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Abstract

Objective: To evaluate the quality of the answers and the references provided by ChatGPT for medical
questions.

Patients and Methods: Three researchers asked ChatGPT 20 medical questions and prompted it to
provide the corresponding references. The responses were evaluated for the quality of content by medical
experts using a verbal numeric scale going from 0% to 100%. These experts were the corresponding
authors of the 20 articles from where the medical questions were derived. We planned to evaluate 3
references per response for their pertinence, but this was amended on the basis of preliminary results
showing that most references provided by ChatGPT were fabricated. This experimental observational
study was conducted in February 2023.

Results: ChatGPT provided responses varying between 53 and 244 words long and reported 2 to 7
references per answer. Seventeen of the 20 invited raters provided feedback. The raters reported limited
quality of the responses, with a median score of 60% (first and third quartiles: 50% and 85%, respec-
tively). In addition, they identified major (n=>5) and minor (n=7) factual errors among the 17 evaluated
responses. Of the 59 references evaluated, 41 (69%) were fabricated, although they appeared real. Most
fabricated citations used names of authors with previous relevant publications, a title that seemed perti-
nent and a credible journal format.

Conclusion: When asked multiple medical questions, ChatGPT provided answers of limited quality for
scientific publication. More importantly, ChatGPT provided deceptively real references. Users of ChatGPT
should pay particular attention to the references provided before integration into medical manuscripts.
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a branch of artificial intelligence (AI) at

the intersection of linguistic and com-
puter science.' Trained on massive quantities
of text-based data, LLMs have learned to inter-
pret written input and produce language that
is understandable to humans. LLMs incorpo-
rate several algorithms, such as generative
pre-trained transformer (GPT). This type of
neural network architecture is useful in chat-
bots, rendering them particularly effective at
simulating  human  conversations.  On
November 30, 2022, the San Francisco-based
company OpenAl released a freely available
version of ChatGPT, a LLM based on their
proprietary GPT (GPT-3).” Since then, scienti-
fic articles have been written in part by

‘ arge language models (LLMs) constitute

ChatGPT and published.”” These publica-
tions were mainly to demonstrate the remark-
able quality of the manuscripts written by
ChatGPT. For example, a journal published
an editorial for which the first 5 paragraphs
were written by ChatGPT." Although the qual-
ity of the writing was excellent, there was no
reference for the statements provided in these
paragraphs.® In another publication, the
researcher asked ChatGPT to discuss the po-
tential effect of taking rapamycin to increase
longevity.” The chatbot’s output constituted
most of the article. Finally, an article
describing the potential use of ChatGPT for
medical writing was mainly written by the
chatbot.” In these articles, the parts produced
by the chatbot did not include any references.
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CHATGPT FOR MEDICAL QUESTIONS

Although being low, the number of publi-
cations discussing ChatGPT has exploded in
the past weeks. It went from only 24 publica-
tions identified in Pubmed with the term
“ChatGPT” on February 7, 2023, to 92 publi-
cations on March 6, 2023 (date of first submis-
sion), to 237 on April 19, 2023 (date of
revision of the manuscript). The first publica-
tions were mainly editorials or news from sci-
entific journals. Most articles praised the
quality of the writing""" "' or questioned the
ethical aspects of using chatbot for scientific
writing.'*~"” Other publications highlighted
the potential of LLMs to improve health out-
comes by “augmenting rather than replacing
human expertise.”"°

Although most articles suggest that the an-
swers provided by ChatGPT are acceptable,
there is no information regarding the sources
of its knowledge and no reference is usually
provided by ChatGPT, unless specifically
requested. This limitation is acknowledged
by OpenAl because the model was trained
on multiple internet texts with a large number
of sources.” However, when conversing with
ChatGPT, one can prompt it regarding the ref-
erences backing its assertions.

To our knowledge, no study has evaluated
the quality and appropriateness of the refer-
ences provided by ChatGPT. This study aimed
to evaluate the quality of the answers and cor-
responding references provided by ChatGPT,
when responding to a wide range of medical
questions. A secondary objective arose during
the construction of the study because many ci-
tations provided by ChatGPT were not found.
Hence, we aimed to assess the validity of the
suggested references.

PATIENTS AND METHODS

This was an experimental observational study
conducted in February 2023 evaluating the
quality of the responses provided by ChatGPT
(version 3.5; OpenAl) to 20 medical questions
from diverse fields.

The medical questions were identified by
selecting 5 research articles published at the
end of 2022 in 4 high-impact factor medical
journals (British Medical ]ournal,”*21 Canadian
Medical ~ Association ~ Journal,”> *°  the
Lancet,”” " and New England Journal of Medi-
cine'”*"). These 20 articles spanned different
topics and fields. The questions asked to

ChatGPT were related to the primary objectives
of the 20 studies (Supplemental Appendix,
available online at https//www.mcpdigitalhe
alth.org/). In most cases, the question asked
to ChatGPT was the stated primary objective
of the study preceded by “what is.” In a few in-
stances where the objective was deemed too
narrow to ensure a minimal breadth of refer-
ences, we formulated the question in a broader
context. For example, the primary objective “to
critically examine the leadership experiences of
African Nova Scotian nurses in health care sys-
tems?,”** was changed to “What are the leader-
ship experiences of African nurses in the
United States health care systems?”

In general, questions to ChatGPT started
as “What are...” (see the aforementioned
example), without any word limit or other
constraint. After the answer by ChatGPT, a
follow-up question asked, “Do you have refer-
ences for this?” All references were counted,
but only the first 3 were used for the analysis.
To promote the external validity of the study
and considering that ChatGPT is sensitive to
previous chats, questions were asked by the
3 coauthors on different computers and
ChatGPT accounts.

The primary outcomes were the appropri-
ateness of the references and the quality of the
responses. We initially aimed to evaluate the
appropriateness of the references by multiple
raters using the following verbal numeric
scale: “On a scale of 0% to 100% where 0%
signifies that the references had no relation-
ship with the study question and 100% is
for the 3 most pertinent references for this
topic, how would you rate the references pro-
vided?” Our initial plan was to provide the ar-
ticles to the raters. However, given that we
failed to find the first 6 articles, we modified
this outcome to evaluate whether the reference
existed. To verify this, we searched Pubmed
using the title and authors. If unsuccesstul,
we searched in the journal’s website. To better
describe the references provided by ChatGPT,
we evaluated whether the authors listed had
previous publication in the field. We also
looked at the title (Is it a title that seems perti-
nent for the study question?) and the journal
(Does the citation look a plausible article for
this journal?).

The quality of the response was measured
using the following verbal numeric scale from
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0 to 100%: “On a scale of 0 to 100% where
0 is equal to no answer, 100% to a perfect
answer and 50% to the minimum acceptable
answer how would you rate the answer pro-
vided to the question?” Moreover, raters were
asked to report any factual error found in
the ChatGPT answer and any other relevant
qualitative feedback.

To ensure domain expertise for the
selected articles, we invited the corresponding
author of each article to act as rater and deter-
mine the quality of the response. We con-
tacted each corresponding authors by email,
inviting them to provide feedback on the
answer related to their respective study objec-
tive. When the corresponding author did not
reply, we contacted other listed authors.
Each corresponding author was contacted at
least 3 times before saying it was unsuccessful.
These authors were deemed content experts in
their field of publication.

The primary analysis of this study deter-
mined the validity of the references by calcu-
lating the proportion of references that really
existed among all evaluated references. We
also reported the proportion of references
that listed an author with previous publica-
tions in the field of interest. The other primary
analysis pertained to the quality of ChatGPT
responses, reported as the median and inter-
quartile range on the verbal numeric scale.
We also reported the proportion of responses
that contained factual errors according to the
raters. Minor errors referred to erroneous de-
tails with limited effect to the quality of the
overall response (eg, an overoptimistic affir-
mation that is not supported by any data),
whereas major errors consisted of flagrant mis-
takes that invalidated the response (eg, wrong
pathophysiologic explanation). However, we
did not conduct the analysis using the verbal
numeric scale for the appropriateness of the
references owing to the small number of real
references.

We had no prespecified idea of the median
scores that would be obtained for the re-
sponses. It was estimated that the evaluation
of at least 12 questions would provide varied
study subjects and allow demonstrating the
general quality of the responses or references.
In addition, this would lead to at least 30 ref-
erences to evaluate. On the basis of this and
the premise that at least 12 (60%) of the

invited authors would agree to help us, we
invited 20 authors to rate 20 study questions
to have at least 12 evaluations.

We did not seek an institutional review
board approval given that all data were pub-
licly available and no participants were
involved. The study was completed without
financial support. This article is an honest, ac-
curate, and transparent account of the study
being reported; no important aspects of the
study have been omitted. Any discrepancies
from the study as originally planned were
explained (change in the outcome regarding
the validity of the references).

RESULTS

Each of the 20 study questions were asked to
ChatGPT by a member of the study team (J.G.,
n=10; M.D.G,, n=5; and E.O., n=5) and
received a response that varied in length be-
tween 53 and 309 words. When prompted
to provide its references, ChatGPT provided
2 to 7 references. A total of 59 references
were included in the primary analysis.

When searching for the references sug-
gested by ChatGPT, we noted that although
they looked credible (Figure 1), most of
them were fabricated by ChatGPT. Indeed,
56 of the 59 (95%) references contained au-
thors with previous publications on a related
topic found in Pubmed or were from recog-
nized organizations (eg, Centers for Disease
Control and Prevention; US Food and Drug
Administration) (Table). Moreover, all titles
seemed appropriate because it was related to
the study question. However, 41 of the 59
(69%) references were fabricated. Among the
18 real references, 11 (61%) were titles of
real published articles (including 3 with minor
citation errors and 5 with major citation er-
rors), 5 (28%) were existing websites, and 2
(11%) were books (Figure 2). The remaining
references (n=41) did not exist. Of those, 29
(71%) of the fabricated articles were report-
edly published in a known medical journal,
website, or manuscript repository (eg, Centers
for Disease Control and Prevention or MedR-
xiv) using an appropriate format of citation
(ie, they reported a year, volume number,
and page that were coherent with the journal).
However, the reported volume and page range
pertained to an unrelated article. All responses
and references can be found in Supplemental
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Is metformin use associated with a reduced risk of total knee replacement or total hip
replacement among patients with type 2 diabetes mellitus?

There is limited evidence to suggest that metformin use may be associated with a
reduced risk of total knee or total hip replacement among patients with type 2
diabetes mellitus. However, more research is needed to establish a definite
relationship between metformin use and the risk of joint replacement in this patient
population.

Do you have references for this?

Yes, here are a few references to support the statement:

. Kim JH, Kim J, Kim HK, Kim JH, Cho JH, Kim JP Metformin Use and Reduced Risk
of Total Knee Replacement and Total Hip Replacement in Patients with Type 2
Diabetes Mellitus: A Nationwide Population-Based Study. Diabetes Metab J. 2019
Dec;43(6):470-475. doi: 10.4093/dm;j.2018.0129.

2. Lu Y, Huang Y, Li L, et al, The Protective Effect of Metformin on Joint Replacements
in Patients with Type 2 Diabetes Mellitus: A Systematic Review and Meta-Analysis.
] Diabetes Res. 2016;2016:6247936. Published 2016 Jun 0.
doi:10.1155/2016/6247936

. Lee YH, Kim BJ, Kim K; et al. Metformin Use and the Risk of Joint Replacemets in
Patients with Type 2 Diabetes Mellitus: A Nationwide Retrospective Cohort Study.
PLoS One. 2015;10(8):e0136320. Published 2015 Aug 28.
doi:10.137 1 /journal.pone.0 136320

w

FIGURE 1. Screenshot of an example of responses provided by ChatGPT.

Appendix, available online at https://www.
mcpdigitalhealth.org/.

When challenged about the accuracy of
the references provided, ChatGPT provided
variable answers. In one discussion, it
confirmed that “references are available in

TABLE. Characteristic of the references provided by

ChatGPT (N=59)

Pubmed” and provided a weblink to Pubmed.
This link was to other publications not related
to our question (Figure 3). For another topic,
ChatGPT responded, “I strive to provide the
most accurate and up-to-date information
available to me, but errors or inaccuracies
can occur” (Figure 3).

Of the 20 corresponding authors, 17
(85%) agreed to evaluate the responses. The

n (%) median score they provided was 60% (first

Type of reference format and third quartiles: 50% and 85%, respec-
- 2 7 tively). Raters identified major factual error
Website 15 (25) in 5 (29%) responses. For example, a rater
Book 23) identified that the mechanism of action of
One or more author has 56 (95) antipsychotic described by ChatGPT was
published on the topic incorrect. Another noted that ChatGPT over-
The title seems appropriate 59 (100) estimated the global burden of mortality asso-
Toualy s et 48 (81) ciated with Shigella infections by a factor of
and format adequate 10. Finally, a rater identified that ChatGPT
Title found on Pubmed e (19) suggested the wrong corticosteroid adminis-
Article found on the joumnal/website 8 (13) tration route for patients with eosinophilic

“Three articles with minor citation errors (volume and pages)
and 5 with major citation errors (wrong year, volume, and
pages; or wrong authors).

esophagitis: “The word ‘injections’ is inaccu-
rate. The medicines are not injected. They
are swallowed.” Minor errors were identified
in 7 (41%) other responses.
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References
N=59
I
v v v
Website Journal article Book
N=15 N=42 N=2

Citation found Citation Article found Article not found Book exist Book doesn't exist
on website not found on pubmed on pubmed N=2 INE0)
N=5 N=10 N=11 INER]
Citation ok Citation error n=8
N=3 Major: 5
Minor: 3

FIGURE 2. Distribution of the references provided by ChatGPT (n=59).

DISCUSSION diverse set of medical questions were fabri-
This study found that more than two-thirds of ~ cated, although most seemed deceptively
the references provided by ChatGPT to a  real. Moreover, domain experts identified

| cannot find these references. Are they in pubmed ?

Yes, both references are available in PubMed.

|. Diabetes Care. 2010 Dec;33(12):2476-81.doi:10.2337/dc10-0933. Epub 2010 Aug 26.
Metformin use and risk of total knee replacement in patients with type 2 diabetes.

You can access it through the following link:
https://www.ncbi.nlm.nih.gov/pubmed/20708631

2. Diabetic Medicine.2016 Sep;33(9):1138-44. doi: 10.11 | [/dme.|3000. Epub 2016 May 6.
Metformin and the risk of total hip replacement in patients with type 2 diabetes.

You can access it through the following link:
https://www.nchi.nlm.nih.gov/pubmed/27138958

Spanish Society of Allergology and Clinical Immunology. Rev Esp Enferm Dig.
2013;105(3):153-163.

These references provide an overview of the current treatment options for eosinophilic
esophagitis, including medications, lifestyle modifications, and endoscopic procedures.
They also emphasize the importance of consultation with a specialist to determine the
most appropriate treatment plan.

| cannot find these references. Are they real publications ?

As a language model Al, | provide information based on the data | was trained on.
| apologize if the references | provided do not exist. | strive to provide the most
accurate and up-to-date information available to me. but errors or inaccuracies can occur;
It's always a good idea to independently verify any information before relying on it.

FIGURE 3. Example of responses from ChatGPT when questioned about the veracity of its references.
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major factual errors in a quarter of the re-
sponses. These findings are alarming, given
that trustworthiness is a pillar of scientific
communication.

A previous study evaluated answers pro-
vided by ChatGPT using a scientific methodol-
ogy in January 2023.°” This study reported
that ChatGPT’s score (60%) was lower than
that of Korean medical students (90%) in a
single parasitology examination. Another
study compared results of ChatGPT with those
of 2 other LLMs on the United States Medical
Licensing Examination Step 1 and Step 2 ex-
aminations using 2 question banks. With a
mean score of 60%, they concluded that
ChatGPT outperformed the other chatbots
and “achieved the equivalent of a passing score
for a third-year medical student.””” A recent
comment published in Nature reported that
“ChatGPT fabricated a convincing response
that contained several factual errors.””* To
our knowledge, this is the first study evalu-
ating the quality of the references provided
by ChatGPT. However, a recent article
described a manuscript written by ChatGPT
using mock data.”” When asked to conduct
a literature search, ChatGPT suggested 9 refer-
ences. The author of the article acknowledged,
“Interestingly, at least some of these references
that ChatGPT suggested do not exist in the
form that is presented here.” We looked for
these 9 articles, and none exist. A systematic
review identified 60 early publications related
to ChatGPT."" This review identified 2 cases
reports with inaccuracies in the references pro-
vided by ChatGPT. The first case report found
that ChatGPT provided 3 nonexistent citations
when asked to cite its information.’® In the
second case report, 3 of the 7 references sug-
gested by ChatGPT were duplicate, and most
did not exist.’” Reference inaccuracies do not
constitute a novelty in medical publishing
but usually relate to minor mistakes.”® "'
For example, Browne et al”” noted that most
of the errors in referencing among articles sub-
mitted to any of the 5 radiology journals were
related to a failure to follow author submission
guidelines. Another study reported that 15%
of articles published in a single journal had
an error, but it was most commonly a spelling
or punctuation error.”” Finally, 2 studies re-
ported that ~15% of articles had errors, and

<4.5% consisted of major errors. However,
these errors did not relate to purely fabricated
references.

The importance of proper referencing is
undeniable. As suggested by Glick, “you are
what you cite.”*” The quality and breadth of
the references provided demonstrate that the
researchers have performed a complete litera-
ture review and are knowledgeable about the
topic. This process enables the integration of
findings in the context of previous work, a
fundamental aspect of medical research
advancement.” Tt limits the risk of biases.
Failing to provide references is one thing but
creating fake references would be considered
fraudulent for researchers. When asked for ref-
erences, ChatGPT made very appealing sug-
gestions. It blended authors with a good
research track to an interesting title in addition
to a relevant journal like if the chatbot wanted
to put the best of everything in a single refer-
ence. Some titles seemed to be the perfect
article for our question. For example, for the
question “What is the impact of haloperidol
in intensive care unit patients with delirium?”,
ChatGPT suggested the following inexistent
title as reference: “Haloperidol in critically ill
patients with  delirium: a randomized,
placebo-controlled trial.” In most cases, it sug-
gested authors published multiple scientific ar-
ticles on the subject of interest.

This study highlights an important short-
coming of LLMs, namely their risk of being
“confidently wrong.” Although such models
have now reached astounding performance
in simulating human conversations, the next
stages in their development must improve in-
formation validity and responsible deploy-
ment. Alhough a series of disclaimers on
user registration highlight some of the limita-
tions of ChatGPT,” scientists considering the
use of this tool to support manuscript prepara-
tion must be aware of its limitations."' To
promote responsible responses, chatbot devel-
opers should adapt the reward models that
guide the algorithm’s output, so that they learn
to optimize the validity of the information and
references provided.”™ OpenAl uses a super-
vised learning framework described as rein-
forcement learning from human feedback,’
which should be amenable to such
modifications.
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These findings can help orient the use of
LLMs by scientists in ways that are safe and
contribute to their well-being and that of their
teams while targeting feasible applications.”’
This includes the partial automation of tedious
tasks, such as the initial steps in knowledge
mapping and synthesis. This would free up
time to critically appraise the information pre-
sented, thoroughly verify the corresponding
sources, and orient subsequent searches.
Future LLM iterations may also support
manuscript formatting according to journal re-
quirements and facilitate knowledge transla-
tion to diverse audiences (eg, translation,
summarization, and adjustment of read-
ability). On the long term, the use of LLM
might improve knowledge translation by
accelerating  manuscript  redaction  and
improve the quality of the writing. However,
it could also threaten the scientific validity of
manuscript if it incorporates inaccurate infor-
mation and is misused.”’ Researchers using
ChatGPT may be misled by false information
because clear, seemingly coherent, and stylisti-
cally appealing references can conceal poor
content quality. Journals should consider clear
guidelines regarding the allowed uses and
reporting guidelines when tools such as
ChatGPT are used. In the future, such tools
may be redesigned to support human re-
viewers and publishers when appraising sub-
mitted articles and their corresponding
bibliography. This use case highlights the
enormous potential and alarming pitfalls of
LLM integration in scientific writing. The
inherent risk of overconfidence among LLMs
also emphasizes the need for “humans in the
loop” as a key element for their responsible
implementation.

There are limitations to this study. First,
we always asked the same question regarding
references and did not specify to ChatGPT to
limit references to published articles. Howev-
er, when trying this a posteriori, we obtained
similar answers. Second, the information pro-
vided was accurate as of February 2023 and
may improve in the subsequent months or
years. For example, there were 2 questions
related to the COVID 19 pandemic. As
ChatGPT was constructed on the basis of
data published before September 2021, it
may have been difficult to find sufficient

knowledge for adequate answers. Moreover,
ChatGPT has been launched publicly in
November 2022, with the stated objective of
iterative cycles of learning and improvement.
It is probable that LLM will improve and learn
to provide responses exempt from factual er-
ror. Finally, we used multiple raters to mea-
sure the quality of the responses. We
preferred to have experts in each specific field
than to have experts in scoring.

CONCLUSION

ChatGPT proposes undeniable progress. This
study should alert the scientific community
to be careful about the important risks of
relying on its references because it is assem-
bling very convincing yet often fabricated cita-
tions. These references seem constructed by
merging existing references. To be useful for
medical editing, chatbots should embrace the
values of the scientific community such as
integrity and completeness. Considering the
speed of improvement of LLMs, we are hope-
ful that future versions of ChatGPT will sug-
gest more accurate responses when asked to
provide references. This will imply citing com-
plete existing references instead of merging
multiple publications.
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