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Nonalcoholic fatty liver disease (NAFLD) is a growing
epidemic in the USA affecting ∼ 30% of the population. It
has been closely linked to metabolic syndrome and type 2
diabetes, with strong implications for cardiovascular
disease (CVD). This review focuses on the relationship
between NAFLD and CVD and the proposed interactions
interlinking these two diseases. This appraisal also
discusses treatments targeting NAFLD in the context of
CVD. NAFLD is a multisystem disease and ultimately the
goals of therapy are to ameliorate CVD and prevent coronary
artery disease morbidity and mortality. Cardiovasc
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Introduction
Nonalcoholic fatty liver disease (NAFLD) is defined as a

spectrum of liver diseases ranging from simple steatosis

to nonalcoholic steatohepatitis (NASH) leading to cir-

rhosis and risk for hepatocellular carcinoma (HCC). It is

one of the most common causes of chronic liver disease in

the USA and parallels the global epidemic of type 2

diabetes mellitus (T2DM) and metabolic syndrome

(MetS) [1–4]. The prevalence rates are as high as 20–30%

in Europe [5,6] and 30–46% in the USA [7,8], and it is

predicted to be the leading cause of liver transplantation

by 2030 [9]. NAFLD was traditionally described as a

hepatic manifestation of METs, but is increasingly being

recognized as a multisystem disease [10–12], intricately

involved in the pathogenesis of cardiovascular disease

(CVD), T2DM, and chronic kidney disease (CKD),

associated with significant morbidity and mortality

[13–16]. NAFLD has been associated with various sub-

clinical markers of atherosclerosis such as increased car-

otid-intimal–medial thickness (IMT), increased arterial

stiffness, and coronary artery calcification (reviewed

here), independent of what we define as typical risk

factors for CVD [17]. CVD continues to be the leading

cause of mortality in this patient population [18,19].

This review focuses on the relationship between

NALFD and CVD, possible mechanisms linking the two,

and implications for treatments.

Relationship between nonalcoholic fatty liver disease
and cardiovascular disease
NAFLD is increasingly being recognized as an inde-

pendent risk factor for CVD irrespective of the typical

risk factors associated with MetS that is, hypertension,

T2DM, dyslipidemia (specifically hypertriglyceridemia),

and central obesity. Several retrospective and prospective

population-based studies have effectively shown

increased cardiovascular morbidity and mortality in

patients with NAFLD (Table 1) [20].

Carotid IMT is a known indicator for subclinical athero-

sclerosis, a predictor of myocardial infarction, and corre-

lates with carotid atherosclerotic plaques [32,33]. Thakur

et al. [21] have shown that patients with NAFLD had

higher average and maximum carotid intimal thickness

than controls (0.6 ± 0.12 and 0.684 ± 0.16 mm, respec-

tively, vs. 0.489 ± 0.1 and 0.523 ± 0.1 mm, respectively;

P< 0.05), and a higher prevalence of atherosclerotic pla-

ques (20 vs. 5%, P< 0.05), and this observation persisted

even after adjusting for obesity, MetS, insulin resistance

(IR), and lipid profile. Similar and striking findings have

been reported by Pacifico et al. [22] in obese children.

Obese children with NAFLD have a marked increase in

carotid IMT compared with control healthy children.

Furthermore, the carotid IMT was higher for obese

children with NAFLD than obese children without liver

involvement, but with similar BMI. Similarly, Brea et al.
[23] reported that patients with NAFLD had increased

carotid IMT, independent of the presence of MetS.

Studies have also effectively shown that patients with

NAFLD, even without MetS, have more vulnerable

coronary soft plaques than healthy controls [24].

Several studies have shown that the severity of liver

histology, specifically hepatic fibrosis, is associated with

liver specific and all-cause mortality, with CVD being the
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leading cause of death in patients with NAFLD [19,34,35].

Targher et al. [25] recent systematic review and meta-analysis

of 16 observational prospective and retrospective studies with

34 043 adult individuals (36.3% with NAFLD) and ∼2600

CVD outcomes (>70%CVD deaths) over a median period of

6.9 years found that patients with NAFLD had a higher risk

of fatal and/or nonfatal CVD events than those without

NAFLD (odds ratio: 1.64; 95% confidence interval:

1.26–2.13). In addition, patients with more ‘severe’ NAFLD

were also more likely to develop fatal and nonfatal CVD

events (odds ratio: 2.58; 95% confidence interval: 1.78–3.75).

The degree of hepatic steatosis is also associated with

worsening dyslipidemia and glucose control. From this, it

can be postulated that the degree of severity of steatosis

may dictate the risk of cardiovascular outcomes in

patients with NAFLD. Arulanandan et al. [26] study

reported that NAFLD patients with increased liver fat

quantified by MRI and proton-density-fat-fraction were

more likely to have abdominal obesity, decreased high-

density lipoprotein levels, increased triglycerides (TGs),

and increased fasting glucose levels (P< 0.001). In addi-

tion, NAFLD patients with MRI-proton-density-fat-

fraction above the median were more likely to have MetS

(60.3 vs. 44.4%, P< 0.04).

Although liver biopsy remains the gold standard for the

diagnosis of NALFD, several noninvasive markers and

serology-based tests have been used to assess the degree

of hepatic steatosis and fibrosis. Liver enzymes [alanine

aminotransferase (ALT), aspartate aminotransferase, and

γ-glutamyl transferase] and noninvasive markers of

fibrosis have been utilized to predict the risk of CVD and

establish a relationship between NAFLD, T2DM and

CVD. Ballestri et al. [27] meta-analysis and systematic

review have reported this. NAFLD (defined by elevated

liver enzymes and ultrasound) was associated with an

almost two-fold increased risk of T2DM and MetS over

a 5-year follow-up. Noninvasive markers, such as

cytokeratin-18, nonalcoholic fatty liver disease fibrosis

score (NFS), and transient elastography, have also been

associated with increased liver-related mortality and

CVD [16].

Mortality in patients with nonalcoholic fatty liver disease
Patients with NAFLD have an increased overall mortal-

ity compared with the general population. Several Third

National Health and Nutrition Examination Survey-

based studies [36–38] have evaluated the association

between NAFLD and mortality and a recent meta-

analysis has shown that NAFLD increased overall mor-

tality by 57% mainly from liver-related and CVD causes

and increased risk of T2DM by approximately two-

fold [5].

To date, there are no specific scoring systems to assess

CVD in patients with NAFLD. The Framingham Risk

Score (FRS) has been used to assess the risk of CVD in

patients with NAFLD on the basis of the close associa-

tion of NAFLD and typical risk factors of CVD and

MetS. The 10-year probability of CVD as calculated by

the FRS in patients with NAFLD is high compared with

an sex-matched and age-matched group [28]. Dogan et al.
[39] study and similar studies have taken this a step

further to determine whether noninvasive markers of

liver fibrosis in combination with FRS more accurately

predict the risk of CVD in the NAFLD population. In

their study, FRS was found to be higher in NAFLD

patients than in controls (P< 0.05). In addition, NFS was

also higher in the intermediate/high probability coronary

heart disease (CHD) risk group in NAFLD (P< 0.05).

The NFS cutoff point for identifying intermediate/high

CHD risk in NAFLD patients was − 2.1284, with a

sensitivity and a specificity of 95.2 and 48.3%, respec-

tively, with a predictive performance of 72% on the basis

of the area under the curve value [39]. There may be

some value in utilizing FRS in combination with non-

invasive markers of fibrosis in risk stratifying CHD in

NAFLD patients.

Mechanisms linking nonalcoholic fatty liver disease and
cardiovascular disease
NAFLD contributes toward atherosclerosis independent

of typical risk factors for CVD, although the direct

mechanisms of this relationship have not been com-

pletely defined. Proposed mechanisms include IR and a

proinflammatory milieu, which alters the lipogenesis

cycle and glucose metabolism promoting and facilitating

arthrogenesis and hence CVD.

Insulin resistance
NAFLD has been associated with hepatic and adipose IR

and decreased whole-body insulin sensitivity. Typical

findings include an inability to control endogenous glu-

cose. and hence increase susceptibility to developing

diabetes, a known risk factor for CVD. Bonora et al. [40]
followed patients with T2DM and found that IR was

independently predictive of coronary artery disease

(CAD); a 1 U increase in the homeostatic model assess-

ment index was associated with a 5.4% increased risk of

CAD. In addition, NAFLD patients have a defect in

insulin suppression of free fatty acids (FFAs), leading to

increased delivery of FFA to the liver, inadequate FFA

oxidation, and hence de-novo lipogenesis. It has been

hypothesized that increased levels of FFA affect nitric

oxide production and hence impair endothelial-

dependent vasodilation that can lead to decreased oxy-

gen transportation to myocardium, resulting in ischemia.

Pilz et al. [41] have shown that FFA levels independently

predict all-cause and cardiovascular mortality in patients

with angiographic CAD.

Inflammation and oxidative stress
NAFLD is a proinflammatory state resulting in oxidative

stress, and contributes toward endothelial dysfunction
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and IR. Increased oxidative stress has been reported in

patients with NAFLD and CVD. Patients with NALFD

have augmented production of reactive oxygen species

(ROS) that leads to lipid peroxidation, resulting in

inflammation and fibrogenesis through activation of

stellate cells. Furthermore, ROS leads to diminished

secretion of very low-density lipoprotein (LDL) and

subsequent accumulation of fat in hepatocytes. Excess

ROS production is also responsible for oxidation of LDL,

which can promote transformation of macrophages to

foam cells, which is considered to be the first step in the

formation of an atherosclerotic lesion.

Hepatic steatosis produces proinflammatory cytokines

including interleukin-6, interleukin-8, and tumor necrosis

factor-α (TNF-α), which in turn triggers the production

of acute-phase reactants, C-reactive protein (CRP) and

fibrinogen, oxidative stress, and de-novo TNF-α path-

ways. Targher et al. [42] have shown markedly increased

levels of plasma CRP, fibrinogen, von Willebrand factor,

and plasminogen activator inhibitor-1 activity in healthy

nonsmoking indiviudals with hepatic steatosis than in

those without, even after controlling for other con-

founders such as age, BMI, blood pressure, IR, and TG

levels. Similarly, proinflammatory cytokines are found in

arthrogenic states. CRP is one of the most commonly

used inflammatory markers for risk stratifying patients

with CVD. CRP independently correlates with poor

cardiovascular outcomes such as myocardial infarction,

cerebrovascular accidents, and sudden cardiac death

[43–46].

Adiponectin
Reduced levels of adiponectin have been observed in

patients with NAFLD primarily driven by abundance of

macrophage driven inflammation in adipose tissue [47,48].

Adiponectin is a protein secreted by adipose tissue with

antithrombotic properties and is considered to play a role in

decreasing hepatic and systemic IR and attenuate hepatic

inflammation and fibrosis; hence, decreased levels may

represent another possible mechanism linking NAFLD

and vascular disease.

Dyslipidemia
Lipid metabolism in patients with NAFLD is dysregu-

lated. Typical findings include the following: increased

levels of very LDL and small-density LDL (non-type A),

increased levels of TG, a high apolipoprotein (apo) B/A1

ratio, and decreased levels of high-density lipoproteins,

and that have been described and associated with

increased CVD and found in patients with MetS [29,30].

Defects have been found in multiple steps of lipid

metabolism. One of the mechanisms of this imbalance is

likely a result of upregulation of transcription factor sterol

regulatory element binding protein-1c. Sterol regulatory

element binding protein-1c inhibits FFA oxidation, but

in addition to insulin, synergistically stimulates genes

involved in de-novo lipogenesis, resulting in increased

hepatocyte lipid content. [49–51]. De-novo lipogenesis or

FFA production is five-fold higher in patients with

NAFLD compared with normal individuals and FFA also

fails to increase postprandially. This is turn results in the

production of the atherogenic lipid profile as described

above. Dyslipidemia observed in patients with NAFLD

is artherogenic likely because of differences in the sub-

populations of LDL; for instance, there are increased

levels of small-dense LDL, which is artherogenic, versus

type A LDL [5,31,52,53]. Small-density LDL particles

enter the subendothelial space by passing easily through

endothelial fenestrations, resulting in inflammation and

plaque formation, leading to CAD.

Obstructive sleep apnea
Obstructive sleep apnea (OSA) is increasingly being

recognized as a risk for NAFLD, already well established as

a risk factor for CAD and cardiac arrhythmias. MetS and

OSA are referred to in the literature as ‘Syndrome Z’ and

the common denominator between these two is obesity.

Almost 50% of NAFLD patients have symptoms of OSA

[54]. The mechanisms of this relationship are not well

understood, but some proposed mechanisms include

hypoxia leading to oxidative stress and generation of ROS,

dysregulation of adipokines, specifically increased levels

of leptin and decreased levels of ghrelin and adiponectin,

and alterations in the hypothalamus–pituitary–adrenal axis

that promote MetS. Patients with severe OSA were found

to be more IR, with worse liver histology including

necroinflammation, steatosis, and fibrosis, suggesting that

the mechanism may be related to IR independent of

BMI [55].

Postprandial hyperlipidemia
Postprandial hyperlipidemia is a risk factor for both

NAFLD and CVD [56–58]. Postprandial hyperlipidemia

occurs as a result of dysregulated lipoprotein metabolism

specifically from an increase in remnant lipoproteins [59].

Swarbrick et al. [60] and Stanhope et al. [61] studies have
shown increased de-novo lipogenesis as well as 24 h

postprandial TGs including increased levels of apo B,

LDL, oxidized LDL, remnant lipoprotein TG, and the

apo B/apo A1 ratio (all biomarkers were increased for

CVD) after consumption of fructose-sweetened bev-

erages for 10 weeks. This observation may explain in part

why some lean, overweight, and obese individuals with

NAFLD may encounter CVD despite normal fasting

lipid profiles or taking lipid-lowering medication.

Clinical implications and treatment
There is a strong association between NAFLD and CVD,

with a common denominator being MetS. To date, there

are no guidelines to aid clinicians on how to risk stratify

patients with NAFLD to determine their risk of CVD.

Wong et al. [62], similar to others, have shown that fatty

liver disease is associated with CAD independent of
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other metabolic factors, but similar to other studies, the

presence of fatty liver cannot predict cardiovascular mortality

and morbidity in patients with established CAD.

Treatments targeted to improve NAFLD and hence improve

CVD outcomes should be aimed at ameliorating the meta-

bolic derangements, which are essentially all linked to IR.

Once the diagnosis of NAFLD is made, a multidisciplinary

approach should be adopted. Assessment of liver fibrosis

should be performed with a combination of noninvasive

markers of fibrosis and liver biopsy to determine the presence

of NASH and other concomitant liver diseases. There should

be a focus on healthy lifestyle modification, regular fitness or

exercise, realistic weight loss goals, and close follow-up with a

health coach and/or a dietician to understand andmake better

food choices including portion control, avoiding high-fructose

corn syrup, artificial sweeteners, and high trans-saturated fats.

Patients with NAFLD should be screened for impaired

glucose tolerance and diabetes, dyslipidemia, and when

appropriate OSA. Individuals should also be screened for

metabolic causes of NAFLD. Finally, associated conditions

should be treated aggressively and there should be appro-

priate referral to cardiology, endocrine, weight, and wellness

centers and bariatric surgery as needed.

Lifestyle interventions
Weight loss has been shown to improve hepatic steatosis,

inflammation, and furthermore improvement in the risk

factors of MetS. Vilar-Gomez et al. [63]. showed that after

52 weeks of lifestyle changes, 25% of the patient popu-

lation achieved resolution of steatohepatitis, 47% showed

a reduction in the nonalcoholic fatty liver disease activity

score (NAS), and 19% showed regression of fibrosis.

Furthermore, the degree of weight loss was associated

independently with improvement in all NASH-related

histologic parameters. 10% weight loss was associated

with 90% resolution of NASH and 45% showed regres-

sion of fibrosis [63]. The type of exercise regimen to

achieve weight loss has been questioned and continues

to be explored. Keating et al. [64] have shown that irre-

spective of the exercise regimen, improvement in liver

and visceral fat can be achieved in overweight, sedentary,

or inactive adults. In their study, 48 patients were ran-

domized to one of four exercise groups for 8 weeks: a

low-to-moderate intensity, high-volume aerobic exercise

(LO : HI) group, a high-intensity, low-volume aerobic

exercise (HI : LO) group, a low-to-moderate intensity,

low-volume aerobic exercise (LO : LO), and a placebo

group. Participants in the three exercise groups showed

an average 18–29% reduction in liver fat during the

8-week period, with the greatest liver and visceral fat

reduction found in participants in the HI : LO and

LO : HI groups.

Diet
In general, hypercaloric diets, rich in trans-saturated fats

and cholesterol, high-fructose corn syrup has been shown

to increase visceral adiposity, and stimulate hepatic lipid

accumulation and progression of disease. Current guide-

lines recommend a low-calorie diet with 30% energy

deficit in individuals at risk for metabolic disease [65,66].

Small studies have looked at the effects of a low-

carbohydrate, ketogenic diet on NAFLD. Haufe et al.
[67] studied the effects of reduced fat and carbohydrate

diets on intrahepatic fat by liver spectroscopy. Decreased

quantities of intrahepatic lipid content were found in the

patients who completed the study, with the largest

response in those with elevated fat content at baseline.

De Luis et al. [68] have shown the beneficial effects of a

low-carbohydrate and low-fat diet on IR measured by the

homeostasis model assessment for insulin sensitivity and

improvement in ALT. Several diets have been studied,

with the most promising results described with a

Mediterranean diet [69,70]. Long-term trials testing the

Mediterranean diet and similar diets need to be con-

ducted. No specific dietary intervention has been proven

to be effective, except calorie restriction. The focus

should be on the importance of making sustainable

changes versus taking drastic measures for weight loss.

As described earlier, individuals with NAFLD have

depleted levels of polyunsaturated fatty acids (PUFAs),

elevated TGs, and upregulation of lipogenesis. PUFAs

are vital in the coordination of lipid oxygenation and

downregulation of lipid synthesis. Spadaro et al. [71]

randomized 40 patients to diet and PUFAs dosed at 2 g

daily versus diet alone and followed patients for

6 months. At the end of the study period, patients in the

diet and PUFA group showed a decrease in ALT, TG,

TNF-α, and homeostatic model assessment, whereas no

significant change was observed in the diet-alone group.

More recently, Argo et al. [72] and Dasarathy et al. [73]
evaluated the effects of PUFAs on liver histology. Argo’s

double-blind randomized placebo-controlled trail com-

pared fish oil with placebo for 1 year with routine coun-

seling on diet and exercise. Although they found a

significant reduction in hepatic steatosis (by abdominal

MRI), there was no reduction in NAS scores [72]. Similar

findings were observed in Dasarathy et al. [73] study; the
difference was in the type of PUFAs administered

(eicosapentaenoic acid and docasahexaenoic acid) and

duration of the study (48 months). It remains unclear

whether administration of PUFAs is beneficial; longer

studies, higher doses, or specific populations may benefit

from this intervention. The AASLD guidelines do not

recommend the use of fish oil for the treatment of fatty

liver disease unless hypertriglyceridemia is present.

Insulin resistance and diabetes
Biguanides (metformin) and thiazolidinediones are the

two classes of insulin sensitizers studied in humans.

Belfort et al. [74] randomized-controlled trial compared

diet plus pioglitazone with diet plus placebo in 55

patients. The pioglitazone-treated group showed an
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improvement in ALT by 50%, steatosis by 54%, and

insulin sensitivity by 48%. There was also amelioration of

liver inflammation and ballooning necrosis, but not

fibrosis. The PIVENS trial, a multicenter placebo-

controlled trial that compared pioglitazone versus vita-

min E versus placebo, in nondiabetic patients treated for

96 weeks showed similar results, with improvement of

liver biochemistry, steatosis, and liver inflammation [75].

Cusi et al. [76] recently conducted a single-center ran-

domized double-blind placebo-controlled trial comparing

a hypocaloric diet plus 45 mg of pioglitazone daily with a

hypocaloric diet and placebo for 18 months, followed by

18 months of open-label pioglitazone. 58% of patients in

the treatment group achieved an improvement in the

NASH score by at least two points and 51% achieved

resolution of NASH (P< 0.001 for each). In addition,

treatment with pioglitazone was associated with an

improvement in the fibrosis score (P= 0.039), hepatic TG

content from 19 to 7% (P< 0.001), and improved adipose

tissue, hepatic, and muscle insulin sensitivity (P< 0.001).

These effects persisted at 36 months. There was no

difference in adverse events between the two treatment

groups, except that weight gain was greater in the

pioglitazone-treated group [76]. The positive effects of

antidiabetic medications in improving CVD has also been

shown in the cardiovascular literature) study. The Pioglitazone

Effect on Regression of Intravascular Sonographic Coronary

Obstruction Prospective Evaluation study [77] compared the

effects of an insulin sensitizer, pioglitazone, with an insulin

secretaogogue, glimeride, on the progression of coronary

atherosclerosis in patients with T2DM. The percentage

atheroma volume decreased with pioglitazone, 0.16%, and

increased with glimeride, 0.73% (P=0.002). Similar beneficial

effects were found with changes in HgA1c, high-density

lipoprotein levels, and median TGs. Although no definitive

recommendations can bemade for pioglitazone, it can be used

for selected patients with NASH and exercise caution should

be exercised in patients with a history of congestive heart

failure and women at risk of bone fractures.

Liraglutide, a glucagon-like peptide, has been studied in

patients with NASH and T2DM. In the Armstrong et al.
[78] multicenter double-blind randomized placebo-

controlled study (LEAN trail), 40% of patients receiv-

ing liraglutide showed an improvement in histology of

NASH, with fewer patients showing progression of

fibrosis compared with placebo, 9%. Marso et al. [79]

studied the effect of liraglutide on cardiovascular out-

comes in the T2DM population with high cardiovascular

risk (LEADER trial). A statistically significant all-cause

mortality benefit and improvement in cardiovascular

outcomes was observed in the liraglutide treatment

group. Similarly, the effects of empagliflozin, a sodium-

glucose transporter 2 inhibitor, have been studied in

patients with T2DM on cardiovascular morbidity and

mortality. In this phase 2 study, patients with T2DM

were randomized to 10 or 25 mg of empagliflozin or

placebo. The primary composite outcome (death from

cardiovascular causes, nonfatal myocardial infarction, or

nonfatal stroke) outcome occurred in 10.5% of the

patients in the pooled empagliflozin group compared

with 12.1% in the placebo group (P= 0.04). In the

empagliflozin group, there were significantly lower rates

of death from cardiovascular causes [3.7 vs. 5.9% in the

placebo group; 38% relative risk reduction (RRR)], hos-

pitalization for heart failure (2.7 and 4.1%, respectively;

35% RRR), and death from any cause (5.7 and 8.3%,

respectively; 32% RRR) [80]. Both liraglutide and

empagliflozin show promise in the treatment of T2DM

and improvement of CVD, both risk factors for NAFLD.

Metformin is not recommended as a first-line agent in

patients with NALFD because of lack of evidence to

support improvement in liver histology [81]. However,

there are data to support that metformin may play a role

in components of MetS. Metformin improves lipid

metabolism, vascular smooth muscle, and cardiomyocyte

intracellular calcium shuttling, affecting vasodilation,

endothelial function, hypercoagulation, and platelet

hyperactivity.

Antioxidants
Vitamin E in the PIVENS study [52] has effectively

shown improvement in hepatic steatosis, inflammation,

ballooning, and resolution of NASH in nondiabetic

patients (36% compared with placebo, 21%). The con-

cern with vitamin E is its long-term safety data on overall

mortality, hemorrhagic stroke, and the association of

prostate cancer in men older than 50 years of age. At

present, vitamin E dosed at 800 IU daily can be used in

nondiabetic patients with NASH.

There is a subset of patients who can benefit from vita-

min E therapy in terms of reducing cardiovascular out-

comes. The HOPE and ICARE studies investigated the

role of vitamin E in reducing the cardiovascular events in

patients with T2DM [82,83]. The haptoglobin (Hp)

protein has antioxidant activity and is associated with

cardiovascular events in patients with T2DM. The Hp

gene consists of two common alleles: 1 and 2. The Hp2

allele protein is inferior to the Hp1 allele protein in its

antioxidant properties. A meta-analysis of these two

studies showed a significant reduction in the composite

endpoint (nonfatal myocardial infarction, stroke, and

CVD death) in Hp2-2 individuals with vitamin E

(P= 0.006). Treatment of patients with the Hp2-2 gen-

otype with vitamin E prevented one myocardial infarct,

stroke, or cardiovascular death, with an estimated 3-year

increase in life expectancy [84]. Asgharpour et al. [85]
recently reported that the presence of Hp2 is associated

with a significant improvement in the NAS score, but in

addition, improvements in ALT, AST, and cholesterol

were observed. Further studies are needed to identify

NAFLD patients who are likely to benefit from
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treatment with vitamin E to reduce cardiovascular risks

and outcomes by the presence of Hp2 genotype.

Most interesting of all is a farsenoid X receptor agonist,

obeticholic acid, with postulated multiple mechanisms of

action including improvement in IR and hepatic stea-

tosis, with possibly both antifibrotic and antioxidant

activity [86]. In the phase IIb FLINT trial [87], patients

with noncirrhotic NASH were treated with 72 weeks of

obeticholic acid, with improvement in NASH and fibro-

sis. Except for pruritis, treatment was well tolerated;

long-term data on implications on the lipid profile and

cardiovascular risk will be available soon.

Several RCTs have shown that ursodeoxycholic acid is

ineffective in improving NASH [88,89].

Dyslipidemia
Statin therapy is recommended in patients with CAD or risk

factors for CAD with a goal of LDL less than 100mg/dl.

There is no direct evidence to illustrate the beneficial effects

of statin therapy on NASH; furthermore, statin therapy is

generally underutilized in patients with liver disease because

of concerns of safety and persistent elevated liver enzymes.

Many studies have shown that statins are safe in patients

with liver disease such as Lewis et al. [90] study, which

reported the efficacy and safety of treating dyslipidemia in

patients with chronic liver disease in their placebo-controlled

double-blind multicenter study of high-dose pravastatin

(80mg/daily). In addition to improvement in LDL, there

was a significant reduction in ALT and no adverse outcomes

were observed.

In addition to an ameliorating lipid profile, statin therapy

has been shown in in-vitro and in-vivo studies to inhibit

and HCC. Several mechanisms have been described

including induction of cell apoptosis [91] and inhibition

of hepatic tumor cell growth [92]. To date, there are no

multicenter randomized-controlled trials assessing the

chemopreventative effects of HCC in NAFLD. A single

clinical trial supports the hypothesis that the use of statins

might contribute toward survival in those with unresectable

HCC. 91 patients with unresectable HCC were recruited

and randomized to pravastatin versus placebo, with the

pravastatin group showing an impressive 9-month longer

survival [93]. Other population-based cohort studies have

shown a similar effect, but limited by study design, selec-

tion bias, and dose-dependent effects [94–96]. On the basis

of this, statin therapy should not be prescribed to patients

with NAFLD for the sole purpose of chemoprevention of

HCC, but indicated in those with a high risk of CHD as

indicated by patient phenotype and associated cardiac

equivalent risk factors.

As described earlier, omega-3 fatty acids should not be

prescribed to all patients with NASH, except when

indicated for hypertriglyceridemia.

Endoscopic and surgical therapies
The remarkable benefits of Roux-en-Y gastric bypass

surgery on cardiovascular risk factors are well known from

improvement in hypertension, dyslipidemia, and T2DM

[97–101]. There is also compelling evidence showing the

beneficial effects of Roux-en-Y gastric bypass surgery on

NASH. In the Lassailly et al. [102] prospective study,

there was an improvement in NASH as early as 1 year

after gastric bypass surgery in 85% of patients.

Histological improvement was observed in ballooning

and lobular inflammation and fibrosis was reduced in

33.8% of patients. There was also a statistically significant

improvement in all parameters of the lipid profile, except

LDL. Similar results have been reported by Taitano et al.
[103], with resolution of NASH in 75% patients and

improvement in fibrosis in 53% patients. Roux-en-Y

gastric bypass can be considered in select patients with

NASH with a careful assessment of the perioperative and

postoperative risks and complications.

Endoscopic bariatric therapies are effective in the treat-

ment of obesity and MetS, and small studies have shown

its beneficial effects on NASH. A small study randomized

patients with BMI of at least 27 kg/m2 and histology-

proven NASH to diet and Orbera balloon and diet and

Sham procedure for 6 months. Liver histology was

assessed before and after treatment. The Orbera balloon

placement group showed a significant reduction in BMI

and histological features of NASH [104]. Another study

examined the liver fat content before and after placement

of Orbera balloon, with a significantly higher decrease in

liver fat, body fat composition, and liver biochemis-

tries [105].

There is increasing interest in the use of endoscopic

bariatric therapies beyond its primary objective of

achieving weight loss, resolving MetS, and NASH. A

small prospective pilot study assessed the effect of

intragastric balloon therapy on left ventricular (LV)

function and LV mass in morbidly obese patients at

6 months [106]. BMI, LV mass index, and left volume

index were significantly decreased (44 ± 8 vs. 38 ± 5,
P< 0.001, 112 ± 21 vs. 93 ± 17, P= 0.001, and 20 ± 6 vs.

14 ± 5, P= 0.02, respectively) following intragastric bal-

loon placement. Similar results have been observed by

Garza et al. [107] in their age-sex-BMI-controlled obser-

vational study of patients with obesity who underwent

Roux-en-Y gastric bypass surgery and who had under-

gone echocardiography before and after surgery.

Multivariate analysis showed a positive correlation

between the change in body weight and ventricular

septum thickness (R= 0.33), posterior wall thickness

(R= 0.31), LV mass (R= 0.38), right ventricular end-

diastolic area (R= 0.22), and estimated right ventricular

systolic pressure (R= 0.39), all with P values of less than

0.05 [107].
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Several endoscopic bariatric procedures such as intra-

gastric balloons have been approved and in development

for obesity. Prospective randomized studies need to be

carried out before recommendations can be made for

endoscopic bariatric surgery for the treatment of NASH

exclusively.

Conclusion
Fatty liver disease is a growing pandemic with grave

implications associated with cardiovascular and overall

morbidity and mortality. The approach to the management

of this patient population involves increased community

and physician awareness, understanding that it is a multi-

system disease requiring comprehensive collaborative

efforts that are multidisciplinary. The focus of treatment

should go beyond improvement in liver enzymes, but

ameliorating diabetes, treating dyslipidemia and OSA to in

turn preventing progression of liver disease and decreasing

cardiovascular mortality.
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