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AHHOTAUMA

BsedeHue. OxpaHa 3[0pPOBbA KENE3HOLOPOXHbIX Paboumx pasNYHbIX NPOGECcCUMOHanbHbIX Fpynn NoBbILAET
obecneyenne besonacHoCTM paboTbl Kene3HOJOPOKHOr0 TPAHCMOPTa, YBENIMUMBAET NPECTUKHOCTb NPOPECCUM U CHUKEET
3ab0neBaeMoCTb M CMEPTHOCTb OT Hambonee YacTbIX NPUYMH Y JAHHOTO KOHTUHIEHTA NALMEHTOB.

L{ens. TpoBecTv aHanu3 GaKTopoB pUCKa BHE3arHOWM CMepTH cpemn paboTHUKOB XenesHbix gopor Poccum.

Mamepuansl u Memodsl. [InsaiiH UccnefoBaHMA BLIMNOHEH MO TUMY «ClyYal-KOHTPOSb». [IpoBOAMNCA aHanu3 Beex
cnyyaeB BHe3anHoi cMepty (BC) pabotHukoB 0AQ «Poccuiickue wenesHble goporu» (PH[) B nepuoa ¢ 2009 no 2021 rr.
(n = 412). Tpynny cpaBHeHus cocTaBunu 411 paboTHuKoB PHII, NpoXoaMBLUMX NEPUOLMYECKUIA MEOMLIMHCKUIA OCMOTP.
[pynnbl 6611 chopMMpOBaHbI MO BO3pacTy, CTay, Moay M npogeccuu. [NA OLEHKM AMArHOCTUHECKOW 3HAYMMOCTM
KOIMYECTBEHHBIX MPU3HAKOB NPV NPOrHO3MPOBaHUM ONPefeNeHHOro UCXoaa NpuMeHanca Metod aHanusa ROC-KpuBbix.

Pesynemamei. Puck netanbHoro ucxopa y pabotHukoB PHK[ Bospactan npu Hanmumm nepeHeceHHOro WMHpapKTa
MWOKap[a, a TaKKe 3aB1Ccen 0T TMNa MHTepBeHLMOHHOro BMelwatenbcTaa (p < 0,001). lMoporoBoe 3HaveHne MHAEKCa MacChl
Tena B TouKe cut-off, KOTOpOMY COOTBETCTBOBANO HamBbICLLIEe 3Ha4YeHUe MHaeKca K0aeHa, coctasmno 27,1 Kr/M%. B rpynne
BHE3aMnHo yMepLUMX YacToTa KypeHua bbina B 1,8 pasa Bbllle, a nuy, ¢ ypoBHeM obLuero xonectepuHa bonee 5 MMonb/n —
B 2 pa3a MeHblue, 4eM B rpynne cpaBHenua (p < 0,001). C noMowbio MeToga aHanusa ROC-KpumBbix 6bina paspaboTaHa
NPOrHOCTUYECKasa Modenb ANA OnpedenieHnA BepPOATHOCTM BHE3anHOW CMepTW. YyBCTBMTENBHOCTb M CMeLUpUYHOCTb
Mogenu coctaBmunu 79,5% un 91,9%, cooTBeTCTBEHHO.

3aknoyeHue. B xopme wccnepoBaHMA paspaboTaHa MpOrHOCTUYEcKas Modenb [AN1A onpefeneHna BepoATHOCTU
BHE3anHoM CMepTW y paboTHMKOB *KenesHblx Aopor Poccuu; vyBCTBMTENBHOCTH U cneuuduyHocTe Mogenn — 79,5%
n 91,9%, cooTBeTcTBEHHO. OfHAKO HACTOALLEE MUCCNEA0BaHUE He MO3BONUNO BbIABUTL CMELMGUYECKUX ANA PaboTHUKOB
PH[ npeanKTopoB BHE3amNHOM CMepTM.
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ABSTRACT

INTRODUCTION: Health protection of railway workers of various professional groups increases the safety of railway
transport, the prestige of the profession and reduces morbidity and mortality from the most common causes in this group
of patients.

AIM: To analyze the risk factors of sudden death among Russian Railways workers.

MATERIALS AND METHODS: The design of the study is made according to the ‘case-control’ type. Analysis was
carried out of all cases of sudden death (SD) of employees of JSCo ‘Russian Railways’ (RR) in the period from 2009 to 2021
(n = 412).The comparison group consisted of 411 employees of RR who were undergoing periodical medical examination.
The groups were formed on the basis of age, employment period, gender, profession. To assess the diagnostic significance
of the quantitative signs in predicting a certain outcome, the method of analysis of ROC curves was used.

RESULTS: The chances of death for workers of RR increased in case of past myocardial infarction, and also depended on
the type of intervention (p < 0.001). The threshold value of the BMI index in the cut-off point, which corresponded to the highest
value of Youden index, was 27.1 kg/m?. In the group of sudden deaths, there were 1.8 times more smokers and 2 times less
individuals with total cholesterol level exceeding 5 mmol/l than in the comparison group (p < 0.001). A prognostic model was
developed by ROC-analysis to determine the probability of mortality. The sensitivity and specificity of the model were 79.5%
and 91.9%, respectively.

CONCLUSION: A prognostic model was developed to determine the probability of sudden death in Russian railway
workers, with the sensitivity and specificity 79.5% and 91.9%, respectively. However, the present study did not permit to
reveal predictors of sudden death specific of the workers of RR.
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LIST OF ABBREVIATIONS

BMI — body mass index

Cl — confidence interval

CVD — cardiovascular diseases

MI — myocardial infarction

PCI — percutaneous coronary intervention
OR — odds ratio

RF — risk factors

RR — Russian Railways

SD — sudden death

INTRODUCTION

Health protection of railway workers of various
professional groups increases the safety of railway
transport, the prestige of the profession and reduces
morbidity and mortality from the most common causes
in this group of patients. Besides occupational diseases
associated with hazardous work-related factors, special
attention is given to the problem of cardiovascular
diseases (CVD) [1]. These tendencies are conditioned
by a high prevalence of CVD and significant parameters
of disability and mortality, both in the world and in the
Russian Federation [2]. CVD also present an important
problem among some groups of the railway workers
because of a considerable amount of the occupational risk
factors (RF) such as stress in performing professional
duties, high level of responsibility, shift work, etc. [1, 2].

One of the most unfavorable complications of CVD is
a sudden cardiac death. With unclear etiology of sudden
death (SD), about 90% of cases appear to be connected
with CVD [3]. The main causes of death of the locomotive
crew workers are ‘external’ causes and CVD [4].
The analysis of RF, morbidity with CVDs and causes
of SD among the locomotive crew workers has been
repeatedly conducted [5]. At the same time, less attention
is given in the literature to other professional groups of
the railway workers.

The aim of this study was to analyze the risk factors
of sudden death among the workers of the railways of
the Russian Federation.

MATERIALS AND METHODS

The study was conducted according to the principles
of Declaration of Helsinki and Rules of Good Clinical
Practice and was approved by the inter-university Ethics
Committee, Protocol No. 05-18 of 2018, May 24.

A retrospective analysis of all cases of SD of
workers of ‘Russian Railways’ (RR) was performed in
the period from 2009 to 2021. According to the current
regulatory documentation of RR, the term ‘sudden death’
is understood as the occurrence of fatal outcome not
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only during the trip, but also after the trip. The main
criterion is passage of not more than 24 hours after
the last medical examination and getting admission to
operation of the locomotive.

We considered cases of SD among the workers
of RR after the pre-trip medical examination within 24
preceding hours. Deaths that occurred in the period more
than 24 hours after the pre-trip medical examination,
were not taken into account.

A total of 412 cases of SD were analyzed (continuous
sampling, group 1). The comparison group (group 2)
consisted of 411 employees of RR who passed a medical
expert commission in 2011. A brief characteristics of
the employees included in the study is given in Table 1.
The average age of employees in the study groups was
49 (43-54) years. No additional interventions were
performed on the study participants — the signing of
Informed Consent was not required.

In the analysis, the following medical documents
were used:

« forensic medical examination report;

« outpatient medical record (record form 025/y-04
of Ministry of Health and Social Development of the
Russian Federation);

« individual record of pre-trip or pre-shift medical
examinations of workers (record form NU-3 of RR);

« personal health record (record form AKU-23 of RR);

« check-list of regular medical examinations
(registration form 030/y of the Ministry of Health and
Social Development of the Russian Federation).

From the medical documentation, the cause of
death according to ICD-10 was written out for group 1
individuals, and potential SD RF which were used for
analysis:

« BMI (based on the results of determination
of height and weight on the last periodical medical
examination) calculated by the formula: BMI = weight
(kg)/height? (m?)

« total cholesterol level of blood serum;

» myocardial infarction (MI) and percutaneous
coronary intervention (PCI) in history.

499



. P Pavlov Russian

s00 ORIGINAL STUDY ARTICLES Vol. 30 (4) 2022 Medical Biological Herald
Table 1. Characteristics of Workers of Russian Railways Included in the Study
Parameter Category n (%)
1 (died) 412(50.1)
Group .
2 (comparison group) 411(49.9)
female gender 48 (5.8)
Gender
male gender 775 (94.2)
) other workers 580 (70.5)
Occupation -
worker of locomotive screw 243 (29.5)
no myocardial infarction 320 (38.9)
past myocardial infarction 75(21.3)
no information 89 (23.0)
Myocardial infarction and/or percutaneous coronary intervention in history percutaneous caronary intervention with
S o X 39 (4.7)
stenting without myocardial infarction
percutaneous coronary intervention with 100(122)
stenting with myocardial infarction '
non-smokers 354 (43.0)
Smoking smokers 448 (54.4)
na information 21(2.6)
below 5 mmol/l 340 (41.3)
Total cholesterol 5 mmol/l and more 228 (27.7)
no information 255(31.0)
no information 25(3.0)
normal body mass index 84 (22.4)
excessive weight 351 (42.6)
Body mass index | degree obesity 90 (23.1)
Il degree obesity 58 (7.0)
IIl degree obesity 0(1.2)
deficit of weight 5(0.6)

Statistical processing of the results was carried
out using StatTech v. 2.1.0 software package (Stattech
LLC, Russia) and Office Excel 2016 (Microsoft,
USA). Quantitative parameters were evaluated for
correspondence with the normal distribution using
Shapiro-Wilk test (with n less than 50) or Kolmogorov—
Smirnov test (with n more than 50). In the absence of
normal distribution, quantitative data were described
using the median (Me) and the lower and upper quartiles
(@1-Q3). Categorical data were described with indication
of absolute values (n) and fractions (%). The comparison
of the two groups by a quantitative parameter, the
distribution of which differed from the normal one, was
performed using Mann-Whitney U-test. The differences
were considered statistically significant at p < 0.05. The
comparison of fractions in the analysis of four-field
conjugacy tables was performed using Pearson chi-
square test (with values of the expected phenomenon
more than 10). To assess the diagnostic significance of
quantitative signs in predicting a certain outcome, the
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method of ROC-curve analysis was used. The separating
value of the quantitative characteristics in the cut-off
point was determined by the highest value of Yuden
index. A predictive model of the probability for a certain
outcome was constructed using the logistic regression
method. A measure of certainty indicating the part of the
variance that can be explained by logistic regression was
the Nagelkerke coefficient R

RESULTS

In the course of study it was found that the risk of SD
in men was 1.003 times lower than in women, however,
odds ratio (OR) did not show statistical significance
(OR = 0.997; 95% confidence interval (CI) 0.557-1.787).
In evaluation of the influence of age on the risk of SD
among the railway workers, no statistically significant
differences between groups 1 and 2 were found either
(p = 0.251). The risk of SD in the group of workers of
locomotive crews was 1.304 times lower compared
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to the group of other workers, but with no statistical
significance (OR = 0767; 95% CI 0.568-1.035). MI in
history reliably increased the probability for SD. Thus,
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Ml was 4.5 times more common in group 1. However,

there were twice more cases of stenting in group 2

(p < 0. 001, Table 2).

Table 2. Comparative Characteristics of Analyzed Groups of Railway Workers by Existence of Myocardial infarction and

Percutaneous Coronary Intervention in History, n (%)

Myocardial infarction Stenting of Coronary Arteries
without . .
. . . with myocardial
Category presence absence no information myocardial . .
. . infarction
infarction
1 2 3 4 5
189 (100.0),
143 (81.7), 0, G,
Group 1 (sudden death) 79(27.7) 5 <0001,
P p,., <0001 ‘/’327_33 o001 p,.,<0.001 p,.5<0.001
Group 2 (comparison group) 241 (75.3) 32(183) 0 39(100.0) 100 (100.0)

In comparison of groups 1 and 2 by the fact of
smoking, statistically significant differences were
obtained (Table 3): in group 1 the amount of smokers
was 1.8 times that in group 2 (p < 0.001).

Also, group 1 patients were characterized by
significantly higher BMI values than group 2 patients
(p < 0.001, Figure 1). A ROC curve of the dependence of
the probability of SD on the BMI index was constructed.

The area under the ROC curve was 0.594 + 0.020
with 95% ClI: 0.555-0.632. The resulting model was
statistically significant (p < 0.001). The threshold value
of the BMI index in the cut-off point, which corresponded
to the highest value of Yuden index, was 27.1 kg/m?. The
possibility of dying was predicted at BMI value below this
level. The sensitivity and specificity of the model were
54.7% and 62.6%, respectively.

Table 3. Comparative Characteristics of Smoking in Analyzed Groups of Railway Workers, n (%)

Smoking
Category non-smokers smokers no information
1 2 3
289 (64.5), 20(95.2),
Group 1 (sudden death) 102 (28.8) p,.,<0.00] p,,<0.00]
Group 2 (comparison group) 252 (71.2) 159 (35.5) 1(4.8)
*
504 X
40 ¥ s
30+ [ m |
@ | =] Group 1

N
=1

Body mass index, kg/m?

104

. Group 2

Fig. 1. Body mass index (Me (Q1-Q3)) in groups 1 (sudden death) and 2 (comparison group).
Note: * — statistically significant differences relative to group 2, p < 0.001.
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Group 1 patients were characterized by a lower total
cholesterol level of blood serum than group 2 patients
(p < 0.05, Figure 2). In evaluation of the probability of
dying depending on the level of the total cholesterol
using ROC-analysis, the area under the ROC-curve was
0.597 + 0.020 with 95% Cl: 0.558-0.635. The obtained model
was statistically significant (p < 0.001). The threshold value
of the ‘total cholesterol’ parameter in the cut-off point, to
which the highest value of the Yuden index corresponded,

*

84 ]

ED)

Total cholesterol, mmol/l
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was 4.66 mmol/l. The probability of death was predicted
at the value of the ‘total cholesterol’ parameter equal to or
exceeding this value. The sensitivity and specificity of this
model were 65.9% and 52.7%, respectively. In comparison
of the parameter between groups 1 and 2 depending on the
threshold value of total cholesterol, statistically significant
differences were found (p < 0.001, Table 4). In group 2,
there were more individuals with the total cholesterol
level above 5 mmol/l than in group 1.

B3 Group 1
' Group 2

Fig. 2. Total blood serum cholesterol (Me (Q1-Q3)) in groups 1 (sudden death) and 2 (comparison group).
Note: * — statistically significant differences relative to group 2, p < 0.001.

Table 4. Number of Individuals with Different Level of Total Blood Serum Cholesterol in Analyzed Groups of Railway Workers, n (%)

Total Cholesterol Level
Category <5 mmol/l 25 mmol/l no information
1 2 3
Group 1 73 (21.5) 85 (37.3) p2,533<(279020)7
p;.,<0.001 0,2<0.00]
Group 2 267 (78.5) 143 (62.7) 2(08)

In the next stage of study, a prognostic model was
developed to determine the probability of difference between
groups and 2 depending on the following parameters: Ml in
history, PCl in history, smoking, BMI, level of total cholesterol
of blood serum.

The method of binary logistic regression was used (n =
482). The observed dependence is described by the equation:

P=1/(1+e?) x 100%,
2= -3.265 + 3.425%y, = 8.961Xog vnout v = 10-603Xeq, i v +
+1.266X, 0 — 0.099%gy + 0.523X

'smoker total cholesterol

DOl https://doi.org/10.17816/PAVLOVI110985

where P — probability of SD, X,,: 0 — no past MI, 1 — past
M1, Xog; witnmi: 0 — no past MI, 1 — PCl with stenting without
MI, Xo¢ witn mi 0 — o stenting was performed in MI, 1 —
PCl with MI, X, oing: 0 — non-smoker, 1 — smoker, Xgy, —
BMI, Xigtal chotesterol — total cholesterol of blood serum.

The obtained regression model is statistically
significant (p < 0.001). On the basis of the value of
Nagelkerke coefficient of determination, the model
explains 59.8% of the observed dispersion of the
probability of assigning an individual to group 1 or 2.
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When analyzing the dependence of the probability
of death on the value of the logistic function P using
ROC-analysis, the curve shown in Figure 3 was obtained.
The area under the ROC curve was 0.936 + 0.020
with 95% Cl: 0.896-0.975. The resulting model was
statistically significant (p < 0.001). The threshold value

1.00 7
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of the logistic function in the cut-off point to which
the highest Yuden index corresponded was 0.244.
The probability of death was predicted at the value of
the logistic function P equal to or exceeding this value.
The sensitivity and specificity of the model were 79.5%
and 91.9%, respectively.

0.75 1

Sensitivity
(=]
Ul
o

0.25 A

0.00 4

0.00 0.25

0.50 0.75 1.00

| - Speciticity

Fig. 3. ROC curve characterizing the dependence of the probability of the ‘patient alive-the patient died” parameter on the value of

logistic function P.

DISCUSSION

Railway transport in the Russian Federation is one
of the largest railway complexes in the world [6]. The
cost of cargo transportation by railway is usually lower
than by other kinds of transport [7]. A study of the health
condition of the railway workers, and also of causes
of sudden unfavorable outcomes in individuals of the
working age is an important and urgent task.

First of all, it should be emphasized that the
term ‘sudden death’ is generally accepted in clinical
practice [8]. An urgent problem is a study of causes of
these situations in the workers during a work shift [9].
According to the current normative documentation of RR,
the term ‘sudden death’ is understood as death not only
during the shift, but also after it. The main criterion is
passage of not more than 24 hours after the last medical
examination and getting the admission to work [5].

The fact of conduction of the pre-trip or pre-shift
medical examination in this category of patients shows
the need to develop measures that improve the quality
of these examinations and minimize the cases of SD in
patients working in the railway [9]. Our results agree
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with the literature data that a past MI increases the
probability of SD. This may be due to the anatomical
peculiarities of the coronary arteries [11], development
of atherosclerosis of these vessels [12], and reduction
of the ejection fraction of the left ventricle after MI [13].

Smoking also increases the risk of SD, which agrees
with the literature data [14]. Frustration of the function
of lungs and obstruction of the airways (due to smoking
as well) are associated with enhanced risk of a SD in
general population.

An increase in the level of total cholesterol in
our work increased the risk of SD. Unfortunately, the
previous regulatory documents of RR suggested the
determination of total cholesterol, and not of its fractions
by medical expert commissions (determination of lipid
fractions has been introduced only since 2021). Earlier,
triglycerides and lipoproteins were determined only in
case of high cholesterol values. Meanwhile, disorders in
the fractional composition without increase in the total
content can also be a predictor of SD [16].

In our study, reduction of BMI diminished the risk
of SD, which contradicts the literature data [17]. In
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particular, it has been shown in the systematic review
that individuals with metabolic syndrome are at a high
risk of sudden cardiac death. They are under 70% higher
risk of SD even without coronary heart disease in history
[18]. To note, in the given study we did not take into
account the existence of metabolic syndrome, but only
calculated BMI. Besides, it should be borne in mind
that the studied population was partially restricted:
according to the current legislation, individuals with
BMI exceeding 40 kg/m?, are not admitted to the work
in trains. These facts could play a role in discrepancy
of our data and the literature.

We obtained a predictive function P with 80%
sensitivity, which is higher than certain studied
parameters. Earlier, we showed that the calculation of
risks on the SCORE scale does not have predictive value
in relation to railway transport workers [5]. Thus, further
investigation of this problem is required for prevention of
SD in the workplace with higher effectiveness.

It should be noted that the present study did not
permit to identify predictors of SD specific for the
workers of 000 Russian Railways, all the identified
risk factors were described for the general population
in one way or another [8]. According to the literature,
heart rhythm disorders detected, for example, in Holter
monitoring, are also predictors of SD [19-20] which we
have not analyzed. The legislative base was changed:
starting from 2021, all workers of the train crews
obligatorily undergo 24-hour record of ECG both in hiring
and on periodical medical examination by medical expert
commissions. It is hoped that this will permit to reduce
SD among the railway workers in future.

The given study surely had limitations associated
with its retrospective and not prospective character.
Accordingly, this permitted to study the influence of a
limited number of RF of SD.
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CONCLUSION

A sudden death of the able-bodied population
is always an important not only medical, but also
a social problem. On a sample of the railway workers,
it was shown that the main cause of sudden death is
MI or PCl in history. We studied such risk factors of
cardio-vascular diseases as smoking, high cholesterol
level and obesity.

A prognostic model for determination of the
probability for a sudden death in railway workers of
Russia has been developed; sensitivity and specificity of
the model was 79.5% and 91.9%, respectively. However,
the present study did not permit to identify risk factors,
specific for the railway workers.
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