuncture transmitted infection and answers provided by chatbots, Table S3:
Computer and networking for runtime calculation.
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