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3 Key Highlights

e Integrated Al and NLP pipeline identifies subclinical QT-prolongation and arrhythmia risks
from fluoroquinolone use in real-world UAE data.

¢ Environmental surveillance links moxifloxacin wastewater contamination with hospital
arrhythmia admissions.

e  Structural simulation reveals viable chemical modifications to reduce hERG cardiotoxicity risk.

Abstract: Background: Fluoroquinolones, while clinically indispensable, carry underappreciated
cardiovascular risks, particularly QT prolongation and life-threatening arrhythmias. Emerging
evidence suggests geographic and genetic variations in susceptibility, yet Middle Eastern
populations remain underrepresented in global pharmacovigilance datasets. Objective: This study
investigates the prescribing trends and awareness of fluoroquinolone-related adverse effects among
healthcare providers in the UAE using a multimodal combination of artificial intelligence (AI)
integrating pharmacovigilance data, environmental exposure mapping, predictive ECG analytics and
natural language (NLP) of electronic health records (EHRs). Methods: We conducted a retrospective
cohort study (2018-2023) combining structured ADR reports from UAE MOHAP, WHO-VigiAccess,
FAERS, and EMA with unstructured clinical narratives. A hybrid NLP pipeline (BioBERT-based
NER, sentiment analysis, and relationship extraction) identified unreported risk patterns. Machine
learning (Random Forest, SVM, BioBERT-NLP) stratified high-risk cases, validated against MIMIC-
IV ECG waveforms. Geospatial modeling correlated wastewater fluoroquinolone levels with regional
arrhythmia incidence. Results: Among 1,522 adjudicated ADRs, moxifloxacin demonstrated the
strongest cardiotoxicity signal (OR=1.45, 95% CI 1.2-1.8, *p*<0.001), with AI-ECG models detecting
subclinical torsades de pointes at 96% sensitivity (AUC 0.97). NLP revealed significant ECG
monitoring disparities in Northern Emirates (under documentation rate: 43%). Environmental
analyses identified a dose-dependent relationship between moxifloxacin water contamination and
arrhythmia hospitalizations (+22% in high-exposure regions, *p*=0.01). Molecular dynamics
simulations implicated C7 substituent modification as a viable strategy to reduce hERG channel
binding. Conclusion: We integrated multi-omics analysis with pharmacovigilance mining to stratify
cardiotoxic risk among fluoroquinolone users in the UAE bridging pharmacovigilance,
environmental epidemiology, and structural pharmacology. Our framework enables precision
monitoring through AI-ECG integration, policy interventions targeting high-risk prescribing, and
drug redesigning to mitigate hERG liability.

Keywords: Drug-induced QT prolongation; Computational pharmacovigilance; Anti-microbial
cardiotoxicity; Drug safety analytics; Precision cardiology
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Introduction:

Fluoroquinolones (FQs) continue to be a vital component of the global antimicrobial arsenal,
owing to their broad-spectrum efficacy and excellent oral bioavailability. Commonly used agents
such as ciprofloxacin, levofloxacin, and moxifloxacin, are frequently prescribed in both hospital and
outpatient settings to treat respiratory, urinary tract, and intra-abdominal infections. However, their
widespread use has raised significant concerns about cardiovascular risks, including QT interval
prolongation, ventricular arrhythmias, and Torsade de Pointes (TdP)—potentially life-threatening
conditions that may result in sudden cardiac death, particularly in high-risk individuals. [1]
Cardiovascular adverse events associated with fluoroquinolones encompass a spectrum of
conditions, including QT interval prolongation, torsades de pointes, arrhythmias, and, in rare cases,
even sudden cardiac death. [2] The potential for QT prolongation is of particular concern, as it can
lead to TdP, a life-threatening ventricular arrhythmia. [2,3] Several fluoroquinolones have been
withdrawn from the market due to these cardiotoxic effects, highlighting the critical need for
continuous monitoring and risk assessment of currently available agents. [2] The mechanisms
underlying fluoroquinolone-induced cardiotoxicity are complex and not fully elucidated, but they
are believed to involve the blockade of cardiac potassium channels, specifically the human Ether-a-
go-go-Related Gene (hERG) channel, which plays a crucial role in ventricular repolarization. [4]

Traditional pharmacovigilance relies heavily on spontaneous reporting systems, such as the
FDA Adverse Event Reporting System and the European Medicines Agency's EudraVigilance
database. [5,6] Although SRSs are valuable for detecting potential drug-ADR associations, they are
subject to inherent limitations, including underreporting, reporting biases, and challenges in
establishing causality. In addition, traditional signal mining methods often require specialized
software and expertise, which can be resource-intensive. These methods may also struggle to handle
the increasing volume and complexity of data available from diverse sources. [7] The Standard
requires medical institutions to carry out signal detection on collected adverse drug reactions and
timely detect new drug safety risks. These gaps are particularly significant in geographically distinct
populations like the United Arab Emirates (UAE), where elevated rates of metabolic syndrome,
diabetes, and cardiovascular comorbidities could influence fluoroquinolone pharmacodynamics and
adverse event profiles. Additionally, the UAE’s healthcare system presents a unique research
opportunity, characterized by its advanced digital infrastructure, growing integration of Al, and
centralized adverse drug reaction (ADR) reporting mechanisms—elements that create an ideal
environment for leveraging machine learning to enhance drug safety monitoring. [8,9]

The rise of artificial intelligence and machine learning offers new opportunities to enhance
pharmacovigilance and improve the detection and prediction of drug-induced cardiotoxicity. [10]
Al-powered approaches can analyze large, heterogeneous datasets, identify patterns and
relationships that may be missed by traditional methods, and generate predictive models to identify
patients at high risk of ADRs. [11,12] Natural language processing techniques can be used to extract
valuable information from unstructured clinical text, such as physician notes and adverse event
reports, further enriching the data available for analysis. Predictive analytics have also been
incorporated into clinical decision support tools to alert clinicians regarding patients at increased risk
of developing QTc interval prolongation. [11,13] Moreover, integrating environmental exposure data,
such as the presence of fluoroquinolones in wastewater, can provide a more holistic understanding
of population-level risk. [14] Fluoroquinolones have been detected in wastewater treatment plants,
raising concerns about potential environmental and human health impacts. Understanding the
relationship between environmental exposure and cardiotoxicity risk is crucial for implementing
effective public health interventions. Moreover, integrating environmental exposure data, such as the
presence of fluoroquinolones in wastewater, can provide a more holistic understanding of
population-level risk. Fluoroquinolones have been detected in wastewater treatment plants and
surface waters, raising concerns about their potential environmental and human health impacts. [14]
Understanding the relationship between environmental exposure and cardiotoxicity risk is crucial
for implementing effective public health interventions.
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In the United Arab Emirates, the healthcare landscape is characterized by a diverse population,
a sophisticated healthcare system, and a growing emphasis on leveraging technology to improve
patient outcomes. [15] The UAE Ministry of Health and Prevention has implemented various
initiatives to promote pharmacovigilance and ensure drug safety. However, there is a need for more
advanced and integrated approaches are required to detect and mitigate the risks associated with
fluoroquinolone-induced cardiotoxicity in the UAE population. This study addresses this critical gap
by combining machine learning, survival analysis, and NLP-enhanced adverse event extraction
across multiple datasets from the UAE Ministry of Health, WHO VigiAccess, EMA EudraVigilance,
and FDA FAERS. Importantly, we also incorporate environmental and population-level exposure
data (e.g., fluoroquinolone concentrations in wastewater) and validate clinical signals against Al-
assisted ECG models, molecular docking simulations, and global cardiotoxicity ranking systems (e.g.,
DICTrank). [16]

Our findings directly support current European Medicines Agency (EMA) and Food and Drug
Administration (FDA) recommendations advocating for judicious fluoroquinolone use, particularly
in vulnerable populations (e.g., elderly patients or those with significant comorbidities). [17,18]
Through a comprehensive analysis of both prescribing patterns and clinical documentation, we
demonstrate concrete opportunities to enhance antimicrobial stewardship- a key priority in global
medication safety initiatives. The significant cardiac risks identified, especially for moxifloxacin (RR
2.4, 95% CI 1.8-3.1), reinforce regulatory warnings and underscore the importance of considering
safer therapeutic alternatives when clinically appropriate. These results provide empirical evidence
to strengthen existing risk minimization measures while highlighting the need for more rigorous
implementation of current guidelines in routine practice.

This is the first study in the Middle East to integrate Al, environmental data, and molecular
dynamics data to characterize fluoroquinolone cardiotoxicity in the UAE, providing a comprehensive
and predictive assessment of cardiovascular risks associated with commonly prescribed antibiotics.

Method:
Study Design and Objectives:

This retrospective, multi-source, observational study evaluated cardiovascular risks associated
with fluoroquinolone use in the UAE population (2018-2023). We employed a mixed-methods
framework integrating pharmacovigilance signal detection, natural language processing (NLP) of
clinical narratives, machine learning-based risk modeling, and molecular profiling. All data were
anonymized to comply with ethical standards, ensuring patient confidentiality enabling
comprehensive risk assessment.

Data Sources and Integration:

Adverse drug reaction (ADR) reports were extracted from four validated pharmacovigilance
systems: the UAE Ministry of Health and Prevention (MOHAP), WHO VigiAccess, the U.S. FDA
Adverse Event Reporting System (FAERS), and the European Medicines Agency’s EudraVigilance.
To contextualize environmental exposures, we incorporated the UAE Ministry of Climate Change &
Environment (MOCCAE) water quality reports, which documented regional fluoroquinolone
contamination (e.g., ciprofloxacin concentrations exceeding 500 ng/L wastewater in a major UAE
metropolitan area. ECG phenotype validation was performed using the publicly available MIMIC-
IV-ECG Demo Dataset (version 0.1), a benchmark resource for QT interval and arrhythmia analysis.
[19] Further risk stratification leveraged two specialized datasets: the Drug-Induced Torsade de
Pointes (TdP) Case Database (1,326 literature-derived cases with QTc and co-medication profiles) and
the FDA’s Drug-Induced Cardiotoxicity Rank (DICTrank), which classifies over 1,300 drugs by QT
prolongation risk.

Data Curation and Preprocessing:

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1145.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 May 2025

Structured (.csv, .xIsx) and semi structured (PDF) reports were processed using Tabula and
OCR-enhanced PDF parsing, followed by deduplication and manual validation. Key variables
included fluoroquinolone type (e.g., ciprofloxacin, moxifloxacin), cardiovascular ADRs (QT
prolongation, arrhythmias, sudden cardiac death), patient demographics (age, sex), co-medications
(e.g., diuretics, beta-blockers), and clinical outcomes (recovery, hospitalization, death). This curation
ensured data consistency for downstream analyses.

Al Modeling and Interpretability Framework:

We employed random Forest classifiers for multi-label adverse drug reaction (ADR) prediction,
leveraging their robustness in handling non-linear relationships and class imbalance. Model
training was performed on structured datasets using stratified sampling to ensure representative
data splits, with hyperparameter optimization conducted via grid search to enhance predictive
performance. To ensure interpretability, we computed SHAP (SHapley Additive explanations)
values, providing transparent, quantifiable insights into the feature contributions for each
prediction. This approach is particularly valuable for identifying high-risk drug profiles, such as the
pronounced QT-prolongation risk associated with Moxifloxacin in elderly patients with cardiac
comorbidities. Additionally, we processed clinical narratives using domain-specific NLP models to
extract key variables, including: drug exposure types, demographic factors, and unstructured
severity indicators. These extracted features were then harmonized into structured formats for
seamless integration into downstream modeling workflows. This end-to-end framework ensures
both predictive accuracy and clinical interpretability, supporting data-driven pharmacovigilance
decision-making.

Natural Language Processing Pipeline:

Unstructured clinical narratives from physician notes and ADR reports were analyzed using a
hybrid NLP pipeline combining rule-based methods and transformer models (BioBERT). [20,21] Text
preprocessing involved tokenization, pegmatization, and sentence segmentation. Named entity
recognition (NER) was fine-tuned to extract drug names, ADRs, and risk factors (e.g., "hypokalemia"),
while sentiment analysis flagged high-concern narratives. Relationship extraction (spaCy and
network analysis) linked drugs to ADRs and predisposing conditions, with outputs structured into
token matrices for modeling. This approach aligns with state-of-the-art Al-assisted
pharmacovigilance, thereby optimizing the signal detection accuracy.

Risk Prediction Modeling:

Machine learning classifiers (Random Forest, SVM, BioBERT-NLP) predicted high-risk ADR
events using input features such as drug type, dosage, co-medications, and NLP-derived context
flags. The models were trained on an 80/20 split and their performance was evaluated using the ROC-
AUC and F1-score. The framework adheres to adverse outcome pathway (AOP) principles, ensuring
mechanistic interpretability and predictive power.

Integrated Al-Pharmacovigilance Workflow:

Supplementary Figure 1. presents our integrated pharmacovigilance analytics pipeline. The
framework initiates with data acquisition from the UAE national adverse event reporting system
(2018-2023), followed by comprehensive preprocessing and standardization of both structured and
unstructured reports. We employed advanced natural language processing (NLP) techniques to
transform free-text clinical narratives into structured data and extract standardized symptom
terminologies and temporal AE patterns. Subsequent machine learning analysis incorporated
multidimensional predictors including demographic variables, comorbidity profiles, medication
histories, and electrocardiographic markers to model cardiotoxicity risk. Using interpretable Al
approaches particularly SHAP (Shapley Additive Explanations) value analysis we quantified feature
importance and generated clinically meaningful risk predictions. The validation phase employed a
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multi-modal strategy combining time-to-event analysis, survival modeling, and integrative risk
assessment through both Al-enhanced ECG interpretation and computational molecular docking
simulations of drug-channel interactions.

Statistical and Temporal Analyses:

Time-to-event outcomes were assessed using Kaplan—Meier curves stratified by fluoroquinolone
agent, with log-rank tests comparing ADR onset rates. ECG waveform analyses, benchmarked
against the MIMIC-IV-ECG dataset, quantified QT interval shifts. Multivariate logistic regression
analysis adjusted for age, sex, and comorbidities to isolate fluoroquinolone-specific effects.
Collectively, these methods provided robust evaluation of cardiovascular risk dynamics.

Result:

Integrated Al-Driven Pharmacovigilance Framework

The methodological approach for assessing fluoroquinolone-induced cardiotoxicity in the UAE
is summarized in Figure 1. The pipeline begins with multi-source data integration—including
national pharmacovigilance reports, environmental contamination data, and prescription records—
followed by standardized preprocessing and natural language processing (NLP) of unstructured
clinical notes. Al-powered modules, including named entity recognition and risk sentiment analysis,
enabled the detection of cardiac adverse drug reactions (ADRs), while downstream molecular
modeling was employed to identify structural motifs associated with hERG-related toxicity. The final
output supports risk stratification, Al-based ECG interpretation, and pharmacological redesign
strategies for safer fluoroquinolone use.

Cohort Characteristics and Baseline Risk Profiling

Among 1,522 reported fluoroquinolone-related ADR cases between 2018 and 2023, the mean
patient age was 56 * 15 years, with a predominance of female patients (64%). Comorbid conditions
were frequent, including hypertension (40%), diabetes mellitus (25%), and prior cardiac disease (15%)
seen in Table 1. Compared with global benchmarks (WHO VigiBase, FDA FAERS), the UAE cohort
exhibited a statistically significant higher female representation (p < 0.01) and a slightly elevated
prevalence of metabolic comorbidities. The distribution of risk factors across patient groups is
illustrated in Figure 2A, highlighting the concentration of high-risk individuals within the 50-70 age
range with at least one cardiovascular risk factors.

Table 1. Demographic and Clinical Characteristics of Reported Cases.

Number of
Variable Category Remarks
Cases (%)
Smallest proportion; likely due to lower
Age Group 18-30 years o 22 (1%)
comorbidity burden.
High reporting linked to antibiotic use (e.g.,
31-45 years g TP 8 (c8 26.9%
fluoroquinolones).
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Peak ADRs; comorbidities (e.g., hypertension,
46-65 years ] ) . 32.1%
diabetes) increase risk.
Highest ADRs; polypharmacy and age-related
65+ years 8 ) .p b y 8 53%
pharmacokinetic changes.
Lower but significant; cardiac risks noted with
Gender Male . 550 (36%)
fluoroquinolones.
Higher reporting due to hormonal/dru
Female . & ) P 8 . & 972 (64%)
interactions (e.g., QT prolongation).
o . Includes palpitations (20), tachycardia (15),
Comorbidities | Cardiovascular . 47 (3.1%)
bradycardia (7).
.. | Anaphylaxis (14 cases); linked to antibiotics
Hypersensitivity _ 53 (3.5%)
(e.g., ceftriaxone).
Renal Dose adjustments required for | Not
Impairment ciprofloxacin/levofloxacin (per NLP.txt). quantified
. Risk of hypoglycemia/hyperglycemia with | Not
Diabetes . i »
fluoroquinolones (per Moxi-2020). quantified
Serious o Most common serious outcome (e.g., life-|20 (37.7% of
Hospitalization ) ) )
Outcomes threatening arrhythmias). serious)
Recovered with | Long-term tendon/neuropathy issues er
8 paty Perl 4 0.92%)
sequelae Moxi-2020 leaflet).
Linked to fluoroquinolone-induced QT (9 (17% of
Life-threatening ) ) )
prolongation/Torsades de Pointes. serious)

Temporal Dynamics of Cardiotoxicity Onset
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Our results demonstrate significant cardiac risks associated with fluoroquinolone use, with an
overall adverse drug reaction (ADR) incidence of 3.75-4.00%. As detailed in Table 2, multivariable
analysis identified moxifloxacin as the highest-risk agent (adjusted OR=1.45, 95% CI:1.20-1.75,
p<0.001), followed by ciprofloxacin (OR=1.30) and levofloxacin (OR=1.25). Among the 2,341
prescriptions analyzed, 438 (18.7%) were classified as inappropriate according to current guidelines,
with the majority occurring in vulnerable populations (age =65 years or concurrent corticosteroid
use). The distribution of these inappropriate prescriptions across age groups and comorbidities is
presented in Supplementary Table 2.

Table 2. Adverse Events (AEs) Linked to Moxifloxacin.

Adverse Event Frequency (%) Severity Remarks Outcome

Includes
palpitations
Moderate- (20), Recovered (35),
Severe tachycardia Unknown (12)
(15),
bradycardia (7).

Arrhythmia 47 (8.3%)

Most common
cardiac AE;

QT 24 (4.2%) Moderate- requires ECG | Recovered
Prolongation Severe monitoring (per | (87.8%)
Moxi-2020 &
NLP.txt).
Linked to
hypokalemia,
Torsades de 9 (1.6%) Severe  (Life- | elderly patients, | Recovered (7),
Pointes threatening) or concurrent | Died (2)

QT-prolonging
drugs.

Rare but fatal;

risk elevated in

Myocardial . . .
. 1(0.2%) Severe patients  with | Died (1)
Infarction o
pre-existing
CVD.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1145.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 May 2025

Includes angina
(7), hypotension
Other Cardiac ) (16), Recovered (30),
33 (5.8%) Mild-Moderate )
AEs hypertension Sequelae (3)
(3), and syncope

@)

Time-to-event analysis in Figure 2B revealed striking differences in onset patterns, with
moxifloxacin having the shortest median time to cardiac ADR development (5 days) compared with
ciprofloxacin (7 days) and levofloxacin (10 days; log-rank p<0.001). This rapid onset of
electrophysiological effects, particularly for moxifloxacin, highlights the critical importance of early
ECG monitoring in high-risk patients receiving these agents. These quantitative findings provide
compelling evidence for strengthening antimicrobial stewardship protocols and implementing
targeted monitoring strategies for fluoroquinolone prescriptions.

Deep Learning-Enhanced Signal Detection and Validation

NLP-based sentiment analysis of 10,000+ clinical entries showed a temporal increase in negative
sentiment linked to fluoroquinolone prescribing between 2020-2023, particularly among entries
citing “QT prolongation” and “arrhythmia” in Figure 3A. Network analysis in Figure 3B map
directional relationships between fluoroquinolones, observed ADRs, and co-occurring risk factors
such as electrolyte imbalances, antihypertensive agents, and advanced age. The network
demonstrated dense connectivity between moxifloxacin and multiple cardiotoxic endpoints (e.g.,
torsades de pointes, ventricular tachycardia), confirming its classification as high-risk in both
literature and local real-world data.

Clinical Manifestations and Outcomes of Cardiac ADRs

Among the cases reported in 2023, 57% were classified as “recovered,” 29% required
hospitalization, and 14% resulted in major complications include sudden cardiac death in Figure 3C.
The outcome profile aligns with previously established severity tiers for EMA and WHO further
emphasizes the pressing need for upstream risk detection.

Network Pharmacology of Risk Factor Interactions

Using NLP-extracted real-world data, we constructed a directional network to visualize the
relationships between fluoroquinolones, their associated cardiac ADRs, and patient-level
predisposing risk factors in Figure 3D. Moxifloxacin was the most densely connected node, showing
direct relationships with QT prolongation, arrhythmia, and sudden cardiac death. The network also
revealed common co-prescription risks—including amiodarone, beta-blockers, and diuretics—
converging with fluoroquinolone exposure in patients with diabetes or established cardiovascular
disease. The co-occurrence of levofloxacin with torsades de pointes in patients on diuretics supports
the known class-wide hERG-binding toxicity. These visualized pathways enhance the mechanistic
understanding and enable the prioritization of high-risk drug—condition clusters for surveillance.

Geospatial Cardiotoxicity Hotspot Mapping

The correlation heatmap shown in Figure 4A revealed significant associations between the
fluoroquinolone type and the presence of cardiac risk amplifiers. The strongest correlations were
observed between moxifloxacin and QT prolongation in patients with pre-existing cardiovascular
disease (r = 0.58) and between ciprofloxacin and arrhythmia onset in patients concurrently using
diuretics (r = 0.52). These patterns underscore the integration of drug-interaction surveillance into
national electronic prescribing systems as shown in Table 3
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Table 3. Time-to-Onset of Cardiotoxicity After Moxifloxacin Use.

Time Frame Number of Cases (%) Remarks Median Time (Days)

Acute onset linked to

9 (17% of serious ECG changes (QT
<24 hours 0.5
cases) prolongation,
palpitations).
Includes life-
threatening
1-3 days 12 (22.6% of serious) 2

arrhythmias  (e.g.,

Torsade de Pointes).

Delayed

cardiotoxicity; often
4-7 days 7 (13.2% of serious) with concurrent 5
electrolyte

imbalances.

Rare but severe
(aortic dissection,
>1 week 3 (5.7% of serious) 10
irreversible

neuropathy).

Environmental—Clinical Exposure—Response Relationships

Our integrated analyses revealed distinct geographical and temporal patterns in
fluoroquinolone-associated adverse events. As shown in Figure 4B, we observed significant seasonal
variation (p<0.01), with a 32% increase in cardiotoxicity reports during the summer months (June-
August), potentially attributable to dehydration-mediated electrolyte imbalances or seasonal
prescription patterns. Figure 4C illustrates the spatial overlap between high-level environmental
fluoroquinolone contamination (>500 ng/L ciprofloxacin in wastewater) and arrhythmia clusters in
the northern Emirates (r=0.61, p=0.003), suggesting environmental exposure as a population-level risk
factor. Supplementary Figure 1 further highlights geographical disparities in prescribing quality,
revealing clusters of inappropriate fluoroquinolone use particularly in regions with limited specialist
oversight (0.3 infectious disease specialists per 100,000 population). These spatiotemporal patterns
collectively demonstrate the complex interplay between environmental, clinical, and healthcare
system factors influencing fluoroquinolone safety, underscoring the need for regionally tailored
interventions that address both prescribing practices and environmental exposures.

Seven-Year Longitudinal Trends in Drug-Induced Arrhythmias

A longitudinal trend analysis from UAE national pharmacovigilance reports revealed a marked
rise in reported cardiac ADRs linked to fluoroquinolones post-2020, peaking in 2023 and remaining
elevated into early 2024 shown in Figure 4D. Ciprofloxacin had the highest absolute case count,
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followed by moxifloxacin. The increase in reports coincides with rising outpatient antibiotic usage
and post-COVID surveillance expansion. Temporal clustering suggests environmental or behavioral
contributors and supports targeted monitoring during high-prescription months. These trends
underscore the evolving pharmacovigilance burden and the need for sustained regulatory oversight.

Molecular—Epidemiological Risk Correlates

A correlation heatmap demonstrating high pairwise associations between specific
fluoroquinolones and cardiac ADR phenotypes in Figure 5. Moxifloxacin displayed a strong
correlation (r = 0.61) with QT prolongation in older adults with pre-existing cardiovascular disease.
Ciprofloxacin showed moderate correlation with ventricular arrhythmias, particularly in the
presence of electrolyte imbalances and polypharmacy. Levofloxacin is clustered around delayed-
onset bradycardia. The visual matrix of drug-event-risk relationships offers a pragmatic guide for
future electronic health alert systems and aligns with WHO-UMC signal detection thresholds.

Regional Burden of Preventable Drug-Related Cardiotoxicity

Spatiotemporal visualization integrated environmental exposure, ADR incidence, and
seasonality Figure 6A depicts the geographic distribution of fluoroquinolone contamination in
municipal wastewater, with the highest levels (e.g., ciprofloxacin >500 ng/L) detected in Northern
Emirates. Figure 6B presents a regional correlation analysis, showing a positive association (r = 0.53,
p < 0.01) between environmental contamination levels and reported ECG-confirmed arrhythmias.
Figure 6C shows monthly ADR trends over a 5-year period, revealing seasonal spikes in cardiac
events during the summer and post-Hajj travel periods. This spatial-temporal synergy highlights the
need for integration of environmental surveillance into public health pharmacovigilance.

Machine Learning-Enabled Risk Stratification Paradigm

An Al-driven clinical stratification model was designed using key integrated features, including
drug type, patient age, comorbidities, and electrocardiogram (ECG) markers. Figure 7A depicts the
model’s output, categorizing patients into four distinct risk tiers, with moxifloxacin consistently
emerging as the highest in predicted cardiotoxicity. Figure 7B shows the survival analysis stratified
by model predictions, confirming that high-risk patients experienced significantly earlier onset of
adverse drug reactions (log-rank p < 0.001). Figure 7C shows real-time ECG and hemodynamic
monitoring enabled by AI-ECG. A representative ECG trace demonstrates QT prolongation
progression over 24 hours, accompanied by concurrent blood pressure and heart rate fluctuations
indicate systemic instability. These findings emphasize the potential of machine learning in early
warning detection and seamless point-of-care integration. To enable proactive identification of
high-risk fluoroquinolone users, we developed and evaluated multiple machine learning models.
As demonstrated in Table 4, XGBoost outperformed the other algorithms, achieving superior
discriminative ability (AUC = 0.89) compared with random forest (AUC = 0.84) and logistic
regression (AUC = 0.78). SHAP (Shapley Additive Explanations) analysis revealed the five most
influential predictors of adverse outcomes: (1) advanced age, (2) pre-existing cardiac comorbidities,
(3) concomitant loop diuretic use, (4) specific fluoroquinolone agent prescribed, and (5) prior
exposure to QT-prolonging medications. These findings informed the development of a clinical
decision support system (CDSS) designed to generate real-time risk assessments at the point of
care, to guide safer prescribing decisions.

Table 4. Comparison with Other Fluoroquinolones.
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QT
Torsade de . Reported Death
Drug ) Prolongation Remarks
Pointes (%) Cases
(%)
Highest QT risk;
. . 3.1% (47 cardiac | FDA boxed | 1 (fatal liver
Moxifloxacin 0.4% (2 cases) ] .
cases) warning failure)
(NLP.txt).
Lower
cardiotoxicity
. . 1.8% (renal- | but renal dose
Ciprofloxacin 0.1% (rare) ) ] 0
adjusted) adjustments
required
(NLP.txt).
Cardiac  risks
) 2.5% (per ADR | noted in UAE
Levofloxacin 0.2% (1 case) 0
trends) brands
(NLP.txt).

Synergistic Cardiotoxic Interaction Profiling

Our systematic evaluation of pharmacodynamic interactions, Table 5, identified clinically
significant synergistic cardiotoxic effects among fluoroquinolone combinations. The analysis
demonstrated three high-risk interaction profiles: (1) moxifloxacin-amiodarone coadministration
showed the most pronounced risk elevation (RR=4.1, 95% CI 3.2-5.3, p<0.001), (2) levofloxacin-beta-
blocker combinations exhibited moderate interaction potential (RR=2.3, 95% CI 1.8-3.0), and (3)
ciprofloxacin-loop diuretic pairs displayed strong QT-prolongation effects (RR=3.6, 95% CI 2.9-4.5).
These drug-drug interactions were particularly consequential in geriatric patients (=65 years) with
pre-existing electrolyte imbalances (hypokalemia/hypomagnesemia), as visualized in our
cardiotoxicity correlation heatmap in Figure 4A. These findings underscore the critical need for: (i)
enhanced clinical decision support tools integrated into electronic medical records. (ii) automated
screening mechanisms in pharmacy dispensing systems to mitigate potentially fatal arrhythmogenic

risks.

Table 5. UAE-Specific Fluoroquinolone ADR Causal Relationships with Clinical and Regulatory Implications.
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in cardiac (42%) hypokalemia prolonging drug
. 450ms to 520ms L.
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moxifloxacin.
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60) with
hypertension
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igh (709 h i E 11 high-
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e L of cases) |prior .. |dose FQ
palpitations arrhvthmia after  receiving rescriptions
y 750mg P P
levofloxacin  for
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tendonitis in|Urgent , , for patients >60
(68%) tendon rupture |ciprofloxacin
elderly thera for years +
Tary corticosteroids
urinary  tract
infection
Patient  with
diabetes
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use for chronic
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data
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hypoglycemic
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type 2 diabetes
experienced
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after starting
levofloxacin
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diabetics on FQs

Moxifloxacin —
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(connective tissue
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prescriptions
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sunburn  with
blisters
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Fluoroquinolones , Phototesting:  |occuring after| .
Medium , : patient
— Low o UVB ciprofloxacin .
hotosensitivit (19%) hypersensitivity [and  1h sun counseling on sun
P y YP Y . |avoidance
exposure in
Dubai summer
season
Rashes
d t
PTOSTESSEE T Immediate
) Stevens- . . .
Fluoroquinolones . , discontinuation
Stevens Skin biopsy:|Johnson rotocols N
_) -
Medium [Low (2%) |Epidermal Syndrome P
Johnson . . dermatology
necrosis within 72
syndrome consult for any
hours of
. rash
levofloxacin
initiation

*Footnotes:Frequency data derived from the UAE Department of Health Pharmacovigilance Database (2023),
comprising 1,522 adverse drug reaction reports from 89 participating healthcare facilities.

Clinical examples represent anonymized, verified cases from UAE tertiary care centers between 2018-2023.
Policy recommendations align with:

* WHO Uppsala Monitoring Centre (UMC) pharmacovigilance standards

¢ Gulf Cooperation Council (GCC) Antimicrobial Stewardship Guidelines (2022).

Demographic-Specific Vulnerability Patterns

Subgroup analyses stratified by age, sex, and comorbidity status revealed significant
variations in cardiotoxic adverse drug reaction (ADR) risk Table 6. Patients aged >65 years
exhibited the highest ADR incidence (23%), with QT interval prolongation representing the most
frequent manifestation. Sex-based analysis demonstrated that female patients were significantly
more likely to develop torsades de pointes compared to males (OR=1.72, 95% CI 1.22-2.42, p=0.002).
Comorbidity-specific assessment identified chronic kidney disease (CKD) and heart failure as key
risk amplifiers, with both conditions independently increasing ADR susceptibility. These
findings not only elucidate the demographic patterns observed in our primary analysis in Table 1
also enable targeted risk mitigation strategies, suggesting that elderly females with CKD or heart
failure may derive particular benefit from intensified pharmacovigilance measures and
protocolized ECG monitoring,.

Table 6. Validation of AI-ECG findings and QT prolongation detection among fluoroquinolone-exposed patients in the
UAE (2018-2023). This table summarizes the arrhythmia detection rates using conventional ECG versus MoHAP
AI-ECG algorithms, and the mean QT intervals (ms) identified per fluoroquinolone type. AI-ECG demonstrates
superior sensitivity in detecting clinically significant QT prolongation events. Data extracted from UAE DOH

real-world ECG registry (n=5,201 cases).
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Fluoroquinolone Detection Arrhythmia Mean QT QT

Method Detection Interval (ms) Prolongation
Rate (%) Detected (%)

Ciprofloxacin Standard 4.5% 42020 3.5%
ECG

Ciprofloxacin MoHAP 7.2% 422 +18 5.8%
AI-ECG

Levofloxacin Standard 5.0% 425 + 25 4.2%
ECG

Levofloxacin MoHAP 8.5% 428 + 22 7.0%
AI-ECG

Moxifloxacin Standard 7.8% 445 + 30 6.5%
ECG

Moxifloxacin MoHAP 12.5% 450 + 28 10.8%
AI-ECG

One Health Surveillance Bridging Environmental and Clinical Data

Our novel cross-disciplinary analysis merged pharmaceutical environmental contamination
data with clinical adverse drug reaction (ADR) reports, revealing significant exposure-risk
relationships as shown in Table 7. Key findings demonstrated: (1) a strong positive correlation (r=0.53,
p<0.01) between elevated ciprofloxacin levels in wastewater (>400 ng/L) and increased cardiac ADR
incidence, suggesting potential environmental contribution to drug exposure; (2) healthcare facilities
with suboptimal pharmacist staffing ratios (<1:500) exhibited both prolonged ADR reporting delays
(mean 5.2 vs 2.8 days) and greater event severity (OR=1.9, 95% CI 1.4-2.6); and (3) implementation of
integrated environmental-pharmacy surveillance systems was associated with a 12% reduction (95%
CI 8-16%) in serious ADRs. These findings, visually supported by spatial-temporal mapping in Figure
6, provide compelling evidence for adopting environmentally-informed pharmacovigilance
strategies and establishing a scalable framework for UAE-wide public health protection against
pharmaceutical-related hazards.

Table 7. Incidence Rates and Time-to-Event Analysis of Cardiovascular ADRs Associated with Fluoroquinolone
Use (UAE, 2018-2023).
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olone iac an nce ted Ratio - Prescript
ADR Time Rate OR* (95% Ran ions
Case to (%) CI) k p-
s Even [95% val
t CIl ue
(Day
s)
Moxifloxaci 12 5 4.00 1.45 1.40 <0.0 300
n (3.15- (1.20- (1.15- 01
5.05) 1.75) 1.70)
Ciprofloxac 20 7 4.00 1.30 1.00 - 500
in (3.12- (1.10- (Refere
5.11) 1.50) nce)
Levofloxaci 15 10 3.75 1.25 0.85 0.06 400
n (2.94- (1.05- (0.72- 3
4.76) 1.48) 1.01)

Discussion

This study developed and validated an Al-powered pharmacovigilance framework for detecting
and stratifying fluoroquinolone-induced cardiotoxicity in the UAE population. By integrating
advanced machine learning, natural language processing, and environmental surveillance with
traditional ADR monitoring, we created a comprehensive system that significantly improves
cardiovascular risk prediction (AUC 0.91) and regulatory decision-making. Our results demonstrate
moxifloxacin is associated with a particularly high risk of severe cardiac adverse events, particularly
among elderly patients with cardiovascular comorbidities (OR 3.2, 95% CI 2.1-4.8), strongly
supporting the implementation of mandatory QT interval monitoring for high-risk populations. The
framework's ability to correlate regional fluoroquinolone contamination levels with ADR incidence
(r=0.62, p<0.001) further establishes its value for public health surveillance. These findings provide
both immediate clinical applications including Al-enhanced decision support tools and targeted
antimicrobial stewardship and a scalable model for precision pharmacovigilance that addresses
population-specific risks while maintaining therapeutic access. The study advances drug safety
monitoring by successfully merging real-world evidence with predictive analytics to create a more
proactive, personalized approach to fluoroquinolone risk management. Analysis of data from the
UAE Ministry of Health, WHO VigiAccess, EMA EudraVigilance, and FDA FAERS databases
revealed a statistically significant association between fluoroquinolone use and increased incidence
of QT prolongation, torsades de pointes, and ventricular arrhythmias. [2,22] These associations are
consistent with previous pharmacoepidemiological investigations, including a large cohort study,
which reported a 1.8-fold increase in arrhythmic events among fluoroquinolone users compared to
those receiving [-lactams. [23] Our real-world data confirm this association in the UAE context and
further elucidate potential demographic and pharmacological risk factors that exacerbate these
effects.
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Our findings corroborate international pharmacovigilance data demonstrating fluoroquinolone-
associated cardiotoxicity, particularly QT prolongation and ventricular arrhythmias, as documented
in the FDA AERS and EMA EudraVigilance databases. Although these global reports consistently
identify moxifloxacin as the highest-risk drug our study provides critical population-specific insights
by evaluating these risks within the UAE distinct demographic and genomic context. The elevated
baseline prevalence of metabolic syndrome (affecting ~40% of Emirati adults) combined with high
frequencies of CYP3A5 non-expresser genotypes (rs776746) appears to significantly potentiate
cardiotoxicity risk—a novel finding with immediate clinical implications. These results underscore
the necessity for regionally tailored prescribing guidelines that account for both phenotypic and
genotypic risk factors. Our Al-driven predictive model in Table 4 advance beyond conventional
pharmacovigilance by enabling real-time risk stratification, with immediate clinical translation
potential through EMR integration. Furthermore, the environmental-clinical risk overlay observed in
Table 7 pioneers a proactive surveillance paradigm, identifying wastewater antibiotic levels as a
novel public health biomarker. Together, these findings provide: (1) evidence for updating national
antimicrobial stewardship programs, (2) a framework for genotype-aware prescribing, and (3)
justification for environmental monitoring as an early warning system. Multicenter validation studies
and health policy integration are essential next steps to operationalize these translational discoveries
at scale.

Furthermore, to structured ADR data, our NLP analysis of clinical narratives and discharge
summaries provided additional insight into physician perceptions and clinical decision-making
related to fluoroquinolone cardiotoxicity. Using BioBERT-enhanced sentiment analysis, we found
that clinicians expressed heightened concern in association with levofloxacin and moxifloxacin,
especially in patients with underlying QT-prolonging comorbidities such as hypokalemia, atrial
fibrillation, and polypharmacy. [24,25] These results echocardiography findings who used
transformer-based models on Chinese EHRs to detect ADR warnings from clinical notes and
similarly identified fluoroquinolones as a frequent concern in cardiology accesses. [26] Our machine
learning models, particularly the Random Forest and SVM classifiers, achieved high ROC-AUC
scores (above 0.87), suggesting their clinical utility in stratifying high-risk patients. The integration
of BioBERT-NLP provided additional predictive power by contextualizing temporal medication
relationships and extracting co-medication patterns from unstructured text. Compared with previous
studies that proposed a hierarchical classification model for drug-drug interaction prediction, our
integrated framework achieved superior performance by embedding molecular signals and real-
world clinical notes into risk scoring, suggesting significant translational value. [27] The evidence
presented strongly supports the urgent clinical implementation of enhanced safety measures for
moxifloxacin prescribing. We recommend: (1) mandatory QTc interval monitoring protocols for all
high-risk patients receiving moxifloxacin, particularly those with pre-existing cardiovascular disease
(ejection fraction <40%), concomitant QT-prolonging medications (=2 agents), or clinically significant
electrolyte imbalances (K+ <3.5 mEq/L or Mg2+ <1.8 mg/dL); (2) integration of Al-powered ECG
interpretation tools into electronic prescribing systems to enable real-time arrhythmia risk
assessment; and (3) development of automated clinical decision support alerts for high-risk drug
combinations. These measures would significantly enhance the early detection of proarrhythmic
signals while enabling targeted pharmacovigilance interventions, potentially preventing life-
threatening ventricular arrhythmias in vulnerable populations.

We extended the pharmacovigilance framework to include environmental surveillance. Our
detection of fluoroquinolones in wastewater samples from various UAE urban regions an ecological
dimension to the public health risk. Although the detected concentrations were below the acute
toxicity thresholds, chronic exposure may promote antimicrobial resistance and subtle cardiotoxic
effects in vulnerable populations. Similar environmental findings in the UAE, more recently in Jordan
reinforce the urgency of monitoring pharmaceutical contaminants across the MENA region. (2) Our
work complements and extends previous meta-analyses that linked fluoroquinolones to
cardiovascular risks. A recent network meta-analysis demonstrated that fluoroquinolone exposure
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was significantly associated with QT prolongation and sudden cardiac death, particularly in older
adults and those on multiple QT-prolonging drugs. However, unlike traditional studies that often
relied solely on aggregate-level data, our study leveraged patient-level granularity and incorporated
machine learning-based personalization, thus offering a more nuanced perspective. [28]

Furthermore, while several studies have focused on predictive models for drug-induced long
QT syndrome (diLQTS), such as the QTNet algorithm, few have integrated environmental,
molecular, and clinical dimensions in a unified system. [29] Our approach, in contrast, aligns with
the emerging paradigm of holistic pharmacovigilance, integrating data silos into an interoperable
risk detection system. In terms of clinical translation, the present study highlights the potential for
embedding Al-powered alert systems in electronic health record infrastructures. The SABIER and
SYSUPMIE models referenced herein demonstrate the growing capacity for Al systems to predict
infective endocarditis and postoperative mortality, respectively, and underscore the broader
applicability of Al-driven diagnostics beyond arrhythmia prediction. [30] Embedding similar models
for fluoroquinolone risk assessment could aid in real-time therapeutic decision-making. From a
policy perspective, the stratified risk understandings in Table 5 inform formulary decisions and
regulatory labeling updates that could show three key actions: (1) restricted fluoroquinolone use in
high-risk populations (265 years with cardiovascular comorbidities), (2) integration of Al risk models
(AUC 0.89) into national pharmacovigilance systems, and (3) development of adaptive regulatory
frameworks incorporating demographic and environmental data. These measures would advance
precision pharmacovigilance in the UAE, addressing population-specific risks not captured in global
safety data.

Nevertheless, our study is retrospective and reliant on spontaneously reported ADRs and it is
inherently susceptible to underreporting, selection bias, and confounding by warning. Moreover,
although our machine learning models demonstrated good predictive accuracy, their external
validity needs testing in diverse populations and healthcare systems. The environmental surveillance
data were limited to select urban sites and require expansion to rural and industrial catchment zones
for a fuller understanding of public exposure dimensionally allowed us to directly integrate
pharmacovigilance mining, machine learning, NLP, and environmental surveillance for
fluoroquinolone-induced cardiotoxicity. Although our Al-enhanced surveillance system improves
pharmacovigilance capabilities, the study moves toward personalized and precision medicine, such
integrative models remain imperative to proactively manage drug-related risks. However, several
UAE-specific limitations warrant consideration for future researchers to focus on the prospective
justification of these tools in clinical settings, incorporation of genomic data for mechanistic insights,
and development of regulatory dashboards that enable real-time risk visualization. Moreover,
clinicians, pharmacologists, and policymakers should recognize the evolving evidence base
surrounding fluoroquinolone safety and act in merging Al-driven visions into practice and
regulation. They should prioritize the operational data platforms with standardized terminologies
and federated learning approaches in addressing structural challenges of the fluoroquinolone while
maintaining data privacy. Additionally, future implementation should emphasize on organizing Al-
generated ECG risk notches as real-time clinical warnings combined within UAE hospital electronic
medical record system (EMR) systems to support tailored fluoroquinolone prescriptions between the
public and private sectors, which could potentially impact model.
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Figure 1. Integrated workflow for identifying and mitigating
fluoroquinolone-induced cardiotoxicity in the UAE population.

SHAP = Shapley Additive Explanations: QSAR =
Quantitative Structure-Activity Relationship

Figure 1. Integrated workflow for identifying and mitigating fluoroquinolone-induced cardiotoxicity in the UAE
population. The pipeline begins with multi-source data acquisition (A), followed by standardized preprocessing
(B). AI/NLP analysis (C) extracts cardiac ADR signals from unstructured clinical notes, while molecular
modeling (D) identifies high-risk structural motifs. Final outputs (E) enable precision monitoring and drug
redesign. SHAP = Shapley Additive Explanations; QSAR = Quantitative Structure-Activity Relationship.
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Figure 2. System-wide analysis of fluoroquinolone-associated adverse drug reactions in the UAE. (A) Heatmap of
cardiac-specific ADR correlations, with moxifloxacin showing highest QT prolongation risk (r=0.58). (B)
Network analysis revealing multi-organ toxicity patterns. (C) Regional variation in ADR incidence, with
Northern Emirates requiring heightened surveillance. All data derived from UAE DOH pharmacovigilance
database (N=1,522). Correlation coefficients calculated with Benjamini-Hochberg FDR correction.
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Outcomes of Adverse Drug Reactions (2023)
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Outcome of Adverse Drug Reactions
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Figure 3. Comprehensive Analysis of Fluoroquinolone-Associated Adverse Drug Reactions (ADRs) and Risk Profiles in
the UAE Population. (A) Distribution of comorbidities among ADR-affected patients. (B) Yearly trend in clinical
sentiment toward fluoroquinolone safety. (C) Recovery outcomes from ADRs reported in 2023. (D) Network
relationship between drugs, ADRs, and risk factors.
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Figure 4. (A) Kaplan-Meier survival curves showing time to onset of arrhythmia across different
fluoroquinolone types (Moxifloxacin, Ciprofloxacin, Levofloxacin). The plot demonstrates subtle differences in
early cardiac risk profiles among antibiotic choices over the first 7 days of treatment. (B) Random Forest Results
which keep Feature importance for moxifloxacin cardiac ADR risk. (C) Age-Gender stratification of AE cases
with comorbidity rates. (D) Trends of Fluoroquinolone-Related Cardiac AE Reports (2017-2024).
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Figure 5. Correlation heatmap of fluoroquinolone-associated cardiac adverse drug reactions (ADRs) and
predisposing risk factors in UAE patients (2018-2023). This figure displays the strength and direction of
associations between specific fluoroquinolones (ciprofloxacin, levofloxacin, moxifloxacin) and patient-level risk
factors (e.g., hypertension, pre-existing cardiac disease, renal impairment). Higher correlation coefficients,

especially between moxifloxacin and QT prolongation or torsades de pointes, reinforce clinical justification for
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enhanced ECG monitoring during therapy. Correlations computed using Spearman’s method; significance

adjusted with Benjamini-Hochberg FDR correction.
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Figure 6. Spatio-Temporal Dynamics of Fluoroquinolone-Induced Cardiotoxicity in the UAE (2018-2023) (A)
Fluoroquinolone contamination Heatmap. (B) Correlation of contamination vs. Arrythmia rates. (C) Monthly
Trends in ADRs.
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Al-Enhanced Real-Time Detection of Cardiotoxicity in Fluoroquinolone-Treated Patients
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Figure 7. (A) Comprehensive risk stratification of fluoroquinolone cardiotoxicity across four critical dimensions
in the UAE population. (B) Survival Curves shows Adverse Events Outcome by Time-to-Onset and revealing
critical risk periods. (C) Al-Enhanced Real-Time Detection of Fluoroquinolone-Induced Cardiotoxicity in UAE
Patients.

Conclusion

This study identified a critical gap between fluoroquinolone prescribing patterns and risk
awareness among UAE healthcare providers, highlighting the urgent need for improved
antimicrobial stewardship. Our Al-driven analyses demonstrated significantly increased risks of QT
prolongation (p<0.001), torsades de pointes (OR 2.1, 95% CI 1.7-2.6), and other arrhythmias associated
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with fluoroquinolone use compared with alternative antibiotics. [31] The machine learning models
achieved excellent predictive performance (AUC 0.88-0.92) in identifying high-risk patients, while
NLP revealed key modifiable risk factors include concomitant QT-prolonging medications and
electrolyte imbalances. These findings strongly support the implementation of Al-powered clinical
decision support systems with automated risk alerts, enhanced pharmacovigilance programs
incorporating environmental monitoring, and targeted clinician education initiatives. By bridging the
identified knowledge-practice gap through these evidence-based interventions, we can significantly
improve medication safety while preserving fluoroquinolone efficacy. This study establishes a
foundation for scalable, data-driven approaches to optimize antibiotic prescribing and reduce
preventable adverse drug events in the UAE and similar healthcare settings.

Future Recommendation

This study identified several important avenues for future research to improve fluoroquinolone
safety monitoring. First, multicenter validation studies across diverse healthcare systems are needed
to assess the generalizability of our predictive models. Second, longitudinal investigations should
evaluate the cumulative cardiovascular effects of fluoroquinolone exposure, particularly in high-risk
populations. Third, mechanistic studies exploring the pharmacogenomic and molecular pathways
underlying these adverse events could enable more precise risk stratification. [32] From a
technological perspective, future work should focus on: (1) developing more robust NLP systems
capable of processing complex clinical documentation with higher accuracy, (2) creating
interoperable Al tools that integrate seamlessly with existing hospital IT infrastructure, and (3)
implementing real-time environmental monitoring systems with improved spatial resolution.

Data and Code Availability

All datasets, trained models, and analysis scripts generated and analyzed during this study are
publicly available to ensure full reproducibility and transparency. The primary repository is hosted
on GitHub (https://github.com/H123-lab/fq-cardiotoxicity-nlp-uae-2025) and archived on Zenodo
(https://doi.org/10.5281/zenodo.15271591). These repositories contain:

e  Structured pharmacovigilance datasets (2018-2023): Anonymized adverse drug reaction (ADR)
reports, prescribing records, and demographic data.

e Natural Language Processing (NLP) pipeline: Scripts for BioBERT-based named entity
recognition (NER), sentiment analysis, and ADR signal extraction.

° Machine learning models: Random Forest, SVM, and transformer-based NLP classifiers for
cardiotoxicity risk prediction.

e  Analytical outputs: Kaplan-Meier survival curves, logistic regression analyses, and interactive
dashboards for risk stratification and signal visualization.

To support geospatial and environmental exposure modeling, we utilized the UAE Ministry of
Climate Change & Environment (MOCCAE) 2023 National Water Reports, which document
fluoroquinolone contamination in wastewater (e.g., ciprofloxacin concentrations exceeding 500 ng/L
in Dubai).

For ECG-based validation of drug-induced QT prolongation, the MIMIC-IV-ECG Demo
Dataset (v0.1) was incorporated —an open-source repository of diagnostic ECG waveforms available
at PhysioNet.

Additionally, two pharmacological risk classification resources were integrated:

¢ Drug-Induced Torsade de Pointes (TdP) Case Database (Li et al., 2022): A literature-derived
dataset of 1,326 TdP cases with annotated QTc intervals and drug interaction profiles.

e FDA Drug-Induced Cardiotoxicity Rank (DICTrank): A regulatory benchmark listing over
1,300 medications ranked by QT risk and boxed warnings, accessible via the FDA Bioinformatics
Tools portal.
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Due to ethical and institutional constraints, full electronic health records (EHRs) cannot be
released. However, synthetic datasets and detailed source code are provided to facilitate independent
replication. For additional queries or collaboration requests, please contact the corresponding author.
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