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Nonalcoholic fatty liver disease (NAFLD), the most common cause of chronic liver disease,
is independently associated with increased risk of cardiovascular disease (CVD), which

is the leading cause of mortality in patients with NAFLD.2 This is likely caused by

the centrality of the liver in lipid homeostasis. Prior cross-sectional studies have shown

that NAFLD is associated with perturbations in lipid profile and atherogenic lipoprotein
subparticles.? Although statins improve lipid profile and CVD-associated mortality, residual
CVD risk has been demonstrated in major statin trials.*> A key contributor to this residual
risk is the limited ability of the standard lipid profile to precisely quantify atherogenic
lipoprotein subparticles, such as small dense low-density lipoprotein (sdLDL), which might
confer higher atherogenic risk. There are currently no studies evaluating the longitudinal
impact of sdLDL on atherosclerotic events in NAFLD. Thus, we conducted a prospective
study in patients with histologically confirmed NAFLD to better define the relationship
among NAFLD, residual CVD risk, and sdLDL.

Methods

The study is an ancillary analysis of the natural history study of patients with NAFLD (N

= 210), who had histologic confirmation of NAFLD and detailed lipoprotein analysis. Data
were collected prospectively from 2010 to 2018, and all patients were followed until they
either had an atherosclerotic event, death, or last follow-up. The primary endpoint was major
adverse cardiovascular events consisting of acute coronary syndrome, stroke, or cardiac
death (MACE-3).
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The study cohort consisted largely of females (n = 139; 66.2%), mean age was 54.9 + 11.3
years, and mean body mass index of 33.6 + 6.5 kg/m2. Histologically, 97 (46.2%) patients
had nonalcoholic fatty liver and 113 (53.8%) had nonalcoholic steatohepatitis (NASH).
Although low-density lipoprotein cholesterol (LDL-C) and total cholesterol levels were
similar in patients with nonalcoholic fatty liver and NASH, patients with NASH were more
likely to have lower serum high-density lipoprotein cholesterol and higher triglycerides.

Cardiovascular Events

MACE-3 occurred in 19 patients after median follow-up of 264 weeks (interquartile range,
132-398 weeks). The most common atherosclerotic event was acute coronary syndrome (n
= 15), followed by stroke (n = 2), and cardiac death (n = 2). The patients experiencing
atherosclerotic events were older (60 + 8 vs 54 + 11 years; £=.03). The incidence of
MACE-3 was similar in patients with NASH and nonalcoholic fatty liver. The mean LDL-C
did not differ between patients who had a MACE-3 and those who did not (120.7 + 50.6
mg/dL vs 111.3 £ 40.8 mg/dL; P=.4). In contrast, sdLDL cholesterol (sdLDL-C) was
significantly higher among patients who had MACE-3 compared with those who did not
(45.5+17.9vs 35.5+16.7 mg/dL; P=.02). LDL-C threshold of 100 mg/dL was not
associated with future risk of MACE-3 (Figure 1A). Using previously published cutoff value
of 25 mg/dL,® we observed that patients with sdLDL-C =25 mg/dL were associated with
higher risk of MACE-3 (Figure 1B). In multivariate Cox regression models, age (hazard
ratio per standard deviation, 1.90; 95% confidence interval, 1.18— 3.07; £=.009), sdLDL-C
(hazard ratio per standard deviation, 1.64; 95% confidence interval, 1.07-2.51; P=.02), and
high-density lipoprotein (hazard ratio per standard deviation, 0.49; 95% confidence interval,
0.27-0.90; P=.02) were associated with higher risk of MACE-3 after adjusting for gender,
body mass index, history of CVD, smoking exposure, hypertension, diabetes, and statin use.

Discussion

Atherosclerotic event among patients with NAFLD in the study was higher than the general
population and represents a high-risk population. In the present study, no association
between LDL-C and future risk of atherosclerotic events was noted and likely represents
statin optimization. However, despite widespread use of statin therapy, atherosclerotic events
were noted. This is representative of residual risk, which has been demonstrated repeatedly
in major statin trials.®> A significant association exists between MACE-3 and sdLDL-

C, thus underscoring the relationship between atherogenic lipoprotein subparticles and
atherosclerosis, which may require direct measurements of these atherogenic lipoproteins
to provide a more accurate risk-assessment profile. These findings are in line with a
similar study performed in liver transplant recipients, many of whom had NAFLD, which
demonstrated a similar association between sdLDL-C and CVD.5

The strengths of the current study include the prospective design, histologically established
NAFLD with granular cardiovascular endpoint data. The findings of the study must be
interpreted within the context of its limitations. There is ascertainment bias and results from
patient recruitment at a tertiary care center with a higher prevalence of NASH and fibrosis.
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Although the sample size and atherosclerotic events are relatively modest, it provides
valuable insight regarding residual risk, lipoprotein particles, and atherogenic risk.

In conclusion, the study findings identify sdLDL as a potentially modifiable lipoprotein
parameter that can supplement the current clinical practice of optimizing atherosclerosis risk
in patients with NAFLD. Additional studies are necessary to build on the current findings to
provide a more precise way of mitigating CVD risk in patients with NAFLD.
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Figurel.
Kaplan-Meier plot showing cumulative probability of remaining atherosclerotic event free

according to (A) LDL-C and (B) sdLDL-C.
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