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Abstract
Nonalcoholic fatty liver disease (NAFLD) and cardio-
vascular disease (CVD) are two diseases that are com-
mon in the general population. To date, many studies 
have been conducted and demonstrate a direct link 
between NAFLD and CVD, but the exact mechanisms 
for this complex relationship are not well established. 
A systematic search of the PubMed database revealed 
that several common mechanisms are involved in many 
of the local and systemic manifestations of NAFLD and 
lead to an increased cardiovascular risk. The possible 
mechanisms linking NAFLD and CVD include inflamma-
tion, oxidative stress, insulin resistance, ectopic adipose 
tissue distribution, dyslipidemia, endothelial dysfunc-
tion, and adiponectin, among others. The clinical impli-
cation is that patients with NAFLD are at an increased 
risk of CVD and should undergo periodic cardiovascular 
risk assessment.
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Core tip: The link between nonalcoholic fatty liver dis-
ease (NAFLD) and cardiovascular disease (CVD) should 

be carefully evaluated in future research, which repre-
sents an intriguing field of investigation. A better under-
standing of the role of inflammation, oxidative stress, 
and insulin resistance, among other mechanisms, may 
be necessary to clarify the pathogenesis of NAFLD and 
CVD, and thereby contribute to the development of 
new therapies.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common 
liver disease seen in clinical practice. It comprises a wide 
disease spectrum ranging from simple steatosis to non-
alcoholic steatohepatitis (NASH), which can progress 
to end stage liver disease, cirrhosis and hepatocellular 
carcinoma[1]. Initially, NAFLD was considered a benign 
liver disease, but it is now regarded as the liver manifesta-
tion of  metabolic syndrome (MetS), a highly atherogenic 
condition. Most patients are overweight or obese with 
insulin resistance (IR), hypertension, and dyslipidemia. 
When compared with control subjects who do not have 
NAFLD, patients with NAFLD have a higher prevalence 
of  atherosclerosis, which is independent of  obesity and 
other established risk factors[2]. The role of  NAFLD as a 
potential independent cardiovascular disease (CVD) risk 
factor has recently gained considerable prominence. The 
purpose of  this review is to discuss the pathogenesis of  
NAFLD, the relationship between NAFLD and CVD, 
the mechanisms that link both conditions, and the clini-
cal implications that may influence NAFLD and risk of  
CVD.
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NAFLD, METS AND DIABETES
In general, NAFLD is diagnosed based on the following 
criteria: liver biopsy showing steatosis in at least 5% of  
hepatocytes or imaging study confirmation; exclusion of  
liver disease of  other etiology, including alcohol-induced 
liver disease (history of  excessive alcohol consumption 
greater than 20 g/d), drug-induced liver disease, autoim-
mune or viral hepatitis, as well as cholestatic or meta-
bolic/genetic liver disease[3]. A joint interim statement 
of  the International Diabetes Federation defines MetS 
with three of  the five criteria, including elevated waist cir-
cumference, elevated triglycerides, reduced high-density 
lipoprotein (HDL), elevated blood pressure, and elevated 
fasting-glucose levels[4]. Approximately 90% of  patients 
with NAFLD have at least one of  the features of  MetS, 
and approximately 33% meet the complete diagnosis, 
placing NAFLD as the hepatic representation of  MetS[5]. 
The prevalence of  metabolic abnormalities such as dia-
betes and hypertension were increased up to 15-fold in 
patients with NASH compared to steatosis independent 
of  age or body mass index (BMI). The relationship be-
tween diabetes and NAFLD remains poorly understood; 
thus, further prospective study of  the association and 
outcomes should be performed. NAFLD predicts the 
development of  type 2 diabetes mellitus (T2 DM) and 
vice versa, and each condition may serve as a progression 
factor for the other. In a recent study of  T2 DM patients 
with an average BMI of  36 kg/m2, over 60% of  patients 
who underwent weight reduction surgery (n = 64 of  92) 
had moderate to severe NAFLD on liver biopsy[6]. A 
study by Leite et al[7] in patients with T2 DM found that 
three of  the 92 patients had histological evidence of  cir-
rhosis secondary to NAFLD without clinical evidence 
of  liver disease. To approach the relationship between 
NAFLD and diabetes from another perspective, multiple 

studies supported by a recent meta-analysis have shown 
that NAFLD was associated with IR and diabetes and 
that NAFLD presence predicted the development of  dia-
betes[8]. In a Korean study of  11091 individuals without 
diabetes at baseline, where fasting insulin levels were also 
measured and divided into quartiles, the 5-year (crude) 
OR for developing T2 DM in the presence of  ultrasound 
evidence of  fatty liver at baseline was 5.05 (95%CI: 
2.08-12.29) for the lowest insulin quartile and was 6.34 
(95%CI: 3.58-11.21) for the highest insulin quartile[9]. Af-
ter multivariate adjustment, including for baseline glucose 
level, the OR for the highest insulin quartile remained 
significant at 2.42 (95%CI: 1.23-4.75)[10].

NAFLD AND CARDIOVASCULAR 
DISEASE PREVALENCE
The clinical manifestations of  NAFLD, such as steatosis 
and inflammation, are additional risk factors of  CVD, 
although the precise mechanisms by which NAFLD 
contributes to CVD are still the subject of  ongoing re-
search. The age of  onset of  CVD events in NAFLD pa-
tients ranged from 45 to 65 years[11]. All had significantly 
higher estimated CVD risk at 10 years (17% vs 10%) by 
the Framingham risk score (FRS) than NAFLD patients 
without new CVD events[12]. The mortality rate among 
patients with NAFLD followed for 8 years was higher 
than that in the general population. In another study con-
sisting of  biopsy-diagnosed NAFLD patients who were 
followed for 18 years, CVD was among the common 
causes of  death after all of  the cancers combined[13].

Clinical studies
Table 1 summarized several latest clinical studies on the 
relationship between NAFLD and CVD. Targher et al[9] 
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Table 1  Published studies on the association between nonalcoholic fatty liver disease and cardiovascular disease

Ref. Population sample size Diagnosis 
methods

Outcomes Main results

Targher et al[9] 702 patients with T2 DM Liver ultrasound AF NAFLD is strongly associated with an increased prevalence of persistent 
and permanent AF in patients with T2 DM

Lu et al[8] 7042 participants Liver ultrasound 
and CT

c-IMT and 
CAD

NAFLD was significantly associated with cardiovascular outcomes 
independent of conventional risk factors

Defilippis et al[10] 3362 subjects aged 45-84 
yr

CT Atherogenic 
dyslipidemia

CT-diagnosed NAFLD was associated with atherogenic dyslipidemia 
even after adjustment for several metabolic risk factors

Feitosa et al[11] 2756 subjects CT and elevated 
ALT

CHD FL and ALT (> 40 U/L) were each individually associated with prevalent 
CHD. However, when accounting for traditional metabolic risk factors in 

a multivariate model FL and no predictive value for CHD
Akin et al[12] 157 obese patients Liver ultrasound c-IMT Obese patients with NAFLD had markedly increased c-IMT than those 

without NAFLD 
Catena et al[14] 68 patients with essential 

hypertension
Liver ultrasound AASI In hypertensive patients, AASI and symmetric AASI were higher than in 

normotensive subjects (P < 0.001), but both indices of vascular stiffness 
were comparable in patients with and without NAFLD

Colak et al[15] 51 patients in study 
group and 21 in control 

group

Liver biopsy c-IMT C-IMT was significantly higher in patients with NAFLD group(P < 0.001)

T2 DM: Type 2 diabetes mellitus; AF: Atrial fibrillation; c-IMT: Carotid intima media thickness; FT: Fatty liver; CHD: Coronary heart disease; CAD: Coro-
nary atherogenic dyslipidemia; AASI: Ambulatory arterial stiffness index.



showed a significant increase of  atrial fibrillation (AF) in 
the presence of  NAFLD (retrospective, n = 702, Cau-
casians). Lu et al[8] suggested that NAFLD was a strong 
independent predictor of  CVD and may play a central 
role in the cardiovascular risk of  MetS. DeFilippis et al[10] 
showed that CT-diagnosed NAFLD was associated with 
the atherogenic dyslipidemia phenotype in a dose de-
pendent fashion. These relationships persisted after ad-
justment for several metabolic risk factors and HOMA-
IR, suggesting a possible independent pathophysiologic 
role between NAFLD and dyslipidemia (prospective, 
n = 3362, Caucasian, Chinese, African American, His-
panic). Feitosa et al[11] showed that ALT (≥ 40 U/L) was 
a predictor of  prevalent coronary heart disease (CHD) in 
men but not in women, while CT measured liver fat (FL) 
was not significant in either sex (prospective, n = 2756, 
European-American). Akın et al[12] showed that obese 
children and adolescents with NAFLD are at an risk of  
early atherosclerotic changes. As liver function tests are 
not sufficient to identify patients with fatty liver, ultraso-
nographic evaluation of  NAFLD might be considered 
in all obese children and adolescents (cross-sectional, n 
= 157, Turkey). Catena et al[14] showed that in essential 
hypertensive patients without additional cardiovascular 
risk factors, NAFLD is associated with IR but not with 
increased arterial stiffness (observational, cross-sectional, 
n = 68, Italy). Colak et al[15] showed that NAFLD is as-
sociated with earlier endothelial dysfunction in patients 
with atherosclerosis compared to control subjects (obser-
vational case-control, n = 51, Turkey). Based on the evi-
dence enumerated above, NAFLD patients have higher 
incidence of  AF, atherosclerotic changes, dyslipidemia 
and coronary heart disease. Therefore, our primary goal 
was to systematically evaluate the possible mechanisms 
linking NAFLD and CVD, their implication in clinical 
practice and various treatment modalities.

Classical and new emerging risk factors
The new risk factors for CVD include markers such as 
inflammation (e.g., C-reactive protein, lipoprotein A), ho-
mocystine, and markers of  fibrinolytic and homeostatic 
function [e.g., fibrinogen, tissue plasminogen activator, 
and plasminogen activator inhibitor-1 (PAI-1)]. These 
markers are also associated with NAFLD[13]. A case-con-
trol study of  35 patients diagnosed with NAFLD by liver 
biopsy and 45 healthy controls showed that the plasma 
homocysteine level was higher in NAFLD patients com-
pared to the control group (p = 0.0341)[16]. The classic 
common risk factors for NAFLD and CVD are age and 
gender, physical inactivity, T2DM, hyperlipidemia, obe-
sity, and hypertension[16].

POSSIBLE MECHANISMS LINKING NAFLD 
AND CVD
The association of  NAFLD with MetS and diabetes 
maybe partially explain the increased risk of  CVD 
with NAFLD. Additionally, several studies showed that 

NAFLD in itself  may contribute to the increased risk 
of  CVD[17-19]. However, the exact mechanisms for this 
complex relationship are not clear. It is likely that several 
highly interrelated factors contribute to the enhanced 
risk of  diabetes and metabolic syndrome in persons with 
NAFLD. The following factors are possible explanations 
of  underlying mechanisms of  the association between 
CVD and NAFLD.

Oxidative stress and inflammation
It has recently been shown that NAFLD is an indepen-
dent risk factor for death from CVD. Although the pre-
cise mechanism linking NAFLD and CVD is unclear, a 
systematic review and meta-analysis have shown that a 
marker of  NAFLD (and oxidative stress) may be the key 
link between NAFLD and CVD[20]. These data suggest 
that some component of  oxidative stress, perhaps in-
duced by the disease process in NAFLD, may be involved 
in the pathogenesis of  CVD. Oxidative stress plays an 
important role in the progression from simple steatosis 
to steatohepatitis[15]. The association between oxidative 
stress and NAFLD in humans has been demonstrated by 
the immunohistochemical detection of  lipid peroxidation 
products and 8-hydroxy-deoxyguanosine in the plasma 
and liver biopsies from patients with NAFLD[21]. Inflam-
mation is crucial in the pathogenesis of  NAFLD, and 
adipose tissue is now considered a metabolically active 
endocrine organ that produces pro-inflammatory cyto-
kines, including TNF-α, IL-6, C-reactive protein (CRP) 
and IL-8. There is also evidence to support the activation 
of  other inflammatory pathways, oxidative stress, as well 
as de novo pathways by TNF-α. A cross-sectional survey 
of  360 people indicated that an increase in CRP (OR = 
1.37; 95%CI: 1.06-1.77) per 1 SD (1.48 mg/L) was an in-
dependent risk factor for NAFLD[21].

IR
Increased IR is an undisputed major contributor to 
NAFLD, MetS, and atherosclerosis. In fact, liver fat 
content appears to be the best independent predictor 
of  IR in skeletal muscle, adipose tissue, and the liver[12]. 
Similarly, adverse CV outcome is likely to be associated 
with liver fat/inflammation in a monotonic relationship, 
progressively increasing with more advanced stages of  
NAFLD. While IR promotes fatty acid accumulation in 
the liver, the latter causes hepatic IR characterized by a 
lack of  suppression of  endogenous liver glucose pro-
duction[22]. Therefore, NAFLD might act as a stimulus 
for further increased whole-body IR and dyslipidemia 
(with a characteristic overproduction of  triglyceride- and 
cholesterol-rich remnant particles), leading to accelerated 
atherosclerosis[1].

Visceral fat
Individuals with obesity have large amounts of  visceral 
adipose tissue (VAT). VAT is a metabolically active endo-
crine organ that can secrete pro-inflammatory cytokines, 
adipokines and hormones that mediate inflammation 
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hyperlipidemia is derived from an increase of  remnant 
lipoproteins (RLPs)[15]. In patients with IR, an increase of  
postprandial RLP values usually occurs and becomes a 
risk factor for coronary heart disease[43-46]. Swarbrick et al[47] 
showed that consumption of  fructose-sweetened, but not 
glucose-sweetened, beverages for 10 wk increases de novo 
lipid synthesis as well as the 24-h postprandial TG, which 
includes increased levels of  apoB, LDL, oxidized LDL, 
RLP triglyceride, and the apoB/apoA1 ratio (all biomark-
ers were increased for CVD). Therefore, postprandial 
hyperlipidaemia may explain, at least in part, why some 
lean, overweight, and obese individuals with NAFLD 
may encounter CVD despite normal fasting lipid profiles 
or taking lipid-lowering medication[48-51].

Endothelial dysfunction
Endothelial dysfunction is now recognized as the earli-
est detectable component in the development of  ath-
erosclerosis. In both diabetic and non-diabetic cohorts, 
studies have shown an independent association between 
impaired endothelium-dependent flow-mediated dila-
tion (FMD) and NAFLD. In addition, lower FMD was 
observed in NASH compared with simple steatosis, again 
confirming the graded association of  CV risk with sever-
ity of  NAFLD[52-54].

Chronic kidney disease
NAFLD may also be associated with a detrimental effect 
on other organs that may have a direct or indirect influ-
ence on CVD or organs that may accelerate the presenta-
tion of  CVD[55]. For example, NAFLD has been shown 
to be associated with the development of  chronic kidney 
disease (CKD) in Korean individuals. Therefore, NAFLD 
may indirectly modulate the risk of  CVD through 
CKD[56].

Obstructive sleep apnea
Obstructive sleep apnea (OSA) is characterized by loud 
and frequent snoring, periods of  apnea during sleep, and 
excessive day somnolence[9,12,57]. Interestingly, OSA is also 
regarded as one of  the factors that accelerate the progres-
sion of  NAFLD to NASH. Importantly, a considerable 
number of  studies have shown an increase in the inci-
dence of  CVD in people with OSA. Animal studies have 
shown that OSA can lead to an increase in IR and altera-
tions in lipid metabolism in the presence of  NAFLD[14]. 
The conclusion of  that study was that OSA is associated 
with an increased risk of  CVD, which has also been dem-
onstrated in epidemiological, clinical and physiological 
studies[22].

Pro-coagulation and hypofibrinolysis
The prothrombotic state in the atherosclerosis process 
encompasses platelet hyper-aggregability, hypercoagula-
bility and hyper-fibrinolysis[14,58,59]. Markers of  fibrinolytic 
and hemostatic function (e.g., fibrinogen, tissue plasmino-
gen activator, and PAI-1-antigens) are strongly associated 
with NAFLD. PAI-1 is expressed in visceral adipose tis-

and IR, which, in turn, affect CV risk factors[23]. VAT 
is defined as intra-abdominal fat bounded by parietal 
peritoneum or transversalis fascia. Recently, increased 
VAT assessed by CT showed a significant association 
with CVD, which was defined by the presence of  plaque 
calcification[24,25]. However, the mechanisms linking vis-
ceral fat or obesity to CV disease are strongly related to 
IR, which itself  is robustly associated with CV risk and 
atherosclerosis, already reviewed in detail[26]. It is there-
fore unclear whether VAT actually confers direct CV risk 
through secreted factors, or indirectly via IR-related pro-
cesses, or both[16]. Further studies to identify the associa-
tion between NAFLD and CVD through VAT should be 
considered.

Ectopic adipose tissue distribution
In keeping with the adverse cardiovascular effects of  
ectopic hepatic fat, recent studies have also described the 
effects of  ectopic fat accumulation in the heart, which 
correlates with visceral fat, IR and MetS parameters[27]. 
Additionally, ectopic hepatic fat has been shown to be in-
dependently associated with NAFLD[28]. In a recent meta-
analysis of  16 studies (n = 2872), epicardial fat thickness 
or volume was significantly associated with the presence 
of  coronary artery disease[2,29].

Adiponectin
Mature adipocytes act as an active endocrine and para-
crine organ, secreting an increasing number of  growth 
factors that participate in diverse metabolic processes, 
particularly IR[4,30,31]. Patients with NAFLD exhibit re-
duced levels of  adiponectin, which are inversely correlat-
ed with the severity of  NAFLD histology[32]. The reduced 
production of  adiponectin associated with obesity may 
contribute to the progression of  NAFLD[33].

Dyslipidaemia
Dyslipidaemia causes upregulation of  the transcrip-
tion factor sterol regulatory element binding protein-1c 
(SREBP-1c), and both insulin and SREBP-1c synergis-
tically stimulate genes involved in de-novo lipogenesis. 
SREBP-1c also causes inhibition of  FFA oxidation, lead-
ing to increased hepatic lipid content[34-36]. To compensate 
for the increased hepatic triglycerides, the liver forms an 
atherogenic lipid profile, consisting of  high TG levels, 
low high-density lipoprotein (HDL) cholesterol, increased 
small, dense low-density lipoprotein (LDL) particles, in-
creased very low-density lipoprotein (VLDL) cholesterol 
levels and elevated apolipoprotein B100 concentration; all 
of  which are strongly associated with adverse cardiovas-
cular outcomes[37-39].

Postprandial hyperlipidemia
NAFLD may be linked to accelerated atherogenesis 
through the presence of  abnormal lipoprotein metabo-
lism, especially during the post-prandial phase[11]. Post-
prandial hyperlipidemia is a risk factor for both NAFLD 
and CVD[40-42]. The atherosclerotic risk of  postprandial 
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sue. Plasma PAI-1 levels are more closely related to fat 
accumulation and PAI-1 expression in the liver than in 
adipose tissue, suggesting that, among insulin-resistant in-
dividuals, fatty liver is an important site of  PAI-1 produc-
tion. Fibrinogen, von Willebrand factor (vWF) and PAI-1 
are also considered markers of  the acute-phase reaction 
of  inflammation and thrombosis, and have been closely 
linked to CVD[7,59-62].

CLINICAL IMPLICATIONS
It is evident that patients with NASH are more prone 
to developing CVD (increased mortality by 86%) than 
patients with simple steatosis (increased mortality by 
55%). We suggest adding a new modality of  approaching 
patients with NAFLD[23]. The primary objective of  any 
NAFLD therapy is to improve steatohepatitis and fibro-
sis, with the ultimate goal of  preventing CVD and liver-
related death.

Once the diagnosis of  NAFLD is made, the first 
step will be a lifestyle intervention using a combination 
of  diet, active walking, and behavior modification, with 
a goal of  a 10% weight reduction[10]. Recently, Koskinen 
et al[63] showed that modest wine drinking (20-30 g/daily) 
offers protection against suspected NAFLD. Lifestyle 
modification remains the cornerstone of  management. 
Weight loss and increased physical activity are effec-
tive mediators of  NAFLD, and their role in CVD risk 
reduction is well established. However, before initiating 
any significant increase in exercise level, patients at risk 
should be evaluated for underlying CVD.

The second step is to assess the risk of  hepatic fi-

brosis. The noninvasive methods for fibrosis evaluation 
include plasma cytokeratine 18 fragments and Angulo 
score[9]. The invasive method (liver biopsy) remains the 
only reliable means to determine prognosis based on the 
severity of  fibrosis.

The third step will include the assessment of  cardio-
vascular risk stratification. We suggest the use of  mea-
surements of  the carotid arteries (IMT) in non-diabetic 
NAFLD patients and/or the Framingham score with an 
effort test, as well as biomarkers of  inflammation (C-
reactive protein, fibrinogen), oxidative stress, (MDA, 
Paraoxonase), IR (HOMA), lipotoxicity (TG, HDL, LDL, 
TC), OGTT, and microalbumin/creatinine ratio[13].

The final step is to initiate appropriate therapy ac-
cording to the comorbidities and the clinical status of  
each patient[21] (Figure 1).

Insulin sensitizers
Metformin was associated with improvement in hepa-
tocellular ballooning, but not fibrosis, steatosis, inflam-
mation or NAFLD activity score (NAS). TZDs should 
be reserved for second-line treatment in the majority 
of  patients. One exception may be patients with T2DM 
and NAFLD in whom TZDM therapy may rectify both 
conditions. TZDs improved insulin sensitivity and ste-
atohepatitis in a large, multicenter randomized controlled 
trial Pioglitazone or Vitamin E for NASH Study (PIV-
ENS). However, we should notice its drawback of  lower 
extremity edema and weight gain (average 2 to 5 kg).

Incretin-based therapies
A direct relationship between the gastrointestinal and 
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Figure 1  Evaluated treatments for nonalcoholic fatty liver disease. NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis. 

Liu H et al . NAFLD and CVD



endocrine systems has recently been appreciated with the 
discovery of  neuroendocrine hormones known as incre-
tins. The two primary incretins are GLP-1 and glucose-
dependent insulinotropic polypeptide (GIP). There is 
accumulating and convincing pre-clinical evidence that 
GLP-1 and its analogues have the ability to decrease 
hepatic steatosis in animal models, suggesting that there 
is potential for incretin-based medications to reverse or 
delay progression through the stages of  NAFLD to cir-
rhosis[64]. There is an urgent need for prospective clinical 
trials designed to scrutinize the potential of  these agents 
for treatment of  NAFLD beyond improvements in meta-
bolic parameters, such as weight loss.

Cytoprotective and antioxidant agents
Two randomized trials[65,66] showed that high-dose bile 
acids are unlikely to provide significant benefit, although 
their use was routinely advocated.

Two recently published, large, randomized controlled 
trials, PIVENS and TONIC[67,68], assessed the effect of  
vitamin E on adult and pediatric NAFLD populations, 
respectively. Vitamin E treatment resulted in improve-
ments in hepatocellular ballooning and NAS in both tri-
als. These results for vitamin E are quite promising and 
suggest that patients with biopsy-proven steatohepatitis 
associated with hepatocellular ballooning (NAS ≥ 4) may 
benefit from its use.

Antitumour necrosis factor-alpha agents
This type of  therapy has been studied in a number of  
small NAFLD trials, two of  which have assessed histo-
logical response and demonstrated improvement in ste-
atosis, inflammation and ballooning[69,70].

Lipid-lowering agents
One recently published large study[71] provided compel-
ling evidence that lipid-lowering agents, such as statins, 
are safe and efficacious in patients with NAFLD/NASH 
and that the agents can induce a reduction in the extent 
of  the hepatic steatosis.

Phlebotomy
One prospective phase Ⅱ study[72,73] of  phlebotomy with 
paired liver biopsies that evaluated phlebotomy therapy 
in NAFLD patients suggested that iron reduction may 
improve liver histology.

Surgical intervention and anti-obesity drugs
Bariatric surgery is an increasingly popular therapeutic 
option among morbidly obese patients. One recently 
published study[71] reported that surgery should comple-
ment treatment of  obesity-related comorbidity, but not 
replace established therapy.

Theoretically, improving NAFLD via weight loss is 
an ideal approach in obese or overweight people because 
other complications are simultaneously ameliorated with 
weight loss. Of  several commonly used antiobesity medi-
cations, orlistat and sibutramine are available for long-

term prescription. Harrison[74] reported that subjects who 
lost ≥ 5% of  their body weight over 9 mo experienced 
improvements in IR and steatosis, while subjects who 
lost ≥ 9% of  their body weight also experienced im-
provements in hepatic histology[75,76]. Both orlistat and 
sibutramine have been shown to have beneficial effects 
on body weight, lipid profiles, glucose metabolism, and 
inflammatory markers in several trials[77]. However, insuf-
ficient safety data are available regarding the long-term 
outcomes of  antiobesity therapy. Indeed, sibutramine was 
reported to increase blood pressure and heart rate, which 
may limit its use in clinical practice[76].

CONCLUSION
NAFLD is regarded as the hepatic component of  meta-
bolic syndrome and is associated with a high risk of  
developing CVD. Oxidative stress, inflammation dyslipid-
emia, IR, visceral fat, low adiponectin, ectopic adipose tis-
sue distribution, endothelial dysfunction and postprandial 
dyslipidemia are the main factors that lead to and further 
aggravate the course of  NAFLD, as well as accelerate the 
progress of  atherosclerosis and development of  CVD. 
NAFLD patients should be considered candidates not 
only for aggressive treatment of  their liver disease but 
also for careful monitoring and potential treatment of  
underlying CVD risk factors because many patients with 
NAFLD will have major CVD events and die prior to the 
development of  advanced liver disease.
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