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Do patients take digoxin ?

G. D. JOHNSTON, J. G. KELLY, AND D. G. McDEVITT

From Belfast City Hospital and Department of Therapeutics and Pharmacology, The Queen's
University of Belfast

Plasma digoxin concentrations on admission to hospital have been compared with levels on day 8 in a group of
50 patients who were maintained on their preadmission digoxin doses for 7 days. In the absence of a change in
renal function, 18 patients (36%) had higher levels on day 8 and were considered to be non-compliant: a

further 7 patients (14%) had lower levels on day 8 suggesting that before admission they had been taking
more than their prescribed digoxin dose. Fifty per cent were, therefore, taking their digoxin improperly. In
addition, an incorrect dose of digoxin may have been prescribed in 14 patients (28%) with plasma digoxin
concentrations either below 0-8 ng/ml (1.02 nmol/l) or above 2-0 ng/ml (2 56 nmol/l) on day 8. Long-term
compliance was assessed by comparing day 8 'steady state' digoxin levels with those obtained at outpatient
follow-up. Thirty of the originalgroup were studied at 4 weeks when 27per cent were considered non-compliant,
and 20 at 3 months when 30 per cent were non-compliant. These results have serious implications both for
drug prescribing andfor the treatment of disease, and suggest that a problem of communication exists between
doctors and their patients.

In a previous study of patients already taking
digoxin when admitted to hospital as emergencies
(Carruthers et al., 1974), it was found that only 42
per cent had plasma digoxin concentrations within
the normal therapeutic range of 08 to 2-0 ng/ml
(1-02-2*56 nmol/l) (Whiting et al., 1973); 33 per
cent had levels below 08 ng/ml (1P02 nmol/l) and
were presumably under-treated and 25 per cent had
levels greater than 2-0 ng/ml (2-56 nmol/l) and may
have been potentially at risk from digoxin toxicity
(Chamberlain et al., 1970; Whiting et al., 1973).
Factors responsible for the wide scatter of digoxin
concentrations were not identified. A further group
of patients have now been studied in which serial
inpatient and outpatient plasma digoxin concentra-
tions were used to investigate non-compliance as a
possible explanation of the fact that so many levels
lie outside the 'therapeutic range'.

Patients and methods

Consecutive patients admitted as emergencies to a
general medical ward in the Belfast City Hospital
and receiving maintenance digoxin treatment
before admission were studied. For each patient, a
careful history relating to digoxin treatment was
taken with particular reference to the dose, the
Received for pub ication 10 January 1977

timing of the last dose before admission, and the
presence or absence of subjective symptoms of
toxicity. The reason for each admission was also
noted, especially wbether cardiac disease had been a
precipitating factor. Patients were asked if they had
been taking their medication as prescribed and
information was obtained about the total number of
other tablets taken each day. A 12-lead electro-
cardiogram was recorded in each patient soon after
admission and a blood sample taken for estimation
of plasma digoxin, urea, creatinine, and serum
potassium concentrations.

In the absence of digoxin toxicity, each patient
was treated for 7 days with his preadmission digoxin
dosage which, assuming the elimination half-life of
digoxin to be 1-6 days (Jelliffe, 1968), should have
enabled him to reach 'steady-state' plasma digoxin
concentration. At the end of this treatment period
and again where possible at 4 weeks and 3 months
after discharge from hospital, the electrocardio-
gram and laboratory tests were repeated. On ad-
mission, blood samples for digoxin assay were taken
at least 6 hours and less than 14 hours after the last
digoxin dose. Blood samples at day 8, 4 weeks, and
3 months were taken 6 to 8 hours after the last dose.
On the basis of plasma digoxin concentrations at

day 8 digoxin dosage was adjusted where necessary
before discharge from hospital using a nomogram
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Table 1 Manifestations of digoxin toxicity in 5 patients
on day 1 and in 1 patient between day 1 and day 8

Digoxin toxicity* No. of subjects
Day I Day 4

Nausea, anorexia, and vomiting 1 1
First degree heart block 1
Premature ventricular contractions 2
Paroxysmal atrial tachycardia with or

without AV block 1 1
Complete heart block 1

*2 subjects had more than one manifestation of toxicity.

(G. E. Mawer, R. Ahmad, S. B. Lucas, J. G.
McCough, R. M. Stirland, and J. A. Tooth, 1974,
unpublished observations).

Plasma digoxin levels were measured by radio-
immunoassay using a modified Wellcome Lanoxi-
test 3 kit method (Ojala et al., 1972). Results are
shown as the mean i standard deviation. Statistical
analyses were carried out using Student's paired t
test and the x2 test.

Results

Sixty consecutive patients were studied after emer-
gency admission to hospital. Of these, 5 patients
were showing signs of digoxin toxicity on admission
and 1 further patient developed these on day 4. The
manifestations of the digoxin toxicity are shown in
Table 1. The mean plasma digoxin concentration in
these patients was 2-68 ±1-03 ng/ml (3-43 ±1'32
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Day 1 Day 8 4 weeks 3 months

Fig. 1 Plasma digoxin concentrations obtained in
patients on admission to hospital (50 patients), day 8
(50), 4 weeks after discharge (30), and 3 months after
discharge (20). Mean levels are shown by horizontal
lines, and dotted lines show limits of therapeutic range of
concentrations.
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Fig. 2 Plasma digoxin concentrations in 16 patients
whose levels did not change from day 1 to day 8.

nmol/l) and the symptoms and signs subsided after
the drug was discontinued. Four patients died
between day 1 and day 8 from causes not attribu-
table to digoxin toxicity, leaving a total of 50
patients in the study. There were 23 men and 27
women and the mean age was 69-6 ±9'9 years.
The plasma digoxin concentrations on admission,

on day 8, at 4 weeks after discharge (30 patients),
and after 3 months (20 patients) are shown in Fig. 1.
The mean plasma digoxin concentration on ad-
mission was 1l19 ±0'85 ng/ml (1.52 +1'09 nmol/l)
and this rose significantly to 1'70 ±0'92 ng/ml
(2'18+1-18 nmol/l) by day 8 (t==3.58; P<0.001).
Of the group of 50 patients, 22 had plasma digoxin
concentrations on admission below 0'8 ng/ml
(1'02 nmol/l), 19 had levels of 0'8 to 2'0 ng/ml
(1.02 to 2'56 nmol/l), and the remaining 9 had
levels greater than 2-0 ng/ml (2.56 nmol/l). After 7
days on their preadmission digoxin dosage, the
numbers of patients in the 3 groups had become 8,
30, and 12, respectively. The shift of patients
between the groups from admission to day 8 is
highly significant (x2=9 4; P<0'01). Of the 30
patients studied at 4 weeks, 22 had levels in the
therapeutic range, 2 in the toxic range, and 6 in the
subtherapeutic range. The mean plasma digoxin
concentration was 1-23+0'78 ng/ml (1.57 ±0'99
nmol/l). Twenty of these patients were studied again
at 3 months. At this time 7 patients had levels out-
side the therapeutic range, 5 subtherapeutic and 2
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Fig. 5 Plasma digoxin concentrations in 8 patients

Fig. 3 Plasma digoxin concentrations in 9 patients whose levels increased from day I to day 8, but remained
whose levels fellfrom day 1 to day 8. Dotted lines in the same range (subtherapeutic, therapeutic, or toxic).
indicate patients in whom renalfunction improved. Dotted lines indicate patients in whom renal function

deteriorated.

5-00 64o with levels greater than 2-0 ng/ml (2-56 nmol/l)
which could be explained by recent deterioration in

,,' renal function. The mean plasma digoxin concen-

4-00ooq | / F 5tration in this group was 1-29 ±1-06 ng/ml (1P65±
/ On the basis of reproducibility of the laboratory

methods, changes in plasma digoxin concentration
/,, of greater than 0-2 ng/ml (0-26 nmol/l) and in serum

_300 / 3 84 creatinine of greater than 0-2 mg/100 ml (17-7
-0/ ,, 3 Fmol/l1 were thought to represent real changes in
._/ ,.'.2_ plasma digoxin levels and in renal function, respec-

E / ,":/// tively. Patients who showed a change in plasma
, 2-00 -- -- cdigoxin concentration from admission to day 8, or
Xe/ ///Xm from day 8 to either 4 weeks or 3 months, without

any change in renal function, were considered to be
non-compliant.

o-00o - D2 Only 16 of the original 50 patients had plasma
- digoxin levels which remained unchanged between

day 1 and day 8 (Fig. 2). Nine patients had plasma
<025 <0-32 digoxin levels which were lower on day 8 than on

Day I Day 8
day 1, but in 2 ofthese an improvement in renal func-

Day 1 Day 8 tion may have accounted for the decrease (Fig 3).

Fig. 4 Plasma digoxin concentrations in 17 patients The remaining 25 patients showed an increase in
whose levels increasedfrom subtherapeutic to therapeutic plasma digoxin concentration between day 1 and
or toxic or from therapeutic to toxic from day 1 to day 8. day 8 (Fig. 4 and 5). Fig. 4 shows 11 patients who
Dotted lines indicate patients in whom renal function had subtherapeutic levels on admission which
deteriorated. became normal at day 8, and 6 patients with toxic
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Table 2 Factors examined for relation to compliance

Patients No. Age (y)t %O admitted with % claiming to be No. of digoxin Total no. of tablets
cardiac disease taking prescribed tablets dailyt prescribed dailyt

dose

All subjects 50 69-6 84 78 1-26 6-8
(M 23, F 27) ±9 9 ±0-78 ±3-7
Compliant group 25 70-8 76 80 1-26 6-6
(M 14, F 11) (50%1) ±11 0 ±0 55 ±3 9
Non-compliant group 18* 68-5 78 61 1-22 7-4
(M 5, F 13) (36%,o) ±10 9 ±0 56 ±3-4

*7 patients were excluded because of a significant deterioration in renal function.
tMean ±SD.

levels on day 8 but subtherapeutic or normal levels
on admission. In only 3 of these 17 patients was
th.ere a deterioration in renal function. Fig. 5
illustrates changes in plasma digoxin concentra-
tions in the remaining 8 patients who showed an
increase of more than 0-2 ng/ml (0-26 nmol/l)
while remaining within the same plasma level range.
In four of these patients there was a deterioration in
renal function which may have accounted for the
change.
Of the 25 patients whose plasma digoxin con-

centration increased, 18 (36% of total group) were,
therefore, considered to be non-compliant, having
shown no change in renal function to account for
this increase. These patients were compared with
the remaining 25 patients who were thought to be
compliant, with respect to age, reason for hospital
admission, patients' claim to be taking tablets as
prescribed, and the number of tablets prescribed
daily (Table 2). No significant differences were
found between the 2 groups and as many as 61 per
cent of those considered non-compliant gave a
history of taking their tablets as directed. Interest-
ingly, almost half of the women studied were
thought to be non-compliant compared with only 5
out of 23 men.
Long-term outpatient compliance was assessed

Table 3 Range of serial plasma digoxin concentrations
in 30 patients from day 8 to 4 weeks

No. of patients Day 8 4 weeks
(total 30)

1 Low Low
3 Low Normal
0 Low High
5 Normal Low
13 Normal Normal
2 Normal High
0 High Low
6 High Normal
0 High High

Low =Plasma digoxin concentration < 0-8 ng/ml (1-02 nmol/l).
Normal=Plasma digoxin concentration 0-8 to 2-0 ng/ml (1-02 to
2-56 nmol/l).
High =-Plasma digoxin concentration > 2-0 ng/ml (2 56 nmol/1).

by comparing day 8 'steady-state' plasma digoxin
levels with the values obtained at 4 weeks and at 3
months. Table 3 compares day 8 with 4 week
digoxin concentrations in 30 patients followed up
after discharge from hospital. Of these, 22 patients
had levels which remained unchanged, or on ad-
justed digoxin dosage were in the therapeutic range
at 4 weeks. Five patients had digoxin concentrations
below 08 ng/ml (1.02 nmol/l) at 4 weeks, having
been in the normal range at day 8, and 3 more had
levels which decreased by more than 0-2 ng/ml
(0-26 nmol/l) while remaining within the thera-
peutic range. These 8 patients (26-7%) were con-
sidered non-compliant as none showed any change
in renal function. Of the 20 patients assessed at 3
months (Table 4), 5 had subtherapeutic digoxin
levels; 2 of these had been in the normal range at day
8 and week 4, and the other 3, having been in the
toxic range on day 8, had had 4-week values in the
therapeutic range on adjusted digoxin dosage. One
patient had digoxin levels which decreased by more
than 0-2 ng/ml (0-26 nmol/l) while remaining within
the therapeutic range. Thus, at 3 months, 30 per
cent of these patients were still non-compliant. Two
patients, who had digoxin levels greater than 2-0
ng/ml (2-56 nmol/l), had both shown recent
deterioration in renal function.

Table 4 Range of serial plasma digoxin concentrations
in 20 patients from day 8 to 3 nronths

No. of patients Day 8 3 months
(total 20)

0 Low Low
2 Low Normal
0 Low High
2 Normal Low
9 Normal Normal
2 Normal High
3 High Low
2 High Normal
0 High High

Low =Plasma digoxin concentration < 0-8 ng/ml (1 02 nmol/1).
Normal=Plasma digoxin concentration 0-8 to 2-0 ng/ml (1-02 to
2-56 nmol/l).
High =Plasma digoxin concentration > 2-0 ng/ml (2-56 nmol/1).
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Discussion

These results confirm those from our prcvious
study (Carruthers et al., 1974) that on emergency
admission to hospital less than half of the patients
taking digoxin had plasma digoxin concentrations
within the therapeutic range of 0-8 to 20ng/ml
(1.02 nmol/l to 2-56 nmol/l). Approximately one-
third of the patients had concentrations below 0-8
ng/ml (1 02 nmol/l) and the remainder were in the
potentially toxic range above 20 ng/ml (2-56
nmol/l). These differences in plasma digoxin con-
centrations in patients on long-term maintenance
digoxin therapy may occur not only between
patients but also in individual patients over a period
of several months.
The present study identifies three separate

causes for this variation: non-compliance, con-
fusion in some patients about dosage, and wrong
digoxin prescribing in others. Excluding the
clinically toxic patients, we concluded that 36 per
cent of 50 patients were non-compliant. A further 7
patients (14%) had plasma digoxin levels which
were lower on day 8 than on admission without any
improvement in renal function. Errors of dosage or
timing caused by confusion or misunderstanding
resulting in patients taking the drug more often
than prescribed appear to be the most likely ex-
planation in this group. Such errors may also result
in patients taking too little drug but in this present
study the methods of assessment used would in-
clude these in the non-compliant group. Thus 50
per cent of the patients were taking too little or too
much digoxin either deliberately or because of con-
fusion or misunderstanding about dosage. In addi-
tion, without evidence of alteration in renal func-
tion, plasma digoxin concentrations on day 8 were
below 0-8 ng/ml (1 02 nmol/1) in 6 patients and
above 2-0 ng/ml (2.56 nmol/l) in 8 patients suggest-
ing that the wrong digoxin dosage was being pre-
scribed in as many as 28 per cent of the total group.
Several of the patients being prescribed too high a
dose were also non-compliant and they were,
therefore, probably protecting themselves from
toxicity. Overall, subtherapeutic plasma digoxin
levels on admission to hospital could be accounted
for in 13 patients (26% ) by poor compliance (Fig. 4)
and by inadequate digoxin prescribing in a further
6 patients (12%). In two patients change in renal
function from day 1 to day 8 made interpretation
difficult.

Various methods have been used previously to
detect drug defaulters: these include interrogation,
tablet counts, drug markers, measurement of con-
centration of drugs in patients' urine or plasma, and
analysis of prescriptions taken to pharmacists

(Blackwell, 1972). Most of these methods are open
to criticism and some were not applicable to our
study. We have previously found iaterrogation not
useful (Carruthers et al., 1974) and we, therefore,
decided to use a te:hnique of producing 'steady-
state' plasma digoxin concentrations at the patient's
previous digoxin dosage, assu.min; that this takes
4 to 5 half-lives for a drug from the first dose. This
has the advantage of making an objective prospec-
tive measurement of compliance and we believe that
this is the first time this technique has been used in
a large group of patients. It is of value only for
drugs with long elimination half-lives. In fact,
because many of those patients had impaired
renal function, the half-life of digoxin in some
individuals may have been longer than 1 6 days
and 'steady-state' may not have been achieved.
However, in terms of patients' convenience, 7 days
was considered long enough. The error, if it
occurred, would have resulted in an underestimate
of 'steady-state' plasma digoxin concentration and,
therefore, the position may be even worse than it
appeared. Another possible error of the technique is
wrong assessment of what constitutes a real change
in plasma digoxin concentration, but laboratory
variation is said to account for only 10 per cent of a
particular reading (Whiting et al., 1973) and the
0-2 ng/ml (0 26 nmol/1) allowed may, therefore,
be over-generous, again producing underestimation
of the real position. In addition, as the figures show,
most patients had much wider fluctuations between
day 1 and day 8.
Using this technique, significant differences were

found between plasma digoxin levels on admission
and on day 8, the mean admission level being 70 per
cent of that found at 'steady-state'. Interestingly,
though not strictly comparable, the outpatient
digoxin levels at 4 weeks and at 3 months were very
similar to those obtained on admission. These find-
ings are in agreement with those reported by
Sheiner et al. (1974), who compared different
groups of inpatients and outpatients, where out-
patient digoxin concentrations were typically
72 ±16 per cent of those derived from inpatient
data. They suggested that poor compliance was the
probable cause and that this was 'a consistent and
predictable phenomenon'.

Estimates of patient compliance have been
reported before. On the basis of history, Weintraub
et al. (1973) designated 34 per cent of 101 patients
taking digoxin as 'non-compliant'. However, in
patients designated 'compliant' in whom serum
digoxin concentrations were studied, 11 per cent
had levels less than 0 5 ng/ml and digoxin was un-
detectable in 5-3 per cent. This raises questions
about the validity of interrogation and single
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estimates of blood concentration as a method for
assessing compliance. In our present study, 61 per
cent of patients shown to be non-compliant by
serial blood sampling claimed to be taking digoxin
regularly. In a study of outpatients with tuber-
culosis (Maddock, 1967) followed up with multiple
urine testing, both in the clinic and by random home
visits, 30 per cent of 50 patients taking isoniazid and
42 per cent of 33 patients receiving aminosalicylate
were found to be uncooperative. The figure for
long-term compliance of 36 per cent obtained in this
present study, taken with these previous estimates,
suggests that something of the order of one-third of
patients do not take their treatment regularly. In
our experience, during 3 different periods of ob-
servation, patients who were compliant during one
period were not necessarily so during the next
period.

In the present study, we examined age, sex, and
complexity of drug regimen as factors previously
reported to influence compliance (Dixon et al.,
1957; Schwartz, 1965; Gatley, 1968). Only with sex
was any difference between the 2 groups apparent.
Twice as many women as men were found in the
defaulting group, but, as the sample was small,
definite conclusions are not possible. Non-com-
pliant patients did not appear to be admitted with
cardiac disease more often than compliant ones.
Drug interaction is a possible cause of alteration

in plasma digoxin concentrations: anticholinergics,
metoclopramide, and spironolactone, have all been
reported to change digoxin levels (Manninen et al.,
1973; Steiness, 1974). However, of the 50 patients
we studied, only 3 were receiving spironolactone
and 1 was receiving metoclopramide on admission
to hospital: these drugs were continued at their
admission dosage throughout the period of ob-
servation. None of these drugs was prescribed for
the first time in any other patients from day 1 to
day 8. This factor thus seems unlikely to explain the
observed changes.

Several reports have recently considered the
variation in biological availability of different
digoxin preparations (Lindenbaum et al., 1971;
Shaw et al., 1972) and even between batches of
digoxin from the same drug company (Van
Oudtshoorn, 1972). Initially we attempted to
identify the digoxin preparation in each individual,
but as many of the patients were elderly, lived
alone, and could not even specify the pharmacist
from whom the tablets were obtained we found
comprehensive information impossible to obtain.
Most patients were probably taking the same brand
of digoxin before and after admission, but we have
not been able to rule this out conclusively as a

possible factor to account for changing plasma
digoxin levels.

In the majority of studies dealing with out-
patient compliance, patients have been designated
fully compliant or totally non-compliant. With a
drug such as digoxin with a narrow therapeutic
ratio, relative degrees of non-compliance may be
important. In this study 50 per cent of patients were
not in a steady state consistent with their digoxin
dosage and schedule, on admission to hospital, 36
per cent being non-compliant and the remainder
probably confused about their dose. The important
implications for further management after admission
to hospital and for continuing outpatient care can
only be appreciated by serial plasma digoxin con-
centration measurement. There was little indication
that prolonged follow-up significantly improved
compliance.

If these results for digoxin are in any way repre-
sentative of drug compliance and patient mis-
understanding about therapy generally, they have
serious implications for drug prescribing and our
ability to treat disease. Effective modern drugs will
be of little value unless we can persuade more than
half of our patients to take them properly or under-
stand why they do not. It may be argued that these
patients are not representative because they were
being admitted to hospital as treatment failures, but
even this interpretation cannot hide the fact that a
serious and largely unappreciated problem of com-
munication exists between patients and doctors.
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