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ABSTRACT　
 
BACKGROUND　The  association  between  digoxin  and  mortality  is  an  unclear  issue.  In  older  patients  with  atrial  fibrillation
(AF), where use of digoxin is frequent, the evidence of its safety is scarce. Our aim is to assess the safety of digoxin in nonagenarian
patients with AF.
 
METHODS　We evaluated data from 795 nonagenarian patients with non-valvular AF from the Spanish Multicenter Registry.
We analyzed the relationship between digoxin and all-cause mortality with the Cox proportional-hazards model.
 
RESULTS　Follow-up was 27.7 ± 18.3 months. Mean age was 92.5 ± 3.8 years, and 71% of nonagenarian patients were female.
Digoxin was not  associated with  increased risk  of  mortality  [adjusted hazard ratio  (aHR) = 1.16,  95% CI:  0.96−1.41, P =  0.130].
However,  we  found  a  significant  increase  in  mortality  in  the  subgroup  with  estimated  glomerular  filtration  rate  (eGFR)  <  30
mL/min per 1.73 m2 (aHR = 2.01, 95% CI: 1.13−3.57, P = 0.018), but not in the other subgroups of eGFR (30−59 mL/min per 1.73 m2

and ≥ 60 mL/min per 1.73 m2). When exploring the risk of mortality according to sex, male subgroup was associated with an in-
crease in mortality (aHR = 1.48, 95% CI: 1.02−2.14, P = 0.041). This was not observed in females subgroup (aHR = 1.03, 95% CI:
0.81−1.29, P = 0.829). Based on the presence or absence of heart failure, we did not find significant differences (aHR = 1.20, 95%
CI: 0.87−1.65, P = 0.268 vs. aHR = 1.15, 95% CI: 0.90−1.47, P = 0.273, respectively).
 
CONCLUSIONS　In our large registry of nonagenarian patients with AF, we did not find an association between digoxin and
mortality in the total sample. However, in the subgroup analyses, we found an increase in mortality with the use of digoxin in
men and in patients with an eGFR < 30 mL/min per 1.73 m2.

  

A fter the diagnosis of atrial fibrillation
(AF), the new European guidelines pro-
pose the approach of three key points,

also called the Atrial Fibrillation Better Care (ABC).[1]

In the first place, to consider the need for oral anti-
coagulant therapy; secondly, to control symptoms
and, finally, to address the main comorbidities that
predispose and perpetuate AF. Focusing on the second
point, there are classically two possible strategies,
the rate control and the rhythm control. It was a
substudy of the Atrial Fibrillation Follow-up Invest-
igation of Rhythm Management (AFFIRM) that
showed that in patients ≥ 65 years of age, the rate

control strategy conferred a better prognosis than
the rhythm control strategy.[2] More recent studies
have addressed the issue of symptoms control, like
the Catheter Ablation versus Antiarrhythmic Drug
Therapy for Atrial Fibrillation (CABANA trial)[3] or
the Early Treatment of Atrial Fibrillation for Stroke
Prevention Trial (EAST-AFNET 4)[4], with different
conclusions. These studies included therapies like
catheter ablation for rhythm control. But proced-
ures like this, are not usually performed in older pa-
tients due to the benefit-risk balance. Thus, for older
patients, the most widely used strategy today is rate
control.
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The most used drugs for rate control in AF are
beta-blockers (BB), non-dihydropyridine calcium
channel blockers (NDCCB), and digoxin. European
guidelines propose BB and NDCCB as first line and
digoxin as second line.[1] An American study ana-
lyzed the trends in the prescription of digoxin in
their country from 2007 to 2014.[5] They reported a
nearly 50% decrease in digoxin prescriptions dis-
pensed among adults ≥ 65 years. Across age strata,
the number of prescriptions decreased from 2.2 mil-
lion to 1.2 million for patients aged ≥ 85 years over
the study period.

Despite the decrease in its prescription, digoxin
continues to be a common drug in clinical practice.
Well, although it is less effective than BB or NDCCB,
it is a reasonable option for older patients with little
physical activity, in whom other treatments are in-
effective or contraindicated, or as an additional drug
to optimize rate control.

Although there are several studies and meta-analysis
that analyzed the relationship between digoxin and
mortality in AF with contradictory results,[6] the
evidence for the use of digoxin in older or very older
patients is scarce, despite being a group in which it
is used frequently. Motivated by this gap in the
evidence, the aim of our study is to determine the
safety of digoxin in nonagenarian patients with AF
and a rate control strategy by evaluating the mortal-
ity related to this drug. 

METHODS
 

Study Design and Population

This study was based on data from the “NON-
agenarians with Atrial Fibrillation” (NON-AF NON-
VALV) project, which provided a multicenter re-
gistry of patients aged ≥ 90 years with a confirmed
diagnosis of non-valvular AF from three health areas
in Spain (Vigo, Leon, and Huelva). More informa-
tion about this registry can be consulted in prior
publications.[7,8] As summary, we identified pa-
tients with an inpatient or outpatient diagnosis of
AF (International Classification of Diseases, Ninth
Revision code 427.31; International Classification of
Diseases, Tenth Revision codes I48.0, I48.1, and
I48.2) between January 2013 and December 2017.
The clinical history of all patients with AF identi-

fied was retrospectively reviewed by cardiologists
to confirm the diagnosis of non-valvular AF and
collect data on baseline variables, treatment, and
follow-up. Non-valvular AF was defined as AF without
moderate-severe mitral stenosis and without mech-
anical prosthetic valve replacement.[9]

Of all the patients with AF aged ≥ 90 years, we
identified the 795 nonagenarian patients who were
under treatment with heart rate control drugs. We
divided the patients in two groups based on whether
they were taking digoxin (380 nonagenarian pa-
tients) or not taking digoxin (415 nonagenarian pa-
tients). In the second group, patients with BB and
NDCCB were included. In the case of a combina-
tion of drugs, those taking digoxin were included in
the digoxin group. To assess treatment patterns, all
outpatient prescriptions dispensed during follow-up
were identified. Observation ended in the case of
death.

Follow-up and baseline variables had < 2% missing
data (n < 35). No method was used to impute miss-
ing values or adjust the model for the presence of
missing data. The study was conducted in accor-
dance with the principles of the Declaration of
Helsinki and was approved by the local Ethics Com-
mittee (Autonomic Committee of Research Ethics
from Galicia, code HAC-ACO-2018-01, registry
2018/258). 

Statistical Analysis and Outcomes

Quantitative variables are expressed as mean ±
SD, and they were compared using the Student’s t-
test. The qualitative variables are shown in number
of observations and percentage in relation to the
total and they were compared with the Pearson’s
chi-squared test.

The endpoint analyzed was all-cause mortality, and
it was assessed using the Cox proportional-hazards
model. Hazard ratios (HRs) with their 95% confid-
ence intervals (CIs) were obtained, as well as a Kaplan-
Meier survival probability curves. Multivariable
model was adjusted for those variables with clinical
significance (biological plausibility) or with statist-
ical significance (P < 0.05 in the univariable analysis):
age, sex, previous history of heart failure (HF) (HF
was defined as congestive HF or known left ven-
tricular ejection fraction < 40%), chronic obstructive
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pulmonary disease, anticoagulation therapy (yes or
not) and direct oral anticoagulant (yes or not).

We performed analyses by subgroups of patients:
(1) according to estimated glomerular filtration rate
(eGFR) [Chronic Kidney Disease Epidemiology Col-
laboration (CKD-EPI)] categorized as < 30 mL/min
per 1.73 m2, 30−59 mL/min per 1.73 m2 or ≥ 60 mL/min
per 1.73 m2; (2) depending on whether or not they
had a previous history of HF; and (3) basing on sex.

Values were considered statistically significant
when the two-sided P-value < 0.05. All the analyses
and figures were made with STATA Intercooled
software, version 15.0 (Stata Corp, College Station,
Texas, USA) and SPSS for Windows, version 25.0
(SPSS Inc., IBM, Armonk, New York, USA). 

RESULTS
 

Basal Characteristics

A total of 795 nonagenarian patients aged ≥ 90 years
were evaluated. Mean age was 92.5 ± 3.8 years, and

71% of patients (n = 565) were female. The main
baseline characteristics are reported in Table 1.

Among the most prevalent comorbidities, arterial
hypertension stands out, present in 70% of patients,
a history of HF in approximately 40% of patients,
and anemia in 30% of patients. If we compare digoxin
group with non-digoxin group, we find significant
differences in the eGFR. The patients taking digoxin
had a mean eGFR of 53 ± 17 mL/min per 1.73 m2

and those who did not take digoxin had a mean
eGFR of 47 ± 17 mL/min per 1.73 m2. Other vari-
ables with differences between groups were sex,
with a higher proportion of women in the digoxin
group (75.3% vs. 67.2%) and coronary artery dis-
ease most prevalent in the non-digoxin group (12.6%
vs. 20%). 

Digoxin, BB and NDCCB

In the group of patients who did not take digoxin,
BB were the most used drugs (381 nonagenarian pa-
tients, 48%). NDCCB were the least used drugs. On

 

Table 1    Baseline characteristics in total population and by groups (digoxin vs. not digoxin).

Variables Total population (n = 795) Digoxin (n = 380) Not digoxin (n = 415) P-value
Age, yrs 92.5 ± 3.8 92.7 ± 3.8 92.4 ± 3.8 0.241

Female 565 (71%)    286 (75.3%) 279 (67.2%) 0.013

Hypertension 579 (72.8%) 276 (72.6%) 303 (73%)    0.904

Diabetes mellitus 143 (18%)      63 (16.6%)   80 (19.2%) 0.322

Coronary artery disease 131 (16.5%)   48 (12.6%) 83 (20%) 0.005

Prior stroke 139 (17.5%)   70 (18.4%)   69 (16.6%) 0.506

Peripheral artery disease 33 (4.1%) 15 (3.9%) 18 (4.3%) 0.783

Prior heart failure 306 (38.5%) 151 (39.7%) 155 (37.4%) 0.409

Chronic obstructive pulmonary disease 67 (8.4%) 33 (8.7%) 34 (8.2%) 0.803

Prior cancer 103 (13%)      48 (12.6%)   55 (13.3%) 0.794

CHA2DS2-VASC 4.6 ± 1.3 4.6 ± 1.4 4.6 ± 1.3 0.730

HAS-BLED 2.8 ± 1.0 2.8 ± 1.0 2.8 ± 1.0 0.765

Anemia* 235 (29.6%) 111 (29.2%) 124 (29.9%) 0.836

eGFR&, mL/min per 1.73 m2 50 ± 17 53 ± 17 47 ± 17 < 0.001

　< 30 95 (12%)  33 (8.7%)   62 (14.9%)

< 0.001　30−59 472 (59.4%) 204 (53.7%) 268 (64.6%)

　> 60 228 (28.7%) 143 (37.6%)   85 (20.5%)

Oral anticoagulation therapy 620 (78%)    289 (76%)    331 (79.8%) 0.208

Direct oral anticoagulants 370 (46.4%) 178 (46.8%) 191 (46%)    0.817

Data are presented as means ± SD or n (%). *Presented as anemia is defined as hemoglobin levels < 12.0 g/dL in women and < 13.0
g/dL in men. &Presented as eGFR was calculated according to Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI). eGFR:
estimated glomerular filtration rate.
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the total of the sample, alone or in combination,
only 44 nonagenarian patients (5.5%) were taking
NDCCB. Figure 1 (Venn Diagram) shows the pro-
portion of patients with each drug, as well as the
number of patients taking some combination of
them. The most widely used combination was BB
with digoxin, up to 10% of all patients. 

Outcomes

A total of 415 nonagenarian patients (52.2%) died
during a mean follow-up of 27.7 ± 18.3 months (me-
dian: 24 months). Crude mortality rates were similar
in those taking digoxin [24.4 (95% CI: 21.3−27.9) per
100 patient-years] and those not taking digoxin
[21.1 (95% CI: 18.4−24.2) per 100 patient-years].

The use of digoxin was not associated with in-
creased risk of mortality in both univariable model
(crude HR = 1.16, 95% CI: 0.96−1.40, P = 0.130) and
multivariable model [adjusted HR (aHR) = 1.16,
95% CI: 0.96−1.41, P = 0.128] (Figure 2).

However, when analyzing mortality based on
categorized glomerular filtration rate (< 30 mL/min
per 1.73 m2, 30−59 mL/min per 1.73 m2 and ≥ 60 mL/min
per 1.73 m2), we found a significant increase in mor-
tality in the group with eGFR < 30 mL/min per 1.73 m2

(aHR = 2.01, 95% CI: 1.13−3.57, P = 0.018). The use
of digoxin in patients with eGFR of 30−59 mL/min
per 1.73 m2 (aHR = 1.11, 95% CI: 0.85−1.43, P = 0.443)
or with eGFR ≥ 60 mL/min per 1.73 m2 was not as-

sociated with increased risk of death in the mul-
tivariable model (aHR = 1.12, 95% CI: 0.77−1.63, P =
0.557) (Figure 3).

Following the same analysis, but this time based
on the presence or absence of a history of HF, we
did not find significant differences in the association
between digoxin and all-cause mortality (aHR =
1.20, 95% CI: 0.87−1.65, P = 0.268 vs. aHR = 1.15,
95% CI: 0.90−1.47, P = 0.273, respectively) (Figure 3).

When exploring the risk of mortality according to
sex in the multivariable model, we found a signific-
ant increase in the subgroup of male (aHR = 1.48,
95% CI: 1.02−2.14, P = 0.041). The subgroup of fe-
male was not associated with an increase in morta-
lity in the adjusted model (aHR = 1.03, 95% CI: 0.81−
1.29, P = 0.829) (Figure 3). 

DISCUSSION

Using a large multicenter cohort of nonagenarian
patients with AF and a rate control strategy, the
main findings are: (1) digoxin was not associated
with an increased risk of mortality in the total pop-
ulation; (2) analyzing according to glomerular filtra-
tion, patients taking digoxin with eGFR < 30 mL/min
per 1.73 m2 showed a risk of mortality twice as high
as patients not taking digoxin; (3) analyzing by sex,
in the subgroup of men, digoxin was associated
with an increased risk of mortality; and (4) analyz-
ing according to the presence or absence of HF, digoxin
was not associated with increased mortality in
either of the two groups. As far as we know, this is
the largest observational study assessing the associ-
ation between digoxin and mortality in patients
aged ≥ 90 years with AF.

 

Figure  1      Venn  diagram. Number  and  proportion  of  patients
with  digoxin,  BB,  NDCCB and combinations.  BB:  beta-blockers;
NDCCB: non-dihydropyridine calcium channel blockers.

 

Figure 2     Kaplan-Meier estimates survival function (all-cause
death).
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We have found a neutral effect of the use of digoxin
on mortality in the total sample analyzed in both
univariable and multivariable analyses. The rela-
tionship between the use of digoxin and increased
mortality is an unclear issue. The evidence is con-
flicting. One of the first studies that showed an in-
creased risk of mortality in AF patients taking digoxin
was a subanalysis of the AFFIRM trial.[10] Two more
recent AFFIRM sub-analyzes presented disagreeing
results.[11,12] Gheorghiade, et al.[12] point out that the
association found between digoxin and mortality
could be derived from the time-dependent analysis
used in previous studies.[10,11] The key is that this
model assumes that changes in treatment during
follow-up occur randomly and not due to clinical
changes in the patients. This point is important
since digoxin is commonly used in patients with
poor clinical conditions. Therefore, using the same
data from the AFFIRM study, different results have
been obtained depending on the statistical model-
ing used. So, we must keep in mind that the adjust-
ment of observational data does not remove all con-
founding, and even techniques such as propensity
score matching cannot replace randomized allocation.

Retrospective studies such a post-hoc analysis of
Rivaroxaban Once Daily Oral Direct Factor Xa In-
hibition Compared with Vitamin K Antagonism for
Prevention of Stroke and Embolism Trial in Atrial

Fibrillation (ROCKET AF), found an increase in
mortality associated with the use of digoxin.[13] Sim-
ilarly, in a meta-analysis by Vamos, et al.,[14] an in-
creased risk of mortality associated with digoxin
was observed, especially in patients without proper
serum level control. On the contrary, another meta-
analysis of randomized trials and observational
studies with 600,000 patients found a neutral effect
on mortality and a reduction in hospital admis-
sions.[15] This work shows how the studies with the
highest risk of bias found a greater association
between digoxin and risk of mortality. Therefore,
we must bear in mind that even the most sophistic-
ated methods of statistical adjustment are not 100%
effective, and the conclusions must be based more
on randomized studies than on post-hoc analysis
and observational studies.

In summary, the evidence is conflicting, and our
results are in consonance with some prior studies.
Moreover, it is worth mentioning that patients in-
cluded in this registry are very elderly, with the in-
herent increased risk of mortality. This aspect may
play a role in the observed results.

An adjustment of the maintenance dose of digoxin
is recommended in patients with renal failure since
its excretion is decreased and its plasma levels may
increase.[16] So, the monitoring of plasma levels is
warranted in renal dysfunction patients with chronic

 

Figure 3     Forest plot. Stratifies analyses of multivariable model for digoxin associated risk of mortality by subgroups of eGFR, sex,
and heart failure. eGFR: estimated glomerular filtration rate [according to Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI)].
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digoxin treatment. A post-hoc digoxin subgroup
analysis of the Apixaban for Reduction in Stroke
and Other Thromboembolic Events in Atrial Fibril-
lation (ARISTOTLE) trial[17] showed that patients
with a serum digoxin concentration ≥ 1.2 ng/mL
had an increased hazard of mortality compared
with those not on digoxin. This same relationship
was studied and described in a post-hoc analysis of
the Digitalis Investigation Group (DIG) trial in pa-
tients with HF.[18] Therefore, given the relationship
between renal function and plasma digoxin levels,
the findings of our study are plausible. Similar res-
ults were shown in a retrospective observational
study where chronic kidney disease stage III-V was
significantly associated with increased cardiac and
cerebrovascular mortality in AF patients with
chronic digoxin use.[19]

Even though the results of our study are based on
subgroup analyses, in addition to the limitations in-
herent in its design, the objective of these data is to
make the clinician think about the patient’s renal
function before prescribing digoxin. It must be con-
sidered that in patients aged ≥ 90 years like those
represented here, a normal plasma creatinine level
is not enough to rule out kidney disease. We should
calculate the eGFR and consider that the greater the
deterioration of renal function, the greater the prob-
ability of adverse effects.

We did not find prognostic differences based on
the presence or absence of a history of HF. The
evidence in this context is also contradictory. A
meta-analysis showed increased mortality in pa-
tients with AF without HF but did not in patients
with AF and HF.[20] An aforementioned AFFIRM
substudy found a consistent increased risk of mor-
tality in both subgroups of patients, with and
without HF.[10] Probably the group of patients with
AF without HF is underrepresented in most ran-
domized studies, so the conclusions in this regard
are limited.

In our results, we found an increase in mortality
associated with the use of digoxin only in the men
subgroup. One of the first studies that evaluated
this aspect was a subanalysis of the DIG trial in
which a harmful effect of digoxin was evidenced in
certain subgroups of patients with HF, such as wo-
men.[21] It was unclear whether this increase was
due to higher serum drug concentrations or an
unidentified sex-specific toxicity. In contrast, there

are studies that have described an increase in mor-
tality in the group of men[13] and others that have
not found differences between sex groups.[10,22] In
our sample, the mean eGFR for men was lower than
for women (42.4 vs. 53.2 mL/min per 1.73 m2, P <
0.001). This aspect could explain the differences ob-
served. 

LIMITATIONS
Our study has several limitations. First and fore-

most, this work is based on a retrospective registry
with unselected real-life patients, with the limita-
tions related to the design. Therefore, the possible
presence of biases and many confounding factors
must be considered. Also, authors did not have in-
formation about plasma digoxin levels or other im-
portant biochemical conditions as plasma potas-
sium concentration that could interact with digoxin.
We present a cohort of very older patients where
survivorship bias can play an important role in the
results. For this reason, the conclusions of this study
must be understood taking into account possible bi-
ases. So, these data need confirmations by a ran-
domized, prospective, clinical studies. 

CONCLUSIONS
In our large cohort of nonagenarian patients with

AF, we did not find an association between digoxin
use and mortality. However, in the subgroup ana-
lyses, we found an increase in mortality with the use
of digoxin in men and in patients with an eGFR <
30 mL/min per 1.73 m2. These results suggest that
digoxin seems to be safe in patients aged ≥ 90 years,
although aspects such as kidney function must be
considered when prescribing it. Due to the limita-
tions of the study, these conclusions are only valid
to generate hypotheses that should be confirmed in
randomized clinical trials in this older population. 
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