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Abstract
Objective Carriers of the PCSK9 R46L genetic variant (rs11591147) are characterized by low levels of low-density lipoprotein cholesterol and a decreased risk of cardiovascular disease (CVD). We studied the impact of the R46L variant on lipoprotein size and composition. 
Approach and Results Lipoprotein-size and composition were measured by nuclear magnetic resonance spectroscopy in 2,373 participants of the European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk study. After adjusting for age, sex and CVD status, carriers of the R46L variant (n=77) were characterized by lower concentrations of very low-density lipoprotein particles (VLDL-P; 85.8±26.2 vs 99.0±33.3 nmol/L, p<0.001), low-density lipoprotein particle (LDL-P; 1479.7±396.8 vs. 1662.9±458.3 nmol/L, p<0.001) and Lipoprotein(a) (11.1[7.2-28.6] vs. 12.4[6.7-29.1] mg/dL, p<0.001) compared to non-carriers. Total high-density lipoprotein particle (HDL-P) as well as VLDL, LDL and HDL particle sizes were comparable in carriers and non-carriers. Carriers were characterized by lower secretory phospholipase A2 (sPLA2; 4.21±0.88 vs 4.61±1.26 nmol/ml/min, p=0.004) and lipoprotein-associated phospholipase A2 activity (Lp-PLA2; 47.5±14.1 vs 52.4±16.2 nmol/ml/min, p=0.02) compared to non-carriers.  
Conclusions Results of this study suggest that carriers of the PCSK9 R46L genetic variant have lower VLDL and LDL particle concentrations, lower Lipoprotein(a) levels and lower sPLA2 and Lp-PLA2 activity compared to non-carriers.



Graphical Abstract
Impact of the PCSK9 R46L variant on lipoprotein particles and inflammatory parameters





















Data are presented as percentage change. For variables that differ significantly (p < 0.05) the bars are filled black. P-values adjusted for age, sex and cardiovascular disease status. CETP = cholesteryl ester transfer, LCAT = lecithin - cholesterol acyltransferase, LPL = lipoprotein lipase, OxPL = oxidized phospholipids, CRP = C-reactive protein, sPLA2 = secretory phospholipase A2, Lp-PLA2 = lipoprotein-associated phospholipase A2, Apo = apolipoprotein, Lp(a) = lipoprotein(a), WBC = white blood cells, -P = -particle, VLDL = very low density lipoprotein, LDL = low-density lipoprotein, IDL = intermediate-density lipoprotein, HDL = high-density lipoprotein.





Abbreviations: 
Apolipoproteins: apo
CVD: cardiovascular disease
EPIC-Norfolk: European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk 
VLDL-P: very low-density lipoprotein particle 
sPLA2: secretory phospholipase A2
Lp-PLA2: lipoprotein-associated phospholipase A2
NMR: nuclear magnetic resonance
Cholesteryl ester transfer: CETP
Lecithin - cholesterol acyltransferase: LCAT
Lipoprotein lipase: LPL
Oxidized phospholipids: OxPL
C-reactive protein: CRP


Introduction
Proprotein convertase subtilisin/kexin 9 (PCSK9) is a key player in low density lipoprotein (LDL) metabolism1 and a common loss-of-function R46L variant (rs11591147) is associated with both low LDL-cholesterol (LDL-C) levels and low risk of cardiovascular disease (CVD).2  Whether this variant is also associated with other potential CVD risk factors such as measures of plasma lipoprotein subfractions obtained by nuclear magnetic resonance (NMR) spectroscopy is unknown. We hypothesized that carriers of the R46L are characterized by a specific anti-atherogenic lipoprotein-lipid profile measured by nuclear magnetic resonance (NMR) spectroscopy compared to non-carriers. We tested these hypotheses in participants of the European Prospective Investigation of Cancer (EPIC)-Norfolk study.   

Methods
The methods are available in the online-only Data Supplement 
Results
This analysis comprised 3,821 EPIC-Norfolk participants, previously included in a nested case-control substudy.3 A total of 2174 were incident CVD cases and 1647 were controls, whereas 3700 were non-carriers and 121 were heterozygous carriers of the PCSK9 R46L variant. No homozygous carriers were included. Nuclear Magnetic Resonance (NMR) spectroscopy data were available for 2,296 non-carriers and 77 carriers and the clinical characteristics of these participants are presented in Table 1. As expected, total cholesterol (TC) and LDL-C levels were significantly lower in carriers compared to non-carriers. The heterozygous carriers showed a trend towards a lower CHD risk with an odds ratio (OR) (95% confidence interval (CI) of 0.72 (0.50 – 1.04). Because this cohort was age and sex matched, the age and sex adjusted OR were identical. We measured serum levels of cholesteryl ester transfer protein (CETP), lecithin - cholesterol acyltransferase (LCAT), lipoprotein lipase (LPL), oxidized phospholipids (OxPL), Lipoprotein(a) [Lp(a)], C-reactive protein (CRP), apolipoproteins (apo) A-I, A-II, A-V and B, and NMR measured lipoproteins (presented in Table 2). CETP, LCAT, LPL, OxPL, CRP, ApoA-I, ApoA-II and HDL-P levels as well as HDL size, LDL size, and VLDL size were not different in carriers compared to non-carriers. ApoB, Lp(a), VLDL-P (total, medium and small), intermediate density lipoprotein-particles (IDL-P) and LDL-P levels and sPLA2 and Lp-PLA2 activity were lower in carriers compared to non-carriers. 

Discussion
Our study shows that carriers of the PCSK9 R46L variant are characterized by lower levels of NMR measured atherogenic lipoproteins and subfractions compared to non-carriers. The most prominent differences based on percentage change between carriers and non-carriers were observed with IDL-P (-18%) and medium VLDL-P (-16%).  The most prominent differences based on change in standard deviation (SD) between carriers and non-carriers were observed with apoB (-0.44 SD), VLDL-P (-0.40 SD) and LDL-P (-0,40 SD).  Our results extent those of Cohen et al.2 who have reported a 15% reduction in LDL-C in carriers of the PCSK9 R46L variant in the ARIC study. The effect on other parameters of the lipoprotein-lipid profile was comparable, with in both studies significant lower levels of total cholesterol, and no effect on high-density lipoprotein-cholesterol.  
In a cross-sectional study of 52 healthy subjects, PCSK9 levels were found to correlate with TC, non-HDL-C, LDL-C, TG and VLDL-P and LDL-P concentrations.4 In a subsequent multivariable regression analysis, PCSK9 levels were only related to LDL-P concentration. Interestingly, in an analysis which included the 3 LDL subfractions, PCSK9 was only associated with IDL-P. The R46L variant examined in our study has been shown to be associated with lower levels of PCSK95 and therefore we expected a similar effect on NMR lipoprotein subfractions. Our study suggests that there is not only an association between PCSK9 and IDL-P, but also on the other lipoproteins, as all clinical characteristics (except cholesterol related parameters) were comparable between carriers and non-carriers. The effect of the R46L variant on lipoproteins in our study appeared to be comparable with the results of Chasman et al6, who showed a significant effect of the SNP on large LDL-P, total LDL_P, small LDL-P, IDL-P, LDL-C, total VLDL-P and small VLDL-P. Other groups also documented the effect of different SNPs at the PCSK9 locus on plasma lipids.7,8 A recent analysis of the Copenhagen general population study showed that carriers of the R46L variant had lower Lp(a) than non-carriers.9 Recently, Koren et al10 documented the impact of the PCSK9 inhibitor alirocumab on NMR lipoprotein subfractions in 60 patients with hypercholesterolemia. Alirocumab therapy resulted in a 63.3% decrease of LDL-P concentration, whereas IDL-P concentration fell by 52.8%. Although the effect of alirocumab on Lp(a) was not determined by Koren et al,10 Lp(a) reductions up to 30% were demonstrated in phase 2 trials.11 The effect of alirocumab on CETP, LCAT, LPL, OxPL, sLPA2 and Lp-LPA2 has not been reported. Our study extends the results of Koren et al. by showing that PCSK9 inhibition could be associated with lower LDL-P and Lp(a) in patients without hypercholesterolemia.10 
	The relationship between LDL-C and CVD risk is strong and consistent but evidence suggest that LDL-P concentrations could be more closely associated with CVD risk than LDL-C.12 Due to a possible discordance between LDL-C and LDL-P concentrations, patients with LDL-C levels on target could be at increased CVD risk due to high LDL-P levels.13 The American Association of Clinical Chemistry has suggested to strive for a LDL-P concentration treatment goal of <1100 nmol/L14 or an equivalent LDL-C level of <100 mg/dl in patients at high CVD risk according to the National Cholesterol Education Program Adult Treatment Panel III.15
	As was shown by Ference et al,16 a life-long exposition to lower LDL-C levels, resulted in a 3-fold greater reduction in CHD per mmol/L than in the statin trials. Also it was recently shown that plasma Lp-PLA2 are inversely correlated with PCSK9 levels.17  This enzyme is positively associated with the development of CHD, stroke and aortic stenosis.18,19 R46L carriers had both lower levels of sPLA2 and Lp-PLA2 than non-carriers, which could be an additional explanation of the lower CHD risk in R46L carriers. Results of our genetic association study are however more likely to imply a causal role for PCSK9 in Lp-PLA2 than an association between blood levels of both factors based on correlations. 
[bookmark: GoBack]In conclusion, our results suggest that carriers of the PCSK9 R46L genetic variant have a lifelong lower exposure to all atherogenic lipoproteins, including Lp(a), sPLA2 and Lp-PLA2, which presumably explains their reduced CHD risk. 


Acknowledgements
Acknowledgements: We would like to thank participants, general practitioners and staff of the EPIC-Norfolk study. 
Source of funding: The EPIC-Norfolk Study is funded by Cancer Research UK grant number 14136 and the Medical Research Council grant number G1000143. R.V. is supported by a grant from the European Union [TransCard: FP7-603091-2].  B.J.A. holds a junior scholar award from the Fonds de recherche du Québec: Santé (FRQS). J.J.P.K. is a recipient of the Dutch Heart Foundation Lifetime Achievement Award (2010). 
Disclosures: no potential conflicts of interests. 


References
1. 	Abifadel M, Varret M, Rabès J-P, Allard D, Ouguerram K, Devillers M, Cruaud C, Benjannet S, Wickham L, Erlich D, Derré A, Villéger L, Farnier M, Beucler I, Bruckert E, Chambaz J, Chanu B, Lecerf J-M, Luc G, Moulin P, Weissenbach J, Prat A, Krempf M, Junien C, Seidah NG, Boileau C. Mutations in PCSK9 cause autosomal dominant hypercholesterolemia. Nat Genet. 2003;34(2):154-156.
2. 	Cohen JC, Boerwinkle E, Mosley TH, Hobbs HH. Sequence variations in PCSK9, low LDL, and protection against coronary heart disease. N Engl J Med. 2006;354(12):1264-1272. 
3. 	Boekholdt SM, Peters RJG, Day NE, Luben R, Bingham SA, Wareham NJ, Hack CE, Reitsma PH, Khaw K-T. Macrophage migration inhibitory factor and the risk of myocardial infarction or death due to coronary artery disease in adults without prior myocardial infarction or stroke: the EPIC-Norfolk Prospective Population study. Am J Med. 2004;117(12):390-397. 
4. 	Kwakernaak AJ, Lambert G, Dullaart RPF. Plasma proprotein convertase subtilisin-kexin type 9 is predominantly related to intermediate density lipoproteins. Clin Biochem. 2014;47(7-8):679-682. 
5. 	Chernogubova E, Strawbridge R, Mahdessian H, Mälarstig A, Krapivner S, Gigante B, Hellénius ML, De Faire U, Franco-Cereceda A, Syvänen AC, Troutt JS, Konrad RJ, Eriksson P, Hamsten A, Van’t Hooft FM. Common and low-frequency genetic variants in the pcsk9 locus influence circulating PCSK9 levels. Arterioscler Thromb Vasc Biol. 2012;32(6):1526-1534. 
6. 	Chasman DI, Paré G, Mora S, Hopewell JC, Peloso G, Clarke R, Cupples LA, Hamsten A, Kathiresan S, Mälarstig A, Ordovas JM, Ripatti S, Parker AN, Miletich JP, Ridker PM. Forty-three loci associated with plasma lipoprotein size, concentration, and cholesterol content in genome-wide analysis. PLoS Genet. 2009;5(11):e1000730. 
7. 	Tukiainen T, Kettunen J, Kangas AJ, Lyytikäinen LP, Soininen P, Sarin AP, Tikkanen E, O’reilly PF, Savolainen MJ, Kaski K, Pouta A, Jula A, Lehtimäki T, Kähönen M, Viikari J, Taskinen MR, Jauhiainen M, Eriksson JG, Raitakari O, Salomaa V, J??rvelin MR, Perola M, Palotie A, Ala-korpela M, Ripatti S. Detailed metabolic and genetic characterization reveals new associations for 30 known lipid loci. Hum Mol Genet. 2012;21(6):1444-1455. 
8. 	Kettunen J, Tukiainen T, Sarin A-P, Ortega-Alonso A, Tikkanen E, Lyytikäinen L-P, Kangas AJ, Soininen P, Würtz P, Silander K, Dick DM, Rose RJ, Savolainen MJ, Viikari J, Kähönen M, Lehtimäki T, Pietiläinen KH, Inouye M, McCarthy MI, Jula A, Eriksson J, Raitakari OT, Salomaa V, Kaprio J, Järvelin M-R, Peltonen L, Perola M, Freimer NB, Ala-Korpela M, Palotie A, Ripatti S. Genome-wide association study identifies multiple loci influencing human serum metabolite levels. Nat Genet. 2012;44(3):269-276. 
9. 	Langsted A, Nordestgaard BG, Benn M, Tybjærg-Hansen A, Kamstrup PR. PCSK9 R46L loss-of-function mutation reduces lipoprotein(a), LDL cholesterol, and risk of aortic valve stenosis. J Clin Endocrinol Metab. 2016;(August):jc.2016-1206. 
10. 	Koren MJ, Kereiakes D, Pourfarzib R, Winegar D, Banerjee P, Hamon S, Hanotin C, McKenney JM. Effect of PCSK9 Inhibition by Alirocumab on Lipoprotein Particle Concentrations Determined by Nuclear Magnetic Resonance Spectroscopy. J Am Heart Assoc. 2015;4(11):1-9. 
11. 	Gaudet D, Kereiakes DJ, McKenney JM, Roth EM, Hanotin C, Gipe D, Du Y, Ferrand A-C, Ginsberg HN, Stein E a. Effect of alirocumab, a monoclonal proprotein convertase subtilisin/kexin 9 antibody, on lipoprotein(a) concentrations (a pooled analysis of 150 mg every two weeks dosing from phase 2 trials). Am J Cardiol. 2014;114(5):711-715. 
12. 	Arsenault BJ, Després J-P, Stroes ESG, Wareham NJ, Kastelein JJP, Khaw K-T, Boekholdt SM. Lipid assessment, metabolic syndrome and coronary heart disease risk. Eur J Clin Invest. 2010;40(12):1081-1093. 
13. 	Cromwell WC, Otvos JD, Keyes MJ, Pencina MJ, Sullivan L, Vasan RS, Wilson PWF, D’Agostino RB. LDL particle number and risk of future cardiovascular disease in the Framingham Offspring Study-Implications for LDL management. J Clin Lipidol. 2007;1(6):583-592. 
14. 	Contois JH, McConnell JP, Sethi A a., Csako G, Devaraj S, Hoefner DM, Warnick GR. Apolipoprotein B and cardiovascular disease risk: Position statement from the AACC lipoproteins and vascular diseases division working group on best practices. Clin Chem. 2009;55(3):407-419. 
15. 	NCEP. Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation. 2002;106(25):3143-3421. 
16. 	Ference BA., Yoo W, Alesh I, Mahajan N, Mirowska KK, Mewada A, Kahn J, Afonso L, Williams KA, Flack JM. Effect of long-term exposure to lower low-density lipoprotein cholesterol beginning early in life on the risk of coronary heart disease: A mendelian randomization analysis. J Am Coll Cardiol. 2012;60(25):2631-2639. 
17. 	Constantinides A, Kappelle PJWH, Lambert G, Dullaart RPF. Plasma Lipoprotein-associated Phospholipase A 2 Is Inversely Correlated with Proprotein Convertase Subtilisin-kexin Type 9. Arch Med Res. 2012;43(1):11-14. 
18. 	Thompson A, Gao P, Orfei L, Watson S, Di Angelantonio E, Kaptoge S, Ballantyne C, Cannon CP, Criqui M, Cushman M, Hofman A, Packard C, Thompson SG, Collins R, Danesh J. Lipoprotein-associated phospholipase A(2) and risk of coronary disease, stroke, and mortality: collaborative analysis of 32 prospective studies. Lancet. 2010;375(9725):1536-1544. 
19. 	Mahmut A, Boulanger M-C, El Husseini D, Fournier D, Bouchareb R, Després J-P, Pibarot P, Bossé Y, Mathieu P. Elevated expression of lipoprotein-associated phospholipase A2 in calcific aortic valve disease: implications for valve mineralization. J Am Coll Cardiol. 2014;63(5):460-469. 

Highlights 
Carriers of the PCSK9 R46L genetic variant have, compared to non-carriers:
-lower apoB concentrations
-lower VLDL and LDL particle concentrations
-lower Lipoprotein(a) concentrations
-lower sPLA2 and Lp-PLA2 activity


	Table 1. Baseline characteristics 

	 
	Non-carriers
	Carriers
	P

	
	n=2296
	n=77
	

	
	 
	 
	 
	 
	

	
	
	
	
	
	

	Age, years
	65.1(±7.8)
	66.2(±7.3)
	0.25

	Male sex
	67.7% (1554)
	62.3% (48)
	0.33

	Current smoker
	11.1% (251)
	12.0% (9)
	0.35

	Body mass index, kg/m2 
	26.7(±3.7)
	26.4(±3.6)
	0.52

	Diabetes mellitus
	3.9% (89)
	3.9% (3)
	0.99

	Systolic blood pressure, mmHg
	140.5(±18.2)
	140.0(±17.1)
	0.79

	Diastolic blood pressure, mmHg
	84.3(±11.4)
	83.8(±11.2)
	0.79

	Total cholesterol, mmol/L
	6.4(±1.2)
	5.8(±0.9)
	<0.001

	LDL cholesterol, mmol/L
	4.2(±1.0)
	3.7(±0.8)
	<0.001

	HDL cholesterol, mmol/L
	1.3(±0.4)
	1.4(±0.4)
	0.49

	Triglycerides, mmol/L
	2.0(±1.1)
	1.8(±0.9)
	0.08

	 
	 
	 
	 
	 
	 



The baseline characteristics were based on variables from participants whose NMR data was available. Data are presented as mean ± standard deviation for continuous variables with a normal distribution, median (interquartile range) for continuous variables with a non-normal distribution, and number (percentage) for categorical variables. LDL = low-density lipoprotein. HDL = high-density lipoprotein.   


	Table 2.  CETP, LCAT, LPL, OxPL, apolipoproteins and nuclear magnetic resonance spectroscopy-measured lipid levels and size of participants of the EPIC-Norfolk study classified on the basis of PCSK9 R46L carrier status.

		 
	Non-carriers
	N
	Carriers
	N
	D (%)
	D (SD)
	P*2

	
	
	
	
	
	
	
	

	CETP, mg/L
	2.9(2.2-3.8)
	2099
	2.9(1.9-4.0)
	71
	0.3%
	0.00
	1.00

	LCAT, µg/ml
	8.9(±2.2)
	2071
	8.7(±2.3)
	68
	-2.2%
	-0.09
	0.47

	LPL, ng/ml
	62.5(44.1-88.8)
	2239
	61.4(51.8-81.2)
	76
	-1.7%
	0.04
	0.95

	OxPL, RLU
	1694.0(1167.0-2670.0)
	1997
	1573.5(1093.0-3128.0)
	66
	-7.1%
	-0.04
	0.83

	CRP, mg/L
	1.7 (0.8-14.0)
	2296
	1.9(0.8-14.2)
	77
	11.8%
	0.03
	0.72

	WBC, 10^3/µl
	6.7(±1.9)
	2852
	6.9(±2.0)
	96
	2.9%
	0.10
	0.20

	sPLA2, nmol/ml/min*
	4.6(±1.3)
	2373
	4.2(±0.9)
	77
	-8.7%
	-0.33
	0.0036

	Lp-PLA2, nmol/ml/min*
	52.4(±16,2)
	2373
	47.5(±14.1)
	77
	-9.4%
	-0.30
	0.0154

	Apolipoprotein B, mg/dL*
	133.9(±32.5)
	2105
	119.6(±31.9)
	75
	-10.7%
	-0.44
	<0.001

	Apolipoprotein A-I, mg/dL
	158.6(±28.4)
	1971
	160.2(±27.5)
	73
	1.1%
	0.06
	0.79

	Apolipoprotein A-II, mg/L
	35.2(±6.1)
	2280
	34.5(±5.3)
	77
	-2.1%
	-0.12
	0.22

	Apolipoprotein A-V, ng/mL
	180.0(141.6-235.6)
	2236
	193.7(159.2-266.5)
	76
	7.6%
	0.17
	0.15

	Lipoprotein(a), mg/dL*
	12.4(6.7-29.1)
	2296
	11.1(7.2-28.6)
	77
	-10.3%
	-0.04
	<0.001

	VLDL Size, nm
	51.8(±8.7)
	2296
	52.6(±10.0)
	77
	1.4%
	0.09
	0.30

	LDL Size, nm
	21.0(±0.6)
	2296
	21.0(±0.7)
	77
	0.3%
	0.09
	0.73

	HDL Size, nm
	8.9(±0.5)
	2296
	9.0(±0.4)
	77
	1.3%
	0.24
	0.12

	VLDL-P (total), nmol/L*
	99.0(±33.3)
	2296
	85.8(±26.2)
	77
	-13.3%
	-0.40
	<0.001

	    Large VLDL/Chylomicrons, nmol/L
	4.7(1.8-7.8)
	2296
	3.6(1.7-6.9)
	77
	-22.1%
	-0.21
	0.11

	    Medium VLDL, nmol/L*
	34.6(±17.7)
	2296
	29.0(±14.6)
	77
	-16.4%
	-0.32
	0.0082

	    Small VLDL, nmol/L*
	59.1(±18.7)
	2296
	52.4(±18.7)
	77
	-11.2%
	-0.35
	0.0021

	NMR LDL-P, nmol/L*
	1662.9(±458.3)
	2296
	1479.7(±396.8)
	77
	-11.0%
	-0.40
	<0.001

	    IDL, nmol/L*
	38.3(16.4-71.7))
	2296
	31.5(11.0-61.1)
	77
	-17.8%
	-0.24
	0.0393

	    Large LDL, nmol/L*
	565.9(±206.4)
	2296
	517.0(±192.1)
	77
	-8.7%
	-0.24
	0.0088

	    Medium small LDL, nmol/L
	191.8(141.6-264.4)
	2296
	164.7(124.9-230.5)
	77
	-14.1%
	-0.22
	0.12

	    Very small LDL, nmol/L
	764.5(565.9-1044.6)
	2296
	654.5(480.2-909.2)
	77
	-14.4%
	-0.26
	0.06

	NMR HDL-P, µmol/L
	33.8(±5.6)
	2296
	34.3(±4.7)
	77
	1.6%
	0.10
	0.51

	    Large HDL, µmol/L
	5.0(2.8-7.7)
	2296
	6.1(3.9-8.3)
	77
	23.2%
	0.24
	0.11

	    Medium HDL, µmol/L
	2.6(1.1-4.9)
	2296
	3.4(1.4-5.0)
	77
	29.5%
	0.05
	0.64

	    Small HDL, µmol/L
	24.9(±5.0)
	2296
	24.4(±4.3)
	77
	-1.8%
	-0.09
	0.54

	LDL cholesterol, mmol/L
	
	
	
	
	
	
	


Data are presented as mean ± standard deviation for variables with a normal distribution and median with interquartile range for variables with a non-normal distribution. N= number, D = difference, D (SD) = difference as proportion of standard deviation, NMR = nuclear magnetic resonance, CETP = cholesteryl ester transfer, LCAT = lecithin - cholesterol acyltransferase,  LPL = lipoprotein lipase, OxPL = oxidized phospholipids, RLU = relative light units, CRP = C-reactive protein, secretory phospholipase A2= sPLA2, lipoprotein-associated phospholipase A2 = Lp-PLA2, WBC = white blood cells, VLDL = very low density lipoprotein, LDL = low-density lipoprotein, IDL = intermediate-density lipoprotein, HDL = high-density lipoprotein, SD = standard deviation. * significant difference.  P*2 values calculated with a linear regression model, adjusted for age, sex and CVD status. 
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