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META-ANALYSIS OF OBSERVE STUDIES IN EPIDEMIOLOGY

Increased All-Cause Mortality Associated With Digoxin
Therapy in Patients With Atrial Fibrillation

An Updated Meta-Analysis

Ying Chen, MD, Xiaoyan Cai, MD, Weijun Huang, MD, Yanxian Wu, MD, PhD,
Yuli Huang, MD, PhD, and Yunzhao Hu, MD, PhD

Abstract: Digoxin is still commonly used in atrial fibrillation
(AF) patients with and without heart failure (HF) for heart rate
control. Studies concerning the detrimental effects of digoxin therapy
in AF patients are inconsistent. This updated meta-analysis examined
the association of digoxin therapy with all-cause mortality in AF
patients, stratified by heart function status. We included observational
studies with multivariate-adjusted data on digoxin and all-cause
mortality in the analysis. The relative risks (RRs) of all-cause mortality
were calculated and reported with 95% confidence intervals (95% Cls).
Seventeen studies comprising 408,660 patients were included.
Overall, in AF patients, digoxin treatment was associated with a
significant increase in all-cause mortality after multivariate-adjustment
(RR=1.22; 95% CI 1.15-1.30). When stratified by heart function
status, digoxin treatment was associated with a 14% increase in all-
cause mortality in AF patients with HF (RR =1.14, 95% CI 1.04—1.24),
and a 36% increase in those without HF (RR=1.36, 95% CI 1.18—
1.56). The increased risk of all-cause mortality was significantly higher
in AF patients without HF compared with those with HF (P for
interaction =0.04). This meta-analysis demonstrates that digoxin
therapy was associated with a significant increase in all-cause mortality
in AF patients, especially in those without HF. Given other available
options, digoxin should be avoided as a first-line agent for heart rate
control in AF patients.

(Medicine 94(52):¢2409)

Abbreviations: AF = atrial fibrillation, CI = confidence interval,
DIG = Digitalis Investigation Group, HF = heart failure, RCT =
randomized control trial, RR = relative risk, SDC = serum digoxin
concentration, SE = standard errors.
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INTRODUCTION

trial fibrillation (AF) is the most common cardiac arrhyth-

mia, affecting more than 33 million individuals world-
wide.! The burden of AF also seems to be an important
factor for heart failure (HF). Indeed, the Euro Heart Survey
on AF showed that HF is present in more than 30% of AF
patients.”

Digoxin, a pharmaceutical derivative of digitalis, which
has been used in clinical practice for decades, is still commonly
used in AF patients with and without HF for heart rate control,
owing to its negative chronotropic activity.® The Digitalis
Investigation Group (DIG) trial is the only large-sample
randomized control trial (RCT) that showed that digoxin had
aneutral effect on all-cause mortality, although it had beneficial
effects on death caused by worsening HF and HF hospitaliz-
ations.* However, the DIG trial only included HF patients with
sinus rhythm, and these results cannot be extended to patients
with AF. Recently, some observational studies have shown that
digoxin was associated with increased mortality in AF
patients,” % but this was not supported by other studies.” !
Some recently published meta-analyses also reported conflict-
ing conclusions.>™'®> These inconsistent conclusions maybe
caused by the following.

(1) All AF patients were included, but not stratified by heart
function status at baseline. The biological effects and
clinical rationale for digoxin treatment in AF patients may
be different among patients with or without HF.

(2) There was a difference in statistical analysis methods
used, such as multivariate Cox regression or propensity
score matching.

(3) There were different definitions of digoxin exposure (eg,
baseline treatment when enrolled or incident treatment
during follow-up).

Given these inconsistent results, we performed an updated
systematic review and meta-analysis to examine the association
of digoxin with all-cause mortality in AF patients, stratified by
heart function status.

METHODS
Ethics Statement

This study is a meta-analysis of published studies, and
ethical approval was not required.

Search Strategy and Selection Criteria

We performed the search according to the recommen-
dations of the Meta-Analysis of Observational Studies in
Epidemiology Group.'® The electronic databases, including
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PubMed, EMBASE, and the Cochrane Library, were searched
for studies to August 31,2015, using a combined text and MeSH
heading search strategy with the terms “digitalis” or “digoxin”
or “digitoxin” or “cardiac glycosides” and ‘“mortality,”
“death,” “deaths” or “fatal,” and “atrial fibrillation.” We
further manually reviewed the reference lists of identified
studies. The search was restricted to human studies, but there
were no language or publication form restrictions.

The inclusion criteria of studies for analysis were:
inclusion of AF patients aged >18 years; adjusted relative risks
(RRs) and 95% confidence intervals (Cls) reported for all-cause
mortality associated with digoxin treatment; AND follow-up
duration >1 year.

Studies were excluded if: the RR was only adjusted for age
and sex; data were reported as composite endpoints, but not
specified for all-cause mortality; and data were derived from the
same study.

Data Extraction, Synthesis, and Analysis

Two investigators (YC and XC) independently conducted
literature searches, reviewed the potentially articles, and
abstracted data from eligible studies. Discrepancies were
resolved by discussion with other investigators (YulH and YunH).

The primary analysis was the RRs of all-cause mortality
associated with digoxin treatment. The secondary analysis was
whether the risk of mortality was affected by heart function status.
Adjusted RRs from the multivariate Cox regression models from
each study were extracted and logarithmically transformed. The
corresponding standard errors (SEs) were calculated to stabilize
the variance and normalize the distribution.'”'® If more rigorous
analytic methodology, such as propensity score-matched
analysis, was reported in the included studies, these data were
used for analysis. We used inverse variance method to combine
the calculated log RRs and SEs. I? statistics were used to test the
heterogeneity among studies. If values of I> were >50%, we
considered there was significant heterogeneity among the
included studies and the results were pooled using random-effects
models. Alternatively, fixed-effects models were used.

Subgroup analyses of the primary analysis were performed
by sex (women vs men), definition of digoxin exposure (base-
line treatment when enrolled versus incident treatment during
follow-up), study design (prospective registry study vs retro-
spective cohort study vs post-hoc analysis of RCT), follow-up
duration (<2 years vs >2 years), and analytic model (multi-
variate Cox regression model vs propensity score-matched
analysis). Sensitivity analyses were conducted by omitting 1
study at a time and recalculating the pooled RRs. Publication
bias was assessed by inspecting funnel plots in which the natural
log of RR was plotted against its SE, and further tested by Egger
test and Begg test. P values were 2-tailed, and statistical
significance was set at 0.05. All analyses were conducted using
RevMan (Version 5.3; The Cochrane Collaboration, Copenha-
gen, Denmark) and Stata software (Version 12.0; Stata Corp LP,
College Station, TX).

RESULTS

Studies Retrieved and Characteristics

Overall, 2082 manuscripts were initially retrieved. After
screening titles and abstracts, we found that 31 qualified for full
review. Finally, 17 articles comprising 408,660 patients were
included in this study (Figure 1).>~'"1°=2® There were 3 reports
from the Atrial Fibrillation Follow-Up Investigation of Rhythm
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Potentially relevant articles identified and screened for retrieval (n=2082) |

—’| Records after duplicates removed (n=506) |

A

| Potentially relevant articles (n=1576) |

Not associated with digoxin treatment and mortality by review of
titles and abstracts (n=1545)

| Potential articles for detailed evaluation (n=31) |

Full-text articles excluded (n=14)
From the same study (n=2)
> No all cause mortality data (n=9)

No all patients with atrial fibrillation (n=2)
No RRs and 95% Cls available (n=1)

v

Articles included in the meta-analysis (n=17)

FIGURE 1. Flow of papers through review. Cls = confidence inter-
vals, RRs =relative risks.

Management study.?*?**® We only included the report by
Whitbeck et al*® for the primary analysis, as it employed more
rigorous analytic methodology, including defined digoxin treat-
ment as baseline treatment, time-dependent covariates, and
propensity score-matched analysis.

Table 1 summarizes the key characteristics of all included
studies. Seven studies reported data from prospective registry
studies,®%1023-25:27-28 5 studies were retrospective cohort stu-
dies,>”'*2! and 5 studies were post-hoc analyses of
RCTs. 31222426 Ope study only included AF patients with
HF,?® another study only included those without HF,” and all
other studies included both AF patients with and without HF.
The sample size ranged from 608 to 140,111, and the ratio of
digoxin treatment was from 17.3% to 53.4%. Most studies
defined digoxin treatment at enrollment, 5 studies also reported
the risk of mortality with digoxin treatment defined as a time-
varying covariate,® *® and 1 study only used digoxin treatment
as a time-varying covariate for analysis.'' The follow-up
duration ranged from 1 to 4.7 years.

Association Between Digoxin Treatment and Risk
of All-Cause Mortality

There was significant heterogeneity among the included
studies (I = 82%), therefore we used random-effects models in
analyses. Overall, in AF patients, digoxin treatment was associ-
ated with a significant increase in all-cause mortality after
multivariate-adjustment (RR=1.22; 95% CI 1.15-1.30,
P <0.001, Figure 2). No evidence of publication bias was
observed based on visual inspection of the funnel plot (Supple-
mental Figure 1, http://links.Iww.com/MD/A587), and accord-
ing to Begg test and Egger test (both >0.05).

In the subgroup analyses conducted according to sex,
definition of digoxin exposure, study design, follow-up duration
and analytic model, and digoxin treatment were significantly
associated with higher risk of all-cause mortality across sub-
groups (Table 2). We found no significant differences among
these subgroups.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Hallberg 2007 (no heart failure) 0.3507 0.049 7.4%
Hallberg 2007 (heart failure) 0 0.0316  8.4%
Gjesdal 2008 0.4574 0.1035 4.3%
Fauchier 2009 -0.1054 0.1582  2.5%
Friberg 2010 0.0953 0.0802 5.5%
Whitbeck 2013 0.3436 0.0866  5.2%
Rodriguez-Manero 2014 0.3507 0.3123  0.8%
Chao 2014 0.1906 0.0922  4.9%
Gamst 2014 0.1484 0.046 7.6%
Turakhia 2014 0.1906 0.0172  9.0%
Shah 2014 (heart failure) 0.131 0.0182  9.0%
Shah 2014 (no heart failure) 0.157 0.0133  9.1%
Mulder 2014 -0.8916 0.3924  0.5%
Allen 2015 (heart failure) 0.0392 0.097 4.6%
Pastori 2015 0729 0328 0.7%
Okin 2015 0.0392 0.1806  2.1%
Washam 2015 0.131 0.0618  6.6%
Allen 2015 (no heart failure) 0.1989 0.1277 3.4%
Al-Zakwani 2015 (no heart failure) 1.4398 0.3254 0.8%
Al-Zakwani 2015 (heart failure) 0.3148 0.3142 0.8%
Freeman 2015 0.5365 0.0601 6.7%
Total (95% Cl) 100.0%

Heterogeneity: Tau? = 0.01; Chi? = 130.63, df = 20 (P < 0.00001); I> = 85%
Test for overall effect: Z = 6.79 (P < 0.00001)

Risk Ratio Risk Ratio
ea a . m 95“{0 !;I
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1.42[1.29, 1.56]
1.00 [0.94, 1.06]
1.58 [1.29, 1.94]
0.90 [0.66, 1.23]
1.10[0.94, 1.29]
1.41[1.19, 1.67]
1.421[0.77, 2.62]
1.21[1.01, 1.45]
1.16 [1.06, 1.27]
1.21[1.17, 1.25]
1.14[1.10, 1.18]
1.17 [1.14, 1.20]
0.41[0.19, 0.88]
1.04 [0.86, 1.26]
2.07 [1.09, 3.94]
1.04 [0.73, 1.48]
1.14[1.01, 1.29]
1.22[0.95, 1.57]
4.22[2.23,7.99]
1.37 [0.74, 2.54]
1.71[1.52, 1.92]
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Control Digoxin

FIGURE 2. Forest plot of the comparison: digoxin therapy versus no digoxin therapy, outcome: all-cause mortality in atrial fibrillation (AF)

patients.

Sensitivity analysis showed that the primary results were
not influenced by omitting 1 study at a time, or by using data
from 2 other reports®>* from the Atrial Fibrillation Follow-Up
Investigation of Rhythm Management study study to replace
data from the report by Whitbeck et al.?

All-Cause Mortality in Digoxin Treatment Was
Modified by Heart Function

Eight studies reported the risk of all-cause mortality in AF
patients with or without HF,>®%192325-27 and 2 studies
reported data for AF patients with HF, but did not include data

for those without HF,%?° while 2 other studies only supplied
data for AF patients without HE.”'' Pooled data from these
studies showed that digoxin treatment was associated with a
14% increase of all-cause mortality in AF patients with HF
(RR=1.14,95% CI 1.04—1.24, P < 0.001) and a 36% increase
in those without HF (RR =1.36,95% CI 1.18-1.56, P < 0.001).
There was a significant difference of risk in AF patients with
and without HF (Figure 3, P for interaction = 0.04).
Sensitivity analysis was performed by only including those
studies reported both data in AF patients with or without HF,
respectively. Meta-analysis of these studies also showed that the

TABLE 2. Subgroup Analyses of the Association Between Digoxin Treatment and All-Cause Mortality

Number of P Value Between
Subgroup Studies Risk Ratio (95% CI) Subgroups
Sex
Men 7 1.30 (1.18, 1.45) 0.55
Women 7 1.24 (1.11, 1.40)
Definition of digoxin exposure
Baseline treatment 16 1.23 (1.16, 1.30) 0.49
Incident treatment during follow-up 6 1.28 (1.15, 1.42)
Study design
Prospective registry study 7 1.24 (1.10, 1.40) 0.96
Retrospective cohort study 5 1.22 (1.12, 1.33)
Post-hoc analysis of RCT 5 1.20 (0.96, 1.49)
Follow-up duration
<2 years 8 1.32 (1.14, 1.54) 0.13
>2 years 9 1.17 (1.12, 1.23)
Analytic model
Multivariate Cox regression 9 1.26 (1.06, 1.50) 0.63
Propensity score matched 8 1.21 (1.13, 1.29)

CI = confidence interval, RCT =randomized control trial.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight V. Random. 95% Cl Year 1V, Random. 95% CI
1.2.1 AF with HF
Hallberg 2007 0 0.0316 18.1% 1.00[0.94, 1.06] 2007
Fauchier 2009 -0.1054 0.1582 5.5% 0.90 [0.66, 1.23] 2009 -T
Whitbeck 2013 0.3436 0.1313 7.2% 1.41[1.09, 1.82] 2013 -
Turakhia 2014 0.2469 0.0287 18.4% 1.28[1.21, 1.35] 2014 "
Shah 2014 0.131 0.0182 19.3% 1.14[1.10, 1.18] 2014 "
Rodriguez-Manero 2014 0.47 0.2936 2.0% 1.60[0.90, 2.84] 2014 T
Chao 2014 -0.1278 0.1787 4.6% 0.88 [0.62, 1.25] 2014 -
Al-Zakwani 2015 0.3148 0.3142 1.8% 1.37[0.74, 2.54] 2015 T
Allen 2015 0.0392 0.097 10.1% 1.04 [0.86, 1.26] 2015 T
Washam 2015 0.207 0.0711  13.1% 1.23[1.07, 1.41] 2015 -
Subtotal (95% CI) 100.0% 1.14 [1.04, 1.24] ‘
Heterogeneity: Tau? = 0.01; Chi?2 = 44.12, df =9 (P < 0.00001); I? = 80%
Test for overall effect: Z = 2.95 (P = 0.003)
1.2.2 AF without HF
Hallberg 2007 0.3507 0.049 14.8% 1.42[1.29, 1.56] 2007 -
Whitbeck 2013 0.3148 0.1357 10.1% 1.37[1.05, 1.79] 2013 T
Shah 2014 0.157 0.0133 15.8% 1.17 [1.14,1.20] 2014 -
Rodriguez-Manero 2014 -0.0619 0.7896 0.8% 0.94 [0.20, 4.42] 2014 -
Chao 2014 0.2469 0.1035 11.9% 1.28 [1.05, 1.57] 2014 ™
Washam 2015 0.174 0.1149 11.2% 1.19[0.95, 1.49] 2015 ™
Al-Zakwani 2015 1.4398 0.3254 3.7% 4.22[2.23,7.99] 2015 -
Allen 2015 0.1989 0.1277 10.5% 1.22[0.95, 1.57] 2015 ™
Okin 2015 -0.0408 0.199 7.1% 0.96 [0.65, 1.42] 2015 1T
Freeman 2015 0.5365 0.0601 14.3% 1.71[1.52,1.92] 2015 -
Subtotal (95% CI) 100.0% 1.36 [1.18, 1.56] ¢
Heterogeneity: Tau? = 0.03; Chi2 = 67.52, df = 9 (P < 0.00001); 1> = 87%
Test for overall effect: Z = 4.27 (P < 0.0001)

0.01 0.1 1 10 100
Control Digoxin

Test for subgroup differences: Chi? = 4.36, df =1 (P =0.04), I’ =77.1%

FIGURE 3. Forest plot of the comparison: digoxin therapy versus no digoxin therapy, outcome: all-cause mortality in AF patients with HF

and without HF. AF = atrial fibrillation, HF = heart failure.

risk of all-cause mortality was significantly higher in AF patients
without HF compared with those with HF (RR =1.32, 95% CI
1.16—1.50 in AF patients without HF; RR =1.12,95% CI 1.03—
1.23 in AF patients with HF, P for interaction =.04) (Supple-
mental Figure 2, http:/links.Iww.com/MD/A587).

DISCUSSION

To our knowledge, this is the most comprehensive meta-
analysis examining the risk of all-cause mortality associated
with digoxin treatment in AF patients, stratified by baseline
heart function status. We found that, in AF patients, digoxin
treatment was associated with a 22% increase in all-cause
mortality. The risk was mildly increased in AF patients with
HF, but much more pronounced in those without HF.

Ziff et al'* performed a meta-analysis concerning the
safety of digoxin treatment in observational and controlled trial
data, and reported that in data from RCTs, digoxin had a neutral
effect on mortality. It should be noted that data from RCTs
included in this study were based on HF patients with sinus
rhythm and largely driven by the DIG trial. However, the
biological or clinical rationale for digoxin treatment may be
different in AF patients compared with those with sinus rhythm.
Therefore, conclusions from patients with sinus rhythm cannot
be extended to AF patients.

Several mechanisms may be involved in the association
between the risk of mortality and digoxin treatment in AF
patients. First, it is known that digoxin has a narrow therapeutic

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

window. A post-hoc analysis of the DIG trial showed that
digoxin treatment was associated with a reduction of mortality
when the serum digoxin concentration (SDC) was between 0.5
and 0.9ng/mL, but an increase in mortality when SDC was
>1.2ng/mL.*" Higher SDC is associated with life-threatening
cardiac arrhythmias. The dose of digoxin may be increased to
target ventricular rate control in real-world practice or in
observational studies, but monitoring of SDC is lacking. For
example, it was reported in the AnTicoagulation and Risk
factors In Atrial fibrillation-Cardiovascular Research Network
study that SDC was never measured in 31% of digoxin users.”
Second, susceptibility to some detrimental effects of digoxin
therapy, including reduced AV-node conduction and interaction
with other antiarrhythmic drugs, may be greater in AF
patients.*® This could be a potential explanation for the hetero-
geneity of mortality associated with digoxin in HF with AF
compared with those with sinus rhythm. Third, other putative
mechanisms, including increased endothelial and platelet acti-
vation,>® and activation of baroreceptor function®* may also be
associated with the risk of digoxin therapy in AF patients.
Similar to our study, the risk of all-cause mortality associ-
ated with digoxin treatment has been analyzed in 3 previously
published meta-analyses.'*'*!> However, none reported that
the risk of all-cause mortality was different between AF patients
with HF compared with those without HF. In contrast, our study
first reported that the risk of mortality associated with digoxin
therapy was much more pronounced in AF patients without HF
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compared with those with HF. The effects of digoxin on
hemodynamics and neurohumoral mechanisms® may be
beneficial in HF patients, while such effects are not involved
in the treatment of AF without HF. This maybe an underlying
explanation for the different effect sizes for mortality associated
with digoxin in AF patients with and without HF. Compared
with prior meta-analyses, our study had several strengths.

(1) We updated the search strategy and included more recently
published studies, with a larger sample of patients (more
than 408,000 patients) for analysis. The large sample of
patients have sufficient power to detect the significant
heterogeneity of digoxin safety in patients with and
without HE.

Multiple subgroup analyses (according to sex, trial
characteristics, analytic model, etc.) and sensitivity
analyses were performed, and consistent results were
found in these analyses.

@)

It should be noted that our study was based on data from
observational studies. A criticism is that observational studies are
inherently not experimental and could not draw firm conclusions
from such studies.*® We agree that RCTs are needed to further
evaluate the role of digoxin in AF patients.’” However, it seems
that such RCTs are unlikely to be performed. Large-sample
observational studies can provide valuable information and are
critical to answer relevant questions in real-world practice and to
help choose treatment strategies.*® In this study, we documented
that in real-world practice, digoxin treatment was associated with
increased mortality in AF patients, especially in those without
HF. In these patients, digoxin was mainly used for heart rate
control. Given other available drugs for heart rate control, such as
nondihydropyridine calcium channel antagonists and beta-block-
ers, digoxin should be used with caution in the management of
AF, especially in those without HF.

Several limitations of the current meta-analysis should be
considered. First, we had no individual patient-level data for
analysis. However, the large sample size of our study, strict
adjustment for potential confounders (including propensity
score-matched analysis) of the included studies, and consistent
results in multiple subgroup analyses may have reduced the
likelihood that other confounders influenced the association
between mortality and digoxin. Second, we did not perform
analysis of SDC and risk of mortality, as SDC values were not
available in most of the included studies. However, the AnTic-
oagulation and Risk factors In Atrial fibrillation-Cardiovascular
Research Network study reported that in AF patients the mean
SDC was higher in patients who died compared with survivors
(1.15 vs 0.94ng/mL; P<0.001).” These results strongly
suggested that the detrimental effects of digoxin in AF patients
might be driven by higher SDC.

In conclusion, our study showed that digoxin therapy was
associated with a significant increase in all-cause mortality in AF
patients, especially in those without HF. Given other available
treatment options, clinicians should avoid using digoxin as a first-
line agent for heart rate control in AF patients. Furthermore, if
used as an additional therapy, dosing should be adjusted to
maintain the SDC with an upper limit of 1.0 ng/mL.*
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