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Over 30 years ago, Appels A. described a syndrome of 
vital exhaustion (VE) [1]. Several studies have been con-
ducted afterwards showing that VE is associated with cor-
onary events [2, 3, 4], however, the term of VE was not 
widely recognized. Earlier definition of VE was based on 
empirical approach aimed at prevention of myocardial 

infarction (MI) symptoms rather than on the use of exist-
ing psychological indicators in ischemic heart disease 
(IHD) complex [1-6]. 

Currently, psychosocial factors and, in particular, VE 
are considered as independent risk factors for developing 
cardiovascular diseases (CVD) [7-11]. Likelihood of 
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Aim. to study prevalence rates of vital exhaustion and its effects on 14-year risk of 
cardiovascular disease (CVd) (arterial hypertension (AH), myocardial infarction 
(MI), and stroke) development and genetic traits in open population of 25–64-year-
old men in Russia/Siberia (West Siberia metropolis, Novosibirsk). 
Material and methods. Random representative sample of 25–64-year-old men 
was studied in a framework of WHO MONICA-Psychosocial Program (MOPSY) in 
1994. Maastricht questionnaire (Mq) was used to assess vital exhaustion. 
Genotyping for variable number of tandem repeats (VNtR) polymorphisms in dRd4 
and dAt genes was performed. All new cases of AH, MI, and stroke were registered 
among people without CVd for 14 years (from 1994 to 2008). Statistical analysis was 
done by using software package SPSS 11.5. Cox proportional hazards regression 
model was used for evaluation of risk coefficient (hazard ratio (HR) taking into 
account time-adjusted control. Х

2
 test was used to assess statistical significance of 

differences between the groups.
Results. In the study population, the vital exhaustion rate was 66,8%. Hazard ration 
was significantly increased (AH: HR=3,2; MI: HR=2,7; stroke: HR=3,2) in men with 
vital exhaustion compared with vital exhaustion-free individuals in open population 
during the first five years of observation. Multifactorial modeling showed that vital 
exhaustion together with concomitant social gradient determined development of 
AH, MI, and stroke in open population of 25–64-year-old men. Allele 7 of dRd4 and 
genotype 9/9 of dAt gene were associated with high level of vital exhaustion. 
Conclusion: Open population of 25–64-year-old men (Russia/Siberia, Novosibirsk) 
showed high level of vital exhaustion, a predictor for risk of developing CVd. Vital 

exhaustion is significantly associated with certain VNtR polymorphisms of dRd4 
and dAt gens.
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СЕРДЕЧНО-СОСУДИСТЫЕ ЗАБОЛЕВАНИЯ И ЖИЗНЕННОЕ ИСТОЩЕНИЕ: ПРОСПЕКТИВНОЕ 
ИССЛЕДОВАНИЕ В РОССИИ/СИБИРИ (ПРОГРАММА ВОЗ МОНИКА — ПСИХОСОЦИАЛЬНАЯ)
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Цель. Исследовать распространенность жизненного истощения, его влияния 
на 14-летний риск развития сердечно-сосудистых заболеваний (ССЗ) (арте-
риальной гипертонии (АГ), инфаркта миокарда (ИМ) и инсульта), а так же 
генетических особенностей жизненного истощения в открытой популяции 
среди мужчин 25-64 лет в России/Сибири (г.Новосибирск, мегаполис Запад-
ной Сибири).
Материал и методы. Была обследована случайная репрезентативная 
выборка мужчин 25-64 лет в рамках программы ВОЗ “МONICA-психосоциаль-
ная (MOPSY)” в 1994г. Маастрихтский опросник (ОМ) использовался для 
оценки жизненного истощения. Генотипирование было выполнено для пере-
менного числа тандемных повторов (VNtR) полиморфизмов генов dRd4 и dAt. 
Все новые случаи АГ, ИМ и инсульта были зарегистрированы у лиц без ССЗ 
в течение 14 лет (с 1994 по 2008гг). Статистический анализ проводился 
с помощью пакета программ SPSS 11.5. Кокс-пропорциональная регрессион-
ная модель была использована для оценки риска развития (Hazard ratio — HR) 
с учетом временного интервала. Тест Х2 был использован для оценки стати-
стической значимости различий между группами.
Результаты. В исследованной популяции  уровень жизненного истощения 
составил 66,8%. HR  был значительно увеличен (АГ: HR=3,2; ИМ: HR=2,7; 

инсульт: HR=3,2) у мужчин с жизненным истощением, по сравнению с лицами 
без жизненного истощения в открытой популяции в течение первых пяти лет 
наблюдения. Многофакторное моделирование показало, что жизненное исто-
щение вместе с сопутствующим социальным градиентом определяет разви-
тие АГ, ИМ и инсульта в открытой популяции  среди мужчин 25-64 лет. 7 аллель 
dRd4 и генотип 9/9 гена dAt были связаны с высоким уровнем жизненного 
истощения. 
Заключение. В открытой популяции  среди мужчин 25-64 лет (Россия/
Сибирь, г.Новосибирск) определен  высокий уровень жизненного истощения, 
как предиктор риска развития ССЗ. Жизненное истощение существенно свя-
зано с определенными VNtRr-полиморфизмами генов dRd4 и dAt.
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development of CVD and atherosclerosis is higher in 
individuals with high level of VE [12-14]. There is still no 
agreement regarding the effect of VE on stroke develop-
ment [15, 16]. Some authors believe that the condition of 
VE develops in population due to long-standing psycho-
social problems that are impossible to solve [17, 18]. 
Dopamine is involved in certain response reactions to 
surrounding events [19] whereas some dopamine reup-
take inhibitors exert antidepressant effect [20]. There-
fore, the study of genetic traits in VE is of high demand. 
It is essential to mention that such studies are absent in 
Russia. 

Taking all the above mentioned arguments into 
account, the objective of our study was to investigate the 
prevalence rates of VE, the effects of VE on 14-year risk of 
developing CVD (AH, MI, and stroke), and the genetic 
traits in open population of 25–64-year-old men in Rus-
sia/Siberia (West Siberia metropolis, Novosibirsk).

Material and method
The random representative sample of 25–64-year-old 

men (n=657; mean age: 44,3±0,4 years), all residents of 
the Oktyabrsky district of the city of Novosibirsk, was 
examined in a framework of the screening III of WHO 
MONICA Program, MONICA-Psychosocial Subpro-
gram (Multinational Monitoring of Trends and Determi-
nants of Cardiovascular Disease & Optional Study 
(MOPSY) [21, 22] in 1994 (Table 1). Response rate was 
82,1%. Sample was formed according to the requirements 
of the protocol of WHO MONICA based on electoral lists 
with the use of random number table. The program of 
screening examination included: 

1) Registration of socio-demographic data. The fol-
lowing socio-demographic indicators were registered 
according to the requirements of the program protocol: 
number; place of residence; last name; first name; patro-
nymic name; date of birth; date of registration; gender 
(male: 1; female: 2); marital status (never married; mar-
ried; divorced; widowed); education level (university 
degree; undergraduate/college degree; high-school 
diploma; elementary school/partially completed high 
school); professional status (higher manager; middle man-
ager; manager; technical/engineering employee; special-

ist; heavy-labor worker; moderate-labor worker; light-la-
bor worker; student; retired; disabled worker).

2) The study of VE was carried out based on the short 
14-item version of the Maastricht Vital Exhaustion Ques-
tionnaire (MQ) adapted to MONICA-MOPSY Program 
[23-25]. Respondents were requested to answer the ques-
tions of MQ test by themselves. 

The risk factor levels in the initial examination were 
analyzed without taking into account temporal dynamics. 
Methods were strictly standardized and corresponded to 
the requirements of WHO MONICA program protocols. 
Processing of data was performed in MONICA Data 
Center (Helsinki, Finland). Quality control was carried 
out at MONICA quality control centers (Dundee, Scot-
land; Prague, Czech Republic; Budapest, Hungary). Pre-
sented data were considered satisfactory [26-28]. 

The formed population sample was used for assessment 
of the risk of developing CVD. All men with cardiovascular 
pathologies, documented before or during the screening, 
were excluded from the study (IHD: n=53; AH: n=328; 
MI: n=14; stroke: n=17; medical history of diabetes mel-
litus: n=7; first-time diabetes mellitus diagnosed in the 
screening: n=20; not found: n=28). Study cohort included 
190 men with initial age ranging from 25 to 64 years. Dura-
tion of the prospective study was 14 years starting from 
January 1, 1995 through December 31, 2008. The follow-
ing end-points were established: first-time cases of AH, 
MI, and stroke. Registration of all MI cases was based on 
the program of WHO Acute Myocardial Infarction Regis-
ter [29]. First-time cases of AH and stroke were registered 
throughout the period of observation. The following 
sources for identification of AH and stroke cases were 
used: reports of annual medical checkups of individuals 
from the population cohort; clinical charts; hospital dis-
charge reports; district polyclinic reports; death certifi-
cates; interrogations with relatives; and autopsy and foren-
sic reports. 

As a part of annual medical checkup procedure, stand-
ardized measurements of arterial blood pressure (ABP) 
were performed according to the study protocol. The 
group of AH included both men with high ABP and those 
with normal ABP who were taking hypotensive drugs at 
moment of medical examination or stopped hypotensive 
therapy less than two weeks prior to the examination [30]. 
During the period of the study, new cases of AH (n=46), 
MI (n=30), and stroke (n=22) were documented in the 
study cohort (Table 2). 

Genotyping of variable number of tandem repeats 
(VNTR) polymorphisms in DRD4 and DAT genes was 
performed in the Laboratory of Molecular and Genetic 
Studies at the FSBI “Research Institute of Internal Medi-
cine” SB RAMS (Head of Laboratory: Maksimov V. N.) in 
accordance with methods described elsewhere [31-34]. 

Statistical analysis was carried out by using the software 
package SPSS 11.5. Pearson’s chi-squared test (χ2

) was 
used to determine whether there is a significant difference 

Table 1
Random representative sample of 25–64-year-old  

men in the Oktyabrsky District of the city of Novosibirsk: 
screening study III (1994)

Age groups n %

25-34 169 25,7

35-44 136 20,7

45-54 177 27

55-64 175 26,6

25-64 657 100
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between the groups [35]. Unifactorial and multifactorial 
Cox proportional hazards regression models were used for 
evaluation of risk coefficients (hazard ratio (HR)) taking 
into account time-adjusted control. [36, 37]. Associations 
between VE and VNTR polymorphisms of DRD4 and 
DAT genes were assessed by calculating the odds ratios 
(OR) and their 95% confidence interval (CI) (min-max). 
Values were considered statistically significant when P was 
≤0,05 for all analyses [38]. 

Results
In open population of 25–64-year-old men, VE rate 

was 66,8% (rate of moderate level of VE: 52,2%; rate of 
high level of VE: 14,6%) (Table 3). 

Prevalence rate of VE in cohort of men with first-time 
AH was 73,9% (rate of moderate level of VE: 58,2%; rate 
of high level of VE: 15.7%) (χ2

=22,494; ν=2, р<0,0001) 
(Table 2). 

Structure of marital status in men with AH and VE was 
as follows: never married (3,2%); married (86,7%); 

divorced (6,9%); widowed (1,6%) (χ2
=6,781; ν=4, 

р>0,05). Statistically significant results showing higher 
frequency of AH were found in group of married men with 
VE compared with those without VE (χ2

=6,771; ν=1, 
р<0,01).

Pattern of education levels in men with AH and VE was 
as follows: university degree (29,3%); undergraduate/col-
lege degree (25,5%); high-school diploma (18,1%); ele-
mentary school/partially completed high school (27,1%) 
(χ2

=5,31; ν=3, р>0,05). 
Statistically significant results showing differences in 

the frequency of AH development were acquired in group 
of men with VE who finished elementary school or par-
tially completed high school compared with groups of 
VE-free men who had university degree, undergraduate 
degree/college degree, or high-school diploma (χ2

=7,966, 
ν=1, р<0,01; χ2

=12,166, ν=1, р<0,0001; χ2
=4,292, ν=1, 

р<0,05; χ2
=4,860, ν=1, р<0,05; χ2

=9,898; ν=1, р<0,01, 
respectively). Statistically significant results were also 
found in group of men with VE  who had university 

Table 2
Vital exhaustion prevalence rates and association with new cases  

of cardiovascular diseases among 25–64-year-old men 

№ Screening III (1994)

First-time arterial hypertension First-time myocardial infarction First-time stroke total

n % n % n % n %

1.VE 25-34 5 14,8 1 5 - - 27 21,3

35-44 8 23,5 3 15 - - 29 22,8

45-54 8 23,5 3 15 3 23 32 25,2

55-64 13 38,2 13 65 10 76 39 30,7

25-64 34 73,9% 20 66,7 13 59 127 66,8

2.NVE 25-34 1 8,3 1 10 1 11,1 8 12,7

35-44 2 16,7 1 10 1 11,1 10 15,8

45-54 3 25 4 40 4 44,5 20 31,8

55-64 6 50 4 40 3 33,3 25 39,7

25-64 12 26,1 10 33,3 9 41 63 33,2

total 46 100 30 100 22 100 190 100

Abbreviations: E — vital exhaustion, NVE — no vital exhaustion. 

Table 3
Prevalence rates of vital exhaustion in different age-groups of 25–64-year-old men in open population

Age groups Screening III (1994)

NVE MVE HVE total

n % n % n % n %

25-34 77 46.7** 80 48.5 8 4.8** 165 100

35-44 64 38.8 78 47.3 23 13.9 165 100

45-54 35 27.1 65 50.4 29 22.5* 129 100

55-64 26 17.3*** 95 63.3 29 19.3 150 100

25-64 202 33.2 318 52.2 89 14.6 609 100

χ2=46.804 υ=6. p<0.0001

Annotation: * — p<0,05. ** — p < 0,01, *** — p < 0,001.

Abbreviations: E — vital exhaustion, NVE — no vital exhaustion, MVE — moderate vital exhaustion, HVE — high vital exhaustion. 
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diploma compared with group of men with VE who had 
undergraduate/college degree and VE-free group of men 
who had high-school diploma (χ2

=9,374; χ2
=6,987, ν=1, 

р<0,01, respectively).
Professional status of men with VE and AH was as fol-

lows: higher managers (5,3%); middle managers (8%); 
managers (8%); technical/engineering employees (11,2%); 
heavy-labor workers (15,5%); moderate-labor workers 
(21.9%); light-labor workers (3,7%); students (0,5%); 
retired (17,6%) (χ2

=7,75, ν=10, р>0,05).

Significant differences in frequency of AH were found in 
VE groups of higher and middle managers, technical/engi-
neering employees; moderate- and light-labor workers, and 
retired men in comparison with VE-free group of technical/
engineering employees (χ2

=6,647, ν=1, р<0,01; χ2
=5,214, 

ν=1, р<0,05; χ2
=7,462, ν=1, р<0,01; χ2

=4,263, ν=1, 
р<0,05; χ2

=9,016, ν=1, р<0,01; χ2
=13,523; ν=1, р<0,0001, 

respectively). Significant differences were also found in VE 
group of heavy-labor workers compared with groups of 
technical/engineering employees, light-labor workers, and 
retired men with VE (χ2

=3,811, ν=1, р<0,05; χ2
=5,370, 

ν=1, р<0,05; χ2
=10,720; ν=1, р<0,001, respectively). 

Group of light-labor workers with VE significantly differed 
from groups of VE-free middle managers and heavy-labor 
workers (χ2

=4,871; χ2
=5,341, ν=1, р<0,05, respectively). 

Unifactorial Cox proportional hazards regression 
model showed that AH risk among men with VE was 3,2-
times higher during the first five years (95% CI 1–7,3; 
р<0,05) and 1,6-times higher during the first 10 years 
(95% CI 1–3,4 ; р<0,05) compared to VE-free men. Dur-
ing 14 years, AH risk among men with VE was 1,4-times 
higher (95% CI 1–3,1; p<0,05) (Figure 1). 

Multifactorial Cox proportional hazards regression 
model included social parameters (educational, profes-
sional, and marital statuses) and age. It showed that VE 
increased AH risk by 2,9 times (95% CI 1–7,9; p<0,05) 
(Table 4). 

Prevalence rate of VE in cohort of 25–64-year-old 
men with first-time MI was 66,7% (rate of moderate level 
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Figure 1. Comparative analysis of relative risk of arterial hypertension development 
in men with vital exhaustion in different age groups (unifactorial Cox model). 
Annotation: * — p<0,05.

Table 4
Risk of cardiovascular diseases in open population of 25–64-year-old men  

depending on the level of negative vital exhaustion (multifactorial Cox model)

Social factors Reference group Group of risk HR (AH) HR (MI) HR (Stroke)

NVE HVE 2,9 (1-7,9)* 1,16 (0,6-2)* 2,6 (1-6,8)*

Education University diploma Undergraduate/college degree 1,3 (0,2-6) 0,7 (0,3-1,8) 1,8 (0,4-7,6)

High school 1,8 (0,1-9,7) 1,4 (0,6-3,1) 1,4 (0,3-6,6)

Elementary school/partially completed high school 2,1 (0,2-41) 2,2 (1,1-4,5)* 4,8 (1,3-17,3)**

Professional status Higher managers
1

Middle managers 1,1 (0,5-12) 8,2 (0,9-28)* -

Managers 1,6 (0,9-23) 7,3 (0,8-23)* -

technical/engineering employees 0,1-3,09 - -

Heavy-labor workers 1,6 (0,6-4,7) 8,3 (1-27)* 5,4 (0,5-57)

Moderate-labor workers 2,2 (0,9-5,4) 3,2 (0,3-27) 3,1 (0,3-34)

Light-labor workers 1 (0,04-19) 1,5 (0,1-12) -

Retired 7,2 (2,9-17)*** 7,2 (0,9-18) 15 (1,6-37)*

Marital status Married Never married 2,8 (0,3-23) 3,7 (1,2-11)** 1,9 (0,2-15)

divorced 3,3 (1-10,4)* 4,7 (2,3-9,8)*** 3,8 (1,2-12,2)**

Widowed 4,1 (0,8-19) 7 (2,4-20)*** 3,6 (0,7-16,7)**

Age groups 25–34 years 35–44 years 0,7 (0,2-2,4) 2,3 (0,6-7,8) -

45–54 years 2,8 (1-7,6) 3,8 (1,2-12)* -

55-64 years 5,7(2,2-14,5) 5,9 (1,8-19)** 2,4(0,9-6,2)*

Abbreviations: NVE — no vital exhaustion, HVE — high vital exhaustion, HR — hazard ratio, AH — arterial hypertension, MI — myocardial infarction.

Annotations:  
1
 — Reference group for arterial hypertension: higher managers; reference group for myocardial infarction: technical/engineering employees; reference 

group for stroke: managers; * — p<0,05. ** — p < 0,01, *** — p < 0,001. 
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of VE: 44,6%; rate of high level of VE: 22,1%) (χ2
=1,597, 

ν=2, р>0,05) (Table 2). 
Marital status of men with VE who suffered from MI 

was as follows: married (59.1%), never married (75%), 
divorced (71,4%), and widowed (100%) (χ2

=5,246, ν=6, 
р>0,05). Statistically significant results showing differ-
ences in the frequency of MI development were acquired 
in group of widowed men with VE compared with groups 
of never married VE-free men and married men with and 
without VE (χ2

=4,473, ν=1, р<0,05; χ2
=27,159; 

χ2
=16,789, ν=1, р<0,0001, respectively). Significant dif-

ference was also found in group of divorced men with VE 
compared with married men with and without VE 
(χ2

=9,439; χ2
=4,825, ν=1, р<0,05, respectively).

Pattern of education levels in men with MI and VE was 
as follows: university degree (16%); undergraduate/college 
degree (16%); high-school diploma (24%); elementary 
school/partially completed high school (44%) (χ2

=9,271, 
ν=8, р>0,05). 

Significant differences in frequency of MI develop-
ment were found in VE group of men who completed ele-
mentary school or partially completed high school com-
pared with groups of men with and without VE who had 
university or undergraduate/college degree (χ2

=3,751; 
χ2

=4,552; χ2
=4,763; χ2

=3,942; ν=1, р<0,05, respec-
tively). Groups of men with VE who had university degree, 
undergraduate/college degree and high-school diploma 
significantly differed from group of VE-free men who 
completed elementary school or partially completed high 
school (χ2

=12,694, χ2
=14,789, ν=1, р<0,0001; χ2

=8,738, 
ν=1, р<0,01, respectively).

Professional status of men with VE who suffered from 
MI was as follows: middle managers (4%); managers (4%); 
technical/engineering employees (4%); heavy-labor work-
ers (20%); moderate-labor workers (16%); retired (44%) 
(χ2

=15,795, ν=14, р>0,05). 
Statistically significant differences in frequency of MI 

development were found in group of retired men with VE 
compared with groups of VE-free middle managers, manag-
ers, technical/engineering employees, and moderate-labor 
workers (χ2

=3,581; χ2
=4,682; χ2

=5,233, ν=1, р<0,05; 
χ2

=6,174, ν=1, р=0,01; χ2
=5,279, ν=1, р<0,05; χ2

=7,247, 
ν=1, р<0,01, respectively). Significant differences were found 
between VE group of moderate-labor workers and VE-free 
group of light-labor workers (χ2

=3,647, ν=1, р<0,05).
Unifactorial Cox proportional hazards regression 

model showed that MI risk among men with VE was 2,7-
times higher during the first five years (95% CI 1–7; 
р<0,05) and 2,25-times higher during the first 10 years 
(95% CI 0,9–5,1; р<0,05) compared to VE-free men. 
Upon 14 years of the screening study, MI risk among men 
with VE increased by 2,1 times (95% CI 1,0084–6,472; 
p<0,05) (Figure 2). 

Multifactorial Cox proportional hazards regression 
model included social parameters (educational, profes-
sional, and marital statuses) and age. It showed that effect 

of VE on MI risk was less pronounced, but the value was 
still significant: 1,16 (95% CI 0,6–2; p<0,05) (Table 4).

Prevalence rate of VE in cohort of men with stroke was 
59% (rate of moderate level of VE: 41%; rate of high level 
of VE: 18%) (χ2

=5,219, ν=1, р>0,05) (Table 2). 
Marital status of men with VE who suffered from stroke 

was as follows: never married (5,9%), married (64,7%), 
divorced (23,5%), and widowed (5,9%) (χ2

=2,579, ν=1, 
p>0,05). 

Statistically significant differences in frequency of 
stroke were found in group of divorced men with VE com-
pared with groups of married men with and without VE 
(χ2

=3,696, ν=1, р=0,05; χ2
=6,619, ν=1, р<0,01, respec-

tively). Group of married men with VE significantly dif-
fered from group of VE-free widowed men (χ2

=10,825, 
ν=1, р<0,001). 

Pattern of education levels in men with stroke and VE 
was as follows: university degree (10%); undergraduate/
college degree (20%); high-school diploma (10%); ele-
mentary school/partially completed high school (60%) 
(χ2

=1,571, ν=3, р>0,05). 
Significant differences in frequency of stroke events 

were documented in group of men with VE who finished 
only elementary school or partially completed high school 
compared with groups of men with VE who had university 
degree, undergraduate/college degree, and high-school 
diploma (χ2

=4,272; χ2
=4,334; χ2

=3,590, ν=1, р<0,05, 
respectively).

Professional status of men with VE who suffered from 
first-time stroke was as follows: managers (10%); heavy-la-
bor workers (20%); moderate-labor workers (20%); retired 
(50%) (χ2

=0,918, ν=3, р>0,05). 
Statistically significant differences in frequencies of 

stroke were found between VE groups of retired men and 
moderate-labor workers (χ2

=3,359; ν=1, р<0,05). Groups 
of managers and heavy- and moderate-labor workers with 
VE significantly differed from group of VE-free retired 
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Figure 2. Comparative analysis of relative risk of myocardial infarction development 
in men with vital exhaustion in different age groups (unifactorial Cox model).
Annotation: * — p<0,05.
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men (χ2
=7,471, ν=1, р<0,01; χ2

=15,182; χ2
=17,683, 

ν=1, р<0,0001, respectively).
Unifactorial Cox proportional hazards regression 

model showed that risk of stroke among men with VE was 

3.2-times higher during the first five years (95% CI 1–9; 
р<0,05) compared to VE-free men. Presence of VE 
increased risk of stroke in group of 55–64-year-old men 
increased by 8,1 times (95% CI 1–63; p<0,046) (Fig-
ure 3).

Multifactorial Cox proportional hazards regression 
model included social gradient and age. It showed that risk 
of stroke in men with VE was 2,6 (95% CI 1–6,8; p<0,05) 
(Table 4).

Genotyping data from men with different level of VE 
showed that carriers of genotype 7/7 were present more 
often in group of men with high level of VE (2,6%) com-
pared to other groups (χ2

=39,186, ν=36, p>0,05). Carriers 
of allele 7 were present more often in group with high level 
of VE (3,3%) compared with VE-free group (1,2%) 
(Table 5). 

Men, carriers of genotype 9/9 in DAT gene, were pres-
ent significantly more often in high-VE-level group 
(15,2%) than in moderate-VE-level group (2,3%) with 
OR=7,4 vs. carriers of other genotypes (95% CI 2,4–22,6) 
(χ2

=16,238, ν=1, p<0.0001); OR=7,5 vs. carriers of geno-

Figure 3. Comparative analysis of relative risk of stroke in men with vital exhaustion 
in different age groups (unifactorial Cox model).
Annotation: * — p<0,05.
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Table 5
Frequencies of genotypes and alleles of VNTR polymorphisms in DRD4 gene  

in population and their association with vital exhaustion 

Genotypes of dRd4 gene Population Vital exhaustion

No Moderate High

n % n % n % n %

2/2 26 6,1 8 6,3 17 7,7 1 1,3

2/3 1 0,2 0 0 1 0,5 0 0

2/4 53 12,5 20 15,6 23 10,4 10 13,2

2/5 2 0,5 1 0,8 1 0,5 0 0

2/6 10 2,4 4 3,1 6 2,7 0 0

2/7 1 0,2 1 0,8 0 0 0 0

3/3 8 1,9 1 0,8 4 1,8 3 3,9

3/4 24 5,6 8 6,3 9 4,1 7 9,2

3/6 3 0,7 1 0,8 1 0,5 1 1,3

3/7 2 0,5 0 0 2 0,9 0 0

4/4 246 57,9 69 53,9 133 60,2 44 57,9

4/5 4 0,9 1 0,8 1 0,5 2 2,6

4/6 18 4,2 7 5,5 8 3,6 3 3,9

4/7 9 2,1 2 1,6 6 2,7 1 1,3

4/8 1 0,2 0 0 0 0 1 1,3

5/5 3 0,7 1 0,8 2 0,9 0 0

5/6 2 0,5 1 0,8 0 0 1 1,3

6/6 9 2,1 3 2,3 6 2,7 0 0

7/7 3 0,7 0 0 1 0,5 2 2,6

Allele χ2=39,186, υ=36, p=0,329
2 26 6,1 42 16,4 65 14,7 12 7,9

3 9 2,1 11 4,3 21 4,8 14 9,2

4 323 76,0 176 68,8 313 70,8 112 73,7

5 9 2,1 5 2 6 1,4 3 2

6 42 9,9 19 7,4 27 6,1 5 3,3

7 15 3,5 3 1,2 10 2,3 5 3,3

8 1 0,2 0 0 0 0 1 0,7

χ2=20,495, υ=12, p=0,058
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type 9/10 (95% CI 2,3–24,3) (χ2
=13,815, ν=1, p<0,0001), 

and OR=7,3 vs. carriers of genotype 10/10 (95% CI 2,3–
23,11) (χ2

=14,769, ν=1, p=0,0001) (Table 6). 

Discussion
In current medicine, there is a generally accepted view 

that psyche is the most sophisticated and vulnerable appa-
ratus of human adaptation to social and ecological envi-
ronment. Therefore, this type of adaption may fail the first 
in cases when the extreme pressure, especially in a situa-
tion of chronic stress, has an effect on the organism [39-
42]. According to G. Selie’s concept of general adaptation 
syndrome, the long-lasting uncontrollable physical and 
psychological distress leads to decompensation stage char-
acterized with increased anxiety, depression, feelings of 
helplessness and despair, which eventually result in the 
exhaustion stage [43]. In our population, high level of VE 
occurred more often in the older age groups. 

In Russia, similarly to the rest of the world, cardiovas-
cular diseases (AH, MI, and stroke) remain one the most 
challenging problems of cardiology [44]. Our data showed 
that vital exhaustion increased the risk of AH development 
by over three times during the first five years of the study. 
The strongest effect of VE on the risk of AH development 
was found in divorced men. The concept of VE is relatively 
young; this phenomenon was mainly studied as a condi-
tion preceding IHD [1-6]. Population-based studies of the 
effects of VE on AH risk are absent. There are only indirect 
indications of the pathophysiological mechanisms that 
occur, for example, via the development of atherosclerosis 
in young people with VE [13, 14] which perhaps can explain 
our results [47-49]. 

Our data showed that the risk of MI development was 
almost three times higher during the first five years of the 
study among men with VE compared with those who were 
VE-free. Vital exhaustion increased the MI risk by over two 
times during the first 10 and 14 years of observation. Inves-
tigation of social gradient demonstrated that the risk of MI 
development was higher among those men with VE who 
had elementary level of education and/or belonged to the 
categories of heavy-labor workers and middle-managers. 
This heterogeneity of social status of people in whom VE 
increased the risk of MI development is essential for the 
phenomenon of VE defined as “mental condition charac-
terized with excessive fatigue, feelings of demoralization or 
frustration, and increased irritability” whose contributing 
factors include conflict situations at workplace which 
explains such a high MI risk in this category of people [1-6, 
9]. Influence of marital status is undeniable: the MI risk is 
higher in men who are divorced, widowed or never married. 

Prerequisite for studying the effects of VE on the risk of 
stroke was the fact that feeling of fatigue is often diagnosed 
after stroke though many stroke patients reported fatigue 
before the disease [10, 11]. In our study, VE increased the 
risk of stroke development by 3,2 times during the first five 
years of observation. Notably, maximum risk of stroke was 

documented in the older age group. During 10-year 
period, risk of stroke increased in main population and 
decreased in 55–64-year-old age group. Our results agree 
well with results of prospective cohort study conducted by 
G. E. Schuitemaker et al. [10] who showed that the risk of 
stroke in individuals with VE increased by 13% together 
with an increase in MQ score derived from every single 
item on the questionnaire scale. This indicator remained 
statistically significant after standardization based on other 
risk factors such as systolic blood pressure, diastolic blood 
pressure, diabetes mellitus, and smoking suggesting that 
effect of VE on the risk of stroke development was inde-
pendent of traditional factors. The risk of stroke was higher 
in men with VE and elementary education level, which 
perhaps may be explained by the fact that individuals who 
suffered from stroke mainly belonged to the older age 
group with predominance of retired men or to the group of 
heavy- and moderate-labor workers. 

Symptoms of VE occurred equally frequently among 
both married men and men without family (divorced and 
widowed). Nevertheless, frequency of stroke was higher in 
divorced and widowed men with VE. 

Coordinated work of brain mediators and modulators 
underlies emotional state and behavior in humans and 
animals [50]. This provided rationale for our study whose 
main objective was to analyze association between VE and 
DRD4 and DAT genes that belong to dopaminergic sys-
tem of the brain. 

Table 6
Frequencies of genotypes and alleles of VNTR 

polymorphisms in DAT gene in population and their 
association with vital exhaustion

Genotype 
of dAt gene

Population Vital exhaustion

No Moderate No

n % n % n % n %

8/8 4 1 2 1,6 2 0,9 0 0

9/9 15 3,7 0 0 5 2,3 10 15,2***

6/10 3 0,7 1 0,8 1 0,5 1 1,5

8/10 1 0,2 1 0,8 0 0 0 0

9/10 149 36,6 49 38,3 79 37,1 21 31,8

10/10 223 54,8 73* 57 118 55,4 32 48,5

10/11 4 1,0 1 0,8 3 1,4 0 0

10/12 1 0,2 1 0,8 0 0 0 0

11/11 7 1,7 0 0 5 2,3 2 3,0

Allele χ2=41,076, υ=16, p=0,001
n % n % n % n %

6 3 0,4 1 0,4 1 0,2 1 0,8

8 9 1,1 5 2 4 0,9 0 0

9 179 22 49 19,1 89 20,9 41 31,1**

10 604 74,2 199 77,7 319 74,9 86 65,2

11 18 2,2 1 0,4* 13 3,1 4 3

12 1 0,1 1 0,4 0 0 0 0

χ2=19,792, υ=10, p=0,031

Annotation: * — p<0,05. ** — p<0,01, *** — p<0,001.
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Among men with different levels of VE, our data 
showed that VE increased together with an increase in 
number of VNTR polymorphisms in DRD4 gene. The 
high levels of VE were present significantly more often in 
carriers of allele 7 of DRD4 gene. 

According to our current understanding of the dopa-
mine biosynthesis, this mediator is involved in the process 
of adaptation. Deficit of dopamine leads to exhaustion of 
the nervous system whereas its increased level results in 
bipolar disorder [52-57]. 

It has been shown that affinity of dopamine to the 
receptor is decreased in individuals with long form of 
DRD4 gene (number of tandem repeats of six and more). 
These people are less sensitive to dopamine. Therefore, 
they require stronger stimulation to achieve the same reac-
tion compared with carriers of short form of the gene [58-
60]. This may likely be a cause of the high prevalence rate 
of genotypes with long alleles of DRD4 gene in men with 
VE. 

As in the case of the DRD4 gene, VNTR polymor-
phisms in DAT gene can be associated with some patho-
logical conditions where dopamine metabolism is altered 
[61]. Carriers of VNTR polymorphism of genotype 9/9 of 
DAT gene were present more often among men with the 
high level of VE. Similarly, the carrier ship of allele 9 
increased chances for pertaining to the above-mentioned 
group. 

Despite available literature is lacking, the reports of 
studies on associations between VE and VNTR polymor-
phisms in the dopamine transporter gene, it is nevertheless 
known that these polymorphisms can be associated with 

some human pathological conditions where the abnormal-
ities in brain dopaminergic system play the key pathoge-
netic role. It is known that individuals with short form of 
DAT gene in genome more often develop posttraumatic 
stress disorder [53, 63], which can explain the obtained 
results. It should be noted that the genetic traits found in 
open male population can be responsible for pathophysio-
logic alterations in functions and compensation abilities of 
dopaminergic system, being the predisposing background 
for development of psychological and social risk factors of 
cardiovascular diseases (AH, MI, and stroke). 

Conclusion
1. The study revealed high prevalence rate (66,8%) of 

vital exhaustion in open population of 25–64-year-old 
men, residents of Novosibirsk. 

2. Risks of arterial hypertension, myocardial infarc-
tion, and stroke were maximal in the presence of vital 
exhaustion during the first five years of study. Ten- and 
14-year risks of arterial hypertension and myocardial 
infarction decreased compared with corresponding 5-year 
risks. Ten-year risk of stroke significantly increased in 
open population of 25–64-year-old men. 

3. Vital exhaustion and components of social gradient 
(education, professional status, marital status, and age) are 
predictors of development of arterial hypertension, myo-
cardial infarction, and stroke in open population of 
25–64-year-old men. 

4. The high level of vital exhaustion was significantly 
associated with allele 7 of DRD4 gene and genotype 9/9 of 
DAT gene. 
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