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BHyTpuMCMeHHaA U MeXAyCMeHHas AUHAMUKa ik

MHOEKCa HanpaXeHUA peryaarTopHbiX CUCTEM
Y MEAULIMHCKOro nepcoHasa Bbié3aHbIX 6purap,
CKOPOﬁ MeULMHCKOU NOMOLLM B COBpeMEeHHbIX yC/N0BUAX

T. A. Bono6onkmHa™, A. A. [leMenTbes, H. B. Munaesa, M. M. Jlankuu, M. A. Kynaruu

Ps3aHCKUI rocyaapcTBeHHbIA MeAMLMHCKUIA YHUBEpCUTET MMeHM akadeMuka W. M. MaenoBa, PssaHb, Poccuiickan Oepepauma

AHHOTALMA

BsedeHue. B ycnoBuAx pacnpocTpaHeHns HOBOWM KopoHaBMpycHol uHekumnm SARS-CoV-2 (COVID-19) nsMeHmnuco
pernaMeHTbl paboTbl M yCNOBMA Tpyda Bble3fHbIX 6purag ckopon meaumumHckoin nomowym (CMI), pacwwmpunca cnekTtp
npodeccroHanbHbIX BpeAHOCTEN, YTO NPUBENO K HE6NAronpuATHBEIM U3MEHEHWAM B (YHKLMOHANbHOM COCTOAHUM HEPBHOW
CMCTEMbI COTPYOHUKOB.

L{ens. N3yunTb BNnAHME npodeccmoHanbHoM AeATENBHOCTY Ha GYHKLIMOHANbHOE COCTOAHME OpraH13Ma MeaULIMHCKMX
pabOTHUKOB Bble3[HbIX 6pUrag CKOpo MeaMLIMHCKOM noMoLum B ycnosuax naHaemun COVID-19.

Mamepuansl u Memodsl. W3yyanucb nokasaTenn QyHKLMOHANBHOrO COCTOSHUA OpraHM3Ma MeOMLMHCKUX
paboTHUKOB Bble3aHbIX bpurag CMI1 go, nocne paboTkl M MexAay cMeHaMK ¢ Mas no oKkTAbpb 2021 r. [1nA oLeHKM cTeneHu
LEHTpanuM3aumMm ynpaBneHUA CepaeyHbiM PUTMOM UCMOJb30BANCA MHOEKC HampAXKeHWA perynatopHbix cuctem (MH).
B BbIGOpKY BoWKM 67 COTPYAHMKOB Bble3dHbIX bpuraf (21 MyxuMHa 1 46 weHwmH), 16 Bpaden u 51 denbawep. CpeaHuii
BO3pacT paboTHMKOB, NPUHABLLMX y4acTue B UCCeoBaHWUK, cocTaBun 36,28 + 2,82 roga.

Pesynemamel. K KoHuy cMeHbl 6onee 4eM Yy MONOBWMHbI MEOMLMHCKUX PaboTHWMKOB Bble3gHbix bpurag CMI
peructpupoBanca poct UH Ha 74,75 eguHuupl (p = 0,021). BeiABneHo BnusAHWe Bo3pacta (x2 = 6,467; p = 0,040) n cTaxa
(x2 = 6,069; p = 0,049) Ha pacnpeneneHne paboTHWMKOB C pasnnyHoM AuHaMuKow MH no utoram paboyent cMeHbl. K Havany
cnepyiowen cMeHbl y 60,71% paboTHWKOB, BKIIOYEHHbIX B WMCCedOBaHWe, PerucTpupoBancA CylwectBeHHbn pocT WH
B cpegHeM Ha 74,02 (p = 0,001) no cpaBHEHMIO C Ha4anoM npeablayLien CMeHbl. 3aperncTpUpPOBaHO BAMAHWE CTaxa paboThl
Ha pacnpegeneHye paboTHUKOB MO FpynnaMm ¢ pasnnyHoM AuHaMuKon MH mexay coceHuMm cMeHamu (2 = 7,313; p = 0,026).

Bbigodel. [InHaMuKa pocTa MHOEKCA HanpAXMEHUA PerynAToOpHbIX CUCTEM YKasblBAeT HA HU3KYI 3((HEeKTUBHOCTb
BOCCTAHOB/IEHWA (YHKLIMOHANBHOIO COCTOAHUA OpraHM3Ma paboTHWMKOB 3a Nepuoj pernamMeHTMpPOBAaHHOMO OTAbIXa.
Hanbonbluee BRMAHWME Ha POCT MOKa3aTeslel OKasbiBaj CTaX paboTbl, YTO CBMAOETENLCTBYET O HEFATUBHOM BIIMAHWK
yCNoBUM Tpyda Ha GYHKLMOHANbHOE COCTOAHME OpraHU3Ma paboTHUKOB.

KnioyeBble cnoBa: MeduyuHCKue PaboMHUKU; CKOPaA MEOUUUHCKAA NOMOWb; HanpsxceHue Pe2ysiamopHbIX CcucmeM;
sapuabenbHocme pumma cepoua
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Intra-shift and Inter-shift Dynamics of Stress Index
of Regulatory Systems in Medical Personnel of Mobile
Emergency Medical Teams in Modern Conditions

Tat'yana A. Bolobonkina™, Aleksey A. Dement’yev, Natal'ya V. Minayeva,
Mikhail M. Lapkin, Pavel A. Kulagin

Ryazan State Medical University, Ryazan, Russian Federation

ABSTRACT

INTRODUCTION: In conditions of spread of the new coronavirus infection SARS-CoV-2 (COVID-19), the work regimen
and working conditions of the mobile emergency medical teams have changed, the range of occupational hazards has
expanded, which led to unfavorable alterations in the functional state of the nervous system of workers.

AIM: To study the influence of the professional activity on the functional state of an organism of medical workers of
mobile emergency medical teams in conditions of COVID-19 pandemic.

MATERIALS AND METHODS: Parameters of the functional state of an organism of medical workers of mobile
emergency medical teams were studied before, after the work and between shifts in the period from May to October 2021.
The extent of centralization of the heart rhythm control was evaluated by use of strain index (SI) of regulatory systems. The
sample included 67 workers of mobile teams (21 men and 46 women), 16 doctors and 51 paramedics. The average age of
workers participating in the study was 36.28 + 2.82 years.

RESULTS: By the end of shift, in more than half the medical workers of mobile EMT, SI grew by 74.75 units (p = 0,021).
The age (32 = 6.467; p = 0.040) and length of service (2 = 6.069; p = 0.049) influenced the distribution of workers with
different SI dynamics on the basis of the results of the work shift. By the beginning of the next shift, in 60.71% of workers
included into the study, a significant increase in Sl was recorded on average by 74.02 (p = 0.001) compared to the beginning
of the previous shift. The influence of length of service on the distribution of workers with different dynamics of Sl in the
successive shifts into groups was recorded (y2 = 7.313; p = 0.026).

CONCLUSIONS: The dynamics of the growth of the strain index of regulatory systems indicates low effectiveness of
recovery of the functional state of an organism of workers in the period of scheduled rest. The greatest influence on the
growth of parameters was exerted by length of service, which indicates the negative impact of working conditions on the
functional state of an organism of workers.

Keywords: medical workers; emergency medical care; strain of regulatory systems; heart rate variability
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LIST OF ABBREVIATIONS

Cl — confidence interval

COVID-19 — COronaVlrus Disease 2019
EMS — emergency medical service
HRV — heart rate variability

S| — strain index of regulatory systems

INTRODUCTION

Medical specialists of mobile emergency medical
teams (MEMT) are exposed to occupational risk of
chronic stress and fatigue associated with peculiarities
of their professional activities. The work in the EMS
teams is associated with exposure to a combination
of stress factors such as unpredictability of working
situations and the necessity of taking decisions in
conditions of information and time deficit, high level of
personal responsibility for life and health of patients,
deficit of sleep in 24-hour working regime, high levels
of uncertainty and microbiological risks. Chronic
occupational stress leads to strain of functional systems
of an organism, increases the probability for development
of cardiovascular diseases due to change in the balance
between the central and autonomic regulation of the
cardiovascular system [1]. In the conditions of spread of
the new coronavirus infection (COronaVlrus Disease 2019,
COVID-19), working rules and conditions of the MEMT
changed, the range of occupational hazards expanded [2],
which led to adverse alterations in the functional state of
the central nervous system of workers [3]. The variability
of the functional state of an organism is individual, and
on exposure to the same factor, different workers may
exhibit opposite reactions to the same loads [4, 5].

The aim of this study was to study the influence
of professional activity on the functional condition of
an organism of medical workers of mobile emergency
medical teams in conditions of COVID-19 pandemic.

MATERIALS AND METHODS

The study was conducted on the base of the city clinical
emergency medical setting of Ryazan; it was approved by the
Local Ethics Committee of Ryazan State Medical University
(Protocol No. 2 of 2019, October 08). The participants gave
written informed consent. The sufficiency of the sample
size was calculated according to the standard formula of
repeated sampling using the method of correction of a small
volume of the general totality.

Inclusion criteria were:

- work in the mobile emergency medical teams
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of the clinical emergency medical setting of Ryazan
according to the schedule: three days of work, three
days of rest;

- signing of the informed consent;

- age up to 65 years inclusive;

- length of service as a medical worker of a mobile
emergency medical team more than 1 year;

- absence of medical contraindications to the
24-hour regime of work and to work in hazardous
conditions.

A stringent epidemic situation and the pronounced
shortage of personnel of EMC specialists established in
the region have led to the actual absence of intervals
between calls in teams of all specializations and to their
equalization in the structure of the calls served. According
to the Ambulance automated information system, the
number of calls serviced by one team per shift ranged
from 15 to 26 (on average 19.45 + 3.37), the total time
of one call was on average 45.46 + 15.98 minutes. The
workers that participated in the study, were exposed
to similar occupational factors and characteristics of
the labor process. The sample was being formed from
May to October 2021 and included 67 medical workers
(21 men and 46 women) of 150 workers of mobile
teams that at the time of the study were working at
the emergency medical setting according to the work
schedules. Of the examined workers, 16 were doctors
and 51 paramedics. The average age of the workers
who took part in the study was 36.28 + 2.82 years. The
parameters of the functional state of the workers before
and after work (n = 45), as well as at the beginning of
two consecutive shifts (n = 28), were assessed.

As an objective method of monitoring of fatigue
associated with the working activity, heart rate variability
(HRV) was analyzed [6]. Cardiointervalometry is widely
used in different studies, including the sphere of labor
hygiene [7].

HRV was analyzed by the method of short-term
(three-minute) photoplethysmography at rest in a sitting
position with the installation of a pulse oximeter sensor
unit of the NS-Psychotest. Profekstrim device (Russia) on
the fourth finger of the non-dominant hand of the subject.
Measurements were performed in the period from 7.00
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to 8.00 a.m. in accordance with the daily schedule of
work shifts at equal time intervals, which corresponded
to the time interval of the greatest informative value for
the comparative assessment of HRV [8]. As an estimated
parameter of the degree of centralization of heart rate
control, the strain index of regulatory systems (SI)
proposed by R. M. Baevsky, was used [9].

Statistical processing was carried out using Excel
2007 software packages (Microsoft, USA) with the
Data Analysis add-in. The normality of the distribution
of variables was checked using Kolmogorov—Smirnov
test. The comparison of relative values was carried
out using Wilson (1927) and %2 (Poisson distribution)
test; the average values of quantitative variables
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with normal distribution are represented as Md + tm
(Md is the arithmetic mean of the parameter, expressed
in absolute numbers; m is the error of the mean, t is
the criterion of reliability for the given sample size). The
Student's paired t-test was used to compare dependent
variables. The hypothesis was assumed as statistically
reliable at p < 0.05.

RESULTS

Since the Sl is one of sensitive parameters
of centralization of the heart rate, let us consider
distribution of workers with different dynamics of the
above parameter in the working shift (Table 1).

Table 1. Structure of Workers with Different Individual Dynamics of Strain Index of Regulatory Systems during Shift

Increase in strain index of regulatory systems Decrease in strain index of regulatory systems
Group of Workers
P (%), 95% CI Md, t-test P (%), 95% CI Md, t-test
4412 85.43 55.88 73.77*
Women, n =34
(28.88; 60.55] 1.72 [39.45; 71.12] 2.97
50.00 50.83* 50.00 69.32*
Men, n =12
[25.38; 74.62] 3.25 [25.38; 74.62] 2.52
54.35 74.75* 45.65 72.49***
It total, n = 46
[40.18; 67.85] 2.47 [32.15; 59.82] 3.81

Notes: * — p < 0.05; *** — p < 0.001; Cl — confidence interval; Md — arithmetic mean value of the parameter expressed in absolute numbers;

P — a share of examined persons with the specified SI dynamics

By the end of the shift, in more than half of the medical
workers of the MEMT, a statistically reliable increase in Sl
by 74.75 units (p = 0.021) was recorded. The physiological
study did not reveal any statistically significant differences
in the distribution of workers with different dynamics of
SI during work shift depending on gender. At the same
time, in the analysis of the parameters of individual
dynamics of SI during shift among men, statistically
significant parameters of increase and decrease in Sl were
established in equal proportions. As for women, 55.88% of
them had a decrease in Sl by on average 73.77 (p = 0.010),
while in the rest of women its average dynamics was not
statistically confirmed.

Since the age has an effect on the adaptation
reserves of a human organism [10], let us consider
dynamics of Sl in the workers of different age groups
(Table 2).

Fromthe datapresented, it follows thatin 75% (p <0.05)
of workers aged 30-39 years, Sl increased by on average
28.73 (p = 0.003) in the dynamics of the work shift, and
only in each fourth worker in this age group a decrease

DOl https://doi.org/1017816/PAVLOVI106170

in this parameter was recorded. A similar trend was
observed in the older age group (40 years and more),
where in 61.54% of workers increase in Sl was recorded
by the end of the shift. On the contrary, in 68.75% of the
subjects under 30, Sl significantly decreased by 93.25
(p = 0.016). In general, we can talk about a statistically
reliable influence of age on the dynamics of Sl according
to the results of the work shift (y2 = 6.467; p = 0.04).

Let us consider the influence of the length of service
on S| dynamics according to the results of the work shift
(Table 3).

The results of the study evidence a statistically
significant effect of length of service in this field on the
distribution of subjects with different dynamics of SI
(x2 = 6.069; p = 0.049). With that, there is a clear tendency
to decrease in the resistance of the cardiovascular system
with increase in the service length, as evidenced by the
predominance of workers with increase in Sl by the end
of the work shift in the groups with service length of
6—10 years and 11 years and more; 75% with average
increase by 54.36 (p = 0.012) and 60.00% with average
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Table 2. Structure of Workers with Different Individual Dynamics of Strain Index of Regulatory Systems in Different Age Groups

during Shift
Increase in strain index of regulatory systems Decrease in strain index of regulatory systems
Group of Workers
P (%), 95% CI Md, t-test P (%), 95% CI Md, t-test
31.25 3412 68.75 93.25*
Under 30,n=16
[14.16; 55.60] 1.89 [44.40; 85.84] 2.89
75.00* 28.73** 25.00* 75.05
30-39 years,n=16
[50.50; 89.82] 3.76 [10.18; 49.50] 1.93
61.54 169.18 38.46 32.75
40 and above, n =13
[35.52; 82.29] 1.93 (17.71; 64.48] 2.28
%2 = 6.467; p = 0.04 with 2 degrees of freedom

Notes: * — p < 0.05; ** — p < 0.01; CI — confidence interval; Md — arithmetic mean value of the parameter, expressed in absolute numbers;

P — a share of examined persons with the specified SI dynamics

Table 3. Structure of Workers with Different Individual Shift Dynamics of Strain Index of Regulatory Systems Depending on

Service Length

Increase in strain index of regulatory systems Decrease in strain index of regulatory systems
Group of Workers
P (%), 95% CI Md, t-test P (%), 95% CI Md, t-test
28.57 19.35* 71.43 110.78*
0-5years,n=14
[11.72; 54.64] 4.62 [45.35; 88.28] 3.07
75.00 54.36* 25.00 4220
6-10years,n=12
[46.77; 91.11] 3.24 [8.89; 53.22] 2.98
11 years and above' 60.00 108.52 40.00 36.01*
n=20 [38.66; 78.12] 176 [21.88; 6134] 333
%2 = 6.069; p = 0.049 with 2 degrees of freedom

Notes: * — p < 0.05; CI — confidence interval; Md — arithmetic mean value of the parameter expressed in absolute numbers; P — a share

of examined persons with the specified SI dynamics

increase by 108.52 (p > 0.05), respectively. On the contrary,
in 71.43% of the subjects with the working period up to
5 years inclusive, a decrease in SI by on average 110.78
(p = 0.013) was recorded by the end of the work shift,
which may indicate a higher resistance to stress.

The analysis of individual changes in SI of the
personnel of the mobile emergency medical teams at
the beginning of two consecutive shifts will permit to
assess the effectiveness of the rest and of the recovery
of the functional state (Table 4).

The study showed that by the beginning of the
consecutive shift, 60.71% of medical workers of the
mobile emergency medical teams included in the study,
showed a significant increase in Sl on average by 74.02
at p = 0.001 in comparison with the beginning of the
previous shift. This tendency was present in several
gender groups. Thus, in 57.89% of women and 66.67% of
men, the individual values of Sl increased on average by
95.05 (p =0.011) and 35.47 units (p = 0.002), respectively.

DOl https://doi.org/1017816/PAVLOVI106170

No statistically reliable gender differences
were found in the percentage composition of mobile
emergency medical teams with differently directed Sl in
the dynamics of two consecutive shifts. Nevertheless,
In the age groups of 30-39 years, 40 years and above,
Sl increased in 58.33% and 62.50% of subjects by on
average 47.36 (p = 0.025) and 97.04 units, respectively
(p = 0.029).

A physiological study showed a statistically significant
effect of service length on the distribution of workers
in groups with different dynamics of SI (y2 = 7.313;
p = 0.026). Thus, in the group of medical personnel with
6—10-year service length, in 88.89% of the subjects a
significant in Sl increase by on average 58.01 (p = 0.017)
was recorded by the beginning of the next shift. A similar
tendency was observed in the workers with service
length of 11 years or more, 63.64% of which showed an
increase in S| by on average 70.04 units (p > 0.05). On
the contrary, 75.00% of the subjects with up to 5 years
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Table 4. Structure of Workers with Different Individual Dynamics of Strain Index of Regulatory Systems at the Beginning of the

Consecutive Shifts

Increase in strain index of regulatory systems Decrease in strain index of regulatory systems
Group of Workers
P (%), 95% CI Md, t-test P (%), 95% CI Md, t-test
57.89 95.05* 4211 60.59
Women, n=19
[36.28; 76.86] 3.63 [23.14; 63.72] 1.74
66.67 35.47* 3333 102.86
Men,n=9
[35.42; 87.94] 2.07 [12.06; 64.58] 1.49
60.71 74.02%** 39.29 90.83*
In total, n = 28
[42.41; 76.73] 3.92 [23.57; 57.59] 2.43

Notes: * — p < 0.05; ** — p< 0.01; *** — p < 0.001; CI — confidence interval; Md — arithmetic mean value of the parameter, expressed

in absolute numbers; P — a share of examined persons with the specified SI dynamics

of experience inclusive, showed a decrease in Sl by the
beginning of the next work shift.

DISCUSSION

The balance between the influence of the sympathetic
and parasympathetic divisions of the autonomic nervous
system and of central regulatory mechanisms on the
work of the heart is manifested by heart rate variability.
It was established that in the different stages of
professional activity of medical workers of emergency
services, there is regress of HRV parameters mediated
by parasympathetic nervous system with simultaneous
increase in the indices reflecting sympathetic influences
and centralization of the regulation of the heart rate [11].

A low level of HRV is associated with a decrease in
the functional state of an organism induced by chronic
stress and fatigue [4], besides, it can be a marker
of cardiovascular pathology [5, 12]. It is established
that the greatest negative deviations of parameters of
workers of medical emergency services occur during
direct fulfilment of their professional duties for rendering
medical assistance to patients. At the same time, in the
conducted studies, there was noted a sufficient ability
of the parameters of the autonomic nervous system of
workers to recover in a prolonged scheduled rest [13].
Meanwhile, under constant stressful working conditions,
the HRV parameters in the period of non-work recover
slowly or even do not recover at all 14]. In this study,
a clear tendency was traced to some predominance of
individuals with increase in Sl at the end of the work shift,
which evidences centralization of the heart rate and can be
a sign of strain of the functional systems of an organism.
Some predominance of the proportion of women with a
reliable decrease in SI by the end of the work shift is
confirmed by the data of scientific studies that evidence
a weaker reaction of the cardiovascular system to stress
factors in women in comparison with men [15].
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In ageing, the ability of an organism to adaptation
declines, which was confirmed in the study of the
dependence of HRV parameters on age [10]. The data
obtained by us, also show reduction of resistance to load
with age of workers, which is manifested by increase in the
share of individuals with signs of centralization of the heart
rate at the end of the work shift in the older age groups.

The analysis of individual alterations of Sl in the
personnel of mobile medical emergency teams at the
beginning of two consecutive work shifts identified the
tendency to predominance of workers with increase
in SI by the beginning of the consecutive shift. These
parameters may indicate both a non-effective rest, and a
stressful effect of work as a factor of danger for individual
health in conditions of a pandemic. The conducted
physiological study identified the absence of a complete
recovery of functional systems during scheduled rest in
most part of workers with the service length more than
five years. On the contrary, in workers with the working
period less than five years, the recovery processes are
more effective. A distinct tendency to reduction of the
effectiveness of rest among the subjects with increase
of the working period was revealed.

CONCLUSIONS

1. Professional activity of the personnel of mobile
emergency teams is associated with a high level of
strain of the functional systems of an organism, which is
manifested by increase in the strain index of regulatory
systems by the end of the work shift in the majority of
examined individuals .

2. The dynamics of the increase in the strain index of
regulatory systems in comparison with the parameters
at the beginning of consecutive work shifts in most
cases evidences a low effectiveness of recovery of the
functional state of an organism of workers in the period
of scheduled rest.
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3. The service length has the highest influence on
increase in the strain of regulatory systems in medical
specialists of the medical emergency service, which is an
evidence of negative influence of the working conditions
of medical personnel of mobile medical emergency
teams on the functional state of an organism.
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