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Abstract

Purpose ChatGPT is a large language model trained on a large dataset covering a broad range of topics, including the medical
literature. We aim to examine its accuracy and reproducibility in answering patient questions regarding bariatric surgery.
Materials and methods Questions were gathered from nationally regarded professional societies and health institutions as
well as Facebook support groups. Board-certified bariatric surgeons graded the accuracy and reproducibility of responses. The
grading scale included the following: (1) comprehensive, (2) correct but inadequate, (3) some correct and some incorrect, and
(4) completely incorrect. Reproducibility was determined by asking the model each question twice and examining difference
in grading category between the two responses.

Results In total, 151 questions related to bariatric surgery were included. The model provided “comprehensive” responses
to 131/151 (86.8%) of questions. When examined by category, the model provided “comprehensive” responses to 93.8% of
questions related to “efficacy, eligibility and procedure options”; 93.3% related to “preoperative preparation”; 85.3% related to
“recovery, risks, and complications”; 88.2% related to “lifestyle changes”; and 66.7% related to “other”. The model provided
reproducible answers to 137 (90.7%) of questions.

Conclusion The large language model ChatGPT often provided accurate and reproducible responses to common questions
related to bariatric surgery. ChatGPT may serve as a helpful adjunct information resource for patients regarding bariatric
surgery in addition to standard of care provided by licensed healthcare professionals. We encourage future studies to examine
how to leverage this disruptive technology to improve patient outcomes and quality of life.
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Introduction
Key Points o e o . . .
o ChatGPT provided accurate responses to bariatric surgery- The utilization of artificial intelligence (AI) in medicine
related questions. has grown significantly in recent years with the advent

o ChatGPT provided reproducible responses to bariatric surgery-
related questions.

o ChatGPT may serve as an adjunct source of information for
patients and candidates.

of a broad range of applications and technologies used to
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improve patient care and evidence-based medicine. These
technologies are often used by healthcare providers or
the healthcare system for patient care and research. On
November 30, 2022, the chatbot ChatGPT was launched
by the company OpenAl for public use through a free
online platform available to all users with a free account.
ChatGPT is an Al large language model trained on a large
dataset covering a broad range of topics, including the
medical literature. When prompted with inquiries, Chat-
GPT can provide well-formulated, conversational, and
easy-to-understand seemingly knowledgeable responses.
Discussion regarding the potential of ChatGPT to disrupt
all fields of academia is ongoing, and its applicability
is actively under investigation [1, 2]. One recent study-
showed ChatGPT achieved a passing score when prompted
with USMLE style questions, while others have shown its
appropriateness in responding to cardiovascular disease
prevention-related inquiries and accuracy in responding to
commonly asked cirrhosis and hepatocellular carcinoma-
related questions [3-5]. There are currently no studies
examining the clinical application of ChatGPT in the field
of bariatric surgery.

Obesity rates are on the rise in the USA, with the preva-
lence of obesity and severe obesity increasing over the
past two decades [6]. Bariatric surgery has been shown
to be an effective and safe therapeutic modality for long-
term weight loss as well as resolution of obesity-related
comorbidities such as diabetes mellitus, hypertension, and
obstructive sleep apnea [7]. Despite its proven efficacy and
safety, less than 1% of eligible patients undergo bariatric
surgery in the USA [8]. The reason for this underutili-
zation is likely multifactorial, and multiple studies have
highlighted the various barriers to care such as provider
perceptions, insurance coverage, access to resources, and
patient perceptions [9,10]. Some of these barriers are
rooted in the lack of familiarity with the safety and effi-
cacy of bariatric surgery, making it difficult for patients
and their providers to make informed decisions regarding
referring for bariatric surgery.

Even after obtaining a referral, patients typically undergo
a preoperative evaluation process and optimization of preex-
isting comorbidities, as well as receive education and life-
style counseling. The literature, while limited, reveals that
patients often seek sources of information outside of their
healthcare provider’s office, with various social media ven-
ues being a popular source of information [11]. In light of
this, and given ChatGPTs rapidly growing number of users,
we anticipate patients may utilize ChatGPT as a source of
information as part of their weight loss journey. Therefore,
it is crucial to determine the reliability of this new tool. In
this study, we aimed to examine the accuracy and reproduc-
ibility of ChatGPT’s responses to commonly asked patient
questions regarding bariatric surgery.

Methods
Question Curation/Data Source

Questions were obtained from the Frequently Asked Ques-
tions pages from the American Society for Metabolic and
Bariatric Surgery (ASMBS) and MedlinePlus Medical
Encyclopedia, along with two social media support groups
for patients who were considering, eligible for, or who had
recently undergone a bariatric procedure: Bariatric Surgery
& Gastric Sleeve Support Group (Facebook) and Gastric
Sleeve and Bariatric Surgery Group, Supporting the New
You (Facebook). Questions were curated, screened, and
approved by three authors (J. S., N. R., K. S.) to evaluate
their inclusion in the study. Only questions regarding bariat-
ric surgery or weight loss surgery were included. Duplicate
and similar questions from multiple sources were removed
(Fig. 1). Questions requiring subjective or personalized
responses (e.g., How will bariatric surgery change my
lifespan?) and questions that were vague (e.g., How much
weight is normally lost after this surgery?) were rephrased to
a generic language format to allow for inclusion in the study
(Fig. 1). Other questions were grammatically modified to
eliminate ambiguity. A total of 151 questions were included
and were used to generate responses from ChatGPT. To
better characterize ChatGPTs performance in various top-
ics within bariatric surgery, questions were categorized into
multiple groups for statistical analysis purposes: (1) eligibil-
ity, efficacy, and procedure options; (2) preoperative prepa-
ration; (3) recovery, risks, and complications; (4) lifestyle
changes; and (5) other.

ChatGPT

ChatGPT is a large language model trained on a large data-
base of information from a wide range of sources includ-
ing online websites, books, and articles leading up to 2021
[12]. When prompted with inquiries, ChatGPT can provide
well-formulated, conversational, and easy-to-understand
responses. The creators utilized reinforcement learning from
human feedback (RLHF) to fine-tune the model to follow a
broad class of commands and written instructions fine-tuned
by human preferences as a reward signal [13]. The model
was also trained to align with user intentions and minimize
bias, toxic, or otherwise harmful responses. The source of
information used to train ChatGPT is unknown.

Response Generation

To generate responses, each question was prompted to Chat-
GPT (December 15th version). Each individual question was
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Fig. 1 Flow chart of bariatric
surgery-related question selec-

Questions gathered from health
tion institutions and Facebook patient
support groups (n=160)

Duplicate and/or similar questions
excluded (n=9)

(n=151)

Questions evaluated for inclusion Modified/Rephrased questions (n=74)

A\

(n=151)

Questions included for final analysis

inputted twice on separate occasions using the “new chat”
function in order to generate two responses per question.
This was done to determine the reproducibility of responses
to the same question.

Question Grading

Responses to questions were first independently graded for
accuracy and reproducibility by two board-certified, fel-
lowship-trained, active practice academic bariatric surgeon
reviewers (L. H. and S. A.). Reviewers were instructed to
grade the accuracy of responses based on known information
leading up to 2021. Reproducibility was graded based on the
similarity in accuracy of the two responses per question gen-
erated by ChatGPT. If the responses were similar, only the
first response from ChatGPT was graded. If the responses
were not similar, both responses were individually graded.

Accuracy of each response was graded with the follow-
ing scale:

1. Comprehensive: Defined as accurate and comprehen-
sive, nothing more a board-certified bariatric surgeon
can add if asked this question by a patient

2. Correct but inadequate: All information is correct but

incomplete; a board-certified bariatric surgeon would

have more important information to add if asked this
question by a patient.

Some correct and some incorrect

4. Completely incorrect

b

Disagreement in reproducibility or grading of each
response was resolved by a third board-certified, fellowship-
trained, active practice academic bariatric surgeon (K. S.).

@ Springer

The final grades were then compiled and used to analyze
the overall performance of ChatGPT in answering questions
related to bariatric surgery.

Statistical Analysis

The proportions of responses earning each grade were cal-
culated. To determine reproducibility, responses were cat-
egorized into two groups: a grade of 1 and 2 comprised the
first group, and a grade of 3 and 4 comprised the second
group. The two responses to each question were considered
significantly different from one another, or not reproduc-
ible, if the assigned grades for each response fell under
different groups. Interrater reliability between reviewer 1
and reviewer 2 was tested using Kappa statistic and showed
moderate agreement with a Kappa value of 0.762 with a
95% confidence interval of 0.684-0.825. All analyses were
conducted using Microsoft Excel (version 16.69.1).

Results

In total, 151 questions related to bariatric surgery were
inputted into ChatGPT (Supplementary Table 1). The model
provided “comprehensive” responses to 131/151 (86.8%) of
questions. The model provided “comprehensive” responses
to 131/151 (86.8%) of questions. When examined by cat-
egory, the model provided “comprehensive” responses to
93.8% of questions related to “efficacy, eligibility and
procedure options”; 93.3% to “preoperative preparation”;
85.3% to “recovery, risks, and complications”; and 88.2%
to “lifestyle changes” (Table 1). The percentage of compre-
hensive responses was lower for the “others” category, with
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Table 1 Grading of responses generated by ChatGPT to questions
related to bariatric surgery categorized by question type

Table 2 Proportion of questions with reproducible responses gener-
ated by ChatGPT categorized by question type

Eligibility, efficacy, and procedure options (N = 32)

1. Comprehensive 93.8%
2. Correct but incomplete 3.1%
3. Some correct and some incorrect 0.0%
4. Completely incorrect 3.1%
Preoperative preparation (N = 15)
1. Comprehensive 93.3%
2. Correct but incomplete 0.0%
3. Some correct and some incorrect 6.7%
4. Completely incorrect 0.0%
Recovery, risks, and complications (N = 75)
1. Comprehensive 85.3%
2. Correct but incomplete 6.7%
3. Some correct and some incorrect 4.0%
4. Completely incorrect 4.0%
Lifestyle changes (N = 17)
1. Comprehensive 88.2%
2. Correct but incomplete 5.9%
3. Some correct and some incorrect 5.9%
4. Completely incorrect 0.0%
Others (N = 12)
1. Comprehensive 66.7%
2. Correct but incomplete 8.3%
3. Some correct and some incorrect 25.0%
4. Completely incorrect 0.0%

only two-thirds of responses graded as “comprehensive,”
while 25% of responses were graded as “some correct and
some incorrect.” In total, 4 questions across all categories
were given a rating of “completely incorrect.” For example,
when prompted regarding the expected scars from surgery,
the model described the open approach rather than the com-
monly used laparoscopic approach. When prompted regard-
ing the use of straws after surgery, the model explained
“Using a straw can help to bypass the smaller stomach and
deliver fluids directly to the intestines, where they can be
absorbed more easily.”

The model provided reproducible answers to 137 (90.7%)
of questions. Reproducibility of responses in the “lifestyle
changes” and “others” categories was 100% but lower in
the “recovery, risks and complications” (86.7%); “eligibility,
efficacy and procedure options” (90.6%); and “preoperative
preparation” (93.3%) categories (Table 2).

Discussion

We examined the accuracy and reproducibility of the new
Al model ChatGPT in responding to commonly asked
patient questions related to bariatric surgery. The responses

Eligibility, efficacy, and procedure options (N = 32) 90.6%
Preoperative preparation (N = 15) 93.3%
Recovery, risks, and complications (N = 75) 86.7%
Lifestyle changes after surgery (N =17) 100%
Others (N = 12) 100%

Reproducibility was defined as no difference in grading categories (1
and 2 vs 3 and 4) between the two responses for each question

of ChatGPT to patient questions obtained from nationally
regarded professional societies and health institutions as
well as Facebook patient support groups were indepen-
dently assessed for accuracy and reproducibility by a panel
of board-certified and fellowship-trained bariatric surgeons.
Overall, ChatGPT’s responses were accurate with most
responses graded as “comprehensive” on our grading scale
along with high reproducibility. The model performed well
in the majority of topics such as “efficacy, eligibility and
procedure options”; “preoperative preparation”; “recov-
ery, risks, and complications”; and “lifestyle changes.” Our
study shows the potential significant impact of this technol-
ogy in improving patients’ experience and outcomes in the
future. Furthermore, we highlight important limitations and
considerations.

Previous literature has shown patients seek informa-
tion related to bariatric surgery outside of their healthcare
providers, with social media serving as a popular resource
[11, 14, 15]. Multiple studies have shown limitations in
the quality and reliability of online sources of information
regarding bariatric surgery, including social media [16-18].
Furthermore, research has demonstrated that there is a lack
of easy-to-understand online resources about bariatric sur-
gery with over 93% of websites surveyed receiving a rating
of unacceptable readability [19]. Furthermore, navigating
current search engines can be difficult when searching for
specific answers. Search results may be overwhelming,
not relevant to the question asked or difficult to ascertain
the reliability and accuracy of sources. Given these limita-
tions, we hypothesize that patients will utilize ChatGPT as
a source of information for their bariatric surgery-related
questions. Our reviewers found ChatGPT easy to access
and understand. Universal access Al models may also serve
to bridge access and knowledge disparities in communities
with limited resources. Our study findings are encouraging,
and we anticipate significant future interest in this technol-
ogy as it relates not only to bariatric surgery but also other
fields of medicine.

ChatGPT has the potential to mitigate disparities in health
literacy among bariatric surgery candidates and patients.
Levels of health literacy have been shown to impact bariatric
surgery outcomes with lower literacy being associated with
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lower short-term as well as long-term postoperative weight
loss [20-22]. Other studies have shown the association of
health literacy with adherence to medical appointments 1
year after bariatric surgery [23]. One study demonstrated
that low health literacy among bariatric surgery candi-
dates had a negative association with eventually undergo-
ing bariatric surgery [24]. While there are no studies that
have explored the impact of health literacy on bariatric
surgery complications, health literacy has been shown to
be negatively associated with postoperative complications
after colorectal surgery [25, 26]. Our study demonstrates
that the currently available version of ChatGPT provided
comprehensive responses to questions regarding the safety,
efficacy, and complications of bariatric surgery for most
questions reviewed. Future iterations of this technology
will likely offer improvements in accuracy and readability.
While there are no current studies examining the impact
of the use of ChatGPT on health literacy, we hypothesize
that utilization of this model will provide patients with an
easy-to-understand, accurate, and reproducible resource of
information for patients.

ChatGPT may also serve as a tool for improving the
perception of the safety and efficacy of bariatric surgery
both among prospective candidates and the general public,
thereby increasing its adoption as a treatment modality for
severe obesity. Despite its known efficacy, less than 1% of
eligible patients undergo bariatric surgery. Previous studies
have shown both lack of familiarity and discordance between
patient perceptions and the demonstrated clinical safety and
efficacy profile of bariatric surgery [10]. These trends were
also found among the general public. Furthermore, portrayal
of bariatric surgery in the media may also contribute to its
underutilization with one study in the UK finding 33% of
articles published in newspapers were negatively slanted
against bariatric surgery [27]. Having easy access to infor-
mation regarding bariatric surgery may help raise awareness
among the general public and eligible candidates, thereby
decreasing the stigma surrounding surgery and potentially
increase its utilization.

Strengths and Limitations

To our knowledge, this is the first study to examine the util-
ity of the model ChatGPT in the field of bariatric surgery.
Patient questions were obtained from well-regarded sources
and societies as well as patient questions from Facebook
support groups to provide a comprehensive and realistic
sample of patient questions. Responses were independently
graded by board-certified bariatric surgeons with discrep-
ancies resolved by a blinded third senior reviewer to com-
prehensively evaluate the accuracy and reproducibility of
ChatGPTs responses.

@ Springer

There are several limitations of ChatGPT that should be
highlighted and considered when evaluating it as a poten-
tial source of information for patients. While the model per-
formed well with accurate and often reproducible responses,
there were several responses that contained incorrect infor-
mation which may be dangerous to patients without the direc-
tion of a healthcare provider. This limitation supports the
potential use of ChatGPT as an adjunct source of informa-
tion but not a replacement of the standard of care provided
by a team of licensed healthcare professionals. We hope
this limitation is minimized with the expected continuous
improvement of the model overtime and in turn provide more
accurate and reproducible responses. Secondly, recommen-
dations and standards of practice may vary by region, medi-
cal society, or country of residence, providing a challenge
in assessing the accuracy of responses for each user around
the country or world regarding certain topics. The source of
information in which ChatGPT uses to produce responses is
unknown which may impact the reliability of its responses for
certain topics. Third, ChatGPT may write linguistically con-
vincing responses which are incorrect or nonsensical. This
false sense of confidence in responses may lead to the adop-
tion of incorrect and potentially dangerous recommendations
by unsuspecting users. OpenAl reports that the current ver-
sion of the model is expected to produce false positives and
false negatives but hope to minimize these limitations with
user feedback and ongoing improvement in the model.

Future Directions

ChatGPT and future similar technologies are expected to revo-
lutionize all fields of academia and likely the field of medicine,
although its utility and implementation process remain unclear.
If validated by future studies, ChatGPT can be a powerful tool
to empower patients. Its performance in answering patient ques-
tions regarding cirrhosis and hepatocellular carcinoma has been
studied with promising results, similar to the current study [5].
We encourage future studies to expand on our findings in order
to study the utility of this revolutionary technology in improv-
ing patient experience and outcomes in bariatric surgery.

Conclusion

The large language model ChatGPT provided accurate and
reproducible responses to common questions related to bari-
atric surgery. ChatGPT may serve as a helpful adjunct source
of information regarding bariatric surgery for patients and
surgical candidates in addition to standard of care provided
by licensed healthcare professionals. We encourage future
studies to examine how to leverage this disruptive technol-
ogy to improve patient outcomes and quality of life.
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