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Introduction
Varicose veins (VV) are the most common manifestation of 
chronic venous insufficiency affecting the superficial veins of 
the lower extremity. The prevalence of VV in the general pop-
ulation is between 15-50%, thus being an important cause of 
morbidity (Woodside et al 2003). Aging, female gender, preg-
nancy, obesity, and family history have been identified as risk 
factors for developing VV (Carpentier et al 2004), whereas the 
pathogenesis and progression of the disease remain unclear.
Matrix Gla protein (MGP), a major local ectopic calcifica-
tion inhibitor synthesized by vascular smooth muscle cells 
(VSMCs) and chondrocytes, was considered playing a key role 
in both physiological and pathological calcification processes 
(Schurgers et al 2008). This vitamin K-dependent extracellu-
lar protein could be found in different forms, depending on its 
two post-translational modifications (carboxylation and phos-
phorylation): carboxilated, uncarboxylated, phosphorylated, 
desphosphorylated, or combinations thereof. The only available 
kit is an immunoassay for MGP [designated by us as total MGP 

(tMGP) because it can not discriminate between the conforma-
tions mentioned above]. Serum MGP levels depend on protein 
synthesis and secretion, and also on the amount of MGP accu-
mulated at the calcification areas. The contribution of each tis-
sue (bone, cartilage, arterial and venous wall) to the circulating 
pool of MGP is yet unknown.
In respect to chronic venous insufficiency, the only study pub-
lished on MGP has shown an increased MGP expression in 
VV and an association between over-expression of MGP tran-
scripts and increased local MGP levels (Cario-Toumaniantz et 
al 2007). The study showed that carboxylated MGP was more 
abundant in the media of non-VV, and  uncarboxylated MGP 
was detected abundantly in the media of the VV. VSMCs from 
VV showed an increased proliferation rate and enhanced ma-
trix mineralization. Because MGP inhibits the proliferation and 
mineralization of VSMCs, the study concluded that high MGP 
expression in VV may have a contribution to vein wall remod-
eling. Hence, there is no published data on the behavior of cir-
culating MGP in patients with VV.
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It was demonstrated that oxidative stress increases in VV, lead-
ing to accumulation of reactive oxygen species (ROS) due to 
leukocyte trapping in the vessel wall and subsequent activation 
(Krzyściak et al 2011). The reaction between two free radicals, 
nitric oxide and superoxide, leads to the formation of peroxyni-
trite which reacts with the phenolic ring of tyrosine and forms 
nitrotyrosine (NT). Serum accumulation of NT was considered 
a reflection of the oxidant/antioxidant imbalance (Sies 1991) 
being the footprint of the interaction between nitric oxide and 
ROS. A loss of nitric oxide bioavailability with increased ROS 
production was considered characteristic for endothelial dys-
function (Guzik et al 2002) which is a possible mechanism in 
VV development (Carrasco et al 2009).
The human matrix metalloproteinases family are either secret-
ed or membrane-bound enzymes, distinguished by their Zn2+ 
binding capacity to carry out the proteolytic activity and also 
by their capability to degrade extracellular matrix (EM) (Shin 
et al 2007). Among them, matrix metalloproteinase-9 (MMP-
9) is an enzyme involved in EM remodeling by digesting de-
natured collagens (Allan at al 1995). It was demonstrated that 
MMP-9 is localized in the endothelial cells, VSMCs and ad-
ventitial microvessels in both normal veins and VV (Woodside 
et al 2003) with increased expression and activity in thrombo-
phlebitic VV (Kowalewski et al 2004). Furthermore, serum 
levels of pro-MMP-9 were found elevated in blood stasis due 
to venous insufficiency, providing evidence of polymorphonu-
clear activation in the VV walls in response to postural stasis 
(Jacob et al 2002). 
The complex interplay between vascular wall remodeling, oxi-
dative stress and matrix mineralization reflected on circulating 
level was not investigated before. Only a study was published 
on circulating NT in patients with VV (Condezo-Hoyos et al 
2013) but the serum markers for EM remodeling (e.g., MMP-
9) and matrix mineralization (e.g., MGP) were not assessed. 
If arterial calcifications have received more attention, there is 
still no published data on the behavior of circulating tMGP in 
patients with VV. 
The main objective of our study was to determine the variations 
in circulating tMGP, MMP-9 and NT levels and also to evaluate 
the relationship between them in patients with VV compared 
to controls. Moreover, we wanted to investigate the behavior 
of these parameters before and after a stressful event (surgical 
removal of VV from inferior limbs) and to find out if there is 
a contribution of MGP originating from the veins of inferior 
limbs to the total circulating pool of MGP.

Material and method
The study was conducted on a control group (n=29) and a pa-
tients group (n=29). The mean age was 47±10 years and gen-
der distribution was 9 males and 20 females in both groups. 
The patients group included patients diagnosed with VV, ad-
mitted at the 2nd Vascular Surgery Clinic, University County 
Hospital Cluj-Napoca, for crossectomy, great saphenous vein 
stripping and phlebectomies (Muller’s method). Patients with 
history of vitamin K antagonist treatment were excluded from 
the study. The control group consisted of age-sex matched ap-
parently healthy volunteers with no history of VV, diabetes 
mellitus or coronary artery disease. Also, subjects diagnosed 
with chronic kidney disease, inflammatory or osteoarticular 

diseases were excluded from the study. Smokers were defined 
as current habit or smoking history for at least two years in the 
past five years. Prior to enrollment, informed consent was ob-
tained from all participant and demographics and medical his-
tory were recorded. All data will remain confidential and will 
not be used outward the study.  The study design was approved 
by the Medical Ethics Committee of our University and was in 
accordance with the declaration of Helsinki. 
We obtained venous blood samples after approximately 12 hours 
of fasting from both control and patients group before surgical 
intervention and 4-5 days after surgery. Venous blood samples 
were collected in sodium citrated tubes and were centrifuged 
in maximum 1 hour. We preserved the obtained citrated plasma 
at -80°C until assaying.
Plasma levels of MMP-9 were determined with a commercial-
ly available sandwich ELISA kit (IBL International GMBH, 
Hamburg, Germany) on an Organon 230S reader (Organon 
Teknika, Oss, the Netherlands), following the manufacturers 
protocol. The detection limit of the assay was 0.05 ng/ml and 
our intra-assay CV was 7.4%. 
Plasma levels of NT were assayed with a commercially avail-
able sandwich ELISA kit (Abnova, Jhongli, Taiwan) on an 
Organon 230S reader (Organon Teknika, Oss, the Netherlands). 
The detection limit of the assay was 2 nM and our intra-assay 
CV was 2.2 %.
Plasma tMGP levels were assessed with a sandwich ELISA kit 
(USCN Life Science Inc., Wuhan, China) using Organon Reader 
230S (Organon Teknika, Oss, the Netherlands), in accordance 
with the manufacturer’s instruction. The detection range for 
tMGP in plasma was 39-2500 pg/ml. The sensitivity of the as-
say and our intraday CV was 20 ng/L and 6.1%, respectively.
Variables were expressed as median with minimum and maxi-
mum value between parentheses. For comparisons between pa-
tients with varicose veins before surgery and patients after sur-
gery, the Wilcoxon test was used. The chi-square and Fischer’s 
exact tests were used for categorical variables to test the homo-
geneity of proportions. Mann-Whitney U test was computed to 
assess differences between controls and patients with VV, be-
tween genders or smoking/non-smoking subjects. For bivariate 
correlation analysis the Spearman’s Rho correlation coefficient 
(r) was performed. The reported p-values are based on two-
tailed tests and p<0.05 was considered statistically significant. 
Statistical analysis was completed with SPPS version 15.0 for 
Windows (SPSS inc., Chicago, Il, USA). 

Results 
The laboratory measurements of the age-gender matched controls 
and patients with VV before and after surgery are summarized 
in Table 1. The mean age was 47±10 years and gender distri-
bution was 9 males and 20 females in both groups. There was 
no significant difference in terms of demographics or medical 
history between patient and control groups except for a lower 
body mass index (BMI) in the control group (p<0.001). We found 
significantly lower serum tMGP and MMP-9 levels in patients 
after surgery compared to controls (p<0.05 and p<0.001, respec-
tively). Only MMP-9 was significantly decreased in patients be-
fore surgery compared to controls (p<0.001). Circulating tMGP 
levels decreased with 15% after surgery compared to patients 
before surgery. Serum NT levels did not differ significantly be-
tween groups in all pairwise comparisons.
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Regarding the differences in serum tMGP, MMP-9 and NT 
levels between smokers and non-smokers in the control group, 
only circulating MMP-9 was higher in smokers than non-smok-
ers [133 (95-159) ng/mL versus 67 (19-153) ng/mL, p=0.001]. 
Besides a marginal statistical variation of tMGP levels in pa-
tients with VV [82 (19-154) μg/L in smokers versus 50 (27-
116) μg/L in non-smokers, p=0.056], the other two circulating 
parameters were not significantly modified. In addition, we did 
not find significant gender differences for serum tMGP, MMP-
9 and NT levels in the two groups.
Even if BMI was higher in patients compared to controls, there 
was no correlation with serum tMGP, MMP-9 or NT levels in 
any group. Moreover, these circulating parameters were not cor-
related with age and gender neither in patients nor in controls. 
The strong association between MMP-9 and smoking found in 
the control group (r=0.61, p<0.001) had become marginal in pa-
tient group (r=0.26, p=0.052) and was reported as not significant. 
There was no correlation between tMGP and NT in any group. 
Correlations of tMGP, MMP-9 and NT are presented in Table 2.

Discussion
The etiology and mechanisms that lead to structural changes in 
VV are not entirely understood, although recent studies suggest 
an imbalance between VSMCs multiplication and EM organi-
zation (Badier-Commander et al 2000). Degradation of EM is 
required to permit relocation of cells throughout remodeling 
(Raffetto et al 2008). EM surrounding VSMCs was degraded 
by MMP-9 along with other matrix metalloproteinases (Borden 
& Heller 1997).
Our study showed a decrease of circulating MMP-9 levels in pa-
tients with VV before and after surgery compared to the control 
group. A study demonstrating less MMP-9 activity in VV then 
normal veins (Woodside et al 2003) could support our finding, 
suggesting a disruption in the EM remodeling of VV, possibly 
due to differences in MMP activation/inhibition or other factors 
related to enzyme activity. Conversely, a study reporting variation 
in MMP-9 expression when comparing normal veins with VV 
(Parra et al 1998) found no immunohistochemical differences. 

Within the patient group, circulating tMGP was significantly 
decreased after surgery, whereas serum level of MMP-9 has 
remained relatively unchanged. Furthermore, serum tMGP and 
MMP-9 behaved differently when comparing patients and con-
trol group: both were higher in controls versus patients after sur-
gery, but only MMP-9 was significantly lower in terms of differ-
ences between controls and patients before surgery. VSMCs are 
involved in EM remodeling which is altered in VV, explaining 
why MMP-9 levels are declined in patients with VV compared 
to controls. Even if lower levels of tMGP were found in patients 
with VV before surgery compared to the control group, statis-
tical significance was not reached. Furthermore, no correlation 
between MMP-9 and tMGP in controls was found. Therefore, 
the EM alteration in patients with VV before surgery is reflect-
ed only by MMP-9 and not by circulating tMGP levels, since 
calcification of superficial veins of inferior limbs is rare (de 
Godoy & Batigália 2011).
Patients after surgery had significantly lower levels of tMGP 
than patients before surgery and control group, respectively. 
Even if MMP-9 was also decreased, statistical significance was 
not reached.  MMP-9 is localized in VSMCs (Woodside et al 
2003) which also represent the site of MGP synthesis (Schurgers 
et al 2008). It seems possible that these findings could be the 
consequence of the surgical removal of VV, resulting in a de-
crease of venous tissue and therefore of VSMCs. This explana-
tion was strengthened by the relationship found between tMGP 
and MMP-9 in patients with VV. The constitutive decrease in 
tMGP was 15%, suggesting that it can be the contribution of 
MGP from inferior limb veins to the total pool of circulating 
MGP. A study reporting low constitutive MGP expression in 
patients after percutaneous coronary intervention compared to 
a healthy control group (Schurgers et al 2005) could support 
our hypothesis of constitutive decrease.
No significant differences regarding NT levels between controls 
and patients before and after surgery were found. These find-
ings are supported by a recent study conducted on patients in 
early stages of chronic venous insufficiency, in which NT was 
not included in a global index of oxidative stress in chronic ve-
nous insufficiency (Condezo-Hoyos et al 2013). Subsequently, 

Table 1. Laboratory measurements in controls and patients before and after surgery
Control group Patient group p 

(n=29) Before surgery (n=29) After surgery (n=29) (patients)
Measurements
tMGP, μg/L 59 (18-154) 65 (32-97) 40 (17-95) <0.05
NT, nM/L 2143.5 (1680-2883) 2469.5 (1782-2961) 2430 (1654-3058) NS
MMP-9, ng/mL 82 (19-159) 36 (2-108) 29 (4-92) NS

Data are presented as median with minimum and maximum value between parentheses. The p-values for comparisons between 
patients before and after surgery are given. Abbreviations: NS - not significant.

Table 2. Correlations of circulating tMGP, MMP-9 and NT

Controls Patients with VV
Smoking HT tMGP MMP9 NT Smoking HT tMGP MMP9 NT

tMGP NS NS NS NS 0.28* -0.31* 0.37* NS
MMP9 0.61** -0.47* NS NS NS -0.41* 0.37* NS
NT NS NS NS NS -0.43* NS NS NS

Values represent r (Spearman’s Rho correlation coefficient) with *p<0.05, and ** p<0.001. Abbreviations: HT - hypertension.
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we found no correlations between NT and MMP-9 or MGP, in-
ferring that oxidative stress did not have a contribution to the 
decrease of tMGP and MMP-9 in patients with VV. 
The strengths of our study were the comparison of tMGP, MMP-
9 and NT levels between age-sex matched healthy subjects and 
patient population, but also the evaluation of these parameters 
behavior before and after surgery.
Drawbacks of the present study were the number of subjects, 
the transversal design and the fact that patients with VV were 
not stratified according to the clinical, etiologic, anatomic, and 
pathophysiologic data (CEAP classification) of chronic venous 
disease (Eklöf et al 2004). We also did not assess the possible 
influence of medication (statines, flavonoides) or stasis of the 
compression stockings on tMGP levels. This information would 
have offered a better insight and a more accurate assessment of 
tMGP in patients with VV, leading to an advanced evaluation 
of tMGP status. Longitudinal studies exploring the behavior of 
tMGP in chronic venous insufficiency are needed in order to 
determine if there is a specific role of MGP in EM remodeling. 
Therefore, the results of this study warrant further investiga-
tions and should be interpreted with caution. Furthermore, future 
work conducted on larger cohorts and VV patients distributed 
based on the CEAP classification are recommended.

Conclusion
The differences between patients with VV before surgery and 
controls are reflected only by higher levels of MMP-9 and not 
by circulating tMGP levels. Higher circulating levels of MMP-
9 (a proxy for EM remodeling) might differentiate between 
controls and patients with chronic venous insufficiency. Also, 
oxidative stress (using NT as marker) did not affect the circu-
lating levels of tMGP or MMP-9 after surgical removal of VV. 
The substantial lower tMGP after venous stripping compared to 
levels before surgery, along with the correlation with MMP-9 
found in patients group are evocative for low constitutive MGP. 
Thus, it is noteworthy that MGP originating from veins had a 
contribution to the total pool of circulating MGP. 
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