
New perspective on type 2 diabetes,
dyslipidemia and non-alcoholic fatty liver
disease

Serum lipid abnormalities (dyslipidemias)
are major risk factors for cardiovascular
disease in type 2 diabetes patients. The
features of diabetic dyslipidemia are ele-
vated plasma concentrations of triglyc-
eride (TG)-rich lipoproteins, small dense
low-density lipoprotein cholesterol (LDL-
C) and decreased plasma high-density
lipoprotein cholesterol (HDL-C) concen-
tration. Non-HDL-C is a better marker
of cardiovascular risk than LDL-C. A
recent study reported that non-HDL-C
was also a better predictor of diabetes
than traditional cholesterol parameters in
women with normal glucose tolerance,
but not men1, suggesting the importance
of non-HDL-C monitoring in women.
Diabetes frequently accompanies dys-

lipidemia and hypertension. A recent
cross-sectional study found that elevated
LDL-C/HDL-C ratio and TG levels were
significantly and independently associated
with diabetes in hypertensive patients2.
The interactive effects of increased TG
and the LDL-C/HDL-C ratio suggest that
dyslipidemia might exaggerate the risk of
diabetes in hypertensive patients.
Metabolites have the potential to be

useful biomarkers for the prediction of
type 2 diabetes. A recent study found
that insulin resistance (IR) was connected
with tyrosine metabolism, and elevated
tyrosine levels might inhibit insulin sig-
naling3; another found that high plasma
tyrosine levels were associated with
type 2 diabetes in Chinese individuals,
particularly in the presence of low HDL-

C4. These findings suggested an interac-
tive effect between high tyrosine and low
HDL-C for type 2 diabetes.
Dipeptidyl peptidase-4 inhibitors are

effective antihyperglycemic agents for
type 2 diabetes. Treatment with the inhi-
bitor, anagliptin, for 24 weeks to Japa-
nese type 2 diabetes patients was shown
to reduce plasma LDL-C level, partly by
suppressing apoB-100 synthesis5. The
effects were pronounced in type 2 dia-
betes patients with higher baseline LDL-
C levels, and a recent report suggested
that it benefits lipid metabolism through
dipeptidyl peptidase-4-dependent and
glucagon-like peptide-1-independent inhi-
bition of intestinal cholesterol transport6.
Non-alcoholic fatty liver disease

(NAFLD) is the most common chronic
liver disease worldwide. It represents a
metabolic syndrome affecting the liver
and is a risk factor for IR, hyperlipidemia
and type 2 diabetes. The coexistence of
NAFLD and type 2 diabetes worsens
metabolic profile and increases cardiovas-
cular risk. The relationship between
NAFLD and type 2 diabetes, and the
natural history and clinical implications
of NAFLD in patients with prediabetes
or type 2 diabetes are largely unknown.
Angiopoietin-like protein 8 (ANGPTL-8)
is reportedly increased in NAFLD
patients, and ANGPTL-8 knockout mice
show lower plasma TG levels as a result
of enhanced TG clearance through
increased lipoprotein lipase activity7.
Hong et al.8 investigated the association
of plasma ANGPTL-8 levels with hepatic
lipid content and IR in patients with
NAFLD. They observed a positive corre-
lation between ANGPTL-8 and hepatic
lipid content, independent of obesity, IR,
and liver injury. High serum ANGPTL-8

presumably results from hepatic lipid
accumulation, and ANGPTL-8 might be
a new and useful predictor of the
NAFLD severity.
Inflammation plays an important role

in the progression of NAFLD to non-al-
coholic steatohepatitis. The vagus nerve
regulates inflammatory responses in
macrophage and Kupffer cells through
a7 nicotinic acetylcholine receptor
(a7nAchR). Studies show that a7nAchR
knockout mice have elevated pro-inflam-
matory cytokines and develop IR when
fed a high-fat diet (HFD)9, and a7nAchR
deficiency leads to inflammation and
fibrosis, which exacerbate non-alcoholic
steatohepatitis10. Therefore, a7nAchR
agonists are promising candidates for the
treatment of non-alcoholic steatohepati-
tis.
Overnutrition, hyperinsulinemia and

hyperglycemia drive steatosis by promot-
ing hepatic de novo lipogenesis (DNL),
and researchers are investigating hepatic
DNL regulating factors. Rho-associated
coiled-coil-containing kinase (ROCK1) is
a serine/threonine-protein kinase that
regulates diverse cellular functions.
Recently, Huang et al. reported that hep-
atic ROCK1 level and activity were
enhanced by HFD feeding in mice, and
HFD-fed liver-specific ROCK1 knockout
mice lost bodyweight with decreasing
lipid accumulation in the liver and adi-
pose tissue, and increased energy expen-
diture, thus preventing diet-induced
obesity11. The endocannabinoid system
contributes upstream signaling compo-
nents that activate hepatic ROCK1 and
contribute to HFD-induced hepatic lipo-
genesis by inhibiting adenosine
monophosphate-activated protein
kinase12. Hepatocyte growth factor
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(HGF) can stimulate hepatocyte regener-
ation, which is important for liver repair.
Jing et al. investigated the effect of HGF
on hepatic lipid metabolism in HFD-fed
mice, and found that HGF reduced lipid
content in the serum and liver, and ame-
liorated glucose intolerance13. These
effects were mediated through farne-
soid X receptor/small heterodimer part-
ner axis-dependent suppression of sterol
regulatory element-binding protein-1c
and activation of peroxisome prolifera-
tor-activated receptor-a in the liver.
These studies suggest that regulation of
hepatic DNL will reduce NAFLD. Hepa-
tic ROCK1 inhibition and HGF treat-
ment could be therapeutic targets for the
prevention and treatment of NAFLD
and associated metabolic disorders.
NAFLD is also characterized by athero-

genic dyslipidemia. 3-carboxy-4-methyl-5-
propyl-2-furanpropanoic acid is a metabo-
lite of furan fatty acids found in marine
animals and is a possible biomarker of fish

intake. A recent study in type 2 diabetes
and normal glucose tolerant individuals
showed that the circulating 3-carboxy-4-
methyl-5-propyl-2-furanpropanoic acid
level was independently and negatively
associated with TG, HDL-C, aspartate
aminotransferase, and alanine amino-
transferase levels after adjusting for dia-
betes status14. This finding suggests that
3-carboxy-4-methyl-5-propyl-2-furanpro-
panoic acid plays an important role in
improving lipid and glucose metabolism
and could be a new predictor of NAFLD
development.
These findings provide new evidence

that dyslipidemia characterized by ele-
vated TGs and non-HDL-C levels with a
decreased HDL-C level are risk factors for
cardiovascular disease in patients with
type 2 diabetes. The underlying distur-
bances are activation of hepatic DNL, hep-
atic overproduction of large TG-rich very
LDL and delayed clearance of TG-rich
lipoproteins (Figure 1). There are multiple

therapeutic agents to help patients to
achieve target lipid levels, but understand-
ing the molecular mechanisms could pro-
vide useful information for new treatment
strategies for diabetic dyslipidemia.
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Figure 1 | The pathogenic interplay between type 2 diabetes, non-alcoholic fatty liver disease (NAFLD)/non-alcoholic steatohepatitis (NASH),
dyslipidemia and cardiovascular disease, and the potential clinical targets for these complications. Insulin resistance and excess insulin stimulate the
production of triglycerides (TGs) in the liver, which promotes the serum lipid accumulation and the development of NAFLD. Increased secretion of
these lipids into the bloodstream causes diabetic dyslipidemia, characterized by elevated serum concentrations of TG-rich very low-density
lipoprotein cholesterol (VLDL) and small dense low-density lipoprotein (LDL) cholesterol, and low concentrations of high-density lipoprotein (HDL)
cholesterol. Consequently, all of these factors, combined with hyperglycemia, increase the risk for cardiovascular diseases. Recent studies showed
that serum levels of tyrosine, angiopoietin-like protein 8 (ANGPTL-8), and 3-carboxy-4-methyl-5-propyl-2-furanpropanoic acid (CMPF), together with
dyslipidemia, could be new biomarkers of type 2 diabetes and NAFLD. Recent studies also found dipeptidyl peptidase-4 inhibitors, a7 nicotinic
acetylcholine receptor (a7nAchR) agonist, Rho-associated coiled-coil-containing kinase 1 (ROCK1) inhibitor, and hepatocyte growth factor (HGF) as
novel and potential targets for the effective treatment of dyslipidemia and NAFLD in diabetes patients.
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