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Prognostic impact of digoxin use for rate control of atrial fibrillation 
in patients ≥75 years of age
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Abstract

Digoxin use remains a common therapeutic option in the pharma-
cological control of heart rate in patients with atrial fibrillation, en-
dorsed in current guidelines with the same level of evidence than beta-
blockers in patients with and without heart failure. Digoxin has a
narrow therapeutic range and is influenced by drug-to-drug interac-
tions, serum electrolyte concentrations, and renal function.

Conflicting data exist regarding adverse outcomes that are associated
with digoxin use in patients with atrial fibrillation. It remains unclear
whether the association between digoxin use and worse clinical out-
come is causal or may be the result of confounding by differences in the
characteristics of patents including age, comorbidities and treatment.
Particularly in older patients with atrial fibrillation, who are frequently
prescribed a multitude of agents for stroke prevention, treatment of car-
diovascular disease and other comorbidities, use of digoxin should be
cautious and instituted with assessment of drug concentrations.

Introduction

Long-term pharmacological rate control is the preferred management
strategy for atrial fibrillation (AF), among elderly and comorbid patients.
Data from the EORP-AF Pilot (EURObservational Research Programme
Atrial Fibrillation), a contemporary ESC Registry including 3119 sub-
jects from 9 members ESC Countries, indicate that, at 1-year follow-up,
76% of those patients planned for rate control at baseline were con-
tinued in a rate control strategy. Besides, a rate control approach was
considered in 15.6% of those patients who had been candidates for a

rhythm control management strategy at baseline [1]. Patients aged ≥75
years of age accounted for 45% and 21% of patients assigned to a rate or
rhythm control strategy, respectively [2]. Beta-blockers were the most
commonly used rate agents, followed by digoxin [2].

The frequent use of digoxin in patients with AF, particularly in eld-
erly patients, is confirmed in the ROCKET AF trial that included over
14,000 patients with a mean age of 73 years [3]. Digoxin was pre-
scribed in 37% of patients at baseline and 41% of patients were exposed
to digoxin during the trial.

Indeed, the more recent European Guidelines [4] endorse the use of
digoxin in AF, giving digoxin the same Class I, Level B indication than
beta-blockers both in patients with and without heart failure. However,
some controversies do exist on its safety. Digoxin has a narrow thera-
peutic range and digoxin toxicity is responsible for the third higher
hospitalization rate for adverse drug events in elderly patients [5].
Whether the safety issue relate to the drug or to the type of patient (i.e.,
presence of comorbidities) treated with digoxin is unclear. At variance
with heart failure, in AF there are no RCTs, and the conflicting evi-
dence relating digoxin use and mortality is mainly deriving from post-
hoc analyses and administrative data.

Conflicting evidence on the association 
of digoxin use and mortality

Post-hoc analyses

Two different post-hoc analysis of the AFFIRM trial yielding opposite
conclusions, provide the emblematic representation of the conflicting
evidence regarding digoxin use and mortality in AF [6,7]. In one study,
Whitbeck et al. [6] found an association with digoxin use and an in-
crease in all-cause mortality [HR 1.41, 95% CI 1.19–1.67, p=0.001]
after controlling for clinical and demographic variables, as well as
propensity score. By contrast, Gheorghiade et al. [7] revealed no asso-
ciation with digoxin and no increase in all-cause mortality [HR 1.06,
95% CI 0.83–1.37, p=0.67] in a propensity-matched analysis. Differ-
ences in the statistical methods that have been adopted to analyze
digoxin use can explain the divergent results [8]. In the Whitbeck’s 
et al. [6] study, digoxin use was assessed at baseline and during follow-
up, while in the Gheorghiade’s et al. study [7], digoxin use was as-
sessed at a fixed time point only, at the time of the baseline AFFIRM
evaluation. With the first method, an indication bias is likely to be in-
curred in, as the analysis accounts for changes in digoxin use over time
that might be related to changes in clinical status (i.e. heart failure)
that could lead per se to the event (physicians tend to use digoxin in
sicker patients). Vice versa, the second method can introduce a selec-
tion bias as a significant number of patients are excluded if data are
missing at the fixed time point.

Finally, a third post-hoc analysis from the same AFFIRM trial even
found that digoxin use was associated with improved survival in those
patients with a markedly depressed left ventricular function (<30%) [9].
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It is critical to note that, in the AFFIRM trial, high serum concentra-
tion of digoxin (>1.0 ng/mL) were encouraged to achieve the target
heart rate for rate control. With the lower dosages prescribed in the
RACE II (Rate Control Efficacy in Permanent AF: A Comparison be-
tween Lenient versus Strict rate Control II) trial, digoxin use was not
associated with an impaired outcome [10]. By contrast, the largest
post-hoc analysis from the ROCKET AF trial [3] showed an increased
risk of all-cause mortality for digoxin treatment after adjustment for
baseline variables.

Registry data

Observational studies and nationwide registries may be of utility for
evaluating the association between digoxin and mortality in AF. How-
ever, similarly to post-hoc analyses, observational data are also con-
flicting in their results. It is worth noting that observational analyses
are particularly prone to be confounded by the fact that sicker patients
tend to receive digoxin more often and statistical adjustments cannot
mitigate completely profound differences in baseline characteristics.

The TREAT-AF (The Retrospective Evaluation and Assessment of
Therapies in AF) study [11] evaluated 122,465 patients with newly di-
agnosed, non valvular AF and seen within 90 days in the outpatient care
setting of the U.S. Department of Veterans Affairs healthcare system.
The mean age was 72.1±10.3 years. Compared with nonrecipients,
digoxin recipients were of similar age but had a higher prevalence of
heart failure and receipt of other treatment drugs. Digoxin use was in-
dependently associated with mortality after multivariate adjustment
[HR: 1.26, 95% CI: 1.23-1.29, p<0.001]. The risk of death was not mod-
ified by age, sex, heart failure, kidney function, or concomitant use of
beta-blockers, amiodarone, or warfarin.

The ORBIT-AF (Outcome Registry for Better Informed Treatment of
Atrial Fibrillation), a US prospective outpatient registry specifically
aimed to assess the use of digoxin and its association with outcome,
provides a clinically detailed look at the patterns of digoxin use in pa-
tients with existing AF [12]. Medication use was collected prospec-
tively at each study visit, including a field specific for digoxin. Among
9619 patients with AF and serial follow-up every 6 months for up to 3
years, 2267 (23.6%) received digoxin at study enrollment, 681 (7.1%)
were initiated on digoxin during follow-up, and 6671 (69.4%) were
never prescribed digoxin. Overall 15% of ORBIT-AF patients either ini-
tiated or discontinued the drug, suggesting that use was dynamic.
Prevalent digoxin use at registry enrollment was not associated with
subsequent onset of symptoms, hospitalization, or mortality (in pa-
tients with HF, adjusted HR for death: 1.04; without HF, HR: 1.22). Inci-
dent digoxin use during follow-up was not associated with subsequent
death in patients with HF (propensity adjusted HR: 1.05), but was as-
sociated with subsequent death in those without HF (propensity ad-
justed HR: 1.99).

The ATRIA-CVRN (AnTicoagulation and Risk factors In Atrial fibrilla-
tion-Cardiovascular Research Network) Study evaluated the inde-
pendent association between newly initiated digoxin and the risk of
death and hospitalization in a large, community-based cohort of adults
with newly diagnosed AF and no documented heart failure [13]. In this
analysis, involving 14,787 age, sex and high-dimensional propensity
score-matched adults (mean age of the whole population 71.7±11.3
years) digoxin use was independently associated with a 71% higher
risk of death and a 63% higher risk of hospitalization. Among digoxin
user who did have serum digoxin concentration measured, levels were
significantly higher among those who died compared with those who
did not die. However, it is worth to underscore that approximately 30%
of the digoxin users never had a serum digoxin concentration meas-
ured and an additional 27% only had it measured once.

Meta-analyses

In an attempt to settle the uncertainty over the association of
digoxin with adverse outcome, two systematic reviews including all
studies published from 1993 to 2014 [14] and from 1960 to 2014 [15]
have been undertaken. Remarkably, also the two meta-analyses were
divergent in their findings. In one [14], based on 19 studies com-
prising more than 300,000 patients, digoxin therapy was associated
with an increased mortality, particularly in those treated for AF and
without proper serum level control. The second meta-analysis [15], in-
cluded 52 observational studies and controlled trials comprising
621,845 patients, and showed that digoxin use has a neutral effect on
mortality and reduces hospitalizations. These results lend the Authors
to suggest that digoxin should continue to be considered as a treatment
option to achieve control of heart rate in those with AF and to avoid
hospital admissions in patients with heart failure.

A very large nationwide population-based study – not included in
the above systematic reviews – investigated the risk of mortality in
patients without rate-control treatments compared with those who re-
ceived different rate-control drugs [16]. Patients with combinations
of rate control drugs were excluded. After adjustment for baseline dif-
ferences, the risk of mortality was lower in patients receiving 
β-blockers (adjusted HR=0.76; 95% confidence interval=0.74-0.78)
and calcium channel blockers (adjusted HR=0.93; 95% confidence in-
terval=0.90-0.96) compared with those who did not receive rate-con-
trol medications. On the contrary, the digoxin group had a higher risk
of mortality with an adjusted HR of 1.12 (95% confidence in-
terval=1.10-1.14).

Digoxin and the elderly patient with AF

Polypharmacy (defined as the use of 5 or more regular medications)
in common in older adults. Older AF patients are frequently prescribed
a multitude of agents for stroke prevention, management of the ar-
rhythmia, treatment of cardiovascular disease and other comorbidities.
In these patients, the prevalence of polypharmacy has been reported up
to 94.8% [17]. Although prescribed and over-the-counter medications
may improve a wide range of health problems, they also may cause or
contribute to harm, especially in older adults. Digoxin has a complex
pharmacokinetic profile, a narrow therapeutic range and multiple drug
interactions that may increase the risk of digoxin toxicity. Thus, the as-
sessment of patient-specific factors that can influence the dose-effect
relationship such age, liver and renal function, body habitus, comorbid
conditions and medications is of utmost importance when prescribing
digoxin in the elderly.

Conclusions and clinical implications

Although beta-blockers are the most commonly used rate control
agents in AF, digoxin use remains high in the contemporary treatment
of AF. Guidelines do not assist clinicians in choosing first-line and sub-
sequent therapy other than suggesting that the choice of medication
should be individualized, depending on the presence of ongoing symp-
toms. In the ongoing RATE-AF (Rate control Therapy Evaluation in per-
manent Atrial Fibrillation) study [18], digoxin and bisoprolol will be
compared head-to head as the initial rate control agent in patients with
permanent AF with NYHA class II and above to assess the effect of
therapy on patient-reported quality of life. While the trial will also eval-
uate the long-term impact on cardiac function, it will not have the
power to identify differences in clinical events.
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Whether digoxin is associated with an increased mortality risk re-
mains unclear. An argument is made that patients prescribed digoxin
are sicker and that is why they have a higher mortality in observational
studies. Because AF is one of the evolving epidemics in cardiovascular
medicine, assessing the association between digoxin use adverse out-
comes is of utmost importance. As an RCT is unlikely to be performed,
a pragmatic trial of real-world contemporary digoxin use should be a
key priority.

Particularly in older patients, the effect of digoxin on outcome may de-
pend on the type of patients and the dosage used. Cautious use of low-
dose digoxin is suggested in older patients, in patients with renal insuf-
ficiency and in patients with concomitant use of other drugs that could
raise digoxin concentrations. Although not commonly performed in com-
munity practice, assessment of the digoxin plasma concentration can
help in dose finding and modulation during the course of the disease.
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