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In 2015, 3 independent meta-analyses raised concerns about digoxin therapy being associ-
ated with an increased mortality risk in patients with atrial fibrillation (AF) and with
heart failure (HF). Although several other studies have been published since then fostering
these safety issues, the most recent 2016 European guidelines for AF still recommend this
therapy as a class I indication. We performed an updated systematic review and random-
effect meta-analysis on publications up to March 2018 reporting data on digoxin associ-
ated mortality in subjects with AF or HF. Based on the adjusted survival data of all
identified 37 trials comprising a total of 825,061 patients, digoxin use was associated with
an increased relative risk of all-cause mortality (hazard ratio [HR] 1.17, 95% confidence
interval [CI] 1.05 to 1.29, p < 0.01). Treatment with digoxin was associated with an
increased mortality risk in the subgroup of patients with AF (n = 627,620, HR 1.23, 95%
CI, 1.17 to 1.30, p < 0.01), and in the subgroup of patients with HF (n = 197,441, HR 1.11,
95% CI, 1.06 to 1.16, p< 0.01). A sensitivity analysis of studies reporting data on new
digoxin users (n = 41,687) demonstrated an even higher risk for all-cause mortality com-
pared with patients not receiving cardiac glycosides (HR 1.47, 95% CI, 1.15 to 1.88,
p < 0.01). In conclusion, this updated meta-analysis confirms that digoxin use is associated
with increased mortality in patients with AF or HF. © 2018 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;123:69−74)
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In 2015 we have demonstrated in a systematic review
and meta-analysis comprising data from more than 300,000
patients that digoxin therapy is associated with an increased
mortality risk in patients with atrial fibrillation (AF) and
with heart failure (HF).1 Two independent working groups
have confirmed our results in their meta-analyses.2−3 Since
these publications, a series of new studies has been pub-
lished, many of them in large patient populations4−9 and/or
based on retrospective analyses of randomized controlled
clinical trials.5−6,8,10−12 In addition, some studies provide
additional data on digoxin daily dosing and/or plasma con-
centrations.8,12 In the light of the fact that the most recent
guidelines for AF continue to recommend digoxin therapy
as a class I indication,13−14 an updated meta-analysis of all
available digoxin studies appears to be a timely issue.
Methods

This is an updated meta-analysis utilizing the same
review protocol and methodology as published previously1

including study reports up to March 2018. Briefly a MED-
LINE and a COCHRANE search of the English literature
dealing with the effects of digoxin on all-cause-mortality in
subjects with AF or HF was performed. Only full-sized
articles published in peer-reviewed journals were consid-
ered for inclusion, if the following requirements were met:
(1) inclusion of AF or HF patient populations; (2) report of
adjusted results of effects of digoxin on all-cause-mortality;
(3) effect sizes provided as hazard ratios (HR) with 95%
confidence intervals (CI). Eighteen new publications4−12,15
−23 were selected and added to the originally included 19
studies (complete listing of all references provided in Sup-
plementary Table 1; flow-chart of study selection provided
in Supplementary Figure 1). Studies were categorized as
AF or HF studies according to the primary focus and inclu-
sion criterion of each publication.

HR (with 95% upper and lower CI) as available in the
selected nonrandomized studies had been adjusted for
important baseline clinical variables with different types of
statistical methods (i.e., multivariate Cox proportional haz-
ards model, propensity-score matching, and inverse proba-
bility weighting; Supplementary Table 1). The random-
effect model was used to calculate HR for the overall effect
and for the 2 subgroups (AF, HF). A forest plot was con-
structed showing the individual trials with the pooled esti-
mates. Heterogeneity between individual trial estimates
was assessed using the Q statistic and I2 statistic. Publica-
tion bias was assessed using the funnel plot, and the
adjusted rank-correlation test according to Begg and
Mazumdar. Three sensitivity analyses were conducted: (1)
comprising studies providing data on the daily digoxin dose
and/or digoxin plasma levels, (2) comprising studies report-
ing data on new digoxin users, and (3) comprising studies
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Study Group by
Patient cohort

Statistics for each study Hazard ratio and 95% CI

Hazard Lower Upper Relative 
ratio limit limit p-Value weight

Hallberg (RIKS-HIA), 2007 - AF AF 1,42 1,29 1,56 0,00 6,86
Gjesdal (SPORTIF III, V), 2008 AF 1,53 1,21 1,93 0,00 3,14
Friberg (SCAF), 2009 AF 1,10 0,94 1,28 0,23 4,91
Chan, 2010 AF 1,28 1,25 1,31 0,00 8,87
Whitback (AFFIRM), 2012 AF 1,41 1,19 1,67 0,00 4,49
Turakhia (TREAT-AF), 2014 AF 1,21 1,17 1,25 0,00 8,71
Shah, 2014 - AF AF 1,17 1,15 1,20 0,00 8,91
Gamst, 2014 AF 1,15 1,08 1,23 0,00 7,87
Chao, 2014 AF 1,21 1,01 1,44 0,04 4,29
Rodriguez-Manero (AFBAR), 2014 AF 1,42 0,77 2,61 0,26 0,64
Mulder (RACE II), 2014 AF 0,41 0,19 0,89 0,02 0,41
Freeman (ATRIA-CVRN), 2014 AF 1,71 1,52 1,93 0,00 6,02
Allen (ORBIT-AF), 2015 - AF AF 1,22 0,95 1,57 0,13 2,75
Chao, 2015 AF 1,12 1,10 1,14 0,00 8,95
Pastori, 2015 AF 2,22 1,42 3,48 0,00 1,12
Washam (ROCKET-AF), 2015 AF 1,17 1,04 1,32 0,01 6,02
Gigli, 2016 AF 1,31 1,00 1,72 0,05 2,52
Metawee (MAGIC), 2016 AF 0,86 0,62 1,19 0,36 1,90
Adedinsewo, 2017 AF 1,50 1,05 2,14 0,02 1,67
Eisen (ENGAGE AF), 2017 - AF AF 1,10 0,92 1,31 0,29 4,30
Wu, 2017 AF 0,97 0,72 1,32 0,86 2,13
Yu, 2018 - AF AF 0,68 0,43 1,09 0,11 1,03
Lopes (ARISTOTLE), 2018 - AF AF 1,16 0,88 1,52 0,29 2,49

AF 1,23 1,17 1,30 0,00
Garg (DIG), 1997 HF 0,99 0,91 1,07 0,81 6,37
Domanski (SOLVD),  2005 - Men HF 1,42 1,26 1,61 0,00 5,07
Domanski (SOLVD),  2005 - WomenHF 1,36 1,03 1,80 0,03 2,07
Ahmed (DIG Ancillary), 2006 HF 0,99 0,76 1,28 0,94 2,31
Hallberg (RIKS-HIA), 2007 - HF/SR HF 1,11 1,04 1,19 0,00 6,77
Hallberg (RIKS-HIA), 2007 - HF/AF HF 1,00 0,94 1,06 1,00 6,96
Fauchier, 2008 HF 0,99 0,77 1,27 0,94 2,45
Dhaliwal, 2008 HF 1,11 0,81 1,53 0,52 1,72
Butler (Val-HeFT), 2010 HF 1,28 1,05 1,57 0,02 3,23
Andrey, 2011 HF 0,90 0,84 0,97 0,00 6,64
Flory, 2012 - Men HF 1,00 0,95 1,06 1,00 7,10
Flory, 2012 - Women HF 1,00 0,95 1,05 1,00 7,17
Freeman, 2013 HF 1,72 1,25 2,36 0,00 1,72
Shah, 2014 - HF HF 1,14 1,11 1,17 0,00 7,64
Allen (ORBIT-AF), 2015 - HF HF 1,04 0,86 1,26 0,69 3,35
Lee (MADIT-CRT), 2015 HF 0,93 0,66 1,31 0,67 1,55
Madelaire, 2016 HF 1,19 1,15 1,23 0,00 7,51
Katz, 2016 HF 1,27 1,15 1,41 0,00 5,77
Al-khateeb, 2017 HF 1,74 1,24 2,45 0,00 1,53
Eisen (ENGAGE AF), 2017 - HF HF 1,27 1,14 1,41 0,00 5,61
Migaj, 2018 - HFrEF HF 1,88 1,14 3,09 0,01 0,81
Migaj, 2018 - HFpEF HF 1,02 0,38 2,75 0,97 0,22
Yu, 2018 - HF HF 0,90 0,75 1,08 0,26 3,61
Lopes (ARISTOTLE), 2018 - HF HF 1,04 0,83 1,30 0,73 2,83

HF 1,11 1,06 1,16 0,00
Overall 1,17 1,05 1,29 0,00

0,5 1 2

Digoxin better Digoxin worse

Figure 1. Forest plot of studies describing the effects of digoxin on mortality, both for studies in atrial fibrillation and heart failure. Data had been adjusted for

potential confounders in the various studies.
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published since our initial meta-analysis. All statistical
analyses were conducted utilizing Comprehensive Meta-
Analysis 3.3 (Biostat, Inc.).
Results

A total of 37 trials comprising 825,061 patients provided
adjusted survival data and form the basis of this meta-anal-
ysis. Statistical methods used for adjustment are listed in
Supplementary Table 1, and the most important clinical
parameters used for adjustment in the various multivariate
models are summarized in Supplementary Table 2.

Digoxin use was associated with an overall 17%
increased relative risk of all-cause mortality compared with
patients not receiving this medication (HR 1.17, 95% CI
1.05 to 1.29, p < 0.01, I2 = 88.1%; Figure 1). Treatment
with digoxin was associated with an increased mortality
risk in the subgroup of patients with AF (n = 627,620, HR
1.23, 95% CI 1.17 to 1.30, p < 0.01), and in the subgroup
of patients with HF (n = 197,441, HR 1.11, 95% CI 1.06 to
1.16, p < 0.01; Figure 1). According to the rank correlation
test of Begg and Mazumdar, there was no evidence of sig-
nificant publication bias (t = 0.035, p = 0.73; Supplementary
Figure 2).

Ten of the 37 studies reported data on mean daily
digoxin dose (range 0.062 to 0.250 mg) and/or data on
mean or median digoxin plasma levels (range 0.55 to 1.02
ng/ml; Table 1). A sensitivity analysis of these studies (n =
224,699) revealed a similar HR for mortality (1.17, 95% CI
1.00 to 1.37, p = 0.05, I2 = 94.6%; Figure 2, Supplementary
Figure 3).

The meta-analysis of the 3 studies5,8,10 reporting data
on subsets of new digoxin users (n = 41,687) demonstrated
an elevated risk for all-cause mortality in incident users
of digoxin (HR 1.47, 95% CI 1.15 to 1.88, p< 0.01,
I2 = 61,8%; Figure 3, Supplementary Figure 4).

The sensitivity analysis of studies published after 2015
(date of our initial meta-analysis) revealed a similar HR for

www.ajconline.org


Table 1

Publications with data on digoxin doses and serum concentrations

Study, Year Patient cohort Patient number Mean digoxin dose (mg) Mean serum digoxin concentration (ng/ml)

Chan, 2010 AF 120864 0.0625 0.8 (median 1.0)

Mulder (RACE II), 2014 AF 608 0.250 no data

Freeman (ATRIA-CVRN), 2014 AF 14787 0.164 0.96 (available for 69% of all pts)

Pastori, 2015 AF 815 0.126 no data

Lopes (ARISTOTLE), 2018 AF 11204 no data 0.55-0.62 (median, available for 76% of all pts)

Garg (DIG), 1997 HF (SR) 6800 0.244 0.8

Ahmed (DIG Ancillary), 2006 HF (SR) 988 0.235 no data

Flory, 2012 - Men HF (SR/AF) 27194 0.159 1.2 (available for 20% of all pts)

Flory, 2012 - Women HF (SR/AF) 30035 0.136 1.3 (available for 20% of all pts)

Freeman, 2013 HF (SR/AF) 2891 0.150 1.02 (availble for 70% of all pts)

Lee (MADIT-CRT), 2015 HF (SR/AF) 1820 0.125-0.250 no data

AF = atrial fibrillation; HF = heart failure; SR = sinus rhythm.
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mortality as the main analysis (1.16, 95% CI 1.09 to 1.23, p
< 0.01, I2 = 65.4%; Figure 4, Supplementary Figure 5).
Discussion

In this updated systematic review and meta-analysis
including the most recent publications, our previous obser-
vations1 were corroborated in more than 810,000 patients.
Digoxin use was associated with increased mortality in
patients suffering from both, AF or HF, who were otherwise
treated with contemporary medications.

These results are also in line with the observations from
Wang et al and Ouyang et al.2−3 There is only one other
meta-analysis24 reporting partially different results.
Although Ziff et al found the pooled risk ratio for death
with digoxin in Cox adjusted analyses 1.61 (1.57 to 1.97)
and 1.18 (1.09 to 1.26) in studies with propensity-score
matching, the investigators concluded that digoxin is asso-
ciated with a neutral mortality effect in "randomized con-
trolled trials" (risk ratio 0.99, 0.93 to 1.05). This subgroup
analysis, however, included only 5 very small studies
(mean number of included patients 240) along with the
Study Statistics for each study

Hazard Lower Upper 
ratio limit limit p-Value

Garg (DIG), 1997 0,99 0,91 1,07 0,81
Ahmed (DIG Ancillary), 2006 0,99 0,76 1,28 0,94
Chan, 2010 1,28 1,25 1,31 0,00
Andrey, 2011 0,90 0,84 0,97 0,00
Freeman, 2013 1,72 1,25 2,36 0,00
Mulder (RACE II), 2014 0,41 0,19 0,89 0,02
Freeman (ATRIA-CVRN), 2014        . 1,71 1,52 1,93 0,00
Pastori, 2015 2,22 1,42 3,48 0,00
Lee (MADIT-CRT), 2015 0,93 0,66 1,31 0,67
Lopes (ARISTOTLE), 2018 1,09 0,96 1,23 0,17

1,17 1,00 1,37 0,05

Figure 2. Sensitivity analysis of studies which provided dat
DIG trial and its ancillary publication (Supplementary
Table 3). Of note, the primary endpoint of these studies was
improvement in exercise tolerance, all were conducted
before the times of modern HF therapy (1988 to 1990), and
all had only very short follow-up periods (3 to 6 months).
Furthermore, the observed effect was dominated by 1 single
study, namely the DIG trial (6800 of 8406 patients). Due to
these shortcomings, this meta-analysis is not able to resolve
the safety concerns regarding digoxin therapy.

The 2013 ACCF/AHA Guidelines for the Management
of Heart Failure recommended digoxin in patients with
HFrEF as a class IIb indication (level B).25 Of note, none of
the updates of this guideline released in 2016 and 2017
dealt with digoxin therapy. The 2014 AHA/ACC/HRS
guideline for the management of AF also recommends
digoxin use as a class I indication (level C) for rate-control
of AF in patients with HFrEF.13 Although the 2016 Euro-
pean heart failure guidelines have emphasized the safety
concerns of digoxin therapy and restricted the indication
for digoxin use in patients with HF and sinus rhythm as a
IIb class (level B),26 the most recent European guidelines
for AF continue to recommend digoxin therapy in AF
Hazard ratio and 95% CI

Relative 
weight

12,95
9,71

13,39
13,05
8,56
3,08

12,43
6,30
8,15

12,36

0,5 1 2

Digoxin better Digoxin worse

a on digoxin dosing and/or serum levels: Forest-plot.



Study Statistics for each study Hazard ratio and 95% CI

Hazard Lower Upper Relative 
ratio limit limit p-Value weight

Washam (ROCKET-AF), 2015 1,22 1,08 1,37 0,00 32,78
Allen (ORBIT-AF), 2015 - AF 1,99 1,12 3,55 0,02 12,01
Lopes (ARISTOTLE), 2018 - AF 2,07 1,39 3,08 0,00 18,43
Allen (ORBIT-AF), 2015 - HF 1,05 0,66 1,66 0,83 15,93
Lopes (ARISTOTLE), 2018 - HF 1,58 1,12 2,23 0,01 20,85

1,47 1,15 1,88 0,00

0,1 0,2 0,5 1 2 5 10

Digoxin better Digoxin worse
Figure 3. Sensitivity analysis of new digoxin users: Forest-plot.
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patients with or without HF again as a class I indication
(level B).14

In the sensitivity analysis of the studies reporting data on
digoxin dose and/or plasma levels, a similar HR for mortal-
ity was found. In a recently published post hoc analysis of
the ARISTOTLE trial, the risk of death was independently
related to the digoxin serum concentration in AF patients.8

Each 0.5 ng/ml increase in baseline serum digoxin concen-
tration was associated with an increase in death (adjusted
HR 1.19, 1.07 to 1.32), which was consistently observed in
patients with or without HF. Previously, Chan et al reported
in end stage renal disease that each 1.0 ng/ml increase in
serum digoxin level significantly increased the risk for mor-
tality by 19%.15

Three studies reported survival data specifically in inci-
dent digoxin users. This type of analysis is particularly
important since it removes the survival bias that is present
Study Group by
Patient cohort

Statistics for each study

Hazard Lower Upper 
ratio limit limit p-Val

Allen (ORBIT-AF), 2015 - AF AF 1,22 0,95 1,57 0,13
Chao, 2015 AF 1,12 1,10 1,14 0,00
Pastori, 2015 AF 2,22 1,42 3,48 0,00
Washam (ROCKET-AF), 2015 AF 1,17 1,04 1,32 0,01
Gigli, 2016 AF 1,31 1,00 1,72 0,05
Metawee (MAGIC), 2016 AF 0,86 0,62 1,19 0,36
Adedinsewo, 2017 AF 1,50 1,05 2,14 0,02
Eisen (ENGAGE AF), 2017 - AF               .AF 1,10 0,92 1,31 0,29
Wu, 2017 AF 0,97 0,72 1,32 0,86
Yu, 2018 - AF AF 0,68 0,43 1,09 0,11
Lopes (ARISTOTLE), 2018 - AF AF 1,16 0,88 1,52 0,29

AF 1,15 1,05 1,26 0,00
Allen (ORBIT-AF), 2015 - HF HF 1,04 0,86 1,26 0,69
Lee (MADIT-CRT), 2015 HF 0,93 0,66 1,31 0,67
Madelaire, 2016 HF 1,19 1,15 1,23 0,00
Katz, 2016 HF 1,27 1,15 1,41 0,00
Al-khateeb, 2017 HF 1,74 1,24 2,45 0,00
Eisen (ENGAGE AF), 2017 - HF HF 1,27 1,14 1,41 0,00
Migaj, 2018 - HFrEF HF 1,88 1,14 3,09 0,01
Migaj, 2018 - HFpEF HF 1,02 0,38 2,75 0,97
Yu, 2018 - HF HF 0,90 0,75 1,08 0,26
Lopes (ARISTOTLE), 2018 - HF HF 1,04 0,83 1,30 0,73

HF 1,17 1,07 1,27 0,00
Overall 1,16 1,09 1,23 0,00

Figure 4. Sensitivity analysis of studies
in most of the observational studies. In this subgroup, the
present meta-analysis demonstrated an even higher risk for
all-cause mortality (HR 1.47, 1.15 to 1.88).

The most important limitation of the present study is that
of all of the identified studies only 1 was a randomized con-
trolled clinical trial, whereas the remaining were observa-
tional studies using different statistical adjustments.
Generally, digoxin is more likely to be prescribed when a
patient has advanced HF, has more difficult to control ven-
tricular rate in AF, is intolerant of b-blockers or calcium
channel blockers, and/or has persistent/permanent rather
than paroxysmal AF. In such patients, mortality risk is
likely to be higher independent of digoxin use. As summa-
rized in Supplementary Table 2, demographics, presence of
structural heart disease, chronic kidney disease, or other rel-
evant co-morbidities were used for adjustment in most of
the studies. However, other potentially relevant covariates
Hazard ratio and 95%  CI

Relativ e 
ue weight

8,20
23,72

3,44
16,84

7,52
5,76
5,08

12,42
6,41
3,17
7,44

10,54
5,09

21,62
17,21

5,01
16,80

2,69
0,74

11,29
9,00

0,5 1 2

Digoxin better Digoxin worse

published after 2015: Forest-plot.
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were included only in some studies. Thus, residual con-
founding cannot be excluded. The significant methodologic
and statistical heterogeneity, such as different studies
including baseline and time-varying digoxin use, should be
also acknowledged.

Two randomized controlled digoxin trials are currently
enrolling patients. The RATE-AF study is a small prospec-
tive, randomized, feasibility study (estimated enrollment:
160 participants), and aims to detect a difference in quality
of life, exercise capacity, echocardiographic parameters,
and biomarkers comparing digoxin with b-blockers as ini-
tial rate control therapy in permanent AF (ClinicalTrials.
gov identifier: NCT02391337). The DIGIT-HF is a pro-
spective, randomized, double-blind, clinical trial (estimated
enrollment: 2,200 participants) investigating the hypothesis
that digitoxin—at serum concentrations in the lower thera-
peutic range—reduces mortality and morbidity in patients
with advanced chronic systolic HF with or without AF
(EudraCT number: 2013-005326-38).

The present comprehensive meta-analysis confirmed that
digoxin use is associated with an increased mortality risk in
AF and in HF patients treated according to contemporary
guidelines. Until results of randomized placebo-controlled
studies become available, digoxin should be used with great
caution.
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