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Abstract

Patients with chronic kidney disease (CKD) exhibit a myriad of metabolic derangements including 

dyslipidemia characterized by low plasma concentrations of high-density lipoprotein (HDL)-

associated cholesterol. However, the effects of kidney disease on HDL composition have not been 

comprehensively determined. Here we used a targeted mass spectrometric approach to quantify 38 

proteins contained in the HDL particles within a CKD cohort of 509 participants with a broad 

range of estimated glomerular filtration rates (eGFR) (CKD stages I-V, and a mean eGFR of 45.5 

mL/min/1.73m2). After adjusting for multiple testing, demographics, comorbidities, medications, 

and other characteristics, eGFR was significantly associated with differences in four HDL 

proteins. Compared to participants with an eGFR of 60 mL/min/1.73m2 or more, those with an 

eGFR under 15 mL/min/1.73m2 exhibited 1.89-fold higher retinol binding protein 4 (95% 

confidence interval 1.34-2.67), 1.52-fold higher apolipoprotein C-III (1.25-1.84),0.70-fold lower 

apolipoprotein L1 (0.55-0.92), and 0.64-fold lower vitronectin (0.48- 0.85). Although the HDL 

apolipoprotein L1 was slightly lower among African-American than among Caucasian individuals, 

the relationship to eGFR did not differ by race. After adjustment, no HDL-associated proteins 

associated with albuminuria. Thus, modest changes in the HDL proteome provide preliminary 

evidence for an association between HDL proteins and declining kidney function, but this needs to 

be replicated. Future analyses will determine if HDL proteomics is indeed a clinical predictor of 

declining kidney function or cardiovascular outcomes.
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Introduction

Chronic kidney disease (CKD) leads to marked metabolic derangements, including a distinct 

profile of dyslipidemia that worsens with progressive loss of kidney function. The 

dyslipidemia of CKD is classically characterized by hypertriglyceridemia and low 

circulating concentrations of high-density lipoprotein-associated cholesterol (HDL-C).1-3 

Notably, whereas serum HDL-C levels exhibit a strong, inverse relationship with 

cardiovascular disease (CVD) risk in the general population, this relationship is attenuated 

and eventually abrogated as glomerular filtration rate (GFR) declines.4-6 Further, the clinical 

efficacy of statin therapy is no longer observed among patients with end-stage renal disease 

(ESRD). These findings suggest that kidney disease confers complex changes in lipid and 

lipoprotein metabolism that are not fully captured by standard serum lipid measurements.

High-density lipoproteins (HDL) encompass a complex group of heterogeneous particles 

that play important roles in vascular function and CVD risk. Previous studies have suggested 

alterations in specific HDL proteins among chronic dialysis patients.7-11 However, these 

studies are limited by small sample sizes, comparison of ESRD patients to healthy controls, 

untargeted measurement strategies, and the potential for confounding by co-morbidities that 

are associated with kidney disease. To date, no studies have characterized potential 

differences in HDL composition across the spectrum of kidney function in a well-

characterized clinical cohort with CKD not undergoing dialysis.

We employed a targeted mass spectrometric approach to quantify HDL-associated proteins 

in 509 CKD patients across the full spectrum of kidney function. The identification of key 

changes in HDL composition that occur with loss of GFR could be critical for better 

understanding changes in lipoprotein metabolism that result from impaired kidney function 

and thereby generate a more comprehensive understanding of the metabolic derangements 

consequent to CKD. Moreover, this line of investigation could yield novel insights into the 

unique dyslipidemia in CKD, as well as into the lack of clinical efficacy of standard lipid-

lowering therapy among patients with advanced CKD. It might also promote the 

development of more effective treatment strategies. We hypothesized that progressive 

changes in the HDL proteome would be evident across a spectrum of GFR in patients with 

CKD.

Results

Study participants

Among the 509 Seattle Kidney Study participants who were included in this study, the mean 

age was 58 ±13.9 years and the mean estimated GFR (eGFR) was 45.5±26.4 mL/min/1.73m 

(Table 1)’. The prevalence of diabetes ranged from 41.3% among participants who had an 

eGFR ≥ 60 mL/min/1.73m2 to 61.8% among participants who had an eGFR <15 mL/min/
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1.73m2. Study participants exhibited a mild dyslipidemia, with a mean serum HDL-C 

concentration of 41.6±17.1 mg/dL and mean serum triglyceride concentration of 

162.2±118.7 mg/dL. Serum HDL-C concentrations were modestly lower for the lowest 

category of eGFR; however, this distinction was not statistically significant (Figure 1). There 

was no association between serum triglycerides and eGFR (Supplemental Figure 1).

Associations of eGFR with HDL-associated proteins

After accounting for multiple testing, eGFR was significantly associated with differences in 

5 HDL- associated proteins (p<0.0015, Figure 2, Supplemental Table 1). Specifically, lower 

eGFR was associated with higher HDL concentrations of apolipoprotein C-III (apoC-III) 

and retinol-binding protein 4 (RBP4) and with lower HDL concentrations of cholesteryl 

ester transfer protein (CETP), vitronectin, and apolipoprotein L1 (apoL1).

Associations of eGFR with these HDL-associated proteins remained significant after 

adjustment for demographics, BMI, smoking, diabetes, statin use, and serum lipid 

concentrations (Table 2). Associations of eGFR with apoC-III, RBP4, CETP, vitronectin, 

and apoL1 were not materially altered by additional adjustment for the urine 

albumin:creatinine ratio. However, the association with CETP no longer met statistical 

significance (p=0.0023). In the fully adjusted models, associations of eGFR with HDL 

protein concentrations appeared to be generally linear, with progressive differences in each 

HDL- associated protein across CKD stage (Figure 3).

To assess possible interactions between eGFR and other clinical variables, subgroup 

analyses were performed to compare associations between eGFR and HDL protein 

abundance for subjects with and without current statin use, existing diabetes, or a history of 

coronary artery disease (CAD) (Supplemental Table 2). No significant interactions were 

found between these subgroups and the associations between eGFR and HDL protein 

abundance.

Further characterization of apoLl associations by race

The concentration of apoL1 in HDL was lower in black compared to non-black participants 

(Figure 4A). However, the association of lower eGFR with lower HDL-associated apoL1 did 

not differ as a function of race (Figure 4B). There was no statistical interaction between race 

and the association of eGFR with the amount of apoL1 in HDL.

Associations of albuminuria with proteins in HDL

On further analysis of the targeted quantification of HDL-associated proteins, evaluating for 

associations with albuminuria, only apoL1 met statistical significance after accounting for 

multiple testing (Figure 5). Specifically, each doubling of the urinary albumin:creatinine 

ratio was associated with a 4% lower apoL1 concentration in HDL (95% CI 2-6% lower, 

p<0.001). This association remained unchanged in magnitude and statistically significant 

(p=0.0008) after adjustment for demographic variables, BMI, smoking, diabetes, statin use, 

and serum lipid levels. However, the association lost significance after correction for eGFR 

(0.98, 95% CI 0.96-1.00, p=0.0525).
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To further evaluate possible associations between HDL protein abundance and severity of 

albuminuria, subjects were classified as having no significant albuminuria 

(albumin:creatinine ratio <30 mg/gm), moderate albuminuria (albumin:creatinine ratio of 

30-300 mg/gm), or severe albuminuria (albumin:creatinine ratio >300 mg/gm). After 

adjustment for demographic variables, BMI, smoking, diabetes, statin use, and serum lipid 

levels, no associations between albuminuria and HDL protein abundance achieved statistical 

significance using the modified p-value threshold of <0.0015 (Supplemental Table 3).

Discussion

Among patients with a broad range of eGFR, lower eGFR was associated with higher 

abundance of apoC- III and RBP4 and lower abundance of apoLl and vitronectin in HDL 

particles. These associations were graded across the spectrum of eGFR, independent of 

important clinical characteristics, and observed in the absence of significant differences in 

serum HDL cholesterol concentration, as measured using routine clinical assays. Black 

participants had a lower abundance of apoLl in HDL particles compared with white 

participants, but the association of eGFR with apoLl was evident regardless of race. 

Albuminuria was associated with decreased HDL apoLl content, but this association was not 

significant after adjusting for eGFR, and albuminuria was not significantly associated with 

other HDL protein constituents.

Prior work has examined plasma levels and enzyme activity of HDL-associated proteins in 

patients with ESRD,11-14 but only a few studies to date have quantified proteins from 

isolated HDL, and most have focused on patients undergoing dialysis. Relative to healthy 

controls, HD patients exhibited HDL enrichment in serum amyloid A1 (SAA1), 

apolipoprotein A-IV (apoA-IV), and apoC-III in association with reduced HDL cholesterol 

efflux capacity.9 HDL enrichment in SAA1 was shown in 2 other cohorts of hemodialysis 

(HD) patients15, 16 and associated with adverse cardiovascular outcomes in a population of 

HD patients with type 2 diabetes mellitus (T2DM).17 Some changes in HDL composition 

and function appear to vary as a consequence of dialysis modality10 and may fail to 

normalize even after kidney transplant.18 In another prior study that compared HD patients 

and healthy controls, HDL enrichment in apoC-III, apoA-IV, RBP4 and haptoglobin-related 

protein were evident in conjunction with depletion of apoL1 and paraoxonase-1 (PON 1),19 

consistent with our results. Our analyses employed a validated assay that differed from the 

one used in the prior study and included a much larger sample size, enabling analysis of a 

broad range of pre-dialysis CKD with adjustment for clinical covariates and parallel 

assessment of both eGFR and albuminuria.

Of HDL-associated proteins, apoC-III is among the best studied to date. ApoC-III acts as an 

inhibitor of lipoprotein lipase and thereby increases plasma triglyceride levels through 

decreased catabolism and clearance of triglyceride-rich lipoproteins. The potential for a pro-

atherogenic function of apoC-III recently was supported by findings that loss-of-function 

mutations in apoC-III were associated with lower serum triglyceride levels and reduced 

CVD risk.20 These findings lend further evidence that changes in apoC-III metabolism and 

function may contribute to dyslipidemia in CKD patients, including the significant changes 

observed with respect to triglyceride-rich lipoprotein particles and HDL,21, 22 and, further, 
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could be a candidate mediator in the accelerated atherosclerosis seen in this patient 

population. Notably, subgroup analysis did not show an interaction between eGFR and CVD 

prevalence for HDL apoC-III abundance. Whereas this analysis supports an association 

between eGFR and HDL-associated apoC-III independent of clinical CVD status, it does not 

directly address whether an association exists between HDL apoC-III and CVD. To 

specifically address this possible relationship, prospective studies are essential to determine 

whether HDL apoC-III abundance predicts atherosclerotic plaque progression and/or 

incident cardiovascular events in patients with CKD.

The roles of RBP4 in lipid and lipoprotein metabolism have not been clearly defined, and 

both atherogenic and cardioprotective effects of this protein have been posited. In aggregate 

findings from 5 inbred mouse strains, HDL-associated RBP4 exhibited a strong, positive 

correlation with HDL cholesterol efflux23 from macrophages via non-ABCAl-dependent 

pathways.24 However, in rats, RBP4 has been shown to increase proliferation of arterial 

smooth muscle cells, findings that could suggest a contributory role in atherosclerosis.25,26 

Recent clinical data demonstrated that among patients with T2DM, higher plasma RBP4 

levels associated with the presence of carotid artery atherosclerosis (CAD).27 Higher serum 

RBP4 levels also were found among patients with CAD and hyperinsulinemia compared to 

healthy controls,28 and a polymorphism in the RBP4 gene associated with the presence 

though not severity of CAD.29 Thus, further work is needed to better assess the possible 

atherogenic roles of HDL- associated RBP4 in patients both with and without CKD.

ApoL1 is a widely expressed protein synthesized in endothelial cells, liver, pancreas, lung, 

and placenta.30, 31 In plasma, apoL1 predominantly associates with HDL particles,31 

specifically the HDL3 subfraction,32 and functions as part of host defense against 

trypanosome infection.33,34 The role of apoL1 in lipid and lipoprotein metabolism is not 

well understood. Plasma concentrations of apoL1 have been shown to correlate with plasma 

triglyceride concentrations,35, 36 and genetic variants in apoL1 may associate with HDL 

particle size distribution, though findings have been inconsistent to date.37, 38 ApoL1 

signaling also may be dependent on its lipid-binding activity.39

Single nucleotide polymorphisms in apoL1 have been identified that confer markedly 

increased risk of progressive nondiabetic CKD and ESRD in patients of West African 

descent.40-43 Interestingly, whereas CKD risk conferred by apoL1 variants appears exclusive 

to patients of African descent,42 our analyses showed no interaction between race and the 

association between eGFR and apoL1 abundance in HDL.

In prior studies, plasma apoL1 levels did not correlate with apoL1 genotype, severity of 

CKD, or albuminuria.44, 45 In one of these studies, plasma levels of apoL1 were actually 

higher in black participants than in those of European or Hispanic descent.45 Importantly, 

our study differs from these previous studies because we quantified the amount of apoL1 in 

isolated HDL, rather than the total amount of apoL1 in plasma. Therefore, we have captured 

apoL1 abundance as a fraction of total HDL protein mass. As a result, these previous studies 

indicate that our observations for HDL-associated apoL1 cannot be explained as simply a 

reflection of differences in total plasma apoL1 levels. A potential explanation for all of these 

findings is that genetic variation in apoL1 could alter its interaction with HDL particles. 
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Both the G1 and G2 apoL1 genotypes change the conformation of the apoL1 protein near 

the C-terminus and prevent apoL1 binding by the serum resistance antigen (SRA), a parasite 

protein that abolishes apoLl-mediated trypanosome lysis.46 Therefore, apoLl genetic 

variants may produce conformational changes that specifically reduce HDL association 

without changing total plasma levels.

The possibility of a direct, causal relationship between apoLl and kidney function is 

supported by preclinical data. For example, in a zebrafish model, apoLl knockdown resulted 

in increased glomerular permeability mediated at least in part by reduced nephrin 

expression.47 Further, transgenic mice that expressed 2 apoLl high-risk alleles developed 

loss of podocytes with age,48 and high-risk variants caused podocyte necrosis at a lower 

threshold concentration.49 An additional study has demonstrated that apoLl signaling can 

stimulate cell death irrespective of genetic variants.50 A direct relationship between apoLl 

and kidney function is further supported by the fact that donor but not recipient apoLl 

genotype predicts graft failure in patients who have undergone kidney transplant.51,52 

Collectively, these findings underscore the need for clearer delineation of the relationship 

between apoLl protein abundance and genotype, as well as their respective effects on protein 

function and kidney disease progression. Thus, a pivotal facet of future work will be 

determining apoLl genotype for the SKS subject cohort and evaluating associations among 

HDL apoLl content, apoLl genotype, and kidney disease progression over the study 

duration.

Future work also will be needed to elucidate the mechanisms underlying these changes in 

HDL protein cargo. The possibility exists that these changes reflect altered HDL metabolism 

and changes in lipid content of HDL particles; thus, smaller, dense HDL particles have been 

observed in the setting of CKD, and this change in HDL particle density could change the 

population of HDL particles isolated through ultracentrifugation, with loss of very small, 

apoA-I containing particles. This loss of apoA-I could lead to increases in the abundance of 

other proteins including RBP4 and apoC-III. However, if the findings were solely due to loss 

of apoA-I, we would expect nearly uniform increases in other HDL-associated proteins, 

which we did not observe. The selective increase in HDL RBP4 may reflect that plasma 

levels of this protein are elevated in CKD roughly 2-fold,53 a comparable difference to what 

we observed in HDL- associated RBP4. HDL enrichment in apoC-III could reflect changes 

in the apoC-III exchange among different lipoprotein species, specifically transfer from 

VLDL to HDL, as has been observed in lipoprotein lipase- and hepatic lipase-mediated 

lipolysis of VLDL.54, 55 Another potential explanation for our observed differences in HDL 

proteins is that the accumulation of urea, advanced glycation endproducts, and other small 

molecules due to the metabolic derangements of CKD alter the binding affinity of some 

apolipoproteins for HDL. This could account, for example, for the decrease in HDL- 

associated apoLl we observed. Notably, no significant associations were observed between 

HDL protein abundance and albuminuria, a finding potentially in contrast with prior 

descriptions of extensive HDL protein remodeling in the setting of nephrotic syndrome.56, 57 

It is possible, therefore, that changes in HDL protein composition only become evident with 

nephrotic range proteinuria. Alternatively, HDL remodeling in nephrotic syndrome may not 

solely be due to albuminuria but also may result from hypoalbuminemia or other 

components of this syndrome, as has been previously suggested.56
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A primary limitation of these analyses is that they entail observational, cross-sectional data 

and, therefore, do not clearly demonstrate causality in the relationship between eGFR and 

HDL protein composition. Nonetheless, the observed progressive differences in the 

abundance of several HDL-associated proteins with lower eGFR after adjustment for 

important clinical covariates supports reduced GFR as a key determinant of these observed 

changes in HDL composition. Critically, too, the functional significance of these 

compositional differences in HDL must be determined. Finally, as HDL phospholipid and 

sphingolipid cargo similarly may influence particle function and vary across disease 

states,58-60 quantifying changes in the HDL lipidome across the spectrum of clinical CKD is 

an important area of future investigation. Nonetheless, strengths of our analyses include use 

of a validated, targeted mass spectrometry platform to quantify the protein content of 

isolated HDL; the size of the cohort that permitted adjustments to reduce the risk of 

confounding demographic and clinical variables; and stringent criteria for statistical 

significance through a modified Bonferroni correction.

In aggregate, our findings suggest that modest alterations in HDL protein composition are 

another facet of the metabolic derangements attendant to loss of eGFR. Given the magnitude 

of the alterations, it is unlikely that they are causal with respect to declining kidney function. 

Additional work is required to reproduce these findings and to determine if our observed 

changes in HDL protein composition reflect a mechanism underlying increased triglycerides 

and reduced HDL cholesterol in CKD. Further, additional studies are necessary to establish 

if the observed modest changes in the HDL proteome are associated with HDL function, for 

example cholesterol efflux from lipid-laden macrophages, or if they are predictive of 

incident cardiovascular disease in patients with CKD.

Methods

Study subjects

Secondary analyses were performed for plasma samples collected through the Seattle 

Kidney Study (SKS).61 The SKS recruited 590 patients from outpatient clinics in the Seattle, 

WA, area with either an eGFR ≤ 90 mL/min/1.73m2 or a urinary albumin:creatinine ratio ≥ 

30 mg/g. Anticipated initiation of dialysis within 3 months was an exclusion criterion. 

Complete inclusion and exclusion criteria for both studies have been described elsewhere.61 

The creatinine-cystatin C equation (CKI-EPI 2012) was used to calculate eGFR.62 Complete 

data for all covariates were available for 425 subjects.

Laboratory assessments

Serum concentrations of creatinine, total cholesterol, HDL cholesterol, triglycerides, and C-

reactive protein, as well as urine concentrations of albumin and creatinine were determined 

using a standard clinical chemistry analyzer at the University of Washington Kidney 

Research Institute (Beckman Coulter DxC).
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HDL isolation and quantification of HDL-associated proteins

Complete details for the purification of HDL particles and the quantification of proteins in 

purified HDL by targeted liquid chromatography-tandem mass spectrometry are provided in 

the Supplemental Material.

Briefly, the HDL fraction of plasma (d=1.063-1.210 g/mL) was purified using a two-step 

density gradient ultracentrifugation with potassium bromide (KBr). First, all lipoproteins 

were floated using a KBr solution of 1.210 g/mL and transferred to a new tube. Second, all 

lipoproteins less dense than HDL were floated using a KBr solution of 1.063 g/mL. The 

lipoproteins at the bottom of each sample after this second step were dialyzed and frozen at 

-80°C before use. Median storage time for all samples was 6.03 years with a range of 

2.45-8.36 years. The significant associations found between eGFR and the abundance of 5 

HDL-associated proteins were not affected by adjustment for freeze time (Supplemental 

Table 4). No associations were evident between sample freeze time and HDL protein 

abundance (Supplemental Table 5). Internal standard (15N-labeled apoA-I) was added to 

each sample and the lipoproteins were denatured using Rapigest (Waters), reduced with 

dithiothreitol, alkylated using iodoacetamide, and digested with trypsin. The Rapigest, 

particulates, and phospholipids were removed with a phospholipid removal plate 

(Phenomenex) prior to being analyzed by nanoflow-liquid chromatography-tandem mass 

spectrometry on a Q-Exactive mass spectrometer (Thermo).

Data reduction

Peak areas for each endogenous peptide were normalized to internal standard peptides from 

stable isotope labeled internal standard protein to generate a peak area ratio for each peptide 

in each sample. Peak area ratios for each protein were averaged and protein peak area ratios 

were normalized to protein peak area ratios for calibrator samples included in each digestion 

batch. The resulting calibrated protein peak area ratios were used as relative concentrations 

of each protein in HDL in each sample.

Statistical analyses

To evaluate the relationship between HDL protein abundance and eGFR, linear regression 

analyses were performed with each 15 mL/min/1.73m2 decrement in eGFR as the exposure 

and log-transformed HDL protein abundance as the outcome. The p-value threshold for 

statistical significance was established as p<0.0015, based on a Bonferroni correction with 

33.7 effective tests as determined by the Cheverud method.63

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Serum HDL cholesterol concentrations in the Seattle Kidney Study cohort
Box and whisker plots illustrate the serum high-density lipoprotein (HDL) cholesterol 

concentrations for each range of estimated glomerular filtration rate (GFR) noted. Top, 

middle, and bottom of boxes are 75th, 50th, and 25th percentile respectively, whiskers 

illustrate the range with outliers (greater than 1.5x the interquartile range from the median) 

shown as circles.

Rubinow et al. Page 12

Kidney Int. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Alterations in HDL protein abundance associated with changes in eGFR
Fold enrichment for each protein in high-density lipoprotein (HDL) vs. loss of estimated 

glomerular filtration rate (eGFR) is shown with a square. Solid lines denote 95% CI. 

RBP4=retinol-binding protein 4, HPT=haptoglobin, LPA=apolipoprotein(a), 

APO=apolipoprotein, HPTR=haptoglobin-related protein, SAA=serum amyloid A, 

KAIN=kallistatin, A1AT=α-1-antitrypsin, PAFA=platelet-activating factor acetylhydrolase, 

PON3=paraoxonase 3, CLUS=clusterin, CO4=complement C4, PLTP=phospholipid transfer 

protein, IHH=Indian hedgehog protein, PCYOX=prenylcysteine oxidase 1, VDBG=vitamin 

D-binding globulin, ALB=albumin, CO3=complement C3, LCAT= phosphatidylcholine-

sterol acyltransferase, HGBB=hemoglobin beta, PON1=paraoxonase 1, VIT=vitronectin, 

CETP=cholesteryl ester transfer protein
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Figure 3. Associations between eGFR and HDL protein abundance
Relative concentrations in high- density lipoprotein (HDL) [Mean (95% CI)] are shown for 

each range of estimated glomerular filtration rate (eGFR) for retinol-binding protein (A), 

apolipoprotein C-III (B), vitronectin (C), apolipoprotein L1 (D), and cholesteryl ester 

transfer protein (E). Subject group with an eGFR >60 mL/min/1.73m2 is used as the 

reference, and data are adjusted for age, race, sex, race (black vs. other), prevalent diabetes, 

BMI, current smoking status, statin use, HDL, total cholesterol, triglycerides, and 

albuminuria. P-values represent results of linear regression analysis with a threshold for 

significance of p<0.0015.
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Figure 4. HDL-associated apoL1 in blacks and whites
Box and whisker plots are shown for apolipoprotein L1 (apoL1) in high-density lipoprotein 

(HDL) for self-identified blacks and whites (A). Correlation between apoL1 in HDL and 

estimated glomerular filtration rate (eGFR) is shown for the Seattle Kidney Study (SKS) 

population, with the results of linear regression shown for blacks (dotted line) and for other 

races (solid line) (B).
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Figure 5. Alterations in HDL protein abundance associated with changes in albumin: creatinine 
ratio
Fold enrichment for each protein in high-density lipoprotein (HDL) vs. increase in 

alubuminxreatinine ratio (ACR) is shown with a square. Solid lines denote 95% CI. 

RBP4=retinol- binding protein 4, HPT=haptoglobin, LPA=apolipoprotein(a), 

APO=apolipoprotein, HPTR=haptoglobin- related protein, SAA=serum amyloid A, 

KAIN=kallistatin, A1AT=α-1-antitrypsin, PAFA=platelet- activating factor acetylhydrolase, 

PON3=paraoxonase 3, CLUS=clusterin, CO4=complement C4, PLTP=phospholipid transfer 

protein, IHH=indian hedgehog protein, PCYOX=prenylcysteine oxidase 1, VDBG=vitamin 

D-binding globulin, ALB=albumin, CO3=complement C3, LCAT= phosphatidylcholine- 

sterol acyltransferase, HGBB=hemoglobin beta, PON1=paraoxonase 1, VIT=vitronectin, 

CETP=cholesteryl ester transfer protein
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