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Anxiety is considered an independent risk factor for cardiovascular diseases (CVD). 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 relative risks (RR) for developing 
arterial hypertension (AH), myocardial infarction (MI), and stroke. Representative sample of 25 to 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. Genotyping of VNTR polymorphism was performed for DRD4 
and DAT genes. Anxiety levels were evaluated by Spielberger’s test. Stratified cox proportional 
regression model was used for RR estimation. High level of anxiety (HLA) was 50.9%. The DRD4 
genotype 4/6 and DAT genotype 9/9 were significantly associated with HLA increasing CVD risk. Stroke 
and AH risks were maximal during the first five years, whereas maximal MI risk was found for 10-year 
period. Prevalence of HLA in Novosibirsk was high. Rates of HLA were significantly associated with 
certain VNTR polymorphisms in the DRD4 and DAT genes. High levels of anxiety were associated with 
increased CVD risk.  
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INTRODUCTION 
 
Solely adverse environmental factors can hardly be fully 
responsible for the development of elevated levels of trait 
anxiety (Spielberger, 1972; Raffety, 1997; Akzhigitov, 
2002; Comer, 2006; Kolutskaya, 2006; Lapina and 
Borovkov, 2008). The study of 8 to 16-year-old twins from 
Great Britain showed genetic correlation between anxiety 
and depression (Bouchard and Loehlin, 2001). The 
genetic correlation coefficient was as high as 80%, 
whereas factors of general environment accounted for 
the rest 20% (Bouchard and Loehlin, 2001).  Anxiety  can 

 
 
 
*Corresponding author. E-mail: valery.gafarov@gmail.com. Tel: 
+73832642516. Fax: +7 383 264 2516. 

be caused by the abnormal dopamine synthesis (Roy-
Byrne, 1986; Heninger and Charney, 1998; Nutt and 
Laurence, 1992), although the study regarding the 
relationships between anxiety traits and variable number 
of tandem repeats (VNTR) polymorphisms in the 
dopamine D4 receptor (DRD4) and the dopamine 
transporter (DAT) genes gained controversial results 
(Eley, 1997; Benjamin, 1998; de Brettes, 1998; Noble, 
1998). Great interest in studying anxiety is driven also by 
the fact that anxiety is considered as an independent risk 
factor for cardiovascular morbidity and mortality (Gafarov 
and Gagulin, 1993; Gafarov, 2000a, b; Roest, 2010). To 
our knowledge, no available prospective epidemiologic 
study in the literature describes data similar to our results 
based    on    the    World   Health   Organization   (WHO)  
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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 to 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 
 
 
 

programs. 
The objectives of our study were to determine trait 

anxiety levels in an open population of 25 to 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 relative risks (RR) for developing arterial 
hypertension (AH), myocardial infarction (MI), and stroke, 
depending on the anxiety levels over a 24-year period of 
the study.  
 
 

MATERIALS AND METHODS 
 

Three screening studies were conducted in a framework 
of the World Health Organization Multinational Monitoring 
of Trends and Determinants in Cardiovascular Disease 
program (MONICA) (Roy-Byrne, 1986; Heninger and 
Charney, 1988; Nutt and Laurence, 1992) and MONICA- 
psychosocial subprogram (World Health Organization, 
1988) in 1984, 1988, and  1994,  respectively.  A  total  of 

 
 
 
 
2149 males aged 25 to 64 years, residents of one district 
of the city of Novosibirsk, were examined. The response 
rate was 82.1%. Anxiety levels were evaluated by using 
the Spielberger’s test (the trait anxiety subscale) 
(Spielberger, 1972). The Spielberger’s test scores of less 
than 30, ranging from 31 to 44, and more than 45 were 
interpreted as indicators of low level of anxiety (LLA), 
moderate level of anxiety (MLA), and high level of anxiety 
(HLA), respectively. The Spielberger’s inventories were 
filled out by each participant individually. The methods 
were strictly standardized to comply with the 
requirements of the MONICA project protocol. Processing 
of data was carried out in Helsinki (Finland). Quality 
control was performed in quality control centers for 
MONICA in Dundee (Scotland), Prague (Czech 
Republic), and Budapest (Hungary) where the results 
were found satisfactory (WHO MONICA, 1990).  

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 (Maniatis, 1984; Smith, 
1988; Nanko, 1993; Mitchell, 2000). Briefly, Genomic 
deoxyribonucleic acid (DNA) was isolated from whole 
blood and analyzed by polymerase chain reaction (PCR) 
with oligodeoxynucleotide primers specific for part of the 
DRD4 sequence: 5’-AGGTG-GCACG-TCGCG-CCAAG-
CTGCA-3’ sense; 5’-TCTGC-GGTGG-AGTCT-GGGGT-
GGGAG -3’ antisense. Reactions were carried out using 
the Eppendorf Mastercycler gradient. PCR amplification 
was done in 25 μL reaction buffer containing 20 mmol/L 
NH4SO4, 75 mmol/L Tris-HCl (pH 9), 1.5 mmol/L MgCl2, 
0.01% Tween-20, and 10% dimethylsulphoxide. The 
reaction contained 0.5–1 μg genomic DNA, 0.4 μmol/L of 
each primer, 1.25 unit Taq polymerase, and 200 μmol/L 
each of dNTP. PCR conditions were initial denaturing at 
95°C for 4 min, followed by 35 cycles (95°C, 1 min; 65°C, 
1 min; 72°C, 1 min). Genotyping of VNTR polymorphism 
in the DAT gene was performed with 
oligodeoxynucleotide primers specific for part of the DAT 
sequence: 5’-TGTGG-TGTAG-GGAAC-GGCCT-GAG-3’ 
sense; 5’-CTTCC-TGGAG-GTCAC-GGCTC-AAGG-3’ 
antisense. PCR amplification was done in 25 μL reaction 
buffer containing 67 mmol/L Tris-HCl (pH 8.8), 2 mmol/L 
MgCl2, 0.01% Tween-20, and 98 mmol/L beta-
mercaptoethanol. The reaction contained 0.5–1 μg 
genomic DNA, 0.4 μmol/L of each primer, 1.25 unit Taq 
polymerase, and 200 μmol/L each of dNTP. PCR 
conditions were initial denaturing at 95°C for 4 min, 
followed by 35 cycles (95°C, 1 min; 66°C, 1 min; 72°C, 1 
min). Gel PCR product was subjected to 4% 
polyacrylamide gel electrophoresis. Amplified DNA was 
stained with ethidium bromide after electrophoresis. The 
100 bp DNA ladder for molecular weight identification 
was purchased from SibEnzyme (Russia). 

Frequency distribution of the variable number of 
tandem repeats (VNTR) polymorphisms in the DRD4 and 
DAT genes in a population of 25 to 64-year-old males is 
shown in Tables 1 and 2. All male participants  diagnosed  



 
 
 
 

Table 2. Genotype and allele frequencies of variable 
number of tandem repeats (VNTR) polymorphisms in 
the DAT gene in 25 to 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 

11 18 2.2 

12 1 0.1 

 
 
 
with ischemic heart disease, cerebrovascular pathology, 
arterial hypertension (AH), myocardial infarction (MI), 
diabetes, and confirmed psychiatric illnesses were 
screened out from the cohort for prospective study (n = 
1423). 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 
program, 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 
statistical package for social sciences (SPSS) software 
package version 11.5. Chi square (χ

2
) 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 relative risk (RR) 
adjusted for different data collection dates. A value of 
p < 0.05 was considered statistically significant (Cox, 
1972; Glants, 1998).  
 
 
RESULTS 
 
Prevalence of trait anxiety in the population of 25 to 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, respectively. Carriers 
of the DRD4 genotype 4/4 comprised 59.8 and  54.8%  of  
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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 4.7  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 

77 0 0  2 0.8  1 0.6 

Χ
2 

= 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 4.7  26 7.8 

7 0 0  11 2.1  7 2.1 

8 0 0  0 0  1 0.3 

χ
2 

= 15.980, df = 12, p = 0.192 
 

LLA: low level of anxiety; MLA: moderate level of anxiety; HLA: 
high level of anxiety. **p < 0.01; ***p < 0.001. 

 
 
 
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%) (χ

2 
= 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 7.8 and 
4.7% of HLA group and MLA group, respectively (χ

2 
= 

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.  
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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 

χ
2 

= 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 77  227 70,9 

11 0 0  13 2,7  5 1,6 

12 0 0  1 0,2  0 0 

χ
2 

= 45.402, df = 10, p = 0.0001 
 

LLA: low level of anxiety; MLA: moderate level of anxiety; 
HLA: high level of anxiety.  

 
 

 

The heterozygote DAT genotype 9/10 was found in 35% 
of MLA group and in 38.8% of HLA group. The 
distribution 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 (χ

2 
= 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, carriers of the allele 10 were 
found more often in MLA group (77%) than in HLA group 
(70.9%) (χ

2
 = 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 
diseases (CVD) were 57.4% (χ

2 
= 8.515, df = 1, p < 

0.001), 58.7% (χ
2 

= 23.185, df = 1, p < 0.0001), and 
68.7% (χ

2 
= 40.355, df = 1, p < 0.0001) in participants 

with AH, MI, and stroke, respectively. Within the first five 
years of observation, RR rates for developing AH, MI, 
and stroke in HLA group were 6.8-fold higher (95% C = 
3.24–14.18, р < 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 RR rates for 
developing AH, MI, and stroke in HLA group were 5-fold 
higher (95%

 
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 RR rates 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 RR for developing CVD 
in HLA group over the entire 24-year period of the study 
(Figure 1).  
 
 
DISCUSSION 
 
The study showed that more than half of 25 to 64-year-
old males in the study population had HLA. Prevalence of 
HLA in Russian population was found significantly higher 
than in Europe and the USA (Alonso et al., 2004; Jacobi 
et al., 2004; Kessler et al., 2005; Lépine et al., 2005). 
Unfortunately, we could not compare our results with data 
acquired in other Russian regions because such studies 
either do not exist or their data have not been published 
yet. Such a high prevalence of HLA in our study may be 
explained by the fact that anxiety was a marker of social 
tension in the population that experienced major overhaul 
of the social and psychological bases during the years of 
the study (Gafarov et al., 2000; 2002).  

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. Among the possible causes of higher 
frequency of long DRD4 gene allele variants in males 
with HLA is the fact that, according to present-day 
evidence, dopaminergic neuron system is associated with 
reinforcement or reward pathways. Indeed, long DRD4 
gene allele variant is associated with the reduced 
dopamine receptor sensitivity. Due to the fact that long 
DRD4 gene alleles encode less sensitive variants of the 
dopamine receptor, the long allele homozygous 
individuals require stronger external stimulation to feel 
comfortable. These people need higher dopamine doses 
for receptor activation (Jonsson et al., 1997; Alonso et al., 
2004; Jacobi et al., 2004; Kessler et al., 2005; Lépine et 
al., 2005). 

Carriers of the DAT genotype 10/10 were found more 
often in MLA group than in HLA group. A pattern of 
frequency 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. 
Individuals with short DRD4 gene allele variants in 
genome possibly have altered dopamine reuptake 
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Figure 1. Relative risk of developing CVD among the study participants with high level of anxiety during 24-
year period. *p < 0.05; **p < 0.01; ***p < 0.001. AH: arterial hypertension; MI: myocardial infarction.  

 
 
 
resulting in reduced need for dopamine system activation 
due to smoking and heroin addiction. These individuals 
also have higher prevalence of posttraumatic stress 
disorder (Segman et al., 2002; Gerra et al., 2005). 

Our data provided evidence that trait anxiety 
significantly increased the risk of developing CVD. 
Maximal risks for developing AH (RRAH = 6.8) and stroke 
(RRS = 6.4) were observed in males with HLA as early as 
within the first five years of the study compared to MLA 
group. Relative risks for developing AH and stroke in HLA 
group decreased with the course of time (for ten-year 
period: RRAH = 5 and RRS = 3.8; for 20-year period: RRAH 
= 5 and RRS = 3.8). At the same time, RR for developing 
MI showed a different pattern, namely: maximal risk for 
developing MI was found within 10 years of the study (RR 
= 3.1); 20-year period revealed some downward trend in 
MI RR (RR = 2.7); both 10-year and 20-year period 
indices exceeded the RR rates for developing MI within 
the first five years of the study (RR = 2.5). 

The differently directed RR 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 RR 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 time, HLA, as a cause of MI development, was 

found more often in the younger age groups, obviously 
resulting in a different RR trend pattern, namely: maximal 
RR was registered for 10-year period, whereas minimal 
RR was found for the first five years (Gafarov, 2004, 
2007, 2008). The results of our study are consistent with 
data obtained by other authors. Meta-analysis of 20 
studies, conducted from 1980 to 2009, showed that 
anxiety in originally healthy individuals increased risk for 
developing coronary artery disease (RR = 1.26, 95% CI = 
1.15–1.38, p<0.0001) independently of demographic 
factors, biological risk factors, and lifestyle (Roest, 2010).  
 
 
Conclusions 
 
1. Prevalence of high level of anxiety in 25 to 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 to 64-year-old male 
population was associated with the DRD4 genotype 4/6 
and the DAT genotype 9/9.  
3. High level of anxiety in 25 to 64-year-old male 
population caused maximal risk of developing arterial 
hypertension and stroke within the first five years of 
observation.  
4. High level   of   anxiety   in   25   to   64-year-old   male  
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population resulted in maximal risk of developing 
myocardial infarction within 10-year period, whereas risk 
of myocardial infarction events during the first five years 
of observation was minimal.  
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