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Aggregation of lipoprotein(a) to apolipoprotein A-I underlying HDL
dysfunction as a major coronary risk factor

HDL disfonksiyonunun temelindeki lipoprotein(a)’nin apolipoprotein A-I'e agregasyonu major
bir koroner risk faktoriidiir
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ABSTRACT

Objective: Dysfunction of high-density lipoprotein (HDL) may contribute to coronary heart disease (CHD) risk. We determined whether aggrega-
tion to lipoprotein (Lp)(a) of apolipoprotein (apo) A-1 underlies HDL dysfunction conferring incident CHD risk.

Methods: A representative sample of 1509 middle-aged Turkish adults was studied at 4.9-years’ follow-up yielding 198 incident CHD cases.
Statistical analysis was performed using multiple linear regression and Cox proportional regression analyses.

Results: In women, not age or apoA-I, rather complement C3, apoE levels and statin use were linearly related to log-Lp(a). Individuals in the low
Lp(a) tertile (<6.4 mg/dL) displayed high mean triglyceride and apoE values, and geometric mean Lp(a) values increased moderately in subjects
having low and mid tertiles of apoE or triglycerides, only to be lower in the high tertiles (p<0.002). These two findings indicated the unexpected
fall in Lp(a) under circumstances of high apo E (>4.5 mg/dL) and/or triglycerides (>2.0 mmol/L). Levels actually represent aggregation of Lp(a) to
apoA-l in an immune complex, rendering apoA-| atherogenic. Lp(a) did not, but apoA-l did significantly predict incident CHD (HR 1.21 [95%CI
1.07; 1.37]) in Cox regression analyses after adjustment for conventional risk factors and statin use. This adverse action of apoA-I was indepen-
dent of prevalent metabolic syndrome (MetS), existed in individuals in whom ATPIlI-defined MetS was not identified, and was similar in mag-
nitude to that of conventional risk factors.

Conclusion: Beyond being atherogenic, Lp(a) may aggregate in a pro-inflammatory milieu to apoA-I, rendering apoA-| atherogenic. This process
is independent of ATPIlI-defined MetS and exhibits risk magnitude similar to that of conventional risk factors.

(Anadolu Kardiyol Derg 2013; 13: 543-51)
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OZET

Amac: Yiiksek yogunluklu lipoprotein (HDL) disfonksiyonu koroner kalp hastalijina (KKH) katkida bulunabilir. Yeni gelisen KKH riskine
yiik bindiren HDL disfonksiyonunun altinda lipoprotein [Lpl(a)’'nin apolipoprotein (apo) A-1'e agregasyonunun yatabilecegdi keyfiyetini
arastirdik.

Yéntemler: Orta yash Tiirk yetigkinlerini temsil eden 1509 kisi, 198 yeni KKH'nin gelistigi 4.9 yillik takipte incelendi. istatistiksel analiz coklu reg-
resyon ve Cox orantisal regresyon analizleri ile yapild.

Bulgular: Kadinlarda, yas veya apoA-I degil, kompleman C3 ile apoE diizeyleri ve statin kullaniminin log-Lp(a) ile dogrusal iligkisi vardi. Lp(a) alt
licte bir dilimindeki (<6.4 mg/dL) bireyler yiiksek ortalama trigliserid ve apo E degerleri sergiledi. Geometrik ortalama Lp(a) degerleri, apoE veya
trigliserid diisiik ya da orta iicte bir dilimlerindeki kisilerde ilimh &l¢iide yiiksekken, yiiksek iicte bir dilimde daha diisiiktii (p<0.002). Bu iki bulgu,
yiiksek apoE (>4.5 mg/dL) ve/veya trigliserid’li (>2.0 mmol/L) kosullarda Lp(a)'nin beklenmeyen diisiisiinii isaret etmekteydi. Diizeyler aslinda
Lp(a)'nin apoA-I ile bilegsmesinden olusan ve apoA-I'i aterojen kilan bir immiin kompleksi simgeliyordu. Cox regresyonu analizinde, geleneksel
risk faktorleri ve statin kullamimi igin ayarlandiktan sonra, yeni gelisen KKH'y1, Lp(a) degil, apoA-I anlamli olarak 6ngdrdii (HR 1,21 [%95 CI 1,07,
1.37]). ApoA-I'in bu olumsuz etkisi metabolik sendrom (MetS) varligindan bagimsiz olup ATPIlI-tanimli MetS belirlenmemis bireylerde de gdz-
lemlendi ve etki konvansiyonel risk faktdrlerinin boyutuna benzerlik gosterdi.
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Sonug: Lp(a), aterojen olma dtesinde, artmis yangi ortaminda apoA-I'e onu aterojen kilacak bigimde agregasyon yapabilir. Bu siireg, ATPIII-
taniml MetS'den bagimsiz olup sergiledigi riskin boyutu konvansiyonel risk faktorlerininkine benzerdir.

(Anadolu Kardiyol Derg 2013; 13: 543-51)

Anahtar kelimeler: Apolipoprotein A-1, apolipoprotein E, koroner kalp hastalig, HDL disfonksiyonu, lipoprotein(a), metabolik sendrom, regresyon analizi

Introduction

We had documented in a general population that high apolipo-
protein (apo) A-l concentrations, presumably rendered to lack
anti-inflammatory and atheroprotective activities, significantly
predicted type-2 diabetes independent of waist circumference
and other relevant confounders (1). We have also reported epide-
miologic evidence of the presence of dysfunction of high-density
lipoprotein (HDL) particles in the Turkish Adult Risk Factor (TARF)
study cohort (2) and reviewed evidence that such impaired func-
tion was a major determinant of cardiometabolic risk also in some
other populations or population subsets prone to impaired glu-
cose tolerance (3). Dysfunction of apoA-I leading to type-2 diabe-
tes was observed to be independent of the apoE genotype (4).

Excess lipoprotein (Lp)(a) is known from animal (5) and epi-
demiologic (6) studies to promote thrombosis, inflammation and
coronary artery disease. A notable previous finding that the low
compared to mid-tertile of Lp(a) concentrations were indepen-
dently associated with higher fasting triglyceride levels and
likelihood of metabolic syndrome (MetS) (7), prompted us to
hypothesize the following: an inverse association of Lp(a) may
appear in pro-inflammatory state/oxidative stress, whereby low
Lp(a) levels might actually represent inassayability of damaged
Lp(a) in an autoimmune process that involves serum apoA-I and
results from pro-inflammatory state/oxidative stress. Indeed,
apoA-1 has recently been reported to be combined during oxida-
tion to low-density lipoprotein (LDL) (apoAl-LDL), high levels of
which could mark in a cross-sectional study coronary artery
disease more accurately than C-reactive protein (CRP) (8).

As an LDL-like particle consisting of an apoB100 molecule
linked to a glycoprotein, apolipoprotein(a), Lp(a) has been recog-
nized to be in very weak correlation with other lipid and non-lipid
parameters (6, 9, 10). This particle’s function remains largely
uncertain; Lp(a) binds proinflammatory-oxidized phospholipids
(11) and is a preferential carrier of oxidized phospholipids (ox-PL)
in human plasma. Lp(a) also contains lipoprotein-associated
phospholipase A, (Lp-PLA,) which may cleave oxidized fatty acids
to yield short-chain fatty acids and lysolecithin (12).

A recent consensus statement (of the European
Atherosclerosis Society) (12) concurred with the meta-analysis
by the Emerging Risk Factors Collaboration (ERFC) (9) and con-
cluded that the association between circulating Lp(a) and car-
diovascular disease risk is independently continuous, without a
threshold. This conclusion may not be applicable to population
subsets prone to impaired glucose tolerance (IGT) (see
Discussion). Indeed, in such a cohort, apoA-ll influenced apoE-
linked cardiovascular disease in Dutch women with high levels
of HDL-cholesterol and C-reactive protein (13).

We addressed to clarify the above-stated hypothesis in the
TARF participants with the primary objective of: a) jointly analyz-
ing prospectively apoA-l and Lp(a) levels along with conven-
tional risk factors in predicting incident CHD, possibly identifying
the presence of such associations after stratification to gender
and MetS: and the secondary objective of: b) scrutinizing the
cross-sectional relationship of (low) Lp(a) levels to biomarkers
of enhanced systemic low-grade inflammation (CRP. C3, apoE),
apoA-1 and fasting triglycerides. Such an investigation might
elucidate novel pathogenetic mechanisms in cardiometabolic
risk carrying implications for prevention.

Methods

Population sample

The Turkish Adult Risk Factor Study is a prospective survey
on the prevalence of cardiac disease and risk factors in adults
in Turkey carried out periodically almost biennially since 1990 in
59 communities scattered throughout all geographical regions of
the country (14). Itinvolves a random sample of the Turkish adult
population, representatively stratified for sex, age, geographical
regions and for rural-urban distribution (14). Combined measure-
ments of serum apoA-l and Lp(a) were first performed at the
follow-up visit in 2002. The survey conformed to the principles
embodied in the Declaration of Helsinki and was approved by
the Istanbul University Ethics Committee. Written informed con-
sent was obtained from all participants. Data were obtained by
history of the past years via a questionnaire, physical examina-
tion of the cardiovascular system, sampling of blood and record-
ing of a resting electrocardiogram.

Measurements of risk variables

Blood pressure (BP) was measured in the sitting position on
the right arm, and the mean of two readings at least 3 min apart
was recorded. Waist circumference was measured with a tape,
the subject standing and wearing only underwear, at the level
midway between the lower rib margin and the iliac crest.

Blood samples were collected, spun at 1000g and were
stored in deep-freeze at -75°C until analyzed in a central labora-
tory. Serum concentrations of Lp(a), apoE, apoA-l apoB and
complement C3c were measured after an overnight fast with
kits and by nephelometry (Behring Diagnostics, Marburg,
Germany, or Westwood, MA). Serum concentrations of total
cholesterol, fasting triglycerides, glucose, and HDL-cholesterol
(HDL-C plus 2" generation, direct quantification) were deter-
mined using enzymatic kits from Roche Diagnostics with a
Hitachi 902 autoanalyzer. LDL-cholesterol values were comput-
ed with the Friedewald formula. Serum gamma glutamyltransfer-
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ase (GGT) activity was assayed by the kinetic method using
Glucana as substrate (Thermo Trace, Noble Park, Victoria,
Australia). Fibrinogen levels were assayed in plasma by the
modified Clauss method using Behring Fibrintimer Il coagulom-
eter and Multifibren U kit.

Definitions and outcomes

Individuals with metabolic syndrome were identified when 3
out of the 5 criteria of the National Cholesterol Education
Program (ATP IIl) were met, modified for prediabetes fasting
glucose 5.56-6.95 mmol/L (15) and further for male abdominal
obesity using as cut-point >95 cm (16).

Information on the mode of death was obtained from first-
degree relatives and/or health personnel of local health office.
Cause of death was assigned with the consideration of pre-
existing clinical and laboratory findings elicited during biennial
surveys. CHD death comprised death from heart failure of coro-
nary origin and fatal coronary event. Nonfatal CHD was identi-
fied by presence of angina pectoris, a history of myocardial
infarction with or without accompanying Minnesota codes of
the electrocardiogram (ECG) (17) or a history of myocardial
revascularization. Typical angina and, in women, age >45 years
were prerequisite for a diagnosis when angina was isolated.
ECG changes of “ischemic type” of greater than minor degree
(Codes 1.1-2, 4.1-2, 5.1-2, 7.1) were considered as myocardial
infarct sequelae or myocardial ischemia, respectively.

Statistical analysis

Statistical analyses were performed using SPSS-10 for
Windows (SPSS Inc., Chicago, IL). Tertiles were formed by cut-
points of 6.4 and 17.3 mg/dL of Lp(a), by 3.44 and 4.5 mg/dL of apoE
and by 111 and 180 mg/dL of fasting triglyceride values. Descriptive
parameters were shown as mean (+ standard deviation) or
adjusted estimated mean (+ standard error) or in percentages.
Due to the skewed distribution, log-transformed (geometric) val-
ues were used for Lp(a), GGT and apoE. Two-sided t-tests and
Pearson’s Chi-square tests were used to analyze the differences
between means and proportions between groups. Multiple linear
regression analyses were performed with continuous parameters,
expressed in terms of an increment of 1 SD. After exclusion of the
cohort with prevalent CHD at baseline examination, Cox propor-
tional hazards regression models were used for incident CHD at a
mean follow-up of 4.9 years. Risk estimates (hazard ratio, HR) and
95% confidence intervals (Cls) were obtained in models that
adjusted for confounders, again expressed in terms of 1 SD incre-
ment. Proportionality was upheld between the independent vari-
ables and follow-up time. p<0.05 on the 2-tailed test was consid-
ered statistically significant.

Results

Baseline measurements of serum Lp(a) and apoA-I were avail-
able in 1509 adults; excluded were 79 cases with prevalent CHD and
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100 subjects with no follow-up. The latter was 4.9+1.8 years during
which CHD newly developed in 198 cases. Baseline characteristics
presented in Table 1 indicate overall relatively wide waist girths,
high serum triglyceride, normal total cholesterol and apoA-I, low
HDL-cholesteral, slightly low geometric mean Lp(a) concentrations.

Lp(a) concentrations and associations with

pro-inflammatory markers

Median Lp(a) value at baseline was 10.1 (1Q range 4.46 and 21.9)
mg/dL. With the aim of testing log-linearity, observed versus expect-
ed Lp(a) values were plotted (Fig. 1) which depicted substantial
amount of lacking values >40 mg/dL, and accumulated values <15
mg/dL in excess of expected ones, a constellation in agreement
with the current hypothesis of aggregation of part of Lp(a).

Complement C3 and GGT (measured in 978 and 1258 sub-
jects) showed similar GGT (28.6 vs 28.7 g/L, p=0.94) but higher C3
values (1.38 vs 1.31 g/L, p=0.007) in the high Lp(a) category (=30
mg/dL, constituting 17.5% of subjects).

A significant (p<0.001) measure of agreement, kappa, was
observed in men +0.22 and in women +0.21 (total of 953 adults)
between the percentage distribution of fasting apoE tertiles and
that of triglyceride tertiles, by gender (Fig. 2).

Table 1. Baseline characteristics of the sample population by gender
(n=1509)

i Men (n=698) |Women (n=811)| p
Variables
n |mean| SD | mean | SD
Age, years 1509 | 534 | 114 | 53 | 115 |ns
Waist circumference, cm 1501 | 94.4 | 108 | 92.7 | 12.7 |**¥
Systolic BR mmHg 1486 |126.7|20.8 | 132.2 | 24.8 |**
Diastolic BP mmHg 1486 | 81.5 | 124 | 826 | 136 |ns

Fasting glucose, mmol/L 1082 | 548 | 194 | 549 19 |ns
Total cholesterol, mmol/L 1507 | 480 | 096 | 5.09 | 1.02 |**

Fast. triglyceridesy, 1003 | 165 | 1.70 | 141 | 1.60 |**
mmol/L

HDL-cholesterol, mmol/L 1507 | 098 | 028 | 1.20 | 0.32 |**
Apolipoprotein A-l, g/L 1509 | 1.28 | 033 | 141 | 030 | **

Apolipoprotein B, g/L 1500 | 1.10 | 0.34 | 1.09 | 034 |ns
Lipoprotein(a) , pmol/L 1509 | 0.31 | 0.10 | 042 | 0.10 |**
Apolipoprotein E, mg/dL 864 | 427 | 19 | 424 | 160 |ns
Complement C3, g/L 885 | 1.30 | 027 | 135 | 0.28 |ns

v-glutamyltransferase, U/LY| 1145 | 26,5 | 187 | 19.0 | 1.82 | **
Current/former smoking, % | 1470 | 51 22 | 145 | 33 |**
Diabetes type-2, n, % 1468 | 32 47 38 48 |ns
Use of statinst, n, % 1509 | 40 | 5.7 75 92 | *

fiGeometric means p*<0.05, **<0.01 ns= not significant

TIncludes subjects with prevalent coronary heart disease

Data are presented are mean/SD and number percentage

t-test for independent samples and Chi-square test

BP - blood pressure, Fast. - fasting, HDL - high-density lipoprotein
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*p<0.037 *p<0.001 K A “p<0.002 e B

Figure 1. A) Comparative distribution of mean serum apoE levels and
fasting triglycerides (in 1003 adults) by decreasing lipoprotein (a) ter-
tiles. Significantly increased levels of circulating apo E as well as of
triglycerides (indicated with asterix) are noted in participants with
the lowest Lp (a) tertiles. B) Distribution of mean serum levels of Lp (a)
in 1003 adults with increasing fasting triglyceride and with increasing
apokE tertiles. Noteworthy is -following an increase in the mid-tertile
- the highly significant marked fall in Lp (a) levels in the highest tertile
of each of the two parameters

apo - apolipoprotein, Lp - lipoprotein

Table2.Linearregression analysis for covariates of serum lipoprotein(a)1l
(n=477)

Men & women Women (n=268)

[-coeff. | SE p |B-coeff.| SE p
Sex, female 131 | 1.11 | 0.01
Age, 11 years 102 (1.007| 097 1.02 |1.007, 0.79
Complement 108 [1.05| 0.13 116 |1.07| 0.027
C3,027 g/L
Apolipoprotein 094 |1.028| 0015 | 0.80 |1.007| 0.003
E,0015g/LY
Apolipoprotein 104 [1.08 | 0.55 103 |1.08| 073
A-1,035 g/L
Lipid-lowering drugs 171 {120 | 0004 | 211 |1.25] 0.001
Explained variance (r2) 0.05 (p=0.001) 0.07 (p=0.001)
The model was not significant in 209 men: p=0.81
1 log-transformed values
Units following the independent variables denote 1 standard deviation.
Significant values are highlighted in boldface

In 1504 people who had measurements of both Lp(a) and
triglycerides, triglycerides tertiles were inversely related to
Lp(a) tertiles, so that individuals with low Lp (a) tertile (<6.4 mg/
dL) were associated with high mean triglyceride (p<0.001 from
both other two tertiles), as well as high mean apoE values
(p<0.008 and 0.037 from those in the mid and high Lp(a) tertiles),
measured in 864 subjects (Fig. 1A).

Panel B in Figure 1 shows that Lp(a) geometric mean values
increased moderately in subjects comprised in the low and mid ter-
tiles of apoE and triglycerides, only to drop in the high tertiles (by 24%
and 27%, p<0.002). These two findings indicate, collectively, that an
unexpected “fall” was associated in Lp(a) under circumstances with
high levels of apoE (>4.5 mg/dL) and/or triglycerides (>2.0 mmol/L).

A multiple linear regression analysis was performed for
covariates of Lp(a) in 477 subjects (Table 2) in whom sex, age, use

Normal Q-Q Plot of LP(a)
4
3, iu"
24
‘I_
— 04
©
E
S -14
=2
=)
2 -2 -
14 -]
[}
23
-100 0 100 200
Observed Value

Figure 2. Observed values of Lp (a) plotted against logarithmic expect-
ed values (straight line). Values >40 mg/dL in deficitary numbers, and
overly accumulated values <15 mg/dL are noteworthy

Lp - lipoprotein

of lipid-lowering drugs, complement C3, apo E and apo A-l were
selected as independent variables comprised in our hypothesis;
the model proved highly significant in the total sample and in
women, not in men. Female sex, use of lipid-lowering drugs and
complement C3 were positively associated, while 1 SD increment
in apoE was associated with 20% lower Lp(a) levels.

When similarly classified Lp(a) concentrations were com-
pared with variables at the final examination (mean 3 years
later), subjects in the high category (=30 mg/dL) compared with
the remainder of the sample had higher apoB, total and LDL-
cholesterol and fibrinogen values (p in each <0.002), but also by
0.06 mmol/L higher (=dysfunctional) HDL-cholesterol (p=0.005),
apoA-l (by 0.03 g/L, p=0.076) and lower triglyceride (by 0.14
mmol/L; p=0.017) values.

Cox analysis for incident CHD

Table 3 shows results of Cox regression analysis for incident
CHD in the total sample, stratified further by gender and pres-
ence of MetS. Hazard ratios of conventional risk factors (age,
systolic BP, nonHDL-cholesterol and diabetes) except for smok-
ing are in agreement with published meta-analyses on Western
populations when adjusted for inflammatory biomarkers. Current
smoking was not significantly associated. HDL-cholesterol dis-
played limited protection against CHD while apoA-I conferred
independent CHD risk in magnitude close to nonHDL-cholesterol
or systolic BP. Statin use contributed additive CHD risk in women
with MetS. Lp(a) was not significantly involved (though tended
to confer marginal risk in men).

People with compared to without MetS exhibited attenuation
of HRs relative to systolic BP apoA-I and diabetes, in males also
to nonHDL-cholesterol. Women tended to low HRs with respect
to BP and apoA-l. MetS significantly conferred CHD risk (HR
1.82) additively to the conventional risk factors, apoA-I and dia-
betes (Table 4).
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Table 3. Cox regression analysis for prediction of incident CHD by presence or absence of MetS

Variables Total Men Women

HR 95% Cl HR 95% CI HR 95% CI
Total 198/1330t 89/6071 109/723t
Apolipoprotein A-l, 0.35 g/L 1.21 1.07; 1.37 1.21 1.07; 1.37 112 0.90; 1.42
HDL-cholesterol, 0.31 mmol/L 0.82 0.71; 0.96 0.80 0.64; 1.01 0.87 0.69; 1.07
Lipoprotein(a){ 3.5-fold 0.994 0.90; 1.10 1.04 0.88; 1.22 0.95 0.83; 1.09
Non-HDL-cholesterol, 35 mg/dL 1.28 1.11; 1.42 1.15 0.93; 1.47 1.32 1.11; 1.57
Systolic BP 23 mmHg 1.35 1.20; 1.54 1.65 1.32; 2.06 1.23 1.05; 1.44
Current vs never smoking 1.08 0.73; 1.61 1.34 0.80; 2.25 0.72 0.34; 1.51
Diabetes, yes/no 2.28 1.37; 3.78 2.64 1.21; 5.73 2.06 1.02; 4.14
Lipid-lowering drugs, yes/no 2.67 1.30; 5.48 1.15 0.16; 8.31 3.51 1.60; 173
No MetS* 70/769tt 32/3551 38/4141
Apolipoprotein A-l, 0.35 g/L 1.32 1.07; 1.68 1.32 0.93; 1.54 1.23 0.87; 1.74
HDL-cholesterol, 0.31 mmol/L 0.88 0.68; 1.13 0.98 0.67; 1.44 0.82 0.58; 1.20
Lipoprotein(a)y 3.5-fold 1.03 0.87; 1.23 1.06 0.79; 1.43 1.01 0.80; 1.27
Non-HDL-cholesterol, 35 mg/dL 1.42 1.11; 1.74 1.57 1.11; 1.65 1.37 0.995; 1.87
Systolic BP, 23 mmHg 1.51 1.20; 1.93 1.85 1.23; 2.81 1.44 1.07; 1.93
Current vs never smoking 1.13 0.59; 2.17 1.46 0.59; 3.63 0.64 0.19; 222
Diabetes, yes/no 10.1 3.00; 339 9.84 2.11; 46.0 12.4 1.55; 99
Lipid-lowering drugs, yes/no 1.97 0.46; 8.40 9.91 1.21; 81.3 1.14 0.15; 9.00
With MetS* 128/5611 57/252t 71/309t
Apolipoprotein A-l, 0.35 g/L 1.19 1.04; 1.37 1.19 1.04; 1.42 1.00 0.73; 1.37
HDL-cholesterol, 0.31 mmol/L 0.91 0.73; 1.13 0.83 0.59; 1.17 1.02 0.76; 1.38
Lipoprotein(a){ , 3.5-fold 0.98 0.86; 1.12 1.035 0.84, 1.27 0.93 0.78; 1.1
Non-HDL-cholesterol, 35 mg/dL 1.15 0.97; 1.37 0.97 0.73; 1.28 1.28 1.04; 1.63
Systolic BP. 23 mmHg 1.20 1.02; 1.44 1.47 1.07, 2.02 1.10 0.89; 1.38
Current vs never smoking 1.17 0.72; 1.91 1.51 0.78; 2.92 0.75 0.29; 1.92
Diabetes, yes/no 1.64 0.93; 2.90 1.53 0.60; 3.92 1.65 0.77; 3.55
Lipid-lowering drugs 2.50 1.08; 5.80 NS protect. too few 3.92 1.61; 9.58
Models were adjusted also for age (HRs 1.34 to 1.44), and the non-significant variables of (sex) and former smoking
*MetS status at baseline examination.
1 log-transformed values.
Lipid-lowering drugs were used in 12 subjects without and 23 with MetS (overall in 2.6% of sample, 10 men, 25 women).
Significant values are highlighted in boldface.
tnumber of cases/number at risk
BP - blood pressure, HDL - high-density lipoprotein, MetS - metabolic syndrome

Discussion

We documented that in a general population apoA-l was,
additively to the impaired atheroprotective activity of HDL parti-
cles, a CHD risk predictor approaching in magnitude to non HDL-
cholesterol or systolic BP in combined sexes when adjusted for
conventional risk factors, statin use and Lp(a). Findings provided
indirect though sufficient epidemiologic evidence for a hypoth-
esis wherein serum Lp(a) levels aggregated to apoA-I levels to
form an autoimmune complex in a milieu of high apoE concen-

trations and hypertriglyceridemia. C3 levels and use of statin
drugs independently contributed in women to the association
between high apoE and Lp(a), while the latter's concentration
was consistent with apparent inability for immunoassay.

Lp(a) binds oxidized phospholipids and implications

for bioassays

Tsimikas and associates (11) documented that plasma levels
of oxidized phospholipids present on apo B-100-containing lipo-
proteins and predominantly on Lp (a) lipoprotein reflect the
presence and extent of angiographically documented CAD. They
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Table 4. Cox regression analysis for incident CHD including metabolic

™M F syndrome as an independent variable
RR 95% CI
g H Total 198/1330t
s E Apolipoprotein A-l, 0.35 g/L 1.23 1.11;1.37
Presence of MetS 1.86 1.37; 2.52
Lipoprotein(a)] 3.5-fold 1.00 0.90; 1.11
Non-HDL-cholesterol, 0.9 mmol/L 1.28 1.11;1.47
Figure 3. Percentage distribution in 953 men and women is shown of Current vs never smoking m 0.75; 1.63
fasting apo E tertiles and triglyceride tertiles, by gender. Measure of Diabetes no 1.90 1.15: 3.15
agreement, kappa, is highly significant (p<0.001), in men 0.22, in .I - ! y?s/ i T
women 0.21. A positive relation is apparent in each gender of the high Lipid-lowering drugs, yes/no 2.89% 1.51;5.54
and low tertiles resulting in high prevalence of both parameters in the *significant in women alone
highest and lowest tertiles .
) ) tnumber of cases/number at risk
apo - apolipoprotein CHD - coronary heart disease, HDL - high-density lipoprotein, MetS - metabolic syndrome

proposed that in settings of enhanced oxidative stress and ele-
vated Lp(a) lipoprotein levels, a proinflammatory milieu may
predominate that contributes to clinical cardiovascular disease.
In vitro, Lp(a) binds to extracellular matrix proteins such as fibrin
and defensins, peptides that are released by neutrophils during
inflammation (18).

When Lp(a) aggregates to apoA-I in an autoimmune complex,
immunoassays will likely yield an elevated level in apoA-l and a
reduced level in Lp(a) commensurate to the portion of Lp(a)
protein comprised in the immune complex. Indeed, elevated
levels of 32-glycoprotein I-Lp(a) complexes have shown in case-
control studies association with coronary artery disease (19,
20). Immunoassay results may be interfered due to failure by
capture antibodies to recognize oxidized epitopes interacting
with 32-GPI (20)

Recent evidence for apoA-I dysfunction in Western populations

Further to the PREVEND study (13) cited earlier, evidence can
be found for the existence of apoA-I dysfunction in Western popu-
lations. In the general populations comprised in the meta-analysis
by the ERFC (21), apoA-I quintile 2 in over 90,000 individuals (as
seen in their Fig. 3) proved to protect against CHD compared with
the lowest quintile by nearly 20%. Yet the 3 highest quintiles
(across concentrations onwards of 1.44 g/L), conferred protection
by no more than 10%. This suggests that intermediate and high
apoA-| levels were heterogeneous comprising well-functioning
and absolutely dysfunctional apoA-I particles.

The confirmed positive association of serum apoA-l with
diabetes in Turkish women was independent of apoE genotype
(e2/e3/e4) or of apoB levels (4), and serum apoE concentrations,
independent of the apoE genotype, were strongly associated
with hypertiglyceridemic dyslipidemias, especially with that
accompanying elevated apoB (22, 23).

Reduced Lp(a) levels potentially indicating aggregation in

other studies

The poor correlation of Lp(a) values with other variables
except apoB or nonHDL-cholesterol (6) can partly be accounted

for by its being closely involved in immune complexes. The
inverse correlation of Lp(a) with serum fasting triglycerides (6)
masks an actual positive correlation between them, potentially
precluding the assay ability of Lp(a) during a slow immune
response secondary to enhanced low-grade inflammation asso-
ciated with hypertriglyceridemia. An 11% mean decline in sex-
and age-adjusted Lp(a) levels (6) in individuals with diabetes
(usually associated with activation of complement pathways)
can also be explained by failing to immunoassay part of “dam-
aged” Lp(a) protein and in autoimmune reactivity with apoA-I.
Lp(a)’s poor though positive association with CRP and moderate
association with fibrinogen are in line with its acute phase reac-
tant features. The fact that HDL-cholesterol and apoA-I were
positively associated (by a mean 4% and 1%, respectively) with
a 1-SD geometric mean Lp(a) increment (6), likely reflects a
concomitant process of elevated HDL with proinflammatory
elevated Lp(a).

The fact that plasma Lp(a) decreases dramatically during
the third trimester of pregnancy, a state of oxidative stress,
while plasma triglycerides increase (24) is consistent with
aggregation of Lp(a) in an immune complex. In the postprandial
state (25), or after triglyceride infusion (26), a shift to lower
densities of apo(a)-containing lipoproteins was observed, and
these accumulated when triglyceride levels increased. That
Lp(a) and fasting triglycerides are actually positively correlat-
ed can be judged also from the effects of the thyroid hormone
analogue eprotirome’s lowering both lipid variables (27).
Interestingly, significant reductions in HDL-cholesterol and
especially apoA-l were further notable effects of this drug,
suggesting integral improvement of the pro-inflammatory state
and HDL dysfunction.

People with smaller apo(a) isoforms have roughly 2-fold
higher cardiovascular risk than those with larger proteins (28). It
is still unclear whether this association is independent of Lp(a)
concentrations, or whether smaller apo(a) isoforms induce sus-
ceptibility for elevated circulating pro-inflammatory Lp(a) to
attract aggregation to apoA-| particles.
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Lp(a)’s role in dysfunction of apoA-I/HDL

The plot of Lp(a) concentrations in the current sample com-
pared with expected ones revealed substantially lacking values
exceeding 40 mg/dL and excess values <10 mg/dL, a finding
further in support of the current hypothesis of aggregation and
“reduced” concentration of elevated Lp(a). Such an aggregation
of Lp(a) to apoA-l or another protective protein may modulate
the apoA-| particles, elevated in concentrations and pro-inflam-
matory, ultimately leading to diabetogenicity (1,4) and atheroge-
nicity (2), documented in Turks. The topic of dysfunctional HDL
and apoA-l mimetic peptides towards normalization of function
has been reviewed (29).

Presence of MetS, and aggregation of Lp(a) to apo A-I

We postulate that during enhanced low-grade inflammation,
the Lp-associated phospholipase Ay contained in Lp(a) cleaves
the excessively abundant oxidized phospholipids derived from
dietary chylomicrons and remnant lipoproteins bound to their
particles and releases short-chain fatty acids and lysolecithin
(12). These, in turn, may induce overproduction of VLDL in liver
and hypertriglyceridemia and further promote low-grade inflam-
mation. In such a group of subjects (located in the top Lp(a)-
tertile and typical in men), high levels of triglycerides likely pre-
vail. Oxidized Lp(a) lipoprotein might aggregate in a moderate
degree to apoA-l and/or to apoE which may mediate by the
property of avidly presenting lipid antigens (30) in a process in
which elevated complement C3 might serve as trigger to the
immune signal (31). In an individual without the MetS, atheroge-
nicity of the elevated and dysfunctional apoA-l would be inde-
pendent of Lp(a) and other established factors, as current find-
ings suggested. In women with MetS, however, excess oxidative
stress is associated with substantial immune complex forma-
tion, coupled with failure to assay the aggregated Lp(a) protein,
whereby the Lp(a)-containing nonHDL-cholesterol assumes
predictive ability for CHD risk.

A recent consensus paper recommended Lp(a) levels <50
mg/dL as desirable for the assessment of global cardiovascular
risk (12). While levels exceeding this threshold disclose clear
tendency to atherogenicity, the present study documents that
lower levels may well conceal high CHD risk due to aggregation
of Lp(a) (to apoA-l) with consequent development of dysfunc-
tional apoA-I and HDL particles.

Magnitude and threshold of CHD risk for Lp(a) and

apoA-l levels

Athreshold of Lp(a) is absent regarding excess CHD risk and
that a continuous risk association exists across a 100-fold con-
centration gradient (12). The hazard ratio of multi-adjusted Lp(a)
is considered as 1.16 (1.11; 1.2) (6). Yet it may well be argued that
concentrations up to about 30 mg/dL, a greater risk is imparted
by the associated dysfunctional apoA-I particles, namely, at a
magnitude similar to that of conventional risk factors, adjusted
for inflammatory hiomarkers. The hazard ratio of Lp(a) levels
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above 30 or 50 mg/dL are recognized as 1.4 (6,12) but might be
higher if part of a conferred risk is credited to the presumably
aggregated oxidized Lp(a).

Statin use, Lp (a) and cardiometabolic risk

Usage of statin drugs has been reported in meta-analyses
(32, 33) to increase the risk of incident diabetes (HR 1.09 (95%Cl
1.04; 1.13) (33). A plausible explanation is still needed. We have
previously observed such a paradoxical development of diabe-
tes (1, 4), and here we report a positive association between
statin usage and CHD incidence in women with (and men with-
out) MetS, independent of the lipoprotein levels. Paradoxical
progression of atherosclerosis related to greater LDL-cholesterol
reduction was recently reported in subjects using statins com-
bined with ezetemibe (34). Our multivariable linear regression
model indicated elevated circulating Lp(a) in females using
statin. Turkish women are known to disclose greater pro-inflam-
matory state, HDL dysfunction and autoimmune activation (3).
We have evidence of proteins other than Lp(a) predicting car-
diometabolic risk, via involvement in similar autoimmune activa-
tion, such as creatinine (35) and thyrotropin.

Clinical implications of apoA-I dysfunction

Impaired function of apoA-I, often associated with dysfunc-
tion in HDL particles, is a common phenomenon in the popula-
tion at large among middle-aged and elderly Turks. lranian
women (36), Australian aborigines, American Indians, and
Western people prone to impaired glucose tolerance (13, 37),
have been shown or are suspected to disclose HDL dysfunction.
The meta-analysis on Lp(a) arouses suspicion that middle-aged
Western populations at large may also have inherent HDL dys-
function with respect to CHD risk. Clinicians need to be aware of
this possibility with the purpose of correct risk assessment and
appropriate measures to be taken. The relevance of Lp(a) to
cardiovascular risk is substantially higher than has been hith-
erto appreciated, since not only the apparent elevated levels but
also “reduced” levels due to the immune complex are involved
in this risk.

Study limitations and direction of future research

The activity of apoA-l as an independent risk predictor is
clearly documented in the current study, though the validity of
mediation of Lp(a) to render apoA-| atherogenic is limited by
indirect epidemiologic evidence, lacking confirmation by immu-
nochemical analysis. Some analyses were performed in subsets
with a comparatively limited sample size. Furthermore, the appli-
cability of present findings to populations with a low prevalence
of MetS may be arguable. The relevance of the hypothesis of
Lp(a) aggregation to apoA-l in cardiometabolic risk needs confir-
mation by future research on large sample sizes. The extent of
impaired apoA-I function in people prone to impaired glucose
tolerance or in general populations as well as its relevance as a
constituent of the MetS cluster need to be further investigated.
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Conclusion

In a prospective analysis of middle-aged and elderly popula-
tion sample prone to MetS, this study showed that elevated apoA-
| levels acted as a risk factor for CHD, independent of and in a
magnitude approaching conventional cardiovascular risk factors.
The elicited association was independent also of ATPIII-defined
MetS. Epidemiologic evidence was provided that aggregation of
the pro-inflammatory Lp(a) to apoA-l in autoimmune activation lay
underneath the apoA-l dysfunction, a process which could
account for many intricacies of circulating Lp(a), including the
apparent inverse relationship to serum triglycerides.

Acknowledgements

The financial support the Turkish Adult Risk Factor survey
over the years by the Turkish Society of Cardiology and the vari-
ous pharmaceutical companies in Istanbul, Turkey, is gratefully
acknowledged. We appreciate the dedicated work of the
coworkers in the survey teams.

Conflict of interest: None declared.
Peer-review: Externally peer-reviewed.

Authorship contributions: Concept - A.O.; Design - A.Q;
Supervision - H.Y, E.0., G.C.; Resource - A.0,, H.Y,; Material -
E.0.; Data collection&/or Processing - S.N., G.C., E.0.; Analysis
&/or interpretation - G.C., A.O., H.Y,; Literature search - H.Y., S.N,;
Writing - A.Q,; Critical review - G.C.

References

1. OnatA, Hergeng G, Bulur S, Ugur M, Kiigiikdurmaz Z, Can G. The paradox
of high apolipoprotein A-I levels independently predicting incident type-2
diabetes among Turks. Int J Cardiol 2010; 142: 72-9. [CrossRef]

2. Onat A, Can G, Ayhan E, Kaya Z, Hergeng G. Impaired protection
against diabetes and coronary disease by high-density lipoproteins
in Turks. Metabolism 2009; 58:1393-9. [CrossRef]

3. Onat A, Hergeng G. Low-grade inflammation and dysfunction of
high-density lipoprotein and its apolipoproteins as a major driver of
cardiometabolic risk. Metabolism 2011; 60: 499-512. [CrossRef]

4. Onat A, Kémiircii-Bayrak E, Can G, Kiigiikdurmaz Z, Hergeng G,
Erginel-Unaltuna N. Apolipoprotein A-I positively associated with
diabetes in women independently of apo E genotype and
apolipoprotein B levels. Nutrition 2010; 26: 975-80. [CrossRef]

5. Boffa MB, Marcovina SM, Koschinsky ML. Lipoprotein(a) as a risk
factor for atherosclerosis and thrombosis: mechanistic insights
from animal models. Clin Biochem 2004; 37: 333-43. [CrossRef]

6. Emerging Risk Factors Collaboration, Erqou S, Kaptoge S, Perry PL,
Di Angelantonio E, Thompson A, White IR, et al. Lipoprotein(a)
concentration and the risk of coronary heart disease, stroke and
nonvascular mortality. JAMA 2009; 302: 412-23. [CrossRef]

7. Onat A, Hergeng G, Ozhan H, Kaya Z, Bulur S, Ayhan E, et al.
Lipoprotein(a) is associated with coronary heart disease
independent of metabolic syndrome. Coron Artery Dis 2008; 19:
125-31. [CrossRef]

10.

20.

21.

22.

23.

Anadolu Kardiyol Derg
2013; 13: 543-51

Ogasawara K, Mashiba S, Hashimoto H, Kojima S, Matsuno S,
Takeya M, et al. Low-density lipoprotein (LDL), which includes
apolipoprotein A-l (apoAl-LDL) as a novel marker of coronary
artery disease. Clin Chim Acta 2008; 397: 42-7. [CrossRef]

Bennet A, Di Angelantonio E, Erqou S, Eiriksdottir G, Sigurdsson G,
Woodward M, et al. Lipoprotein(a) levels and risk of future
coronary heart disease.: large-scale prospective data. Arch Intern
Med 2008; 168:598-608. [CrossRef]

Werba JP, Safa O, Gianfranceschi G, Michelagnoli S, Sirtori CR,
Franceschini G.Plasma triglycerides and lipoprotein(a): inverse
relationship in a hyperlipidemic Italian population. Atherosclerosis
1993; 101: 203-11. [CrossRef]

. Tsimikas S, Brilakis ES, Miller ER, McConnell JP Lennon RJ,

Kornman KS, et al. Oxidized phospholipids, Lp(a) lipoprotein, and
coronary artery disease. N Engl J Med 2005; 353: 46-57. [CrossRef]
Nordestgaard BG, Chapman MJ, Ray K, Borén J, Andreotti F, Watts
GF et al. European Atherosclerosis Society Consensus Panel.
Lipoprotein(a) as a cardiovascular risk factor: current status. Eur
Heart J 2010; 31: 2844-53. [CrossRef]

Corsetti JP Bakker SJ, Sparks CE, Dullaart RP. Apolipoprotein A-Il
influences apolipoprotein E-linked cardiovascular disease in
women with high levels of HDL cholesterol and C-reactive protein.
PLoS One 2012; 7: €39110. [CrossRef]

Onat A. Risk factors and cardiovascular disease in Turkey.
Atherosclerosis 2001; 156: 1-10. [CrossRef]

Grundy SM, Brewer HB, Cleeman JI, Smith SC Jr, Lenfant C.
American Heart Association. Definition of metabolic syndrome:
report of the National Heart, Lung, and Blood Institute/American
Heart Association conference on scientific issues related to
definition. Circulation 2004; 109: 433-8. [CrossRef]

Onat A, Uyarel H, Hergeng G, Karabulut A, Albayrak S, Can G.
Determinants and definition of abdominal obesity as related to risk of
diabetes, metabolic syndrome and coronary disease in Turkish men: a
prospective cohort study. Atherosclerosis 2007; 191: 182-90. [CrossRef]
Rose G, Blackburn H, Gillum RF, Prineas RJ. Cardiovascular Survey
Methods, 2nd Ed. 1982; Geneva, Switzerland: WHO: 124-7.

Bdeir K, Cane W, Canziani G, Chaiken I, Weisel J, Koschinsky ML,
et al. Defensin promotes the binding of lipoprotein(a) to vascular
matrix. Blood 1999; 94: 2007-19.

Greco TP, Conti-Kelly AM, Anthony JR, Greco T Jr, Doyle R, Boisen,
et al. Oxidized-LDL/R2-glycoprotein | complexes are associated
with disease severity and increased risk for adverse outcomes in
patients with acute coronary syndromes. Am J Clin Pathol 2010;
133: 737-43. [CrossRef]

LopezLR, Buckner TR, Hurley BL, Kobayashi K, Matsuura E. Determination
of oxidized low-density lipoprotein (ox-LDL) versus ox-LDL/beta2-GPI
complexes for the assessment of autoimmune-mediated atherosclerosis.
Ann NY Acad Sci 2007; 1109: 303-10. [CrossRef]

The Emerging Risk Factors Collaboration, Di Angelantonio E,
Sarwar N, Perry P Kaptoge S, Ray KK, Thompson A, et al. Major
lipids, apolipoproteins, and risk of vascular disease. JAMA 2009;
302: 1993-2000. [CrossRef]

Onat A, Hergeng G, Ayhan E, Kaya Z, Kiiglikdurmaz Z, Bulur S, et
al. Serum apolipoprotein E concentrations among Turks: Additive
information to genotype relative to dyslipidemia and metabolic
syndrome. Tiirk Kardiyol Dern Ars 2007; 35: 449-57.

Onat A, Can G, Ornek E, Ayhan E, Erginel-Unaltuna N, Murat SN.
High serum apolipoprotein E determine hypertriglyceridemic
dyslipidemias, coronary disease and apo A-l dysfunctionality.
Lipids 2013; 48: 51-61. [CrossRef]


http://dx.doi.org/10.1016/j.ijcard.2008.12.066
http://dx.doi.org/10.1016/j.metabol.2009.05.004
http://dx.doi.org/10.1016/j.metabol.2010.04.018
http://dx.doi.org/10.1016/j.nut.2009.09.023
http://dx.doi.org/10.1016/j.clinbiochem.2003.12.007
http://dx.doi.org/10.1001/jama.2009.1063
http://dx.doi.org/10.1097/MCA.0b013e3282f399cf
http://dx.doi.org/10.1016/j.cca.2008.07.014
http://dx.doi.org/10.1001/archinte.168.6.598
http://dx.doi.org/10.1016/0021-9150(93)90117-D
http://dx.doi.org/10.1056/NEJMoa043175
http://dx.doi.org/10.1093/eurheartj/ehq386
http://dx.doi.org/10.1371/journal.pone.0039110
http://dx.doi.org/10.1016/S0021-9150(01)00500-7
http://dx.doi.org/10.1161/01.CIR.0000111245.75752.C6
http://dx.doi.org/10.1016/j.atherosclerosis.2006.03.012
http://dx.doi.org/10.1309/AJCP88WVRDRDFBAS
http://dx.doi.org/10.1196/annals.1398.036
http://dx.doi.org/10.1001/jama.2009.1619
http://dx.doi.org/10.1007/s11745-012-3724-8

Anadolu Kardiyol Derg
2013; 13: 543-51

24

25,

26.

2].

28.

29.

30.

Zechner R, Desoye G, Schweditsch MO, Pfeiffer KP. Kostner GM.
Fluctuations of plasma lipoprotein(a) concentrations during
pregnancy and postpartum. Metabolism 1986; 35: 333-6. [CrossRef]
Bersot TP Innerarity RW, Pitas RE, Rall SC Jr, Weisgraber KH,
Mahley RW. Fat feeding in humans induces lipoproteins of density
less than 1.006 that are enriched in apolipoprotein(a) and that
cause lipid accumulation in macrophages. J Clin Invest 1986; 77:
622-30. [CrossRef]

Rosseneu M, Labeur C, Vinaimont R, de Slypere JP Matthys E.
Plasma Lp(a) patterns after triglyceride infusion. Atherosclerosis
1991; 22: 137.

Ladenson PW, Kristensen JD, Ridgway EC, Olsson AG, Carlsson B,
Klein 1, et al. Use of the thyroid hormone analogue eprotirome in
statin-treated dyslipidemia. N Engl J Med 2010; 362: 906-16. [CrossRef]
Ergou S, Thompson A, Di Angelantonio E, Saleheen D, Kaptoge S,
Marcovina S, et al. Apolipoprotein(a) isoforms and the risk of
vascular disease: systematic review of 40 studies involving 58,000
participants. J Am Coll Cardiol 2010; 55: 2160-7. [CrossRef]
Imaizumi S, Navab M, Morgantini C, Charles-Schoeman C, Su F, Gao
F. et al. Dysfunctional high-density lipoprotein and the potential of
apolipoprotein A-1 mimetic peptides to normalize the composition
and function of lipoproteins. Circ J 2011; 75: 1533-8. [CrossRef]
Van den Elzen P Garg S, Léon L, Brigl M, Leadbetter EA, Gumperz
JE, et al. Apolipoprotein-mediated pathways of lipid antigen
presentation. Nature 2005; 437: 906-10. [CrossRef]

31.

32.

33.

34.

35.

36.

37.

Onat et al.
Lp(a), apo A-l and HDL dysfunction

551

Onat A, Hergeng G, Can G, Kaya Z, Yiiksel H. Serum complement
C3: a determinant of cardiometabolic risk, additive to metabolic
syndrome, in middle-aged population. Metabolism 2010; 59: 628-34.
[CrossRef]

Rajpathak SN, Kumbhani DJ, Crandall J, Barzilai N, Alderman M,
Ridker PM. Statin therapy and risk of developing type 2 diabetes: a
meta-analysis. Diabetes Care 2009; 32: 1924-9. [CrossRef]

Sattar N, Preiss D, Murray HM, Welsh P Buckley BM, de Craen AJ, et
al. Statins and risk of incident diabetes: a collaborative meta-analysis
of randomized statin trials. Lancet 2010; 375: 735-42. [CrossRef]

Taylor AJ, Villines TC, Stanek EJ. Paradoxical progression of
atherosclerosis related to low-density lipoprotein reduction and
exposure to ezetemibe. Eur Heart J 2012; 33: 2939-45. [CrossRef]
Onat A, Can G, Ademoglu E, Celik E, Karagoz A, Ornek E. Coronary
disease risk curve of serum creatinine is linear in Turkish men,
U-shaped in women. J Investig Med 2013; 61: 27-33.

Tohidi M, Hatami M, Hadaegh F, Safarkhani M, Harati H, Azizi F. Lipid
measures for prediction of incident cardiovascular disease in diabetic
and non-diabetic adults: results of the 8.6-year follow-up of a
population based cohort study. Lipids Health Dis 2010; 9: 6. [CrossRef]
Zhang L, Qiao Q, Laatikainen T, Soderberg S, Jousilahti P Onat A, et
al, for the DECODE Study Group. The impact of dyslipidaemia on
incidence of coronary heart disease in Finns and Swedes with
different categories of glucose tolerance. Diabetes Res Clin Pract
2011; 91: 406-12. [CrossRef]


http://dx.doi.org/10.1016/0026-0495(86)90150-2
http://dx.doi.org/10.1172/JCI112345
http://dx.doi.org/10.1056/NEJMoa0905633
http://dx.doi.org/10.1016/j.jacc.2009.10.080
http://dx.doi.org/10.1253/circj.CJ-11-0460
http://dx.doi.org/10.1038/nature04001
http://dx.doi.org/10.1016/j.metabol.2009.09.006
http://dx.doi.org/10.2337/dc09-0738
http://dx.doi.org/10.1016/S0140-6736(09)61965-6
http://dx.doi.org/10.1093/eurheartj/ehs105
http://dx.doi.org/10.1186/1476-511X-9-6
http://dx.doi.org/10.1016/j.diabres.2010.12.004



