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Abstract

Background—Chronic venous disease is common and shares some risk factors with venous
thromboembolism (VTE). Several genetic loci have been discovered and well-replicated for VTE
in European descent populations. We examined associations of a genetic risk score (GRS),
comprising known VTE loci, with chronic venous disease.

Methods—The San Diego Population Study (SDPS) is a multi-ethnic cohort that evaluated 2404
men and women aged 29-91 from 1994 — 1998 for chronic venous disease. The current study
includes 1447 participants genotyped for 33 variants in 22 established VTE risk loci. Using these
variants, unweighted and weighted GRS were constructed. Logistic regression was used to
examine associations with venous disease.

Results—In non-Hispanic Whites, African-Americans, Hispanics, and Asians, each standard
deviation increment higher of the unweighted 33-SNP GRS was associated with a 1.45-fold (95%
Cl (1.26, 1.67)), 1.74-fold (1.18, 2.55), a 1.80-fold (1.30, 2.51), and 1.88-fold (1.30, 2.73) greater
odds, respectively, for moderate plus severe disease. The difference in c-statistics was significant
between a known venous risk factor model and a model adding the 33-SNP GRS for Whites
(p=0.008), African-Americans (0.03), and Hispanics (p=0.04), with marginal significance in
Asians (p=0.06).
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Conclusions—GRS comprising variants primarily from VTE findings in European descent
populations were associated with chronic venous disease across all race/ethnic groups, and
contributed significantly to prediction, indicating some level of generalizability to other race/
ethnic groups. Future work should focus on more in depth examination of racial/ethnic group
genetic architecture in relation to chronic venous disease.
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Introduction

Chronic venous disease is common, with varicose veins affecting up to 25 million people in
the US, and 6 million people affected by more advanced venous disease manifesting as
trophic changes or ulcers[1]. Venous disease is often overlooked as a chronic condition.
However, it can lead to serious complications such as ulcers and edema[1-3], adversely
affecting quality of life and mobility[2,4,5]. Prevalence estimates of chronic venous disease
can vary quite widely due to differing evaluation methods and definitions[1-3,6-9], with
prevalence of varicose veins ranging from 2% to 56% in men and <1% to 73% in various
countries around the world[2]. The prevalence estimates for chronic venous insufficiency
range from <15 to 17% in men, while the range for women is <1% to 40%[2].

Risk factors for chronic venous disease include age, sex, non-Hispanic White race, smoking,
obesity, pregnancy, previous leg injury, time spent sitting or standing, physical inactivity,
hypertension, and previous venous thromboembolism (VTE)[7,9-11]. Chronic venous
disease is also heritable, as several studies have found family history as a significant risk
factor[7,9,12-15]. However, since conditions such as varicose veins are relatively common,
familial aggregation studies can easily suffer from misclassification and bias[2].

While several genetic loci have been discovered and replicated for VTE[16-27], primarily in
populations of European descent, very little attention has been paid to genes which may
contribute to chronic venous disease or whether gene variants related to VTE may also play
a role in chronic venous disease. In this regard, chronic venous disease can be a result of
post-thrombotic syndrome from a previously unrecognized deep vein thrombosis, and these
two conditions share some risk factors[28]. Thus, we examined the association of 33-SNP
genetic risk score, comprised of known loci for VTE, with chronic venous disease in a
multi-ethnic cohort, the San Diego Population Study (SDPS). We additionally examined the
association of a 5-SNP race/ethnic specific genetic risk score with chronic venous disease in
this cohort, and sought to determine whether the 33-SNP and 5-SNP genetic risk scores
significantly contributed to predictive ability above and beyond known venous risk factors
in this multi-ethnic population.
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Materials and Methods

Study Participants

The San Diego Population Study (SDPS) is a prospective cohort study of 2404 ethnically
diverse men and women aged 29-91 designed to study lower extremity chronic venous
disease and peripheral artery disease. Participants residing in San Diego County were chosen
randomly within age, race/ethnic and sex strata, resulting in the cohort of approximately
65% women, and 60% that were non-Hispanic White, 13% African-American,15% Hispanic
and 12% Asian.

The baseline clinic examination took place in 1994-98 and included evaluation of venous
disease. Additional information on demographics, lifestyle factors, family history, personal
health history and habits, anthropometrics, comorbidities, lipids and glucose was also
collected. Further details of the study design and the clinic examination have been
previously published [9,10].

The current study includes a subsample of the original 2404 participants from the baseline
exam who had returned for a second follow-up clinic exam approximately 11 years later
(n=1064) or who were sampled as part of a nested case control study of peripheral venous
disease[28] (n=697) (Figure 1). Participants selected as part of the peripheral venous disease
case control study could not have had a previous venous thrombosis[28]. Of these 1761 total
participants in the two subsamples, 302 overlapped between the follow-up exam and the
nested case control study, leaving 1459 distinct participants with who also had available
genotyping for variants previously associated with VTE (Figure 1). Of the 1459 participants,
11 did not self-report as non-Hispanic White, African-American, Hispanic, or Asian and
were excluded. One additional participant did not have complete genotyping on all SNPs
used in the risk score, leaving a total sample size of 1447 for the current study (Figure 1).

All participants provided written, signed informed consent, and the study was approved by
the Institutional Review Board at University of California, San Diego.

Single Nucleotide Polymorphism (SNP) selection

Thirty-three SNPs listed in Supplemental Table 1 were chosen from the existing genome-
wide association study (GWAS) and candidate gene literature of genetic variants implicated
in VTE, i.e. deep vein thrombosis and pulmonary embolism. Studies were largely in
participants of European descent, and SNPs were significantly associated with VTE as
defined by each study’s criteria.

DNA Extraction and SNP Genotyping

DNA extraction and SNP genotyping was performed at the University of Vermont
Laboratory for Clinical Biochemistry Research. DNA was extracted from blood spots on
filter paper using a 3mm punch, and eluted DNA was stored at —20C until genotyping.
Genotyping was performed using an accurate, flexible, high-throughput genotyping method,
the TagMan 5’ nuclease allelic discrimination assay, on an ABI HT 7900 (Applied
Biosystems, Foster City, CA, USA).
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Chronic Venous Disease

Covariates

Chronic venous disease in each leg was assessed by trained vascular technologists using
both visual inspection and duplex ultrasound. Participants were categorized into three
mutually exclusive disease categories: normal, moderate or severe venous disease. The
normal category included participants with no varicose veins or trophic changes (i.e.
lipodermatosclerosis, hyperpigmentation, healed ulcer, or active ulcer) upon visual
inspection, and no insufficiency or obstruction of the deep or superficial venous systems by
duplex ultrasound[9]. The normal category corresponds directly to CEAP classification Cp
or C; with Pn[29]. The moderate disease category included participants with varicose veins
or reticular varices in the absence of trophic changes upon visual inspection, or with either
insufficiency or obstruction of the superficial system or the perforating veins, but not in the
deep system, by duplex ultrasound imaging[9]. The moderate disease category corresponds
directly to C», Ap or An in the CEAP classification[29]. The severe disease category
included participants with trophic changes upon visual inspection or insufficiency or
obstruction in the deep system by duplex ultrasound imaging[9]. The severe disease
category corresponds directly to C4, Cs, Cg or Ad in the CEAP classification system[29].
For the current study, we considered venous disease as a combined outcome with moderate
plus severe disease, as well as severe only. Further details on the protocol, quality control,
and the venous disease classifications for the SDPS have been previously published[9,10].

Information on socio-demographics and lifestyle factors, including age, sex, race/ethnicity,
smoking, physical activity, and time spent sitting and standing was collected via
interviewer-administered questionnaires at the baseline exam. Side-specific information on
previous leg injury was obtained via interviewer-administered questionnaire. Prevalent
cardiovascular disease, history of previous VTE, and previous hernia surgery were also self-
reported at baseline. Participants were asked to self-report flat feet on the study
questionnaire. In addition, the standing foot arch height was visually inspected and ranked as
flat, small, or normal/high by a trained technologist. Medication use was assessed via
medication inventory. Height, weight, and waist circumference were measured using
standardized methodology. Body mass index was calculated as the weight in kilograms
divided by the height in meters squared. Systolic and diastolic blood pressures were
measured in the right arm for each participant after 5 minutes of rest. Prevalent hypertension
defined as systolic blood pressure = 140 mmHg, or diastolic = 90 mmHg or use of anti-
hypertensive medications. Prevalent diabetes was defined based on self-report or use of anti-
diabetic medications, including insulin. Non-fasting total and HDL cholesterol were
measured at the Lipid Analytical Laboratory, which is a participant in the ongoing CDC-
NHLBI Lipid Standardization Program. The total cholesterol assay was performed on the
Abbott VP biochromatic analyzer. The HDL cholesterol procedure utilized heparin-
manganese chloride as a precipitant.

Statistical Analysis

Given the sample size constraints and given that the studied SNPs were already known loci
for VTE (a related disease) we first used an unbiased approach of constructing a genetic risk
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score comprising all 33 SNPs. We examined an unweighted score, as well as a weighted
score, with each SNP weighted by beta coefficients derived from the literature, primarily
from published studies in those of European descent. Next we sought to determine whether a
race/ethnic-specific risk score with a reduced number of SNPs would perform better than, or
as well as, the 33-SNP score. With this approach, similar to that of deHaan et al[30], the top
5 SNPs associated with moderate plus severe venous disease in each race/ethnic group were
selected, regardless of statistical significance threshold. The top 5 SNPs were determined by
p-value ranking, i.e. the SNPs with smallest p-values. For the 5-SNP risk score, weights
were derived from the beta coefficients from models examining the unadjusted associations
of the top 5 SNPs for moderate plus severe venous disease in race/ethnicity stratified
models. It should be noted that, given the 5-SNP score is derived from the current study
sample, this approach is exploratory. For both the 33-SNP and 5-SNP genetic risk scores,
each SNP was assigned a value of 0, 1, or 2 based on the number of alleles conferring risk
for VTE in the literature such that the range of possible genetic risk scores for each
individual was 0 to 66 for the 33-SNP risk score and 0 to 10 for the 5-SNP risk score.
Genetic risk scores only included SNPs not in high LD with each other (r2<0.80) as
determined by Haploview V 4.2[31].

Logistic regression was used to examine the associations of the unweighted and weighted
genetic risk scores with moderate plus severe, as well as severe venous disease, stratified by
race/ethnic group. In order to determine whether the associations of the genetic risk scores
with venous disease were linear, we used generalized additive models (GAMs) with a
smoother that fits cubic B-splines to the data. Splines indicated no substantial departures
from linearity, thus we modeled the genetic risk scores per standard deviation. To determine
which venous risk factors should be included in the base model for comparisons with the
genetic risk score models, backward stepwise regression was used to create a parsimonious
model. Risk factors with p<0.10 in at least one race/ethnic specific model were included for
all race/ethnic specific models, resulting in a standard set of covariates across the groups. In
order to test whether observed associations were mediated by self-reported history of VTE at
the baseline exam, we also adjusted for previous VTE in separate models.

In order to assess whether the genetic risk score contributed significantly to predictive
ability and reclassification above and beyond known venous risk factors for moderate plus
severe venous disease, we used c-statistics (i.e. area under the curve) and net reclassification
improvement (NRI). Given that well-established risk cut points are not available for chronic
venous disease, reasonable cut points where chosen for the NRI, including 5, 15, and 25% as
well as 5, 10, 15, 20 and 25%.

All analyses were performed in SAS V 9.3 (SAS Institute, Cary, NC).

Participant Characteristics

Overall mean + SD age of the 1447 participants was 60 + 11 years, with 64% being female,
and 62% White, 11% African-American, 14% Hispanic, and 12% Asian. Approximately
38% of participants in this sample had either moderate or severe venous disease (Table 1).

Thromb Res. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wassel et al.

Page 6

Of the 312 (22%) participants with severe venous disease, 65% were non-Hispanic white,
10% were African-American, 12% Hispanic, and 12% Asian.

Additional detail on the baseline characteristics for participants with and without moderate
or severe venous disease and p-values for univariate differences is provided in Table 1. Age,
weight, waist circumference, BMI, systolic and diastolic blood pressure, and time spent
sitting per day appeared to differ between those with and without venous disease. A larger
percentage of participants with venous disease had hypertension and previous VTE
compared with participants without venous disease.

SNP Characteristics

Most SNPs were common (MAF=5%), but many varied in allele frequency across race/
ethnic groups (Supplemental Table 1). Two SNPs, rs6025 (Factor V Leiden) and rs1799963
(F2), were low frequency (1%<MAF<5%) in non-Hispanic Whites and Hispanics, and
monomorphic in African-Americans and Asians. All SNPs were in Hardy Weinberg
Equilibrium within all race-ethnic groups (all p>0.01).

Single SNP Associations with Venous Disease

Association

Single SNP associations for the top 5 SNPs with moderate plus severe venous disease by
race/ethnic group are shown in Table 2. These SNPs were included in the race-specific 5-
SNP genetic risk scores for venous disease. Several loci and SNPs overlapped in their
associations with venous disease among the race/ethnic groups, primarily those in PROC,
F11, and STXBP5. No single SNP association met a Bonferroni significance criterion
(0.05/33=0.0015) in any race/ethnic group; however, the top few SNPs in each race/ethnic
group did meet a nominal significance criterion (p<0.05).

of Race/Ethnic Specific Genetic Risk Scores with Venous Disease

For the unweighted 33-SNP genetic risk score, the mean + SD was 27.9 + 4.6 for non-
Hispanic whites, 32.1 + 3.6 for African-Americans, 31.7 + 4.7 for Hispanics and 35.1 + 4.3
for Asians. The mean + SD for the weighted 33-SNP race/ethnic specific genetic risk score
was 7.9 £ 1.6 for non-Hispanic whites, 9.1 + 1.3 for African-Americans, 9.5 + 1.7 for
Hispanics and 8.9 + 1.3 for Asians. For the unweighted 5-SNP genetic risk score, the mean
+ SD was 6.4 + 1.4 for non-Hispanic whites, 2.8 + 1.6 for African-Americans, 5.2 + 1.3 for
Hispanics and 7.1 + 1.6 for Asians. The mean + SD for the weighted 5-SNP race/ethnic
specific genetic risk score was 0.8 = 0.2 for non-Hispanic whites, 0.5 £+ 0.3 for African-
Americans, 1.7 + 0.4 for Hispanics and 1.4 = 0.4 for Asians.

In models adjusting for known venous disease risk factors, each SD increment higher of the
unweighted 33-SNP genetic risk score was significantly associated with a 1.45-fold greater
odds of moderate plus severe venous disease in non-Hispanic whites (p<0.001) and a 1.74-
fold greater odds in African-Americans (p=0.005), a 1.80-fold greater odds in Hispanics
(p<0.001), and a 1.88-fold greater odds in Asians (p=0.001) (Table 3). Results were
similarly significant for the association of the weighted 33-SNP risk score with moderate
plus severe venous disease (Table 3). The unweighted and weighted race/ethnic specific 5-
SNP genetic risk scores were also significantly associated with moderate plus severe venous
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disease for non-Hispanic whites, Hispanics, and Asians (Table 3). However, the associations
of the unweighted and weighted 5-SNP risk score for African-Americans were only
marginally significant (p=0.06, p=0.13, respectively). The strength of the association was
greater for 5-SNP vs. the 33-SNP scores for Hispanics, but similar between the 33-SNP and
5-SNP genetics risk scores in non-Hispanic whites and Asians. However, the 5-SNP risk
score is exploratory in nature and results should be viewed with caution.

Additional adjustment for previous VTE as a potential mediator did not change the results,
nor did removing the n=42 participants with previous VTE from the analysis. When
adjusting for previous VTE, the unweighted 33-SNP genetic risk score was associated with a
1.45-fold greater odds of moderate plus severe venous disease (95% CI (1.25, 1.68);
p<0.001) in non-Hispanic Whites, 1.69-fold greater odds ((1.14, 2.49); p=0.009) in African-
Americans, 1.81-fold greater odds ((1.29, 2.53); p<0.001) in Hispanics, and 1.97-fold
greater odds ((1.34, 2.91); p<0.001) in Asians. The unweighted 5-SNP genetic risk score
was associated with a 1.40-fold greater odds of moderate plus severe venous disease (95%
Cl (1.21, 1.63); p<0.001) in non-Hispanic Whites, 1.39-fold greater odds ((0.97, 1.98);
p=0.07) in African-Americans, 2.16-fold greater odds ((1.53, 3.05); p<0.001) in Hispanics,
and 1.90-fold greater odds ((1.28, 2.81); p=0.002) in Asians. Results were similar when
adjusting for previous VTE for the weighted 33-SNP and 5-SNP risk scores (data not
shown).

The unweighted and weighted 33-SNP and 5-SNP genetic risk scores were also significantly
associated with increased odds of severe venous disease, with the magnitude of the
associations for the 33-SNP scores slightly larger for severe disease across race/ethnic
groups as compared to moderate plus severe disease (Supplemental Table 2). The
associations of the 5-SNP scores were less strong as compared to the 33-SNP risk scores,
although in general still statistically significant for severe venous disease (Supplemental
Table 2). It should be noted that the 5-SNP risk score is exploratory in nature and results
should be viewed with caution.

Prediction and Reclassification of Venous Disease

Figure 2 displays the Receiver Operating Characteristic (ROC) curves for a base model with
known venous risk factors, and the base model plus the addition of the unweighted 33-SNP
and 5-SNP risk scores. The addition of the unweighted 33-SNP genetic risk score resulted in
significantly improved c-statistics (i.e. area under the curve) for moderate plus severe
venous disease in non-Hispanic whites (0.6432 vs 0.6752, p=0.0082), Hispanics (0.6918 vs
0.7543, p=0.04) and African-Americans (0.6488 vs 0.7119, p=0.03), but was only
marginally significant in Asians (0.6632, vs 0.7241, p=0.06). The unweighted race/ethnic
specific 5-SNP score added significantly to the area under the curve for non-Hispanic whites
(0.6432 vs 0.6709, p=0.02), Hispanics (0.6488 vs 0.7318, p=0.03), and marginally for
Asians (0.6632 vs 0.7222, p=0.06), but not African-Americans (0.6918 vs 0.7043, p=0.52).

In analyses adding the weighted 33-SNP and 5-SNP risk scores to the base model, the c-
statistics were only significantly improved for the non-Hispanic whites (0.6432 vs 0.6676,
p=0.03; 0.6432 vs 0.6687, p=0.02, respectively), and for the 33-SNP risk score in Hispanics
(0.6488 vs 0.7082, p=0.03) (Figure 3).
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The net reclassification improvement (NRI) for risk categories of 5, 10, 15, 20, and 25%, as
well as 5, 15, and 25% were examined for moderate plus severe venous disease
(Supplemental Table 3). Addition of the unweighted 33-SNP and 5-SNP genetic risk scores
to models containing known venous risk factors in general resulted in significant
reclassification for moderate plus severe venous disease for all race/ethnic groups. The
exception was the unweighted 5-SNP score among Hispanics, which was not significant for
either the risk categories of 5, 10, 15, 20, and 25% (p=0.40), or for 5, 15, and 25% (p=0.11).
The lowest reclassification occurred in non-Hispanic whites and Hispanics, in the range of
5-11% reclassification. More pronounced reclassification was observed for the other race/
ethnic groups, in the range of 15-20% net reclassification (Supplemental Table 3). Addition
of the weighted 33-SNP and 5-SNP scores resulted in significant reclassification for non-
Hispanic whites and African-Americans, but not for Hispanics or Asians (Supplemental
Table 3).

Discussion

In an ethnically diverse sample of 1447 participants from the San Diego Population Study,
we found that a 33-SNP genetic risk score and a 5-SNP race/ethnic specific risk score, both
generated from known SNPs for VTE, were significantly associated with moderate plus
severe chronic venous disease, as well as severe disease only. In general, the genetic risk
score exhibited stronger associations in Hispanic and Asian participants as compared to non-
Hispanic whites and African-Americans. Among African-American participants, the
strength of the association of the 33-SNP score was larger than for the race/ethnic-specific
5-SNP risk score, where associations were only marginally significant. A self-reported
history of prior VTE before the baseline exam did not appear to mediate the association
between the genetic risk scores and chronic venous disease, despite the fact that the loci
chosen were known VVTE loci, and further exclusion of participants with previous VTE did
not change the results. However, the number of previous VTE cases was quite small,
especially in race/ethnicity stratified models, so these results should be interpreted with
caution. To our knowledge, this is the first study to examine the role of known loci for VTE
in chronic venous disease, as well as to examine this in a multi-ethnic cohort.

While there were statistically significant associations of the unweighted and weighted 33-
SNP and 5-SNP with chronic venous disease (except in the case of the 5-SNP score in
African-Americans), the significance in terms of improving the area under the curve and
reclassification was somewhat inconsistent. It appeared that the unweighted 33-SNP and 5-
SNP genetic risk scores contributed in some capacity to improving the area under the curve
above and beyond known venous risk factors for all race/ethnic groups, while the weighted
risk scores only significantly contributed for non-Hispanic whites. Given the SNP selection
and derivation of the weights, which were from studies of European descent populations,
this consistency for non-Hispanic whites is expected. Overall, the genetic risk scores,
particularly in non-Hispanic whites and African-Americans, did appear to also contribute
somewhat to better net classification in each race/ethnic group. The reclassification rate was
highest in all race/ethnic groups for the unweighted 33-SNP score.
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There could be several reasons for the somewhat inconsistent results across unweighted and
weighted risk scores, as well as across race/ethnic groups, in terms of associations,
predictive ability and reclassification. While associations of the genetic risk scores with
chronic venous disease are statistically significant, this does not necessarily translate to
improved predictive ability or reclassification. SNPs were selected from the existing GWAS
and candidate gene literature of genetic variants implicated in VTE in primarily European
descent populations, thus there could be additional SNPs of greater importance for other
race/ethnic groups, particularly for African-Americans, due to differences in linkage
disequilibrium structure. Finally, the weights for the risk scores, which were drawn from
European descent populations, possibly do not translate quite as well to other race/ethnic
groups. The unweighted 33-SNP risk score performs the most consistently for significance
of associations, predictive ability and reclassification across all race/ethnic groups,
indicating at least some generalizability of findings in European descent populations to other
race/ethnic groups.

In 7346 participants from the Multiple Environmental Genetic Assessment (MEGA) study, a
genetic risk score comprising 31 known VTE SNPs was successful in increasing the AUC
for prediction of VTE, increasing the AUC, or c-statistic, from 0.77 to 0.82[30]. We
observed a similar increase in c-statistics in our study. Similar results were found in the
MEGA study whether using a 31-SNP or a 5-SNP risk score[30]. This genetic risk score was
also predictive of recurrent venous thrombosis[32]. Loci and SNPs in the MEGA study
genetic risk score that overlapped with the top SNPs in our genetic risk score for chronic
venous disease included SNPs in the ABO, FGG, TFPI, STXBP5, RGS7, GP6, PROC, F11,
F13A1 and SERPINCL loci[30]. Furthermore, similar to our study, this genetic risk score
also included SNPs that were not statistically significant per se in the MEGA study[30].

We found that well-established loci for VTE, PROC and F11, had SNPs that were well-
represented in the top 5 SNPs for chronic venous disease across race/ethnic groups, and thus
contributed to the genetic risk scores. We are not aware of other data linking these to venous
insufficiency. PROC SNPs rs1799810 and rs2069915 have been well-replicated for VTE in
several studies[16,24,25,33,34], and were top SNPs in non-Hispanic whites, African-
Americans, and Asians for chronic venous disease in our study. PROC encodes protein C, a
protein well known to contribute to etiology of VT; rs1799810 and rs2069915 are SNPs in
the promoter region of the gene, and are implicated in protein C deficiency [33,34]. F11
SNPs 52036914 and rs2289252 have also been well-replicated for VTE[16,17,21,24,25], or
the top most significant SNP in the study was in high LD with either rs2036914 or
rs2289252[27]. Rs2036914 fell in the top 5 SNPs for African-Americans, while rs2289252
fell in the top 5 SNPs for Hispanics in our study. Austin et al[17], the only study to our
knowledge including African-Americans, found that rs2036914 was significantly associated
with VTE. This SNP reached nominal significance in in our study in African-Americans
(p=0.06) and was included in the genetic risk score for chronic venous disease. F11 encodes
coagulation Factor XI, another well recognized risk factor for VTE.

STXBP5, syntaxin binding protein 5, a more recently discovered locus for VTE, was also
represented in the top SNPs for non-Hispanic whites, Hispanics and Asians for chronic
venous disease in our study. The SNP rs1039084 has been associated with VTE[20,26,30]
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but is also an important genetic determinant of levels of von Willebrand factor[35].
However, this SNP did not reach genome-wide significance in a large meta-analysis for
VTE[27]. Given these findings, it may be that STXBP5 is related to VTE through
mechanisms associated with chronic venous disease as an underlying cause of VTE, and not
von Willebrand factor.

Our study has several strengths. To our knowledge, other than reports from the SDPS on
Factor V Leiden and prothrombin 20210A, where associations with venous disease were not
observed[28], this is the first study to examine the associations of a number of known loci
for VTE with chronic venous disease, and in a multi-ethnic population. The SDPS has
precise and accurate measurement and classification of chronic venous disease based on
both functional and visual assessment. Additionally, we have shown that a set of SNPs in
aggregate may be important for a closely related condition or disease, even though each SNP
individually may only be of nominal significance in the sample.

Our study also has some limitations. Developing and then implementing a genetic risk score
in the same study, such as we did with the race/ethnic specific 5-SNP risk score, can lead to
bias and, sometimes an overestimation of associations, thus the 5-SNP risk score should be
viewed as exploratory and with caution. We did not validate this 5-SNP genetic risk score in
another cohort, but to our knowledge there are no currently available multi-ethnic cohorts, or
even cohorts of a single ethnicity, with chronic venous disease measured similarly to the
SDPS in addition to having these SNPs already genotyped or imputed from a GWAS.
However, since we are using SNPs previously associated with and replicated for VTE, a
closely related clinical condition, this seems reasonable and not a major weakness.
Furthermore, the 33-SNP risk score, which was implemented using all available SNPs
genotyped for VTE, as well as weights from the literature, showed similar strength of
associations to the 5-SNP score with chronic venous disease in all race/ethnic groups. Thus,
it does not appear there is substantial bias for the 5-SNP genetic risk score.

In our study, a 33-SNP genetic risk score and a race-ethnic specific 5-SNP risk score,
comprised of known VTE loci, were moderately associated with chronic venous disease, and
in the case of the unweighted genetic risk scores, contributed consistently to the predictive
ability and net reclassification above and beyond venous risk factors. If confirmed, findings
suggest that anticoagulant therapies might have a role in treating or preventing chronic
venous disease. Future work should focus on further exploration of the potential overlap of
loci for VTE and chronic venous disease in additional, large, genome-wide multi-ethnic
studies, as well as examining racial/ethnic group genetic architecture in relation to chronic
venous disease through generalization and fine-mapping. Finally, functional studies could
better elucidate the role of loci such as STXBP5 in both VTE and chronic venous disease.
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Highlights

» Genetic loci are well-established risk factors for venous thromboembolism
(VTE)

»  However, these loci were derived primarily from European descent populations

»  Whether VTE loci contribute to chronic venous disease, a related condition, is
unknown

» Ina multi-ethnic study, a genetic risk score (GRS) associated with venous
disease

« Addition of this GRS to models increased the prediction for chronic venous
disease
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Figure 1.
Figure 1 displays a flow diagram describing inclusions and exclusions from the original

study sample size of 2404 participants to the current study sample size of 1447 participants.
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Figure 2.
Figure 2 displays the Receiver Operating Characteristic (ROC) curves for the unweighted

genetic risk scores (GRS) and moderate plus severe venous disease by race/ethnicity. The y-
axis corresponds to the sensitivity, and the x-axis corresponds to one minus the specificity.
The red curve represents the base model, which contains age, sex, weight, waist, ever
smoking, time sitting, time walking, regular movement, hypertension, flat feet, previous leg
injury, previous hernia surgery. The blue curve represents the addition of the unweighted 33-
SNP GRS to the base model. The green curve represents the addition of the unweighted 5-
SNP GRS to the base model. P-values for the comparison of the c-statistics for the curves
are presented in the upper left hand corner.
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Figure 3.

Figure 3 displays the Receiver Operating Characteristic (ROC) curves for the weighted
genetic risk scores (GRS) and moderate plus severe venous disease by race/ethnicity. The y-
axis corresponds to the sensitivity, and the x-axis corresponds to one minus the specificity.
The red curve represents the base model, which contains age, sex, weight, waist, ever
smoking, time sitting, time walking, regular movement, hypertension, flat feet, previous leg
injury, previous hernia surgery. The blue curve represents the addition of the weighted 33-
SNP GRS to the base model. The green curve represents the addition of the weighted 5-SNP
GRS to the base model. P-values for the comparison of the c-statistics for the curves are

presented in the upper left hand corner.

Thromb Res. Author manuscript; available in PMC 2016 November 01.




1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Wassel et al.

Participant Characteristics by Venous Disease”

Table 1

No Venous Disease | Venous Disease
n=893 n=554

Age, years 50+ 11 61+11
Female Gender, n(%) 555 (62%) 367 (67%)
Ethnicity, n(%)

White 542 (61%) 356 (64%)

Hispanic 128 (14%) 79 (14%)

African-American 106 (12%) 59 (11%)

Asian 117 (13%) 60 (11%)
Ever Smoker, n(%) 436 (49%) 260 (47%)
Physical Activity, n(%)Jr

Less Active 117 (13%) 86 (16%)

Same Active 197 (22%) 123 (23%)

More Active 567 (64%) 330 (61%)
Weight, kg 73+16 76+17
Wiaist Circumference, cm 88+ 14 91+15
Body Mass Index, kg/m? 26.3+4.9 275+5.2
Prevalent Hypertension, n(%)i 394 (44%) 275 (50%)
Systolic BP, mmHg 130+ 19 132+ 20
Diastolic BP, mmHg 77+11 76 +11
Total cholesterol, mg/dL 209 + 39 212 +39
HDL cholesterol, mg/dL 55+ 17 55+ 17
Prevalent Diabetes, n(%)* 48 (5%) 33 (6%)
Prevalent Cardiovascular Disease, n(%) 22 (2%) 22 (4%)
Previous Venous Thromboembolism, n(%) 8 (1%) 34 (6%)
Previous Hernia Surgery, n(%) 82 (9%) 65 (12%)
Flat Feet, n(%) 119 (13%) 93 (17%)
Previous Leg Injury, n(%) 191 (21%) 136 (25%)
Time spent walking or moving/day$ 4.9+26 50+26
Time spent sitting/day3 74£28 70+27

*
Moderate + severe venous disease, mean + SD or n(%) presented

TCompared to other persons your age would you describe your level of physical activity as less active, more active, or similarly active?

Page 18

¢Hypertension defined as systolic blood pressure = 140 mmHg, or diastolic = 90 mmHg or use of anti-hypertensive meds; diabetes defined as use
of anti-diabetic medications or casual glucose > 200 mg/dL

§Currently, in a 24 hour period
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Table 2

Gene Coded/ Moderate + Severe | p-value
Non-coded Venous Disease
Allele OR (95% ClI)
White, n = 898
rs1799810 PROC AT 1.28 (1.06, 1.54) 0.01
rs2192824 TFPI CIT 1.23 (1.01,1.50) 0.04
rs1039084 STXBP5 AIG 1.20 (0.99.1.46) 0.06
rs670659 RGS7 CIT 1.19 (0.97, 1.45) 0.09
rs1613662 GP6 AIG 1.26 (0.96,1.64) 0.09
African-Americans, n = 165
rs3756008 KLKB1 AIG 2.89 (1.09.7.67) 0.03
rs2036914 F11 T/IC 1.62 (0.98, 2.66) 0.06
rs1800788 FGB TIC 1.83 (0.84, 4.01) 0.13
rs1799810 PROC AIT 1.39(0.87, 2.22) 0.16
rs2069915 PROC AIG 1.38 (0.84, 2.27) 0.20
Hispanic, n = 207
rs5985 F13A1 AIC 2.11 (1.27,3.51) 0.004
rs1039084 STXBP5 AIG 1.52 (1.03, 2.26) 0.04
1s2289252 F11 CIT 1.48 (0.96, 2.28) 0.07
rs8176720 ABO CIT 1.32(0.89, 1.99) 0.17
rs7853989 ABO G/C 1.70 (0.79, 3.69) 0.18
Asians, n =177
152227564 PLAU CIT 1.62 (1.02, 2.55) 0.04
rs1799810 PROC AT 1.84 (0.98, 3.47) 0.06
rs1039084 STXBP5 AIG 1.65 (0.97, 2.82) 0.06
rs253061 F2R AlC 1.48 (0.88, 2.48) 0.14
rs2069915 PROC AIG 1.38 (0.87, 2.21) 0.17
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Unadjusted Associations for Top 5 Single SNPs Contributing to Race/Ethnicity-specific Genetic Risk Scores
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