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Aims: Artificial intelligence is increasingly used in the medical field. We assessed the accuracy and reproducibility
of responses by ChatGPT to clinical questions (CQs) in the Japan Atherosclerosis Society Guidelines for
Prevention Atherosclerotic Cardiovascular Diseases 2022 (JAS Guidelines 2022).

Methods: In June 2024, we assessed responses by ChatGPT (version 3.5) to CQs, including background
questions (BQs) and foreground questions (FQs). Accuracy was assessed independently by three researchers using
six-point Likert scales ranging from 1 (“completely incorrect”) to 6 (“completely correct”) by evaluating responses
to CQs in Japanese or translated into English. For reproducibility assessment, responses to each CQ asked five
times separately in a new chat were scored using six-point Likert scales, and Fleiss kappa coefficients were

calculated.

Results: The median (25th—75th percentile) score for ChatGPT’s responses to BQs and FQs was 4 (3-5) and 5
(5-6) for Japanese CQs and 5 (3-6) and 6 (5-6) for English CQs, respectively. Response scores were higher for
FQs than those for BQs (P values <0.001 for Japanese and English). Similar response accuracy levels were
observed between Japanese and English CQs (P value 0.139 for BQs and 0.586 for FQs). Kappa coefficients for
reproducibility were 0.76 for BQs and 0.90 for FQs.

Conclusions: ChatGPT showed high accuracy and reproducibility in responding to JAS Guidelines 2022 CQs,
especially FQs. While ChatGPT primarily reflects existing guidelines, its strength could lie in rapidly organizing
and presenting relevant information, thus supporting instant and more efficient guideline interpretation and
aiding in medical decision-making.
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Introduction

Accurate interpretation of clinical guidelines by
health care professionals is crucial in decision-making
in the clinical setting for the management of
patientsV. However, this can be challenging for health
care professionals who lack specialized expertise in a
specific area?. To facilitate interpretation of the
guidelines, evidence-based questions and answers,
called clinical questions (CQs), are useful for
providing clear and specific guidance for health care

professionals?.

The use of artificial intelligence (Al) in the
medical field has developed rapidly in recent years
with the emergence of applications and technologies
to improve patient management and evidence-based
medicine?. In particular, large language models
(LLMs), which use advanced deep learning techniques,
emulate human-like interactions by effectively
responding to natural language queries® ©. The
ChatGPT bot, which is a refined and accessible LLM,
was launched for public use on November 2022 by
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Open Al (San Francisco, CA, USA). ChatGPT is
based on a diverse set of texts available on the Internet,
including books, articles, and websites. ChatGPT can
provide comprehensive, fluent, multilingual, and
knowledge-based responses or solutions in various
fields, including medicine® 7. However, few studies
have examined whether LLMs such as ChatGPT can
support health care professionals in interpreting
clinical guidelines?.

Atherosclerotic cardiovascular disease (ASCVD)
is a major cause of mortality and disability in Japan,
and its prevention is of great clinical and public health
importance. The Japan Atherosclerosis Society (JAS)
Guidelines for Prevention Atherosclerotic
Cardiovascular Diseases 2022 (JAS Guidelines 2022)
aim to guide health care professionals in the
comprehensive management and appropriate
treatment of risk factors for the prevention of

ASCVD?.

Aims

In the present study, we examined the accuracy
and reproducibility of responses given by ChatGPT to
CQs in the JAS Guidelines 2022 to determine
whether Al can aid health care professionals in the
interpretation of the guidelines.

Methods

Study Design and Questions

In June 2024, we assessed the responses by
ChatGPT-3.5 (GPT version 3.5, OpenAl) to the
CQs, designated as background questions (BQs) and
foreground questions (FQs), in the JAS Guidelines
20229, The list of BQs and FQs in the JAS
Guidelines 2022 is shown in Supplementary Table 1.
The BQs comprise 28 questions regarding background
information on topics such as the incidence,
symptoms, and natural course of diseases and are
mainly based on epidemiological observational studies.
The FQs comprise 27 questions related to decision-
making in clinical practice regarding the choice of
medical treatment. Among FQs, clinical issues for
which multiple options exist in the current medical
process and the balance of benefits and harm is
unclear, and for which a recommendation is expected
to improve patient outcomes, are considered
important clinical issues. Basically, using the FQs,
PICO (Patient, Intervention, Comparison, Outcome)
can be established, and recommendations are mainly
based on randomized controlled trials.

Ethical review was not required for the present
study because our research did not use humans,
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animals, or any related information.

Assessment of Responses by ChatGPT

To generate responses, CQs (BQs and FQs)
originally published in Japanese were entered as
queries in GPT-3.5. Assessment of the accuracy of
ChatGPT’s responses to the CQs was conducted
independently by three expert researchers: two
physicians (T.H. and H.K.) and one epidemiologist
(M.E) According to an assessment of ChatGPT’s
responses to medical questionnaires in a prior study”,
the accuracy of the provided answers was measured
using a six-point Likert scale, as follows: (1)
completely incorrect; (2) more incorrect than correct;
(3) nearly equally correct and incorrect; (4) more
correct than incorrect; (5) nearly all correct; and (6)
completely correct. No prior training was conducted
among the researchers to standardize their evaluations.
Next, we repeated the assessment of ChatGPT’s
response accuracy to the CQs translated into English.
In the case of responses limited to Japanese individuals
where the CQs did not specify this limitation (i.e.,
BQs 8-13) in the JAS guidelines 2022, we entered
CQs that included the phrase “for Japanese
individuals” or “in Japanese individuals” into
ChatGPT-3.5. For the assessment of reproducibility,
each CQ in Japanese was asked five times separately in
a new chat, and the responses were assessed using a
six-point Likert scale. At the end of the study period,
scores on the six-point Likert scale were collected and
statistically analyzed.

Statistical Analysis

For the analysis of ChatGPT’s response accuracy
based on six-point Likert scale scores ranging from 1
to 6 for answers to CQs (BQs or FQs) originally in
Japanese or those translated into English, we
calculated the median (25th—75th percentile) of scores
according to assessments by the three researchers. The
difference in response scores between BQs and FQs
was statistically analyzed using the Mann—Whitney U
test. Similarly, the difference in scores for responses to
CQs between Japanese and English was assessed using
the Mann—Whitney U test. For reproducibility
assessment, the Fleiss kappa coefficient was calculated
to test the agreement between scores for responses to
CQs asked five times separately as follows: poor (Fleiss
kappa coefficient <0.40), good (0.40 to 0.75), and
excellent agreement (>0.75)?. We also calculated
Shannon entropy!®” to quantitatively assess the
uncertainty in the distribution of the responses
generated by ChatGPT. Shannon entropy measures
the degree of uncertainty, with higher entropy values
representing a greater range in the response
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Table 1. Six-point Likert scale scores for responses to clinical questions in Japanese in the JAS Guidelines 2022 as assessed by three

researchers

Researchers

B

Researchers

o}

BQI
BQ2

BQ3

BQ4

BQ5

BQG

BQ7

BQS

BQ9

BQI10
BQI1
BQI2
BQI3
BQI14
BQI5
BQIG
BQ17
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BQI9
BQ20
BQ21
BQ22
BQ23
BQ24
BQ25
BQ26
BQ27
BQ28
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FQ7

FQ8

FQ9

FQ10
FQI1
FQI2
FQ13
FQ14
FQI5
FQ16
FQ17
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FQ19
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FQ21
FQ22
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FQ25
FQ26
FQ27
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The six-point Likert scale was defined as follows: (1) completely incorrect; (2) more incorrect than correct; (3) nearly equally correct and incorrect;
(4) more correct than incorrect; (5) nearly all correct; and (6) completely correct.
Abbreviations: BQ, background question; FQ, foreground question; JAS Guidelines 2022, Japan Atherosclerosis Society Guidelines for Prevention

Atherosclerotic Cardiovascular Diseases 2022.

distribution. The analyses were performed using a
Stata, version 16.0 (StataCorp LLC, College Station,
TX, USA). Two-tailed P values <0.05 were
considered statistically significant.

Results

Table 1 presents six-point Likert scale scores for
responses by ChatGPT to each BQ and FQ originally
in Japanese. Examples of correct and incorrect
responses by ChatGPT to CQs are presented in
Supplementary Table 2. Overall, the median
(25th—75th percentile) score according to assessment
by the three researchers was 4 (3-5) and 5 (5-6), for
BQs and FQs, respectively. The scores were higher for

responses to FQs than those for BQs in Japanese (P
value <0.001). The six-point Likert scale scores for
responses to each BQ and FQ translated into English
are shown in Table 2. Overall, the median (25th—75th
percentile) score from assessment by the three
researchers was 5 (3—6) and 6 (5-6) for BQs and FQs,
respectively. The scores were higher for responses to
FQs than those for BQs in English (2 value <0.001).
Similar scores for responses to CQs were observed
between Japanese and English (2 value 0.139 for BQs
and 0.586 for FQs). Six-point Likert scale scores for
the responses to each BQ and FQ asked five times
separately in a new chat are shown in Table 3. The
kappa coefficient to test the agreement between scores
for responses to CQs asked five times separately was
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Table 2. Six-point Likert scale scores for responses to clinical questions translated into English in the JAS Guidelines 2022 as

assessed by three researchers

Researchers

B

Researchers

B

BQI
BQ2

BQ3

BQ4

BQ5

BQG

BQ7

BQS

BQ9
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The six-point Likert scale was defined as follows: (1) completely incorrect; (2) more incorrect than correct; (3) nearly equally correct and incorrect;
(4) more correct than incorrect; (5) nearly all correct; and (6) completely correct.
Abbreviations: BQ, background question; FQ, foreground question; JAS Guidelines 2022, Japan Atherosclerosis Society Guidelines for Prevention

Atherosclerotic Cardiovascular Diseases 2022.

0.76 for BQs and 0.90 for FQs. The Shannon entropy
values for BQs ranged from 0.0 to 1.371 and were
predominantly 0.0 for FQs, except for a few FQs
(Supplementary Table 3).

Discussion

In the responses by ChatGPT-3.5 to CQs in the
JAS Guidelines 2022, the accuracy was relatively high
for FQs compared with that for BQs. No significant
differences in accuracy were observed between CQs
originally published in Japanese and those translated
into English. The reproducibility was also high
between ChatGPT’s responses to CQs asked five times

separately in new chats (i.e., excellent agreement for
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both BQs and FQs); however, the Fleiss kappa
coefficient was greater for FQs than that for BQs. The
higher Shannon entropy values observed for BQs
indicate greater uncertainty and variability in the
responses, whereas the predominantly 0.0 values for
FQs suggest a higher consistency and lower
uncertainty in the generated responses. One possible
reason for the differences in accuracy and
reproducibility of responses by ChatGPT-3.5 between
FQs and BQs may be owing to the characteristics of
the two types of question. FQs are related to decision-
making in clinical practice regarding the choice of
medical treatment, and the answers are generally based
on evidence from randomized controlled trials®. BQs
involve background information on the topic of
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Table 3. Six-point Likert scale scores for responses to each clinical question in the JAS Guidelines 2022 asked five times separately

in a new chat

Times

—
[S8}

BQI
BQ2

BQ3

BQ4

BQ5

BQG

BQ7

BQS

BQ9

BQI10
BQI1
BQI2
BQI3
BQl4
BQI5
BQI6
BQ17
BQIS
BQI9
BQ20
BQ21
BQ22
BQ23
BQ24
BQ25
BQ26
BQ27
BQ28
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N

Times

1 2 3 4 5
FQ1 6 6 6 6 6
FQ2 4 4 4 4 4
FQ3 6 6 6 6 6
FQ4 6 6 6 6 6
FQ5 1 1 1 1 1
FQ6 5 5 5 5 5
FQ7 6 6 6 6 6
FQ8 6 6 6 6 6
FQ9 6 6 6 6 6
FQ10 6 6 6 6 6
FQI11 6 6 6 6 6
FQ12 6 6 6 6 6
FQ13 6 5 6 5 6
FQl4 6 6 6 6 6
FQ15 6 6 6 6 6
FQ16 4 3 4 4 4
FQ17 4 4 4 4 4
FQ18 6 6 6 6 6
FQ19 6 6 6 6 6
FQ20 5 5 5 5 5
FQ21 6 6 5 6 6
FQ22 5 b) 5 5 5
FQ23 6 6 6 6 6
FQ24 5 5 5 5 5
FQ25 6 6 6 6 6
FQ26 4 4 4 4 4
FQ27 6 6 6 6 6

The six-point Likert scale was defined as follows: (1) completely incorrect; (2) more incorrect than correct; (3) neatly equally correct and incorrect;
(4) more correct than incorrect; (5) nearly all correct; and (6) completely correct.
Abbreviations: BQ, background question; FQ, foreground question; JAS Guidelines 2022, Japan Atherosclerosis Society Guidelines for Prevention

Atherosclerotic Cardiovascular Diseases 2022.

diseases (e.g., symptoms, prevalence/incidence, natural
course), and the answers are mainly based on
epidemiological observational findings®.

Few studies have investigated the accuracy of
responses by LLMs such as ChatGPT to CQs in the
clinical guidelines?. To our knowledge, only one study
assessed the accuracy of responses by ChatGPT-3.5 to
CQs and other questions from the Japanese Society of
Hypertension Guidelines for the Management of
Hypertension (JSH 2019). That study found accuracy
rates of 80% and 36% for the CQs and other
questions, respectively?. Similar to our results, the
accuracy of responses by ChatGPT-3.5 in that study
was higher for CQs related to clinical decision-making
for the treatment of hypertension based on the

evidence from randomized controlled trials than for
other questions. Additionally, some prior studies have
reported the accuracy or reproducibility of ChatGPT’s
responses to medical questions but not related to
clinical guidelines” - 12

When we defined an “incorrect answer” as ones
where two or more researchers assigned a Likert scale
score of 1 or 2, the following CQs were identified as
incorrect: BQ2, BQ4, BQ10, BQ11, BQ13, BQ25,
and FQ5 in Japanese, and BQ9, BQ10, BQ13, FQ1,
and FQ5 in English. For questions related to blood
cholesterol levels (BQ2, BQ4), medication adherence
(BQ25), total energy intake (FQ1), and n-6
polyunsaturated fatty acids intake (FQ5), ChatGPT’s

inaccuracies may stem from difficulties in fully
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grasping the complexity and context of these issues'?.
Specifically, when addressing certain diseases or
medical conditions, ChatGPT tends to simplify health
information and reduce the complexity of specialized
content'?, leading to responses that may not fully
align with the intended context. For questions related
to subclinical atherosclerotic markers (BQ9, BQ10,
BQI11, BQ13) in Japanese individuals, the
inaccuracies may be due to limitations in ChatGPT’s
training data regarding regional and racial
specificity!'. While extensive, the training data may
lack detailed epidemiological information relevant to
specific populations, such as the Japanese, resulting in
responses that do not fully capture the nuances
required for precise guidance per the JAS Guidelines
2022. The differences in the accuracy of ChatGPT’s
responses between Japanese and English, though not
statistically significant, may be largely due to language
biases and disparities in the information available in
the training data for each language!'?.

When we defined an “uncertainty” as cases where
cases where different answers were received in two or
more of the five different chat sessions for the same
question, uncertain answers were identified for the
following CQs: BQ10, BQ27, and FQ13. A possible
reason for these uncertain answers may be the diverse
range of data used in ChatGPT’s training'®17. Its vast
dataset, drawn from various sources, can lead to
different data points or perspectives being referenced,
resulting in response variability!® 7). For example, in
the CQ about the prevalence of familial
hypercholesterolemia in the Japanese population
(BQ27), three different answers were observed across
the five sessions, suggesting data inconsistencies in
ChatGPT’s sources. Overall, our findings underscore
the need to carefully consider ChatGPT’s potential
uncertainty and inaccuracies.

For health care professionals, medical training
and education are lifelong processes, and keeping up
with the latest guidelines, techniques, and research can
be challenging. In this respect, ChatGPT can provide
instant access to pertinent and updated medical
information and resources for health care
professionals, resulting in improvement in their
continuous learning and development and
enhancement of their skills and knowledge'® 9.

Our study focused on assessing the accuracy and
reproducibility of ChatGPT’s responses to CQs in
existing guidelines (i.e., JAS Guidelines 2022).
ChatGPT could potentially assist guideline developers
by generating preliminary recommendations or
synthesizing evidence from available research data,
thus helping streamline the guideline creation process.
Moreover, by incorporating input from multiple
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experts, ChatGPT could aid in the interpretation of
evidence and the formulation of consensus-based
recommendations. However, it is important to
acknowledge that clinical guidelines development
requires expert judgment and clinical insight, and Al
tools like ChatGPT should be seen as complementary
rather than replacing human expertise?”. Therefore,
we suggest that ChatGPT be considered as an adjunct
to, rather than a replacement for, expert-driven
processes in clinical guidelines development.

However, the limitations of ChatGPT should be
considered when using this LLM. The accuracy of
ChatGPT depends on the quality of its training data,
which are not publicly disclosed and likely have a
limited focus on medicine!®. The undisclosed data
may include inaccuracies, resulting in the assimilation
of misinformation, unbalanced content, and biases
during the LLM training process?V. In fact,
ChatGPT-3.5 was trained on data up to September
2021 and is unable to integrate data published after
model training®. We did not use ChatGPT-4.0 in the
present study owing to its high cost. Another concern
regarding ChatGPT is that it has the tendency to
produce “hallucinations” or plausible but factually
incorrect information®. For example, in our study,
ChatGPT generated inaccurate information
(“hallucinations”) regarding the predictive ability of
the ankle-brachial index for the Japanese population
in the response to the CQ (BQ13) (Supplementary
Table 2). This issue likely arises from limitations in
ChatGPT’s training data, which may lack specific
epidemiological details for certain populations, such
as the Japanese!”, leading it to rely on general
knowledge or data from other populations. At this
time, it is essential to recognize and operate within the
limitations of existing models. When used with a clear
understanding of its capabilities and limitations,
ChatGPT and other Al applications can serve as
valuable tools.

The present study had several limitations. First,
we focused on the JAS Guidelines 2022 for the
comprehensive management and appropriate
treatment of risk factors in the prevention of ASCVD.
Therefore, further studies are needed to investigate the
accuracy and reproducibility of ChatGPT in
responding to CQs in other medical fields and clinical
guidelines. Second, no prior training was conducted
among the researchers to standardize their evaluations
of ChatGPT’s responses. This could have introduced
variability in the assessment process, as differences in
individual interpretation may have affected the
consistency of the accuracy scores assigned to the
responses. Third, the version of ChatGPT used will be

trained on data in the future, which may result in
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changing the accuracy of its responses.

In conclusion, we found that ChatGPT had
relatively high accuracy and high reproducibility in its
responses to CQs, especially FQs related to decision-
making in clinical practice about the choice of medical
treatment, per the JAS Guidelines 2022. While we
observed some discrepancies in the accuracy and
reproducibility of responses across different types of
CQs, our findings highlight ChatGPT’s potential to
efficiently organize and present relevant guideline
information, thereby potentially reducing the
cognitive burden on healthcare professionals. Rather
than introducing new information, ChatGPT could
serve as a tool that facilitates quicker access to and
interpretation of existing guidelines, ultimately
supporting informed decision-making in clinical
practice.

However, significant challenges remain,
including reliance on undisclosed training data®?, the
risk of generating factually incorrect information
(“hallucinations”)®, and limitations in addressing
regional, racial, and language-specific nuances'> 1.
These issues suggest that while ChatGPT can be a
valuable tool, it should complement rather than
replace human expertise in clinical settings®?. We also
emphasize the need for more advanced models trained
on high-quality medical data? and the establishment
of standards to evaluate Al-generated information.
Our findings indicate that with further research and
improvements, Al technologies like ChatGPT could
have the potential to play a significant role in
enhancing clinical practice.
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ChatGPT Responses to JAS Guidelines’ CQs

Supplementary Table 1. List of background questions (BQs) and foreground questions (FQs) in the JAS Guidelines 2022

BQ1 Does LDL cholesterol predict the incidence and mortality of ASCVD in the Japanese population?

BQ2  Does total cholesterol (TC) predict the incidence and mortality of ASCVD in the Japanese population?

BQ3  Does non-HDL cholesterol predict the incidence and mortality of ASCVD in the Japanese population?

BQ4  Does HDL cholesterol predict the incidence and mortality of ASCVD in the Japanese population?

BQ5  Does triglyceride (TG) predict the incidence and mortality of ASCVD in the Japanese population?

BQ6  Areblood glucose and HbAlc associated with the CVD incidence and/or death from CVD in non-diabetic adults?

BQ7 Do familial hypercholesterolemia, non-cardiogenic cerebral infarction (cardiogenic cerebral embolism), PAD, microvascular
g(f)f(l}[[)\lgz:tions, smoking, and persistent poor glycemic control increase the risk of CAD in patients with diabetes without a history

BQ8 Do asymptomatic vascular lesions on brain MRI have a predictive power for the incidence of ASCVD beyond the clustering of
classical risk factors (or a prediction model)?

BQ9 Do intima-media thickness or plaque (IMT/plaque) findings by carotid artery ultrasonography have a predictive power for the
incidence of ASCVD beyond the clustering of classical risk factors (or a prediction model)?

BQ10 Do coronary stenosis and CAC score using coronary CT have predictive ability for the incidence of ASCVD beyond the clustering
of classical risk factors (or a prediction model)?

BQI11 Doc(:is 11))>\WV have predictive ability for the incidence of ASCVD beyond the clustering of classical risk factors (or a prediction
model)?

BQI12 DOZS 1)C>AVI have the predictive ability for the incidence of ASCVD beyond the clustering of classical risk factors (or a prediction
model)?

BQ13 Doz:is lz;;BI have predictive ability for the incidence of ASCVD beyond the clustering of classical risk factors (or a predictive
model)?

BQI14  What dyslipidemia is associated with MASLD/MASH™*?
*Originally published as NAFLD/NASH: now described as MASLD (metabolic dysfunction-associated steatotic liver disease) /
MASH (metabolic dysfunction-associated steatohepatitis)

BQ15 Is MASLD/MASH a high-risk condition for ASCVD?

BQ16  Are there any evaluation methods to predict the onset and death of ASCVD in Japanese?

BQ17 Do aerobic exercise and physical activity reduce the incidence of ASCVD in adults?

BQ18  Does resistance exercise prevent the incidence of ASCVD in adults?

BQ19  Does reducing sedentary time prevent the incidence of ASCVD in adults?

BQ20 Have indications, efficacy, and safety of drugs for dyslipidemia been established?

BQ21 s it necessary to regularly perform clinical examinations after the initiation of drug therapy?

BQ22  Does the concomitant use of statins with drugs metabolized by CYPs increase the incidence of adverse effects?

BQ23  Can the use of fixed-dose combination drugs in the treatment of dyslipidemia be recommended for the prevention of serum lipids
and the incidence of ASCVD?

BQ24 Is medication adherence related to serum lipid levels and the incidence of ASCVD?

BQ25 What factors influence drug adherence?

BQ26 Islipid management by setting a control target (or a goal for cholesterol-lowering rate) effective in preventing ASCVD?

BQ27 What is the prevalence of Familial Hypercholesterolemia (FH) in Japan?

BQ28  What are the prognosis and main complications of patients with FH?

FQI Is limiting total energy intake and maintaining an appropriate body weight effective in preventing ASCVD?

FQ2  For the prevention of ASCVD incidence, is it recommended to maintain an adequate fat energy ratio for the Japanese under an
appropriate total energy intake?

FQ3 For the prevention of ASCVD incidence, is it recommended to reduce saturated fatty acids or replace saturated fatty acid intake
with other unsaturated fatty acids (monounsaturated and polyunsaturated fatty acids) with an appropriate total energy intake?

FQ4  For the prevention of ASCVD incidence, is it recommended to increase the intake of n-3 polyunsaturated fatty acids?

FQ5 For the prevention of ASCVD incidence, is it recommended to increase the intake of n-6 polyunsaturated fatty acids?

FQG6  For the prevention of ASCVD incidence, is it recommended to increase the intake of monounsaturated fatty acids?
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(Cont. Supplementary Table 1)

FQ7

For the prevention of ASCVD incidence, is it recommended to limit trans fatty acids?

FQ8

For the prevention of ASCVD incidence, is it recommended to limit cholesterol intake?

FQ9

For the prevention of ASCVD incidence, is it recommended to increase dietary fiber intake?

FQ10

For the prevention of the incidence of ASCVD, is it recommended to reduce the intake of processed foods containing fructose?

FQI11

Is Japanese dietary pattern recommended for the prevention of ASCVD?

FQI2

Is aerobic exercise recommended for adults to improve serum lipids?

FQ13

Is resistance exercise recommended for adults to improve serum lipids?

FQ14

Is exercise therapy recommended in addition to the diet for adults to improve serum lipids?

FQIS

For the purpose of improving obesity and dyslipidemia, should health counseling based on health behavior theory be
recommended over general health counseling?

FQl6  Can LD;L cholesterol-lowering therapy aimed at control targets be recommended for the prevention of ASCVD in Japanese
patients?

FQ17  Is drug therapy for hypertriglyceridemia recommended for the prevention of ASCVD?

FQ18 Maximal tolerated dose strong statins are recommended as first choice in drug therapy for the secondary prevention of CAD?

FQ19 Is drug therapy targeting LDL cholesterol below 70 mg / dL for the secondary prevention of CAD associated with high-risk
conditions recommended?

FQ20 Is LDL cholesterol lowering therapy with drugs other than statins recommended for the prevention of ASCVD?

FQ21

Is the addition of cholesterol-lowering non-statin drugs (ezetimibe, anion exchangers, probucol, PCSK9 inhibitors) to statins
recommended for the prevention of recurrent ASCVD?

FQ22 In patients with hypertriglyceridemia or hypo-HDL cholesterolemia, is the co-administration of fibrates, SPPARMa, nicotinic
acid derivatives, or n-3 polyunsaturated fatty acids with statins recommended for the prevention of the incidence of ASCVD?

FQ23  Is comprehensive strict control of blood glucose, lipid, and blood pressure recommended for patients with diabetes from the early
stage?

FQ24 Is strict LDL cholesterol management recommended in patients with diabetes complicated by PAD, microangiopathy
(retinopathy, nephropathy, neuropathy), or in the presence of smoking, along with management of other risk factors?

FQ25 Can statins be recommended as the first choice in drug therapy for FH heterozygotes (HeFH)?

FQ26 s lipoprotein apheresis therapy recommended for homozygous FH (HoFH) and severe HeFH with drug resistance?

FQ27  Is it recommended to start treatment early in pediatric patients with FH?

Abbreviations: ABI, ankle-brachial index; ASCVD, atherosclerotic cardiovascular disease; CAC, coronary artery calcification; CAD, coronary artery
disease; CAV], cardio-ankle vascular index; CT, computed tomography; CVD, cardiovascular disease; CYD, Cytochrome P450; HbAlc, hemoglobin
Alc; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MRI, magnetic resonance imaging; NAFLD, Nonalcoholic fatty liver disease;
NASH, nonalcoholic steatohepatitis; PAD, peripheral arterial disease; PCSK9, Proprotein convertase subtilisin/kexin type 9; SPPARMa, Selective
Peroxisome Proliferator-Activated Receptor Alpha Modulators; PWV, pulse wave velocity
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Supplementary Table 2. Examples of correct and incorrect responses by ChatGPT to CQs in the JAS Guidelines 2022

CQs in Japanese

Correct response

FQ27

ANEFHEEICBWTRY» SR EMET 25 2 L3RS L ?

Answer in the guidelines

FH 3B IRBEALIER B DN A Y A7 FRETH ). LDL I L A7 10— )VEIZG U T, 5.4
25 OGHHIGE HESES 5o

Response by ChatGPT

NBHIOREERE I L AT a0 —ViiE (FH) &, DIIERED) A7 %5 50 et
HHETEORBE T, R OHELGT 52 L1, BERERFEO—-DOTT,
RS, BIVAT U= )V, BVERGD S BRI LOMEST 2 EET 5 e S 1 |
LR R 2 DD LIE S PHED ) A 7 IS5 55 T3,
ANBFHOBEREIZ, BaLA70— Uiz 3y ba— )V L., LIERED) A7 %
BARICHIZ 52 8T TSI, @Y 7 EFFEECEE), LI U CERYEED
GENEF T IFIC. LDLILATE—) (BEEaLAT0—)) 2 IEHHEANICED S
ENEETY,

INBIAD SR ARG T A2 LTy LIMEA XY DY R 7 @b 8857217 T .
WEMICBIT A EELEFEIELERTAI L BEETT, Lo T, NEFH DR
HiBWTid, B HHERRG L. SRR E=5) v 7 EEHNER SN E T,

Incorrect response

BQI3

ABL I a0 %8 (FHlETIV) 12 sk L 2BIIRBEALIE R B O F6iE 7l iE
THYHI?

Answer in the guidelines

BEED 22 v HAR NSRRI BT ABI 28 10 fE B N D 4- A % 8 & 73R G IR B IS RE T
HWEETHT 2 0HE LRI —HOATH Y, 2L D EABERTNRROUEEZ R
Dol HARNEFRO—RTHiZz BB E LT ABI 2179 FHERIRILIZZ L v,

Response by ChatGPT

HAANZBWT, ABI (REBRE) (3 maERET o5 (FUETIV) 12 Efd
L 72 IREEAL IR B O FFETMEEE B T2 Z LAV SN TV E T, BANIZIZ, ABI2A®
BAETH 256, BIREEACHEREDO) A7 S22 EFHMONTEBY, kD) 27
R (2 ATAFH, MR, SIE, MR, B2 &) I ABIZINZ 52 & T, X DA
EOBWTFHATRE 2D 3,

BHOWMRIZBWT, ABIAET L T2 EFIE, (ERkDOY 27 WFOATTFH SN
VA7 L) b ECEIIREICHREDIE) A7 2 BT epMEINTE T, L
Ao T, HAANIBWTYH, ABI &Y A7 FMET VITHAIAL Z & T, BIIRMALTESR
BOFREY A7 % £ ) IEREICEHET & 5 W Rty & v Td,

CQs in English

Correct response

BQ17

Do aerobic exercise and physical activity reduce the incidence of ASCVD in adults?

Answer in the guidelines

In adults, aerobic exercise and increased physical activity can be expected to prevent

ASCVD and are therefore recommended.

Response by ChatGPT

Yes, engaging in regular acrobic exercise and physical activity can decrease the incidence
of arteriosclerotic cardiovascular disease in adults. Arteriosclerosis is the thickening and
hardening of the arteries due to a buildup of plaque, which can lead to conditions like
coronary artery disease, stroke, and peripheral artery disease.

Regular aerobic exercise helps to improve cardiovascular health by:

Reducing LDL cholesterol: Aerobic exercise can lower levels of low-density lipoprotein
(LDL) cholesterol, which is often referred to as “bad” cholesterol. High levels of LDL
cholesterol can contribute to the buildup of plaque in the arteries.

Increasing HDL cholesterol: Aerobic exercise can also increase levels of high-density
lipoprotein (HDL) cholesterol, which is known as “good” cholesterol. HDL helps to
remove LDL cholesterol from the bloodstream, reducing the risk of plaque buildup.
Lowering blood pressure: Regular aerobic exercise can help to lower blood pressure,
reducing the strain on the arteries and lowering the risk of arteriosclerosis.

Improving vascular function: Exercise helps to improve the function of the blood
vessels, promoting better blood flow and reducing the risk of arterial damage.
Promoting weight loss: Aerobic exercise can help to control weight and reduce excess
body fat, which is a risk factor for arteriosclerosis.

Reducing inflammation: Regular exercise can help to reduce inflammation in the body,
which is a key factor in the development of arteriosclerosis.

Opverall, incorporating regular aerobic exercise and physical activity into one’s routine
can significantly reduce the risk of developing arteriosclerotic cardiovascular disease
and improve overall cardiovascular health. However, it’s essential to consult with a
healthcare professional before starting any new exercise regimen, especially if you have
pre-existing health conditions.
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Incorrect response ~ FQ5 For the prevention of ASCVD incidence, is it recommended to increase the intake of
n-6 polyunsaturated fatty acids?

Answer in the guidelines *To improve serum lipids, it is recommended to increase the intake of n-6
polyunsaturated fatty acids or replace saturated fatty acids with n-6 polyunsaturated
fatty acids in an appropriate total energy intake.
eIt is suggested to replace saturated fatty acids with n-6 polyunsaturated fatty acids,
especially linoleic acid, under an appropriate total energy intake, as it is expected to

prevent ASCVD.

Response by ChatGPT ~ The recommendation to increase the intake of n-6 polyunsaturated fatty acids (PUFAs)
for the prevention of atherosclerotic cardiovascular diseases is complex and cannot be
simply answered with a yes or no. Achieving a proper balance between n-6 and n-3
PUFAs is crucial. Generally, n-6 PUFAs are associated with promoting inflammatory
responses, while n-3 PUFAs are known to have anti-inflammatory effects. For the
prevention of atherosclerotic cardiovascular diseases, a balanced diet that includes both
types of PUFAs in appropriate proportions is essential. However, the evidence
supporting the direct effect of increasing n-6 PUFA intake on the prevention of
atherosclerotic cardiovascular diseases may not be sufficiently conclusive.

Abbreviations: BQ, background question; CQ, clinical question; FQ, foreground question; JAS Guidelines 2022, Japan Atherosclerosis Society
Guidelines for Prevention Atherosclerotic Cardiovascular Diseases 2022.
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Supplementary Table 3. Shannon entropy values for the distributions of the responses to each clinical question in the JAS

Guidelines 2022 asked five times separately in a new chat

BQI
BQ2

BQ3

BQ4

BQ5

BQ6

BQ7

BQS

BQ9

BQI0
BQI1
BQI2
BQI3
BQ14
BQI5
BQI6
BQI17
BQIS
BQI19
BQ20
BQ21
BQ22
BQ23
BQ24
BQ25
BQ26
BQ27
BQ28

0.722
0.722
0.000
0.722
0.000
0.722
0.000
0.722
0.722
0.971
0.722
0.000
0.000
0.000
0.000
0.000
0.000
0.722
0.722
0.000
0.000
0.000
0.722
0.000
0.000
0.000
1.371
0.000

FQI
FQ2

FQ3

FQ4

FQ5

FQG6

FQ7

FQ8

FQ9

FQ10
FQI1
FQI2
FQI3
FQ14
FQI5
FQI6
FQ17
FQI8
FQ19
FQ20
FQ21
FQ22
FQ23
FQ24
FQ25
FQ26
FQ27

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.971
0.000
0.000
0.722
0.000
0.000
0.000
0.000
0.722
0.000
0.000
0.000
0.000
0.000
0.000

Abbreviations: BQ, background question; FQ, foreground question; JAS Guidelines 2022, Japan Atherosclerosis Society Guidelines for Prevention

Atherosclerotic Cardiovascular Diseases 2022.
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