Cardiovascular disease (CVD) and nonalcoholic fatty
liver disease (NAFLD) share a bidirectional relationship in
which one condition could potentiate the other; however,
the causal relationship independent of other metabolic
risk factors remains uncertain."* Although rates of
incident CVD have been shown to be higher in patients
with NAFLD,>® CVD has been established as the most
common cause of mortality in patients with NAFLD."®
Because the prevalence of NAFLD is high among patients
with metabolic risk factors for CVD, including obesity, type
2 diabetes mellitus (T2DM), and dyslipidemia, aggressive
modification of CVD risk factors could potentially reduce
cardiovascular and liver-related morbidity in patients with
NAFLD.
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EFFECT OF NAFLD ON CVD

Growing literature suggests that NAFLD could potentially
lead to excess risk for CVD-related morbidity and mortality.
A systematic review and meta-analysis of 34 studies
showed that NAFLD was associated with an increased risk
for incident CVD (hazard ratio [HR], 1.37) and specifically
an increased risk for coronary artery disease (HR, 2.31)
and hypertension (1.16) but was not associated with CVD-
related mortality and overall mortality when compared
with patients without NAFLD.2 The majority of these
studies included patients with underlying risk factors for
CVD, including smoking and T2DM, yet the significant
associations of NAFLD persisted despite controlling for these
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risk factors.® A large prospective cohort study by Wong
et al.> revealed a higher prevalence of coronary artery
stenosis (84.6% versus 64.1%; P < 0.001) and need for
percutaneous coronary intervention (68.3% versus 43.4%;
P < 0.001) in patients with NAFLD versus without NAFLD.
However, no significant difference was observed between
patients with and without NAFLD in the composite
cardiovascular outcome, which was primarily associated
with T2DM (HR, 1.37; P = 0.03).> A meta-analysis of 16
cohort studies with median 7-year follow-up revealed that
patients with NAFLD were 64 times more likely than patients
without NAFLD to have fatal or nonfatal cardiovascular
events, such as myocardial infarction, stroke, angina,
or coronary revascularization.® An additional analysis of
1051 Framingham Heart Study participants revealed that
patients with increased liver fat on multidetector computed
tomography at baseline experienced higher incident
cardiovascular risk factors including hypertension (odds
ratio [OR], 1.42; P< 0.001) and T2DM (OR, 1.43; P< 0.001).”
A recent retrospective cohort study of 134,368 people with
T2DM showed that patients with NAFLD were not only
more likely to have incident or recurrent CVD events (HR,
1.70), they were also more likely to have greater all-cause
mortality (HR, 1.60) compared with patients without liver
disease.? Therefore, although a causal mechanism by which
CVD contributes to NAFLD has yet to be elucidated, NAFLD
has been identified as an independent risk factor for
increased CVD-related morbidity and all-cause mortality.

EFFECT OF CVD ON NAFLD

Patients with NAFLD bear higher CVD-related mortal-
ity than the general population."? Two large cohort stud-
ies have confirmed this observation, including a report by
Adams et al.," which revealed that 25% of all deaths in 420
patients with NAFLD were due to ischemic heart disease,
and a report by Ekstedt et al.? in which the leading cause
of death in a cohort of patients with NAFLD was CVD,
which was significantly greater than the general popula-
tion (15.5% versus 7.5%; P = 0.04). A third report of 132
patients with histologically proven NAFLD confirmed CVD
and malignancy as the leading causes of mortality in this
cohort with more than 18 years of follow-up.? The effect
of CVD on NAFLD is closely associated with T2DM; both
studies by Adams et al. and Ekstedt et al.? identified T2DM
as an important covariate among patients with NAFLD. In
the study by Adams et al,' T2DM or impaired glucose toler-
ance was an independent predictor of increased mortality
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in patients with NAFLD versus the general population (HR,
2.6). Ekstedt et al.? suggested that, because 78% of pa-
tients with NAFLD were diagnosed with impaired glucose
at follow-up, progression of NAFLD was closely associated
with type 2 diabetes. The central role of CVD and its as-
sociated metabolic cofactors (e.g., diabetes) in mortality
in patients with NAFLD represents an important contrast
with patients with other chronic liver diseases, such as
hepatitis C infection, in whom mortality is driven by liver-
related outcomes."

MODIFICATION OF METABOLIC RISK
FACTORS TO IMPROVE LIVER

AND CARDIOVASCULAR-RELATED
MORBIDITY IN NAFLD

The strong association between CVD and NAFLD sup-
ports the need to aggressively modify metabolic risk fac-
tors as recommended by both American and European
hepatology guidelines.®'? Guidelines of the European
Association for the Study of the Liver have recommended
all individuals with NAFLD undergo screening for meta-
bolic risk factors, including obesity, diabetes mellitus, dys-
lipidemia, and hypertension."

Weight loss of up to 10% has been shown to improve
steatosis and necroinflammation. A trial of 31 obese pa-
tients with nonalcoholic steatohepatitis (NASH) demon-
strated that those who were randomized to the intensive
lifestyle changes arm (200 minutes of moderate physical
activity per week for 48 weeks, diet, and behavior modi-
fication) had greater weight loss than those in the dietary
counseling alone arm (9.3% versus 0.2%; P= 0.003)." The
primary outcome, which was the change in NASH histo-
logical activity score (NAS) after 48 weeks of intervention,
was greater in the intensive versus control group (72%
versus 30%; P = 0.03)."® In addition, those who lost >7%
of their baseline body weight compared with those who
achieved less than 7% hadsignificant improvements in
NAS (=3.45 versus —1.18; P < 0.001)."

Limited studies have investigated the use of metformin
in patients with diabetes in the setting of NAFLD. A trial
of 48 patients with histologically proven NAFLD (27% had
T2DM), who were randomized to receive metformin versus
placebo while adhering to a similar diet and exercise inter-
vention in both arms for 6 months, showed no significant
effect on liver histology but did demonstrate improvement
in body weight (P < 0.001), hemoglobin Alc (P=0.02), and
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Screen for Metabolic
Risk Factors

Diagnosis
of NAFLD

Obesity
Body mass index >30

Diabetes Mellitus
Hemoglobin Alc >6.5%,
random glucose >200
mg/dL, or fasting glucose
>126 mg/dL on 2 separate
occasions

Dyslipidemia
10-year atherosclerotic
cardiovascular disease risk
score *7.5%, LDL ¢ 190
mg/dL, or LDL ¢ 70-189
mg/dL with diabetes

Hypertension
Blood pressure >140/90
mm Hg on at least 2
separate measurements

Management Goals of
Metabolic Risk Factors

=
—

Weight loss of 7%-10% over
48%-52 weeks

Hemoglobin Alc <7.0% with
lifestyle modifications +/¢
antiglycemic agent(s)

Treat using a moderate- to high-
intensity statin. Expect *50%
reduction in LDL from baseline
using high-intensity statin.
Expect 30%-50% reduction in
LDL from baseline using
moderate-intensity statin.

Systolic blood pressure <150 or
<140 mm Hg depending on age,
presence of diabetes, and/or
chronic kidney disease; diastolic
blood pressure <90 mm Hg

=

FIG 1 Proposed algorithm to screen for and manage metabolic risk factors in patients with NAFLD. Abbreviation: LDL, low-density

lipoprotein.

cholesterol levels (P = 0.004)."* Although metformin can
modify CVD risk in patients with NAFLD, it is not currently
recommended to specifically treat NAFLD.

The role of statins to treat NASH has not been studied
using randomized controlled trials (RCTs) with histological
endpoints; however, some post hoc analyses have demon-
strated improvement in CVD-related mortality in patients
with NAFLD who receive statins.>'® A post hoc analysis
of the Greek Atorvastatin and Coronary Heart Disease
Evaluation Study compared improvement in liver tests and
cardiovascular events in 437 patients with coronary artery
disease and presumed NAFLD based on moderately abnor-
mal liver enzymes.15 Patients with presumed NAFLD, who
were treated with atorvastatin, had improvement in liver
enzymes (P < 0.001) and a 68% relative risk reduction (P <
0.001) in cardiovascular events compared with those who
did not receive a statin.” The beneficial effect of statins for
patients with presumed NAFLD was interestingly greater
than the effect for patients without NAFLD (39% relative
risk reduction for cardiovascular events in non-NAFLD pa-
tients with versus without statin; P < 0.001)."”> Another
post hoc analysis described the value of intensive manage-
ment of dyslipidemia in patients with possible NAFLD.'®
The Initiating Dialysis Early and Late (IDEAL) trial compared
high-intensity versus moderate-intensity statin therapy for
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the prevention of cardiovascular events in patients with
coronary artery disease with normal versus abnormal al-
anine aminotransferase (ALT) levels.'® The IDEAL study
revealed that major cardiovascular events were reduced
in the high-intensity versus moderate-intensity arm in pa-
tients with elevated baseline ALT (HR, 0.56; P = 0.0056).'®

Therefore, patients with NAFLD could potentially have
a greater reduction in liver-related or cardiovascular-related
morbidity from intense modification of metabolic risk factors
in light of limited proposed treatments of NAFLD (Table 1).
Patients with NAFLD who meet criteria for treatment of
obesity, T2DM, dyslipidemia, and hypertension should re-
ceive vigilant follow-up to ensure adherence to and toler-
ability of treatment given the potential benefits. Notably,
because there is no evidence to show increased drug-re-
lated liver injury from statins in patients with NAFLD, statins
are not contraindicated in the treatment of dyslipidemia.'

CONCLUSION

The causal relationship of CVD and NAFLD remains under
investigation, but the strong bidirectional association be-
tween CVD and NAFLD warrants clinical intervention in
patients with NAFLD to modify metabolic risk factors, in-
cluding T2DM, dyslipidemia, hypertension, and obesity.
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Although current cardiovascular society guidelines have
not identified NAFLD as an independent risk factor for CVD
despite recent studies suggesting NAFLD's role in incident
CVD, vigilant age-appropriate screening and treatment for
associated risk factors, including weight loss for obesity,
glycemic control for T2DM, and treatment of hypertension
and hyperlipidemia, remain prudent strategies that should
be supported by clinicians managing patients with NAFLD.
A screening and management algorithm for associated
metabolic risk factors in patients with NAFLD is proposed in
Figure 1. Additional research is needed tofurther define the
independent contribution of NAFLD to cardiovascular risk to
inform future evidence-based guidelines for clinical practice.

FURTHER EDUCATIONAL NAFLD RESOURCES
CAN BE FOUND THROUGH THE FOLLOWING

Fundamentals of Liver Disease online program,
Non-Alcoholic Fatty Liver Disease & Non-Alcoholic
Steatohepatitis unit: https://liverlearning.aasld.org/
aasld/2017/fold_2017/193371/aasld.html?f=c_id=193371.

Program Overview

The Fundamentals of Liver Disease Non-Alcoholic Fatty
Liver Disease educational unit consists of 9 online interac
tive, narrated modules 30 to 40 minutes in length. The
overall goal of the Fundamentals of Liver Disease program
is to improve patient care by increasing learner compe-
tence and confidence in both proper patient identification
and assessment and increasing learner performance in
therapeutic options and on-treatment management strat-
egies for patients. Patient outcomes will be improved as a
result of the improvements in more providers understand-
ing these key components in the management and care of
patients with liver diseases.

KEY TOPICS INCLUDED IN THE
FUNDAMENTALS OF LIVER DISEASE NON
ALCOHOLIC FATTY LIVER DISEASE UNIT:

¢ NAFLD - Diagnosis and Identification of Those at Risk of
Disease Progression.

e Pathogenesis of Non-alcoholic Steatohepatitis.
¢ Non-Invasive Determination of Advanced Disease in NAFLD.

o Lifestyle Interventions: Setting Goals and Recomm-
endations.
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e Comorbidities in NAFLD: Cardiovascular Disease, Sleep
Apnea, and Chronic Kidney Disease.

e Bariatric Surgery: Is the Cure for NASH in the OR?

e Managing NASH Cirrhosis and Assessment for Liver
Transplant.

e Current Pharmacological Treatment Options for Non-
Alcoholic Steatohepatitis (NASH).

¢ Emerging Treatments for Non-Alcoholic Steatohepatitis
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Carrie R. Wong, M.D., UCLA Vatche and Tamar Manoukian
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