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Aims Digoxin is included in some heart failure (HF) guidelines but controversy persists about the true role for and impact
of treatment with this drug, particularly in the absence of atrial fibrillation (AF). The aim of this study was to assess
the association between clinical characteristics and digoxin use and between digoxin use and mortality/morbidity in a
large, contemporary cohort of patients with HF with reduced ejection fraction (HFrEF) stratified by history of AF.
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Methods and
results

Patients with HFrEF (EF < 40%) enrolled in the Swedish HF registry between 2005 and 2018 were analysed. The
independent association between digoxin use and patient characteristics was assessed by logistic regression, and be-
tween digoxin use and outcomes [composite of all-cause mortality or HF hospitalization (HFH), all-cause mortality,
and HFH] by Cox regressions in a 1:1 propensity score matched population. Digoxin use was analysed at baseline and
as a time-dependent variable. Of 42 456 patients with HFrEF, 16% received digoxin, 29% in the AF group and 2.8% in
the non-AF group. The main independent predictors of use were advanced HF, higher heart rate, history of AF, pre-
served renal function, and concomitant use of beta blockers. Digoxin use was associated with lower risk of all-cause
death/HFH [hazard ratio (HR): 0.95; 95% confidence interval (CI): 0.91–0.99] in AF, but with higher risk in non-AF
(HR: 1.24; 95% CI: 1.09–1.43). Consistent results were observed when digoxin use was analysed as a time-dependent
variable.
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Conclusion The great majority of digoxin users had a history of AF. Digoxin use was associated with lower mortality/morbidity in
patients with AF, but with higher mortality/morbidity in patients without AF.
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Introduction
Digoxin is currently recommended in patients with heart failure
(HF) with reduced ejection fraction (HFrEF) and sinus rhythm who
remain symptomatic despite treatment with renin–angiotensin–
aldosterone system inhibitors and beta blockers (BBs) (class IIb,
level of evidence B in European guidelines),1 and for rate control
in those with HFrEF and atrial fibrillation (AF) (class I, level of
evidence B).2
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Recommendations for digoxin in patients with HFrEF and sinus
rhythm are based on one randomized controlled trial (RCT), the
Digitial Investigation Group (DIG) trial, in which digoxin did not af-
fect all-cause mortality but reduced the risk for HF hospitalization
(HHF) by 28%.3 However, this trial was performed more than 25
years ago, and therefore may not reflect the characteristics and con-
temporary management of HFrEF [i.e. patients were treated only
with diuretics and angiotensin-converting enzyme inhibitors (ACE-
Is)]. In the setting of HF with concomitant AF, RCTs assessing safety
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and efficacy linked with digoxin use are lacking, with several different
analyses providing contradictory results, which might be explained
by differences in methodological approaches and enrolled popula-
tions.4,5

Thus, in the large and contemporary population with HFrEF
enrolled in the Swedish HF Registry (SwedeHF) we assessed (i) tem-
poral trends in the use of digoxin; (ii) patient characteristics inde-
pendently associated with digoxin use; and (iii) independent asso-
ciations between digoxin use and mortality/morbidity in patients
with and without a history of AF, as well as in relevant pre-specified
subgroups.

Methods
Data sources
Data from the SwedeHF linked with the National Patient Registry (NPR),
the Cause of Death Registry, the Dispensed Drug Registry (DDR), and
Statistics Sweden were analysed. Data sources are described in the Sup-
plementary material online.

Patients
Patients enrolled in SwedeHF between 1 December 2005 (5months
after the start of the DDR) and 14 December 2018 were considered
eligible for the current analysis if they had (i) a left ventricular ejection
fraction (LVEF) <40% and (ii) a follow-up length of at least 14 days (to
mitigate immortal time bias). When the same patient was registered
multiple times, the first registration was considered. The index date was
defined as the date of hospital discharge (for inpatients) or the date of
clinic visit (for outpatients). Patients who died during the hospitalization
linked to first SwedeHF registration were excluded. The last date of
follow-up was 31 December 2018.

Exposure, atrial fibrillation, and other
variables
History of AF was defined as whether the corresponding ICD-10 code
I48 was reported in the NPR during the 5 years prior to the patient’s
registration in SwedeHF and/or history of AF was recorded by healthcare
professionals at the index visit in SwedeHF and/or AF was observed on
the patient’s latest electrocardiogram (ECG) prior to/at index visit in
SwedeHF.

Digoxin use was defined as a dispensed prescription (from DDR) be-
tween 5months prior to and 14 days after the index. Rates of digoxin
use over time were calculated using the overall number of patients en-
rolled in the analysis as denominator, with the number of patients with
at least one digoxin dispensation in the given year as numerator of the
ratio.

A detailed definition of other variables used in this analysis is re-
ported in the Supplementary material online, Table S1, and at https://
kiheartfailure.github.io/shfdb3/.

Statistical analyses
Statistical analyses were performed in patients with HFrEF, and sepa-
rately in those with and without history of AF.

Baseline characteristics
Baseline characteristics of patients receiving vs. not receiving digoxin
were presented as median (25th–75th percentile) and compared by the

........................................................................................................................................................................

Mann–Whitney U test if continuous, and as frequencies (percentage) and
compared by the χ2 test if categorical.

Independent associations between patient
characteristics and digoxin use
To identify independent predictors of digoxin use, multivariable logistic
regression analyses were fitted using digoxin use as the dependent vari-
able. Variables reported in the forest plots were included as potential
predictors.

Associations between digoxin use and
outcomes
Study outcomes were (i) time to all-cause mortality or first HFH (i.e.
composite outcome), (ii) time to all-cause mortality, and (iii) time to
first HFH. 1-Kaplan–Meier curves were fitted to present time to event
for all the study outcomes. Cox regression models were performed in
the overall cohort for assessing the crude association between digoxin
use and outcomes, and in a 1:1 digoxin:no-digoxin propensity score (PS)-
matched cohort (with the matched pairs modelled using a frailty term).
Censoring occurred at end of follow-up (31 December 2018), emigra-
tion from Sweden, or, in the analyses assessing HFH, death. Outcome
analysis for all-cause death/HFH was also performed in pre-specified
subgroups by including an interaction term between digoxin and the
respective variable.

Missing data were handled in all the multivariable models performed in
this analysis by multiple imputation. The methods for multiple imputation
and PS matching are reported in detail in the Supplementary material
online.

Consistency analysis
We performed the following consistency analyses:

� Since PS matching reduces the sample size, Cox regression models
were also performed in the overall cohort adjusting for the PS as a
covariate.

� We included digoxin as a time-dependent variable in the Cox re-
gression models performed in the PS-matched populations since
in the main analysis digoxin use was considered as at the
baseline.

� A competing event analysis was performed for the outcome time to
first HFH with death treated as a competing event.

A two-sided P-value of <0.05 was considered statistically significant.
All analyses were performed using R version 4.0.2 (R Core Team 2019).
The R code for data handling and statistical analyses are available at
https://github.com/KIHeartFailure/digoxinhfref.

Results
Of 42 456 patients with HFrEF, 22 119 (52.1%) had a history of AF.
Overall, 6984 (16%) received digoxin, 6420 (29%) in the AF group
and 564 (2.8%) in the non-AF group. Digoxin recipients had a me-
dian [inter-quartile range (IQR)] age of 74 (65–81) years, 31% were
female, 54% had an LVEF <30%, and 92% had a history of AF. The
CONSORT diagram of the study is reported in Figure 1. Results of
all the analyses performed in the overall HFrEF population regard-
less of the AF status are reported in the Supplementary material
online.

https://kiheartfailure.github.io/shfdb3/
https://github.com/KIHeartFailure/digoxinhfref


758 C. J. Kapelios et al.

Figure 1 Flow chart reporting patient selection. HF, heart failure; LVEF, left ventricular ejection fraction.

Figure 2 Use of digoxin over time in patients with heart failure with reduced ejection fraction and atrial fibrillation (left panel) and without
atrial fibrillation (right panel). AF, atrial fibrillation; HFrEF, heart failure with reduced ejection fraction.

Patients with heart failure with reduced
ejection fraction and a history of atrial
fibrillation
Digoxin use over time
In the AF population, the use of digoxin over time showed a re-
verse U shape, starting with an annual use rate of 12.5% in 2006,
peaking at ∼15.5% in 2011–13, and declining to 12.5% in 2018
(Figure 2).

...........................

Digoxin users’ profile
Digoxin users were younger and had a shorter history of HF, but
were more likely registered as inpatients, had lower LVEF, higher
prevalence of AF at the baseline ECG, higher heart rate, and less co-
morbidities compared with digoxin non-users (Table 1). They were
more likely to receive HF medications but less likely to have a cardiac
resynchronization therapy (CRT) or implantable cardioverter defib-
rillator (ICD) and be followed in an HF nurse-led clinic compared
with non-users.
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Key independent predictors of digoxin use were female sex,
younger age, characteristics linked with more advanced HF, heart
rate >70 b.p.m., no history of hypertension or ischaemic heart
disease, history of chronic obstructive pulmonary disease, bet-
ter renal function, no use of renin–angiotensin system inhibitor
(RASi)/angiotensin receptor-neprilysin inhibitor (ARNI), but higher
use of diuretics, BBs, and mineralocorticoid receptor antagonists
(MRAs), and lack of referral to an HF nurse-led clinic (Figure 3).

Associations between digoxin use
and outcomes (Table 2 and Figure 4)
In the unmatched cohort, event rates for the all-cause death/HFH,
all-cause death, and HFH were significantly lower among digoxin
users vs. non-users. In the PS-matched cohort (i.e. adjusted
analyses), digoxin use remained associated with a statistically signifi-
cant lower risk of all-cause death/HFH [hazard ratio (HR): 0.95; 95%
confidence interval (CI): 0.91–0.99] and of HFH (HR: 0.93; 95% CI:
0.88–0.98), but not of all-cause death (HR: 1.03; 95% CI: 0.99–1.09).

Consistency analyses (Table 2) In the analyses performed ad-
justing rather than matching for PS, digoxin use was not associated
with the risk of all-cause death/HFH and of HFH but it was associ-
ated with higher risk of all-cause death.
In the PS-matched cohort analyses, digoxin use as a time-

dependent variable was independently associated with lower risk
of all-cause death/HFH, all-cause mortality, and HFH.
The risk of HFH was also significantly lower with the use of

digoxin when death was handled as a competing event.

Subgroup analysis (Figure 5) The association between digoxin
use and risk of all-cause death/HFH in the PS-matched analyses was
consistent in most clinically relevant subgroups, but with some ex-
ceptions. In particular, digoxin use was associated with a significantly
lower risk of outcome in those (i) without vs. with ischaemic heart
disease; (ii) with HF history <6 months vs. ≥6 months; (iii) with
heart rate >70 b.p.m. vs. ≤70 b.p.m.; (iv) receiving vs. not receiving
BBs; and (v) without vs. with CRT/ICD.

Patients with heart failure with reduced
ejection fraction without a history of
atrial fibrillation
Digoxin use over time
In the non-AF population, the rates of digoxin use were consistent
over time, ranging between 1.5% and 2.5% throughout the study
period (Figure 2).

Digoxin users’ profile
Digoxin users were younger but had a longer history of HF, were
more likely registered as inpatients, and had lower LVEF, lower sys-
tolic blood pressure (BP), and higher heart rate, but higher comor-
bidity burden compared with digoxin non-users (Table 1). They were
more likely to receive diuretics and MRAs and to have a CRT/ICD,
but less likely to be followed up in an HF nurse-led clinic or in hos-
pital care compared with non-users.
Key independent predictors of digoxin use were female sex, vari-

ables linked with more severe HF, heart rate >70 b.p.m., no history
of hypertension, better renal function, and use of diuretics, MRAs,
and CRT/ICD (Figure 3).
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Figure 3 Independent predictors of digoxin use in patients with (left panel) and without atrial fibrillation (right panel). The forest plots report
the odds ratios and 95% confidence intervals derived from multivariable logistic regression analyses using digoxin use as the dependent variable.
Abbreviations as in Table 1.

Associations between digoxin use and outcomes
(Table 2 and Figure 4)
In the unmatched cohort, event rates for the all-cause death/HFH,
all-cause death, and HFH were significantly higher among digoxin
users vs. non-users. In the PS-matched cohort, digoxin use re-
mained associated with a statistically significant higher risk of all-
cause death/HFH (HR: 1.24; 95% CI: 1.09–1.43) and of HFH (HR:
1.34; 95% CI: 1.14–1.57), but not of all-cause death (HR: 1.07; 95%
CI: 0.92–1.25).

Consistency analyses (Table 2) In the analyses performed ad-
justing rather than matching for PS, digoxin use was associated with
higher risk of all-cause death/HFH and of HFH but it was not asso-
ciated with risk of all-cause death.
When digoxin was analysed as a time-dependent variable in

the PS-matched cohort, its use was independently associated with
higher risk of all-cause death/HFH and HFH, but not death. The risk
of HFH was also significantly higher with the use of digoxin when
death was handled as a competing event.

Subgroup analysis (Figure 5) The association between digoxin
use and risk of all-cause death/HFH in the PS-matched analyses
was consistent in most clinically relevant subgroups, but with some
exceptions. Namely, digoxin use was associated with significantly
higher risk of outcome in those (i) with vs. without ischaemic heart
disease and (ii) with LVEF 30–39% vs. <30%.

...............................................................................

Discussion
In this large and comprehensive analysis in patients with HFrEF, (i)
overall use of digoxin was modest (16%); (ii) digoxin use was dra-
matically higher in AF (29%) vs. non-AF (2.8%), and had a reverse
U shape over time among patients with AF, while remaining stable
over time in non-AF patients; (iii) important independent predictors
of digoxin use were, in addition to AF, younger age, female sex, more
advanced HF, higher heart rate, and preserved kidney function; (iv) in
patients with AF, digoxin was associated with lower risk of all-cause
death/HFH; and (v) in patients without AF, digoxin was associated
with higher risk of all-cause death/HFH and HFH.

Digoxin use over time
Our study showed that digoxin use in patients with HFrEF increased
in the early 2000s but decreased thereafter. This trend was mainly
attributable to changes in digoxin use over time in the subgroup
of patients with a history of AF in whom treatment with digoxin
was predominant (29% in AF vs. 2.8% in non-AF). Use of digoxin
in patients with HFrEF without a history of AF was constantly low
(between 1.5% and 2.5%) throughout the study period.
Regarding digoxin use in other populations, a 50% decrease in pre-

scriptions was noted in the USA in 2007–14,6,7 whereas in Europe
use was ∼30% in inpatients and 20% in outpatients in the European
Society of Cardiology (ESC)-HF Pilot study (2009–10).8 In the ESC
HF Long-Term (ESC-HF-LT) Registry (2011–13), which included HF
patients regardless of LVEF, it was 25.9% in inpatients and 23% in
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outpatients, decreasing at 1 year of follow-up.9 Interestingly, despite
the fact that presence or absence of AF in HFrEF influences guide-
lines´ recommendations for digoxin use,1,2 the decreasing trend has
been noted in patients with HFrEF both with and without AF in the
USA (from 28.9% to 8.0% and from 44.3% to 16.7% between 2005
and 14, respectively).10 Conversely, the rate of digoxin use among
patients with HFrEF and AF in Europe seems to be ∼40%, although
use among patients with HFrEF without AF is similar to that in the
USA.11

Associations between patient
characteristics and digoxin use
In our analysis, AF but also younger age, heart rate >70 b.p.m., use
of BBs (only among AF patients), and preserved renal function were
independently associated with digoxin use. Digoxin is indicated as a
second-line treatment for rate control of AF in patients with HFrEF,2

thus explaining its higher use among patients with AF, concomitant
use of a BB, and higher heart rate. On the other hand, higher use
of digoxin with younger age and preserved renal function may be
explained by the renal excretion of digoxin, altered drug response,
and increased adverse reactions amongst the elderly and those with
renal impairment.12 More severe HF was independently associated
with a higher chance of receiving digoxin in both patients with and
without AF, which is consistent with the current guidelines´ rec-
ommendations for its use in patients with HFrEF with continued
symptoms despite use of other recommended HF treatments.1 This
finding is also consistent with characteristics of the DIG study pop-
ulation prior to randomization.13 Furthermore, the lack of effect of
digoxin on BP can explain its higher use among patients with lower
BP, lower use of RASi, and no history of hypertension.

Associations between digoxin use and
outcomes
In our analysis, the use of digoxin was associated with an al-
most 5% lower risk of all-cause death or HFH in patients with
HFrEF and AF, which further decreased to 18% when digoxin use
was handled as a time-dependent variable. Conversely, the use of
digoxin was associated with a 24% higher risk of all-cause death
or HFH in patients with HFrEF without AF, which increased to
25% when digoxin use was handled as a time-dependent variable.
Importantly, in our study the majority of AF patients had AF at
their baseline ECG, indicating, though not proving, that the ma-
jority of patients in the AF group suffered from chronic/persistent
rather than paroxysmal AF. These findings are novel. Previous ob-
servational, post hoc, and meta-analyses have reported neutral or
unfavourable associations between digoxin use and hard clinical
endpoints in patients with AF and/or HFrEF.4,14–22 Methodologi-
cal issues (residual confounding, use of PS) might explain the re-
ported differences in results. Performing PS matching may be an
issue in small cohorts where matching can be incomplete due to
the lack of a closer potential comparator, but this is less likely in
our large patient population. Additionally, we performed a consis-
tency analysis using digoxin as a time-dependent as opposed to a
single-point variable, which corroborated our results. Single-point
handling of digoxin use may be viewed as a limitation of previous
analyses.16,18,19
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Figure 4 Outcome analysis.

We observed some inconsistencies between our main and
consistency analyses, which might be due to small fluctuations
in HRs reflecting differences in sample size or adjustments for
confounders in the PS-matched vs. overall analyses, leading to
the observed differences in statistical significance for the same
associations.
We demonstrate that digoxin use was associated with a signifi-

cantly higher risk of all-cause death/HFH in patients with HFrEF and
AF not receiving BB, which could be explained by use of digoxin and
lack of BB therapy identifying patients at highest risk of HF events,
i.e. refractory symptoms, low BP, and high risk of sudden cardiac
death, or, conversely, could highlight a synergistic effect of digoxin
with BBs in patients with HFrEF and AF for rate control.1,2 On the
other hand, this could also underpin the arrhythmogenic side ef-
fects that digoxin-mediated inhibition of the Na+–K+ ATPase pump
in cardiomyocytes and consequent increase in intracellular calcium
concentration exert, especially in the absence of a BB that protects
from these life-threatening arrhythmias.23,24 The use of digoxin in
patients with HF and AF is further supported by the recent Rate
Control Therapy Evaluation in Permanent Atrial Fibrillation (RATE-
AF) RCT, which showed improved functional status, natriuretic pep-
tide levels, and fewer adverse events with digoxin compared with
bisoprolol.
Our findings in HFrEF without AF highlighting an association be-

tween digoxin use and higher risk of all-cause death or HFH are in
disagreement with what is shown in a randomized setting, i.e. the
DIG trial.3 This might be at least partially explained by the signif-
icant differences between the contemporary HFrEF care and the
common practice 25 years ago when the DIG trial was performed.

.....................................................................................

As mentioned earlier, patients in DIG were treated with diuretics
and ACE-I, but, importantly, not with BBs, MRAs, or HF devices.3

This may have major implications in patients’ mode of death and the
relative effects of digoxin in these different settings, as indicated by
the gradual decrease in cardiovascular mortality and HF hospitaliza-
tion rates over time.25

However, we must consider that, given the difference in pa-
tient profiles between those without AF receiving vs. not receiving
digoxin, our finding may merely reflect residual confounding owing
to more severe disease among digoxin users. In our cohort, 90% of
patients in the non-AF group were receiving a BB and nearly 50%
had a heart rate ≥70 b.p.m. In this scenario and given that the BB
cannot be further uptitrated, ivabradine should be the next indicated
therapeutic step to achieve optimal rate control.1,26

Two RCTs are currently ongoing to test the efficacy of digoxin on
top of optimal HFrEF therapy (NCT03783429).27

Limitations
A major limitation of this and other studies on digoxin is the ob-
servational design, prone to unmeasured confounding. This may be
particularly problematic with digoxin, which is likely used in patients
with more severe HF, especially among patients with normal sinus
rhythm in whom it is used as a positive inotropic rather than as
a rate controlling agent. Importantly, in our cohort the number
of patients without AF receiving digoxin was relatively low [n =
564 (2.8%)]. Unfortunately, doses of digoxin and patterns of use
were not readily available. Furthermore, we cannot exclude a con-
founding role of serum digoxin levels, which have been shown to
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Figure 5 Pre-specified subgroup analyses for all-cause mortality and/or first heart failure hospitalization in patients with heart failure with
reduced ejection fraction with (left panel) and without (right panel) atrial fibrillation. Abbreviations as in Table 1.

be associated with increased mortality but were not available in our
analysis.28 One additional limitation is the lack of extensive data on
type of AF, though some assumptions may be made based on rel-
evant history and baseline ECG. Finally, SwedeHF is a nationwide
registry but coverage is not complete and therefore a selection bias
may still be possible.

Conclusions
In patients with HFrEF, the overall use of digoxin was modest and
decreased over time but was considerably higher in patients with
vs. without AF. Digoxin use was associated with a lower risk of
death/HFH in patients with HFrEF and AF, which supports current
guideline recommendations, but was associated with higher risk of
adverse events in patients with HFrEF without AF, which contrasts
with the randomized DIG trial. Given the observational design of
the current study, which does not allow to investigate efficacy, our
findings warrant confirmation in contemporary RCTs. Nevertheless,
our analysis adds important insights to the current use of digoxin in
clinical practice and its association with outcomes according to the
current indications, with major implications in terms of implementa-
tion of digoxin use whether or not the upcoming RCTs might show
digoxin being effective.

.....................................................................

Supplementary material
Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.
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