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Introduction
Non-alcoholic fatty liver disease (NAFLD) is a growing public 

health concern in the United States (US). Two-thirds of the US 
population are overweight or obese, and approximately 80% of obese 
patients have NAFLD [1]. The prevalence of NAFLD was estimated at 
31% in 2011-2012 [2] and continue to rise following the rising trend in 
obesity. A large Veterans’ Affairs study revealed that the prevalence of 
NAFLD more than doubled from 80 to 161 per 100,000 from 2001 to 
2013 [3].

NAFLD is a continuum of disease ranging from benign hepatic 
steatosis to non-alcoholic steatohepatitis (NASH) to fibrosis and 
cirrhosis. Not all hepatic steatosis will progress to NASH or beyond. 
Studies have demonstrated that only 43-44% of patients with steatosis 
progressed to NASH, and 7-30% of NASH patients progress to cirrhosis 
[1,4–7]. The overall risk of hepatic steatosis progressing to cirrhosis is 
estimated at 1-2% [8]. To date, the mechanism of progression in NAFLD 
is not well understood. This review aims to discuss several proposed 
mechanisms in development of NASH and NASH-related cirrhosis.

Mechanisms of progression
The most widely accepted theory in the pathogenesis of NAFLD is 

described by a two-hit model. The first “hit” is infiltration of hepatotoxic 
free fatty acids (FFAs) in the liver, making it vulnerable to a second hit. 
Hepatic lipotoxicity results from generation of toxic lipid metabolites 
from FFAs, such as ceramides, diacylglycerols, lysophosphatidyl 
choline, and oxidized cholesterol metabolites [2]. The metabolites act 
as reactive oxygen species (ROS), which impose oxidative stress on 
hepatocytes [3]. Oxidative stress mainly impacts the mitochondria and 
endoplasmic reticulum and contributes to hepatocyte dysfunction [9]. 
The second “hit” can be any number of insults ranging from impaired 
mitochondrial function, drug toxicity, iron overload, ischemia, 
disordered adipokine activity, or other inflammatory damage [2,8].

Gut microbiome is thought to have some role in the pathogenesis 
of NAFLD. The precise contribution is unclear, however there are 
several possible influences. First, the intestinal flora can alter bile acid 
metabolism, which can affect lipid handling and fatty deposition in the 
liver [10].

The intestinal flora can also produce metabolites and/or 
endotoxins, which may be hepatotoxic and provide the “second hit” 
in the two-hit model [10]. The microbiome also alters host immunity, 
which may contribute to inflammation [10]. Intestinal bacteria can 
release pathogen- associated molecular patterns (PAMPs) for damage- 
associated molecular patterns (DAMPs), which act on toll-like 
receptors (TLRs) to promote inflammatory response [11].

FFAs also interact with sonic hedgehog ligand (SHH), which 
plays a key role in hepatic regeneration by recruiting inflammatory 
mediators to the site to clear debris from damaged cells. SHH is 
released by ballooned degenerated hepatocytes as signal for cellular 
regeneration [12]. With fatty infiltration and hepatocyte damage, SHH 
is upregulated and activates hepatic stellate cells, sinusoidal endothelial 
cells, and other inflammatory cells [12]. These cells, in turn, release 
pro-inflammatory cytokines, and other fibrogenic mediators, which 
contribute to inflammation and fibrosis.

Inflammatory cytokines are crucial to the development of 
steatohepatitis. The current literature cites several specific cytokines 
that have a role, including TNF-α, IL-6, IL-1β, IL-17, and IL-18 
[2,8,11]. JNK-1 is a kinase involved in signaling cascade for apoptosis 
and inflammatory response. In the presence of excess adipose tissue 
and insulin resistance, activation of the JNK-1 pathway increases the 
circulating levels of these inflammatory cytokines [2]. Additionally, 
fatty infiltration of the liver upregulates TGFβ. In the setting of 
inflammation, hepatic stellate cells become activated by TGFβ and 
secrete extracellular matrix, ultimately causing liver fibrosis [2].

Adiponectin is an adipokine with anti-inflammatory and anti-
fibrogenic activity that protects liver parenchyma against steatosis and 
apoptosis [10]. In obese patients, adiponectin levels are decreased. A 
study in mice showed decreased hepatic adiponectin signaling in the 
livers of NASH mice compared to mice with benign hepatic steatosis 
[13]. Although similar studies have not yet been conducted in humans, 
the animal data suggests that lack of adiponectin plays a role in 
development of NASH.

Genetic, environmental and lifestyle factors are likely to have some 
influence on advancing fatty liver disease. However, these are not 
yet well studied. Certain genes including patatin-like phospholipase 
domain-containing 3  (PNPLA3),  transmembrane 6 superfamily 2 
(TM6SF2),  and glucokinase regulatory protein (GCKR) have been 
implicated as predisposing factors in progression of NAFLD to NASH 
[10,12]. 

Figure 1 depicts the histologic progression of NAFLD and 
summarizes the potential mechanism that contribute to advancing 
disease. 
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Conclusion
With its rising prevalence, NAFLD is currently the second leading 

indication for liver transplant in the US and is expected to exceed the 
HCV as the leading cause soon.  The key to reversing this trend is 
preventing progression of NAFLD to NASH and NASH cirrhosis. We 
must first have a clear understanding of the mechanisms underlying 
progression. Although there are many proposed mechanisms 
contributing to the advancement of NAFLD, further research is needed 
to understand how each of the mechanisms described above fit into 
the overall pathogenesis. This may also allow opportunities for novel 
interventions, such as use of antioxidants, anti-inflammatory agents, or 
agents that mediate adipokines, to halt advancement of disease.
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Figure 1.  The progression of NAFLD and contributing mechanisms
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