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Abstract

Introduction—P-selectin is a cell adhesion molecule shown to play a role in venous
thromboembolism. We evaluated whether higher P-selectin is associated with chronic venous
insufficiency (CVI).

Materials and Methods—In a cohort of 2408 participants, the San Diego Population Study,
peripheral venous disease was established by symptoms, clinical examination, and ultrasound. We
measured P-selectin in a subsample of 352 CVI cases frequency matched to controls. Cases
included four hierarchical groups of increasing severity of CVI.

Results—The association of P-selectin with CVI considering all cases was weak, with an age,
race and sex-adjusted odds ratio (OR) of 1.3 (95% CI 1.0-2.2) for values in the 3" versus 15t
tertile. The OR for cases in the two most severe groups was 2.3 (95% CI 1.2-4.2). Addition of
body mass index to the model reduced this OR to 1.9 (95% CI 1.0-3.6).

Conclusions—Higher circulating P-selectin was associated with more severe CVI, but not CVI
overall. Results support that platelet and endothelial cell activation may be involved in the
pathogenesis of CVI.
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Chronic venous insufficiency (CVI) includes a spectrum of findings characterized by
impaired venous return. CV1 is associated with disability and significant adverse impact on
quality of life. Manifestations range from varicose veins to pain, skin breakdown, and
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ulcerations. Although CVI is common and has substantial morbidity, there are few estimates
of its prevalence worldwide [1]. In the United States, an estimated 25 million have varicose
veins, two to six million have advanced CVI, and 500,000 have venous ulcerations [2]. The
disease presents a substantial financial burden as well, contributing to 92 of every 100,000
hospitalizations in the United States. Risk factors for CV1 include age, family history,
obesity, sedentary lifestyle, and smoking [3]. The best established etiology of CVI is deep
vein thrombosis (DVT), when it is complicated by post thrombotic syndrome (PTS) [4]. PTS
occurs in up to 50% of patients with DVT and is often caused by ongoing venous
obstruction and valvular reflux [5, 6]. PTS can also occur after asymptomatic DVT, thus
explaining some fraction of CVI in the general population [7]. Prior research in our lab
revealed an association between hemostatic factors and CVI including higher factor VIII,
von Willebrand factor, and D-dimer, supporting this concept [8].

P-selectin is a cell adhesion molecule found in the a granules of platelets and the Weibel-
Palade bodies of endothelial cells. Once expressed, P-selectin is released in soluble form and
interacts with the P-selectin glycoprotein ligand-1 (PSGL-1) present on leukocytes. Several
mouse models have demonstrated the importance of P-selectin and PSGL-1 in leukocyte
recruitment to thrombi and fibrin generation [9]. Elevations in P-selectin are implicated in
stroke, acute myocardial infarction, coronary artery disease, and peripheral artery disease
[10]. High plasma P-selectin is also associated with risk of first and recurrent venous
thromboembolism (VTE) and with VTE in cancer patients [11-14]. Pharmacologic P-
selectin inhibitors are being developed for use in reducing the risk of thrombosis, including
VTE [15]. Importantly, P-selectin may play a role in vein wall fibrosis following clot
formation, thus contributing to venous insufficiency [16].

Given the above findings, we studied the association of soluble P-selectin level with risk of
CVI. We hypothesized that higher P-selectin is a risk factor for CVI.

Materials and Methods

Participants

The reported analysis is a cross-sectional study using data from the baseline visit of an
existing cohort, the San Diego Population Study. Participants were 2,408 men and women
selected as a stratified random sample of employees and retirees of the University of
California, San Diego [17]. Spouses or significant others of participants were included and
199 volunteers who asked to participate were enrolled. Stratification factors included age,
sex and ethnicity. Participants were enrolled from 1994 to 1998. Participants self-defined
race/ethnicity from a list and informed consent was provided according to institutional
review boards of participating institutions.

At the baseline visit personal and family health history, demographic information, blood
samples, physical examination and vascular examination were performed. Thrombosis
history was defined via interview as positive answers to standardized questions on whether
participants had previous DVT or PE treated with anticoagulants. History of superficial vein
thrombosis was defined similarly but did not require treatment with anticoagulants. Prior
history of trauma, burns, fractures, and prolonged surgery or vascular procedures were
recorded. Participants answered standardized questions to assess leg symptoms previously or
currently [18].

Vascular Examination

At baseline, duplex ultrasound was used with standardized methods to quantify functional
disease, reflux, and obstruction with Acuson128 duplex ultrasonograph (Siemens
Corporation, Mountain View CA) with a 5-MHz transducer. A pressure monitoring system
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was used for Valsalva reflux testing and valvular insufficiency was defined as Valsalva
reflux > 0.5 seconds. Partial and complete venous obstruction was assessed by degree of
compressibility of the venous walls, with normal defined as complete compressibility.
Presence of superficial venous functional disease (SFD) and deep venous functional disease
(DFD) were defined by ultrasound as reflux or abnormal compression in superficial and
deep veins, respectively. Visible venous disease corresponded to the Clinical Etiologic
Anatomic Pathologic (CEAP) classification categories: CO (none), C1 (telangectasias or
reticular veins), C2 (varicose veins), C3 (edema); C4 (pigmentation, eczema,
lipodermatosclerosis, or atrophie blanche), C5 (healed venous ulcer); C6 (active venous
ulcer) [19]. We classified trophic changes of skin (TCS) as C4-C6. Lower extremity edema
was considered independently.

Case Control Study Design

A cross-sectional case-control study was conducted within the cohort to analyze the
association of P-selectin with risk and severity of CVI. Of the 2,404 participants, 725
participants did not meet criteria for being a case or control and were excluded from the
analysis. We selected four hierarchal cases groups with increasing severity of CVI based on
clinical and imaging characteristics. Severity of disease was based on the patient's most
affected lower extremity. The lowest severity group consisted of 125 patients with DFD and
no TCS or symptoms. The second group included 137 patients with SFD and TCS or edema,
as well as those with a normal ultrasound and TCS. The third group included 59 participants
with DFD, symptoms including aching or edema, and no TCS. The final and most severe
group consisted of 49 patients with DFD and TCS, regardless of symptoms. The total case
group included 370 patients however 18 had insufficient blood samples thereby leaving 352
participants. The control group was selected from 1313 participants without subjective or
objective findings for CVI including no SFD, DFD, edema, VV, TCS, and leg aching. From
among the 1270 potential controls with blood samples, we selected 352 participants
frequency matched to cases by 10-year age group, race, and sex.

In 2010, after we defined case groups for our study, an Institutes of Medicine subcommittee
revised their definition for CVI to be consistent with the updated CEAP classification of
2004 from the American Venous Forum [20]. Using the new definition, participants in case
group one and those without edema in group three, no longer had chronic venous
insufficiency. We repeated our analysis excluding these participants, which left 199 cases
and 352 controls.

Laboratory Analysis

Blood was drawn at the study visit and centrifuged within 3 hours with serum or plasma
stored at -70°C. Samples were retrieved from the 352 cases and 352 controls and soluble P-
selectin was assayed in EDTA plasma using a commercially available ELISA kit (R&D
Systems, Minneapolis, MN) by technicians blind to case control status. The coefficients of
variation across four samples of various concentrations were 5.4-10.3% and the range of the
assay was 18.6-911 ng/ml.

Statistical Analysis

Participant characteristics were reported and compared using t-tests or Chi-squared tests
comparing all case groups combined and the control group. For modeling, the distribution of
P-selectin was divided into tertiles based on the control group distributions. Logistic
regression models were used to calculate the odds ratio and 95% confidence interval of CVI
with increasing P-selectin, by comparing participants in the second and third tertiles to those
in the first tertile as the reference group. Control for potential confounders was completed
using multivariable modeling with serial addition of potential confounders thought to be
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related to both CVI and P-selectin including BMI, prior venous thrombosis, smoking
history, family history of venous ulceration, and history of cancer. P values were calculated
with a test for trend across tertiles of P-selectin. We repeated analyses considering only
cases in the two most severe CVI groups, compared to controls. To determine if there was
an even higher risk of CVI with more extreme values of P-selectin, sensitivity analysis was
performed assessing the odds ratio of CVI for those with P-selectin above compared to
below the 90th percentile of the distribution in the control group. Lastly, to further assess the
relationship of P-selectin with severity of CVI we conducted ordinal regression analysis
using the ordered case groups as an ordinal outcome.

Table 1 compares characteristics of the 352 controls and 352 cases. The two groups were
similar in age, sex, and race due to the frequency matching. Body mass index (BMI) was
higher in the case group than controls. The case group had a higher prevalence of prior
venous thrombosis, history of venous surgery, family history of venous thrombosis, and
family history of venous ulcers. There were no significant differences between the groups in
prevalence of hypertension, diabetes, smoking, or history of cancer.

The distribution of P-Selectin concentration in controls ranged from 18.6 to 911ng/ml. The
mean value was slightly higher but not significantly different in cases compared to controls
(35.2 versus 34.1 ng/ml, p=0.30). The mean for combined case groups 1 and 2 was 34.9 ng/
ml, and for combined case groups 3 and 4 was 36.2 ng/ml (Figure 1). Rrisk factor levels by
P-selectin tertiles in controls are shown in Table 2. Of the risk factors evaluated, only higher
BMI was associated with higher P-selectin. While those in the top tertile of P-selectin were
more likely to be hypertensive than those with lower levels, this relationship was not
statistically significant (p=0.08). The correlation coefficients of P-selectin with age and BMI
were 0.06 (p = 0.25) and 0.16 (p=0.004), respectively.

In Table 3, odds ratios of CVI by tertiles of P-selectin are shown using tertile 1 as the
referent. Comparing all case groups (n=352) with controls (h=352), the odds ratios of CVI in
tertiles 2 and 3 were 1.2 (95% CI 0.8-1.9) and 1.5 (95% CI 1.0-2.2), respectively. The only
potential confounder which attenuated this association was BMI, which resulted in an odds
ratio for tertile 3 of 1.3 (95% CI 1.0-2.2). The odds ratios were unchanged with further
addition of other potential confounders listed in the table. In evaluation of the two highest
CVI case groups (n=80) compared to all controls (n=352), the odds ratios of CVI were 1.4
(95% CI 0.7-2.7) for P-selectin in the 2" tertile and 2.3 (95% CI 1.2-4.2) in the 3™ tertile.
Addition of BMI to the model again modestly attenuated this association to an odds ratio of
1.9 (95% CI 1.0-3.6) in tertile 3. The odds ratio remained unchanged with further addition of
the other potentially confounders. Results did not differ substantively with exclusion of
participants with previous venous thrombosis. In sensitivity analyses including all CV1 cases
there was no increased risk of CVI for P-selectin above versus below the 90t percentile;
odds ratio 1.0 (95% CI 0.6-1.7). For P-selectin defined as a continuous variable, the odds
ratio of CVI for a 1-SD increase in P-selection was 1.1 (95% CI 0.9-1.3).

The results from ordinal regression analysis showed a relationship of P-selectin in the top
tertile with severity of CVI across the 4 case groups. The odds ratio of being in one higher
severity group of CVI was 1.6 (95% CI 1.1-2.4). This attenuated to 1.4 (0.9-2.0) after
accounting for BMI and was not influenced by the other potential confounders (data not
shown).

Using the new Institutes of Medicine case definition of CVI, in a post hoc analysis the odds
ratios of CVI in tertiles 2 and 3 of P-selectin were 1.3 (95% CI 0.8-2.1) and 1.6 (95% ClI
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1.0-2.6), respectively. Addition of BMI to the model modestly attenuated this association to
an odds ratio of 1.4 (95% CI 0.9-2.3) in tertile 3. The odds ratios were unchanged with
further addition of other potential confounders.

Discussion

We demonstrated that higher levels of P-selectin were associated with CVI, but only for
more severe disease as defined in this study. Findings suggest that platelet and endothelial
cell activation and release of P-selectin may be involved in the pathogenesis of CVI. The
association of P-selectin with CV1 was partially attenuated when adjusting for BMI, but not
other potential confounding variables.

We are not aware of other studies evaluating the relationship of P-selectin with CVI.
However, previous studies reported associations of higher P-selectin levels with increased
incidence of DVT and with risk of recurrent VTE [12-14]. Higher levels of P-selectin might
relate to CVI by virtue of being a marker of thrombosis risk. This would be consistent with
knowledge that P-selectin is involved in vein fibrosis after thrombosis [16]. In addition,
prior studies have reported associations of other circulating proteins involved in thrombosis
and inflammation with CV1 or post-thrombotic syndrome [8, 21]. Our study expands the
association of P-selectin with VTE to the complications following thrombotic events and to
CVI in general.

The observed association of P-selectin and CVI here was partially accounted for by BMI.
Cytokines and adipokines released from adipose tissue play both a direct and indirect role in
haemostasis and coagulation [22]. Adipokines produced by the adipose tissue including
tumor necrosis factor-alpha, resistin, and leptin were associated with CV1 in the cohort
studied here [23]. Higher BMI is associated with increased inflammatory markers and these
in turn are associated with PTS. In a study of inflammatory markers and risk of PTS, BMI
was also a confounder [21]. Conversely, the study by Ay, et al. showed an association of
higher P-selectin with VTE risk in cancer patients, where BMI was not a confounder [24]. It
is possible that obesity is the primary risk factor for CVI and that P-selectin is elevated as a
consequence of obesity and has no role in the pathogenesis of CVI. Production of P-selectin
by adipose tissue has not been reported but our findings and others suggest further study is
indicated.

Our definition of CVI severity was created for this study and does not represent a validated
classification of disease. The purpose was not to propose a new definition of CVI severity
for clinical use, but to address associations of biomarkers with our definition of severity.
Indeed in this study and previous reports biomarkers were more strongly associated with
more severe CVI, lending credence to the definition we used [8, 23]. Nonetheless, findings
require replication.

Our study has limitations that deserve discussion. The cross sectional design renders
findings subject to reverse causality, meaning that the CVI could have caused an increase in
P-selectin. We had relatively few cases of CVI in the more severe CVI groups. Applying a
newer definition of CVI from the Institutes of Medicine did not substantially change
interpretation of our results, but led to a smaller sample size and limited power to detect the
modest observed association. The strengths of our study include a well characterized
population with thorough evaluation of severity of CVI based on symptoms, clinical
examination and standardized ultrasound imaging. Additionally, the analysis included all
well established risk factors for VTE and CVI to assess for potential confounding. Of note,
the same San Diego population is currently being examined to determine incidence of CVI.
This will provide prospective confirmation of the current findings.
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conclusion, these findings suggest an association of higher P-selectin with risk of CVI.
ore study is needed including the assessment of the interrelationship of adipose tissue and

P-selectin, and consideration of the utility of P-selectin in prediction of PTS in patients with
DVT.
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Figure 1.

Box plots showing the distribution of P-selectin levels for controls and cases. The center line
of the box is the median, the outside edges are the 25! and 75! percentile, and the whiskers
extend 1.5 times the interquartile range from the 25™ and 75t percentiles. Observations
outside the whiskers are represented by dots. The test for trend p value is included for the
three categories represented in the figure.
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Characteristics of Cases and Controls

Table 1

Characteristic Controls(n=352) Cases (n=352) p
Age - mean (sd) 62.3 (11.2) 62.7 (11.6) 0.61
Sex, Male 41% 41% 0.97
Race, White 68% 68% 0.96
African American 10% 10% 0.99
Hispanic 11% 11% 0.99
Asian 11% 11% 0.92
BMI, kg/m2 - mean (sd) 26.4 (4.6) 28.0 (5.3) <0.001
History of Smoking 55% 49% 0.16
Hypertension 28% 32% 0.26
Diabetes 6% 7% 0.54
Prior Venous Thrombosis 1% 13% <0.001
Venous Surgery 1% 15% <0.001
FH of Venous Thrombosis 4% 9% 0.01
FH of Venous Ulcer 1% 4% 0.007
History of Cancer 14% 10% 0.10
P-selectin, ng/ml - mean (sd) 34.1(13.2) 35.2 (13.7) 0.30

Body Mass Index (BMI) Family History (FH)

Thromb Res. Author manuscript; available in PMC 2013 November 01.

Page 9



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Bryan et al.

Table 2

Risk Factor levels by P-selectin Tertiles in Controls

Characteristic Tertilel Tertile2 Tertile3 *
P-selectin, ng/ml 49-26.8 26.8-37.0 37.0-90.6
Age - mean (sd) 61 (11) 62 (11) 63(11) 0.26
Sex, Male 39% 41% 42% 0.63
Race, White 75% 63% 66% 0.13

African American 10% 10% 8%

Hispanic 7% 14% 14%

Asian 7% 14% 13%
BMI, kg/m2 - mean (sd) 25.7(43) 26.1(41) 27.0(5.00 0.03
History of Smoking 55% 53% 54% 0.84
Hypertension 23% 27% 33% 0.08
Diabetes 3% 6% 6% 0.29
Prior Venous Thrombosis 1% 0% 3% 0.37
Venous Surgery 1% 2% 2% 0.79
FH of Venous Thrombosis 5% 5% 3% 0.34
FH of Venous Ulcer 1% 1% 1% 1.00
History of Cancer 13% 18% 12% 0.85

Body Mass Index (BMI) Family History (FH)

Test for trend except for race, where a p value for overall difference by race from ANOVA for mean P-selectin by race is provided.

Thromb Res. Author manuscript; available in PMC 2013 November 01.

Page 10



Page 11

Bryan et al.

$9]1148) SS0JJ€e puaJ) 10} 1Sa |
¥

(NA) 1921N SNoUdA ‘(H4) A103stH Ajied “(LA) sisoquiody L snousA ‘(1ING) xapul sseiN Apog

600 (Le-60)6T (ze-L0)sT €0 (61-80) 2T (8T-80)2T  J90ueD Jo AIOISIH +
80°0 (8€-60)6'T (Te-L0)GT 620 (6'1-80) €T (818021 NAJOH +
800 (8€-60)6T (0e-r0)gt G20 (6'1T-80) €T (818021 K103s1H Bunows +
600 (Le-60) 8T (0e-L0)vT G20 (61-80) €T (81-80) 2T 1A Joud +
90°0 (9¢-0T)6'T Lzrovv LT0 (0z-60 €T (818021 INgG +
100 (cvzn)ee Lzrovv ¥0'0 (zzom gt (61-80) 2T a0eYy 'xaS ‘o
3 €a|neL zomeL 3 €a|nleL zamplL Solelenod PPo N

(2ge=u) S|011u0d SA (0g=u) sdnoJbased 1seybiy gz  (2Ge=U) S|0J1U0 SA (gGe=u) SdnoJb ases ||y

(Jusiayay se T 319 1) UNd3|3s-d JO S3|IMB L Ad IAD 0 soley sppO
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Thromb Res. Author manuscript; available in PMC 2013 November 01.



