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Atrial fibrillation (AF) patients frequently require polypharmacy, increasing the risk of drug-drug 
interactions and hepatotoxicity. We analyzed the use of drugs potentially associated with liver injury 
in anticoagulated AF patients. We applied the LiverTox classification to AF patients from the START 
registry, categorizing them based on the use of LiverTox A drugs (high risk of liver toxicity). Logistic 
regression was used to calculate the odds ratios (ORs) and 95% confidence intervals (95%CIs) for 
factors associated with the use of these drugs and their impact on liver function tests (LFTs). Median 
age was 81 years with 46% of women. 8,215 AF patients were taking 40,355 distinct molecules at 
enrolment, with a median of 5 drugs per patient (IQR 3–7). Overall, 3,416 (41.6%) received at least 
one LiverTox A drug. These patients were more often male, overweight, smokers, hypertensive, 
diabetic, with cardiovascular or cerebrovascular history, and on polypharmacy. The most commonly 
prescribed LiverTox A drugs were statins, amiodarone, and allopurinol, both in the overall population 
and within subgroups stratified by major cardiovascular conditions. In multivariable logistic regression, 
among LiverTox A drugs, amiodarone (OR 1.61, 95%CI 1.29–2.00) and methimazole (OR 1.83, 95%CI 
1.04–3.03) were associated with elevated LFTs. Among frequently prescribed drugs, warfarin, 
furosemide, ramipril, lansoprazole, and canrenone were also associated with increased LFTs. Direct 
oral anticoagulants, compared to warfarin, showed a lower risk of increased LFTs after adjustment for 
confounders. In conclusion, many AF patients are treated with drugs at high risk of hepatotoxicity.
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Elevation of liver function tests (LFTs) is a common finding in patients with atrial fibrillation (AF)1. This 
elevation may arise from various causes, including metabolic-associated steatotic liver disease, which is highly 
prevalent in the AF population due to the burden of cardio-metabolic risk factors, such as obesity and diabetes, 
that are strongly associated to liver disease2. Furthermore, a significant proportion of AF patients may have 
undiagnosed liver fibrosis, which can be identified using non-invasive tools like the FIB-4 index3–5.

Moreover, AF management often requires polypharmacy, exposing patients to potential drug-drug 
interactions and drug-induced liver injury (DILI)6. DILI is a relatively rare yet important cause of liver disease, 
requiring the consideration of all types of medications, even when another cause appears likely. With an 
estimated incidence of approximately 19 cases per 100,000 individuals7 DILI can be severe, although rarely 
fatal, and it usually improves upon discontinuation of the offending drug8. The growing number of medications 
used by patients complicates the detection and diagnosis of DILI, as its presentation can resemble a variety of 
liver disorders, ranging from acute hepatitis to chronic liver injury, and can occur even months after exposure 
to certain agents9.
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To address these challenges, the National Institute of Diabetes and Digestive and Kidney Diseases, the 
National Library of Medicine, and the Drug-Induced Liver Injury Network developed the so-called LiverTox10.

LiverTox is a free, open-access website11 that provides comprehensive information on the hepatotoxicity of 
currently used medications based on a rigorous literature search of published case reports from the previous 
50 years. LiverTox uses a five-point likelihood score to classify drugs based on their potential to cause DILI. 
These classifications range from Class A, indicating well-established hepatotoxicity risk with more than 50 
reported cases, to Class E, suggesting no evidence of liver damage despite isolated case reports.

To date, no studies have directly investigated the risk of elevated LFTs and DILI in patients with AF. Given 
that patients with AF are frequently prescribed a wide range of medications, which may increase the risk of 
adverse outcomes12, it is necessary to examine whether this population is also at risk for DILI and whether this 
risk translates into clinical hepatotoxicity.

The aim of this study is to explore the distribution of drugs with a high risk for DILI, as classified by the 
LiverTox score, in patients with AF enrolled in the START registry. Additionally, association between high-risk 
medications and clinical outcomes, such as increases in LFTs and hepatotoxicity markers will be evaluated.

Methods
START registry
The START registry is an ongoing, observational, multicenter cohort study enrolling patients aged 18 and older 
in Italy who begin anticoagulation therapy for AF management. Details of the START registry are described 
elsewhere13. The study protocol is registered on ClinicalTrials.gov (NCT02219984) and was approved by the 
Institutional Review Board at each participating center, with informed consent obtained from all patients before 
enrolment. The protocol adheres to the ethical guidelines of the Helsinki Declaration.

Baseline features
Demographic, clinical, and laboratory data were collected by physicians during clinical examination and were 
recorded using an internet-based case report form at enrolment during first visit in the outpatient clinic. The 
collected variables included age, sex, body mass index (BMI), family history of cardiovascular diseases, smoking 
habits, alcohol consumption, cardiovascular risk factors, concomitant diseases, and laboratory tests such as 
creatinine, platelets, and transaminases. A threshold of 40 U/L for AST and 45 U/L for ALT was used to define 
elevated LFTs. Additionally, the FIB-4 score was calculated as a further parameter to assess the liver toxicity 
profile, with a threshold of 3.25 used to define high levels5.

Inclusion and exclusion criteria
All consecutive adult patients with AF requiring oral anticoagulation were included in the study.

As previously reported14 patients treated with low-molecular-weight heparin were excluded. Patients with a 
life expectancy < 6 months, not residents in the participant region, or planning on leaving in the next 6 months 
were not included in the registry, as well as patients already enrolled in phase 2 or 3 clinical studies. Patients 
enrolled in other observational, or phase 4 studies were considered eligible for the study.

Pharmacological anamnesis and drug classification
Drugs reported in pharmacological anamnesis were considered. Combination drugs containing two different 
active substances were considered as two different drugs.

High Dose [HD] was defined by LiverTox11 as drugs that could cause liver injury only at high doses (e.g. drug 
overdose), not when administered at normal or therapeutic doses.

All prescribed medications were evaluated individually and classified according to their mechanism of 
action. Supplements, and inhaled medications were excluded from the analysis. Polypharmacy was defined as 
the concomitant use of at least five different medications15. Each drug was then classified according to LiverTox 
Score. Detailed descriptions of the classifications and levels of evidence are provided in Supplementary Material 
1.

Primary and secondary endpoints
The primary objective of this study was to assess the prescription of potentially hepatotoxic drugs in patients 
with AF, considering both the overall population and stratifying by major comorbidities. Secondly, factors 
associated with an increased likelihood of prescribing Livertox A drugs were examined.

Following the epidemiological analysis, the impact of Livertox A drug use—both as a class and considering 
each drug individually—on hepatotoxicity markers was evaluated. Lastly, the association between use of the top 
25 most prescribed drugs and increase of hepatic markers was assessed, to provide valuable insights and raise 
awareness among prescribing physicians.

Statistical analysis
Descriptive statistics were used to summarize patients’ characteristics. Continuous variables were reported as 
medians and interquartile ranges (IQR), while categorical variables were presented as counts and percentages. 
To compare patient groups, Wilcoxon rank-sum test was used for continuous variables, and chi-square or 
Fisher’s exact tests for categorical variables, as appropriate. Univariable and multivariable logistic regression 
analyses identified predictors of transaminase and FIB-4 elevation. Model coefficients represented the strength 
and direction of associations between predictor variables (e.g., LiverTox A drug usage, demographic factors, 
comorbidities) and liver injury risk.

The multivariate model to assess factors associated to Livertox A drugs use included the following variables: 
sex, age (≥ 90), geographic area, BMI (> 25), family history of cardiovascular disease, cancer, diabetes, 
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hypertension, previous cerebrovascular events, ischemic heart disease, heart failure, peripheral vascular disease, 
chronic respiratory disease, kidney function class, and elevated transaminases. Multivariate models assessing 
each drug impact on elevation of hepatotoxicity markers was adjusted for CHA₂DS₂-VASc score, creatinine 
clearance, BMI, and the presence of cirrhosis with esophageal varices. Data analysis was conducted using R 
Software (v. 4.2.3) and SPSS (IBM SPSS-25, SPSS Inc.), with a two-tailed significance level of α = 0.05 for all tests.

Results
A total of 8,215 patients were included in the study, of whom 3,754 (45.7%) were women, with a median age of 
81 years (IQR 75–86).

Descriptive analysis
From a pharmacological perspective, 8,215 AF patients were taking 40,355 distinct molecules at enrolment, 
with each patient receiving a median of 5 drugs (IQR 3—7). The most commonly prescribed drug classes 
were antihypertensives, anticoagulants, and diuretics, each accounting for 25.3%, 20.4% and 10.7% of all the 
prescribed medications, respectively. Each drug was subsequently categorized individually using the LiverTox 
classification system, with detailed classifications provided in Supplementary Table 2.

Baseline characteristics of the population, stratified by the use of at least one LiverTox A drug, are summarized 
in Table 1. Patients using at least one LiverTox A drug were more likely to be male, less likely to be aged over 
90, a slightly reduced renal function, and exhibited a higher prevalence of overweight status, and cardiovascular 
risk factors such as smoking, hypertension, diabetes, prior cerebrovascular events, ischemic heart disease, and 

Characteristic N No LiverTox A Drugs, N = 4,799 At least One LiverTox A, N = 3,416 N, overall = 8,215 p-value

Sex (Male) 8,215 2,479 (52%) 1,982 (58%) 4,461 (54%)  < 0.001

Age 8,215 81 (74, 87) 81 (75, 85) 81 (75, 86)  < 0.001

Geographic Area 8,190

North 3,258 (68%) 2,238 (66%) 5,496 (67%)

Centre 1,111 (23%) 764 (22%) 1,875 (23%)

South 413 (8.6%) 406 (12%) 819 (10%)

BMI 8,160 26.0 (23.4, 29.0) 26.7 (24.1, 29.8) 26.3 (23.7, 29.4)  < 0.001

BMI ≥ 25 8,160 2,887 (61%) 2,264 (66%) 5,151 (63%)  < 0.001

Family history of Cardiovascular Disease 6,904 339 (8.9%) 306 (9.9%) 645 (9.3%) 0.154

Smoke 7,378 528 (13%) 506 (16%) 1,034 (14%)  < 0.001

Alcohol consumption 7,096 385 (9.8%) 288 (9.1%) 673 (9.5%) 0.261

CHA₂DS₂-VASc 8,215 3.0 (3.0, 4,0) 4.0 (3.0, 5,0) 4.0 (3.0, 5,0)  < 0.001

Hypertension 8,215 3,593 (75%) 2,946 (86%) 6,539 (80%)  < 0.001

Diabetes 8,215 700 (15%) 927 (27%) 1,627 (20%)  < 0.001

Previous cerebral vasculopathy 8,215 644 (13%) 666 (19%) 1,310 (16%)  < 0.001

Ischemic heart disease 8,215 357 (7.4%) 1,022 (30%) 1,379 (17%)  < 0.001

Cancer 8,215 682 (14%) 517 (15%) 1,199 (15%) 0.243

Chronic Respiratory Disease 8,215 511 (11%) 516 (15%) 1,027 (13%)  < 0.001

Cirrhosis & varices 7,609 35 (0.8%) 20 (0.6%) 55 (0.7%) 0.265

Hypothyroidism 7,127 331 (8.4%) 297 (9.3%) 628 (8.8%) 0.169

Hyperthyroidism 7,118 59 (1.5%) 131 (4.1%) 190 (2.7%)  < 0.001

Dementia 7,446 157 (3.8%) 76 (2.3%) 233 (3.1%)  < 0.001

Platelets [× 109/L ] 8,165 214 (180, 260) 210 (175, 254) 212 (177, 257) 0.001

Creatinine clearance [mL/min] 8,152 64 (48, 83) 61 (46, 80) 62 (47, 82)  < 0.001

Kidney Function Class 8,152  < 0.001

Normal (≥ 60) 2,682 (56%) 1,782 (52%) 4,464 (55%)

Decreased (30–59) 1,858 (39%) 1,422 (42%) 3,280 (40%)

Severely decreased (< 30) 208 (4.4%) 200 (5.9%) 408 (5.0%)

AST [U/L] 6,241 20 (16, 26) 20 (16, 26) 20 (16, 26) 0.450

AST increased (> 40 U/L) 6,241 244 (7.1%) 192 (6.8%) 436 (7.0%) 0.584

ALT [U/L] 6,488 19 (14, 26) 20 (15, 26) 19 (14, 26) 0.008

ALT increased (> 45 U/L) 6,488 209 (5.8%) 210 (7.2%) 419 (6.5%) 0.023

Either transaminasis increased 6,608 341 (9.3%) 297 (10%) 638 (9.7%) 0.348

FIB-4 6,117 1.78 (1.32, 2.41) 1.80 (1.33, 2.40) 1.79 (1.32, 2.40) 0.865

High FIB-4 (> 3.25) 6,117 356 (11%) 245 (8.8%) 601 (9.8%) 0.019

Table 1.  Patients’ characteristics according to LiverTox A drug administration. AST: Aspartate 
Aminotransferase; ALT: Alanine Aminotransferase; BMI: Body Mass Index.
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chronic respiratory disease. Regarding baseline hepatic function, levels of transaminases (AST and ALT) and 
FIB-4 values were clinically comparable between the groups. Notably, patients using at least one LiverTox A drug 
were more likely to be on polypharmacy (74% taking five or more drugs, with 8.4% taking ≥ 10 drugs) and more 
frequently used LiverTox A [HD] or B drugs.

Distribution of LiverTox A drug consumption is illustrated in Fig. 1. Antihyperlipidemic represent the most 
commonly prescribed drug class, with atorvastatin, simvastatin, and rosuvastatin prescribed to 1,128 (13.7%), 
807 (9.8%), and 358 (4.4%) of the population, respectively. Amiodarone is the second most frequently prescribed 
LiverTox A drug, used by 925 (11.3%) individuals, followed by allopurinol, prescribed to 626 (7.6%) patients. 
Other LiverTox A drugs, including methimazole (118 patients, 1.4%) and ticlopidine (113 patients, 1.4%), were 
prescribed to slightly more than 1% of the cohort.

A stratified analysis was conducted to identify the most prescribed LiverTox A and A [HD] drugs in patients 
with ischemic disease, diabetes, hypertension, cancer, renal impairment, or aged over 75 years (Supplementary 
Table 3). Overall, prescription trends mirrored those observed in the general population, with atorvastatin, 
amiodarone, simvastatin, and allopurinol being the most commonly used drugs across all predefined subgroups. 
Among LiverTox A [HD] drugs, aspirin and insulin were the most frequently prescribed.

Prescription trends for other LiverTox drug classes were analyzed in patients already taking at least one 
LiverTox A drug (N = 3416) (Table 2). A substantial proportion of these patients were also prescribed one (33.5%) 
or at least two (2.9%) LiverTox A [HD] drugs. LiverTox B drugs showed even higher rates of co-prescription, 
with 37.3% taking one and 13.7% taking at least two. Notably, the majority of patients in this cohort (58.9%) were 
prescribed at least two or more LiverTox C drugs, while 31% were prescribed one.

We further investigated baseline factors associated with the prescription of at least one LiverTox A drug 
(Table 3). Multivariable analysis revealed that ischemic heart disease (OR: 4.88, 95% CI: 4.15–5.76), severely 
decreased kidney function (OR: 1.68, 95% CI: 1.27–2.24), diabetes (OR: 1.62, 95% CI: 1.41–1.86), and previous 
cerebrovascular disease (OR: 1.40, 95% CI: 1.20–1.62) were the most significant independent predictors. 
Hypertension, mild-to-moderate reductions in kidney function, chronic respiratory disease, and heart failure 
were also significantly associated with LiverTox A drug use. In contrast, age over 90 years emerged as the only 
inversely associated factor, with LiverTox A drug prescription (OR: 0.54, 95% CI: 0.45–0.65).

Impact of LiverTox scores on LFTs
The effect of individual LiverTox A drugs on markers of hepatic impairment was also assessed. Among drugs, 
amiodarone (OR: 1.63, 95% CI: 1.31–2.02, p < 0.001) and methimazole (OR: 1.77, 95% CI: 1.01–2.91, p = 0.033) 
were significantly associated with an increase in transaminase levels (Table 4). Conversely, simvastatin was 
associated with a reduced probability of having elevated transaminase levels (OR: 0.61, 95% CI: 0.44–0.82, 
p = 0.002). All these observations were confirmed after adjusting for CHA₂DS₂-VASc score, creatinine clearance, 
BMI, and the presence of cirrhosis with esophageal varices, with similar estimates.

We performed a similar analysis for the 25 most prescribed drugs, i.e. administered to at least 5% of patients, 
in our cohort. After adjustment, several drugs, including warfarin (OR: 2.43, 95% CI: 2.02–2.93, p < 0.001), 

Fig. 1.  Prevalence of LiverTox A drugs among START population (> 0.02%).
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diuretics (e.g., furosemide, canrenoate), ramipril, amiodarone, and lansoprazole, were significantly associated 
with an increased probability of elevated transaminase levels (Table 5). In contrast, simvastatin (OR 0.6, 95%CI 
0.43–0.82) apixaban (OR 0.53, 95%CI 0.39–0.7), rivaroxaban (OR 0.51, 95%CI 0.37–0.68), and dabigatran (OR 
0.52, 95%CI 0.37–0.68) were associated with a lower probability (Table 5).

When the FIB-4 score was used as an outcome, no significant increases were observed for any LiverTox A 
drug (Supplementary Table 4). Conversely, simvastatin was associated with a reduced probability of having a 
FIB-4 score > 3.25 (OR: 0.64, 95% CI: 0.46–0.87, p = 0.007).

Regarding the most frequently prescribed drugs and the risk of elevated FIB-4 score > 3.25, warfarin, 
furosemide, pantoprazole, and canrenoate were associated with an increased probability, whereas simvastatin 
and flecainide were associated with a reduced probability (Supplementary Table 5).

Characteristic No LiverTox A Drugs, N = 4,799 At least One LiverTox A, N = 3,416 N, Overall = 8,215 p-value

Total N Drugs  < 0.001

1–4 3,047 (63%) 617 (18%) 3,664 (45%)

5–9 1,705 (36%) 2,512 (74%) 4,217 (51%)

 ≥ 10 47 (1.0%) 287 (8.4%) 334 (4.1%)

LiverTox A Drugs  < 0.001

0 4,799 (100%) 0 (0%) 4,799 (58%)

1 0 (0%) 2,670 (78%) 2,670 (33%)

 ≥ 2 0 (0%) 746 (22%) 746 (9.1%)

LiverTox A [HD] Drugs  < 0.001

0 3,874 (81%) 2,174 (64%) 6,048 (74%)

1 886 (18%) 1,143 (33%) 2,029 (25%)

 ≥ 2 39 (0.8%) 99 (2.9%) 138 (1.7%)

LiverTox B Drugs  < 0.001

0 3,011 (63%) 1,673 (49%) 4,684 (57%)

1 1,377 (29%) 1,274 (37%) 2,651 (32%)

 ≥ 2 411 (8.6%) 469 (14%) 880 (11%)

LiverTox B [HD] Drugs 0.173

0 4,799 (100%) 3,414 (100%) 8,213 (100%)

1 0 (0%) 2 (< 0.1%) 2 (< 0.1%)

LiverTox C Drugs  < 0.001

0 972 (20%) 345 (10%) 1,317 (16%)

1 1,924 (40%) 1,059 (31%) 2,983 (36%)

 ≥ 2 1,903 (40%) 2,012 (59%) 3,915 (48%)

LiverTox D Drugs  < 0.001

0 2,486 (52%) 1,462 (43%) 3,948 (48%)

1 1,788 (37%) 1,348 (39%) 3,136 (38%)

 ≥ 2 525 (11%) 606 (18%) 1,131 (14%)

LiverTox E Drugs  < 0.001

0 2,388 (50%) 1,064 (31%) 3,452 (42%)

1 1,406 (29%) 1,250 (37%) 2,656 (32%)

 ≥ 2 1,005 (21%) 1,102 (32%) 2,107 (26%)

LiverTox E* Drugs  < 0.001

0 4,158 (87%) 2,838 (83%) 6,996 (85%)

1 588 (12%) 530 (16%) 1,118 (14%)

 ≥ 2 53 (1.1%) 48 (1.4%) 101 (1.2%)

LiverTox X Drugs 0.179

0 4,775 (99%) 3,391 (99%) 8,166 (99%)

1 24 (0.5%) 25 (0.7%) 49 (0.6%)

LiverTox NS Drugs  < 0.001

0 4,041 (84%) 2,589 (76%) 6,630 (81%)

1 667 (14%) 732 (21%) 1,399 (17%)

 ≥ 2 91 (1.9%) 95 (2.8%) 186 (2.3%)

Table 2.  Distribution of LiverToxA Drugs on 8,215 patients with atrial fibrillation.
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Discussion
Results from this observational nationwide cohort study that examined the risk of drug-associated hepatotoxicity 
in patients with AF on oral anticoagulants, showed that the majority of elderly AF patients are exposed to 
multiple medications, including those with intrinsic hepatotoxicity risks. Indeed > 50% of the population was on 
polypharmacy and > 40% was prescribed with at least one drug classified as high liver toxicity risk. In particular, 
AF patients on treatment with LiverTox A drugs were more likely to be male, overweight, smokers, with cardio-
cerebrovascular or metabolic comorbidities, chronic respiratory disease, hyperthyroidism and diabetes. The 
most frequently prescribed LiverTox A drugs were statins, amiodarone, and allopurinol. After adjusting for 
covariates, amiodarone and methimazole were associated with elevated LFTs. Similar associations were also 
observed for lower-tier LiverTox drugs, including warfarin, furosemide, ramipril, lansoprazole, and canrenone, 
while DOACs had a lower hepatotoxicity risk compared to warfarin.

LiverTox A drug N Patients (%) Univariable Multivariable*

OR 95% CI p-value OR 95% CI p-value

Atorvastatin 1128 (13.73) 1.14 0.91, 1.41 0.257 1.19 0.94, 1.49 0.140

Amiodarone 925 (11.26) 1.63 1.31, 2.02  < 0.001 1.61 1.29, 2.00  < 0.001

Simvastatin 807 (9.82) 0.61 0.44, 0.82 0.002 0.60 0.43, 0.82 0.002

Allopurinol 626 (7.62) 0.92 0.66, 1.25 0.603 0.99 0.71, 1.35 0.949

Rosuvastatin 358 (4.36) 1.15 0.79, 1.64 0.447 1.19 0.81, 1.70 0.349

Methimazole 118 (1.44) 1.77 1.01, 2.91 0.033 1.83 1.04, 3.03 0.026

Ticlopidine 113 (1.38) 0.49 0.17, 1.10 0.126 0.54 0.19, 1.21 0.183

Valproate 30 (0.37) 0.42 0.02, 2.02 0.402 0.45 0.03, 2.16 0.436

Carbamazepine 28 (0.34) 0.39 0.02, 1.84 0.355 0.39 0.02, 1.84 0.352

Methotrexate 23 (0.28) 2.35 0.67, 6.42 0.128 2.18 0.61, 6.13 0.173

Ibuprofen 19 (0.23) 1.34 0.21, 4.80 0.701 1.05 0.16, 3.95 0.950

Phenytoin 13 (0.16) 0.85 0.05, 4.38 0.877 1.03 0.06, 5.42 0.976

Azathioprine 10 (0.12) 1.87 0.10, 11.60 0.567 1.61 0.08, 10.10 0.667

Diclofenac 7 (0.09) 1.56 0.08, 9.15 0.681 1.49 0.08, 9.07 0.719

Levofloxacin 6 (0.07) 1.87 0.10, 11.6 0.567 2.42 0.12, 16.50 0.431

Table 4.  Logistic Regression Analysis of LiverTox A drugs use with increased transaminases (Only drugs taken 
by at least 5 patients were considered). OR = Odds Ratio, CI = Confidence Interval. *adjusted for CHA₂DS₂-
VASc score, creatinine clearance, body mass index, and the presence of cirrhosis with oesophageal varices.

 

Characteristics

Univariable Analysis Multivariable Analysis

OR 95% CI p-value OR 95% CI p-value

Sex (Male) 1.29 1.18, 1.41  < 0.001 1.09 0.97, 1.22 0.134

Age (Over 90) 0.65 0.57, 0.74  < 0.001 0.54 0.45, 0.65  < 0.001

Geographic Area (vs North)

Centre 1.00 0.90, 1.11 0.984 0.99 0.86, 1.14 0.928

South 1.43 1.24, 1.66  < 0.001 1.18 0.99, 1.41 0.067

BMI ≥ 25 1.28 1.16, 1.40  < 0.001 1.21 1.07, 1.37 0.002

Family history of cardiovascular disease 1.13 0.96, 1.32 0.154 1.03 0.85, 1.25 0.728

Cancer 1.08 0.95, 1.22 0.243 0.99 0.85, 1.16 0.930

Diabetes 2.18 1.95, 2.44  < 0.001 1.62 1.41, 1.86  < 0.001

Hypertension 2.10 1.87, 2.37  < 0.001 1.30 1.11, 1.51  < 0.001

Previous cerebral vasculopathy 1.56 1.39, 1.76  < 0.001 1.40 1.20, 1.62  < 0.001

Ischemic heart disease 5.31 4.67, 6.06  < 0.001 4.88 4.15, 5.76  < 0.001

Heart Failure 1.54 1.36, 1.74  < 0.001 1.19 1.01, 1.40 0.034

Peripheric Vasculopathy 1.66 1.39, 2.00  < 0.001 1.26 0.99, 1.61 0.060

Chronic Respiratory Disease 1.49 1.31, 1.70  < 0.001 1.23 1.05, 1.45 0.012

Kidney Function Class (vs Cl Creatinine > 60 ml/min)

Decreased (30–59) 1.15 1.05, 1.26 0.002 1.29 1.14, 1.47  < 0.001

Severely decreased (< 30) 1.45 1.18, 1.77  < 0.001 1.68 1.27, 2.24  < 0.001

Either transaminasis increased 1.08 0.92, 1.27 0.348 0.97 0.81, 1.17 0.775

Table 3.  Logistic regression analysis of factors associated to use of at least one LiverTox A drug. OR: Odds 
Ratio; CI: Confidence Interval.
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The number of concomitant medications is comparable to data reported in the literature, with percentages 
ranging from about 30% to more than 70% of patients takes five or more drugs concomitantly16,17. Importantly, 
half of the enrolled population takes 5 or more drugs at the same time, which is the common definition of 
polypharmacy, a situation that exposes patients to unnecessary risks12,15,18.

Some of these drugs are often wrongly prescribed or not optimally monitored over time. For example, 
allopurinol, one of the top five most prescribed drugs in this cohort, has been reported as commonly 
misprescribed19. This highlights an opportunity for deprescribing in relevant cases 20.

Patients exposed to at least one LiverTox A drug were generally in poorer clinical conditions and affected 
by more comorbidities. This may represent a ‘confounding by indication’ bias, where patients with multiple 
conditions inherently require more medications, including LiverTox A drugs. However, this should not justify 
excessive drug use in this group. Vulnerable patients should be protected from unnecessary exposure to DILI 
risk, which could further deteriorate their health status, by preferring lower-LiverTox-level drugs over LiverTox 
A drugs to minimize the potential risks to patients. Of note, very advanced age was associated with a lower 
probability of receiving a LiverTox A drug. This may be explained by the fact that, in very old patients, most 
drugs are being deprescribed, either because the risks may outweigh the benefits or because they are no longer 
required21.

Our findings highlight heterogeneous effects of commonly prescribed drugs on markers of hepatic 
impairment. Amiodarone and methimazole were confirmed as agents associated with increased hepatocellular 
injury, consistent with their LiverTox classification. We did not find any association of some others LiverTox A 
drugs with elevations in LFTs.

On the other side, several non-LiverTox A drugs were identified as being associated with higher LFTs or 
FIB-4 scores. This highlights the need to raise awareness of the potential hepatotoxicity of these drugs, which 
should be further investigated and factored into prescribing decisions. Some of these drugs, such as proton 
pump inhibitors22 and warfarin23, are already known to carry a hepatotoxic risk.

Other factors may also explain the observed associations. For instance, the link between canrenoate and 
elevated transaminase levels may be due to the fact that it is not the drug itself causing liver impairment, but rather 
that the drug is commonly prescribed to patients with pre-existing or advanced liver disease24. Additionally, 

Drug LiverTox Score N Patients (%) Univariable Multivariable*

OR 95% CI p-value OR 95% CI p-value

Warfarin
(vs DOAC) C 4712 (57.36) 2.48 2.08, 2.98  < 0.001 2.43 2.02, 2.93  < 0.001

Bisoprolol E 2574 (31.33) 1.11 0.94, 1.31 0.228 1.12 0.94, 1.33 0.192

Furosemide E 2153 (26.21) 1.42 1.19, 1.68  < 0.001 1.65 1.37, 1.98  < 0.001

Aspirin A [HD] 1792 (21.81) 1.02 0.84, 1.23 0.839 1.08 0.88, 1.31 0.46

Ramipril C 1431 (17.42) 1.36 1.11, 1.65 0.002 1.37 1.12, 1.67 0.002

Apixaban D 1145 (13.94) 0.53 0.40, 0.70  < 0.001 0.53 0.39, 0.70  < 0.001

Atorvastatin A 1128 (13.73) 1.14 0.91, 1.41 0.257 1.19 0.94, 1.49 0.14

Pantoprazole C 1086 (13.22) 1.07 0.85, 1.34 0.571 1.13 0.89, 1.42 0.319

Hydrochlorothiazide C 1049 (12.77) 0.95 0.74, 1.20 0.678 0.92 0.71, 1.17 0.498

Lansoprazole C 1034 (12.59) 1.3 1.03, 1.62 0.022 1.3 1.03, 1.63 0.025

Rivaroxaban B 1000 (12.17) 0.51 0.37, 0.68  < 0.001 0.51 0.37, 0.68  < 0.001

Amlodipine C 994 (12.1) 1.03 0.81, 1.31 0.787 1.03 0.80, 1.30 0.825

Dabigatran D 926 (11.27) 0.51 0.36, 0.69  < 0.001 0.52 0.37, 0.71  < 0.001

Amiodarone A 925 (11.26) 1.63 1.31, 2.02  < 0.001 1.61 1.29, 2.00  < 0.001

Simvastatin A 807 (9.82) 0.61 0.44, 0.82 0.002 0.6 0.43, 0.82 0.002

Omeprazole B 734 (8.93) 1.16 0.89, 1.48 0.255 1.2 0.92, 1.54 0.175

Metformin B 708 (8.62) 0.98 0.74, 1.29 0.896 0.93 0.69, 1.25 0.64

Digoxin E 705 (8.58) 1.09 0.82, 1.42 0.545 1.13 0.85, 1.48 0.374

Allopurinol A 626 (7.62) 0.92 0.66, 1.25 0.603 0.99 0.71, 1.35 0.949

Canrenoate NS 620 (7.55) 1.46 1.12, 1.89 0.005 1.61 1.22, 2.10 0.001

Levothyroxine E 580 (7.06) 0.98 0.71, 1.32 0.882 1.01 0.73, 1.36 0.973

Valsartan D 541 (6.59) 0.79 0.55, 1.10 0.180 0.77 0.53, 1.09 0.157

Flecainide C 425 (5.17) 0.73 0.48, 1.05 0.107 0.63 0.41, 0.92 0.024

Carvedilol D 415 (5.05) 1.1 0.77, 1.52 0.602 1.12 0.78, 1.57 0.519

Irbesartan C 411 (5) 0.79 0.51, 1.15 0.239 0.78 0.51, 1.15 0.225

Table 5.  Logistic Regression Analysis for the Association of top 25 most prescribed drugs use with increased 
transaminases. DOAC: direct oral anticoagulant, OR = Odds Ratio, CI = Confidence Interval. *adjusted for 
CHA₂DS₂-VASc score, creatinine clearance, body mass index, and the presence of cirrhosis with oesophageal 
varices.
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canrenoate is frequently given to patients with heart failure, which significantly affects the prognosis of patients 
with AF25, and may also contribute to liver damage through heart failure-related hepatic congestion.

Additionally, the inverse association between DOACs and LFTs levels may be of clinical relevance but it 
warrants further exploration. This could be a result of the drugs’ pharmacological properties26, the presence of 
unidentified confounders, such as prescribing bias, or the fact that patients on DOACs are not using warfarin.

Similarly, the association between statins and liver toxicity risk is of interest. According to the LiverTox 
classification, atorvastatin, rosuvastatin, and simvastatin are categorized as high-risk (LiverTox A), while 
fluvastatin, lovastatin, and pravastatin fall under level B. This classification is only partially supported by a meta-
analysis, which found increased odds of hypertransaminasemia for atorvastatin, rosuvastatin, and lovastatin 
but not for pravastatin, fluvastatin, or simvastatin27. However, in our cohort, the only significant association 
observed with statins was a reduced risk of LFTs for simvastatin, both for transaminases and the FIB-4 score. 
These findings are in keeping with a previous metanalysis showing lower levels of LFTs in patients with metabolic 
liver disease compared to untreated ones28.

Some general limitations affecting the reliability and usefulness of LiverTox have been highlighted10,29. First, it 
does not assess the quality of the published reports it includes, leading to potential reliance on poorly documented 
cases without robust causality assessment. Second, its coverage is limited, as it primarily includes drugs approved 
in the United States, and regular updates are necessary to include newly approved medications. Furthermore, in 
our cohort of AF patients, the LiverTox A classification did not always accurately predict hepatotoxicity risk, with 
some lower-graded medications being associated with higher hepatotoxicity markers. Despite these limitations, 
the LiverTox score remains the most accessible and evidence-based tool for categorizing drug-related liver injury 
risk. However, it should be used as a reference rather than a definitive measure, with the understanding that 
exceptions to its classifications may occur, particularly in specific subpopulations.

To our knowledge, this is the first study to assess the drug-related risk of hepatotoxicity in patients with AF. By 
individually classifying each drug for each patient, rather than generalizing by class, we provide a more precise 
understanding of the pharmacological effects of each molecule, offering a detailed population characterization 
and practical insights for clinicians.

However, our study has some limitations. First, as part of a registry, our data is limited to the information 
provided at enrollment; we lack follow-up data, which would have been valuable for monitoring hepatic marker 
levels over time. Additionally, we do not have other clinical or imaging data necessary to fully assess the hepatic 
profiles of the patients. Moreover, it is worth noting that the extent of polypharmacy is likely underestimated, 
as inhaled medications, vitamins, and supplements—which are widely prescribed—were not included in the 
analysis. Of note, we excluded inhaled medications due to their low systemic absorption that probably do not 
allow to reach sufficiently high serum level to have an impact on LFTs, as shown by previous studies30–32.

Similarly, temporary or occasional-use medications, such as non-steroidal anti-inflammatory drugs (NSAIDs) 
and antibiotics, were likely underreported, as patients may not have identified them as routine treatments.

Secondly, although we have coded each drug singularly, we do not have information on therapy duration and 
neither daily dose, both of which are critical factors in determining variations in hepatic risk.

In conclusion, polypharmacy is a significant concern in patients with AF, likely reflecting their complex 
comorbidity profiles. Drugs categorized by high LiverTox levels were commonly prescribed within this cohort. 
While the LiverTox classification remains a valuable tool for assessing hepatotoxicity risk, our findings suggest 
that also drugs listed as low-medium risk according to the LiverTox category may have an association with 
increased LFTs, suggesting that liver injury may vary according to the studied population. A comprehensive 
evaluation, considering also the potential liver injury risk related to cardiovascular and non-cardiovascular 
drugs is needed to reduce the risk of liver toxicity in this population.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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