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SUMMARY / ABSTRACT

Background: In an aging population with cardiovascular comorbidities, anticoagulant (AC), 

anti-platelet (AP), and non-steroidal anti-inflammatory (NSAID) use is increasing. It remains 

unclear whether these agents pose increased bleeding risk in cirrhosis. This study aimed to assess 

the association between these medications and bleeding and portal hypertension complications in 

cirrhosis.

Methods: The IMS PharMetrics database was used to identify privately insured adults diagnosed 

with cirrhosis from 2007 to 2015, stratified as compensated or decompensated based on the 

presence of portal hypertensive complications 1 year prior to cirrhosis diagnosis. Bleeding or 

decompensation outcomes were assessed 6–18 months after cirrhosis diagnosis using a landmark 

analysis design. Multivariable Cox proportional hazards regression modeling assessed associations 

between AC, AP, and NSAID drug exposures and outcomes adjusting for covariates.

Results: 18,070 cirrhosis patients were analyzed; 57% male; 74% ages 50–64 years; 34% 

with a prior decompensation. Overall, 377 (2%) had claims for ACs; 385 (2%) APs; and 1231 

(7%) NSAIDS. APs were associated with increased bleeding (aHR 1.31; 95% 1.00,1.72) and 

decompensation events (aHR 1.44; 95% CI 1.06, 1.95) in a 9-month landmark analysis. NSAIDS 

were significantly associated with bleeding events (aHR 1.29; 95% CI 1.06, 1.57) on 3-month 

landmark analysis. No statistically significant associations were seen between ACs and bleeding or 

decompensation outcomes in adjusted analyses.
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Conclusion: AP use was associated with increased bleeding and decompensation events 

among privately insured patients with cirrhosis. NSAID use was associated with significant 

early bleeding, but not decompensations. Lastly, ACs were not associated with bleeding or 

decompensation outcomes.
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INTRODUCTION

Amidst an aging population with advanced cardiac, vascular, and musculoskeletal 

comorbidities, the use of anticoagulation (AC), antiplatelet (AP), and non-steroidal anti-

inflammatory (NSAID) prescription medications is on the rise.1–3 While there has been 

great interest in AC and direct oral anticoagulants (DOACs) in cirrhosis, little attention has 

been paid to whether APs and NSAIDs are safe in cirrhosis, particularly among patients with 

a history of portal hypertension.

The contention surrounding AC in cirrhosis relates to an increased risk of bleeding, 

especially among those with more advanced portal hypertension and history of varices. 

However, there has been limited evaluation of these risks in AP and NSAID users. 

Some studies suggest that AC, particularly in the setting of portal vein thrombus (PVT), 

may improve outcomes including survival by reducing portal hypertension,4–6 or reducing 

risk of repeat cardiovascular event.7–9 This benefit may come at the cost of increased 

gastrointestinal bleeding.7,8 Furthermore, there is limited data investigating DOACs among 

patients with cirrhosis.10 Given the delicate coagulopathic state associated with end 

stage liver disease, AC may be essential to preventing further complications of venous 

thromboembolism (VTE).11,12 Still, the role of AC among more advanced liver disease 

including Child-Turcotte Pugh classes B/C remains controversial, with unclear morbidity 

and survival benefit in this population.

While PVT has been the most investigated thrombotic condition in cirrhosis, it is not the 

only thromboembolic event that affects this population. The risk of myocardial infarction, 

ischemic cerebrovascular accidents, and other vascular events amidst a growing population 

of non-alcoholic fatty liver disease (NAFLD) patients, necessitates an examination of 

whether APs, in addition to ACs, are safe to use in cirrhosis. Additionally, the use of 

NSAIDS to manage pain and inflammatory conditions also needs to be explored, especially 

among our aging cirrhosis population. This study aimed to investigate the association 

between all cause bleeding outcomes (including gastrointestinal bleeding) and exposure 

to anticoagulant, antiplatelet, and NSAID prescriptions among patients with cirrhosis. 

Lastly, we aimed to investigate associations between these drugs and non-bleeding portal 

hypertensive complications.
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METHODS

Data Source & Study Population

The IQVIA PharMetrics database was used to identify privately insured patients aged 18–64 

years from January 1st 2007 to September 30th 2015. This database includes claims data on 

pharmacy and medical coverage for millions of Americans with private health insurance, 

and has been shown to be representative of commercially insured US patients.13 The study 

population included those with a new diagnosis of cirrhosis (at least two International 

Classification of Diseases, Ninth Revision (ICD-9) codes for cirrhosis: 571.2 or 571.5) 

using previously validated methods.14–16 These methods are described elsewhere.17 The 

“diagnosis date” of cirrhosis was based on the first ICD-9 code present in the database 

(Figure 1).

Patients with cirrhosis were further stratified as “compensated” or “decompensated” based 

on the presence of a decompensation event identified by ICD-9 code or Current Procedural 

Terminology (CPT) code (Supplemental Table 1). Patients with decompensated cirrhosis 

were identified as having any administrative codes from 1 year prior to cirrhosis diagnosis to 

the index date of cirrhosis diagnosis. Decompensations included evidence of ascites, hepatic 

encephalopathy, hepatocellular carcinoma, hepatorenal syndrome/acute kidney failure/end 

stage renal disease, jaundice, spontaneous bacterial peritonitis, transjugular intrahepatic 

portosystemic shunt (TIPS) procedure, or variceal hemorrhage.

To ensure that exposures and outcomes were adequately assessed, participants were included 

in the analysis if they had 12 months of continuous health plan enrollment with pharmacy 

benefits before the diagnosis of cirrhosis, as well as 6 months of coverage after the diagnosis 

of cirrhosis. Individuals >64 years old with dual Medicare enrollment were excluded given 

their claims may not be accurately captured in the PharMetrics database. Individuals with 

prior liver transplantation were excluded. This study was approved by the University of 

North Carolina Institutional Review Board.

Exposures & Outcomes

The drug exposures of interest included prescription claims for an anticoagulant (AC), 

antiplatelet (AP), or NSAID medication 0–6 months after index cirrhosis date (Supplemental 

Table 2). Individuals could have been exposed to the drug prior to cirrhosis diagnosis, but 

had to have a pharmacy claim for the drug up to 6 months after their cirrhosis diagnosis. 

Pharmacy claims included new claims and refills both for the inpatient and outpatient 

setting. If patients were only exposed to a drug after the end of the assessment window, they 

were counted as not having received the drug. The main drug exposures of interest were 

AC, AP, and prescription NSAIDS, which were compared to no drug exposure, as well as 

statins and levothyroxine as a negative control group (i.e. medications unlikely to cause the 

outcome of interest) to assess for healthy user bias. If individuals were exposed to multiple 

drugs, they were assigned to one drug category based on a hierarchy designated a priori (AC 

> AP > NSAIDS).

The primary outcome of interest was any bleeding event (i.e. gastrointestinal and non-

gastrointestinal) assessed 6–18 months after index cirrhosis diagnosis (Supplemental Table 
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1). Bleeding outcomes were identified using ICD-9 codes cited in previously validated 

methods.18 Secondary outcomes included claims for any portal hypertensive complication. 

Finally, we performed sensitivity analyses to examine whether levothyroxine and statins 

were associated with bleeding or decomposition outcomes.

Statistical Analysis

Our descriptive statistics included medians and first and third quartiles for continuous 

variables, and frequencies for categorical variables stratified by drug exposure type. We 

used a landmark analysis study design to estimate the time-to-event probabilities in each 

exposure category, conditional on the exposure status of patients at the landmark time.19 In 

a landmark analysis, a fixed exposure window is defined from the index cirrhosis diagnosis; 

the analysis is limited to patients who have not yet experienced the outcome by the landmark 

time. Hence, individuals had to be free of bleeding or decompensation outcomes during 

the drug exposure window to be included in the respective analyses. This strategy aims to 

eliminate error from an immortal time bias. In this study, we chose the landmark windows a 

priori, and investigated other windows as sensitivity analyses.

For our main analysis, the drug exposure assessment window for the landmark analysis was 

from cirrhosis index date to six months afterward; development of the outcome was assessed 

between 6 and 18 months after cirrhosis index date. Multivariable Cox proportional hazards 

regression was used to assess associations between drug exposures and hazard of bleeding 

outcomes adjusting for age, sex, region, cirrhosis etiology, Charlson comorbidity index 

(CCI),20 prior decompensation, and presence of cardiac/vascular comorbidities. Unadjusted 

and adjusted analyses were performed and sensitivity analyses were conducted examining 

different drug exposure windows (i.e. receiving drug within 3, 9, and 12 months of index 

cirrhosis diagnosis). The data were artificially censored at one year after the exposure 

assessment window ended in order to ensure proximity to drug exposure. Significant 

findings were defined using a prespecified alpha of 0.05. Analyses were performed using R 

version 3.6.1 (R Core Team, Vienna, Austria, 2019).

RESULTS

Population: Sociodemographic & Clinical Characteristics

For the six-month landmark analysis, a total of 18,070 patients with cirrhosis were identified 

from 2007 to 2015. A majority of the population was between the ages of 50 and 64 (74%) 

with just over half including males (57%). The most common etiologies of cirrhosis were 

non-alcoholic fatty liver disease or cryptogenic cirrhosis (41%) followed by viral hepatitis 

(34%) as identified by ICD-9 code. Among the 18,070 patients, 6,215 (34%) had a prior 

portal hypertensive decompensation, with ascites being the most common complication 

(4041/6215; 65%), followed by hepatic encephalopathy (17%) and varices (13%). About 

48% of the population had a CCI score >= 2. Regarding specific comorbidities, 26% of the 

population had diabetes, 6% congestive heart failure (CHF), and 3% atrial fibrillation (Table 

1). The median duration of total healthcare coverage including prescription benefits was 69 

months (1Q-3Q: 45–100).
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In total, 377 patients (2%) were classified as AC, 385 (2%) as AP, and 1,231 (7.0%) as 

prescription NSAIDS. Among those on ACs, 51 (14%) received DOACs. Regarding likely 

indication for AC, 41% had atrial fibrillation, 18% pulmonary embolus (PE) or deep vein 

thrombosis (DVT), 6% peripheral vascular disease (PVD) and 4% portal vein thrombosis 

(PVT). For AP use, 18% had congestive heart failure, 18% cerebrovascular accident (CVA) 

or transient ischemic attack (TIA), 13% myocardial infarction, and 10% PVD. Just under 

a third of NSAID users had diabetes (32%) or a history of prior portal hypertensive 

complication (30%), including 19% with ascites and 3% with pre-existing renal disease. 

Of note, 12% of the total population were on statins, including 26% of AC and 48% of AP 

users (Table 1).

Bleeding Outcomes Stratified by Drug Exposure and Decompensation History

18,070 patients were included in our main 6-month landmark analysis regarding bleeding 

outcomes. In total, 13% of the population had a bleeding event during the outcome 

assessment period including 3% with a variceal gastrointestinal (GI) bleed and 7% with 

a non-variceal GI bleed (Supplemental Table 3). Among those on ACs, 13% had any type 

of bleeding event including 5% with a non-variceal GI bleed and 0.5% with a variceal 

GI bleed. Fifty-one patients received DOACS (14% of all AC users); 3 of these patients 

experienced any bleeding outcome (6%), none of which were variceal. For individuals on 

APs, 16% had a bleeding event, 1% of which were variceal. Among NSAID users, 14% 

had any bleeding, 2% of which were variceal. The cumulative incidence of bleeding events 

among AP users was higher than non-AP users (Figure 2), and did not vary based on 

decompensation history (Supplemental Figure 1a and 1b). Overall, cumulative incidence 

of bleeding was significantly higher among individuals with a prior decompensation 

(Supplemental Figure 2A).

ACs were not significantly associated with increased bleeding during the 6-month period 

after cirrhosis diagnosis on unadjusted (HR 1.14; 95% CI (0.86, 1.51)) or adjusted analyses 

(aHR 1.00; 95% CI (0.75, 1.33)) (Table 2). On the other hand, APs were significantly 

associated with bleeding on unadjusted (HR 1.31; 95% CI (1.02, 1.69)) but not adjusted 

(aHR 1.21; 95% CI (0.93, 1.56)) analyses. We additionally conducted 3-, 9- and 12-month 

landmark analyses as sensitivities, comprising 20,994, 15,868, and 13,819 eligible patients, 

respectively. In examining these pre-specified sensitivity analyses, APs were significantly 

associated with bleeding on both unadjusted (HR 1.36; 95% CI (1.05, 1.78)) and adjusted 

9-month landmark analyses (aHR 1.31; 95% CI (1.00, 1.72)) and NSAIDs were significantly 

associated with bleeding on unadjusted (HR 1.31; 95% CI (1.07, 1.59)) and adjusted (aHR 

1.29; 95% (1.06, 1.57)) 3-month landmark analyses.

Portal Hypertension Complication Stratified by Drug Exposure and Decompensation 
History

11,563 patients were included in our main 6-month landmark analysis regarding bleeding 

outcomes. Among them, 17% had a decompensation event during the outcome assessment 

period (Supplemental Table 3). The highest frequency of portal hypertensive complications 

was among AP users (23%), followed by AC users (18%). Varices were evident in 6% 

of the population and renal injury in 2%. The cumulative incidence of portal hypertensive 
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decompensation was higher among AP users as compared to non-AP users, but this was 

not statistically significant. Cumulative incidence of portal hypertension complications 

was significantly higher among AP users who had a prior history of decompensation 

(Figure 3A); whereas this relationship was not seen among individuals with no prior 

history of decompensation (Figure 3B). Overall, cumulative incidence of portal hypertensive 

complication was significantly higher among individuals with a prior decompensation 

(Supplemental Figure 2B).

In unadjusted analyses, AP drug exposures were associated with increased decompensations 

(HR 1.37; 95% CI 1.03, 1.82) for the 11,563 patients included in the 6-month landmark 

analysis; however, this relationship was no longer significant when adjusting for potential 

confounders including a history of decompensation event (aHR 1.28; 95% CI 0.95, 1.73)). 

In 9- and 12-month landmark analyses of 10,859 and 10,341 patients, respectively, APs 

were significantly associated with portal hypertensive complications in adjusted analyses (9-

month: aHR 1.44; 95% CI 1.06, 1.95 and 12-month: aHR 1.43; 95% CI 1.01, 2.01). ACs and 

NSAIDS were not significantly associated with decompensation events in adjusted analyses 

(Table 3). As final sensitivity analyses, levothyroxine or statins were not associated with 

either bleeding or decompensation outcomes (chi-square tests at alpha = 0.05). Additionally, 

all analyses were conducted excluding cases of hepatocellular carcinoma (HCC) as a type 

of decompensation outcome, with no significant differences found in the results reported 

above.

DISCUSSION

In a large cohort of >18,000 privately-insured patients with compensated and 

decompensated cirrhosis, antiplatelet (AP) use was associated with increased risk of 

bleeding and decompensation events. AP users with a prior history of decompensation were 

at significantly increased risk of developing a portal hypertensive complication as compared 

to non-AP users. Of interest, 7% of the population were prescribed NSAIDS despite this 

not being recommended in cirrhosis; 30% of NSAID users had a history of prior portal 

hypertensive complication. NSAID use was associated with significant bleeding during a 

shorter 3-month landmark analysis adjusting for potential confounders. Although we did not 

find anticoagulant (AC) or NSAID use to be significantly associated with increased bleeding 

or other hepatic decompensation events, point estimates were in the direction of increased 

bleeding. Our overall findings suggest that APs may incur a higher risk of bleeding and 

decompensation outcomes as compared to AC or NSAIDS among individuals with cirrhosis, 

and that this risk is further amplified by a history of prior decompensation.

The risks of ACs in cirrhosis has dominated the literature, with limited inquiry into the 

role of APs and NSAIDs in propagating bleeding or portal hypertensive complications. The 

extant literature on APs in cirrhosis is limited by small, retrospectively designed studies 

focused on aspirin and clopidogrel use with minimal consideration of other AP agents. Since 

most of the cytochrome P2Y12 inhibitors are hepatically metabolized, these drugs have 

not been thoroughly investigated in individuals with severe liver disease or decompensated 

cirrhosis.21 Russo et al. examined bleeding events in a retrospective study of patients with 

cirrhosis receiving coronary artery stents followed by clopidogrel and aspirin use. Patients 
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with cirrhosis were compared to age and sex-matched controls. No significant differences 

in bleeding events and transfusion requirements were found between the two groups; only 

16 patients received a stent plus antiplatelet agent, with a majority of individuals receiving 

aspirin.22 Another larger retrospective study using the National Health Insurance Research 

Database found no significant difference in GI bleeding events among 170 aspirin and 70 

clopidogrel users with cirrhosis as compared to non-AP users, adjusting for age, sex, and 

type of cirrhosis.23 It did not account for pre-existing portal hypertensive complications or 

severity of liver disease. A large Taiwanese study including cirrhosis patients with acute 

myocardial infarction on dual AP therapy found significantly increased GI bleeding (HR 

= 1.49, 95% CI 1.31,1.70) as compared to those without cirrhosis, but did not account 

for history of portal hypertensive complication.7 Additionally, a case control study among 

200 cirrhosis patients with esophageal varices found that aspirin use with or without 

NSAIDs was associated with first time variceal bleeds (OR 4.9; p=0.007). NSAID use was 

independently associated with bleeding (OR 2.9; 95% CI 1.8, 4.7) adjusting for age, Child-

Turcotte Pugh class, ascites, variceal size and recent beta blocker use.24 None of the above 

studies investigated the association between APs and portal hypertensive complications apart 

from variceal bleeding.

In this study, we found that APs were associated with increased bleeding and 

decompensation events, and this relationship was likely amplified by a prior history of 

decompensation. In fact, the cumulative incidence of portal hypertensive complications 

was significantly higher among AP users with a history of decompensated cirrhosis. The 

current study focused on prescription APs and did not examine the role of aspirin use 

given its availability over-the-counter. However, several AP agents in addition to clopidogrel 

were examined, allowing for a more in-depth investigation of this medication class than 

previously reported.

The literature has focused on AC use in liver disease and the controversy surrounding 

bleeding and portal hypertensive complications related to AC exposure. In this study, 

we found that ACs were not significantly associated with increased bleeding during a 

6-month period after cirrhosis diagnosis, especially when adjusting for potential confounders 

such as prior portal hypertensive decompensation. Among patients with atrial fibrillation 

and liver disease, some studies have suggested increased GI bleeding events associated 

with warfarin,25 unfractionated heparin,26 and DOACs.9,27 However, other studies, mostly 

focused on AC in portal vein thrombosis found no increased risk of bleeding.6,11,28–30 

Given the small number of DOAC users (51 out of 377 AC users), we could not adequately 

assess the question of whether DOACS were associated with significant bleeding events or 

decompensations. Other studies have alluded to the safety of DOACS in cirrhosis. More 

specifically, a recent meta-analysis of DOACs and vitamin K antagonists (VKAs) among 

patients with advanced fibrosis/cirrhosis and atrial fibrillation found that DOACs were 

associated with significantly less major bleeding events including GI bleeds compared to 

VKAs.31 A total of 4 studies were included in the analysis and the results may not be 

applicable to individuals with decompensated cirrhosis.

NSAID use is discouraged among patients with cirrhosis. Yet, this study found about 7% of 

patients with cirrhosis were taking prescribed NSAIDS; just under a third of NSAID users 
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had a history of prior portal hypertensive complication including 19% with ascites and 3% 

with pre-existing renal disease. NSAID use was associated with significant early bleeding 

events (3-month sensitivity landmark analysis), but was not associated with increased 

decompensations including renal injury. These findings do not account for potential over-

the-counter use of NSAIDs, and likely underestimate complications associated with this 

drug class.

This study has limitations, which are related to using a database and identifying a cohort 

based on ICD-9 and CPT codes. While markers of disease severity, such as Charlson 

Comorbidity Index (CCI) and clinical features of decompensated cirrhosis were investigated, 

specific data such as laboratory values were not available. This limited our ability to more 

fully account for liver disease severity including not being able to assess Model for End 

Stage Liver Disease (MELD) or Child-Turcotte Pugh scores. Of note, a recently published 

single center study reported no association between these scores and DOAC-related bleeding 

risk.27 Additionally, the CCI is a comprehensive scale accounting for 17 comorbidities 

including diabetes, which has been associated with portal hypertension decompensation 

events.32 Lastly, the use of claims databases such as these do not allow us to examine 

mortality. Many of the limitations of this study were mitigated by the large number 

of patients in this cohort and the fact that we were able to identify those with portal 

hypertensive complications and decompensated cirrhosis based on ICD-9 and CPT codes. 

Moreover, the investigation of anticoagulation, antiplatelet, and prescriptions NSAIDs was 

novel compared to prior studies that focused only on AC use.

Despite the attention anticoagulants have received in the extant literature, they were 

not associated with statistically significant bleeding and decompensation events among 

individuals with cirrhosis. Antiplatelet use, however, was associated with increased risk 

of bleeding and decompensation events. Although NSAIDS are discouraged in cirrhosis, 

they continue to be prescribed, even among those with a history of decompensation. 

This study found that NSAID use was significantly associated with early bleeding events, 

adding further evidence to support the clinical recommendation of NSAID avoidance in 

cirrhosis. In conclusion, attention to anticoagulants should be shifted to antiplatelet and 

NSAID medications, which should be used with caution, especially among patients with 

decompensated cirrhosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

AC Anticoagulant

AP Anti-platelet
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CVA Cerebrovascular accident

CCI Charlson comorbidity index

CPT Current Procedural Terminology

DVT Deep vein thrombosis

DOACs Direct oral anticoagulants

GI Gastrointestinal

ICD-9 International Classification of Diseases, Ninth Revision

MI Myocardial infarction

NAFLD Non-alcoholic fatty liver disease

NSAID Non-steroidal anti-inflammatory

PVD Peripheral vascular disease

PVT Portal vein thrombosis

PE Pulmonary embolus

TIA Transient ischemic attack

VTE Venous thromboembolism
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FIGURE 1. 
A landmark analysis design featuring the IMS Pharmetrics database was performed. 

This methods overview includes the assessment of: (1) exposure to prescription 

anticoagulants, antiplatelets, NSAIDs, and (2) outcomes including any bleeding or portal 

hypertension decompensation events. GI indicates gastrointestinal; HTN, hypertension; 

NSAID, nonsteroidal anti-inflammatory drug.
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FIGURE 2. 
The cumulative incidence of any bleeding event (gastrointestinal and nongastrointestinal) 

is featured here for all 3 drug exposures: anticoagulant (AC), antiplatelet (AP), and 

nonsteroidal anti-inflammatory drug (NSAID) medications. The cumulative incidence of 

bleeding events among AP users was higher than non-AP users. Rx indicates prescription.
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FIGURE 3. 
Portal hypertension complications were significantly higher among patients taking APs who 

had a decompensation event (A). They were not significantly higher among those with no 

history of decompensation event before cirrhosis index (B). AC indicates anticoagulant; AP, 

antiplatelet; NSAID, nonsteroidal anti-inflammatory drug; Rx, prescription.
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