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Abstract 

Background: An area of debate in modern medicine is whether there is an association between cirrhosis and 

Atherosclerotic Cardiovascular Disease (ASCVD). To address this we conducted a retrospective cohort study 

composed of the 486,887 US Veterans with liver disease over the period of January 2000 to December 2019 to 

ascertain whether there is an association between cirrhosis and ASCVD. We further divided the cohort based on a 

diagnosis of cirrhosis. Cox-Regression, negative binomial and competing risk models were used to investigate the 

time interval between the first and recurrent ASCVD hospitalization with mortality as a competing event risk. The 

mean± SD age of the cohort was 58  11 years, 4.6% were female, 63% White, 21% Black. 58% of the cohort had 

liver disease without a diagnosis of cirrhosis. The incidence of ASCVD hospitalization was much higher in liver 

patients with diagnosis of cirrhosis (11% vs 6%, p value<0.001). In a non-adjusted model with cirrhosis as the 

exposure the rate of first ASCVD hospitalization was 1.5 times higher than liver disease in patients without cirrhosis 

(HR: 1.49 (95%CI: 1.47- 1.50), p <0.001). In a fully adjusted model, the risk was attenuated but remained 

statistically significant (HR: 1.03 (95% CI:1.02-1.04, p <0.001)). The mean number of ASCVD hospitalizations in a 

count model was 30% lower in the cirrhosis group (mean count ratio 0.70 (95% CI: 0.68-.072)), due to higher 

competing risk of all-cause mortality with ASCVD events (0.77 (0.73-0.81)). 

Conclusion: We demonstrate in this retrospective cohort study that as liver disease progresses to cirrhosis, the risk 

of ASCVD events increases. We hypothesize that the pro-inflammatory states of liver disease could be a viable 

explanation for the increased risk of ASCVD events in cirrhosis patients. Further translational studies are needed to 

confirm this hypothesis.  

Keywords: Atherosclerotic Cardiovascular events; Cirrhosis; Cox-regression model; Liver Disease; Time to first 

ASCVD 

1. Introduction

Cardiovascular Disease (CVD) is the leading cause of death globally  [1], affecting up to 48% of the United States 

(U.S.) adult population [2]. Predicting and reducing CVD risk is therefore a top priority for clinical practice and 

improving public health. Cirrhosis is a morbid condition that is being increasingly recognized as a major public 

health concern. About 2% of adults have a diagnosis of liver disease and there were 41,473 deaths (12.8 deaths per 

100,000 population) from chronic liver disease and cirrhosis in 2017  [3]. Understanding and reducing CVD risk 

factors in this population may slow this trend. CVD and cirrhosis share a number of common risk factors for 

progression, including obesity, insulin resistance, and diabetes. The progression of chronic liver disease to cirrhosis 

has been shown to correlate with concomitant heart involvement via development of insulin resistance, atherogenic 

dyslipidemia and up-regulation of pro-inflammatory cytokines  [4]. Patients with liver disease and cirrhosis now live 
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longer due to new advances in diagnosis and treatment; therefore, a lot of attention should be given to screening and 

prevention of Atherosclerotic Cardiovascular Disease (ASCVD) in this population. Currently the pooled cohort risk 

calculator (ASCVD risk calculator) is used in practice to estimate 10-year risk for a first ASCVD event in the 

general population. Whether the calculator could accurately predict the ASCVD risk in patients with chronic liver 

disease is unknown.  

 

Current epidemiological evidence regarding the link between CVD and cirrhosis is conflicting. In the early 1960s, 

Howell et al reported that the incidence of myocardial infarction (MI), as determined by autopsy review, in patients 

with cirrhosis was 25% lower than the general adult population  [5]. However, more recent studies suggest that CVD 

may be an important cause of morbidity and mortality in patients with cirrhosis. Carey et al  [6] recognized that 

Coronary Artery Disease (CAD) is common in patients with cirrhosis undergoing liver transplant evaluation, and 

other studies have suggested that cardiovascular complications are the major cause of pre-and postoperative 

morbidity and mortality [7, 8]. Complications during the management of ASCVD in this population may also drive 

mortality. A higher rate of major complications and mortality following invasive treatments for acute MI has been 

observed. Hillerson et al found that patients with cirrhosis had lower rates of ST-Elevation MI (18.9% vs 26.7%) but 

also had lower rates of angiography, revascularization and coronary artery bypass graft following an acute MI. The 

rates of gastrointestinal hemorrhage and in hospital mortality was higher in patients with cirrhosis post 

cardiovascular procedures [9]. 

 

While some recent data has suggested an increased prevalence of CVD in patients with cirrhosis  [10-14], others 

have shown a decreased rate or no difference  [15-18]. Methodological differences, variation in study population and 

sample size, adaptation of different outcome measures as ASCVD surrogates (softer endpoints like percutaneous 

coronary intervention, coronary artery bypass graft and peripheral vascular disease or subclinical measurements like 

carotid intimal medial thickness, coronary calcium score), difference in statistical analysis and modeling make it 

difficult to draw a uniform conclusion from these studies. Definitive data from clinical trials is lacking. To address 

these issues, we analyzed a large cohort of patients with chronic liver disease and cirrhosis from the Veteran Health 

Administration electronic health record data to estimate the prevalence and incidence of ASCVD events. Our 

secondary aim was to identify risk factors associated with these events in patients with cirrhosis compared to 

individuals with chronic liver disease but without cirrhosis. We used the same model as used in the ASCVD 

calculator to test the accuracy of the model in patients with liver disease. 

 

2. Methods 

2.1. Study Population and Data Source 

We conducted a retrospective cohort study composed of U.S. Veterans with liver disease over the period of January 

1, 2000 to December 31, 2019. Our source population consisted of 2,658,969 patients from the U.S. Veterans 

Affairs (VA) databases with any International Classification of Diseases 9th and 10th revision (ICD-9, ICD-10) 

codes with liver disease. From this, a total of 486,990 Veterans were identified with a diagnosis for liver disease, 

determined by the presence of ICD-9 and ICD-10 codes for non-alcoholic fatty liver disease, alcoholic liver disease, 
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viral hepatitis and corresponding ICD-9 and ICD-10 codes for cirrhosis (K74.6, K74.3, K75.8, K74.5, K78.8, K70, 

K70.3, K76.9, 571.2, 571.5, B18.2, B18.8, K73, 070, B18, B16, K70, K7581, 571.0) [19, 20]. Veterans were 

excluded from this study if they were under 18 years or if information on age was missing (N=3) and if there were 

errors in follow up time (N=100). The final cohort consisted of 486,887 adult Veterans (age ≥ 18 years) with a 

diagnosis of liver disease. Veterans were further divided into two subgroups based on liver disease with or without 

cirrhosis (Supplement Figure 1). Due to the nonintrusive and anonymous nature of this research and large sample 

size, the requirement for written informed consent was waived and the study was approved by the Institutional 

Review Boards of the VA Greater Los Angeles Health Care System. 

 

 

Figure 1: Unadjusted Time to 1st  ASCVD event A Kaplan Meier Curve. p < 0.001 (log rank) 

  

2.2. Demographics and clinical measurements  

Information on demographics and comorbidities were extracted from a combination of the VA and Centers for 

Medicare and Medicaid Services (CMS) databases. A combination of two outpatient or one inpatient ICD-9 or ICD-

10 Diagnostic or Current Procedural Terminology codes were used to determine pre-existing comorbidity status and 

Charlson Comorbidity Index (CCI) prior to the first date of diagnosis for chronic liver disease or cirrhosis disease 

using the VA and CMS datasets  [21, 22]. Laboratory measurements, including the lipid panel, were obtained from 

the VA Managerial Cost Accounting System Laboratory Results. Information on Body Mass Index (BMI) and 

Blood Pressure (BP) were obtained from the VA Central Data Warehouse (CDW) Vital Signs file. Laboratory and 

vital sign measurements were included if they were taken within 90 days of the first diagnosis date for liver or 

cirrhosis disease (either direction). 

 

2.3. Exposure measurements 

The main exposure variable of interest for this study was presence of chronic liver disease, with and without 

cirrhosis. 

 

2.4. Outcome measurements  

The co-primary outcomes of interest were 1) number of hospitalizations for ASCVD and 2) time to first ASCVD 
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hospitalization after diagnosis of either chronic liver disease or cirrhosis. Information on mortality, ASCVD records 

and censoring events, were extracted from VA, National Death Index (NDI), and CMS data sources. Lost to follow-

up status was determined by the last date of active use of VA or CMS services (inpatient, outpatient, laboratory, or 

pharmacy). Follow-up began at the first date of cirrhosis diagnosis and ended at the time of the first ASCVD event, 

death, lost to follow-up, or the end of the study period (December 31, 2019), whichever occurred first. The ASCVD 

outcomes were defined as a composite of non-fatal MI, unstable angina, ischemic stroke and cardiovascular 

mortality  [23]. 

 

3. Statistical Analysis 

Baseline demographic and clinical characteristics were reported using mean ± Standard Deviation (SD), or median 

(interquartile range [IQR]) for continuous data, or proportions (N (%)) for categorical data. In order to compare 

differences in covariates distribution between Veterans with and without cirrhosis, t-tests were used to compare 

means, the Mann-Whitney U test was used to compare medians, and Chi-square tests were used to compare 

proportions. Count models using negative binomial regression were used to examine differences in the number of 

recurrent ASCVD hospitalization events between Veterans with and without cirrhosis without time consideration. 

Cox proportional hazard regression was used to examine the relationship between cirrhosis vs no cirrhosiswith time 

to the first ASCVD hospitalization. Kaplan-Meier survival curves and negative log-log plots were used to check for 

violations in the proportional hazards assumptions. Fine and Gray competing risk analysis was used to examine the 

relationship between cirrhosis vs. no cirrhosis with time to the first ASCVD hospitalization, using mortality as a 

competing event. All analysis, including negative binomial regression, competing risk model and Cox proportional 

hazards regression were performed using an unadjusted model and models incrementally adjusted for age, sex, race, 

ethnicity, smoking status (current or past versus never), hypertension (HTN), diabetes mellitus (D), systolic blood 

pressure (SBP), diastolic blood pressure (DBP), high-density lipoprotein (HDL), and low-density lipoprotein (LDL). 

We chose these variables from the pooled cohort risk prediction model which predicts the 10-year risk for a first 

ASCVD event in the general population. These variables were tested in the fully adjusted Cox proportional hazards 

regression in the cohort to find out whether these variables in patients with liver disease, regardless of cause, are 

predictive of 10-year risk of first ASCVD event  [24]. 

 

Univariate analysis was used to explore the association between traditional cardiovascular covariates with ASCVD 

events for all models. Also, intermediate models adjusted for age, sex, ethnicity, race, smoking status, HTN and DM 

for all models were analyzed. Variables related to the severity of liver disease like albumin, bilirubin, international 

normalized ratio (INR) were not tested due to the a high percentage of missingness . In sensitivity analysis, we also 

examined associations for for first MI /unstable angina hospitalization and ischemic stroke following the diagnosis 

of liver disease/cirrhosis using all 3 models of adjustment. Missing values for BMI, HDL, LDL and blood pressure 

were imputed using mean imputation since data for these variables were only missing in less than 25% of the total 

cohort. Harrell’s C statistic was computed to assess the final Cox model accuracy. All analysis was performed using 

SAS Enterprise Guide version 7.1 (SAS Institute Inc, Cary, NC.). 
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4. Results 

4.1. Demographics, risk factors, and clinical characteristics 

As presented in Table 1, 58% of the cohort had liver disease without a diagnosis of cirrhosis. The meanSD age of 

the cohort was 58 11years, 4.6% were female, 63% were White, 21% were Black, and 7% Hispanic. Patients with 

cirrhosis had a higher prevalence of HTN compared to the liver disease patients without a diagnosis of cirrhosis 

(33% vs 17%, p<0.001) and DM (18% vs 9%, p <0.001). The overall prevalence of DM in the cohort was 12.5%. 

Rates of smoking were higher in patients with chronic liver disease without a diagnosis of cirrhosis (58% vs 42 %, p 

<0.001). Patients with a diagnosis of cirrhosis had lower LDL (89  39 vs 103  37, p <0.001), HDL (42  18 vs 45 

 17, p <0.001), total cholesterol (156  48 vs 178  46, p <0.001) and triglyceride (136 (76-159)vs 179 (90-204), 

p<0.001), and SBP (131  20 vs 132  18, P<0.001). High-sensitivity C-reactive protein (hsCRP) was available for 

1.8% of the cohort. The average hsCRP was much higher in patients with cirrhosis (6.5 (2.3-9.6)vs 5.8 (2.1-7.9), p 

<0.001). The patients with cirrhosis had a lower BMI than those with chronic liver disease (28.9 6.3 vs 29.3 6.2, 

p <0.001). A higher number of patients with cirrhosis were on the combination of furosemide and spironolactone 

(11.5% vs 3.2%, p <0.001) and beta-blockers (15% vs 11%, p <0.001), however, more patients without cirrhosis 

were more likely to be on Angiotensin-converting-enzyme inhibitors (ACEi), Hydrochlorothiazide (HCTZ) and 

statin (Table 1). 

 

Variable Cirrhosis No Cirrhosis P-value 

N (%) 204926 281961 

 ASCVD events N (%) 70,051(34%) 101,715 (36%) <0.001 

Mortality N (%) 97,794(47.7%) 57,472 (20.4%) < 0.001 

Cohort/10000 patients/year 63.1 172.3 < 0.001 

ASCVD Incidence Rate (95% CI) 11 (10.9-11.1) 6 (5.8-5.9) < 0.001 

Median Time to ASCVD in years (±IQR) 3.0  (3.5- 4.4) 6.0 (5.0-9.2) < 0.001 

Age (years(±SD)) 62.0 (±9.9) 55.7(± 11.8) < 0.001 

Sex (%male) 97% 94% 

 Race (%) 

   White 64% 63% < 0.001 

 Black 18.30% 23.77% < 0.001 

Others 1.39% 1.61% < 0.001 

Hispanics 7.37% 7.32% 0.51 

Ever drinker 39.27% 39.19% 0.56 

Total cholesterol (±SD) mg/dL 155.7(±48.0) 178(±45.7) < 0.001 

LDL(±SD) mg/dL 88.7(±38.6) 103.2(±37.4) < 0.001 

HDL(±SD) mg/dL 42.3(±17.8) 44.7(±16.5) < 0.001 

Triglyceride (IQR) mg/dL 136 (76-159) 179 (90-204) < 0.001 

SBP(±SD) MM/HG 130.6(±20.3) 132.3(±18.2) < 0.001 

DBP (±SD) MM/HG 75.4(±12.6) 79 (±11.8) < 0.001 

HTN 32.50% 17.12% < 0.001 
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DM 17.80% 8.68% < 0.001 

Smoking (Current and Past) 42.10% 57.90% < 0.001 

BMI (±SD) kg/m
2
 28.9(±6.3) 29.3(±6.2) < 0.001 

Sodium (±SD) mEq/L 137(±4.5) 138(±3.5) < 0.001 

ALT(IQR) units/L 57(23-6) 63(26-7) < 0.001 

AST(IQR) units/L 73.5 (29-8) 50(24-5) < 0.001 

Albumin (±SD) g/dL 3.4(±0.7) 4.05(±0.5) < 0.001 

INR (±SD) 1.3(±0.7) 1.21(±0.7) < 0.001 

hsCRP(IQR) mg/L 6.5 (2.3-9.6) 5.8 (2.1-7.9) < 0.001 

HCT % 38.7(6.6) 42.6(4.9) < 0.001 

Blood Sugar mg/dL 128(62) 119(54) < 0.001 

ARB 0.03% 0.01% < 0.001 

ACEI 10.26% 11.55 < 0.001 

Statin 11.17% 16.30% < 0.001 

Non-statin 0.16% 0.48% < 0.001 

ASA 6.15% 5.85% < 0.001 

Beta blocker 14.50% 11.1% < 0.001 

HCTZ 5.80% 7.50% < 0.001 

Lasix+ Sipronolactone (30% Aldactone) 11.50% 3.20% < 0.001 

SD: standard deviation, IQR: inter quartile range, LDL: low density lipoprotein, HDL: high density lipoprotein, 

BMI: body mass index, SBP and DBP: systolic and diastolic blood pressure, HTN: hypertension, DM: diabetes 

mellitus, HC: hematocrit,  hsCRP: high sensitivity- C-reactive protein, HCTZ: hydrochlorothiazide, ARB: 

angiotensin receptor blocker, ACEI: angiotensin enzyme inhibitor, ASA: aspirin, ALT: alanine transferase, AST: 

aspartate transferase, INR: International Normalized Ratio, mg/dL: milligram/deciliter, MM/HG: millimeter of 

mercury, g/dL: gram/deciliter, mEq/ L: milliequivalents per liter, kg/m
2
: kilogram per square meter, units/L: units 

per litter, CI: confidence interval 

 

Table 1: Baseline characteristic stratified by cirrhosis diagnosis. 

 

4.2. ASCVD hospitalizations comparing Veterans with and without cirrhosis 

Although the overall prevalence of ASCVD hospitalizations in our cohort is higher in patients without cirrhosis 

(20.88% vs 14.38%), the incidence rate of ASCVD events was much higher in those with cirrhosis (11 vs 6 per 

10,000 patient-years) (Table 1). Median time to the first ASCVD hospitalization in patients with cirrhosis was much 

shorter (3 years (IQR: 3.54- 4.38 years)) vs 6.02 years (IQR: 5.04-9.22 years)) in patients with chronic liver disease 

without cirrhosis (Table 2). 

 

Variables 

Cox model Time - first ASCVD hospitalization 

 Univariate analysis Adjusted 

Hazard Ratio (95%CI) P-Value Hazard Ratio (95%CI) P-Value 

Cirrhosis: No Reference Reference 

Cirrhosis: Yes 1.52 (1.50-1.53) <0.001 1.03 (1.02-1.05) <0.001 

Age (year) 1.06(1.06-1.06) <0.001 1.05 (1.49-1.05) <0.001 

Smoking 1.09(1.08-1.10) <0.001 1.12 (1.11-1.13) <0.001 
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Sex (male) 1.77(1.72-1.82) <0.001 1.25(1.22-1.30) <0.001 

Race White Reference Reference Reference 

 Race Black 0.80(0.79-0.81) <0.001 0.92(0.90-0.92) <0.001 

Race Others 0.70(0.67-0.73) <0.001 0.85 (0.81-0.90) <0.001 

Hispanic ethnicity 0.73(0.71-0.74) <0.001 0.80 0.78-0.81) <0.001 

HTN 4.70(4.55-4.85) <0.001 1.90(1.87-1.91) <0.001 

DM 2.79(2.73-2.83) <0.001 1.53 (1.50-1.56) <0.001 

HDL (mg/dL) 0.990(0.990-0.991) <0.001 0.99 (0.992-0.993) <0.001 

LDL (mg/dL) 0.992(0.992-0.992) <0.001 0.99 (0.997-0.998) <0.001 

SBP (MM/HG) 1.004(1.004-1.004) <0.04 1.004 (1.003-1.004) <0.001 

DBP (MM/HG) 0.985(0.985-0.996) <0.001 0.99 (0.992-0.994) <0.001 

HTN: Hypertension, LDL: low- density lipoprotein, HDL: high density lipoprotein, DM: diabetes mellitus, SBP: 

systolic blood pressure, DBP, Diastolic Blood pressure, CI: Confidence Interval, mg/dL: milligram/deciliter, 

MM/HG: millimeter of mercury, 

 

Table 2: Cox model Time - first ASCVD hospitalization. 

 

In univariate negative binomial exploratory analysis, male sex, HTN and DM were significant risk factors for 

recurrent ASCVD events throughout the study follow-up (Table 3). In an unadjusted count regression (negative 

binomial) model with cirrhosis versus liver disease without cirrhosis as the exposure, the mean number of repeated 

ASCVD hospitalization after the first event following the diagnosis of liver disease or cirrhosis was 30% lower in 

the cirrhosis group ((Mean Count Ratio=MCR:0.70, 95%CI (0.68-.072), p <0.001; Table 3). This risk in the fully 

adjusted model was further decreased (MCR: 0.40 (0.39-0.41), p <0.001) (Table 3). In our unadjusted competing 

risk model, the risk of ASCVD event rate was 23% lower in cirrhosis due to an increased risk of mortality (Sub-

Hazard Ratio=SHR: 0.77(0.73-0.81), p <0.001), After adjusting for all the covariates, all-cause mortality was a 

strong competing risk for ASCVD events (SHR 0.76(0.72-0.80), p < 0.001) (Table 3). Therefore, the risk of higher 

mortality in patients with cirrhosis decreased the risk of recurrent ASCVD and therefore its incidence.  

 

 

Variables 

Negative Binomial: (mean count ASCVD 

hospitalization) 

Competing risk model (mortality competing with 

ASCVD events) 

Univariate Analysis Adjusted Univariate analysis Adjusted 

Mean Count 

Ratio (95%CI) P-Value 

Mean Count 

Ratio (95%CI) 

P-

Value 

Sub-Hazard 

Ratio (95%CI) 

P-

Value 

Sub-Hazard 

Ratio 

(95%CI) P-Value 

Cirrhosis: 

No Reference 

 

Reference 

 

Reference 

 

Reference 

 Cirrhosis: 

Yes 0.70 (0.68-.072) <0.001 0.40(0.39-0.41) <0.001 0.77(0.73-0.81) <0.001 

0.76(0.72-

0.80) <0.001 

Age (year) 

1.069(1.67-

1.07) <0.001 

1.076(1.074-

1.078) <0.001 

1.041(1.040-

1.041 <0.001 

1.033(1.032-

1.033 <0.001 

Sex (male) 4.45(4.13-5.80) <0.001 3.62(3.36-3.90) <0.001 1.60(1.55-1.63) <0.001 

1.18(1.15-

1.21) 0.33 



Cardiol Cardiovasc Med 2022; 6 (1): 24-41                           DOI: 10.26502/fccm.92920242 

 

Cardiology and Cardiovascular Medicine                             Vol. 6 No. 1 – February 2022. [ISSN 2572-9292]                                              32 

Race White Reference 

Referenc

e Reference 

 

Reference 

Refere

nce Reference 

 

Race Black 1.01(0.97-1.04) 0.54 1.23(1.18-1.27) <0.001 

0.89 (0.88-

0.91) <0.001 

0.99(0.98-

1,006) <0.001 

Race others 0.68(0.60-0.76) <0.001 0.68(0.60-0.76) <0.001 0.73(0.70-0.77) <0.001 

0.86(0.82-

0.90) <0.001 

Hispanic 

ethnicity 0.61(0.58-0.65) <0.001 0.68(0.64-0.72) <0.001 

0.76 (0.74-

0.77) <0.001 

0.82(0.82-

0.84) <0.001 

Smoking 1.27(1.23-1.31) <0.001 

1.076(1.74-

1.078) <0.001 1.10(1.09-1.11) <0.001 

1.11(1.10-

1.12) <0.001 

HTN 4.70(4.55-4.85) <0.001 4.67(4.51-4.82) <0.001 2.01(1.99-2.03) <0.001 

1.42(1.39-

1.45) <0.001 

DM 2.60(2.40-2.79)) <0.001 1.74(1.63-1.87) <0.001 2.22(2.18-2.26) <0.001 

1.56(1.54-

1.57) <0.001 

HDL 

0.985(0.984-

0.986) <0.001 

0.982(0.981-

0.983) <0.001 

0.993(0.993-

0.993) <0.001 

0.994(0.994-

0.995) <0.001 

LDL 

0.994(0.994-

0.995) <0.001 

0.997(0.997-

0.998) <0.001 

0.995 (0.995-

0.995) <0.001 

0.998(0.998-

0.999) <0.001 

SBP 

0.999(0.999-

1.00) 0.19 

1.001(1.000-

1.002) 0.14 

1.004(1.004-

1.004) <0.001 

1.005(1.004-

1.005) <0.001 

DBP 

0.984(0.983-

0.995) <0.001 

0.991(0.989-

0.993) <0.001 

0.991(0.990-

0.991) <0.001 

0.995(0.995-

0.996) <0.001 

HTN: hypertension, LDL: low- density lipoprotein, HDL: high density lipoprotein, DM: diabetes mellitus, SBP: systolic blood 

pressure, DBP, diastolic blood pressure, CI: Confidence Interval 

 

Table 3: Negative Binomial Model for Number of ASCVD Hospitalizations and Competing Risk Models for 

ASCVD Events: 

 

In the univariate Cox regression exploratory analysis, age, sex, smoking, HTN and DM were the major risk factors 

for ASCVD events in addition to cirrhosis (Table2). In our unadjusted Cox regression model (Table 2), the patient 

with cirrhosis had a 1.5 times higher risk of ASCVD event rates (HR: 1.49 (95%CI: 1.47-1.50), p <0.001). After 

adjusting for covariates, the association was attenuated but remained statistically significant (HR: 1.03 (95% 

CI:1.02-1.04, p <0.001)). Harrell’s C statistic was calculated to evaluate the ability of the models to separate those 

who experienced the events from those who did not (accuracy/discrimination). The Harrell’s C Statistic for this 

model was 0.72 (standard error=0.0006). 

5. Discussion 

In our cohort of 486,887 adult Veterans with chronic liver disease and cirrhosis, we observed a higher incidence of 

ASCVD events, defined as the composite of unstable angina, MI, ischemic stroke and cardiovascular mortality, in 

patients with cirrhosis compared to those with liver disease subjects but without cirrhosis (11% vs. 6%, p <0.001). In 

an unadjusted and adjusted time-to-event model, cirrhosis was an independent risk factor for the first ASCVD 

hospitalization following diagnosis of chronic liver disease or cirrhosis. The discriminatory performance of the fully 

adjusted model is modest (Harrell’s C Statistic: 0.72). The risk of a recurrent ASCVD event was higher in patients 

with chronic liver disease without cirrhosis (Table 3, negative binomial model), due to the higher risk of mortality 

competing with ASCVD events in patients with cirrhosis (Table 3, compering risk model). Prevalence of ASCVD 

events in the entire cohort was 35%, which is far above the prior reported estimates of 7-10% seen in the general 
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population in the United States [25, 26]. The prevalence of diabetes in this cohort was comparable to that seen in the 

US population (12.52% of our cohort vs 13% general population) [26]. However, statin use in this cohort was 

overall low, particularly in patients with cirrhosis (11.17%). Conversely, despite the large amount of evidence about 

the safety of statin use in patients with liver disease, prior studies have shown that statin use among patients with 

liver disease is underutilized by primary care physicians and cardiologists as we observed in our study [27-30]. 

Other cardio-protective medications like ACEI/ARB and beta-blockers are underutilized in our cohort as well (Table 

1). Higher beta-blocker and spironolactone use seen in patients with cirrhosis was likely due to their use in treating 

complications of portal hypertension such as ascites. 

 

Prior studies have used surrogate endpoints, such as utilization of procedures (percutaneous coronary intervention, 

coronary artery bypass graft) or subclinical measurements (carotid intimal medial thickness, coronary calcium score) 

to examine the association between cirrhosis and ASCVD outcomes. The present study used a composite of hard 

ASCVD outcomes, as well as predictors, used in a pooled cohort equation and ASCVD outcome clinical trials. Our 

main results showing an association between cirrhosis and ASCVD events were consistent across multiple 

sensitivity analyses analyzing MI and ischemic strke(CVA) outcomes separately. As it is shown in Table S1, the HR 

is much higher for CVA than for MI and composite of MI, CVA and cardiovascular mortality. This is in agreement 

with prior publications, which have shown higher risk of ischemic stroke in patients with cirrhosis and also hepatitis 

C [31, 32]. Determining risk factors associated with these events are a critical next step in understanding ways to 

curb ASCVD-associated mortality in this population. Previous data postulated that certain clinical factors are 

protective against ASCVD in patients with cirrhosis, such as lower SBP, lower plasma LDL level, elevated level of 

estrogen and vasodilatory peptides such as nitric oxide [33-36]. However, our study shows that with cirrhosis, the 

incidence of ASCVD events increases and the time to first ASCVD hospitalization shortens despite lower average 

SBP and plasma LDL, TG and total cholesterol concentration levels. In fully adjusted models, age, White race, male 

sex, SBP along with cirrhosis diagnosis are risk factors for ASCVD events while LDL, HDL and DBP were not. In 

fact, higher LDL in patients with cirrhosis was associated with lower risk of ASCVD events in our fully-adjusted 

survival analysis model, which may parallel trends seen with end stage renal disease (ESRD) and defined as 

reversed epidemiology [37]. Though cirrhosis is associated with alterations in lipid metabolism and increased 

atherogenicity due to inflammation and cytokine production, these factors may not be fully captured by routine 

blood level measurements [38-44]. 

 

Cirrhosis as an inflammatory state may also explain some of this association. In our cohort, serum hsCRP was only 

available in 1.8% of patients, but the average hsCRP level within 90 days of cirrhosis or liver disease diagnosis was 

much higher in cirrhosis than patients without cirrhosis (Table 1). Hepatic Stellate Cells (HSC) play a fundamental 

role in the inflammatory state of cirrhosis [45]. HSC would sense the altered hepatic tissue integrity (induced by 

injury or toxins) and activates the innate immune system response by hepatic macrophages. This will activate a 

cascade of pro-inflammatory and anti-inflammatory cytokines, which cause pathological remodeling of the liver 

architecture [45, 46]. Matyas et al [45] showed massive inflammation, oxidative stress, microvascular dysfunction in 

a bile-duct ligation-induced liver fibrosis mouse model. These pathological changes were accompanied by cardiac 
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inflammation and oxidative stress and therefore there is a liver-heart inflammatory axis in advanced liver disease. 

Isaak et al [47] also showed the inflammatory liver-heart axis by cardiac magnetic resonance imaging with increased 

severity of myocardial edema and fibrosis as the severity of liver disease increased. Berzigotti et al [30] investigated 

47 patients with cirrhosis by looking at the 10-year global cardiovascular Framingham risk score and found that 

almost 50% of these patients have moderately moderate to high cardiovascular risk, which in turn caused systemic 

endothelial dysfunction due to inflammation. They pointed out a high association between bilirubin, albumin and 

white cell count in patients with cirrhosis and endothelial dysfunction. Increased risk of ASCVD events has also 

been observed in autoimmune diseases such as rheumatoid arthritis. In recent years, hsCRP has gained importance 

as a novel risk factor in the development and progression of atherosclerosis  [48-52]. Therefore, it is likely that the 

inflammatory state of liver disease leads to higher incidence of ASCVD events. Advanced liver disease could serve 

as a model to investigate the role of inflammation in the development and progression of atherosclerosis as well as 

the role of anti-inflammatory agents like IL-1 inhibitor (Canakinumab), and statin in both cirrhosis and ASCVD 

management  [51-54]. 

 

6. Study Limitation  

Despite a plethora of available data for this observational cohort study, we cannot rule out residual confounding nor 

make causal inferences. We were unable to adjust for potential confounders including other markers of nutrition or 

apolipoproteins, liver markers like albumin, INR and bilirubin and cardiac inflammatory markers like hsCRP, 

mostly due to missingness of data. Also, the severity of liver disease was only defined at one time-point as cirrhosis 

diagnosis versus no cirrhosis. Another limitation of this study is that our cohort mostly consists of white men, which 

makes the results harder to generalize to the general population. 

 

6.1. Study Strengths 

Highlighted strengths of this study include the large sample size, use of multiple sources of data, as well as long 

length of follow-up and the standard definition of ASCVD. 

 

6.2. Future direction 

We propose a further assessment of this cohort by creating a scoring system to quantify the severity of the liver 

fibrosis and then assess the association of the severity of liver disease with ASCVD outcomes. Also, we suggest for 

the next step of this study to use time-varying data for the variables used in the model as well as include markers of 

liver function, such as INR, albumin and bilirubin levels. Furthermore, clinical trial and animal model studies could 

play an important role in investigating the causal relationship of liver disease severity with development and 

progression of atherosclerosis and ASCVD outcomes with regards to inflammation. It is also crucial to study the 

role of anti-inflammatory agents like interleukin-1 (IL-1) inhibitors and statin drugs in regression of liver fibrosis 

and its association with ASCVD progression and outcomes in a double-blind control trial.  

 

7. Conclusion 

Our study showed that in a large cohort of Veterans with liver disease, diagnosis of cirrhosis was associated with 
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higher incidence of of ASCVD events. The prevalence of ASCVD events was higher in patients with liver disease 

without a diagnosis of cirrhosis; however, this was because the competing all-cause mortality was higher in patients 

with cirrhosis. We hypothesized that as the liver disease advances, the activation of inflammatory pathways speeds 

up the progression of atherosclerosis. 
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Supplementary Information 

Table S1: 

 

Time to First ischemic stroke Hospitalization Time to First MI Hospitalization 

HR for cirrhosis vs no cirrhosis  HR for cirrhosis vs no cirrhosis 

Mode

l Adjustment HR (95% CI) 

Mode

l Adjustment HR (95% CI) 

1 unadjusted 

1.54(1.52-

1.56) 1 unadjusted 

1.49(1.47-

1.50) 

2 Model 1 +age 

1.21(1.20-

1.23) 2 model1 +age 

1.16(1.15-

1.17) 

3 

Model 2 + race+ sex+ DM+ 

HTN 

1.135(1.12-

1.15) 3 

Model2 + race+ sex+ DM+ 

HTN 

1.07(1.05-

1.08) 

4 

Model3+ 

SBP+DBP+LDL+HDL 

1.20(1.10-

1.30) 4 

Model3+ 

SBP+DBP+LDL+HDL 

1.01(1.008-

1.02) 

 

HTN: Hypertension, LDL: low- density lipoprotein, HDL: high density lipoprotein, DM: diabetes mellitus, SBP: 

systolic blood pressure, DBP, Diastolic Blood pressure, CI: Confidence Interval, 

 

 

Figure 1: Cohort Description. 
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Table S2: Cox model for time to first ASCVD event, according to Cirrhosis + other demographics and 

comorbidities. 

 

Variable HR (95% CI) P-value 

Cirrhosis 1.085 (1.074-1.096) <.0001 

Age 1.053(1.052-1.052) <.0001 

Smoking 1.122(1.110-1.133) <.0001 

Race-White Reference 

 Race-Black 0.886(0.875-0.896) <.0001 

Race-Others 0.845(0.809-0.883) <.0001 

Ethnicity-Hispanic 0.795(0.780-0.811) <.0001 

HTN 1.918(1.897-1.939) <.0001 

DM 1.606(1.576-1.636) <.0001 

Sex 1.302 (1.267-1.338) <.0001 

HTN: Hypertension, LDL: low- density lipoprotein, HDL: high density lipoprotein, DM: diabetes mellitus, SBP: 

systolic blood pressure, DBP, Diastolic Blood pressure, CI: Confidence Interval, 

 

 

Table S3: Negative Binomial model for ASCVD Hospitalizations Rates according to Cirrhosis and other 

demographics and Comorbidities MCR = mean count ratio 

 

Variable MCR (95%CI) P-value 

Cirrhosis 0.433 (0420-0.446) <.001 

Age 1.079(1.077-1.081) <.001 

Smoking 1.42 (1.38-1.47) <.001 

Race-White reference 

 Race-Black 1.08 (1.04-1.12) <.001 

Race-Hispanic 0.67(0.63-0.71) <.001 

Race-others 0.66 (0.58-0.74) <.001 

HTN 4.62 (4.47-4.78) <.001 

DM 1.83 (1.71-1.96) <.001 

Sex (male vs Female) 3.69 (3.43-3.98) <.001 

 

HTN: Hypertension, LDL: low- density lipoprotein, HDL: high density lipoprotein, DM: diabetes mellitus, SBP: 

systolic blood pressure, DBP, Diastolic Blood pressure, CI: Confidence Interval,  

Table S4: Negative Binomial model for mean number of hospitalizations using Cirrhosis + Comorbidities + Labs 
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HTN: Hypertension, LDL: low- density lipoprotein, HDL: high density lipoprotein, DM: diabetes mellitus, SBP: 

systolic blood pressure, DBP, Diastolic Blood pressure, CI: Confidence Interval, 

 

 

 

 

 

Variable MCR (95%CI) P-value 

Cirrhosis 0.405(0.39-0.41) <.001 

Age 1.076(1.074-1.078) <.001 

Smoking 1.44 (1.39-1.48) <.001 

Race-White reference   

Race-Black 1.23 (1.18-1.27) <.001 

Race-

Hispanic 
0.68(0.64-0.72) <.001 

Race-others 0.67(0.60-0.76) <.001 

HTN 4.67(4.51-4.82) <.001 

DM 1.95(1.63-1.86) <.001 

Sex (male vs 

female) 
3.62(3.36-3.90) <.001 

LDL 0.997(0.996-0.997) <.001 

HDL 0.981(0.980-0.983) <.001 

SBP 0.999(0.999-1.0) 0.14 

DBP 0.991(0.989-992) <0.001 


