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Objective: The aim of this study was to investigate pharmacovigilance (PV) and
make pairwise comparisons on arrhythmic events among antidepressants from
the US Food and Drug Administration Adverse Event Reporting System (FAERS).
Methods: Records regarding antidepressants treating depression and major
depression from the first quarter of 2015 to the third quarter of 2023
documented in the FAERS database were harvested. The primary endpoint of
this study was PV for arrhythmic events, including QT prolongation/Torsades de
Pointes (TdP), atrial fibrillation (AF), heart block, and ventricular arrhythmia. The
secondary endpoints comprised the pairwise comparisons on constituent ratio
and severity of outcomes of drugs of interest on the above four diseases.
Result: Ultimately, 746,507 records were eligible for analysis. PV for QT interval
prolongation/TdP was identified for citalopram [proportional reporting ratio (PRR) =
2.13, 95% confidence interval (Cl): 1.89 to 2.40, reporting odds ratio (ROR) = 2.14,
95% Cl: 1.90 to 2.40, IC = 0.98, 95% CI: 0.80 to 1.12], escitalopram (ROR = 1.72, 95%
Cl: 152 t0 1.96, IC = 0.71, 95% CI: 0.51 to 0.86), fluoxetine (ROR = 1.39, 95% CI: 1.21
to 1.60, IC = 0.43, 95% ClI: 0.21 to 0.60), and quetiapine (ROR = 1.58, 95% Cl: 1.30 to
191, IC = 0.63, 95% CI: 0.31 to 0.85). In terms of AF, PV was detected in citalopram
(ROR =1.82,95% Cl: 1.44 to0 2.30, IC = 0.78, 95% CI: 0.41 to 1.05), escitalopram (ROR
= 134, 95% Cl: 1.03 to 1.74), sertraline (ROR = 1.32, 95% CI: 1.07 to 1.64, IC = 0.35,
95% Cl: 0.01 to 0.59), and fluoxetine (ROR = 1.68, 95% Cl: 1.32 to 2.13, IC = 0.68, 95%
Cl: 0.29 to 0.95). With regard to heart block, PV was detected in citalopram (ROR =
1.37, 95% Cl: 1.05 to 1.80) and mirtazapine (ROR = 1.40, 95% Cl: 1.03 to 1.90).
Regarding ventricular arrhythmia, PV was detected in citalopram (ROR = 155, 95%
Cl: 119 to 2.02, IC = 0.58, 95% Cl: 0.15 to 0.88), escitalopram (ROR = 1.51,95% ClI:
116t01.97,IC = 0.54, 95% ClI: 0.12 to 0.85), and quetiapine (PRR = 2.39, 95% CI: 1.75
to 3.25, ROR = 2.39, 95% Cl: 1.75 to 3.26, IC = 1.17, 95% CI: 0.67 to 1.54).
Conclusion: Citalopram and escitalopram [classified as selective serotonin
reuptake inhibitors (SSRIs)] exhibited the strongest correlations with arrhythmic
occurrences. Quetiapine [classified as a second-generation antipsychotic (SGA)]
demonstrated higher risk and worse prognosis on QT prolongation/TdP and
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ventricular arrhythmic events. Venlafaxine and duloxetine [classified as serotonin-
norepinephrine reuptake inhibitors (SNRIs)] did not show any PV of any arrhythmia
and had lower risks and a lower degree of adverse events compared with the rest.
Certainly, more head-to-head related studies are merited.

arrhythmic events, antidepressants, Bayesian disproportional analysis, FAERS
database, pharmacovigilance

Introduction

World Health Organization (WHO) surveillance data indicated
that depression affects an estimated 280 million people globally,
corresponding to 3.8% of the world’s population, with an 18%
increase in case burden observed from 2005 to 2015 (1). Elevated
adolescent depression prevalence and associated suicide rates
intensify aging-driven demographic pressures, potentially
impeding national socioeconomic progress.

Initial depression management relied on tricyclic antidepressants
(TCAs). The 1986 advent of fluoxetine—a potent selective serotonin
reuptake inhibitor (SSRI)—catalyzed targeted monoaminergic
therapies, later expanding to serotonin-norepinephrine reuptake
inhibitors (SNRIs) with enhanced safety. The US Food and Drug
Administration (FDA) subsequently approved second-generation
antipsychotics (SGAs) in 2008 as adjunctive treatment for major
depressive disorder (MDD) following the demonstrated clinical efficacy.

Emerging evidence indicates antidepressant-related pro-
arrhythmic risks, particularly SSRI-associated QT prolongation
and potential Torsades de Pointes (TdP) in a dose-dependent
manner (2, 3). However, a recent retrospective cohort analysis of
treatment-naive patients showed no increased arrhythmia
incidence with SSRIs (4). This evidence discordance complicates
risk-benefit assessments in depression management.

Given that the latent manifestation of arrhythmia pathogenesis
necessitates longitudinal surveillance beyond conventional trial
frameworks, we leveraged real-world evidence from the FDA
Adverse Event Reporting System (FAERS) database. Our Bayesian
disproportionality analysis of antidepressant-related arrhythmic
adverse events (AEs) delivers pharmacovigilance (PV) insights
essential for optimizing depression therapeutics.

Methods
Data sources

Data from the first quarter of 2015 to the third quarter 2023
were downloaded from https://open.fda.gov/data/downloads/.
Subsequently, the data were converted into a comma-separated
value (csv) format using R studio 4.3.2 and Python Spyder 5.0 since
the primary files were encoded with java script.
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Definition of adverse event of interest

In the FAERS, AEs are described using System Organ Class
(SOCs) and preferred terms (PTs) from the Medical Dictionary for
Regulatory Activities (MedDRA version 27.0). In order to examine
the association between antidepressants and cardiac AEs, the
Standardized MedDRA Queries (SMQs) were screened using a
“narrow” version. The AEs of interest in this study were cardiac
arrhythmias, which were categorized as follows: QT prolongation/
TdP, atrial fibrillation (AF), heart block, and ventricular
arrhythmia. The grouping of PTs according to the characteristics
of AEs is presented in Supplementary Tables 1-4.

Definition of antidepressants of interest

Using dispensing frequency data for England’s top 10
antidepressants (data from Statista - The Statistics Portal for
Market Data, Market Research and Market Studies), we categorized
medications by prescription prevalence. Concomitantly, we queried
the FAERS database to evaluate the utilization of antidepressants
exclusively in patients with depression/MDD, stratifying agents
identically. Per Canadian Network for Mood and Anxiety
Treatments (CANMAT) guidelines (5), TCAs were recommended
as second-line recommendations. Hence, TCAs were not enrolled in
the subsequent analysis. Despite its well-documented proarrhythmic
potential, quetiapine was included in this study for systematic
comparative analysis owing to its established efficacy in MDD and
bipolar depression, for which it is strongly recommended by clinical
guidelines (6). Thus, eight antidepressants met inclusion criteria.

Statistical analysis

In this study, the proportional reporting ratio (PRR), the
reporting odds ratio (ROR), and the Bayesian Confidence
Propagation Neural Network (BCPNN) were employed as
statistical indicators.

The ROR stands out for its ability to synthesize results from
multiple studies on adverse drug reactions while accounting for
heterogeneity among studies, such as design differences, sample
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characteristics, and adverse reaction definitions, offering crucial
references for drug development and clinical practice (7). The
PRR stands out for its greater specificity compared to ROR.
BCPNN performs well in integrating multi-source data and cross-
validation (8). The triangulation of these methodologies enhances
the robustness of our conclusions by providing mutual validation.

These metrics quantified the relationship between a drug and an
adverse reaction and showed a positive correlation with it, thus
indicating the presence of a PV signal when the statistical threshold
corresponding to the metric is exceeded. The calculation equation
and criteria are listed in Supplementary Table 5.

All data analyses were performed using the STATA 18.0
MP software.

Results

According to the frequency of records, eight antidepressants,
namely, citalopram, escitalopram, fluoxetine, sertraline,
venlafaxine, duloxetine, mirtazapine, and quetiapine, were
designated as the main focus of the study. A total of 746,507
eligible AE reports were subjected to analysis.

10.3389/fpsyt.2025.1637471

Descriptive analysis

There are a total of 2,671 records of QT prolongation/TdP, a
total of 689 records of AF, a total of 655 records of heart block, and a
total of 616 records of ventricular arrhythmia. Clinical
characteristics are presented in Table 1. Patients with arrhythmic
events among antidepressants were older, with a higher proportion
of female patients, seriousness, and hospitalization (Table 1).

Disproportionality analysis

Figure 1 shows the PV analysis of four arrhythmic endpoint
events for eight antidepressants, accompanied by detailed statistical
data in Table 2.

For QT prolongation/TdP, citalopram [PRR = 2.31, 95%
confidence interval (CI): 2.07 to 2.57, a = 381, x2 = 241.669; ROR
= 2.32, 95% CI: 2.08 to 2.58; IC = 1.08, 95% CI: 0.91 to 1.21],
escitalopram (ROR = 1.74, 95% CI: 1.54 to 1.96; IC = 0.72, 95% CI:
0.53 to 0.86), fluoxetine (ROR = 1.51, 95% CI: 1.33 to 1.72; IC =
0.55, 95% CI: 0.34 to 0.69), and quetiapine (ROR = 1.50, 95% CI:
1.25 to 1.80; IC = 0.56, 95% CI: 0.25 to 0.77) showed PV.

TABLE 1 Baseline characteristics of arrhythmic event related to drug treatments in patients with depression in FAERS database.

Characteristic

QT prolonged/TdP

Atrial fibrillation (AF)

Heart block Ventricular arrhythmia

Total (n) 2671 689 655 616
Age (years)! 53 (37, 69) 66 (58, 75) 64.5 (53, 72) 52.5 (38, 66)
Weight (kg)" 68 (57,78.5) 87.1 (70, 100.4) 77 (59.02, 91.0) 71.20 (57, 86.0)
Sex (%)
male 656 (24.6) 322 (46.7) 158 (24.1) 146 (23.7)
female 1718 (64.3) 324 (47) 430 (65.6) 407 (66)
unknown 297 (11.1) 43 (6.2) 67 (10.2) 63 (10.2)
Region of reporting (%)
United States 496 (18.6) 330 (47.8) 166 (25.3) 159 (25.8)
Other countries 1957 (81.0) 293 (42.7) 482 (73.7) 449 (73)
Unknown 11 (0.4) 66 (9.5) 7 (1) 8 (1.2)
Seriousness (%)Il
Serious 2660 (99.6) 676 (98.1) 652 (99.5) 604 (98.1)
No 11 (0.4) 13 (1.9) 3(0.5) 12 (1.9)
Hospitalization (%)
Yes 1552 (58.2) 502 (72.9) 499 (76.2) 406 (65.9)
No 207 (7.7) 39 (5.7) 21 (3.2) 33 (5.4)
Unknown 912 (34.1) 148 (21.4) 135 (20.6) 177 (28.7)
Death (%)
Yes 220 (8.2) 62 (9.0) 31 (4.7) 116 (18.8)
(Continued)
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TABLE 1 Continued

Characteristic

QT prolonged/TdP

Atrial fibrillation (AF)

10.3389/fpsyt.2025.1637471

Heart block = Ventricular arrhythmia

Death (%)

No 474 (17.8) 103 (14.9) 97 (14.8) 86 (14.0)
Unknown 1977 (74.0) 524 (76.1) 527 (80.5) 414 (67.2)
Disabling (%)
Yes 67 (2.5) 27 (3.9) 39 (6.0) 22 (3.6)
No 507 (19.0) 105 (15.2) 83 (12.6) 108 (17.5)
Unknown 2097 (78.5) 557 (80.9) 533 (81.4) 486 (78.9)
Life-threatening (%)
Yes 854 (32.0) 102 (14.8) 109 (16.6) 262 (42.5)
No 255 (9.5) 78 (11.3) 92 (14.1) 59 (9.6)
Unknown 1562 (58.5) 50 (73.9) 454 (69.3) 295 (47.9)

' shown as median (IQR); I includes: death, life-threatening, requires inpatient hospitalization or prolongation of existing hospitalization, results in persistent or significant disability/incapacity,

congenital anomaly/birth defect, and other serious important medical event.

For AF, PV was detected for four drugs: citalopram (ROR =
1.82, 95% CI: 1.44 to 2.30; IC = 0.78, 95% CI: 0.41 to 1.05),
escitalopram (ROR = 1.34, 95% CI: 1.03 to 1.74), sertraline (ROR
=1.32, 95% CI: 1.07 to 1.64; IC = 0.35, 95% CI: 0.01 to 0.59), and
fluoxetine (ROR =1.68,95% CI: 1.32 to 2.13; IC = 0.68, 95% CI: 0.29
to 0.95).

For heart block, only two antidepressants, citalopram (ROR =
1.37, 95% CI: 1.05 to 1.80) and mirtazapine (ROR = 1.40, 95% CI:
1.03 to 1.90), prompted PV.

For ventricular arrhythmia, PV was detected in citalopram
(ROR = 1.55, 95% CI: 1.19 to 2.02; IC = 0.58, 95% CI: 0.15 to
0.88), escitalopram (ROR = 1.51, 95% CI: 1.16 to 1.97; IC = 0.54,
95% CI: 0.12 to 0.85), and quetiapine (PRR = 2.39, 95% CI: 1.75 to
3.25, a =43, XZ =30.912; ROR = 2.39, 95% CI: 1.75 to 3.26; IC =
1.17, 95% CI: 0.67 to 1.54).

Constituent ratio of adverse events
induced by drugs

For QT prolongation/TdP, citalopram demonstrated
significantly higher constituent ratio compared with all other
antidepressants analyzed: escitalopram [odds ratio (OR) = 1.29,
95% CI: 1.11 to 1.50], sertraline (OR = 2.31, 95% CI: 1.97 to 2.69),
venlafaxine (OR = 2.39, 95% CI: 2.04 to 2.80), fluoxetine (OR = 1.46,
95% CI: 1.24 to 1.70), mirtazapine (OR = 2.00, 95% CI: 1.65 to 2.44),
and quetiapine (OR = 1.44, 95% CI: 1.18 to 1.77). The most
pronounced difference was observed compared with duloxetine
(OR = 10.10, 95% CI: 7.69 to 13.26). Furthermore, escitalopram
was associated with higher constituent ratio relative to several
agents, including duloxetine (OR = 7.85, 95% CI: 5.95 to 10.36),
sertraline (OR = 1.79, 95% CI: 1.52 to 2.11), and venlafaxine (OR =
1.86, 95% CI: 1.57 to 2.20). Conversely, duloxetine exhibited
significantly lower constituent ratio compared to all other
agents studied.

Frontiers in Psychiatry

For AF, citalopram demonstrated higher constituent ratio
compared with several agents: sertraline (OR = 1.35, 95% CI: 1.01
to 1.82), venlafaxine (OR = 1.87, 95% CI: 1.35 to 2.58), mirtazapine
(OR =2.28, 95% CI: 1.46 to 3.58), duloxetine (OR = 1.62, 95% CI:
1.19 to 2.21), and particularly quetiapine (OR = 4.54, 95% CI: 2.19
to 9.39). Quetiapine was associated with a markedly lower
constituent ratio compared with all other studied antidepressants
except mirtazapine. Moreover, mirtazapine showed significantly
lower constituent ratio relative to all SSRIs in the analysis.

For heart block, duloxetine exhibited consistently lower
constituent ratio relative to all comparator agents. A similar
pattern was observed for venlafaxine. Notably, a substantial
difference existed between SNRIs: venlafaxine was associated with
a 2.63-fold higher constituent ratio than duloxetine (OR = 2.63; 95%
CI: 1.57 to 4.41).

For ventricular arrhythmias, citalopram demonstrated
significantly higher constituent ratio compared with sertraline
(OR = 1.56, 95% CI: 1.10 to 2.22), fluoxetine (OR = 1.49, 95% CI:
1.01 to 2.21), mirtazapine (OR = 1.77, 95% CI: 1.11 to 2.81), and
most pronouncedly duloxetine (OR = 5.44, 95% CI: 3.22 to 9.20).
Duloxetine exhibited significantly lower constituent ratio compared
with all comparator antidepressants. Conversely, quetiapine was
associated with a substantially higher constituent ratio relative to all
other studied agents.

The specific signal value is displayed in Figure 2 and
Supplementary Table 6.

Severity of reaction outcomes for patients
with drug-related arrhythmic events

For QT prolongation/TdP, citalopram demonstrated
significantly lower odds of severe events (potential progression to
fatal outcomes) than sertraline (OR = 0.54, 95% CI: 0.37 to 0.79),
venlafaxine (OR = 0.49, 95% CI: 0.34 to 0.72), and quetiapine (OR =
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FIGURE 1

Heat map of correlations among arrhythmic outcomes and anti-depressants. Medications, listed on the right, include citalopram, escitalopram,
sertraline, venlafaxine, fluoxetine, mirtazapine, duloxetine, and quetiapine. The cardiac conditions at the bottom are QT prolongation, atrial
fibrillation, heart block, and ventricular arrhythmia. Black color indicates a significant pertinence between the drug and the AE, while gray color
indicates no pertinence.

citalopram

escitalopram

sertraline

venlafaxine

fluoxetine

mirtazapine

duloxetine

quetiapine

TABLE 2 Detection of pharmacovigilance (PV) of anti-depressive agents on 4 arrhythmia events (shown as PRR, ROR, IC and 95%confidence intervals).

QT prolongation/

TdP PRR(95% CI) ROR(95% ClI) IC(95% Cl)
Citalopram 381 2290 49824 694012 2.31 (2.07, 2.57) 241.669 2.32 (2.08, 2.58) 1.08 (0.91, 1.21)
Escitalopram 299 2372 50299 693537 1.73 (1.54, 1.95) 82.044 1.74 (1.54, 1.96) 0.72 (0.53, 0.86)
Sertraline 272 2399 81996 661840 0.92 (0.81, 1.04) 1.830 0.92 (0.81, 1.04) -0.11 (-0.31, 0.03)
Venlafaxine 250 2421 78129 665707 0.88 (0.77, 1.00) 1.418 0.88 (0.77, 1.00) -0.17 (-0.37, -0.01)
Fluoxetine 265 2406 50427 693409 1.51 (1.33, 1.72) 41.018 1.51 (1.33, 1.72) 0.55 (0.34, 0.69)
Mirtazapine 136 2535 35629 708207 1.07 (0.90, 1.27) 0.467 1.07 (0.90, 1.27) 0.09 (-0.20, 0.29)
Duloxetine 60 2701 79205 664541 0.17 (0.14, 0.24) 207.354 0.19 (0.14, 0.24) -2.28 (-2.71, -1.97)
Quetiapine 120 2551 22643 721193 1.50 (1.25, 1.80) 18.405 1.50 (1.25, 1.80) 0.56 (0.25, 0.77)

(Continued)
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TABLE 2 Continued

QT prolongation/

TdP

Atrial fibrillation

10.3389/fpsyt.2025.1637471

PRR(95% CI) ROR(95% ClI) IC(95% Cl)

Citalopram 80 609 50125 695693 1.82 (1.4, 2.30) 25.468 1.82 (1.4, 2.30) 0.78 (0.41, 1.05)
Escitalopram 61 628 50537 695281 1.34 (1.03, 1.74) 4.378 1.34 (1.03, 1.74) 0.38 (-0.04, 0.69)
Sertraline 97 592 82171 663647 1.32 (1.07, 1.64) 6.268 1.32 (1.07, 1.64) 0.35 (0.01, 0.59)
Venlafaxine 67 622 78312 667506 0.92 (0.71, 1.81) 0.362 0.92 (0.71, 1.18) -0.11 (-0.52, 0.18)
Fluoxetine 75 614 50617 695201 1.68 (1.32, 2.13) 17.627 1.68 (1.32, 2.13) 0.68 (0.29, 0.95)
Mirtazapine 25 664 35740 710078 0.75 (0.50, 1.12) 1.796 0.75 (0.50, 1.12) -0.39 (-1.06, 0.08)
Duloxetine 78 611 79187 666631 1.08 (0.85, 1.36) 0.288 1.08 (0.85, 1.36) 0.09 (-0.28, 0.36)
Quetiapine 8 681 22755 723063 0.37 (0.19, 0.75) 7.69 0.37 (0.19, 0.75) | -1.34 (-2.55, -0.54)
Heart block

Citalopram 59 596 50146 695706 1.37 (1.05, 1.79) 5.086 1.37 (1.05, 1.80) 0.42 (-0.01, 0.73)
Escitalopram 48 607 50550 695302 1.09 (0.81, 1.46) 0.233 1.09 (0.81, 1.46) 0.11 (-0.37, 0.45)
Sertraline 85 570 82183 663669 1.20 (0.96, 1.51) 2.364 1.20 (0.96, 1.51) 0.23 (-0.13, 0.49)
Venlafaxine 52 603 78327 667525 0.74 (0.55, 0.98) 4.305 0.73 (0.55,0.98) = -0.40 (-0.86, -0.07)
Fluoxetine 43 612 50649 695203 0.96 (0.71, 1.31) 0.023 0.96 (0.71, 1.31) -0.05 (-0.56, 0.31)
Mirtazapine 43 612 35722 710130 1.40 (1.03, 1.90) 4.142 1.40 (1.03, 1.90) 0.45 (-0.06, 0.81)
Duloxetine 20 635 79245 666607 0.27 (0.17, 0.41) 38.734 0.26 (0.17, 0.41) = -1.77 (-2.52, -1.25)
Quetiapine 28 627 22735 723117 1.42 (0.97, 2.07) 2.929 1.42 (0.97, 2.07) 0.48 (-0.15, 0.92)
Ventricular arrhythmia

Citalopram 62 554 50150 695741 1.55 (1.19, 2.02) 10.427 1.55 (1.19, 2.02) 0.58 (0.15, 0.88)
Escitalopram 61 555 50537 695354 1.51 (1.16, 1.97) 9.038 1.51 (1.16, 1.97) 0.54 (0.12, 0.85)
Sertraline 65 551 82203 663688 0.95 (0.74, 1.23) 13.787 0.95 (0.74, 1.23) -0.06 (-0.47, 0.23)
Venlafaxine 71 545 78308 667583 1.11 (0.87, 1.42) 0.586 1.11 (0.87, 1.42) 0.13 (-0.26, 0.42)
Fluoxetine 42 574 50650 695241 1.01 (0.73, 1.37) 0.003 1.01 (0.73, 1.37) -0.01 (-0.51, 0.37)
Mirtazapine 25 591 35740 710151 0.84 (0.56, 1.25) 0.573 0.84 (0.56, 1.25) -0.24 (-0.90, 0.24)
Duloxetine 18 598 79247 666644 0.25 (0.16, 0.41) 37.668 0.25 (0.16, 0.40) | -1.83 (-2.63, -1.28)
Quetiapine 43 573 22720 723171 2.39 (1.75, 3.25) 30.912 2.39 (1.75, 3.26) 1.17 (0.67, 1.54)

a, The number of reports of the drug of interest with the adverse event of interest; b, The number of reports of all other drugs with the adverse event of interest; ¢, The number of reports of the
drug of interest with all other adverse events; d, The number of reports of all other drugs with all other adverse events; PRR, proportional reporting ratio; ROR, reporting odds ratio; IC,

information component; CI, confidence interval.
Bolded values: indicate results with pharmacovigilance (PV) signals.

0.47, 95% CI: 0.30 to 0.76). Escitalopram maintained a similarly
favorable safety profile. In contrast, venlafaxine showed
significantly increased odds of serious outcomes, as did fluoxetine
(OR = 1.74, 95% CI: 1.13 to 2.69) and duloxetine (OR = 2.20, 95%
CL 1.02 to 4.75).

For AF, significant odds differences primarily emerged in
comparisons against fluoxetine. Specifically, escitalopram (OR =
2.84, 95% CI: 1.25 to 6.44), sertraline (OR = 2.26, 95% CI: 1.04 to
4.92), venlafaxine (OR = 3.83, 95% CI: 1.61 to 9.12), and duloxetine
(OR = 0.35, 95% CI: 0.16 to 0.78; duloxetine as reference)
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demonstrated significantly higher odds of severe AF compared
with fluoxetine. No other pairwise comparisons reached statistical
significance for this endpoint.

For heart block, citalopram demonstrated significantly higher
odds of severe events compared with most comparators: escitalopram
(OR = 4.35, 95% CI: 1.83 to 10.33), sertraline (OR = 2.39, 95% CI:
1.13 to 5.05), venlafaxine (OR = 22.97, 95% CI: 6.03 to 87.60),
mirtazapine (OR = 7.19, 95% CI: 2.38 to 21.68), and duloxetine (OR =
10.69, 95% CI: 1.13 to 101.32). Fluoxetine showed comparable odds
to citalopram. Conversely, venlafaxine exhibited significantly lower
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baseline value of 1.

odds than all other antidepressants except mirtazapine and
duloxetine, where odds were statistically indistinguishable.

For ventricular arrhythmia, escitalopram demonstrated
significantly lower odds of severe events compared with multiple
comparators: citalopram (OR = 3.88, 95% CI: 1.68 to 8.95;
escitalopram as reference), sertraline (OR = 0.37, 95% CI: 0.16 to
0.86), venlafaxine (OR = 0.26, 95% CI: 0.12 to 0.59), fluoxetine (OR
=0.27,95% CI: 0.10 to 0.75), and mirtazapine (OR = 0.17, 95% CI:
0.06 to 0.53). Conversely, quetiapine showed significantly higher
odds than all antidepressants studied, though its odds did not
statistically differ from mirtazapine or duloxetine.

The specific signal value is displayed in Figure 3 and
Supplementary Table 7.
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Discussion

To the best of our knowledge, this is the first real-world study
investigating the PV of antidepressants on arrhythmia in treating
depression deploying Bayesian disproportional analysis.

Descriptive analyses indicated that middle-aged and older
adults and women were more prone to developing drug-related
arrhythmia, which was consistent with the observations made by
Chen et al. (9).

Previous investigations have characterized a “biphasic effect” of
estrogen on inflammatory responses, wherein low estrogen levels
exert a pro-inflammatory effect, whereas high levels attenuate
inflammation through anti-inflammatory mechanisms (10, 11).
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deviation from the baseline value of 1.

Mechanistically, inflammatory mediators impair tryptophan
hydroxylase activity, thereby limiting serotonin (5-HT)
biosynthesis. Notably, sustained inflammatory states further
induce hippocampal glucocorticoid receptor (GR) resistance,
promoting the dysregulated HPA axis with consequent
hypercortisolemia—a pathogenic contributor to depression
development (12). Collectively, these findings indicate a
heightened neuroendocrine vulnerability to depression in female
relative to male patients, potentially attributable to cyclical sex
hormone fluctuations (13).

A number of analyses indicated that sexual hormones and their
effects on HPA axis activity had a combined effect on the onset and
prognosis of depression. It was noteworthy that these effects
displayed notable differences when observed in groups of women
at different reproductive stages (14). Furthermore, the high
prevalence of depression and cardiovascular risk factors such as
hypertension and metabolic syndrome in peri- and post-
menopausal women, when baseline estrogen levels decrease,
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might contribute in a synergistic manner to the observed gender
differences in drug-related arrhythmic events.

With regard to QT prolongation, citalopram, escitalopram,
fluoxetine, and quetiapine demonstrated PV, while citalopram
exhibited the most intensive signal, numerically; moreover,
sertraline exerted no PV. This finding was in partial congruity
with the results of a meta-analysis conducted by Beach et al. (3),
which showed significant PV signal of sertraline in addition to the
four aforementioned agents on this endpoint. However, our
findings were consistent with those of Glassman et al. (15), in
which a PV signal associating sertraline with QT interval
prolongation was detected.

It was widely acknowledged that the pathological mechanism by
which SSRIs induce QT prolongation is the blockade of the main
component of cardiomyocyte repolarization, Ix,, the fast delayed
rectifier potassium current, which acted synergistically with Iy, in
the repolarization process. The human ether-a-go-go related gene
(hERG) regulated Iy,. The Kvl1.1 protein encoded by hERG
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constitutes the o-subunit of the potassium channel protein.
Consequently, aberrant expression of the hERG gene or
pharmacological blockade of the hERG potassium channel could
result in slowed potassium efflux, prolonged repolarization, and,
consequently, a prolonged QT interval. At the cellular level, Witchel
et al. (16) demonstrated a dose-dependent inhibitory effect of
citalopram on hERG.

The relationship between quetiapine and QT prolongation has
not been clearly established in previous studies. A study that
employed concentration-QT modeling and simulation to assess
the QT prolongation effect of quetiapine extended-release (XR)
formulations found that quetiapine at therapeutic doses was not
clinically correlated with QT prolongation (17), which is contrary to
our findings. Notably, the analysis conducted by Fukushi et al. (17)
included five studies in which confounding factors might be
present. Additionally, the use of a small sample might have
compromised the results of that study.

By investigating the constituent ratio of QT prolongation/TdP,
the following ranking according to OR has been made: citalopram >
escitalopram = fluoxetine = quetiapine. A search of the literature
did not yield any analogous study that could be used to support this
conclusion; in other words, this finding was unprecedented. These
findings highlight the need for clinicians to exercise greater caution
in citalopram selection during clinical practice to mitigate the risk of
drug-induced QT prolongation/TdP. In terms of degree of
seriousness, it appeared that QT prolongation/TdP due to
quetiapine had a severer prognosis, which was in agreement with
the findings by Wang et al. (18), who found that severe QT
prolongation (SQTP) in quetiapine users was significantly
associated with ventricular arrhythmia (OR = 2.84, 95% CI: 1.95
to 4.13) and sudden cardiac death (OR = 2.29, 95% CI: 1.44 to 3.66).

Although the incidence of QT prolongation/TdP was
significantly higher with escitalopram compared to other drugs,
the risk of serious outcomes was low. Citalopram exhibited similar
results. It was hypothesized that this might be attributed to the effect
of the inward current Ic,;. It was established that TdP is closely
associated with the phenomenon of early after-depolarization
(EAD), which is a process whereby the cell membrane undergoes
a second depolarization during the action potential (AP) due to an
increase in inward current and/or a decrease in outward current
(19). In addition to the blockade of hERG channels, which results in
Ik, inhibition, another mechanism that contributes to the
development of EAD is the abnormal depolarization of the cell
membrane caused by an increase in the inward flow of L-type
calcium ions (20). EAD is situated within long action potential
duration (APD) islands, facilitating a dynamic increase in the steep
voltage gradient (VG). VG at the APD island boundary activates L-
type calcium currents in circumscribed regions of the myocardium,
thereby electrically stimulating the PVC to trigger TdP (21).
Escitalopram and citalopram might result in a reduction in
calcium flux through direct action on Ic,p, which might
counteract the QT prolongation associated with Ijprg or may
minimize EAD production and thus reduce malignant arrhythmic
events (16).
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The majority of clinical studies that have examined the electrical
activity of the atrial myocardium have focused on AF. In this regard,
citalopram, escitalopram, sertraline, and fluoxetine exhibited robust
evidence of adverse effects. A meta-analysis conducted by Cao et al.
(22) substantiated that utilization of antidepressants remarkably
elevated the likelihood of AF (RR = 1.37,95% CI: 1.16 to 1.61). The
currently proposed mechanism might be ascribed to the fact that
serotoninergic antidepressants increased the risk of AF by acting on
the 5-HT4 receptor, increasing intracellular calcium ion
concentrations, and increasing the amplitude of the pacing
current in atrial myocytes (23). With regard to the constituent
ratios, the only positive result was a significantly increased risk of
AF with citalopram compared to sertraline. In addition,
escitalopram, sertraline, venlafaxine, and duloxetine all resulted in
a worse prognosis of AF compared to fluoxetine in our study.

With regard to heart block, citalopram and mirtazapine
demonstrated a notable PV. Previous case reports have indicated
that citalopram may increase the risk of bradycardia and heart block
in elderly patients (24). However, there is a paucity of clinical
studies that have been able to confirm this correlation, and our
study contributes to this gap in the literature. It is hypothesized that
citalopram inhibits L-type calcium channel currents, which may
lead to impaired atrioventricular conduction and the induction of
prolongation of the P-R interval and atrioventricular block (25).

Mirtazapine belongs to NaSSAs (noradrenergic and specific
serotonergic antidepressants), which has a unique
pharmacological profile, including potent antagonism of central
alpha 2-adrenergic autoreceptors and heteroreceptors and
antagonism of both serotonin 5-hydroxytryptamine-2 (5-HT2)
and 5-HT3 receptors (26). Nevertheless, a descriptive study of
adverse cardiovascular events based on the German National
Continuous Pharmacovigilance Programme (AMSP) found that
mirtazapine was associated with a significantly lower risk of
cardiac arrhythmia compared to other antidepressants (6%, p <
0.001). However, the limited number of cases may have contributed
to biased results (27).

Although fluoxetine was not identified as an alert drug for heart
block and the constituent ratio was not significantly increased in
comparison to other drugs, the prognosis was similar to that of
citalopram. This highlighted the necessity for clinicians to pay
closer attention to fluoxetine-induced heart block, avoiding the
evolution into malignant arrhythmia. It was noteworthy that the
SNRIs demonstrated a notable reduction in constituent ratio and
prognostic severity in comparison to numerous other drugs that
provided indirect evidence supporting the safety profile of this
pharmacological class.

Citalopram, escitalopram, and quetiapine showed numerical
PV of ventricular arrhythmia. The conclusions of previous studies
regarding the associations between ventricular arrhythmia and
escitalopram as well as citalopram were inconsistent. A
nationwide nested case—control study in Denmark demonstrated
that the risk of out-of-hospital cardiac arrest was found to be
increased in patients taking high-dose citalopram (>20 mg, HR =
1.46, 95% CI: 1.16 to 1.75) and high-dose escitalopram (>10 mg, HR
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=1.43,95% CI: 1.16 to 1.75) (28). However, a study by Aakjaer et al.
(29), which defined ventricular tachycardia, ventricular fibrillation,
ventricular flutter, ventricular pre-systole, and cardiac arrest as
serious arrhythmia, indicated that neither citalopram (RR = 0.87,
95% CI: 0.62 to 1.22) nor escitalopram (RR = 0.86, 95% CI: 0.53 to
1.40) significantly increased the risk of serious arrhythmia.

Wu et al. (30) indicated a strong association between quetiapine
and VA/SCD (OR = 1.29, 95% CI: 1.07 to 1.56), which aligned with
our conclusions. The potential mechanism may be attributed to the
blocking effect of quetiapine on hERG potassium channels, while
Wu observed that the strength of this blocking effect is proportional
to the risk of SCD/VA.

No significant difference was observed between citalopram and
escitalopram in terms of the constituent ratio. However, the
incidence of ventricular arrhythmia was found to be significantly
higher with citalopram compared to sertraline. A retrospective
study conducted in Canada corroborated our findings, confirming
that citalopram was associated with a higher risk of ventricular
arrhythmias compared to paroxetine or sertraline (RR = 1.53, 95%
CI: 1.03 t0 2.29) (31). Our findings diverge slightly in that the risk of
ventricular arrhythmia was not markedly elevated with
escitalopram (RR = 0.84, 95% CI: 0.42 to 1.68) in Qirjazi et al.’s
(31) study, which suggested that some endpoint events might have
been overlooked due to the low incidence of VA (0.05%) observed
over a relatively short follow-up period of 90 days.

In terms of prognostic severity, the ranking is as follows:
quetiapine > citalopram > escitalopram. The precise mechanisms
underlying this phenomenon remained unclear. One study
identified a slightly greater effect of escitalopram on cardiac AP
triangulation and prolonged complete repolarization. However, a
10-fold concentration of escitalopram reduced the time to early
repolarization (32), which may indicate that the R(-)-enantiomer
plays a specific role in cardiotoxicity compared with the S
(+)-enantiomer. It was also noteworthy that quetiapine showed a
significantly increased constituent ratio and a significantly higher
prognostic risk. However, there is no relevant literature to compare
with our findings, which warrants further research exploration.

Notably, in addition to focusing on arrhythmia caused by
antidepressants, psychiatrists must also comprehensively assess
the cardiac condition of patients before prescribing and exclude
potential arrhythmia risk factors such as electrolyte disorders,
thyroid dysfunction, underlying cardiovascular disease, or
concomitant use of multiple medications. It is incumbent upon
cardiovascular physicians to conduct regular follow-up and
monitoring of cardiac function and electrocardiograms in patients
who are on arrhythmic PV medications. Furthermore, they must
exercise individualized selection of antidepressants with preexisting
cardiovascular underlying diseases. Upon the occurrence of an
arrhythmia, the administration of the pharmaceutical agent in
question should be terminated immediately, and safer alternatives
to SNRIs may be available. Thereafter, efforts should be undertaken
to restore the rhythm while maintaining electrolyte balance. In the
event that these efforts prove unsuccessful, electric defibrillation can
be considered.
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Limitation

First, reliance on the FAERS database, which collects
spontaneous, voluntary AE reports, introduces potential
limitations including data incompleteness, duplication, and
inaccuracies. This complicates direct comparisons and reliable
estimation of true risk for specific drug-event associations.

Second, the absence of detailed clinical data, such as baseline
patient characteristics, dosing regimens, and treatment duration, limits
the control of confounding factors and impedes causal inference.

Third, the analysis was restricted to eight medications,
excluding TCAs, other atypical antidepressants, and other SGAs,
potentially limiting the generalizability of the findings. This will
constitute a major focus of our future research.

Fourth, differential reporting rates may bias results, as more
frequently prescribed drugs inherently generate more reports,
potentially distorting PRR.

Fifth, underreporting of arrhythmias may occur, as their
detection often requires prolonged monitoring beyond typical PV
windows, leading to potential reporting bias where some incident
cases remain undocumented.

Conclusion

Citalopram and escitalopram (classified as SSRIs) exhibited the
strongest correlations with arrhythmic occurrences. Quetiapine
(classified as an SGA) demonstrated higher risk and worse
prognosis on QT prolongation/TdP and ventricular arrhythmic
events. Venlafaxine and duloxetine (classified as SNRIs) did not
show any PV of any arrhythmia and had lower risks and a lower
degree of AEs. Certainly, more head-to-head related studies
are warranted.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found here: https://www.fda.gov/drugs/drug-approvals-and-
databases/fda-adverse-event-reporting-system-faers-database.
Author contributions

SC: Methodology, Visualization, Writing - original draft, Data
curation. ZH: Writing - original draft. WY: Writing - original draft.

SY: Writing - original draft. XC: Writing - original draft. XQ:
Writing - review & editing. XX: Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

frontiersin.org


https://www.fda.gov/drugs/drug-approvals-and-databases/fda-adverse-event-reporting-system-faers-database
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-adverse-event-reporting-system-faers-database
https://doi.org/10.3389/fpsyt.2025.1637471
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Cao et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

References

1. Depressive disorder (depression) (2024). Available online at: https://www.who.
int/news-room/fact-sheets/detail/depression (Accessed August 25, 2024).

2. Funk KA, Bostwick JR. A comparison of the risk of QT prolongation among
SSRIs. Ann Pharmacother. (2013) 47:1330-41. doi: 10.1177/1060028013501994

3. Beach SR, Kostis W], Celano CM, Januzzi JL, Ruskin JN, Noseworthy PA, et al.
Meta-analysis of selective serotonin reuptake inhibitor-associated QTc prolongation. J
Clin Psychiatry. (2014) 75:e441-449. doi: 10.4088/JCP.13r08672

4. Lin YT, Lu TS, Hansen RA, Wang CC. Selective serotonin reuptake inhibitor use
and risk of arrhythmia: A nationwide, population-based cohort study. Clin Ther. (2019)
41:1128-1138.e8. doi: 10.1016/j.clinthera.2019.04.023

5. Lam RW, Kennedy SH, Adams C, Bahji A, Beaulieu S, Bhat V, et al. Canadian
Network for Mood and Anxiety Treatments (CANMAT) 2023 Update on Clinical
Guidelines for Management of Major Depressive Disorder in Adults: Réseau canadien
pour les traitements de 'humeur et de 'anxiete (CANMAT) 2023 : Mise & jour des
lignes directrices cliniques pour la prise en charge du trouble dépressif majeur chez les
adultes. Can J Psychiatry. (2024) 69:641-87. doi: 10.1177/07067437241245384

6. Nierenberg AA, Agustini B, Kohler-Forsberg O, Cusin C, Katz D, Sylvia LG, et al.
Diagnosis and treatment of bipolar disorder: A review. JAMA. (2023) 330:1370-80.
doi: 10.1001/jama.2023.18588

7. Trillenberg P, Sprenger A, Machner B. Sensitivity and specificity in signal
detection with the reporting odds ratio and the information component.
Pharmacoepidemiol Drug Saf. (2023) 32:910-7. doi: 10.1002/pds.5624

8. Zink RC, Huang Q, Zhang LY, Bao W]. Statistical and graphical approaches for
disproportionality analysis of spontaneously-reported adverse events in pharmacovigilance.
Chin ] Nat Med. (2013) 11:314-20. doi: 10.1016/S1875-5364(13)60035-7

9. Chen Y, Fan Q, Liu Y, Shi Y, Luo H. Cardiovascular toxicity induced by SSRIs:
Analysis of spontaneous reports submitted to FAERS. Psychiatry Res. (2023)
326:115300. doi: 10.1016/j.psychres.2023.115300

10. Klein SL. The effects of hormones on sex differences in infection: from genes to
behavior. Neurosci Biobehav Rev. (2000) 24:627-38. doi: 10.1016/S0149-7634(00)00027-0

11. Bouman A, Heineman M]J, Faas MM. Sex hormones and the immune response
in humans. Hum Reprod Update. (2005) 11:411-23. doi: 10.1093/humupd/dmi008

12. Elsworthy RJ, Aldred S. Depression in alzheimer’s disease: an alternative role for selective
serotonin reuptake inhibitors? J Alzheimers Dis. (2019) 69:651-61. doi: 10.3233/JAD-180780

13. Salk RH, Hyde JS, Abramson LY. Gender differences in depression in

representative national samples: Meta-analyses of diagnoses and symptoms. Psychol
Bull. (2017) 143:783-822. doi: 10.1037/bul0000102

14. Slavich GM, Sacher J. Stress, sex hormones, inflammation, and major depressive
disorder: Extending Social Signal Transduction Theory of Depression to account for sex
differences in mood disorders. Psychopharmacol (Berl). (2019) 236:3063-79.
doi: 10.1007/s00213-019-05326-9

15. Glassman AH, O’Connor CM, Califf RM, Swedberg K, Schwartz P, Bigger JT,
et al. Sertraline treatment of major depression in patients with acute MI or unstable
angina. JAMA. (2002) 288:701-9. doi: 10.1001/jama.288.6.701

16. Witchel HJ, Pabbathi VK, Hofmann G, Paul AA, Hancox JC. Inhibitory actions
of the selective serotonin re-uptake inhibitor citalopram on HERG and ventricular L-

Frontiers in Psychiatry

11

10.3389/fpsyt.2025.1637471

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.
1637471/full#supplementary-material

type calcium currents. FEBS Lett. (2002) 512:59-66. doi: 10.1016/S0014-5793(01)
03320-8

17. Fukushi R, Nomura Y, Katashima M, Komatsu K, Sato Y, Takada A. Approach
to evaluating QT prolongation of quetiapine fumarate in late stage of clinical
development using concentration-QTc modeling and simulation in Japanese patients
with bipolar disorder. Clin Ther. (2020) 42:1483-1493.el. doi: 10.1016/
j.clinthera.2020.06.002

18. Wang CL, Wu VCC, Lee CH, Wu CL, Chen HM, Huang YT, et al. Incidences,
risk factors, and clinical correlates of severe QT prolongation after the use of quetiapine
or haloperidol. Heart Rhythm. (2024) 21:321-8. doi: 10.1016/j.hrthm.2023.10.027

19. Huang X, Kim TY, Koren G, Choi BR, Qu Z. Spontaneous initiation of
premature ventricular complexes and arrhythmias in type 2 long QT syndrome. Am
J Physiol Heart Circ Physiol. (2016) 311:H1470-84. doi: 10.1152/ajpheart.00500.2016

20. McMillan B, Gavaghan DJ, Mirams GR. Early afterdepolarisation tendency as a
simulated pro-arrhythmic risk indicator. Toxicol Res (Camb). (2017) 6:912-21.
doi: 10.1039/C7TX00141]

21. Alexander C, Bishop MJ, Gilchrist RJ, Burton FL, Smith GL, Myles RC, et al.
Initiation of ventricular arrhythmia in the acquired long QT syndrome. Cardiovasc Res.
(2024) 119(2):465-76. doi: 10.1093/cvr/cvacl03

22. Cao Y, Zhou M, Guo H, Zhu W. Associations of antidepressants with atrial
fibrillation and ventricular arrhythmias: A systematic review and meta-analysis. Front
Cardiovasc Med. (2022) 9:840452. doi: 10.3389/fcvm.2022.840452

23. Andrade C. Antidepressants and atrial fibrillation antidepressants and atrial
fibrillation: the importance of resourceful statistical approaches to address confounding
by indication. J Clin Psychiatry. (2019) 80(1):19f12729. doi: 10.4088/JCP.19f12729

24. Gambassi G, Incalzi RA, Gemma A. Atrioventricular blocks associated with
citalopram. Am ] Geriatr Psychiatry. (2005) 13:918-9. doi: 10.1097/00019442-
200510000-00013

25. Hamplova-Peichlova J, Krisek J, Paclt I, Slavicek J, Lisa V, Vyskocil F.
Citalopram inhibits L-type calcium channel current in rat cardiomyocytes in culture.
Physiol Res. (2002) 51:317-21. doi: 10.33549/physiolres

26. Kent JM. SNaRIs, NaSSAs, and NaRIs: new agents for the treatment of
depression. Lancet. (2000) 355:911-8. doi: 10.1016/S0140-6736(99)11381-3

27. Spindelegger CJ, Papageorgiou K, Grohmann R, Engel R, Greil W,
Konstantinidis A, et al. Cardiovascular adverse reactions during antidepressant
treatment: a drug surveillance report of German-speaking countries between 1993
and 2010. Int ] Neuropsychopharmacol. (2014) 18:pyu080. doi: 10.1093/ijnp/pyu080

28. Eroglu TE, Barcella CA, Gerds TA, Kessing LV, Zylyftari N, Mohr GH, et al. Risk
of out-of-hospital cardiac arrest in antidepressant drug users. Br J Clin Pharmacol.
(2022) 88:3162-71. doi: 10.1111/bcp.15224

29. Aakjaer M, Werther SK, De Bruin ML, Andersen M. Serious arrhythmia in
initiators of citalopram, escitalopram, and other selective serotonin reuptake inhibitors:
A population-based cohort study in older adults. Clin Transl Sci. (2022) 15:2105-15.
doi: 10.1111/cts.13319

30. Wu CS, Tsai YT, Tsai HJ. Antipsychotic drugs and the risk of ventricular
arrhythmia and/or sudden cardiac death: a nation-wide case-crossover study. J Am
Heart Assoc. (2015) 4:e001568. doi: 10.1161/JAHA.114.001568

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1637471/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1637471/full#supplementary-material
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://doi.org/10.1177/1060028013501994
https://doi.org/10.4088/JCP.13r08672
https://doi.org/10.1016/j.clinthera.2019.04.023
https://doi.org/10.1177/07067437241245384
https://doi.org/10.1001/jama.2023.18588
https://doi.org/10.1002/pds.5624
https://doi.org/10.1016/S1875-5364(13)60035-7
https://doi.org/10.1016/j.psychres.2023.115300
https://doi.org/10.1016/S0149-7634(00)00027-0
https://doi.org/10.1093/humupd/dmi008
https://doi.org/10.3233/JAD-180780
https://doi.org/10.1037/bul0000102
https://doi.org/10.1007/s00213-019-05326-9
https://doi.org/10.1001/jama.288.6.701
https://doi.org/10.1016/S0014-5793(01)03320-8
https://doi.org/10.1016/S0014-5793(01)03320-8
https://doi.org/10.1016/j.clinthera.2020.06.002
https://doi.org/10.1016/j.clinthera.2020.06.002
https://doi.org/10.1016/j.hrthm.2023.10.027
https://doi.org/10.1152/ajpheart.00500.2016
https://doi.org/10.1039/C7TX00141J
https://doi.org/10.1093/cvr/cvac103
https://doi.org/10.3389/fcvm.2022.840452
https://doi.org/10.4088/JCP.19f12729
https://doi.org/10.1097/00019442-200510000-00013
https://doi.org/10.1097/00019442-200510000-00013
https://doi.org/10.33549/physiolres
https://doi.org/10.1016/S0140-6736(99)11381-3
https://doi.org/10.1093/ijnp/pyu080
https://doi.org/10.1111/bcp.15224
https://doi.org/10.1111/cts.13319
https://doi.org/10.1161/JAHA.114.001568
https://doi.org/10.3389/fpsyt.2025.1637471
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Cao et al. 10.3389/fpsyt.2025.1637471

31. Qirjazi E, McArthur E, Nash DM, Dixon SN, Weir MA, Vasudev A, et al. 32. Faraj P, Sterset E, Hole K, Smith G, Molden E, Dietrichs ES. Pro-arrhythmic
Risk of ventricular arrhythmia with citalopram and escitalopram: A effect of escitalopram and citalopram at serum concentrations commonly observed in
population-based study. PLoS One. (2016) 11:e0160768. doi: 10.1371/ older patients - a study based on a cohort of 19,742 patients. EBioMedicine. (2023)
journal.pone.0160768 95:104779. doi: 10.1016/j.ebiom.2023.104779

Frontiers in Psychiatry 12 frontiersin.org


https://doi.org/10.1371/journal.pone.0160768
https://doi.org/10.1371/journal.pone.0160768
https://doi.org/10.1016/j.ebiom.2023.104779
https://doi.org/10.3389/fpsyt.2025.1637471
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Arrhythmic events pertinent with antidepressants: a Bayesian disproportional analysis mining the FDA Adverse Event Reporting System database
	Introduction
	Methods
	Data sources
	Definition of adverse event of interest
	Definition of antidepressants of interest
	Statistical analysis

	Results
	Descriptive analysis
	Disproportionality analysis
	Constituent ratio of adverse events induced by drugs
	Severity of reaction outcomes for patients with drug-related arrhythmic events

	Discussion
	Limitation
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


