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АННОТАЦИЯ

Введение. Охрана здоровья железнодорожных рабочих различных профессиональных групп повышает 
обеспечение безопасности работы железнодорожного транспорта, увеличивает престижность профессии и снижает 
заболеваемость и смертность от наиболее частых причин у данного контингента пациентов .

Цель. Провести анализ факторов риска внезапной смерти среди работников железных дорог России .
Материалы и методы. Дизайн исследования выполнен по типу «случай-контроль» . Проводился анализ всех 

случаев внезапной смерти (ВС) работников ОАО «Российские железные дороги» (РЖД) в период с 2009 по 2021 гг . 
(n = 412) . Группу сравнения составили 411 работников РЖД, проходивших периодический медицинский осмотр . 
Группы были сформированы по возрасту, стажу, полу и профессии . Для оценки диагностической значимости 
количественных признаков при прогнозировании определенного исхода применялся метод анализа ROC-кривых . 

Результаты. Риск летального исхода у работников РЖД возрастал при наличии перенесенного инфаркта 
миокарда, а также зависел от типа интервенционного вмешательства (p < 0,001) . Пороговое значение индекса массы 
тела в точке cut-off, которому соответствовало наивысшее значение индекса Юдена, составило 27,1 кг/м2 . В группе 
внезапно умерших частота курения была в 1,8 раза выше, а лиц с уровнем общего холестерина более 5 ммоль/л —  
в 2 раза меньше, чем в группе сравнения (p < 0,001) . С помощью метода анализа ROC-кривых была разработана 
прогностическая модель для определения вероятности внезапной смерти . Чувствительность и специфичность 
модели составили 79,5% и 91,9%, соответственно .

Заключение. В ходе исследования разработана прогностическая модель для определения вероятности 
внезапной смерти у работников железных дорог России; чувствительность и специфичность модели — 79,5% 
и 91,9%, соответственно . Однако настоящее исследование не позволило выявить специфических для работников 
РЖД предикторов внезапной смерти .
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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/m2 . 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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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 

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 (reсord form 025/у-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/у 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)/height2 (m2)

• total cholesterol level of blood serum;
• myocardial infarction (MI) and percutaneous 

coronary intervention (PCI) in history .

LIST OF ABBREVIATIONS
BMI — body mass index
CI — confidence interval
CVD — cardiovascular diseases
MI — myocardial infarction 
PCI — percutaneous coronary intervention
OR — odds ratio 
RF — risk factors
RR — Russian Railways
SD — sudden death
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Table 1. Characteristics of Workers of Russian Railways Included in the Study

Parameter Category n (%)

Group
1 (died) 412 (50.1)

2 (comparison group) 411 (49.9)

Gender
female gender 48 (5.8)

male gender 775 (94.2)

Occupation
other workers 580 (70.5)

worker of locomotive screw 243 (29.5)

Myocardial infarction and/or percutaneous coronary intervention in history

no myocardial infarction 320 (38.9)

past myocardial infarction 175 (21.3)

no information 189 (23.0)

percutaneous coronary intervention with 

stenting without myocardial infarction
39 (4.7)

percutaneous coronary intervention with 

stenting with myocardial infarction
100 (12.2)

Smoking

non-smokers 354 (43.0)

smokers 448 (54.4)

no information 21 (2.6)

Total cholesterol

below 5 mmol/l 340 (41.3)

5 mmol/l and more 228 (27.7)

no information 255 (31.0)

Body mass index

no information 25 (3.0)

normal body mass index 184 (22.4)

excessive weight 351 (42.6)

I degree obesity 190 (23.1)

II degree obesity 58 (7.0)

III degree obesity 10 (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 
(Q1–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 

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 R2 .

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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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.

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, 

MI 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 (%)

Category

Myocardial infarction Stenting of Coronary Arteries

presence absence no information
without 

myocardial 
infarction

with myocardial 
infarction

1 2 3 4 5

Group 1 (sudden death) 79 (27.7)
143 (81.7),

р1-2 < 0.001

189 (100.0),

р2-3 < 0.001,

р1-3 < 0.001

0,

р2-4< 0.001

0,

р2-5< 0.001

Group 2 (comparison group) 241 (75.3) 32 (18.3) 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% CI: 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/m2 . 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 (%)

Category

Smoking

non-smokers smokers no information

1 2 3

Group 1 (sudden death) 102 (28.8)
289 (64.5),

р1-2 < 0.001

20 (95.2),

р2-3 < 0.001

Group 2 (comparison group) 252 (71.2) 159 (35.5) 1 (4.8)
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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% CI: 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, 

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 . 

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 (%)

Category

Total Cholesterol Level

< 5 mmol/l ≥ 5 mmol/l no information

1 2 3

Group 1 73 (21.5)
85 (37.3),

р1-2 < 0.001

253 (99.2),

р1-3 < 0.001,

р2-3 < 0.001

Group 2 267 (78.5) 143 (62.7) 2 (0.8)

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: MI in 
history, PCI 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-z) × 100%,
z = -3 .245 + 3 .425XMI – 8 .941XPCI without MI – 10 .403XPCI with MI + 

+ 1 .266Xsmoker – 0 .099XBMI + 0 .523Xtotal cholesterol

where P — probability of SD, XMI: 0 — no past MI, 1 — past 
MI, XPCI with MI: 0 — no past MI, 1 — PCI with stenting without 
MI, XPCI with MI: 0 — no stenting was performed in MI, 1 — 
PCI with MI, Xsmoking: 0 — non-smoker, 1 — smoker, XBMI —  
BMI, Xtotal cholesterol — 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% CI: 0 .896–0 .975 . The resulting model was 
statistically significant (p < 0 .001) . The threshold value 

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 .

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 

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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ска сердечно-сосудистых заболеваний и их динамика у работников  

локомотивных бригад // Кардиоваскулярная терапия и профилактика. 

2018. Т. 17, № 3. С. 53–58. doi: 10.15829/1728-8800-2018-3-53-58

6.	 Шавруков Ю.М. Развитие городского рельсового транспорта //  

Наука и образование. МГТУ им. Н.Э. Баумана. 2014. № 8. С. 25–47.  

Доступно по: http://engineering-science.ru/doc/727439.html. Ссылка  

активна на 20 сентября 2022.

7.	 Выбранец А.В. Борьба с автомобилизаций с помощью  

положительных характеристик легкого рельсового транспорта //  

Студенческий вестник. 2020. № 22 (120), Ч. 7. С. 82–84. Доступно по: 

https://www.internauka.org/journal/stud/herald/120. Ссылка активна на 

20 сентября 2022.

8.	 Shamloo A.S., Dilk P., Dagres N. Prevention of sudden cardiac death // 

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/m2, 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 OOO 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 .

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 PCI 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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