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Abstract
Background

ChatGPT is a language model that has gained widespread popularity for its fine-tuned conversational
abilities. However, a known drawback to the artificial intelligence (AI) chatbot is its tendency to confidently
present users with inaccurate information. We evaluated the quality of ChatGPT responses to questions
pertaining to atrial fibrillation for patient education. Our analysis included the accuracy and estimated grade
level of answers and whether references were provided for the answers.

Methodology

ChatGPT was prompted four times and 16 frequently asked questions on atrial fibrillation from the American
Heart Association were asked. Prompts included Form 1 (no prompt), Form 2 (patient-friendly prompt),
Form 3 (physician-level prompt), and Form 4 (prompting for statistics/references). Responses were scored as
incorrect, partially correct, or correct with references (perfect). Flesch-Kincaid grade-level unique words and
response lengths were recorded for answers. Proportions of the responses at differing scores were compared
using the chi-square analysis. The relationship between form and grade level was assessed using the analysis
of variance.

Results

Across all forms, scoring frequencies were one (1.6%) incorrect, five (7.8%) partially correct, 55 (85.9%)
correct, and three (4.7%) perfect. Proportions of responses that were at least correct did not differ by form (p
=0.350), but perfect responses did (p = 0.001). Form 2 answers had a lower mean grade level (12.80 * 3.38)
than Forms 1 (14.23 + 2.34), 3 (16.73 + 2.65), and 4 (14.85 * 2.76) (p < 0.05). Across all forms, references were
provided in only three (4.7%) answers. Notably, when additionally prompted for sources or references,
ChatGPT still only provided sources on three responses out of 16 (18.8%).

Conclusions

ChatGPT holds significant potential for enhancing patient education through accurate, adaptive responses.
Its ability to alter response complexity based on user input, combined with high accuracy rates, supports its
use as an informational resource in healthcare settings. Future advancements and continuous monitoring of
Al capabilities will be crucial in maximizing the benefits while mitigating the risks associated with Al-driven
patient education.

Categories: Epidemiology/Public Health, Internal Medicine, Cardiology
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Introduction

Atrial fibrillation (AF) is the most prevalent type of serious heart arrhythmia, affecting millions worldwide
and associated with significant morbidity and mortality [1]. Educating patients is crucial for managing AF,
ranging from understanding the condition to adhering to treatment plans. According to the National Cancer
Institute’s (NCI) Health Information National Trends Survey (HINTS), 84.6% of the U.S. adult population
sought health or medical information online in 2022, and this figure is expected to rise [2].

ChatGPT, an artificial intelligence (AI) chatbot from OpenAl, was launched in November 2022 and rapidly
gained widespread attention. It evolved from a novel technology into a commonly used tool for internet
searches. GPT in ChatGPT stands for Generative Pre-trained Transformer, a family of large language models
that use deep learning to generate human-like conversational text. After its launch, ChatGPT reached 1
million users in just five days and exceeded 100 million users within two months [3]. Given its growing
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Form
Form name
number

No
prompting

Patient-
2 friendly
prompting

Physician-
3 level
prompting

Prompting
for statistics
and
references

popularity and potential for disseminating health information, it is crucial to evaluate the quality and
accuracy of ChatGPT’s responses on AF. This study aims to critically assess ChatGPT’s answers to patient
questions about AF, focusing on the accuracy, clarity, and suitability of these responses for patient
education. Our findings aim to guide cardiologists and healthcare professionals in understanding the
potential applications and limitations of Al tools such as ChatGPT in patient education. This understanding
is critical for integrating Al tools effectively into patient communication strategies and enhancing overall
healthcare delivery.

Materials And Methods

ChatGPT was prompted four times and then asked 16 identical questions derived from the American Heart
Association’s (AHA) frequently asked questions on AF [4]. ChatGPT version 3.5 was used for all responses.
The specific prompts are detailed in Table /. The responses from ChatGPT were reviewed and scored as
incorrect, partially correct, correct, or perfect (correct with references). Responses were marked as incorrect
if they included less than 50% of the information from the AHA responses, or if any of the information was
incorrect. Responses were marked as partially correct if the answers included 50% to 99% of the information
from AHA and had no incorrect information. Responses were marked as correct if the information from
ChatGPT included all information from the AHA answers with any extra information being correct.
Responses were marked perfect if the answers met the criteria for correct answers and included the
requested references and/or statistics. The proportions of responses at each score level were compared using
the chi-square analysis. Tests were performed with a significance level set at p < 0.05.

ChatGPT prompt provided

No prompting

| am a patient attempting to learn more about atrial fibrillation. | am going to ask you 16 questions pertaining to
atrial fibrillation. Please use the language that would be appropriate for my understanding, but do not
compromise on the accuracy of your responses. Be as specific as possible in your answers

| am a board-certified physician attempting to learn the most up-to-date information on atrial fibrillation. | am going
to ask you 16 questions pertaining to atrial fibrillation. Please use the language that would be appropriate for my
expert-level understanding of medical concepts. Be as specific as possible in your answers

| am going to ask you 16 questions pertaining to atrial fibrillation. For each answer you provide, make sure that
you include statistics, numbers, or calculations that are relevant. Your answers should come from published
medical literature, which you should cite within your answers

TABLE 1: Prompts used for each form.

Each prompt was entered once before the first question.

The Flesch-Kincaid (FK) grade level was calculated for each ChatGPT answer [5]. This equation estimates the
U.S. grade level that would be required to comprehend an answer and is defined as:

0.39(_terds_) 4 17, g(Uiale)

sentences words

Values can range from 0 to 20, which correspond to the reading grade level (e.g., 12 would equal grade level
12). Differences between the forms in grade level and response length were analyzed using a one-way
analysis of variance (ANOVA), with p < 0.05 considered statistically significant. Statistical analyses were
performed using Prism 10.0.2.

Results

Across all forms, scoring frequencies were one (1.6%) incorrect, five (7.8%) partially correct, 55 (85.9%)
correct, and three (4.7%) perfect (Figure I). Our analysis revealed that the proportions of responses
categorized as at least correct (i.e., correct or perfect) did not significantly differ by the form of prompt (p =
0.350). However, Form 4 had significantly more perfect responses (p < 0.023).
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Question Form1 Form2 Form 3 Form 4

1 What is atrial fibrillation and why is it
a problem?

2 What are common symptoms of
atrial fibrillation?

3 Why is atrial fibrillation associated
with strokes?

4 What are the greatest risk factors for
atrial fibrillation?

5 What is the treatment for atrial
fibrillation?

6 Why do | need anticoagulation for
atrial fibrillation?

7 If | have no atrial fibrillation
symptoms, am | still at risk for
stroke?

8 When do | see my doctor for atrial
fibrillation?

9 Does having atrial fibrillation mean |
need to wear a medical alert bracelet
or carry a card in my wallet?

10 How can | tell when I'm going to
have an episode of atrial fibrillation?

11 Can | drive my car with atrial
fibrillation?

12 Am | able to have sex or exercise
with atrial fibrillation?

13 Incorrect
Is atrial fibrillation curable?

14  Can | die from an episode of atrial Partially
fibrillation? correct

15 Can | live a long life with atrial Correct
fibrillation?

16  Where can | learn more about atrial Perfect
fibrillation?

FIGURE 1: ChatGPT accuracy of answers by form number.

The mean grade level was 14.23 £ 2.34 for Form 1, 12.81 * 3.38 for Form 2, 16.73 *+ 2.65 for Form 3, and 14.85
+2.76 for Form 4 (Figure 2). Form 2 responses, patient-friendly prompts, showed a lower mean grade level
(12.81 £ 3.38) compared to Forms 1, 3, and 4 (p < 0.05). The mean word count was 69.50 £ 22.72 for Form 1,
59.94 + 12.49 for Form 2, 73.50 £ 9.27 for Form 3, and 118.80 #* 36.41 for Form 4 (Figure 3). Form 4 responses,
prompting for statistics/references, were significantly longer (p < 0.0001).
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FIGURE 2: Mean grade level by form.

Mean grade level of ChatGPT responses by form.

*=p<0.05 *=p<0.01;** =p<0.0001; ****=p < 0.0001.
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FIGURE 3: Mean word count by form.

Mean word count of ChatGPT responses by form.

*=p<0.05;**=p<0.01; ** = p<0.0001; *** = p < 0.0001.

Across all forms, references were provided in three (4.7%) answers. Notably, when prompted for sources or
references, ChatGPT only provided sources on three responses out of the 16 (18.8%). Three total sources
were provided: two sources were from academic websites and one source was from published literature. This
variation further shows the adaptability of ChatGPT in tailoring its responses to different prompting styles.
While responses from all forms combined provided a total of three perfect scores (correct with references), a
disproportionate number of these came from the Form 4 prompts, which specifically requested statistics and
references.

Discussion

Overall, ChatGPT provided accurate and comprehensive answers to most questions about AF regardless of
prompting. ChatGPT answered at least “correct” for 90.6% of responses and answered at least “partially
correct” for 98.4% of responses. Given the increase in the utilization of ChatGPT and all Al chatbots, the
overall accuracy can be seen as a positive for patient education. Patient populations have a wide spectrum of
health literacy. Although a specific person will likely not directly state their health literacy, e.g., “grade
level” as defined in this study, it can be anticipated that in the context of a conversation, patients may show
a higher or lower level of health literacy.

The National Institutes of Health (NIH) and the American Medical Association (AMA) recommend that
patient education materials be written between the sixth and eighth-grade reading level [6,7]. Our study
found that ChatGPT responses exceeded this grade level recommendation, averaging an FK score of 14.66, a
collegiate reading level. Prior studies assessing ChatGPT’s grade level when responding to healthcare-
related questions have found similar results [8-10]. Compared to other online sources, ChatGPT’s readability
is on par. Non-academic websites on AF education average a grade level of 11.64, and academic sites
average 13.05 [11]. Given that ChatGPT has shown, to some degree, an ability to alter its complexity based
on its input, we believe that the grade level has little to no disadvantage to patients. The alignment of
ChatGPT’s reading levels with those of established online medical resources can be viewed as both an
advantage and a drawback. On the positive side, it demonstrates the tool’s capability to generate content
that matches the complexity and detail found in professional medical literature, which can facilitate
advanced learning and professional use. Conversely, it is essential to recognize that one of the main goals of
Al in healthcare is to improve accessibility and understanding for a wider audience, including patients with
varying levels of health literacy.
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Our findings support that ChatGPT alters the complexity of its responses depending on the context of the
conversation. When prompted as a patient, ChatGPT provides lower grade level responses compared to no
prompting or prompting as a physician or researcher. While these results still do not meet the recommended
sixth or eighth-grade reading level recommendation, it is still significant that ChatGPT can alter its response
complexity. Previous studies have shown ChatGPT’s ability to comprehend medical information at differing
complexities; however, the ability of an Al chatbot to alter its complexity based on input remains somewhat
undefined [12].

Of note, in 1.6% of responses, ChatGPT presented patients with false information. A downside to Al
chatbots is the tendency to confidently present incorrect information, known as “Al hallucinations” [13,14].
This underscores the need for users, especially patients, to critically evaluate the information provided and
consult healthcare professionals for confirmation. Of the references that were provided by ChatGPT, all were
correct. However, it has been reported that up to half of all cited sources are falsified, but still presented
confidently [15]. Falsified citations have been well-characterized in the literature, with even the developers
of ChatGPT acknowledging this shortcoming [16,17]. Additionally, when ChatGPT encounters questions
involving unrelated variables, it tends to provide lengthy responses despite minimal supporting evidence.
Consequently, the extent of ChatGPT’s inaccuracies largely depends on the nature of the questions posed.
Therefore, ChatGPT’s performance is best for a limited range of questions that rely on answers derived from
the large pre-existing literature used in the training of the language model [18].

This study shows that ChatGPT provides an accurate and adaptive source of medical information. However,
studying ChatGPT has inherent limitations. Patients could input medical questions in an infinite number of
ways which may generate answers not seen in this study. Additionally, AI language bots often alter their
responses based on previous inputs, which may alter the level of accuracy and comprehension seen in this
study. Further research should include a wider range of questions and compare responses from different Al
models.

Conclusions

This study shows that ChatGPT has significant potential as a supplemental source for patient education. The
chatbot answered with a high degree of accuracy with rare occurrences of misinformation. The ability of
ChatGPT to adapt its response complexity based on conversational context is a notable strength, enabling it
to cater to individuals with varying levels of health literacy. Despite its responses often exceeding the
recommended sixth to eighth-grade reading levels, the tool shows promise in aligning with the complexities
found in the professional medical literature. Given this high reliability and reader adaptability, it is
reasonable for healthcare providers to recommend ChatGPT as an informational resource while
acknowledging the small but possible risk of encountering incorrect data.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Thomas J. Lee, Daniel ]. Campbell, Afif Hossain, Omar Elkattawy, Paul Lee, Julius M.
Gardin

Acquisition, analysis, or interpretation of data: Thomas J. Lee, Daniel ]. Campbell, Abhinav K. Rao,
Navid Radfar

Drafting of the manuscript: Thomas J. Lee, Daniel ]. Campbell, Abhinav K. Rao, Afif Hossain, Omar
Elkattawy, Navid Radfar, Paul Lee, Julius M. Gardin

Critical review of the manuscript for important intellectual content: Thomas J. Lee, Abhinav K. Rao,
Julius M. Gardin

Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

2024 Lee et al. Cureus 16(6): €61680. DOI 10.7759/cureus.61680 60of 7


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

14.

15.

16.

17.

18.

Lippi G, Sanchis-Gomar F, Cervellin G: Global epidemiology of atrial fibrillation: an increasing epidemic and
public health challenge. Int ] Stroke. 2021, 16:217-21. 10.1177/1747493019897870

National Cancer Institute Health Information National Trends Survey. (2022). Accessed: March 2, 2024:
http://hints.cancer.gov/view-questions/question-detail.aspx?PK_Cycle=14&qid=1926.

ChatGPT reaches 100 million users two months after launch . (2023). Accessed: March 3, 2024:
https://www.theguardian.com/technology/2023/feb/02/chatgpt-100-million-users-open-ai-fastest-growing-
app.

American Heart Association: FAQ about AFib. (2024). Accessed: March 3, 2024:
http://www.heart.org/en/health-topics/atrial-fibrillation.

Jindal P, MacDermid JC: Assessing reading levels of health information: uses and limitations of Flesch
formula. Educ Health (Abingdon). 2017, 30:84-8. 10.4103/1357-6283.210517

Eltorai AE, Ghanian S, Adams CA Jr, Born CT, Daniels AH: Readability of patient education materials on the
American Association for Surgery of Trauma website. Arch Trauma Res. 2014, 3:e18161. 10.5812/atr.18161
Rooney MK, Santiago G, Perni S, et al.: Readability of patient education materials from high-impact medical
journals: a 20-year analysis. ] Patient Exp. 2021, 8:2374373521998847. 10.1177/2374373521998847
Campbell DJ, Xiao K, Mastrolonardo E, Cognetti DM: Evaluating YouTube videos on sialendoscopy as an
educational resource for patients. Laryngoscope Investig Otolaryngol. 2023, 8:82-8. 10.1002/1i02.991
Campbell DJ, Estephan LE, Mastrolonardo EV, Amin DR, Huntley CT, Boon MS: Evaluating ChatGPT
responses on obstructive sleep apnea for patient education. | Clin Sleep Med. 2023, 19:1989-95.
10.5664/jcsm.10728

Lee TJ, Campbell DJ, Patel S, Hossain A, Radfar N, Siddiqui E, Gardin J]M: Unlocking health literacy: the
ultimate guide to hypertension education from ChatGPT versus Google Gemini. Cureus. 2024, 16:e59898.
10.7759/cureus.59898

Siddiqui E, Shah AM, Sambol ], Waller AH: Readability assessment of online patient education materials on
atrial fibrillation. Cureus. 2020, 12:e10397. 10.7759/cureus.10397

Roosan D, Padua P, Khan R, Khan H, Verzosa C, Wu Y: Effectiveness of ChatGPT in clinical pharmacy and
the role of artificial intelligence in medication therapy management. ] Am Pharm Assoc (2003). 2024,
64:422-8.e8. 10.1016/j.japh.2025.11.023

Athaluri SA, Manthena SV, Kesapragada VS, Yarlagadda V, Dave T, Duddumpudi RT: Exploring the
boundaries of reality: investigating the phenomenon of artificial intelligence hallucination in scientific
writing through ChatGPT references. Cureus. 2023, 15:e37432. 10.7759/cureus.37452

Hatem R, Simmons B, Thornton JE: A call to address Al "hallucinations" and how healthcare professionals
can mitigate their risks. Cureus. 2023, 15:e44720. 10.7759/cureus.44720

Bhattacharyya M, Miller VM, Bhattacharyya D, Miller LE: High rates of fabricated and inaccurate references
in ChatGPT-generated medical content. Cureus. 2023, 15:e39238. 10.7759/cureus.39238

Walters WH, Wilder EI: Fabrication and errors in the bibliographic citations generated by ChatGPT . Sci Rep.
2023, 13:14045. 10.1038/541598-023-41032-5

Open Al academic reference errors. (2023). Accessed: January 21, 2024:
http://community.openai.com/t/academic-reference-errors/43080.

Alkaissi H, McFarlane SI: Artificial hallucinations in ChatGPT: implications in scientific writing . Cureus.
2023, 15:e35179. 10.7759/cureus.35179

2024 Lee et al. Cureus 16(6): €61680. DOI 10.7759/cureus.61680

7of7


https://dx.doi.org/10.1177/1747493019897870?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1747493019897870?utm_medium=email&utm_source=transaction
http://hints.cancer.gov/view-questions/question-detail.aspx?PK_Cycle=14&qid=1926&utm_medium=email&utm_source=transaction
http://hints.cancer.gov/view-questions/question-detail.aspx?PK_Cycle=14&qid=1926&utm_medium=email&utm_source=transaction
https://www.theguardian.com/technology/2023/feb/02/chatgpt-100-million-users-open-ai-fastest-growing-app?utm_medium=email&utm_source=transaction
https://www.theguardian.com/technology/2023/feb/02/chatgpt-100-million-users-open-ai-fastest-growing-app?utm_medium=email&utm_source=transaction
http://www.heart.org/en/health-topics/atrial-fibrillation?utm_medium=email&utm_source=transaction
http://www.heart.org/en/health-topics/atrial-fibrillation?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/1357-6283.210517?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/1357-6283.210517?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5812/atr.18161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5812/atr.18161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2374373521998847?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2374373521998847?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lio2.991?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lio2.991?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5664/jcsm.10728?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5664/jcsm.10728?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.59898?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.59898?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.10397?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.10397?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.japh.2023.11.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.japh.2023.11.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.37432?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.37432?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.44720?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.44720?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.39238?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.39238?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-023-41032-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-023-41032-5?utm_medium=email&utm_source=transaction
http://community.openai.com/t/academic-reference-errors/43080?utm_medium=email&utm_source=transaction
http://community.openai.com/t/academic-reference-errors/43080?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.35179?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.35179?utm_medium=email&utm_source=transaction

	Evaluating ChatGPT Responses on Atrial Fibrillation for Patient Education
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	TABLE 1: Prompts used for each form.

	Results
	FIGURE 1: ChatGPT accuracy of answers by form number.
	FIGURE 2: Mean grade level by form.
	FIGURE 3: Mean word count by form.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


