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Abstract. - OBJECTIVE: This study aimed to
investigate the effect of digoxin on mortality and
rehospitalization in heart failure with reduced
ejection fraction (HFrEF) patients. Heart failure
is a clinical syndrome that requires frequent re-
hospitalization and has a high mortality. This
study aimed to investigate the effect of digox-
in on mortality and rehospitalization in patients
with heart failure with reduced ejection fraction.

PATIENTS AND METHODS: The study in-
cluded 326 patients with HFrEF that were hos-
pitalized for decompensation between Septem-
ber 2014 and January 2016. The patients were
divided into two groups: digoxin users and a
control group. The study’s endpoints were car-
diovascular death and rehospitalization after
24-month long-term follow-ups.

RESULTS: Rehospitalization was lower in pa-
tients taking digoxin (25% vs. 47%, p = 0.001).
The mean age of patients taking digoxin (n: 78)
was 63.7 = 12.4 years, among which 64% were
males. The mean age of the control group was
65.4 + 11.8 years, among which 74% were males.
However, there was no difference in mortality
between the two groups (34% vs. 45%, p = 0.10).
While Kaplan-Meier curves revealed no signifi-
cant differences between mortality rates in the
groups (log-rank p = 0.508), a statistical differ-
ence was found between the groups in rehospi-
talization rates (log-rank p = 0.013). A multiple
linear regression analysis revealed that smok-
ing (HR: 1.97, Cl: 1.24-3.11, p = 0.004), systol-
ic blood pressure (HR: 0.983, Cl: 0.974-0.992,
p < 0.001), atrial fibrillation (HR: 2.09, Cl: 1.17-
3.72, p = 0.012), C-reactive protein (CRP) (HR:
1.009, Cl: 1.003-1.015, p = 0.004), beta-block-
ers (HR: 0.891, Cl: 0.799-0.972, p = 0.009), an-
giotensin-converting enzyme inhibitors/angio-
tensin receptor blockers (HR: 0.778, Cl: 0.641-
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0.956, p <0.001), mineralocorticoid receptor an-
tagonists (HR: 0.41, Cl:0.26-0.65, p < 0.001), and
digoxin use (HR: 0.59, Cl: 0.43-0.80, p = 0.001)
are independent predictors of rehospitalization
in patients with HFrEF.

CONCLUSIONS: Our results show that di-
goxin use does not affect mortality in HFrEF pa-
tients. However, rehospitalization decreased in
patients taking digoxin in HFrEF.
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Introduction

Heart failure (HF) is a significant cause of
morbidity and mortality worldwide'. Despite
significant advances in the treatment of HF,
controversy remains regarding some commonly
used drugs, including cardiac glycosides. Car-
diac glycosides have been used for years becau-
se of their positive inotropic effects in HF and
negative chronotropic effects in atrial fibrillation
(AF). However, observational studies®® publi-
shed in recent years suggesting that digoxin use
may increase mortality have led to a decline in
digoxin use. The effect of digoxin in patients
with AF and HF with reduced ejection fraction
(HFrEF) has not been studied in randomized
controlled trials (RCT). Recent studies* have
shown that patients with AF receiving digoxin
may have a higher event risk (mortality and
rehospitalization). In contrast, non-RCT studies
have shown that digoxin does not affect mortali-
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ty in patients with HFrEF and AF®. Digoxin can
be used in HFTEF to control ventricular rates in
patients with high ventricular rate AF””.
Randomized trials examining the effects of
digoxin on prognosis in patients with HF are
limited and were conducted years ago. The most
comprehensive study on this subject was the
Digitalis Investigation Group (DIG) study. The
DIG study, which examined the use of digoxin
in HF, showed that digoxin reduced rehospitali-
zation, whereas no positive effect on mortality
was demonstrated. Therefore, the guidelines’ re-
commend using digoxin to prevent hospitaliza-
tion. Digoxin has several indications in the gui-
deline recommendations and is very important
in clinical use to reduce morbidity in patients
with HF. The use of digoxin in patients with HF
did not show a mortality-reducing effect in the
DIG study, and other studies in literature have
not confirmed this finding. This study aimed to
investigate the effect of digoxin on mortality and
rehospitalization in HFrEF patients.

Patients and Methods

For this retrospective study, 326 patients with
HFrEF [ejection fraction (EF) < 40%, New York

Heart Association (NYHA); II-IV] who were
hospitalized for decompensation between Sep-
tember 2014 and January 2016 were included.
Eighty-two patients were excluded according to
the exclusion criteria. In addition to patient demo-
graphic characteristics, basal transthoracic echo-
cardiography (TTE), electrocardiogram (ECG),
and standard biochemical analyses were recor-
ded, as well as in-hospital and chronic treatments
after discharge. Patients with severe end-organ
failure during hospitalization, patients with seve-
re noncardiac comorbidities, such as metastatic
malignancy and sepsis/septic shock, and patien-
ts who died during index hospitalization were
excluded from the study (Figure 1).

Patients were divided into two groups: a di-
goxin user group and a control group. Patients
in the digoxin user group whose levels were
between 0.8-2.0 ng/ml, which corresponds to the
therapeutic range, were included in the study.
The study’s endpoints were cardiovascular deaths
and rehospitalizations after 24-month long-term
follow-ups. All patients were over 18 years of
age and could provide written informed con-
sent, a prerequisite for enrollment. The study
complies with the Declaration of Helsinki, and
the Istanbul University-Cerrahpasa Ethics Com-
mittee approved the study protocol.

408 Hospitalized acute decompensated heart
failure patients screened in medical record system

82 Cases excluded

-No available medical information / follow-up
-Heart failure with preserved ejection fraction
" -Patients who died during the hospitalization
-Septic shock, multi-organ failure

-Severe comorbidities

\

included

326 heart failure patients (NYHA II-1V) with reduced
EF hospitalized for acute decompensation were

_— ~—

Digoxin user group
(78 patients)

~_
/ ~~
e

Control group
(248 patients)

Figure 1. Flowchart of the study.
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Echocardiography

Left ventricular EF (LVEF), pulmonary artery
systolic pressure (PASP), and mitral regurgita-
tion (MR) were evaluated by TTE according to
standard methods and criteria and were accepted
as basal findings. TTE studies were performed
with a Philips iE33 echocardiography machine
and an X5 transducer (Philips Healthcare, An-
dover, MA, USA) with the patient in the left
lateral decubitus position. The left ventricular
posterior wall thickness, interventricular septum
thickness, left ventricular end-systolic diameter,
and left ventricular end-diastolic diameter were
measured in all patients. The standard evalua-
tion included M-mode, two-dimensional, and
Doppler examinations according to the Ameri-
can Society of Echocardiography (ASE) recom-
mendations". LVEF was calculated from four
apical chamber views by manually tracing the
end-diastolic and end-systolic endocardial bor-
ders according to the Simpson method".

Electrocardiography

A 12-lead ECG was recorded at rest in all pa-
tients who participated in the study. For these re-
cordings, the filter was 100 Hz, the AC filter was
60 Hz, the paper flow rate was 25 mm/s, and the
amplitude was 10 mm/mV. Electrocardiography
was performed for the left bundle branch block
(LBBB), right bundle branch block, fragmented
QRS (fQRS), and AF. The Minnesota criteria to
determine LBBB and fQRS require at least two
consecutive leads that correspond to areas sup-
plied by the major coronary arteries, notching of
the R wave, S wave, RSR’ pattern, or multiple R’.

Statistical Analyses

All statistical tests were conducted using the
Statistical Package for the Social Sciences 19.0
for Windows (IBM Corp., Armonk, NY, USA).
GraphPad Prism 9.5.1 (GraphPad Software,
La Jolla, CA, USA) was employed to plot the
Kaplan-Meier figures. The Kolmogorov-Smir-
nov test was used to analyze the normality of the
data. Continuous data is expressed as mean =+
SD, and categorical data is expressed as percen-
tages. The Chi-square test was used to determine
differences between the groups for categorical
variables. Student ¢-tests or Mann-Whitney U
tests were used as needed to compare unpaired
samples. The univariate effects of age, gender,
body mass index (BMI), smoking, systolic blo-
od pressure (SBP), NYHA, hypertension (HT),
diabetes mellitus (DM), coronary artery disease
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(CAD), AF, creatinine, sodium, CRP, LVEF, left
atrial (LA) diameter, MR, PASP, beta blocker
(BB), angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker (ACEI/ARB), mine-
ralocorticoid receptor antagonist (MRA), furose-
mide dose, and digoxin on HF of patients were
examined with the log-rank test.

Potential factors identified with univariate
analyses were included in the Cox regression
analysis with backward selection to determine
independent predictors of HF. Only those with
clinical significance were included in the cor-
related factors with similar effects on HF. The
proportional hazards assumption and model fit
were evaluated using a residual (Schoenfeld and
Martingale) analysis. Cumulative survival curves
were derived using the Kaplan-Meier method,
and differences between curves were analyzed
using the log-rank statistic. The significance was
assumed at a two-sided p < 0.05.

Results

The patients were divided into two groups:
digoxin users and a control group. The demo-
graphic and clinical characteristics of the study
group are shown in Table I. There was no stati-
stically significant difference between the groups
regarding age, gender, or BMI. The mean age of
patients taking digoxin (n: 78) was 63.7 £ 12.4
years, among which 64% were males, and the
mean age of patients in the control group was
65.4 = 11.8 years, among which 74% were males.
There was no statistically significant difference
between the groups regarding smoking, HT, DM,
and CAD, whereas the frequency of AF was
higher in the digoxin user group. SBP was stati-
stically higher in the digoxin user group than in
the control group (122.5 + 24.5 mmHg vs. 115.5
+ 20.2 mmHg; p = 0.023). The SBP of 24 (30.8%)
patients in the digoxin group and 49 (19.9%) pa-
tients in the control group was below 100 mmHg,
which was statistically significant. The heart rate
of the digoxin user group was lower than that of
the control group (p < 0.001). In six patients ta-
king digoxin and 58 patients in the control group,
the heart rate was above 100/min, and there was
a statistically significant difference (p = 0.002).

When the NYHA functional capacity was clas-
sified as II, III, and 1V, a statistically significant
difference was found between digoxin users and
the control group. The difference was due to pa-
tients with a functional capacity between II and
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Table I. Baseline characteristics of patients study groups.

Digoxin user group (n = 78) Control group (n = 248) p-value
Age (years) 637+12.4 654 +11.8 0.307
Male, n (%) 50 (64%) 175 (70%) 0.282
Body mass index (kg/m?) 27.8+4.9 28.5+59 0.399
Smoker, n (%) 36 (46%) 130 (52%) 0.334
Systolic blood pressure (mmHg) 122.5+£24.5 115.5 +20.2 0.023
Systolic blood pressure < 100 mmHg, n (%) 24 (30.8%) 49 (19.9%) 0.046
Heart rate/min 759+ 154 871+ 15.6 <0.001
Heart rate > 100/min, n (%) 6 (7.7%) 58 (23.4%) 0.002
NYHA 0.038
class II, n (%) 9 (12%) 54 (22%)
class IIL, n (%) 41 (52%) 135 (54%)
class VI, n (%) 28 (36%) 59 (24%)
Medical History, n (%)
Hypertension 45 (57%) 161 (64%) 0.248
Diabetes mellitus 30 (38%) 119 (47%) 0.141
Ischaemic heart disease 37 (47%) 139 (56%) 0.183
Atrial fibrillation 29 (37%) 48 (19%) 0.001
Laboratory Findings
Hemoglobin (g/dL) 122+29 123+2.1 0.918
Creatinine (mg/dL) 1.17+04 1.37+£0.5 0.005
Sodium (mEq/L) 1346 +6.1 137.2+44 <0.001
Potassium (mEq/L) 43+0.5 44+0.7 0.202
Potassium < 3.5 mEq/L, n(%) 4 (5.2%) 22 (8.9) 0.295
Glucose (mg/dl) 112 (89-142) 116 (96-142) 0.340
CRP (mg/L) 12 (4-21) 10 (5-29) 0.780
Albumine (mg/dL) 34+0.6 35+£07 0.136
Echocardiographic findings
Ejection fraction, % 26.0+6.6 272+6.3 0.137
Left atrial diameter (mm) 494 £11.5 44.5+6.5 <0.001
Mitral regurgitation (3 and 4), n (%) 32 (38%) 84 (34%) 0.633
PASP (mmHg) 47.0+12.5 455+ 13.8 0.455
Treatment
Beta-blocker, n (%) 59 (75%) 156 (62%) 0.038
ACE-I/ARB, n (%) 56 (71%) 172 (69%) 0.682
MRA, n (%) 40 (51%) 70 (28%) <0.001
Furosemid dose (mg/day) 170 (120-300) 240 (120-320) 0.085
Furosemid dose > 100 mg/day, n (%) 67 (85.9%) 223 (90.7%) 0.233
Outcomes, n (%)
Death 27 (34%) 112 (45%) 0.100
Rehospitalization 20 (25%) 117 (47%) 0.001

IV (p = 0.038). In laboratory tests, hemoglobin,
potassium, glucose, C-reactive protein (CRP),
and albumin levels were statistically similar
between groups, while creatinine (1.17 + 0.4 mg/
dL vs. 1.37 £ 0.5mg/dL, p = 0.005) and sodium
(134.6 = 6.1 mEq/L vs. 137.2 £ 44 mEq/L; p <
0.001) levels were significantly lower in the group
taking digoxin. In four patients taking digoxin
and 22 patients in the control group, potassium

levels were lower than 3.5 mEq/L, and there was
no statistical difference (p = 0.295).

There was no statistically significant differen-
ce in echocardiographic parameters between EF,
MR, and PASP values, but the LA diameter (49.4
+ 11.5 mm vs. 44.5 £ 6.5 mm, p < 0.001) was
higher in the digoxin user group. BB and ACEl/
ARB use rates were similar. MR A use was signi-
ficantly higher at patient discharge in the digoxin
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user group (51% vs. 28%; p < 0.001). The furose-
mide dose was higher in the control group but not
statistically significant (170 (120-300) mg/day vs.
240 (120-320) mg/day, p = 0.085). In 67 patients
taking digoxin and 253 patients in the control
group, the furosemide dose was higher than 100
mg/day, and there was no statistically significant
difference (p = 0.233).

Cox’s proportional hazard regression analysis
assessed parameters influencing hospitalization
by univariate and multivariate analyses. Age, gen-
der, BMI, smoking, SBP, NYHA, HT, DM, CAD,
AF, creatinine, sodium, CRP, LVEF, LA diame-
ter, MR, PASP, BB, ACEI/ARB, spironolactone,
furosemide dose, and digoxin parameters were
previously assessed with univariate analyses. Uni-
variate analyses revealed statistically significant
values, as smoking, SBP, HT, AF, creatinine,
CRP, LA diameter, MRA, and digoxin parame-
ters were re-evaluated in multivariate analyses.
Smoking, SBP, AF, CRP, BB, ACEI/ARB, MRA,
and digoxin were found to be statistically signi-
ficant independent predictors of rehospitalization
(smoking: HR: 1.970, CL: 1.24-3.11, p = 0.004;
SBP: HR: 0.983, CI: 0.974-0.992, p < 0.001; AF:
HR: 2.095, CL: 1.17-3.72, p = 0.012; CRP: HR:
1.009, CI: 1.003-1.015, p = 0.004; BB: HR: 0.891,
CI: 0.799-0.972, p = 0.009; ACEI/ARB: HR: 0.778,
CIL: 0.641-0.956, p < 0.001; MRA: HR: 0.412, CI:
0.26-0.65, p <0.001; digoxin: HR: 0.590, CI: 0.43-
0.80, p = 0.001) (Table II).

In addition, the patients taking digoxin and the
control group were compared for mortality and
rehospitalization after two years of follow-ups.
While there were 27 (34%) deaths in the digoxin
user group, there were 112 (45%) deaths in the
control group. There was no statistical differen-
ce between the groups regarding mortality (p =
0.100). When comparing rehospitalization rates,
rehospitalization was observed in 20 (25%) pa-
tients using digoxin, while 117 (47%) patients
were rehospitalized in the control group. A signi-
ficant reduction in rehospitalization was observed
in patients taking digoxin (p = 0.001).

When comparing differences in event-free sur-
vival in the entire study population as a function of
digoxin use, the cumulative incidence of all-cause
mortality at two years of follow-up, survival rates
were assessed using Kaplan-Meier curves, and
there was no statistically significant difference (log-
rank p = 0.508; Figure 2). Rehospitalization rates
were statistically significantly different between
the two groups (log-rank p = 0.013; Figure 3).
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Discussion

This study investigated the prognostic signi-
ficance of digoxin use in patients with HFrEF.
The following were the main findings of our
study: (i) patients taking digoxin had lower
rehospitalization rates than those not taking
digoxin; (ii) Kaplan-Meier curves revealed no
significant difference between mortality rates
in the groups, but a statistical difference was
found between the groups in rehospitalization
rates; (iii) multivariate analyses revealed that
smoking, AF, CRP, MRA, and digoxin were
independent predictors of rehospitalization in
patients with HFrEF.

HF is a significant cause of morbidity and
mortality worldwidel. Evidence-based phar-
macological therapies [renin-angiotensin-aldo-
sterone system (RAAS) blockers/angiotensin
receptor neprilysin inhibitors (ARNI), BBs,
MRA, ivabradine, and combination therapies]
that significantly reduce mortality in patients
with HFrEF are not available in all patien-
ts because of noncardiac comorbidities such
as renal dysfunction and advanced age. The
low frequency of the use of electrical thera-
pies [such as cardiac resynchronization therapy
(CRT) and implantable cardioverter-defibrilla-
tor (ICD)] and left ventricular assist devices has
limited the treatment of HF. Despite advances
in diagnosis and treatment, the prognosis of HF
is worse than that of most malignancies?.

Digoxin is the most commonly used cardiac
glycoside. It is absorbed from the intestine, pas-
sed into the blood, and distributed to all tissues,
including the central nervous system. Digoxin
inhibits the Na/K-ATPase enzyme (sodium pu-
mp) and has a positive inotropic effect'?. Digoxin
is recommended in guidelines for symptomatic
HFrEF patients despite treatment with RA-
AS blockers/ARNI, BBs, diuretics, and MRA
when indicated. Therefore, studies performed
on digoxin reflect past data and data on current
clinical use is insufficient. Previous studies'*'
have shown that digoxin is not used in enough
patients, as recommended by the guidelines.

There is no randomized evidence of the ef-
ficacy of digoxin as an adjunctive therapy in
HF. This is because most landmark drug trials
in the modern treatment of HF were published
after randomized trials of digoxin'’. DIG?, whi-
ch studied the use of digoxin in patients with
sinus thythm and HFrEF, randomized patients
to a placebo or digoxin group in addition to
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Table II. Univariate and multivariate Cox’s proportional Hazard regression Analysis of Predictors of Cardiovascular

Rehospitalization in Heart Failure Patients.

Variable Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value
Age 0.995 0.981-1.009 0.460
Gender 1.304 0.906-1.878 0.153
Body mass index 0.983 0.954-1.013 0.266
Smoking 2.345 1.366-4.026 0.002 1.970 1.244-3.118 0.004
Systolic blood pressure (mmHg) 0.985 0.974-0.997 0.013 0.983 0.974-0.992 < 0.001
NYHA 0.250
Hypertension 1.383 0.984-1.945 0.062 1.334 0.783-2273 0.289
Diabetes mellitus 0.987 0.704-1.385 0.941
Ischaemic heart disease 1.057 0.754-1.482 0.748
Atrial fibrillation 2.028 1.042-3.944 0.037 2.095 1.179-3.721 0.012
Creatinine 1.529 1.162-2.011 0.002 1.360 0.971-1.904  0.074
Sodium 0.990 0.957-1.025 0.587
C-reactive protein 1.010 1.003-1.017 0.005 1.009 1.003-1.015 0.004
Ejection fraction 0.362 0.027-4.810 0.442
Left atrial diameter 1.121 1.024-2.217 0.042 1.257 0.875-3.584  0.342
Mitral regurgitation 0.999 0.843-1.184 0.995
Pulmonary artery systolic pressure 1.001 0.985-1.017 0.903
Beta-blocker 0.885 0.783-0.959 <0.001 0.891 0.799-0.972  0.009
ACE-I/ARB 0.726 0.551-0.926 <0.001 0.778 0.641-0.956  <0.001
MRA 0.405 0.236-0.697 0.001 0.412 0.261-0.652 < 0.001
Furosemide dose 1.000 0.999-1.001 0.854
Digoxin 0.340 0.169-0.683 0.002 0.590 0.434-0.803  0.001

NYHA, New York Heart Association; CRP, C-reactive protein; PASP, pulmonary artery systolic pressure; ACE-I, angiotensin-
converting enzyme inhibitor; ARB, angiotensin-receptor blockers; MRA, mineralocorticoid receptor antagonist.
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Figure 2. Comparison of Kaplan-Meier curve for death between digoxin users and control group (p = 0.508; log-rank test).

a diuretic and angiotensin-converting enzyme
inhibitor (ACE-I). In this study, no positive
effect of digoxin on mortality was observed.
However, in patients hospitalized for HF, a rela-
tive risk reduction of 28% was achieved within

an average of three years after the initiation of
digoxin treatment.

In the studies PROVED' and RADIANCE",
published around the same time, HF worsening
was observed after discontinuation of digoxin



S. Ozyildinm, H.A. Barman, O. Dogan, A. Atici, et al

-
(=3
o

Probability of Survival
(3

0 10 20

Survival: Two groups

Follow-up rehospitalization months

-o— Digoxin not user
-=- Digoxin user

30

Figure 3. Comparison of Kaplan-Meier curve for rehospitalization between digoxin users and control group (p = 0.013;

log-rank test).

therapy. The ancillary DIG study'™ in 988 HF
patients with normal sinus rhythms and preser-
ved systolic functions (LVEF > 45%) showed
no effect of digoxin therapy on mortality. In
a study of 4,467 patients published in 2011,
Andrey et al” found that digoxin therapy was
associated with improved mortality and mor-
bidity of HF, including in women and patients
with non-systolic HF. In a meta-analysis of 52
studies published in 2015, Ziff et al® found that
using digoxin in HF was ineffective on mortali-
ty in randomized trials and was associated with
a low hospitalization rate in all study types.
Adams et al?® reported that digoxin at effecti-
ve serum concentrations reduced the risk of
hospitalization and increased exercise capacity
in patients with HF. In the study published by
Georgiopoulou et al?!, digoxin treatment was
ineffective in terms of mortality in 455 patients
with advanced HF. In 2017, Lopes et al** found
that digoxin use was associated with higher
mortality, independent of HF. In our study, we
found that digoxin was used with indications
consistent with current guidelines, and 37% of
patients taking digoxin had AF. In most of the
patients included in our study, we found that it
was used to control heart rate or HF symptoms
in patients with AF and the functional capacity
of NYHA III-IV. We found that digoxin use
had no effect on HF mortality, but it reduced
hospitalizations.
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Limitations

The study’s major limitation was the small
number of patients and the single-centered study.
Another limitation of the study is that it did not
provide data on whether patients received device
(ICD, CRT) therapy. Since ARNI treatment is
not covered by health insurance in our country,
patients taking ARNI are not included.

Conclusions

Digoxin may have late-onset favorable effects
on the cardiovascular rehospitalization of class
II-IV, EF < 40% HF, who already receive a triple
combination of RAAS blockers, BB, and MRA.
These effects tend to add up over time, just as with
RAAS inhibitors — a finding that must be conside-
red during follow-up. Further prospective studies
are needed to determine the effect of digoxin use
on the prognosis in HF patients with reduced EF.
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