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Abstract Background: The safety of digoxin (digitalis) therapy has greatly improved over
the past three decades, but recent incidence rates for digoxin intoxication-related
hospitalisation are not available. Recent literature suggests that women are at
higher risk of digoxin toxicity.

Objective: To provide age- and gender-specific incidence rates for digoxin
intoxication-related hospitalisation and mortality during digoxin intoxication-
related hospitalisation in The Netherlands in the period 2001-4.

Study design and methods: We conducted a nationwide population-based
cohort-study of all hospital admissions in the years 2001-4 using a national
computerised hospital admission registry. All patients with acute admissions were
included in the study (n = 2 987 580). From these admissions, we selected all
hospitalisations that had digoxin intoxication coded as either a primary or secon-
dary diagnosis. We obtained data on digoxin prescriptions from the Foundation
for Pharmaceutical Statistics (Stichting Farmaceutische Kengetallen) pharmacy
database, which extrapolates drug figures for The Netherlands from prescriptions
dispensed by 90% of all community pharmacies. We computed age- and gender-
specific incidence rates of digoxin intoxication.

Results: Digoxin intoxication was identified in 0.04% (n = 1286) of acute
admissions. The incidence rate for digoxin intoxication-related admission was
48.5 (95% CI 45.9, 51.2) per 100 000 prescriptions, which corresponds to 1.94
admissions for intoxication per 1000 treatment-years. Women had a 1.4-fold
higher risk of intoxication than men (95% CI 1.3, 1.6). The age- and gender-
adjusted relative risk of mortality in patients with digoxin intoxication compared
with those admitted for other reasons was 0.7 (95% CI 0.5, 0.8).

Conclusion: This study shows that digoxin intoxication in patients receiving
current therapy is presently infrequent and that women are at higher risk of
digoxin intoxication than men.
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Background

The cardiac glycoside digoxin (digitalis) has
been successfully used in the treatment of heart
disease for over 200 years. Recently, digoxin was
formally approved for ventricular response rate con-
trol in patients with atrial fibrillation and congestive
heart failure, based on three clinical trials.[!3] How-
ever, digoxin has been associated with toxicity
problems since its introduction. In the past, it was
associated with a high frequency of intoxication and
high mortality. Studies on digoxin toxicity for the
period from 1969 to 1983 showed a frequency of
intoxication in users that was as high as 11-30%.4-¢!
One prospective study performed in 1971 reported
mortality of 41% in patients with definite digoxin
intoxication,'® and in another study 47% of patients
with digoxin intoxication experienced life-threaten-
ing arrhythmias.[”

Currently, there is widespread knowledge and
awareness of the pharmacokinetics and drug interac-
tions of digoxin, as well as a tendency towards the
use of regimens incorporating lower dosages and
more strict therapeutic drug monitoring than had
been used in the past. These developments in ther-
apy management have resulted in a major reduction
in the incidence of digoxin intoxication and an im-
proved prognosis over the last three to four decades.
Recent studies have shown digoxin intoxication in
4.8% of inpatients admitted for heart failure who
were using digoxin (0.8% definite),®! 1.1% of ran-
domly selected outpatients who were using digox-
in® and 2% and 1.2% of closely monitored outpa-
tients who were receiving digoxin in trials.[”) Fur-
thermore, recent literature suggests that women are
at an increased risk of digoxin toxicity.%!

Current population estimates of the incidence
rate for digoxin intoxication are lacking. In the
present study, we investigated the incidence rate of
digoxin intoxication in the general population and
the mortality rate during admission. Specifically, we
assessed whether women were at higher risk of
digoxin intoxication than men.
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Methods

Population

Data on hospital admissions were retrieved from
a nationwide computer database for hospital dis-
charge records (National Hospital Registration) in
The Netherlands. This database contains basic pa-
tient characteristics, the dates of admission and dis-
charge, the discharge diagnosis, additional diagno-
ses during or preceding admission, surgical proce-
dures, the treating medical specialty and special
codes indicating drug-related hospitalisations (E-
codes), based on the International Classification of
Diseases (9th Edition), Clinical Modification coding
system. All general and university hospitals in The
Netherlands participate in this system. Characteris-
tics of all hospitalisations are registered by medical
doctors in hospital discharge letters and coded by
professional code clerks. Reimbursement of hospital
and specialist fees does not depend on the way an
admission or disease is coded. For every admission,
one discharge/main diagnosis (mandatory) and up to
nine secondary diagnoses (optional) are registered.
All diagnoses are submitted in the same format,
mostly electronically.

All patients with an acute (non-planned) admis-
sion to a Dutch academic or general hospital in the
period January 2001-December 2004 were included
in the study (n = 2987 580). A digoxin-related
admission was defined as a hospitalisation with the
ICD code 972.1 as the main or one of the secondary
diagnoses or the code E942.1 as a secondary diagno-
sis (usually the diagnosis of the cause of the main
diagnosis).

Digoxin Use

Data on the use of digoxin were obtained from
the Stichting Farmaceutische Kengetallen (SFK)
[Foundation for Pharmaceutical Statistics] database,
which extrapolates drug figures for The Netherlands
based on filled prescriptions from 90% of all com-
munity pharmacies. As community pharmacies de-
liver 90% of all outpatient prescriptions, this
database covers >80% of such prescriptions in The
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Netherlands. Due to different anonymisation proce-
dures in the hospitals as well as in the SFK database,
it was not possible to link individual prescription
data to admission data. Prescription data were only
available as the number of prescriptions per age
group (eight fixed age groups) stratified by gender
and by year. The range of the age categories was
chosen on the basis of the distribution of overall
drug use over age and on the relevance of specific
age groups (less drug use in age groups 20-55 years
results in wide age ranges, special interest in chil-
dren results in smaller age ranges). This resulted in
age groups with different age ranges instead of more
conventional age groups with equal age range. Since
there were no data on drug regimens and digoxin
dosages can vary greatly among patients, the data
did not allow for the calculation of the incidence rate
in terms of person-years of use.

Analyses

We calculated the proportion of acute admissions
that were attributable to digoxin intoxication ac-
cording to the coded discharge diagnoses. Since
digoxin prescription rates vary across different pa-
tient groups, the proportion of admissions may not
reflect the actual risk of digoxin intoxication. There-
fore, we also calculated incidence rates of digoxin
intoxication by dividing the number of admissions
for digoxin intoxication by the number of filled
digoxin prescriptions. Using similar methods, we
calculated age- and gender-specific incidence rates.

Descriptive statistical methods were used for
subgroup comparisons and consisted of Student’s t-
tests (unpaired) and Chi-squared tests. The relative
mortality risk during admission for digoxin intoxi-
cation versus other reasons for admission was esti-
mated using age- and gender-adjusted logistic re-
gression analysis. The association between the
length of hospital stay and admission for digoxin
intoxication was studied using age- and gender-
adjusted linear regression analysis. All analyses
were carried out in SPSS 11.0 for Windows. The
age-adjusted relative risk (RR) of admission for
digoxin intoxication per 100 000 prescriptions in
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females versus males was computed using Mantel-
Haenzel methods across the eight age strata.

Results

Of all 9729 819 admissions over the years
2001-2004, 30.7% (n = 2 987 580) were acute ad-
missions. The baseline characteristics of the study
population are shown in table I. The mean age of
acutely admitted patients was 49.1 years and 53.5%
were female. The most frequent main diagnoses
were of a cardiovascular nature including chest pain,
myocardial infarction, heart failure and stroke
(13.5% of all acute admissions). The mean duration
of admission was 8.8 days and 4.9% of all acute
admissions ended in death.

Digoxin intoxication was reported in 0.04% (n =
1286) of acute admissions. Patients with digoxin

Table I. Characteristics of all acute admissions (n = 2 987 580)

Characteristic

Mean age (y) 491

Age in years (no. of patients)
0-10 380 827
11-20 128 653
21-40 641910
41-54 383175
55-64 349 304
65-69 203 664
70-74 242 968
>75 657 079

Female sex (%) 53.5

Top 10 most frequent main diagnoses

(% admissions)
chest pain 5.8
myocardial infarction 3.0
heart failure 27
stroke 2.0
pneumonia 1.9
atrial fibrillation 1.9
abdominal pain 1.7
chronic obstructive pulmonary disease 1.4
fetal distress 1.3
acute appendicitis 1.3

Digoxin intoxication (% admissions) 0.042

Mean duration of admission (days) 8.8

Died during admission; 4.9 (147 379)

% (no.) admissions
a n=1286, mean age 77.4 years.
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intoxication were significantly older (77.4 vs 49.1
years, p < 0.001) and more often female (68.0% vs
53.5%, p < 0.001) than other acutely admitted pa-
tients. The mean duration of admissions for digoxin
intoxication was 14.2 days. The age- and gender-
adjusted difference in duration compared with other
acute admissions was 2.1 days (95% CI 1.3, 2.8).
Admissions for digoxin intoxication ended in death
more often than other acute admissions (7.7% [n =
99] of admissions for digoxin intoxication vs 4.9%
of other acute admissions); however, patients who
were admitted for digoxin intoxication were older
than patients admitted for other causes. After adjust-
ment for age and gender, the risk of death during
admission appeared to be lower for patients admit-
ted with digoxin intoxication than for those admitted
for other reasons (RR 0.7, 95% CI 0.5, 0.8).

There were 2.6 million digoxin prescriptions dur-
ing the study period, 1.6 million of which (61.5%)
were prescribed to women. The number of digoxin
prescriptions and intoxications was stable over the
study period. The overall incidence rate of digoxin
intoxication was 48.5 (95% CI 45.9, 51.2) per
100 000 digoxin prescriptions. Assuming an aver-
age prescription length of 3 months (maximum peri-
od dispensed per prescription for chronic use in The
Netherlands), this corresponds to 1.94 intoxications
per 1000 person years of digoxin use. The highest
rates of intoxication were found in very young (0-10
years of age) users. After the age of 40 years, there
was a slow increase in risk of intoxication with
increasing age (table II). Women were at a higher

Table Il. Gender-specific incidence rates for digoxin intoxication per
100 000 prescriptions, by age category (n = 1286)

Age (y)

Males Females

cases incidence rate cases incidence rate

(95% Cl) (95% Cl)

0-10 10 229.8 (123.6,427.1) 9 251.3 (114.9, 477.0)
11-20 1 65.0 (1.7, 362.3) 1 76.8 (1.9, 427.6)
21-40 7 1105 (44.4,227.7) 6 1227 (45.0, 267.1)
41-54 7 178 (7.2, 36.7) 11 52.8(29.3, 95.4)
55-64 28  23.0(15.9,33.3) 34 552 (39.4,77.2)
65-69 34 30.3 (21.7,424) 43  63.0 (46.7, 85.0)
70-74 68  40.0 (31.6,50.8) 86  64.8 (52.5, 80.0)
>75 256  42.1(37.2,47.6) 685  53.0 (49.2, 57.1)
Total 411  38.6(35.0,425) 875 55.2 (51.6, 59.0)
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risk of digoxin intoxication than men, with 55.2
(95% C151.6, 59.0) versus 38.6 (95% CI1 35.0, 42.5)
intoxications per 100 000 prescriptions, resulting in
an age-adjusted RR of 1.4 (95% CI 1.3, 1.6) for
women versus men.

Discussion

In this study, we show that the absolute number
of cases of digoxin intoxication requiring hospital-
isation in The Netherlands between 2001 and 2004
was rather low (1286 in 4 years, around 2 per 1000
person-years of use). This confirms the observation
that current management of digoxin treatment has
reduced the risk of digoxin toxicity dramatically. At
the current time, digoxin treatment appears to be
rather safe, probably due to regimens that employ
lower dosages than were used in the past and to
increasing awareness of the risk factors for intoxica-
tion. This improved prognosis is confirmed by the
fact that we found a lower risk of in-hospital death
for patients admitted for digoxin intoxication com-
pared with other acutely admitted patients. In the
past, mortality from digoxin intoxications has been
as high as 41%.19 By the 1980s, all-cause mortality
for patients with a discharge diagnosis of digoxin
intoxication had already been reduced to 5%, and
only 1.1% of intoxicated patients died as a direct
result of the intoxication.!® There have been several
changes in the therapy of heart disease that explain
this dramatic reduction in mortality. First, the dos-
age administered in most digoxin regimens is much
lower than in the past, leading to less severe intoxi-
cation with fewer lethal arrhythmias. Second, the
patient population receiving digoxin has changed. In
the past, many patients received digoxin for the
treatment of coronary heart disease, but currently
the main indications for treatment are congestive
heart failure and atrial fibrillation. Of the patients
with digoxin intoxication in 1971, 74% also exper-
ienced coronary artery disease. In the 1980s, this
was reduced to 35%. Old or recent myocardial in-
farction in intoxicated patients decreased from 60%
to 20%.[%81 Third, the diagnosis of digoxin intoxica-
tion has changed over time, resulting in the recogni-
tion of less severe cases. In the past, the diagnosis
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was based on the patient history and ECGs. There-
fore, only more severe cases of intoxication were
identified. Presently, serum digoxin levels may sup-
port the diagnosis in patients with a less severe
presentation.['!! Fourth, changes in the treatment of
heart disease, especially the introduction of potassi-
um-sparing diuretics and ACE-inhibitors, has drasti-
cally reduced the incidence of hypokalaemia in pa-
tients treated with diuretics. In previous studies,
hypokalaemia often complicated digoxin intoxica-
tion, giving rise to more serious arrhythmias.”! Fi-
nally, patients with severe intoxication resulting in
lethal arrhythmias might not reach the hospital alive.
This might have resulted in the selection of cases of
intoxication that had relatively good prognoses in
this study.

In addition, we found that women were at in-
creased risk of digoxin intoxication. This observa-
tion supports the concerns that were raised earlier in
the gender-stratified analysis of the Digitalis Inves-
tigation Group (DIG) data about a higher risk of
digoxin therapy complications in women. In a post
hoc analysis of the DIG trial, the group of women
treated for heart failure with digoxin had a higher
mortality rate than the placebo group and than men
treated with digoxin. Women had slightly higher
serum digoxin levels than men after 1 month of use,
despite lower doses of digoxin per body mass index
unit.' The only other study on the effect of gender
on the outcome of digoxin treatment (the SOLVD
trial) showed no difference in survival between men
and women.['2l However, the SOLVD trial included
a much lower number of women than the DIG study,
resulting in lower power to detect a difference.
Furthermore, the outcome in both studies was death,
and as we have shown that the current mortality
from digoxin intoxication is low, this would make it
more difficult to detect a difference in rates between
men and women in those studies. However, studies
on the subject of gender differences in digoxin in-
toxication remain scarce since gender-stratified re-
sults are not available for most digoxin trials and
women are traditionally under-represented in trials.
One hypothesis about the cause of the increased risk
of digoxin intoxication in women is the inhibition of
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P-glycoprotein by hormone replacement therapy
(HRT), which reduces the excretion of digoxin in
the renal tubes.['*!3] However, HRT use in The
Netherlands is relatively low, making this an unlike-
ly explanation for our findings. An alternative hy-
pothesis, that seems more likely and also involves P-
glycoprotein, is the suggestion that women have
lower P-glycoprotein expression,!'*l resulting in
higher uptake and lower excretion of digoxin. It is
unlikely that the difference in the incidence of
digoxin intoxication is explained by a difference in
renal clearance, since renal function tends to deteri-
orate more with increasing age in men than in wo-
men.[>! Adjustment for renal function might there-
fore even further increase the RR of digoxin intoxi-
cation in women compared with men. On the other
hand, it remains possible that there were differences
in co-medication or co-morbidity between men and
women that might account for at least part of the
difference in incidence that was found. In the post
hoc analysis of the DIG trial, for instance, women
used diuretics more often than men, which might
lead to lower potassium levels and hence, higher
susceptibility to digoxin toxicity.['®) However, we
were not able to investigate the influence of these
factors in the current study.

Although we used a nationwide registry with
complete coverage of all hospital admissions in The
Netherlands, there may be some misclassification in
our estimates. In patients with severe comorbidities
in addition to digoxin intoxication, the comorbidity
rather than digoxin intoxication may have been cod-
ed as the main diagnosis. Also, symptoms may not
have been recognised as digoxin toxicity and instead
have been coded as nausea or arrhythmia. In addi-
tion, digoxin intoxications causing death before
reaching the hospital, and patients with only mild
symptoms of toxicity who were not hospitalised but
instead treated by a simple dose reduction, will have
been missed. These inaccuracies may have led to a
slight underestimation of the incidence rate. Further-
more, individual data on the dose and duration of
digoxin use were not available, and we were unable
to adjust for comorbidity or multiple hospitalisa-
tions per patient.

Drug Safety 2007; 30 (5)
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Conclusion

Despite its limitations we believe that this study
provides an accurate quantification of digoxin intox-
ication-related admissions relative to digoxin pre-
scriptions, showing that current digoxin treatment is
rather safe. Added to the fact that digoxin therapy
has been proven to be effectivel'l and its use has
been recommended in heart failure treatment guide-
lines, digoxin might be used more often in heart
failure treatment than it currently is. Furthermore,
this study supports the previous finding that women
are at higher risk of the negative consequences of
digoxin treatment.
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