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Over the past two decades, there has been a shift in the 
prevailing etiologies of chronic liver disease (CLD), both 
in the USA and worldwide [1]. Since the advent of direct 
acting antivirals (DAAs), the burden of hepatitis C virus 
(HCV)-related CLD has steadily decreased, whereas that 
of nonalcoholic fatty liver disease (NAFLD) has increased, 
attributable largely to higher global rates of obesity and dia-
betes. As a result, nonalcoholic steatohepatitis (NASH) and 
alcoholic liver disease (ALD) have now surpassed HCV as 
the leading indications for liver transplant (LT) evaluation 
in the USA [2].

Cardiovascular disease (CVD) is increasingly recognized 
as an important comorbidity in patients with liver disease 
and NASH in particular [3]. As CLD progresses to advanced 
fibrosis and end-stage liver disease (ESLD), the rate of liver-
related events increases 40-fold [4], with CVD incidence 
remaining elevated [5]. Since numerous factors impact CV 
risk in patients with NASH, such factors are likely to evolve 
over the course of liver disease progression. In addition to 
the competing risk of increased liver-related death, physi-
ologic changes related to portal hypertension or impaired 
hepatic synthetic function may alter CV risk (e.g., reduction 
in systemic arterial pressure, alteration of cardiac structure 
and impairment of cardiac function, alterations in coagula-
tion balance, and changes in hepatic lipid metabolism).

In the current issue of Digestive Diseases and Sciences, 
Patel et al. [6] present data from a cohort of 682 patients 
with ESLD of several etiologies undergoing LT evaluation, 
comparing the rate of CV events to the rate of non-cardiac 
death and/or ultimate LT. Here, they show that in their 
cohort of patients being evaluated for LT, 3.4% had a CV 

event (symptomatic arrhythmia, acute coronary syndrome 
[ACS], new-onset heart failure, stroke, or cardiac death), 
including a 0.9% rate of ACS, over a median follow-up of 
585 days. In a competing risk model, the 3.4% rate of CVD 
events was significantly lower than the 73.6% likelihood of 
undergoing LT or experiencing non-cardiac death. When the 
analysis was restricted to the rate of non-cardiac death only 
in patients who did not ultimately undergo LT (i.e., were 
declined at time of evaluation), the lower rate of CV events 
remained significant. Not surprisingly, the presence of CAD 
at the time of LT evaluation (determined by coronary angi-
ography, performed in all patients over the age of 50 or in 
those with CV risk factors), was significantly associated with 
the risk of CV events.

In order to elucidate potential mechanisms to explain 
the observed lower rate of CV events in patients with cir-
rhosis listed for LT, the authors examined differences in 
biomarkers of CV risk, including lipoprotein sub-fractions, 
between matched cohorts of NASH patients with and 
without cirrhosis. While the authors found no differences 
between the groups in markers of chronic inflammation 
(fibrinogen, high sensitivity C-reactive protein [hs-CRP], 
and lipoprotein-associated phospholipase A2 [Lp-PLA2]), 
those with cirrhosis surprisingly had a significantly less 
atherogenic serum lipid profile. The authors convincingly 
demonstrate that patients with NASH cirrhosis, in addition 
to having lower serum LDL and triglycerides compared 
with those without cirrhosis, also have significant differ-
ences in lipoprotein sub-fractions: decreased small dense 
low-density lipoprotein cholesterol (sdLDL)-C (18.9 ± 9.1 
vs. 37.2 ± 16.1 mg/dL), decreased very-low-density lipo-
protein (VLDL) (2.1 ± 1.2 vs. 4.3 ± 0.5  nmol/L), and 
increased high-density lipoprotein (HDL)-2 (21.04 ± 12.9 
vs. 11.6 ± 5.2  mg/dL). Reductions in sdLDL coupled 
with the increase in HDL-2 should reduce atherosclerotic 
risk. Interestingly, patients with NASH cirrhosis also had 
increased serum adiponectin levels despite no signifi-
cant difference in insulin levels or hemoglobin A1C. The 
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authors hypothesize that this may be explained by “hepa-
togenous” diabetes, resulting from portosystemic shunting, 
which is plausible but requires further investigation.

Prior cross-sectional studies have demonstrated that 
advanced fibrosis (determined both by clinical predic-
tion rules such as the FIB-4 score and by histology) is 
an independent predictor of subclinical atherosclerosis 
[7–9]. Thus, the mechanistic link proposed in this study 
would be bolstered by future studies identifying improve-
ments in the severity of atherosclerotic plaques, reflective 
of the reduced atherogenicity of serum lipid profiles in 
those with cirrhosis followed over time. The major chal-
lenge with this is that patients with ESLD undergoing LT 
evaluation have poor long-term survival and may lack the 
duration of follow-up necessary to demonstrate meaning-
ful changes in atherosclerotic burden.

A population consisting only of patients referred for 
LT evaluation is likely biased toward a more favorable 
cardiac risk profile, limiting the generalizability of the 
findings to the broader population of individuals with cir-
rhosis. In a prospective, longitudinal study of 1702 adults 
in the NASH Clinical Research Network (CRN) database, 
CVD incidence was higher in individuals with NASH and 
advanced fibrosis than in those at earlier disease stages [5]. 
Furthermore, in a phase 3 trial of patients with advanced 
fibrosis due to NASH, those with cirrhosis were signifi-
cantly more likely to have a major adverse cardiac event 
than those with stage 3 fibrosis. Thus, the lipoprotein alter-
ations observed in the pre-LT NASH cirrhosis cohort pre-
sented by Patel et al. may be insufficient to mitigate CVD 
risk in the broader cirrhosis population. In this regard, 

future larger studies with less restricted populations will 
be important to further confirm the current findings.

Given the limited survival in individuals with ESLD 
awaiting transplant, it is perhaps more relevant to focus on 
CV risk in these patients after they undergo liver transplan-
tation, when the competing risk of hepatic dysfunction is 
substantially diminished. The majority of individuals with 
ESLD who do not undergo LT are far more likely to experi-
ence a liver-related event than to survive to experience any 
clinically meaningful change in CV events. Nevertheless, in 
those who ultimately do undergo LT, particularly in those 
transplanted for NASH cirrhosis, adverse CV outcomes are 
increased (Fig. 1) [10, 11]. This is explained by numerous 
factors, including detrimental metabolic effects of immu-
nosuppressant (IS) medications, re-establishment of weight 
gain, and either the return of aberrant lipid metabolism with 
restoration of normal hepatic function or its accentuation 
by IS medications [12]. An improved understanding of the 
evolution of lipid metabolic changes occurring in cirrhosis, 
as identified in this study, compared with those occurring 
after LT would further improve the understanding of CV 
risk in the peri-transplant setting.

The present study by Patel et al. adds valuable informa-
tion to the understanding of the contribution of the liver to 
regulating mediators of atherosclerosis, generating impor-
tant questions regarding cardiovascular risk in advanced 
liver disease. For one, the study confirms that despite the 
presence of underlying CV risk factors such as CAD, liver-
related morbidity and mortality substantially outweigh CV 
events in this subpopulation of patients with ESLD. Though 
the severity and frequency of complications associated 
with advanced liver disease is likely a major driver of this 

ACLF

HRS

Infection

Variceal bleed

HCC

Liver-related

CVD-related

Pre-liver transplant

Liver-related

Post-liver transplant

Drivers of mortality in the peri-transplant period 

↓ VLDL, sdLDL, LDL
↑ HDL-2 

Decreased SVR, MAP

Chronic rejection

Recurrent liver disease

Graft dysfunction

CVD-related

Weight gain

Effect of IS on lipids, 
BP, glucose

Restoration of aberrant 
lipid metabolism

Fig. 1  Drivers of mortality in the peri-transplant period. ACLF acute-
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cinoma, HDL-2 high-density lipoprotein-2, HRS hepatorenal syn-

drome, IS immunosuppressives, LDL low-density lipoprotein, MAP 
mean arterial pressure, sdLDL small dense low-density lipoprotein, 
SVR systemic vascular resistance, VLDL very-low-density lipoprotein



9Digestive Diseases and Sciences (2021) 66:7–9 

1 3

finding, we agree that it is nevertheless important to consider 
whether additional pathophysiologic mechanisms in cirrho-
sis may impact overall CV risk. To that end, a reduction in 
atherogenicity of serum lipid profiles and improvements in 
serum adiponectin occurring in individuals with NASH cir-
rhosis may provide relative cardioprotection. Future studies 
should focus on corroborating the mechanisms of changing 
CV risk in non-NASH etiologies of CLD and on further 
elucidating the long-term clinical impact of these changes.
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