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Background: Several published studies have disagreements on whether the use of antidepressants is associated with increased risk of arrhythmias. In this study, we performed this meta-analysis to assess the association of antidepressants with cardiac arrhythmias in patients who require antidepressants.

Methods: The PubMed and Embase databases were systematically searched until December 2021 to find studies that investigated the association between antidepressant use and cardiac arrhythmias. Studies that assessed the effects of any antidepressant on arrhythmias in patients who require antidepressants compared with those who require no antidepressants were included. We used a random-effects model to pool the adjusted risk ratios (RRs) and 95% confidence intervals (CIs). The stability of the results was examined by omitting an individual study at a time.

Results: A total of 3,396 studies were screened and 6 studies with 2,626,746 participants were finally included in this meta-analysis. When compared with no antidepressants, the use of antidepressants was significantly associated with an increased risk of atrial fibrillation (RR = 1.37, 95% CI: 1.16–1.61). However, there was no difference in the risk of ventricular arrhythmias or sudden cardiac death (RR = 1.33, 95% CI: 0.88–2.01) between the two studied groups. In the subgroup analysis, tricyclic antidepressants (RR = 1.12, 95% CI: 0.89–1.41), selective serotonin reuptake inhibitors (RR = 1.46, 95% CI: 0.63–3.38), and selective serotonin reuptake inhibitors (RR = 0.99, 95% CI: 0.97–1.01) did not increase the risk of ventricular arrhythmias and/or sudden cardiac death.

Conclusion: Recently published data suggested that the use of antidepressants did not increase the risk of ventricular arrhythmias or sudden cardiac death. Antidepressants were associated with an increased risk of atrial fibrillation but that still needs further confirmation.
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INTRODUCTION

A published study of the United States with 36,309 respondents demonstrated that 10.4% of respondents suffered from a 12-month depressive disorder, and 20.6% of respondents suffered from a lifetime depressive disorder (1). Previously published studies have indicated that depression might increase the risks of chronic diseases (2). As such, the use of antidepressants is not rare in the management of major depressive disorders (3). Tricyclic antidepressants (TCAs) and selective serotonin reuptake inhibitors (SSRIs) are the most frequently used, whereas other antidepressants include serotonin-norepinephrine reuptake inhibitors (SNRIs), mono-amino oxidase inhibitors (MAOs), specific serotonergic antidepressants (NaSSAs), and serotonin antagonist and reuptake inhibitors (SAIRs). However, antidepressant medications sometimes have no effects on treatment-resistant patients and even lead to unexpected adverse cardiovascular outcomes (4, 5).

Arrhythmia is a widely distributed disease that needs better medical resources and can lead to life and economic burden (6). Atrial fibrillation (AF) is the most frequent type of arrhythmias. Ventricular arrhythmia or sudden cardiac death (VA/SCD) are also severe outcomes associated with fatality. Several studies have investigated the association between antidepressant use and the risks of AF or VA/SCD, but their results remain controversial. The study of Garg et al. suggested that the treatment of antidepressants has a weaker association with incident AF, which might reflect severe depressive symptoms but not the limited effectiveness of drugs (7). However, the study of Rayne et al. suggested that a low dose of TCAs did not increase the risk of SCD (8), and some other studies reported that there was no reliable relationship between antidepressants and arrhythmias, including cAF, SCD, and VA (9–11). Therefore, the effect of antidepressants on arrhythmia risks remains uncertain. To assess the risk of arrhythmias in patients who require antidepressants, we performed a meta-analysis to assess the association between antidepressant use and the risks of AF or VA/SCD.



METHODS

We used the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) 2020 statement to report our findings (12). Ethical approval was not required since our meta-analysis was based on the literature that was already published. The data that support the findings of this meta-analysis would be available from the corresponding authors on reasonable requests.


Data Sources and Search Strategy

We comprehensively searched the PubMed and Embase databases from inception to December 2021 for the relevant studies that reported whether antidepressants increased the risks of arrhythmias. According to our search strategies, two kinds of search terms, namely, antidepressants (e.g., antidepressants, TCAs, SSRIs, SNRIs, and NaSSAs) and arrhythmias (e.g., AF, atrial flutter, and VA), were included. Our concrete search strategies of the PubMed and Embase databases are mentioned in Supplementary Table 1. No language restrictions were used in our search.



Eligibility Criteria

We included studies fulfilling the following criteria:

(1) Studies assessed the effects of any antidepressant on arrhythmias in patients taking antidepressants. The comparison population was those not taking antidepressants.

(2) The outcomes were arrhythmias including AF or VA/SCD.

(3) The effects of antidepressant use on the studied outcomes were expressed as adjusted effect estimates risk.

We excluded studies having the following criteria:

(1) Studies with unadjusted data were excluded.

(2) Comparisons between different antidepressants were excluded.

(3) Study types such as reviews, case reports, editorials, letters, and meeting abstracts were excluded.

In the case of multiple publications using the same data, the study with the longest follow-up time or with the largest number of participants was included.



Data Extraction

According to the process of study selection, two authors independently screened the studies based on titles and abstracts. Then, the full texts were assessed in detail based on the inclusion criteria to identify the final eligibility. All disagreements were resolved by discussion. Two authors also extracted data independently; the first author, publication year, data sources, country, sample size, mean age, sex, follow-up time, interventions, antidepressants in the control groups, adjusted risk ratios (RRs), and 95% confidence intervals (CIs) were included.



Outcomes

Our main outcomes were AF and VA/SCD. VA/SCD was defined as ventricular tachycardia, torsades de pointes, ventricular fibrillation, ventricular flutter, sudden cardiac arrest, and SCD. Since SCD was specific and often caused by VA, we set VA and SCD as a composite group.



Study Quality Assessment

According to the eligibility, the Newcastle-Ottawa Scale (NOS) was used to evaluate the quality of observational studies, with a total score of 9 points. The NOS of cohort studies included the selection of cohorts (i.e., 0–4 points), the comparability of cohorts (i.e., 0–2 points), and the assessment of outcomes (i.e., 0–3 points). A quota was defined to evaluate the concrete quality, that is, the total of scores > 6 was considered moderate to high quality, while the total of scores < 6 was regarded as low quality (13).



Data Analysis

All the statistical analyses were performed using the Review Manager version 5.4 software (the Cochrane Collaboration 2014, Nordic Cochrane Center Copenhagen, Denmark; https://community.cochrane.org/). The I2 statistic was used to assess the statistical heterogeneity. If I2 values were ≤ 25%, 50%, and ≥75%, the included studies will correspond to low, moderate, and high heterogeneity, respectively. We extracted odds ratios from the case-control studies and hazard ratios from cohort studies. Ultimately, we selected RRs and 95% CIs to represent all the effect estimates in the results, which did not influence the final interpretation (14). The effects of antidepressant use on the studied outcomes were expressed as adjusted RRs and 95% CIs. We calculated the adjusted RRs and 95% CIs to their corresponding natural logarithms and standard errors. To better evaluate studies with high heterogeneity, we applied a random-effects model to pool our data. In the sensitivity analysis, we examined the stability of the results after omitting an individual study at a time. We also reperformed the analysis using a fixed-effects model. In addition, a subgroup analysis based on the drug classes of antidepressants was performed. We did not assess the publication bias because the number of included studies was < 10. In this study, a p < 0.05 indicated statistical significance.




RESULTS


Study Selection

In general, 7,091 records were searched from PubMed and Embase databases. After screening all the titles and abstracts, 6,005 records were excluded. Then, 215 records were excluded based on the full texts. Ultimately, 6 studies [6 cohort studies (7, 8, 15–18)] with 2,626,746 participants were included. The retrieval process flowchart is shown in Figure 1.


[image: Figure 1]
FIGURE 1. The concrete retrieval process flowchart of our meta-analysis.


The detailed baseline characteristics of the included studies are presented in Table 1. There are 5 studies from the United States and 1 study from Denmark, and there are no duplicates in the data sources. Many antidepressant drug classes were estimated, including TCAs, SSRIs, and SNRIs. The definition of outcomes in our included studies is displayed in Supplementary Tables 2, 3. The detailed confounding factors of included studies are presented in Supplementary Table 4.


Table 1. Baseline characteristics of the included studies.
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AF Events Related to Antidepressant Use

Among the 3 studies that reported the outcome of AF, the study of Garg et al. (7) suggested the association between antidepressants and incident AF in a cohort of middle and old-aged adults. Garg et al. (17) reported the increased risk of AF that is associated with depression symptoms. The risk of AF associated with the use of antidepressants seemed more pronounced in women instead of men. Fenger-Grøn et al. (15) indicated the incidence rate of AF in different periods after using antidepressants. In the pooled analysis, antidepressant use did not increase the risk of AF in the comparison with no antidepressants (RR = 1.82, 95% CI: 0.94–3.55, P = 0.08, I2 = 98%) (Supplementary Figure 1). After omitting the study of Fenger-Grøn et al., the heterogeneity decreased significantly from 98% to 0%. Thus, we reperformed the analysis by removing this study and found that the use of antidepressants significantly increased the risk of AF (RR = 1.37, 95% CI: 1.16–1.61, P = 0.0002, I2 = 0%; Figure 2).


[image: Figure 2]
FIGURE 2. A forest plot of the association between antidepressant use and the increased risk of arrhythmias compared with nonusers. AF, atrial fibrillation; VA, ventricular arrhythmia; SCD, sudden cardiac death; RR, risk ratio; TCA, tricyclic antidepressant; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin norepinephrine reuptake inhibitor; CI, confidence interval; SE, standard error; IV, inverse of the variance.




VA/SCD Events Related to Antidepressant Use

A total of 3 studies concentrated on whether antidepressants increased the risk of VA/SCD. The study of Whang et al. (18) indicated an elevation in the risk of SCD in a women cohort who reported antidepressant use. The study of Fung et al. (16) demonstrated the reduced risk of both citalopram and escitalopram with cumulative use of more than 12 months through medical data of old adults. In the pooled analysis, the use of antidepressants had no association with the increased risk of VA/SCD (RR = 1.33, 95% CI: 0.88–2.01, I2 = 87%; P = 0.18) (Figure 2). For heterogeneity analysis, an I2 of 87% signified high heterogeneity. After omitting the study of Whang et al., I2 decreased from 87 to 0%



Subgroups Analysis

The subgroup analysis based on drug classes of antidepressants was not performed for the outcome of AF due to the limitation of data. For the risk of VA/SCD, studies were divided into 3 subgroups based on the types of antidepressants. As shown in Figure 3, TCAs (RR = 1.12, 95% CI: 0.89–1.41, P = 0.33), SSRIs (RR = 1.46, 95% CI: 0.63–3.38, P = 0.38), and SNRIs (RR = 0.99, 95% CI: 0.97–1.01, P = 0.21) did not increase the risk of VA/SCD.
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FIGURE 3. A forest plot of the use of antidepressant on ventricular arrhythmia (VA)/sudden cardiac death (SCD) in patients who require antidepressants based on the classes of antidepressants, including TCAs, SSRIs, and SNRIs. TCAs, tricyclic antidepressants; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin-norepinephrine reuptake inhibitors; RR, risk ratio; CI, confidence interval; SE, standard error; IV, inverse of the variance.




Sensitivity Analysis

In the analysis of AF, after removing the study of Fenger-Grøn et al. (15), the heterogeneity decreased significantly from 98 to 0%. The reason might contribute to a distinct difference in the follow-up time between the studies of Fenger-Grøn et al. and Garg et al. In the analysis of VA/SCD, omitting the study of Whang et al. (18) also decreased the I2 from 87 to 0%. It might be because it contained a women cohort, which may influence the result by sex. The outcomes of SCD in this study may not be caused by the risk of arrhythmia precisely. Omitting the aforementioned studies, the origin results remained stable. When we transformed the analysis to the fixed-effects models, the results of the association between antidepressants and the risk of VA/SCD changed slightly.



Quality Assessment

After assessing their quality based on the NOS score, the scores of included observational studies were all between 6 and 8, which represented moderate to high quality (Supplementary Table 5).




DISCUSSION

Although the presented meta-analysis is based on the current published literature, we took two outcomes to represent arrhythmias, namely, AF and VA/SCD. Overall, the use of antidepressants did not increase the risks of VA/SCD. Antidepressants were associated with an increased risk of AF.

For the association between antidepressants and the risk of AF, because of the limitation that most studies concentrated on VAs, the potential mechanisms between antidepressants and AF have no accurate interpretation, and we postulated the following hypothesis. Primarily, several previous studies demonstrated that the reducing effect of 5-hydroxytryptamine (5-HT) on L-type Ca2+ current (ICaL) and action potential duration at 50% (APD50) seemed to have a relationship with AF (19–21). Moreover, the increased risk may be because of the indication for antidepressant use instead of actual antidepressant use (22). In the data from the Danish study that adjusted for sociodemographic and clinical confounds, there was a significantly increased risk of AF in antidepressant users during days 1–15 and days 16–30 before antidepressant initiation. Since antidepressants could not lead to AF before the initiation, the indication for the treatment of antidepressants or common characteristics of patients could reasonably be suspected to be the cause. Some prior studies reported that positive association between depression and AF since depression might increase the activation of the autonomic nervous system, the hypothalamic–pituitary–adrenal axis, and the renin-angiotensin aldosterone system. Owing to different psychological assessment methods that could lead to different results, investigating the effect of depression in AF was challenging (15, 23). Simultaneously, some interpretations suggested that enhanced AF symptoms might be due to lateralization of cerebral activity caused by emotional stress and high sympathetic nervous activity caused by major depressive disorder (24, 25).

Compared with no antidepressants, our analysis indicated that the use of TCAs, SSRIs, and SNRIs did not increase the risk of VA/SCD. In the 3 included studies of VA/SCD, only the study of Fung et al. (16) adopted the outcome that was completely consistent with our meta-analysis (composite VA/SCD). The outcomes of the other two studies focused more on SCD. Furthermore, only the study of Fung et al. (16) indicated that the cumulative time of antidepressant use might have an effect on the risk of VA/SCD. Patients who took cumulative use of > 12 months had a lower risk of arrhythmias. Since there were no definite reasons for this phenomenon, it was possible that the risk of arrhythmias increased significantly in the beginning, so the treatment of antidepressants was stopped. Immortal time bias should also be taken into account. A previously published meta-analysis reported that antidepressants had no valid effect on the increased risk of SCD in the comparison with different antidepressants (26). The concrete reasons are still discussed, and we postulated the following hypothesis. As for TCAs, TCAs can inhibit the sodium channel conductance and delay 0-phase cardiac depolarization, which can lead to the slower conduction velocity of His-Purkinje fibers and ventricular myocardium, due to which the prolongation of the Q wave, R wave, and S wave (QRS) complex happens on ECG (24). For SSRIs, fluoxetine and citalopram can inhibit the human ether-a-go-go-related gene (hERG) potassium channel that plays an important role in the repolarization of the cardiac action potential, which may have a relationship with the prolongation of the corrected QT interval (QTc) interval and lead to adverse reactions, such as VAs (28, 29).

Several studies reported that using TCAs had a lower risk of VA/SCD than SSRIs (30) because a moderate to a high dose of TCA use seemed to increase the risk of VA/SCD instead of a low dose. However, the use of TCAs was mainly in the case of low doses based on obvious side effects (31). As for SSRIs, several studies reported with greater evidence that the prolongation of the QTc interval and cardiotoxicity was associated with antidepressant overdose, whereas evidence rarely existed when treating with therapeutic administration (27, 32). However, we did not analyze the relationship between drug dose and arrhythmias because the data on dose and types of antidepressants varied among the included studies, which was limited and beyond the scope of discussion. Despite SNRIs being considered as the newer classes of antidepressants that were not fully explored, several studies indicated that they seemed not to increase the risk of arrhythmias, including SCD and VA (10, 11, 33, 34).

With the increasing attention to depression, the use of antidepressants has also increased and expanded (35). In addition, a previously delivered meta-analysis demonstrated that the risk of VA was related to patients with depression, especially patients with coronary heart disease, so the treatment with antidepressants should be administered carefully (36). However, our discussion on whether antidepressants increased the risks of AF is based on current studies. Further studies can find more definite conclusions in doses and classes of antidepressants.



LIMITATIONS

This meta-analysis has the following limitations that should be taken into account. First, there were insufficient studies in subgroups, such as AF, which might cause the worse accuracy of results. Second, since the included studies used different data sources and analysis methods, the residual confounders should be included. Third, owing to the limitation of drug doses in the included literature, the statistical analysis about the doses of antidepressants was not supported. Moreover, a comparison between different antidepressants was excluded in our meta-analysis. In sensitivity analysis, after omitting one study at a time, heterogeneity decreased significantly, such that a greater heterogeneity between studies might influence the validity of the results. Finally, further studies could focus on the relationship between doses of antidepressants and cardiac arrhythmias.



CONCLUSION

According to the published literature, our analysis demonstrated that the use of antidepressants did not increase the risks of VA/SCD. Antidepressants were associated with an increased risk of AF. Further studies are required to confirm these findings.
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