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ABSTRACT
Objective: To assess the concordance of artificial intelligence (AI)-generated information with the 2022 International Consensus 
Statement on Allergy and Rhinology: Olfaction (ICAR-O).
Methods: Forty-two guidelines were extracted from the ICAR-O. Each guideline was converted into a question, which was 
presented to ChatGPT version 4.o and Google Gemini. Concordance was deemed an agreement between the AI response and 
the clinical recommendation. Credibility was granted if the AI platform provided a credible resource. Accuracy was graded on a 
Likert scale (0: entirely inaccurate information, 1: mix of accurate and inaccurate information, 2: entirely accurate information). 
Statistical analysis was performed.
Results: A total of 84 responses were generated. The mean accuracy of the ChatGPT and Gemini responses was 1.85 and 1.48 
out of 2, respectively, indicating that the responses contained a mix of accurate and inaccurate information. ChatGPT responses 
were significantly more accurate than Gemini responses (p = 0.001). Of the ChatGPT responses, 78.57% (N = 33) were concordant 
with the ICAR-O guidelines and 100% (N = 42) cited a credible resource. Of the Gemini responses, 66.67% (N = 28) were concord-
ant and 97.62% (N = 41) cited a credible resource. There were no significant differences in concordance (p = 0.22) or credibility 
(p = 0.31) between the AI platforms.
Conclusion: ChatGPT provided more accurate information than Gemini on olfaction. However, overall, both platforms did 
not consistently align with clinical guidelines. AI platforms require further evaluation before clinical implementation or use as 
educational adjuncts.
Level of Evidence: N/A.

1   |   Introduction

Advances in artificial intelligence (AI) have ushered in piv-
otal changes in healthcare. Large language models (LLMs), 

such as ChatGPT version 4.o (OpenAI, San Francisco, CA, 
USA) and Google Gemini (formerly known as Google Bard) 
(Google, Mountain View, CA, USA) are powerful AI models 
that can generate images, interpret convoluted questions, 
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and interact with users through conversation [1–3]. The de-
velopment of AI can be categorized into two main phases. 
AI 1.0 includes symbolic AI, in which human knowledge is 
manually encoded into rules and logic, and probabilistic mod-
els that use statistical reasoning to handle uncertainty [4]. 
These systems, while predictable, were limited in flexibility 
and required expertise to create [4]. AI 2.0 began with deep 
learning, which utilizes neural networks to learn from large 
datasets  [5]. This shift brought breakthroughs in areas such 
as computer vision, natural language processing, and health-
care, enabling AI systems to perform specialized tasks such as 
classification and prediction with high accuracy [5]. ChatGPT 
version 3.0 was released in November 2022, reaching over 
100 million users in 2 months [6]. Similarly, Google released 
Gemini in March 2023 and had over 300 million users by May 
2024 [7]. Within otolaryngology, interest in LLMs has been 
steadily growing. Studies have evaluated the ability of LLMs 
to create educational materials for conditions such as benign 
paroxysmal positional vertigo, serve as a research aid, generate 
information on procedures such as rhinoplasty, and interpret 
videolaryngostroboscopy images of laryngological conditions 
[8–12].

Despite these advancements, LLMs' knowledge of the diagno-
sis and management of olfactory disorders/dysfunction (OD) 
remains relatively unexplored. OD are an evolving subject 
within otolaryngology. They often have a profoundly negative 
impact on patients' quality of life and can be associated with 
psychological issues such as anxiety and depression [13, 14]. 
New developments in treating OD have emerged, especially in 
the wake of the COVID-19 pandemic [15]. Previous literature 
suggests that the most recent version of ChatGPT, ChatGPT 
version 4.o, can appropriately answer questions about COVID-
19-induced olfactory dysfunction [16]. Studies have demon-
strated that other versions of ChatGPT, such as ChatGPT-4.0, 
are capable of citing and utilizing accurate resources in head 
and neck surgery; in contrast, the older version, ChatGPT-3.5, 
often invented false references [17]. This continuous growth in 
the reliability of AI platforms in handling and dispensing med-
ical information beckons to be studied further and frequently, 
as it is not stagnant.

Recent studies have evaluated the quality of ChatGPT-
generated information against clinical guidelines within oto-
laryngology, such as the International Consensus Statement 
on Allergy and Rhinology: Rhinosinusitis [18]. However, there 
is a gap in the literature comparing AI-generated information 
to other rhinologic guidelines. To consolidate the developing 
literature on OD, an international expert panel published the 
International Consensus Statement on Allergy and Rhinology: 
Olfaction (ICAR-O) in 2022 [18]. Given that the management 
and outcomes of OD are a frequently evolving area of study 
and the significant impact of OD on patients' quality of life, it 
is imperative to ensure that LLM-generated information aligns 
with the most relevant clinical guidelines on OD. No studies to 
date have specifically evaluated the concordance of LLMs with 
guidelines on olfaction. Therefore, this study aimed to fill that 
gap and evaluate the accuracy, credibility, and concordance 
of responses by two major LLMs to questions generated from 
ICAR-O 2022.

2   |   Materials and Methods

The ICAR-O guidelines were accessed. Forty-two guidelines 
and their designated grade of evidence were extracted based 
on the recommendations in ICAR-O. According to the ICAR-O 
guidelines, an aggregate grade of evidence of A corresponds to 
well-designed randomized control trials (RCT), B to RCTs with 
minor limitations, C to observational studies, and D to expert 
opinions or case reports [18]. Two reviewers independently 
converted each guideline into a question. A final question was 
agreed upon through discussion. Each question was addition-
ally prompted with “Cite 1 resource you used to answer this 
question” to evaluate the quality of resources that the LLM pro-
vides. Each question was independently inputted into ChatGPT 
version 4.o and Google Gemini on October 6th, 2024 (Newark, 
New Jersey). ChatGPT 4.o and Google Gemini were selected as 
the two LLMs to evaluate due to their popularity and ease of 
access. Responses were pasted verbatim from the AI platform 
into a shared document.

Concordance was defined as an agreement between the 
LLM response and the clinical guideline recommendation (1: 
Concordant, 0: Discordant). A resource was judged to be credi-
ble if it was sponsored by a federal agency, medical school, hospi-
tal, large professional or nonprofit organization, or written by a 
medical or scientific professional [19, 20]. The resource provided 
by the LLM was graded for credibility (1: Credible Resource, 0: 
Not-Credible Resource). Two reviewers independently reviewed 
each response for concordance and credibility; all responses 
were reviewed for accuracy by a board-certified rhinologist. 
Accuracy was graded on a 3-point Likert scale (0: entirely inac-
curate information, 1: mix of accurate and inaccurate informa-
tion, 2: entirely accurate information) [21, 22].

Statistical analysis for the categorical data of concordance and 
credibility was conducted using a z-score test for population 
proportions to determine if there was a significant difference 
in the proportion of concordant and credible responses between 
ChatGPT and Gemini. For accuracy, the difference in mean ac-
curacy between ChatGPT and Gemini responses was compared 
using a two-sample t-test. All analysis was conducted at the 95% 
confidence level, with p-values less than 0.05 considered statis-
tically significant.

3   |   Results

Overall, a total of 84 responses were generated by ChatGPT and 
Gemini and assessed. Samples of the ICAR-O guideline, ques-
tion, and LLM responses are displayed in Table 1.

Figure  1 displays the number of concordant responses by 
ChatGPT and Gemini. Of the 42 ChatGPT responses, 78.57% 
(N = 33) were concordant with the ICAR-O guidelines. Of the 42 
Gemini responses, 66.67% (N = 28) were concordant. There was 
no significant difference found between the two LLM platforms 
regarding concordance (p = 0.22).

Figure  2 displays the number of credible resources provided 
by ChatGPT and Gemini. Of the 42 ChatGPT responses, 100% 
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were credible. Of the 42 Gemini responses, 97.62% (N = 41) were 
credible. No significant differences in credibility were found 
(p = 0.31).

Figure 3 displays the accuracy scores for ChatGPT and Gemini. 
The mean accuracy score of the 42 ChatGPT responses was 
1.85 (standard deviation: 0.36), correlating to generally a mix 
of accurate and inaccurate information. ChatGPT provided no 
completely inaccurate responses. The mean accuracy score of 
the 42 Gemini responses was 1.48 (standard deviation: 0.60). 
Gemini provided 2 completely inaccurate responses. ChatGPT 
responses were found to be significantly more accurate than 
Google responses (p = 0.001).

Six questions received discordant scores between ChatGPT 
and Google Gemini's responses. Of these, three pertained to 

recommendations with a C-level aggregate grade of evidence, 
two to B-level, and one to D-level evidence. Notably, all questions 
related to policies with A-level evidence elicited concordant re-
sponses from both models. Both ChatGPT and Google Gemini 
demonstrated difficulty in providing accurate responses to poli-
cies concerning alternative treatments and supplements for OD 
management. Examples of such treatments include omega-3, α-
lipoic acid, Toki-shakuyaku-san, and minocycline. Both models 
struggled to deliver accurate information on these treatments.

4   |   Discussion

In this study, we examined the ability of ChatGPT and Google 
Gemini to generate responses to clinical questions based on the 
ICAR guidelines for olfactory dysfunction/disorders. Studies 

FIGURE 1    |    Bar chart displaying concordance of responses provided by ChatGPT 4.o and Google Gemini.

FIGURE 2    |    Bar chart displaying the credibility of resources provided by ChatGPT 4.o and Google Gemini.
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have investigated the ability of ChatGPT to adhere to guidelines 
on Rhinosinusitis, thyroid carcinoma, and various clinical ques-
tions from the American Academy of Otolaryngology—Head 
and Neck Surgery (AAO—HNS), yet this represents the first 
comparative analysis evaluating multiple LLMs, assessing re-
source credibility, accuracy, and concordance with established 
guidelines [23–25].

LLMs, particularly those in the “third epoch” of AI as charac-
terized by Howel et al., can evaluate complex questions, gen-
erate text and images, and interact with users in a human-like 
manner [26–28]. Unlike older generations of AI, which must 
be re-trained on a new dataset for each new task and have 
a limited ability to generate new sentences or visual content, 
platforms in the third epoch require no retraining to perform 
new tasks; they can also condense information and interact 
with a user without being specifically trained to do so [6]. 
They are trained on significant amounts of data and evaluate 
the frequency of the sequence of words from a larger body of 
text [6, 29].

Our results revealed an overall mean concordance with the 
ICAR-O guidelines of 72.62%, with some instances of com-
plete contradiction with the guidelines, echoing Tessler et al.'s 
findings of a 2.8% contradiction rate of ChatGPT to AAO-HNS 
guidelines. ChatGPT matched AAO-HNS guidelines on rhino-
plasty in 60% of cases [30]. These findings have been corrobo-
rated in other areas of surgery, with studies finding ChatGPT 
4.0 to be 67.9% concordant with spondylolisthesis guidelines 
[31]. We also found that both platforms displayed high rates of 
credible resources (97.62%–100%), aligning with studies on re-
source credibility of ChatGPT 4.0 [19, 30]. While these results 
are commendable, having low concordance with guidelines that 
the AI platforms should be able to access on the internet further 
contributes to concern over their use as clinical adjuncts.

We found significant differences in accuracy between ChatGPT 
and Gemini. ChatGPT yielded completely accurate informa-
tion in 86% of responses, while Gemini generated completely 

accurate information in only 50% of responses, highlight-
ing significant variability in the reliability of these platforms. 
Yoshiyasu et al. evaluated the accuracy of ChatGPT-4 responses 
against the ICAR Rhinosinusitis statement and revealed sim-
ilar limitations, finding a 54% accuracy rate of all ChatGPT-
responses [23]. Tessler et  al. further described the limitations 
of ChatGPT within the rhinology domain, finding a greater ac-
curacy rate of 66% in ChatGPT responses against AAO—HNS 
guidelines [25]. ChatGPT knowledge has been shown to be su-
perior in other subspecialties such as head and neck, which is 
hypothesized to be due to the lack of access to pertinent infor-
mation in the training data for each LLM [25]. However, it is 
important to consider other possible explanations for the lack 
of accuracy, especially considering ChatGPT is trained on data 
up through October 2023 and we studied its knowledge on the 
2022 ICAR guidelines. For example, with LLMs being trained 
on such a vast amount of data and having access to inaccurate 
knowledge, accurate information has the potential to be flooded 
by unreliable information. The variability in accuracy and con-
cordance of LLMs with clinical guidelines has significant im-
plications for their applications in clinical practice. Inconsistent 
performance limits their reliability as educational resources and 
clinical support tools in the management of OD, emphasizing 
the need for regular validation against guidelines and cautious 
integration to avoid misinformation and suboptimal clinical 
outcomes. The ability to discern between what is reliable or not 
is arguably the most important skill for these LLMs to acquire. 
While overall these accuracy rates are noteworthy, any incor-
rect information has the potential to inflict patient harm [25]. 
The disparities in accuracy suggest further evaluation will be 
required before clinical implementation.

While LLMs represent a new age of innovation, the use of AI 
to enhance medical care is not a completely new advancement, 
as the US Food and Drug Administration authorized over 500 
AI-based medical devices before the rise of ChatGPT and other 
LLMs [32]. These LLMs could serve as valuable tools for clini-
cians, especially in areas with limited access to specialized care, 
such as focused rhinology practices. By offering centralized 

FIGURE 3    |    Bar chart displaying accuracy of responses provided by ChatGPT 4.o and Google Gemini.
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and readily accessible information, these models can democ-
ratize the availability of expert knowledge, thereby enhancing 
access to evidence-based guidelines across underserved regions 
[33]. Moreover, they can offer significant educational benefits, 
helping trainees and students familiarize themselves with stan-
dardized clinical recommendations. For instance, after further 
refinement, trainees could refer to ChatGPT for initial infor-
mation questions regarding olfactory dysfunction and could 
confirm their findings with an attending physician. By rapidly 
processing vast amounts of medical literature and guidelines, AI 
models also provide an advantage for clinicians to gain insight 
into the most up-to-date literature in their respective fields. 
Additionally, fine-tuning existing LLMs with curated medical 
data, such as existing clinical guidelines or peer-reviewed con-
sensus statements, could optimize their accuracy and reliability 
and allow them to be more suitable for clinical support and med-
ical education. Further validation and oversight will be essential 
to guarantee that LLMs are clinically verified and complement 
evidence-based practice.

In the evolving field of olfaction, in which research on treat-
ments such as sodium citrate for olfactory dysfunction is ac-
tively being studied, tools such as ChatGPT and Google Gemini 
can help clinicians stay updated on the latest recommendations. 
Research on olfactory dysfunction has gained significant impor-
tance due to its widespread impact on health and quality of life, 
particularly in the post-COVID-19 era [34]. Hura et al. discuss 
that while some treatments for olfactory disorders offer prom-
ising preliminary results, the lack of high-quality studies limits 
the ability of clinicians to make evidence-based recommenda-
tions for many therapies [35]. As research on olfaction continues 
to expand into current literature, LLMs show promise in assist-
ing clinicians in gathering evidence to support future therapies. 
AI models may even aid rhinologists in gathering resources to 
update guidelines for olfactory disorders.

Despite their potential, LLMs have drawn several concerns 
about their use in clinical practice. A single inaccurate response 
from an LLM could have significant medical consequences, par-
ticularly in a field like rhinology, where emerging treatments 
for various pathologies, such as olfactory dysfunction, require 
careful consideration of evidence quality. Although the AI plat-
forms provided accurate summaries for several ICAR-O recom-
mendations, discrepancies in other responses raised concerns 
about their reliability, with potential errors arising from “hal-
lucinations”—the tendency of AI models to generate plausible 
yet incorrect information [36]. For instance, ChatGPT provided 
partially accurate information regarding the use of minocy-
cline in patients with olfactory dysfunction. If not checked by 
knowledgeable experts, discrepancies such as this have the po-
tential to lead to unnecessary or even harmful therapies being 
recommended. Moreover, we found that both ChatGPT and 
Google Gemini provided responses that were discordant with 
some of the guidelines, specifically regarding the use of alter-
native treatments and supplements, such as omega-3, α-lipoic 
acid, and Toki-shakuyaku-san. These findings have significant 
implications for patients utilizing these tools, as they may re-
ceive outdated or incorrect medical information. This is partic-
ularly concerning in the context of evolving evidence for certain 
treatments or when patients seek guidance on supplements, 
where evidence-based guidance is critical. For otolaryngologists 

utilizing LLMs in clinical settings, this lack of alignment with 
current research could result in the dissemination of incomplete 
or inaccurate information to patients.

The lack of transparency regarding the datasets used to train 
these models introduces further uncertainty. Without clear 
knowledge of the sources of their training data, it becomes dif-
ficult to determine whether the information they provide re-
flects the most recent clinical standards or includes outdated 
practices. This risk is compounded by the inability to verify 
real-time updates to the models' training, which is critical in 
fields with rapidly changing evidence bases, such as rhinology 
[37]. The discrepancies observed in LLMs performance against 
established guidelines may in part stem from limitations inher-
ent in their training data: LLMs are trained on large datasets 
that may have outdated information or may include inaccura-
cies, all of which can impact the reliability of their use in clinical 
practice. Further studies are required to evaluate the long-term 
impact of their integration into clinical practice, and strong reg-
ulatory oversight will be necessary to ensure patient safety and 
the ethical use of these technologies. Health professionals must 
be prepared to critically evaluate the information produced by 
LLMs as their potential impact on clinical medicine increases. 
Clinicians should be aware of the potential bias and limitations 
inherent in LLMs and should ensure that the information pro-
duced by LLMs is manually checked or verified before use in a 
clinical setting or as a clinical decision aid. Ultimately, the inte-
gration of AI as a support tool, not as an independent tool, in-
corporated with clinical expertise, would allow for effective and 
safe medicine to be practiced.

Several potential risks develop with increased reliance on in-
formation from LLMs when making clinical decisions. The 
potential for LLMs to rely on outdated information, deviate 
from established guidelines, or contain incorrect data could 
translate into harmful clinical decisions [38]. For example, as 
of February 2025, the latest version of ChatGPT is trained on 
data up through June 2024 [39]. Datasets must be frequently 
updated to ensure that their information contains the latest ad-
vancements. Current literature expresses concern about confi-
dently composed but inaccurate LLM outputs, which could lead 
to decreased accountability and the proliferation of low-quality 
clinical information [40]. It is very difficult to validate the reli-
ability of LLMs for new and unique clinical scenarios, as models 
can perform tasks for the first time rather than predefined tasks 
and may not contain or comprehend the full history behind a 
clinical scenario or a patient's history. Thus, anticipating fail-
ures in the model becomes a difficult feat [38]. Moreover, there 
are several ethical concerns with the utilization of LLMs in a 
clinical context. With the complexity of the data they are trained 
on, there is a potential for biases in the responses produced by 
LLMs that could even be dangerous or discriminatory [38]. One 
study showed racial and gender bias in the depiction of medi-
cal professionals by DALL-E2, an image-generating model by 
OpenAI, the creators of ChatGPT [41]. Increased reliance on 
LLMs without vetting out potentially biased algorithms could 
lead to biased care for some patient populations. Finally, there 
are many concerns around privacy and confidentiality, espe-
cially when utilizing identifiable patient data. If patient infor-
mation were to be used in prompts by clinicians, there is a risk 
of models memorizing this data and even disclosing sensitive 
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information [42]. There is also the potential for breaches of pa-
tient data. Some solutions have been proposed to help prevent 
this, such as the use of pseudonyms or the training of LLMs to 
guard specific categories of information [42]. Whatever the solu-
tions may be, there is a great need for regulatory guidelines and 
policies to be put in place before the implementation of LLMs in 
the clinical setting.

Our study has several limitations. We utilized two popular 
LLMs in this investigation; however, comparing other platforms 
may reveal other strengths and weaknesses of AI platforms. 
Additionally, two reviewers independently generated ques-
tions. Other reviewers may have generated alternate questions 
or have graded responses differently. Despite these limitations, 
our study is the first and largest comparative analysis of LLM-
generated information on olfactory disorders against clinical 
guidelines. Future studies should evaluate the reliability of other 
LLMs to produce accurate information on olfactory disorders 
and other evolving subjects within otolaryngology for further 
validation. An additional area for future research is utilizing a 
more nuanced system to grade the accuracy of LLM responses. 
Thirdly, future studies should study the performance of LLMs 
across a wider range of clinical guidelines or within certain sub-
specialties. Lastly, future studies could assess the performance 
of LLMs for newly developed treatments for OD and evaluate 
their ability to process more subtle, context-dependent ques-
tions. While LLMs demonstrate potential as clinical adjuncts 
in helping practitioners quickly attain up-to-date knowledge on 
nuanced topics within otolaryngology and increase access to 
information, they are currently inadequate as independent re-
sources for OD.

5   |   Conclusion

ChatGPT version 4.o and Google Gemini generate information 
of variable accuracy in response to questions based on the ICAR 
guidelines on olfactory dysfunction/disorders. While these 
platforms are promising for their ability to aid clinicians and 
trainees, such LLMs cannot reliably be utilized as independent 
clinical supports or educational tools. We urge clinicians, re-
searchers, and developers to collaborate on implementing stan-
dardized guidelines, improving algorithmic transparency, and 
conducting further interdisciplinary research to enhance the 
equity and accuracy of LLMs.
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