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Abstract

Background: Studies show that digoxin use is declining but is still prevalent. Recent data
on digoxin prescription and characteristics of digoxin prescribers are unknown, which can help
understand its contemporary use.

Methods: Using Medicare Part D data from 2013 to 2019, we studied the change in number
and proportion of digoxin prescriptions and digoxin prescribers, overall and by specialty. Using
logistic regression, we identified prescriber characteristics associated with digoxin prescription.
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Results: From 2013 to 2019, total digoxin prescriptions (4.6 to 1.8 million) and proportion of
digoxin prescribers decreased (9.1% to 4.3% overall; 26.6% to 11.8% among General Medicine
prescribers and 65.4% to 48.9% among Cardiology). Of digoxin prescribers from 2013 practicing
in 2019 (91.2% remained active), 59.1% did not prescribe digoxin at all, 31.7% reduced, and
9.2% maintained or increased prescriptions. The proportion of all digoxin prescriptions that were
prescribed by General Medicine prescribers declined from 59.7% to 48.2% and increased for
Cardiology (29% to 38.5%). Among new prescribers in 2019 (N = 85,508), only 1.9% prescribed
digoxin. Digoxin prescribers when compared to non—digoxin prescribers were more likely male,
graduated from medical school earlier, were located in the Midwest or South, and belonged to
Cardiology (all A< .001).

Conclusions: Digoxin prescriptions continue to decline with over half of 2013 prescribers no
longer prescribing digoxin in 2019. This may be a result of the increasing availability of newer
heart failure therapies. The decline in digoxin prescription was greater among general medicine
physicians than cardiologists, suggesting a change in digoxin use to a medication prescribed
increasingly by specialists.
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Introduction

Digoxin is often prescribed to treat heart failure (HF) or atrial fibrillation (AF). The
landmark Digitalis Investigation Group (DIG) trial® published in 1997 showed a reduction
in hospitalizations with digoxin in patients with HF with reduced ejection fraction (HFrEF),
but no effect on survival. In the DIG ancillary trial, where digoxin was studied in an HF
with preserved ejection fraction (HFpEF) population, there was no effect on mortality or
hospitalization.2 The use of digoxin as a rate control agent in AF, on the other hand,

has not been studied in a randomized trial and some observational data suggest increased
mortality,3-> while others do not.5”

Despite digoxin showing a benefit in reducing hospitalizations, especially in advanced

HF patients,8 over time, the enthusiasm for digoxin has declined. The reasons digoxin

fell out of favor are unclear and could be related to concerns raised about its safety in
subgroups such as older patients and women, -1 the narrow therapeutic window of digoxin
necessitating close monitoring,1! and the increasing use of other HF therapies showing clear
mortality benefits without a need for cumbersome monitoring. These alternate HF therapies
have become the mainstay of HFrEF treatment and include beta-blockers,12:13 aldosterone
receptor antagonists,14 angiotensin-converting enzyme inhibitors,> and now additionally
SGLT2-inhibitors.16 In parallel, guideline societies downgraded digoxin for HFrEF over
time from a Class la recommendation by the ACC/AHA/HFSA in 2001 to Class lla in
2009,17 with the ESC further downgrading it to Class 11b in 2016 which may have also
accelerated the decline in digoxin use.18

Digoxin use has thus been declining in the United States, 1920 with outpatient prescriptions
decreasing by 50% from 2007 to 2014 among Medicare beneficiaries.20 This precipitous
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decline occurred despite some data suggesting harm with digoxin discontinuation in

stable patients.21:22 Nevertheless, despite this reduction, digoxin continued to be frequently
prescribed with 4.3 million prescriptions made to Medicare beneficiaries in 201429; for
context, 14 million prescriptions of carvedilol were made in the same year.23

Whether this declining trend in digoxin use has continued in more recent years is unknown.
In addition, it is unknown how this reduction in prescriptions is occurring—have prescribers
just reduced digoxin prescription or have some stopped prescribing it altogether? Further,
are new prescribers prescribing digoxin? Lastly, in contemporary practice, what kind of
prescribers are prescribing digoxin—is it still prescribed routinely by general medicine
doctors like in the past or is it limited to specialists? Accordingly, we used Medicare Part D
prescriber data from 2013 to 2019 to characterize more recent trends in digoxin prescriptions
among older adults, overall and at a prescriber level, and describe characteristics of current
digoxin prescribers.

Methods

2.1. Study Outline

From 2013 to 2019, we reported the overall number of digoxin prescriptions, overall number
of prescribers, proportion of digoxin prescribers overall and by specialty (General Medicine,
Cardiology, and Advanced Practice Clinicians), and proportion of all digoxin prescriptions
by specialty.

The change in digoxin usage of digoxin prescribers in the year 2013 who remained in active
practice in the year 2019 was described by reporting prescription proportions of 3 categories
of prescribers. First, prescribers who stopped prescribing digoxin in 2019 but continued
prescribing other medications. Second, prescribers who continued digoxin prescription but at
reduced number of prescriptions. Third, prescribers who continued digoxin prescription but
at the same or greater number of prescriptions.

We also reported digoxin prescriptions among new prescribers in 2019, defined as no
prescriptions for any drug in 2013-2018.

We then described characteristics of current digoxin prescribers in 2019 such as gender,
medical school graduation year, and practice region—overall and by the two top prescribing
specialties (Cardiology and General Medicine). We also described characteristics of digoxin
prescribers by volume of individual digoxin prescriptions (<25th percentile, 25-75th
percentile, and >75th percentile).

A logistic regression model was then used to identify independent prescriber characteristics
associated with digoxin prescription using 2019 data.

2.2. Data Sources

We used the annual Medicare Part D Prescribers by Provider dataset for the years 2013
through 2019, which contains prescription data for beneficiaries enrolled in the Medicare
Part D prescription drug program (roughly 70% of all Medicare beneficiaries). The provider-
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level dataset includes all prescribers, including physicians and advanced practice providers,
with a valid National Provider Index (NPI) and at least 10 prescriptions for one or more
medications, the reporting threshold for data privacy under the Centers for Medicare &
Medicaid Services (CMS).

2.3. Study Population

All prescribers in the Medicare Part D Prescribers by Provider dataset were included in

the retrospective cohort analysis. Digoxin prescribers were identified by >10 prescriptions
of any generic and brand name formulation of digoxin available in the United States.

For each year, information on prescriptions, geographic location, and provider specialty
descriptions was obtained using the CMS database. The Doctors and Clinicians (DAC)
national downloadable file and the National Plan and Provider Enumeration System
(NPPES) database, updated monthly by CMS, were used by linking National Provider
Identifiers (NPI) to identify graduation year and gender. Practice region was categorized into
the four census regions—Northeast, Midwest, South, and West—using Federal Information
Processing Series (FIPS) state codes. Prescribers with FIPS codes that could not be
attributed to these four practice regions, namely FIPS codes above 56, were categorized

as “Other”—eg, US territories. Provider specialties of Cardiology, Cardiovascular Disease
(Cardiology), Cardiac Surgery, Advanced Heart Failure and Transplant Cardiology, Clinical
Cardiac Electrophysiology, and Interventional Cardiology were combined as “Cardiology.”
Internal Medicine, Family Medicine, Family Practice, Preventive Medicine, Hospitalist, and
Geriatric Medicine were combined into “General Medicine.” Physician Assistants (PAs) and
Nurse Practitioners (NPs) were combined into “Advanced Practice Clinicians (APCs).” The
remaining specialties were categorized as “Other.”

2.4. Statistical Analysis

Categorical variables were reported with counts and proportions and compared using
Chi-squared tests. Continuous variables were reported with medians and interquartile

range (IQR) and compared using MannWhitney U and Kruskal-Wallis tests. To identify
individual associations of prescriber characteristics with digoxin prescription, we developed
a generalized linear model with logit link using digoxin prescription as a dependent variable
and with provider specialty, year of medical school graduation quartile, gender, and practice
region as covariates. The parameter estimates were represented with odds ratios and 95%
confidence intervals (Cl). All Pvalues shown are 2-sided, and statistical significance was set
at < .05 for all tests. As the Medicare Part D Prescribers by Provider and Drug dataset,
NPPES database, and DAC national downloadable file are publicly available datasets
without patient identifiers, this study is exempt from the review of the Yale Institutional
Review Board. Data were accessed between December 2021 and March 2022, and analyses
were conducted between December 2021 and August 2022. All statistical analyses were
conducted in R version 4.0.4 (R Project for Statistical Computing).

3. Results

From 2013 to 2019, total digoxin prescriptions declined from 4,573,542 to 1,833,188, a
relative decline of 59.9%. The total number of digoxin prescribers reduced by 44.5% from
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95,576 to 53,015. The proportion of digoxin prescribers among all prescribers declined from
9.1% to 4.3% (decreased from 26.6% to 11.8% among all General Medicine prescribers and
from 65.4% to 48.9% among all Cardiology prescribers; Table 1 and Figure 1). The median

and IQR of digoxin prescriptions among digoxin prescribers declined from 30 (16-58) to 21
(14-39) (all P<.001).

In 2019, Cardiology and General Medicine combined constituted 82.2% of all digoxin
prescribers and prescribed 86.7% of all digoxin prescriptions (Table 1). From 2013 to

2019, the proportion of all digoxin prescriptions that were made by General Medicine
prescribers declined from 59.7% to 48.2% and increased for Cardiology prescribers (29% to
38.5%). The proportions of prescribers prescribing digoxin in 2019 by specialty subgroups
of Cardiology and General Medicine are shown in Appendix Figure 1 (available online).

Overall, among digoxin prescribers from 2013 who prescribed any medication in 2019
(91.2% remained active clinicians, /= 87,168), 59.1% did not prescribe digoxin at all

in 2019. These physicians had accounted for 36.0% of all digoxin prescriptions in 2013.
Another 31.7% reduced the number of digoxin prescriptions, and 9.2% maintained or
increased the number of digoxin prescriptions. A relatively higher proportion of prescribers
in General Medicine (63.4%) entirely stopped digoxin compared to Cardiology (27.4%)
(Table 2). Among prescribers newly beginning practice during 2019 (V= 85,508), 1597
(1.9%) prescribed digoxin.

Among digoxin prescribers in 2019, higher-volume prescribers compared to lower-volume
prescribers had an earlier year of graduation (1990 [1982-1998] vs 1995 [1986-2005]),
higher proportion of cardiologists (45.7% vs 12.3%), and higher proportion of male gender
(82.8% vs 61.7%) (all < .001; Table 3).

In the logistic regression model, digoxin prescribers when compared to non-digoxin
prescribers were more likely to be male, to have graduated from medical school earlier,
to be located in the Midwest or South, and to belong to the Cardiology specialty (all A<
.001; Figure 2).

4. Discussion

Digoxin prescriptions continued to decline from 2013 to 2019, with a 60% decrease in total
prescriptions and with over half of digoxin prescribers stopping digoxin prescribing entirely.
A greater decline in digoxin prescribers occurred among General Medicine prescribers than
among Cardiologists. Currently, 1 in 10 General Medicine prescribers and 1 in 2 Cardiology
prescribers continue to prescribe digoxin. Current digoxin prescribers are more likely to be
Cardiologists and have graduated from medical school earlier.

Our study builds on earlier analyses to capture more recent digoxin prescription trends2°

and is the first to describe characteristics of contemporary digoxin prescribers. Digoxin
prescriptions have been on the decline over the past 2 decades.2? We observed a continuation
of this trend in our study period of 2013-2019, with a further reduction in digoxin
prescription prescriptions from 4.6 to 1.8 million, suggesting that interest in digoxin has
continued to decline. These declines have come during a period when newer therapies for
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HF became available such as angiotensin receptor—neprilysin inhibitors?# and digoxin was
further downgraded from Ila to lb in the guidelines. Of note, while a majority (67%)

of patients took digoxin at baseline in the 1991 SOLVD trial on angiotensin-converting—
enzyme inhibition,2® only 30% took digoxin in the 2014 PARADIGM-HF trial,2426
suggesting that baseline digoxin therapy may not be necessary for renin-angiotensin system
inhibitors to lower mortality in HFrEF and further reducing support for digoxin. Now
another pharmacological therapy in HF is available—SGLT?2 inhibitors.18 As newer HF
therapies continue to grow in the future, digoxin could decline further.

The decrease in digoxin use was driven by the fact that over half of physicians entirely
stopped digoxin prescription. However, 1 in 3 digoxin prescribers from 2013 continued
prescribing digoxin in 2019, albeit at a lower number of prescriptions, and 1 in 10 providers,
in fact, prescribed digoxin at the same or higher number of prescriptions, suggesting a
degree of practice variation and reflecting the divergent opinions regarding digoxin.2’

Cardiologists are more likely to prescribe digoxin than General Medicine physicians as
they are more likely to encounter patients that have HFrEF or AF. However, over time,

an even larger proportion of prescriptions were by cardiologists and a large proportion

of prescribers who continued or increased digoxin prescription from 2013 to 2019 were

in Cardiology. This shift in digoxin prescriptions from General Medicine physicians to
Cardiology may reflect a shift in the general opinion of digoxin from being a mainstay
treatment to a selective medication, and primary care physicians may be referring patients
to their cardiologists for continued use. Alternatively, this may be a part of a larger trend

of specialization in medicine where cardiac medications are increasingly only prescribed by
specialists. However, it may also be that opinions and perceptions regarding digoxin may
differ between these specialties. For instance, the American Geriatrics Society categorizes
the use of digoxin in older adults as a first-line agent for HFrEF and AF as being potentially
inappropriate.28

Notably, one of the characteristics of digoxin prescribers was an earlier year of medical
school graduation. It is possible that prescribers who have been in practice for a longer
time are more likely to be taking care of patients on this legacy medication. Alternatively,
given their experience and comfort in administering digoxin, they may be more reluctant to
discontinue digoxin and may also interpret emerging evidence regarding risks with digoxin
with a different lens. Further, very few new prescribers (1.9% of new 2019 prescribers)
prescribed digoxin. It is possible that new prescribers, who are likely newer graduates, are
less enthusiastic about prescribing digoxin and more wary of risks. Further, these prescribers
may have encountered fewer or no patients on chronic digoxin therapy in training and thus
may not be comfortable with its use. However, it may be that these new prescribers are
also more likely to see new patients with HF and less faced with decisions of discontinuing
digoxin in previous patients.

Similarly, another characteristic of digoxin prescribers was male gender. It is unclear why
this may be. It is possible that there may be differences in the types of patients male
and female physicians treat. For instance, female physicians are more likely to see female
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patients,2% a group in whom observational data have suggested possible harm with digoxin,
and thus may be less likely to prescribe it overall.

Although digoxin is probably not appropriate for routine use in chronic HF or AF, it
continues to have a role in select situations, such as reduction of recurrent hospitalizations
in advanced HF despite optimal medical therapy and inadequate rate control in AF despite
the use of other less toxic rate control agents. Thus, although its use is declining, there
remains a need to ensure that the risks with this medication are minimized. Clinical decision
support (CDS) tools have been beneficial in optimizing HF therapies3? and may have a role
in ensuring digoxin is prescribed in appropriate circumstances and monitored safely.

There are limitations to our study worthy of consideration. First, we used the CMS database
which is an administrative claims database without individual clinical patient characteristics.
Thus, we are unable to determine reasons for the prescription or discontinuation of digoxin.
However, as digoxin use at discharge has been decreasing for both HFrEF and HFpEF,1°
the lack of data on indication for digoxin should not necessarily compromise our results.
Second, providers were included in the CMS database as prescribing a particular drug only
if the prescription count was 10 or over. Thus, providers prescribing <10 prescriptions of
digoxin cannot be differentiated from those not prescribing digoxin at all. Third, although
we attribute prescriptions entirely to individual providers, in reality, various providers in

a treatment team will often refill a patient’s chronic medication. For example, a primary
care physician may refill digoxin prescribed by the patient’s cardiologist. Thus, a decision
for starting a medication may not be entirely of the prescriber. We are unable to discern

this in our data. Fourth, individual specialty information was unavailable for advanced
practice providers (NPs and PAs). Fifth, our study is limited to prescriptions for Medicare
beneficiaries and the results may be different in the <65-year-old population. Lastly, our
study aims to comprehensively describe current prescription trends for digoxin and is not an
evaluation of the efficacy or safety of digoxin.

5. Conclusion

Digoxin prescriptions among older adults continued to reduce from 2013 to 2019, and over
half of digoxin prescribers have entirely stopped using digoxin. This trend is occurring
against the backdrop of the development and availability of newer HF therapies. There is a
shift in digoxin prescription occurring from general medicine physicians to cardiologists.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Proportion of Digoxin Prescribers from 2013 to 2019 Overall and by Specialty. Line graph

showing proportion of digoxin prescription of overall prescribers and in three specialty
subgroups over time.
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Figure2.
Forest Plot of 2019 Prescriber Characteristics Associated with Digoxin Prescription. Forest

plot showing prescriber characteristics associated with digoxin prescription in a logistic
regression model with odds ratios and 95% CI. * All < .001 except West P=.739.
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