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Abstract

Background—Digoxin has been shown to be associated with a lower risk of 30-day all-cause 

hospital readmissions in older patients with heart failure (HF). In the current study, we examined 

this association among long-term care (LTC) residents hospitalized for HF.
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Methods—Of the 8049 Medicare beneficiaries discharged alive after hospitalization for HF from 

106 Alabama hospitals, 545 (7%) were LTC residents, of which 227 (42%) received discharge 

prescriptions for digoxin. Propensity scores for digoxin use, estimated for each of the 545 patients, 

were used to assemble a matched cohort of 158 pairs of patients receiving and not receiving 

digoxin who were balanced on 29 baseline characteristics. Hazard ratios (HR) and 95% confidence 

intervals (CI) for outcomes associated with digoxin among matched patients were estimated using 

Cox regression models.

Results—Matched patients (n=316) had a mean age of 83 years, 74% were women, and 18% 

African American. 30-day all-cause readmission occurred in 21% and 20% of patients receiving 

and not receiving digoxin, respectively (HR, 1.02; 95% CI, 0.63–1.66). Digoxin had no association 

with allcause mortality (HR, 0.90; 95% CI, 0.48–1.70), HF readmission (HR, 0.90; 95% CI, 0.38–

2.12) or combined endpoint of all-cause readmission or all-cause mortality (HR, 0.97; 95% CI, 

0.65–1.45) at 30 days. These associations remained unchanged at 1 year post-discharge.

Conclusions—The lack of an association between digoxin and 30-day all-cause readmission in 

older nursing home residents hospitalized for HF is intriguing and needs to be interpreted with 

caution given the small sample size.

Keywords

Digoxin; nursing home; heart failure; hospital readmission

Heart failure (HF) is the leading cause for hospital readmission for Medicare beneficiaries.1 

Reduction of 30-day all-cause hospital readmission is a focus of the Affordable Care Act.2 

Digoxin has been shown to reduce the risk of 30-day all-cause hospital readmission in real-

world older HF patients.3,4 HF is common in nursing homes.5 However, whether digoxin is 

effective in lowering 30-day all-cause readmission in hospitalized HF patients admitted from 

long-term care (LTC) facilities remains unclear. In the current study we examined if digoxin 

use is associated with a lower 30-day all-cause hospital readmission in a propensity score-

matched cohort of LTC residents with HF.6

Methods

Data source and study patients

Data from the Alabama Heart Failure Project were used for the current analysis, the design 

and methods of which have been previously described.3,7–9 Briefly, 9649 medical records of 

8555 unique fee-for-service Medicare beneficiaries discharged between 1998 and 2001 from 

106 Alabama hospitals with a primary discharge diagnosis of HF were abstracted by trained 

data abstractors using structured data collection tools.7 ICD-9 codes for HF were used to 

identify patients with a primary discharge diagnosis of HF. Of the 8049 Medicare 

beneficiaries discharge alive, 545 (7%) were admitted form the LTC settings.

Discharge prescription for digoxin

The primary exposure in our analysis was the receipt of a prescription of digoxin before 

hospital discharge. Of the 545 patients admitted form LTC settings, 227 (42%) received 

discharge prescriptions for digoxin. As mentioned above, data on both admission and 
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discharge use of digoxin were centrally collected by trained chart abstractors.7 Given the 

small number of patients admitted from the LTC, we did not assemble an inception cohort of 

new-users of digoxin by excluding patients who were receiving digoxin before hospital 

admission.3 Because of our aim to determine if the prior findings of the clinical effectiveness 

of digoxin in lowering 30-day all-cause readmission can be confirmed in patients admitted 

from the LTC settings and their small sample size,3 we included all HF patients regardless of 

their ejection fraction (EF), with a plan to conduct subgroup analysis and check for effect 

modification. Extensive data were abstracted on demographics, various baseline 

characteristics including past medical history and pre-admission medication use, in-hospital 

care, and discharge medication.

Outcomes

The primary outcome of the current analysis is 30-day all-cause readmissions from the day 

of hospital discharge. Data on hospitalization and time to hospitalization were obtained from 

the CMS Medicare Provider Analysis and Review (MedPAR) file that also contains data on 

services provided to Medicare beneficiaries from the time of admission to inpatient hospitals 

through discharge. Our secondary outcomes included 30-day HF readmission and all-cause 

mortality, as well as 1-year postdischarge outcomes. Considering the very high risk of death 

in hospitalized HF patients admitted from the LTC settings, to account for the competing 

risk of death on readmission, we also estimated composite end points of all-cause 

readmissions or all-cause mortality. Data on mortality and time of death were obtained from 

the CMS Denominator File that contains data on all Medicare beneficiaries enrolled and/or 

entitled in a given year including their dates of birth and death.7–9

Assembly of a balanced cohort: Propensity score matching

Because digoxin is often prescribed for sicker patients who may have poorer outcomes, to 

minimize bias associated with indication of digoxin prescription, we used propensity scores 

or the conditional probability for the receipt of a digoxin prescription prior to discharge to 

assemble a matched cohort of patients in which those receiving and not receiving digoxin 

would be well balanced on key measured baseline characteristics.10,11 Propensity scores for 

the receipt of digoxin use were estimated for each of the 545 patients using a non-

parsimonious multivariable logistic regression model in which the receipt of digoxin was the 

dependent variable and 29 baseline characteristics were used as covariates.12–14 Using a 

greedy matching protocol described elsewhere,15 we assembled a matched cohort of 158 

pairs of patients receiving and not receiving digoxin. To estimate if the 29 baseline 

characteristics used in the propensity score model were sufficiently balanced between the 

two groups, we estimated absolute standardized differences for all those variables.16 An 

absolute standardized difference of 0% indicates no residual bias and differences <10% are 

considered inconsequential.

Statistical analysis

Descriptive analyses comparing between-group baseline characteristics were conducted 

using Pearson’s Chi-square and Wilcoxon rank-sum tests as appropriate. To examine the 

association of digoxin use with 30-day all-cause readmission, we used Kaplan-Meier and 

Cox regression analyses, censoring all patients without an event at 30 days. A significant 
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association of digoxin use with the primary outcome of 30-day all-cause readmission among 

matched patients will be tested using a formal sensitivity analysis to quantify the degree of a 

hidden bias for an unmeasured confounder.17 All other associations were examined using 

similar Cox models. We also examined the association of digoxin with 30-day outcomes in 

the pre-match cohort using a multivariable-adjusted model using all 29 baseline 

characteristics and the propensity scores. All statistical tests were two-tailed with a p-value 

<0.05 considered significant. SPSS for Windows version 21 (IBM Corp., Armonk, NY) used 

for data analyses.

Results

Baseline characteristics

Matched patients (n=316) had a mean age of 83 (±8) years, 74% were women and 18% were 

African American. Before matching, patients receiving digoxin were more likely to have low 

EF, prior history of HF, atrial fibrillation, and dementia. They were also more likely to 

receive diuretics and angiotensin-converting enzyme (ACE) inhibitors. These and other 

imbalances were balanced after matching (Table 1 and Figure 1).

30-day all-cause readmission

30-day all-cause hospital readmission occurred in 21% (33/158) and 20% (32/158) of 

matched patients receiving and not receiving a discharge digoxin prescription, respectively 

(hazard ratio {HR} when digoxin use was compared with its non-use, 1.02; 95% confidence 

interval {CI}, 0.63–1.66; p=0.935; Table 2). Among the subset of 79 matched patients with 

EF <45%, 30-day all-cause readmission occurred in 30% and 13% of those receiving and 

not receiving digoxin, respectively (HR, 2.54; 95% CI, 0.89–7.21; P=0.080). Among the 

subset of 96 matched patients with atrial fibrillation, 30-day all-cause readmission occurred 

in 20% of patients in each of the digoxin and non-digoxin groups, respectively (HR, 1.04; 

95% CI, 0.42–2.55; P=0.938). Among the subset of 220 matched patients with normal sinus 

rhythm, 30-day all-cause readmission occurred in 21% of patients in each of the digoxin and 

non-digoxin groups, respectively (HR, 1.00; 95% CI, 0.56–1.79; P=0.991).

Among the 545 pre-match patients, multivariable-adjusted and propensity score adjusted 

HRs (95% CIs) associated with digoxin prescription for 30-day all-cause readmission were 

1.22 (0.80–1.84; p=0.356) and 1.20 (0.79–1.82; p=0.383), respectively. Among the subset of 

122 pre-match patients with EF <45%, HR for 30-day all-cause readmission associated with 

digoxin use was 6.51 (95% CI, 1.67–25.31; P=0.007).

Other 30-day outcomes

30-day all-cause mortality occurred in 11% (18/158) and 13% (20/158) of patients receiving 

and not receiving digoxin, respectively (HR, 0.90; 95% CI, 0.48–1.70; p=0.742). 

Consequently, digoxin use had no association with the combined end point of all-cause 

mortality or all-cause readmission during 30 days post-discharge (HR, 0.97; 95% CI, 0.65–

1.45; p=0.876; Table 2 and Figure 2). Digoxin use had no association with HF readmission.
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12-month outcomes

Digoxin use had no association with all-cause or HF readmission, all-cause mortality, or the 

combined end point of all-cause mortality or all-cause readmission during 1 year post-

discharge (Table 3).

Discussion

Findings from our current analyses demonstrate that there is no evidence that a discharge 

prescription of digoxin is associated with a lower risk of 30-day all-cause readmission 

among older LTC residents hospitalized for decompensated HF. Digoxin use also had no 

association with 30-day all-cause mortality or HF readmission. We also observed that all 

associations remained non-significant for 1-year outcomes. These associations based on a 

balanced propensity-matched cohort are consistent with risk-adjusted findings from the 

larger pre-match cohort, and suggest that digoxin, a drug known for its beneficial effect and 

effectiveness on hospital admission and readmission in both randomized controlled trials and 

in the real-world settings, had no such association with readmission in real-world LTC 

residents with HF.

The lack of an association of digoxin use with outcomes in HF patients admitted from the 

LTC facility is somewhat intriguing. Although LTC residents with HF would be expected to 

avoid symptoms by restricting their mobility, their 30-day readmission rate was very similar 

to the one observed for older HF patients in general.18 Digoxin is known for its beneficial 

effects in high risk subset of HF patients.19 And, yet we found no beneficial association of 

digoxin with readmission in nursing home residents. There are several potential explanations 

for this lack of association. Digoxin is known for its lower efficacy in women with HF and 

nearly three quarters of the HF patients admitted from LTC in our study were women.20–22 

Digoxin is also known for its greater efficacy in patients with HF and reduced EF.3,4 Only 

about a quarter of the matched patients in our study had low EF. However, we found a trend 

toward higher risk for 30-day all-cause readmission when we repeated our analysis in the 

subset of prematch patients with low EF. A higher comorbidity burden in older LTC 

residents with HF and the competing risks associated with these comorbidities may have 

cancelled any potential readmission benefit of digoxin use.23,24 Nearly half of the older 

Medicare beneficiaries with HF have 5 or more other chronic morbidities,25 and these 

numbers would be expected to be higher in the LTC setting. This is especially important as 

less than half of all readmissions were due to HF. Finally, our study may be underpowered to 

detect an association of digoxin use with outcomes. However, when patients were followed 

up for 12 months post-discharge, nearly 60% were readmitted and over 80% experienced 

one of the combined end point events of readmission or death due to any cause, there was no 

association of digoxin with any 12-month outcomes.

Findings of our study are important. Digoxin is an inexpensive drug known for its efficacy 

and effectiveness in lowering readmission rates in patients with HF the reduction of which is 

a focus of the Affordable Care Act.1,2,4,18 Because HF is common in the LTC setting, 

clinicians might be tempted to prescribe digoxin to their HF patients to reduce the risk of 

hospital readmission. However, finding from our study suggest that there is no evidence of a 

beneficial association of digoxin with readmission in the patients. Clinicians should use 
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caution about the routine use of digoxin and may consider other approaches such as better 

transitions of care and judicious use of diuretics.26,27

Our study is limited by its small sample size and the observational design. Bias due to 

residual confounding from a measured covariate or confounding from a hidden covariate is 

possible. Because of the null association observed in our study, we were not able to perform 

a formal sensitivity analysis. We also had no data on post-discharge adherence and 

regression dilution from crossover of treatment during follow-up may also explain the null 

associations.28. Finally, our study in based on fee-for-service Medicare beneficiaries from a 

single state during 1999–2001 with only 20% receiving beta-blockers may limit 

generalizability.

In conclusion, Medicare beneficiaries who are hospitalized from the LTC for decompensated 

HF, there is no evidence of any association between digoxin use and 30-day or 1-year all-

cause or HF readmission. These findings suggest that digoxin should not be routinely use for 

lowering the risk of 30-day all-cause readmission in these patients. Future studies with larger 

sample size and more contemporary HF patients from the LTC setting are needed to 

determine the role of digoxin in hospitalized HF patients admitted from the LTC setting.
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Figure 1. 
Love plot displaying absolute standardized differences for 29 baseline characteristics 

between patients receiving and not receiving digoxin, before and after propensity score 

matching are indicated by blank circle and black diamond shapes; ACE= Angiotensin 

converting enzyme
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Figure 2. 
Kaplan-Meier plots for the combined end point of 30-day all-cause hospital readmission or 

30-day all-cause mortality in a propensity-matched cohort of older heart failure patients 

admitted from nursing homes receiving and not receiving a discharge prescription for 

digoxin (CI=confidence interval)
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