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Elevated plasma lipoprotein[Lp](a) is a recog-
nized cardiovascular risk factor [1–3]. It uses ath-
erogenic and prothrombotic pathways via 
systemic inflammation and endothelial dysfunc-
tion. Its glycoprotein apo(a), bound to apoB moi-
ety, is very heterogeneous in size due to a 
genetically determined kringle IV type 2 copy 
number variation within the LPA gene on chro-
mosome 6q27 [4]. Risk of coronary heart disease 
(CHD) is considered to be determined by Lp(a) 
level which is mediated by LPA variants. Kringle IV 
type 2 repeats were found to be inversely related 
to the Lp(a) level and the risk of CHD [5–7].
2 LPA variants that were strongly associated with 
both an increased level of Lp(a) lipoprotein and 
an increased risk of coronary disease have been 
identified [6] which provide support for a causal 
role of Lp(a) lipoprotein in CHD. One SNP, 
rs10455872, has been found to be strongly asso-
ciated with Lp(a) concentrations and number of 
kringle IV-2 repeats, and to exist only among 
European Caucasians, not in South Asians or Chi-

nese [7]. This SNP polymorphism explained a 
much larger extent of Lp(a) variation in European 
Caucasians, 6-fold that of kringle IV-2 repeats [7]. 
Sex, apo B and LDL-cholesterol levels explained 
only a small percentage of Lp(a) concentration 
variation. Other SNP variants [8] and specific 
haplotypes have been related to elevated plasma 
Lp(a) and CHD risk [9], but these were correlated 
with 2 rare variants in the apo(a) gene [10].
The question of whether low levels of plasma 
Lp(a) also might be related to cardiometabolic 
risk has not received adequate attention. How-
ever, it was demonstrated in a meta-analysis that 
sex- and age-adjusted Lp(a) concentrations were 
lower by 11 % in diabetic than in non-diabetic 
subjects [2]. Moreover, the genetic effect on CHD 
risk showed significant heterogeneity between 
the diabetic and the general population [11]. 
More notably, the lowest quintile of Lp(a) was 
found associated with the development of type-2 
diabetes in the prospective Women’s Health Study 
[12]. These observations may be explained by a 

Abstract
▼
Objective: We determined whether U-shaped  
relationships exist between serum lipoprotein 
[Lp](a) and cardiometabolic risk.
Methods: In population-based nondiabetic and  
diabetic middle-aged adults (n = 1 428 and 241, 
respectively) who had been genotyped for 
the LPA rs10455872 A > G polymorphism, we 
adjusted the Lp(a) concentration for the effects 
of genotype and other covariates. Via sex-spe-
cific equations we estimated expected Lp(a) con-
centration in each participant, and the quotient 
between observed to expected Lp(a) values was 
determined. Lp(a) and Lp(a) quotient tertiles 
served to identify non-linear associations with 
outcomes.
Results: Incident 81 cases of diabetes and 128 
of coronary heart disease (CHD) developed at 

5.1 years’ follow-up. Lp(a) concentration was 
linearly associated with the LPA genotype, gen-
der, total cholesterol, (inversely) fasting insulin, 
which together with age formed the variables to 
derive the equations. In logistic regression for 
incident diabetes, the low Lp(a) quotient tertile 
was a predictor (RR 1.95 [95 %CI 1.10; 3.47]) alike 
the low Lp(a) tertile, additively to major con-
founders. Cox regression models comprising sex, 
age, LPA genotype, smoking status, systolic pres-
sure and serum HDL-cholesterol disclosed that, 
compared with the mid-tertile, both low (HR 
1.77) and high Lp(a) quotient tertiles significantly 
predicted incident CHD, especially in women.
Conclusion: Elevated cardiometabolic risk is 
conferred by apparently reduced circulating 
Lp(a) assays supporting the notion that “low” 
serum Lp(a), mediating autoimmune activation, 
is a major determinant of cardiometabolic risk.
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mechanism of immune complex formation involving Lp(a) and 
interfered assay results due to failure by capture antibodies [13].
We postulated that genotype-specific low or “residual” Lp(a) 
concentrations might reflect insulin resistance and autoimmune 
activation. A method of estimating “residual” Lp(a) had been 
used in the San Antonio Heart study by Rainwater and Haffner in 
1998 [14]. They reported in 473 Mexican Americans that sex- 
and age-adjusted residual Lp(a) concentrations were inversely 
correlated with fasting insulin and post-load glucose in nondia-
betic individuals, independent of Lp(a) level and lipid measures.
We addressed the above stated question with the following 
study design. We first estimated “expected” Lp(a) concentra-
tions based on LPA genotype and other covariates and deter-
mined the quotient Lp(a) in each participant. Postulating a 
non-linear relationship between Lp(a) (or quotient Lp(a)) and 
cardiometabolic risk, we then investigated prospectively the risk 
of both type-2 diabetes and CHD by using tertiles of the quotient 
Lp(a) as well as assayed Lp(a) concentrations in multivariable 
regression models. Findings elucidated several fundamental 
aspects of mechanisms for the development of cardiometabolic 
disorders.

Materials and Methods
▼
Population sample
The TARF is a prospective survey on the prevalence of cardiac 
disease and risk factors in adults in Turkey carried out periodi-
cally almost biennially since 1990 in 59 scattered communities 
[15]. It involves a random sample of the Turkish adult popula-
tion, representatively stratified for sex, age, geographical regions 
and for rural-urban distribution.
Measurements of serum Lp(a) were made between the surveys 
2002 and 2012 (median 2005) of the Turkish Adult Risk Factor 
Study (TARF)[16] residing in all 7 geographical regions of Turkey. 
Participants who had genotyping of LPA polymorphism of 
rs10455872 along with a first Lp(a) measurement (n = 1 669) 
formed the study sample. The TARF study conformed to the prin-
ciples embodied in the Declaration of Helsinki and was approved 
by the Istanbul University Ethics Committee. Written informed 
consent was obtained from all participants. Data were obtained 
by history of the past years via a questionnaire, physical exami-
nation of the cardiovascular system and recording of a resting 
electrocardiogram (ECG).

Measurement of risk factors
Waist circumference was measured with the subject standing at 
the end of gentle expiration at the level midway between the 
lower rib margin and the iliac crest. Status of cigarette smoking 
was categorized into current, former and never smokers. Blood 
pressure (BP) was measured in the seated position on the right 
arm using an aneroid sphygmomanometer (Erka, Bad Tölz, Ger-
many), after 5 min of rest, and the mean of 2 recordings was 
computed.
Sera were obtained from venous blood after an overnight > 11 h 
fasting and measurements were made with commercially avail-
able kits in a central laboratory in Istanbul. Serum concentra-
tions of total cholesterol, fasting triglycerides, glucose, creatinine 
and high-density lipoprotein (HDL)-cholesterol (directly with-
out precipitation) were determined using enzymatic kits from 
Roche Diagnostics (Mannheim, Germany). Concentrations of 
insulin and sex hormone-binding globulin (SHBG) were meas-

ured by chemiluminescence immunoassay utilising Elecysys 1010 
immunautoanalyzer. Apolipoprotein (apo) A-I, apo B, and Lp(a) 
were measured by means of particle-enhanced immunoneph-
elometry with the Behring nephelometer (Behring Diagnostics).

Determination of the LPA rs10455872 genotypes
DNA was extracted from peripheral blood leucocytes using a 
QIAmp® DNA Maxi KIT (Qiagen, Hilden, Germany). The DNA 
concentrations have been standardized and stored in 8 × 12 for-
mat at  − 20 °C. Unselected 1 669 subjects (789 male and 880 
female) were examined for LPA rs10455872 genotypes, per-
formed using hydrolysis probes (TaqMan) in Real-Time PCR 
LightCycler® 480 device. Probes were allele specifically labeled 
with one of the fluorescent dyes FAM (6-carboxy-fluorescein; 
major allele) and VIC (proprietary dye of Applied Biosystems, 
Foster City, CA, USA; minor allele) and contained a minor groove 
binder group and a dark quencher [17, 18]. The sequences of 
primers and probes were designed in house using Primer 
Express software (version 2.0; Applied Biosystems), Primers: 
ACTCTCAGCTGCCTTCCTCCTT and CATGTTTGTCTTGGGTAACAA-
GTGA, Probes: FAM-CAGAACCCAATGTGTTTA-MGB and VIC-
AACCCAGTGTGTTTAT-MGB. Primers and probes were 
synthesized by Applied Biosystems. DNA amplification was set 
up in 96 well plates (ABGENE Ltd.) Typical 10 μl PCR reaction 
consisted of 5 μl LightCycler® 480 probe master ready mix 
(Roche), 0.2 μl probes and 0.2 μl primers, 3.2 μl distilled water. 
5 ng genomic DNA was added to PCR mixture. PCR was carried 
out on LightCycler® 480 using the following conditions: 95 °C for 
10 min, 95 °C for 10 s, 57 °C for 30 s, 72 °C 5 s (45 cycles). Endpoint 
analysis was assessed using the LightCycler® 480 genotyping 
software.

Definitions
Individuals with diabetes were diagnosed with criteria of the 
American Diabetes Association [19], namely when plasma fasting 
glucose was ≥ 7 mmol/L (or 2-h postprandial glucose > 11.1 mmol/L) 
and/or the current use of diabetes medication. Impaired fasting 
glucose (IFG) was identified with a fasting level of 5.56–
7.0 mmol/L. Homeostasis model assessment (HOMA) of insulin 
resistance was calculated in participants who had concomitant 
fasting insulin and glucose measurements at baseline with the 
equation = fasting insulin (μU/ml) × glucose (mmol/l)/22.5 [20].
Diagnosis of CHD was based on the presence of angina pectoris, 
of a history of myocardial infarction with or without accompa-
nying Minnesota codes of the ECG [21] or on a history of myocar-
dial revascularization. Typical angina and, in women, age > 45 
years were prerequisite for a diagnosis when angina was iso-
lated. 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 myo-
cardial infarct sequelae or myocardial ischemia, respectively. 
CHD death comprised death from heart failure of coronary ori-
gin and fatal coronary event.

Determining the “quotient” Lp(a) concentration
Mean Lp(a) concentration of each genotype in each participant 
was adjusted separately in sexes for age, fasting insulin and total 
cholesterol value to derive an expected Lp(a) value commensu-
rate with findings provided in  ●▶ Table 2. The observed serum 
Lp(a) value was divided to the expected one, “quotient” Lp(a) 
concentration, yielding lower (or higher) Lp(a) levels than the 
observed ones. This definition reflects better (than an inverse 
one) the proportion of Lp(a) mass, not picked up by the assay.
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Data analysis
2-sided t-tests and Pearson’s chi-square tests were used to ana-
lyze the differences in means and proportions between groups. 
Differences in the “quotient” Lp(a) were tested with Mann-
Whitney U test and asymptotic significance. The whole sample 
was analyzed by stratifying to the presence of baseline diabetic 
status, gender and LPA genotype. Multiple linear regression 
analyses were performed with continuous parameters, whereby 
variables with skewed distribution were log-transformed. The 
contribution of a significant independent variable as a determi-
nant of Lp(a) in a linear regression analysis was calculated by 
multiplying the related SD value with the β coefficient. Relative 
risk (RR) or hazard ratio (HR) estimates and 95 % confidence 
intervals (CI) were obtained for “quotient” Lp(a) and Lp(a) con-
centrations with incident elevated HOMA index, diabetes and 
CHD by use of logistic regression or Cox proportional hazards 
analyses in models that controlled for potential confounders. 
Tertiles of quotient Lp(a) were formed by cutoffs of 0.56/0.40 
and 1.54/1.02 constituting the mid-tertile in men and women 
(476, 490, and 475 nondiabetic subjects, respectively), and these 
were used as dependent variables in predicting cardiometabolic 
risk. Respective cutoffs for Lp(a) were 5.54/7.29 and 16/19.3 mg/
dl in men and women, respectively. A value of p < 0.05 on the 
2-tail test was considered statistically significant. Statistical 
analyses were performed using SPSS-10 for Windows (SPSS Inc., 
Chicago, Ill).

Results
▼
The rs10455872 genotype GA prevailed in 2.6 % of men, 3.1 % of 
women. G homozygotes were virtually not represented (0.045 %) 
in the TARF cohort. Lp(a) concentrations corresponding to GA 
genotype were overall 3.5-fold higher than the AA genotype 
regardless of gender or diabetic status. Total follow-up of the 
nondiabetic sample consisted of 7 280 person-years (1 428 sub-
jects for a mean 5.1 ± 2.1 years).
Clinical features of GA –compared with the common– genotype 
was led by high Lp(a) concentrations and further by significantly 
higher apo B in normoglycemic men and LDL-cholesterol in 
women, along with narrower waist circumference ( ●▶ Table 1). In 
men with IFG, as distinct from women, higher total and LDL-
cholesterol as well as lower HOMA index prevailed. (GA geno-
type seemed to exhibit a lower DM prevalence in males, whereas 
it interacted with the female gender to tend to be associated 
with a higher DM prevalence (1.98-fold, p = 0.094)).

Determinants of Lp(a) concentration and derivation of 
expected Lp(a) values
Equation for estimating expected Lp(a) concentration was 
derived from a multivariable linear regression analysis compris-
ing age, genotype, serum total cholesterol and fasting insulin as 
independent variables ( ●▶ Table 2). LPA genotype was the main 
determinant followed by female sex, total cholesterol and, 
inversely, insulin. Sex-specific equations were found as follows.

Male =  7.762 + (0.054 * age) + (0.044 * TChol) + (− 3.773 *  
LogIns) + 24.62 if genotype GA

Female =  14.802 + ( − 0.027 * age) + (0.032 * TChol) + ( − 1.714 *  
LogIns) + 32.26 if genotype GA

Values in  ●▶ Table 2 indicate that, apart from the gene variant, 
female sex independently contributed by 3.3 mg/dl, 1-SD incre-
ment of total cholesterol by 1.4 mg/dl, and of fasting insulin 
by  − 0.54 mg/dl.

“Quotient” Lp(a), an inverse covariate of HOMA index
Overall “quotient” Lp(a) exhibited in men a median of 0.893 (IQR 
0.4 and 2.02) and in women 0.63 (IR 0.292 and 1.306) in the non-
diabetic sample (p = 0.001, significant difference in estimated 
values across sexes). It was similar among diabetic and nondia-
betic subjects. Median (IQR) Lp(a) quotient in nondiabetic 
homozygotes were significantly lower than in GA genotype car-
riers only among women ( ●▶ Table 1, Supplementary Table 5 and 
Supplementary Fig. 1).
Univariate correlation between log-transformed Lp(a) and the 
HOMA index was weakly but uniformly inverse irrespective of 
gender and diabetic status. It was significant in the whole sam-
ple (r =  − 0.065, p = 0.023). “Quotient” Lp(a) and the HOMA index 
were uniformly not correlated (Spearman) in normoglycemic 
subjects; the correlation tended to be insignificantly inverse in 
individuals with impaired fasting glucose and in diabetic 
women.
A possible predictive value of Lp(a) and “quotient” Lp(a) tertile 
for future development of HOMA index  > 2.5 was examined in a 
logistic regression model among nondiabetic participants after 
exclusion of the sample with baseline HOMA  > 2.5 and those 
with no follow-up ( ●▶ Table 3). Though no significant association 
was observed, the RRs tended to disclose a U-shaped curve in 
women –more prominent for quotient Lp(a)– and to weakly 
increase in men with decreasing “quotient” Lp(a) tertiles.

Table 2 Linear regression analysis for Lp(a) concentrations in the whole sample, by gender.

ß-coeff. SE p-value ß-coeff. SE p-value ß-coeff. SE p-value

Total, n = 1636 Men, n = 768 Women, n = 868

female sex 3.3 1.03 0.001
LPA GA vs. AA 28.9 3.1  < 0.001 24.6 4.4  < 0.001 32.3 4.0  < 0.001
T. cholesterol, 35 mg/dl 1.4 0.40  < 0.001 1.54 0.56 0.006 1.11 0.52 0.04
insulin¶ 2-fold  − 0.54 0.36 0.04  − 0.75 0.40 0.062  − 0.34 0.46 0.45
age, 11 y 0.1 0.55 0.7 0.59 0.64 0.35  − 0.29 0.66 0.066
constant 8.3 3.7  < 0.001 7.8 4.7 0.10 14.8 4.4 0.001
The models explained 8 % of Lp(a) variation (p < 0.001)
2 % of participants had missing insulin values
¶ log-transformed values
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“Quotient” Lp(a) in prediction of diabetes and CHD
 ●▶ Table 4 shows logistic regression models in nondiabetic adults 
in the prediction of 81 cases of incident diabetes. “Quotient” 
Lp(a) tertiles were examined along with sex, age, LPA genotype, 
waist circumference and IFG. The low Lp(a) quotient tertile was 
a significant predictor (RR 1.95 [95 % CI 1.10; 3.47]), additively to 
waist circumference, IFG and, in women, genotype. The low ter-
tile in women tended to borderline significance (RR 2.10 [0.93; 
4.75]), while IFG was not significantly associated. Low Lp(a) con-
centrations in a similar model proved also inversely associated 

with incident diabetes in combined gender (RR 1.98 [95 % CI 
1.13; 3.49]).
Cox proportional hazard regression analysis disclosed that both 
low (HR 1.77 [95 % CI 1.10; 2.84]) and high Lp(a) quotient tertiles 
significantly predicted incident CHD at similar magnitudes in a 
model comprising sex, age, LPA genotype, smoking status, sys-
tolic blood pressure and serum HDL-cholesterol ( ●▶ Table 4). Low 
Lp(a) tertile also exhibited significant predictive value. Separate 
analysis in sexes indicated a differing trend regarding low Lp(a) 
quotient tertile: it failed to reach significance in predicting CHD 

Table 3 Logistic regression analyses with “quotient” Lp(a) and assayed Lp(a) for prediction of HOMA index > 2.5.

Total Men Women

RR 95 % CI RR 95 % CI RR 95 % CI

126/902 † 54/418 † 72/484 †

gender, female 1.17 0.80; 1.72
age, 11 years 0.88 0.72; 1.06 0.82 0.61; 1.10 0.92 0.72; 1.17
Lp(a) quotient low tertile 1.29 0.81; 2.06 1.13 0.27; 2.26 1.42 0.75; 2.68
Lp(a) quotient mid-tertile, median 0.89/0.63 1 1 1
Lp(a) quotient high tertile 1.16 0.73; 1.84 0.93 0.46; 1.90 1.32 0.71; 2.45
LPA genotype GA vs. AA 0.99 0.33; 2.96 0.01 protective, too few 1.63 0.51; 5.26
Model 2
Lp(a) low tertile 1.16 0.73; 2.34 1.18 0.60; 2.34 1.13 0.60; 2.10
Lp(a) mid-tertile, median 9.4/11.9 mg/dl 1 1 1
Lp(a) high tertile 0.95 0.60; 1.52 0.91 0.45; 1.87 0.97 0.52; 1.80
† Number of cases/number at risk
Individuals with baseline HOMA > 2.5 and no follow-up were excluded
New insulin resistance developed in 12.9 and 14.9 % of men and women, respectively

Table 4 Logistic regression analyses with Lp(a) “quotient” and assayed Lp(a) tertiles for prediction of incident type-2 diabetes and coronary heart disease.

Total Men Women

RR 95 % CI RR 95 % CI RR 95 % CI

Diabetes 81/1342 † 43/616 † 38/726 †

gender, female 0.79 0.50; 1.27
age, 11 years 1.14 0.92; 1.43 1.20 0.89; 1.64 1.07 0.77; 1.49
waist circumference, 12 cm 2.28 1.78; 2.91 2.28 1.60; 3.21 2.44 1.70; 3.50
IFG vs. normoglycemia 2.02 1.23; 3.32 2.44 1.24; 4.84 1.71 0.82; 3.58
Lp(a) quotient low tertile * 1.95 1.10; 3.47 1.77 0.78; 4.02 2.10 0.93; 4.75
Lp(a) quotient high tertile * 1.17 0.62; 2.18 1.34 0.58; 3.14 0.87 0.34; 2.25
LPA genotype GA vs. AA 1.66 0.37; 7.43 0.00 protective, too few 7.35 1.46; 37
Model 2
Lp(a) low tertile 1.98 1.13; 3.49 1.90 0.86; 4.20 2.12 0.94; 4.78
Lp(a) high tertile 1.06 0.55; 2.04 1.28 0.53; 3.10 0.84 0.31; 2.25

Coronary disease 124/1121 † 47/505 † 77/616 †

gender, female 1.44 0.91; 2.29
age, 11 years 1.43 1.18; 1.73 0.98 0.70; 1.41 1.75 1.37; 2.22
current smoking 1.29 0.75; 2.20 1.19 0.58; 2.44 1.36 0.56; 3.32
former smoking 0.89 0.49; 1.64 1.02 0.48; 2.17 0.72 0.18; 2.92
HDL-cholesterol, 12 mg/dl 0.78 0.64; 0.95 0.93 0.66; 1.31 0.71 0.55; 0.91
systolic BP, 24 mmHg 1.33 1.10; 1.65 1.57 1.10; 2.23 1.30 1.02; 1.65
Lp(a) quotient low tertile * 1.77 1.10; 2.84 1.50 0.67; 3.36 1.83 1.01; 3.31
Lp(a) quotient high tertile * 1.84 1.15; 2.94 2.11 0.98; 4.52 1.74 0.94; 3.20
LPA genotype GA vs. AA 1.07 0.34; 3.39 1.07 0.14; 7.86 1.23 0.30; 5.06
Model 2
Lp(a) low tertile 1.71 1.07; 2.74 1.59 0.72; 3.50 1.64 0.92; 2.95
Lp(a) high tertile 1.92 1.20; 3.08 2.27 1.05; 4.92 1.70 0.93; 3.12
Individuals with baseline diabetes, CHD or no follow-up were excluded
† Number of cases/number at risk. Impaired fasting glucose (IFG) status was uncertain in 3 % of participants
Model 2 comprised all variables in Model 1 beyond Lp(a) quotient
 * Referent was mid-tertile with quotient 0.74–1.26 (n = 381)
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in men but did predict in women (RR 1.83 [95 % CI 1.01; 3.31]) 
(Supplementary Fig. 2).

Discussion
▼
We confirmed in a representative sample of 1 341 middle-aged 
nondiabetic adults that the LPA SNP rs10455872 genotype was 
the main determinant of assayed Lp(a) concentrations. Using 
a method of estimating expected Lp(a) concentrations and 
 determining the observed/expected Lp(a) (“quotient”) concen-
trations, we found prospective evidence that non-genetic deter-
minants affected observed Lp(a) levels, rendering “reduced” 
values. The quotient of Lp(a) tertiles revealed that, beyond 
excess Lp(a) values with respect to CHD risk, the low Lp(a) quo-
tient tertile conferred –as a novel finding– significantly elevated 
risk for both CHD and type-2 diabetes, compared with the inter-
mediate tertile. Though low Lp(a) tertile similarly displayed sig-
nificant independent predictive value for incident diabetes, it 
was attenuated regarding CHD risk in women. This was consist-
ent with the notion of Lp(a) protein being involved in autoim-
mune activation, impacting excess cardiometabolic risk while 
yielding reduced assays [13].

Genotype, ethnicity and sex as determinants of Lp(a) 
concentrations
In the cross-sectional multi-ethnic SHARE study, 906 healthy 
Canadians were analyzed for genomic variation in the LPA locus. 
Among the LPA SNP genotypes, SNP rs10455872 was found to be 
present only in European Caucasians and explained in them 28 % 
of the variation in Lp(a) concentrations, while Kringle IV-2 copy 
number –associated also with the genotype– explained an addi-
tional 4.2 % of the variation [7]. Sex, LDL-cholesterol and apoB 
explained only 1.5 %, whereas in Chinese and South Asians, no 
more than a quarter of the variation was explained by the stated 
variables, due to SNP genotype not being as strongly associated 
with Lp(a) concentrations as in Europeans.
Alleles of 2 single nucleotide polymorphisms (SNPs) in the LPA 
gene, rs10455872 and rs3798220, have been shown to be associ-
ated with high plasma levels of Lp(a) and coronary artery dis-
ease (CAD) [6, 8]. The poorly correlated variants together 
explained about 36 % of the variance in Lp(a) levels [6]. Each 
minor allele of rs10455872 (G; 6.2 % frequency) and rs3798220 
(C; 1.4 % frequency) increased Lp(a) by 2.94 and 3.14 and the risk 
for CAD by 47 and 68 %, respectively [6]. A strong and consistent 
association between the 2 LPA variants and Lp(a) levels [6, 22] 
has been demonstrated, and Lp(a) level adjustments abolished 
the association between the LPA risk variants and CAD [6], thus 
supporting the view that the effect on atherosclerotic pheno-
types is mediated through Lp(a) levels. However, nonlinear asso-
ciations of Lp(a) with CAD have not been adequately analyzed.

Risk conferring for type 2 diabetes
Possibly due to a non-significant association between circulating 
Lp(a) and diabetes development, studies on this association are 
scarce. The large prospective Women’s Health Study [12] 
reported that Lp(a) was inversely associated with the develop-
ment of type-2 diabetes, exhibiting roughly 25 % higher relative 
risk in the bottom quintile compared with the remainder of the 
sample – a result designated as unexpected. Our findings not 
only support this association but extend the knowledge in the 
following ways. First, this association was independent of the 

most relevant LPA polymorphism. Second, rather than inverse 
association of assayed Lp(a) levels, the low tertile of Lp(a) quo-
tient revealed a nearly 2-fold relative risk for diabetes, additively 
to the 2 powerful predictors of waist circumference and IFG. This 
finding is consistent with the proposed autoimmune activation 
involving Lp(a) rendering a fraction escaping from immunoas-
say. The rare LPA allele additionally imparted significant diabetes 
risk in women alone.

Risk conferring for CHD
Our findings indicate that, in addition to excess Lp(a) concentra-
tions or quotient, the low Lp(a) quotient predicted CHD inci-
dence, independent of LPA polymorphism and conventional 
cardiovascular risk factors. The imparted risk was similar in 
magnitude in the extreme tertiles and was similar or larger than 
that of the conventional risk factors. The relatively modest CHD 
hazard ratio estimates of Lp(a) used as a continuous variable [2] 
may well be attributed both to the U-shaped risk curve and to 
using the assayed Lp(a) concentrations without estimating 
expected values based on genetic and metabolic determinants 
of Lp(a). Our findings confirm and largely extend the informa-
tion provided by Rainwater and Haffner [14].
Patients with type 2 diabetes differ in metabolic profile from the 
general population leading to a 3-fold higher cardiovascular risk 
than non-diabetic subjects [23]. Lp(a) levels are lower in diabetic 
patients than in non-diabetics [2, 12]. The genetic determinants 
for Lp(a) levels in diabetic patients are little known, as is the 
issue whether elevated Lp(a) levels causally affect CVD risk in 
them. Several small prospective studies among patients with 
type-2 diabetes have yielded conflicting results [24]. Evidence 
was found that diabetes status attenuates the relation between 
Lp(a) and cardiovascular risk [11]. In prospective analysis of 
patients with type 2 diabetes of the Nurses’ Health Study and the 
Health Professional Follow-Up Study, no significant association 
was found between plasma Lp(a) levels and CVD incidence; a 
borderline association was found with CVD death. None of the 
LPA SNPs were associated with CVD risk or mortality either [11]. 
These results may be explained by our finding that low Lp(a) 
quotient representing autoimmune activation significantly pre-
dicted diabetes, alike CHD, attenuating indeed, the relation 
between Lp(a) and cardiovascular risk.

Role of LPA genotype in the presumable autoimmune 
processes
Our analyses indicated that it was the common LPA rs10455872-
A homozygotes that were associated with significantly lower 
assayed compared with expected Lp(a) concentrations, espe-
cially in women. This was concomitant with the low Lp(a) quo-
tient tertile being associated with elevated cardiometabolic risk. 
The GA genotype exhibited sex interaction with respect to insu-
lin resistance, insofar as men displayed inverse correlation with 
fasted serum insulin and an inverse trend to predict elevated 
HOMA index yielding protection against the development of dia-
betes. Female carriers of the rare allele, on the other hand, had 
similar insulin levels as the homozygotes, but were associated 
with excess diabetes risk, additively to the determinants of waist 
circumference, Lp(a) quotient and the non-significant IFG. This 
suggests that, beyond the Lp(a)-activated autoimmunity in 
A-homozygotes acting as diabetogenic, another factor exists, 
likely related to the apo(a) moiety (short isoforms with fewer 
repeats and high Lp(a) concentrations).
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The hypertriglyceridemic-waist phenotype is a recognized ath-
erogenic metabolic marker [25, 26] which we have demon-
strated in the TARF to be associated in both sexes with marked 
excess cardiometabolic risk [27]. This phenotype was indepen-
dently predicted in women also “paradoxically” by antecedent 
lower circulating Lp(a) providing support for an autoimmune 
mechanism rendering reduced assayed Lp(a) concentrations [27].
Epidemiological evidence is available that a slow long-term pro-
cess of enhanced low-grade inflammation that comprises 
impairment in anti-oxidative, anti-inflammatory and insulin-
sensitizing properties foremost of apo A-I, apo C-III in HDL and 
HDL, precedes insulin resistance. The formation of a complex 
between such protective proteins and inflammation-mediated 
damage of Lp(a) and/or other plasma proteins, while contribut-
ing to oxidative stress and systemic endothelial dysfunction, 
simultaneously renders escape of part of Lp(a) mass with dam-
aged epitope from the highly specific immunoassay.
Lp(a) is not the only protein/polypeptide comprised in autoim-
mune complexes. We have recently published evidence of serum 
creatinine being likewise involved and predicting future CHD 
risk in the general population [28] or in people without meta-
bolic disorders [29]. Similarly, low glycated hemoglobin has also 
been considered to represent an elevated risk state in nondia-
betic adults [30].

Implications: Recognition of a notion of low Lp(a) concentra-
tions as indicator of autoimmune activation with concomitantly 
elevated cardiometabolic risk, particularly in women, has huge 
implications regarding public health and prevention since dia-
betes and CHD are highly prevalent in the middle-age and elderly 
population. Evidence exists further that underlying autoim-
mune activation may contribute to chronic kidney disease, 
inflammatory rheumatic diseases [13] and some other chronic 
diseases. Such a notion entails renewed epidemiologic research, 
novel immunoassay methods for polypeptides or proteins with 
damaged epitopes in proinflammatory state and eventual incor-
poration of this notion into practice guidelines.

Limitations and strength: This study sample is larger than 
those of few previous prospective analyses on the combined 
impact of LPA genotype and Lp(a) concentrations. We relied on 
single measurements of Lp(a) at baseline, only a minor limita-
tion, because the level of this protein is considered to change 
little over a lifetime. The estimation of possible Lp(a) levels is 
based only to one LPA genotype, but this SNP has been docu-
mented to be by far the most relevant determinant in Caucasian 
populations [7]. Current findings may have lower or limited 
applicability to populations or population segments less suscep-
tible to impaired glucose tolerance. The current study is, to our 
knowledge, the first one to prospectively investigate the poten-
tial nonlinear associations of assayed or estimated Lp(a) with the 
risk of CHD as well as diabetes, using multivariable adjustments.

Conclusion
▼
In a middle-aged non-diabetic population-based sample prone 
to MetS, we estimated circulating Lp(a) from LPA genotype, sex 
and minor determinants, and utilized the quotient of observed/
expected serum Lp(a), apart from assayed Lp(a) concentrations. 
An approach using tertiles of Lp(a) quotient allowed the demon-

stration of our postulate, namely, the emergence of effects of a 
nonlinear association between Lp(a) quotient and outcome in 
the follow-up. The high tertile of Lp(a) quotient confirmed the 
established predictive value for future development of CHD, but 
the novel finding was that the low tertile proved an independent 
determinant not only of type-2 diabetes with a 2-fold relative 
risk, but also a significant one of incident CHD, additively to con-
ventional cardiovascular risk factors. These findings tended to 
be more pronounced in women and supported a notion that 
“low” serum Lp(a) mediating autoimmune activation is a major 
determinant of either cardiometabolic risk and that apparently 
reduced circulating Lp(a) may result from autoimmune-medi-
ated complex formation that precludes the immunoassay to pick 
up a fraction of the Lp(a) mass. This observation simultaneously 
suggests that non-genetic inflammation-related determinants 
substantially influence the level or quality of Lp(a).
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