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Gr   upSM
Nonalcoholic Fatty Liver Disease in Metabolic 

Syndrome, Epidemiology and Pathogenesis

ABSTRACT
The prevalence of metabolic syndrome varies according to sex, age and demographic 

situations,being linked to sociocultural, environmental and genetic factors. Central obesity, type 
2 diabetes, dyslipidemia and hypertension are widely known risk factors in patients with this 
syndrome, representing more than one clinical diagnosis, being a pre-morbid condition with a 
high rate of cardiovascular, renal and hepatic complications. The nonalcoholic fatty liver disease 
(NAFLD) has been considered the hepatic manifestation of the metabolic syndrome, which may 
progress to cirrhosis and hepatocellular carcinoma, being associated with greater cardiovascular 
and endocrine-metabolic risk. Thus, it becomes necessary to expand the knowledge of the 
pathophysiological mechanisms involved in its genesis and progression. Hepatic steatosiscan 
progress to more advanced forms of the disease from the greater absorption and synthesis of fatty 
acids, de novo lipogenesis, reduction of the hydrolysis of triglycerides and mitochondrial beta-
oxidation of fatty acids, contributing to increased production of free radicals and reactive oxygen 
species, with the release of many inflammatory mediators. Many cytokines and inflammatory 
mediators are involved in the pathophysiology of nonalcoholic steatohepatitis (NASH), the most 
advanced form of hepatic steatosis. However, the most widely studied and described cytokines 
are adiponectin, leptin, TNF-α, Il-6, which are essential for the understanding and development of 
new diagnostic modalities and therapeutic strategies.
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INTRODUCTION
In the spectrum of liver diseases, one has been highlighted as a result of the obesity epidemic, 

the sedentary lifestyle and the eating habits acquired by the Western culture, which lead to 
cardiovascular and endocrine-metabolic diseases. The disease in question is the nonalcoholic 
fatty liver disease (NAFLD), also referred to as nonalcoholic fatty liver, or nonalcoholic fatty 
disease of the liver. Clinical, experimental and epidemiological studies have described it as the 
hepatic manifestation of the metabolic syndrome [1,2].

It is an entity of spectral morphological evolution, which exhibits two distinct forms of 
presentation: hepatic steatosis (HS) and nonalcoholic steatohepatitis (NASH). The first state is 
characterized by lipid accumulation in hepatocytes. This heterotopic fat triggers varying degrees 
of necroinflammatory phenomena, which corresponds to NASH, a condition associated with the 
progressive disease, which is the most severe form of the disease [3,4]. With inflammation, cell 
death and fibrosis, the process can result in the end stage of liver disease, or be a precursor to 
hepatocellular carcinoma [5].

The four risk factors included in the NCEP/ATP III criteria for diagnosis of MS are present, 
alone or in combination, especially in patients with NASH [6,7]. Excessive hepatic fat is now 
recognized as an independent marker for increased cardiovascular risk [5].

In a study of 304 patients with HS, but without overt diabetes, liver biopsy was performed 
in 163 cases (54%). Of these, 120 patients (73.6%) were classified as having NASH and, in 88% 
of them, metabolic syndrome was present. Of the patients classified with pure HS, 53% had 
metabolic syndrome (P <0.0001). The logistic regression analysis of the study confirmed that the 
presence of metabolic syndrome represented a high risk of NASH among individuals with HS (OR, 
3.2; 95% CI, 1.2 to 8.9; P = 0.026) [8].

The prevalence of hepatic steatosis has been estimated at 2.8% to 88%, depending on the 
population and the research methods [9-13]. In the Western world, it is reported between 20%-
40% in the adult population and between 10%-20% in the area of Asia, with a tendency to 
increase. Notwithstanding, it is still difficult to define the exact prevalence, given that NAFLD is 
often not diagnosed by presenting regular laboratory tests [4], having already been described in 
nonobese and nondiabetic patients [14].

RISK FACTORS FOR LIVER DISEASE IN METABOLIC SYNDROME
Obesity

Obesity is a global epidemic, with more than 1 billion overweight adults and at least 300 
million obese people worldwide [1]. In the United States, it is considered a public health problem 
and its prevalence has increased significantly over the past 30 years [2,15].
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Overweight is the main risk factor for the development of MS. The NHANES III study showed 
that, according to the ATP III criteria, the following subjects have metabolic syndrome:

• 4.6% of men with normal BMI;

• 22.4% of overweight men;

• 59.6% of obese men;

• 6.2% of women with normal BMI;

• 28.1% of overweight women [16].

 The Insulin Resistance Atherosclerosis Study (IRAS) showed that the best predictor of MS 
would be a high waist circumference. In men with waist circumference > 102 cm, the incidence of 
MS could reach, in 5 years, 46% [17].

Demographic analyses of obese people have added impressive evidence of how ethnic 
variations can influence the extent and incidence of NAFLD, this condition being common among 
Hispanic populations, probably due to the high level of obesity in this ethnic group [18].

Despite the high prevalence of other risk factors such as type 2 diabetes, the prevalence of 
NASH in the African-American population is not as high, which could explain the significantly 
lower chance of developing serious liver disease compared to Caucasians [19]. In two series of 
patients with NASH and one with cryptogenic cirrhosis, African-Americans accounted for only 1% 
and 0.6% of these groups, respectively [20].

Solgaet al. (2005) presented a study in which the NASH was completely absent in obese 
African-Americans. It is speculated that genetic and environmental factors (e.g., eating habits) 
can be related to the reduction of the incidence of liver disease in this ethnic population. 
Little information is available about the prevalence of NASH in Western countries. A Brazilian 
multicenter epidemiological study involving 1,280 patients with NAFLD described the prevalence 
of obesity in 44.7% of the studied sample [21].

NASH, however, can be found in 40% to 100% of cases of obesity in adults and in 15% to 
25% of children [22,23]. Considering obesity as a growing epidemic, the prevalence and impact of 
NAFLD make NASH, potentially, the most common cause of advanced liver disease in the coming 
decades [24].

A clinical series in Korean patients showed that the body mass index (BMI) was useful in 
distinguishing between NASH and simple steatosis. In this study, the BMI of 28.9 was suggested 
as a threshold for NASH. It was proposed that abdominal fat is directly associated with the 
evolutionary stage of the disease [25]. In another study published in 2013, 9,159 apparently 
healthy Korean adults were evaluated, being determined that increased waist circumference 
was significantly associated with prevalence of NAFLD, insulin resistance and elevated alanine 
aminotransferase (> 40 IU/L in men and > 35 IU/L in women) [26].
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In addition, the BMI is also able to predict the cardiovascular risk and the insulin resistance 
risk in children [27]. The literature describes the association between obesity and epicardial fat, 
which, in turn, is consistently associated with coronary artery disease and MS, being found a 
greater amount of epicardial fat in people with MS [28].

Diabetes and Insulin Resistance

Diabetes mellitus is a complex disease caused by genetic and environmental factors. Many 
diabetic patients have insulin resistance and MS even before the diagnosis of diabetes, which has 
been proven by several studies demonstrating the strong association between MS and the risk of 
developing diabetes [14,29].

Insulin resistance and hyperinsulinemia are the laboratory findings most associated with 
the presence of NAFLD in a large series of patients, even in lean subjects with normal glucose 
tolerance [2,30,31].

 The meta-analysis published by Ford (2005) demonstrated that the relative risk for diabetes 
was 2.99 (95% CI, 1.96 to 4.57) when the MS definition was performed according to the NCEP 
criteria [32]. The Framingham Offspring study used the modified NCEP criteria do define MS and 
determine the prevalence of diabetes in a cohort of 3323 middle-aged individuals, with follow-up 
of 8 years. The relative risk for diabetes in men was 6.92 (95% CI, 4.47 to 10.81), and in women, 
6.90 (95% CI, 4.34 to 10.94). Moreover, it showed that the population attributable risk for diabetes 
associated with MS was 62% in men and 47% in women [33].

According to Jimbaet al. (2005), the prevalence of hepatic steatosis is increased in subjects with 
glucose intolerance and in those newly diagnosed with diabetes, in the proportion of 43% and 
62%, respectively [34]. In a prospective study of 100 patients with type 2 diabetes, the incidence 
of hepatic steatosis was 49%, which confirms this strong independent risk factor for NAFLD [31].

In Brazil, the prevalence of metabolic syndrome and diabetes in patients with NAFLD was 
estimated at 41.3% and 22.7%, respectively [35].

Targheret al. (2010) reported increased prevalence of NAFLD and its association with 
cardiovascular disease in diabetic patients, regardless of the association with other factors [36].

The frequency of risk factors associated with NAFLD in patients with type 2 diabetes mellitus 
was studied, and almost half of patients with type 2 diabetes mellitus were associated with liver 
disease, especially those with increased BMI, transaminases, GGT, uric acid, TNF- α, insulin and 
HOMA-IR, compared to subjects without NAFLD [37].

The possible pathogenic link between diabetes and NASH involves advanced glycation end 
products. These products constitute a wide variety of substances formed by aminocarbonyl 
interactions ofnonenzymatic nature between reducing sugars or oxidized lipids andproteins, 
nucleic acids or aminophospholipids [38].
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The formation of these adducts occurs at high rates of type 2 diabetes, compared to healthy 
controls or patients with simple steatosis [39]. The interaction of these products with the surface 
receptor of the stellate cell has been linked to the induction of oxidative stress and consequent 
increase of potential fibrogenic responses in cultures of stellate cells [40].

The relationship between these advanced glycation end products and cell surface receptors 
results in intermediate oxygen reactive species, which play an important role in the pathogenesis 
of the disease in diabetic patients [25].

Hypertension

According to the I Brazilian Guideline for Diagnosis and Treatment of Metabolic Syndrome, 
the arterial hypertension, particularly the systolic hypertension, also represents an independent 
predictor of NAFLD [41].

Cotrimet al. (2011) confirmed these data when reporting a 64% prevalence of hypertension 
in patients with NAFLD [35]. Moreira et al. (2014) conducted a cross-sectional study of 1369 
individuals older than 18 years. In this study, the prevalence of MS was 60.4% (95% CI: 54.2% to 
67.2%) among hypertensive patients, while only 9.5% (95% CI: 7.0% to 13.0%) of normotensive 
individuals were affected by the syndrome. The ratioof the prevalence of MS in hypertensive/
normotensive patients was 6.32 (95% CI: 4.57 to 8.75; p <0.0005) [42].

Hsiao et al. (2007) demonstrated that the presence of severe hepatic steatosis was significantly 
correlated with the prevalence and severity of hypertension, serum glucose levels and triglyceride 
levels [43]. Moreover, a study in nonobese and nondiabetic patients with primary hypertension 
demonstrated that the prevalence of hepatic steatosis can double compared to the control group 
[44].

Abnormalities in the left ventricular diastolic function have been described in patients with 
hepatic steatosis, as well as a more severe coronary artery disease, characterized by vulnerable 
plaques, although observed in small cohorts [45].

It is known that hepatic steatosis represents a strong independent risk factor for cardiovascular 
disease and may play a central role in the cardiovascular risk associated with MS [46].

Dyslipidemia

Hypertriglyceridemia and hyperlipemia are present in, respectively, 64% and 66.8% of 
patients with hepatic steatosis [35].

Iincreased levels of triglycerides and low-density lipoproteins (LDL), combined with low 
levels of high-density lipoproteins (HDL), is the central pathway for the development of multiple 
comorbidities associated with obesity, such as NAFLD and cardiovascular diseases. In turn, 
hepatic steatosis also represents an important role in increasing the risk of cardiovascular 
diseases, since, in these patients, the liver produces various atherogenic factors, such as cytokines 
and LDL [35,47].
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Smoking

Smoking is a major cause of morbidity and mortality worldwide. It represents a risk factor 
for metabolic and cardiovascular diseases. This practice reduces insulin sensitivity or induces its 
resistance, in addition to increasing cardiovascular risk factors, such as high plasma triglyceride 
levels. It also decreases the high-density lipoprotein and causes hyperglycemia. Several studies 
show that smoking is associated with metabolic abnormalities and increases the risk of metabolic 
syndrome. Cenaet al. (2013) conducted a cross-sectional study to estimate the prevalence 
of metabolic syndrome in a group of light and heavy/moderate smokers who want to quit 
smoking,finding a MS prevalence of 52.1% (57.3% and 44.9% for men and women, respectively) 
[48].

PATHOGENESIS OF LIVER INJURY IN METABOLIC SYNDROME
Several factors are likely involved in the pathogenic mechanisms, creating together a network 

of interactions that participate in both the development and progression of NAFLD [49,50]. 
The pathophysiological mechanisms of NAFLD are still under investigation. Nonetheless, the 
accumulation of triglycerides in hepatocytes, as a result of insulin resistance, is considered the 
first step in the pathogenic model [50,51].

The oxidative stress, resulting from mitochondrial oxidation of fatty acids, and the expression 
of inflammatory cytokines have been identified as secondary causative factors that lead to liver 
injury, fibrosis and inflammation [3,49, 52-54]. The intrahepatic accumulation of fatty acids is 
closely associated with insulin resistance and increases the susceptibility of hepatocytes to attacks 
such as oxidative stress, mitochondrial dysfunction, overproduction and release of secondary 
pro-inflammatory cytokines, as well as the endotoxin-mediated activation of the innate immune 
response. The increased susceptibility to these factors may explain the progression of NAFLD to 
NASH [51, 53-55].

Insulin resistance plays a central role in the pathogenesis of NAFLD. It is defined as an 
inappropriate response to the physiological effects of the insulin circulating in specific target 
tissues, in the skeletal muscle, in the liver and in the adipose tissue. Inflammatory cytokines activate 
various kinases, such as serine kinase IKKβ, mTOR/S6 kinase and mitogen-activated protein 
kinase (MAPK), as well as suppressor of cytokine signaling (SOCS) proteins, which interfere 
with the action and signaling pathway of insulin in adipocytes and hepatocytes [56]. Molecular 
alterations in insulin signaling ultimately result in the accumulation of hepatic triglycerides. In 
the skeletal muscle, the peripheral insulin resistance affects, mainly,a large proportion of the total 
glucose uptake [57].

In the adipose tissue, this resistance decreases the lipogenic action of insulin, with consequent 
release of nonesterifiedfatty acids. In other words, insulin resistance increases the lipolysis of 
triglycerides and inhibits the esterification of free fatty acids in the adipose tissue. The result 
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is an increase in the serum levels of free fatty acids, which are absorbed by the liver [58]. High 
concentrations of plasma glucose and fatty acids result in increased hepatic uptake of lipids. This 
increased supply of fatty acids in the liver impairs mitochondrial β-oxidation, by stress in the 
enzymatic system. As a result, these substances accumulate in the hepatocyte, determining the 
onset of hepatic steatosis [58].

Additionally, insulin resistance also inhibits the alternative metabolism of free fatty acids 
(FFAs), by oxidation. The hepatic export of very-low-density lipoprotein (VLDL) may be 
inhibited with decreasing synthesis of apolipoprotein B (apoB) and lower association thereof 
with triglycerides, by the microsomal triglyceride transfer protein (MTP) [59].

The Role of the Adipose Tissue and Cytokines

Cytokines are soluble molecules which are involved in intracellular communication, and are 
produced by a wide variety of cells in the body, including hepatic cells. They consist of several 
subfamilies, including interferon, interleukins, tumor necrosis factors (TNF), transforming 
growth factor (TGF), colony-stimulating factors and chemokines [60]. Furthermore, they may 
mediate many fundamental biological processes, including body growth, adiposity, lactation, 
hematopoiesis, as well as inflammation and immunity. They are implicated in various disorders, 
such as arthritis, atherosclerosis, rheumatoid arthritis, systemic lupus erythematosus, psoriasis, 
as well as NAFLD [61].

Under physiological conditions, the hepatic production of constitutive cytokines is absent 
or minimal in the liver. However, pathological stimuli, such as lipid accumulation, induce the 
hepatic cells to produce these inflammatory molecules. Cytokines may play an active role in the 
development and progression of NAFLD through stimulation of the hepatic inflammation, cell 
necrosis, apoptosis, and fibrosis induction (Table 1). Notwithstanding, they are also essential for 
hepatic regeneration [61].

The total adipose tissue of mammals is composed of two distinct functional types: white and 
brown. The first is the energy storage site,where occurs the release of hormones and cytokines 
that modulate the body’s metabolism and the insulin resistance. Their accumulation is associated 
with obesity. On the other hand, the brown adipose tissue, rich in mitochondria, is important for 
energy expenditure in the form of thermogenesis, since it can modulate the susceptibility to body 
weight gain. Physiologically, it is more concentrated in children, but can also be found in adults 
[62,63].

It is believed that the visceral adipose tissue plays a crucial role in the pathogenesis of hepatic 
steatosis, once it is involved in the production of more adipocytokines such as Tumor Necrosis 
Factor-alpha (TNF-α), resistin and adiponectin, involved in insulin-resistance inducing and 
varying degrees of inflammation. Several therapeutic approaches, such as weight loss and the 
use of insulin sensitizers, are used in order to diminish the release of adipose tissue-derived 
cytokines, thus reducing the supply of free fatty acids to the liver [64].
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Leptin is an adipocyte-derived peptide hormone related to food intake and energy expenditure, 
controlling body weight and satiety, by the hypothalamic negative feedback mechanism [65-67]. 
Its serum levels are increased in obesity, as a result of what has been characterized as leptin 
resistance, a phenomenon that may already be present in obese children [68,69].

Adiponectin is the most abundant cytokine, exclusively synthesized by the adipose tissue 
[68,70]. It acts by stimulating the secretion of anti-inflammatory cytokines, such as interleukin-10 
(IL-10), for example, which blocks the activation of the nuclear factor kaapaβ (NFkβ) and inhibits 
the release of TNF-α and interleukin-6 [71]. In the liver, it acts through the MAPK, through the 
peroxisome proliferator-activated receptor-alpha (PPAR-α) and through theinhibition of the 
Toll-like receptor 4 (TLR-4) signaling. There is evidence that adiponectin reduces hepatic and 
systemic insulin resistance,attenuates necroinflammationand hepatic fibrosis and is considered an 
indicator of severity for NAFLD [72-74]. Drugs that increase adiponectin levels can be considered 
therapeutic targets for NAFLD. The identification of molecules involved in the signaling pathways 
of adiponectin and the potential role of the resistance of their receptors in NASH have been little 
investigated and can be promising in the treatment of the disease [70,74].

Resistin is a cytokine secreted by the adipose tissue and the macrophages, acting probably 
as an insulin antagonist, contributing to the development of glucose intolerance in obese 
individuals. Evidence suggests a pro-inflammatory action of this cytokine, stimulating TNF-α and 
interleukin-12 (IL-12) in macrophages, through NFκβ20. In humans, its levels are high and can 
serve to discriminate steatosis from steatohepatitis [75].

TNF-α is produced by B lymphocytes, T (Natural Killer) lymphocytes, macrophages and 
fibroblasts, and plays a central role in the evolution of NAFLD to NASH28. This denomination refers 
to its biological property of inducing hemorrhagic necrosis in certain tumors. When synthesized 
in the inactive form, it becomes toxic in the tissue, inducing necrosis and angiogenesis. At low 
concentrations, TNF-α stimulates cell growth. On the other hand, at high concentrations, it inhibits 
cell growth induced by other cytokines, whose levels are associated with obesity and insulin 
resistance in animal and human models [68]. This cytokine has lipogenic and fibrogeniceffect, 
mediated by paracrine mechanism, which involves activation of Kupffer cells with secretion of 
soluble mediators, stimulating the transformation of Ito cells into myofibroblasts, which, in turn, 
begin to synthesize components of the extracellular matrix, and can be used in the diagnosis of 
NAFLD/NASH [76].

Oxidative stress is one of the agents responsible for the production of pro-inflammatory 
cytokines, among which are highlighted: TNF-α, transforming growth factor-alpha, transforming 
growth factor-beta (TGF-α and TGF-β), interleukin-6 (IL-6), interleukin-8 (IL-8), NFκB and 
adiponectin. These cytokines are produced by lymphocytes and Kupffer cells via mechanisms 
mediated by free radicals and may act by altering the permeability of the mitochondrial membrane 
and inhibiting the respiratory chain [77,78].
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Genetic polymorphism has been reported in patients with NAFLD and NASH. Mice genetically 
deficient for the TNF-α receptor were resistant to the development of NASH [68]. Although 
the inhibition of TNF-α in animal models of NAFLD has encouraged therapeutic perspectives 
in humans, the role of this cytokine remains under investigation [76]. In some patients, TNF-α 
levels were shown to be higher in obese than in lean individuals, and were correlated with insulin 
resistance. Moreover, a positive correlation has been shown between the degree of hepatic 
fibrosis and the circulating levels of TNF-α in patients with NASH [79].

Also known as nitrogen monoxide and azote monoxide, nitric oxide (NO) is a soluble, highly 
lipophilic gas, synthesized by endothelial cells, macrophages and certain brain neurons. NO is a 
enzyme product formed from L-arginine under the catalytic action of the nitric oxide synthase 
(NOS) enzyme, which produces equimolar concentrations of L-citrulline and NO. It is an important 
intracellular and extracellular signaling molecule, which acts by inducing guanylatecyclase and 
by producing cyclic guanosine monophosphate (cGMP), producing, among other effects, smooth 
muscle relaxation, which causes, such as biological actions, vasodilation and bronchodilation [80].

Nitric oxide is capable of potentiating the cytotoxicity caused by oxidative stress, through the 
reaction between the superoxide anion and the formation of nitrotyrosine, whose intrahepatic 
accumulation is associated with the severity of steatohepatitis, strongly suggesting that the 
oxidative injury is implicated in the pathogenesis of this disease. Studies in obese mice have shown 
that in severe steatosis, hepatic injury is mediated by TNF-α and Interferon-γ. This demonstrates 
that inflammatory cytokines are directly involved in the positive regulation mediated by induced 
nitric oxide synthase (iNOS). The expression of receptors for iNOS, by immunohistochemical 
method, was strongly positive in the hepatocytes of mice and rats fed with hyperlipidemic diet 
[80].

In the hepatic vasculature, insulin resistance can be detected earlier than inflammation or any 
other symptom in NAFLD. The administration of a hyperlipidemic diet induces insulin resistance 
in the endothelium of hepatic sinusoids, being mediated, at least partly, by the upregulation of 
iNOS [81]. Current evidence has highlighted the role of nitric oxide as a therapeutic target for 
its participation in the control ofglycemic and lipemic metabolism, in addition to the already 
known actions on neuronal transmission, vascular relaxation, immunological modulation and 
cytotoxicity. The blockade of iNOS decreased adiposity and improved insulin resistance in an 
experimental obese rat model, using animals fed with lipid diet [82].

Among the NO synthase isoforms, inducible isoforms have been associated with responses 
to a variety of inflammatory stimuli, such as those produced by pro-inflammatory cytokines and 
bacterial endotoxins. The iNOS modulates the secretion of large amounts of NO, and can contribute 
to the development of obesity related to glucose intolerance [80,83]. A key role for iNOS in the 
pathogenesis of obesity related to insulin resistance has been substantiated by observations that 
the interruption of the iNOS target protects against muscle insulin resistance and improves the 
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systemic action of insulin in obese mice [84]. The blockade of iNOS, in mice, also protected against 
adverse effects associated with high fat content in insulin resistant states and in a genetically 
determined obesity model [85,86]. Moreover, this enzyme was induced in the skeletal muscle and 
the adipose tissue of type 2 diabetic patients, whose expression correlated with the occurrence of 
insulin resistance and obesity [87,88].

Fetuin is a glycoprotein produced by the liver and secreted in the plasma. It acts physiologically 
as an inhibitor of ectopic deposition of calcium. Fetuin-A has the ability to bind and inhibit the 
receptor and the signaling pathway of insulin in the skeletal muscle and in hepatocytes [89]. In 
humans, elevated serum levels of this glycoprotein have been associated with obesity, insulin 
resistance, diabetes and NAFLD. Fetuin-A and adiponectin act together to regulate insulin 
resistance, and their serum levels are inversely correlated. Studies in cultured adipocytes showed 
that this glycoprotein inhibits the adiponectin’s messenger ribonucleic acid (mRNA) coding [90].

Visfatin, which is another adipocytokine, richly found in the visceral adipose tissue, presents 
immunomodulatory properties, promoting B cell maturation and activation of leukocytes, 
synthesis and adhesion of molecules, in addition to production of pro-inflammatory cytokines. It 
is an insulin-mimetic molecule that reduces glucose levels and regulates energy balance [91,92]. 
A recent study showed a significant reduction in visfatin levels in the adipose tissue of patients 
with NAFLD, highlighting the participation of this adipocytokine in the pathogenic scenario of the 
disease [92].

Apelin is an adipocytokine whose plasma concentration is increased in obesity, and is 
correlated with insulin resistance and hyperinsulinemia. In the cardiovascular system, it induces 
endothelial relaxation mediated by nitric oxide, lowering blood pressure, associated with a 
positive inotropic activity [93].

Table 1: Role of different cytokines in NAFLD.

Cytokine Biological activity in experimental models Biologicalactivity in humans

Leptin Pro-inflammatory
Stellate cell activation

Does notincreasein NAFLD,
nocorrelationwithhistology

Adiponectin Anti-inflammatory Lower in NAFLDthan in controls;
inverserelationshipwithfibrosis

Resistin Pro-inflammatory Increased in NASH,
possibly associated with fibrosis

TNF-α Pro-inflammatory Increased in NASH,
correlateswith fibrosis

IL-6 Uncertain Ongoingstudies

Visfatin Uncertain Ongoingstudies

Source: Adaptedfrom Tsochatzis, et al., 2009.
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Role of Intestinal Microbiota

The transition from NAFLD to NASH is governed, in part, by systemic factors, bacterial 
products and TLR ligands, and metabolic products reaching the liver through the portal vein may 
be involved in this process. NAFLD is associated with increased permeability of the intestinal 
epithelium to the bacteria and their components, and can be detected in the portal vein and in the 
systemic circulation [50,52].

In obesity, the tuned communication between the intestinal epithelium and the intestinal 
microbiota becomes unbalanced, as a result of imbalances in the intestinal microbial composition. 
The intestinal microbiota communicates with the epithelial cells via surface molecules 
(TLR4, CD14, TLR5) and also via intracellular molecules (TLR9, NLRP3/6-ASC-caspase 1 
inflammasome), through specific receptors/ligands [94].

Recent evidence suggests that the microbiota and/or its products not only affect the liver 
through the portal vein, but also the peripheral organs, such as the adipose tissue, leading to the 
so called metabolic infection, important factor of NAFLD/NASH [52].

CONCLUSION
Metabolic syndrome contributes to the pathogenesis of NAFLD by determining the 

accumulation of fat in the hepatic tissue, developed from increased supply of free fatty acids, 
decreased oxidation, increased hepatic lipogenesis and reduced hepatic export of triglycerides 
via VLDL, resulting from peripheral insulin resistance and hyperinsulinemia.

The pathogenesis of NAFLD is multifactorial, and the development of NASH represents 
a complex process not fully understood. It has been suggested that its development occurs in 
multiple parallel stages. The cytokines most widely studied and described in the pathogenesis of 
NASH are adiponectin, leptin, TNF-α, IL-6, visfatin. Knowledge of these inflammatory mediators 
is of fundamental importance for the development of new diagnostic modalities and therapeutic 
strategies. The pathogenesis of NAFLD is multivariate, however, recent studies have highlighted 
the role of intestinal microbiota in the pathogenesis of NASH. Genetic polymorphisms have been 
described as determining factors for the development of the disease. 
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