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A B S T R A C T

Background: Besides modifiable risk factors, genetic susceptibility may also explain the high cardiovascular
disease burden of the Roma population.
Objectives: Aim of this study was to define the genetic susceptibility of Hungarian Roma to venous thrombosis
(VT) and comparing it to that of the general population.
Methods: Fifty-two SNPs associated with VT (in F2, F5, F9, F11, F15, FGA, FGB, FGG, CYP4V2, KLKB1 and vWF)
were selected and analyzed in the group of Roma (N=962) and general (N=1492) subjects collected by cross-
sectional studies. Allele frequencies and genetic risk scores (GRS, unweighted and weighted) were computed for
the study groups and compared to estimate the joint effects of SNPs.
Results: The majority of the susceptible alleles were more prevalent in the Roma population, and both GRS and
wGRS were found to be significantly higher in Roma than in the general population (GRS: 41.83 ± 5.78 vs.
41.04 ± 6.04; wGRS: 7.78 ± 1.28 vs. 7.46 ± 1.33, p= .001). Only 2.39% of subjects in the Roma population
were in the bottom fifth of the wGRS (wGRS≤0.19) compared with 3.62% of those in the general population
(p= .080); 2.88% of the general subjects were in the top fifth of the wGRS (wGRS≥10.02), while 4.26% of the
Roma population were (p= .066).
Conclusion: In conclusion, the Roma population seems to have increased genetic susceptibility to VT. This might
have important implications in the future in identifying possible new opportunities for targeted prevention and
treatment for those subgroups in the populations who are at greater risk for VT development.

1. Introduction

Venous thrombosis (VT) is a complex multifactorial disease, and it
evolves as a result of a complex interplay between genetic, environ-
mental and behavioral factors [1]. The involvement of inheritable
factors was confirmed by family and twin studies. During recent years,
a large number of studies identified different single nucleotide poly-
morphisms (SNPs) that increase or decrease (mostly with modest ex-
tent) the relative risk for VT [2], but the majority of them focused on
populations with European ancestry and other populations are rarely
studied [3,4].

It became known from different studies that combinations of genetic
variants improve the predictive ability of susceptibility models related
to any cardiovascular trait or disease. The simultaneous use of the most
common and strongest risk markers (with or without other non-genetic
traditional risk factors) may have the desired discriminatory accuracy

to distinguish between high-risk and low-risk subjects and may guide
prophylactic and therapeutic decisions [5]. Consequently, genomic
profiling has become very popular in studies of common diseases,
particularly in studies comparing the genetic load of different ethnic
groups [6–9].

According to a recent review, the incidence and prevalence of her-
editary thrombophilia (HD) shows geographic and ethnic differences
[10]. The Roma ethnic minority group, considered to have a South
Asian origin [11] and frequently concentrated in severely deprived
regions, is one of the main subjects of ethnicity-based studies in Europe.
The main two reasons for this are 1) the Roma population, concentrated
mainly in Bulgaria, Hungary, Slovakia and Romania, constitutes the
largest ethnic minority in the continent with a population of 10–12
million [12] and 2) this minority represents a genetically isolated po-
pulation, characterized by a high frequency of consanguinity and in-
breeding [13,14]. Although research on the Roma population faces
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many challenges in both data collection and methodology [15], the
comparative studies on the health status for Roma adults unanimously
showed that the Roma population has a significantly worse health
status (including cardiovascular health) in comparison with the hosting
population independently from the country where they live [16,17].

Until recently, only a few studies investigated the role of genetic
factors in association with metabolic traits among the Roma population,
and more detailed contributions of environmental and genetic factors to
the increased risk of cardiovascular traits have been defined only re-
cently. The majority of studies on selected genetic markers in Roma
samples showed that the allele frequencies, the distribution of haplo-
type profiles, the genetic risk scores and consequently the genetic load
differ significantly from the Hungarian general population [6,7,18,19].

To assess the prevalence of VT among the Roma population, as well
as that of other diseases, is very difficult because of restrictions on
collecting data on health by ethnic status in the countries where this
minority lives [20]. Hereditary thrombophilia gained attention as a
possible risk factor for pregnancy complications – however some con-
troversy exists - such as intrauterine growth retardation, spontaneous
abortions, still births or even preeclampsia [21–23]. Several studies
noted the incidence of these complications are greater among the Roma
compared to majority populations of the country where they live. It was
concluded that, in addition to low-socioeconomic status, unhealthy
diet, poor hygiene and low maternal age, genetic factors may also
contribute to the disparity in the prevalence of pregnancy complica-
tions in the Roma population [24,25].

Genetic variation at VT risk loci has been profoundly characterized
in European populations, and less comprehensively in other popula-
tions such as African, Hispanic or Asian [3] It is unclear whether dif-
ferences exist in cumulative risk allele loads between the Roma and the
majority populations, which may partly explain ethnic disparities in
disease prevalence. The aim of our present study was to define and
compare the VT associated genetic load between the Hungarian general
and Roma populations using well-constructed genetic risk score models
(unweighted and weighted). This information might have important
implications in the future in identifying possible new opportunities for
targeted prevention and treatment [26] for those subgroups in the
populations who are at greater risk for VT development.

2. Materials and methods

2.1. Study design

Our study included samples of 1179 Hungarian Roma individuals
(453 males and 726 females) living in segregated colonies (Roma) in
North-East Hungary where the Roma are concentrated and 1542 in-
dividuals (732 males and 810 females) from the Hungarian general
population (General) from recent cross sectional surveys on randomly
selected representative cohorts of the two populations [16,27,28].

2.2. Study populations

2.2.1. Roma living in segregated colonies
Participants were enrolled from the regions of North Hungary and

North Great Plain (Borsod-Abaúj-Zemplén, Heves and Szabolcs-
Szatmár-Bereg, Hajdú-Bihar, Jász-Nagykun-Szolnok counties), where
the majority of Roma colonies can be found, using a stratified multi-
stage sampling method. The details of the sampling methodology and
data collected are described elsewhere [16,28]. The sample is re-
presentative by age and sex to Roma population living in segregated
colonies in North-East Hungary. As a part of the health examination
surveys (HES), medical histories (lipid disorders, hypertension and type
2 diabetes mellitus) and socio-demographic characteristics (age, gender
and level of education) were recorded, and physical examinations
(body weight, height, waist circumference and blood pressure) were
carried out for each participant. Blood samples were taken for

laboratory (serum concentrations of triglyceride, HDL cholesterol and
fasting blood glucose) and genotype investigations. In the present
study, 962 samples were analyzed where complete clinical and geno-
type records of 20–64-year-old Roma adults were available.

2.2.2. Hungarian general population
A population-based disease monitoring system, the General

Practitioners' Morbidity Sentinel Stations Programme (GPMSSP), pro-
vided the Hungarian reference sample [29]. Study subjects were re-
cruited from the population of the GPMSSP. The methods of sampling
applied and survey data collected are described in the Hungarian Me-
tabolic Syndrome Survey (HMSS) [27]. As part of HES similar data were
collected as in case of the Roma population. Blood samples were taken
for laboratory tests (fasting blood samples were taken to determine
serum triglyceride, high-density lipoprotein (HDL)-cholesterol and
serum glucose levels) and for DNA isolation. The present study used
DNA samples from 1492 20–64-year-old adults with complete records
(clinical and genotype) to create the reference dataset. The sample is
representative of the 24 year-old to 64-year-old Hungarian adult po-
pulation in terms of geographic, age and sex distributions.

2.3. DNA isolation

DNA was isolated using the MagNA Pure LC system (Roche
Diagnostics, Basel, Switzerland) with a MagNA Pure LC DNA Isolation
Kit–Large Volume according to the manufacturer's instructions.
Extracted DNA was eluted in 200 μl MagNA Pure LC DNA Isolation Kit-
Large Volume elution buffer.

2.4. SNP selection

First, 31 SNPs based on the study of de Haan et al. were selected.
Recently, to more accurately predict a person's risk for developing VT,
they constructed and tested two risk score genetic models: one model
involved 31 SNPs (among them, 3 protective ones), and in the other
model, the 5 most strongly associated risk increasing SNPs were put
together from this SNP-panel. By using these models in combination
with a non-genetic risk model, de Haan et al. demonstrated good dis-
criminative (and diagnostic) accuracy in a large case-controlled study
[30]. These SNPs were given top priority in the design of the microarray
platform (Table S1. Step 1). In addition, 28 more risk increasing SNPs
were selected in a structured PubMed search. Twenty-one of the 28
SNPs that had been repeatedly confirmed to be associated with VT in
several studies received second-level priority: ten of the 28 SNPS were
added from the work of Bezemer et al. who confirmed their association
with VT on two study populations (LETS and MEGA-1) [31], nine from
a study mapping the 4q35.2 locus and describing association with SNPs
localized in the locus and VT, and two from a follow-up genome-wide
association study [32,33]. Seven more SNPs were identified from a
study on the association of these SNPs with non-fatal venous thrombosis
in postmenopausal women and considered as a priority 3 group [34].
The selected SNPs, their genes and the related references, are sum-
marized in Table S1 as Step 1.

During the assay design, two pools were created for genotyping by
the service provider, the Mutation Analysis Core Facility (MAF) of the
Karolinska University Hospital, Stockholm, Sweden. Based on data
obtained in the genotyping process, 52 SNPs were selected for allele
frequency comparison and GRS computation. Effect size estimates were
available for 50 of the 52 SNPs. To avoid multicollinearity, only one
SNP per LD block (the one with the strongest effect) was involved, thus
finally 47 SNPs were included in the computation of wGRS (see details
of SNPs' selection process in Table S1 Steps 1–4).

2.5. Genotyping

Genotyping was performed on a MassARRAY platform (Sequenom
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Inc., San Diego, CA, USA) with iPLEX Gold chemistry. Validation,
concordance analysis and quality control were conducted by MAF ac-
cording to their protocols.

2.6. Statistical analyses

Statistical tests were conducted with Stata (version 12.0), IBM SPSS
Statistics (version 23) and Haploview (version 4.2) software. A Shapiro-
Wilk test for normality was performed. Variables with non-normal
distribution (age, BMI, HDLeC, FG, TG, WC, SBP, DBP) were trans-
formed using a two-step approach suggested by Templeton [35] and
then compared with a Student's-t-test. Sex distribution was compared
with a χ2 test. The existence of a Hardy-Weinberg equilibrium (HWE)
and the differences of allele frequencies for all SNP variants between
the two populations were evaluated with χ2 tests. The Bonferroni's
adjustment was applied when several statistical tests were being per-
formed simultaneously (the number of independent loci was 47,
p < .001). Generally, the conventional p threshold of 0.05 was ap-
plied. Linkage disequilibrium between polymorphisms was analyzed
using Haploview software (version 4.2) [36]. To reveal whether the
association between genetic risk and ethnicity depends on the influence
of other factors, multivariate linear regression analyses were conducted
in which the genetic risk scores were the dependent variable, and the
type of population (Roma or general), gender, and age, BMI and
HDLeC, FG were considered as independent variables.

2.7. Computations of GRS and wGRS values

To reflect the combined effect of several selected SNPs, unweighted
and weighted genetic scores were calculated (GRS and wGRS).
Individuals with any missing SNP genotypes were excluded. In the GRS,
each person was assigned a score based on the number of risk alleles
they carried. Thus, risk allele homozygotes were coded as genotype “2”,
heterozygotes as genotype “1”, while “0” indicated absence of the risk
allele. When the effect allele was reported to be protective, the coding
was “0” for effect allele homozygotes and “2” for other allele homo-
zygotes [37]. By using these codes, a simple count score (unweighted)
was calculated as it is described by Eq. (1) in which Gi is the number of
the risk alleles for the ith SNP. This model sums up all risk alleles over
all loci as a summary score assuming that all alleles have the same
effect.

∑=
=

GRS G
i

I

i
1 (1)

In the weighted approach, rather than giving equal weight to each
SNP, SNPs with larger effects contributed more to the score. Weights
were derived from the risk coefficient for each allele based on OR re-
ported in previous association studies. Risk estimates for alleles were
used for 47 SNPs (see in Table 3) The calculation of the weighted ge-
netic risk score is described by Eq. (2). In this weighted score, weights

(wβ_i) were derived from the OR; i.e., each allele was weighted using
the natural log of the published OR.

These weights (wβ_i) were multiplied by 0, 1 or 2 according to the
number of effect alleles carried by each person (Xi) [37–39]. Two-sided
t-tests were used to compare the distribution of GRSs.

∑=
=
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i
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The 5-SNP risk model suggested for testing genetic susceptibility to
VT by de Haan et al. [30] (since the discriminative accuracy of this 5-
SNP model was almost as high as that of their 31-SNP model) was also
adopted for computation of both unweighted (5-SNP GRS) and
weighted (5-SNP wGRS) risk score calculations using the SNPs reported
with the highest OR in the literature (rs6025/Leiden, F5; rs1799963,
F2; rs8176719, ABO; rs2066865, FGG; rs2036914, F11). Study popu-
lations were stratified by quintiles of the weighted Genetic Risk Scores
and the proportion of subjects belong to quintiles were compared.

2.8. Ethical approval

The study was approved by the Ethical Committee of the Medical
Health Sciences Centre, University of Debrecen, Hungary (reference No.
2462-2006) and by the Ethical Committee of the Hungarian Scientific
Council on Health Research (reference Nos. NKFP/1/0003/2005; 8907-
O/2011-EKU) and all performed procedures were in accordance with
the 1964 Helsinki declaration and its later amendments.

3. Results

3.1. Characteristics of the study sample

Only subjects for whom genotype data were available in addition to
health and demographic data were considered. In total, 962 Roma and
1492 individuals representing the general Hungarian population were
included in the baseline comparison. The proportion of females in
Roma samples was significantly lower than in the General one (38.46%
vs. 45.97%, p < .001). The age distribution of Roma samples was
shifted towards the younger age groups and deviated from the General
sample (p < .001). Significant differences (p < .001) were observed
in the distribution of BMI values (kg/m2), high-density-lipoprotein
cholesterol levels (HDLeC, mmol/l), fasting-glucose levels (FG, mmol/
l), waist circumference (cm), systolic and diastolic blood pressures
(SBP, DBP, mmHg) but not in the case of triglyceride levels (TG, mmol/
l, p= .222) (Table 1).

3.2. Comparison of allele frequencies

Genotype results were acquired for 2454 samples (Roma: N=962;
General: N=1492). All SNPs were tested to determine whether the
observed genotype frequencies were consistent with Hardy-Weinberg

Table 1
Characteristics of the study groups.

Characteristics General (N=1492) Roma (N=962) p-Value

Female (%) 45.97% 38.46% p < .001
Age (years; median, IQR) 45 (34–54) 40 (31–50) p < .001
BMI (kg/m2; median, IQR) 27.18 (23.87–30.86) 25.34 (21.30–31.10) p < .001
HDL-C (mmol/L; median, IQR) 1.36 (1.12–1.67) 1.27 (1.05–1.54) p < .001
FG (mmol/L; median, IQR) 4.50 (4.10–5.00) 4.80 (4.40–5.40) p < .001
TG (mmol/L; median, IQR) 1.21 (0.81–1.90) 1.28 (0.90–1.96) p= .222
WC (cm; median, IQR) 95 (84–104) 88 (77–102) p < .001
SBP (mmHg; median, IQR) 125 (115–136) 120 (110–135) p < .001
DBP (mmHg; median, IQR) 80 (75–85) 80 (70–81) p < .001

IQR: interquartile range, BMI: body mass index, HDLeC: high density lipoprotein cholesterol, FG: fasting-blood glucose, TG: triglyceride, WC: waist cir-
cumference, SBP: systolic blood pressure, DBP: diastolic blood pressure.
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equilibrium (HWE). No significant deviation from HWE was observed in
the study populations. After correcting for multiple tests, a p value
of< 0.001 was considered significant. The allele frequencies of fifty-
two compared genetic variants are described in Table 2. Allele fre-
quencies in the study populations were calculated on the basis of the
obtained genotype distributions. Differences between the Roma and
General populations remained significant for 29 SNPs after multiple test
correction. Of 49 susceptibility SNPs, seventeen were more frequent in
the Roma population (p < .001) and ten susceptibility SNPs were more
common in the General population. Of the three protective alleles, two
were more prevalent among Roma (p < .001).

3.3. Comparison of genetic risk scores

The GRS based on 52 SNPs was calculated for 962 Roma individuals
and ranged from 24 to 57. The GRS for general subjects was calculated
for 1492 individuals and ranged from 22 to 58. The GRS data were
normally distributed in both the Roma and the General populations.
The mean of the gene count scores was 41.83 ± 5.78 in the Roma and
was 41.04 ± 6.04 in the General population. The distribution in the
two study groups was found to be different using the two-sided t-test
(p= .001) being right-shifted in the Roma population compared to the
General (Fig. 1A). The GRS was found to be significantly higher among
Roma in both sexes using the two-sided t-test (men:
GRSGeneral = 40.90 ± 5.91 vs. GRSRoma= 41.83 ± 5.74, p= .008;
women: GRSGeneral = 41.19 ± 6.16 vs. GRSRoma= 41.77 ± 5.87,

Table 2
Comparison of protective and susceptibility allele frequencies (%) in the Hungarian General and Roma populations.

Number Priority Gene (short) SNP Effect allele General population (n=1492) Roma population (n= 962) p-Value

1 Priority 1 ABO rs8176719 G 47.39% 55.46% <0.001
2 CPB2 rs3742264 A 33.71% 23.02% <0.001
3 F11 rs2036914 C 46.72% 48.44% 0.002
4 rs2289252 T 41.12% 33.06% <0.001
5 rs3822057 A 51.61% 53.79% 0.001
6 F13A1 rs5985 Aa 25.50% 21.05% 0.02
7 F13B rs6003 G 8.58% 12.37% <0.001
8 F2 rs1799963 A 2.04% 1.14% 0.054
9 rs3136516 G 52.04% 61.02% <0.001
10 rs3136520 T 2.61% 3.53% 0.087
11 F5 rs6025 T 4.29% 11.12% <0.001
12 rs4524 Ta 73.19% 80.46% <0.001
13 F9 rs4149755 A 6.94% 4.26% 0.002
14 rs6048 A 76.46% 71.45% 0.003
15 FGG rs2066865 T 24.36% 22.66% 0.042
16 GP6 rs1613662 C 13.34% 20.22% <0.001
17 HIVEP1 rs169713 C 22.86% 19.39% 0.014
18 NAT8B rs2001490 C 35.86% 39.86% 0.021
19 NR1I2 rs1523127 C 39.14% 47.66% <0.001
20 PROC rs1799809 G 41.09% 39.92% 0.678
21 PROCR rs2069951 A 4.32% 9.88% <0.001
22 rs2069952 T 54.49% 61.90% <0.001
23 SERPINC1 rs2227589 A 11.73% 21.41% <0.001
24 STXBP5 rs1039084 Aa 36.39% 54.73% <0.001
25 TFPI rs8176592 T 68.00% 72.82% 0.001
26 VWF rs1063856 C 34.38% 28.74% <0.001
27 Priority 2 CYP4V2 rs3817184 T 35.99% 29.78% <0.001
28 rs13146272 A 63.47% 59.77% 0.033
29 rs1053094 T 45.44% 42.31% 0.09
30 rs4253236 C 62.47% 60.34 0.176
31 KLKB1 rs3733402 A 49.36% 48.60% 0.058
32 rs4253303 A 36.33% 30.67% <0.001
33 rs4253302 A 81.94% 86.33% <0.001
34 rs2292423 A 37.60% 31.39% <0.001
35 F11 rs4253418 G 95.51% 96.73% 0.008
36 PTPRF/KDM4A rs11210892 G 31.67% 44.70% <0.001
37 HIVEP rs9380643 T 26.11% 26.35% 0.939
38 APOH rs1801690 C 94.00% 97.56% <0.001
39 MET rs2237712 G 4.96% 7.54% <0.001
40 EPS8L2 rs3087546 T 56.80% 64.60% <0.0001
41 CASP8AP2 rs369328 A 46.38% 43.87% 0.188
42 SELP rs6131 T 21.55% 16.79% <0.001
43 ZNF544 rs6510130 G 2.04% 1.77% 0.628
44 TACR1 rs881 C 81.70% 69.33% <0.001
45 F5 rs6016 G 73.22% 80.46% <0.001
46 CCDC181 rs3820059 A 37.30% 46.93% <0.001
47 TENM1 rs2266911 C 82.14% 91.16% <0.001
48 Priority 3 F5 rs3753305 G 43.77% 42.83% <0.001
49 rs9332695 A 0.77% 0.16% 0.011
50 FGA rs2070006 A 38.40% 38.57% 0.139
51 FGB rs1800788 T 20.84% 21.21% 0.544
52 FGG rs2066954 T 37.89% 32.07% <0.001

SNPs in bold characters showed highly significantly (p < .001) different frequencies in the two populations after multiple test correction. SNPs in bold and italics are
involved in the 5-SNPs (unweighted and weighted) GRS models.

a Protective alleles.
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p= .046; see Fig. 1B and C)
The SNPs of the KLKB1 (rs4253303, rs2292423) CYP4V2

(rs3817184) and F11 (rs2036914, rs3822057) were in linkage dis-
equilibrium (r2≥ 0.8; see Fig. S1). Therefore, from among these

variants, only rs2292423 of KLKB1 and rs2036914 of the F11 variants
were taken into consideration in the computation of the weighted ge-
netic risk score, resulting in a wGRS composed of 47 SNPs. Effect size
estimates for these 47 SNPs are described in Table 3. The wGRS data

Fig. 1. Distribution of unweighted genetic risk scores based on 52 SNPs by study populations (A) and separately for men (B) and women (C) in both populations.
Distribution of GRSs in the Hungarian Roma population (gray bars) is right-shifted compared to the Hungarian General population (black bars).
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were normally distributed in both the Roma and General populations.
The average wGRS in the group of Roma was 7.78 ± 1.28, while it was
7.46 ± 1.33 for the General population (p < .001). The distribution
curves of the wGRS values for the study populations are shown in Fig. 2.

Only 2.39% of subjects in the Roma population were in the bottom
fifth (wGRS≤5.19) of the weighted score compared with 3.62% of
those in the General population (p= .080). In the Roma group, 4.26%
of the individuals were in the top fifth (wGRS≥10.02) of the wGRS
compared with 2.88% of those in the General population (p= .066);
i.e., the distribution of weighted genetic risk scores was found to be
right-shifted in the Roma population compared to the General popu-
lation (Table S2).

Comparing the results obtained in 5-SNP GRS and 5-SNP wGRS
models did not change our inference about the greater genetic sus-
ceptibility to VT of the Roma population (5-SNP
GRSGeneral = 2.62 ± 1.23 vs.5-SNP GRSRoma= 2.77 ± 1.23, p= .003
and 5-SNP wGRSGeneral = 1.25 ± 0.71 vs. 5-SNP
wGRSRoma= 1.47 ± 0.79, p < .001).

Multivariate regression analyses (age, sex, BMI, HDLeC, FG, SBP

and DBP were covariates) also suggested that the Roma population has
higher unweighted and weighted genetic risk scores independent of
covariates. In the multivariate model, Roma ethnicity was associated
with increased genetic risk scores corresponding to an increase of 0.75
in GRS and 0.31 in wGRS. The results of multivariate regression ana-
lyses are shown in Table S3.

4. Discussion

It is generally accepted that most SNPs have a small effect size, so
using multiple markers in combination can be more useful to translate
results from genomic studies into tools for population health research.
In the genomic era, identifying people who are at high risk of devel-
oping common CVDs may improve the benefits of personalized pre-
vention programs by reducing the risk of onset or progression of dis-
ease. However, so far, only limited evidence is available on the
application of genomic results in health and public health practice [2].
In the cases of rs8176719 (ABO) and rs6025 (F5/Leiden mutation),
which are among the five polymorphisms most strongly associated with

Table 3
SNPs used in the weighted genetic risk score computation, their genes, effect alleles, odd ratios and weighting numbers with original publications they were adopted
from.

Number Priority Gene (short) SNP Effect allelea OR Weighting number (lnOR) Reference

1 Priority 1 ABO rs8176719 G 1.85 0.62 de Haan et al. [30]
2 CPB2 rs3742264 A 1.01 0.01
3 F11 rs2036914 C 1.32 0.28
4 rs2289252 T 1.26 0.23
5 F13A1 rs5985 Aa 0.93 −0.07
6 F13B rs6003 G 1.09 0.09
7 F2 rs1799963 A 2.78 1.02
8 rs3136516 G 1.19 0.17
9 rs3136520 T 1.13 0.12
10 F5 rs6025 T 3.79 1.33
11 rs4524 Ta 0.92 −0.08
12 F9 rs4149755 A 1.24 0.21
13 rs6048 A 1.08 0.08
14 FGG rs2066865 T 1.56 0.44
15 GP6 rs1613662 C 1.15 0.14
16 HIVEP1 rs169713 C 1.2 0.18
17 NAT8B rs2001490 C 1.1 0.10
18 NR1I2 rs1523127 C 1.05 0.05
19 PROC rs1799809 G 1.17 0.16
20 PROCR rs2069951 A 1.3 0.26
21 rs2069952 T 1.21 0.19
22 SERPINC1 rs2227589 A 1.2 0.18
23 STXBP5 rs1039084 Aa 0.9 −0.11
24 TFPI rs8176592 T 1.06 0.06
25 VWF rs1063856 C 1.16 0.15
26 Priority 2 CYP4V2 rs13146272 A 1.24 0.22 Li et al. [32]
27 rs1053094 T 1.26 0.23
28 rs4253236 C 1.18 0.16
29 KLKB1 rs3733402 A 1.23 0.21
30 rs4253302 A 1.19 0.17
31 rs2292423 A 1.25 0.22
32 F11 rs4253418 G 1.31 0.27
33 APOH rs1801690 C 1.42 0.35 Bezemer et al. [31]
34 MET rs2237712 G 1.38 0.32
35 EPS8L2 rs3087546 T 1.12 0.11
36 CASP8AP2 rs369328 A 1.13 0.12
37 SELP rs6131 T 1.21 0.19
38 ZNF544 rs6510130 G 1.56 0.44
39 TACR1 rs881 C 1.15 0.14
40 F5 rs6016 G 1.27 0.24
41 CCDC181 rs3820059 A 1.22 0.20
42 TENM1 rs2266911 C 1.47 (men)

1.25 (women)
0.38 (men)
0.22 (women)

43 Priority 3 F5 rs3753305 G 1.2 0.18 Smith et al. [34]
44 rs9332695 A 2.01 0.70
45 FGA rs2070006 A 1.25 0.22
46 FGB rs1800788 T 1.31 0.27
47 FGG rs2066954 T 1.23 0.21

a Protective alleles.
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VT according to de Haan et al. the allele frequency differences were
robust between our study populations. These SNPs that have clear and
important roles in the blood coagulation cascade occur much more
frequently in the Roma population. In addition to SNPs related to the
intrinsic (F11, GP6, STXBP5 and KLKB1) and the common (F13B, F2,
F5, PROC, and PROCR, SERPINC1) pathways of the blood coagulation
cascade, several non-functional (NR1I2, PTPRF/KDM4A, APOH, MET,
EPS8L2, CCDC181 and TENM1) risk SNPs were also more prevalent
among the Roma. We computed genetic risk scores based on SNPs
consistently associated with VT and observed significant differences
between our study populations. On average, the total number of risk
alleles (GRS) were higher in the Roma, and the distribution of wGRS (in
this case published weights to each SNPs were utilized) was shifted to
the right, suggesting a higher genetic load among them.

Studies have shown a high prevalence of cardiovascular risk factors
among the Roma independent of the countries where they live; this
suggests that, in addition to the environmental/modifiable risk factors,
genetic susceptibility may also contribute to the high cardiovascular
disease morbidity and mortality burden among the Roma population
[40,41]. Only sporadic single gene studies showed that the Roma po-
pulation seems to be more susceptible to hereditary thrombophilia
[42–44]. Two studies on small sized samples noted that the Roma in
Hungary and Slovakia had a higher prevalence of Factor V Leiden
mutations compared to the general populations (7.1% vs. 4.9% in
Hungary [42]; 6.6% vs. 2.9% in Slovakia [44]), but in another study,
the association of factor V Leiden and MTHFR C677T polymorphisms
with pregnancy complications could be detected only in the Slovak
majority patient group, not the Roma patients' group [43].

The F5 rs6025 (Factor 5 Leiden) and F2 G20210A (Prothrombin
20210A variant) are the most common causes of hereditary thrombo-
philia in the general Caucasian population [45]. The prevalence of the
risk alleles varies between 0 and 13.3% (F5 Leiden mutation was absent
from a sample of Inuit from Greenland but had a peek value of> 13%
in Cyprus) and 1.7–3% (F2, G20210A) in Europeans [46,47], and both
mutations are completely missing among south-east Asians and south
Asians [48,49]. Our results revealed that, among the Roma, the pre-
valence of the A risk allele (Leiden) is almost three times higher than in
the General population (11.12% vs. 4.29%, p < .001), but there was
no significant differences in the case of F2 G20210A in terms of allele
frequency (2.04% vs. 1.14%, p= .054). The prevalence of F5 Leiden
showed a gradient in the continent, being high in southeast Europe and
decreasing towards the north and east [47]. Balogh et al. detected the
prevalence of 7.1% in the case of the Leiden mutation in a small sample
of Roma (N=147) and noted the allele frequency among the Roma

population is among the highest possibly due to their migration route
across the southeast Mediterranean region, co-existence with the
Hungarian population and high inbreeding rate [42].

The Roma population in Hungary represents a genetically isolated
population with a high consanguinity rate. Endogamy was proved by
the gipsy origin of male partners in 90% of couples. The occurrence of
first cousin couples was 16 times higher than that of the Hungarian
population at large [14]. Based on these data, it can be assumed that a
number of private founder mutations might have an impact on disease
development among Roma. The founder mutations discovered in this
minority were affiliated mainly to Mendelian diseases, however, it
cannot be excluded that founder mutations associated with common
complex diseases, such as VT, may also exist; however, have not yet
been revealed.

A limitation of this study is that, although the majority of the Roma
population is accumulated in a certain geographical region (north-east
Hungary), our study sample cannot be considered as a representative
sample for the Hungarian Roma population. Sampling excluded Roma
who have assimilated with the general population. However, because
many people are reluctant to self-define their ethnicity as Roma, it
would be very difficult to overcome this constraint. It is also important
to mention that the representative sample of the general Hungarian
population included some people who are Roma, so it is possible that
their inclusion resulted in a slight underestimation of the differences
between the two populations.

The unweighted GRS models in risk assessment have remarkable
limitations because they assume that all SNPs have an independent
additive effect, and neither the different effect sizes of SNPs nor their
interactions are considered. In addition, exposure to epigenetic factors,
rare or structural variants, gene-environmental and gene-gene interac-
tions were not taken into account; however, it is well-known that all of
these factors can significantly modify genetic risk. It is important to
highlight that more in-depth study is needed to clarify the role not only
of the genetic factors but also of the interactions between genetic and
environmental factors in the interpretation of ethnic differences, if they
exist. Another drawback of our study is that data on VT disease status
was not available in the case of the study populations, consequently
genotype-phenotype associations and the discriminatory ability of the
models could not be tested, but it is important to recall that the priority
1 group of SNPs applied in our study were reported to have a robust
discriminatory effect.

In the weighted GRS models, effect size measures obtained from
population of European ancestry were applied. According to NHGRI-EBI
Catalogue of published genome-wide association studies, all the GWASs
related to VT have been conducted in populations of European-descent
and no research studies were published on other populations and no
data are available for the Roma population at all. Additionally, in the
case of candidate gene studies, effect size measures related to Roma
subjects are not available. Although the question as to what extent the
effect size estimates obtained on Caucasian populations are applicable
for Roma in genetic risk assessment to VT, it is worth mentioning that in
our recent research on HDL-C level related genetic loci, it was de-
monstrated that effect size measures obtained from GWAS can be used
for risk estimation not only in the case of the Hungarian general po-
pulation but also in the case of the Roma population [50].

The strength of our study is that a high number of SNPs – all the
presently known ones with considerable size effects – were included in
the analysis, among them the two risk models validated in case control
study [30]. In addition, in our study, the numbers in the Roma popu-
lation surveyed were the highest. This is the first genetic risk score-
based study that was carried out to estimate genetic susceptibility to VT
in the Roma population in comparison with the general population. We
demonstrated that the Roma population is significantly more suscep-
tible to VT using unweighted and weighted genetic risk scoring models.
Interventions aiming to improve the Roma's cardiovascular health and
to identify subgroups of high-risk individuals need to consider that this

Fig. 2. Distribution curves of weighted genetic risk scores by study groups.
The distribution curve of wGRS in Roma (gray line) is right shifted compared to
the General population (black line).
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ethnic population has an increased genetic propensity to VT.
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