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Background: Currently, the hypertension (HTN) patients undergo appropriate medical
treatment, and traditional risk factors are highly controlled. Therefore, potential risk factors
of atherosclerotic vascular diseases (AVD) and venous thromboembolisms (VTE) in HTN
should be reconsidered. We investigated thrombophilic genetic mutations and existing
biomarkers for AVD or VTE in HTN patients receiving treatment.

Methods: A total of 183 patients were enrolled: AVD with HTN (group A, n=45), VTE with
HTN (group B, n=62), and HTN patients without any vascular diseases (group C, n=76).
The lipid profile, homocysteine (Hcy) levels, D-dimers, fibrinogen, antithrombin, lupus an-
ticoagulant, and anti-cardiolipin antibody (aCL) were evaluated. Prothrombin G20210A,
Factor V G1691A, and methylenetetrahydrofolate reductase (MTHFR) C677T and
A1298C were analyzed.

Results: All patients revealed wild type prothrombin G20210A and Factor V G1691A poly-
morphisms. The frequency of MTHFR polymorphisms was 677CT (n=84, 45.9%); 677TT
(n=46, 25.1%); 1298AC (n=46, 25.1%); and 1298CC (n=2, 1.1%). The MTHFR 677TT
genotype tended to increase the odds ratio (OR) to AVD events in HTN patients (OR
2.648, confidence interval 0.982-7.143, P=0.05). The group A demonstrated significantly
higher Hey levels (P=0.009), fibrinogen (P=0.004), and platelet counts (P=0.04) than
group C. Group B had significantly higher levels of D-dimers (P=0.0001), platelet count
(P=0.0002), and aCL (P=0.02) frequency than group C.

Conclusions: The MTHFR 677TT genotype and Hcy level could be potential risk factors
associated with development of AVD in HTN patients receiving treatment. D-dimer and
aCL might be useful to estimate the occurrence of VTE in them.
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INTRODUCTION

Hypertension (HTN), a multifactorial polygenic disorder, is one of
the leading causes of morbidity and mortality worldwide. Accord-
ingly, it poses high risk for cardiovascular diseases [1, 2]. It is a
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major modifiable risk factor in myocardial infarction (MI) and
stroke [3, 4]. HTN patients have increased incidence of vascular
thrombotic/atherosclerotic diseases because the associated high
shear vascular flow can induce platelet activation and hemor-
rhage [3, 5-7]. Therefore, markers that predict thrombotic events
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are necessary, particularly for patients being treated for HTN.

Vascular diseases such as venous thromboembolism (VTE),
which includes deep vein thrombosis (DVT) and pulmonary em-
bolism (PE), and atherosclerotic vascular diseases (AVD) includ-
ing angina, MI, and ischemic stroke, are common causes of
hospital admission, disability, and death [8]. Several genetic
factors that predispose individuals to vascular thrombotic/ath-
erosclerotic diseases have been identified. Factor V G1691A
and prothrombin G20210A polymorphisms are the primary ge-
netic risk factors of inherited thrombophilic disorders [9, 10].
Furthermore, the methylenetetrahydrofolate reductase (MTHFR)
C677T polymorphism and homocysteine (Hcy) levels have been
shown to be associated with coronary heart disease [11-13], ve-
nous thrombosis including DVT, and portal vein thrombosis [14,
15]. MTHFR A1298C polymorphism is also reported to be asso-
ciated with occlusive artery disease or DVT [16]. In addition to
genetic markers, several well-known traditional biomarkers such
as lipid profile, Hey level, and D-dimers are related to the devel-
opment of AVD and DVT [7, 17-191.

Currently, the majority of HTN patients manage their disease
under appropriate medical care, and traditional risk factors of
vascular events are highly controlled. Therefore, clinical and
laboratory factors associated with AVD or DVT should be reeval-
uated in patients receiving treatment for HTN. The importance
of genetic predisposition, as well as existing traditional factors
such as lipid profile, thrombotic biomarkers, and lifestyle, has
recently been acknowledged [10, 12, 14, 20, 21]. Moreover,
unmodifiable factors such as genetic predisposition may be em-
phasized in HTN patients receiving treatment. In this study, we
investigated the association of inherited genetic predisposition
(prothrombin G20210A, Factor V G1691A, and MTHFR 677
and 1298 polymorphisms) and existing relevant biomarkers
(lipid profile, platelet count, levels of Hecy, D-dimers, fibrinogen,
antithrombin (AT), lupus anticoagulant (LA), and anti-cardiolipin
antibody (aCL) with AVD or VTE in HTN patients.

METHODS

1. Patients and ethics

The study was approved by the institutional review board (IRB)
of the Catholic Medical Center, Seoul, Korea (IRB number: KC-
14SNSI0062). Written informed consent was obtained from all
participants for the genetic test. Eligible patients had HTN and
underwent thrombophilic genetic polymorphism tests from
March 2011 to December 2013 at Seoul St. Mary’s Hospital of
Korea. The clinical and laboratory factors were investigated by
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review of medical records.

HTN patients were defined as having a systolic blood pres-
sure (SBP) >140 mm Hg or diastolic blood pressure (DBP)
>90 mm Hg, and treated with anti-hypertensive medication.
Trained staff members obtained a casual supine blood pressure
(BP) measurement using a standard mercury sphygmomanom-
eter. DBP was recorded as Korotkoff phase V. These patients
were grouped into: (1) group A; AVD with HTN, which included
HTN patients with confirmed unstable angina, MI, ischemic
stroke, and other arterial infarctions; (2) group B; VTE with
HTN, which included HTN patients with confirmed DVT, PE,
and other venous thrombosis; and (3) group C; simple HTN,
which included HTN patients without any vascular problems
(thrombosis, atherosclerosis, calcification, and aneurysm). Ex-
clusion criteria for all groups were patients with autoimmune
diseases, hematologic malignancies, and other serious diseases.
A total of 183 patients were included in the study, and the num-
bers of group A, group B, and group C were 45, 62, and 76, re-
spectively. Detailed diagnosis of the group A and group B were
as follows: Ml (n=11), ischemic stroke (n=5), atherosclerosis
obliterans (n=6), and unstable angina (n=23) in the group A,
and DVT (n=39), PE (n=9), DVT with PE (n=4), superior mes-
enteric vein thrombosis (n=6), left ventricle thrombosis (n=2),
subclavian vein thrombosis (n=2) in group B. The median age
(first -third interquartile range) of all patients was 56 (48-66) yr,
while those of group A, group B, and group C were 58 (51-67),
63 (51-71), and 51 (44-59) yr, respectively.

DVT was confirmed by D-dimer test and Doppler ultrasonog-
raphy, while PE was diagnosed according to the American Col-
lege of Emergency Physicians guidelines [22]. Diagnosis of MI
and unstable angina was based on cardiac biomarkers, electro-
cardiograms, and echocardiography. Diagnosis of ischemic
stroke was based on the acute onset of focal neurologic deficits
for at least one day, and ischemic lesions confirmed by com-
puted tomography or magnetic resonance tomography.

2. Real time-PCR for prothrombin G20210A, Factor V
G1691A, and MTHFR C677T and A1298C detection

DNA was extracted from whole blood (collected in EDTA con-
taining vacutainers) using the QlAamp DNA blood mini kit (QIA-
GEN GmbH, Hilden, Germany), according to the manufacturer’s
protocol. The final concentration was adjusted to 50 ng/uL. Real
time (q)-PCR was performed using the BioSewoon Real-Q MT-
FHR, Factor V Leiden G1691A, and prothrombin G20210A kits
(BioSewoon, Seoul, Korea). The gPCR kits included FAM and
VIC (reporter dyes for wild type and mutant genotypes, respec-
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tively), and MBGNFQ (quencher dye) as fluorescence markers.
Each DNA sample (4 plL) was added to 21 pL of PCR master
mix, followed by qPCR using Rotor-gene Q (QIAGEN). The PCR
was performed by initial heating at 50°C for 2 min, 95°C for 10
min, and then 40 cycles of 15 sec at 95°C and 45 sec at 66°C.
Control DNAs (wild type, homozygous, and heterozygous types)
were analyzed simultaneously, once per test for quality control.
World Health Organization reference DNAs (reference reagent
Factor V Leiden, Human gDNA, 1st international genetic refer-
ence panel; Prothrombin Mutation G20210A, Human gDNA,
1st international genetic reference panel) were used for Factor
V G1691A and prothrombin G20210A. Patient DNAs (which
were verified by Sanger sequencing) were used for MTHFR
C677T and A1298C as quality control materials.

3. Laboratory tests
Platelet count was evaluated by using an automated hematology

analyzer, Sysmex XE-2100 (Sysmex Corporation, Kobe, Japan),
and D-dimer, fibrinogen, AT, and LA tests were examined by us-
ing an automatic coagulation analyzer, Sysmex CA7000 (Sysmex
Corporation) [17, 23-25]. D-dimer levels were assayed by the
immunoturbidimetric method using an Innovance D-dimer re-
agent, whereas fibrinogen was measured by the Clauss method
using the clotting principle. Spectrophotometric chromogenic
assays were used for AT analysis, using the thrombin reagent
and chromogenic substrate to measure the formation of parani-
troaniline at 405 nm. LA screening was performed according to
the clot-based dilute Russell’s viper venom time (dRVVT)
method, which is based on the activation of factor X by Russell’s
viper venom. LA confirmatory tests were also carried out using
dRVWVT by adding excess phospholipid. This was determined
according to the guidelines of the International Society on
Thrombosis and Haemostasis [26]. aCL was measured in 170
patients (92.9%) using Phadia250 (Thermo Fisher Scientific,
Portage, MI, USA), an automatic fluorescence enzyme immu-
noassay analyzer. Total cholesterol (TC), triglycerides (TG), and
high and low density lipoprotein cholesterols (HDL-C and LDL-
C, respectively) were measured by using a Hitachi-7600 ana-
lyzer (Hitachi High-technology coporation, Tokyo, Japan) using
Seikisui E40 Total Cholesterol, E40 Triglyceride, HDL-C and
LDL-C reagents (Seikisui Diagnostics, Tokyo, Japan). The Hita-
chi-7600 analyzer was also used to measure Hcy levels using
Autolab Hcy reagents (IVD-LAB corporation, Uiwang, Korea) [7,
27]. Hey levels were measured in only 168 patients.

The cut-offs for metric values were determined by reference
ranges in our laboratory except for D-dimers and platelets. The
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cut-off of biomarkers were as follows: Hcy (>15 pmol/L), TC (>
200 mg/dL), TG (>150 mg/dL), HDL-C (<60 mg/dL), D-dimer
(>4.0 mg/L, which was calculated from receive operating curve
[ROC] analysis for differentiating the group B from the group C),
fibrinogen (>380 mg/dL), AT (<80%), platelet count (>176
x 10%%/L, which was calculated from ROC analysis for differenti-
ating the group A or B from the group C).

4. Statistical analysis

Metric variables are presented as mean+SD for normal distri-
butions, or as median (interquartile range) when the assump-
tion of normality was violated. The Student’s independent sam-
ple t-test or the Mann-Whitney U test was performed, as appro-
priate, for metric variables. Categorical variables, presented as
frequencies, were compared by using the Chi-squared or Fish-
er's exact test. The ANOVA or the Kruskal-Wallis test was used
for analyses of variables with three or more groups. We calcu-
lated the odds ratios (OR) and the corresponding 95% confi-
dence internals (CI) of gene polymorphisms and the laboratory
biomarkers. We calculated the ORs of biomarkers by frequen-
cies of abnormal results in cases of metric values. All tests were
two-sided and P value <0.05 was considered significant. All
statistical analyses were performed by using the MedCalc pro-
gram (MedCalc Software bvba, Mariakerke, Belgium).

RESULTS

1. Clinical and laboratory data
Clinical data and laboratory biomarkers are presented in Table 1.

All 183 patients expressed wild type Factor V G1691A and pro-
thrombin G20210A. The genotype distributions of MTHFR
C677T and A1298C are presented in Table 2. Hcy levels were
significantly higher in MTHFR 677TT genotype than in CT or CC
(wild) genotypes (P=0.008, Supplemental Data Fig. S1).

2. Group A vs. group C

The laboratory data were compared between group A and C.
The median age of patients in group A (58 yr) was higher than
in group C (51 yr) (P=0.04). The hyperhomocysteinemia (Hy-
per-Hcy), demographic and clinical data, and laboratory bio-
markers of both groups are demonstrated in Table 2.

With regard to the impact of thrombophilic polymorphisms, a
higher frequency of the homozygous MTHFR 677TT genotype
was associated with group A compared with group C. The
MTHFR 677TT genotype tended to increase the development of
AVD in HTN patients (OR 2.648, Cl 0.982-7.143, P=0.05) (Fig.
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Table 1. The frequency of MTHFR 677 and 1,298 genotypes and
hyperhomocysteinemia in each group (A), and their statistical signifi-
cance (P values)' between two groups or among three groups (B)

(A) Number of patients (%) Total
MTHFR 677 Group A* Group B* Group C*

(N=45) (N=62) (N=76)
cC 13(28.9) 21(33.9) 19(25.00  53/183(29.0)
cT 26 (57.8) 23(37.1) 35(46.1)  84/183(45.9)
il 6(13.3) 18(29.0) 22(289)  46/183(25.1)
MTHFR 1298
AA 34 (75.6) 45 (72.6) 56 (73.7) 135/183 (73.8)
AC 11(23.9) 16 (25.8) 19(25.00  46/183(25.1)
CcC 0(0.0) 1(1.6) 1(1.3) 2/183 (1.1)
Hyper-Hey 19/37 (51.4)  17/58 (29.3)  16/73 (9.5) 52/168 (31.0)
(B) Avs.B Bvs.C Avs.C 3 groups
MTHFR 677
cC 0.737 0.340 0.798 0.520
cT 0.05 0.375 0.260 0.106
il 0.06 0.99 0.07 0.109
MTHFR 1298
AA 0.825 0.99 0.99 0.942
AC 0.99 0.99 0.881 0.987
CC 0.99 0.99 0.99 0.709
Hyper-Hey 0.05 0.418 0.002 0.006

*Group A, atherosclerosis with hypertension; Group B, venous thromboem-
bolism with hypertension; Group C, hypertension without complication;
"Mann-Whitney U or Kruskal-Wallis test was used for statistical analyses of
MTHFR 677 and 1298 genotypes, and Hyper-Hcy between two groups or
among three groups.

Abbreviation: Hyper-Hcy, hyperhomocyteinemia.

1). MTHFR 677CT, 1298 AC, and 1298CC were not associated
with AVD in HTN patients.

The group A revealed significantly higher Hcy, fibrinogen lev-
els, and platelet count compared with group C (P<0.05, Table
2, Fig. 1). The ORs (95% Cl) of Hyper-Hcy (>15 umol/L), fi-
brinogen (>380 mg/dL), and platelet count (>176x10%/L)
were 3.67 (1.14-2.44), 4.76 (1.63-13.89), and 2.28 (1.03-
5.03), respectively (Fig. 1). Of these significant markers, the
Hcy level of group A was higher than the reference range of our
laboratory. The fibrinogen and platelet count of group A were
within reference range (Table 2).

Body mass index (BMI), diabetes mellitus, TC, TG, HDL-C,
LDL-C, D-dimer, AT, and the frequencies of LA and aCL did not
differ significantly between group A and C (Table 2, Fig. 1).
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Fig. 1. The odds ratios and 95% confidence intervals of MTHFR
677 and 1298 genotypes and laboratory markers between the ath-
eroscleotic vascular disease (AVD) and hypertension (HTN) only
groups (top), and between the venous thromboembolism (VTE) and
HTN only groups (bottom). The numbers in parentheses on Y-axis
show the P values by odds ratio analysis.

*P values were statistically significant.

Abbreviations: 677, MTHFR 677 genotypes; 1298, MTHFR 1298 geno-
types; Hyper-Hcy, hyperhomocysteinemia; LA, lupus anticoagulant; aCL,
anticardiolipin antibody.

3. Group B vs. group C
The laboratory markers of HTN patients with VTE were com-

pared with those of HTN-only patients. Patients in the group B
were older (median 63 yr) than those in the group C (median
51 yr) (P=0.01, Table 2).
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Table 2. Clinical factors and laboratory biomarkers associated with thrombotic vascular diseases in each group

Group A* (N=45)

Group B* (N=62) Group C* (N=76)

Age 60.7+13.3
Male:Female 27:18

Systolic blood pressure (mm Hg) 132.9+10.9
Diastolic blood pressure (mm Hg) 79.9+6.2

Body mass index 235+3.0
Diabetes mellitus 20 (44.4%)
Homocysteine (pmol/L) 16.4+9.3 (1)
Total cholesterol (pmol/L) 133.3+37.1(N)!
Triglyceride TG (mg/dL) 123.5+73.3 (N)
HDL-C (mg/dL) 36.6+13.0 ()"
LDL-C (mg/dL) 75.7+56.9 (N)
D-dimer (mg/L) 1.1(0.7-1.9)
Fibrinogen (mg/dL) 304.0 (245.0-392.0) (N)*
Antithrombin (%) 92 (84-97) (N)*
Lupus anticoagulant 2 (4.4%)
Anti-cardiolipin antibody 3/41 (7.2%)
Platelets (x 10%/L) 188.1+93.9

60.5+14.9 51.1+11.0

24:38 46:30
129.5+10.2 1334119
782+175 80.5+88
24.1+5.1 23336

12 (12.0%) 25 (32.9%)
132+£7.3 (N)f 142+14.2 (N
141.3+44.2 (N)f 123.6+282 (N)'
113.7+53.1 (N)' 112.9+65.4 (N)'
37.5+105(])° 37.2£92()
77.0+36.8 (N)® 61.2+22.8 (N)'

1.4-7.5) 21(1.23.2)

272.5 (204.5-362.0) (N)*

0

( 215.0 (172.5-266.5) (N)'
83 (69-92) (N)'

3(

(

85.0 (77.0-94.0) ()

4.8%) 0(0%)
10/58 (17.5%) 3/71 (4.2%)
1954+84.4 154.2+£56.8

*Group A, atherosclerosis with hypertension; Group B, venous thromboembolism with hypertension; Group C, hypertension without complication; The
median (or mean) values of biomarkers are denoted as increased (1), decreased (), or normal (N) on the basis of the reference values. The cut-offs for
metric values were determined by reference ranges in our laboratory except for D-dimers and platelets. The cut-off of biomarkers were as follows: Hey (>15
pymol/L), TC (>200 mg/dL), TG (>200 mg/dL), HDL-C (<60 mg/dL), fibrinogen (>380 mg/dL), and AT (<80%).

Abbreviations: HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.

The thrombophilic polymorphisms, Factor V G1691A and
prothrombin G20210A could not be analyzed since they were
not detected in any patients. However, MTHFR C677T and
A1298C polymorphisms were not associated with VTE in HTN
patients (Fig. 1).

Furthermore, group B demonstrated higher levels of D-di-
mers, fibrinogen, LDL-C, and platelet count (Table 2). ORs (95%
Cl) of high D-dimer levels (>4.0 mg/L), fibrinogen (>380 mg/
dL), LDL-C (>100 mg/dL), platelet count (>176x10'%/L), and
aCL were 13.8 (4.86-39.20), 3.32 (1.18-9.38), 4.57 (1.24-
16.92), 4.08 (1.96-8.49), and 4.93 (1.29-18.85), respectively
(Fig. 1). Of these significant markers, the D-dimer levels were
higher than the reference range in the group B. Fibrinogen,
LDL-C, and platelet count were within the reference range. The
frequency of aCL was higher in the group B (17.5%) than in the
group C (4.2%) (P<0.05, Table 2).

BMI, diabetes mellitus, Hcy, AT, TC, TG, HDL-C, and the fre-
quency of LA were not different between the group B and C
(Table 2, Fig. 1).

http://dx.doi.org/10.3343/alm.2016.36.3.215

DISCUSSION

HTN is a well-known risk factor of MI and ischemic stroke. It is
also reported that HTN is relevant to the development of VTE [3,
4, 71. In this study, we investigated various potential risk factors
for their reliability in predicting the development of AVD or DVT,
particularly in HTN patients whose BP is highly controlled. We
examined known genetic predispositions (MTHFR C677T,
A1298C, Factor V G1691A, and prothrombin G20210A poly-
morphisms), Hcy levels, and thrombophilic biomarkers in three
HTN groups. As expected, the lipid profile and BMI were gener-
ally well managed in the patients enrolled, and BP was not dif-
ferent among the three groups.

We studied the Factor V G1691A and prothrombin G20210A
polymorphisms, because they are important and basic muta-
tions in thrombophilia. We could not observe these polymor-
phisms, similar to previous reports [28, 29]. However, we ob-
served that the MTHFR 677TT genotype was associated with
increased development of AVD in HTN patients (OR 2.648,
P=0.05). Recent meta-analyses demonstrated that the TT gen-
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otype is associated with cardiovascular diseases including M,
venous thrombosis, and peripheral arterial thrombosis [12, 21].
Although previous studies have demonstrated that the MTHFR
677CT genotype and Hyper-Hcy are associated factors of
thrombosis when compared with healthy control [14], this geno-
type did not correlate with VTE in HTN patient in the present
study. Similar results were also observed in a previous study
[30]. The frequency of the MTHFR genotypes in this study were
similar to those of a previous Korean study, which reported that
the frequencies of 677CC, CT, and TT were 28.9%, 47.4%, and
23.7%, respectively [31]. The homozygous TT genotype is
slightly higher in this study than in western countries (7.7-
18.7%) [32-34]. Furthermore, MTHFR A1298C was not associ-
ated with AVD or VTE in this study.

Hcy is a sulfur amino acid in the blood that is produced when
methionine is broken down in the body. Elevated Hcy levels are
known to be associated with hardening of the arteries and blood
clots in veins [18, 35]. Of the three groups, the group A pre-
sented the highest Hcy levels, which was slightly higher than
those in Korean patients with coronary artery disease [36].
Therefore, Hyper-Hcy is a potential risk factor of AVD in patients
receiving treatment for HTN. A previous study reported that the
Hcy levels in venous and arterial thrombosis groups did not dif-
fer significantly. However, these studies considered only arterial
thrombosis, and not all AVD were included in that study [371]. It
is not yet clear whether Hcy itself causes vascular diseases or
whether it is merely a marker of increased risk. It is also not
clear whether Hyper-Hcy results from vascular events [38]. The
MTHFR 677TT genotype was associated with Hyper-Hcy in the
present study. The patient with the TT genotype demonstrated
higher Hcy levels (1.1 umol/L) than the wild type. This corre-
sponded to previous meta-analyses, which also demonstrated
that the TT genotype showed higher Hcy levels (3.5 pmol/L)
than the wild type [271].

The D-dimer has been known as a useful biomarker for the
diagnosis of PE, DVT, and acute aortic dissection [17, 23]. In
the present study, the group B exhibited higher levels of D-di-
mers than group C. Furthermore, anti-phospholipid antibodies
(APLA) including LA and aCL are associated with venous and
arterial thrombosis. The frequency of APLA is reported to be
1-5% in the general population, increasing up to 10% in VTE
and 17% in MI [24]. In this study, the presence of LA was not
significantly higher in the group B, but aCL was more frequently
observed in this group (17.5%) compared with the group A
(7.2%) or group C (4.2%).

Platelet activity plays an important role in coagulation and
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thrombus formation. Previous studies reported that platelet
count seems to parallel changes in platelet function in Ml pa-
tients [25]. In this study, the platelet count was significantly
higher in the group A and B than in the group C. Although
platelet count were within the reference range for all three
groups, HTN patients with platelet counts over 176 x10'%/L
demonstrated higher relevance of VTE (OR 4.08) or AVD (OR
2.28). Similar to our findings, platelet count was related to the
relevance of MI [39]. In contrast, a study reported that lower
platelet count posed a high relevance for PE development in
DVT patients [40]. Further research in larger cohorts is required
to elucidate the influence of platelet count on the development
of AVD or VTE in HTN patients.

In conclusion, this study investigated potential risk factors of
AVD and VTE in patients treated for HTN. The MTHFR 677TT
genotype tended to increase the risk of AVD events in HTN pa-
tients. In addition, the results suggest that Hcy levels could be
valuable in estimating the development of AVD. Our findings
demonstrated that D-dimers and aCL could also be considered
useful to estimate the occurence of VTE. Although our results
need to be validated in a larger number of cases, including vari-
ous ethnic groups, we propose that the above findings will help
clinicians to assess the potential risk factors of vascular diseases
in treated HTN patients.
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