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Abstract
Nonalcoholic fatty liver disease (NAFLD) is a chronic liver disease with a 
pathogenesis that has not been fully elucidated. With the development of the 
theory of the gut-liver axis and the deepening of related research, the role of the 
intestinal tract in the pathogenesis of NAFLD has been investigated more. 
Intestinal microbiota, intestinal metabolites, and intestinal epithelial and immune-
based barriers constitute the intestinal environment, which uses crosstalk to 
maintain the homeostasis of the intestinal environment. This paper reviews the 
progress in the study of intestinal microbiota, intestinal environment, and NAFLD 
and suggests that repair of intestinal functional balance may be a new idea for 
early prevention and intervention of NAFLD.

Key Words: Nonalcoholic fatty liver disease; Gut-liver axis; Intestinal microbiota; 
Metabolites; Intestinal homeostasis
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Core Tip: Intestinal microbiota, intestinal metabolites, the intestinal epithelial barrier, 
and the immune barrier constitute the intestinal environment. The importance of 
intestinal homeostasis in the occurrence and development of nonalcoholic fatty liver 
disease (NAFLD) has been shown. Intestinal microbiota plays a leading role in 
maintaining the balance of the intestinal environment, but the complex interaction 
mechanism has not been elucidated fully. This article reviews the current research from 
the perspective of intestinal homeostasis and proposes that the repair of intestinal 
functional balance may be a new idea for early prevention and intervention of NAFLD.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of the most common liver diseases[1], 
characterized by metabolic stress causing liver damage. Risk factors include insulin 
resistance and genetic susceptibility[2]. The primary pathological change is diffuse 
bullae steatosis in hepatocytes, which is similar to alcoholic liver disease but without a 
history of heavy drinking. NAFLD has a multifactorial and complex pathogenesis and 
diverse clinical manifestations[3]. The classical “two-hit” theory is not enough to 
explain the complex pathogenesis of NAFLD[4]. The “gut-liver axis” theory, which 
hypothesizes a bidirectional relationship between the intestinal tract and the liver, has 
become a prominent theory to explain the key role of metabolic disorders in the 
pathogenesis of many liver diseases[5-7]. The relationship between intestinal 
homeostasis and the occurrence and development of NALFD has also been gradually 
revealed due to this theory[8,9].

INTESTINAL ENVIRONMENT
The intestinal tract is an immune, metabolic, and nervous system organ, and its 
functional impairment plays an important role in the occurrence of many diseases, 
which can lead to death[10]. The intestinal tract is exposed to a variety of food 
components, antigens, symbiotic microorganisms, and pathogens. It is responsible for 
the digestion and absorption of nutrients and prevents harmful substances, such as 
pathogenic bacteria and toxins, from entering the circulation system through the 
intestinal tract[11]. Intestinal homeostasis constitutes a congenital protective barrier
[12]. According to its composition, the intestinal barrier can be divided into an 
immune barrier, a mechanical barrier, a chemical barrier, and a biological barrier[13]. 
The immune barrier includes secretory immunoglobulin, lymphoid tissue, and 
mesenteric lymph node[14]. The mechanical barrier is composed of the mucus layer, 
intestinal epithelial cells, tight junctions between cells, and peristalsis function of the 
intestine. The chemical barrier is composed of gastric acid, bile, digestive enzymes, 
mucopolysaccharides, lysozyme, antimicrobial peptides, etc. The biological barrier 
refers to the microecosystem composed of the normal flora in the intestine. There are 
more than 4 billion microorganisms in the intestinal tract, and their metabolites can 
directly affect human health[15].

The composite barrier formed with multiple barriers is the key to keeping the 
dynamic balance in the intestinal environment[16]. The multiple barriers effectively 
resist intestinal bacterial translocation and endotoxin release and maintain normal 
bowel function, immune regulation, and body health[17]. Intestinal microbiota, 
metabolites, intestinal epithelium, and host immunity are important components of 
the intestinal environment. Under physiological conditions, all factors maintain a 
dynamic balance to ensure that the body is protected from harmful factors. Under 
pathological conditions, the imbalance of the intestinal environmental homeostasis 
leads to the destruction of the protective barrier, which causes the translocation of 
pathogenic microorganisms and toxic metabolites (an important cause of many 
diseases)[18].

INTESTINAL MICROBIOTA AND NAFLD
There are a variety of microbial communities in the human intestinal tract[19]. They 
function in a symbiotic relationship by promoting metabolism, digestion, and 
absorption[20] and by playing a role as a biological barrier. In both human and animal 
studies, the potential pathogenicity of intestinal microbial disorders in the 
development of NAFLD/nonalcoholic steatohepatitis (NASH) has been found[21-25]. 
However, due to the influence of multiple factors, such as age, region, diet, and 
obesity, no consistent results have been obtained on the characteristics of intestinal 
microbiota in patients with NAFLD/NASH[26].
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A study of adult patients with NAFLD has shown that the occurrence of steatohep-
atitis is associated with an increase in the proportion of Bacillus globulis and a decrease 
in the proportion of Bacteroides[27]. In combination with 14C-D-xylose and lactulose 
breath test, researchers found bacterial overgrowth in the small intestine in approx-
imately 50% of NASH patients, which was significantly higher than that in healthy 
controls[28]. Other studies found that gut microbiome samples from patients with 
NAFLD or NASH had a lower proportion of Ruminococcaceae than healthy subjects, 
and Escherichia coli was significantly disproportionate between obese children and 
children with NASH[29]. The proportion of Clostridium globulae in biopsy-confirmed 
adult NASH patients was significantly higher than that in NAFLD patients[27]. 
Obesity and insulin resistance are risk factors for NAFLD[30]. It has been confirmed by 
experiments that sterile mice can avoid obesity caused by a high-fat diet, indicating 
that the obesity caused by a high-fat diet, to some extent, requires the involvement of 
intestinal microorganisms[31].

The mechanism of action between intestinal microbiota and hosts is complex. The 
disorder of intestinal microbiota affects the levels of metabolites, such as ethanol, 
choline, and endotoxin, in the NAFLD inflammation progress[32-34] and damages the 
function of the intestinal barrier by increasing the permeability. This leads to exposure 
of the liver to endotoxin, which further promotes fatty liver inflammation and 
enhances fibrosis in NASH development[35]. Intestinal microbiota participates in the 
process of NAFLD, which is closely related to its influence on the intestinal 
environment.

INTESTINAL METABOLITES
Dietary substances enter the intestinal tract under the action of intestinal microbiota 
after digestion to produce a large number of metabolites, such as secondary bile acids, 
short-chain fatty acids, ethanol, choline, and endotoxin[36]. The metabolites that 
cannot be reabsorbed can be excreted through feces. If the production of metabolites 
exceeds the load capacity that the body is adapted to, it will cause metabolic disorders
[37]. At present, the effects of bile acids and fatty acids have the most data in relation 
to NAFLD[38].

Bile acids
Bile acids are an important component of bile, which regulate lipid digestion and 
absorption and cholesterol metabolism. They also play a key role in insulin sensitivity 
and metabolic homeostasis[39]. Primary bile acids synthesized in the liver are 
transformed into secondary bile acids under the action of intestinal flora after entering 
the intestine, and their level is affected by the composition, abundance, and proportion 
of intestinal flora[40]. Bile acids can also change the structure of the intestinal flora
[41]. By promoting the activation of the farnesoid X receptor, intestinal microor-
ganisms can further induce the expression of fibroblast growth factor 15, inhibit 
CYP7YPA1, and affect bile acid synthesis. In addition, the intestinal flora interferes 
with secondary bile acid reabsorption by affecting the transport of normal tissue 
complication probability and automated blood sampling telemetry[42].

Studies have found that serum bile acid levels in patients with NAFLD are 
significantly increased[43], and the severity of steatosis is positively correlated with 
the level of bile acid synthesis[44]. Increased levels of key bile acids, such as 
taurocholic acid and glycocholic acid, were associated with steatosis, lobular and 
portal vein inflammation, and hepatocyte ballooning. In addition, the risk of NAFLD 
progression to fibrosis was positively correlated with the ratio of secondary bile acids 
to primary bile acids and the concentration of bound bile acids[45]. Bile acid may also 
damage bacterial membranes by binding phospholipids on the bacterial membrane, 
thus playing an antibacterial role in adhesion and neutralizing of endotoxins[46-48]. 
Mice fed food rich in saturated fatty acids promoted changes in the composition of bile 
acids, which showed significant dysregulation of intestinal microorganisms[49]. These 
results suggest that bile acid metabolism in the intestine is involved in the process of 
NAFLD, and there is an interaction between bile acids and intestinal microorganisms. 
The complex mechanism behind this interaction remains to be further elucidated.

Fatty acid metabolism 
Abnormal lipid metabolism is a key factor in the occurrence and development of 
NAFLD[50]. Fatty acid deposition in liver cells and the resulting insulin resistance, 
lipotoxic injury, oxidative stress, apoptosis, and inflammation are important 
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pathological mechanisms of the progression of NAFLD[51]. Fatty acids can be derived 
from glucose synthesis absorbed by hepatocytes, from peripheral adipose tissue 
release, and from intestinal metabolism into blood[52]. Under the action of intestinal 
microorganisms, fat is hydrolyzed and emulsified in the upper part of the small 
intestine to produce fatty acids. Long-chain fatty acids are absorbed by intestinal 
epithelial mucosal cells, transformed into triglycerides, and combined with apolipo-
proteins to form chylous particles that are released into circulation. Medium-chain and 
short-chain fatty acids enter circulation directly through the portal system. The free 
fatty acid levels in blood increase, and excessive intake of the fatty acids by 
hepatocytes leads to NAFLD[53].

The incidence of NAFLD is correlated with short-chain fatty acid levels. Short-chain 
fatty acids are produced by gut microbes through the glycolysis of carbohydrates. The 
most prevalent short-chain fatty acids are acetic acid, propionic acid, and butyric acid
[54]. Acetic acid participates in body energy metabolism through acetyl-coA, propionic 
acid inhibits cholesterol synthesis in the liver, and butyric acid can protect intestinal 
mucosa barrier permeability[55,56].

Fatty acid metabolism in the intestine is affected by intestinal microbiota and 
regulates the intestinal barrier, which plays a complex role in the progression of 
NAFLD[57,58]. When the liver is overloaded with free fatty acids, a large amount of 
reactive oxygen species will be produced, causing oxidative stress and mitochondrial 
damage. A clinical study[59] related to short-chain fatty acids found that the concen-
tration of propionate/acetate in feces of patients with NAFLD was positively 
correlated with the ratio of Th17/Treg cells in peripheral blood, but negatively 
correlated with Tregs in peripheral blood. Th17/Treg dynamic balance is an important 
factor in maintaining immune homeostasis, Th17 plays an inflammatory regulation 
role, while Tregs plays an immune tolerance role[60], suggesting that short-chain fatty 
acids may participate in the progression of NAFLD by affecting T cell immune 
function.

INTESTINAL MICROBIOTA AND INTESTINAL BARRIER INJURY IN NAFLD
The intestinal tract, as an important organ for nutrient absorption, forms an effective 
barrier network to avoid harmful substance intake. Normal intestinal barrier function 
is the key to maintaining homeostasis of the intestinal environment. The composition 
of the different barriers varies but they are closely related to each other. Intestinal 
biological barriers and chemical barriers have been described. Intestinal microor-
ganisms stimulate intestinal epithelial cells to secrete a variety of immune mediators, 
including cytokines and chemokines, that play an important role in maintaining the 
integrity of the epithelial barrier, shaping the mucosal immune system, and regulating 
the host immune response[61]. In order to avoid an abnormal excessive immune 
response, intestinal epithelial cells isolate intestinal microorganisms from immune 
cells through chemical and mechanical barriers, thereby establishing host-symbiotic 
relationships. Intestinal immune cells are also involved in maintaining a healthy 
intestinal microbial community and enhancing epithelial barrier function[15]. 
Intestinal barrier damage has been confirmed in NAFLD, and the intestinal flora is a 
participant in that process[62,63].

Intestinal epithelial barrier
The intestinal epithelial barrier is the main component of the mechanical barrier. It 
includes columnar epithelial cells, Pan’s cells, goblet cells, intestinal endocrine cells, 
cluster cells, and other cell populations, which play a crucial role in the stability of the 
intestinal environment[64]. The integrity and regenerative capacity of the intestinal 
epithelium are the structural basis. Intestinal bacterial metabolites, such as short-chain 
fatty acids and secondary bile acids, play an important role in maintaining intestinal 
epithelial integrity.

Short-chain fatty acids are an energy source for the host and regulate the 
physiological function of intestinal epithelial cells. Short-chain fatty acids can regulate 
intestinal adaptability and promote proliferation through activation of G-protein-
coupled receptors (GPR41, GPR43, and GPR109A)[65]. Other studies have shown that 
short-chain fatty acids can activate the nuclear factor-κB signaling pathway through 
Toll-like receptors (TLRs), which regulates the integrity of intestinal epithelial cells
[66]. Short-chain fatty acids can also activate the inflammatory body NOD-like 
receptor family pyrin domain containing 3 (NLRP3), upregulate interleukin (IL)-18, 
and maintain intestinal dynamic balance[67].
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Primary bile acids secreted by the liver enter the small intestine and promote the 
digestion and absorption of fat in the small intestine. Under the action of intestinal 
microorganisms, most of the transformed secondary bile acids are reabsorbed by 
intestinal epithelial cells and return to the liver through the portal vein. Studies have 
shown that secondary bile acids also regulate the proliferation of intestinal epithelial 
cells. For example, cholic acid induces the proliferation of intestinal epithelial cells by 
activating Src, epidermal growth factor receptor, and extracellular signal-regulated 
kinase, while deoxycholic acid inhibits the proliferation of intestinal epithelial cells by 
activating the farnesoid X receptor[68].

The junction of the intestinal epithelium depends on tight junction proteins, 
including occludin, the claudin family proteins, and zona occludens 1. The imbalance 
of intestinal flora in patients with NASH and excessive growth and reproduction of 
intestinal Gram-negative bacilli, such as Enterobacteriaceae, causes tight junction 
proteins to contract and move to the cytoplasm under the pathological conditions of 
hypoxia and inflammatory stimulation. This increases intestinal mucosal permeability, 
epithelial barrier destruction, and intestinal bacterial translocation. In addition, the 
metabolite lipopolysaccharide is released into the blood and liver through the portal 
system, promoting the release of inflammatory factors and resulting in NAFLD[69]. 
Studies have found that the application of intestinal microbiota regulator probiotics or 
synbiotics can reduce hepatic steatosis and inflammation in NAFLD[70], which may be 
related to the improvement of intestinal permeability and regulation of intestinal 
microecological balance[71].

Intestinal immune barrier
The intestinal immune barrier plays an important role in the pathogenesis of NAFLD. 
The intestinal mucosal immune barrier is composed of immune cells, intestinal 
mucosal lymphoid tissues, and immunoglobulin A (secreted by the immune cells)[72], 
which plays an important role in protecting the body from pathogenic bacteria and 
pathogens. Immune cells include T cells, B cells, dendritic cells, macrophages, eosino-
phils, and mast cells that are distributed in different tissue layers of the intestinal 
mucosa and have an inherent immune effect. These cells play a key role in maintaining 
immune homeostasis by inhibiting responses to harmless antigens and enhancing the 
integrity of the intestinal mucosal barrier function[73].

The intestinal immune function acts as a sentinel to prevent harmful substances 
from entering the portal system. Then, the liver can monitor enteric metabolites and 
pathogens and induce an immune response from harmful substances entering the liver 
via the portal vein. The function of the intestinal immune barrier is related to pattern 
recognition receptors, such as TLRs and nucleotide binding oligomerization domain-
like receptors[74]. The intestinal epithelium can express TLRs, recognize intestinal 
metabolites, and further participate in the inflammatory progression of NAFLD by 
activating MYD88. Mice with intestinal epithelial cell-specific MYD88 gene deletion 
fed a high-fat diet showed improved oral glucose tolerance and associated hepatic 
steatosis and triglyceride content, in contrast to wild-type mice[75]. In addition, 
lipopolysaccharide produced by the flora can activate NLRP3 inflammatory bodies 
through TLR4 and TLR9, activate caspase-1, and cleave IL-1β and IL-18 precursors into 
activated IL-1β and IL-18, which promotes the progression of NAFLD inflammation 
and fibrosis[76].

Intestinal regulatory T cells play a key role in inhibiting the immune response 
induced by symbiotic microorganisms and metabolites. Intestinal short-chain fatty 
acids can induce epithelial transforming growth factor-β production and promote 
regulatory T cell production to participate in the immune process[77]. Therefore, the 
intestinal immune system response is a key link in the occurrence and development of 
NAFLD.

CONCLUSION
Intestinal microbiota, intestinal metabolites, and intestinal epithelial and immune-
based barriers constitute the intestinal environment. These components are all 
dependent on the others, requiring crosstalk to maintain the homeostasis of the 
intestinal environment. Current studies have shown that intestinal flora play a leading 
role in maintaining the balance of the intestinal environment. The balance of intestinal 
environmental factors is the key to maintaining a healthy state, and the importance of 
homeostasis imbalance in the occurrence and development of NAFLD has been 
shown. Although some progress has been made in all aspects of research, the complex 
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interaction mechanisms have not been fully elucidated. Most of the previous studies 
highlight a single factor. The research on the relationship between the factors must be 
expanded. The balance of multiple factors likely involves a variety of complex 
mechanisms, which also presents difficulties in the research efforts.

At present, there is no specific therapeutic drug for NAFLD. The discovery of the 
“gut-liver axis” and the importance of the intestinal microbiota in the pathogenesis of 
NAFLD suggest that focusing on the repair of intestinal functional balance may be a 
new drug target for prevention and intervention of NAFLD. In the future, with the 
further development of more studies, major mechanisms will be revealed, which will 
bring new treatment options for NAFLD.
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