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Factors of Cardiovascular Risk in Drivers
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AIM: This study aimed to assess cardiovascular risk factors in drivers and assistant drivers of railway engine crews with
ventricular rhythm disorders.

MATERIALS AND METHODS: The study included 120 patients aged 39 to 61 years (mean age M + SD: 50.4 + 4 years), who
were distributed into two groups with and without ventricular rhythm disorders. All participants underwent 12-lead daily ECG
monitoring with assessment of noninvasive markers of myocardial electrical instability (circadian profile, QT interval, late
ventricular potentials, T-wave alternation, rhythm variability). Traditional factors of cardiovascular risk, the employment period
in the profession, and the level of personal and situational anxiety on Spielberger’s state-trait anxiety inventory (STAI) were
evaluated.

RESULTS: In Group 1, in comparison with Group 2, significant differences were revealed in the duration of the PQ interval
(during the day and at night) and the indicators of late ventricular potentials (RMS 40 and TotQRSF). When analyzing risk factors,
elevated indices of total blood cholesterol were registered in both groups, and the risk on the SCORE scale was at a moder-
ate level. In the group of workers with ventricular rhythm disorders, higher indicators of total blood cholesterol and the fre-
quency of smoking and alcohol consumption were established. In individuals with ventricular rhythm disorders, a significant
relationship was detected between the number of registered single monomorphic ventricular extrasystoles and the age of
the employee (r=-0.3, p < 0.05), and blood pressure level (r= 0.3, p < 0.05), and the relationship between the level of anxiety
and the registration of single supraventricular extrasystoles was established (r=-0.3, p < 0.05). In the Group 2, a significant
correlation was revealed between the number of registered single supraventricular extrasystoles and age (r=0.2, p < 0.05),
the employment period in the profession of a driver (r= 0.2, p < 0.05), the blood pressure level (r=0.2, p < 0.05), and the level
of anxiety on the STAI (r=0.3, p < 0.05).

CONCLUSIONS: Drivers of railway engine crews with ventricular rhythm disorders are characterized by a higher level of
total blood cholesterol and a higher frequency of smoking and alcohol consumption. They have significant changes in the dura-
tion of the PQ interval (during the day and at night) and indicators of late ventricular potentials (RMS 40 and TotQRSF) according
to Holter monitoring. The relationship of the number of ventricular rhythm disorders with age and the office values of systolic
and diastolic blood pressure is noted in drivers of engine crews of railway transport.

Keywords: risk factors for cardiovascular disease; ventricular rhythm disorders; Holter monitoring; ventricular late potentials;
workers of engine crews.
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dakTopbl CepAeYHO-COCYAMUCTOro pUcka y paboTHUKOB
NIOKOMOTUBHbIX 6pUraj »enesHoA0poXKHOro
TPaHCMOPTA € XKEeNYAO0UYKOBbIMUA HapYLIEHUAMMU PUTMa

K.B. Metco', B.C. Hukudopos?

! Otpenenyeckan 6onbHuLa Ha ct. Bonxosetpoit 0AO PXI, Bonxos, Poccus;

2 CeBepo-3anafHbiil roCy[apCTBEHHbIA MEAULMHCKNI YHuBepcuTeT uM. MW, Meunmkosa, CankT-Tetepbypr, Poccusa

Llente uccnedosaHus: oLeHNUTb (aKTOpPbI CEPAEYHO-COCYANUCTOr0 PUCKA Y MALLMHUCTOB M NOMOLLHMKOB MalUMHWUCTOB J10-
KOMOTMBHBIX BpuUrap, »ene3Ho40p0XHOro TPaHCMOpTa C XKeJTyA0YKOBbIMU HapyLUEHUAMM pUTMa.

Mamepuanel u Memodel. B uccneposanve BroyeHo 120 naumeHToB B Bo3spacTe oT 39 fo 61 roaa (cpeaHwit Bospact
M + SD: 50,4 + 4 roga), KoTopble BbiW pasgeneHbl Ha ABE TPYNMbI C XKeyA04KOBbIMY HapyLIEHNSMM puTMa U 6e3 xenyaou-
KOBbIX HapyLLeHuit puTMa. BceM mccneyeMbiM bbio BbiNosHeHO 12-KaHanbHoe cyTouHoe MoHuTopupoBakue KT ¢ oueHKoi
HEMHBA3MBHbIX MApKEPOB 3IEKTPUYECKOW HecTabunbHOCTU MUOKapAa (UMpKagHbii npodunb, uutepean QT, no3gHue no-
TEHLMaNbl XeNyL04KOB, anbTepHaLus BoiHbl T, BapuabenbHocTb putMa). OueHuBanuch TpaauLMoHHble haKTopbl cepaeyHo-
COCYAMCTOr0 pPUCKa, a TaKkXkKe cTax paboTbl B Npodeccun U ypoBeHb JIMYHOCTHOW M CUTYaLMOHHONM TPEBOXHOCTM MO LUKane
Cnunbepra-XaHuHa.

Pesynemamel. B nepBoi rpynne, No CPaBHEHMIO CO BTOPOA, BbISIBJIEHBI 3HAYMMbIE Pa3finyms No AJIMTENIbHOCTU MHTEpBaa
PQ (B AHeBHOE 1 HOYHOE BpEMsl) U N0 MOKa3aTesisAM NO3AHMX NOTeHLMaNnoB xenyaoukos (RMS 40 v TotQRSF) . Mpu aHanuse
(aKTopoB pUCKa B ABYX rpynnax BCTPeYauCh MOBbILLEHHbIE 3HAYEHUS YPOBHS 00LLEro XonecTepuHa KpoBM, pUCK Mo LWKane
SCORE Haxomuncsa Ha ypoBHe yMepeHHoro. B rpynne paboTHUKOB C 3KeNlyA0YKOBbIMM HapyLIEHUSIMU pUTMA YCTaHOBJIEHDI
bonee BbICOKWE MOKa3aTenu 06OLLEro XonecTepUHa KPOBM, HacToThl KypeHus 1 ynoTpebrieHus ankorons. Y nuu ¢ xenynouxo-
BbIMW HapyLLEHWUAMU pUTMa BbISIBJIEHA 3HAUMMas CBS3b MEX[Y KONMYECTBOM 3aperucTpUpOBaHHbIX OMHOYHBIX MOHOMOpPG-
HbIX JKeNYL0YKOBbIX 3KCTPCMCTON C BO3pacToM paboTHuKa (r = 0,3, p < 0,05), 1 ypoBHeM apTepuanbHoro aaenenus (r= 0,3,
p < 0,05), ycTaHoBneHa cBA3b YpOBHA TPEBOMM M PEMUCTPaLMM OLMHOYHBIX CYNpaBeHTPUKYNAPHBIX 3KcTpacucton (r=-0,3,
p < 0,05). Bo BTOpOI4 rpynne BbisBIEHa 3Ha4MMas KOPPENALMOHHAs CBA3b MEXAY KONMYECTBOM 3aperucTpUpOBaHHbIX OMHOY-
HbIX CyNPaBEHTPUKYNAPHBIX IKCTpacucTon ¢ BospacToM (r = 0,2, p < 0,05), u cTaxem Tpyaa B npodeccum MatwumHucta (r = 0,2,
p < 0,05), yposHeM All (r= 0,2, p < 0,05), n ypoBHeM TpeBoru no Lwkane Cnunbepra-XanuHa (r = 0,3, p < 0,05).

Bbigodel. MalwmHMCTLI TIOKOMOTHBHBIX Bpurag, xene3Hog0poKHOr0 TPAHCMOPTA C 3KeNyA0YKOBbIMA HapYLLIEHUSIMU pUTMa
XapaKTepu3sylotcs bonee BbICOKMM ypoBHEM 06LLiero xonecTepuHa KpoBu 1 6onee BbICOKOI 4acTOTOM KypeHus 1 ynoTpebeHus
ankoronis. Y HUX 0TMeYaloTCA 3HaUMMble U3MEHEHNS LIMTeNbHOCTU MHTepBana PQ (B JHEBHOE 1 HOYHOE BpeMs) U MoKasarte-
Neii No3nHKUX noTeHumanoB xenyaoukos (RMS 40 1 TotQRSF) no aaHHbIM XoNTepoBCKOr0 MOHUTOPUPOBaHUS. Y MaLLMHUCTOB
NOKOMOTMBHBIX DpUrai ene3Hog0poXHOro TPaHCMOpPTa MMEETCA CBA3b KOMMYECTBA EJTy[L04YKOBbIX HApYLUEHMIA pUTMa C BO3-
pacToM ¥ 0UCHBIMU 3HAYEHNAMU CUCTOIMHECKOTO U AuacTonmyeckoro AJl.

KnioueBble cnoBa: d)aKTOpr CepaeyHo-CcoCyanucToro pPUCKa; Xenyao4ykoBble HapyLIeHUA pUTMa; XOJ'ITepOBCKOE
MOHUTOpPMpPOBaHKE; N03aHUE NOTEHLMANbI Xelya04KOoB; paGOTHMKM JIOKOMOTUBHbIX ﬁpmrap,.
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One of the most urgent problems of modern medicine is
the high mortality rate due to cardiovascular diseases (CVD).
Due to their high prevalence, mortality from the pathology,
and early disability, the medical and social significance of
these diseases is very high. The mortality rate due to this
CVD reaches 1462 cases per 100,000 population [1]. In most
cases, the mechanisms underlying the development of
sudden cardiac death (SCD) are ventricular tachycardia (VT)
and ventricular fibrillation (VF) [1, 2].

Being an engine crew (EC) driver of railway transport (RT)
is one of the professions of high social importance [3]. Issues
related to train traffic safety are among the top priorities
in RT [4]. However, all design, organizational, regime, and
operational measures cannot ensure complete traffic safety,
since among other things, it depends on the “reliability”
of the human link in the control system [5]. The results of
the analysis of the causes of sudden death among drivers
and assistant drivers of the EC revealed that death was due
to CVD in 80.6% of cases [6]. Due to a combination of negative
stress factors, the dietary pattern and physical activity
are disturbed, which increases the risk of the circulatory
system diseases (CSD) [7, 8]. It is known that out of the total
number of deaths that occurred in relation to traffic safety,
the proportion of sudden arrhythmias was 2.1%. In addition,
according to the literature, ventricular rhythm disorders
were recorded in half of the drivers aged 40-49 years [6].
The above data indicate the expediency of investigating
cardiovascular risk factors in RT workers, the prevalence and
nature of recorded rhythm disorders, as well as noninvasive
markers of myocardial electrical instability, as precursors of
adverse, including fatal, outcomes.

Aim: The study aimed to evaluate cardiovascular risk
factors in RT EC drivers and assistant drivers with ventricular
rhythm disorder (VRD).

MATERIALS AND METHODS

The study included 120 male patients aged 39-61 years
(mean age M + SD: 50.4 + 4 years). The average age of
patients was 50 + 4.2 years in Group 1 and 50.4 + 3.8 years
in Group 2. The patients were distributed into two groups
according to the effect of heart rhythm disturbances (HRD)
on life prognosis and labor prognosis. Group 1 consisted
of patients with all types of HRD, including VRD (single and
paired, polymorphic and monomorphic, runs of unstable
VT), while Group 2 consisted of EC workers without VRD.

Group 1 consisted of 43 engine drivers and their
assistants, which accounted for 36% of the total study
population, while Group 2 consisted of 77 EC workers, which
accounted for 64% of the study participants.

All employees were examined with regard to the annual
commission to determine occupational aptitude. According
to the medical documentation, 18 (41%) EC workers with
a previously established diagnosis of arterial hypertension
(AH) were identified in Group 1, and 45 (58%) patients with
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AH were identified in Group 2. According to the survey,
the participants did not constantly take antihypertensive
drugs. ACE inhibitors and beta-blockers were taken
symptomatically before the pre-trip medical check-up.

The inclusion criteria for the study were men over
18 years old, RT EC employees (drivers and assistant drivers),
and signed an informed consent to participate in the study.

Exclusion criteria were refusal to participate in the study,
ischemic heart disease, chronic heart failure, congenital and
acquired heart defects, decompensated diabetes mellitus,
active inflammatory diseases, mental illness, and oncological
diseases.

The study was approved by the local ethics committee.

In accordance with the National Russian
recommendations for the use of the 24-h ECG monitoring
(24-h ECGM) technique in clinical practice [9], a 12-
lead 24-h ECGM was performed using Incart devices in
the Result-2 program, with an analysis of traditional
indicators, including daytime and nighttime heart rate (HR),
average HR per day, circadian index (Cl, the ratio of average
daytime to average nighttime HR), HRD (presence and
number of supraventricular and ventricular extrasystoles
and tachycardias), conduction (presence of atrioventricular
and sino-atrial blocks), PQ intervals (interval duration during
the day and at night), QT intervals (assessment of the value
of the corrected QT interval and QT interval dispersion), and
parameters of myocardial repolarization (assessment of
ST-segment and T-wave displacement). In addition,
indicators of heart rate variability were analyzed. Moreover,
the presence of T-wave alternation and indicators of late
ventricular potentials (LVP) were assessed (TotQRSF as
the duration of the filtered QRS complex after averaging,
RMSA40 as the root mean square value of the tension in
the last 40 ms of the QRS complex (RMS40), LAS40 as
the low-amplitude signal duration, and below 40 pV).

Risk factors (RF) were studied, such as age, employment
period in the EC driver profession, smoking and the degree
of nicotine addiction according to the Fagerstrom test,
the frequency and amount of alcohol consumed. The level of
personal and situational anxiety on the Spielberger's state-
trait anxiety inventory (STAI) was assessed, and the body
mass index (BMI), impaired tolerance (IT) to carbohydrates,
level of total blood cholesterol, degree of AH, risk on
the SCORE scale, and results of bicycle ergometry (BEM)
were evaluated.

Statistical analysis of the data was performed using
the Statistica 10.0 program. The differences between
the groups was assessed using the Mann-Whitney test,
the significance level was considered as p < 0.05. Continuous
variables were presented as mean and standard deviation,
and qualitative variables were expressed as absolute
number and percentage. The correlations between pairs
of quantitative variables were assessed using the non-
parametric Spearman coefficient, and the significance level
was considered as p < 0.05.
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RESULTS AND DISCUSSION

Rhythm disorders in the studied groups were presented
as shown in Table 1.

There was no significant difference in the occurrence
of supraventricular rhythm disorders between the groups.
In both groups, single SVES were recorded in all subjects.
In addition, in both groups, patients with paired and group
SVES, as well as episodes of unstable SVT were identified.
According to studies, supraventricular rhythm disorders
in the population were recorded at a frequency of 20%-—
50%. The increase in the incidence of supraventricular
extrasystole in RT EC workers is due to a shift work
schedule and the frequent night shifts, which provokes
an increase in sympathetic influences and a decrease in
parasympathetic control over the heart rhythm. In patients
with AH, an insufficient decrease in BP at night, associated

Table 1. Rhythm disorders in RT EC workers.
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with a specific work schedule, also induces supraventricular
rhythm disorders [10].

In Group 1, compared with Group 2, significant differences
were revealed in the duration of the PQ interval (during
the day and at night) and in terms of LVP (RMS 40 and
TotQRSF).

Table 2 presents the differences in the studied
parameters according to the 24-h ECGM data between
the two groups.

The RT EC workers in Group 1 had ventricular
rhythm disorders of high grades according to the Rayn
classification, which may indicate a myocardial
restructuring and the appearance of an arrhythmogenic
substrate. The short episodes of ventricular tachycardia in
patients represent an unfavorable factor associated with
a significant risk of SCD [11]. In addition, in Group 1, this
also can be evidenced by changes in the LVP parameters,

Cardiac rhythm disorders

Group 1 (n = 43) Group 2 (n=77)

Single SVES, n (%)

Single SVES, n (%)

Group SVES, n (%)

SVT, n (%)

Single monomaorphic VES, n (%)
Single polymorphic VES, n (%)
Paired monomorphic VES, n (%)
Paired polymorphic VES, n (%)
MVT, n (%)

43(100) 77(100)
16(37) 28(36)
11(25) 14(18)
4(10) 5(6)
15(34) -

26(60) -

2(3) -

Note: SVES — single supraventricular extrasystoles, SVT — supraventricular tachycardia, VES — ventricular extrasystoles, MVT — monomorphic

ventricular tachycardia.
Table 2. Indicators of 24-h ECGM among RT EC workers.

Indicator

Group 1 (n=43) Group 2 (n=77)

HR during the day, beats/min
HR at night, beats/min

Cl, c.u.

Corrected QT, ms

QT dispersion, ms

PQ day, ms

PQ night, ms

TotQRSFcp, ms

RMS 40 max uV

T-wave alternation, people (%)

75+8 75+8
62+ 7 617
1.2120.1 1.2+0.1
404.6 £ 13 406+ 16
14+8 14+9
162.3 + 26* 170 + 24
173 + 30* 180 + 26
93.4+11.8 87+5
55.9 + 39* 115 + 48
32 (74) 55(71)

Note: *p < 0.05; HR — heart rate; Cl — circadian index; TotQRSF, RMS 40 — indicators of the ventricular late potentials.
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Table 3. Parameters of cardiovascular risk in RT EC workers.
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Parameter

Group 1 (n= 43) Group 2 (n=177)

BP, n (%)

SCORE, %

Level of total cholesterol, mmol/l
SBP, mmHg

DBP, mmHg

Employment period, years

Level of anxiety, points

Smoking, n (%)

Pack/years index, c.u.

Level of nicotine addiction, points
Alcohol consumption, n (%)

Level of alcohol consumption, points
Glucose IT, n (%)

BMI, kg/m?

Age, years

20(46) 42(54)
2.6+17 22+ 1.1
5.4+ 1* 5.1+0.8
125+8 123+8
80 +5 786
26 +9 2549
M6+7 13+6
30 (70) 35 (45)
15+ 12* 9112
2422 15+2
4297 63 81)
39+2* 28+2
8(19) 12 (1)
28+ 4 2134
20(46) 42(54)

Note: *p < 0.05; SBP — systolic blood pressure; DBP — diastolic blood pressure; IT — impaired tolerance; BMI — body mass index.

as a noninvasive criterion for possible arrhythmogenic
processes and confirmation of a more heterogeneous
process of ventricular myocardial repolarization [12].
The PQ interval in both groups was within the normal
range; however, in the group of EC workers with VRD,
the PQ interval revealed was significantly shorter than in
the group of workers without VRD. This phenomenon is
probably because the atrioventricular (AV) node receives
innervation from the sympathetic and parasympathetic
nervous systems and is sensitive to circulating
catecholamines. Sympathetic stimulation, in turn, shortens
AV conduction, while parasympathetic stimulation leads to
the opposite effects [13].

All the patients examined had a negative BEM test.
Rhythm disorders were not recorded during the exercise.

RT EC workers are characterized by the presence of
traditional cardiovascular risk factors (Table 3). Analysis
of RF in both groups was performed by reviewing
the medical records (the presence of AH, calculation of
the 10-year risk of death on the SCORE scale, total blood
cholesterol, working BP level, employment period and age,
anxiety level, presence of bad habits such as smoking and
alcohol consumption, BMI, and presence of IT to glucose).
The analysis of RF in both groups revealed elevated
levels of total blood cholesterol, and the risk according to
the SCORE scale was at the moderate level. In the group of
EC workers with VDR, most of subjects surveyed smoked
and drank alcohol. Significant differences between the two

00l https://daiorg/10.17816/cardar96766

groups were revealed in terms of total blood cholesterol,
the frequency of smoking as determined by the pack/year
index and the Fagerstrém Test for Nicotine Dependence,
and the degree of alcohol consumption calculated using
the AUDIT scale. Significantly higher rates of total blood
cholesterol, frequency of smoking and alcohol consumption,
and degree of nicotine dependence were revealed in
the group of railway workers with VRD. Identification of
these RFs can exacerbate the course of VRD and accelerate
the development of fatal complications [14].

A correlation analysis revealed a significant relationship
between the number of registered single monomorphic VESs
and the age of the EC workers in Group 1 (r=-0.3, p < 0.05),
as well as SBP (r=0.3, p < 0.05) and DBP (r= 0.3, p < 0.05).
In addition, a relationship was revealed between the level
of anxiety on the Spielberger's STAI and the occurrence of
single SVES (r=-0.3; p < 0.05).

In Group 2, a significant correlation was revealed
between the number of registered single SVES and age
(r=10.2; p < 0.05), employment period in the profession of an
RT EC driver (r=0.2; p < 0.05), BP level (r=0.2; p < 0.05),
and anxiety level according to the Spielberger’s STAI (r = 0.3;
p < 0.05).

The study revealed a high prevalence of rhythm disorders
and CVD RF, mainly related to the lifestyle and working
conditions of the profession of an EC driver. The data obtained
may be of practical value in preventive interventions for EC
workers.
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CONCLUSIONS

1. Drivers of RT engine crews with ventricular rhythm
disorders are characterized by a higher level of total blood
cholesterol, and a higher frequency of smoking and alcohol
consumption.

2. The number of ventricular rhythm disorders is
associated with age and office values of systolic and diastolic
BP among drivers of RT engine crews, while the number
of supraventricular extrasystoles is associated not only
with age and BP level, but also with employment period in
the profession and the level of anxiety.
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3. Drivers of railway engine crews with ventricular rhythm
disorders have significant changes in the duration of the PQ
interval (during the day and at night) and indicators of LVP
(RMS 40 and TotQRSF) according to Holter monitoring, which
may be significant when examining this cohort.
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