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ORIGINAL ARTICLE / OZGUN MAKALE

COMPARATIVE EVALUATION OF ARTIFICIAL INTELLIGENCE
AND DRUG INTERACTION TOOLS: A PERSPECTIVE WITH THE
EXAMPLE OF CLOPIDOGREL

YAPAY ZEKA VE /LAC ETKILESIM ARACLARININ KARSILASTIRMALI
DEGERLENDIRILMESI: KLOPIDOGREL ORNEGI ILE BIR BAKIS ACISI

Zinnet Sevval AKSOYALP!* (), Betiil Rabia ERDOGAN!

zmir Katip Celebi University, Faculty of Pharmacy, Department of Pharmacology, 35620, Izmir, Tiirkiye

ABSTRACT

Obijective: The study aims to compare the ability of free artificial intelligence (Al) chatbots to detect
drug interactions with freely available drug interaction tools, using clopidogrel as an example.
Material and Method: The Lexicomp database was used as a reference to determine drug
interactions with clopidogrel. ChatGPT-3.5 Al and Bing Al were selected as the free Al chatbots.
Medscape Drug Interaction Checker, DrugBank Drug Interaction Checker and Epocrates
Interaction Check were selected as free drug interaction tools. Accuracy score and
comprehensiveness score were calculated for each drug interaction tool and Al chatbots. The kappa
coefficient was calculated to assess inter-source agreement for interaction severity.

Result and Discussion: The results most similar to those of Lexicomp were obtained from the
DrugBank and the ChatGPT-3.5 Al chatbot. The ChatGPT-3.5 Al chatbot performed best, with 69
correct results and an accuracy score of 307. ChatGPT-3.5 Al has the highest overall score of 387
points for accuracy and comprehensiveness. In addition, the highest kappa coefficient with
Lexicomp was found for ChatGPT-3.5 Al chatbot (0.201, fair agreement). However, some of the
results obtained by ChatGPT-3.5 Al need to be improved as they are incorrect/inadequate.
Therefore, information obtained using Al tools should not be used as a reference for clinical
applications by healthcare professionals and patients should not change their treatment without
consulting doctor.

Keywords: Artificial intelligence, clopidogrel, drug interactions, patient safety, pharmaceutical
databases

oz

Amag: Calismanin amaci, klopidogrel ornegini kullanarak iicretsiz yapay zekd (Al) sohbet
robotlarimin ilag etkilesimlerini saptama yeteneklerini iicretsiz olarak erisilebilen ila¢ etkilegim
araglar ile karstlastirmaktir.

Gerec ve Yontem: Klopidogrel ile ilag etkilesimlerini belirlemek icin referans veri tabani olarak
Lexicomp kullamlmistir. Ucretsiz yapay zekd sohbet robotlart olarak ChatGPT-3.5 Al ve Bing Al,
ticretsiz ilag etkilesim araglart olarak ise Medscape Drug Interaction Checker, DrugBank Drug
Interaction Checker ve Epocrates Interaction Check segilmistir. Her bir ilag etkilesim aract ve yapay
zekd sohbet robotu i¢in dogruluk puant ve kapsamlilik puam hesaplanmigtir. Etkilesim siddeti

acgisindan kaynaklar arast uyumu degerlendirmek icin kappa katsayisi hesaplanmigstir.
Sonu¢ ve Tartisma: Lexicomp veri tabanina en benzer sonu¢lar Drugbank ve ChatGPT-3.5 Al
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sohbet robotundan elde edilmistir. ChatGPT-3.5 Al sohbet robotunun 69 dogru sonu¢ ve 307
dogruluk puani ile en yiiksek sonuglara sahip oldugu bulunmugstur. Dogruluk ve kapsamlilik
agisindan 387 puanla en yiiksek toplam puan ChatGPT-3.5 Al sohbet robotu sonuglar: ile elde
edilmistir. Ayrica Lexicomp ile en yiiksek kappa skoru (0.201, orta diizey uyum) ChatGPT-3.5 Al
chatbot i¢in bulunmustur. Ancak ChatGPT-3.5 Al ile elde edilen sonuclardan bazilarinin
yanlig/yetersiz bulunmast nedeniyle iyilestirilmesine ihtiyag¢ vardir. Sonu¢ olarak yapay zekd
araglarindan  yararlamlarak elde edilen bilgiler saghk profesyonelleri tarafindan klinik
uygulamalar icin referans olarak kullanilmamalr ve hastalar doktora danismadan tedavilerini
degistirmemelidir.

Anahtar Kelimeler: Hasta giivenligi, ilag etkilesimleri, ilag veri tabanlar, klopidogrel, yapay zekd

INTRODUCTION

Clopidogrel is an irreversible P2Y12 adenosine diphosphate receptor antagonist used to inhibit
platelet activation and aggregation in patients with coronary artery disease, peripheral vascular disease,
and cerebrovascular disease. These patients are often prescribed clopidogrel along with
antihypertensive, antinyperlipidemic, and antidiabetic medications to reduce the risk of cardiovascular
events [1]. Clopidogrel is a prodrug and is dependent on hepatic cytochrome P450 (CYP) metabolism
for conversion to its active metabolite [2]; the therapeutic effect of clopidogrel may be increased or
decreased by co-administration with other drugs that affect the CYP enzyme. The clinical outcomes of
potential drug-drug interactions can be crucial in patients with coronary artery disease. Studies on the
interaction of clopidogrel with other drugs have been conducted based on reviewing previous studies
[1,3,4]. A paper on the evaluation of drug interactions with clopidogrel focused on studies of the
interaction between clopidogrel with atorvastatin and omeprazole [1]. The interaction of clopidogrel
with other drugs that induce and inhibit the CYP enzyme is also briefly discussed [1]. In another paper,
the researchers reviewed studies of different drugs that interact with clopidogrel, including statins and
proton pump inhibitors [3]. Several pharmacoepidemiological studies have been conducted to evaluate
drug interactions with clopidogrel [5-9]; however, to our knowledge, studies have yet to compare these
interactions using drug-drug interaction databases. Therefore, this study examined drug-drug interaction
databases to introduce an assessment of the use of Als in clinical practice, using the example of
clopidogrel's interaction with other drugs.

Several databases and resources are available to help healthcare professionals and patients check
for interactions in clinical practice and daily life. Some databases are free-accesible (Drugs.com,
Epocrates, Medscape, RxList, and WebMD), and some are subscription-based (Lexicomp, Micromedex,
and PEPID). However, these databases may vary in their information about drug-drug interactions [10-
12]. The accessibility of these databases and the diversity of their content complicates the decision-
making process for health professionals. There is a need to identify the most comprehensive, reliable,
and freely accessible drug interaction database. Recently, there has been growing interest in using
artificial intelligence (Al) to detect drug interactions [13-15]. As the use of Al chatbots becomes
widespread, they are also becoming an increasingly popular source of information in healthcare.
ChatGPT, Google Bard (now known as Gemine), and Microsoft Bing are the most popular Al chatbots.
ChatGPT has both free version (ChatGPT-3.5) and commercial version (ChatGPT-4). This study aims
to evaluate possible drug interactions with clopidogrel using both freely available drug interaction tools
(Medscape, DrugBank, and Epocrates) and Al chatbots (ChatGPT-3.5 and Bing) and to compare the
results obtained to test the capability of free Al chatbots.

MATERIAL AND METHOD
Data Collection

This study was conducted from April 25 to May 10, 2023. The list of drug interactions with
clopidogrel was accessed from the UpToDate database [16], and a total of 84 cases of interaction with
clopidogrel were identified. Interactions between clopidogrel and dietary supplements, nutrients,
vitamins, and herbs, and repeated drug interactions were excluded from the analysis and were shown in
yellow boxes in Figure 1. In addition, interactions of two drug classes (antiplatelet properties drugs and
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calcium channel blockers) with clopidogrel were identified in the UpToDate database. Four drugs from
antiplatelet properties drugs and two drugs from calcium channel blockers were selected and these drugs
were shown in blue boxes in Figure 1. A total of 78 drugs were included in this study (Table 1).
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Figure 1. Flowchart for the inclusion/exclusion of drugs that interact with clopidogrel. Eighty-four
cases of interaction with clopidogrel were identified in the UpToDate database. Interactions between
clopidogrel and dietary supplements, nutrients, vitamins, and herbs, and repeated drug interactions
were excluded from the analysis and were shown in yellow boxes. For the interactions of two drug
classes (antiplatelet properties drugs and calcium channel blockers) with clopidogrel, selected drugs
were shown in blue boxes. The interactions of clopidogrel with 78 selected medications were analyzed
using Lexicomp, Medscape, Drugbank, Epocrates, ChatGPT-3.5 Al and Bing Al

Table 1. A list of 78 drugs that interact with clopidogrel was retrieved from the UpToDate database and
included in the study

Abrocitinib Cladribine Enzalutamide Lansoprazole Pentoxifylline 500"“”? _erconlum
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ﬁgféylsallcyllc Collagenase Erythromycin Limaprost Pirtobrutinib Ticagrelor
- Dabigatran . . .
Alpelisib Etexilate Esomeprazole Morphine Prasugrel Tipranavir
Alteplase Dabrafenib Etravirine Nifedipine Repaglinide Topotecan
P Nirmatrelvir and . . .
Amodiaquine | Daprodustat Fentanyl Ritonavir Rifampin Treprostinil
Apixaban Dasabuvir Fluconazole Obinutuzumab Ritonavir Tucatinib
Bemiparin Dasatinib Heparin Omeprazole Rivaroxaban Ubrogepant
. .. | Ibritumomab . . .
Berotralstat Deoxycholic Acid Tiuxetan Ozanimod Rosuvastatin Urokinase
Bupropion Desloratadine Ibrutinib Paclitaxel Selexipag Verapamil
Cangrelor Diamorphine Icosapent Ethyl Pantoprazole Selumetinib \Vonoprazan
Caplacizumab | Edoxaban Inotersen Pazopanib Sertraline Warfarin
. . Pentosan . . .
Cephalothin Enoxaparin Ibuprofen Polysulfate Sodium Sibutramine Zanubrutinib
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Lexicomp (Wolters Kluwer, USA), a subscription-based drug interaction screening tool, was
selected as the reference database and accessed through the library of 1zmir Katip Celebi University.
Firstly, drug interactions with clopidogrel were screened by the Lexicomp database. Then, three free
software programs, Medscape (WebMD, USA), DrugBank (University of Alberta, USA), and Epocrates
(Epocrates Inc., USA), were used to check the capability of ChatGPT-3.5 Al and Bing Al. These
databases were chosen because they are available to the public free of charge. In this study, we focused
on the free-accesible version of chatbots, which people more widely use due to their free access, so we
included ChatGPT-3.5 Al and Microsoft Bing Al. Google Bard was excluded as it was used for testing
during the study period. Free accounts were created on ChatGPT-3.5 Al and Bing Al and interacted with
the Al-based language model to collect data. As both free Al chatbots have a maximum question limit
of 24 hours, the drug interaction screening with Al chatbots was completed between 8 and 10 May 2023.
A new conversation was started for each drug interaction question. Five questions were prepared based
on information from Lexicomp, the reference database for drug interactions. Each pair of drug
interactions was searched with five questions, and the answers were recorded for further analysis. The
following questions were used:

“Can I take clopidogrel and X together?”

““What happens if I take clopidogrel and X together?’’

““How should I take clopidogrel and X together?”’

“What is the risk rating of interaction between clopidogrel and X?”” and
“What is the severity of interaction between clopidogrel and X?”.

In Lexicomp, the severity of the interaction is categorized as major, moderate, and minor. The
results of the free drug interaction checkers and Al chatbots are also standardized as in Lexicomp. Drugs
that were unavailable to these tools and Al chatbots were assumed not to interact. The true positive (TP),
true negative (TN), false positive (FP), and false negative (FN) values of these databases and the Al
chatbots assessing clopidogrel interactions were determined. A drug interaction defined as a
major/moderate interaction in Lexicomp is defined as a TP if it is also a major/moderate interaction in
other databases and is defined as an FN if it is @ minor/no interaction in other databases. On the other
hand, a minor interaction identified in Lexicomp is defined as TN if it is a minor/no interaction in other
databases, while it is defined as FP if it is a major/moderate in other databases [11].

Statistical Analysis

The data were analyzed using descriptive statistics. The ability of the database to accurately detect
major/moderate drug interactions is defined as the sensitivity, while the ability to ignore minor
interactions is defined as the specificity [10]. Positive predictive value (PPV) is the probability that an
interaction detected by the database is a significant interaction. The probability that interactions not
detected by the database are insignificant is reported as negative predictive value (NPV). The sensitivity,
specificity, PPV and NPV of these databases were calculated using the following equations [11]:

Sensitivity = TP / (TP + FN)
Specificity = TN/ (FP + TN)
PPV =TP /(TP + FP)

NPV = TN/ (TN + FN)

The accuracy score was calculated by multiplying the sum of the sensitivity, specificity, PPV and
NPV values by 100, and the maximum accuracy score was 400 [10].

The results of drug interaction checkers and Al chatbots were also evaluated for severity level,
onset, mechanism, risk rating, management, discussion, documentation level, references, clinical
manifestations, and related drugs. Subsequently, the comprehensiveness score was calculated by
multiplying the number of these items found in drug interaction checkers and Al chatbots by 13.4 [10].
As ten items are to be assessed, the maximum comprehensiveness score is 134.

In addition, kappa (k) coefficients were used to assess the consistency of severity between the
four drug-drug interaction tools and the two Al chatbots using SPSS (version 29.0, IBM, USA). To
harmonize the severity of the interactions classified as major, moderate and minor in the Lexicomp
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results with the results from other databases, minor and no interaction results were combined and scored
as no interaction. Fleiss’ kappa coefficient was calculated to assess the agreement between all drug-drug
interaction tools and Al chatbots in terms of the severity of drug interactions with clopidogrel. Cohen's
kappa coefficient was calculated to pairwise compare drug interaction tools and Al chatbots. A kappa
coefficient of 1 indicates perfect agreement, -1 indicates perfect disagreement, and 0 indicates agreement
that would be expected by chance. Kappa coefficient < 0.0 indicates poor agreement, 0.0 - 0.2 slight
agreement, 0.21 - 0.40 fair agreement, 0.41 - 0.60 moderate agreement, 0.61 - 0.80 substantial
agreement, and 0.81 - 1.00 near perfect agreement [17]. The calculated p-value for kappa coefficients is
less than 0.05, meaning that the agreement between tools and Al chatbots is unlikely to be due to chance.

RESULT AND DISCUSSION

This study included 78 cases of interaction with clopidogrel; however, some drugs were
unavailable in drug interaction checkers tools and Al chatbots (h = 12 for MedScape, n = 1 for Drugbank,
n =9 for Epocrates, and n = 54 for Bing Al) except ChatGPT-3.5 Al. These drugs were assumed to have
no interaction with clopidogrel.

Lexicomp Drug Interactions Module, a reference database, has identified 20 major, 53 moderate,
and five minor drug interactions with clopidogrel (Table 2). Among the free-accesible databases,
Drugbank showed similar results to those of Lexicomp. The DrugBank found 13 major, 49 moderate
and six minor interactions with clopidogrel and no interactions with ten other drugs. Epocrates identified
17 major, 35 moderate and two minor interactions with clopidogrel. However, Epocrates did not find
interactions with 24 drugs. On the other hand, more than half of these clopidogrel-drug interactions were
not found in the MedScape. Interestingly, ChatGPT-3.5 Al found that clopidogrel interacted with all but
eight of the drugs that were identified in the UpToDate database. However, some moderate risk
interactions in Lexicomp were identified as major interactions in ChatGPT-3.5 Al. In contrast, the Bing
Al chatbot found interactions only for 15 drugs.

Table 2. Standardization of the interaction severity ratings of the drug interaction tools and Al chatbots
as major, moderate, and minor

Lexicom MedScape Drugbank Epocrates ChatGPT-3.5 Al Bing Al
Major |20| Serious/Use (13 Major 13 Avoid/Use 17 High 27 Severe 9
alternative alternative

Contraindicated
Moderate |53 | Monitor closely |23 Moderate 49| Monitor/Modify |35 Moderate |41 Moderate 6

treatment
Minor |5 Minor 0 Minor 6 | Caution advised | 2 Mild 2 Minor 0
No interaction |42| No interaction |10| No interaction |24| Noknown | 8 | No interaction |63
found found found interaction found

The highest number of correct answers (TP plus TN) was received by ChatGPT-3.5 Al chatbot
(n = 69) and Drugbank (n = 64). However, some of the results were misinterpreted by the Al chatbot,
such as the fact that clopidogrel is a prodrug. One of the most common interactions with clopidogrel is
with CYP2C19 inhibitors. As clopidogrel is a prodrug, co-administration of clopidogrel with CYP2C19
inhibitors reduces serum levels of the active metabolite of clopidogrel. ChatGPT-3.5 Al and Bing Al
chatbot accurately describe the interaction of clopidogrel with proton pump inhibitors, which are
CYP2C19 inhibitors, suggesting that it leads to decreased plasma levels of the active metabolite. On the
other hand, ChatGPT-3.5 Al chatbot incorrectly explains the interaction of fluconazole, nifedipine, and
ritonavir (enzyme inhibitors) [1,18,19] and rifampin (enzyme inducer) [20] with clopidogrel, ignoring
that clopidogrel is a prodrug. A similar incorrect result was found for erythromycin (enzyme inhibitor)
[1] in the Bing Al.

The highest number of incorrect answers (FN plus FP) was received by the Bing Al chatbot (n
= 60) and MedScape (n = 39). A reliable drug-drug interaction checker should be sensitive to detect
significant interactions and specific to ignore insignificant interactions. The ChatGPT-3.5 Al chatbot
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was the most sensitive, while the Bing Al chatbot was the least sensitive. Among the free drug
interaction checkers, the DrugBank had the highest level of sensitivity, while the MedScape had the
lowest level of sensitivity. Epocrates was found to have the highest specificity of all the databases, while
the Bing Al chatbot was found to have the lowest specificity.

The positive predictive values of Drugbank, Medscape and ChatGPT-3.5 Al were comparable
and higher, demonstrating their ability to identify significant interactions. On the other hand, both
Drugbank and ChatGPT-3.5 Al showed high negative predictive value, further supporting their
reliability. The most accurate database was the ChatGPT-3.5 Al chatbot, with 307 out of 400 accuracy
points. On the other hand, Bing Al chatbot was the least accurate database, with 197 points (Table 3).
Among the free drug interaction checkers, the most accurate database was Drugbank, with 299, and the
least accurate was MedScape, with 244 points (Table 3).

Table 3. Accuracy score of drug interaction checkers and Al chatbots for assessing clopidogrel
interactions with 78 drugs

TP FN | TN FP Sensitivity | Specificity PPV NPV Accuracy
Score*
MedScape 35 38 4 1 0.48 0.90 0.97 0.10 244
Drugbank 60 12 4 2 0.83 0.94 0.97 0.25 299
Epocrates 48 25 1 4 0.66 0.98 0.92 0.04 260
ChatGPT-3.5 Al 67 7 2 2 0.91 0.97 0.97 0.22 307
Bing Al 14 59 4 1 0.19 0.78 0.93 0.06 197

*Maximum accuracy score is 400. Abbreviation; FN, false negative; FP, false positive; TN, true negative; TP, true positive;
PPV, positive predictive value; NPV, negative predictive value

The Bing Al and DrugBank are superior to other checkers in providing references for drug
interactions with clopidogrel. On the other hand, ChatGPT-3.5 Al has cited the Lexicomp and Epocrates
databases for some interactions, but the results are inconsistent (Table 4). Epocrates, ChatGPT-3.5 Al
and Bing Al offer management of drug interactions with clopidogrel. The Bing Al chatbot had the
highest comprehensiveness score of 107 points (Table 4). On the other hand, the most comprehensive
free drug interaction checker was Drugbank, with 80 comprehensiveness scores. The total score was
obtained by summing the accuracy and comprehensiveness scores [10]. ChatGPT-3.5 Al had the highest
total score, with 387. Among the free interaction checkers, DrugBank had the highest score, with 379
(Table 5).

Fleiss' kappa coefficients were evaluated for interaction severity agreement between drug-drug
interaction tools and Al chatbots for clopidogrel and drug interaction pairs (Table 6). The overall Fleiss
kappa coefficient was 0.043 (slight agreement; p = 0.040). The kappa coefficient was 0.106 (slight
agreement; p < 0.001) for interaction pairs with the major severity drug interaction category. Pairwise
agreement for the severity of interactions between drug interactive tools and/or Al chatbots was assessed
using Cohen's kappa coefficient (Table 7). The highest kappa coefficients were found between Epocrates
and Medscape (k = 0.390; p < 0.01) and Lexicomp and ChatGPT-3.5 (x = 0.201; p = 0.020), both
showing fair agreement.

Table 4. Comprehensiveness score of drug interaction checkers and Al chatbots for assessing
clopidogrel interactions with 78 drugs

Risk |Onset| Mechanism | Severity | Management| Discussion | DL | Ref | CM | Related | CS*

rating level drugs
MedScape | Yes | No Yes Yes No No No | No | Yes No 54
Drugbank | Yes No Yes Yes No Yes No | Yes | Yes No 80
Epocrates | Yes No Yes Yes Yes No No | No Yes No 67
ChatGPT- | Yes No Yes Yes Yes Yes No | No Yes No 80
35Al
Bing Al Yes No Yes Yes Yes Yes Yes| Yes | Yes No 107

*Maximum comprehensiveness score is 134. Abbreviation; CM, clinical manifestations, CS, comprehensiveness score, DL,
documentation level, Ref, references
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Table 5. Total score of drug interaction checkers and Al chatbots for assessing clopidogrel interactions
with 78 drugs

Accuracy Score Comprehensiveness Score Total Score*
MedScape 244 54 298
Drugbank 299 80 379
Epocrates 260 67 327
ChatGPT-3.5 Al 307 80 387
Bing Al 197 107 304

*Maximum total score (accuracy + comprehensiveness) = 400 + 134 = 534

Table 6. Fleiss' kappa coefficients for the interaction severity agreements of four drug interaction tools
and two Al chatbots for clopidogrel and drug interaction pairs

Kappa coefficient p-value Strength of agreement
Major 0.106*** <0.001 Slight
Moderate 0.000 0.990 Slight
No interaction 0.045 0.127 Slight
Overall 0.043* 0.040 Slight

In drug interactions reported as minor or not applicable, it was assumed that there were no drug interactions. *p < 0.05,
*k*k
p <0.001

Table 7. Cohen’s kappa coefficients for the interaction severity agreements of between drug interaction
tools and/or Al chatbots for clopidogrel and drug interaction pairs

Lexicomp | MedScape | Drugbank | Epocrates | ChatGPT-3.5 Al Bing Al
Lexicomp - 0.095 0.108 0.004 0.201* 0.009
Medscape 0.095 - 0.071 0.390*** 0.090 0.118
DrugBank 0.108 0.071 - 0.101 -0.007 0.030
Epocrates 0.004 0.390*** 0.101 - 0.047 0.007
ChatGPT-3.5 Al 0.201* 0.090 -0.007 0.047 - -0.037
Bing Al 0.009 0.118 0.030 0.007 -0.037 -

In drug interactions reported as minor or not applicable, it was assumed that there were no drug interactions. *p < 0.05,
*k*k
p <0.001

An increasing number of medicines are coming onto the market, and many new interactions are
reported that may interfere with treatment or cause adverse effects [21]. The identification of predictable
and preventable drug-drug interactions is essential for patient safety, and healthcare professionals often
use drug-drug interaction tools to help them identify all the possible interactions between medicines.
There are many drug-drug interaction tools available, but the results from these databases are not always
consistent, and several studies have been carried out to compare these databases [10-12,22-29].
Although the drug-drug interaction tools and the drugs compared in these studies were different, the
conclusion was that subscription-based tools may be more useful than free tools and that health
professionals should use at least two different resources to assess drug interactions. Most of these studies
showed that Lexicomp had the highest score among subscription-based drug interaction tools [11,12,26],
so we chose Lexicomp as our reference source. Artificial Intelligence (Al) is revolutionizing many
fields, including health [30]. In recent years, Al applications in healthcare have been in the spotlight,
and the potential for Al tools to provide information about drug use among the public is growing [31,32].
Our study focused on clopidogrel, a drug with significant drug-drug interactions, and compared the
performance of drug-drug interaction databases and Al chatbots in identifying these interactions.

Our research, along with two previous studies [13,14], has shed light on the potential of Al
chatbots in detecting drug interactions. In the first study, the results of another previous study evaluating
40 drug-drug interactions [10] were compared with the free-accesible version of ChatGPT [14].
ChatGPT is partially effective in detecting drug interactions. Although the information provided by
ChatGPT is sometimes insufficient, it may be helpful in detecting drug interactions [14]. Similarly, the
ChatGPT-3.5 Al chatbot provided useful information about clopidogrel-drug interactions in our study.
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The other study searched ChatGPT-3.5 Al, ChatGPT-4 Al, Microsoft Bing Al and Google Bard for
interactions of five drugs selected from the class of SGLT-2 inhibitors and macrolides with the 51 most
prescribed drugs [13]. These results were compared with those from Micromedex and Drugs.com [13].
In contrast to our study, it was found that Bing Al had the highest accuracy and specificity [13]. In our
research, ChatGPT-3.5 Al and DrugBank had the highest accuracy scores. These resources may be free
and reliable for identifying drug interactions with clopidogrel. Although Bing Al has the highest
comprehensive score, it appears inadequate as it only includes a few drugs. DrugBank and ChatGPT-
3.5 Al had the highest comprehensiveness scores, except for Bing Al. As a result, our study shows that
ChatGPT-3.5 Al and DrugBank are the most comprehensive and accurate drug interaction detection
tools available to healthcare professionals and patients. On the other hand, the compatibility of
Lexicomp-ChatGPT-3.5 Al chatbot results for interaction severity was found to be fair. The fact that
clopidogrel is a prodrug leads to different results for interactions with drugs that induce or inhibit
CYP3A4/A5, CYP2C19, CYP2C9 and CYP1A2, which are involved in the metabolism of clopidogrel
[1]. The interaction between the CYP2C19 inhibitors, proton pump inhibitors [1], and clopidogrel was
correctly explained by ChatGPT-3.5 Al. However, the interaction with the CYP3A4/A5 inhibitors
nifedipine, fluconazole, ritonavir [1] and the CYP3A4/A5 inducer rifampin [1] was incorrectly
explained. Even though ChatGPT-3.5 Al achieved the highest overall (accuracy + comprehensiveness)
score, a major weakness of ChatGPT-3.5 Al is that it ignores the fact that clopidogrel is a prodrug in
these interactions. In addition, our study has some limitations. One limitation is that the data included
in the ChatGPT-3.5 Al is from before September 2021 and may not include the most recent medical
data. More accurate results can be obtained with ChatGPT-4 Al, but its cost limits its use.

In conclusion, the main findings of our research are as follows: (a) Drugbank Drug Interaction
Checker among free-accesible databases and ChatGPT-3.5 Al among Al chatbots provide the results
most similar to Lexicomp, (b) More than half of the drugs are not available in Bing Al chatbot, (c) The
ChatGPT-3.5 Al chatbot and the Drugbank database have the highest number of correct answers and
accuracy score for drug interactions, (d) The Bing Al chatbot performs excellently on the
comprehensiveness score, but the inaccessibility of 80% of medications limits this result, (e) Finally,
ChatGPT-3.5 Al performed best when considering the overall score.

ChatGP T-3.5 Al shows promise in predicting drug interactions with clopidogrel but may lead to
incorrect conclusions with CYP enzyme inhibitors/inducers, ignoring the properties of the drug
compound. ChatGPT-3.5 Al can provide general information about drug therapy but cannot give
specific medical advice or recommendations. Also, ChatGPT-3.5 Al emphasizes that other medications
or supplements should be avoided without the advice of a healthcare professional while using
clopidogrel. The Al chatbots recommend being aware of bleeding symptoms when taking clopidogrel
and taking the medications at different times of the day to reduce the risk of bleeding. The Al chatbots
also warn that the questioner should consult a healthcare professional, regardless of whether there is
data on drug interactions, which is beneficial for patient safety. In the future, Al chatbots could become
even more useful by improving their ability to predict the interactions between drugs accurately.
However, patients should always consult their healthcare provider before changing or stopping taking
their medicines.
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