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Abstract
Background and Objective: The cardiac safety of digoxin therapy for congestive heart failure (CHF) is a source of concern, especially
among those with renal impairment.
Methods: Using a case–control design, we examined the risk of primary cardiac arrest (PCA) associated with digoxin therapy within
three levels of renal function.
Results: After adjustment for other clinical characteristics, digoxin therapy for CHF was not associated with an increased risk of PCA
[odds ratio (OR) ⫽ 0.97, 95% confidence interval (CI) 0.59–1.62] among patients with normal renal function (serum creatinine ⭐1.1 mg/
dL). In contrast, digoxin therapy was associated with a modest increase in risk (OR ⫽ 1.58, CI 0.89–2.80) among patients with mild renal
impairment (serum creatinine ⫽ 1.2–1.4 mg/dL); and a twofold increase in risk (OR ⫽ 2.39, CI 1.37–4.18) among patients with moderate
renal impairment (serum creatinine ⫽ 1.5–3.5 mg/dL).
Conclusions: These findings suggest that the risks of digoxin may offset the benefits among patients with moderately impaired renal
function, but not among patients with normal renal function. 쑖 2003 Elsevier Inc. All rights reserved.
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1. Introduction
Although treatment with digoxin has been a cornerstone
of drug therapy for congestive heart failure (CHF) for
more than a half century, questions remain about its efficacy
and cardiac safety [1–3]. In the Digitalis Investigation Group
(DIG) trial, a large clinical trial designed to determine the
effects of digoxin therapy for CHF on mortality and morbidity, treatment with digoxin was not associated with a reduction in overall mortality, in part, because of an increased
risk of death due to cardiac causes other than heart failure,
including mortality from cardiac arrest [4]. In contrast,
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digoxin therapy was associated with a reduction in hospitalization for CHF.
Because digoxin therapy alters cardiac conduction, it
may potentially cause life-threatening arrhythmias [5]. Digoxin is excreted primarily by the kidney. Consequently, the
clearance of digoxin is reduced in the presence of renal
impairment [6]. Indeed, digoxin toxicity, including the occurrence of cardiac dysrhythmias, has been reported among
patients with renal insufficiency [7,8]. For this reason, current clinical recommendations are to reduce the dose of
digoxin in patients with mild-moderate impairment of
renal function.
Prior studies in patients with CHF have not focussed on
the cardiac safety of digoxin therapy as it relates to out-ofhospital primary cardiac arrest (PCA). Additionally, it is
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unknown whether the cardiac safety of digoxin therapy differs among CHF patients with normal and mild–moderate
impairment of renal function. To address these questions,
we examined whether digoxin therapy for CHF was associated with an increased risk of out-of-hospital PCA in patients
with normal and mild–moderate impairment of renal function, after taking into account other clinical characteristics.

2. Methods
2.1. Study setting and design
The data used in this analysis is part of a larger populationbased case–control study that examined potential clinical
and medication determinants of PCA among patients who
received their health care at a staff-model Health Maintenance Organization (HMO) with an enrollment of over
350,000 people, 80% of whom live within a single county.
The study was approved the investigators’ institutional
review committee.
2.2. Study subjects
Cases were all HMO enrollees who experienced an incident PCA during a 15-year period (January 1, 1980 to December 31, 1994) and had had a prior physician diagnosis
of CHF based upon medical record review. PCA was defined
as the occurrence of a sudden pulseless condition without
a known noncardiac cause [9,10]. Cases were initially identified from either emergency medical service incident reports
or the HMO’s death records. All cases were confirmed by
a review of the ambulatory care medical record to ensure
that the PCA event was due to heart disease. As part of
the case definition, we excluded those who had had prior
life-threatening noncardiac conditions, including end-stage
kidney disease, end-stage liver disease, metastatic cancer,
brain tumor, or respiratory failure. We also excluded potential cases who (1) were ⬍18 or ⬎79 years old, or (2) had
been enrolled in the HMO for ⬍1 year or had less than
visits for ambulatory care prior to their index date. For
this analysis, we also excluded cases who had not filled
a prescription for digoxin or nitroglycerin, pharmacologic
markers of prior clinically diagnosed heart disease, at an
HMO pharmacy during the year prior to their index date.
The date of the PCA was the case patient’s index date.
Control patients were a stratified random sample of HMO
enrollees who had had a prior physician diagnosis of CHF
based upon a medical record review. The strata used for
sampling control patients included age (in decades), gender, and calendar year. Control patients were assigned an
index date randomly chosen from the distribution of index
dates among the case patients. We excluded potential control
patients who (1) were ⬍18 or ⬎79 years old, or (2) had
been enrolled in the HMO for ⬍1 year or had less than
visits for ambulatory care prior to their index date. We also
excluded potential controls who had not filled a prescription
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for digoxin or nitroglycerin at an HMO pharmacy during
the year prior to their index date.
We also excluded case and control patients who had had
a serum creatinine level ⬎3.5 mg/dL prior to their index
date, because we sought to focus on the potential effect of
mild–moderate impairment of renal function on the risk
associated with digoxin therapy. Of the 978 CHF patients
who (1) received care at the HMO, (2) were identified
as cases of PCA during the study period or sampled as
potential controls, and (3) met the inclusion criteria for
this analysis, 935 (95.6%) had complete information on
clinical characteristics (described below). Because of the
population-based case–control design and the relatively low
prevalence of CHF in the HMO population, we used commonly used drugs (treatment with digoxin or nitroglycerin
during the year prior to the index date) as markers to conduct
a preliminary screen of automated pharmacy records for
evidence of prior heart disease for both cases and controls
as noted above. As expected, among patients with prior heart
disease, CHF was associated with an increased risk of PCA.
For these reasons, there are more case patients (n ⫽ 573)
than control patients (n ⫽ 362) in this analysis.
2.3. Assessment of exposures
The HMO’s computerized pharmacy database was used
to assess treatment with digoxin and other medications. The
pharmacy database includes all prescriptions filled for enrollees since 1976. Previous surveys suggested that 98% of
all prescriptions for enrollees were filled at pharmacies included in the database. Each pharmacy record includes a
patient identifier, the drug type and dose, the date, the
quantity dispensed, and dosing instructions. From this
information, we estimated whether a patient had received
enough digoxin (sufficient numbers of pills) to have been
treated with a specific dose on the index date.
The ambulatory medical record of the HMO was used
to obtain information on renal function and other clinical
characteristics. The record includes not only notes from the
ambulatory-care visits, but also results of laboratory and
diagnostic tests, discharge summaries of hospitalizations,
consultant reports, responses to annual HMO health questionnaires, and updated problem lists. Renal function was
determined by using the most recent serum creatinine
measurement recorded prior to the index date. At steady
state, the serum creatinine is inversely proportional to the
glomerular filtration rate, an index of overall renal function
[11]. Creatinine measurements were recorded for 98% of
patients, with similar proportions of cases (2%) and controls
(3%) missing data. Creatinine was measured within 1 year
in 77% and within 2 years in 89% of patients. Cases had a
shorter interval between creatinine measurement and the
index date (median ⫽ 110 days for cases and 189 days for
controls, P ⫽ .001).
Other clinical characteristics determined through the
review of the ambulatory care medical records included:
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age, sex, weight, physician-diagnosed hypertension, diabetes
mellitus, angina pectoris (stable and unstable), myocardial
infarction, stroke, peripheral vascular disease, atrial or ventricular arrhythmia, congenital or valvular heart disease, coronary revascularization (coronary artery bypass surgery and
graft and percutaneous transluminal angioplasty), chronic
obstructive pulmonary disease, smoking status, heavy alcohol consumption, and serum potassium. Atrial tachyarrhythmia was defined as atrial fibrillation, paroxysmal atrial
tachycardia, or paroxysmal supraventricular tachycardia.
The severity of CHF was graded on a 1 to 3 scale, with 1
corresponding to symptoms only with exertion, 2 corresponding to symptoms with activities of daily living, and 3
corresponding to symptoms at rest. The computerized pharmacy database was used to assess treatment on the index
date with antiarrhythmic therapy, antihypertensive therapy
(beta-adrenergic blocking agents, calcium channel blocking
agents, thiazide diuretics, angiotensin-converting enzyme inhibitors), and other medications, such as nitroglycerin and
loop diuretics.
2.4. Statistical analysis
We used conditional logistic regression to compute the
odds ratios of PCA, an estimate of the relative risk, associated with digoxin therapy at varying levels of renal function.
First, we categorized patients into six groups based on digoxin therapy (yes/no) and three levels of renal function
(serum creatinine ⭐1.1 mg/dL representing normal renal
function, 1.2–1.4 mg/dL representing mild renal impairment,
and 1.5–3.5 mg/dL representing moderate renal impairment).
After adjusting for other clinical covariates, we estimated
the odds ratio of PCA associated with digoxin therapy and
the three levels of renal function, compared to the category
of “no digoxin therapy, serum creatinine ⭐1.1 mg/d–” (the
reference group). We then estimated the odds ratio of PCA
associated with digoxin therapy within each stratum of renal
function after adjusting for other clinical covariates. In the
logistic regression models, we examined digoxin therapy as
a dichotomous exposure (yes/no) after confirming that the
relationships (presented in Tables 2 and 3) were similar for
the principal doses of digoxin, 0.125, 0.25, and 0.375 mg/
day. To minimize confounding, clinical and demographic
characteristics that may affect the serum creatinine, digoxin
use, or the risk of PCA were included as covariates in the
logistic models [12,13].

3. Results
As expected, case patients were more likely to have a
physician diagnosis of diabetes, prior myocardial infarction,
unstable angina, peripheral vascular disease, and were more
likely to have symptoms related to CHF and smoke than
control patients (Table 1). The mean serum creatinine was
greater among case than control patients (1.43 ⫾ 0.49 vs.

Table 1
Risk factors for primary cardiac arrest according to case–control
status among patients with CHF
Risk factor
Age ⫾ SD, years
Men, %
Degree of CHF, %
1
2
3
Diabetes, %
Hypertension, %
Smoker, %
Atrial Tachyarrythmia, %
History of myocardial infarction, %
Unstable angina, %
History of cardiac revascularization
procedure, %
Stroke, %
Peripheral vascular disease, %
Antiarrhythmic therapy, %

Case patients
(n ⫽ 573)

Control patients
(n ⫽ 362)

69.4 ⫾ 8.0
71.1

70.6 ⫾ 7.4
70.8

79.8
13.5
6.7
26.0
50.8
22.2
34.8
55.0
8.1
13.4

92.2
7.2
0.6
17.7
51.4
16.6
41.2
38.9
2.3
14.6

11.6
31.6
11.0

8.7
21.7
12.3

1.30 ⫾ 0.41 mg/dL, P ⫽ .001). Because of the stratified
random sampling of control patients, the proportions who
were male and the mean age were similar among the cases
and controls. Impairment of renal function, as reflected by
measured serum creatinine levels, was associated with treatment with lower doses of digoxin on the index date [for
digoxin dose of 0.0625 mg, mean creatinine ⫽ 1.93 mg/dL;
for digoxin dose of 0.125 mg, mean creatinine ⫽ 1.46 mg/
dL; for digoxin dose of 0.25 mg, mean creatinine ⫽ 1.31
mg/dL; and for digoxin dose ⭓0.375 mg, mean creatinine ⫽ 1.19 (P ⫽ 0.01 for trend)].
The multivariable-adjusted odds ratios of PCA according
to digoxin therapy (yes/no) and the three categories of serum
creatinine considered simulataneously is shown in Table 2.
As the level of serum creatinine increased, the risk of PCA
increased among patients with CHF treated with digoxin
therapy; but there was little evidence of an increase in risk
of PCA in relation to serum creatinine among patients with
CHF who were not treated with digoxin. The risk of PCA
associated with digoxin therapy within each of the three
levels of renal function is shown in Table 3. There was
little evidence of an increased risk of PCA associated with
digoxin therapy among patients with CHF and normal renal
function (among those with a creatinine ⭐1.1 mg/dL,
OR ⫽ 0.97, 95% CI, 0.59 to 1.62). In contrast, treatment
with digoxin was associated with a modest increase in the
risk of PCA in the setting of mild renal impairment (among
those with a serum creatinine 1.2 to 1.4, OR ⫽ 1.58, 95%
CI, 0.89 to 2.80) and more than a twofold increase in risk
in the setting of moderate renal impairment (among those
with a serum creatinine 1.5–3.5, OR ⫽ 2.39, 95% CI 1.37
to 4.18). The estimates of risk associated with digoxin therapy were similar when the cut points (upper limits) of the
categories of serum creatinine were increased or decreased
by 0.1 mg/dL.
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Table 2
The odds ratio of PCA according to renal function and digoxin therapy status among patients with CHF
Digoxin therapy
Serum creatinine
(mg/dL)

No
Cases (n)

Controls (n)

Odds ratioa

95% CI

Yes
Cases (n)

Controls (n)

Odds ratioa

95% CI

⭐1.1
1.2–1.4
1.5–3.5

66
54
61

58
41
44

1.0
1.02
1.12

—
0.55, 1.87
0.61, 2.08

111
120
161

95
71
53

0.98
1.60
2.70

0.59, 1.64
0.94, 2.74
1.52, 4.82

a

After adjustment for age, weight, gender, hypertension, active smoking, atrial tachyarrhythmia, diabetes, unstable angina, myocardial infarction, stroke,
peripheral vascular disease, coronary revascularization, and interval between creatinine measurement and index date.

We assessed whether the findings represented a nonspecific effect associated with the use of medication among
patients with mild to moderate renal impairment. We evaluated the risk of PCA associated with treatment with nitroglycerin and loop diuretics stratified by renal function, and
found no evidence of an increased risk of PCA associated with
these treatments in the setting of mild–moderate renal impairment. We also assessed whether concurrent therapies or
other factors that may affect the toxicity of digoxin might
account for the observed effect of renal impairment on the
risk associated with digoxin therapy. The results were altered
only slightly by adjustment for serum potassium level, CHF
severity, number of physician visits in the year prior to the
index date, chronic obstructive pulmonary disease, alcohol
use, or treatment with antiarrhythmic agents (quinidine, procainamide, flecainide, or ecainide), beta-adrenergic blockers,
angiotensin converting enzyme inhibitors, calcium channel
blockers, or diuretics. Similarly, the inclusion of other medication-renal function interactions in the model altered the
estimates associated with digoxin only minimally.
Restriction of the investigation to subjects with CHF
severity of grade 1 or 2, a creatinine ⭐2 mg/dL, a creatinine
measurement within 2 years of the index date, or inclusion
of case subjects ascertained initially by emergency medical
service incident reports or the HMO’s death records provided

Table 3
The odds ratio of PCA according to digoxin therapy status stratified by
renal function among patients with CHFa
Digoxin therapy
Serum creatinine
(mg/dL)

No

Yes

Odds ratio

Odds ratio

95% CI

⭐1.1
1.2–1.4
1.5–3.5

1.0
1.0
1.0

0.98
1.58
2.40

0.59, 1.64
0.89, 2.80
1.37, 4.22

a
The reference group for each renal function strata (odds ratio ⫽ 1)
are those not receiving digoxin therapy. After adjustment for age, weight,
gender, hypertension, active smoking, atrial tachyarrhythmia, diabetes, unstable angina, myocardial infarction, stroke, peripheral vascular disease,
coronary revascularization, and interval between creatinine measurement
and index date.

similar results. Likewise, exclusion of those patients recently started on digoxin (3 and 6 months prior to index
date) in whom the indication for digoxin treatment may have
been recent clinical deterioration did not change the study
findings.

4. Discussion
Our findings suggest that in the setting of normal renal
function, digoxin therapy in patients with CHF was not
associated with an increased risk of PCA (OR∼1), after
adjustment for clinical covariates. In contrast, in the setting of
moderate renal impairment (creatinine ⫽ 1.5 to 3.5 mg/dL),
digoxin therapy was associated with a twofold increase in the
risk of PCA. The observation that moderate renal impairment
modified the effect of digoxin as it relates to PCA is both
a clinically and biologically plausible drug–morbidity interaction. This result has significant clinical implications given
that approximately 25% of control patients with CHF had
creatinine levels ⭓1.5 mg/dL, a proportion similar to other
clinical reports [14,15]; and that an estimated one-third of
patients with CHF in the United States are treated with
digoxin [1].
We explored possible mechanisms to explain the
increased risk of PCA among those receiving digoxin therapy with moderate impairment of renal function. Although
hypokalemia has been associated with digoxin-induced arrhythmia [16], adjustment for serum potassium did not
alter the findings of our analysis. Indeed, in our study population, potassium tended to increase as renal function declined.
We were unable to detect a dose–response relationship between the dose of digoxin and the risk of PCA, possibly
because patients with worsening renal insufficiency were
more likely to receive a lower dose of digoxin or have higher
potassium levels. Finally, the association may be explained
in part if worsening renal function were simply a marker
for more advanced heart failure and those with advanced
disease were more predisposed to the arrhythmic effects
of digoxin. The DIG trial, however, found that the overall
mortality effects of digoxin therapy in patients with CHF
and normal sinus rhythm did not differ significantly by the
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degree of systolic dysfunction (ejection fraction ⭐45% compared to ⬎45%) [4]. Additionally, adjustment for severity
of heart failure symptoms altered the findings in this report
only slightly.
Several limitations of our study need to be considered.
Our study assessed whether renal impairment modified the
association of digoxin therapy and PCA in persons with
physician-diagnosed CHF. Given the design of the study,
we were not able to assess the overall association between
digoxin and PCA. However, as our findings indicate, the
overall risk of PCA associated with digoxin will likely underestimate the risk in some patients and overestimate the risk
in others. This analysis was restricted to those patients with
CHF who had filled a prescription for digoxin or nitroglycerin during the year prior to their index date, because these
two drugs were common markers of prevalent clinically
diagnosed heart disease during the study period. In a preliminary study, we demonstrated that 80% of HMO patients with
a clinical diagnosis of heart disease were treated with these
drugs. Additionally, during the study period, approximately
90% of patients with CHF enrolled in the HMO had received
a prescription for digoxin or nitroglycerin in the year prior
to the index date. Despite efforts to minimize confounding
both in the design and analysis of the study data, we cannot
exclude the possibility of uncontrolled confounding. Given
the time frame of the study, few patients with CHF included
in this analysis received angiotensin-converting enzyme inhibitors or beta-adrenergic blockers, treatments known to
lower mortality. Whether these treatments would modify
the relationships seen in this study is unknown, although
angiotensin-converting enzyme inhibitors reduce glomerular
perfusion pressure and thus may preserve renal function [17].
On the other hand, treatment with lower doses of digoxin,
as recommended clinically, was common in the setting of
mild–moderate renal impairment at the HMO. Nevertheless,
digoxin therapy was associated with an increased risk of
PCA in the setting of mild–moderate renal impairment.
We found that digoxin therapy for CHF was not associated
with an increased risk of PCA in the setting of normal
renal function. In contrast, in the setting of moderate renal
impairment, digoxin therapy was associated with more than
a twofold increase in the risk of PCA; suggesting that the
cardiac safety of digoxin therapy as it relates to PCA depends
on renal function. Consequently, clinicians need to reconsider the importance of moderate renal impairment as a
potential contraindication to digoxin therapy. Clinicians
should optimize alternative medical therapies such as
angiotensin-converting enzyme inhibitors, beta-adrenergic
blockers, angiotensin receptor blockers, and spironolactone

for patients with renal insufficiency and CHF. Although
these results need to be confirmed, the findings suggest that
a specific patient characteristic, the serum creatinine, can help
minimize the risks and maximize the benefits of digoxin
therapy in patients with CHF.
Acknowledgments
This work was supported by the Seattle Medic One Foundation and a grant from the NHLBI 5 RO1 HL 42456.
References
[1] Stafford RS, Saglam D, Blumenthal D. National patterns of angiotensinconverting enzyme inhibitor use in congestive heart failure. Arch
Intern Med 1997;157:2460–4.
[2] Cohn JN. An explanation for varying views about digitalis efficacy
in congestive heart failure. Cardiovasc Drugs Ther 1989;3:19–20.
[3] Hauptman PJ, Kelly RA. Digitalis. Circulation 1999;99:1265–70.
[4] The Digitalis Investigation Group. The effect of digoxin on mortality
and morbidity in patients with heart failure. N Engl J Med 1997;
336:525–33.
[5] Smith TW. Digitalis: mechanism of action and clinical use. N Engl
J Med 1988;318:358–65.
[6] Jelliffe RW, Brooker G. A nomogram for digoxin therapy. Am J Med
1974;57:63–8.
[7] Fisch C, Knoebel SB. Digitalis cardiotoxicity. J Am Coll Cardiol
1985;5(Suppl A):91A–8A.
[8] Marik PE, Fromm L. A case series of hospitalized patients with
elevated digoxin levels. Am J Med 1998;105:110–5.
[9] Report of the Joint International Society and Federation Task Force
of Cardiology . World Health Organization Task Force on Standardization of Clinical Nomenclature. Nomenclature and criteria for diagnosis
of ischemic heart disease. Circulation 1979;59:607–9.
[10] Siscovick DS. Challenges in cardiac arrest research: data collection
to assess outcomes. Ann Emerg Med 1993;22:92–8.
[11] Smith HW. Diseases of the kidney and urinary tract. In: The kidney:
structure and function in health and disease. New York: Oxford Univ
Press; 1951. p. 836–87.
[12] Cockcroft DW, Gault MH. Prediction of creatinine clearance from
serum creatinine. Nephron 1976;16:31–41.
[13] Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more
accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Ann Intern Med 1999;130:
461–470.
[14] Knight EL, Glynn RJ, McIntyre KM, Mogun H, Avorn J. Predictors
of decreased renal function in patients with heart failure during angiotensin-converting enzyme inhibitor therapy: results from the studies
of left ventricular dysfunction. Am Heart J 1999;138:849–55.
[15] Philbin EF, Santuella RN, Rocco TA Jr. Angiotensin-converting
enzyme inhibitor use in older patients with heart failure and renal
dysfunction. J Am Geriatr Soc 1999;47:302–8.
[16] Surawicz B. Factors affecting tolerance to digitalis. J Am Coll Cardiol
1985;5:69A–81A.
[17] Bakris GL, Weir MR. Angiotensin-converting enzyme inhibitor—
associated elevations in serum creatinine: is this a cause for concern? Arch Intern Med 2000;160:685–93.

