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Abstract
BACKGROUND—Heart failure is the leading cause for hospital readmission, the reduction of
which is a priority under the Affordable Care Act. Digoxin reduces 30-day all-cause hospital
admission in chronic systolic heart failure. Whether digoxin is effective in reducing readmission
after hospitalization for acute decompensation remains unknown.

METHODS—Of the 5153 Medicare beneficiaries hospitalized for acute heart failure and not
receiving digoxin, 1054 (20%) received new discharge prescriptions for digoxin. Propensity scores
for digoxin use, estimated for each of the 5153 patients, were used to assemble a matched cohort
of 1842 (921 pairs) patients (mean age, 76 years; 56% women; 25% African American) receiving
and not receiving digoxin, who were balanced on 55 baseline characteristics.

RESULTS—30-day all-cause readmission occurred in 17% and 22% of matched patients
receiving and not receiving digoxin, respectively (hazard ratio {HR} for digoxin, 0.77; 95%
confidence interval {CI}, 0.63–0.95). This beneficial association was observed only in those with
ejection fraction <45% (HR, 0.63; 95% CI, 0.47–0.83), but not in those with ejection fraction
≥45% (HR, 0.91; 95% CI, 0.60–1.37; p for interaction, 0.145), a difference that persisted
throughout first 12-month post-discharge (p for interaction, 0.019). HRs (95% CIs) for 12-month
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heart failure readmission and all-cause mortality were 0.72 (0.61–0.86) and 0.83 (0.70–0.98),
respectively.

CONCLUSIONS—In Medicare beneficiaries with systolic heart failure, a discharge prescription
of digoxin was associated with lower 30-day all-cause hospital readmission, which was
maintained at 12 months, and was not at the expense of higher mortality. Future randomized
controlled trials are needed to confirm these findings.
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Heart failure is the leading cause of hospital admission and readmission for Medicare
beneficiaries in the United States.1 Under the 2010 Patient Protection and Affordable Care
Act, hospitals are collectively facing billions of dollars in penalties for excessive 30-day all-
cause readmissions.2 Since October 1, 2012, heart failure is one of the three conditions along
with acute myocardial infarction and pneumonia for which the law is currently being
enforced.2–4 Despite limitations of the cost-driven metric of 30-day all-cause hospital
readmission,5,6 the fact remains that over a quarter of heart failure patients are readmitted
within 30 days of hospital discharge,1 and that there is a need for interventions to improve
this outcome. Studies of transition of care strategies in heart failure are based on single
center reports, post hoc analyses, and observational studies, and have shown variable and
inconsistent associations with 30-day all-cause hospital readmission.7

Heart failure is a clinical syndrome characterized by fluid retention and shortness of breath,
exacerbation of which often precede hospitalization.8,9 Digoxin has favorable hemodynamic
and neuroendocrine effects in patients with heart failure.10–12 Findings from the
Randomized Assessment of Digoxin on Inhibitors of Angiotensin-Converting Enzyme
(RADIANCE) trial and the Prospective Randomized Study of Ventricular Failure and the
Efficacy of Digoxin (PROVED) trial, the two major randomized controlled trials of digoxin
withdrawal in heart failure conducted in the early 1990s demonstrated the beneficial effect
of digoxin in reducing heart failure symptoms.13,14 These findings were subsequently
confirmed in the randomized controlled Digitalis Investigation Group (DIG) trial that
demonstrated that digoxin reduced the risk of hospitalization due to worsening heart failure
in ambulatory patients with systolic heart failure during 37 months of average follow-up and
in diastolic heart failure during the first 2 years of follow-up.15,16

Findings from post hoc analyses of the main DIG trial demonstrated that digoxin reduced
30-day all-cause hospital admission among ambulatory older patients with systolic heart
failure,17 and that the beneficial effect of digoxin on hospital admission in heart failure may
be more pronounced in high-risk subsets of patients.18 Based on these observations and that
most evidence-based heart failure therapies that reduce hospital admission also reduce
readmission,19,20 we hypothesized that discharge prescription of digoxin will be associated
with lower 30-day all-cause readmission in older heart failure patients hospitalized for acute
decompensation. Therefore, the objective of the current study was to test the hypothesis that
digoxin use is associated with lower 30-day all-cause hospital readmission.

MATERIALS AND METHODS
Data Source and Study Patients

The current study is based on the Alabama Heart Failure Project, the details of which have
been described previously.21,22 Briefly, 9649 medical records of 8555 unique fee-for-service
Medicare beneficiaries discharged with a primary discharge diagnosis of heart failure from
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106 Alabama hospitals between 1998 and 2001 were abstracted by trained technicians at the
Clinical Data Abstraction Center. For patients with multiple hospitalizations, charts from the
first hospitalization were used.23 A diagnosis of heart failure was based on the International
Classification of Diseases, 9th Revision, Clinical Modification codes for heart failure.23 Of
the 8555 patients, 8049 were discharged alive.

New Use of Digoxin: Assembly of an Inception Cohort
Data on admission and discharge digoxin use were collected by chart abstraction. Because
prevalent drug use may cause bias through effects on baseline characteristics and by left
censoring,24,25 we excluded 2896 patients who were receiving digoxin at the time of
hospital admission. Of the remaining 5153 patients without prior digoxin use, 1054 (20%)
received a new discharge prescription for digoxin. Extensive data on other baseline
characteristics including demographics, medical history, use of medications, hospital course,
and discharge disposition were also collected by chart abstraction.23

Propensity Matching: Assembly of a Balanced Cohort
We used propensity score for the receipt of a discharge digoxin prescription to assemble a
balanced matched cohort of patients receiving and not receiving digoxin.26,27 Propensity
scores for digoxin use were estimated for each of the 5153 patients using a non-
parsimonious multivariable logistic regression model in which the digoxin use was the
dependent variable and 55 baseline characteristics were used as covariates.28–30 Using a
greedy matching protocol described elsewhere,31 we matched 921 (87% of the 1054)
patients receiving digoxin with 921 patients not receiving digoxin with similar propensity
scores. Post-match balance in baseline characteristics was assessed by estimating absolute
standardized differences, the results of which were presented as a Love plot.32 An absolute
standardized difference of 0% indicates no residual bias, and differences <10% are
considered inconsequential.

Hospitalization and Mortality Data
The primary outcome of the current analysis was hospital readmissions due to all-causes
during 30 days after discharge from the index hospitalization. Secondary outcomes included
hospital readmissions due to heart failure, all-cause mortality, and composite end point of
all-cause mortality or all-cause readmissions during the 30 days post-discharge. We also
examined the association of digoxin use with these outcomes at 3, 6 and 12 months after
index hospital discharge. Data on all outcomes and time to first occurrence of each outcome
were obtained from the Medicare Provider Analysis and Review (MedPAR) File and the
Inpatient Standard Analytical File.21–23

Statistical Analysis
Baseline characteristics were compared using Pearson’s Chi-square and Wilcoxon rank-sum
tests for pre-match, and McNemar’s test and paired sample t-test for post-match
comparisons, as appropriate.21,22 The association of digoxin use with 30-day all-cause
readmission was examined using Kaplan-Meier and Cox regression analyses, censoring all
patients without an event at 30 days. Similar Cox models were used for secondary outcomes.
The proportional hazards assumptions were checked using log-minus-log survival plots and
the model assessment method proposed by Lin et al.33 A formal sensitivity analysis was
conducted to quantify the degree of a hidden bias that would be required to explain away a
significant association of digoxin use with the main outcome among matched patients.34 For
3-, 6-and 12-month outcomes, we used a single Cox model per outcome in which those
without the event of interest during the first 12 months were censored. Because the
proportional hazards assumption held for these models, the constant hazard ratio (HR) over
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the entire 12 month time frame is a viable assumption. Thus, we did not fit separate Cox
models for events at 3 and 6 months post-discharge. We also examined the association of
digoxin with 30-day outcomes in the pre-match cohort using three different approaches: (1)
unadjusted; (2) multivariable-adjusted, using all 55 baseline characteristics; and (3)
propensity score-adjusted. Finally, the association of digoxin use with 30-day all-cause
readmission was examined in various clinically significant subgroups. Considering the
concerns regarding the role of digoxin in women,35–37 and in those with preserved ejection
fraction we also examined the association of digoxin use with 12-month all-cause
readmission by sex and ejection fraction. All statistical tests were two-tailed with a p-value
<0.05 considered significant. SPSS for Windows version 21 (IBM Corp., Armonk, NY) and
SAS for Window version 9.2 (Cary, NC) were used for data analyses.

RESULTS
Baseline Characteristics

Matched patients had a mean age (±SD) of 76 (±11) years, 56% were women, and 25% were
African American. Those receiving digoxin were more likely to be white men, have low
ejection fraction and pulmonary edema, and receive diuretics and angiotensin-converting
enzyme inhibitors on discharge (Table 1 and Figure 1). These and other imbalances in
baseline characteristics were attenuated to inconsequential levels after matching.

Digoxin and 30-Day All-Cause Hospital Readmission
During 30-day after index hospitalization, all-cause hospital readmission occurred in 17%
(158/921) and 22% (199/921) of matched patients receiving and not receiving a discharge
prescription for digoxin, respectively (HR associated with digoxin prescription, 0.77; 95%
confidence interval {CI}, 0.63–0.95; Table 2 and Figure 2). Although this association was
generally homogeneous across various subgroups, it appeared to be significant only among
men and in those with reduced ejection fraction (Figure 3). Among the 5153 pre-match
patients, unadjusted, multivariable-adjusted and propensity score adjusted HRs (95% CIs)
for 30-day all-cause readmission associated with digoxin prescription were 0.79 (0.67–0.92),
0.79 (0.66–0.95) and 0.80 (0.67–0.96), respectively.

During 30-day post-discharge, 114 (6% of 1842) matched patients died; among the 1728
survivors, 30-day all-cause hospitalization occurred in 16% (141/862) and 21% (180/866) of
patients receiving and not receiving digoxin, respectively (HR, 0.77; 95% CI, 0.61–0.95)
suggesting that the lower 30-day readmission in the digoxin group was not at the expense
higher mortality. Digoxin had no association with 30-day mortality; consequently, its
association with the combined end point of 30-day all-cause mortality or all-cause
readmission was attenuated (Table 2).

Digoxin use had no association with 30-day heart failure hospitalization (Table 2). However,
among the 1050 matched patients with ejection fraction <45%, heart failure readmission
occurred in 5.6% (29/517) and 8.6% (46/533) of patients receiving and not receiving
digoxin, respectively (HR, 0.63; 95% CI, 0.40–1.01). In contrast, among the 457 matched
patients with ejection fraction ≥45%, heart failure readmission occurred in 5.5% (13/236)
and 5.0% (11/221) of patients receiving and not receiving digoxin, respectively (HR, 1.14;
95% CI, 0.51–2.54).

Digoxin and 12-Month Outcomes
During one-year post-discharge, digoxin use was associated with a significant 21% lower
risk of all-cause readmission (HR, 0.79; 95% CI, 0.70–0.89; Table 3). Similar associations
were observed at 3 and 6 months post-discharge. The association with 12-month all-cause

Ahmed et al. Page 4

Am J Med. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



readmission was similar for both sexes (p for interaction, 0.506) – with HRs of 0.75 (95%
CI, 0.63–0.90) and 0.82 (95% CI, 0.70–0.96) among men and women, respectively.
However, it was significantly different between those with ejection fraction <45% and ≥45%
(p for interaction, 0.019) with HRs of 0.71 (95% CI, 0.61–0.83) and 1.00 (95% CI, 0.79–
1.27) for patients with ejection fraction <45% and ≥45%, respectively.

A discharge prescription of digoxin was associated with a significant 28% lower risk of
heart failure readmission (HR, 0.72; 95% CI, 0.61–0.86; Table 3). This association was
similar for both men and women (p for interaction, 0.454), but not between those with
reduced (HR, 0.63; 95% CI, 0.50–0.79) and preserved (HR, 1.11; 95% CI, 0.76–1.63)
ejection fraction (p for interaction, 0.012). A discharge prescription of digoxin was
associated with a significant 17% lower risk of all-cause mortality (HR, 0.83; 95% CI, 0.70–
0.98; Table 3). This association was similar between the sexes (p for interaction, 0.587) and
those with ejection fraction <45% versus ≥ 45% (p for interaction, 0.228).

DISCUSSION
Findings from the current study demonstrate that among a well-balanced cohort of Medicare
beneficiaries hospitalized for acute decompensation of heart failure, a new discharge
prescription for digoxin was associated with a significant lower risk of 30-day all-cause
hospital readmission. Digoxin use was also associated with a lower risk for all-cause
readmission, heart failure readmission, all-cause mortality and the combined end points at
all times throughout the 12 months post-discharge, suggesting that the early benefit of
digoxin was not at the cost of higher mortality or subsequent higher readmissions. To the
best of our knowledge, this is the first report of a significant association of digoxin use with
lower 30-day all-cause readmission in Medicare beneficiaries hospitalized for acute heart
failure. These findings, based on a rigorously conducted propensity-matched inception-
cohort study, taken together with those from the main DIG trial,17 suggest that digoxin may
potentially serve as an inexpensive tool for the reduction of 30-day all-cause hospital
readmission for heart failure patients, a vexing problem for the nation’s health care system.

The effect of digoxin on reduction of heart failure symptoms and hospital admission in
patients with heart failure and reduced ejection fraction is well known.13–15 It is now also
known that the effect of digoxin is early and broad so that in the DIG trial it also
significantly reduced the risk of 30-day all-cause admission by 34%.17 This was likely
mostly mediated by the reduction in 30-day heart failure hospitalization, which digoxin
significantly reduced by 60%.17 Although the rate of 30-day all-cause admission in the DIG
trial was low (8% in the placebo group), over half of these hospitalizations were due to
worsening heart failure. Nearly 50% of Medicare beneficiaries with heart failure have ≥5
chronic comorbidities.38 It is possible that an improved hemodynamics in the digoxin group
may also have helped those patients better cope their other comorbidities, thus reducing the
risk of non-heart failure-related admissions. However, among real world hospitalized heart
failure patients in the current study, we found no evidence of clinical effectiveness of
digoxin in lowering 30-day heart failure readmission. Reasons for early readmission after a
heart failure hospitalization are often complex in real world older patients and unlike in
randomized trials, their documentation may be influenced by coding and billing practices.
Only about a third of the readmissions in our study were due to heart failure. However, low
event rates are unlikely to explain this lack of association as the overall rate of 30-day all-
cause readmission was high (22% in the non-digoxin group). Older heart failure patients are
known to restrict their mobility and activities to avoid symptoms.39 If patients not receiving
digoxin were more symptomatic but avoided symptoms by limiting activities that may
potentially explain the attenuated between-group differences in heart failure symptoms and
readmissions.
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The Role of Digoxin in Heart Failure and Preserved Ejection Fraction
Another potential explanation for the lack of a significant association with 30-day heart
failure readmission in the overall sample is the inclusion of heart failure patients with
preserved ejection fraction, as in our study, the use of digoxin was associated with a 37%
lower risk of 30-day heart failure readmission among those with reduced ejection fraction.
To further understand the differential effect of digoxin in heart failure patients with
preserved versus reduced ejection fraction, we have recently analyzed data from older
patients with heart failure and preserved ejection fraction in the ancillary DIG trial. Findings
from that analysis suggest that digoxin increased the risk of all-cause admission at 30 days
but not at 3 and 12 months after randomization.40 This is in sharp contrast to the findings
from the main DIG trial in which digoxin reduced both short-and long-term risks of all-
cause admission in older patients with heart failure and reduced ejection fraction.17

However, this is consistent with findings form the ancillary DIG trial that suggested lack of
association with overall hospital admission.16 In the ancillary DIG trial, although there was
a trend toward reduced risk of heart failure hospitalization in the digoxin group, this was
negated by a trend toward increased risk of hospitalization due to unstable angina.16 Taken
together with the findings from DIG trial,17,40 current data suggest that digoxin should not
be prescribed for the purpose of reducing 30-day all-cause readmission in hospitalized older
patients with heart failure with preserved ejection fraction. Future prospective studies need
to clarify the role of digoxin on early readmission in patients with heart failure and
preserved ejection fraction.

The Role of Digoxin in Women
Although digoxin use was associated with lower risk of all-cause hospital readmission
among women throughout the first 12 months of post-discharge follow-up that included the
first month and there was no significant sex interaction, the association was more modest in
women than in men. However, the association of digoxin with 30-day all-cause readmission
appeared different between the sexes, with benefit in men but not women (p for interaction,
0.057; Figure 3). The effect of digoxin on 30-day hospital admission in the main DIG trial
was also modest among women, though there was no significant digoxin-sex interaction.17

These findings highlight the importance of using digoxin in low doses for women. The use
of digoxin in low doses is likely to result in low serum digoxin concentrations.41 Despite
early reports of higher mortality among women receiving digoxin in the DIG trial,35 it is
now known that as in men,42 digoxin at serum digoxin concentrations between 0.5 to 0.9 ng/
ml also reduced heart failure hospitalization in women (HR, 0.70; 95% CI, 0.53–0.94)
without increasing mortality (HR, 0.84; 95% CI, 0.62–1.13).36

Association with Mortality
The association of digoxin use with lower 12-month all-cause mortality in our cohort of
real-world older heart failure patients is rather intriguing. One potential explanation is that
older adults are more likely to have more advanced heart failure and thus more likely to die
from pump failure than sudden death.43 In the DIG trial, although digoxin had no effect on
all-cause mortality, it reduced the risk of death due to pump failure by a near-significant
12% (HR, 0.88; 95% CI, 0.77–1.01) during the average follow-up of 37 months.15 In
addition, digoxin reduced the risk of heart failure death by a significant 20% (HR, 0.80; 95%
CI, 0.66–0.97) in the high-risk subset during the first 2 years of follow-up,18 and a
significant 34% (HR, 0.66; 95% CI, 0.52–0.85) in all patients during the first year after
randomization.44 However, given the overall lack of effect on mortality in the DIG trial, this
observational association needs to be interpreted with caution as bias due to unmeasured
confounders is possible.
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Clinical and Public Health Implications
Digoxin is an inexpensive and relatively safe drug at low doses, which is approved by the
United States Food and Drug Administration and recommended by major national chronic
heart failure guidelines.45,46 Yet there has been a major recent decline in the use of digoxin
in heart failure,47,48 and only about 20% of patients in our study not receiving prior digoxin
therapy were given discharge prescriptions for digoxin. Although relative risk reductions
from therapeutic interventions are often modest in older adults, absolute risk reductions are
more substantial due to high event rates, an important consideration given the high
readmission rates for heart failure.1 Findings from the current study suggest that digoxin
may play an important role in improving clinical outcomes and help hospitals achieve
readmission goals for heart failure. However, these findings need to be replicated in
prospective studies in contemporary heart failure patients before they are broadly adopted
into clinical practice.

Limitations
Several potential limitations of are study merit discussion. Patients in our study were
restricted to fee-for-service Medicare beneficiaries from a single state during 1999–2001
with only 30% receiving beta-blockers, very few receiving aldosterone antagonists, and
presumptively none receiving cardiac resynchronization therapy, which may limit
generalizability to current practice. We had no data on dose, serum concentration of digoxin
or incidence of digoxin toxicity. Although we had no post-discharge adherence data,
prospective data from other heart failure studies suggest high rates of post-discharge
prescription filling.49,50 Further, regression dilution from crossover of treatment during
follow-up is likely to underestimate true associations.51

Findings from our sensitivity analysis suggest that the association of digoxin with our main
outcome of 30-day all-cause readmissions was sensitive to potential confounding by an
unmeasured covariate.34 A binary covariate that is a near-perfect predictor of our main
outcome could potentially explain away this association if it would increase the odds of
discharge prescription of digoxin by a relatively small percentage. However, sensitivity
analysis cannot determine if such an unmeasured socio-demographic or clinical confounder
exists. Further, to act as a confounder of our observed associations, an unmeasured covariate
could not be strongly correlated with any of the 55 measured baseline covariates, which is
unlikely. Loss of patients during matching process may limit generalizability. However, we
were able to match nearly 90% of the patients receiving digoxin, and our propensity-
matched associations were similar to risk-adjusted associations based on pre-match data.

CONCLUSIONS
Medicare beneficiaries with heart failure and reduced ejection fraction hospitalized for acute
decompensation who received discharge prescriptions for digoxin had lower risk of 30-day
all-cause hospital readmission. This benefit of digoxin extended throughout 12 months of
follow-up and was not at the cost of higher mortality. Findings of efficacy of digoxin in
reducing 30-day all-cause hospital admission in the DIG trial and clinical effectiveness to
lower 30-day all-cause hospital readmission in the real world in the current study suggest
that digoxin may have a role in reducing 30-day all-cause hospital readmission in
hospitalized patients with heart failure, a challenging and growing public health problem and
a target for reduction of Medicare cost under the new U.S. health care reform law. Future
prospective randomized trials are needed to replicate these findings before they are broadly
adopted into clinical practice.
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• Digoxin use was associated with lower risk of 30-day all-cause readmission
without higher mortality in Medicare beneficiaries hospitalized for acute heart
failure

• This benefit of digoxin was observed throughout the first 12 months after
discharge but appeared to be restricted to those with ejection fraction <45%
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Figure 1.
Love plot displaying absolute standardized differences for 55 baseline characteristics
between heart failure patients receiving and not receiving a new discharge prescription for
digoxin, before and after propensity score matching
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Figure 2.
Kaplan-Meier plots for 30-day all-cause hospital readmission in a propensity-matched
cohort of older heart failure patients receiving and not receiving a new discharge
prescription for digoxin (CI=confidence interval)
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Figure 3.
Association of new discharge prescriptions for digoxin with 30-day all-cause hospital
readmission in subgroups of propensity-matched older heart failure patients
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Table 2

Association between a new discharge prescription for digoxin and 30-day post-discharge outcomes in a
propensity-matched cohort of Medicare beneficiaries hospitalized for heart failure

Outcomes

% (events)

Absolute risk diff.* Hazard ratio† (95%
confidence interval)

New discharge prescription for digoxin

No (n=921) Yes (n=921)

All-cause hospital readmission 22% (199) 17% (158) −5% 0.77 (0.63–0.95)

Hospital readmission due to heart failure 7% (67) 6% (57) −1% 0.85 (0.59–1.20)

All-cause mortality 6% (55) 6% (59) 0% 1.07 (0.74–1.55)

All-cause mortality or all-cause
rehospitalization

26% (235) 22% (200) −4% 0.83 (0.69–1.00)

*
Absolute risk differences were calculated by subtracting percent events in patients receiving no digoxin from those receiving those drugs

†
The hazard ratios compared patients receiving digoxin versus those not receiving digoxin. These hazard ratios were calculated by treating patients

without events during the first 30 days as censored
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Table 3

Association between a new discharge prescription for digoxin and one-year post-discharge outcomes in a
propensity-matched cohort of Medicare beneficiaries hospitalized for heart failure

Outcomes

% (events)

Absolute risk diff.* Hazard ratio† (95%
confidence interval)

New discharge prescription for digoxin

No (n=921) Yes (n=921)

All-cause hospital readmission 64% (591) 57% (525) −7% 0.79 (0.70–0.89)

Hospital readmission due to heart failure 31% (282) 24% (219) −7% 0.72 (0.61–0.86)

All-cause mortality 33% (301) 28% (259) −5% 0.83 (0.70–0.98)

All-cause mortality or all-cause
rehospitalization

75% (690) 66% (611) −7% 0.79 (0.71–0.88)

*
Absolute risk differences were calculated by subtracting percent events in patients receiving no digoxin from those receiving those drugs

†
The hazard ratios compared patients receiving digoxin versus those not receiving digoxin. These hazard ratios were calculated by treating patients

without events during the first 12 months as censored. Because the proportional hazards assumption held for the entire 12 months duration, we
assumed that the hazard rate remained constant over the entire 12 month time frame and as such separate hazard ratios for 3 and 6 months were not
calculated
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