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Introduction. Digoxin is used to control ventricular rate in atrial fibrillation (AF). There is conflicting evidence regarding safety of
digoxin. We aimed to evaluate the risk of mortality with digoxin use in patients with AF using meta-analyses. Methods. PubMed was
searched for studies comparing outcomes of patients with AF taking digoxin versus no digoxin, with or without heart failure (HF).
Studies were excluded if they reported only a point estimate of mortality, duplicated patient populations, and/or did not report
adjusted hazard ratios (HR). The primary endpoint was all-cause mortality. Adjusted HRs were combined using generic inverse
variance and log hazard ratios. A multivariate metaregression model was used to explore heterogeneity in studies. Results. Twelve
studies with 321,944 patients were included in the meta-analysis. In all AF patients, irrespective of heart failure status, digoxin is
associated with increased all-cause mortality (HR [1.23], 95% confidence interval [CI] 1.16-1.31). However, digoxin is not associated
with increased mortality in patients with AF and HF (HR [1.08], 95% CI 0.99-1.18). In AF patients without HF digoxin is associated
with increased all-cause mortality (HR [1.38], 95% CI 1.12-1.71). Conclusion. In patients with AF and HE digoxin use is not associated

with an increased risk of all-cause mortality when used for rate control.

1. Introduction

Digoxin is the oldest cardiac medication currently being used
in clinical practice. With its unique mechanism of action,
digoxin has traditionally had a role in the management of
heart failure and atrial fibrillation. Rigorous prospective trials
evaluating digoxin did not exist until the 1980s. Initial clinical
trials of digoxin comparing the drug to vasodilators, milri-
none, and placebo and the subsequent digoxin withdrawal
trials showed substantial evidence that digoxin offered symp-
tomatic benefits to patients with heart failure, but mortality
benefits of digoxin remain controversial. The Digitalis Inves-
tigator Group (DIG) trial sponsored by the NIH, designed to
detect mortality differences with digoxin use in patients with
sinus rhythm and systolic dysfunction, failed to show any

survival benefit with digoxin use [1]. A post hoc analysis of the
study more than a decade later showed that patients who had
higher serum digoxin concentrations had an absolute 11.8%
increase in all-cause mortality. While recent retrospective and
prospective studies show an association of digoxin use with
increased mortality in patients with heart failure who are in
sinus rhythm, a Cochrane meta-analysis of 13 studies showed
a neutral effect on mortality [2]. Recent meta-analysis has
shown an association of increased mortality with use of digo-
xin as a rate-controlling agent in patients with atrial fibrilla-
tion only [3, 4]. The safety and benefit of digoxin in patients
with atrial fibrillation and heart failure for rate control
continue to be controversial. Here we used meta-analytical
techniques to assess the risk of mortality with digoxin use in
patients with atrial fibrillation and heart failure.
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2. Methods

Our analysis is based on the guidelines of the meta-analysis
of observational studies in the Epidemiology Group [5].

2.1. Inclusion and Exclusion Criteria. We included prospec-
tive or retrospective observational studies with a primary
objective to analyze the association between digoxin and all-
cause mortality in patients with atrial fibrillation with or
without heart failure. Titles and abstracts were evaluated
and rejected after initial screening according to the follow-
ing inclusion and exclusion criteria: studies were included if
(1) digoxin was compared to no digoxin or any other rate-
controlling drug in patients with atrial fibrillation; (2) the
duration of follow-up was at least 6 months; (3) adjusted haz-
ard ratio was reported; (4) all-cause mortality was the end-
point.

Studies were excluded if (1) they included only patients
with postoperative atrial fibrillation; (2) there was no control
group; (3) they included only patients with heart failure; (4)
adjusted hazard ratios were not reported. Abstracts alone
were not considered.

2.2. Search Strategies. We searched MEDLINE (1966-2015)
and Web of Science (1966-2015) databases to identify relevant
studies. We used the following keywords: “digoxin,” “atrial
fibrillation,” “heart failure,” and “mortality.” In addition, the
“Related Articles” feature on PubMed was used and a manual
search was conducted using bibliographies of included stud-
ies and review articles on this topic. Titles and abstracts were
reviewed independently by two reviewers (Surbhi Chamaria
and Anand M. Desai). Differences were resolved by consen-
sus.

2.3. Quality Assessment and Data Extraction. The quality
of each study was evaluated according to the guidelines
developed by the United States Preventive Task Force and
the Evidence-Based Medicine Working Group [6, 7] The
following characteristics were assessed: (1) inclusion and
exclusion criteria; (2) representative study sample; (3) expla-
nation of sample selection; (4) full specification of clinical
and demographic variables; (5) follow-up at least 6 months;
(6) reported loss of follow-up; (7) definition of outcomes
and outcome assessment; and (8) adjustment of possible
confounders in multivariate analyses. Studies were graded as
poor if they met <3 criteria, fair if they met 3-5 criteria, and
good if they met >5 criteria.

Two reviewers (Surbhi Chamaria and Anand M. Desai)
extracted (1) publication details including first author’s last
name and year of publication; (2) study design; (3) charac-
teristics of the study population including: gender, race, age,
and comorbidities (hypertension, diabetes, previous strokes,
ejection fraction, and chronic kidney disease); (4) variables
included in the multivariate analyses; and (5) adjusted hazard
ratio (HR) with 95% confidence interval (CI) from the multi-
variate analyses. All studies used a cox proportional hazards
analysis to calculate adjusted HR. Wherever the studies used
a propensity score matching, HRs for this meta-analysis were
extracted from the propensity matched analysis.
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2.4. Statistical Analysis. The degree of association between
digoxin and all-cause mortality in patients with atrial fibril-
lation, with and without heart failure, was measured as a HR.
All the studies employed Cox proportional hazard models
to examine association of digoxin and mortality, thereby
enabling the use of one consistent measure throughout.
One study was excluded as it reported relative risk and no
HR [8]. Risk estimates (HRs) were extracted. These studies
reported use of multivariate and propensity score models
to adjust for potential confounders including age, sex, heart
failure, hypertension, chronic kidney disease, beta-blocker
use, aspirin use, warfarin use, and history of previous stroke.

A prespecified subgroup analysis was performed based on
whether heart failure population was included and reported
in the study. HRs were transformed logarithmically as they
did not follow a normal distribution. The standard error was
calculated from Log HR and the corresponding 95% confi-
dence interval (CI). The inverse variance method was used
to achieve a weighted estimate of the combined overall effect.
Results for heterogeneity were examined by the forest plots
and calculating a Q statistic, which we compared with the I 2
index [9]. Significant heterogeneity was considered present
at the 5% level of significance (for the Q test) and values of
I? exceeding 56% [9]. Overall analyses (Q test P < 0.01; I =
85%) and all subgroups except patients with atrial fibrillation
and heart failure only exhibited significant heterogeneity. This
prompted us to adopt the random effect model. All primary
analyses were performed using Cochrane’s review manager
5.2. This model allowed a distribution of the true effect size
rather than assuming one true effect size. It took into account
within-study and between-study variance.

The underlying heterogeneity further prompted us to
perform metaregression analysis to investigate factors con-
tributing to heterogeneity and if our study outcome (all-
cause mortality) was affected by factors other than our
primary treatment (digoxin) [10, 11]. We adopted a weighted
regression random effect model and carried out a multivari-
ant regression using three predetermined factors including
hypertension, left ventricular ejection fraction, and prior
history of stroke using comprehensive meta-analysis version
3. These factors were selected based on factors shown to
increase mortality with digoxin in individual studies and on
availability of data for majority of the studies included. A
two-sided P value < 0.05 was regarded as significant for all
analyses. Data was represented as forest plots for primary
analysis. Potential publication bias was assessed with the
Egger test and represented graphically with Begg’s funnel
plots of the natural log of the HR versus its standard error [12].

3. Results

The literature search yielded 17910 potential studies—15038
by key words search and 2872 from other sources (Figure 1).
After screening titles and abstracts and removing duplicated
studies, 17808 articles were excluded. An additional 87 articles
were excluded because they were either review articles or did
not satisfy our inclusion criteria. Out of the 15 articles selected
for detailed evaluation three were excluded from analysis for
one or more of the following reasons: (1) not reporting HR for
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Total number of articles searched using
key word digoxin

15038

Total number of articles found after
applying filters

2878

I

Additional articles searched from
other sources

2872

I

205

Articles included after title review

102

Articles included after duplicates
removed from title review

3 articles excluded

15

Full text articles included after
abstract review

(i) RR instead of HR reported
(ii) Post hoc analysis of
AFFIRM trial
(iii) Reported outcomes based

on arbitrary EF grouping

12

Number of studies included in
meta-analysis

(i) 1 study with AF only
(ii) 10 studies with AF with and
without HF
(iii) 1 study with AF and HF

FIGURE 1: Prisma flow diagram for study selection.

mortality; (2) duplicating patient population from another
study; (3) excluding 22% of patients from the AFFIRM trial
as data regarding their previous use of digoxin prior to the
trial was missing; and (4) reporting outcomes based on left
ventricular ejection fraction less than or more than 30%,
an arbitrary delineation that differed from the rest of the
studies and did not form part of our prespecified analysis.
All the studies included in the meta-analyses used digoxin
primarily for rate control of atrial fibrillation and not for the
management of heart failure.

3.1. Patient Population and General Characteristics of Included
Studies. For our primary comparison evaluating effect of
digoxin on patients with atrial fibrillation, we included 12
studies with 321,944 patients. Ten of these 12 studies included
atrial fibrillation patients both with and without heart failure,
but only three of these ten studies reported separate outcomes
for patients with and without heart failure and seven did not.
Of the remaining two studies, one included only patients with
atrial fibrillation without heart failure and one included only
patients with atrial fibrillation and heart failure.

Baseline characteristics of the included studies for our
primary comparison are shown in Table 1. The baseline
characteristics of the patients included in these trials based
on the treatment with digoxin are presented in Table 2. The 12
studies varied in size, characteristics of patient populations,
ancillary therapy for heart failure, and use of antiplatelet or
anticoagulation drugs for stroke prevention.

Importantly, for all studies, treatment with digoxin was
not randomized. Majority of the studies did not state the dose
of digoxin used and only one study [13] measured the level of
digoxin during the follow-up period. Seven out of the twelve
studies commented on the number of patients with chronic
kidney disease, out of which only one study [14] reported that
the use of digoxin in patients with chronic kidney disease
correlated significantly with increased mortality.

3.2. Results of Component Studies. In all the four studies
that considered the effect of digoxin in patients with AF
and no HF there was an increase in all-cause mortality
(13, 15-17]. In all the four studies, patients were older and
had more baseline comorbidities compared to other studies.
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FIGURE 2: Funnel plot.

In the study by Freeman et al. [13], mean serum digoxin
concentration was higher among patients who died in the
digoxin group.

Of the seven studies that considered all-cause mortality
in patients with atrial fibrillation irrespective of heart failure
status, four of them showed an increase in all-cause mortality
with the use of digoxin [18-21]. In all of these studies digoxin
users were older and had more baseline co-morbidities as
compared with non-digoxin users. Three studies in this group
did not show an increase in mortality [22-24]. Of the four
studies that considered patients with atrial fibrillation and
concomitant heart failure, three studies showed that digoxin
had no effect on all cause mortality [14, 15]. Analysis of the
Begg’s funnel plot of the included studies showed no signifi-
cant publication bias (Figure 2).

3.3. Results of Meta-Analysis and Metaregression. Results of
the combined analysis of adjusted HR for all-cause mortality
for all patients with atrial fibrillation irrespective of heart
failure status showed that patients prescribed digoxin had
almost a 25% higher risk of mortality compared to those not
on digoxin (HR 1.23, 95% CI 1.16-1.31, Figure 3). However, a
prespecified subgroup analysis performed for the purpose of
this study showed that in patients with atrial fibrillation and
heart failure, there was no increase in all-cause mortality with
digoxin use (HR 1.08, 95% CI 0.99-1.18). All-cause mortality
was higher with the use of digoxin in patients with atrial
fibrillation alone (HR 1.38, 95% CI 1.12-1.71).

We attempted to explore the reasons behind the hetero-
geneity among the included studies and to investigate factors
influencing the effect of digoxin on mortality, by performing
a metaregression analysis. Confirming our findings of the
subgroup analysis of studies with atrial fibrillation and heart
failure, a univariate metaregression analysis showed that the
percentage of patients with heart failure in the included
studies negatively correlated with the hazard ratio for all-
cause mortality (P = 0.04). In addition, the number of
patients with hypertension and history of previous stroke
positively correlated with increased mortality. A multivariant
metaregression model including all the three factors, hyper-
tension, heart failure, and history of previous stroke, showed
that heart failure (P = 0.03, Figure 4) and hypertension (P <
0.001, Figure 5) but not previous history of stroke (P = 0.26)
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strongly correlated with increased mortality in the studies
and they contributed almost entirely to the heterogeneity
between studies (R* analog = 1). Of note, mean age and per-
centage of beta-blocker use in the study population did not
have any correlation with the hazard ratios when used as
covariates in the metaregression.

4. Discussion

Although digoxin is widely used as a rate-controlling drug in
atrial fibrillation, there is a paucity of randomized controlled
trials evaluating its safety. The long-term effect of digoxin
on mortality and heart failure hospitalization in HF patients
was studied in the prospective randomized trial Digitalis
Investigators Group (DIG). The study showed that digoxin
compared with placebo had no effect on survival when
used with angiotensin converting enzyme inhibitors and
diuretics. A meta-analysis of 13 studies of digoxin in heart
failure confirmed that digoxin had no effect on mortality
in heart failure but all the studies in the analysis excluded
patients with atrial fibrillation. Additionally, the results of
the meta-analysis heavily relied on the DIG trial. Our
meta-analysis showed a similar outcome in atrial fibrillation
patients with heart failure, that is, no effect on mortality. In
patients with atrial fibrillation alone without coexisting heart
failure, the combined hazard ratio showed an increased risk
of death.

Two recent meta-analyses assessing the effect of digoxin
in patients with atrial fibrillation were published. The study by
Ouyang et al. [3] concluded that digoxin increases mortality
in patients with atrial fibrillation and heart failure. This
difference in results stems from key disparities in inclusion
criteria and data extraction between the two studies: (1) HR of
a subgroup analysis reported by Mulder et al. for AF patients
with NT pro-BNP more than 1003 pg/mL was taken as a
surrogate for heart failure by Ouyang et al. while we did
not make such assumptions. (2) While our study did not
include separate outcomes for AF patients with and without
heart failure for Rodriguez-Mariero et al. and Whitbeck et al.,
two studies that self-reported missing data on heart failure
and LV systolic dysfunction data in a substantial number of
their patients, Ouyang et al. proceeded to include that data
in their subgroup analysis. (3) Ouyang et al. included risk
estimates from Whitbeck et al. [18] and Gheorghiade et al.
[25], two studies that performed post hoc analyses on the
AFFIRM trial, thus duplicating the population. We excluded
the report by Gheorghiade to avoid duplication and also
because the analysis excluded 22% of the AFFIRM study
population due to missing data on digoxin use prior to the
start of the trial. (4) Further, Ouyang et al. have included
outcome estimates from Georgiopoulou et al. [26], a study
that reported only a combined end point of time to death
or urgent transplantation or left ventricular assist device
implantation. We excluded this study from our analysis as the
study by Georgiopoulou et al. was primarily a study of the
effect of digoxin in patients with heart failure and they did
not report a separate hazard ratio for mortality.

The second meta-analysis by Vamos et al. [4] reported
increased mortality in patients with HF on digoxin but
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Study or subgroup Log[hazard ratio] SE  Weight v, 2;32:;;:; CI v, E:jfi)r;:; cI
1.1.1 AF only
Allen et al., 2015 T 0.688 0.295 1.0% 1.99 [1.12, 3.55] -
Allen et al.,, 2015 P 0.199 0.13 4.0% 1.22 [0.95, 1.57] ™
Chao et al., 2014-1 0.247 0.104  55% 1.28 [1.04, 1.57] -
Freeman et al., 2014 0.536 0.061 9.5% 1.71 [1.52, 1.93] b
Shah et al., 2014-1 0.157 0.01  15.3% 1.17 [1.15,1.19] u
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Test for overall effect: Z = 2.99 (P = 0.003)
1.1.2 AF + CHF
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Allen et al,, 2015 P 0.04 0.1 5.7% 1.04 [0.86, 1.27] T
Chao et al., 2014-2 —-0.131 0.174 2.5% 0.88 [0.62, 1.23] -
Fauchier et al., 2009 -0.101 0.161 2.9% 0.90 [0.66, 1.24] -
Shah et al., 2014-2 0.131 0.016 14.9% 1.14 [1.10, 1.18]
Subtotal (95% CI) 27.5% 1.08 [0.99, 1.18] '
Heterogeneity: 2 = 0.00; y* = 5.10,df = 4 (P = 0.28); I* = 22%
Test for overall effect: Z = 1.70 (P = 0.09)
1.1.3 AF with or without CHF
Friberg et al., 2010 0.049 008  74%  1.05[0.90,1.23] T
Gjesdal et al., 2008 0.425 0.116  4.7% 1.53 [1.22, 1.92] -
Mulder et al., 2014 -0.892 0394  0.6%  0.41[0.19,0.89] I
Pastori et al,, 2015 0.806 0228  1.6% 2.24 [1.43, 3.50] -
Rodriguez-Manero et al., 2014 0.351 0.31 0.9% 1.42[0.77,2.61] T
Turakhia et al., 2014 0.191 0.017 14.8% 1.21[1.17,1.25] u
Whitbeck et al., 2013 0.344 0.082 7.2% 1.41 [1.20, 1.66] -
Subtotal (95% CI) 37.2% 1.29 [1.10, 1.51] 0
Heterogeneity: 2 = 0.03; y* = 25.64,df = 6 (P = 0.0003); I* = 77%
Test for overall effect: Z = 3.14 (P = 0.002)
Total (95% CI) 100.0% 1.23 [1.16, 1.31] .
Heterogeneity: 72 = 0.01; x* = 83.10, df = 16 (P < 0.00001); I* = 81% . . . .
0.01 0.1 1 10 100

Test for overall effect: Z = 6.87 (P < 0.00001)
Test for subgroup differences: y* = 6.56,df = 2 (P = 0.04), I* = 69.5%

Favours digoxin Favours control

FIGURE 3: Forest plot showing combined effect of digoxin on all-cause mortality in studies with patients with atrial fibrillation only, atrial
fibrillation with heart failure only, and atrial fibrillation with or without heart failure.

a subgroup analysis of studies with HF and AF noted no
difference in mortality between the groups, similar to our
study. Our analysis is updated with the recently published
results from a large AF cohort that was not included in
Vamos et al. Furthermore, multiple studies categorized as
digoxin use in patients with atrial fibrillation without heart
failure by Vamos et al. included up to 50% patients with heart
failure (Table 1) making their conclusions unclear. Moreover,
the relative risks from the study by Hallberg et al. [8] have

been combined with the adjusted HRs from other studies
by both Ouyang et al. and Vamos et al., while we excluded
Hallberg et al. to avoid combining a cumulative risk measure
with an instantaneous risk measure. Finally, our analysis also
includes a metaregression showing that the percentage of HF
patients reported in all the studies negatively correlated with
the hazard ratio for all-cause mortality, corroborating the
overall evidence that HF might blunt the effect of digoxin on
the all-cause mortality of patients with AE
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studies on mortality risk of digoxin using a multivariate metaregres-
sion model; increased percentage of patients with CHF on the x-axis
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FIGURE 5: Effect of percentage of hypertensive patients in individual
studies on mortality risk of digoxin using a multivariate metare-
gression model including hypertension, heart failure, and previous
stroke; increased percentage of patients with hypertension on the x-
axis correlated with increased HR on the y-axis.

The result of our meta-analysis is clinically very rele-
vant. In patients with HE pharmacologic therapy for rate
control in AF is limited due to negative inotropic effects
of commonly used drugs that prolong refractoriness of the
AV node including beta-blockers and nondihydropyridine
calcium channel blockers. In addition, these drugs also cause
hypotension in HF patients with severe systolic dysfunction.
In this context, digoxin is an essential alternate for rate control
and continues to be recommended for patients with HF
(Class IC) in the recent guidelines for the management of
patients with AF [27]. Therefore, any association of mortality
with digoxin use in this patient population has to be proven
beyond doubt. A post hoc analysis of the DIG trial showed
that the effectiveness of digoxin in patients with heart failure
depended on serum digoxin concentration (SDC). Only one
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component study in the recent meta-analyses including ours
reported SDC [13] and none correlated the outcomes with
SDC, a potential confounding factor.

The reasons behind the difference in the effect of digoxin
on mortality in patients with atrial fibrillation and heart
failure and patients with atrial fibrillation alone are unclear.
It has been shown that the beneficial effects of digoxin
in heart failure in patients with sinus rhythm are due to
its neurohormonal modulation effect and inotropic effect
which vary with serum digoxin concentration. At low doses,
neurohormonal effects provide symptomatic relief with a
positive inotropic effect, but at increasing doses, the inotropic
effect may increase myocardial oxygen consumption and
arrhythmogenicity. In contrast, in patients without heart fail-
ure, beneficial effects may be overshadowed by the potential
harmful effects of digoxin [28].

Digoxin toxicity can cause every known disturbance
of cardiac impulse formation and propagation leading to
significant arrhythmias. The positive inotropic action of
digoxin is likely due to increased intracellular calcium.
This increased intracellular calcium load not only augments
contractility, but also can initiate delayed after depolariza-
tion and triggered arrhythmias [29]. Digoxin can initiate
ectopic activity and produce bradycardia including AV block
[30], plausible mechanisms of increased mortality observed
with digoxin use in atrial fibrillation in the absence of heart
failure.

Limitations. The present meta-analysis is based on retrospec-
tive and prospective nonrandomized trials and consequently
has limitations in the wider application of the results of our
analysis. Specifically, patients who are prescribed digoxin
in nonrandomized retrospective studies may be inherently
different from patients not prescribed digoxin and this is clear
from the comorbidities seen in digoxin patients. While the
Cox proportional hazards model (all studies) and propensity
score models (all but 3 studies) used by individual studies
included in our analysis somewhat mitigate this weakness
by adjusting for known variables, they do not completely
eliminate it. Also, our meta-analysis includes some large
registries and cohort studies that could potentially influence
the effect sizes but by employing a random effect model, we
expect to moderate such impact. Warfarin use in component
studies ranged from 33% to 100% and was not reported in
some, thus limiting our ability to analyze and understand
the effect of warfarin use as a covariate. Finally, guideline
directed medical therapy use specifically in patients with
CHF within the study cohort in component studies was not
reported. In the two studies with 100% CHF population, a
large proportion of patients was not on ACE inhibitors and
beta-blockers, limiting the interpretation of our results.

5. Conclusion

This meta-analysis of nonrandomized studies shows that
digoxin is not associated with increased all-cause mortal-
ity when used as a rate-controlling drug in patients with
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atrial fibrillation with coexistent heart failure but it is asso-
ciated with increased mortality when used in patients with
atrial fibrillation alone. Large, well-designed, randomized
controlled trials are needed to further address this issue.
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