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Digoxin is used to treat atrial fibrillation and heart failure. Previous studies have reported
an association between digoxin and higher mortality, but the results have been conflicting.
This study assessed the association between digoxin use and all-cause mortality using com-
prehensive health data of patients treated for acute coronary syndrome (ACS). This was a
retrospective analysis of 8,388 consecutive ACS patients treated in Tays Heart Hospital
between 2007 and 2017, with a follow-up until the end of 2018. The adjusted Cox regres-
sion model was used to analyze the association between digoxin treatment and all-cause
mortality with and without the inverse probability of treatment weighting (IPTW)
method. IPTW was applied to estimate the residual confounding by the treatment selec-
tion. Clinical phenotype data were collected from various sources, including a prospec-
tively updated online database maintained by physicians. The median follow-up time was
6.0 years (interquartile range 3.5 to 9.0 years). During the follow-up, 30.8% (n = 2,580) of
the patients died. Altogether, 4.0% (n = 333) of the patients were treated with digoxin dur-
ing hospitalization. In the Cox regression model, digoxin associated with increased mortal-
ity (age- and sex-adjusted hazard ratio [HR] 1.76 [1.51 to 2.05], p <0.001 and in the full
risk factor−adjusted HR 1.23 [1.04 to 1.45], p = 0.016). The IPTW Cox analysis average
treatment effect HR was 1.71 (1.12 to 2.62, p = 0.013), standardized average treatment
effect HR was 1.35 (0.96 to 1.90, p = 0.082), and treatment effect among the treated HR
was 1.32 (1.09 to 1.59, p = 0.004). In conclusion, digoxin treatment during ACS associates
with increased mortality, despite adjusting for other risk factors and after accounting for
factors explaining the residual confounding by selection bias. © 2023 The Author(s).
Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/) (Am J Cardiol 2023;204:377−382)
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Digoxin, an old cardiacglycoside drug, is widely used to
treat patients with heart failure (HF) whose symptoms do
not ease despite adequate treatment with diuretics and
angiotensin-converting enzyme inhibitors. It is also used to
treat patients with persistent or paroxysmal atrial fibrillation
(AF).1,2 Digoxin has a positive inotropic effect that enhan-
ces the contraction force of the heart. In addition, it
increases vagal stimulus, which reduces the rate of conduc-
tion through the atrioventricular node.3 Thus, it slows the
heart rhythm to give ventricles time to fill up and helps the
heart muscle to constrict. Digoxin mainly excretes unme-
tabolized to the urine, and its half-time varies between 36
and 48 hours in patients with a normal renal function.

The only randomized controlled study of digoxin effect
on patients with HF (DIG [Digitalis Investigation Group]
trial) concluded that digoxin has no impact on mortality
risk, but it significantly relieves symptoms and reduces the
need for hospital care.4 Hence, its overall effect appeared
beneficial. The study included only patients in sinus
rhythm, thus lacked evidence of digoxin treatment’s advan-
tage in the patients with AF group. The question about AF
remained unclear until, during the last decade, several stud-
ies questioned the safety of digoxin use on patients with AF
patients and HF patients.5−9 Most of these meta- and post
hoc analyses, although not all of them, reported that digoxin
treatment was associated with a higher all-cause mortality
in both AF and HF groups. The most recent publication on
the topic, a retrospective cohort study, claims that serum
digoxin concentration, even in its therapeutical window,
which is relatively narrow,10 is associated with an increased
risk of death.11 The benefits of digoxin treatment among
patients with acute coronary syndrome (ACS) are still being
determined. A few registry studies have approached the
question and ended with ambivalent results.12,13

These studies pointed out a potential flaw in the current
clinical guidelines, but they still have limitations, such as
no access to individual patient health data and limited base-
line information. For example, renal function is essential
because it affects both digoxin clearance and general mor-
tality. Researching the possible connection between digoxin
and the increased risk of death on this account is essential.
This single-center study aimed to clarify the association
between digoxin treatment on the mortality risk among
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clinical patients with ACS. Clarifying this topic would help
improve the clinical guidelines and benefit both patients
with AF and HF.
Methods

This study is part of MADDEC (Mass Data in Detection
and Prevention of Serious Adverse Events in Cardiovascu-
lar Disease) retrospective registry study. The data are from
patients treated in Tampere University Hospital (Tays)
Heart Hospital. Tays Heart Hospital is the only specialized
cardiac care center in Pirkanmaa Hospital District and it
offers tertiary services to 2 adjacent hospital districts,
Kanta-H€ame and Etel€a-Pohjanmaa, in Finland, covering a
region of <1 million residents.14,15 The MADDEC study
complies with the registry management requirements of the
Finnish legislature for retrospective scientific registry study,
and the local scientific authority for registry studies
approved the protocol. Because of the retrospective nature
of the study, no formal written informed consent was
required from the patients included in the registry. The ethi-
cal principles of the Declaration of Helsinki using human
data were complied with in every study phase.

The study population consisted of patients with ACS
who underwent coronary angiography between January 1,
2007 and December 31, 2017. After quality checks and
exclusion of patients with incomplete or erroneous baseline
or follow-up information (n = 1,928), the sample contained
8,388 patients treated in a 10-year period. The follow-up
continued until patient death or to the end of 2018.

The MADDEC study data are based on conventional
electronic health record data, which describes patient char-
acteristics, hospital stay, and laboratory values in detail.
Each patient and their prevalent conditions at baseline and
their medication at discharge, transfer, or death were
checked individually by reviewing the written patient
records. These data were combined with the KARDIO reg-
istry, which is a clinical cardiovascular phenotype data reg-
istry maintained online by the treating physicians dedicated
to collect data from invasive procedures, events during hos-
pitalization, and baseline demographics of the treated
patients. The primary outcome, that is, all-cause mortality
data, was received from Statistic Finland and its Causes of
Death register. The register coverage is 100% for Finnish
citizens.

The main outcomes of the study were all-cause mortality
during the follow-up period. The main exposure was pre-
scribed digoxin medication at discharge or during patient
transfer to another health care unit.

The association between digoxin treatment and mortality
risk was examined by visualizing the unadjusted survival
curves of patients stratified by digoxin treatment. Second,
the conventional Cox regression model was applied,
adjusted by age and sex, and then by all baseline factors
(fully adjusted model) to observe the association between
digoxin use and mortality. Finally, the inverse probability
of treatment weighting (IPTW) method was applied to esti-
mate the residual confounding by the treatment selection.16

In this method, the probability of being on digoxin medica-
tion at discharge was estimated with a generalized linear
model (GLM) using all possible available data associated
with the treatment. The GLM model fit was tested with the
Hosmer−Lemeshow goodness-of-fit (HM-GOF) test. An
adequate model fit was stated if the p value for the HM-
GOF test was over 0.05 when the number of risk groups (g)
in the HM-GOF test was larger (g > p + 1) than the number
of covariates (p = 29) used in the GLM model. The inverse
of this probability (ranging from 0 to 1) is then used to
weigh the analysis when fitting the conventional Cox
regression model adjusted with all significant factors asso-
ciated with patient survival. With this method, the patients
with a low probability of digoxin treatment but who were
discharged with digoxin treatment are given more weight in
the survival analysis. Conversely, patients with a high prob-
ability for the treatment with treatment at discharge are
given less weight in the Cox regression analysis. Based on
this method, we calculated the average treatment effect
(ATE), standardized ATE (sATE), and ATE among the
treated (ATT) for digoxin use. Only patients with a calcu-
lated probability between 1% and 99% to obtain digoxin
treatment were included in the analysis to ensure more sta-
ble models. The ATE characterizes the average treatment
effect of the exposure in the in the entire study population
(including those not treated), whereas the sATE standard-
izes the weights by removing the extremes from analysis.
The ATT describes the ATE among those who were actu-
ally treated. Therefore, it is the most relevant metric
because it truly estimates the hazard ratio (HR) related to
digoxin treatment among those who were treated. The pro-
portional hazard (PH) assumption in all Cox regression
models with or without weighting was tested with the
Schoenfeld residuals test.17,18 Finally, the IPTW analyses
were repeated with patients with AF excluded from the
study population. All statistical analyses were performed
with R (version 3.6.3) and the packages “survminer”19 and
ggplot2.20
Results

The mean age at baseline was 68 years, and 67%
(n = 5,649) of study participants were men, with a median
follow-up time of 6.0 years (interquartile range 3.5 to
9.0 years). During the follow-up, 31% (n = 2,580) of the
patients died, and the mortality was higher among patients
treated with digoxin (52% vs 30%, p <0.001; Table 1).
Altogether, 4.0% (n = 333) of the patients were treated with
digoxin at discharge (Table 1). The survival curves of
patients with and without digoxin treatment are listed in
Figure 1. The majority of digoxin-treated patients had an
AF diagnosis compared with patients without digoxin medi-
cation (77% vs 15%, p <0.001), they were older (mean age
74 vs 68 years, p <0.001) and less often men (57% vs 68%,
p <0.001). Patients on digoxin had a higher prevalence of
many cardiovascular conditions and cardiovascular risk fac-
tors such as HF (57% vs 28%, p <0.001), valvular heart dis-
eases (13% vs 7%, p <0.001), hypertension (72% vs 61%,
p <0.001), and diabetes (39% vs 25%, p <0.001).

As expected, prevalent AF (odds ratio 6.57, 95% con-
fidence interval [CI] 4.79 to 9.03, p <0.001) and antico-
agulant in use (odds ratio 6.41, 95% CI 4.73 to 8.69, p
<0.001) had the strongest association with prescribed
digoxin treatment (Supplementary Table 1). In addition,
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Table 1

Characteristics of patients undergoing coronary angiography for acute coronary syndrome between 2007 and 2017 in Tays Heart Hospital

Digoxin (n=333) Non-digoxin (n=8055) p-value

Male, n (%) 189 (57) 5460 (68) <0.001
Age, mean (SD) 74.0 (10) 67.9 (11.8) 0

Plasma creatinine umol/l (SD) 91.5 (46.6) 87.1 (56.6) 0.093

Blood Hemoglobin g/l (SD) 125.1 (16.9) 130.1 (15.8) 0

Maximum CRP mg/l (SD) 78.6 (85.2) 48 (73) 0

Maximum TnT ng/l (SD) 2525.8 (4569.6) 1903 (3816.5) 0.015

LVEF [% (SD)] 45.4 (13.5) 51.4 (11.7) 0

Prevalence of atrial fibrillation, n (%) 257 (77) 1226 (15) <0.001
Past myocardial infarction, n (%) 75 (23) 1237 (15) 0.001

Past stroke, n (%) 45 (14) 599 (7) <0.001
Use of oral anticoagulant, n (%) 254 (76) 1143 (14) <0.001
Prevalence of type I diabetes, n (%) 12 (4) 195 (2) 0.237

Prevalence of diabetes, n (%) 130 (39) 1980 (25) <0.001
Prevalence of cancer, n (%) 35 (11) 703 (9) 0.304

Prevalence of dyslipidemia, n (%) 191 (57) 4557 (57) 0.821

Prevalence of hypertension, n (%) 240 (72) 4901 (61) <0.001
Prevalence of heart failure, n (%) 189 (57) 2262 (28) <0.001
Prevalence of VHD, n (%) 44 (13) 573 (7) <0.001
Prevalence of PAD, n (%) 41 (12) 620 (8) 0.003

Previous acute kidney injury, n (%) 2 (1) 69 (1) 0.846

Previous chronic kidney disease, n (%) 33 (10) 421 (5) <0.001
Previous CABG, n (%) 29 (9) 636 (8) 0.664

Previous PCI, n (%) 46 (14) 848 (11) 0.07

Left main coronary artery stenosis, n (%) 48 (14) 692 (9) <0.001
Right coronary artery area stenosis, n (%) 177 (53) 4125 (51) 0.523

Left circumflex artery area stenosis, n (%) 162 (49) 3425 (43) 0.031

Left anterior descending artery area stenosis, n (%) 221 (66) 5406 (67) 0.822

Acute coronary syndrome type:

Unstable angina pectoris, n (%) 44 (13) 1530 (19) 0.001

NSTEMI, n (%) 189 (57) 3733 (46) 0.001

STEMI, n (%) 100 (30) 2792 (35) 0.001

Acute coronary syndrome treatment:

Conservative treatment, n (%) 106 (32) 1891 (23) <0.001
PCI, n (%) 185 (56) 5391 (67) <0.001
CABG, n (%) 13 (42) 773 (10) <0.001

Death over all, n (%) 174 (52) 2406 (30) <0.001

Continuous variables are presented as mean values with corresponding standard deviation (SD) T-test or X2-test was used which applicable.

CABG = coronary artery bypass graft; CRP = C-reactive protein; LVEF = left ventricular ejection fraction; NSTEMI = non-ST-segment elevation myocar-

dial infarct; PAD = peripheral artery disease; PCI = percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarct; TnT = troponine

T; VHD = valvular heart disease.
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sex, plasma creatinine, C-reactive protein, left ventricle
ejection fraction, prevalent diabetes, and previous coro-
nary artery bypass surgery were associated with digoxin
treatment. The HL-GOF test indicated a good model fit
(Supplementary Figure 1). The area under the curve for
predicted digoxin treatment was 0.910 (95% CI 0.896 to
0.924; Supplementary Figure 2). The predicted risk for
digoxin treatment is plotted in Supplementary Figure 3,
according to the treatment decision, and for the final
IPTW Cox regression analysis, we included only patients
with a predicted risk between 1% and 99% percentiles
(n = 8,220).

Digoxin was associated with increased mortality risk in
the unweighted Cox regression model. If adjusted for age
and sex, the HR was 1.76 (95% CI 1.51 to 2.05, p <0.001)
and in the fully adjusted models, the HR was 1.23 (95% CI
1.04 to 1.45, p = 0.016; Supplementary Table 2, Table 2).
Furthermore, according to the IPTW Cox analysis, digoxin
was associated with an increased mortality risk. The ATE
HR was 1.71 (95% CI 1.12 to 2.62, p = 0.013), sATE HR
was 1.35 (95% CI 0.96 to 1.90, p = 0.082), and ATT HR
was 1.32 (95% CI 1.09 to 1.59, p = 0.004; Table 3). All
IPTW models were fully adjusted with covariates, as listed
in Table 1. PH assumption held best in the ATT (global
p = 0.051) weighted analysis; therefore, the ATT analysis
can be considered the most reliable. All PH assumptions of
IPTW model results are listed in Supplementary Table 3.
We also performed an additional analysis and excluded all
patients with prevalent AF. Nevertheless, we observed
digoxin treatment to associate with mortality risk even
stronger (HRATE 2.58, 95% CI 1.64 to 4.06, p <0.001;
HRsATE 1.55, 95% CI 0.98 to 2.45, p = 0.063; and HRATT

2.37, 95% CI 1.62 to 3.48, p <0.001; Supplementary Table
4, Table 3).



Figure 1. Survival curves (95% CI) of patients with and without digoxin treatment.
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Discussion

Digoxin was associated with higher mortality risk among
patients with ACS in this study. Regardless of the patients’
health and contributing factors, patients on digoxin medica-
tion tended to have an increased risk of death up to 1.71
(95% CI 1.12 to 2.62) times higher. These observations
were based on the traditional Cox regression model and
IPTW analysis.
Table 2

Association between digoxin treatment, age, sex and mortality risk based

on multivariate Cox regression models

Adjusted for Age and Sex

HR (CI 95%) p-value p-value for

Schoenfeld residuals

Digoxin treatment 1.76 (1.51-2.05) <0.001 0.082

Age (year) 1.09 (1.08-1.09) <0.001 0.569

Female sex 0.78 (0.72-0.85) <0.001 0.082

Fully adjusted model

HR (CI 95%) p-value p-value for

Schoenfeld residuals

Digoxin treatment 1.23 (1.04-1.46) 0.016 0.009

Age (year) 1.07 (1.06-1.07) <0.001 <0.001
Female sex 0.83 (0.76-0.91) <0.001 0.669

Prevalent HF 1.55 (1.42-1.70) <0.001 <0.001
Prevalent AF 1.30 (1.17-1.44) <0.001 0.019
The only randomized controlled study, the DIG trial,
published in 1997, found no difference in mortality between
digoxin (n = 3,397) and placebo (n = 3,404) treatment. In
addition to digoxin (median dose of 0.25 mg), both groups
received angiotensin-converting enzyme inhibitors and diu-
retics.2 The DIG trial and our present study have some
major methodological differences. Our study has a longer
mean and maximum follow-up period than the DIG trial
(37 vs 74 and 58 vs 159 months, respectively) and real-time
survival data were available in our study compared with
4 months of follow-up visits. The study population in DIG
trial is somewhat younger (mean age 63 vs 68 years) and
Table 3

Hazard ratio of death according to digoxin treatment based on IPWT

analysis

Association between digoxin treatments and mortality

Hazard ratio

(95% CI)

p-value

Average treatment effect (ATE) 1.71 (1.12-2.62) 0.013

Standardized ATE (sATE) 1.35 (0.96-1.90) 0.082

Average treatment effect among treated (ATA) 1.32 (1.09-1.59) 0.004

Association between digoxin treatments and mortality (AF patients

excluded)

Average treatment effect (ATE) 2.58 (1.64-4.06) <0.001
Standardized ATE (sATE) 1.55 (0.98-2.45) 0.063

Average treatment effect among treated (ATA) 2.37 (1.62-3.48) <0.001

All models are adjusted for variables presented in Table 1.
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included only patients with an HF diagnosis, whereas in our
population, the prevalence was 57% among patients on
digoxin and 28% not on digoxin treatment. Correspond-
ingly, the mean left ventricle ejection fraction of the
patients in the DIG trial was significantly lower than the
present study population. The most relevant difference was
the exclusion of patients with AF. Because of this, we also
performed an IPTW analysis after excluding patients with
prevalent AF but observed even stronger association
between digoxin treatment and mortality risk. However, it
is clear that the DIG trial research frame has benefits to
ours owing to its randomized control study design and bet-
ter control over digoxin dose and intake during follow-up.

The results from the recent retrospective cohort study by
Muk et al11 were very similar to ours, although their analy-
sis method slightly differed. They monitored the patients’
serum digoxin levels every 3 months, and the measurement
results guided the digoxin dosage. A common reference
range for serum digoxin is <1.2 ng/ml, but Muk et al11

found a correlation between increased mortality and serum
digoxin concentration level greater than 0.9 ng/ml. Their
target level was 0.5 to 0.9 ng/ml.11

Several recent studies, mainly meta-analyses and post
hoc analyses, have suggested that digoxin increased the
likelihood of mortality. A meta-analysis published in 2015
by Ouyang et al7 contained 9 different studies
(n = 318,191) and concluded that digoxin was associated
with a 21% increase in mortality in patients with AF,5 an
estimate which is close to our observations. In 2018, Lopes
et al5 reached a similar conclusion with their ARISTOTLE
trial post hoc analysis.3 In addition, Vamos et al6 (19 stud-
ies, n = 326,226) reported an increased all-cause mortality
associated with digoxin treatment in both AF and HF
groups.

Although many registry trials have shown digoxin to
correlate with higher mortality, 1 of the foremost confound-
ing factors is that digoxin use is most often associated with
poor rate control in AF. This fact that is also associated
with increased overall mortality.21 Unfortunately, we were
unable to control for this factor in our analyses. However,
in our study, as in previous registry trials,7,9,11 digoxin has
been associated with a higher mortality among patients
without AF. Similarly, digoxin use could also associate
with worse baseline HF status not captured by registry data.

The main strength of our study is its comprehensive
research population covering all patients invasively treated
after ACS. The data were collected chiefly by clinicians
and the rest by Finnish national registries. Our study results
were based on 13 years and had no loss in follow-up. In
addition to the unweighted Cox regression analysis, we
reported inverse probability of treatment weighting (IPTW)
Cox regression results. The IPTW analyses were balanced
by patients’ risk of receiving the treatment in question and
thus, weighting the survival model reduces bias caused by
clinical treatment selection and produced more reliable
results in nonrandomized trials.12 In the IPWT analysis, the
ATE indicates the digoxin effect among the whole study
population, including those not treated, whereas the ATT
indicates the digoxin effect among those who were actually
treated. For this study, the ATT can be considered a more
relevant measurement because many in the study
population do not have indications or have contraindica-
tions for digoxin treatment. ATT represents the treatment
effect among those truly eligible for digoxin treatment.

Nevertheless, this study has a few noticeable limitations.
First, the practice of prescribing digoxin was not uniform,
considering that, in most cases, digoxin was not prescribed
as a new drug but continued as a preexisting therapy. Sec-
ond, on the data coverage period, digoxin was not the first-
line medication for HF nor AF, and it may have been pre-
scribed for frailer patients with worse prognosis (i.e., resid-
ual confounding is likely to be present). Another omission
is the lack data of on digoxin use during the follow-up
period. Thus, it is not known if the patients used their medi-
cation regularly or if there were changes during the follow-
up period. It is also notable that ACS is not an indication of
digoxin therapy and patients with no coronary artery dis-
ease were excluded from the study population whether they
were on the medication or not.

In conclusion, we observed digoxin treatment to associ-
ate with increased mortality risk among patients with ACS,
which is in line with several previous studies. Based on
these results, digoxin should be used cautiously in clinical
practice. Given the high prevalence of digoxin use, a ran-
domized controlled trial in a modern setting is warranted.
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