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ASSOCIATION OF PSYCHOSOCIAL FACTORS WITH DOPAMINE RECEPTOR D4 (DRD4), DAT GENE
POLYMORPHISM AND CARDIOVASCULAR INCIDENCE RISK

Gafarov Valery, Voevoda Mikhail, Gromova Elena, Maksimov Vladimir, Gagulin Igor, Yudin Nikolay, Gafarova Aimira, Mishakova Tatiana

Anxiety is considered as an independent risk factor for cardiovascular diseases
(CVD). Relationships between genetic markers of anxiety and risk of developing
CVD remain unknown.

Aim. The objectives of the study were to determine trait anxiety prevalence; to find
associations between trait anxiety and VNTR polymorphisms in the DRD4 and DAT
genes; and to calculate Hazard retio (HR) for developing arterial hypertension (AH),
myocardial infarction (MI), and stroke.

Material and methods. Representative sample of 25-64-year-old males
(n=2149) was examined in three screening studies in a framework of the WHO
MONICA program and MONICA-psychosocial subprogram in Novosibirsk in 1984,
1988, and 1994. All first time MI, AH, and stroke events were registered from 1984
to 2008. Genotyping of VNTR polymorphism was performed for DRD4 and DAT
genes. Anxiety levels were evaluated by using the Spielberger’s test. Stratified Cox
proportional regression model was used for Hazard ratio (HR) estimation.
Results. High level of anxiety (HLA) in an open male population was 50,9%. The DRD4
genotype 4/6 and DAT genotype 9/9 were significantly associated with HLA. HLA
increased CVD risk. HR for developing AH and stroke was maximal during the first five
years of the study, whereas maximal risk of developing Ml was found for 10-year period.
Conclusion. Prevalence of HLA in an open 25-64-year-old male population in
Novosibirsk was high. Rates of HLA were significantly associated with certain VNTR
polymorphisms in the DRD4 and DAT genes. HLA were associated with increased
risk of developing CVD.
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ACCOLMALNA NCUXOCOLUMNANIbHBIX ®AKTOPOB C NOJIMMOP®U3MOM NEHOB PELIEMTOPA
AONAMUHA D4 (DRD4), TPAHCINOPTEPA AOMAMUHA (DAT) U PUCK PASBUTUA CEPAEYHO-

COCYAUCTOM NATOJI0TUK

Gafarov Valery, Voevoda Mikhail, Gromova Elena, Maksimov Vladimir, Gagulin Igor, Yudin Nikolay, Gafarova Aimira, Mishakova Tatiana

TpeBOXHOCTb paccMaTpyBaeTcs kak He3aBMCHMbI HakTop pucka CepaeyHO-Ccocy-
oucTbix 3abonesannii (CC3). Accoumaumn Mexay reHeTMHeCKMMU Mapkepamu
TpeBoru 1 puckom passutus CC3 ocTaloTcs HeN3BECTHBIMM.

Llenb. Onpeaenntb pacnpoCTPaHEHHOCTb JIMYHOCTHOW TPEBOXHOCTU B MOMyns-
LMK, HaWTW accouyaTMBHbIE CBSA3M MEXAY JIMYHOCTHON TPEBOXHOCTHIO 1 VNTR-
nonumopodmamom reHos DRD4, DAT; paccumTath puck pa3sutus (HR) aptepumans-
Hou rvuneptenauu (Al), nHdapkTa mrokapaa (VM) v nHcynsta.

Martepuan u meToabl. PenpeseHTaTveHa BbiGopka MyX4nH B Bo3pacTe 25-64 net
(n=2149) 6bina obcnefnoBaHa Ha TPeX CKPUHMHrax B pamkax nporpammbl BO3
“MOHWKA-ncuxocoumansHas” B Hosocnbrpcke B 1984, 1988, 1994rr. Bnepable
BO3HUKLLVE cnyqan VIM, AT 1 uHCynbTa nocne CKpuHMHIa B koropTe 6binv 3aperu-
cTpupoBaHbl ¢ 1984 no 2008rr. feHoTunupoBaHune VNTR-nonumopduama 6bino
BbINOJIHEHO Ans reHoB DRD4 n DAT. YpoBeHb TPEBOXHOCTY OLLEHMBAN C MOMOLLbIO
Tecta Cnun6eprepa. CtpatnduumposaHHas Kokc-nponopLmoHanbHas perpeccu-
OHHasi MOAENb MCNOb30BaNach AN OLEHKM pucka pa3sutus (Hazard ratio — HR).
Pesynbratbl. BbiCOKW ypoBEHL TPEBOXHOCTH (BYT) B OTKPBLITON MYXCKOI nomy-
nauum coctasun 50,9%. feHotun 4/6 DRD4 v reHotun DAT 9/9 Gbinu 4eTko CBsi-

Solely adverse environmental factors can hardly be
fully responsible for the development of elevated levels of
trait anxiety [1-6]. The study of 8-16-year-old twins from
Great Britain showed genetic correlation between anxiety
and depression [7]. The genetic correlation coefficient was
as high as 80%, whereas factors of general environment
accounted for the rest 20% [7]. Anxiety can be caused by

3aHbl ¢ BYT. BYT goctoBepHo nosbiwan HR CC3. Puck pa3sutus Al v uHcynsta 6bin
MaKCUMasbHbIM B TEYEHIE NEPBbIX MATW NET U3Y4eHUs, B TO BPEMS kak MakCUMarb-
Hbli HR VIM 6bin B TeyeHue 10 ner.

3aknioyeHune. PacnpocTpaHeHHOCTb BYT B OTKPbITOM NOMyAsummu MyxymH 25-64-
net B HoBocubupcke Gbina BbICOKOiA. YpoBHM BYT nmenu accoumauum ¢ onpeae-
neHHbIM VNTR — nonumopduamom B reHax DRD4 1 DAT. BYT cBsi3aH C NoBbILEH-
HbIM prickoM passuTus CC3.

Poccuiickuit kapauonoruyeckuii xypian 2016, 4 (132), Aurn.: 124-128
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KnioueBble cnoBa: kapavonorvis, aptepuanbHas runepTeHans, MHPapKkT Mmuo-
Kapaa, VHCY/bT, IMYHOCTHas TPEBOXHOCTb, nonnmopdusm, red DRD4, ren DAT,
puvcK pa3BuTUS 60Ne3HN, CEPAEYHO-COCYAMCTbIX 3a00NEBAHMIA.

HWUW Tepanuu n npocdunakTuieckoin meamuymtbl, HoBocnbupcek, Poccus.

the abnormal dopamine synthesis, [8—10] although the
study regarding the relationships between anxiety traits
and variable number of tandem repeat (VNTR) polymor-
phisms in the dopamine D4 receptor (DRD4) and the
dopamine transporter (DAT) genes gained controversial
results [11-14]. Great interest in studying anxiety is driven
also by the fact that anxiety is considered as an independ-
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Table 1
Genotype and allele frequencies of variable number
of tandem repeat (VNTR) polymorphisms in the dopamine D4
receptor gene in 25-64-year-old male population
in Novosibirsk

Genotypes Population

n %
22 26 6,1
23 1 0,2
24 53 12,5
25 2 0,5
26 10 2,4
27 1 0,2
33 8 1,9
34 24 5,6
36 3 0,7
37 2 0,5
44 246 57,9
45 4 0,9
46 18 4,2
47 9 2,1
48 1 0,2
55 3 0,7
56 2 0,5
66 9 2,1
77 3 0,7
Alleles
2 119 14
3 46 5,4
4 601 70,7
5 14 1,6
6 51 6,0
7 18 2,1
8 1 0,1

ent risk factor for cardiovascular morbidity and mortality
[15-18]. To our knowledge, no available prospective popu-
lation-based study in the literature describes similar data
obtained by using the World Health Organization (WHO)
programs.

The objectives of our study were to determine trait anx-
iety levels in an open population of 25—64-year-old males;
to carry out an association analysis of trait anxiety and
VNTR polymorphisms in the DRD4 and DAT genes; and
to calculate Hazard ratio (HR) for developing arterial
hypertension (AH), myocardial infarction (MI), and
stroke, depending on the anxiety levels over a 24-year
period of the study.

Material and methods
Three screening studies were conducted in a framework
of the World Health Organization Multinational Monitor-
ing of Trends and Determinants in Cardiovascular Disease
program (MONICA) [8-10] and MONICA-psychosocial

Table 2
Genotype and allele frequencies of variable number
of tandem repeat (VNTR) polymorphisms in the DAT gene
in 25-64-year-old male population in Novosibirsk

Genotypes Population

n %
8/8 4 1
9/9 15 3,7
6/10 3 0,7
8/10 1 0,2
9/10 149 36,6
10/10 223 54,8
10/11 4 1,0
10/12 1 0,2
11/11 7 1,7
Alleles
6 3 0,4
8 9 1,1
9 179 22
10 604 74,2
1 18 2,2
12 1 0,1

subprogram [21] in 1984, 1988, and 1994, respectively. A
total of 2149 males aged 25-64 years, residents of one dis-
trict of the city of Novosibirsk, were examined. The response
rate was 82,1%. Anxiety levels were evaluated by using the
Spielberger’s test [22]. Spielberger’s inventories were filled
out by each participant individually. Genotyping of the gene
polymorphism was performed in the Molecular Genetics
Laboratory of the Research Institute of Internal Medicine
by using the methods described in detail elsewhere [23-26].
Frequency distribution of the variable number of tandem
repeat (VNTR) polymorphisms in the DRD4 and DAT
genes in a population of 25-64-year-old males is shown in
Table 1 and Table 2. The cohort for prospective study
(n=1423) screened out all male participants diagnosed with
ischemic heart disease, cerebrovascular pathology, arterial
hypertension (AH), myocardial infarction (MI), and diabe-
tes. During the entire 24 years of the study from 1984 to
2008, all first time MI events (n=104) were registered by
using the WHO Acute Myocardial Infarction Register pro-
gram, whereas the arterial hypertension (n=162) and stroke
(n=76) events were documented in the process of the yearly
observations on the cohort.

Statistical analysis of data was performed by using the
SPSS (Statistical Package for Social Sciences) software
package version 11.5. Chi square (XZ) statistic was used to
investigate whether distributions of categorical variables
differed from one another in between the groups. The
stratified Cox proportional regression model was used for
determination of the HR adjusted for different data collec-
tion dates. A value of p<0,05 was considered statistically
significant [27-28].

125



Russian Journal of Cardiology N2 4 (132) Eng., 2016

Table 3
Distribution of genotype and allele frequencies
of the dopamine D4 receptor gene and prevalence
of trait anxiety

Genotypes LLA MLA HLA

n % n % n %
22 0 0 18 7 8 4,8
23 0 0 0 0 1 0,6
24 0 0 37 14,5 16 9,6
25 0 0 1 0,4 1 0,6
26 0 0 5 2 5 3
27 0 0 1 0,4 0 0
33 0 0 3 1,2 5 3,0
34 0 0 12 47 12 7,2
36 1 33,3 1 0,4 1 0,6
37 0 0 1 0,4 1 0,6
44 2 66,7 153 59,8*** 91 54,8
45 0 0 4 1,6 0 0
46 0 0 5 2 13 7,8**
47 0 0 5 2 4 2,4
48 0 0 0 0 1 0,6
55 0 0 0 0 1 0,6
56 0 0 1 0,4 1 0,6
66 0 0 6 2,3 3 1,8
7 0 0 2 0,8 1 0,6
x2:69,569, df=36, p=0,001
Alleles n % n % n %
2 0 0 80 15,6 39 11,7
3 1 16,7 20 3,9 25 7,5
4 4 66,7 369 72,1 228 68,7
5 0 0 8 1,6 6 1,8
6 1 16,7 24 47 26 7,8
7 0 0 11 2,1 7 2,1
8 0 0 0 0 1 0,3

x2=15,980, df=12, p=0,192

Annotation: ** — p<0,01; *** — p<0,001.

Abbreviations: LLA — low level of anxiety, MLA — moderate level of anxiety, HLA —
high level of anxiety.

Results

Prevalence of trait anxiety in the population of
25—64-year-old males was as high as 97,5%. Moderate
level of anxiety (MLA) and high level of anxiety (HLA)
were found in 46.6% and 50,9% of participants, respec-
tively. Carriers of the DRD4 genotype 4/4 comprised
59.8% and 54,8% of males in MLA and HLA groups,
respectively. Individuals with the DRD4 genotype 2/4
were found significantly more often in MLA group (14,5%)
than in HLA group (9,6%). In contrast, carriers of the
DRD4 genotype 4/6 were found more often in HLA group
(7,8%) than in MLA group (2%) (x2=69.569, df=36,
p<0,001) (Table 3). Carriers of the alleles 2 and 4 prevailed
in MLA group (15,6% and 72,1%, respectively), whereas
the occurrence rates for these alleles in HLA group were
11,7% and 68,7%, respectively. The allele 6 was found in

Table 4
Distribution of genotype and allele frequencies
of the DAT gene and prevalence of trait anxiety

Genotypes LLA MLA HLA

n % n % n %
8/8 0 0 2 0,8 2 1,3
9/9 1 25 4 1,6 10 6,3
6/10 1 25 0 0 2 1,3
8/10 0 0 1 0,4 0 0
9/10 2 50 85 35 62 38,8
10/10 0 0 142 58,4 81 50,6
10/11 0 0 3 1,2 1 0,6
10/12 0 0 1 0,4 0 0
11/11 0 0 5 2,1 2 1,3
x2:51 ,105, df=16, p=0,0001
Alleles n % n % n %
6 1 12,5 0 0 2 0,6
8 0 0 5 1,0 4 1,3
9 4 50 93 19,1 82 25,6
10 3 37,5 374 7 227 70,9
1 0 0 13 2,7 5 1,6
12 0 0 1 0,2 0 0

x’=45,402, df=10, p=0,0001

Abbreviations: LLA — low level of anxiety, MLA — moderate level of anxiety, HLA —
high level of anxiety.

7,8% and 4,7% of HLA group and MLA group, respec-
tively (X2=15,980, df=12, p=0,192) (Table 3).

Carriers of the DAT genotype 10/10 comprised 58,4%
of MLA group and 50,6% of HLA group. The heterozy-
gote DAT genotype 9/10 was found in 35% of MLA group
and in 38,8% of HLA group. The situation among men,
carriers of the DAT genotype 9/9, was the opposite,
namely: 6,3% of participants had HLA, whereas 1.6% of
them had MLA (X2=51,105, df=16, p<0,0001) (Table 4).
Carriers of the allele 9 prevailed in HLA group (25,6%) in
comparison with MLA group (19,1%). In contrast, carri-
ers of the allele 10 were found more often in MLA group
(77%) than in HLA group (70,9%) (;'=45,402, df=10,
p<0,0001) (Table 4).

Over the entire 24-year period of our study, 5,9%, 4,2%,
and 16,9% of males suffered from MI, stroke, and newly
diagnosed AH, respectively. Prevalence rates of HLA in a
cohort of males with newly diagnosed cardiovascular dis-
eases (CVD) were 57,4% (y'=8,515, df=1, p<0,001),
58,7% (X2=23, 185,df=1,p<0,0001),and 68,7% (x =40,355,
df=1, p<0,0001) in participants with AH, MI, and stroke,
respectively. Within the first five years of observation, HR for
developing AH, MI, and stroke in HLA group were 6,8-fold
higher (95% CI=3,24—14,18, p<0,05), 2,5-fold higher
(95% CI=1,63—4,62, p<0,001), and 6,4-fold higher (95%
CI=3,08—13,3, p<0,05) than in MLA group, respectively. A
ten-year period of the study showed that HR for developing
AH, M1, and stroke in HLA group were 5-fold higher (95%
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CI=2,89—-11.76), 3,1-fold higher (95% CI=1,48—5,61;
p<0,001), and 3,8-fold higher (95% CI=1,67—8,75; p<0,05)
than in MLA group, respectively. A twenty-year period of
observation revealed that HR for developing AH, MI, and
stroke in HLA group were 1,8-fold higher (95% CI=1,087—
3,24, p<0,05), 2.7-fold higher (95% CI=1,27-5,71,
p<0,05), and 1,6-fold higher (95% CI=1,026—2,965,
p<0,05), respectively, in comparison with MLA group. We
found a tendency towards an increase in HR for developing
CVD in HLA group over the entire 24-year period of the
study (Figure 1).

Discussion

More than half of 25-64-year-old males in the study
population had HLA. Carriers of the DRD4 genotypes 4/4
and 2/4 were found more often in MLA group, whereas
males with the genotype 4/6 were found more often in
HLA group. We observed similar frequency distribution
pattern for the DRD4 alleles.

Carriers of the DAT genotype 10/10 were found more
often in MLA group than in HLA group. A pattern of fre-
quency distribution among the carriers of the genotypes
9/10 and 9/9 was the opposite, namely: these genotypes
were found more often in HLA group than in MLA group.
The other genotypes in males with various levels of trait
anxiety were found significantly rarer with the prevalence
rates ranging from 2% to 5%. The ratios of the alleles 9 and
10 in males with trait anxiety were similar to the ratios of
the corresponding genotypes.

Our data provided evidence that trait anxicty signifi-
cantly increased the risk of developing CVD. Maximal
risks for developing AH (HR, ,=6,8) and stroke (HR =6,4)
were observed in males with HLA as early as within the
first five years of the study compared to MLA group. Rel-
ative risks for developing AH and stroke in HLA group
decreased with the course of time (for ten-year period:
HR, =5 and HRS=3,8; for 20-year period: HR, =5 and
HRS=3,8). At the same time, HR for developing MI
showed a different pattern, namely: maximal risk for
developing MI was found within 10 years of the study
(HR=3,1); 20-year period revealed some downward trend
in MI HR (HR=2,7); both 10-year and 20-year period
indices exceeded the HR rates for developing MI within
the first five years of the study (HR=2,5).

The differently directed HR trends in developing AH
and stroke versus MI can be explained by the fact that
HLA, as a cause of AH and stroke, was found more often
in the older groups. Further decrease in HR for 10-year
and 20-year periods was caused by reduction in a cohort
size due to adverse outcomes in these groups. At the same
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Figure 1. Comparative analysis of relative risk of developing CVD among the study
participants with high level of anxiety (HLA) during 24-year period.
Annotation: *- p<0,05, ** — p<0,01, *** — p<0,001.

time, HLA, as a cause of MI development, was found
more often in the younger age groups, obviously resulting
in a different HR trend pattern, namely: maximal HR was
registered for 10-year period, whereas minimal HR was
found for the first five years [29-31]. The results of our
study are consistent with data obtained by other authors
[15]. Meta analysis of 20 studies, conducted from 1980 to
2009, showed that anxiety in originally healthy individuals
increased risk for developing coronary artery disease
(HR=1,26,95% CI=1,15—1,38, p<0,0001) independently
of demographic factors, biological risk factors, and life-
style.

Conclusion

1. Prevalence of high level of anxiety in 25—64-year-
old male population of Western Siberia metropolis (the
city of Novosibirsk) was as high as 50,9%.

2. High level of anxiety in 25-64-year-old male popu-
lation was associated with the DRD4 genotype 4/6 and the
DAT genotype 9/9.

3. High level of anxiety in 25-64-year-old male pop-
ulation caused maximal risk of developing arterial
hypertension and stroke within the first five years of
observation.

4. High level of anxiety in 25-64-year-old male popu-
lation resulted in maximal risk of developing myocardial
infarction within 10-year period, whereas risk of myocar-
dial infarction events during the first five years of observa-
tion was minimal.
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