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Abstract. Dyslipidaemia in type 2 diabetes mellitus (T2DM) 
is characterized by high plasma triglyceride concentrations, 
reduced high‑density lipoprotein concentrations and increased 
small density low‑density lipoprotein concentrations. 
Dyslipidaemia may lead to cardiovascular disease (CVD) and 
other complications. Apolipoproteins mainly comprise six 
species, apolipoprotein (apo)A, apoB, apoC, apoD, apoE and 
apoM, which are important components of plasma lipoproteins 
that carry lipids and stabilize the structure of lipoproteins. 
Complex metabolic disorders of apolipoproteins are present 
in T2DM, such as high plasma apoB, apoC‑II, apoC‑III 
and apoE concentrations, and low plasma apoA‑I and apoM 
concentrations, which are associated with dyslipidaemia and 
interrelated complications. Plasma concentrations of some 
apolipoproteins are also altered in T2DM with CVD or other 
complications. Several apolipoprotein polymorphisms are 
associated with diabetes susceptibility and/or lipid metabo-
lism. The present review described the metabolic disorders 
of apolipoproteins in T2DM and its complications, and the 
relationship between each major apolipoprotein and T2DM, 
as well as the effects of apolipoprotein polymorphisms on 
diabetic susceptibility.
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1. Introduction

Patients with type 2 diabetes mellitus (T2DM) have an 
increased risk of cardiovascular disease (CVD), which remains 
the leading cause of morbidity and mortality worldwide (1). 
A major risk factor of CVD in T2DM is dyslipidaemia, 
which is characterised by reduced high‑density lipoprotein 
(HDL), and increased triglyceride (TG) and small density 
low‑density lipoprotein (sd‑LDL; Fig. 1) (2). Apolipoproteins 
are the protein portion of lipoproteins, and mainly comprise 
six species called apolipoprotein (apo)A, apoB, apoC, apoD, 
apoE and apoM, some of which have several subtypes. 
Apolipoproteins are important components of plasma lipo-
proteins and are expressed mainly in the liver and partly in 
the intestine and other tissues (3). Their basic function is to 
carry lipids and to stabilise the structure of lipoproteins; some 
apolipoproteins also activate enzymes that participate in the 
metabolism of lipoproteins and recognise endothelial recep-
tors associated with inflammatory signaling pathways (3). 
Previously reported epidemiological data suggested that the 
metabolic disorders of apolipoproteins are associated with 
the pathophysiological processes of T2DM (Fig. 1)  (3,4). 
The present review described the metabolic disorders of 
apolipoproteins in T2DM and the relationship between each 
major apolipoprotein and T2DM, associated complications 
and the effects of apolipoprotein polymorphisms on diabetic 
susceptibility.

2. Relationship between apoA and T2DM

Introduction to apoA. The human apoA family includes 
apoA‑I, apoA‑II, apoA‑IV and apoA‑V. ApoA‑I is mainly 
distributed in the plasma chylomicrons (CMs), HDL2 and 
HDL3, and is the major component of HDL, comprising ~70% 
total protein content of HDL (5). Plasma HDL concentration 
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is determined by the fractional catabolic rate of apoA‑I and 
apoA‑II, as well as HDL reduction with apoA‑I deficiency. 
Therefore, apoA serves an important role in the metabolism of 
HDL (6). ApoA may enhance the hydrolysis of TGs with endo-
thelial lipoprotein lipase (LPL) by stabilising the structure of 
LPL dimers or TG‑rich lipoproteins; as such, apoA deficiency 
has been associated with atherosclerosis (6). ApoA‑I serves 
an important role in glucose stabilisation and the function of 
mitochondria in muscle (7). Lipid‑free and lipid‑associated 
apoA‑I and apoA‑II concentrations increase β‑cell insulin 
secretion and reduce the plasma level of glucose (8); thus, they 
may serve a protective role in T2DM. However, the fractional 
catabolic rate of apoA‑I is significantly higher, and the absolute 
production rate of apoA‑I is inhibited in patients with T2DM 
compared with healthy individuals; this inhibition may lead to 
a decrease in plasma apoA‑I levels, which may contribute to 
low HDL (Fig. 1; Table I) (9). In addition, increased produc-
tion of inflammatory cytokines, such as tumour necrosis factor 
α, may increase insulin resistance and directly downregulate 
apoA‑I expression in T2DM (Fig. 1) (10).

Metabolism of apoA in T2DM and its complications. T2DM 
leads to arteriosclerosis and reduces the antioxidant proper-
ties of human apoA‑I, which inhibits hyperglycaemia‑induced 
oxidative stress and the production of NADPH‑mediated 
reactive oxygen species (ROS) in human macrophages (11). 
Nobécourt et al  (3) concluded that the non‑enzymatically 
glycated apoA‑I was attributed to a reduced ability to 
inhibit nuclear factor‑κB activation and ROS formation. 
However, glycated apoA‑I plasma concentration is usually 
increased in patients with T2DM, leading to a reduction in 
anti‑inflammatory effects, which may enhance the inflamma-
tory response (3). apoA‑I levels are low when apoA‑I glycation 
is significantly elevated in patients with T2DM and significant 
coronary artery disease (CAD). Therefore, the baseline relative 
intensity of apoA‑I glycation is an independent determinant 
of CAD and plaque progression in T2DM (12). The plasma 
apoA‑IV concentration was reported to be significantly lower 
in patients with T2DM, and low apoA‑IV concentration was 
strongly associated with the risk of all‑cause mortality and 
cardiac disease‑related mortality, particularly sudden cardiac 
death (13). Compared with patients with mild non‑proliferative 
diabetic retinopathy, those with proliferative diabetic retinop-
athy are characterised by decreased serum apoA‑I levels and 
decreased apoA‑I/apo‑B ratio (14). Furthermore, the apoA‑IV 
content may be significantly higher in morbidly obese persons 
(MOPs) with T2DM compared with MOPs without T2DM (15). 
Women with polycystic ovary syndrome were indicated to have 
an increased risk of developing T2DM; therefore, apoA‑I may 
be used to identify high‑risk subgroups (16). ApoA‑I expres-
sion is lower in persons with combined metabolic syndrome 
(MetS) and T2DM compared with those with MetS alone, 
which suggested that diabetes may adversely influence plasma 
apoA‑I levels (Table I) (17).

apoA gene mutations and polymorphisms in T2DM. Gene 
mutations and polymorphisms may affect plasma lipid levels 
and may lead to CVD and atherosclerosis (18). The apoA‑V 
1131T>C single‑nucleotide polymorphism (SNP) has been 
associated with increased plasma TG in both healthy people 

and those with T2DM (19). The hypertriglyceridaemic effect 
of high retinol‑binding protein (RBP)4 expression levels was 
demonstrated to be enhanced by the presence of the apoA‑V 
1131T>C genetic variant, indicating that this variant increases 
plasma TG by regulating RBP4  (20). However, previous 
studies that did not observe the aforementioned associa-
tion concluded that a higher TG level in T2DM may be the 
result of insulin resistance and reduced lipolysis rather than 
genetic polymorphisms in apoA‑V 1131T>C (21). Genotyping 
of apoA‑V 1131C was linked to lower LDL levels, and SW19 
polymorphisms were linked to higher TG levels in patients 
with T2DM (Table II) (22). However, another study reported 
that the apoA‑V 1131T>C SNP does not affect LDL levels in 
healthy people (23).

3. Relationship between apoB and T2DM

Introduction to apoB. ApoB is a component of CMs, very 
low‑density lipoprotein (VLDL), intermediate‑density lipo-
protein and LDL  (24). ApoB48 is 48% of the full‑length 
protein; however, VLDL contains only full‑length apoB 
in humans. In T2DM, the increased flux of free fatty acids 
promotes hepatic TG production, which subsequently induces 
apoB and VLDL secretion (2). TGs transported by VLDL are 
exchanged for HDL‑transported cholesteryl esters through 
the action of cholesteryl ester transfer protein (CETP) (2). As 
a result of this exchange, the concentration of both athero-
genic cholesterol‑rich VLDL remnant particles and TG‑rich, 
cholesterol‑depleted HDL particles are increased. In addition, 
TG transfer from VLDL to LDL may be through CETP, in 
exchange for LDL‑transported cholesteryl ester (2). TG‑rich 
LDL may be hydrolysed by hepatic lipases or LPLs, which may 
result in lipid‑depleted sd‑LDL (Fig. 1) (2). Then, Forkhead 
box (Fox) O1 becomes inhibited, leading to increased expres-
sion of microsomal triglyceride transfer protein and apoC‑III. 
Meanwhile, the multicomponent mechanistic target of 
rapamycin complex 1 remains activated, suppressing sortilin, 
which can decrease apoB and triglyceride secretion; subse-
quently, the ability of insulin to suppress apoB secretion is 
diminished and, thus, apoB secretion is increased (24).

Metabolism of apoB in T2DM and its complications. ApoB 
clearance is decreased and the levels of plasma apoB are 
increased in patients with T2DM (Fig. 1; Table I) (12). CETP 
protein expression level and activity, and HDL levels are 
significantly increased, whereas apoB levels are significantly 
decreased following insulin treatment  (25). These results 
suggested that insulin may reduce apoB concentrations and 
serve an antiatherosclerotic role. Dyslipidaemia (higher TG 
and VLDL), abnormal gene expression (glucose transporters 
1 and 2, and glycogen synthase kinase 3), abnormal protein 
expression (tumor necrosis factor‑a, interleukin‑6, retinol 
binding protein 4 and soluble cluster of differentiation 36), 
and phosphorylation of multiple pathways components 
(insulin receptor substrate 2/Akt protein/protein tyrosine 
phosphatase‑1B) related to inflammatory insulin signalling 
may be associated with VLDL‑apoB100 particle overproduc-
tion in T2DM (26). Increased levels of circulating glycated 
apoB in T2DM are probably linked with greater suscepti-
bility of sd‑LDL to glycation (4). The apoB/apoA‑I ratio was 
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revealed to be independently associated with T2DM (27). 
Patients with T2DM and albuminuria exhibit greater levels of 
circulating apoB (28), which indicated that apoB may also be 
associated with diabetic nephropathy. A strong independent 
negative correlation between the total fractional catabolic rate 
of VLDL‑apoB100 and plasma RBP4 concentration in T2DM 
has been reported previously (29), which suggested that RBP4 
may reduce VLDL‑apoB100 catabolism.

apoB/apoA‑I ratio and serum apoB concentration were 
revealed to be higher in patients with T2DM and CVD compared 
with those with T2DM without CVD (3,30), which suggested 
that the apoB/apoA‑I ratio may be an indicator of CVD risk 
in patients with T2DM (Table I). Significant correlations have 
also been made between apoB48 and carotid intima‑media 
thickness (31), which indicated that fasting apoB48 levels may 
aid in predicting arterial stiffness in middle‑aged patients 
with T2DM. Plasma apoB48 concentration may also be an 
independent predictor of vasodilator function in the brachial 
artery (32), and fasting apoB48 may be an independent marker 
of peripheral arterial disease in patients with T2DM (33). 
Data from these previous studies indicated that plasma apoB 
concentrations may be associated with cardiovascular events 
in T2DM patients.

4. Relationship between apoC and T2DM

Introduction to apoC. ApoC comprises apoC‑I, apoC‑II and 
apoC‑III, which are mainly components of CMs, VLDL 
and HDL, and participates in the metabolism of these 
lipoprotein particles  (34). ApoC‑I is a potent activator of 
lecithin‑cholesterol acyltransferase (LCAT), and excess LCAT 
results in increased total cholesterol (TC) and TG levels (34). 
At intermediate concentrations and in normolipidaemic 
individuals, apoC‑II activates LPL. However, both very high 

and very low concentrations of apoC‑II have been associated 
with decreased LPL activity and hypertriglyceridaemia (34). 
Overproduction of apoC‑II was associated with increased 
TG‑rich particles and alterations in the distribution of HDL 
particle, both of which are factors that may increase the risk 
of CVD (34).

Metabolism of apoC in T2DM and its complications. Plasma 
concentration levels of both apoC‑II and apoC‑III, as well 
as the apoC‑II/apoC‑III ratio, were reported to be markedly 
higher in patients with T2DM, and this increase was associ-
ated with elevated TG (Fig. 1; Table I) (34). Glucose induces 
apoC‑III transcription, which may represent a mechanism 
that links hyperglycaemia, hypertriglyceridaemia and CVD 
in patients with T2DM; this process is inhibited by treatment 
with agonists of farnesoid X receptor and peroxisome prolif-
erator‑activated receptor‑α (35). The highest tertile of HDL 
apoC‑III was reported to be a major independent predictor 
of new‑onset T2DM in the Turkish population, particularly 
in women in which the middle tertile was also indicated to 
be highly predictive of T2DM; however, non‑HDL apoC‑III 
does not independently predict T2DM (36). Plasma apoC‑III 
levels may be altered in individuals with a family history of 
diabetes (34), indicating that the latter is an important factor 
for apoC‑III.

ApoC‑III delays TG‑rich lipoprotein lipolysis by inhibiting 
the expression of LPL and the hepatic uptake of TG‑rich lipo-
proteins by remnant receptors, and is strongly associated with 
hypertriglyceridaemia and CVD progression (37). apoC‑III 
plasma concentration may strongly and independently predict 
coronary events in T2DM  (37). In patients with T2DM, 
high levels of apoC‑III increase the susceptibility of LDL 
to hydrolysis and aggregation by sphingomyelinases  (38). 
The sialylation of apoC‑III, which increases with increased 

Figure 1. Altered expression of apolipoproteins and lipoproteins in type 2 diabetes mellitus. Insulin resistance initiates the characteristic of high TG level, 
low HDL cholesterol level and high sd‑LDL level, as well as high levels of apoB, apoC‑II, apoC‑III and apoE, and low levels of apoA‑1 and apoM. When the 
concentrations of VLDL‑transported TG are high, CETP promotes the transfer of LDL CE in exchange for TG. TG‑rich LDL can undergo hydrolysis by HL 
or LPL. The rate of HDL degradation is increased and its production is not altered, resulting in decreased plasma HDL. apo, apolipoprotein; CE, colesteryl 
ester; CETP, cholesteryl ester transfer protein; FFA, free fatty acid; HDL, high‑density lipoprotein; HL, hepatic lipase; LDL, low‑density lipoprotein; LPL, 
lipoprotein lipase; PI3K, phosphatidylinositol 3‑kinase; sd‑LDL, high small low‑density lipoprotein; TG, triglyceride; VLDL, very low‑density lipoprotein. 
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apoC‑III concentration, are essential for its pro‑inflammatory 
properties, could increase CVD risk (�������������������������38)����������������������. Chronic underexpres-
sion of apoC‑III may also affect heart functions (39). apoC‑II 
levels are higher in patients with T2DM and CVD compared 
with patients without CVD (39). These results indicated that 
apoC‑II and apoC‑III serve important roles in cardiac events.

Gene mutations and polymorphisms of apoC in T2DM. 
Circulating apoC‑III is an independent determinant of both 
incident T2DM and CVD. T2DM patients with apoC‑III 
482TT homozygotes have higher apoC‑III levels compared 
with C‑allele carriers (40). In lean patients, the apoC‑III 482TT 
allele was associated with an increased risk of T2DM, but no 
association was made in overweight patients. Lean patient 
carriers of the 482C>T allele may require more frequent 
insulin therapy, which may be an effect of apoC‑III variants on 
β‑cell function. This genetic overlap also occurs in T1DM (41). 
ApoC‑III 1,100C>T was reported to be associated with an 
increased risk of T2DM and this effect was independent of 
the effects on TG levels (42). A previous study investigated 
genetic variations in the 3'flanking region of apoA‑I (PstI), the 
3'untranslated region of apoC‑III (SstI) and intron 2 of apoA‑IV 
(XbaI) in 435 patients with T2DM and revealed that the 
P1‑S2‑X1 haplotype increased the risk of CVD in patients with 
T2DM (Table II) (39). Patients with T2DM and the apoC‑III 
m482 AA polymorphism exhibited lower cognitive functions 
and significantly higher glucose and TC levels compared with 
patients with the AG or GG genotypes. Patients with T2DM 
and the apoC‑III 3u386 GC or GG polymorphism exhibited 

significantly higher TG, TC and glucose levels compared with 
Caribbean Hispanic patients with the CC genotype (43).

5. Relationship between apoD and T2DM

ApoD is expressed in numerous tissues, including brain, 
intestine, liver, cardiac and skeletal muscle, adipose tissue and 
pancreas. In plasma, apoD is mainly bound to HDL, with a 
low level of apoD bound to VLDL and LDL, which suggested 
that apoD may serve an important role in the metabolism of 
both TG and TC (44). ApoD is a potent activator of LCAT. 
apoA‑I and apoC‑I can also modulate LCAT activity by 
stabilizing the enzyme on HDL (44), indicating that apoD 
may have some interaction with apoA‑I and apoC‑I in HDL 
metabolization, although further studies are required. ApoD 
also serves a role in HDL remodelling through covalent cross-
linking with apoA‑II, a structural component of HDL (44). 
Previous studies investigating the association between apoD 
and T2DM are limited; however, it has been reported that 
apoD serves an important role in oxidative stress, which is 
closely associated with insulin resistance and diabetes (45). 
Another study demonstrated that apoD functions to protect 
against lipid peroxidation and oxidative stress  (46). ApoD 
expression was also revealed to be upregulated in cultured 
myotubes from patients with T2DM (46). A linkage has been 
observed between the TaqI polymorphism of apoD and T2DM 
in South Indians, Nauruans and British Caucasian populations 
(Table II) (47,48). T2DM may influence the expression levels 
of apoD mRNA in the hypothalamus of obese db/db mice (46); 

Table I. Altered plasma concentrations of apolipoproteins in T2DM and its complications.

		  T2DM with	
Apo	 T2DM vs. healthy	 CVD vs. T2DM	 T2DM with other diseases

apoA	 apoA‑I ↓ (3,50) 	 apoA‑I ↓ (3)	 1. T2DM with MetS vs. only MetS:apoA‑I ↓;
			   apoA‑I:apoB ↓ (17)
	 Glycated apoA‑I ↑ (3)	 Glycated apoA‑I ↑ (3)	 2. T2DM on haemodialysis vs. healthy
			   people:apoA‑IV ↓ (13)
			   3. PDR vs. NPDR:apoA‑I ↓; apoA‑I:B ↓ (14)
	  	  	 4. T2DM with MOP vs. MOP:apoA‑IV ↑ in
			   jejunum (15)
apoB	 apoB ↑ (3,50)	 apoB ↑ (3)	 1. T2DM with MOP vs. only MOP:apoB48 ↑
			   in jejunum (15)
	 Glycated apoB ↑ (15)	 apoB:A‑I ↑ (30)	 2. Albuminuric T2DM vs. normoalbuminuric
			   T2DM:apoB ↑ (28)
	 apoB:apoA‑I ↑ (15)		   
apoC	 apoC‑II ↑; apoC‑III ↑	 LDL‑apoC‑III ↑ (38)	 1. T2DM with MetS vs. only MetS:apoC‑III
			   unchanged (17)
	 apoC‑III:C‑II ↓ (34) 	 apoC‑II ↑ (39)	
apoD	 no research	 no research	 No research
apoE	 apoE ↑ (50)		
apoM	 apoM ↓ (63)	  	 1. T2DM with hyperlipidaemia vs. only
			   T2DM:apoM unchanged (59)

↓, decrease; ↑, increase; apo, apolipoprotein; CVD, cardiovascular disease; MetS, metabolic syndrome; MOP, morbidly obese person; NPDR, 
non‑proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; T2DM, type 2 diabetes mellitus.
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however, the underlying pathophysiological role of apoD in 
T2DM is not clear. Therefore, further research is required.

6. Relationship between apoE and T2DM

Introduction to apoE. ApoE possesses three major alleles 
(ε2, ε3 and ε4) and encodes a 299 amino‑acids‑long protein 
that has three isoforms (E2, E3 and E4). ε3 is the most 
common isoform and has a frequency of 70‑80%; whereas the 
frequency of ε2 and ε3 are 5‑10 and 10‑15%, respectively (49). 
ApoE is a component of VLDL, CMs and HDL; increased 
production and secretion of apoE by the liver, or accumula-
tion of apoE in the plasma has been associated with increased 
VLDL synthesis and secretion (50). ApoE serves an important 
role in regulating plasma and cellular lipid concentrations (50).

Metabolism of apoE in T2DM. As insulin resistance is associated 
with metabolic dyslipidaemia, the function of apoE isoforms 
in lipid metabolism may serve an important role in T2DM 
pathogenesis (51). Serum apoE concentrations were previously 
demonstrated to be elevated in patients with T2DM (Fig. 1; 
Table I) (52). The serum levels of apoE are independently asso-
ciated with urinary albumin excretion in patients with T2DM, 
and levels are significantly higher in patients with albuminuria 
and T2DM compared with T2DM alone (51), which indicated 
that apoE may be related to T2DM and its complications.

Association between apoE genotype and T2DM. A 
meta‑regression analysis suggested that carriers of the apoE 
ε2 allele have an increased risk for T2DM, and the apoE 
ε2/3 genotype may increase the risk of diabetic nephrop-
athy (53). The apoE ε4 allele is has been associated with the 

development of T2DM and severe peripheral neuropathy in 
patients with T2DM (54). In addition, the ε4 allele may be 
linked with the development of ischemic heart disease in 
patients with T2DM (55). ApoE ε4 has also been associated 
with the development of T2DM with CAD (Table II) (56,57), 
as well as increased risk of cardiovascular events and related 
mortalities in patients with T2DM and end‑stage renal disease 
(Table  I)  (58). A number of previous human and animal 
studies have reported a causal link between aberrant insulin 
metabolism, both hypoinsulinaemia and insulin resistance, 
and the pathogenesis of Alzheimer's disease (AD) (49). T2DM 
and prediabetic states, such as abnormal glucose tolerance 
and insulin resistance, have been implicated as risk factors of 
AD. Compared with those who have neither T2DM nor the 
apoE ε4 allele, patients with both factors have a higher risk 
of developing AD, mixed AD (59) and cognitive dysfunc-
tion (60), which suggested that apoE may be a risk factor of 
AD. A strong association has been made between T2DM and 
the development of AD in patients with T2DM and the apoE 
ε4 allele that also have numerous neuritic plaques and neuro-
fibrillary tangles in the cortex and hippocampus, and with a 
high burden of cerebral amyloid angiopathy (61). In addition, 
protein and mRNA expressions of insulin‑degrading enzyme 
are significantly reduced in the hippocampus in patients with 
AD that carry the apoE ε4 genotype (49). These data suggested 
that carrying the apoE ε4 allele may increase the risk of devel-
oping AD in patients with T2DM (Table I).

7. Relationship between apoM and T2DM

Introduction to apoM. ApoM expression is highly tissue 
specific; it is mainly expressed in liver and kidney, and weakly 

Table II. Polymorphisms of apolipoproteins with the susceptibility of T2DM.

apo	 Apolipoprotein polymorphism 

apoA	 apoA‑V 1131T>C polymorphisms influence plasma TG levels and LDL levels in T2DM (19); other studies
	 do not find the association (21,23)
apoB	 No research
apoC	 1. apoC‑III 482T allele is associated with increased risk of T2DM (41)
	 2. apoC‑III 1100C>T is associated with increased risk of T2DM in Caucasian Europeans (42)
	 3. apoC‑III P1‑S2‑X1 is a susceptibility haplotype that increases the risk of coronary heart disease in
	 T2DM (39)
apoD	 apoD TaqI polymorphism is associated with susceptibility of T2DM in South Indians, Nauruans and British
	 Caucasians (47,48)
apoE	 1. apoE ε4 allele is associated with increased risk of T2DM (57) and severe neuropathy, ischemic heart
	 disease (55), coronary artery disease (56) and Alzheimer disease in T2DM (59)
	 2. apoE ε4 allele is associated with increased risk of cardiovascular events in patients with T2DM and
	 end‑stage renal disease (58)
	 3. apoE ε2 allele is associated with increased risk of T2DM (51)
	 4. apoE ε2/3 genotype increase the risk for diabetic nephropathy (53)
apoM	 1. apoM T‑778C is associated with increased risk of T2DM (69)
	 2. apoM C‑1065 allele is associated with T2DM duration of >10 years (71)
	 3. apoM C‑724del is associated with T2DM (67)

Apo, apolipoprotein; LDL, low‑density lipoprotein; T2DM, type 2 diabetes mellitus; TG, triglycerides.
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expressed in embryonic liver and kidney, stomach, muscle 
cells, heart, intestine, brain, spleen and testes; however, 
expression has not been detected in muscle tissue, duodenum 
and ovaries (62). ApoM is present in HDL and, to a lower 
degree, in TG‑rich lipoproteins and LDL in plasma. ApoM 
is crucial for pre‑b‑HDL formation and cholesterol efflux 
to HDL; it protects against atherosclerosis  (63). Previous 
studies have indicated that apoM may be associated with 
both apoA‑I and apoE (64,65). For example, ApoM may be 
an independent predictor of apoA‑I and apoA‑II catabolism in 
overweight/obese, insulin‑resistant men (64). ApoM expres-
sion is reduced in diabetic mice and its synthesis may be 
regulated by insulin (62). Furthermore, phosphatidylinositol 
3‑kinase may also control the expression of apoM in HepG2 
human liver carcinoma cells. apoM may serve a role in the 
metabolism of glucose and lipids by regulating peroxisome 
proliferator‑activated receptor γ (66).

Metabolism of apoM in T2DM. Plasma concentrations of apoM 
are ~9% lower in patients with T2DM compared with healthy 
control individuals in Caucasians (Fig. 1; Table I) (67). Our 
recent research also demonstrated that Chinese T2DM patients 
also had lower apoM levels than healthy controls (68). Of note, 
no differences of plasma apoM concentrations were observed 
between T2DM patients and healthy controls, indicating that 
low plasma apoM in T2DM may be the accompanying effect 
of HDL (68).

Gene mutations and polymorphisms of apoM in T2DM. The 
apoM T‑778C SNP was notably associated with T2DM in the 
Han Chinese population (69). Plasma TC levels were demon-
strated to be significantly higher in individuals with apoM 
T‑778C CC or CT genotype compared with TT genotype in 
healthy people (70). However, the apoM T‑778C TT genotype 
was significantly associated with elevated plasma TC and 
LDL levels in patients with T2DM (67). In vitro experiment 
demonstrated that apoM T‑778C T allele could led to ectopic 
expression of apoM transcript, which can modify hepatic cell 
cholesterol content (67). In addition, the allele C of the apoM 
C‑1065A SNP was significantly increased in patients with 
T2DM >10 years compared with those in T2DM duration <10 
years (Table II) (71). A recent study reported that the apoM 
C‑724del SNP was associated with CVD and myocardial 
infarction  (72), and another study demonstrated that this 
polymorphism was also related to T2DM (67).

8. Conclusions and prospects

Dyslipidaemia in patients with T2DM is characterised by high 
plasma TG, reduced HDL and increased sd‑LDL. Dyslipidaemia 
may lead to atherosclerosis and other complications, and is 
closely associated with insulin resistance (Fig. 1) (2). Complex 
metabolic disorders of apolipoproteins in T2DM occur, such 
as high plasma concentrations of apoB, apoC‑II, apoC‑III and 
apoE, and low plasma concentrations of apoA‑I and apoM, which 
are associated with dyslipidaemia and the pathophysiology of 
complications (Fig. 1; Table I) (3,34,50,63). T2DM combined 
with CVD and other complications also affect plasma apolipo-
protein concentrations (Table I) (3,38,39). Certain apolipoprotein 
polymorphisms are related to the susceptibility of T2DM, as 

well as complications and lipid metabolism (19,21,23,39,41,42,
47,48,51,53,55‑59,66,68,70); however, the complex mechanisms 
have not been fully elucidated (Table II). In addition, few studies 
have been conducted on the interactions between each apoli-
poprotein. Apolipoproteins are closely related to diabetes and 
other metabolic diseases; however, the complex mechanisms of 
insulin and glucose regulation of apolipoproteins are not well 
understood. Thus, the association between apolipoproteins and 
the pathogenesis of diabetes requires further research.
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