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The liver is the main metabolic organ in the body especially in lipometabolism and glycometabolism. Carbohydrates and fats
disorders can result in insulin resistance in the liver. Metabolic imbalance can even lead to life-threatening conditions. Therefore,
it is essential to maintain the normal metabolic function of the liver. When the liver is in a pathological state, liver metabolism
homeostasis is damaged, and metabolic disorders will further aggravate liver disease. Consequently, it is essential to determine the
relationship between liver diseases and metabolic disorders. Here we review a lot of evidence that liver diseases are closely related
to lipometabolism and glycometabolism. Although the disorder of the liver metabolism is caused by different liver diseases, the
break of metabolic balance is determined by changes in the state of the liver. We discuss the relationship between liver disease
and metabolic changes, outline the process of how metabolic changes are regulated by liver diseases, and describe the role which
metabolic changes play in the process and prognosis of liver disease.

1. Introduction

The liver is the largest organ in the body and mainly
regulates carbohydrate and lipid metabolism. The abnormal
metabolism of carbohydrates and fats due to an imbalance
in hepatic metabolism can result in insulin resistance in
insulin sensitive tissues such as the liver. An imbalance in
hepatic metabolism may result from the disease which causes
hepatic dysfunction. Several metabolites of carbohydrates
and fats can even lead to life-threatening conditions. As a
consequence, it is essential to maintain the normal metabolic
function of the liver.

2. Metabolism of Major
Substances in the Liver

2.1. Lipometabolism. An important function of the liver
is lipid metabolism. Lipid intake, esterification, oxidation,
and the secretion of fatty acids take place in hepatocytes.
Triglycerides are delivered to the liver for lipid metabolism
and absorbed by liver cells, which is regulated by LDL (low
density lipoprotein) receptors and LRP (LDL receptor-related
proteins) [1, 2]. Excess carbohydrates can be transformed into

lipids in the liver under the regulation of transcription factors
such as SREBP1, ChREBP, and LXRwhich is referred to as the
de novo fatty acid synthesis pathway [3].

When hepatic lipid metabolism homeostasis is damaged,
triglycerides are accumulated pathologically in liver cells
due to upregulation of triglyceride synthesis, decreased lipid
droplet decomposition, and impaired triglyceride and very
LDL (VLDL) secretory function [4]. Dysregulation of hep-
atic lipid metabolism homeostasis will ultimately result in
fatty liver. The mechanism involved in the progression of
nonalcoholic fatty liver disease (NAFLD) to nonalcoholic
steatohepatitis (NASH), liver fibrosis, liver cirrhosis, and
liver cancer is still unclear. Ekstedt M and Angulo P found
that fibrosis contributed to the development of chronic liver
disease in patients with NAFLD [5, 6]. Although liver fibrosis
is due to excessive activation of hepatic stellate cells (HSCs),
the process is regulated by lipid metabolism [7, 8].Therefore,
it is crucial tomaintain normal lipidmetabolism homeostasis
for the healthy biological function of the liver.

2.2. Glycometabolism. The liver also plays a significant role
in sugar metabolism, which is responsible for the formation
and storage of glucose. Following food consumption, glucose
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metabolism in the liver results in a rapid transformation
from glucose synthesis to glucose storage and is regulated
by insulin, a key regulator [9]. Insulin contributes to glucose
storage by activating glycogen synthase which mediates the
synthesis of hepatic glycogen. When the secretion of insulin
is insufficient, the synthesis of hepatic glycogen is inhibited.
This is illustrated by hepatic glycogen synthesis in patients
with type 1 diabetes and a normal diet, which is only 1/3 of
that in healthy individuals [10]. The biological function of
insulin is dependent on coordinating intracellular signaling
pathways. Insulin can activate IRTK (insulin receptor tyro-
sine kinase), which mediates the phosphorylation of ATP
to stimulate the metabolism of glucose in association with
PDK1 and mTORC2. Insulin can also downregulate glycogen
related enzymes and inactivate glycogen synthase kinase
which reduces the production of glucose in the liver.

2.3. �e Relationship between Glucose Metabolism and Lipid
Metabolism. Sugar metabolism is closely related to lipid
metabolism. Insulin resistance is usually accompanied by
liver steatosis. When insulin resistance occurs, lipolysis is
suppressed and lipid synthesis is increased due to the effect
of hyperinsulinemia. Abnormal lipid metabolism, especially
the accumulation of ectopic lipids, is closely associated with
insulin resistance. Samuel VT found that the inhibitory
effect of insulin on liver gluconeogenesis was significantly
reduced [11]. Diacylglycerol is a product of lipolysis, which
can activate PKC to impair the insulin signal. Raddatz K
found that although the fat content in the liver increased, the
level of insulin resistance decreased significantly in high fat
fed Prkce (a core gene which promotes lipolysis to upregulate
diacylglycerol content) knockout mice [12]. Ectopic lipid
accumulation in the liver can activate related pathways which
regulate insulin function resulting in reduced glucose uptake
and hepatic glycogen synthesis in vivo. The accumulation of
ectopic lipid increases the transport of glucose to the liver
and stimulates de novo lipid synthesis which can lead to
hyperlipidemia. In addition, in ametabolic and inflammatory
environment caused by lipid accumulation, macrophages
are increased in white adipose tissue which promotes the
esterification of fatty acids and induces hyperlipidemia.
Macrophages can also regulate lipolysis, which results in the
transportation of fatty acids to the liver and the accumulation
of acetyl-CoA in the liver. Acetyl-CoA is a strong activator of
pyruvate carboxylase, which can promote the transformation
of glycerol to glucose known as gluconeogenesis [13].

When the liver is in a pathological state, liver metabolism
homeostasis is damaged, andmetabolic disorders will further
aggravate liver disease. Consequently, it is essential to deter-
mine the relationship between liver diseases and metabolic
disorders.

3. Major Liver Diseases

3.1. Hepatic Steatosis. Hepatic steatosis is one of the major
diseases affecting human health worldwide. The NAFLD
morbidity rate is approximately 25% [14]. When liver cell
damage, inflammation, and fibrosis occur, simple hepatic
steatosis is transformed into NASHwhich is a high risk factor

for the development of hepatocellular carcinoma (HCC) [15].
When lipid metabolism is abnormal, the balance of lipid
composition in cells is disrupted. Due to the pathological
accumulation of lipids, the development of lipotoxicity results
in dysfunction of organelles, which leads to cell dysfunction
and even death. Signal recognition and transduction in cells
depend on normal lipid metabolism. Lipids present in cell
membranes and the cytoplasm can be directly modified by
cell kinases to regulate cell behavior [16]. Triglycerides are
the main components of lipid droplets, and if the content
of triglycerides in lipid droplets is high or low, this can
lead to lipid metabolism disorders. Papazyan R found that
when the synthesis of triglycerides was reduced by depressing
diacylglycerol acylase, oxidative stress, inflammation, fibro-
sis, and cell damage were aggravated despite a reduction
in hepatic steatosis [17]. Perilipin-5 regulates the storage of
triglycerides in lipid droplets. If the expression of perilipin-
5 is downregulated, this leads to pathological lipolysis and
lipotoxicity although the lipid droplets are small [18]. Con-
sequently, it is beneficial for health that triglycerides are
stored in an inert storage mode to prevent the development
of NASH from NAFLD. The study by Raichur S showed
an interesting phenomenon, where a significant increase in
ceramide content was observed in a mouse model of NASH
[19]. Ceramide is an intermediate metabolite of sphingolipid
which can be upregulated by high expression of proinflam-
matory factors. Ceramide can accelerate the progression of
hepatic steatosis to NASH due to the promotion of inflam-
mation by interacting with TNF-𝛼. When the expression of
ceramide is downregulated, complications such as fatty liver,
cell damage, and insulin resistance in theNASHmodel can be
alleviated.

Lipotoxicity not only is harmful to cells under the regu-
lation of inflammatory mechanisms, endoplasmic reticulum
stress, and reactive oxygen species (ROS), but also affects
the biological functions of organelles. The most important
organelles affected are mitochondria and the endoplasmic
reticulum [20]. Studies have shown that increasing the level
of autophagy in the liver in the nonalcoholic fatty liver model
can eliminate polarization and damaged mitochondria [21].
This process reduces ATP consumption and the production
of free radicals which is caused by the reverse function of
mitochondrial ATP synthetase. In contrast, if mitochondrial
autophagy is suppressed, severe liver mitochondrial damage
and hepatic steatosis will develop [22]. Therefore, mitochon-
drial autophagy plays an important role in the reduction
of hepatic steatosis and inhibition of the progression of
NAFLD to NASH. In addition to mitochondrial autophagy,
liver steatosis can also cause the changes of mitochondrial
dynamics. Excessive fat accumulation can directly lead to
the mitochondrial damage [23]. Nakagawa H found that
endoplasmic reticulum stress plays an important role in
the development of NASH from hepatic steatosis. When
the level of endoplasmic reticulum stress was improved in
mice, obvious NASH characteristics appeared in hepatocytes,
such as balloon degeneration, inflammatory infiltration, and
bridging “netted” fibrosis. When hepatic steatosis has pro-
gressed to NASH, it can quickly develop into a liver adenoma
and eventually lead to HCC [24].
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In addition to lipotoxicity, “glucose toxicity” caused by
glucose metabolism disorders is involved in the pathogenesis
of NASH. Excess carbohydrates activate the fat synthesis
pathway which is regulated by acetyl-CoA carboxylase, SCD-
1, and fatty acid synthase to aggravate hepatic steatosis. Fruc-
tose can increase the expression of CD36 and is associated
with de novo lipid synthesis-related proteins such as ChREBP
to promote lipid synthesis [25]. Excess glucose and fructose
can regulate the expression of ChREBP and SREBP1c directly.
In addition, fructose can also improve the downstream fat
synthesis gene to promote the accumulation of lipids. Softic S
confirmed that hepatic steatosis in mice was aggravated fol-
lowing the inhibition of fructose metabolism. The incidence
of hepatic steatosis was also significantly increased in humans
with fructose metabolism disorders [26].

3.2. Hepatic Fibrosis. Most chronic liver injuries can evolve
into liver fibrosis which is closely related to the activation
of HSCs. The process by which HSCs are activated involves
the transformation of HSCs from the static state in Vitamin
A lipid droplets to the facilitated fibrous state [27]. The
HSCs in the facilitated fibrous state can transdifferentiate into
myofibroblasts and produce superfluous ECM (extracellular
matrix) which is responsible for liver fibrosis. In this process,
the intracellular vitamin A will be lost. Liver fibrosis is an
effective indicator of liver-related complications and specific
liver diseases. Liver disease can lead to vitamin A home-
ostasis impaired and lead to vitamin A deficiency eventually.
Lipolysis can stimulate the activation of HSCs which can
promote the secretion of extracellular matrix and accelerate
the process of liver fibrosis [28]. Hepatic steatosis in the long
term may evolve to liver fibrosis. Cholesterol is a confirmed
endogenous activator of LXR (liver X receptor) which can
not only regulate lipometabolism and glycometabolism but
also modulate the activation of HSCs [29]. In addition to
lowering cholesterol uptake, LXR prevents the progression
of liver fibrosis. Beaven, S. W et al. found that the mice
which lack LXR𝛼 and LXR𝛽 are easier to develop liver fibrosis
[30]. It has been proved that lipid droplet-associated protein
RAB18 plays an important role in the metabolism of vitamins
and cholesterol [31]. Lipid metabolism disorder can lead
to the downregulation of PPAR and/or the dysfunction of
PPAR. PPAR can reverse the process of HSCs activation and
prevent the development of liver fibrosis by downregulating
the expression of fibrogenic cytokines secreted by HSCs.
Studies have shown that the inhibition of PPAR can increase
the risk of suffering liver fibrosis and the activation of PPAR
can reduce liver injury and liver fibrosis [32, 33]. It is strange
that the expression of BMP6 (bone morphogenetic protein)
is upregulated in NAFLD but not in other liver diseases. In
the study in vitro, it is found that BMP6 inhibits the activity
of HSCs and reduces the expression of the fibrotic gene
[34]. There must be a connection between lipid metabolism
and BMP6 activation, but the specific mechanism is not
clear. Macrophages play an important role in the progres-
sion of liver fibrosis because it has obvious improvement
of liver fibrosis after exhaustion of macrophages [35, 36].
During metabolic disorder, CCL2 and MCP-1 can activate
fibroblast-related macrophages such as phagocytes, Kupffer

cells, and macrophages induced by monocytes which result
in upregulated metabolic inflammation [37]. This process
of cell recruitment aggravates the chronic inflammatory
reaction in the liver. Mononuclear cells can secrete fibrotic
factors such as TGF-𝛽 and PDGF [38]. These fibrotic factors
not only upregulate monocyte-induced macrophages, but
also promote the differentiation of HSCs into myofibrob-
lasts. The above process is the main source of extracellu-
lar matrix, especially collagen, in liver fibrosis caused by
chronic inflammation [39]. The IL-1 and TNF pathways can
prolong the survival time of HSCs which is regulated by
mononuclear cells [36]. Kazankov K analyzed macrophage
markers in more than 300 patients with hepatic steatosis.
He found that the level of macrophage activation is closely
related to the grade of liver fibrosis and disease [40]. Lipid
metabolism also participates in the activation ofmacrophages
[41]. Adipocytokines play multiple roles in the progression
from NAFLD to liver cirrhosis. Leptin promotes the liver
fibrosis, but adiponectin prevents the progress of liver fibrosis
[42]. Leptin can upregulate the expression of the 𝛼SMA,
Type 1 Collagen, and TGF𝛽. Hedgehog pathway which is
closely associated with liver fibrosis is regulated by lipid [43].
The Hedgehog pathway can activate HSCs to transform it
into proliferating myofibroblast. WhenNAFLD progresses to
NASHwhose pathological feature is liver fibrosis, the expres-
sion of Hedgehog is significantly upregulated [44]. Hedgehog
signaling pathway is also involved in lipid synthesis and sugar
utilization [45]. Guy CD found that when the Hedgehog
signaling pathway is suppressed, the accumulation of muscle
fibroblasts in the liver can be reduced [46].

3.3. Hepatocellular Carcinoma. Although the main risk fac-
tors for HCC are HBV and HCV infection, HCC induced by
virus infection is decreasing annually due to the development
of effective hepatitis B vaccines and anti-HCV drugs [47, 48].
Obesity, a high risk factor for HCC, has attracted significant
attention [49]. When lipid metabolism is disturbed, the
balance is broken between lipid synthesis and lipid decom-
position. The decrease of lipoprotein synthesis and lipophagy
can result in lipotoxicity whichmay cause chronic liver injury
[50]. Lipotoxicity is one of the important mechanisms for the
development of NASH to HCC. Consequently, the metabolic
related factors such as type II diabetes, obesity, andmetabolic
syndrome are becoming the risk factors of HCC. Scientists
are paying more and more attention to metabolic disorders
and HCC. People with abdominal obesity have a higher risk
of HCC [51]. Visceral fat is of great significance in predicting
the recurrence ofHCC [52].The lipid accumulation caused by
abnormal lipid metabolism may result in the remodeling of
adipose tissue. In the reconstituted adipose tissue, the differ-
entiation of the adipocytes is activated and the angiogenesis
appears, which provides a favorable microenvironment for
the development of HCC. Not only that, abnormal lipid
metabolism can lead to the disordered secretory of adipokine
characterized by leptin reduction and increased adiponectin.
Leptin cannot only promote the development of liver fibrosis,
but also promote the development of HCC by activating
JAK/STAT pathway and ERK pathway. Upregulated leptin
can inhibit the apoptosis of tumor tissue through suppressing
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antiapoptotic pathway mediated by TGF𝛽 [53]. Leptin plays
a role in promoting the proliferation of tumor cells. What is
more, leptin can also provide a microenvironment for tumor
growth. The biological function of adiponectin is opposite
to leptin. Adiponectin can inhibit the proliferation of tumor
cells through regulatingAMPK signaling pathway andmTOR
signaling pathway. Jiang CM found that low adiponectin
is closely related to the occurrence of HCC [54]. Senes-
cent adipocytes which secret more cytokines can aggravate
chronic inflammation associated with obesity. The process
above which is called the SASP can promote the development
of HCC.When the SASP process is suppressed, the incidence
of HCC is significantly reduced [55]. Chronic inflammation
caused by liver metabolic diseases, liver fibrosis, the death of
parenchymal cells, and lack of monitoring the proliferation
of abnormal liver parenchymal cells are the main risk factors
for HCC. Park EJ conducted research on the correlation
between obesity and liver cancer, which confirmed that there
is a relationship between abnormal lipid metabolism and the
development of HCC.The authors found that male mice with
a high fat diet were more likely to develop HCC. This may
be related to the activation of HSCs and hepatocytes, which
can secrete TNF and IL-6 to activate STAT3. STAT3 is an
important tumor transcription factor, which can promote the
occurrence of liver cancer [56]. In addition to the theory
of inflammatory induction, some scholars believe that the
progression of NASH to HCC is caused by the TNF signal
activated by TNFR1. The TNFR1 signal in hepatocytes and
hepatoma progenitor cells can be upregulated by IKK𝛽
to activate the NF-𝜅B signaling pathway which mediates
cell proliferation. Nakagawa H found that inhibition of the
TNFR1 signal not only prevented the progression of NAFLD
to NASH, but also decreased the incidence of HCC [24].
With abnormal lipid metabolism, the production of ROS
is increased by upregulating 𝛽-oxidation and 𝜔-oxidation.
Oxidative stress can damage the genome and aggravate the
mitochondrial burden.The injured liver cells can also activate
the JNK pathway which is related to cell survival and stress.
Metabolic disorder of lipids also plays an important role
in tumor recurrence [57]. A prospective study found that
excessive ROS caused by abnormal lipid metabolism can
increase the risk of recurrence after liver cancer surgery [58].

Besides lipid metabolism, the occurrence of HCC is
closely related to glucose metabolism. Weng C J and Li
C et al. carried out a follow-up analysis of IGF-1 (insulin
growth factor 1) and HbA1C (glycosylated hemoglobin A1C)
in diabetic patients and found that blood glucose and hyper-
insulinemia were significantly related to the incidence of
HCC. Effective blood glucose control can reduce the degree
of chronic liver disease and reduce the incidence of HCC
[59]. Hyperinsulinemia can promote the development of
liver fibrosis by activating HSCs and promoting angiogenesis.
Continuous hyperinsulinemia can promote the development
of liver cancer by modulating IGF signaling axis which can
promote the proliferation of hepatocytes and angiogenesis
[60].The upregulated insulin and IGF can bind to the insulin
receptor and promote the formation of tumors under the
interaction of IGFR. This may be related to the P13K/Akt
pathway and MAPK pathway. Increased blood glucose and

insulin increase the level of IGF-1 and its bioavailability.
Activated IGF-1 can inhibit the receptor-mediated apop-
tosis pathway in tumor cells and promote their prolifer-
ation [61]. Hyperglycemia and insulin resistance increase
the expression of proinflammatory factors TNF-𝛼 and IL-
6, which can lead to chronic inflammation. Hyperglycemia
can induce the accumulation of ROS. Excess ROS can be
combined with DNAwhich leads to the development of HCC
[62, 63].

3.4. Acute Liver Failure. Acute liver failure is characterized
by massive liver cell necrosis. Acute liver injury is often
accompanied by metabolic disorders, acidosis, and sepsis.
These complications can lead to hypoglycemia, hypokalemia,
lactic acidosis, and hyperammonemia. Abnormal levels of
metabolites can induce coma. Metabolic dysfunction is an
important factor in the deterioration of acute liver failure
[64]. Abnormality of lipoprotein metabolism is caused by
acute liver failure and increases the content of cholesterol on
the cell membrane.This process can reduce the deformability
of cells. This is the reason that cells are more vulnerable to
damage in people with abnormal lipid metabolism. Lyso-
somal lipase is an important enzyme which can hydrolyze
triglycerides and cholesterol. This enzyme is essential to
decompose lipid into free cholesterol and free fatty acids.
When this enzyme is suppressed, lipid can deposit in the
liver and finally form into acute liver failure [65]. The disease
which lacks lysosomal lipase is called Wolman disease (lyso-
somal acid lipase deficiency). Abnormal glycometabolism
also induces acute liver failure. When the people are short
of hepatic fructose 1-phosphate aldolase, eating fructose can
lead to acute liver failure. Acute liver failure can result in OS
(oxidative stress), which brings about changes in mitochon-
drial structural proteins and DNA resulting in ATP depletion
and impaired ATP production. Excess accumulation of ROS
can induce a shift in JNK proteins in mitochondria, which
are responsible for mitochondrial inactivation, aggravation
of OS, and liver injury [66]. There is transient lipid accu-
mulation in the liver after major hepatectomy. Therefore,
acute liver failure after hepatectomy is often accompanied by
lipid metabolism disorders. Ekaterina Kachaylo found that
improving liver lipidmetabolism can reduce liver failure after
hepatectomy by reducing lipid accumulation in the liver [67].
Correction of the metabolic disorder in acute liver failure is
the key to improving the prognosis of patients. The timely
correction of abnormal biochemical indicators can reduce the
impact of metabolic disorders on the body.

4. Conclusions

The liver is an important metabolic organ. Liver abnormal-
ities affect metabolic homeostasis, and metabolites can in
turn play a protective or aggravating role in the diseased
liver. In view of the complex relationship between the liver
and metabolism, there is great potential in the treatment of
specific liver diseases with targeted metabolic therapy. This
treatment is expected to delay or even cure the disease and
has considerable clinical value.
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