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ABSTRACT
Introduction: Digoxin monitoring is important in the elderly because of the
toxicity risk. The aim of this study was to evaluate the orders made by different units
for digoxin monitoring in the elderly.
Materials and Method: Digoxin orders and results in patients aged over 65,
patients’ demographic characteristics, such as age and gender, the unit from which
the order was made, and patients’ pre-diagnoses were retrospectively recorded.
Patients were divided into young-old, middle-old, and very-old groups, and the
results were divided into subtherapeutic, therapeutic, and toxic levels.
Results: The percentage of young-old, middle-old, and very-old patients was
39.4%, 45.3%, and 15.3%, respectively. Women were more (64.3%) and their median
age and digoxin concentrations were higher (p<0.001). Outpatients’ median
digoxin concentrations were lower than inpatients’ median digoxin concentrations
(p<0.001). A proportion of 46.6% of all digoxin levels were therapeutic; 29.2% were
subtherapeutic; and 24.2% were toxic. Subtherapeutic levels in males and toxic
levels in females predominated (p<0.001). Toxic levels were higher in inpatients,
and subtherapeutic levels were higher in outpatients (p<0.001). The highest rate
of therapeutic levels was observed in young-old patients (48.7%), while toxic levels
were observed most frequently in very-old patients (28.1%). The highest number
of digoxin orders in elderly patients was from the emergency department (44.2%).
Conclusion: In elderly patients, more than half of the serum digoxin orders were
inappropriate. These results significantly changed according to gender, outpatient
or inpatient status, age, and the ordering unit. Changes in digoxin pharmacokinetics,
especially in the geriatric period, require physicians to be vigilant of subtherapeutic
drug concentrations.
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INTRODUCTION
The prevalence of heart failure and the risk of atrial fibrillation increase with age (1). Digoxin can be
an appropriate agent to treat systolic dysfunction,
high ventricular rate, and atrial fibrillation in the
elderly. The elderly population appears to experience comparable symptom improvement and hospitalization reduction to younger populations from
the use of digoxin for heart failure management
(1, 2). However, digoxin has a complex pharmacokinetic profile, narrow therapeutic range, and high
risk of toxicity. Also, pharmacological properties of
digoxin may vary significantly between men and
women (3). According to the Digitalis Investigation
Group, the risk of all-cause mortality and all-cause
hospitalization was lower than placebo in patients
with digoxin concentrations of 0.5-0.9 ng/mL, and
mortality increased significantly to 12% in those with
digoxin concentrations ≥1.2 ng/mL. Therefore, serum levels need to be monitored to optimize therapeutic performance, detect noncompliance, and
reduce toxicity (4, 5). Digoxin toxicity may mimic
certain symptoms of heart disease, and measuring
the plasma concentration in cases in which toxicity is suspected may help confirm a diagnosis. The
recognition of digoxin toxicity is more difficult in
elderly patients than in younger patients (6). When
digoxin is used in elderly patients, the specific geriatric pharmacokinetics of the drug must be considered. Changes in serum digoxin levels require
further evaluation in elderly patients because of
significant risks specific to comorbid diseases, sex,
electrolyte disturbances, and drug interactions. In
addition, elderly patients are especially susceptible to digoxin toxicity (2, 5). Patients over 70 years
of age may show clinical signs of digoxin toxicity
despite having digoxin concentrations within the
recommended therapeutic range. Increased age is
most likely associated with enhanced susceptibility to digoxin toxicity due to unknown pharmacodynamic changes (7, 8). Digoxin is in the top five
causes of emergency department admissions due
to adverse drug reactions (9), and it is among the

top three drugs that cause emergency department
admissions in patients over 65 years (10).
Serum digoxin concentration is the most commonly ordered therapeutic drug monitoring test
globally (11). Despite many clinical trials, studies
evaluating digoxin orders specifically in the elderly
are uncommon. The aim of this study was to evaluate the orders made by different units in elderly
patients aged over 65 years and to evaluate the
eleven-year data of these results according to age
groups, sex, and inpatient or outpatient status.
MATERIALS AND METHOD
Study design
This was a retrospective, descriptive study. This
study began after its approval by the Local Ethics
Committee for Non-Interventional Research and
was performed in accordance with the Declaration
of Helsinki. Between 1 January 2008 and 31 December 2018, the data for serum digoxin orders in
patients over the age of 65 sent to the Medical Biochemistry Laboratory in Health Sciences University
Izmir Bozyaka Training and Research Hospital to be
studied from different departments and polyclinics
were collected from the hospital electronic medical record and analysed. The demographic characteristics, such as age and sex, of the patients,
unit from which the order was made, pre-diagnosis
codes of the patients according to the International Classification of Diseases-10 (ICD-10) codes,
order time, and serum digoxin levels were recorded. In the study, since there were multiple digoxin measurements on behalf of the same patient, a
demand-based evaluation was performed in both
inpatients and outpatients. Patients older than 65
years were divided into young-old (65-74 years),
middle-old (75-84 years), and very-old (85 years
and older) groups, and the results were grouped
as subtherapeutic (<0.8 ng/mL), therapeutic (0.8-2
ng/mL), and toxic (>2 ng/mL) levels.
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Methods
Serum samples were analysed spectrophotometrically (Beckman-Coulter, Digoxin, OSR6404)
with the Olympus AU-680 autoanalyzer (Beckman-Coulter, Fullerton, USA) in the Medical Biochemistry Laboratory, and the results are expressed
in ng/dL. Two levels of internal quality control were
used daily at each shift change. In addition, external quality control was performed monthly. The detection limit of the method used in the study was
0.14 ng/dL, and the maximum measurement value
was 5 ng/dL. The samples with higher concentrations were diluted according to the manufacturer's
instructions and re-measured.
Statistical analysis
Data are presented as frequencies (n) and percentages (%) or medians and interquartile ranges.
The medians were compared using the Mann–
Whitney U-test, as applicable, after checking normality using the Kolmogorov–Smirnov test. Test
results with p values <0.05 were determined to be
statistically significant.
RESULTS
In the study, 10810 digoxin orders of 4420 patients
from all age groups were evaluated. While the median age of the patients was 72.6 (12.4-110 years),
2.44 orders were made per patient. The main content of our study was 8390 digoxin orders of 3502
patients aged 65 and over, and it was observed
that 2.39 digoxin orders were made per patient in
the elderly group. According to order-based evaluation the median age of all elderly patients was
77.3 years (72-82.2 years). Among all patients, 3307
were young-old (39.4%); 3797 were middle-old
(45.3%); and 1286 were very-old (15.3%). The median age of the young-old patients was 70.7 years
(68.2-73 years); that of the middle-old was 79.6
years (77.4-81.9 years); and that of the very-old
was 87.8 years (86-90.8 years). The results included 5392 (64.3%) levels in women and 2998 (35.7%)
levels in men. In men, the median digoxin level
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was 1.18 ng/mL (0.61-1.81 ng/mL), and the median
age was 76.2 years (70.7-81.5 years). In women, the
median digoxin level was 1.3 ng/mL (0.72-2.06 ng/
mL), and the median age was 77.8 years (72.6-82.8
years). Both of these variables were statistically significant (p<0.001). Outpatient orders (4605, 54.9%)
were higher than inpatient orders (3785, 45.1%).
In outpatients, the median digoxin level was 1.08
ng/mL (0.53-1.74 ng/mL), and the median age was
77.3 years (71.9-82.6 years). In inpatients, the median digoxin level was 1.5 ng/mL (0.89-2.19 ng/
mL), and the median age was 77.3 years (72.2-81.9
years). The difference in the median digoxin levels
between outpatients and inpatients was statistically significant (p<0.001), but no significant difference was found for age or gender (p>0.05). While
6282 (74.9%) of all pre-diagnoses entered into the
hospital information system were cardiac-related
or digoxin-related, 2108 (25.1%) were non-cardiac,
irrelevant diagnoses.
The median digoxin level for all patients was
1.26 ng/mL (0.68-1.98 ng/mL). In young-old, middle-old, and very-old patients, the median digoxin
levels were 1.15 ng/mL (0.64-1.81 ng/mL), 1.33 ng/
mL (0.71-2.06 ng/mL), and 1.4 ng/mL (0.7-2.17 ng/
mL), respectively. According to age groups, there
was a significant difference in the mean serum digoxin levels between the young-old groups and
the other groups (p<0.001), but the difference between middle-old and very-old groups was not significant (p>0.05). Among the digoxin levels, 46.6%
(3908) were therapeutic; 29.2% were subtherapeutic (2453); and 24.2% (2029) were toxic. Toxic
levels were more frequent in women than in men
(26.5% and 20%, respectively), and subtherapeutic
levels were more frequent in men than in women
(32.4% and 27.5%, respectively). The relationship
between subtherapeutic and toxic levels and gender was statistically significant (p<0.001). Therapeutic levels were similar in men and women (46%
and 47.6%, respectively). The distribution of therapeutic levels by gender is shown in Figure 1. The
subtherapeutic level rate was higher in outpatients
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Figure 1. The therapeutic level rates of digoxin by gender in elderly. Data are presented percentages (%). *p<0.001
between female and male.

Figure 2. The therapeutic level rates of digoxin by outpatients and inpatients in elderly. Data are presented percentages
(%). *p<0.001 between outpatients and inpatients.

than in inpatients (35.5% and 21.6%, respectively). In contrast, inpatients had higher therapeutic
(47.6% vs. 45.3%) and toxic (30.8% vs. 18.7%) levels
than outpatients. The relationship between inpa-

tients and outpatients and therapeutic levels was
significant (p<0.001). The distribution of all outpatient and inpatient orders according to therapeutic levels is shown in Figure 2.
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When the age groups were examined according to therapeutic levels, results within the therapeutic range were more frequently observed in
the young-old patients (48.7%), followed by the
middle-old (45.6%) and very-old (44%) patients.
Toxic levels were more frequently observed in the
very-old patients (28.1%), followed by the middle-old (26.7%) and young-old (19.8%) patients.
The rate of subtherapeutic levels was similar between the middle-old and very-old groups (27.7%
and 27.9%, respectively), and the rate was 31.5% in
young-old patients. There was a significant difference in the rate of therapeutic levels between the
young-old group and the other groups (p <0.001),
but there was no significant difference in this vari-

able between the middle-old and very-old groups
(p>0.05). Table 1 shows the distribution for the frequency of the young-old, middle-old, and very-old
patients who had therapeutic levels.
When the elderly patients from units that ordered digoxin were examined, the first three
were the emergency department with 3711 orders
(44.2%), coronary intensive care unit with 1585 orders (18.9%), and the internal medicine inpatient
unit with 1561 orders (18.6%). These units were followed by the internal medicine outpatient clinic,
cardiology outpatient clinic, and other intensive
care units. The patient distribution and rates of
orders by unit are shown in Figure 3. Middle-old
patients were the majority of patients in the three

Table 1. Distribution of young-old, middle-old and very-old patient orders according to therapeutic level.
Age(Year)

Subtherapeutic

Therapeutic range

Toxic

Total

n

%

n

%

n

%

n

%

Young-old

1042

31.5

1609

48.7*

656

19.8

3307

100

Middle-old

1052

27.7

1733

45.6

1012

26.7

3797

100

359

27.9

566

44

361

28.1

1286

100

Very-old

Data are presented as frequencies (n) and percentages (%). *p<0.001 between young-old group and the other groups in the rate of therapeutic levels.

Figure 3. Digoxin orders according to clinics.
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Table 2. Age distribution of emergency, coronary, internal medicine and other clinics.
Age(Year)

Emergency

Coronary

Internal medicine

Other clinics

n

%

n

%

n

%

n

%

Young-old

1327

35.8

590

37.2

616

39.5

774

50.5

Middle-old

1660

44.7

745

47

768

49.2

624

40.7

724

19.5

250

15.8

177

11.3

135

8.8

3711

100

1585

100

1561

100

1533

100

Very-old
Total

Data are presented as frequencies (n) and percentages (%).

Figure 4. The distribution of emergency, coronary intensive care and internal medicine service orders according to
therapeutic level rates in elderly. Data are presented percentages (%).

units with the most orders (44.7%, 1660; 47%, 74;
and 49.2%, 768, respectively). These patients were
followed by young-old and very-old patients. The
age distribution of all three units’ orders is shown
in Table 2. While the digoxin levels for emergency
department orders were mostly in the therapeutic range (43.3%, 1608), subtherapeutic levels were
also noted (36.4%, 1352). Of the coronary intensive

care unit levels, 44.5% (706) were therapeutic, and
39% (618) were toxic. In the internal medicine unit,
50.9% (794) of all levels were therapeutic, while the
rate of subtherapeutic and toxic levels were similar. The distribution of orders from the emergency
department, coronary intensive care unit, and internal medicine unit according to therapeutic levels is shown in Figure 4.
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DISCUSSION
Studies show that a significant proportion of patients with serum digoxin level orders is composed
of patients aged 65 years or older (1, 12). Among
the digoxin orders in all age groups, the orders
in patients over 65 years were 77.6% in our study.
Orders were especially made in the middle-old
patients, followed by young-old patients at a similar rate. Similarly, Ozturk and Cuhadar stated that
the number of orders in middle-aged patients was
higher than in other elderly people, and mean digoxin levels were higher in the middle-aged group
(12). In our study, however, the median digoxin levels were significantly higher in the very-old group
than in the middle-old group.
The correlation between gender and heart failure is much stronger in women than in men. This
correlation leads to increased heart failure and,
therefore, more digoxin use in women (13). The
fact that valve diseases and rhythm disorders are
more common in women (14) and that mortality
occurs at a later age compared to men may cause
digoxin use to appear relatively higher in women.
The 1.8-fold higher rate in older women observed
in our study compared to older men supports this
theory and is in accordance with the results of
many studies in the literature (12, 14-18).
In our study, less than half of all digoxin levels
were within therapeutic limits; one-third of elderly
patients had subtherapeutic levels; and approximately one-fourth were exposed to toxic levels.
A few studies involving only the elderly and most
studies evaluating all age groups suggest that the
number of patients with therapeutic levels was low
in our study and there is both insufficient patient
adherence and follow up (11, 15, 16, 18-20). In a
study by Grzesk et al., in which 3037 digoxin orders in patients over 60 years of age were evaluated, the therapeutic level rates were similar to the
subtherapeutic level rates, and the toxic level rates
were 13% lower than ours (19). In the same study,
the mean serum digoxin levels in women were significantly higher than in men. Limon et al. stated
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that there was no significant association between
digoxin poisoning and gender in a study population composed of patients, mostly women, with
digoxin poisoning (17), while Canas et al. claimed
that the percentage of patients with high levels of
digoxin was significantly greater among men than
among women (4). In our study, the mean digoxin levels in older women were significantly higher
than those in older men. Dalaklioglu also stated
that toxic levels are higher in women than in men,
which contrasts the results of Canas et al. (16).
Women have an approximately 10% lower glomerular filtration rate than men when normalised for
body surface area. This difference might explain
the observed 12 to 14% lower digoxin clearance
in women than in men, since digoxin is primarily renally eliminated. Differences in blood serum
digoxin levels between men and women may be
due to these pharmacokinetic properties. This difference may lead to an increased risk of toxicity in
women and an increase in subtherapeutic levels in
men, as was observed in our study.
Although a distinction in the number of orders
in outpatients and inpatients has been made in
few published studies, digoxin orders are predominantly made in inpatients in the elderly (15, 19).
In our study, the higher rate of outpatient orders
may be due to the fact that the emergency department orders comprised 44.2% of all the orders.
The mean digoxin levels were significantly higher
in inpatients than in outpatients. Also, the rate of
toxic levels was particularly high in inpatients. Grzesk et al. described this result in their study with
therapeutic levels similar to ours by using intravenous treatment in addition to oral treatment in
inpatients (19). In our study, the rate of subtherapeutic levels was higher in outpatients. Bernard
et al. reported that 41% of digoxin results were
subtherapeutic in their outpatients with an average age of 64 years and attributed this finding to
collecting samples prior to the complete distribution of digoxin in outpatients, which is a common
issue in outpatient settings (11). Sampling time
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errors before the drug has reached a stable state
are important causes of subtherapeutic levels or
inappropriate measurements in most developed
countries (15, 21, 22). Unlike the studies of Oncu et
al., it was not possible to question whether sample
taking was performed after reaching the steady
state concentration, due to the very wide time interval scanning and inadequacies in our hospital
information management system (21, 22). This fact
is one of the limitations of our study. However, it
should be noted that our study includes not only
patients who use oral medication but also those
who are given intravenous digoxin. Our clinical
observations indicate that, the issues related to
steady state were not paid attention to inpatients
adequately, which was similar to the Oncu et al.’s
findings. We think that awareness trainings in inpatients departments will have positive effects,
similar to this study (22). Adherence problems in
older patients may also make it difficult to achieve
therapeutic levels (7, 23). In our study, the subtherapeutic level rate in the young-old group was higher than that in the other groups.
The lowest rate of patients in the therapeutic
range among all elderly patients was in the veryold group. These patients had the highest toxic
level rate. Ozturk and Cuhadar stated that high serum digoxin results were observed more frequently in young-old, middle-old, and very-old patients
than in other age groups, and the rate was especially high in the middle-old patients (12). Limon
et al. demonstrated that the mean age of patients
who experienced digoxin poisoning was significantly higher than that in patients who did not experience digoxin poisoning, and the average age
of patients in the study was 76 years (17). Although
there are few studies claiming that there is no relationship between age and inappropriate serum
digoxin measurement (21), increased toxic values
with increasing age are closely related to age-related changes in pharmacokinetics and pharmacodynamics of digoxin. Muscle mass and body mass
decrease in the elderly, and as a consequence, the

volume of distribution for digoxin decreases with
age, which results in a relatively higher serum digoxin concentration. In addition, with the decline
in renal function with advancing age, the half-life
of digoxin may extend to 2-3 times longer than
normal (1, 7, 22).
Similar to our study, other studies show that the
number of digoxin orders among units in hospitals
is the highest in the emergency departments (12,
16). In the elderly, emergency services are important because of more frequent drug intoxication
and adverse effects of drugs in differential diagnosis and treatment follow-up (9, 10). In addition to
toxicity, digoxin orders in the emergency department can be made to evaluate digoxin efficacy.
Indeed, although most of our emergency department results were within the therapeutic range,
unlike the results of Mundet et al., patients with
levels in the subtherapeutic range comprised approximately one-third of emergency department
patients, which was similar to the results of Mundet et al. (24). Interestingly, the proportion of patients with toxic levels was lower in the emergency department than in the coronary intensive care
and internal medicine units, which were the other
units that ordered levels most frequently. Similarly,
in a study by Garcia-Iranzo et al., emergency department patients with subtherapeutic levels were
more common than emergency department patients with toxic levels (14). In the coronary intensive care unit, where intravenous treatment is used
extensively, it is expected that the proportion of
toxic patients will be the highest (19).
In our study, approximately three-fourths of the
pre-diagnoses of all orders consisted of cardiac or
digoxin-related complaints. The rate of orders for
appropriate indications did not differ substantially from the rates in the literature (15, 17, 19). Past
studies show that serum digoxin measurements
were performed with a wide range (32% to 88.4%)
of inappropriate criteria (11, 18, 22, 25). It has been
demonstrated that inappropriate requests can be
significantly reduced through in-service therapeu-
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tic drug monitoring training (22).
As a result, we evaluated serum digoxin orders
in elderly patients for more than ten years. The
changes in the pharmacokinetics and pharmacodynamics of digoxin in geriatric patients require
physicians to be alert of subtherapeutic and toxic drug levels. Although serum digoxin concentrations may not always be a strong indicator of
toxicity, they are the best available indicator and
should be evaluated together with patients’ clinic findings. It is appropriate to emphasize the im-
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