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ABSTRACT 

 

Aims:The risk of cardiovascular disease (CVD) and mortality is increased in patients 

with chronic kidney disease (CKD), with a background role of vascular calcification in 

the development of CVD also reported. Studies have demonstrated that high 

lipoprotein(a) (Lp(a)) levels accelerate the development of  atherosclerolsis and are 

potentially involved in the vascular calcification.Matrix Gla Protein (MGP) seems to 

play an important role in vascular calcification. The aim of the study was to examine 

the potential association of MGP concentrations with Lp(a) and insulin resistance.  

Methods:The study involved 100patients divided in four groups: 25 with both CKD 

stage 4 and Type2 Diabetes (DM) (Group-A), 25 with CKD4 without DM (Group-B), 

25 non uremic patients with DM (Group-C) and 25 healthy subjects (Group-D). 

Serum glucose, Lp(a), MGP, plasma HBA1c and insulin were measured in all 

patients. Insulin resistance was estimated by the homeostasis model assessment 

equation(HOMA-IR).  

Results:A significant positive linear association between MGP and Lp(a) levels 

(r=0.272,p=0.006) was noted, as well as between MGP and HOMA-IR levels 

(r=0.308,p=0.002). However, no significant linear association between Lp(a) and 

HOMA-IR levels was recorded. A similar positive association between MGP and 

insulin levels (r=0.204,p=0.042) was also found. 

Conclusion:This study concluded that diabetes coexisting with renal disease leads to 

extreme vascular calcification expressed by elevated MGP levels, resulting in higher 

frequency of cardiovascular disease in comparison to CKD patients without diabetes. 

The detected Lp(a) and MGP association in CKD4 patients  may also represent the 

key to the complicated mechanism of their coexisting accelerated atherosclerosis 

and vascular calcification. 
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1. Introduction 

 It is commonly accepted that the risk of cardiovascular disease and mortality 

is increased in patients with chronic kidney disease (CKD)

 [1,2].  Cardiovascular disease (CVD) in CKD is associated with arteriosclerosis and 

arterial stiffness [2,3]. Moreover, studies have pointed out the crucial role of vascular 

calcification in the development of CVD especially in certain patient groups, such as 

those with CKD [4,5]. It should be noted that cardiovascular calcifications in patients 

with CKD are more prevalent (up to fivefold more excessive vascular calcification), 

progressive and severe compared to non-CKD population or age-matched 

individuals with coronary artery disease [6,7]. 

Vascular calcification is developed when calcium/calcium phosphate 

complexes deposition occurs in the intima and/or media layers of the vessel and/or 

valvular tissue once they have become mineralized [8]. Pathogenesis of vascular 

calcification is believed to be a multifactorial and multi-step process [9,10]. Numerous 

factors associated with vascular calcification have been identified including duration 

of hemodialysis, hypercalcemia, hyperphoshphatemia, increased calcium x 

phosphorus (Ca x P) product, hyperparathyroidism, diabetes mellitus, dyslipidemia, 

high levels of lipoproteins, urea, homocysteine, parathormone, inflammation, 

oxidative stress and patient’s age [11,]. 

 Pathophysiology and etiopathogenesis of vascular calcification and 

atherosclerosis, in patients with chronic kidney disease remains unclear. It has been 

suggested that a disturbed equilibrium between calcification promoters and inhibitors 

may possibly lead to vascular wall calcification [2]. Vascular calcification process 

may also include the differentiation of vascular smooth muscle cells (SMCs) into 

osteoblast-like cells possibly due to uremic toxins which may accelerate core binding 

factor a-1 (Cbfa1) expression [13]. Other factors involved in the development of 

vascular calcification are the main calcification inhibitory molecules, such as fetuin-A, 

osteoprotegerin (OPG), and the Matrix Gla Protein (MGP) [10,14]. 

MGP, a low molecular weight protein originally isolated from bone, is a 

vitamin K-dependent extracellular matrix protein, known to be synthesized by 

chondrocytes in the cartilage and by vascular smooth cells in the arterial vessel wall 

[15,16]. MGP is involved in modulating vascular calcium metabolism. It belongs to a 

protein family that contains γ-carboxyglutamic acid residues (Gla) which play a key 

role in its calcium binding capacity [17], while undercarboxylated MGP levels were 

inversely associated with the calcification process in patients undergoing 

hemodialysis [18].  

MGP was the first in vivo inhibitor of vascular calcification discovered, 

expressed in abundance in atherosclerotic plaques, although it is present in normal 

artery wall as well. It has been demonstrated that MGP acts as an inhibitor to soft 

tissue calcification [4,19] showing also an inverse association with the severity of 

vascular calcification [20] however, high levels of MGP were detected not only in 

normal blood vessels, but also in calcified human atherosclerotic plaques [21,22]. 

According to previous studies [23,24], uncarboxylated MGP (probably) due to 

deficiency of vitamin K (especially menaquinone K2), as well MGP gene 

polymorphisms [25,26] are associated with the development or progression of 

calcification and may be related to the pathogenesis of cardiovascular events. 

Thus, CKD and dyslipidemia are two significant risk factors for cardiovascular 

disease and atherosclerotic events. Further, metabolic syndrome and diabetes 



  

 

 

mellitus are recognized as two major risk factors for the development not only of 

cardiovascular disease, but also of CKD [27,28]. 

Lipoprotein(a) (Lp(a)), a low density lipoprotein, is associated with 

cardiovascular events and may also represent a link between thrombosis and 

atherosclerotic disease process [29,30]. Studies have also demonstrated that high 

Lp(a) levels, accelerate the development of  atherosclerolsis and are potentially 

involved in the vascular calcification [31,32]. In addition, Lp(a) has been identified 

closely in the calcified lessions of atherosclerotic areas and a potential effect of Lp(a) 

on human vascular smooth muscle cells has been also documented indicating that 

Lp(a) may be involved in vascular calcification [32,33]. 

Given the fact that MGP, synthesized by chondrocytes and vascular smooth 

muscle cells, plays a key role in the inhibition of tissue calcification we tried to 

examine the potential associations of MGP concentrations with Lp(a) levels and 

insulin resistance in patients with CKD and/or DM. 

 

 

  

 

 

2. Material and methods 

 

2.1 Study population 

This study involved 100 participants, recruited through convenience sampling 

attending the outpatient clinics of the involved hospitals. Design was cross-sectional 

including cases and controls. Subjects were divided in four groups: Group A 

consisted of 25 patients with stage 4 chronic kidney disease (CKD4) and diagnosed 

type 2 Diabetes Mellitus (DM), Group B consisted of 25 patients with stage 4 chronic 

kidney disease without diabetes, Group C included 25 patients with DM without 

impaired renal function, and Group D consisted of 25 patients, without chronic kidney 

disease, diabetes or any other major chronic conditions. The subjects of this group 

were considered as healthy subjects (HS). 

All patients included in the study were adults. Inclusion criterion for uremic 

patients was GFR 15-29 ml/min/1.73m2. All patients without diabetes had normal 

fasting glucose levels, normal HBA1c levels and normal glucose tolerance. The study 

was approved by the Local Ethics Committee of the participating hospitals and 

performed in accordance with the Declaration of Helsinki. Written informed consent 

was obtained by all individuals. Data were stored in a secured server, all tests 

contributing to the study database were appropriately anonymised and only 

administrative staff had access to the identifiable files. 

 

2.2 Laboratory measurements 

Medical history and anthropometric parameters were obtained from all 

individuals. In addition, fasting venous blood samples were collected from all 

participants for determining biochemical parameters. Serum glucose, electrolytes, 

cholesterol and plasma HBA1c were measured on an architect (ABBOTT) 16200 

analyzer.   

Serum samples were stored at -80C until process. Lp(a) was measured by 

immunonephelometry using the Abbott Architect ci 16200 analyzer (Abbott Park, IL, 



  

 

 

USA). Immunonephelometry is also mentioned as a way of Lp(a) measurement in 

previous studies [34,35], while being based on previously reported data, Lp(a) 

concentrations >30 mg/dL were indicative of high risk patients [35, 36].  

Plasma insulin was estimated by Microparticle enzyme kits (ABBOTT IMx 

Insulin assay) on an IMx ABBOTT analyzer. GFR was calculated with the MDRD 

equation [37] and insulin resistance was estimated by the homeostasis model 

assessment equation (HOMA-IR) as described by Matthews et al. [38]. The levels of 

hs-CRP in the serum samples were measured with high-sensitivity methods using 

nephelometry (BN II Nephelometer-Siemens).  MGP levels were measured with 

ELISA method (Biomedica Gruppe, Wien, Austria).  

 

 

2.3 Statistical analysis 

Data are shown as mean ± SD (standard deviation) or as numbers (n). All the 

variables were tested for normal distribution using the Kolmogorov-Smirnov test. 

Analysis of variables (ANOVA) was used to compare differences in the studied 

parameters among the four groups. P-values < 0.05 (two-tailed significance) were 

considered statistically significant. When a P-value < 0.05 was found in ANOVA, the 

post hoc LSD was used to look for differences between the study groups. Categorical 

variables were compared by the chi-square test. In order to trace possible linear 

associations between the variables the Pearson correlation coefficient was 

measured. Analysis of data was performed using SPSS 15.0 (Lead Technology Inc).  

 

 

3. Results 

The four groups did not differ significantly in terms of gender, age, waist 

circumference and history of arterial hypertension. However, a statistically significant 

difference in terms of smoking habits (p=0.02), history of heart disease (p<0.001) 

and ischemic stroke (p=0.01) was indicated for group A. Hematocrit, serum levels of 

MGP, high sensitivity CRP (hsCRP), total cholesterol, HDL, LDL, TGs Lp(a), Insulin, 

electrolytes (Ca, P), plasma levels of HbA1c and insulin resistance estimated with 

HOMA-IR were determined for the four groups and they were compared using one-

way ANOVA methodology to detect a statistically significant difference of the means 

between the groups. Demographic and clinical characteristics of the study subjects 

are shown in Table. 

 

 



  

 

 

Table 

Main demographic and clinical characteristics of the study population (total number 

of participants=100) 

 

Group A 

(CKD4+DM) 

Group B 

(CKD4) 

Group C 

(DM) 

Group D 

(HS) 
p-value 

Gender 

(men/women) 
12/13 14/11 11/14 11/14 NS 

Age (years) 67.9±7.4 65.7±12.3 67.7±6.5 65.3±8.1 NS 

Waist 

circumference 

(cm) 

100.7±10.2 94.2±10.4 97.9±11.2 98.3±9 NS 

Heart Disease 

(Y/N) 
12/13a,b,c 6/19a 2/23 0/25 <0.001 

Ischemic 

stroke (Y/N) 
8/17a,c 1/24 4/21 0/24 0.01 

Smoking (Y/N) 9/16b 11/14b 2/23 6/19 0.02 

Dyslipidemia 

(Y/N) 
14/11 9/16 18/7 15/10 NS 

Hypertension 

(Y/N) 
25/0 23/2 21/4 23/2 NS 

Diabetes 

mellitus (Y/N) 
25/0 0/25 25/0 0/25 

 

GFR 

(ml/min/1.73m2) 
17.1±1.51a,b 17.3±1.52a,b 76.8±10.06 76.4±10.84 <0.0001 



  

 

 

 Insulin 

(μUI/ml) 
22.04±15.0a,b 18.16±12.6 12.32±6.49 12.44±7.65 0.005 

 ΗbA1c (%) 7.3±1.2a,c 5.6±0.3b 7.8±1.3a 5.8±0.3 <0.0001 

 HOMA 6.92±6.0a,b,c 4.12±3.02 4.73±2.96 2.94±1.86 0.003 

  Lp(a) (mg/dl) 45.15±50.0a,b 34.98±25.3a 21.04±23.6 10.12±7.22 0.001 

 MGP (nmol/l) 6.22±2.20c 4.84±1.5 5.66±1.12 5.58±0.92 0.01 

hsCRP (mg/l) 21.56±31.4a.b 13.5±24.0 7.55±13.4 3.54±4.03 0.01 

  Ca (mg/dl) 7.64±0.91a,b,c 8.60±0.72a,b,d 9.38±0.50 9.31±0.40 <0.0001 

  P (mg/dl) 5.28±1.17a,b 4.92±1.16a,b 3.35±0.39 3.30±0.54 <0.0001 

  CHOL (mg/dl) 163.6±42.8a.b 173.6±46.7a,b 201.8±41.6 201.7±43.3 0.003 

  HDL (mg/dl) 42.93±12.6b 41.24±11.5a,b 49.6±11.5 48.28±10.5 0.03 

  LDL (mg/dl) 95.7±37.2a,b 107.9±39.5 130.3±33.1 129.5±36.9 0.002 

TGs (mg/dl) 125.0±52.9 122.6±51.2 109.6±43.7 119.6±69.0 NS 

CKD4, chronic kidney disease stage 4; DM, Diabetes Mellitus; HS healthy subjects  

Heart disease is medical history of myocardial infarction, angina, coronary intervention 

procedures, heart failure. 
a
statistically significant compared to HS,  

b
statistically significant compared to DM  

c
statistically significant compared to CKD4,  

d
statistically significant compared to CKD4+DM 

Differences are statistically significant at the 0.05 level 

 

 

 



  

 

 

Insulin resistance was higher in CKD4+DM (group A) in comparison to CKD4 

(group B), DM (group C) and healthy subjects (group D). In addition, HbA1c levels 

were significantly higher in patients of group A compared to group B and group D. 

 MGP serum levels were significantly higher in CKD4+DM patients compared 

to uremic patients without diabetes (CKD4). However, no significant difference of 

MGP serum levels among the other groups was indicated. Lp(a) was found to be 

significantly higher in patients with renal disease stage 4, both with or without 

diabetes mellitus, compared to healthy subjects. Moreover, Lp(a) was significantly 

higher in CKD4+DM patients compared to patients with diabetes without renal failure.  

Total population analyses were performed in order to identify potential 

associations among the parameters. In fact, there was a weak, although highly 

significant, positive linear association between MGP and Lp(a) levels (r=0.272, 

p=0.006), as well as similarly strong association between MGP and HOMA IR levels 

(r=0.308, p=0.002). A similarly positive association between MGP and insulin levels 

(r=0.204, p=0.042), was also found. However, no significant linear association 

between Lp(a) and both HOMA IR and insulin levels was indicated (r=0.122, p=0.097 

and r=0.173, p=0.085, respectively). Given these results we performed further 

subgroup analyses for each category separately and the only association observed 

was between MGP and LP(a) levels only in group A (r=0.455, p=0.022).  

 

 

 

4. Discussion 

This study outlines that MGP and Lp(a) levels, which are indicative of 

vascular calcification and atherogenetic process, play an important role in patients 

with CKD regardless of a diabetes diagnosis.  The majority of patients with chronic 

kidney disease (CKD) have excessive vascular calcification, which is often 

considered a strong prognostic marker of cardiovascular disease and mortality.  

 Our study showed that patients with stage IV CKD and DM have significantly 

higher serum levels of MGP compared to uremic patients without diabetes. However, 

no significant difference in MGP levels was found between the latter and healthy 

subjects. This finding demonstrates that diabetes mellitus, coexisting with renal 

disease, leads to extreme vascular calcification, expressed by elevated MGP levels, 

resulting in the higher frequency of cardiovascular disease in these patients 

compared to patients with CKD and without DM.  

These results concur with a previous study, which found that serum levels of 

MGP were higher in patients with a high number of risk factors for coronary artery 

disease as well as in patients with high overall Framingham coronary heart disease 

risk score [39]. Furthermore, Braam et al. found that levels of circulating MGP in 

patients with type 1 Diabetes Mellitus (which is a risk factor for atherosclerosis) were 

elevated [40]. Our findings concerning the group B of patients (CKD patients without 

diabetes) are in agreement with the results of Jono et al, which detected a reverse 

association between the levels of serum MGP and coronary artery calcification [9].  

Possible explanations of the above findings is that MGP may be induced in 

response to calcification as a local negative feedback mechanism that increases 

MGP levels in calcified human plaque. Thus, a part of MGP that is water-soluble is 

released in circulation and may account for the elevated levels of serum MGP 



  

 

 

observed in atherosclerotic patients. Another potential mechanism is inadequate 

levels or activity of mineralization inhibitor such as MGP in CKD patients [41]. 

Additionally, Lp(a) levels were significantly higher in patients with CKD (with 

or without diabetes) compared to diabetic patients without CKD or healthy 

participants. It should be noted that patients in both categories (namely, CKD+DM 

and CKD) demonstrated particularly elevated levels of Lp(a), indicative of being high 

risk patients [35,36] , while the coexistence of both CKD and DM was accompanied 

with even higher levels of Lp(a), emphasizing the notably increased cardiovascular 

risk in those patients.    

Moreover, an independent and statistically significant positive linear 

association was reported between MGP and Lp(a), as well as MGP and HOMA-IR in 

the total sample population. This suggests an in vivo association of the vascular 

calcification process with atherogenesis and with the insulin resistance 

pathophysiological spectrum. However, in subgroup analyses an association 

between MGP and Lp(a) was observed only in patients with CKD and DM, 

supporting the findings that renal disease and DM comorbidity is associated with an 

even higher cardiovacsular risk.  

Lp(a) levels appeared to be significantly increased in patients with CKD, 

possibly assosiated with genetic as well as other factors related to CKD apart from 

GFR [42]. On the other hand, Lp(a) concentrations were not significantly correlated 

with insulin sensitivity (HOMA-IR) which is consistent with existing literature [43-44]. 

The association between MGP and Lp(a) was consistent with the results of a 

previous study performed in transgenetic rabbits in which Lp(a) levels were 

associated with increased alkaline phosphatase activity and calcium accumulation 

[32]. Moreover, a positive association was also observed in patients with 

cardiovascular disease [45].  A possible explanation could be that Lp(a), and the 

subsequently induced vascular calcification promote the MGP expression by smooth 

muscle cells possibly reflecting a transformation of vascular smooth muscle cells to 

osteoblast-like cells especially in patients with CKD [46]. 

In addition, the recorded significant positive linear association between MGP 

and HOMA-IR reflects the increased vascular calcification process observed in 

patients with diabetes. The pathogenesis of vascular calcification in diabetes is not 

completely understood, though high glucose and other potential factors may play an 

important role by transforming VSMCs into osteoblast-like cells [47]. Our findings are 

consistent with Parker’s et al who found significantly higher levels of uncarboxylated 

MGP (the precursor of MGP) associated with mitral annular calcification and aortic 

stenosis in patients with diabetes compared to those without diabetes [48]. This 

finding supports the hypothesis that MGP plays a key role in the increased vascular 

calcification process observed in patients with diabetes. Further understanding of the 

mechanism by which diabetes induces this complication is needed to design effective 

therapeutic strategies to intervene with this process [46].  

Finally, according to our findings a parallelism between hsCRP and Lp(a) is 

noted. Lp(a) is associated with atherosclerosis, in which inflammation process has 

also been implicated in the pathogenesis of coronary artery disease. hs-CRP is a 

sensitive index of inflammation, however, there is not sufficient scientific 

bibliographical support to indicate a direct association between the latter (namely 

hsCRP) and Lp(a) [49-50]. As a result, due to the limitation of our study and the 



  

 

 

potential confounding factors between the two parameters, more research is needed 

before any conclusion can be drawn. 

 Regarding the limitations of the present study, the relatively small sample size 

may diminish the statistical power and certain secondary observations may not have 

reached statistical significance. Due to lack of resources in recruitment, patient 

matching by predictors of vascular calcification could not be done. Moreover, the 

absence of vascular atherosclerosis estimation and the cross-sectional design does 

not allow the substantiation of an etiological or pathophysiological hypothesis.  

However, to the best of our knowledge, this is the first study that examined 

the MGP levels simultaneously in these four categories and tried to investigate 

possible associations with insulin resistance and Lp(a) levels. 

 

 

 

5. Conclusion 

In conclusion, we have demonstrated that in patients with CKD, the Lp(a) 

were significantly elevated. This is an important finding as the Lp(a) and MGP levels 

association may represent the key to a complicated mechanism of the coexisting 

accelerated atherosclerosis and vascular calcification development in those patients. 

Excessive vascular calcification occurs when diabetes mellitus coexists in CKD 

patients, resulting in higher risk of major cardiovascular events and mortality. MGP 

plays an important, protective, role against this process by acting as a vitamin k-

dependent inhibitor for vascular calcification. However, the mechanism behind the 

vascular effect of MGP in CKD patients without diabetes mellitus would require 

further research exploration. 

 

 

 

 

 



  

 

 

Authors Contributions 

Stavros Antonopoulos, Maria Mylonopoulou, Angeliki M. Angelidi and Nicholas 

Tentolouris planned and conducted the current study. Stavros Antonopoulos, Maria 

Mylonopoulou and Angeliki M. Angelidi wrote the manuscript. Antonis A. Kousoulis, 

Nicholas Tentolouris edited the manuscript. Stavros Antonopoulos, Maria 

Mylonopoulou and Angeliki M. Angelidi contributed equally to this work and share the 

first authorship. All the authors read and approved the final paper.  

 

 

 

Conflicts of interest: none. 

 

 

 

Funding 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors.  



  

 

 

References 

[1] Pozzoni P, Del Vecchio L, Pontoriero G, Di Filippo S, Locatelli F. Long-term 
outcome in hemodialysis: morbidity and mortality. J. Nephrol 2004;17:S87–S95. 
[2] Epstein M. Reduction of cardiovascular risk in chronic kidney disease by 
mineralocorticoid receptor antagonism. Lancet Diabetes Endocrinol 2015;3:993–
1003. 
[3] Moody WE, Edwards NC, Chue CD. Arterial disease in chronic kidney disease. 
Heart 2013;99:365–372. 
[4] Coylewright M, Rice K, Budoff MJ. Differentiation of severe coronary artery 
calcification in the Multi-Ethnic Study of Atherosclerosis. Atherosclerosis 
2011;219:616–622. 
[5] Goodman WG, Goldin J, Kuizon BD, Yoon C, Gales B, Sider D, et al. Coronary-
artery calcification in young adults with end-stage renal disease who are undergoing 
dialysis. N Engl J Med 2000;342:1478–1483. 
[6] Chen NX, Moe SM. Vascular calcification in chronic kidney disease. Semin 
Nephrol 2004;24:61–68. 
[7] Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work Group. 
KDIGO clinical practice guideline for the diagnosis, evaluation, prevention, and 
treatment of Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD). 
Kidney Int Suppl 2009;113:S1–S130.  
[8] Vliegenthart R, Oudkerk M, Hofman A, Oei HH, van Dijck W, van Rooij FJ, 
Witteman JC. Coronary calcification improves cardiovascular risk prediction in the 
elderly. Circulation 2005;112:572–577. 
[9] Jono S, Shioi A, Ikari Y, Nishizawa Y. Vascular calcification in chronic kidney 
disease. J Bone Miner Metab 2006;24:176–181. 
[10] Moe SM, Chen NX. Mechanisms of vascular calcification in chronic kidney 
disease. J Am Soc Nephrol 2008;19:213–216. 
[11] Chen NX, Moe SM. Vascular calcification: pathophysiology and risk factors. Curr 
Hypertens Rep 2012;14:228–237. 
[12] Liberman M, Pesaro AE, Carmo LS, Serrano Jr CV. Vascular calcification: 
pathophysiology and clinical implications. Einstein (Sao Paulo) 2013;11:376–382. 
[13] Ducy P, Zhang R, Geoffroy V, Ridall AL, Karsenty G. Osf2/Cbfa1: a 
transcriptional activator of osteoblast differentiation. Cell 1997;89:747–754. 
[14] Moe SM, Reslerova M, Ketteler M, O'neill K, Duan D, Koczman J, et al. Role of 
calcification inhibitors in the pathogenesis of vascular calcification in chronic kidney 
disease (CKD). Kidney Int 2005;67:2295–2304. 
[15] Luo G, Ducy P, McKee MD, Pinero GJ, Loyer E, Behringer RR, Karsenty G. 
Spontaneous calcification of arteries and cartilage in mice lacking matrix GLA 
protein. Nature 1997;386:78–81. 
[16] Shanahan CM, Weissberg PL. Smooth muscle cell heterogeneity: patterns of 
gene expression in vascular smooth muscle cells in vitro and in vivo. Arterioscler 
Thromb Vasc Biol 1998;18:333–338. 
[17] Price PA, Williamson MK, Primary structure of bovine matrix Gla protein, a new 
vitamin K-dependent bone protein. J Biol Chem 1985;260:14971–14975. 
[18] Hermans MM, Vermeer C, Kooman JP, Brandenburg V, Ketteler M, Gladziwa U, 
et al. Undercarboxylated matrix GLA protein levels are decreased in dialysis patients 
and related to parameters of calcium-phosphate metabolism and aortic augmentation 
index. Blood Purif 2007;25:395–401. 
[19] Schurgers LJ, Cranenburg EC, Vermeer C. Matrix Gla-protein: the calcification 
inhibitor in need of vitamin K. Thromb Haemost 2008;100:593–603. 
[20] Jono S, Ikari Y, Vermeer C, et al. Matrix Gla protein is associated with coronary 
artery calcification as assessed by electron-beam computed tomography. Thromb 
Haemost 2004;91:790–794. 
[21] Canfield AE, Farrington C, Dziobon MD, Boot-Handford RP, Heagerty AM, 
Kumar SN, Roberts IS. The involvement of matrix glycoproteins in vascular 



  

 

 

calcification and fibrosis: an immunohistochemical study. J Pathol 2002;196:228–
234.  
[22] Proudfoot D, Skepper JN, Shanahan CM, Weissberg PL. Calcification of human 
vascular cells in vitro is correlated with high levels of matrix Gla protein and low 
levels of osteopontin expression. Arterioscler Thromb Vasc Biol 1998;18:379–388. 
[23] Schurgers LJ, Teunissen KJ, Knapen MH, Kwaijtaal M, van Diest R, Appels A, et 
al. Novel conformation-specific antibodies against matrix gamma-carboxyglutamic 
acid (Gla) protein: undercarboxylated matrix Gla protein as marker for vascular 
calcification. Arterioscler Thromb Vasc Biol 2005;25:1629–1633. 
[24] Schurgers LJ, Dissel PE, Spronk HM, Soute BA, Dhore CR, Cleutjens JP, 
Vermeer C. Role of vitamin K and vitamin K-dependent proteins in vascular 
calcification.  Z Kardiol 2001;90:57–63. 
[25] Brancaccio D, Biondi ML, Gallieni M, Turri O, Galassi A, Cecchini F, et al. Matrix 
GLA protein gene polymorphisms: clinical correlates and cardiovascular mortality in 
chronic kidney disease patients. Am J Nephrol 2005;25:548–552. 
[26] Cassidy-Bushrow AE, Bielak LF, Levin AM, Sheedy PF 2nd, Turner ST, 
Boerwinkle E, et al. Matrix gla protein gene polymorphism is associated with 
increased coronary artery calcification progression. Arterioscler Thromb Vasc Biol 
2013;33:645–651. 
[27] Brancati FL, Whelton PK, Randall BL, Neaton JD, Stamler J, Klag MJ. Risk of 
end-stage renal disease in diabetes mellitus: a prospective cohort study of men 
screened for MRFIT. Multiple Risk Factor Intervention Trial. JAMA 1997;278:2069–
2074. 
[28] Tozawa M, Iseki C, Tokashiki K, Chinen S, Kohagura K, Kinjo K, et al. Metabolic 
syndrome and risk of developing chronic kidney disease in Japanese adults. 
Hypertens Res 2007;30:937–943. 
[29] Djurovic S, Berg K. Epidemiology of Lp(a) lipoprotein: its role in 
atherosclerotic/thrombotic disease. Clinical genetics 1997;52:281-292. 
[30] Emerging Risk Factors Collaboration, Erqou S, Kaptoge S, Perry, PL, Di 
Angelantonio E, Thompson A, et al. Lipoprotein(a) concentration and the risk of 
coronary heart disease, stroke, and nonvascular mortality. JAMA 2009;302:412–423. 
[31] Nordestgaard BG, Langsted A. Lipoprotein (a) as a cause of cardiovascular 
disease: insights from epidemiology, genetics, and biology. J Lipid Res 
2016;57:1953-1975. 
[32] Sun H, Unoki H, Wang X, Liang J, Ichikawa T, Arai Y, et al. Lipoprotein(a) 
enhances advanced atherosclerosis and vascular calcification in WHHL transgenic 
rabbits expressing human apolipoprotein(a). J Biol Chem 2002;277:47486–47492. 
[33] Komai N, Morishita R, Yamada S, Oishi M, Iguchi S, Aoki M, et al. Mitogenic 
activity of oxidized lipoprotein (a) on human vascular smooth muscle cells. 
Hypertension 2002;40:310-314. 
[34] Hernández JL, López-Mejías R, Blanco R, Pina T, Ruiz S, Sierra I, et al. 
Association of Trabecular Bone Score with Inflammation and Adiposity in Patients 
with Psoriasis: Effect of Adalimumab Therapy. J Osteoporos 2016;2016:5747852. 
[35] Nicholls SJ, Tang WH, Scoffone H, Brennan DM, Hartiala J, Allayee H, et al. 
Lipoprotein(a) levels and long-term cardiovascular risk in the contemporary era of 
statin therapy. J Lipid Res 2010;51:3055-3061. 
[36] Marcovina SM, Albers JJ, Jacobs DR Jr, Perkins LL, Lewis CE, Howard BV, et 
al. Lipoprotein[a] concentrations and apolipoprotein[a] phenotypes in Caucasians 
and African Americans. The CARDIA study. Arterioscler Thromb 1993;13:1037-1045. 
[37] Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S, et al. 
Using standardized serum creatinine values in the Modification of Diet in Renal 
Disease study equation for estimating glomerular filtration rate. Ann Intern Med 
2006;145:247–254. 
[38] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and beta-cell function from 



  

 

 

fasting plasma glucose and insulin concentrations in man. Diabetologia 
1985;28:412–419. 
[39] O'Donnell CJ, Shea MK, Price PA, Gagnon DR, Wilson PW, Larson MG. et al. 
Matrix Gla protein is associated with risk factors for atherosclerosis but not with 
coronary artery calcification. Arterioscler Thromb Vasc Biol 2006;26:2769–2774. 
[40] Braam LA, Dissel P, Gijsbers BL, Spronk HM, Hamulyák K, Soute BA, et al. 
Assay for human matrix gla protein in serum: potential applications in the 
cardiovascular field. Arterioscler Thromb Vasc Biol 2000;20:1257–1261. 
[41] Wuyts J, Dhondt A. The role of vitamin K in vascular calcification of patients with 
chronic kidney disease. Acta Clin Belg. 2016;71:462-467. 
[42] Uhlig K, Wang SR, Beck GJ, Kusek JW, Marcovina SM, Greene T, et al. Factors 
associated with lipoprotein(a) in chronic kidney disease. Am J Kidney Dis 
2005;45:28–38. 
[43] Psyrogiannis A, Habeos I, Kyriazopoulou V. Insulin sensitivity and Lp(alpha) 
concentrations in normoglycemic offspring of type 2 diabetic parents. Lipids Health 
Dis 2003;2:8. 
[44] Wolffenbuttel BH, Leurs PB, Sels JP, Rondas-Colbers GJ, Menheere PP, 
Nieuwenhuijzen Kruseman AC. Improved blood glucose control by insulin therapy in 
type 2 diabetic patients has no effect on lipoprotein(a) levels. Diabet Med 
1993;10:427–430. 
[45] Mayer O Jr, Seidlerová J, Vaněk J, Kielbergerová L, Bruthans J, Filipovský J, et 
al. The association between uncarboxylated matrix Gla protein and lipoprotein-
associated phospholipase A2. Maturitas 2015;80:82–88. 
[46] Moe SM, Chen NX. Inflammation and vascular calcification. Blood Purif 
2005;23:64–71. 
[47] Chen NX, Moe SM. Arterial calcification in diabetes. Curr Diab Rep 2003;3:28–
32. 
[48] Parker BD, Schurgers LG, Vermeer C, Schiller NB, Whooley MA, Ix J H. The 
association of uncarboxylated matrix Gla protein with mitral annular calcification 
differs by diabetes status: The Heart and Soul study. Atherosclerosis 2010;210:320–
325. 
[49] Ogbera AO, Azenabor AO. Lipoprotein (a), C-reactive protein and some 
metabolic cardiovascular risk factors in type 2 DM. Diabetol Metab Syndr 
2010;27:2:51. 
[50] Schmitz, G, Orsó E. Lipoprotein(a) hyperlipidemia as cardiovascular risk factor: 
pathophysiological aspects. Clin Res Cardiol Suppl 2015;10:21–25. 
 

 

  



  

 

 

Highlights  

 

 

  

 Diabetes coexisting with chronic kidney disease is associated with elevated 

MGP levels 

 

 A positive association between MGP and both Lp(a) and HOMA IR levels 

was found  

 

 Potential association of Lp(a) and MGP with atherosclerosis & vascular 

calcification 
 


