


raditional car-
diovascular risk 

factors, led by hyper-
lipidemia, have been 
responsible for at least 
one-half of cases of 
coronary heart disease 
(CHD).[1] Successful re-
duction of low-density 
lipoprotein cholesterol 
(LDL-C) using statin 
drugs has reduced the 
risk of cardiovascular morbidity and mortality.[2] The 
prevalence of major risk factors, excepting diabetes, 
(high cholesterol, high blood pressure and smok-
ing) has decreased across all body mass index (BMI) 
groups in the United States in the last two decades.[3] 
Yet, the number of deaths from heart disease remained 
essentially stable over the same period,[4] likely due 
to an explosive increase in the prevalence of obesity 
and type-2 diabetes. The recommendations of Adult 
Treatment Panel-III of the NCEP, and the subsequent 

[5] delineated as 
a main treatment target, alternative to LDL-C, non-
high-density lipoprotein (non-HDL) cholesterol, 
which comprises very-low-density (VLDL) and in-
termediate density lipoproteins. Triglyceride-rich li-
poproteins and their remnants have been regarded as 
causal mechanisms in patients at high risk for cardio-
vascular disease by a European Atherosclerosis Soci-
ety consensus panel.[6] The notion of residual vascular 
risk in dyslipidemic patients was developed based on 
emerging cardiovascular risk factors such as elevated 
apolipoprotein (apo) C-III.[7]

Beyond oxidized LDL, which is the main cause 

lipoprotein[Lp](a), oxidized phospholipids,[8] and 

C-reactive protein [CRP]) initiate or propagate in-

-
ous enzymes, by the body’s antioxidative defense 
system formed by HDL, and by apolipoproteins, 
such as apoA-I, and to a lesser extent, apoA-II and 
apoC-III, occurring in HDL, adiponectin, and others. 
When the function of this system is impaired, sub-

to clinical disorders, such as diabetes mellitus (DM) 
or CHD.

This review aims to present the increasing evidence 
that the impaired function of HDL and its apoA-I is 
a major factor underlying CHD in the general adult 
population and in some population subsets, a concept 
that has not been widely recognized thus far. Certain 
emerging risk variables, such as remnant lipopro-
teins, Lp(a), oxidized phospholipids, complement C3, 
apoE, creatinine, and Lp-associated phospholipase 
(Lp-PLA2) that are involved in such processes will 
also be addressed.

 

HDL is a bioactive particle containing acute phase re-
sponse proteins, protease inhibitors and complement 
regulatory proteins.[9,10] Low HDL-C levels are asso-
ciated with increased CHD risk, but high levels are 
not uniformly atheroprotective. By assaying the anti-

HDL against LDL oxidation was shown to be lost in 

[9,11] Co-culture assays from patients with coronary ar-
tery disease were found to have high concentrations 

-
ity than healthy controls, suggesting dysfunctional 
HDL.[12]

HDL protein composition alterations and oxidative 
damage are thought to impair the atheroprotective 
properties of HDL. Using mass spectrometry and pat-
tern recognition analysis, Vaisar et al.[13] found that 
HDL2 of patients with coronary artery disease con-
tained oxidized methionine residues of apoA-I and 
elevated levels of apoC-III and concluded that protein 
oxidation helped generate dysfunctional HDL.

HDL and apoA-I dysfunction in individuals with 
diabetes and CHD

Non-enzymatic glycation of HDL-associated en-
zymes, and especially of apoA-I, in diabetic patients 
depends on glucose concentration and has been 
shown to increase in the presence of phospholipids.[14] 

properties of HDL in diabetic patients include HDL 
enrichment with conformational alterations of apoA-

-
-

[15,16]

T Apo Apolipoprotein
BMI Body mass index 
CHD Coronary heart disease
CRP C-reactive protein
DM Diabetes mellitus
HDL High-density lipoprotein
HtgW Hypertriglyceridemic waist
IGT Impaired glucose tolerance
LDL-C Low-density lipoprotein 
 cholesterol
Lp Lipoprotein
PLTP Phospholipid transfer protein
VLDL Very-low-density 



Evidence from clinical trials and epidemiological 
studies that elevated levels of HDL and its apolipo-
proteins may not protect against cardiometabolic 
risk

Based on previous knowledge, the NCEP Adult Treat-
-

crease in HDL cholesterol level with a 2-3% decrease 
in the multi-adjusted risk of CHD. HDL cholesterol 

counteract 1 risk factor.[17] Yet, several epidemiologi-
cal studies and clinical trials have had contradictory 
results. Reports exist documenting HDL dysfunction 
in subjects with, or at high risk for, CHD,[12,18] or with 
recurrent cardiovascular events.[19] Very high serum 

HDL particle size categories were positively associat-
ed with cardiovascular risk.[18] High HDL cholesterol 
did not protect against coronary artery disease when 
associated with both cholesteryl ester transfer protein 
and hepatic lipase gene variants in the REGRESS 
study.[20] Moreover, a recent systematic review of 108 
randomized trials involving 299,310 participants dis-
closed that no association existed between treatment-
induced change in HDL cholesterol levels and risk 
ratios for cardiovascular disease, morbidity and mor-
tality, when changes in LDL cholesterol were adjusted 
for.[21]

-
eases, potentially predisposing them to atherosclero-
sis; in 45% of patients with systemic lupus erythe-
matosus, contrasted to 4% of controls; and in 20% of 
rheumatoid arthritis patients.[22] The ability of each 
patient’s HDL to prevent oxidation of normal LDL 
was measured, and oxidized LDL levels were posi-

Evidence of accelerated atherosclerosis was reported 

[23]

Male and female residents of Tehran reportedly 
have low levels of serum HDL cholesterol,[24] similar 
to Turks. It is worth emphasizing that, in prospective 

-
dict newly developing cardiovascular disease in dia-
betic men or women, or in non-diabetic females.[24] 
Strikingly, CHD risk was nearly two-fold higher in 
women than in men. 

In Israelis, HDL dysfunction, secondary to the hap-
toglobin 2-2 genotype, has been described.[25] Hapto-
globin binds hemoglobin to apoA-I and contains the 
powerful oxidant heme iron. Hemoglobin and lipid 
peroxidase levels in HDL were elevated, and HDL 
function was impaired in diabetic Israeli subjects, in-
dicating that the pro-oxidant hemoglobin converted 
HDL to a pro-oxidant structure.[25] Haptoglobin and 
apoA-I are thought to inhibit the activities of lecithin-
cholesterol acyltransferase and phospholipid transfer 
protein (PLTP), thus reducing reverse cholesterol 
transport.[26] This type of HDL dysfunction could be 
improved by supplementing treatment with vitamin 
E.[26]

Evidence of HDL dysfunction in Western popu-
lations was clearly demonstrated in Scandinavians 
with impaired glucose tolerance (IGT).[27] In a 10-
year follow-up study of over 9000 subjects without a 
history of diabetes, HDL-C was found to have a HR 
of around 1 in subjects with pre-diabetes (IGT and 
impaired fasting glucose), diverging from both those 
with normoglycemia and newly-developed diabetes. 

HDL particle dysfunction and implications for 
algorithms

Diverse outcome studies of the TARF cohort dis-
closed that higher concentrations of HDL cholesterol 
may not be atheroprotective even in the population 
at large.[28-30] HDL cholesterol concentrations sig-

0.95]), independently of circulating CRP. In women, 
HDL cholesterol levels were absolutely not associated 
with incident CHD. 

algorithm for CHD among Turks, women differing in 
regard to several cardiovascular risk factors[31] from 
the Framingham algorithm for women. Table 1 dis-
closes that three major risk factors (LDL-C, HDL-C 
and smoking) were of little or no relevance to Turkish 
women who were of menopausal age, had diabetes 
and high CRP levels, and also had high systolic BP. 

An analogous assortment of risk factors also mani-
fested from an algorithm derived for type-2 diabetes 
among Turks. The eight-year risk of DM was esti-



mated for 2261 middle-aged Turkish adults.[32] Cox 
proportional hazard regression and 15 variables were 
used to predict DM. Discrimination was assessed us-
ing the area under receiver operating characteristics 
curve (AROC). Height, family income bracket, systol-
ic blood pressure, smoking status, alcohol usage, and 
HDL cholesterol levels were not predictive of diabe-
tes in multivariable analysis for either sex. Male sex, 
family history of DM, fasting glucose, and waist cir-
cumference were predictors. Age and non-HDL cho-
lesterol were also predictors for men, as were physi-
cal inactivity and serum C-reactive protein (CRP) for 
women.[32]

in men and 0.772 in women (both p<0.001). An algo-
rithm using the seven abovementioned variables was 
developed separately for each sex. Men and women 
with risk scores in the top quintile were 20 and 50 
times more likely to develop DM, respectively, than 

difference. The predictive value of the algorithm was 
validated in two split samples.[32]

Dysfunction of apoA-I

Tertiles of apoA-I were tested to determine the value 

of apoA-I in predicting diabetes in a basic model ad-
justed for sex, age, BMI, and usage of lipid-lowering 
drugs, as well as, in one tertile, smoking status, CRP 
and HDL cholesterol levels.[29] Instead of an inverse 
association corresponding to some degree of protec-

-
dependently associated in each model with future risk 
of diabetes in both men and women, at an RR of 1.7 

-
evated RR. 

It is noteworthy that apoA-I has recently been re-
ported to combine with LDL (apoAI-LDL) during 
oxidation; high levels of apoAI-LDL could be used to 
identify coronary artery disease more accurately than 
CRP, in a cross-sectional study.[33]

functional and structural features, following treatment 
-

lular in vitro model using macrophages and dermal 
-

ity and had impaired phospholipid binding ability.[34] 
-

tion by other proteins. Oxidation of the methionine 
residues of apoA-I is a pre-requisite for the in vitro 
aggregation of lipid-free apoA-I, and these aggregates 

[35] Evidence 

apolipoproteins may play a role in the development 
and progression of atherosclerosis.[35]

Even in a nearly exclusively Western population 
sample of middle-aged and elderly adults, the likeli-
hood that intermediate and high apoA-I levels may be 
highly heterogeneous, comprising well-functioning 
and dysfunctional apoA-I particles, may be derived 
from Figure 3 in the meta-analysis by the Emerging 
Risk Factors Collaboration (ERFC).[36] In 22 pro-
spective studies, involving over 90,000 individuals, 
apoA-I quintile 2 displayed protection of nearly 20% 
against CHD risk, compared to the lowest quintile. 

was apparent. 

Lipoprotein (Lp)(a) is presumably not assayable 
due to autoimmune complex formation

Several observations obtained in a recent meta-
analysis covering over 22,000 vascular disease out-
comes in 126,000 subjects of European continental 



ancestry,[37] and in other individual studies, suggest 
that part of the serum Lp(a) is not assayable in plasma 

i) The inverse correlation of Lp(a) with serum fast-
ing triglycerides[37] may mask a true positive correla-
tion, which under circumstances of oxidative stress 
may cause consumption of Lp(a) lipoprotein during a 
slow immune response. 

ii) An 11% mean decline in sex- and age-adjusted 
Lp(a) levels occurs[37] in individuals with diabetes 
(usually associated with activation of complement 
pathways). 

iii) Lp(a)’s poor, yet positive, association with 

consistent with its role as an acute phase reactant. 

iv) Positive associations (by a mean 4% and 1%, 
respectively) between Lp(a) and both HDL cholester-
ol and apoA-I[37] -

Lp(a). 

v) CHD risk related to Lp(a) was high in people 

[37] which suggests 
the presence of HDL dysfunction, inasmuch as in this 
subset of subjects, Lp(a) may be consumed in a milieu 
of hypertriglyceridemia. 

vi) Plasma Lp(a) decreases dramatically during 
the third trimester of pregnancy, a state of oxidative 
stress, while plasma triglycerides increase.[38] 

vii) A shift to lower concentrations of apo(a)-con-
taining lipoproteins was observed; these lipoproteins 
accumulated when triglyceride levels increased in the 
postprandial state,[39] or after triglyceride infusion.[40] 

viii) The thyroid hormone analogue eprotirome 
lowers both Lp(a) and fasting triglycerides,[41] sup-
porting a positive correlation between them. 

In the TARF study, the question of whether aggre-
gation of Lp(a) to apoA-I underlies HDL dysfunction, 
increasing the risk of CHD, was addressed in a study 
of 1509 middle-aged Turkish adults at 4.9-years’ fol-
low-up. The plot of Lp(a) concentrations in the study 
sample compared to expected concentrations disclosed 

women were linearly related to complement C3, apoE 

levels and statin use, but not to age or apoA-I (Onat A, 
Can G, et al., unpublished observations, 2012). Sub-
jects in the low Lp(a) tertile had high mean triglycer-
ide and apoE levels, but these dropped precipitously 

unexpected fall in Lp(a) in a milieu of high levels of 

consistent with aggregation of Lp(a) to apoA-I in 
an immune complex, rendering apoA-I atherogenic. 

CHD (HR 1.21) in Cox regression analyses, after ad-
justment for conventional risk factors and statin use. 
ApoA-I also predicted CHD in individuals in whom 

HR magnitude was similar to that of conventional risk 
factors (Onat A, Can G, et al., unpublished observa-
tions, 2012). Autoantigen-autoantibody complexes, 
such as those considered above, are probably not con-

creatinine and, perhaps, asymmetric dimethylarginine 
(ADMA) and ASP (as outlined below).

Dysfunctional apoA-I mediates prehypertension

BMI is a determinant of prehypertension, and prehy-
pertension, compared to normotension, approximate-
ly doubles the risk of DM and CHD in women, inde-
pendent of obesity. However, prehypertension does 
not confer substantial risk on Turkish men.[42] We 
found that newly developed prehypertension is partly 
caused by dysfunctional serum apoA-I in Turkish 

-
matory endothelial activation. This was explored in a 
6.5-year follow-up study of the TARF cohort exclud-

-
tension at baseline examination. Of 2207 male and 
female adults at baseline, apoA-I levels were highest 
in the hypertensive group, followed by the prehyper-
tensive group and then by the normotensive group 
(Onat A, Örnek E, et al., unpublished observations, 
2012). After adjustment for confounders in a logis-
tic regression model each waist circumference or tri-
glycerides, prehypertension was predicted indepen-
dently by apoA-I at RRs of 1.23 or 1.32, respectively. 

apoB, contributed to prehypertension, independent of 
triglyceridemia.

Yet, apoA-I, albeit displaying a positive associa-
tion, did not independently predict the development 



of hypertension in similar models; rather waist cir-
cumference, fasting triglycerides or CRP were the 

greater magnitude were required to induce endothelial 

Apolipoprotein C-III in HDL, a diabetogenic 
factor among Turks

Unlike apoC-III transported on LDL, HDL apoC-III is 
thought to have atheroprotective properties.[43] How-
ever, a 4.4-year follow-up study of 802 Turks, both 
males and females, had contrasting results. High levels 
of apoC-III, measured by turbidimetric immunoassay, 
proved to be key in causing diabetes, independently 

-
cant 2.5-fold RR per 1 SD, after adjustment for pow-
erful confounders, including waist circumference and 
HDL cholesterol, among others.[44] This result poses 
huge public health implications for Turks. To put this 

2+-de-
[45] 

and induces expression of vascular cell adhesion mol-
ecule-1 in vascular endothelial cells. Serum apoC-III 
also increases adhesion of monocytic cells.[46] 

Associations of HDL cholesterol and apolipopro-

Serum HDL cholesterol was positively correlated 

weakly inversely correlated with CRP,[28] potentially 
biological evidence of HDL functional defectiveness. 
HDL-C was, furthermore, not correlated with fast-
ing insulin concentrations and only weakly correlated 
with obesity measures in women, compared to men. 

In a multiple linear regression analysis, apoA-I 
levels were positively associated with the female sex 
and systolic blood pressure, and tended in females to 
a positive association with CRP, suggesting acquired 

[29] Further positive asso-
ciations of apoA-I and HDL-C with apo B, glucose 
and creatinine were found even among healthy people 
(with neither MetS, nor diabetes; Table 2).

“Hypertriglyceridemic waist” phenotype, circulat-
ing Lp(a) and excess cardiometabolic risk

“Hypertriglyceridemic waist” (HtgW) phenotype is 
associated with a marked increase in cardiometabolic 
risk for both sexes. Whether Lp(a) may cause apoA-

-
miologically in a study of 1328 Turkish adults, with 
special reference to the impact of HtgW. We analyzed 
four groups, formed based on the presence or absence 
of abdominal obesity and elevated triglycerides (Htg). 
Compared with the isolated Htg group, women with 

C3, and the lowest Lp(a) values. In the HtgW group, 



Lp(a) was linearly associated with apoB and, para-
doxically, in women, inversely associated with gam-
ma-glutamyltransferase. Lp(a) was inversely predic-
tive of HtgW incidence in women (OR 0.80 [95%CI 
0.65; 0.97]), regardless of adjustment for relevant 
confounders, but not in men (Onat A, Can G, et al., 
unpublished observations, 2012). 

risk[47] and, in Japanese-American men, apoA-1 failed 
to predict CHD at higher concentrations of HDL 
cholesterol,[48]

secondary to a greater proportional increase in lipid-

HDL-C ratio (3.67 in men and 3.38 in women) were 
selected and assessed based on CHD likelihood. 

After adjustment for conventional risk factors, 

a composite risk of prevalent and incident CHD. An 
interaction was documented between high apoA-I and 
low HDL cholesterol levels in women. Type-2 diabe-
tes was strongly predicted by HtgW, partly mediated 

-
-

matory markers and, paradoxically, is predicted in 

HDL-C ratio contributes additively to the associated 
-

ings are consistent with the aggregation of apoA-I to 
the oxidized Lp(a) lipoprotein in milieus of enhanced 

 

In a 4-year prospective follow-up study of 1667 adults, 
we examined whether the value of GGT in determin-
ing incident cardiometabolic risk is independent of 
obesity using Cox proportional hazard regression 
analysis. Male sex, sex-dependent age, alcohol usage, 

linear independent determinants of circulating GGT.
[49] A one standard deviation increment in GGT ac-

hypertension (HR 1.20]), as well as, MetS, after ad-
justment for age, alcohol usage, smoking status, BMI, 
and menopause. Diabetes demonstrated the strongest 
independent association with GGT activity (HR 1.3 

[95%CI 1.1; 1.5]), whereas GGT activity marginally 
predicted CHD independent of total bilirubin, but not 
of BMI. Higher serum total bilirubin levels were pro-
tective against CHD risk in women. Hence, elevated 
serum GGT confers risk of hypertension, MetS and 
diabetes when combined with a high BMI, but medi-
ates adiposity for CHD risk. 

Creatinine, a risk factor for endothelial dysfunc-
tion

A recent systematic review found that over most of 
the range of renal function, related CHD risk was un-
associated and non-linear, displaying a J-shaped risk 
curve and manifesting the lowest CHD risk, not in 
subjects with a normal GFR, but in those with a mild 

[50] 
We, therefore, studied CHD risk in 2089 participants 
of the TARF cohort with available creatinine deter-
minations. Quartiles of creatinine were used, and the 
mean follow-up was 3.4 years.

-
ated in men in a linear regression analysis with six 

latter tending to be negatively associated in women 
without MetS. Logistic regression analysis for CHD 
risk demonstrated that the highest creatinine quartile 

2.5-fold compared with the lowest quartile, after ad-
justment for established risk factors. In contrast, the 
risk curve for women was U-shaped, with the top and 

(OR 1.4 [95%CI 1.004; 1.96]) compared to the two 
intermediate quartiles. 

In summary, higher serum creatinine values were 
strongly and independently associated with CHD risk 
in men but not in women in whom the risk curve is 
U-shaped. Underlying this phenomenon may be an 
association between low creatinine levels in women 
and the aggregation of dysfunctional apoA-I to Lp(a), 
whereby the tripeptide creatinine may also be incor-
porated in the antigen-antibody complex.

ApoA-I dysfunction in people without MetS or dia-
betes: Low creatinine, an independent cardiovas-
cular risk factor in women

We examined whether evidence of apoA-I dysfunction 
existed in non-diabetic people without MetS, i.e. in the 



-

of apoA-I and HDL cholesterol separately in men and 
women (n=658), in a model comprised of age, fasting 
glucose, CRP, Lp(a), apoB, fasting triglycerides, and 
creatinine. As seen in Table 2, apoA-I was positively 
associated with apoB in both sexes, inversely associ-
ated with triglycerides in men, and positively associ-
ated with creatinine in women. HDL cholesterol levels 
were positively associated with fasting glucose in both 
sexes, with apoB and triglycerides in men, and with 

for the variances in apoA-I or HDL-C.

Next we performed a logistic regression analysis 
to test the value of eight risk factors in predicting 
prevalent and incident CHD. The model summarized 
in Table 3 included systolic BP, smoking status, non-
HDL cholesterol, and apoA-I, all of which were to-
tally unrelated to CHD. Age, serum creatinine and 

women. Creatinine was used in a similar model in 
quartiles, and the intermediate quartiles (quartiles 2 
and 3) served as reference; the OR for women was 
1.67 (0.65; 4.32) for Q1 and 2.44 (1.004; 5.94) for 
Q4. The likelihood of CHD in men increased lin-
early with increasing quartiles. Findings of the two 
multiple regression analyses strongly suggested that 
a) creatinine represents a marker or mediator of 
oxidative stress in apparently healthy middle-aged 
adults, b) 
linear for men, it was J-shaped in women, c) apoA-
I was not cardioprotective and was associated with 
apoB, and d) Lp(a) in women tended to have a posi-
tive association with CHD. These observations sup-

ported that the involvement of serum creatinine in an 
immune complex in women is independent of and 

diabetes.

Hyperuricemia marks HDL dysfunction and, in 

state 

In 1508 non-diabetic participants, associations of 

protective proteins were analyzed cross-sectionally, 
and associations with incident CHD were analyzed 
prospectively, using the Cox proportional hazards 
regression method. In the absence of MetS, uric 

increasing categories of three MetS components in 

and (inversely) current smoking, but not protective 
proteins such as HDL, apoA-I, or adiponectin. 

Distinctions between uric acid tertiles attenuated 
in the presence of MetS. In a linear regression model 
comprised of six variables, fasting triglycerides, male 
sex, and, in women, gamma-glutamyl transferase 

covariates of uric acid levels. Cox analysis for 
incident CHD was predicted by mid and upper uric 

2.7, independent of and in addition to conventional 
risk factors (Onat A, Can G, et al., unpublished 
observations, 2012). 

In summary, elevated serum uric acid levels in 
non-diabetic people are a marker for independent 

CHD risk is independently and strongly predicted 



by elevated uric acid levels in non-diabetic men. Its 

share imparting risk.

Circulating apoE independently and paradoxical-

-
eroprotective properties.[51] In dysbetalipoproteinemia 
(or type III hyperlipoproteinemia), characterized by 
homozygosity for the receptor binding-defective form 

-
eride-rich lipoprotein (TRL) remnants exist that are 
enriched in cholesterol and apoE.[52]

that apoA-I dysfunction in adult Turkish women was 
independent of the apoE genotype and apoB levels.[53] 
We then attempted to determine the independent re-
lationship between serum apoE and atherogenic dys-
lipidemia, hypertriglyceridemia with elevated apoB 
(HtgB), and apoA-I dysfunctionality by analyzing 
serum apoE concentrations cross-sectionally in 1127 
middle-aged adults. ApoE concentrations showed log-
linear associations with apoB levels, apoA-I levels, 
and waist circumference, independent of CRP and the 
homeostatic model assessment (HOMA) index. The 
likelihood of atherogenic dyslipidemia and of HtgB 
roughly tripled per 1 SD increment in apoE concentra-
tions, in addition to apoE genotype, HOMA, apoA-I, 
CRP concentrations, and waist circumference. ApoA-
I proved protective against atherogenic dyslipidemia, 

apoA-I dysfunctionality under the latter circumstance 
harboring higher apoA-I concentrations than in ath-
erogenic dyslipidemia (Onat A, Can G, et al., unpub-
lished observations, 2012).  

-
cantly associated with MetS for both genders, after 
adjustment for sex, age, apoB, apoA-I, and CRP. Fi-
nally, serum apoE predicted age-adjusted incident 
CHD, independently of CRP, in women alone (Onat 
A, Can G, et al., unpublished observations, 2012). 
We concluded that, in a general population prone to 
MetS, elevated apoE concentrations, irrespective of 

due to strong linkages to HtgB and atherogenic dys-
lipidemia. Furthermore, elevated apoE concentrations 
are associated with MetS and, in women, with CHD. 

Elevated levels of circulating apoE may mediate lipid 
antigen presentation to aggregate to apoA-I particles, 
inducing dysfunctionality.

Complement C3

Complement C3 (C3) is an acute phase reactant pro-
duced by the liver, secreted by activated macrophages 

-
tral role in the immune system.[54] After adjusting for 
three major MetS components and other confounders, 
increasing C3 levels were found to predict newly de-
veloped MetS in Turkish women, with a relative risk 
similar in magnitude to a recognized MetS compo-
nent. This result suggests that elevated C3 is probably 
part of the MetS cluster in women. In Turkish men, 
circulating C3 interacts with MetS to confer risk of 
incident diabetes and CHD.[54,55] 

Some available evidence suggests that serum C3 
may signal an immune process which promotes the 
development of dysfunctional apoA-I particles, ren-
dering them diabetogenic and atherogenic. Serum 
apoE concentrations may mediate this process in sub-
sets of populations prone to MetS or impaired glucose 
tolerance. Moreover, C3 activation induces produc-
tion of acylation stimulating protein (ASP), which 
further contributes to the metabolic phenotype.[54]

Interaction between obesity and smoking in 
Westerners

The complex interactions between obesity and age, 
smoking, diabetes, hypertension, and dyslipidemia 
were underlined by Peeters and coworkers.[56] They 
investigated the long-term consequences of obesity 
in adulthood on life expectancy in a study of 3457 
Framingham Heart participants. They concluded that 
obesity in adulthood is associated with a decrease in 
life expectancy of about seven years in non-smokers 
of both genders. The normal weight participants in 
their study mostly consisted of smokers. Based on 
this fact, one can calculate that, overall, smoking was 
associated with a decrease in life expectancy of about 

-
male smokers, compared to non-smoking persons of 
normal weight at age 40 years. The authors found a 

the effect of being overweight on mortality. They 

smoking status strata. They justly argued against ad-



justing for such factors as hypertension and diabetes, 
because these were downstream physiologic effects 
of obesity.[57]

Analysis of secular trends according to BMI cat-
egories in US adults[3] showed that hypercholesterol-
emia, hypertension and smoking prevalence declined 
within all BMI categories in the past two to three de-

from 5.3% to 8.1%. Diagnosed diabetes rose even 
among normal-weight adults. Flegal and coworkers[58] 
stated that, ironically, decreased smoking may have 
contributed somewhat to increasing obesity. Pharma-
cological treatment of dyslipidemia and hypertension 
led, as a net result, to a population that is, paradoxi-
cally, more obese, diabetic, arthritic, and medicated, 
but with lower overall CVD risk.[3,59]

Smoking among Turkish women protects against 
metabolic disorder and confers no risk for CHD

In a large meta-analysis of circulating CRP in over 

160,000 participants,[60] current male smokers had 
19% higher CRP levels compared to non-smokers, 
whereas female current smokers had similar or mar-
ginally lower CRP levels. In the MONICA Augsburg 
study,[61] women also differed from men; no positive 
associations were found between markers of systemic 

-
ference was more pronounced among Turks. Turk-

-

lower age-adjusted CRP concentrations, compared to 
their counterparts with no history of smoking.[62]

-
cial effect of smoking.[63] We have also documented 

the risk of developing hypertension,[64] serum apoC-
III concentrations,[44] and ADMA,[65] as well as, a pos-

rate (Table 4).[66] Furthermore, women were observed 



smoking on serum complement C3,[55] the accumula-
tion of visceral fat,[67] and insulin sensitivity.[68] 

The above-stated long-term effects of smoking 
on Turkish women likely provide partial protection 
against the development of diabetes.[69] Smoking had 

both genders and against MetS in women, after ad-
justment for age, baseline family income bracket and 
physical activity grade.[69] 

In a 12-year follow-up study of 114,000 women 
in the United States, the age-adjusted relative risk of 
incident diabetes for smokers of <25 cigarettes daily 

no smoking history.[70] The relative risk of cigarette 
smoking for cardiovascular disease, though somewhat 
increased, was not as high in rheumatoid arthritis pa-
tients as in the general population and was assessed 

[71,72] In 
human endothelial culture, nicotine was shown to 

-
kines via nicotinic acetylcholine receptor, expressed 

[73]

Relevant gender differences 

Gender plays an important role in several aspects of 
-

sociations and consequences. Females are more prone 

populations predisposed to MetS, but seemingly also 
in the U.S. (where women harbor higher CRP con-
centrations than men).[74] Female gender interacts with 

among themselves, tending to exhibit no indepen-
-

tion mediators are at play, the global effect of which 
overwhelms the independent emergence of a given 

exists between female gender and the effects of smok-

such as circulating CRP, excess adipose tissue, cen-
tral fat accumulation, insulin sensitivity, and possibly, 
Lp(a) concentrations. These interactions, in turn, lead 
to differences in cardiometabolic risk outcomes.

 

In certain populations, or population subsets, pro-

driver or the most important driver of cardiometabolic 
risk besides elevated serum oxidized LDL. The pro-

VLDL or chylomicrons,[6] which may constitute the 
primary underlying reason for excess cardiometabolic 
risk in individuals with MetS. This situation is aggra-
vated by the associated low levels of HDL cholesterol 

function at normal or above-normal HDL concentra-
tions.

Excess oxidized phospholipids of Lp(a) are an-
other potential mechanism, documented among Turks 
without MetS,[8] which may act directly or indirectly, 
by undergoing an immunologic reaction with apoA-I, 

decline in Lp(a) levels may be due to Lp(a) consump-
tion (rendering Lp(a) not immunoassayable) result-

The latter may be caused by high apoE concentrations 
and hypertriglyceridemia. In women, C3 levels inde-

CHD

HDL dysf.AthD
MetS

E genotype

LowHDL

InsRes

apoB
sLDL Female TRL

oxid.PLs

HDL
3

HDL
2

E

Htg

Waist
Inflamm

TG, C-III, CRP, uric acid

HtgB

DM

Lp(a)
ApoE
ApoA-I



pendently contribute to the association between high 
apoE and Lp(a). Similar immune complexes may also 
be formed by serum creatinine and apoA-I or apoE 
(Table 5).

-
matory rheumatic diseases 

Available evidence allows us to hypothesize that re-
duced plasma Lp-PLA2 mass or activity, and dimin-
ished hydrolysis of VLDL triglycerides and of Lp(a) 
phospholipids, may induce a reduction of HDL par-
ticles and HDL composition alteration, accompanied 
by elevated plasma triglycerides. These alterations, in 

-
tion in subjects with rheumatic diseases, and function-
al impairment of plasma apoA-I further contributes to 

[72] 

Clinical biomarkers of apolipoprotein dysfunction 

-
mation is a co-determinant of pre-diabetic states and 
their progression to diabetes.[75] In seeking clinical 
biomarkers for impaired function of HDL particles, 
we analyzed 2725 adults using Cox regression over a 
follow-up period of 7.3±3.0 years. CRP, C3, triglyc-
erides, and HDL cholesterol were tested for value as 
predictors of future risk of incident diabetes or CHD. 

HDL cholesterol was also associated with elevated 
CRP and diabetes risk in women. The most appropri-

-

women, Trg >1.7 and C3 >1.3. Thus, in normotriglyc-
eridemic men with normal HDL cholesterol levels, 
diabetes risk may be elevated due to dysfunctional 
apoA-I (Onat A, Can G, et al., unpublished observa-
tions, 2012).

In addition, elevated serum uric acid levels (>5.2 
-

in the absence of MetS (Onat A, Can G, et al., unpub-
lished observations, 2012). 

Future research needed 

Vast research is needed on the relevance and impact 
of HDL and apolipoprotein dysfunction (particu-
larly apoA-I, E and C-III) in diverse ethnic groups 
and in pre-diabetic states. An accurate interpretation 
of associations with outcome will be necessary in 
prospective studies. Associations of enhanced pro-

cardiometabolic outcomes and HDL dysfunction are 

mediators (including cellular adhesion molecules, 
acylation stimulating protein, platelet activation fac-
tor, Lp(a) phospholipids, and the Lp-PLA2 enzyme, 
which we have shown to harbor both atheroprotective 
and atherogenic properties[76]). The relevance of the 
immune system and intracellular signaling pathways 



-

needs to be further delineated. Finally, the various 
long-term effects of cigarette smoking on women of 
diverse ethnicities, with or without MetS, need to be 
investigated objectively, with or without adjusting for 
BMI, diabetes and hypertension.

Dietary strategies to avoid weight gain and lifestyle 
-

ity and reduced smoking and alcohol consumption, 
should take precedence in the prevention and man-

-
function.

Dietary strategies

Postprandial hyperlipidemia (raised levels of triglyc-
erides, chylomicrons, VLDL, and chylomicron rem-
nants), in addition to postprandial hyperglycemia, 

of an excess of high-calorie, easily digestible foods 
causes abnormal surges in plasma levels of glucose 
and triglyceride.[77] Post-prandial oxidant stress trig-
gers increases in LDL oxidation, sympathetic tone 
and thrombogenicity.[77] Studies have demonstrated 
that diets with a high glycemic index, consisting of 

both cardiovascular disease and diabetes.[78]

In the aim of improving postprandial glucose and 
lipid levels, diets should include large amounts of 
fresh unprocessed plants, moderate quantities of lean 
protein and omega-3 fatty acids or monounsaturated 
fats, and low amounts of carbohydrates, saturated fats 
and trans fats.[77,78] Minimally processed plants such 
as vegetables, fruits, nuts, seeds, and grains increase 
postprandial glucose and triglycerides to a lesser 
degree than processed foods.[77] Vinegar diminishes 
post-prandial glycemia, probably because acetic acid 
slows gastric emptying and, thus, reduces the oxidant 
stress derived from the meal.[77] Dietary antioxidants 
from drinks and deeply pigmented plant-based foods, 
such as berries, cinnamon, red wine, dark chocolate, 
tea, and pomegranates, help protect the vascular en-
dothelium from postprandial oxidant stress and in-

[79]

game meat, and poultry breast meat also cause less 
[80]

Portion control is also of great importance in any 
diet. The reduction of caloric intake is more effective 
in improving postprandial oxidative stress by restrict-
ing processed carbohydrates, saturated fats and trans 
fats.[76,79] Even modest weight loss of 5% to 10% de-
creases postprandial glycemia and lipidemia and re-
duces the risk of incident diabetes.[80] 

-
ciated with better life expectancy and with lower risk 
of CHD in the general population. However, chronic 
excessive alcohol use has long been known to lead to 
hypertension, CHD and death.[81] Hence, restriction of 
alcohol intake is recommended.

Lack of exercise should be avoided to prevent a 
decrease in insulin sensitivity. A systematic review of 
the literature found that, in most controlled trials us-
ing imaging techniques, overweight or obese patients 

reductions in abdominal fat compared with controls.[82]

Although smoking cessation is followed by weight 
gain in both genders, smoking cessation is critical for 

-
tion (revealed by the development of elevated serum 
CRP) is augmented among smokers. This recommen-
dation is probably also applicable to female smokers 
who experience an increase in weight or maintain a 
state of obesity. However, women who do not gain 
weight while smoking need not be urged to discon-
tinue light to moderate smoking with the ultimate aim 
of avoiding hazards related to substantial weight gain.

High doses (2-4 g daily) of long chain omega-3 
fatty acids, which lower plasma triglycerides by about 
one-third in individuals with high triglyceride levels, 
are a good adjunct to a diet.[83] Since cardiovascular 
outcome studies of non-diabetic people are lacking, 

[84]

Drug therapy for dyslipoproteinemia 

-
ated HDL dysfunction, dyslipoproteinemia is mainly 
caused by excess TRL (high levels of fasting or post-
prandial triglycerides), high Lp(a) levels and low HDL 
cholesterol levels. Of the available options, niacin and 

[6,85] Some 
high-risk patients on statin treatment may need addi-



tional therapy for atherogenic dyslipidemia.[6]

Therapeutic doses of niacin (extended release, 
-

glycerides and Lp(a), and increase HDL cholesterol. 
-

[6] Imaging trials have document-
ed the attenuated progression of atherosclerosis and 
intima-media thickening by niacin. A recent meta-

[86] The impaired vasoprotective effects of 
HDL in patients with DM were improved after ER 
niacin therapy.[87] Evidence suggests that niacin bet-
ter reduces CVD events[88]

incident diabetes induced by niacin in pre-diabetic 
individuals remains indeterminate.[6] For reducing 
vasodilation-induced itching, a common side-effect, 
laropiprant may be a necessary and effective addition. 
The co-administration of ER niacin with a statin in 
patients with atherogenic dyslipidemia had a higher 

tolerated.[89] 

-
dial infarction but not mortality or fatal myocardial 
infarction. These studies include the FIELD study, 

patients,[90] -
brozil,[91] [92] The Ac-
tion to Control Cardiovascular Risk in Diabetes (AC-
CORD) Lipid trial[93] demonstrated the safety of using 

-

diabetic patient subgroup with high triglyceride and 
low HDL cholesterol levels. A recent meta-analysis 

[94]

risk, and suggested a 15% reduction in cardiovascular 

triglyceride levels. Women did not experience any 

trial and, hence, caution is required.

Metformin (850 mg b.i.d.) may be used to lower 
elevated glucose and triglyceride levels. In 12 months, 

-
cant 14% in women with impaired glucose tolerance 
compared to a placebo group; the reduction was not 

[95] Metformin is a structural analog 
of ADMA and is hypothesized to be an ADMA an-

tagonist, blocking the effect of ADMA as a signaling 
molecule.[96]

The thyroid hormone analogue eprotirome lowers 
both Lp(a) and fasting triglyceride levels.[41] Eproti-

in whom both are elevated; these patients should be 
carefully followed.

In summary, a substantial amount of residual car-
diovascular risk exists in population subsets prone to 
impaired glucose tolerance or even in certain entire 
adult populations with prevailing MetS. This risk 

-
tive stress associated with elevated plasma TRLs and 
their remnants, and likely also from excess oxidized 
Lp(a) phospholipids. The adverse constellation is se-
riously compounded by a variable degree of loss of 

-
tective properties of HDL and its apolipoproteins, 

with hypertriglyceridemic dyslipidemias (athero-
genic dyslipidemia and that with elevated apoB), 

as elevated serum apoE, CRP, complement C3, and 
-

males are more frequently and more strongly affected 
-

do not independently emerge. The long-term effect of 

negative in women, as smoking reduces weight gain 
and positively affects other factors. Notably, apoA-I 
dysfunction may occur in either gender in the absence 
of MetS and type-2 diabetes. ApoA-I dysfunction 

public health implications, given the large number of 
middle-aged and elderly adults in certain populations 
and population subsets with dysfunctional apoA-I. 
Much research is required to further clarify the impact 
of apoA-I dysfunction, to elucidate the underlying ge-
netics and mechanisms, and to determine preventive 
measures and optimal management. Dietary strategies 

exercise and limit smoking and alcohol consumption 
should precede other measures in the prevention and 

-
tion. Omega-3 fatty acids lower plasma triglycerides, 
and thus, are a good adjunct to any diet. When these 



most appropriate drugs to administer with or without 
statins.

-
-








