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Abstract 
High density lipoprotein protects cardiovascular diseases and reduces the risk 
of cardiovascular diseases through cholesterol reverse transport and other 
mechanisms. High-density lipoprotein cholesterol (HDL-C) is an indepen-
dent predictor of negative events in cardiovascular diseases. Low concentra-
tion of HDL-C indicates abnormal regulation of HDL anabolism. Various 
proteins and receptors such as cholesteryl ester transfer protein (CETP) are 
involved in HDL anabolism. Type 2 Diabetes Mullitu and its related metabol-
ic syndrome, chronic inflammation as well as oxidative stress not only affect 
the proteins and receptors related to HDL anabolism, but also affect their 
functional changes, making HDL change from anti-inflammatory, antioxi-
dant, protecting endothelial cell function to pro-inflammatory, pro-oxidative 
and pro-endothelial cell apoptosis. This article will describe the relationship 
between HDL-C, type 2 diabetes and cardiovascular diseases from the effects 
of T2DM on HDL anabolism and function, and further explore the effective-
ness of elevating HDL-C in treating cardiovascular diseases of patients with 
type 2 diabetes. 
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1. Introduction 

Patients with diabetes mellitus are high-risk groups for cardiovascular and cere-
brovascular diseases. The risk of cardiovascular and cerebrovascular diseases in 
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patients with diabetes mellitus is 2 - 4 times higher than that of non-patients 
with diabetes mellitus. Compared with non-patients with diabetes mellitus with 
coronary heart disease, patients with diabetes mellitus with coronary heart dis-
ease account for 67% of coronary heart disease-related deaths. About 84% of pa-
tients with diabetes mellitus aged over 65 die from cardiovascular and cerebro-
vascular events [1]. Therefore, diabetes patients, a large group of people, have 
attracted extensive attention. Both type 2 diabetes mellitus and its metabolic 
syndrome can affect HDL [2]. Moreover, chronic inflammation, oxidative 
stress and other factors of diabetes can lead to changes in HDL serum concen-
tration, structure and function, and even change from functional HDL with 
anti-inflammation, anti-oxidation, anti-apoptosis and anti-thrombosis to dys-
function HDL with pro-inflammation, pro-oxidation, pro-apoptosis and 
pro-thrombosis functions, thus increasing the risk of cardiovascular diseases. As 
a result, the effectiveness of elevating HDL-C as a therapeutic target to reduce 
the risk of cardiovascular diseases in patients with type 2 diabetes mellitus has 
been widely questioned. This article will review the effectiveness of elevating 
HDL-C in treating cardiovascular diseases in patients with type 2 diabetes mel-
litus from the aspects of the effects of type 2 diabetes mellitus on HDL anabolism 
and function. 

2. HDL 
2.1. Structure 

In plasma, HDL is the lipoprotein with the largest density and the smallest vo-
lume in human body (Density: 1.063 - 1.21 g/ml) [3]. The main protein compo-
nent of HDL is apolipoprotein A-I(apo A-I), accounting for about 70%. There-
fore, apo A-I is closely related to HDL-C concentration. Proteomics research 
continues to expand apolipoprotein spectrum and other related protein compo-
nents in HDL [4]. HDL lipids are mainly free or esterified fatty acids, phospholi-
pids and different ceramides and sphingolipids [5]. Unlike other apolipoprote-
ins, HDL exists as apolipoprotein precursor particles rather than mature apoli-
poproteins. These particles are mostly disk-shaped and consist of phospholipid 
bilayers and apolipoprotein stabilized unesterified cholesterol [6]. There are 
many subgroups of HDL, which are classified by volume: HDL3c, HDL3b, 
HDL3a, HDL2a, HDL2b; According to density, there are HDL2 (d = 1.063 - 
1.125 g/ml), HDL3 (d = 1.125 - 1.21 g/ml), etc. [7]. 

2.2. Synthesis and Decomposition of HDL and Its  
Function-Related Proteins 

The HDL subgroups increase or eliminate the neutral lipids, phospholipids in 
the components under the reaction of related proteins to undergo reconstruction 
or transformation, and proteins involved in HDL synthesis and decomposition 
and function-related include: 
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2.2.1. Serum Amyloid A (SAA) 
SAA competitively combines with apo A-I and HDL, and can become the main 
protein component of HDL. HDL containing SAA mediates the decrease of cho-
lesterol outflow activity [8] and is easier to be cleared by kidney. It has been re-
ported that SAA has a certain role in the development of plaque. 

2.2.2. CETP 
CETP mediates the exchange of cholesteryl esters in HDL with triglyceride-rich 
lipoproteins to promote the reverse transport of cholesterol, so that the increase 
of TG component in HDL increases the catabolism and leads to a decrease in 
HDL-C concentration. 

2.2.3. Endothelial Lipase (EL) 
EL is consistent with liver lipase and lipoproteinase, and tends to hydrolyze trig-
lyceride-rich lipoproteins. Current experimental studies have shown that over-
expression of adenovirus gene into EL reduces the cholesterol component and 
phospholipid component of HDL. 

2.2.4. Lecithin: Cholesterol Acytransferase (LCAT) 
LCAT needs to transfer sn-2-acyl of lecithin to cholesterol under the action of 
apo A-I co-activation factor, so as to convert free cholesterol in HDL into chole-
steryl ester. This process retains the core of HDL particles, and converts naive 
HDL into spherical particles, which is especially important for reverse cholester-
ol transport process. 

2.2.5. Paraoxonase (PON) 
PON1 is an enzyme related to HDL which can protect LDL from oxidation as 
well as an important mechanism for HDL to resist atherosclerosis. The reduction 
of PON1 can reduce HDL antioxidant function [9]. Moreover, HDL-PON can 
decompose peroxides on the surface of cell membrane. Some researchers have 
found that there is a negative correlation between HDL-PON activity and HDL 
peroxide level, which proves that PON not only reduces LDL and membrane 
oxidation, but also reduces HDL oxidation. 

2.2.6. ATP-Binding Cassette Transporter A1 and G1 (ABCA1/ABCG1) 
ABCA1 plays an important role in reverse cholesterol transport and HDL syn-
thesis. ABCA1 promotes cholesterol efflux process (at least lipid apo A-I from 
cells) by consuming ATP to participate in cholesterol reverse transport process. 
The role of ABCG1 is to re-esterify apo A-I produced by ABCA1 pathway 
through energy consumption mediated lipid outflow. 

2.3. HDL—Cholesterol Reverse Transport 

Apo A-I, the skeleton of HDL protein, is mainly synthesized and secreted into 
circulation by liver and intestinal tract, and combines free phospholipids, cho-
lesterol and triglycerides to form juvenile HDL particles [10]. Juvenile HDL is 
bound to the surface of peripheral tissues such as macrophages ABCA1 activates 
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intracellular cholesterol ester hydrolase to produce free cholesterol, which is 
transported to juvenile HDL [11], and forms cholesterol ester after LCAT cataly-
sis, making it easier to embed into HDL core. This process converts low-fat HDL 
precursor particles into lipid-rich HDL (mature HDL) [12]. Subsequent mature 
HDL is released into the circulation and reaches the liver in combination with 
scavenger receptor-B1 (SR-B1), making HDL lipid components more susceptible 
to hydrolysis by lipases such as hepatic lipase to unload their lipid components 
[13]. Subsequently, lipid-poor HDL is released into the circulation to repeat the 
above-mentioned cholesterol transport process [14], which is the reverse trans-
port of cholesterol—HDL removes excess cholesterol from the periphery and 
transports it to the liver for metabolism or to steroid synthesis organs for steroid 
hormonessynthesis. Thus, HDL prevents lipid toxicity and reduces the forma-
tion of foam cells, thereby reducing the formation of atherosclerotic plaque and 
reducing the risk of cardiovascular events [15]. 

3. HDL, Diabetes Mellitus and Cardiovascular Diseases 

Cardiovascular diseases are still the leading cause of death in many developed 
and developing countries [12]. HDL’s reverse cholesterol transport, an-
ti-inflammatory [16], antioxidant and other functions play a great role in cardi-
ovascular protection [17]. Type 2 diabetes mellitus and its metabolic syndrome 
affect HDL concentration and function in many ways. 

3.1. Changes in Anabolism and Catabolism 

Changes in anabolism and catabolism of HDL are accompanying insulin resis-
tance, resulting in HDL synthesis with little triglyceride and little cholesterol es-
ter, non-enzymatic saccharification of apo A-I and other HDL related proteins, 
oxidative modification of HDL lipids, apolipoproteins and enzymes, etc. [18]. 

3.1.1. Proteomic Changes 
Chronic inflammation in patients with type 2 diabetes mellitus increases SAA 
[19]. SAA replaces apo A-I from HDL surface, and SAA-rich HDL is more sus-
ceptible to hydrolytic metabolism. Oxidative stress in patients with diabetes mel-
litus is increasing, resulting in a decrease in HDL-related proteins apo A-I and 
PON1. 

3.1.2. Lipid Histological Changes 
Insulin resistance and T2DM can increase the level of TG. Hypertriglyceridemia 
increases CETP-mediated transesterification of TG-rich lipoprotein and HDL 
cholesterol, which increases the content of TG-rich HDL (poor stability and 
loose binding with Apo-A1) in circulation and accelerates renal excretion [20]. 
Phospholipids in T2DM have changed, and the ratio of sphingomyelin/lecithin 
(the main determinant of HDL antioxidant function) has increased. 

3.2. Functional Changes 

The function of HDL depends on the shape of HDL (spherical shape is better 
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than discoid shape [21]), the size and composition of HDL (fatty acid composi-
tion/triglyceride content [22], glycated protein, peroxide protein). 

3.2.1. Impaired Reverse Cholesterol Transport Function 
ABCA1 and ABCG1 are key components in cholesterol reverse transport. Their 
expression in macrophages up-regulates lipid loading [23], while ABCA1 me-
diates cholesterol and phospholipid efflux to apo A-I, and phospholipids and 
cholesterol in mature HDL are mainly derived from ABCG1-mediated lipid ef-
flux [24]. Mauldin et al. [25] demonstrated that hyperglycemia resulted in de-
creased ABCG1 expression and impaired function of macrophages in a mouse 
model of type 2 diabetes mellitus. In vitro experiments, RAW264.7 macrophages 
and HepG2 hepatocytes were incubated in unsaturated fatty acid medium, and 
the expression of ABCA1 mRNA and protein were both down-regulated [26]. 
Significantly elevated unsaturated fatty acids in patients with diabetes mellitus 
have been shown to phosphorylate ABCA1 through phospholipase D2 pathway 
and reduce its stability, thus affecting its function [27] and reducing cholester-
ol reverse transport. The increased SAA in T2DM patients binds to HDL and 
increases its affinity to macrophages by 3 to 4 times, while the affinity to he-
patocytes decreases. The difference in affinity may lead to HDL switching from 
liver to macrophage clearance, which may be closely related to HDL’s an-
ti-atherosclerosis and anti-inflammatory properties changing to atherosclerosis 
promoting properties [8]. In addition, SAA has been shown to reduce HDL 
subpopulations and promote cholesterol outflow [28]. Advanced glycation 
products (AGEs) formed in patients with diabetes mellitus are increased, and 
AGE precursors hinder ABCA1-dependent intracellular cholesterol efflux [29]. 
In addition, AGEs [30] were also detected from lipoprotein isolated from di-
abetic subjects. The increase in apo A-I carbonyl modification associated with 
AGEs [30] may be related to abnormal HDL metabolism. A recent study shows 
that inflammation destroys many components of HDL cholesterol transport and 
efflux function [31]. Inflammation-induced down regulation of bile transporters 
ABCG5, ABCG8 and ABCB11 in the liver results in impaired cholesterol meta-
bolism through the liver. The above-mentioned various mechanisms damage the 
reverse cholesterol transport process. 

3.2.2. Impaired Antioxidant Function 
Chronic inflammation induces the secretion of myeloperoxidase (MPO), and 
MPO activity increases in HDL in patients with type 2 diabetes mellitus [32]. 
MPO has been proved to selectively catalyzenitrosation, chlorination, oxidation 
of Apo-A1, and oxidized apo A-I selectively inhibit ABCA1-dependent choles-
terol outflow process [33]. Apo A-I has a pro-inflammatory effect after oxidation 
by MPO. Oxidative modification of HDL apolipoproteins and enzymes in pa-
tients with diabetes [22] and increased sphingomyelin/phosphatidylcholine ra-
tios lead to an increase in the surface hardness of HDL (a key antioxidant factor 
[34]), which reduces their antioxidant activity. The content of very low density 
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lipoprotein increases in type 2 diabetes mellitus, which is proved to be an effec-
tive LCAT activity inhibitor [35]. In addition to its importance in reverse cho-
lesterol transport, LCAT can hydrolyze platelet activating factor (PAF) [36] [37] 
and phosphatidylcholine produced during lipoprotein oxidation, eliminating its 
pro-inflammatory function and cytotoxicity. In addition to its antioxidant prop-
erties, LCAT has an effect on the concentration of PON1 and PAF acetylhydro-
lase [38]. This indicates that LCAT plays an important role in the reverse cho-
lesterol transport and HDL antioxidant function. 

The anti-atherosclerosis effect of HDL is closely related to the regulation of 
LDL and cell membrane oxidation by PON1. Increased oxidative stress in T2DM 
reduces the concentration of PON1 [39], which is 40% of that in non-patients 
with diabetes mellitus [40]. PON1 inhibits the production of monocyte chemo-
tactic protein 1 (MCP1) mediated by oxLDL through endothelial cells [41]. 
MCP1 induces monocytes to recruit subcutaneously, which lays a foundation for 
the occurrence of atherosclerosis. The protective effect of PON1 transfected cells 
and PON1 transgenic mice on macrophage oxidative stress [42] reduces the 
formation of atherosclerotic lesions [43], and PON1 deficiency is found to be 
related to macrophage oxidative stress and increased atherosclerosis [44]. The 
more peroxide components in HDL, the lower HDL-PON activity [45]. In short, 
the decrease of PON activity and HDL anti-membrane and LDL oxidation pro-
tection in patients with diabetes mellitus accelerates atherosclerosis in patients 
with diabetes mellitus. 

3.2.3. Impaired Endothelial Protective Function 
Some studies have found that the protective effect of HDL on vascular endothe-
lium is obviously impaired in patients with T2DM [32]. Perségol et al. [46] 
proved that HDL lipid peroxidation and myeloperoxidase (MPO) activity in-
creased in patients with T2DM, and the ability of resisting oxidized low density 
lipoprotein to inhibit endothelium-dependent vasodilation was impaired. In-
creased MPO can increases endothelial dysfunction [47] [48] and coronary heart 
disease risk [49]. In vitro studies have shown that HDL isolated from healthy in-
dividuals incubates endothelial cells and found that HDL could induce the ex-
pression of endothelial NO synthase (eNOS). However, the loss of HDL vasodi-
lation function in patients with T2DM is due to the reduction of NO production 
and endothelium-dependent relaxation function. Moreover, in patients with di-
abetes and coronary heart disease, HDL’s function of inhibiting expression of 
endothelial intercellular adhesion molecule-1 (VCAM-1) is absent, thus macro-
phages are more likely to adhere to activated vascular endothelial cells [47], and 
endothelium is more likely to be damaged. Recent studies have shown that HDL 
endothelial protective function mainly increases the number of serum endo-
thelial progenitor cells (EPCs) [50] and accelerates endothelial cell neogenesis. 
Some studies have found that HDL loss from T2DM patients with coronary 
heart disease inhibits endothelial cell apoptosis because it cannot activate an-
ti-apoptotic proteins and stimulate the pro-apoptotic pathway. In vitro, cardi-
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omyocytes are incubated with high glucose, and HDL supplementation can off-
set the apoptosis-promoting effect of some high glucose on cardiomyocytes. In 
healthy control group and patients with diabetes mellitus, low HDL is an inde-
pendent risk factor for endothelial dysfunction [51]. 

4. Diabetes Mellitus and Coronary Heart Disease 

Numerous epidemiological studies have shown that diabetes is one of the inde-
pendent risk factors for cardiovascular diseases. Endothelial dysfunction plays 
an important role in the pathogenesis of microangiopathy in patients with di-
abetes mellitus [52], and is the main cause of diabetes morbidity and mortality. 
At the early stage of atherosclerosis formation, endothelial dysfunction already 
exists, while there is no obvious morphological change in vascular wall at this 
time. Endothelial dysfunction is common in patients with diabetes mellitus. 
eNOS expression is down-regulated, NO synthesis is reduced, and endothe-
lium-dependent vasodilation is abnormal [53]. Diabetes-related hyperglycemia 
and increase of angiotensin II (Ang II) can increase reactive oxygen species 
(ROS) in circulation. Oxidative stress causes endothelial dysfunction [54], partly 
due to NO degradation. NO has important antithrombotic, anti-apoptosis and 
anti-inflammatory functions. This makes people wonder whether other func-
tions such as anti-inflammatory function and anti-apoptosis function are also 
changed after vascular endothelial relaxation dysfunction. A large number of 
studies have shown that activation of angiotensin II type 1 receptor (AT1R) in-
creases vascular endothelial oxidation products and initiates apoptosis process, 
which promotes the occurrence and development of vascular endothelial dys-
function [54]. The expression level of AT1R determines its biological activity. 
Currently, several known agonists include glucose, angiotensin II, insulin, reac-
tive oxygen species and others including diabetes itself [53]. The understanding 
of up-regulation of AT1R expression and angiotensin II mediated signaling in 
patients with diabetes mellitus comes from the discovery that endothelial func-
tion is repaired after patients with diabetes mellitus use AT1R antagonist [55]. 
Some studies have found that endothelial progenitor cells (EPCs) are also tar-
geted to repair damaged sites after vascular wall integrity is destroyed, in addi-
tion to repairing adjacent mature endothelial cells [56]. EPC is not only reduced 
in number but also impaired in function in patients with diabetes mellitus [57], 
which may be related to endothelial dysfunction [58]. Primary myocardial injury 
in patients with diabetic heart disease occurs before hypertension and coronary 
artery disease. Ventricular dysfunction in diabetic heart disease is mainly due to 
myocardial cell apoptosis, interstitial inflammatory reaction, myocardial cell 
hypertrophy, glycogen accumulation in myocardium, changes in myocardial 
extracellular matrix (interstitial and perivascular fibrosis), myocardial micro-
vascular lesions, intracellular Ca2+ abnormalities and endothelial cell dysfunction 
[59]. Some animal studies have found that cell apoptosis increases in diabetic 
animals induced by streptozotocin (STZ) [60], as well as in patients with di-
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abetes mellitus [61]. Apoptosis is mainly due to increased oxidative stress caused 
by hyperglycemia. Hyperglycaemia not only increases the production of reac-
tive oxygen species, but also inhibits the production of antioxidant enzymes 
[62]. In addition to inducing lipid peroxidation, ROS can also change cell pro-
teins and initiate various stress signal pathways, such as Erk, JNK and p38 
MAPK. Activation of cardiac p38 MAPK is of pathological importance in di-
abetic heart disease, which indicates that inhibition of p38 MAPK can improve 
STZ-induced left ventricular dysfunction in diabetic mice [63]. It has been con-
firmed in transgenic and knockout animal models that antioxidant enzymes su-
peroxide dismutase (SOD), SOD-1, SOD-2, and extracellular (ec)-SOD convert 
O2-anions into oxygen molecules and hydrogen peroxide [64], and SOD-2 is the 
same in patients with diabetes mellitus [65]. In the heart, overexpression of 
ec-SOD reduces macrophage infiltration and fibrosis, and improves left ventri-
cular dysfunction [64], while up-regulation of SOD-2 expression can prevent 
apoptosis induction and protect mitochondrial respiratory function [66]. 

5. Conclusion 

To sum up, HDL has long been considered as a protective component of cardi-
ovascular diseases, and HDL-C concentration is a good predictor of cardiovas-
cular disease risk factors. Type 2 diabetes mellitus affects HDL metabolism and 
thus reduces HDL-C concentration, but increasing HDL-C concentration with 
drugs has not been able to reduce the risk of cardiovascular events as scheduled. 
Not only that, T2DM changes HDL in size, shape and composition, thus chang-
ing its function and even transforming it from cardiovascular protective effects 
such as anti-inflammation, anti-apoptosis and antithrombotic to cardiovascular 
disease events such as pro-inflammation, pro-apoptosis and thrombosis. There-
fore, we should not only pay attention to HDL-C concentration, but also pay at-
tention to its morphology, composition and functional changes in the treatment 
of type 2 diabetes patients with cardiovascular diseases, which provides a new 
research direction for cardiovascular disease risk prediction and treatment tar-
geting of patients with T2DM. 
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