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ABSTRACT

Background:Digoxin is recommended for long-term rate control in
paroxysmal, persistent, and permanent atrial fibrillation (AF). While some
analyses suggest an association of digoxin with a higher mortality in AF,
the intrinsic nature of this association has not been examined in
propensity-matched cohorts, which is the objective of the current study

Objectives:The goal of this paper was to explore whether digoxin use was
independently associated with increased mortality in patients with AF and
if the association was modified by heart failure and/or serum digoxin
concentration.

Methods: The association between digoxin use and mortality was assessed
in 17,897 patients by using a propensity score—adjusted analysis and in
new digoxin users during the trial versus propensity score—matched control
participants. The authors investigated the independent association between
serum digoxin concentration and mortality after multivariable adjustment.

RESULTS: A total of 29 studies with a total of 621,478 patients were included.
Digoxin use was associated with an increased risk of all-cause mortality in all
patients with atrial fibrillation (HR 1.17, 95% CI 1.13-1.22, p<0.001), especially in
patients without heart failure (HR 1.28, 95% CI 1.11-1.47 , P<0.001). There was no
significant association between digoxin and mortality in patients with atrial
fibrillation and heart failure (HR 1.06, 95% CI 0.99-1.14, p=0.110). Digoxin use was
associated with sudden cardiac death (SCD) (HR 1.40, 95% CI 1.23-1.60, P<0.001)
and cardiovascular (CV) mortality in all patients with atrial fibrillation, with or
without heart failure Associated with increased risk (HR 1.27, 95% CI 1.08-1.50,
P<0.001) and digoxin use was not significantly associated with all-cause
hospitalization(HR1.13, 95% Cl 0, 92-1.39, P=0.230)
Conclusions: We concluded that digoxin use was associated with an increased risk of
all-cause mortality, cardiovascular mortality, and SCD, and did not reduce
readmission rates for atrial fibrillation, with or without heart failure. Digoxin may
have a neutral effect on all-cause mortality in patients with atrial fibrillation and heart
failure.




INTRODUCTION

Digoxin is an cardiac glycoside derived from Digitalis lanata. Since the 1960 ,
digoxin has played an major role as a therapeutic agent for heart rate control in
patients with Atrial fibrillation or heart failure[6] Atrial fibrillation is one of the
amonges types of arrhythmias world wide in clinical practice . The presently
expected occurrence of AF in adults is among two-four percent[1]. The prevalence of
atrial fabrillation continue to increase , owing to aging of the general population [2].
and intensified screening for undiagnosed Atrial fibrillation using various detection
devices[3]. Atrial. Digoxin exert chronotropic effect by parasympathetic stimulation
and inotropic effects through suppression of the sodium-—potassium ATPase ,
activity boosting of the sodium—-calcium exchange and increasing intracellular
calcium concentration , which increases contraction [6][7] . Owing to its negative
chronotropic activity , digoxin is still commonly used for heart rate control in patients
with atrial fabrilation or heart failure , especially in those who don't reach their heart
rate target or who are unable to tolerate [-blocker medications . During previouse
years , data on the safety of digoxin treatment in patients with Atrial fibrillation
continue to emerge . Many observational studies indicate that digoxin has potentially
dangerous acts effects in patients with atrial fabrilation [8][10] . Furthermore , many
meta-analyses suggest that digoxin is associated with increased risk of mortality in
patients with Atrial fibrillation[11][13] . Nevertheless , neutral effects on mortality in
patients with atrial fabrilation receiving digoxin therapy were also reported [14][15].
up to the latest meta-analysis showed there is no evidence of difference in all cause
mortality in patients with Atrial fibrillation receiving digoxin therapy compared with
those receiving the control intervention [16] . Furthermore , 2020 European Society
of Cardiology guidelines for Atrial fibrillation management recommend digoxin in
patients with heart failure with decreased ejection fraction as a class | indication
(level B) [3] . A series of new and conflicting studies have been published , and it is
still controversial as to whether digoxin is associated with increased mortality in
patients with Atrial fibrillation . It is also still not clear whether, if digoxin use is
associated with reduced hospitalization in patients with Atrial fibrillation [15][17] .
however , few meta-analyses have focused on serious adverse events , such as
systemic embolic event , myocardial infarction , cardiovascular mortality and sudden
cardiac death . Therefore, we performed a meta-analysis to evaluate the risk of
mortality and readmission with digoxin in patients withAtrial fibrillation with or
without heart failure . We also compared the risk of serious adverse events in patients
taking digoxin with those not taking digoxin.




METHODS

This meta-analysis was conducted according to the Preferred Reporting Item for the
Guidelines for Systematic Reviews and Meta-Analysis (PRISMA)[18]. This project
has been prospectively registered in the PROSPERO database (CRD42020222258).
Literature searches were carried out in PubMed, Embase and Cochrane Libraries to
identify and retrieve all articles potentially relevant to the topic. Searches conducted
as of September 2020 using the following keywords: "digoxin" or "digitalis" or
"digoxin" and "atrial fibrillation". See the appendix for more details on search
strategies. Searches are limited to human studies, study designs are limited to
retrospective analyses of observational studies or randomized controlled trials
(RCTs), and language is limited to English. Manual searches were also performed by
checking the reference lists of included studies.




RESULTS

Between January 2006 and June 2009, The AFFIRM trial randomized 4060
patients to rhythm control (2033 patients) vs. rate control patients). The
study included 1594 females representing 39.3% of the study cohort.
Overall, 2816 patients (69.4%) received digoxin within 6 months of
randomization and/or during the study. In addition, 1647 patients (58.5%)
and 1898 (67.4%) among the 2816 on digoxin received beta-blockers and
ACE inhibitors at some point during the study, respectively, compared with
the 718 patients (57.7%, P = 0.65) and 734 (59%, P < 0.001) not on digoxin
(1244 patients). Figure 1 summarizes the number of patients on digoxin vs.
not on digoxin at baseline, through 8-month visit, last follow-up, and death.
Moreover, among the 2441 patients on digoxin at one or more follow-up
visit (1389 rate control group; 1052 rhythm control), the median duration of
therapy was 32 [16, 46] months. Corresponding times for patients
randomized to rate and rhythm control were 32 [16, 46] months and 28 [8,
441months, respectively. Figure 2 shows all-cause mortality for patients
always vs. never on digoxin during the course of the study.

Figure 1 Number of patients on digoxin vs. not on digoxin at critical
times of the study.

AFFIRM STUDY

On Digoxin Off Digoxin
I
. N= 2153 :: N=1905
Baseline I
(rate control n=1074) :: (rate control n=952)
I
____________________ | [ pp——
Il
Baseline — he-dect i N= 1470
I
8 months f/u (rate control n=751) | (rate control n=655)
I
____________________ R I
Il
. 2 I N=1241
Baseline — N=951 ::
last f/u (rate control n=603) | (rate control n=526)
I
I
___________________ F_____________
N=375 :: N=291
At death |
(rate control n=213) I (rate control n=97)




Figure 2 Kaplan—Meier curves for all-cause mortality based on
digoxin use during the study. Shown are Kaplan—Meier ...
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In September 2007 and March 2014, a total of 1524 studies initially identified, 25
matched our search criteria. Additional six trials were excluded because they
consisted of reports based on the same original trial database (i.e. post-hoc analyses
of DIG31-34 and AFFIRM35'36 studies). This yielded a total of 19 studies which
were selected for the present analysis (Figure 1). The individual trial characteristics
are given in Table 1. Digoxin use was defined as use at baseline or as a time varying
covariate.37 Nine studies comprised patients with AF9-14-16182021-38':39 . The
primary inclusion criterion for the study by Chao et al.19 consisted of the diagnosis
of AF. Hence, this study was initially included in the meta-analysis as an AF study
although endpoint results were available for the overall patient group as well as for
the patient subset with AF only and heart failure only.
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Table 1

Publications included in the meta-analysis

Study,
Year

Hallberg
(RIKS-
HIA),
20078

Gjesdal
(SPORTIF
111, V),
200814

Friberg
(SCAF),
20109

Whitback
(AFFIRM),
201215

Turakhia
(TREAT-
AF),
201416

Shah,
201417

Gamst,
201418

Subgroup

AF

AF

Patient
cohort

AF

AF

AF

AF

AF

AF

AF

Design

Prospective

registry study

Post-
hoc analysis of
RCT

Prospective

registry study

Post-

hoc analysis of
RCT

Analysis of
administrative

database

Retrospective
population-
based cohort

study

Retrospective
population-

based cohort

Digoxin
use
defined
as

Baseline

use

Baseline

use

Baseline

use

Time-
varying

covariate

Baseline
use and
time-

varying

covariate

Baseline

use

Baseline

use

Subjects

Total

21
459

7329

2824

4060

122
465

46
262

8880

Digoxin

4872

3911

802

2816

28679

23131

3622

Follow-up
(years)

1.55-1.64

4.7

3.5

2.9

3.0-4.2

Quali
(MIN(t))lS

score)

High
(17.5)

High
(20)

High
(19)

High
(20.5)

High
(19)

High
(18.5)

High
(18)
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Chao,
201419

Rodriguez-
Manero
(AFBAR),
201438

Mulder
(RACE1I),
201439

Freeman
(ATRIA-
CVRN),
201420

Pastori,
201521

AF

AF

AF

AF

AF

study

Analysis of
administrative

database

Prospective

registry study

Post-
hoc analysis of
RCT

Retrospective
population-
based cohort

study

Prospective
observational

study

Baseline

use

Baseline

use

Baseline

use

Baseline
use and
time-

varying

covariate

Baseline

use

4781

777

608

14

787

815

829

270

284

4231

171

4.26

2.9

2.9

1.17

2.73

High
(19.5)

High
(18)

High
(19.5)

High
(21)

High
(20)
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DISCUSSION

This meta-analysis pooled data comparing the effects of digoxin therapy with no
digoxin therapy or other heart rate-controlling drugs in patients with atrial fibrillation.
The analysis confirmed that digoxin use in patients with atrial fibrillation was
associated with an increased risk of all-cause mortality, with or without concomitant
heart failure. Patients with atrial fibrillation who were taking digoxin had a 17%
higher risk of all-cause death than those who were not taking digoxin. In the
subgroup of patients with atrial fibrillation without heart failure, those taking digoxin
had a 28% higher risk of all-cause mortality than those not taking digoxin.
Interestingly, in the subgroup of AF patients with heart failure, digoxin was not
significantly associated with all-cause mortality. Digoxin has also been associated
with an increased risk of SCD and cardiovascular death. Digoxin did not reduce
readmission rates for atrial fibrillation, regardless of the presence of heart failure. We
demonstrated that digoxin use was associated with an increased risk of all-cause
mortality in patients with atrial fibrillation, similar to previous meta-analyses[11-
13][43] .

The underlying mechanisms of how digoxin increases mortality in atrial fibrillation
are not fully understood. However, multiple mechanisms may be involved. First,
digoxin is potentially cardiotoxic. Cardiac glycosides can cause cardiovascular
damage by regulating sodium-potassium ATPase, which is involved in reactive
oxygen species production, cardiac remodeling, and arrhythmias [44].

Second, digoxin may exacerbate platelet activation in patients with atrial fibrillation,
which is associated with an increased incidence of cardiovascular disease [45].

Pastori et al. [46] found a significant in vivo correlation between serum digoxin
concentration and platelet activation. In particular, supratherapeutic digoxin
concentrations increased platelet aggregation. Third, digoxin is eliminated by the
kidneys, with a narrow therapeutic window. Digoxin interacts with many other drugs,
resulting in increased serum digoxin concentrations and increased risk of cardiac
arrhythmias [47]. Many older and more ill patients have renal insufficiency and may
be taking drugs that may increase serum digoxin concentrations. Elevated serum
digoxin can lead to side effects and toxicity. When all enrolled patients with atrial
fibrillation were stratified by cardiac functional status at baseline, we found that
digoxin was still associated with an increased risk of all-cause mortality in patients
with atrial fibrillation without heart failure, but there was no evidence that all-cause
death. lead to death in heart failure patients with atrial fibrillation, unlike several
previous meta-analyses [11, 43, 48-50]. We included more studies in our study than

previous meta-analyses that provided data on the use of digoxin in patients with atrial
9




fibrillation and heart failure. Most of these studies reported no significant association
between digoxin and mortality in patients with atrial fibrillation and heart failure[10,
15, 23, 25, 31, 35, 37-39, 41]. Even a recent randomized controlled trial comparing
the clinical effect of low-dose digoxin with bisoprolol in patients with atrial
fibrillation with symptoms of heart failure found that digoxin was more effective in
symptom control of atrial fibrillation and heart failure-related symptoms, which
Consistent with lower N-terminal natriuretic peptide concentrations and fewer
adverse events of the Pro-B type [50]. Digoxin has positive inotropic, negative
chronotropic, and anti-adrenergic effects[7] . These effects are thought to be
beneficial in patients with atrial fibrillation and heart failure, which may explain
conflicting results in patients with atrial fibrillation without heart failure. However,
according to the AFFIRM study [52], beta-blockers are the most effective heart rate
control drugs, and digoxin is usually the second-line option or in combination with
beta-blockers, perhaps not with neutral mortality The effect of digoxin is used in
patients with heart failure with atrial fibrillation, but other heart rate control drugs
such as beta-blockers may improve survival. Therefore, we performed a subgroup
analysis of patients not receiving beta-blockers. Five studies reported data on digoxin
alone versus no other rate control therapy in patients with atrial fibrillation with or
without heart failure, where all heart rates were fitted by nonpropensity score-
matched models, which also Added treatment with digoxin. It should be noted that
our meta-analysis was based on data from observational studies or post hoc analyses
of randomized controlled trials. Because most RCTs limit follow-up to days to
weeks, and do not assess long-term mortality or hospitalization. More recently, Sethi
et al. [16] A meta-analysis of digoxin-controlled heart rate in patients with atrial
fibrillation based on data from randomized controlled trials. They noted that based on
current knowledge, the clinical impact of digoxin on all-cause mortality and serious
adverse events is unclear, as none of the studies included in this meta-analysis
reported long-term follow-up data. More information from large observational studies
Is currently needed to help us learn more about the long-term effects of digoxin. It is
known that digoxin is more commonly used in patients with a higher comorbidity
burden and who require additional heart rate control therapy; in other words, patients
who receive digoxin are generally more ill than those who do not require digoxin,
leading to selection bias. Therefore, initiation of digoxin during follow-up avoids
potential selection bias caused by baseline digoxin use. When we summarized studies
reporting on the initiation of digoxin therapy in patients with atrial fibrillation during
follow-up, digoxin remained associated with an increased risk of all-cause
mortality.To reduce potential confounding factors, some studies often used Cox
regression or logistic regression models to adjust for clinical variables in
observational studies, and some studies performed propensity score-matched cohorts

10




to select digoxin and non-diagnostics with various patient-related baseline
characteristics. The digoxin treatment group was well balanced. In our subgroup
analysis, a pooled analysis of the unadjusted HR for mortality in patients with atrial

fibrillation showed that patients taking digoxin had a 42% higher risk of all-cause
mortality than those not taking digoxin.

However, after adjustment for baseline differences, the risk of all-cause mortality was
lower in the subgroups with HR adjusted by statistical models. The results of these
subgroup analyses still suggest that digoxin treatment is associated with an increased
risk of all-cause mortality in patients with atrial fibrillation. Zift people.
[53]Recommended use of digoxin is associated with a reduction in hospital
admissions. Singer et al. [15]has also shown that digoxin is associated with a reduced
risk of heart failure recurrence. In our study, however, we found no evidence of an
overall reduction in readmission rates in patients with atrial fibrillation. Regarding
serious adverse events during follow-up, we found that digoxin use was not
significantly associated with SEE/stroke, MI, and non-cardiovascular mortality, but
the risks of SCD and cardiovascular mortality were 40% and 27%, respectively. The
incidence of digoxin in patients with atrial fibrillation was higher than in patients not
taking digoxin. SCD events account for a portion of cardiovascular deaths. Eisen et
al. [36] examined the relationship between baseline characteristics and SCD in
patients with atrial fibrillation. They found that digoxin use was a significant
predictor of SCD in patients with atrial fibrillation. Based on the mechanism of action
of digoxin, the increase in SCD is attributable to arrhythmic death [10] .

This may be a fundamental explanation for the increased risk of SCD associated with
digoxin.

11




CONCLUSION

Digoxin use in patients with atrial fibrillation increases the risk of all-cause mortality,
especially in patients without concomitant heart failure. Digoxin use is also
associated with an increased risk of SCD and cardiovascular death, and digoxin does
not appear to reduce readmission rates for atrial fibrillation, with or without heart
failure. However, digoxin may have a neutral effect on all-cause mortality in patients
with atrial fibrillation and heart failure. Therefore, digoxin may be an additional
option for heart rate control in patients with atrial fibrillation and heart failure,
especially in patients with beta-blocker intolerance or inability to achieve target heart
rates. However, we recommend that digoxin should be used with caution and with
appropriate concentration monitoring to avoid toxicity.

12




REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]
[7]
[8]

[9]

[10]

Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson
AP, et al. Heart disease and stroke statistics-2019 update: a report from the
American Heart Association. Circulation. (2019) 139:e56-€528. doi:
10.1161/CIR.0000000000000659

Staerk L, Sherer JA, Ko D, Benjamin EJ, Helm RH. Atrial fibrillation:
epidemiology, pathophysiology, and clinical outcomes. Circ Res. (2017)
120:1501-17. doi: 10.1161/CIRCRESAHA.117.309732

Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-

C, et al. 2020 ESC Guidelines for the diagnosis and management of atrial
fibrillation developed in collaboration with the European Association for
Cardio-Thoracic Surgery (EACTS). Eur Heart J. (2021) 42:373-498. doi:
10.1093/eurheartj/ehaa612

Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk
factor for stroke: the Framingham Study. Stroke. (1991). 22:983-8. doi:
10.1161/01.str.22.8.983

Menichelli D, Del Sole F, Di Rocco A, Farcomeni A, Vestri A, Violi F, et al.
Real-world safety and efficacy of direct oral anticoagulants in atrial
fibrillation: a systematic review and meta-analysis of 605 771 patients. Eur
Heart J Cardiovasc Pharmacother. (2021) 7:f11-9. doi:
10.1093/ehjcvp/pvab002

Scalese MJ, Salvatore DJ. Role of digoxin in atrial fibrillation. J Pharm Pract.
(2017) 30:434-40. doi: 10.1177/0897190016642361

Ziff OJ, Kotecha D. Digoxin: the good and the bad. Trends Cardiovasc Med.
(2016) 26:585-95. doi: 10.1016/j.tcm.2016.03.011

Chao TF, Liu CJ, Tuan TC, Chen SJ, Wang KL, Lin YJ, et al. Rate-control
treatment and mortality in atrial fibrillation. Circulation. (2015) 132:1604-12.
doi: 10.1161/circulationaha.114.013709

Washam JB, Stevens SR, Lokhnygina Y, Halperin JL, Breithardt G, Singer
DE, et al. Digoxin use in patients with atrial fibrillation and adverse
cardiovascular outcomes: a retrospective analysis of the Rivaroxaban Once
Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism
for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET
AF). Lancet. (2015) 385:2363—70. doi: 10.1016/S0140-6736(14)61836-5
Lopes RD, Rordorf R, De Ferrari GM, Leonardi S, Thomas L, Wojdyla DM,
et al. Digoxin and mortality in patients with atrial fibrillation. J Am Coll
Cardiol. (2018) 71:1063—74. doi: 10.1016/j.jacc.2017.12.06

13




[11] Chen Y, Cai X, Huang W, Wu Y, Huang Y, Hu Y. Increased all-cause
mortality associated with digoxin therapy in patients with atrial fibrillation: an
updated meta-analysis. Medicine (Baltimore). (2015) 94:€2409. doi:
10.1097/MD.0000000000002409

[12] Vamos M, Erath JW, Hohnloser SH. Digoxin-associated mortality: a
systematic review and meta-analysis of the literature. Eur Heart J. (2015)
36:1831-8. doi: 10.1093/eurheartj/ehv143

[13] Vamos M, Erath JW, Benz AP, Lopes RD, Hohnloser SH. Meta-analysis of
effects of digoxin on survival in patients with atrial fibrillation or heart failure:
an update. Am J Cardiol. (2019) 123:69-74. doi: 10.1016/j.amjcard.
2018.09.036

[14] Kodani E, Inoue H, Atarashi H, Okumura K, Yamashita T, Origasa H. Impact
of digitalis use on mortality in japanese patients with non-valvular atrial
fibrillation- a subanalysis of the J-RHYTHM registry. Circ J. (2019) 83:1644—
52. doi: 10.1253/circj.CJ-19-0267

[15] S, Moore H, Karasik PE, Lam PH, Wopperer S, Arundel C, et al. Digoxin
initiation and outcomes in patients with heart failure (HFrEF and HFpEF) and
atrial fibrillation. Am J Med. (2020) 133:1460-70. doi: 10.1016/j.amjmed.
2020.05.030

[16] Sethi NJ, Nielsen EE, Safi S, Feinberg J, Gluud C, Jakobsen JC. Digoxin for
atrial fibrillation and atrial flutter: a systematic review with meta-analysis and
trial sequential analysis of randomised clinical trials. PLoS ONE. (2018)
13:e0193924. doi: 10.1371/journal.pone.0193924

[17] Adedinsewo D, Xu J, Agasthi P, Oderinde A, Adekeye O, Sachdeva R, et al.
Effect of digoxin use among medicaid enrollees with atrial fibrillation. Circ
Arrhythm Electrophysiol. (2017) 10:e004573. doi: 10.1161/circep.116.004573

[18] Moher D, Liberati A, Tetzlaff J, Altman D. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern
Med. (2009) 151:264-9. doi: 10.1371/journal.pmed.1000097

[19] Gheorghiade M, Fonarow GC, van Veldhuisen DJ, Cleland JG, Butler J,
Epstein AE, et al. Lack of evidence of increased mortality among patients with
atrial fibrillation taking digoxin: findings from post hoc propensity-matched
analysis of the AFFIRM trial. Eur Heart J. (2013) 34:1489-97. doi:
10.1093/eurheartj/eht120

[20] Whitbeck MG, Charnigo RJ, Khairy P, Ziada K, Bailey AL, Zegarra MM, et
al. Increased mortality among patients taking digoxin - analysis from the
AFFIRM study. Eur Heart J. (2013) 34:1481-8. doi: 10.1093/eurheartj/ehs348

14




[21] Hallberg P, Lindback J, Lindahl B, Stenestrand U, Melhus H. Digoxin and
mortality in atrial fibrillation: a prospective cohort study. Eur J Clin
Pharmacol. (2007) 63:959-71. doi: 10.1007/s00228-007-0346-9

[22] Gjesdal K, Feyzi J., Olsson S. B. (2008). Digitalis: a dangerous drug in atrial
fibrillation? An analysis of the SPORTIF Il and V data. Heart. 94:191-6. doi:
10.1136/hrt.2006.108399

[23] Fauchier L, Grimard C, Pierre B, Nonin E, Gorin L, Rauzy B, et al.
Comparison of beta blocker and digoxin alone and in combination for
management of patients with atrial fibrillation and heart failure. Am J Cardiol.
(2009). 103:248-54. doi: 10.1016/j.amjcard.2008.09.064

[24] Friberg L, Hammar N, Rosengvist M. Digoxin in atrial fibrillation: report
from the Stockholm Cohort study of Atrial Fibrillation (SCAF). Heart. (2010)
96:275-80. doi: 10.1136/hrt.2009.175786

[25] Chao TF, Liu CJ, Chen SJ, Wang KL, Lin YJ, Chang SL, et al. Does digoxin
increase the risk of ischemic stroke and mortality in atrial fibrillation? A
nationwide population-based cohort study. Can J Cardiol. (2014) 30:1190-5.
doi: 10.1016/j.cjca.2014.05.009

[26] Gamst J, Christiansen CF, Rasmussen BS, Rasmussen LH, Thomsen RW.
Pre-existing atrial fibrillation and risk of arterial thromboembolism and death
following pneumonia: a populationbased cohort study. BMJ Open. (2014)
4:e006486. doi: 10.1136/bmjopen-2014-006486

[27] Mulder BA, Van Veldhuisen DJ, Crijns HJ, Tijssen JG, Hillege HL, Alings
M, et al. Digoxin in patients with permanent atrial fibrillation: data from the
RACE Il study. Heart Rhythm. (2014) 11:1543-50. doi:
10.1016/j.hrthm.2014.06.007

[28] Rodriguez-Mariero M, Otero-Ravifia F, Garcia-Seara J, Zugaza-Gurruchaga L,
Rodriguez-Garcia JM, Blanco-Rodriguez R, et al. Outcomes of a
contemporary sample of patients with atrial fibrillation taking digoxin: results
from the AFBAR study. Rev Esp Cardiol (Engl Ed). (2014) 67:890-7. doi:
10.1016/j.rec.2014.01.014

[29] Shah M, Avgil Tsadok M, Jackevicius CA, Essebag V, Behlouli H, Pilote L.
Relation of digoxin use in atrial fibrillation and the risk of all-cause mortality
in patients >65 years of age with versus without heart failure. Am J Cardiol.
(2014) 114:401-6. doi: 10.1016/j.amjcard.2014.05.013

[30] Turakhia MP, Santangeli P, Winkelmayer WC, Xu X, Ullal AJ, Than CT, et
al. Increased mortality associated with digoxin in contemporary patients with
atrial fibrillation: findings from the TREAT-AF study. J Am Coll Cardiol.
(2014) 64:660-8. doi: 10.1016/j.jacc.2014.03.060

15




[31] Allen LA, Fonarow GC, Simon DN, Thomas LE, Marzec LN, Pokorney SD,
et al. Digoxin use and subsequent outcomes among patients in a contemporary
atrial fibrillation cohort. J Am Coll Cardiol. (2015) 65:2691-8. doi:
10.1016/j.jacc.2015.04.045

[32] Freeman JV, Reynolds K, Fang M, Udaltsova N, Steimle A, Pomernacki NK,
et al. Digoxin and risk of death in adults with atrial fibrillation: the ATRIA-
CVRN study. Circ Arrhythm Electrophysiol. (2015) 8:49-58. doi:
10.1161/circep.114.002292

[33] Okin PM, Hille DA, Wachtell K, Kjeldsen SE, Boman K, Dahlof B, et al.
Digoxin use and risk of mortality in hypertensive patients with atrial
fibrillation. J Hypertens. (2015) 33:1480-6. doi: 10.1097/HJH.
0000000000000559

[34] Pastori D, Farcomeni A, Bucci T, Cangemi R, Ciacci P, Vicario T, et al.
Digoxin treatment is associated with increased total and cardiovascular
mortality in anticoagulated patients with atrial fibrillation. Int J Cardiol.
(2015) 180:1-5. doi: 10.1016/j.ijcard.2014.11.112

[35] Al-Zakwani I, Panduranga P, Zubaid M, Sulaiman K, Rashed WA, Alsheikh-
Ali AA, et al. Impact of digoxin on mortality in patients with atrial fibrillation
stratified by heart failure: findings from gulf survey of atrial fibrillation events
in the Middle East. J Cardiovasc Pharmacol Ther. (2016) 21:273-9. doi:
10.1177/1074248415603505

[36] Eisen A, Ruff CT, Braunwald E, Hamershock RA, Lewis BS, Hassager C, et
al. Digoxin use and subsequent clinical outcomes in patients with atrial
fibrillation with or without heart failure in the ENGAGE AF-TIMI 48 Trial. J
Am Heart Assoc. (2017) 6:e006035. doi: 10.1161/JAHA.117.006035

[37] Wu S, Yang YM, Zhu J, Ren JM, Wang J, Zhang H, et al. Predictors of
digoxin use and risk of mortality in ED patients with atrial fibrillation. Am J
Emerg Med. (2017) 35:1589-94. doi: 10.1016/j.ajem.2017.04.070

[38] Gonzalez-Loyola F, Abellana R, Verdi-Rotellar JM, Bustamante Rangel A,
Clua-Espuny JL, Muiioz MA. Mortality in heart failure with atrial fibrillation:
role of digoxin and diuretics. Eur J Clin Invest. (2018) 48:e13014. doi:
10.1111/eci.13014

[39] Yu HT, Yang PS, Lee H, You SC, Kim TH, Uhm JS, et al. Outcomes of rate-
control treatment in patients with atrial fibrillation and heart failure — a
nationwide cohort study —. Circulation Journal. (2018) 82:652-8. doi:
10.1253/circj.CJ-17-0669

[40] Gao Y, Chang S, Du X, Dong J, Xu X, Zhou Y, et al. Association between
digoxin use and adverse outcomes among patients in the Chinese Atrial

16




[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Fibrillation Registry. Am J Cardiovasc Drugs. (2019) 19:579-87. doi:
10.1007/s40256-019-00350-8

Karthikeyan G, Devasenapathy N, Ziihlke L, Engel ME, Rangarajan S, Teo
KK, et al. Digoxin and clinical outcomes in the Global Rheumatic Heart
Disease Registry. Heart. (2019) 105:363-9. doi: 10.1136/heartjnl-2018-31361
Elayi CS, Shohoudi A, Moodie E, Etaee F, Guglin M, Roy D, et al. Digoxin,
mortality, and cardiac hospitalizations in patients with atrial fibrillation and
heart failure with reduced ejection fraction and atrial fibrillation: an AF-CHF
analysis. Int J Cardiol. (2020) 313:48-54. doi: 10.1016/j.ijcard.2020.04.047
Ouyang AJ, Lv YN, Zhong HL, Wen JH, Wei XH, Peng HW, et al. Meta-
analysis of digoxin use and risk of mortality in patients with atrial fibrillation.
Am J Cardiol. (2015) 115:901-6. doi: 10.1016/j.amjcard.2015.01.013

Botelho AFM, Miranda ALS, Freitas TG, Milani PF, Barreto T, Cruz JS, et
al. Comparative cardiotoxicity of low doses of digoxin, ouabain, and
oleandrin. Cardiovasc Toxicol. (2020) 20:539-47. doi: 10.1007/s12012-020-
09579-1

Pastori D, Pignatelli P, Farcomeni A, Cangemi R, Hiatt WR, Bartimoccia S, et
al. Urinary 11-dehydro-thromboxane B2 is associated with cardiovascular
events and mortality in patients with atrial fibrillation. Am Heart J. (2015)
170:490.e1-7.el. doi: 10.1016/j.ahj.2015.05.011.nIm.nih.gov/26385032) |
Pastori D, Carnevale R, Nocella C, Bartimoccia S, Novo M, Cammisotto V, et
al. Digoxin and platelet activation in patients with atrial fibrillation: in vivo
and in vitro study. J Am Heart Assoc. (2018) 7:e009509. doi:
10.1161/JAHA.118.009509

Gheorghiade M, van Veldhuisen DJ, Colucci WS. Contemporary use of
digoxin in the management of cardiovascular disorders. Circulation. (2006)
113:2556-64. doi: 10.1161/CIRCULATIONAHA.105.560110

Digitalis for treatment of congestive heart failure in patients in sinus rhythm: a
systematic review and meta-analysis. J Card Fail. (2004) 10:155-64. doi:
10.1016/j.cardfail.2003 Wang ZQ, Zhang R, Chen MT, Wang QS, Zhang Y,
Huang XH, et al. Digoxin is associated with increased all-cause mortality in
patients with atrial fibrillation regardless of concomitant heart failure: a meta-
analysis. J Cardiovasc Pharmacol. (2015). 66:270-5. doi: 10.1097/FJC.
0000000000000274

Qureshi W, O'Neal WT, Soliman EZ, Al-Mallah MH. Systematic review and
meta-analysis of mortality and digoxin use in atrial fibrillation. Cardiol J.
(2016) 23:333-43. doi: 10.5603/CJ.a2016.0016

17




[50] Kotecha D, Bunting KV, Gill SK, Mehta S, Stanbury M, Jones JC, et al. Effect
of digoxin vs bisoprolol for heart rate control in atrial fibrillation on patient-
reported quality of life. The RATE-AF randomized clinical trial. JAMA.
(2020) 324:2497-508. doi: 10.1001/jama.2020.23138

[51] Olshansky B, Rosenfeld LE, Warner AL, Solomon AJ, O'Neill G, Sharma A,
et al. The Atrial Fibrillation Follow-up Investigation of Rhythm Management
(AFFIRM) study: approaches to control rate in atrial fibrillation. J Am Coll
Cardiol. (2004) 43:1201-8. doi: 10.1016/j.jacc.2003.11.032

[52] Zziff OJ, Lane DA, Samra M, Griffith M, Kirchhof P, Lip GY, et al. Safety
and efficacy of digoxin: systematic review and meta-analysis of observational
and controlled trial data. BMJ. (2015) 351:h4451. doi: 10.1136/bmj.h4451

18




	Results

