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Background: Whether digoxin is associated with increased mortality in atrial fibrillation (AF) remains controversial. We aimed to assess the risk of mortality and clinical effects of digoxin use in patients with AF.

Methods: PubMed, Embase, and the Cochrane library were systematically searched to identify eligible studies comparing all-cause mortality of patients with AF taking digoxin with those not taking digoxin, and the length of follow-up was at least 6 months. Hazard ratios (HRs) with 95% confidence intervals (CIs) were extracted and pooled.

Results: A total of 29 studies with 621,478 patients were included. Digoxin use was associated with an increased risk of all-cause mortality in all patients with AF (HR 1.17, 95% CI 1.13–1.22, P < 0.001), especially in patients without HF (HR 1.28, 95% CI 1.11–1.47, P < 0.001). There was no significant association between digoxin and mortality in patients with AF and HF (HR 1.06, 95% CI 0.99–1.14, P = 0.110). In all patients with AF, regardless of concomitant HF, digoxin use was associated with an increased risk of sudden cardiac death (SCD) (HR 1.40, 95% CI 1.23–1.60, P < 0.001) and cardiovascular (CV) mortality (HR 1.27, 95% CI 1.08–1.50, P < 0.001), and digoxin use had no significant association with all-cause hospitalization (HR 1.13, 95% CI 0.92–1.39, P = 0.230).

Conclusion: We conclude that digoxin use is associated with an increased risk of all-cause mortality, CV mortality, and SCD, and it does not reduce readmission for AF, regardless of concomitant HF. Digoxin may have a neutral effect on all-cause mortality in patients with AF with concomitant HF.

Systematic Review Registration: https://www.crd.york.ac.ukPROSPERO.
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INTRODUCTION

Atrial fibrillation (AF) is one of the most common types of arrhythmias worldwide. The currently estimated prevalence of AF in adults is between 2 and 4% (1). The prevalence of AF could continue to rise, owing to aging of the general population (2) and intensified screening for undiagnosed AF using various detection devices (3). Atrial fibrillation is associated with an increased risk of stroke and transient ischemic attack (4). Recently, a large meta-analysis showed a high prevalence of heart failure (HF) ranging from 6.42 to 55.78% in cohorts with AF (5). Patients with AF often have co-existing HF, which worsens prognosis (2). Therefore, AF is associated with substantial morbidity and mortality, posing a significant burden to patients. Heart rate control is an integral part of AF management. Digoxin is a cardiac glycoside derived from Digitalis lanata. Since the 1960s, digoxin has played a major role as a therapeutic agent for heart rate control in patients with AF or HF (6). Digoxin exerts chronotropic effects via parasympathetic activation and inotropic effects through inhibition of the sodium–potassium ATPase, promoting activity of the sodium–calcium exchanger and increasing intracellular calcium concentration, which subsequently increases contractility (6, 7). Owing to its negative chronotropic activity, digoxin is still commonly used for heart rate control in patients with AF or HF, particularly in those who do not achieve their heart rate target or who are unable to tolerate β-blocker therapy. During recent years, data on the safety of digoxin treatment in patients with AF continue to emerge. Many observational studies indicate that digoxin has potentially harmful effects in patients with AF (8–10). Moreover, several meta-analyses suggest that digoxin is associated with an increased risk of mortality in patients with AF (11–13). However, neutral effects on mortality in patients with AF receiving digoxin therapy were also reported (14, 15). Even the most recent meta-analysis showed no evidence of a difference in all-cause mortality in patients with AF receiving digoxin therapy compared with those receiving a control intervention (16). Moreover, 2020 European Society of Cardiology guidelines for AF management recommend digoxin in patients with HF with reduced ejection fraction as a class I indication (level B) (3). A series of new and conflicting studies have been published, and it remains controversial as to whether digoxin is associated with increased mortality in patients with AF. It also remains unclear whether digoxin use is associated with reduced hospitalization in patients with AF (15, 17). Furthermore, few meta-analyses have focused on serious adverse events, such as systemic embolic event (SEE), myocardial infarction (MI), cardiovascular (CV) mortality, and sudden cardiac death (SCD). Therefore, we performed a meta-analysis to evaluate the risk of mortality and readmission with digoxin in patients with AF with or without HF. We also compared the risk of serious adverse events in patients taking digoxin with those not taking digoxin.



METHODS

This meta-analysis was performed in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (PRISMA) (18). The project was prospectively registered in the PROSPERO database (CRD42020222258). Literature searches of PubMed, Embase, and the Cochrane Library were performed to identify and retrieve all potentially relevant articles related to this topic. The searches were performed utilizing the following keywords: “digoxin” OR “digitalis” OR “digitoxin” AND “atrial fibrillation” until September 2020. See the attachment for more details on the search strategy. The search was limited to human research, the study design was limited to observational studies or retrospective analyses of randomized controlled trials (RCTs), and the language was restricted to English. A manual search was also performed by examining the reference lists of included studies.

Two independent investigators (WXX and LY) screened the citations through title and abstract. Studies were included if: (1) digoxin compared with no digoxin or other heart rate control treatment in patients with AF; (2) hazard ratios (HRs) with 95% confidence intervals (CIs) for outcomes associated with digoxin treatment were reported; (3) the length of follow-up was at least 6 months; (4) all-cause mortality was the endpoint. The exclusion criteria were: studies that did not provide comparative outcomes, studies that did not report the association between digoxin use and mortality, studies were not published as full text articles and data were derived from the same study.

Two investigators (WXX and LY) independently reviewed the full manuscripts of included studies and extracted information into an electronic database, including author names, year of publication, study design, number of participants, follow-up duration, outcomes, unadjusted HRs or HRs adjusted by statistical models (propensity score matched model or non-propensity score matched model). Any discrepancies between the two investigators regarding data extraction were resolved by consensus after discussion with a third investigator (XD).

Two investigators (WXX and LY) independently assessed the methodological quality of each study using the Newcastle–Ottawa scale. The Newcastle–Ottawa scale comprises three parts: patient selection, study comparability, and outcome assessment. The Newcastle–Ottawa scale assigns a maximum of 4 points for selection, 2 points for comparability, and 3 points for outcome. Therefore, a score of 9 points indicates the highest quality, 6–8 points indicates medium quality, and <6 points indicates low quality. Any discrepancies were resolved by discussion with a third investigator (XD).

A traditional meta-analysis was performed on studies reporting outcomes associated with digoxin use in patients with AF. The primary outcome was all-cause mortality, and the secondary outcomes were all-cause hospitalization and serious adverse events, including SEE /stroke, MI, CV mortality, non-CV mortality, and SCD. Stata software (version 16.0; Stata Corp. LP., College Station, Texas) was used to pool the data and perform the statistical analysis. HRs and CIs were transformed logarithmically, and the inverse variance method was used to achieve a weighted estimate of the combined overall effect. Statistical heterogeneity was assessed by visual inspection of forest plots and by calculating the I2 statistic. Significant heterogeneity was considered present at a 5% level of significance (for the Q-test) and an I2-value of > 50%. The primary outcome analysis (Q-test: P < 0.001; I2 = 85.82%) and most subgroup analyses exhibited significant heterogeneity; therefore, we adopted the random-effects model. Subgroup analyses of the primary outcome were conducted according to cardiac function (with HF vs. without HF), digoxin exposure (baseline digoxin use when enrolled vs. digoxin initiation during follow-up), age (>80 vs. <80 years), and statistical methods (unadjusted HRs or HRs adjusted by propensity score matched model or non-propensity score matched model). Publication bias was assessed by inspecting funnel plots in which the natural log of the HR was plotted against its standard error and further tested by Begg's-test and Egger's-test. P-values were two-sided, and a P-value of < 0.05 was considered statistically significant.



RESULTS

A total of 3,198 manuscripts were initially identified. After removing duplicates, 2,668 studies remained. After screening titles and abstracts, 75 studies remained. After full review of the 75 manuscripts, we found that a study by Gheorghiade et al. (19). and a study by Whitbeck et al. (20) were both based on the same original trial database (Atrial Fibrillation Follow-up Investigation of Rhythm Management, AFFIRM), thus we only included the former because it had a rigorous analytic methodology and provided data on hospitalization in patients with AF using digoxin compared with those without digoxin. We finally included 29 studies (8–10, 14, 15, 17, 19, 21–42), in which there were 6 new studies (14, 15, 38, 40–42) different from previous version of systematic review (Figure 1). And a total of 621,478 patients were included in the meta-analysis. On the basis of the Newcastle–Ottawa scale, two studies were of high quality (24, 32), while 27 studies were of medium quality.


[image: Figure 1]
FIGURE 1. PRISMA flow diagram of the study selection.


The characteristics of studies are summarized in Table 1. There were four studies (15, 23, 38, 42) only included patients with AF with concomitant HF, while one study (32) only included patients with AF without concomitant HF. The remaining 24 studies included patients with AF regardless of concomitant HF. Twenty-six studies reported digoxin therapy in patients with AF at the time of registry enrollment, while the other five studies provided data for digoxin initiation in patients with AF during follow-up. Data of eight studies were based on retrospective analyses of RCTs, and the remaining 21 studies were observational cohort studies.


Table 1. Characteristics of the included studies.
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In order to reduce potential confounders, 29 studies performed statistical models to adjust for clinical variables, which were mainly coming from age, gender, comorbidities, and medications (Table 1). There were 11 studies performed a propensity score-matched cohort analysis to balance baseline characteristics among patients with or not with digoxin therapy, while 25 studies used non-propensity score matched models for statistical adjustment, including Cox regression model, Cox proportional hazards model, and logistic regression model. Only 14 studies provided data of unadjusted HRs for all-cause mortality associated with digoxin use in AF patients.

A combined analysis of adjusted HRs for all-cause mortality for all patients with AF irrespective of HF showed that digoxin was associated with a significant increase in all-cause mortality (HR 1.17, 95% CI 1.13–1.22, P < 0.001, Figure 2). According to Begg's-test (P = 0.105), Egger's-test (P = 0.221), and visual inspection of the funnel plot (Figure 3), there was no publication bias.
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FIGURE 2. Forest plot showing the effect of digoxin therapy compared with no digoxin therapy on all-cause mortality in patients with AF, regardless of concomitant HF. AF, atrial fibrillation; HF, heart failure; HRs, hazard ratios; CIs, confidence intervals.
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FIGURE 3. Funnel plot of publications included in the meta-analysis.


We conducted subgroup analyses according to age, digoxin exposure, study design, statistical methods, follow-up duration, and patients who not receiving β-blockers. We found that digoxin use was still associated with an increased risk of all-cause mortality in patients with AF with or without concomitant HF. Therefore, these subgroups did not have any influence on the primary outcome. We then conducted subgroup analyses to investigate whether the risk of mortality was affected by cardiac function status. In patients with AF without HF, digoxin was associated with a significant increase in all-cause mortality (HR 1.28, 95% CI 1.11–1.47, P < 0.001, Figure 4). Meanwhile, in patients with both AF and HF, there was no significant increase in all-cause mortality (HR 1.06, 95% CI 0.99–1.14, P = 0.110, Figure 4). These subgroup analyses are presented in Table 2.


[image: Figure 4]
FIGURE 4. Forest plot showing the effects of digoxin therapy compared with no digoxin therapy on all-cause mortality in AF patients with HF (A) or in AF patients without HF (B). AF, atrial fibrillation; HF, heart failure; HRs, hazard ratios; CIs, confidence intervals.



Table 2. Subgroup analyses of the association between digoxin treatment and all-cause mortality.
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We performed additional analyses of the association between digoxin treatment and other clinical outcomes. In all patients with AF regardless of concomitant HF, digoxin use had no significant association with all-cause hospitalization (HR 1.13, 95% CI 0.92–1.39, P = 0.230), CV hospitalization (HR 1.05, 95% CI 0.94–1.17, P = 0.410), or HF hospitalization (HR 0.99, 95% CI 0.82–1.19, P = 0.880). In regard to serious adverse events, our analyses showed no significant increase in SEE /stroke (HR 1.05, 95% CI 0.88–1.25, P = 0.590), no significant association with MI (HR 0.96, 95% CI 0.83–1.13, P = 0.650), and no significant increase in non-CV mortality (HR 1.08, 95% CI 0.81–1.45, P = 0.590) with digoxin. However, there was a significant increase in CV mortality (HR 1.27, 95% CI 1.08–1.50, P < 0.001) and SCD (HR 1.40, 95% CI 1.23–1.60, P < 0.001) in patients receiving digoxin therapy. Of note, there was no further information about the presence or absence of HF; thus, we could not further analyze the effects of concomitant HF on the above observations. These additional analyses are presented in Table 3.


Table 3. Additional analyses of the association between digoxin treatment and other clinical outcomes.
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DISCUSSION

This meta-analysis pooled data comparing the effects of digoxin therapy with the effects of no digoxin therapy or other heart rate-controlling drugs in patients with AF. The analysis confirmed that digoxin use is associated with an increased risk of all-cause mortality in patients with AF, regardless of concomitant HF. The risk of all-cause mortality was 17% higher in patients with AF using digoxin compared with those not using digoxin. In the subgroup of patients with AF without HF, the risk of all-cause mortality was 28% higher in patients using digoxin compared with those not using digoxin. Interestingly, in a subgroup of patients with AF with HF, digoxin had no significant association with all-cause mortality. Digoxin was also associated with an increased risk of SCD and CV mortality. Digoxin did not reduce readmission for AF, regardless of concomitant HF.

We confirmed that digoxin use is associated with an increased risk of all-cause mortality in patients with AF, which is similar to previous meta-analyses (11–13, 43). The underlying mechanisms of how digoxin may increase mortality in AF are not yet fully understood; however, several mechanisms may be involved. First, digoxin has potential cardiotoxicity. Cardiac glycosides can cause CV damage by modulating the sodium–potassium ATPase, which is associated with reactive oxygen species production, cardiac remodeling, and arrhythmia (44). Second, digoxin can exacerbate platelet activation in patients with AF, which is associated with an increased incidence of CV disease (45). Pastori et al. (46) found a significant in-vivo correlation between serum digoxin concentration and platelet activation. Specifically, a supratherapeutic digoxin concentration increased platelet aggregation. Third, digoxin is cleared by the kidney and has a narrow therapeutic window. Digoxin interacts with many other drugs, leading to increased serum digoxin concentration and increasing the risk of arrhythmia (47). Many older and sicker patients have renal insufficiency and may concomitantly use drugs that could increase serum digoxin concentration. Elevated serum digoxin may lead to side effects and toxicity.

When all included patients with AF were stratified by cardiac function status at baseline, we found that in patients with AF without HF, digoxin was still associated with an increased risk of all-cause mortality, but there was no evidence of an increase in all-cause mortality in patients with AF with HF, which is different from several previous meta-analyses (11, 43, 48–50). In our study, we included a greater number of studies compared with previous meta-analyses, which provided data on digoxin treatment in patients with both AF and HF. The majority of these studies reported no significant association between digoxin and mortality in patients both with AF and HF (10, 15, 23, 25, 31, 35, 37–39, 41). Even the most recent RCT, which compared the clinical effects of low-dose digoxin with bisoprolol in patients with AF with symptoms of HF, found better symptom control with digoxin for both AF- and HF-related symptoms, which is consistent with a lower N-terminal pro-B-type natriuretic peptide concentration and fewer adverse events (51). Digoxin has positive inotropic effects, negative chronotropic effects, and anti-adrenergic effects (7). These effects are thought to be beneficial in patients with AF and HF, which may be a reason for the inconsistent results in patients with AF without HF. However, According to AFFIRM study (52), β-blockers are the most effective drug for heart rate control, digoxin is usually a second-line option or combination with β-blockers, maybe it is not the neutral mortality effect of digoxin use in patients with AF with HF, but other heart rate control agents like β-blockers which could improve survival. Therefore, we conducted subgroup analyses in patients not receiving β-blockers, there were five studies reported data of digoxin alone VS no other rate control treatment in patients with AF with or without HF, in which all the HRs were adjusted by non-propensity score matched models, also indicating increased mortality associated with digoxin therapy.

It should be noted that our meta-analysis was based on data from observational studies or post-hoc analyses of RCTs. Because most RCTs limited follow-up of days to weeks, and did not evaluate long-term mortality or hospitalization. Recently, Sethi et al. (16) performed a meta-analysis of digoxin for heart rate control in patients with AF, which was based on data from RCTs. They indicated that the clinical effects of digoxin on all-cause mortality and serious adverse events are unclear based on current evidence, because no trials included in this meta-analysis reported long term follow-up data. At present, more information is required from large-sample observational studies to help us learn about the long-term effects of digoxin.

As we know, digoxin is more commonly used in patients who have a greater comorbid burden and who require additional heart rate-controlling therapy; in other words, patients treated with digoxin are generally sicker than those not requiring digoxin, thus leading to selection bias. Therefore, digoxin initiation during follow-up might avoid potential selection bias originating from baseline use of digoxin. When we pooled studies reporting digoxin initiation during follow-up in patients with AF, digoxin was still associated with an increased risk of all-cause mortality.

In order to reduce potential confounders, some studies usually used Cox regression or logistic regression model to adjust for clinical variables in observational studies, some studies performed a propensity score-matched cohort to select digoxin and no-digoxin treatment groups that were well-balanced on various patient-related baseline characteristics. In our subgroup analyses, the combined analysis of unadjusted HRs for mortality in patients with AF suggested the risk of all-cause mortality was 42% higher in patients using digoxin compared with those not. However, after adjustment for baseline differences, the risk of all-cause mortality was lower in subgroups which HRs were adjusted by statistical models. And the results of these subgroup analyses still showed that treatment with digoxin in patients with AF is associated with an increased risk of all-cause mortality.

Ziff et al. (53) suggested that digoxin use is associated with a reduction in hospital admissions. Singh et al. (15) also indicated that digoxin is associated with a lower risk of HF readmission. However, in our study, we found no evidence of a reduction in readmission in overall patients with AF. With regard to serious adverse events during follow-up, we found that digoxin use has no significant association with SEE/stroke, MI, and non-CV mortality, but the risks of SCD and CV mortality were 40 and 27%, respectively. These rates were higher in patients with AF using digoxin compared with those not using digoxin. SCD events occupy a proportion of CV mortality events. Eisen et al. (36) examined the association between baseline features and SCD in patients with AF. They found that digoxin use was a significant predictor of SCD in patients with AF. This increase in SCD might be attributed to arrhythmic death based on the mechanism of action of digoxin (10).This could be one underlying explanation for the digoxin-associated increase in the risk of SCD.



STUDY LIMITATIONS

There are several limitations of our study that should be noted. First, our data were mainly based on observational studies, and we observed substantial heterogeneity in most analyses, which may not be evident in meta-analyses of RCTs (53). And statistical adjustment of observational data and propensity-score matching cannot replace randomized allocation. Second, we considered that the risk of secondary outcomes in patients with AF was associated with digoxin therapy, which may be different when patients with AF are stratified by cardiac function status. Third, we could not conduct analysis of digoxin concentration and relevant risk of mortality, because digoxin concentration was not available in most of the included studies. Given the above limitations, we hope that more future studies assessing the clinical effects of digoxin in patients with AF could stratify patients according to cardiac function status and provide data of serum digoxin concentration.



CONCLUSION

Digoxin use is associated with an increased risk of all-cause mortality in patients with AF, especially those without concomitant HF. Digoxin use is also associated with an increased risk of SCD and CV mortality, and digoxin does not seem to reduce readmission for AF, regardless of concomitant HF. But digoxin may have a neutral effect on all-cause mortality in patients with AF with concomitant HF. Thus, digoxin might be an additional choice for heart rate control in patients with both AF and HF, particularly in patients who are unable to tolerate β-blockers or do not achieve their target heart rate. However, we suggest that digoxin should be used cautiously with appropriate concentration monitoring to avoid toxicity.
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