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Abstract

Background and objectives:
The role of digoxin in heart failure (HF) has been reconsidered following recent evidence suggesting
potential benefits when used alongside contemporary guideline-directed medical therapy. The aim was
to describe the clinical characteristics of patients receiving digoxin and to evaluate the association
between digoxin treatment and one-year clinical outcomes using propensity score-based methods to
account for treatment-selection bias.

Methods
A retrospective single-center study including 572 patients admitted for acute decompensated HF to an
Internal Medicine Department between 2013 and 2025 Patients were stratified according to digoxin
prescription at discharge. The primary endpoint was the composite of all-cause mortality or HF
rehospitalization within 365 days. Inverse probability of treatment weighting (IPTW) based on propensity
scores was applied to reduce treatment-selection bias, and weighted Cox proportional hazards models
were used to assess associations between digoxin use and clinical outcomes.

Results
Digoxin was prescribed in 109 patients (19.1%). Compared with untreated patients, those receiving
digoxin were more frequently women and had a higher prevalence of atrial fibrillation, previous HF,
preserved left ventricular ejection fraction (HFpEF), higher CA125 levels, and better renal function. After
IPTW adjustment, baseline covariates were well balanced. During one-year follow-up, 278 patients
experienced the primary composite endpoint, 157 died, and 187 were rehospitalized for HF. Digoxin
treatment was not associated with the composite endpoint (hazard ratio [HR] 1.12, 95% confidence
interval [CI] 0.73–1.70; p = 0.61), all-cause mortality (HR 1.58, 95% CI 0.97–2.59; p = 0.067), or HF
rehospitalization (HR 0.85, 95% CI 0.50–1.44; p = 0.55). No significant interactions were observed
according to atrial fibrillation status or HF phenotype, and findings remained consistent in multivariable
sensitivity analyses.

Conclusions
In this contemporary real-world cohort, digoxin was primarily prescribed to elderly patients with atrial
fibrillation and HFpEF. After rigorous adjustment for baseline differences using propensity score
weighting, digoxin treatment was not significantly associated with all-cause mortality or HF
rehospitalization within 365 days. These findings highlight the importance of accounting for treatment-
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selection bias in observational studies and provide evidence regarding digoxin use in patient populations
underrepresented in randomized clinical trials.

Introduction
Heart failure (HF) remains one of the leading causes of hospitalization and mortality worldwide despite
major therapeutic advances over the last two decades1. The implementation of guideline-directed
medical therapy, including renin–angiotensin system inhibitors, beta-blockers, mineralocorticoid receptor
antagonists, and sodium–glucose cotransporter-2 inhibitors, has substantially improved outcomes
across the spectrum of HF2. Nevertheless, rates of recurrent hospitalization and death remain high,
particularly among elderly patients with multiple comorbidities.

Digoxin has been used in the treatment of HF for more than a century. Following the Digitalis
Investigation Group (DIG) trial, which demonstrated a reduction in HF hospitalizations without a
significant effect on mortality, the use of digoxin progressively declined as newer therapies with proven
survival benefits became available3. More recently, renewed interest in cardiac glycosides has emerged
following contemporary randomized studies evaluating digitoxin and low-dose digoxin in patients
receiving optimized medical therapy4. Although these studies have suggested a potential reduction in
HF-related events, uncertainty remains regarding the role of digoxin in current clinical practice.

Importantly, the populations included in historical and contemporary randomized trials differ
substantially from the patients who currently receive digoxin in routine care. Digoxin is frequently
prescribed to elderly patients with atrial fibrillation, preserved ejection fraction, chronic symptoms, and
multiple comorbidities, characteristics that have been underrepresented in most randomized studies.
Consequently, the external validity of available trial data for contemporary real-world populations
remains uncertain.

In addition, observational studies evaluating digoxin have yielded conflicting results, largely because
treatment allocation is strongly influenced by clinical characteristics associated with prognosis. Patients
receiving digoxin often differ substantially from untreated patients with respect to age, atrial fibrillation
burden, heart failure severity, renal function, and comorbidity profile, making confounding by indication a
major methodological challenge4.

Therefore, contemporary real-world data are needed to better characterize current digoxin use and its
association with clinical outcomes in unselected HF populations. The aim of the present study was to
describe the clinical profile of patients receiving digoxin after hospitalization for acute HF and to
evaluate the association between digoxin treatment and one-year clinical outcomes using propensity
score-based methods to account for treatment-selection bias.

Material and methods
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Study design and population

This retrospective observational cohort study included consecutive patients admitted for acute heart
failure at a tertiary-care university hospital and enrolled in the institutional Heart Failure Registry of the
Heart Failure Research Group of the Aragón Health Research Institute (GIIS-043) between January 2013
and October 2025. Clinical, laboratory, echocardiographic, treatment, and follow-up data were
prospectively collected and subsequently analyzed retrospectively. Patients were classified according to
digoxin treatment at hospital discharge.

Outcomes

The primary endpoint was a composite of all-cause mortality or heart failure rehospitalization within 365
days after discharge. Secondary endpoints included all-cause mortality and heart failure
rehospitalization analyzed separately. Follow-up was censored at 365 days after discharge or at the
occurrence of the corresponding event.

Statistical analysis
Baseline demographic characteristics, comorbidities, laboratory parameters, echocardiographic
variables, and discharge treatments were summarized according to digoxin exposure. Continuous
variables are presented as mean ± standard deviation or median (interquartile range), as appropriate,
whereas categorical variables are presented as counts and percentages. Comparisons between groups
were performed using Student’s t-test or the Mann–Whitney U test for continuous variables and the χ²
test or Fisher’s exact test for categorical variables.

Because treatment allocation was not randomized, propensity score methods were used to reduce
treatment-selection bias. A propensity score representing the probability of receiving digoxin at
discharge was estimated using a multivariable logistic regression model. Covariates were selected a
priori based on their clinical relevance and potential association with both digoxin prescription and
outcomes. These included age, sex, history of atrial fibrillation, chronic heart failure, hypertension,
ischaemic heart disease, dyslipidaemia, diabetes mellitus, chronic kidney disease, permanent
pacemaker implantation, systolic blood pressure, heart rate, N-terminal pro-B-type natriuretic peptide
(NT-proBNP), and serum creatinine at admission. Inverse probability of treatment weighting (IPTW) was
applied using stabilized weights derived from the propensity score. Covariate balance before and after
weighting was assessed using absolute standardized mean differences (SMDs), with values < 0.10
considered indicative of adequate balance. Propensity score overlap and stabilized weight distributions
were visually evaluated. Time-to-event analyses were performed using IPTW-adjusted Kaplan–Meier
curves. Associations between digoxin treatment and outcomes were assessed using IPTW-weighted
Cox proportional hazards models with robust variance estimation. Results are reported as hazard ratios
(HRs) and corresponding 95% confidence intervals (CIs). Prespecified subgroup analyses were
conducted according to atrial fibrillation status and heart failure phenotype (HFpEF versus HFrEF).
Interaction terms were evaluated within weighted Cox regression models to assess potential effect
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modification. As a sensitivity analysis, a conventional multivariable Cox proportional hazards model
including digoxin treatment and established prognostic variables was performed.

All analyses were conducted using R software (R Foundation for Statistical Computing, Vienna, Austria).
Statistical significance was defined as a two-sided p-value < 0.05. The study was conducted in
accordance with the Declaration of Helsinki and was approved by the local ethics committee. Given the
observational and retrospective nature of the study, informed consent was waived according to
institutional regulations.

Results
Study population

A total of 572 patients discharged after hospitalization for acute heart failure were included. Digoxin was
prescribed at discharge in 109 patients (19.1%), whereas 463 patients (80.9%) did not receive digoxin.

Baseline characteristics

Baseline characteristics according to digoxin treatment are shown in Table 1. Patients receiving digoxin
were more frequently female and had a higher prevalence of atrial fibrillation and previous heart failure.
Conversely, ischaemic heart disease was less common among digoxin-treated patients. Digoxin-treated
patients also exhibited higher left ventricular ejection fraction, higher CA125 concentrations, and lower
serum creatinine levels. Significant differences were also observed in discharge medical therapy.

Propensity score weighting

Substantial baseline imbalances were observed before weighting, particularly for sex, atrial fibrillation,
left ventricular ejection fraction, renal function, and NT-proBNP levels. After application of IPTW,
covariate balance improved substantially, with standardized mean differences below 0.10 for all
covariates except for a small residual imbalance in NT-proBNP concentrations (Fig. 1). Propensity score
distributions demonstrated substantial overlap between treatment groups and stabilized weights
showed no evidence of extreme observations, supporting the robustness of the weighting procedure.

Clinical outcomes

During the 365-day follow-up period, 278 patients experienced the composite endpoint, 157 died, and
187 were rehospitalized for heart failure. In IPTW-adjusted analyses, digoxin treatment was not
associated with the primary composite endpoint (HR 1.12, 95% CI 0.73–1.70; p = 0.61), all-cause
mortality (HR 1.58, 95% CI 0.97–2.59; p = 0.067), or heart failure rehospitalization (HR 0.85, 95% CI 0.50–
1.44; p = 0.55) (Table 2). Weighted Kaplan–Meier curves for the primary endpoint and secondary
outcomes are shown in Fig. 2. No significant interaction was observed between digoxin treatment and
atrial fibrillation status or heart failure phenotype. Results were consistent across all predefined
subgroups (Fig. 3). Results remained unchanged in a conventional multivariable Cox regression model
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including established prognostic variables. Digoxin treatment was not associated with the primary
endpoint (adjusted HR 1.01, 95% CI 0.70–1.46; p = 0.96).

The propensity score distribution according to digoxin treatment status, as well as the IPTW-adjusted
Kaplan–Meier survival curves according to atrial fibrillation and heart failure phenotype, are shown in the
Supplementary Material (Supplementary Figures S1, S2, and S3, respectively).

Overall, findings were consistent across weighted, subgroup, and sensitivity analyses, providing no
evidence of a significant association between digoxin therapy and one-year clinical outcomes.

Discussion
This real-world cohort differs substantially from the populations included in the major randomized trials
evaluating cardiac glycosides4–10. Patients were markedly older, with balanced sex representation and a
predominance of atrial fibrillation and HFpEF. In this contemporary HF population, digoxin use was not
associated with improved one-year clinical outcomes after adjustment for baseline differences using
propensity score weighting.

Our findings should be interpreted in the context of the DIG, DIGIT-HF, and DECISION trials4–10. The DIG
trial demonstrated that digoxin reduced HF hospitalizations without affecting all-cause mortality in
patients with HFrEF in sinus rhythm receiving 1990s-standard therapy6,7. More recently, DIGIT-HF showed
that low-dose digitoxin, added to contemporary guideline-directed medical therapy, reduced the
composite outcome of all-cause mortality or HF hospitalization, particularly in patients with more
advanced HF8. Similarly, the DECISION trial, the first modern placebo-controlled trial evaluating low-dose
digoxin, did not achieve statistical significance for its primary endpoint but demonstrated a consistent
trend toward fewer HF-related events while confirming the safety of low-dose digoxin9,10.

Compared with these trials, our cohort included substantially older patients and a much higher
proportion of women. Women represented 50.3% of the study population, whereas they accounted for
only 20–28% of participants in previous trials. Digoxin use was concentrated among women, likely
reflecting the high prevalence of HFpEF and atrial fibrillation in this subgroup. Indeed, HFpEF is more
common in women and is strongly associated with atrial fibrillation, suggesting that digoxin prescription
in routine practice is often driven by the need for rate control rather than by heart failure treatment itself
11,12.

A particularly relevant aspect of our study is the inclusion of patients across the entire spectrum of left
ventricular ejection fraction. While previous randomized trials primarily focused on HFrEF or mildly
reduced ejection fraction, nearly 60% of our cohort had HFpEF. Evidence regarding digoxin in HFpEF
remains limited, and no contemporary randomized trial has specifically evaluated its role in patients with
concomitant HFpEF and atrial fibrillation13–15. Consequently, contemporary real-world data in this
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population remain scarce. Given the increasing prevalence of HFpEF and atrial fibrillation in ageing HF
populations, this represents a clinically relevant gap in the current evidence base16.

Although unadjusted analyses suggested differences in outcomes according to heart failure phenotype,
these associations disappeared after propensity score weighting. Furthermore, no significant interaction
was observed according to either heart failure phenotype or atrial fibrillation status. Taken together,
these findings suggest that the neutral association between digoxin use and clinical outcomes was
broadly consistent across the main clinical subgroups represented in our cohort.

A key finding of the present study was the substantial difference between crude and adjusted analyses.
Patients receiving digoxin exhibited several characteristics associated with a distinct clinical profile,
including a higher prevalence of atrial fibrillation, previous heart failure, preserved ejection fraction, and
better renal function. These differences reflect current prescribing patterns and highlight the challenges
of interpreting observational studies evaluating digoxin. After balancing baseline characteristics through
propensity score weighting, the apparent differences in outcomes observed in unadjusted analyses were
no longer evident, suggesting that treatment-selection bias may account for part of the heterogeneity
reported in previous observational studies.

Renal function appeared to play an important role in digoxin prescribing patterns17. Patients receiving
digoxin had better preserved renal function, likely reflecting clinicians’ concerns regarding drug
accumulation and toxicity in chronic kidney disease. This observation is consistent with the
pharmacokinetic characteristics of digoxin and with the cautious use of cardiac glycosides in patients at
increased risk of adverse effects. Although serum digoxin concentrations were not available in the
present study, careful monitoring remains essential when prescribing digoxin in elderly patients with
multiple comorbidities18–19.

Another notable finding was the lower prevalence of ischaemic heart disease among digoxin-treated
patients. This may reflect concerns regarding the potential proarrhythmic effects of cardiac glycosides
and their ability to increase myocardial oxygen demand, factors that could influence prescribing
decisions in patients with current or previous myocardial ischaemia20.

The absence of a significant association between digoxin use and clinical outcomes in our study should
not necessarily be interpreted as evidence of lack of efficacy. Rather, our findings suggest that any
potential effect of digoxin in contemporary HF populations is likely to be modest and may be difficult to
detect in observational cohorts. Although a numerically higher risk of all-cause mortality was observed
among digoxin-treated patients, the confidence intervals were wide and no significant association was
identified after adjustment for baseline differences.

Limitations
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Our study has several limitations. First, its retrospective observational design precludes causal inference
and leaves open the possibility of residual confounding despite the use of propensity score weighting.
Second, this was a single-centre study, which may limit the generalizability of the findings. Third, serum
digoxin concentrations were not systematically available, preventing assessment of the relationship
between drug exposure and outcomes. Finally, treatment changes occurring after hospital discharge
were not captured and may have influenced long-term outcomes.

Conclusions
Digoxin is currently used mainly in elderly patients with atrial fibrillation and HFpEF, reflecting
contemporary prescribing patterns that differ substantially from those observed in historical clinical
trials. After rigorous adjustment for baseline differences using propensity score weighting, digoxin was
not significantly associated with one-year clinical outcomes. These findings emphasize the importance
of accounting for treatment-selection bias when evaluating digoxin in observational studies and provide
contemporary evidence regarding its use in elderly patients with atrial fibrillation and HFpEF, populations
that remain underrepresented in randomized clinical trials.

Abbreviations
ACEi
angiotensin-converting enzyme inhibitors
ARB
angiotensin receptor blockers
CA125
cancer antigen 125
HFpEF
heart failure with preserved ejection fraction
HFrEF
heart failure with reduced ejection fraction
iSGLT2
sodium-glucose co-transporter-2 inhibitors
NYHA
New York Heart Association
NT-proBNP
N-terminal pro b-type natriuretic peptide.
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Figure 1

Covariate balance before and after inverse probability of treatment weighting (IPTW).

Absolute standardized mean differences (SMDs) for baseline covariates included in the propensity score
model are shown before and after weighting. The dashed vertical line represents the conventional
threshold for adequate covariate balance (SMD = 0.10). After IPTW, all baseline covariates achieved
satisfactory balance, although a modest residual imbalance persisted for NT-proBNP levels.
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Figure 2

Subgroup analysis of the primary composite endpoint according to digoxin treatment.
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Figure 3

Subgroup analysis of the primary composite endpoint according to atrial fibrillation status and heart
failure phenotype

Hazard ratios and 95% confidence intervals for the association between digoxin therapy and the
composite endpoint of all-cause mortality or heart failure rehospitalization at 1 year. No significant
treatment interaction was observed according to atrial fibrillation status or heart failure phenotype.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

SupplementaryMaterial.docx

Table1.Baselinecharacteristics.docx

Table2.IPTWadjustedoutcomes.docx

Page 14/14

https://assets-eu.researchsquare.com/files/rs-10652503/v1/fb4368f233b44954ccf9d53f.docx
https://assets-eu.researchsquare.com/files/rs-10652503/v1/629b83beea58e54c1f9c437e.docx
https://assets-eu.researchsquare.com/files/rs-10652503/v1/f577384e3c85792f6f3e9b89.docx

