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Many clinical conditions are considered in a sequence of interrelated events of the continuity of the pathological process. This makes it
possible to discover its patterns, specific mechanisms of occurrence and development of the disease. However, the continuum of sudden cardiac death
(SCD) remains unknown.

To clarify the sequence of events of the continuum of the SCD using the example of initially healthy workers of locomotive crews of
the Trans-Baikal Railway.

Based on the material of a 6-year prospective observation of a natural group of 7,959 men aged 18-66 years, predictors of
microalbuminuria (MAU), creatininemia (CR), reduced glomerular filtration rate (rGFR), retinopathy (RP), and SCD were determined in 22 positions. A 2x2
table, multivariate regression analysis, and survival analysis were used, and the relative risk of risk factors (RF) was estimated, which made it possible to
study and construct a continuum of chronic kidney disease from pre-prepared symptomatic blocks: MAU, RP, CR, rGFR using the synthesis method based
on the principle of assembling puzzles, to which the SCD block was added according to this principle.

The formation of SCD depends on the set of risk factors in each individual case and can occur from any peripheral point of the SCD continuum
(from the risk factor). The formation of SCD is determined by the proximity of the predictor to the outcome, its independent effect and (or) interaction
with other risk factors. The most dangerous predictor of SCD is excessive alcohol consumption, which causes damage to the heart and (or) kidneys, closing
the dysfunctional circle of re-entry cardiorenal continuum and forming cardiorenal syndrome. In the population, those most at risk of SCD are those with
an initially low number of nephrons and (or) a congenital defect of the microcirculatory bed.

Further study of the continuum of sudden cardiac death is needed to determine whether cardiac or renal involvement is primary and whether
the risk of sudden cardiac death increases. cardiac death when each predictor is added to the continuum of sudden cardiac death, the effects of risk factor
damage, their increasing power with prolonged exposure, the magnitude of tissue damage, and the probability and timing of sudden cardiac death.
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AH  — arterial hypertension LVMH — left ventricular myocardial hypertrophy
ASP — atherosclerotic plaque MAU — microalbuminuria

ATSA — atherosclerosis of the aorta MCB — microcirculatory bed

BMI — body mass index OR  — relative risk

CAI — chronic alcohol intoxication PWV — pulse wave velocity

CI  — confidence interval RCS — renocardial syndrome

CKD — chronic kidney disease RCW — locomotive crew workers

CRS — cardiorenal syndrome RP  — retinopathy

CVD — cardiovascular diseases RF  — risk factor

DM — diabetes mellitus, type 2, mild SGFR — reduced glomerular filtration rate
EAC — excessive alcohol consumption SCD — sudden cardiac death

ED  — endothelial dysfunction TIM — thickening of intima media

FHCVD — family history of early cardiovascular disease TOD — target organ damage

HUS — hemolytic uremic syndrome
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INTRODUCTION

Modern concepts of many clinical conditions are
built in a sequence of interconnected events of the
cardiovascular continuum [1] — continuity
expressing the holistic nature of the object,
homogeneity and interrelation of its parts and
conditions [2]. To clarify them, the method of
scientific knowledge is used — modeling: the subject
of the study is replaced by a model, which is then
studied and the studied object is cognized. Structural
modeling can be carried out by different approaches:
creating information structures (structure) of the
object and structural equation modeling (SEM). The
latter method includes at least a dozen methods and
algorithms of the approach: regression equations,
iterative methods of maximum likelihood
algorithms, iterative correlations and others [3]. The
presented work will show the first part of the work
performed — the study of sudden cardiac death (SCD)
by comparative and multivariate analyses with an
assessment of the identified predictors of the relative
risk (RR). The physical model of the continuum,
supplemented by the time dimension, creates a
theoretical-physical construction - a space-time
continuum, in which it is possible to determine what
is the cause and what is the effect, i.e. the sequence
of events and the time of their occurrence. This part
of the work will be presented in subsequent
publications. This knowledge about SCD, a disease
that most often has only a preclinical course, remains
unknown to this day. The emergence of new data in
this area will allow us to discover patterns and
specific mechanisms for the occurrence and latent
formation of SCD, determine methods for its
prediction, detection, prevention and timely therapy
of this disease.

Aim of study: to clarify the chain of events of the
VSD using the example of a group of initially healthy
workers of locomotive crews of the Trans-Baikal
Railway.

MATERIAL AND METHODS

In 2008-2013, 7959 initially healthy men aged
18-66 years (LCW) were examined annually on the
Zabaikalsky Railway [4-6], who, in accordance with
the order — inclusion criteria [7], did not have
cardiovascular diseases (CVD) except for stage 1,
stages I or II hypertension. During medical expert
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commissions, all LCW were identified with risk
factors for cardiovascular diseases (RF CVD), target
organ damage (TOD) according to the criteria of the
Russian Medical Society for Arterial Hypertension,
the All-Russian Scientific Society of Cardiologists
2008, 2011 for arterial hypertension (AH) [8, 9]. The
order [7] allowed the presence of RF in LCW. This
condition did not allow the LCW to always be healthy
(Fig. 1-6), and over 6 years of observation they were
diagnosed with TOD (Table 1) and CVD, including 15
cases of SCD. The design of the study of the LCW of
the Zabaikalsky Railway is shown in Fig. 1. Its results
have been published [4-6]. The list of examinations
of the LCW of the Zabaikalsky Railway with the
approval of the Local Ethics Committee of the
Federal State Budgetary Educational Institution of
Higher Education ChSMA dated 09.11.2011 No. 30 [6]
was performed on certified modern equipment using
generally accepted diagnostic methods (Table 1).
Since the deceased SCD LCW did not have CVD, SCD
was diagnosed according to the WHO definition of
1964, 1979 as “death that occurred instantly or
within 1-6 hours from the onset of the first signs of
heart disease in a person who had a stable, safe
condition” [10] and the results of a forensic medical
examination. In all cases, SCD was manifest, in 93%
of cases lightning-fast. Holter ECG
(electrocardiography) examination of the LCW
Zabaikalsky Railway for hypertension, with suspicion
of any cardiac pathology, during annual examination
of persons aged 40 years and older, did not reveal
contraindications for admission to train work under
paragraph 29 (rhythm and conduction disorders) of
the order [7] of subsequently deceased SCD LCW. In
KrelRisk 1.1. (Russia) and Statistica 6.0. (USA), all
cases of SCD were examined by statistical analysis.
To determine the relationship between possible
predictors (RF, TOD) and SCD, two groups of
respondents (those with and without SCD) were
compared. Quantitative variables were compared by
the Mann-Whitney criterion and Pearson's 2,
Pearson's y2 with Yates's correction — qualitative.
Since the last two criteria lose their sensitivity when
working with small values (n<10), they were
additionally compared using the two-sided Fisher
exact test. All criteria were statistically significant,
but their preference was determined by the
quantitative value (n) of the assessed variable. To
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confirm the relationship of the identified variables
with SCD, a multivariate stepwise regression analysis
was performed with the inclusion of variables and the
OR of the established predictors was estimated [11].
To clarify the difference between these risks at all
time points for respondents with different
characteristics [11] and to determine the triggers that
have the most significant and independent effect on
the development of SCD, to clarify the increase in the
risk of SCD with the addition of each predictor to the
latent pathological process, the Cox proportional
hazard regression model was used. According to the
Kaplan-Meier curves in the survival analysis, the
probability and time of SCD formation under the
influence of each and every predictor of SCD were
established [12]. Graphical assessment of the
influence of predictors on the survival function (SF
— probability of absence of SCD) and the number of
“failures” (probability of SCD occurrence) in
dynamics of each trigger as an independent effect
and all together allowed us to establish the time of
SCD formation, its probability and stages of
endothelial ~ dysfunction  (ED)  progression.
Multivariate analysis showed that SCD was preceded
by damage to only one target organ — reduced
glomerular filtration rate (rGFR) [4-6, 8, 9] (Tables
1-3), that is, heart pathology incompatible with life
(dysfunction) was determined by kidney dysfunction
(pathology). rGFR [1SCD. This relationship was
designated in the diagram in accordance with the
multivariate analysis data (Table 3), according to
which rGFR was hypothetically defined as an
interacting factor. Thus, by the synthesis method,
the SCD module was added to the chronic kidney
disease (CKD) continuum model, previously
assembled in a similar way (Fig. 5). SCD « sGFR
<> CR (creatininemia) <> RP (retinopathy) <> MAU
(microalbuminuria). By designating the
interdependent relationship of CKD symptoms:
sGFR, CR, MAU and RP I-II according to the jigsaw
puzzle principle (a way to assemble a puzzle in the
form in which it exists), these blocks were connected
(Fig. 3A, 5, 6). The decision to clarify the formation
of RP I-II came with the results of studying the
symptoms of CKD: MAU, CR and sGFR. According to
the data obtained, RP I-II was a predictor of MAU
and CR symptoms. At the same time, MAU and CR
preceded RP I-1I [4, 5, 13-17] (Table 3, Fig. 5). In the
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course of theoretical research (see discussion), it was
concluded that the pathological cardiorenal
connection was interdependent (Fig. 3B) and
occurred as cardiorenal or renocardial syndrome.
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end point, the interaction of factors
Note: RF — risk factor
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Fig. 3. Scheme of renocardial continuum (A) and cardiorenal
syndrome (B)

Notes: SCD - sudden cardiac death; CR - creatininemia; MAU -
microalbuminuria; GFR - glomerular filtration rate; RP -
retinopathy. The arrows show the direction of the predictor effect
and its subclinical characteristics: independent effect or predictor /
confounder interaction
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B
Fig. 4. Risk factors: excessive alcohol consumption (A) and family
history of early cardiovascular disease (B) in the cardiorenal
continuum
Notes: SCD - sudden cardiac death; CR - creatininemia; MAU -
microalbuminuria; FH CVD - family history of early cardiovascular
disease; GFR - glomerular filtration rate; RP - retinopathy; EAC-
excessive alcohol consumption. The arrows show the direction of
the predictor effect and its subclinical characteristics: independent
effect or predictor / confounder interaction
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Fig. 6. Continuum of chronic kidney disease and sudden cardiac
death. All predictors

Notes: AH - arterial hypertension; ASP - atherosclerotic plaque;
ATSA - atherosclerosis of the aorta; SCD - sudden cardiac death;
LVMH - left ventricular myocardial hypertrophy; DLP -
dyslipidemia; BMI - body mass index; CR - creatininemia; MAU -
microalbuminuria; FH CVD - family history of early cardiovascular
disease; DM - diabetes mellitus, type 2, mild; GFR - glomerular
filtration rate; RP - retinopathy; TIM - intima-media thickening;
EAC - excessive alcohol consumption. The arrows show the
direction of the predictor effect and its subclinical characteristics:
independent effect or predictor / confounder interaction

ig. 5. Synthesis of the renocardial continuum, CKD and their symptomatic blocks

Notes: AH - arterial hypertension; ASP - atherosclerotic plaque; ATSA - atherosclerosis of the aorta; SCD - sudden cardiac death; LVMH - left
ventricular myocardial hypertrophy; DLP - dyslipidemia; BMI - body mass index; CR - creatininemia; MAU - microalbuminuria; FH CVD - family
history of early cardiovascular disease; DM - diabetes mellitus, type 2, mild; GFR - glomerular filtration rate; RP - retinopathy; TIM - intima-media
thickening; EAC - excessive alcohol consumption. The arrows show the direction of the predictor effect and its subclinical characteristics:

independent effect or predictor / confounder interaction
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Table 1

Comparison of the prevalence of risk factors, target
organ damage in individuals without CVD and with
the outcome of sudden cardiac death in an

observation group [4, 5
Risk factors, cardiovascular VSS, n =15 Fisher's |(-) CVD, n=7798
target organ damage, n = 7959 criterion

n % (%) n %
Arterial hypertension 10 66.7 0.00 1920 | 24.6
Smoking 12 80 4821 | 61.7
Dyslipidemia 6 40 2470 | 31.6
Hyperglycemia 1 6.7 426 5.5
Family history of early CVD 2 133 882 11.3
Psychosocial stress 5 333 1604 | 20.5
Excesswe.alcohol 3 20 0.00 68 09
consumption
BMI=25.0-29.9 / Overweight 9 60 3071 | 39.4
BMI=.30.0—34.9 / Class | 1 6.7 1170 15
obesity
BMI=35.0-39.9 / Obesity 1 6.7 224 29
stage Il
BMI240.0 / Obesity stage Il 1 6.7 0.02 21 0.3
Retinopathy grades |-l 2 133 305 39
Left ventricular myocardial 3 20 557 71
hypertrophy
Atherosclerosis of the aorta 2 133 434 5.6
TIM/ASP 0 0 15 0.2
PWR above 12 m/s 0 0 16 0.2
Creatininemia 1 6.7 111 1.4
Microalbuminuria 0 0 7 0,1
Reduced GFR 1 6.7 0.01 5 0,1
Ankle-brachial index below 0 0 0 0
0.9
D|§betes mellitus, type 2, 0 0 36 05
mild

Notes: ASP - atherosclerotic plaque; SCD - sudden cardiac death; BMI -
body mass index; GFR - glomerular filtration rate; PWV - pulse wave
velocity; CVD - cardiovascular disease; TIM - intima-media thickening.
Statistically significant results are shown. The age of locomotive crew
workers without CVD: 38.48+10.33 years, Min-18; Me-38; Max-66; and
with the outcome of SCD: 47.93£7.4 years, Min-25; Me-50; Max-54.
Criterion Mann-Whitney U=28315.5; Z=3.45; p <0.001

Table 2

Prognostic value of SCD predictors in multivariate

analysis [4-6]

Translated by A.P. Strelkova

Predictors Sudden cardiac death (n = 15)
B t OR [¥95% Cl] r

R*>0.08; F =66.05
p <0.000 (n=6130)"
Age 18-66 years 0.03 | 241 2.4[0.3;18.2] 0.01
Age 34-66 years 7.9 [1.04; 60.15]
Psychosocial stress 0.04 | 3.49 7.7 [2.6; 22.4] 0,00
Reduced GFR 0.04 | 4.22 19.3 [2.6; 140.8] 0,00
BMI240.0 (obesity stage Ill) | 0.13 | 10.42 | 111.7 [18.9; 659.75] | 0,00
EAC 0.25 | 20.36 | 155.7 [51.7;468.9] | 0,00
R*=0.23; F=27.53
p <0.000 (n=7959)
Age 18-66 years 0.03 [ 2.19 1.6 [0.2;12.12] 0.03
Age 34-66 years 8.33[1.10; 63.36]
Psychosocial stress 0.02 | 1.43 1.93 [0.66; 5.65] 0.15
Reduced GFR 0.10 | 9.35 | 94.67[14.68;610.68] | 0,00
BMI240.0 (obesity stage Ill) | 0.05 | 4.36 | 23.63[3.23;172.54] | 0,00
EAC 0.09 | 8.02 | 27.77 [8.01;96.29] | 0,00
Arterial hypertension 0.03 | 212 5.82[1.99; 17.03] 0.03

Notes: CI - confidence interval; RR - relative risk; BMI - body mass index;
EAC - excessive alcohol consumption; B — significance level; F —

evaluation criterion; R2 ~ determination coefficient; t — ratio of the
regression coefficient to its standard error; p —significance criterion. * —

The analysis was initially performed on the 2011 observation data. The RR
estimate with n-1 degrees of freedom in the age range of 25-54 years of

SCD cases included 1.0 in the 95% Cl and was not statistically significant,
but was statistically significant in the age range of 34-66 years. The odds
ratio of predictors of sudden cardiac death: age 25-54 years — 1.03 [0.31;
18.26], age 34-66 years - 11.31 [1.48; 86.07], excessive alcohol
consumption - 222.71 [51.39; 965.07], stress - 7.89 [2.68; 23.20], reduced
glomerular filtration rate - 20.19 [2.54; 160.31], body mass index>40.0 —

148.57 [14.55; 1516.62] [4, 6]
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Table 3

Significance of predictors of sudden cardiac death,
chronic kidney disease, retinopathy degrees I-1I in
various statistical models [4, 5]

Predictors of Outcomes Mathematical models

Table [Multiple-| OR Kaplan | Cox
2x2 |regression -Meier | model
model

Microalbuminuria, n =8

EAC

Dyslipidemia 1 1 1 1 0
Retinopathy grades |-l 1 1 1 1 0
FH CVD

Arterial hypertension

Smoking

Creatininemia, n =116

Reduced SCF

Retinopathy grades |-l

BMI=25.0 and above 0 1 1 1 1
BMI=30.0-34.9 / obesity |

BMI=35.0-39.9 / obesity II

BMI240.0 / obesity IlI

Dyslipidemia 1 1 1 1 0

Hyperglycemia

FH CVD

LVMH

Arterial hypertension

Age 27-66 years

Reduced glomerular filtration rate, n =6

Creatininemia

Hyperglycemia 1 1 1 1 0

Atherosclerosis of the
aorta

Arterial hypertension

Retinopathy grades I-Il, n =337

Arterial hypertension

Age 26-66 years 1 1 1 0 1

Age 39-66 years

Translated by A.P. Strelkova

LVMH

Microalbuminuria 1 1 1 1 0

FH CVD

Diabetes mellitus type 2

Creatininemia

BMI=30.0-34.9 / obesity |

BMI=35.0-39.9 / obesity Il

BMI240.0 / obesity Il

TIM/ASP

Dyslipidemia 1 1 1 1 0

Hyperglycemia

Atherosclerosis of the 1 0 1 1 1
aorta

Smoking

Sudden cardiac death, n =15

EAC
Reduced GFR 1 1 1 0 1
Age 34-66 years 1 1 1 0 1

BMI240.0 / Obesity IlI

Arterial hypertension

Psychosocial stress

independent risk factor;
interacting risk factor;

confounding [19]

Notes: (1) — p <0.05; (0) — p >0.05. ASP - atherosclerotic plaque; LVMH -
left ventricular myocardial hypertrophy; BMI - body mass index; GFR -
glomerular filtration rate; FH CVD - family history of early cardiovascular
disease; TIM - intima-media thickening; EAC - excessive alcohol
consumption

RESULTS

Predictors of SCD showed statistical
heterogeneity, showing contradictory results in the
used statistical models, and therefore were classified.
Comparison in the 2 x 2 table established the
variables having a statistically significant association
with SCD: hypertension, body mass index (BMI) of at
least 40.0, EAC, rGFR, age. Multivariate stepwise
regression analysis showed that predictors of SCD at
the initial assessment in the 2011 sample of n = 6130
were the following RFs: age, stress, BMI of at least
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40.0, excessive alcohol consumption (EAC), rGFR. In
the sample of n = 7959 of the entire observation
period with the final outcomes of all LCWs, the RFs
were: age, hypertension, BMI of at least 40.0, EAC,
rGFR. In the Cox proportional hazards model,
statistically significant results were: EAC, age 34-66
years, and rGFR. When constructing Kaplan-Meier
diagrams, statistically significant models were built
for the predictors of hypertension and atrial
fibrillation. The estimate of the OR in the sample of
n = 6130 observations in 2011 was statistically
significant for all predictors of SCD, in the sample of
n = 7959 of the entire observation period, the stress
risk factor did not have a statistically significant
estimate of the OR. The predictor of atrial
fibrillation, which had a statistically significant
result in all statistical models, was hypothetically
estimated as the main predictor capable of
independently being realized in the outcome of SCD
without the participation of other risk factors, atrial
fibrillation — SCD. The predictors: age 34-66 years,
eGFR, which had a statistically significant result in
all models except one, were considered interacting
risk factors, realized in the end point with the
participation of other risk factors by adding their
effect into a joint effect of damage. RFs that had a
statistically significant result in less than 4 models
were considered confounders - factors influencing
the outcome and the main influencing variable [18,
19] (Table 3, Fig. 2). In epidemiology, the influence
of a factor is defined as “a pathological agent, a
source of disease, capable of entering the body upon
contact or proximity to it and causing a specific
disorder (disease)”. The effect of a factor can be
negative (damaging) or positive (protective) [20]. If a
variable that should be in a statistical model is not
included in it, or one that should not be in it is
included, this will affect its effectiveness. The
inefficiency of a regression model is not only due to
the incorrect specification of triggers in it. Changes
in their list, even in the absence of any dependence
within the set, can affect the functioning of all
factors. This is how their interaction is manifested
[21]. Variables interact with each other when the
influence of a predictor on the outcome depends on
the value of a complex variable formed from two or
more independent similar factors. In this case, the
differences in the dependent feature between the
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levels of a trigger are different for one or more levels
of another trigger. The composed complex variable is
not a confounder or an independent FR; the factors
in it do not act independently of each other on the
final outcome [11, 18, 19] (Fig. 2). We believe that the
qualitative property of factors — interaction — is
manifested by the discrepancy between their
statistical results in different types of analysis and is
determined by the role of the factor in the total effect
of influence (Table 3). The interaction of factors is
manifested by the modification effect in the
combined influence of two or more variables. It can
be positive, enhancing the influence of factors on the
final result, and negative, weakening their influence
[20]. The following types of factor interaction are
known: additivity — summation; synergism —
mutual reinforcement; antagonism — mutual
weakening of influence [22]. Predictors of CKD and
RP I-II have been previously studied and assessed
similarly using this method [4, 5, 13-17].

DISCUSSION

Modern science requires searching for promising
directions and improving methodological support.
These tasks are solved by analysis and synthesis of
knowledge [23, 24]. Analysis is a method of dividing
an object into parts, sides, properties. Synthesis is a
process of combining disparate things (concepts)
into a whole by connecting, linking, placing and
determining their location, a method of cognition
from simple to complex [23]. In complex systems,
synthesis is preceded by analysis. Synthesis is an
engineering structural construction of complex
systems from pre-prepared modules of different
types in order to describe and create a non-existent
abstract model. Together with analysis, the synthesis
method allows one to obtain an idea of the
connections between the components of the subject
of study [25]. The construction of the VSS continuum
model is performed using an abbreviation that allows
one to perform design actions and apply symbolic
thinking. In this work, the VSS module was
connected to the CKD continuum by means of the
identified connection, the synthesis of which was
performed earlier from the previously prepared
(studied) symptomatic blocks of CKD: MAU, RP, CR
and sGFR (Fig. 5). VSS «- sGFR <> CR <> RP <> MAU
(Fig. 3A ) . The synthesis of MAU, RP, CR, sGFR and
CKD is shown outside the scope of this publication
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[4, 5, 13-17, 19, 26, 27]. When impaired renal
function leads to cardiovascular complications (in
this case, to VSS), some authors speak of renocardial
syndrome (RCS) [28], which may be a consequence of
primary acute kidney injury followed by acute
impairment of cardiac function, or chronic primary
kidney damage may lead to impairment of the
functional state of the heart [29]. The kidneys,
regulating humoral systems, participating in
important microcirculatory and metabolic processes,
affect the formation and progression of
cardiovascular pathology. Even a slight decrease in
kidney function significantly progresses the main
cardiac pathology, increasing the frequency of
complications and the risk of death, and, conversely,
a decrease in the contractility of the heart negatively
affects the functioning of the kidneys through an
interdependent relationship and the formation of
cardiorenal syndrome (CRS). This is a syndrome in
which different initial factors of pathogenesis lead to
the activation of largely common mechanisms of
disease progression and mutual aggravation of the
condition of the heart and kidney [29], SCD <> cGFR
<> CR <> RP <> MAU (Fig. 3B ) . Close relationships
SCD, CKD through CRS, acting in both directions,
give stability to the entire cardiorenal system. Due to
the difficulty of establishing the underlying cause of
CRS, some authors believe that it is extremely
difficult to determine what occurs first—heart failure
or renal dysfunction—and consider cardiorenal -
relationships as a cardiorenal continuum [30, 31]
(Fig. 3B ).

Since the earliest kidney damage is MAU [32], and
at the same time the RF of the EAC (systematic
alcohol consumption of more than 2 standard doses
of alcohol per day for men with 1 standard dose of
alcohol of 13.7 g - 18 ml of ethanol, which
corresponds to 330 ml of beer (content of =5 vol.%
ethanol) or 150 ml of wine (=12 vol.% ethanol), or 45
ml of strong drinks (=40 vol.% ethanol) [8]) in the
LCW of the ZabzhD was recognized as an
independent main predictor of MAU and a predictor
affecting the heart, then SCD was probably formed in
two variants of the sequence of events (Table 3).
Option 1 - primary kidney damage and the formation
of RCS (Fig. 4A), CPA — MAU « RP < CR «> sGFR
— SCD. Alcohol-induced latent chronic
glomerulonephritis is manifested by MAU,
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hypertension and microhematuria. Its exacerbations
are associated with excesses of the CPA, worsening
of clinical symptoms and a decrease in SCF [33]. The
risk of CVD increases with an increase in MAU,
accompanied by ED [16, 19, 32, 34, 35] with the
transition to the next stage of development of events
of the CKD continuum - MAU <> RP. The changes are
interdependent, since the MAU level correlates with
the thickness of the choroid and retina of the eye [13,
15, 16, 36]. These manifestations are considered
signs of systemic damage to the microcirculatory bed
(MCB) and a pathological process in the kidneys. The
MCB of the kidneys and eye are anatomically similar
and react equally with complications in both organs
[37]. Progression of CKD is accompanied by an
increase in the serum CR level, sGFR and pathology
of the microvascular retina of the eye [38], MAU
<> RP <> CR — sGFR. It is believed that an increased
level of CR in the blood forms sGFR through renal
hyperfiltration [14, 26, 27]. On the contrary, with
sGFR, tubular secretion of CR and an increase in its
concentration in the blood are compensatorily
increased [39, 40], CR «> sGFR.

RF of CVD may precede MAU [16, 17], CR, RP I-II
[4, 5, 13-15, 17, 19], predisposing patients with a
congenital small number of nephrons to the
development of CKD [41] (Fig. 4B). This may be the
case in individuals with low birth weight [42] or
congenital microangiopathy, manifested by an
increase in MAU, CR, and sGFR [43], which occurs in
premature infants [44] and/or in individuals with a
genetic defect in MCB [45]. Hemolytic uremic
syndrome (HUS) is the main cause of acute kidney
injury in children and one of the causes of kidney
pathology in childhood [46] and may be the cause of
SCD. In children with HUS, polymorphism of the
genes of the blood coagulation system is determined
in 100%: MTHFR C677T, FVLeiden G1691A,
PTGG20210A, FGBG(455)A, ITGB3 (glycoprotein Il a
), C176T (L33P), PAI-1 4G(675)5G [47]. Thrombotic
microangiopathy is a special type of damage to small
intraorgan  vessels, mainly renal. Genetic
thrombophilia affects the severity of kidney damage,
activates blood clotting inside the glomeruli [48] and
progresses thrombotic microangiopathy [47]. Five
atypical cases of HUS in newborns have been
described, caused by absolute deficiency of vWF
protease associated with a hereditary defect of this
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enzyme [49, 50], and, probably, with the cause of SCD
in infants.

In the whole organism, specialized functional
systems are closely interconnected. If the result of
the activity of one of the functional systems deviates,
the activity of other related functional systems of the
organism immediately undergoes reorganization.
Violation of the hierarchical and multiparametric
harmony of information relationships of the
functional systems of the organism leads to
dysfunctions and then to pathology [51]. Since the
LCW ZabZHD did not have heart diseases, the second
pathway of SCD formation may have been acute CRS,
manifested by a sudden deterioration in cardiac
activity and leading to acute kidney injury, which can
occur in acute coronary syndrome [29] caused by CPA
[6], CPA [ SCD [JsGFR [ CR [JRP [1MAU. A single,
one-time consumption of a large dose of alcohol in
any form of drink is a reliable risk factor for SCD [52].
However, it has been established that in patients
with alcohol dependence, on the 3rd-5th day after
alcohol detoxification, a high concentration of all
proinflammatory cytokines is detected, of which the
interferon yand interleukin 17 fractions were the
most prominent. The content of other cytokines in
the blood serum exceeded the control concentrations
by 2-6 times. After 2 weeks of standard anti-alcohol
therapy, the cytokine profile in patients did not
change. Their concentration was still high [53],
which indicates long-term oxidative stress,
inflammation and their persistence in patients with
systematic EAC. In acute and chronic alcohol
intoxication (CAI), the intake of ethanol into the
body initiates the formation of active oxygen species,
reduces the production of relaxing endothelium-
dependent factors, increases the concentration of
vasoconstrictive factors and the development of ED
[54]. With systematic EAC, ED becomes permanent
with all the ensuing consequences, since ED is
involved in the pathogenesis and clinical course of all
CVD and is associated with the risk of subsequent
adverse cardiovascular events [55], including SCD
[4-6]. All other RFs of SCD and CKD aggravate the
condition and bring the time of SCD closer (Fig. 6).
At the same time, a screening study [56] of the causes
and pattern of alcoholic beverage consumption in
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professional male athletes showed significant
alcoholization, the absence of absolute abstinence,
and a preference for consuming strong alcoholic
beverages in the amount of 401.7#271.2 ml of
absolute ethanol per month. About 1/3 of athletes
EAC 2-3 times a week and more than 5 standard
portions per day. About 93% of athletes in the
observation group experienced negative
consequences of EAC. This screening and study of
the LCW Transbaikal Railway identified risk groups
for whom the probability of favorable consequences
from preventive intervention will be especially high,
and show the need for preventive measures among
athletes and persons of operator professions aimed
at diagnosing CAI [57, 58] and correcting problems
associated with EAC and preventing SCD [59, 60].
The latter is ensured by implementing an algorithm
for diagnosing the state of CAI, especially in the case
of its systematic latent consumption in a dose
exceeding the safe norm recommended by WHO [4-
6, 8, 59-61].

CONCLUSION

Further research is needed into the continuum of
sudden cardiac death to determine which occurs
first, cardiac or renal failure, the increase in the risk
of sudden cardiac death with the addition of each
predictor to the continuum of sudden cardiac death,
the effects of damage to triggers, their increasing
power with prolonged exposure, their exposure [59,
61], the magnitude of organ tissue damage, the
probability of sudden cardiac death and the time of
its occurrence, as well as the processes of the
continuous dysfunctional pathological circle of the
cardiorenal continuum, which is probably formed
through the re-entry mechanism (Fig. 4A).

Current methods of diagnosing cardiac
dysfunction are not perfect. Therefore, in the
preventive strategy of sudden cardiac death, the
priority should be the diagnosis of kidney disorders
and the main predictor of sudden cardiac death -
"excessive alcohol consumption". It is necessary to
search for new, more advanced methods for
diagnosing cardiac dysfunction that precedes sudden
cardiac death.
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FINDING

1. The interdependence of pathological processes
of the cardiovascular system and kidneys in a certain
continuous sequence of events of the cardiorenal
continuum leads to cardiorenal syndrome or
renocardial syndrome and sudden cardiac death. The
risk ratio of sudden cardiac death in individuals with
renal dysfunction in the form of reduced glomerular
filtration in relation to the group without this factor
is 94.67-fold higher, according to the criteria: p <
0.05 Fisher's exact test, 95% confidence interval of
the risk ratio and t > 2.0 at p < 0.05 multivariate

Translated by A.P. Strelkova

3. Development of sudden cardiac death is
possible as a result of exposure to various risk factors
for cardiovascular diseases. The most dangerous
predictor of sudden cardiac death is the risk factor
"excessive alcohol consumption”, which causes
damage to the heart and (or) kidneys and closes the
dysfunctional pathological circle of the cardiorenal
continuum. The risk ratio of sudden cardiac death in
individuals exposed to this factor in relation to the
control group is 27.77-fold higher, according to the
criteria: p < 0.05 Fisher's exact test, 95% confidence
interval of the risk ratio and t > 2.0 at p < 0.05

regression.

component of the sudden cardiac death continuum,
which includes microvascular disease.

multivariate regression.

4, Within the population, those most at risk of
sudden cardiac death are those with an initially low
number of nephrons and/or a congenital defect of the
microcirculatory bed and/or a genetic defect of the
microcirculatory bed.

2. The chronic kidney disease continuum is a
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