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Abstract: The clustering of cardio-metabolic risk factors, regardless if this is called metabolic syndrome (MetS) or not, 

substantially increases the risk of cardiovascular disease (CVD) and all-cause mortality. One of the possible mechanisms 

of the rise in CVD incidence is the increase in arterial stiffness (AS), which is a significant and independent CVD risk fac-

tor. Hypertension has long been connected to AS. Besides MetS components (obesity, dyslipidaemia, hypertension, dys-

glycaemia), MetS-associated disease states, not included in the MetS diagnostic criteria (renal dysfunction, hyperuricae-

mia, non alcoholic fatty liver disease, obstructive sleep apnea, polycystic ovary syndrome and hypercoaglutability) have 

been implicated in the increase of CVD risk through the increase of AS, among other mechanisms. Treatment options for 

AS induced by these non-diagnostic features of MetS are discussed. The impact of lifestyle changes is analyzed. Among 

pharmacological interventions, statin treatment seams to hold a pivotal role. Furthermore, we discuss specific measures 

for each disease state separately.  
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1. INTRODUCTION 

The metabolic syndrome (MetS) is a cluster of cardio-
vascular disease (CVD) and type 2 diabetes mellitus (T2DM) 
risk factors [1], that increases the risk of CVD events [2,3] 
and all-cause mortality [4], even in the absence of clinically 
evident CVD and/or T2DM [5,6]. MetS, also called "insulin 
resistance syndrome", "deadly quartet" or "syndrome X", is 
becoming a worldwide epidemic. According to definition 
used, 32-40% of the adult population of developed countries 
have MetS, as a result of the increasing prevalence of obesity 
and sedentary lifestyle [7]. However, it has been suggested 
that when confounding factors such as obesity are taken into 
account, MetS has a negligible association with CVD risk 
[8]. This led the American Diabetes Association and the 
European Association for the Study of Diabetes to issue a 
joint statement expressing concerns on the clinical utility of 
MetS as a syndrome [9]. However, it is widely accepted that 
the clustering of several CVD risk factors, regardless if they 
are considered as a syndrome or not, confer an increased 
CVD risk, even if this is the equal to the sum of the risks 
conferred by the individual MetS components. The 
International Diabetes Federation [http://www.idf.org/ web-
data/docs/IDF Meta def_final.Pdf] released a worldwide 
definition of MetS with the following criteria: central obesity 
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[defined as increased waist circumference using ethnicity-
specific values] plus any 2 of the following features: raised 
triglycerides (TG) (>150 mg/dL) or specific treatment for 
this lipid abnormality, reduced high-density lipoprotein cho-
lesterol (HDL-C) levels (<40 mg/dL in males and <50 
mg/dL in females) or specific treatment for this lipid abnor-
mality, raised blood pressure (BP) (systolic BP >130 mmHg 
or diastolic BP >85 mmHg) or treatment for hypertension, 
and raised fasting plasma glucose (FPG) levels (>100 
mg/dL) or previously diagnosed T2DM. In this consensus 
definition, obesity is characterised as the main clinical mani-
festation of MetS and insulin resistance (IR) as the central 
pathophysiological abnormality. However, there are other 
CVD risk factors associated with MetS which are not in-
cluded in the diagnostic criteria of MetS. These include 
chronic kidney disease (CKD), elevated serum uric acid 
(SUA) levels, non-alcoholic fatty liver disease (NAFLD), 
lipid (mainly low-density (LDL)) particle abnormalities, 
prothrombotic factors, cytokines, adipokines, vitamin D, 
polycystic ovary syndrome (PCOS), and obstructive sleep 
apnea (OSA). 

MetS is related to arterial stiffness (AS) at a population 
level [10-12], even in patients without hypertension or 
T2DM [13]. AS and its haemodynamic consequences have 
been established as predictors of adverse CVD outcomes 
[14,15]. AS is closely related to systolic hypertension and 
has a causal association with coronary artery disease (CAD), 
stroke, and heart failure (HF), which are the leading causes 
of morbidity and mortality in western countries [15-17]. Al-
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though elevated BP is a major determinant of AS, the latter 
has incremental predictive value over and above that of bra-
chial BP, and may be induced by CVD risk factors other than 
hypertension [17]. Part of the CVD risk associated by MetS 
could be driven by the increase in AS. 

The question is: do the features of MetS not included in 
its diagnostic criteria increase AS and consequently CVD 
risk? Because if they do, they should be diagnosed, moni-
tored, and treated to reduce the total CVD risk related to 
MetS.  

2. PATHOPHYSIOLOGY OF AS  

Arterial compliance plays a key role in the function of 
the cardiovascular system, given the intermittent contraction 
of left ventricle (LV) in contrast to the continuous need of 
organs and tissues for oxygen and nutrients supply [14]. The 
contraction of the LV increases the pressure in large vessels 
(i.e. aorta), which, because of their elasticity, store a signifi-
cant part of the blood ejected from LV contraction. After the 
closure of the aortic valve, the recoil of large vessels during 
LV diastole drives the blood towards the periphery, main-
taining a continuous flow to organs and tissues [14].  

The elastic properties of arteries differ along the arterial 
tree, proximal arteries being more elastic and distal arteries 
being stiffer [18]. AS is largely determined by the structure 
of the tunica media, which contains the elastic components 
of the aortic wall, i.e. elastin fibers and collagen [19]. Sev-
eral factors influence arterial wall structure and elasticity. 
Ageing is closely associated with AS through the fragmenta-
tion of elastin fibers, the decrease in elastin/collagen ratio 
and the calcification of the tunica media [19]. This process is 
called arteriosclerosis and should be distinguished from athe-
rosclerosis, which is a disease of the tunica intima. Hyper-
tension is a major determinant of arteriosclerosis and AS, 
through changes in the tunica media that take place earlier 
than that induced by ageing, a condition coined "early vascu-
lar ageing". Moreover, AS results in further worsening of 
hypertension forming a vicious cycle [19]. However, AS is 
also caused by other CVD risk factors besides hypertension, 
including smoking, T2DM, hypercholesterolaemia and CKD 
[16,20,21]. AS is characterized by increased pulse wave ve-
locity (PWV) and early return in the ascending aorta of re-
flected waves, i.e. during the systolic phase of the pressure 
waveform. Thus, systolic central aortic blood pressure 
(CABP), and consequently LV afterload, is increased. These 
changes induce LV hypertrophy (and stiffness) and predis-
pose to LV systolic and (mainly) diastolic dysfunction [19]. 
Furthermore, in patients with AS, CABP during the diastole 
is decreased, thus substantially reducing diastolic myocardial 
perfusion. The combination of LV hypertrophy and reduced 
coronary perfusion leads to myocardial oxygen sup-
ply/demand mismatch, and further deteriorates LV systolic 
and diastolic function [22]. This combination of high systolic 
and low diastolic CABP leads to increased pulse pressure 
(PP), which reflects AS and appears to represent the predic-
tive marker most closely related with CVD risk in hyperten-
sive patients [22]. 

3. AS IN METS-ASSOCIATED CKD 

Patients with MetS have an up to 5 times increased risk 
for developing CKD in comparison with those without the 

syndrome [23,24]. A meta-analysis of 11 studies (n=30,146) 
showed that MetS is causally associated with the develop-
ment of CKD, defined as estimated glomerular filtration rate 
(eGFR) <60 ml/min per 1.73 m

2
 (CKD stage 3 or higher) 

and/or microalbuminuria or overt proteinuria [23]. In turn, 
patients with CKD are at an increased risk not only for end-
stage renal disease (ESRD), but also for CVD [25]. CKD is a 
CVD predictor and is practically considered as a CAD 
equivalent, similar to T2DM [26-31]. A major CKD risk 
factor is increased AS of large arteries, which is independent 
of other major risk factors for AS [26]. In addition, increased 
AS of central arteries may cause further reduction in eGFR 
in patients with CKD resulting in a vicious cycle [32]. This 
suggests that CKD may interact not only with small but also 
with large arteries AS, independently of age, BP and other 
established CVD risk factors [32,33]. On the other hand, AS 
is an independent predictor of survival in the general popula-
tion [34]. Given that some statins play a role in improvement 
of renal function and in arterial "destiffening" [27-31,35,36], 
it has been suggested that the statin dose and the specific 
compound play a major role in achieving improvement of 
GFR and reduction of AS and CVD risk [37]. Indeed, statins 
have been shown to substantially reduce AS in patients with 
CKD [38]. Moreover, statins (mainly atorvastatin) are impli-
cated in improvement of renal function and thus, among oth-
ers, they reduce CKD-related AS and CVD risk in patients 
with MetS. The Heart Protection Study (HPS) showed that 
allocation to simvastatin significantly attenuated the fall in 
eGFR in both diabetic and non-diabetic patients compared 
with placebo [39]. A pooled analysis of the Cholesterol And 
Recurrent Events (CARE), Long-term Intervention with 
Pravastatin in Ischemic Disease (LIPID) and West Of Scot-
land Coronary Prevention Study (WOSCOPS) trials compar-
ing pravastatin with placebo also showed a decreased dete-
rioration of renal function in patients treated with pravastatin 
[40]. In the Greek atorvastatin and coronary heart disease 
evaluation (GREACE) study, atorvastatin treatment signifi-
cantly increased eGFR and reduced SUA levels, whereas 
renal function deteriorated in untreated patients [28-31]. In 
GREACE [28,41] as well as in the IMproving the imPle-
mEntation of cuRrent guidelines for the mAnagement of 
major coronary hearT disease rIsk factors by multifactorial 
interVEntion (IMPERATIVE) study [30] and in the Assess-
ing the Treatment Effect in Metabolic Syndrome Without 
Perceptible Diabetes (ATTEMPT) study [31], the effect of 
atorvastatin on renal function was rapid, more evident in 
patients with serum creatinine levels at the upper end of the 
reference range, more pronounced at higher doses and inde-
pendently contributed to the reduction in CVD events [28]. 
A post hoc analysis of the Treating to New Targets (TNT) 
trial showed that instead of the expected decline of about 5 
ml/min over the 5 years study period, there was a significant 
increase in eGFR in patients treated with atorvastatin 10 
mg/day (by 5.6%) and 80 mg/day (by 8.4%) [42]. In patients 
with CKD, atorvastatin 80 mg/day induced a relative reduc-
tion in CVD events by 32% compared with 10 mg/day, 
whereas in patients with normal kidney function the relative 
CVD risk reduction with the higher atorvastatin dose was 
15% (p<0.01) [42]. Thus, the effect of statins on renal func-
tion may depend on the specific statin used, the degree of 
lipid-lowering and the renal function. These factors need to 
be considered in statin treatment. Given that CKD and CAD 
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may progress in parallel, and one of the links might be AS, 
appropriate statin treatment at an appropriate dose may be 
beneficial to both the heart and kidneys, partly through im-
proving AS. 

4. AS IN METS-ASSOCIATED HYPERURICAEMIA 

Elevated SUA levels are related to CKD and the presence 
of MetS [43] and further rise as the MetS components (hy-
pertension, dyslipidaemia, DM and visceral obesity) increase 
[44]. Accordingly, several researchers suggested that SUA 
should be considered as a MetS component [45]. Elevated 
SUA levels are also closely related to CKD and are associ-
ated with increased CVD morbidity and mortality, at least in 
high-risk patients [46]. SUA appears to be significantly cor-
related with central systolic BP and AS in both genders [47]. 
Therefore, SUA may contribute to the pathogenesis of hy-
pertension, mainly through increased wave reflections and 
thus contribute to the increase in CVD risk [47]. Indeed, in 
both genders, SUA levels are associated with AS, and this 
relationship is independent of other conventional risk factors 
for MetS and CVD [48,49]. In contrast, a study that included 
relatively young men and women suggested that SUA levels 
are associated with an increase in AS, but women appeared 
to be more susceptible to vascular damage associated with 
high SUA levels [50]. More specifically, subjects with hy-
peruricaemia had significantly elevated carotid-ankle PWV 
in both genders, but the carotid-femoral PWV was increased 
only in women [50]. Interestingly, in a recent study in sub-
jects with SUA levels within the reference range, those with 
high-normal SUA levels had an increased AS (higher bra-
chial-ankle PWV) after adjusting for confounding factors 
[51]. Thus, even SUA levels within the normal range appear 
to represent a risk factor for AS [51]. 

5. AS IN METS-ASSOCIATED NAFLD 

NAFLD is the most common form of chronic liver dis-
ease. It affects 20-35% of the general population in devel-

oped countries and its prevalence reaches 70-90% in subjects 

with obesity, MetS or T2DM [52]. NAFLD is considered the 
hepatic manifestation of MetS, since it is closely related to 

other clinical features of MetS [53,54]. Interestingly, AS 

appears to be independently associated with NAFLD 
[53,54]. Moreover, the results of a large study (n=4,467) 

suggested that not only the presence but also the severity of 

NAFLD are associated with AS in non-hypertensive, non-
diabetic subjects with or without MetS [55]. Regarding 

NAFLD treatment, there is no widely accepted therapy. 

However, recent data suggest that statins are not only safe in 
patients with NAFLD but also exert beneficial effects on 

CVD risk and may cause NAFLD resolution. The GREACE 

Study (n=1,600) included patients with overt CAD random-
ised into 2 groups: the usual care group, treated by physi-

cians chosen by patients and the structured care group, 

treated similarly with those in usual care plus atorvastatin 
titrated to achieve LDL cholesterol (LDL-C) levels <100 

mg/dl [56]. In a post hoc analysis of GREACE, 227 patients 

with NAFLD at baseline were treated with atorvastatin and 
210 were not treated with a statin [56]. Those treated with 

atorvastatin for 3 years showed resolution of NAFLD, as 

demonstrated by resolution of fatty liver in ultrasonography 

and normalization of serum transaminases levels [56]. 

Moreover, atorvastatin reduced CVD morbidity and mortal-

ity in NAFLD patients more than in those without NAFLD 
(68 vs 39%, respectively; p=0.007) [56]. Therefore, 3 bene-

fits of statins were observed in patients with NAFLD in 

GREACE: resolution of NAFLD, significant CVD reduction 
and safety. Similar benefits of statins were observed in AT-

TEMPT, a primary prevention study in patients with MetS 

[57]. In a very recent preliminary report involving 6 patients 
with biopsy-proven non-alcoholic steatohepatitis treated with 

rosuvastatin (10 mg/day), liver enzymes gradually improved 

by the 3rd month and returned to normal by the end of 1 
year. There was a complete resolution of non-alcoholic stea-

tohepatitis in the second biopsy in all patients [58]. The es-

timated CVD risk status was also lowered after treatment 
[58]. 

6. AS IN METS-ASSOCIATED ATHEROGENIC 
DYSLIPIDAEMIA 

Atherogenic dyslipidaemia (low HDL-C levels and/or 
high TG is a MetS component and is outside of the scope of 
the present review. However, dyslipidaemia in MetS is also 
characterized by the predominance of small dense LDL 
(sdLDL) particles [59]. sdLDL represents an emerging CVD 
risk factor, since these particles can be associated with CVD 
independently of established risk factors, including plasma 
lipids [59]. It has been shown that subjects with high levels 
of sdLDL particles have an approximately 3- to 7-fold in-
creased risk of developing CAD, independently of LDL-C 
concentration [60]. This predominance of sdLDL particles is 
associated with raised TG and decreased HDL-C levels, 
forming the so-called “atherogenic lipid triad” [61-63]. Adi-
pose tissue also produces a diversity of adipokines that play 
a role in the pathogenesis of inflammation, dyslipidaemia 
and hypertension [64] that increase CVD morbidity and mor-
tality linked to obesity, T2DM and MetS [65]. sdLDL also 
represents a marker of MetS severity [66,67]. In this context, 
we confirmed that sdLDL are increased in the MetS and 
showed an independent predictive role for future CVD and 
cerebrovascular events [66,67]. Moreover, MetS patients 
with hypercholesterolaemia have a higher central pulse pres-
sure and stiffer blood vessels than matched controls, despite 
similar peripheral BP [68]. Elevated LDL-C levels, which 
are not included in the MetS diagnostic criteria, appear to be 
independently associated with AS, while HDL-C is inversely 
associated with AS [69]. It has also been shown that PWV, 
and therefore AS, is increased in carriers of the lecithin cho-
lesterol acetyl-transferase mutation related to low HDL-C 
levels [70]. The TG/HDL-C ratio, a rough measure of the 
predominance of sdLDL particles over large-buoyant ones 
[71], is an independent determinant of AS in older adults, 
younger adults and adolescents, particularly in those with 
central obesity, regardless of the presence of hypertension 
[69,72,73]. The treatment of choice for elevated sdLDL is 
statins because, beside the preferential reduction in sdLDL 
particles, they reduce markers of inflammation such as lipo-
protein-associated phospholipase A2 (Lp-PLA2) [74-77]. 
Ezetimibe decreases the large and medium LDL particles 
and, to a lesser extent, the sdLDL particles, while it has no 
influence on LDL size; however, its sdLDL-lowering capac-
ity may be enhanced in individuals with elevated TG levels 
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[78]. Thus, statin treatment reduces LDL mass, increases 
LDL particle size and reduces AS related to the “atherogenic 
lipid triad”. 

7. AS IN METS-ASSOCIATED OBSTRUCTIVE SLEEP 
APNEA (OSA)  

About 24% of men aged 30-60 years and 9% of adult 
women are estimated to have OSA and most of these patients 
also have MetS [79]. The independent association of over-
weight/obesity-associated OSA with CVD morbidity and 
mortality consists a major health problem [80]. Data indicate 
a causal relationship between overweight/obesity, hyperten-
sion, T2DM, CVD and OSA, while the relative risk for all-
cause mortality in patients with OSA is 1.5 compared with 
those without OSA [80]. One of the possible mechanisms for 
these sequelae of OSA is increased AS [79,81]. It has been 
shown that the severity of OSA correlates with the severity 
of MetS and AS in obese patients [82]. Moreover, even 
short-term weight loss improves not only metabolic dysfunc-
tion but also the severity of OSA and AS [82]. Interventional 
studies showed a substantial improvement in symptoms as-
sociated with OSA (daytime sleepiness, snoring, morning 
headaches) as well as a reduction in BP in patients receiving 
continuous positive airway pressure therapy (CPAP) [79,80]. 
Moreover, the benefits of CPAP on reduction of fatal and 
nonfatal CVD events have been established in multiple large 
trials [82]. It has also been clearly shown that after CPAP 
treatment in patients with OSA there was a significant im-
provement in all indices of AS [79,83-86]. 

8. AS IN POSTMENOPAUSAL WOMEN WITH METS 

Postmenopausal women have a higher prevalence of 
MetS, because of hormonal and metabolic changes, which in 
turn are also related to increased AS [37-39]. A study evalu-
ated the independent and combined effects of hypocaloric 
diet and low-intensity resistance exercise training on PWV 
and body composition in obese postmenopausal women [88]. 
The hypocaloric diet decreased PWV and this reduction was 
related to the loss of body fat. Although low-intensity resis-
tance exercise training alone did not affect PWV or body 
composition, its combination with hypocaloric diet improved 
PWV and muscle strength, while preventing loss of lean 
body mass in postmenopausal women with MetS [88]. A 
cross-sectional study in 385 postmenopausal women aged 
50-74 years from the general population reported increased 
AS [89]. Estimated 10-year risk for CAD, stroke and death 
rose with increasing AS in a linear graded manner [89]. In 
another study in 9,555 postmenopausal women, 455 had 
MetS with normal BP and glucose levels, mean age, body 
mass index (BMI), waist circumference, FPG, TG, systolic 
and diastolic BP, aortic and peripheral PWV increased, while 
HDL-C and adiponectin levels decreased according to the 
degree of IR, assessed with homeostatic model assessment of 
IR (HOMA-IR) [87]. Age, BMI, FPG, TG, insulin, systolic 
BP, HOMA-IR, aortic and peripheral PWV were higher in 
women with central obesity, while HDL-C and adiponectin 
were lower [87]. PWV (aortic and peripheral) correlated with 
age, waist circumference, total cholesterol, systolic and dia-
stolic BP, insulin, and HOMA-IR. In addition, systolic and 
diastolic BP and HOMA-IR independently correlated with 
PWV [87]. It has been suggested that low-dose emidrate 

estradiol/drospirenone vs low-dose emidrate estradiol/ dy-
drogesterone combination might be an option to manage 
MetS features, particularly impaired glucose metabolism 
[90]. Both combinations induced a decline in FPG levels but 
only drospirenone exerted positive effects on FPG levels and 
IR, induced favourable changes in the lipid profile and re-
duced inflammatory indices in postmenopausal women with 
MetS [90]. These effects might also positively affect AS. 
Finally, the association between MetS and AS was also ob-
served in premenopausal women with multiple cardiome-
tabolic risk factors suggesting that obesity might play a key 
role in the pathogenesis of AS [91]. 

9. AS IN METS-ASSOCIATED PCOS 

Patients with PCOS have a higher prevalence of IR and 
MetS, increased AS, and display subclinical evidence of 
early CVD disease [92]. Similarly, young lean women with 
PCOS exhibit increased AS, even in the absence of estab-
lished CVD risk factors, such as hypertension and obesity 
[93]. In patients with IR due to PCOS, metformin improved 
aortic and brachial PWV, CABP and endothelial function 
[92,94]. Metformin also reduced weight, waist circumfer-
ence and TG and increased adiponectin levels [92]. It has 
been also demonstrated that there is an improvement in the 
elastic parameters of the aorta by adding metformin to oral 
contraceptive pill [94]. We suggest that metformin treatment 
might decrease CVD risk in women with PCOS [94]. 

10. AS IN METS-ASSOCIATED HYPERCOAGULA-
BILITY 

In patients with MetS, metabolic abnormalities (in glu-
cose and lipid metabolism) and haemodynamic abnormalities 
(renin-angiotensin-aldosterone system stimulation, sympa-
thetic overactivity, decreased nitric oxide bioavailability) 
interact to result in anaemia, hypercoagulability, organ 
ischaemia, AS, hypertension and renal and LV dysfunction 
[95]. This constellation of abnormalities has been character-
ized as the "circulatory syndrome" as an attempt to expand 
the concept of MetS by adding recently documented CVD 
risk factors including renal impairment, microalbuminuria, 
AS, HF with preserved ejection fraction (HFpEF), and 
anaemia to more established risk factors including hyperten-
sion, dyslipidemia and abnormal glucose metabolism 
[95,96]. Within or outside this “circulatory syndrome” 
frame, MetS is related with increased levels of clotting fac-
tors (tissue factor, FVII and fibrinogen) and with inhibition 
of endogenous fibrinolysis (increased plasminogen activator 
inhibitor-1 levels and decreased tissue plasminogen activator 
activity) [96,97]. Fibrinogen levels correlate with lipid [98] 
and inflammatory parameters [96,98], suggesting an in-
volvement of adipose tissue-generated proinflammatory cy-
tokines [96]. Elevated von Willebrand factor and FVIII lev-
els are associated with endothelial injury, whereas vitamin 
K-dependent coagulation factors correlate with TG levels 
[60]. All these abnormalities seem to inter-relate with low-
grade inflammation and AS [95, 96]. Moreover, low adi-
ponectin levels are associated with the simultaneous pres-
ence of CKD, anaemia, AS and hypercoagulability [99]. It 
has been shown that thiazolidinediones increase the secretion 
of high molecular weight adiponectin from adipocytes [100]. 
Similarly to all other risk factors associated with MetS, first 
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line therapy for hypercoagulability should include lifestyle 
changes, i.e. diet and increased physical activity. The adop-
tion of a physically active lifestyle is independently associ-
ated with lower levels of inflammation and coagulation 
markers in patients with MetS [101]. The latter may suggest 
a pathway for reducing CVD events in all these patients and 
particularly in those at higher CVD risk [101]. 

11. CONCLUSIONS 

AS is an important and independent CVD risk factor. A 
cluster of abnormalities related to MetS that are either in-
cluded in its diagnostic criteria (obesity, hypertension, 
dyslipidaemia, dysglycaemia) or not (renal dysfunction, hy-
peruricaemia, hypercoaglutability, NAFLD, OSA, PCOS) 
synergistically contribute to the increase of AS and thus to 
excessive CVD risk. Lifestyle changes and antihypertensive, 
hypolipidaemic and antidiabetic agents, as well as CPAP in 
patients with OSA, substantially contribute to the reduction 
of AS and finally to the decrease in CVD risk. However, 
there is a great unmet need for well-planned, prospective, 
randomized, controlled and long-term interventional trials to 
assess the clinical benefits of regimens that improve AS. 
Multifactorial intervention that reduces CVD risk [102,103] 
might be even more beneficial and should also be evaluated. 
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ABBREVIATION LIST 

AS = Arterial stiffness  

BP = Blood pressure  

CABP = Central aortic blood pressure  

CAD = Coronary artery disease 

CKD = Chronic kidney disease  

CPAP = Continuous positive airway pressure therapy 

GREACE = GREek Atorvastatin and Coronary heart dis-
ease Evaluation study 

CVD = Cardiovascular disease  

eGFR = Estimated glomerular filtration rate  

ESRD = End stage renal disease 

FPG = Fasting plasma glucose 

HDL-C = High density lipoprotein cholesterol  

HF = Heart failure 

HOMA = Homeostatic model assessment 

IR = Insulin resistance  

LDL-C = Low-density lipoprotein cholesterol  

LV = Left ventricle 

Lp-PLA2 = Lipoprotein-associated phospholipase A2  

MetS = Metabolic syndrome  

NAFLD = Non-alcoholic fatty liver disease  

OSA = Obstructive sleep apnea  

PCOS = Polycystic ovary syndrome 

PWV = Pulse wave velocity  

sdLDL = Small dense low-density lipoprotein 

SUA = Serum uric acid  

TG = Triglycerides 

T2DM = Type 2 diabetes mellitus 
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