
Digitalis is an old remedy. The first systematic study
showing the benefits of digitalis in cases of dropsy
was reported by the English physician and botanist

William Withering in 1785.1 Subsequent widespread use of
digitalis led to a greater understanding of its mechanisms of
action: but until recently, the evidence on its clinical efficacy
in heart failure was derived from small, often uncontrolled
trials. The only adequately powered study to date to assess the
impact of digoxin on survival in heart failure remains the
Digitalis Investigation Group (DIG) trial.2 Multiple post-hoc
analyses of the DIG trial have been undertaken to determine
the efficacy of digoxin in a variety of subpopulations, the re-
sults of which continue to fuel debate over its role in the man-
agement of heart failure.

The DIG study consisted of 2 randomized, placebo-
controlled trials. The main trial assessed the effect of digoxin
on mortality and hospital admission in 6800 patients with
heart failure, a left-ventricular ejection fraction (LVEF) less
than 45%, and predominantly New York Heart Association
(NYHA) class II–III symptoms. After a mean follow-up of 37
months, the difference in death rate was found to be non-
significant, although patients who received digoxin were less
likely to be admitted to hospital for worsening heart failure
(risk ratio 0.72, 95% confidence interval 0.66–0.79). The an-
cillary DIG trial assessed another 988 patients with heart fail-
ure, but with preserved systolic function (LVEF > 45%) and
symptoms that fell primarily into NYHA classes I or II.3 Al-
though an interim analysis at 2 years suggested that patients
randomly assigned to the digoxin treatment group had lower
risks of death and hospital admission, the final results of the
ancillary trial (after a mean follow-up of 37 months) demon-
strated no overall effect. This result was consistent with a sta-
tistical phenomenon akin to regression to the mean, whereby
early differences eventually lose their statistical significance
with longer follow-up.3,4

The results of several post-hoc subgroup analyses of the
DIG trials have been inconsistent. A pooled analysis5 of the
main and ancillary trials suggested that the effects of digoxin
were independent of age. An analysis of the main trial6 sug-
gested that digoxin therapy in women but not men was asso-
ciated with a higher death rate, although a subsequent re-
analysis7 found that this mortality excess was associated with
digoxin concentrations in serum of 1.2 ng/mL or greater
(lower concentrations had a neutral effect on mortality). An-
other analysis of the main trial found a statistically nonsignif-
icant trend toward greater mortality among men whose
serum digoxin concentrations were 1.2 ng/mL or more.8

The most recent re-analysis of the DIG trials by Ahmed
and colleagues9 explores the effects of digoxin in participant
subgroups based on sex, age ≥ 70, ethnic origin, NYHA class,
LVEF > 45%, etiology of heart failure, the presence of chronic
renal disease or diabetes, concurrent pharmacotherapy for
heart failure and serum digoxin concentrations ≥ 1.0 ng/mL.
The re-analysis was restricted to 1687 patients treated with di-
goxin, for whom serum digoxin concentrations were avail-
able 1 month after randomization, and 3861 placebo-treated
participants who survived to that time. The effect of serum
digoxin concentrations was assessed by matching each par-
ticipant in the digoxin group with one from the placebo
group and comparing outcomes within each pair. Pairing was
based on propensity scores that reflected the probability of a
participant developing a high or low serum digoxin concen-
tration, given baseline characteristics. The analysis suggested
that in all subgroups, lower serum digoxin concentrations
were associated with fewer deaths or hospital admissions for
heart failure, compared with placebo. The authors concluded
that digoxin was beneficial in heart failure where systolic
function was preserved, and furthermore suggested that in all
heart failure patients who remain symptomatic despite opti-
mal therapy with angiotensin-converting enzyme inhibitors
and β-blockers, digoxin should be considered ahead of an-
giotensin receptor blockers, aldosterone antagonists or other
proven therapies.9

These conclusions are not justified given the quality of the
evidence available, as ascertained via published criteria for
evaluating subgroup analyses.10 First, positive results from
multiple post-hoc subgroup analyses may arise purely by
chance. Second, the claim that digoxin reduces mortality in
heart failure with preserved systolic function was based on
the lack of a statistically significant interaction between left-
ventricular function and serum digoxin concentrations in the
analysis, although the actual confidence interval for the haz-
ard ratio for death in the group with low serum digoxin con-
centrations and preserved systolic function was large and in-
cluded unity.9 Third, the findings from other subgroup
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analyses, particularly those pertaining to interactions be-
tween sex and serum digoxin concentration, are not entirely
consistent, which further weakens the conclusions by
Ahmed’s group. Fourth, the subgroup analysis by Ahmed and
colleagues included only 71% of the original DIG trial cohort,
and the propensity score analysis, only 43% of the cohort.
The questionable generalizability of these results is further
compounded when the characteristics of the DIG trial cohort
are considered. Typical populations of people with heart fail-
ure are aged well into their late 70s and early 80s, have sub-
stantial comorbidity and include a greater proportion of
women and nonwhite people than those in the DIG trial, who
were primarily white, male and an average of 64 years of
age.2,11 Older patients who undergo heart failure are at in-
creased risk for side effects from digoxin, which are often
nonspecific and can occur at serum digoxin concentrations
generally considered therapeutic.12,13 Finally, there are no
head-to-head trials on which to base the contention that
digoxin should be used ahead of other heart-failure therapies
that have been supported by dedicated randomized controlled
trials large enough to be adequately powered.14

The 2006 Canadian Cardiovascular Society guidelines on
heart failure recommend the use of digoxin in patients with
heart failure due to left-ventricular systolic dysfunction who re-
main symptomatic despite optimal therapy, or in those with
heart failure accompanied by chronic atrial fibrillation and
poorly controlled ventricular rate despite β-blocker therapy or
who cannot tolerate β-blockers.14 The guidelines suggest that
digoxin may be considered to minimize symptoms in heart fail-
ure with preserved systolic function, with the caveat that the ef-
ficacy of this intervention is less well established than that of
other therapies, including angiotensin-converting enzyme in-
hibitors, β-blockers and angiotensin receptor blockers. Evi-
dence from the multiple subgroup analyses of the DIG trial is
insufficient to warrant any changes to these recommendations.

The problem of heart failure with preserved systolic func-
tion is an important one. The findings from subgroup analy-
ses of the DIG trial must be considered preliminary, and
should be verified in an adequately powered, randomized
controlled trial that includes a representative sample of older
patients and examines low serum digoxin concentrations.
The fact that digoxin is a nonpatentable remedy should not be
a deterrent to the conduct of such a trial, which would require
funding by public agencies. The inability of some patients
with heart failure to afford effective therapies such as angio-
tensin-converting enzyme inhibitors and β-blockers is de-
plorable, although the ultimate remedy to that problem lies in

more equitable distribution of health care resources (both na-
tionally and abroad) rather than recommendations of thera-
pies whose evidence is less substantial.
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