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Abstract: Digoxin has been used for more than 50 years in patients with Atrial Fibrillation (AF), 
with the goal of Controlling Heart Rate (HR) and restoring sinus rhythm. In the last two decades, 
several studies have correlated therapeutic use of digoxin with increased mortality. However, such 
studies have potential biases that cannot be disregarded, mainly because they are cross-sectional 
experiments or post-hoc analyses of Randomized Controlled Trials (RCTs). Despite uncertainties 
regarding the safety of digoxin in this setting, it remains one of the most prescribed drugs for AF 
worldwide. On the other hand, the absence of any RCTs designed to evaluate mortality makes a de-
finitive conclusion more difficult to reach; therefore, this medication must be used with care. In this 
review, we explored the therapeutic use of digoxin in the context of AF, discussed mortality data by 
means of critical analysis in the light of the best available evidence, and position ourselves in rela-
tion to more rigorous control of serum levels of this drug in daily practice. 
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1. INTRODUCTION 

 Digoxin has been used for more than 200 years in the 
treatment of patients with Heart Failure (HF) [1]. In the early 
20th century, James McKenzie and Thomas Lewis estab-
lished the role of digitalis as the cornerstone of treatment for 
chronic Atrial Fibrillation (AF) [2], and for over 50 years it 
has played an important role as a therapeutic agent for heart-
rate control in patients with this rhythm disturbance [3]. 
Over the years, digoxin has played a prominent role, but to-
day it is viewed with suspicion by many cardiologists. Euro-
pean, American, and Canadian papers [4-6] reported in-
creased adverse effects in patients with AF, and two meta-
analyses [7, 8] found a possible association of digoxin with 
increased risk of all-cause mortality. Al-Zakwani et al. [9] 

found that the use of this drug in Middle Eastern patients 
with AF but without HF was associated with long-term mor-
tality. On the other hand, other analyses have reported differ-
ent results [10-12]. Recently, this topic has resurfaced due to 
the publication of a sub-analysis of the ARISTOTLE study, 
designed to compare apixaban vs. warfarin; this study found 
that patients with AF who presented serum digoxin levels  
≥ 1.2 ng/ml were at higher risk of mortality [13]. 
 Within this context, the present review discusses in detail 
the available data on the relationship between digoxin ther-
apy and mortality in patients with AF. In addition, we will  
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describe the mechanisms of action and pharmacology of di-
goxin, its main indications, and possible pathways that lead 
to greater risks of adverse effects.  

2. PHARMACOLOGY AND MECHANISMS OF AC-
TION 

 Digoxin works at different levels in the heart cells. It has 
positive inotropic effects and negative chronotropic and 
dromotropic action [14]. It also increases the availability of 
calcium to the contractile elements or myofibrils, inhibiting 
the sodium-potassium pump (Na+/K+-ATPase). As a conse-
quence, the intracellular Na+ concentration increases, facili-
tating the entry of Ca2+ into the cell, which increases cardiac 
inotropism [15, 16]. Thus, the cardiac action potential will 
shorten, promoting negative chronotropism and positive 
inotropism due to increased calcium for the sarcomeric exci-
tation-contraction coupling [1]. Digoxin also increases vagal 
activity, thus activating the vagal efferent nerves in the heart, 
a mechanism known as a parasympathomimetic effect [17]. 
It is believed that some important pathways by which di-
goxin increases the vagal tone are the improvement of the 
ganglionic transmission, sensitization of afferent systems, 
improvement in the ganglionic transmission in the efferent 
vagal nerves and increased organ responses peripheral to 
acetylcholine, a neurotransmitter that promotes heart rate 
reduction. With the increase of the vagal tone, the release of 
norepinephrine from the sympathetic terminals is expected to 
be inhibited by the interaction between the sympathetic and 
parasympathetic nervous systems [18]. Its action on sinus 
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automaticity promotes heart rate reduction and lengthens 
atrioventricular conduction by reduction of the conduction 
velocity of electrical impulses through the atrioventricular 
node [19]. Thus, the prevailing concept of AF mechanism 
focuses on the interdependence of triggers and substrate, and 
monophasic atrial potentials recordings illustrate differences 
between normal myocardial properties and AF substrate, also 
for new-onset episodes. The main electrophysiological and 
electrocardiographic effects of digoxin are summarized in 
Fig. (1).  
 Digoxin is excreted mainly through glomerular filtration, 
but both the renal tubules and the liver also assist in this task 
[16]. The onset of action occurs 30 minutes to 2 hours after 
oral ingestion and 15 to 30 minutes after intravenous admini-
stration [20]. About 80% of an oral digoxin dose is absorbed, 
especially in the proximal small intestine [21]. Intramuscular 
use is not recommended since creatinine phosphokinase lev-
els can increase considerably [20, 22] and this route has great 
pharmacokinetic variability. It should be noted that the dos-
age in obese individuals should be based on lean body mass 
since the distribution of the drug into adipose tissue is mini-
mal [20]. In patients with normal renal function, the half-life 
is approximately 36 hours; this may be prolonged in those 

with renal insufficiency [23]. Like any other drug, digoxin 
may cause cardiac and systemic side effects [24-26], and 
various factors that predispose to digoxin toxicity should be 
taken into account [2, 23]. Some of the possible side effects 
with the use of digoxin are summarized in Fig. (2). 

3. THERAPEUTIC USE AND MORTALITY DATA 

 In 1997, the indication for the therapeutic use of digoxin 
in patients with HF and normal sinus rhythm was tested in 
the DIG (Digitalis Investigation Group) study [27]. In this 
large Randomized Clinical Trial (RCT), more than 6,500 
symptomatic individuals with ejection fraction < 45% were 
divided into two groups (digoxin and placebo). The results 
showed no difference in total mortality after almost 40 
months of follow-up, but there was a significant reduction in 
hospitalizations and cardiac mortality due to HF in the di-
goxin group. However, more than 20 years have passed since 
the publication of the DIG study, and conflicting data regard-
ing the safety of digoxin, particularly for patients with AF, 
are still being discussed. In a scenario that is poor in well-
designed evidence (i.e. from RCTs), some observational 
studies have shown contrasting results [28, 29]. For example, 
a recent analysis of AF patients, including individuals with 

 
Fig. (1). Electrophysiological and electrocardiographic effects of digoxin. (A higher resolution / colour version of this figure is available in 
the electronic copy of the article). 
 

 
Fig. (2). Possible side effects of digoxin use. (A higher resolution / colour version of this figure is available in the electronic copy of the arti-
cle). 
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and without HF, found no association between digoxin 
treatment and mortality, even after adjustment for confound-
ing factors with different models and propensity scores [29]. 
 In contrast, in a retrospective analysis of a large cohort  
(n = 122,465, with 28,679 of these on digoxin), Turakhia et 
al. [28] found an increased risk of mortality in digoxin users 
after multivariate adjustment (95 vs. 67 per 1,000 people-
years; p<0.001). This was consistent across all subgroups 
and was independent of drug adherence, renal dysfunction, 
HF, or concomitant therapy with beta-blockers or amiodar-
one. In a sub-analysis of the AFFIRM study [30], which in-
cluded more than 4,000 patients with AF who were at high 
risk for stroke, digoxin was also associated with an expres-
sive increase in mortality, even after controlling for comor-
bidities and propensity scores, regardless of gender and the 
presence or absence of underlying HF. All-cause mortality 
was 41% higher in HF-AF patients vs. 37% in those without 
HF. Two meta-analyses including more than 300,000 pa-
tients each also found increased mortality with the use of 
digoxin in patients with AF, regardless of the presence of HF 
[7, 31]. 
 In a large observational study [13] of patients with AF, 
the authors analyzed prevalence (those who were already on 
the drug at the start of the study) and incidence (use was ini-
tiated at some point during the study period) of digoxin use. 
The researchers compared these individuals using clinical 
variables (characteristics of AF, clinical history, concomitant 
medications) and laboratory parameters (NT-proBNP, tro-
ponin, and GDF-15), and markers were considered quite 
sensitive and correlated with mortality under these circum-
stances. After a very sophisticated analysis, they showed a 
significant dose-response curve between serum digoxin lev-
els and mortality: for each 0.5-ng/mL increase in the former, 
there was a 19% increase in mortality. In addition, initiation 
of digoxin treatment during the study was associated with an 
increased risk of sudden cardiac death compared to partici-
pants in the control group, regardless of the state of HF. In 
these new users, the risk of sudden death was four times 
greater, especially in the first 6 months of use [13]. Although 
the authors have not studied the possible causes for this out-
come, the toxicity of digoxin is well-known and may lead to 
malignant arrhythmias that increase mortality in these pa-
tients [32]. Besides that, initiating digoxin in patients with 
AF was significantly associated with an increased risk of HF 
hospitalization, primarily among patients with previous HF. 
In this scenario and for patient safety, target serum concen-
trations should be 0.5-0.9 ng/mL, which is in the lower part 
of the so-called ‘therapeutic’ range. 
 In the last year, two meta-analyses were published with 
contrasting results. Sethy et al. [33] observed possible selec-
tion and prescribing biases as well as differences in follow-
up time and, therefore, could not confirm or reject the find-
ings of increased mortality with the use of digoxin reported 
by previous reviews [33]. 

 On the other hand, the most up-to-date meta-analysis on 
the subject grouped approximately 40 studies and more than 
820,000 patients. Digoxin use was associated with a 17% 
increase in the relative risk of all-cause mortality (hazard 
ratio: 1.17, p<0.01). In the subgroup of patients with AF 
(over 600,000), digoxin treatment was also associated with a 

significant risk of death (hazard ratio: 1.23, p<0.01). Finally, 
the same occurred in the subgroup of approximately 200,000 
patients with HF (hazard ratio: 1.11, p<0.01). When analyz-
ing data from studies with new users of digoxin (i.e., inci-
dent users; more than 40,000 patients), a very high risk of 
death from all causes was demonstrated (hazard ratio: 1.47, 
p<0.01). The findings of this robust meta-analysis reinforce 
the importance of care when prescribing digoxin in different 
settings [34]. 
 However, despite all this debate and the controversies 
surrounding it, digoxin is still commonly prescribed and 
used. Although it is no longer considered a first-line agent 
for heart rate control in AF [35], it is still an attractive op-
tion, since it has no negative inotropic effects [36]. Its use 
has decreased considerably in the last 30 years [37], but it is 
assumed that approximately 30% of patients with AF are still 
treated with this agent worldwide [29, 38]. When reading the 
available literature, the clinical cardiologist should take into 
account that all analyses that found an increased risk of ad-
verse outcomes with the use of digoxin were based on obser-
vational studies or post-hoc analyses of RCTs, which may 
limit the quality of the evidence. 

4. MEASUREMENT OF SERUM DIGOXIN LEVEL 
AND RELEVANCE OF ITS MONITORING 

 A meta-analysis that included 19 major studies evaluated 
the association between digoxin use and mortality [31]. In 
only three of these studies were serum digoxin levels meas-
ured: one in AF [32] and two in HF [27, 39]. It bears noting 
that, as early as 1997, the DIG study showed that serum con-
centrations equal to or greater than 1.2 ng/ml were associated 
with a 56% increase in the risk of death when compared to 
patients who were not taking the drug [13]. A post-hoc 
analysis of the same DIG study, published more than a dec-
ade ago, showed that digoxin treatment was safe at serum 
concentrations between 0.5 and 0.9 ng/ml when compared at 
a serum level >1.0 ng/mL [39].  
 Following this reasoning, an interesting study was carried 
out through the measurement of serum digoxin and evalua-
tion of platelet activation. Through a post-hoc analysis of a 
prospective study of patients with AF using anticoagulants, 
serum digoxin was associated with increased urinary excre-
tion of thromboxane B2. In addition, in vitro experiments 
showed that digoxin increased platelet activation in pre-
stimulated platelets, but patients with serum digoxin levels 
<1 ng/mL had no difference in platelet activation when com-
pared to those who did not use the drug. However, the 
authors observed an increase in cardiovascular risk when 
serum levels were >1.2 ng/mL [40]. These findings corrobo-
rate the data described above [39], indicating the importance 
of maintaining digoxin levels below 1 ng/mL [40]. 
 In another setting, including patients with end-stage renal 
disease on hemodialysis, there was an increased risk of over-
all mortality with concomitant digoxin therapy. Again, the 
safest serum levels were <0.9 ng/ml [41]. In this regard, 
there is at least one report in the literature describing that 
hemodialysis patients who had their digoxin dose increased 
from 0.125 to 0.25 mg three times a week had a toxic blood 
level of 4.9 ng/ml [42]. Finally, in 2010, in response to this 
evidence, the Heart Failure Society of America stated in its 
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guideline that serum digoxin concentrations should be < 1.0 
ng/ml, preferably from 0.7 to 0.9 ng/ml [43]. 
 Although current U.S. [44] and European guidelines [45] 
do not specifically recommend measuring serum digoxin 
levels in patients with AF, it will not come as a surprise to us 
if they include such procedure in their next updates. As an 
aside, the main current indications for the therapeutic use of 
digoxin by different societies [35, 44-46] are detailed in  
Table 1.  

CONCLUSION 

 Despite the debate and controversy regarding the safety 
of digoxin therapy in patients with AF, it is still prescribed 
on a large scale. It is important to emphasize that, in a patient 
with AF whose heart rate cannot be controlled with other 
drugs, digoxin may be considered. It is essential for doctors 
to use the appropriate scientific evidence and to fully analyze 
the risk-effectiveness balance. When used chronically, low 
doses should always be preferred, and checking digoxin se-
rum levels from time to time is advised. 
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