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Abstract Recently, the association of polymorphism

rs1800562 (p.C282Y) in the hemochromatosis (HFE) gene

with the increased risk of venous ulceration was shown. We

hypothesized thatHFE gene polymorphismmight be involved

not only in ulceration process, but also in susceptibility to pri-

maryvaricoseveins.WegenotypedHFEp.C282Y(rs1800562)

and p.H63D (rs1799945) variants in patients with primary

varicose veins (n = 463) and in the control group (n = 754). In

our study, p.282Y variant (rs1800562 A allele) was signifi-

cantly associatedwith the risk of varicose veins (OR1.79, 95 %

CI = 1.11–2.89, P = 0.02). A borderline significant reverse

association of p.63D variant (rs1799945 G allele) with venous

leg ulcer development was revealed in Russians (OR 0.25,

95 %CI = 0.06–1.00, P = 0.05), but not in the meta-analysis

(P = 0.56).Weconclude that theHFEgenepolymorphismcan

affect the risk of developing primary varicose veins.

Keywords Primary varicose veins � Hemochromatosis

gene

Introduction

Primary varicose veins (PVVs) are the most frequent form

of chronic venous disease (CVD) and the most common

venous pathology of lower limbs. This condition is char-

acterized by incompetence of superficial veins with reflux

in the main trunks and tortuosity of their tributaries. The

worldwide prevalence of primary varicose veins is rather

high, reaching 25–33 % in women and 10–21 % in men

[1–4]. In Russia, 72 % of patients with CVD seeking

treatment in phlebological care units are those with primary

varicose veins [5]. Despite the high prevalence of PVVs

and substantial costs of its treatment, mechanisms under-

lying this pathology remain unclear.

Several risk factors contribute to the prevalence and

incidence of varicose veins. The major risk factors reported

are age, gender, pregnancy, family history, and lifestyle

factors such as occupational activity involving long periods

of standing. Importance of genetics risk factors in devel-

oping of PVVs was recognized as early as in the middle of

last century [6–9]. In a study of Cornu-Thenard et al. [10],

134 families were examined, and authors found that the

risk of varicose veins for the children was 90 % when both

parents suffered, 25 % for males and 62 % for females

when one parent was affected, 20 % when neither parent

was affected. Models of inheritance and the results of

family and twin studies were comprehensively reviewed by

Marc-Antoine Pistoriusin in 2003 [11]. Chronic venous

disease has a considerable socioeconomic impact not only

due to the high prevalence of varicose veins. It also leads to

edema and development of progressive trophic disorders

such as eczema, hyperpigmentation, lipodermatosclerosis,

and venous ulcers. The prevalence of skin changes in

European populations varies from 3 to 11 % [12, 13], while

ulcers affect up to 1 % of adults [14–16].
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Several candidate genes related tomorphological changes

observed in varicose veins have been examined in associa-

tion studies. Among them, there were the alpha-2 type I

collagen gene (COL1A2) [17], matrix metallopeptidase-2

gene (MMP-2) [18], plasminogen activator inhibitor gene

(PAI-1) [19], methylene tetrahydrofolate reductase gene

(MTHFR C677T mutation) [20], matrix metallopeptidase 9

(MMP-9), and TIMP metallopeptidase inhibitor 2 (TIMP2)

genes [21].Genes examined in association studies performed

for chronic venous insufficiency with leg ulcer include

fibroblast growth factor receptor 2 gene (FGFR2) [22], the

factor V gene (F5,Leidenmutation) [23–26], tumor necrosis

factor-a gene (TNFa) [27], hemochromatosis gene (HFE),

solute carrier family 40 gene (SLC40A1), matrix metal-

lopeptidase-12 gene (MMP-12), and coagulation factor XIII

gene (FXIII) [28]. Recently, Zamboni et al. [29] showed the

association of p.282Y (rs1800562 A allele) variant of the

hemochromatosis (HFE) gene with the increased risk of

venous ulceration. However, HFE p.H63D variant was not

associated with venous ulceration in that study. The HFE

p.C282Y mutation is associated with most cases of heredi-

tary haemochromatosis. It was hypothesized that a local iron

overload in the affected legs could promote ulceration [30].

Iron is essential for various cellular metabolic processes. In

physiologic conditions, iron in the plasma is bound to trans-

ferrin.Circulating ironwhich is not bound to transferrin, heme,

or ferritin (NTBI, non-transferrin-bound iron) is potentially

toxic due to its capacity to generate reactive oxygen species

[31]. NTBI has been detected in a number of iron overload

diseases. This form of iron may exert pro-oxidant effects and

modulate cellular function and inflammatory response. NTBI

induces the expression of endothelial adhesion molecules and

could thus trigger endothelium to smooth muscle cell signal-

ing, leading to the change of its phenotype and initiation of

vein wall remodeling [32]. Taking into account the above-

mentioned consideration, we can hypothesize that HFE

polymorphism might be involved not only in ulceration pro-

cess, but also in common susceptibility to PVVs.

In this study, we aimed to investigate the association

between polymorphisms p.C282Y (rs1800562G[A) and

p.H63D (rs1799945C[G) in the HFE gene and the risk of

varicose veins in Russian population. The second aim was

to replicate the finding of Zamboni et al. [29] regarding the

association of these polymorphisms with different clinical

stages of CVD.

Methods

Participants

The protocol of the study was approved by the Ethics

committee of the Institute of Chemical Biology and

Fundamental Medicine of the Siberian Branch of the

Russian Academy of Sciences (protocol No. 5, September

13, 2013) and Pirogov Russian National Research Medical

University (protocol No. 123, January 21, 2013). All par-

ticipants signed a written informed consent. All consecu-

tive patients were deemed eligible, pending provision of

informed consent and meeting inclusion/exclusion criteria.

The case group comprised 463 individuals with PVVs.

All the participants underwent clinical examination with a

subsequent duplex ultrasound of a venous system of both

legs. The investigation of all individuals has been per-

formed by a trained surgeon specialized in managing of

CVD. Individuals with PVVs were consecutive patients

who were going to be operated on in three clinics in

Novosibirsk, Moscow, and Saint Petersburg. We used

CEAP (clinical severity, etiology, anatomy, and patho-

physiology) classification to define the clinical class of

CVD [33]. According to this classification, chronical

venous disorders have grades from C0 (no visible or pal-

pable signs of the disease) up to C6 (active venous ulcer).

Telangiectasies or reticular veins are marked as C1, vari-

cose veins as C2, edema as C3, trophic changes as C4, and

healed ulcer as C5. Noteworthily, CEAP classification

considers the most severe manifestation of CVD. There-

fore, patients having only varicose veins are categorized as

C2, patients having varicose veins and edema as C3,

patients with varicose veins, trophic changes, and healed

ulcer as C5, and so on. We used the following inclusion

criteria for the case group: any age, any sex, primary

chronic venous disease, visible varicose veins, C2–C6

CEAP classes. Exclusion criteria were postthrombotic

changes in deep veins on the leg with varicose veins,

absence of visible varicose veins, and unwillingness to

provide informed consent. Information about the age, sex,

BMI, and family history is presented in Table 1.

A population sample consisting of 764 Russian citizens

served as the control group in our study (median age

32 years, lower quartile 29 years, upper quartile 36 years;

sex distribution: 69 % females, 31 % males). Informed

consent was obtained from all individual participants

included in the study.

Genotyping

Genomic DNA was isolated from leukocytes in venous

blood by proteinase K digestion followed by phenol/chlo-

roform extraction and ethanol precipitation. SNP (single-

nucleotide polymorphisms) genotypes were determined by

real-time PCR followed by melting analysis. PCR mixture

(25 ll) contained 100 nM U-primers, 1000 nM R-primers,

100 nM TaqMan probe, 10 mM Tris–HCl (pH 8.9), 55 mM

KCl, 2.5 mM MgCl2, 0.05 % Tween-20, 0.2 mM dNTPs,

0.5–10 ng of genomic DNA, and 0.5 units of KlenTaq
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polymerase. Sequences of primers and probes are given in

Table 2. PCR thermal cycling conditions were as follows:

denaturation for 3 min at 96 �C followed by 55 cycles of

6 s at 96 �C, 6 s at 58 �C, and 6 s at 72 �C, melting curve

30–70 �C, 0.5 �C per step.

Statistical data analysis

The normality of the data distribution was estimated using

the Shapiro–Wilk’s criterion. The quantitative characters

were described by median and interquartile range (25 and

75 %) or mean ± standard deviation (SD). In the case of

normally distributed variables, Student’s t test for inde-

pendent samples was used to evaluate the significance of

differences between the groups; otherwise, Mann–Whitney

U test was used.

TheHardy–Weinberg equilibriumwas evaluated using an

exact test for two-allelemarkers in ‘‘genetics’’ package of the

R statistical package (www.r-project.org). Odds ratios (ORs)

and 95 % confidence intervals (95 % CI) for possible

associations between SNPs and disease development were

calculated by logistic regression analysis adopting geno-

typic, additive, dominant, and recessive models of inheri-

tance using ‘‘glm’’ function of the R package. To choose the

inheritance model that best fits the data, Akaike’s informa-

tion criterion (AIC) was used. The preferred inheritance

model is the one with the minimum AIC value. Meta-anal-

ysis and estimated heterogeneity were carried out using the

‘‘rmeta’’ package (http://cran.r-project.org/web/packages/

rmeta/rmeta.pdf). Pooled odds ratios (ORs) were computed

by the fixed-effect model for data combined under no

heterogeneity between the studies. In the case of no signifi-

cant heterogeneity between the studies, the random-effect

model was applied. Haplotype analysis was carried out using

the ‘‘haplo.stats’’ package (http://cran.r-project.org/web/

packages/haplo.stats/haplo.stats.pdf). The results were con-

sidered statistically significant if P\ 0.05.

Statistical power of the study was calculated using

software available online (http://pngu.mgh.harvard.edu/

*purcell/gpc/cc2.html) adopting p.C282Y minor allele

frequency of 0.04, p.H63D minor allele frequency of 0.18,

prevalence of disease of 30 %, additive model and con-

trol/case. For HFE p.C282Y polymorphism, the calculated

statistical power was 98.8 % to detect association with

obtained OR 1.79 and 0.02 level of statistical significance.

For p.H63D variant, our study had only 10 % statistical

power to detect association with obtained OR 1.05 at

borderline 5 % type I error rate (statistical significance).

Statistical power calculation for group I versus group II

comparison was made as follows: the prevalence of trait

was taken as 23 % and control/case ratio as 3.41. For both

SNPs, the calculated statistical power of our study was 5 %

to detect the associations with obtained OR 1.01 at bor-

derline 0.05 level of statistical significance. In comparison

Table 1 Characteristics of patient population in all and by groups

Variable All patients with

PVVs (n = 463)

Group ‘‘I’’ patients with

C4 ? C5 ? C6 (n = 99)

Group ‘‘II’’ patients

with C2 ? C3

(n = 338)

Group ‘‘Ia’’ patients

with C4 (n = 80)

Group ‘‘Ib’’ patients

with C5 ? C6

(n = 19)

Age, years, median

(interquartile

range)

50 (16–74) 54 (26–73) 48 (16–74) 53 (26–68) 56 (36–73)

Sex, women/men

(%)

66/34 58/42 72/28 56/44 63/37

BMI, kg/m2,

mean ± SD

26.7 ± 4.8 27.8 ± 4.8 26.3 ± 4.7 27.3 ± 4.5 30.3 ± 5.4

Family history, (%

‘‘yes’’)a
74.7 80.8 80.4 81.3 78.9

BMI body mass index, PVV primary varicose veins, SD standard deviation
a Family history was defined as having one or more affected relatives (mother/father, sister/brother, son/daughter, grandmother/grandfather,

uncle/aunt, cousin, niece/nephew)

Table 2 Sequences of oligonucleotide primers and probes

HFE p.C282Y (rs1800562)

Probe HFE63-R6G 50-R6G-ATCCTCATCATCATAGAAC-BHQ-
30

HFE63-U 50-ACACTCTCTGCACTACCTCTTCA-30

HFE63-R 50-CTGGCTTGAAATTCTACTGGA-30

HFE p.H63D (rs1799945)

Probe HFE282-

ROX

50-ROX-TATACGTGCCAGGTGG-BHQ-30

HFE282-U 50-GCCTGGATAACCTTGGCTGT-30

HFE282-R 50-TCCTCATCTCACTGCCATAATTAC-30
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of group Ib versus group Ia, control/case ratio was 4.21

and the prevalence of trait was 19 %. For both SNPs,

statistical power was 17 % to detect associations with

obtained in our study OR 1.41 in the case of p.C282Y and

OR 0.25 in the case of p.H63D at borderline 0.05 signifi-

cance level.

Results

Association of SNPs in the HFE gene with PVVs

We determined the genotypes of HFE p.C282Y and HFE

p.H63D polymorphisms in patients with PVVs and in the

control group (Table 3). Call rate was C96 % for both

studied SNPs. Genotypic distribution did not deviate sig-

nificantly from the Hardy–Weinberg equilibrium expecta-

tions for both SNPs in the case and the control groups.

Analysis of the association with PVVs was performed

using logistic regression under additive, dominant, reces-

sive, and genotypic (2df) models. The HFE p.282Ygene

variant (rs1800562 A allele) was significantly associated

with the increased risk of PVVs (crude OR 1.79, 95 %

CI = 1.11–2.89, P = 0.02; adjusted for age and sex OR

1.81, 95 % CI = 1.12–2.91, P = 0.02). According to the

Akaike’s information criterion (AIC), dominant model was

the best (Table 3).

HFE p.H63D polymorphism was not associated with the

risk of PVVs in our study (Table 3).

Haplotype analysis of SNPs in the HFE gene

with PVVs

We performed a haplotype analysis for HFE p.C282Y and

HFE p.H63D polymorphisms. Total sample size for hap-

lotype analysis was 1131 persons. Haplotype frequencies,

ORs with 95 % CI, and significance levels are given in

Table 4. None of the haplotypes were associated with the

risk of PVVs. The statistical power of our analysis was

48 %. We have estimated the linkage disequilibrium (LD)

between the studied SNPs. HFE p.C282Y and HFE

p.H63D polymorphisms were not in LD in the studied

population (D’ = 0.004, r2 = 0.002, P = 0.93).

Association of SNPs in the HFE gene with venous

ulcers

Patients without information about CEAP clinical classes

were excluded from this analysis (n = 26). For analysis of

association of SNPs in the HFE gene with venous ulcers,

we divided all patients with PVVs into four groups named

‘‘I,’’ ‘‘II,’’ ‘‘Ia,’’ and ‘‘Ib’’ according to CEAP clinical

classification. We included patients with C4, C5, and C6 T
a
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(n = 99) in group ‘‘I’’; patients with C2 and C3 (n = 338)

in group ‘‘II’’; patients with C4 only (n = 80) in group

‘‘Ia’’; and patients with C5 and C6 (n = 19) in group ‘‘Ib.’’

Therefore, groups ‘‘I’’ and ‘‘II’’ have been formed

according to the presence/absence of venous trophic dis-

orders. Groups ‘‘Ia’’ and ‘‘Ib’’ were subgroups of group ‘‘I’’

and were formed to match our results with the results of

Zamboni et al. [29]. Corresponding information about age,

BMI, sex distribution, and family status for each group is

summarized in Table 1. Patients from group ‘‘I’’ were older

than patients in group ‘‘II’’ [54 (26–73) years vs. 48

(16–74) years, P = 0.00003]. Patients in group ‘‘Ib’’ had

greater BMI than patients in group ‘‘Ia’’ (30.3 ± 5.4 vs.

26.5 ± 4.7 kg/m2, P = 0.001). There were no differences

in family history and sex distribution between the groups.

We compared allele frequencies of p.H63D and

p.C282Y variants between patients with venous trophic

disorders (group ‘‘I’’; C4, C5, and C6 classes) and patients

who have never had venous trophic disorders (group ‘‘II’’;

C2 and C3 classes). There were no statistically significant

differences in p.H63D and p.C282Y allele frequencies

between ‘‘I’’ and ‘‘II’’ groups (Fig. 1). To compare our

results with those ones of Zamboni et al. [29], we com-

pared p.H63D and p.C282Y frequencies in patients with C4

(group ‘‘Ia’’) and patients with C5–C6 (group ‘‘Ib’’). We

observed a borderline significant reverse association of

p.63D variant (rs1799945 G allele) with venous ulceration

(OR 0.25, 95 % CI = 0.06–1.00, P = 0.05; Fig. 1). Dif-

ference in p.C282Y allele frequency was not statistically

significant. We also performed a meta-analysis of our

results with the results of Zamboni et al. [29] and revealed

no statistically significant differences in p.H63D and

p.C282Y allele frequencies between the groups of patients

with C4 and C5–C6 (p.H63D: pooled OR 0.64, 95 %

CI = 0.14–3.01, P = 0.56; p.C282Y: pooled OR 2.54,

95 % CI = 0.93–6.91, P = 0.07).

Table 4 Haplotype analysis

HFE p.C282Y (rs1800562) HFE p.H63D (rs1799945) Case.hf Control.hf All.hf OR 95 % CI P value

p.282C (G allele) p.63H (C allele) 0.79 0.81 0.80 Reference – –

p.282C (G allele) p.63D (G allele) 0.17 0.17 0.17 1.01 0.80-1.26 0.95

p.282Y (A allele) p.63H (C allele) 0.03 0.02 0.03 1.44 0.83-2.49 0.19

p.282Y (A allele) p.63D (G allele) 0.01 0.002 0.01 5.74 0.36-92.58 0.22

Analysis was performed using logistic regression under additive haplotype effect model

95 % CI 95 % confidence interval, All.hf haplotype frequency in the case and control groups combined, Case.hf haplotype frequency in patients

with primary varicose veins, Control.hf haplotype frequency in the control group, OR odds ratio

Fig. 1 Genotype distribution of

the p.H63D and p.C282Y

polymorphisms in ‘‘I,’’ ‘‘II,’’

‘‘Ia,’’ and ‘‘Ib’’ groups. Odds

ratios and 95 % CI were

calculated for allelic frequency

difference between the groups.

Minor allele frequency is shown

as Fr.p63D and Fr.p.282Y for

each group. Statistically

significant results are shown in

italic. ??, homozygotes; ?-,

heterozygotes; -, wild type
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Discussion

In our study, we analyzed whether the hemochromatosis

(HFE) gene variants influence susceptibility to PVVs in

Russian population. We found that HFE p.C282Y

(rs1800562 A allele) was associated with the increased risk

of PVVs (OR 1.79, 95 % CI = 1.11–2.89, P = 0.02). We

got lower frequency of p.C282Y minor allele in the control

group of Russians (2 %) compared to Europeans according

to HapMap data (4–5 %). It can be expected that Russians

may have another prevalence of PVV compared to Euro-

peans. But the prevalence of PVV among Russians is the

same as reported in all other Europeans and it is some-

where in between 20 and 40 % in adults. It was confirmed

by some Russian studies [34, 35]. Now we have a pre-

liminary data from an ongoing epidemiological study from

some of Russian rural regions. The frequency of PVV in

individuals of more than 10 years old is 30.1 %. And all

other features of the disease such as the distribution of the

clinical classes look similar to those in European countries.

So, we have the same portrait of the pathology as in Eur-

ope. HFE p.H63D polymorphism was not associated with

PVVs in our study population (Table 3). Furthermore, we

performed the analysis of haplotypes (p.C282Y/p.H63D),

but none of the studied haplotypes showed an association

with varicose veins development (Table 4).

The major complication of CVD is venous leg ulcer

(VLU). It is a widespread pathologic condition in devel-

oped countries [36]. Recently, Zamboni et al. and Yeoh-

Ellerton et al. [29, 30, 37] suggested that local iron over-

load facilitates the development of VLU. Zamboni et al.

[29] studied the influence of HFE p.C282Y and p.H63D

variants on venous ulceration and revealed the association

of HFE p.282Y variant (rs1800562 A allele) with the

increased risk of this condition, although no association

with VLU was found for HFE p.H63D polymorphism. We

aimed to replicate the results of Italian researchers in

Russian population. We did not confirm the association of

HFE p.282Y variant with VLU development (OR 1.41,

95 % CI = 0.27–7.26, P = 0.77). Moreover, we per-

formed a meta-analysis of our results combined with the

results of Zamboni et al. and also revealed no association

(pooled OR 2.54, 95 % CI = 0.93–6.91, P = 0.38). Nev-

ertheless, we observed a borderline significant reverse

association of HFE p.63D variant (rs1799945 G allele)

with VLU development in Russian population (OR 0.25,

95 % CI = 0.06–1.00, P = 0.06), but not in the meta-

analysis (OR 0.64, 95 % CI = 0.14–3.01, P = 0.56;

Fig. 1).

In addition to genotyping data as a predictor, we ana-

lyzed other possible predictors of venous ulcer such as age,

heredity, sex, and BMI. We found that patients with

ulceration had higher BMI than patients without venous leg

ulcers. Therefore, high BMI can be considered as a risk

factor for ulceration that is consistent with the previous

reports [38, 39].

Thus, we can conclude that the HFE gene polymor-

phism p.C282Y affects the risk of developing varicose

veins. We hypothesize that it could be realized by the

mechanism different from the one proposed by Zamboni

et al. [29]. It has been shown that the increased level of free

iron can induce the synthesis of adhesion molecules by

endothelial cells, generate free radicals by the Fenton

reaction, and stimulate endothelial cells dysfunction [40].

All these events can lead to the secretion of protein factors

by endothelial cells, which can diffuse into the medial layer

of the vein wall, cause switching of smooth muscle cells

contractile phenotype to the secretory one, and eventually

start the process of remodeling of the vein wall leading to

the development of varicose veins. However, we can

speculate that deregulated iron homeostasis could also

increase the risk of venous ulcers as Zamboni et al.

hypothesized [29].

Reactive oxygen species (ROS) are the key factors

promoting vascular injury in some cardiovascular diseases

like hypertension and coronary artery disease [41–43]. Iron

ions may be important independent source of ROS pro-

duction. The increase in serum iron concentration has been

shown in chronic venous insufficiency patients in com-

parison with healthy controls [44–46]. There is epidemio-

logic evidence of a relationship between the level of iron

and cardiovascular diseases [47–49]. Most clinical cases of

iron overload in populations of European origin are carriers

of the p.282Y HFE variant (rs1800562 A allele) [50]. If an

overload theory of chronic venous insufficiency initiation

and progression is reliable, we can hypothesize that addi-

tional genetic factors linked to iron metabolism may also

contribute to the risk of VVs development.

We have obtained an interesting data, but our study has

some limitations. First of all, the study of association with

the risk of venous ulceration was performed on limited

groups of patients, so we could have not enough statistical

power (only 17 %) to replicate the findings of Zamboni

et al. regarding the HFE p.282Y variant. Given that this

was a pilot study, further studies are needed to investigate

the association of p.C282Y with the risk of venous ulcer-

ation in different populations as well as to replicate the

borderline significant association of p.63D variant with

venous leg ulcers that was revealed in our study. Further-

more, although the association of HFE p.C282Y poly-

morphism with PVVs is deemed reliable, it should be

replicated in other populations, and a large-scale meta-

analysis should be performed. The minimal sample size

needed for the replication of our results should be equal to
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600 controls against 600 cases assuming 80 % statistical

power, allele frequency of 2 %, and the prevalence of

varicose veins of about 30 %.

Conclusion

In our study, the HFE p.282Y gene variant (rs1800562 A

allele) was significantly associated with the risk of varicose

veins (OR 1.79, 95 % CI = 1.11–2.89, P = 0.02). The

HFE p.63D gene variant (rs1799945 G allele) was bor-

derline significantly associated with the reduced risk of

venous leg ulcer development (OR 0.25, 95 %

CI = 0.06–1.00, P = 0.05).

In contrast to the results of Zamboni et al. [29], our

results provide evidence that the HFE gene polymorphisms

could play a role in susceptibility to varicose veins devel-

opment as well as in disease progression and ulcer for-

mation. Since the results of two studies are not enough to

draw a firm conclusion, we cannot recommend using them

for patient management right now. But we can speculate

that after further replication by future studies, these data

could be used to estimate the risk of varicose veins

development and recurrence, to prognosticate the risk of

disease complications such as venous ulcers, and to

establish some preventive measures for patients.
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1. Maurins U, Hoffmann BH, Lösch C, et al. Distribution and

prevalence of reflux in the superficial and deep venous system in

the general population–results from the Bonn Vein Study, Ger-

many. J Vasc Surg. 2008;48:680–7. doi:10.1016/j.jvs.2008.04.

029.

2. Abramson JH, Hopp C, Epstein LM. The epidemiology of vari-

cose veins. A survey in western Jerusalem. J Epidemiol Com-

munity Health. 1981;35:213–7.

3. Fowkes FG, Evans CJ, Lee AJ. Prevalence and risk factors of

chronic venous insufficiency. Angiology. 2001;52(Suppl

1):S5–15.

4. Ruckley CV, Evans CJ, Allan PL, et al. Chronic venous insuffi-

ciency: clinical and duplex correlations. The Edinburgh Vein

Study of venous disorders in the general population. J Vasc Surg.

2002;36:520–5.

5. Savel’ev VS, Kirienko AI, Zolotukhin IA,SeliverstovEI (2012)

Prospektivnoe observatsionnoe issledovanie SPEKTR: registr

patsientov c khronicheskimi zabolevaniyami ven nizhnikh

konechnostey (The prospective observational study SPEKTR: the

registry of the patients presenting with chronic venous diseases of

the lower). Flebologiya 6: 4–9.

6. Arnoldi CC. The heredity of venous insufficiency. Dan Med Bull.

1958;5:169–76.

7. Mayall RC. Varicose disease considered as hereditary clinical

disease. Resen Clin Cient. 1968;37:28–9.

8. Chatard H. Should the topography of hereditary varices be con-

sidered from the genetic angle? Phlebologie. 1968;21(3):303.

9. Gundersen J, Hauge M. Hereditary factors in venous insuffi-

ciency. Angiology. 1969;20:346–55.

10. Cornu-Thenard A, Boivin P, Baud JM, et al. Importance of the

familial factor in varicose disease. Clinical study of 134 families.

J Dermatol Surg Oncol. 1994;20:318–26.

11. Pistorius MA. Chronic venous insufficiency: the genetic influ-

ence. Angiology. 2003;54(Suppl 1):S5–12.

12. Coon WW. Willis PW3rd, Keller JB. Venous thromboembolism

and other venous disease in the Tecumseh community health

study. Circulation. 1973;48:839–46.

13. Guberan E, Widmer LK, Glaus L, et al. Causative factors of

varicose veins: myths and facts. An epidemiological study of 610

women. Vasa. 1973;2:115–20.

14. Da Silva A, Widmer LK, Martin H, et al. Varicose veins and

chronic venous insufficiency. Vasa. 1974;3:118–25.

15. Brand FN, Dannenberg AL, Abbott RD, Kannel WB. The epi-

demiology of varicose veins: the Framingham Study. Am J Prev

Med. 1988;4:96–101.

16. Nelzen O, Bergqvist D, Lindhagen A. The prevalence of chronic

lower-limb ulceration has been underestimated: results of a val-

idated population questionnaire. Br J Surg. 1996;83:255–8.

17. Jin Y, Xu G, Huang J, et al. Analysis of the association between

an insertion/deletion polymorphism within the 30 untranslated

region of COL1A2 and chronic venous insufficiency. Ann Vasc

Surg. 2013;27:959–63. doi:10.1016/j.avsg.2013.04.001.
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