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Abstract 
 
Background/Aim. Liver damage, with potentially serious 
consequences, is not uncommon in hospitalized cardiac pa-
tients. The aim of our study was to determine the risk factor 
profile for liver damage in patients hospitalized from a dete-
rioration of their acute or chronic cardiac illness. Methods. 
The study had observational case-control design with retro-
spective data collections from medical files of adult patients 
hospitalized in a tertiary health care center. The cases 
(n = 140) were subjects with novel liver injury (which 
emerged during hospital stay) and three control subjects 
were matched (age, date) for each case subject (n = 420). 
The primary outcome was hepatotoxicity (present or ab-
sent) and independent variables were proposed risk factors. 
Statistical analysis included descriptive methods, hypothesis 
testing and univariate and multivariate binary logistic regres-
sion, with p ≤ 0.05. Results. In the whole study population, 
there were 432 (77.1%) females and the mean age of pa-
tients was 64.1 years [standard deviation (SD) = 10.7, range 
24–85 years]. The most common illnesses were coronary 
heart disease (n = 385), hypertension (n = 334) and ar-
rhythmia (n = 115). Mean value of Charlson Comorbidity 

Index (CCI) score was 3.8 (SD=1.7; range 1-10) corre-
sponding to estimated CCI 10-years survival rate of 54.4% 
(SD = 33.5%). In the group of cases, 114 (81.4%) of the pa-
tients had hepatocellular, 9 (6.4%) cholestatic and 17 
(12.2%) mixed type of hepatic injury. Factors independently 
associated with hepatotoxic event were previous occasional 
alcohol intake odds ratio (OR) 96.47; 95% confidence inter-
val (CI) 28.95–321.43; p < 0.001), amiodarone (OR 3.70; 
95% CI 1.82–7.53; p < 0.001), enoxaparin (OR 3.29; 95% 
CI 1.79–6.05; p < 0.001), obesity (OR 2.78; 95% CI 1.15–
6.71; p < 0.023), atorvastatin (OR 2.67; 95% CI 1.33–5.38; 
p < 0.006) and CCI total score (OR 1.89; 95% CI 1.53–2.34; 
p < 0.001). Conclusion. Major factors associated with acute 
liver damage in patients hospitalized in cardiology ward of a 
tertiary health care institution were patient’s constitutional 
and habitual characteristics (occasional alcohol intake, obe-
sity, CCI total score) and drugs with known hepatotoxic 
properties (amiodarone, enoxaparin, atorvastatin). 
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Apstrakt 
 
Uvod/Cilj. Oštećenje jetre, sa potencijalno ozbiljnim po-
sledicama, nije retka pojava kod hospitalizovanih 
kardioloških bolesnika. Cilj studije bio je ispitivanje profila 
faktora rizika od oštećenja jetre kod bolesnika hospitalizo-
vanih zbog pogoršanja akutne ili hronične kardiološke bole-
sti. Metode. Studija je bila opservacionog dizajna, tipa 
slučaj-kontrola, uz retrospektivno prikupljanje podataka 
uvidom u istorije bolesti odraslih bolesnika lečenih u terci-
jarnoj zdravstvenoj ustanovi. Slučajevi (n = 140) su bili bo-
lesnici sa novonastalim oštećenjem jetre (koja se razvila to-
kom hospitalizacije), a po tri kontrolna bolesnika (n = 420), 
komparabilna po godinama i datumu hospitalizacije, 

pridruženi su svakom slučaju. Primarni ishod je bila 
hepatotoksičnost (simptomatska ili asimptomatska), a neza-
visne varijable su bile predložene kao faktori rizika. 
Statistička analiza je uključivala deskriptivne metode, ispiti-
vanje hipoteze i univarijantnu i multivarijantnu binarnu 
logističku regresiju, sa p ≤ 0.05. Rezultati. Od ukupne stu-
dijske populacije, 432 (77,1%) osobe su bile ženskog pola, a 
srednja vrednost godina bolesnika iznosila je 64,1 godina 
[standardna devijacija (SD) = 10,7; opseg 24–85]. Najčešće 
bolesti su bile koronarna bolest (n = 385), hipertenzija (n = 
334) i aritmija (n = 115). Srednja vrednost Charlson Co-
morbidity Index-a (CCI) bila je 3.8 (SD = 1,7; opseg 1–10), 
što je bilo u skladu sa procenjenim CCI 10-ogodišnjim 
preživljavanjem od 54,4% (SD = 33,5%). U grupi slučajeva, 
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114 (81.4%) bolesnika imalo je hepatocelularni tip, 9 (6,4%) 
holestatski tip, a 17 (12,2%) mešoviti tip oštećenja jetre. Ne-
zavisni prediktori hepatotoksičnog događaja su bili: pret-
hodna povremena konzumacija alkohola [odds ratio (OR) 
96,47; 95% interval poverenja (IP) 28,95–321,43; p < 0,001], 
upotreba amiodarona (OR 3,70; 95% IP 1,82–7,53; 
p < 0,001), enoksaparina (OR 3,29; 95% IP 1,79–6,05; 
p < 0,001) i atorvastatina (OR 2,67; 95% IP 1,33–5,38; 
0,006), gojaznost (OR 2,78; 95% IP 1,15–6,71; 0,023) i 
ukupni CCI skor (OR 1,89; 95% IP 1,53–2,34; p < 0,001). 
Zaključak. Glavni faktori povezani sa akutnim oštećenjem 

jetre kod bolesnika hospitalizovanih na kardiološkom ode-
ljenju u institucijama tercijarne zdravstvene nege su konsti-
tucionalne karakteristike i navike bolesnika (povremeni unos 
alkohola, gojaznost, CCI skor) i lekovi za koje se zna da 
imaju hepatotoksični potencijal (amjodaron, enoksaparin, 
atorvastatin). 
 
Ključne reči: 
alkohol, pijenje; amjodaron; kardiovaskularne bolesti; 
jetra, oštećenje, hemijsko i lekovima izazvano; lekovi, 
toksičnost; hospitalizacija; gojaznost; faktori rizika. 

 

Introduction 

Cardiac patients represent a population that is very pro-
ne to developing manifestations of the liver damage because 
they have many characteristics which are, in essence, risk 
factors for hepatic injury. The liver receives up to a quarter 
of cardiac output and any cardiovascular disease which cau-
ses significant reduction of arterial perfusion and increased 
cardiac preload could lead to concomitant hypoxia of the he-
patic tissue and features of congestive hepatopathy. Such risk 
factors could be, for example, any cause of right ventricular 
heart failure, including constrictive pericarditis, tricuspid re-
gurgitation, mitral stenosis, cardiomyopathy, and cor pulmo-
nale 1. In addition, physicians usually prescribe numerous 
drugs to patients suffering from cardiovascular disease, 
particularly within hospital settings and some of such phar-
maceuticals have more or less the ability to induce liver 
injury. Recognizing particular risk factors for drug-induced 
hepatotoxicity in cardiac inpatients is an important clinical 
task. Such host factors can be divided into two groups: gene-
tic (eg. polymorphism or variant involving drug-metabo-
lizing enzymes and transport proteins) and non-genetic (eg. 
age, gender, concomitant somatic disease, pregnancy, alco-
hol, smoking, obesity) 2. 

In general, drug-induced liver damage is nowadays re-
cognized as one of the greatest problems in pharmacovigi-
lance. Its incidence in developed countries on annual basis is 
significant, it is the major reason for drug withdrawal from 
the market as well as for stopping drug therapy due to safety 
issues and it causes important economic losses 3. Cardiologi-
cal drugs such as amiodarone, hydralazine, methyldopa, sta-
tins (atorvastatin, simvastatin), quinidine and ticlopidin as 
well as some other medicines frequently prescribed in hospi-
talized cardiac inpatients with associated comorbidity such 
as antibiotics (amoxicillin plus clavulanate, nitrofurantoin, 
sulfamethoxazole plus trimethoprim, sulfonamides), antigout 
agents (allopurinol) and nonsteroidal antiinflammatory drugs 
(diclofenac, ibuprofen, nimesulide) have been classified in 
the group of the pharmaceuticals with the most frequent re-
ports of liver damage 4. Other drugs, commonly prescribed to 
these patients are sometimes associated with hepatic damage. 
For example, among all reports of adverse events associated 
with the use of enoxaparin in a pharmacovigilance database, 
about 4% cases involve hepatic events 5. 

Although liver toxicity of amiodarone (which is among 
the main cardiological drugs with known hepatotoxic poten-
tial) has been well described so far, additional research is ne-
eded for some features. Firstly, the mutual relationships of 
predisposing factors, which play synergistic role in the deve-
lopment of the amiodarone-induced hepatotoxicity, are still 
not completely understood. Drug-related (cumulative dose, 
pharmaceutical formulation, administration route), patient-
dependent (age, gender, nutritional status, comorbidity, gene-
tic polymorphism of metabolizing enzymes and target recep-
tors) and treatment-associated issues (other hepatotoxic me-
dications, adverse drug interactions) are examples of such 
factors 2, 6, 7. 

Secondly, rare studies included exclusively cardiac in-
patients and data in that subpopulation were rather limited 8. 
Previous researchers examined hepatotoxicity caused by 
amiodarone in variety of ambulatory and/or inpatient groups 
including subjects with comorbid gastrointestinal, liver and 
other internal diseases 9, 10. The patients primarily hospitali-
zed from cardiovascular diseases have rather unique risk fac-
tor patterns for liver injury. Coronary heart disease, heart fai-
lure, coagulation disorders (eg. unstable prothrombin time), 
inflammatory illnesses (eg. bacterial endocarditis, myoperi-
carditis), endocrine disturbances (eg. thyrotoxic cardiac dise-
ase) and circulatory instability due to extreme bradycardia or 
tachyarrhythmias are some of circumstances highly predi-
sposing the inpatients to organ-specific or systemic ischemia. 
Frequent use of diagnostic and therapeutic vascular procedu-
res (cardiac surgery, percutaneous coronary interventions) 
and medical devices (eg. intraaortic balloon pump, pacema-
kers, cardiac ablation and electrostimulation equipment) as 
well as high prescription rate of drugs with possible hepatic 
adverse reactions (eg. antilipemic drugs, anticoagulants, 
analgesics) add further risks for clinically-important liver 
damage. 

Taking the above-mentioned facts into account, the aim 
of this study was to determine the risk factor profile for liver 
injury in patients hospitalized due to a deterioration of their 
acute or chronic cardiac illness. 

Methods 

This research was based upon a retrospective data col-
lection and observational case-control design, similar to ot-
her studies in the field 10, 11. The study was conducted in the 
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Clinic of Cardiology, the Clinical Center “Kragujevac” in 
Kragujevac, Serbia. It complied with the ethical principles of 
the scientific research and it was approved by the Institutio-
nal Ethics Committee. The medical records of all patients 
treated at the institution throughout the period of four years 
(2011–2014) was screened. The study cases were the su-
bjects with novel liver injury, which emerged during the ho-
spital stay (“the index day”) and three control subjects were 
randomly chosen for each case subject among all patients 
from the ward that were matched with this case. The control 
subjects had no recorded signs of liver injury at admission 
nor until the index day. They were matched with case pati-
ents for gender and age (5-year intervals), and taking into ac-
count the inclusion and exclusion criteria. The selection of 
patients was performed successively in the described manner, 
until the estimated number of study subjects was fulfilled. 

The case patient was included if he or she was male or 
female, 18 to 75 years old and had a hepatotoxic event du-
ring hospitalization which was identified as any of the follo-
wing: a liver enzyme level increases more than three times 
above the upper limit of the reference values, a total bilirubin 
level two times higher than the upper limit of the reference 
values and clinically manifested symptoms of the acute liver 
damage (pain under the right rib, nausea, feeling sick, vomi-
ting, jaundice, hemorrhagic syndrome, abdominal pain, hepa-
tomegaly). The exclusion criteria for both the case and the 
control subjects were the following: age younger than 18 or 
older than 75 years, confirmed diagnosis of either acute or 
chronic liver disease such as liver cirrhosis, Wilson’s disea-
se, porphyry, alpha-1 antitrypsin deficiency, hepatitis virus 
infection, primary biliary cirrhosis, primary sclerosing cho-
langitis, substance abuse, biliary calculosis, cholecystitis, 
pancreatitis, abdominal trauma, the increased values of 
aspartate aminotransferase (AST) at baseline with an 
AST/alanine aminotransferase (ALT) ratio > 2 upon admis-
sion, increased values of ALT, gamma-glutamyltransferase 
(GGT), alkaline phosphatase (ALP), total bilirubin, direct bi-
lirubin above the upper normal limits at admission and dec-
reased platelet counts below the lower normal limits at ad-
mission. AST/ALT ratio > 2 was the exclusion criterion be-
cause it was considered highly suggestive for alcohol abuse 
and consequent patient's liver injury 12. 

The probability of supposed drug-induced/associated li-
ver damage was assessed using the Council for International 
Organizations of Medical Sciences/Roussel Uclaf Causality 
Assessment Method (CIOMS/RUCAM) scale, a purposefully 
designed questionnaire aimed at evaluation of hepatotoxic 
effect of medications, herbal products and other xenobiotics. 
This questionnaire had already been used in numerous clini-
cal studies as a valid method 13. Drugs were classified accor-
ding to the Anatomical Therapeutic Chemical (ATC) classi-
fication system used by the World Health Organization 
(http://www.whocc.no/atc_ddd_index) and the medication 
exposure was expressed as the number of defining daily do-
ses (DDD) per 100 patient’s days (PD) of hospitalization. 
We used Charlson Comorbidity Index (CCI) in order to as-
sess the influence of patients´ multiple comorbidities 14. The 
composite score of CCI was calculated with assessing age 

and existence of diabetes mellitus, liver disease, malignancy, 
acquired immunodeficiency syndrome (AIDS), moderate to 
severe chronic kidney disease, chronic heart failure, 
myocardial infarction, chronic obstructive pulmonary disea-
se, peripheral vascular disease, cerebrovascular accident or 
transitory ischemic attack, dementia, hemiplegia, connective 
tissue disease and peptic ulcer disease of study patients. 

The primary dependent variable was the hepatotoxicity, 
expressed as a binary variable (present or absent). The 
primary independent variable was treatment with amiodaro-
ne, identified as the prescription of at least one of its oral or 
parenteral dose. There were numerous other secondary inde-
pendent or confounding variables (eg. route of amiodarone 
administration, number of DDD of amiodarone per 100 PD, 
type of cardiovascular disease, important comorbid illness, 
prescription of drugs with known hepatotoxic properties, 
particularly hypolipidemics, nonsteroidal antiinflammatory 
drugs, antiepileptics and antibiotics, patients’ sociodemo-
graphic characteristics, smoking, caffeine intake as well as 
use of dietary supplements, herbal remedies and other over-
the-counter-preparations) 15, 16. 

We performed study sample calculation using the ap-
propriate computer program, setting up the alpha error at 
0.05 and the study power at 0.8 for dichotomous variable (χ2-
tеst). The expected difference in the frequency of hepatoto-
xic-drug prescription rate (amiodarone) relating to the pre-
sence of primary variable (liver injury) was presumed based 
on a preliminary analysis of a small patient sample at the 
same institution [42.5% vs. 32.5%, odds ratio (OR) 1.49]. 
The calculation with above-mentioned input parameters gave 
the total sample size of 280 case patients and 840 control su-
bjects. However, we prespecified the interim analysis after 
the inclusion of the half of study subjects with the study-
ending rule if the analysis confirmed the statistically signifi-
cant difference in the amiodarone-exposure rate (eg. signifi-
cant OR) between the study groups. Therefore, the final 
study sample included 560 cardiology inpatients. 

Statistical analysis of collected data included the de-
scriptive methods (measures of central tendency and 
variability, frequencies), the methods for hypothesis testing 
(Student’s t-test or Man-Whitney U test, χ2-test, or Fisher’s 
exact test) and the calculation of crude and adjusted ORs 
[with 95% confidence intervals (CI)] using univariable and 
multivariable binary logistic regression. The probability level of 
significance for observed differences between study groups for 
all statistical analyses was established at 5% (0.05) or less. 

Results 

The study included 2,500 hospital files of the patients 
treated during the study period of four years in the Clinic of 
Cardiology, Clinical Center “Kragujevac”, Kragujevac, Ser-
bia. After the first assessment for eligibility, we excluded a 
total of 1,500 patient records due to the presence of the ex-
clusion criteria. The final sample included 140 patients’ files 
in the case group and 420 patients’ records in the control 
group, after exclusion of non-matched control patients and 
subsequent identification of noneligible criteria. 
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Most of the patients were females (432 of 560, 77.1%) 
and the mean age of patients in the whole study sample was 
64.1 ± 10.7 years (from 24 to 85 years). Obesity was not 
significantly represented in the study population because 
only 46 (8.2%) of the study patients of whole study popula-
tion were obese. Morphological hepatic lesion, ultrasono-
graphic verified as fatty liver or hepatomegaly were observed 
in 116 (20.7%) of the patients from the whole study popula-
tion, while clinically symptomatic hepatotoxicity had 28 
(20.0%) of the case group patients. 

Patients were hospitalized due to cardiovascular illnes-
ses, among which the most common was coronary heart di-
sease, followed by hypertension, arrhythmia and heart failu-
re. Myocardial infarction with ST-segment elevation (STE-
MI) was the most frequent diagnosis of all coronary heart di-
seases, followed by myocardial infarction without ST-
segment elevation (non-STEMI), non-stable angina, stable 
angina and ischemic cardiomyopathy. Among the patients 
who had arrhythmia, atrial fibrillation was the most frequent 
reason for commencement of drug treatment, followed by 
tachycardia and extrasystoles. Of all patients who had heart 

failure, about the three quarter of the patients had ejection 
fraction (EF) > 45%, while the others had heart failure with 
ejection fraction ≤ 45%. The most common non-cardio-
vascular comorbid disorder was diabetes mellitus. Only a 
minority of patients consumed alcohol periodically, and 
majority were non-smokers. The mean value of CCI score in 
the whole study population was 3.8 [standard deviation (SD) 
1.7, from 1 to 10) with the estimated CCI 10-years survival 
rate of 54.4% (SD = 33.5%). 

The patients’ characteristics and laboratory values in all 
the study subjects and in the patients within study subgroups 
are presented in Tables 1 and 2. The median of days of ho-
spitalization was 4 days (range 1–45 days) and the mean va-
lue 6.0 (SD = 5.6) days for all patients in the study group. In 
the case group, the median of hospitalization days was 7 
(range 2–30 days) and the mean 7.7 (SD = 5.0) days while 
for the control group these values were 3 days (range 1–45 
days) and 5.4 (SD = 5.7) days, respšectively. Overall morta-
lity rate was 4 (0.7%) in the group of all study patients, con-
sidering that no fatal outcome was observed in the control 
group. 

 
 

Table 1 
Demographic and clinical characteristics of study patients 

Variable Case group  
(n = 140) 

Control group  
(n = 420) p* 

Gender (male) 32 (22.9) 96 (22.9) 1.000|| 
Age (years) 64.2 ± 11.3 64.0 ± 10.5 0.914§ 
Obesity 25 (17.9) 21 (5.0) < 0.001|| 
Fatty liver 32 (22.9) 18 (4.3) < 0.001|| 
Hepatomegaly 36 (25.7) 20 (4.8) < 0.001|| 
Heart failure 32 (22.9) 62 (14.8) 0.026|| 
   EF < 45%  12 (8.6) 12 (2.9) 0.010|| 
Hypertension 79 (56.4) 255 (60.7) 0.371|| 
Coronary heart disease 108 (77.1) 277 (66.0) 0.013|| 
    STEMI 68 (48.6) 107 (25.5) < 0.001|| 
    non-STEMI 21(15.0) 52 (12.4) 0.425|| 
    unstable angina 13 (9.3) 54 (12.9) 0.260|| 
    stable angina 4 (2.9) 36 (8.6) 0.023|| 
Arrhythmia 47 (33.6) 68 (16.2) < 0.001|| 
    atrial fibrillation 39 (27.9) 54 (12.9) < 0.001|| 
    tachycardia 4 (2.9) 7 (1.7) 0.480¶ 
    extrasystole 4 (2.9) 7 (1.7) 0.480¶ 
Diabetes mellitus    

type 1 11 (7.9) 68 (16.2) 0.014|| 
type 2 25 (17.9) 46 (11.00) 0.033|| 

Alcohol intake† 73 (52.1) 4 (1.0) < 0.001|| 
Smoking habit 35 (25.0) 47 (11.2) 0.001|| 
CCI score (points) 4.9 ± 1.5 (5; 1–10) 3.4 ± 1.6 (3; 1–7) < 0.001** 
CCI estimated survival (percent) 32.0 ± 30.2 (21; 0–96) 61.0 ± 31.1 (77; 0–96) < 0.001** 
Time to the index day‡ 4 ± 3 (3; 1–14) 4 ± 5 (2; 1–44) < 0.001** 
Hospital stay (days) 8 ± 5 (7; 2–30) 5 ± 6 (3; 1–45) 0.001** 

Results are present as mean ± standard deviation (median; range) for continuous variables, and number (percent) of patients 
(frequencies), as appropriate; * ‒ probability for difference between the values of the case and the control group;  
† ‒ occasionally, not satisfying exclusion criteria (regular alcohol use was exclusion criterion, see methods); CCI – Charlson 
Comorbidity Index; ‡ ‒ index day-day on which novel liver injury emerged during the hospital stay); EF ‒ ejection fraction; 
STEMI ‒ myocardial infarction with ST segment elevation; nonSTEMI ‒ myocardial infarction without STsegment 
elevation; || ‒ χ2 test, § ‒ t-test; ¶ ‒ Fisher's exact test; ** ‒ Mann–Whitney U test. 
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Table 2 
Laboratory parameters in patients of study groups (Case – hepatotoxicity, Control – without hepatotoxicity) 

Variables All patients (n = 560) Case group 
(n = 140) 

Control group 
(n = 420) p* 

Alanine transaminase (U/L) 95 ± 226 (24; 6–2,760)  
(n = 560) 

305 ± 382 (221; 150–2760)  
(n = 140) 

25 ± 15 (20; 6–125)  
(n = 420) 

n.a.†  

Aspartate transaminase (U/L) 98 ± 463 (23; 9–8,811)  
(n = 560) 

303 ± 895 (129; 16–811)  
(n = 140) 

29 ± 34 (20; 9–372)  
(n = 420) 

na† 

Gamma-glutamyltransferase (U/L) 38 ± 64 (22; 5-858)  
(n = 312) 

45 ± 41 (29; 7–224)  
(n = 131) 

33 ± 76 (20; 5–858)  
(n = 181) 

< 0.001‡

Total bilirubin (µmol/L) 15 ± 10 (12.3; 3–83) 
(n = 560) 

24 ± 15 (20, 5.7–83)  
(n = 140) 

12 ± 5 (11; 3–35.5)  
(n = 420) 

n.a.† 

Alkaline phosphatase (U/L) 71 ± 85 (56.5; 3.24–1,185)  
(n = 306) 

91 ± 126 (62; 31–1,185)  
(n = 128) 

57 ± 21 (55; 3–227)  
(n = 178) 

< 0.001‡

Lactate dehydrogenase (U/L) 452 ± 233 (419; 13–1,723)  
(n = 294) 

464 ± 280 (449; 55–1,723)  
(n = 123) 

442 ± 192 (407; 13–1,228)  
(n = 171) 

0.728‡

Creatine phosphokinase (U/L) 505 ± 1027 (118; 8.2–8,030)  
(n = 386) 

885 ± 1384 (289.5;  25–8,030)  
(n = 136) 

299 ± 686 (103; 8–5,680)  
(n = 250) 

< 0.001‡

Creatine phosphokinase-MB (U/L) 84 ± 310 (16.3; 3.4–3,869)  
(n = 381) 

161 ± 497 (31; 4–3869)  
(n = 135) 

42 ± 94 (14.35; 3–908)  
(n = 246) 

< 0.001‡

Amylase (U/L) 70 ± 56 (60; 4–603)  
(n = 218) 

63 ± 44 (56; 4–404)  
(n = 104) 

75 ± 65 (64; 16–603)  
(n = 114) 

0.036‡

Troponin (ng/mL) 16.1 ± 60.9 (0.95; 0.002–797)  
(n = 234) 

24.2 ± 84.7 (2.49; 0–797)  
(n = 102) 

9.8 ± 31.1 (0.3; 0–242)  
(n = 132) 

< 0.001‡

Proteins (g/L) 66 ± 8 (n = 361) 67 ± 7 (129) 65 ± 8 (n = 232) 0.006||

Albumins (g/L) 40 ± 6 (n = 376) 39 ± 6 (n = 132) 40 ± 6 (n = 244) 0.526||

Fibrinogen (g/L) 4.2 ± 7.3 (3.76; 0.54–127)  
(n = 294) 

3.8 ± 1.4 (3.66; 0.5–11)  
(n = 116) 

4.6 ± 9.3 (3.85; 1.48–127)  
(n = 178) 

0.352‡

International normalized ratio (INR) 1.3 ± 0.7 (1.083; 0.9–6)  
(n = 326) 

1.4 ± 0.7 (1.1, 0.9–4.9)  
(117) 

1.3 ± 0.7 (1.08; 0.9–6)  
(n = 209) 

0.344‡

C-reactive protein (mg/L) 22 ± 36 (7; 0.2–256)  
(n = 367) 

31 ± 40 (12.15; 1.3–196)  
(n = 130) 

17 ± 32 (5.5; 0.2–256)  
(n = 237) 

< 0.001‡

Glucose (mmol/L) 6.4 ± 2.5 (n = 465) 6.7 ± 2.6 (n = 138) 6.2 ± 2.4 (n = 327) 0.067||

Cholesterol (mmol/L) 4.9 ± 1.2 (n = 425) 5.0 ± 1.3 (n = 133) 4.8 ± 1.1 (n = 292) 0.037||

Triglycerides (mmol/L) 1.8 ± 1.0 (1.4; 0.5–7.4)  
(n = 419) 

1.8 ± 1.0 (1.52; 0.66–6)  
(n = 131) 

1.7 ± 1.0 (1.3; 0.5–7.4)  
(n = 288) 

0.092‡

Urea (mmol/L) 7.7 ± 8.3 (6.1; 1.9–145)  
(n = 415) 

7.5 ± 3.8 (7; 2.4–24.5)  
(139) 

7.8 ± 9.6 (6; 1.9–145)  
(n = 276) 

0.073‡

Creatinine (µmol/L) 100 ± 45 (n = 417) 100 ± 36 (n = 139) 99 ± 49 (n = 278) 0.880||

Leukocytes (x109/L) 8.6 ± 2.5 (n = 409) 9.4 ± 2.4 (n = 136) 8.3 ± 2.5 (n = 273) < 0.001||

Platelets (x109/L) 219 ± 64 (n = 408) 213 ± 61 (n = 135) 222 ± 64 (n = 273) 0.122||

Results are present as mean ± standard deviation and (median; range) with (number of patients); * ‒  probability for 
difference between the values of the case and the control group; † n.a. – not applicable (testing was not done as the values 
above upper normal limits during the whole study period were an exclusion criterion for the control group); ‡ ‒ Mann–
Whitney U test; || ‒ t-test. 

 
 
The most frequently prescribed drug in the study popu-

lation was acetylsalicylic acid, followed by the inhibitors of 
angiotensin-converting enzyme (ACE), selective beta bloc-
king agents, clopidogrel, atorvastatin, proton pump inhibitors, 
organic nitrates, enoxaparin sodium, trimetazidine, high-ceiling 
diuretics, amiodarone, benzodiazepines, dihydropyridines, H2 
receptor antagonists, metformin, xanthines, spironolactone and 
sulphonylureas. Other drugs were prescribed in less than 5% of 
the study patients and due to low frequency of the use, they were 
excluded from further analysis. 

The primary analysis of factors associated with liver 
injury was performed with hypothesis testing of differences 
of study variables between the case and control groups of 

study patients (Tables 1–3). In the case group, 114 (81.4%) 
of the patients had hepatocellular type of the liver injury, 9 
(6.4%) cholestatic and 17 (12.2%) mixed-type of the hepatic 
injury. Numerous demographic and clinical characteristics, 
laboratory parameters and drugs were differently distributed 
between two study groups with statistical significance. Pre-
vious occasional alcohol intake and current obesity, type of 
arrhythmia and diabetes mellitus type 2, cholesterol levels 
and leukocytosis as well as amiodarone and enoxaparin had 
higher magnitude of association with the liver injury within 
their risk-factor groups (Table 1). 

In the model of multivariable binary logistic regression 
among nine putative risk factors for hepatotoxicity, which 
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we selected based on statistical significance, existing know-
ledge and clinical reasoning, six (alcohol intake, amiodarone, 

enoxaparin, obesity, atorvastatin, CCI score) had indepen-
dent association with the liver injury (Table 4). 

 
 
Table 3 

The most used drugs in the Case group (patients with hepatotoxicity) and the Control group (patients without 
hepatotoxicity) 

Drugs Case group  
(n=140) 

Control group  
(n=420) 

p  
(χ2-test) 

H2 receptor antagonists 32 (22.9) 40 (9.5) < 0.001 
Proton pump inhibitors 96 (68.6) 174 (41.4) < 0.001 
Metformin 8 (5.7) 62 (14.8) 0.005 
Sulphonylureas 7 (5.0) 33 (7.9) 0.256 
Enoxaparin sodium 89 (63.6) 104 (24.8) < 0.001 
Clopidogrel 105 (75.0) 225 (53.6) < 0.001 
Acetylsalicylic acid 124 (88.6) 326 (77.6) 0.005 
Amiodarone 70 (50) 66 (15.7) < 0.001 
Organic nitrates 75 (53.6) 192 (45.7) 0.107 
Trimetazidine 54 (38.6) 120 (28.6) 0.027 
High-ceiling diuretics 62 (44.3) 108 (25.7) < 0.001 
Spironolactone 16 (11.4) 44 (10.5) 0.752 
Beta blocking agents, selective 93 (66.4) 256 (61.0) 0.247 
Dihydropyridine derivatives 16 (11.4) 75 (17.9) 0.074 
ACE inhibitors 97 (69.3) 253 (60.2) 0.055 
Atorvastatin 105 (75.0) 222 (52.9) < 0.001 
Benzodiazepine derivatives 31 (22.1) 87 (20.7) 0.720 
Xanthines 25 (17.9) 42 (10.0) 0.013 

Results are present as the number (percentage) of patients. 
ACE ‒ angiotensin converting enzyme. 
 
 
Table 4 

Factors significantly associated with liver injury according to the univariable and multivariable  
binary logistic regression analysis 

Logistic regression Variable 
univariable multivariable 

Obesity 4.13 (2.23–7.65; < 0.001) 2.78 (1.15–6.71; 0.023) 
Coronary heart disease 1.74 (1.12–2.71; 0.014) n.a. 
Arrhythmia 2.62 (1.69–4.05; < 0.001) n.a. 
Heart failure (EF< 45%) 1.71 (1.06–2.76; 0.028) n.a. 
Diabetes mellitus   

type 1 0.44 (0.23–0.86; 0.016) n.a. 
type 2 1.77 (1.04–3.00; 0.035) n.a. 

CCI total score 1.80 (1.58–2.07; < 0.001) 1.89 (1.53–2.34; < 0.001) 
Occasional alcohol intake 113.31 (40.09–320.27; < 0.001) 96.47 (28.95–321.43; < 0.001)
Smoking 2.64 (1.62–4.31; < 0.001) 1.92 (0.84–4.38; 0.121) 
H2 receptor antagonists 2.82 (1.69–4.70; < 0.001) n.a. 
Proton pump inhibitors 3.08 (2.06–4.63; < 0.001) n.a. 
Metformin 0.35 (0.16–0.75; 0.007) 0.14 (0.04–0.51; 0.003) 
Enoxaparin 5.30 (3.52–7.98; < 0.001) 3.29 (1.79–6.05; < 0.001) 
Clopidogrel 2.60 (1.70–3.99; < 0.001) n.a. 
Acetylsalicylic acid 2.24 (1.26–3.95; 0.006) n.a. 
Amiodarone 5.36 (3.51–8.19; < 0.001) 3.70 (1.82–7.53; < 0.001) 
Trimetazidine 1.57 (1.05–2.34; 0.027) n.a. 
High-ceiling diuretics 2.30 (1.54–3.42; < 0.001) 1.04 (0.53–2.03; 0.916) 
Atorvastatin 2.68 (1.74–4.10; < 0.001) 2.67 (1.33–5.38; 0.006) 
Xanthines 1.96 (1.14–3.35; 0.014) n.a. 
Number of hepatotoxic drugs 1.77 (1.41–2.21; < 0.001) n.a. 

Results are present as odd ratios (95% confidence interval; probabilty); n.a. – not applicable (the variable was not included 
in the multivariable model). 
EF ejection fraction; CCI – Charlson Comorbidity Index. 
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The whole model (with all putative predictors) was 
statistically significant (p < 0.001) with Cox & Snell R Squa-
re p = 0.457 and Hosmer-Lemeshow test p = 0.279. There 
was no significant multicollinearity between the predictors. 
The model was also stable after the introduction of interac-
tion of amiodarone and CCI score which was insignificant 
(p = 0.251). Alkaline phosphatase, creatine phosphokinase, 
creatine phosphokinase-MB, total serum proteins, C-reactive 
protein, cholesterol, white blood cell count were also 
statistically associated with the liver injury within univariate 
binary logistic regression analysis, but the magnitudes of the-
ir Ors were very tiny and their lower confidence intervals to-
uched the one and they were excluded from the model. 

The analysis placed the drugs with possible hepatotoxic 
effects on the top among other risks for the liver injury in ho-
spitalized cardiac patents. Causal assessment of drug-
associated liver injury in the case group using CI-
OMS/RUCAM scoring scale additionally confirmed these 
findings. The average value of the total score in patients of 
the case group was 7.8 (SD = 1.3, from 5.0 to 11.0). Out of 
140 cases, in 39 (27.8%) of the patients, the medicine 
causality was assessed as highly probable (CIOMS/RUCAM 
score ≥ 9), in 100 (71.4%) patients as probable (score 6-8) 
and in 1 (0.7%) patient as possible (score 3–5). Amiodarone 
had the highest prescription rate and the median of defined 
daily dose of amiodarone was 112.5 (range 3.6–800) per 100 
patients’ hospital days. In the case group amiodarone utiliza-
tion was 193.8 (range 8.3–412.5) DDD per 100 patients’ ho-
spital days and 75.0 (range 3.6–800.0) DDD per 100 pati-
ents’ hospital days in the control group (p < 0.001). Amioda-
rone was administered parenterally, orally and via both rou-
tes in 44 (31.4%), 5 (3.6%) and 21 (15.0%) of the case study 
subjects and in 11 (2.6%), 45 (10.7%) and 10 (2.4%) of the 
control study subjects, respectively (p < 0.001). 

Discussion 

The result of our research showed that occasional 
alcohol intake, obesity, combined significant comorbidities 
and prescription of amiodarone, enoxaparin and atorvastatin 
were independently associated with the liver injury in 
hospitalized patients with cardiac diseases. In addition, we 
established the rank order for hepatotoxicity of commonly 
prescribed drugs in patients of cardiology wards with 
amiodarone representing the greatest risk. We also noted 
significant strength of the association of drug prescription 
and liver damage, which has been little studied so far for the 
investigated study population. 

Prehospital alcohol intake was the most significant in-
dependent risk factor for hepatotoxicity in subjects of our 
study despite the fact that manifested alcoholism was an ex-
clusion criterion. Therefore, the study patients were those 
who either consumed alcohol infrequently or in small quanti-
ties, but who, at the time of being included in the study, had 
neither symptomatic nor asymptomatic liver damage. Unique 
characteristics of hospitalized cardiac patients (eg. hypoten-
sion, hepatic ischemia, liver congestion, hepatotoxic cardio-
vascular drugs) probably potentiate well-known hepatotoxic 

action of alcohol even if it has been consumed in minute qu-
antities before hospital admission 17–19. 

In our study, many patients had both obesity and ultra-
sound findings of fatty liver, which suggested the presence of 
nonalcoholic fatty liver degeneration. We did not obtain pat-
hological findings of patients’ liver tissues and hospital pati-
entʼs record usually does not include data necessary for eva-
luation of visceral (central) type of obesity (eg. waist circum-
ference) which is primarily associated with liver disease 20. 
However, numerous previous published studies provided the 
strong association of obesity-triggered nonalcoholic fatty liver 
degeneration and coronary heart disease, the later being very 
prevalent in our study subjects 21–24. 

Patients with a large number of comorbidities in our 
study, as assessed with CCI score, had significantly higher 
probability of the liver injury, independently of other factors. 
Several cardiovascular conditions associated with the case 
study subjects in univariable analysis; however, we decided 
to include variables of two main cardiac disorders (coronary 
heart disease, heart failure) as well as other condition related 
to atherosclerosis and metabolic disbalance (peripheral vas-
cular disease, cardiovascular accident, transient ischemic at-
tack, hemiplegia, diabetes) within the composite, comor-
bidity assessment tool in order to decrease confounding by 
indication (indication bias) and increase the model perfor-
mance for detecting drug-induced liver injury. For example, 
congestive heart failure is a common cause of acute liver 
injury in hospitalized patients 25. Previous studies confirmed 
that higher CCI scores did put the patient in increased 
mortality risk, but the association with acute hepatotoxic 
damage was little investigated, at least in patients treated in 
cardiology wards 26. Therefore, our findings could be consi-
dered a novelty in the field, which deserves further validation 
research. 

Three drugs in patients of our study, amiodarone, eno-
xaparin and atorvastatin, were strongly associated with newly 
appeared, acute hepatic damage. Drug pharmacological profiles 
and accumulated, overall knowledge about the role of phar-
maceuticals, in general, for various types of hepatic injuries 
support such results 27. Many patient-specific factors in su-
bjects with advanced cardiovascular disease and/or cardiac 
emergencies admitted to hospital mutually interplay, predi-
sposing to drug induced hepatotoxicity. For example, unsta-
ble coronary heart disease causes worsening of existing 
arrhythmia or emergence of novel rhythm disorders which 
need escalation of drug treatment. Indeed, prescription of 
amiodarone led other, numerous drugs with hepatotoxic actions. 

Our study was neither designed nor adequately powered 
to discriminate hepatotoxic action of two amiodarone formu-
lations, but some issues in our results and literature data (eg. 
short duration of hospital stay until the appearance of liver 
injury, higher defined daily doses, significant differences in 
route of use between study group, known facts about possi-
ble hepatotoxicity of pharmaceutical excipients in parenteral 
formulation) indirectly suggest that parenteral administration 
was a primary risk factor 28, 29. 

Enoxaparin and atorvastatin had also positive and signi-
ficant association with hepatotoxicity in our study in compa-
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rison with the use in the control subjects. Enoxaparin could 
increase liver transaminase levels and, in some cases, may 
cause toxic hepatitis due to temporary necrosis of hepato-
cytes, usually around one week after the treatment initiation 
and in a dose-dependent manner 5, 30–32. Atorvastatin had 
well-known hepatotoxic potential, which could manifest with 
a wide range of clinical features, from asymptomatic increase of 
liver enzymes to drug-induced hepatitis in different periods from 
the time of treatment initiation 4. Prescription of lower doses 
(not exceeding 40 mg daily), delayed action and contribution of 
numerous other strong risks could diminish the magnitude of as-
sociation of atorvastatin use with liver injury in our study su-
bjects in comparisons with other two drugs. 

The limitations of our study are mainly inherited from 
its observational design, which well comprehends feature of 
case-control research. Many important data, necessary for 
better characterization of the type and time course of liver 
injury were missing in medical records (eg. liver tissue 
pathology and higher-performance biomarkers). Although 
our study includes information from several hundreds of pa-
tients it seems that the final sample size was sufficiently po-
wered to detect only the major determinates of acute hepatic 
damage. Even within our analysis we noted numerous signi-
ficant associations of putative risks, but the majority of them 
were not included in the final regression model due to pre-
sumed statistical constraints and/or clinical reasoning (eg. 
confounding, collinearity). For example, it seems that the as-
sociations of factors such as smoking and high-ceiling diure-
tics use (almost exclusively furosemide) had been confoun-
ded with obesity and decompensated heart failure requiring 
escalation of drug treatment, respectively, rather than caused 
by their direct hepatotoxic actions 33. 

Our finding that metformin takes independent and pro-
tective associations suggests that it was justifiable to exclude 
the majority of factors with doubtful direct influence on he-
patic tissue from the final regression model. There are excep-
tional case reports of metformin-induced hepatotoxicity in 
humans, but the estimated incidence is extremely low, 

particularly considering the widespread use of this drug 34, 35. 
In fact, true mechanism of hepatic damage due to metformin 
is unknown and evidence from both the animal models and 
the clinical settings clearly demonstrated its hepatoprotective 
effects, too 36–40. It seems that the inclusion of a drug with the 
effects of direction opposite to other factors provide the ap-
proach more realistic to clinical practice. Taking into account 
the abovementioned facts as well as the values of parameter 
estimation of the model, we consider our results accurate and 
clinically significant. 

Conclusion 

Major factors associated with acute liver injury in pati-
ents hospitalized in cardiology ward of a tertiary health care 
institution are patient’s constitutional and habitual characte-
ristics (occasional alcohol intake, obesity, CCI total score) 
and drugs (amiodarone, enoxaparin, atorvastatin) with 
known hepatotoxic potential. Type and severity of primary 
cardiovascular disease or comorbid condition can increase 
the risk for liver injury primarily in synergy with other risks, 
jointly acting with of each other and/or other major hazards. 
Future studies focusing on individual factors are justified in 
order to better characterize their effects in different subpopu-
lations of patients with particular cardiac illnesses. 
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