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Abstract. – OBJECTIVE: Digoxin is a car-
diac glycoside for treating heart failure and 
atrial fibrillation. Despite its limited therapeutic 
range and complex pharmacokinetic properties, 
this medication continues to be frequently pre-
scribed. This study aimed to evaluate the serum 
digoxin concentration (SDC) at therapeutic, sub-
therapeutic, and toxic levels and explore the fac-
tors affecting these levels in patients receiving 
digoxin therapy for heart failure.  

PATIENTS AND METHODS: In this descrip-
tive and cross-sectional study, the data were 
obtained from the electronic system of pa-
tients who presented to Afyonkarahisar Health 
Sciences University. For the SDC, the refer-
ence range was accepted as 0.5-0.9 ng/mL, 
and the upper limit was 2.0 ng/mL. The pa-
tient’s demographic characteristics, comorbid-
ities, and laboratory findings were evaluated. 
The Mann-Whitney U test, Chi-square test, and 
logistic regression analysis were used. p<0.05 
was considered statistically significant. 

RESULTS: The data of 419 patients (mean age: 
65.9±16.1 years, 68.5% women) were evaluated. 
The mean SDC was 1.11±1.01 ng/mL, and it was 
below 0.5 ng/mL in 24.3% of the patients, 0.5-0.9 
ng/mL in 23.4%, 0.9-2 ng/mL in 41.3%, and over 2 
ng/mL in 11.1%. Age, male gender, the presence 
of diabetes mellitus, and high HbA1c values were 
found to be associated with greater SDC lev-
els, but this was not statistically significant. The 
presence of renal failure, elevated creatinine and 
magnesium levels, and potassium, sodium, and 
calcium levels outside the normal limits signifi-
cantly increased the SDC. High creatinine and 
low/high potassium values significantly affected 
the detection of SDC at the toxic level. 

CONCLUSIONS: The measurement of SDC 
levels holds significance not only in the moni-
toring of toxicity but also in ensuring adherence 
to the recommended therapeutic range during 

therapy. It is recommended to exercise caution 
in terms of risk factors such as age, kidney func-
tion test results, and blood electrolyte levels.
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Introduction

Digoxin, derived from the foxglove plant (Digi-
talis lanata and Digitalis purpurea), is the oldest 
cardiac drug. The historical utilization of the 
foxglove plant can be traced back to ancient civili-
zations, such as the Greek, Egyptian, and Roman 
Empires; however, its application in treating heart 
disorders originated in the 18th century, when 
William Withering, an English physician, made 
significant advancements in understanding the 
medicinal characteristics of this plant1. Digoxin 
continues to be utilized in contemporary medical 
practice for managing heart failure and atrial fi-
brillation due to its positive inotropic effects on the 
cardiac muscle, its ability to reduce the activation 
of the sympathetic nervous system, and its direct 
impact on the atrioventricular node2. Despite the 
diminished preference for digoxin as the primary 
therapeutic choice owing to the prevalence of 
alternative medications, its efficacy has been sub-
stantiated through clinical investigations3-5, and it 
has been shown to improve symptoms, quality of 
life, and exercise intolerance in patients with mild, 
moderate, or severe heart failure. 

Digoxin is a substrate with a high affinity for 
p-glycoprotein (P-gp) and is primarily eliminated 
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from the body by renal excretion6. The measu-
rement of serum digoxin concentration (SDC) is 
conducted due to the intricate pharmacokinetic 
characteristics of the drug, its limited margin 
of safety and efficacy within the therapeutic 
range, and the potential for the development of 
toxicity7. Several factors can potentially impact 
the SDC, including advanced age, levels of blood 
electrolytes, drug-drug interactions, comorbidi-
ties, and kidney and thyroid dysfunctions8. An 
accurate interpretation of this parameter can be 
achieved by considering the patient’s clinical 
condition alongside the pharmacokinetic proper-
ties of the drug. The proper administration of the 
appropriate dosage to patients is considered cru-
cial due to its potential to enhance the therapeutic 
efficacy of the drug, optimize patient treatment 
outcomes, reduce the length of hospital stay, and 
eliminate unnecessary healthcare costs9,10.

Digoxin toxicity manifests as chronic toxicity 
resulting from either an acute overdose or often 
a reduction in renal clearance11. The toxicity 
diagnosis is based on exposure history, clinical 
findings, and electrocardiogram changes12. The 
established threshold for the SDC toxic level is 2 
ng/mL; however, it may be necessary to decrease 
this upper limit for elderly individuals and hi-
gh-risk patients such as those with renal failure13.

This study aimed to evaluate the SDC at thera-
peutic, subtherapeutic, and toxic levels and explo-
re the factors affecting these levels in patients 
receiving digoxin therapy for heart failure.

Patients and Methods

Setting and Sample
In this descriptive and cross-sectional study, 

the data were retrospectively obtained from the 
electronic system of patients who presented to the 
Research and Application Hospital of Afyonka-
rahisar Health Sciences University (AFSU) from 
January 1, 2020, through December 31, 2021.

The study was initiated after the approval of 
the Afyonkarahisar University of Health Scien-
ces (AFSU) Non-Interventional Research Ethics 
Committee (2022/448). It was carried out in line 
with the principles of the Declaration of Helsinki.

Data Collection and Study Variables
The data of patients who presented to the AH-

SU Medical Biochemistry and Cardiology De-
partment between January 1, 2020, and December 
31, 2021, constituted the sample. Each application 

was evaluated separately because a patient could 
have presented to the center more than once.

The toxic SDC level was accepted as 10.4% 
in light of the information obtained from pre-
vious studies in the literature. Using the Open 
Epi program, we calculated the sample size as 
a minimum of 144 individuals with a 5% devia-
tion and a 95% confidence level9. However, we 
did not apply sample selection and included all 
patients who received digoxin therapy for heart 
failure during the planned period and whose 
SDC levels were measured. 

The patient’s demographic characteristics, co-
morbidities, and laboratory findings were recor-
ded. Clinical trials2 conducted on individuals 
receiving digoxin treatment for heart failure re-
commend an SDC of 0.5-0.9 ng/mL. Therefore, 
we accepted the therapeutic range for digoxin as 
0.5-0.9 ng/mL and the upper limit as 2.0 ng/mL.

Statistical Analysis 
The conformity of the data to the normal di-

stribution was checked with the Shapiro-Wilk 
test. Descriptive data were given as a number, 
percentage, median (interquartile range), and me-
an (standard deviation) values. According to the 
median age, the patients were divided into two 
groups. Creatinine and serum electrolytes were 
categorized as low, normal, or high. The rela-
tionship between dependent and independent va-
riables was evaluated with the Mann-Whitney U 
and Chi-square tests. Independent variables with 
a p-value<0.25 in the univariate analysis were in-
cluded in a multivariate model14. SPSS v. 24 (IBM 
Corp., Armonk, NY, USA) statistical software 
was used for statistical analysis, and p<0.05 was 
considered statistically significant. 

Results

The mean age of the 419 patients included in 
the study was 65.9±16.1 years, and 68.5% (n=287) 
were females. The diagnosis of diabetes mellitus 
was present in 28.9% (n=121) of the patients, and 
the diagnosis of renal failure was current in 12.4% 
(n=52). The mean SDC was found to be 1.11±1.01 
ng/mL. The patient’s demographic characteristics 
and laboratory findings are shown in Table I.

The SDC was determined to be below 0.5 
ng/mL (subtherapeutic) in 24.3% (n=102) of the 
patients, 0.5-0.9 ng/mL (therapeutic) in 23.4% 
(n=98), and 0.9-2 ng/mL in 41.3% (n=173) and 
over 2 ng/mL (toxic) in 11.0% (n=46). The mean 
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SDC was 1.15±1.04 ng/mL in patients with low 
potassium levels, 1.46±1.85 ng/mL in those with 
high potassium levels, 1.21±0.77 ng/mL in those 
with low sodium levels, and 1.16±1.06 ng/mL in 
those with high sodium levels, 1.35±1.53 ng/mL 
in those with low calcium levels, and 0.83±0.26 
ng/mL in those with high calcium levels.

Upon examination of the parameters affecting 
the SDC, advanced age, male gender, the presence 
of diabetes mellitus, and high HbA1c values were 
found to be associated with greater SDC levels, 
but this was not statistically significant. The pre-
sence of renal failure, elevated creatinine and ma-
gnesium levels, and potassium, sodium, and cal-
cium levels outside the normal limits were factors 
that significantly increased the SDC (Table II). 

High creatinine and low or high potassium 
values significantly affected the detection of 
the SDC at the toxic level (Table III). These 
factors remained significant in the multivariate 
analysis (Table IV).

Discussion

This study retrospectively assessed the SDC 
in inpatients and outpatients diagnosed with 
heart failure and receiving digoxin treatment 
at a university hospital. In current guidelines, 
the target SDC is recommended to be 0.5-0.9 
ng/mL; however, it is seen that the therapeutic 
range still needs to be achieved in approximately 
three-quarters of the patients2. Although the tar-
geted range for SDC varies by laboratory, 0.8-2.0 
ng/mL has been accepted for many years. In the 
post hoc analysis of a study conducted by the 
Digitalis Investigation Group15, which is the first 
randomized controlled clinical trial on the use 
of digoxin in the treatment of heart failure, low 
SDC was found to be associated with a signifi-
cant reduction in all-cause mortality and hospita-
lization rates. Therefore, the existing guidelines16 
suggest that the optimal target SDC should be 
0.5-0.9 ng/mL in treating heart failure.

Elevated creatinine is an independent risk 
factor for detecting SDC at the toxic level. A 
previous study17 observed that individuals dia-
gnosed with renal failure or those with com-
promised renal function test results exhibited a 
reduced renal excretion of digoxin, leading to an 
extended half-life of the drug. In addition, heart 
failure causes a decrease in renal function18. In 
this case, a vicious cycle begins between heart 
and renal failure. Therefore, digoxin toxicity is 

more prevalent in patients with renal failure and 
results in more severe symptoms, especially in 
hemodialysis cases19. Similarly, the current stu-
dy observed that poor renal function resulted in 
a significant increase in the SDC.

The presence of either high or low plasma 
potassium levels was identified as another in-
dependent factor that significantly increased the 
occurrence of SDC and led to its detection at 
the toxic level. An electrolyte imbalance in the 
blood increases the patient’s sensitivity to di-
goxin20. Digoxin exerts its therapeutic effects 
in heart failure by inhibiting Na+/K+-ATPase in 
the cell membrane21. The Na+/K+-ATPase en-
zyme exhibits an enhanced affinity toward di-
goxin in hypokalemia, whereas its association 
with digoxin is diminished in the presence of 
hyperkalemia22. In our study, hyperkalemia and 
hypokalemia significantly affected the SDC le-
vel. Similar to our research, other studies23,24 also 
report that potassium levels affected the SDC. 

In this study, similar to the results concerning 
the relationship between the SDC and potassium 
levels, a significant correlation was found betwe-
en the SDC and sodium, calcium, and magnesium 
levels. Electrolytes play a role in the sensitivity 

Table I. Demographic characteristics and clinical and 
laboratory findings of the study group.

Demographic characteristics (n=419)

Age, median (IQR)	 68 (61-75)
Gender, n (%)
Female	 287 (68.5)
Male	 132 (31.5)

Clinical characteristics (n=419)

Diabetes mellitus diagnosis, n (%)
Yes	 121 (28.9)
No	 298 (71.1)
Renal failure diagnosis, n (%)
Yes 	 52 (12.4)
No	 367 (87.6)

Laboratory findings	 Median  (IQR)

Creatinine (mg/dL) 	 0.93 (0.69-1.19)
Sodium (mmol/L)	 139 (136-141)
Calcium (mmol/L)	 9.09 (8.58-9.50)
Potassium (mmol/L)	 4.50 (4.10-4.90)
Magnesium (mmol/L)	 2.05 (1.85-2.25)
HbA1c (%)	 6.39 (5.73-7.47)
Serum digoxin	 0.94 (0.50-1.35)
concentration (ng/mL)

IQR: interquartile range.
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of the heart muscle to digoxin, given that magne-
sium is a cofactor of the Na+/K+-ATPase enzyme 
and that sodium and calcium affect the Na+/
Ca2+ antiport system25. The findings of our study 
underscore the importance of detecting blood 
electrolyte levels alongside the SDC.

Advanced age and gender are other factors 
that increase SDC and heighten the risk of di-
goxin toxicity26. Renal dysfunction that occurs 
physiologically with older age can cause an 
increase in the SDC. In addition, the prevalence 
of comorbidities and the associated potential 
drug-drug interactions due to polypharmacy 
are also increasing27. Although we found no 
significant correlation between advanced age 
and the SDC in our study, we determined the 
SDC to be higher in older patients, consistent 
with the literature28,29. Furthermore, the SDC 
was higher among male patients in our study, 
but this did not reach statistical significance. In 
contrast, previous studies23,30,31 have shown that 
the SDC is higher among women. Although it is 
considered that this disparity may be linked to 
the lower glomerular filtration rate observed in 
women, the precise underlying mechanism still 
needs to be fully elucidated. 

Medicines’ pharmacokinetic and pharmaco-
dynamic characteristics may undergo alterations 
due to diabetes32. Diabetes can potentially im-
pact the activity and expression of P-gp during 
the pathophysiological progression of the dise-
ase. In addition, the incidence of renal failure 
is higher in diabetic patients than non-diabetic 
patients. This may cause elevated serum levels 
of drugs mainly eliminated via the kidneys, such 
as digoxin33. Given the available data, the SDC 
is expected to be high in diabetic patients. In the 
current study, the SDC was higher in these pa-
tients, although there was no statistically signi-
ficant difference. There are no clinical studies 
investigating the effects of diabetes on the P-gp 
protein level or gene expression in humans. In 
studies conducted with diabetic animal models, 
researchers34 acquired data supporting the in-
formation, revealing that the SDC was higher in 
experimental groups. There is a need for com-
prehensive and large-scale studies investigating 
the effects of diabetes on the pharmacokinetics 
of digoxin. 

Although the established upper limit for the 
accepted toxic level for the SDC is 2 ng/mL, so-
me studies35 have shown that the threshold value 
is actually 1.2 ng/mL. In our study, accepting 2 
ng/mL as the upper limit, the SDC was found to 

be toxic in 11% of the patients. Similarly, this rate 
varies between 9 and 17% in the literature36-40. 
In previous studies23,41,42 conducted in Turkey, 
this rate has been reported to range from 6.7% to 
24.2%. In clinical practice, digoxin toxicity tends 
to manifest as a chronic condition. It has been 
reported43 that 10-20% of patients undergoing 
digoxin treatment exhibit persistent toxicity. In 
studies8,23 conducted in Turkey, this rate has been 
found to be 6-10%. The results in our study were 
similar; however, it is noteworthy that despite the 
reduced use of digoxin for managing both heart 
failure and atrial fibrillation, digoxin toxicity 
remains a significant clinical problem. It has also 
been reported44,45 that high SDC causes an incre-
ase in the risk of hospitalization and mortality.

In this study, the SDC was within therapeutic 
limits in only one-quarter of the patients. While 
the current guidelines recommend the target SDC 
to be 0.5-0.9 ng/mL, we observed that the thera-
peutic range still needed to be achieved in 77% of 

Table II. Evaluation of factors affecting the SDC.

	 SDC (ng/mL)
Variables	 mean±SD	 p

Age
<68 years (n=198)	 1.09±0.81	 0.338
≥68 years (n=221)	 1.12±1.27	
Gender
Female (n=287)	 1.07±0.77	 0.771
Male (n=132)	 1.19±1.49	
Diabetes mellitus diagnosis
Yes (n=121)	 1.12 (0.79)	 0.126
No (n=298)	 1.09 (1.14)	
Renal failure diagnosis
Yes (n=52)	 1.21 (0.73)	 0.049
No (n=367)	 1.09 (1.09)	
Creatinine
Normal (n=269)	 1.03 (1.12)	 0.001
High (n=135) 	 1.26 (0.89)	
Potassium
Normal (n=311)	 1.03 (0.78)	 0.005
Low or high (n=85)	 1.39 (1.72)	
Sodium
Normal (n=293)	 1.09 (1.15)	 0.011
Low or high (n=106)	 1.21 (0.81)	
Calcium
Normal (n=249)	 1.01 (0.69)	 0.021
Low or high	 1.31 (1.48)	
Magnesium
Normal (n=154)	 0.97 (0.75)	 0.043
High (n=265)	 1.18 (1.19)	
HbA1c
Normal (n=108)	 1.07 (0.61)	 0.609
High (n=96)	 1.10 (0.87)	

Mann-Whitney U test was performed; SDC: serum digoxin 
concentration; SD: standard deviation.
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our patients. This rate is very high for a drug with 
a narrow therapeutic range and pharmacokinetic 
variability, such as digoxin. In addition, the SDC 
was at a subtherapeutic level in 24% of our pa-
tients. In previous studies15,35,44, there was a need 
for more empirical evidence concerning the effi-
cacy of digoxin at doses lower than 0.5 ng/mL. 
Nevertheless, various drug trials45 have demon-
strated that low concentrations of digoxin cause 
treatment failure and a prolonged hospital stay.

Limitations
The most important limitations of this study 

are the acquisition of data from electronic patient 
records, the presence of missing data, and the re-
trospective nature of the evaluation. In addition, 
we could not evaluate other parameters related 
to therapeutic drug level monitoring, such as the 
digoxin dose used, blood sample collection ti-
me, SDC measurement indications, and treatment 
change based on the SDC result. 

Table III. Evaluation of the factors affecting SDC detection at the toxic level.

	                      SDC (ng/mL)

Variables	 ≤2 ng/mL (n=373)	 >2 ng/mL (n=46)	 p

Age
<68 years (n=98)	 174 (87.9)	 24 (12.1)	 0.479
≥68 years (n=221)	 199 (90.0)	 22 (10.0)	
Gender
Female (n=287)	 254 (88.5)	 33 (11.5)	 0.616
Male (n=132)	 119 (90.2)	 13 (9.8)	
Diabetes mellitus diagnosis
Yes (n=121)	 107 (88.4)	 14 (11.6)	 0.805
No (n=298)	 266 (89.3)	 32 (10.7)	
Renal failure diagnosis
Yes (n=52)	 43 (82.7)	 9 (17.3)	 0.119
No (n=367)	 330 (89.9)	 37 (10.1)	
Creatinine
Normal (n=269)	 248 (92.2)	 21 (7.8)	 0.003
High (n=135) 	 111 (82.2)	 24 (17.8)	
Potassium
Normal (n=311)	 283 (91.0)	 28 (9.0)	 0.005
Low or high (n=85)	 68 (80.0)	 17 (20.0)	
Sodium
Normal (n=293)	 262 (89.4)	 31 (10.6)	 0.324
Low or high (n=106)	 91 (85.8)	 15 (14.2)	
Calcium
Normal (n=249)	 226 (90.8)	 23 (9.2)	 0.078
Low or high (n=146)	 124 (84.9)	 22 (15.1)	
Magnesium
Normal (n=154)	 143 (92.9)	 11 (7.1)	 0.056
High (n=265)	 230 (86.8)	 35 (13.2)	
HbA1c
Normal (n=108)	 98 (90.7)	 10 (9.3)	 0.334
High (n=96)	 83 (86.5)	 13 (13.5)	

Chi-square test was performed; SDC: serum digoxin concentration.

Table IV. Multivariate analysis of the factors affecting SDC detection at the toxic level.

Variables (n=232)	 ß	 SE	 p	 OR (95% CI)

Renal failure 	 0.008	 0.446	 0.986	 1.008 (0.420-2.419)
Creatinine 	 0.735	 0.354	 0.038	 2.085 (1.042-4.173)
Potassium	 0.760	 0.347	 0.029	 2.138 (1.082-4.224)
Calcium	 0.348	 0.334	 0.297	 1.417 (0.736-2.726)
Magnesium 	 0.256	 0.398	 0.519	 1.292 (0.592-2.819)

SE: standard error, OR: odds ratio, CI: confidence interval. Reference categories: absence of renal failure and normal values of 
serum electrolytes.
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Conclusions

The measurement of the SDC in patients receiving 
digoxin therapy is essential not only in the toxicity 
follow-up but also in maintaining it within the recom-
mended therapeutic range during treatment. Clinicians 
should be careful regarding risk factors, such as patient 
age, renal function test results, and blood electrolyte le-
vels. The results of our study are important in drawing 
attention to the importance of the SDC measurement 
and disseminating the use of standard guidelines rela-
ted to the SDC. Prospective and larger-scale clinical 
studies are warranted to investigate the therapeutic 
drug-level monitoring of digoxin.
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