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Abstract

Objectives: A method of continuous heart rate (HR) and blood pressure (BP) recording was used for the evaluation of the cardiovascular system
parameters in participants of short-term (<1 month) high-latitude expeditions, in comparison with the parameters of residents of Central Russia and
the Arctic region. Material and Methods: A dynamic examination of participants of Arctic expeditions (30 men, residents of middle-latitude regions,
aged 46.7+1.7 years), workers permanently living in Central Russia (the Moscow region, 44 men, aged 46.7+1.0 years) and residents of the North (the
Murmansk region, 35 men, aged 46.6+1.3 years) was performed. The authors used a spiroartheriocardiorythmograph allowing the parallel record-
ing of HR, BP, spectral characteristics of HR variability (HRV) and the variability of systolic BP (sBP) and diastolic BP (dBP), cardiac performance
parameters, and spontaneous baroreflex sensitivity (BRS). The parameters were recorded at rest, in a sitting position, over 2 min. Results: The basic
clinical parameters (HR, BP and cardiac performance) did not differ in the workers living in different climatic zones. However, the residents of
the North demonstrated a lower total power (TP) of the dBP variability spectrum and a lower relative power of the high-frequency (HF) range in
both the sBP and dBP variability spectra. The participants of expeditions to the North had a lower TP of the HRV spectrum (in comparison with both
control groups) that did not change during the expeditions; BRS was reduced, while the TP of the sBP spectrum was increased in comparison with
the corresponding parameters obtained from the residents of circumpolar regions, and decreased during the expedition in parallel with a decrease
in the sBP values. The TP of both the sBP and dBP variability spectra, as well as the power of the HF range in these spectra, were similar in the par-
ticipants of expeditions to those obtained from the residents of Central Russia, and they considerably surpassed the corresponding parameters in
the northerners surveyed. Conclusions: The revealed peculiarities of the cardiovascular system in the participants of high-latitude expeditions can be
considered as correlates of positive, and adequate in terms of the physiological value, adaptive shifts in the autonomous regulation of the cardiovas-
cular system. Int J Occup Med Environ Health. 2020;33(6):819-28
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INTRODUCTION It is known that northern climatic conditions (low tem-

Cold exposure, e.g., under climatic conditions of the North,
has a significant impact on human health; it modifies clini-
cal parameters in healthy people [1] and constitutes a risk
factor for the development of various pathologies [2]. This
is especially true for residents of temperate climatic zones
moving to the North for various reasons: they adapt to
cold by any of the possible mechanisms suitable for par-
ticular individuals [3,4].
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peratures in combination with winds and low insolation)
provoke more frequent and more severe cardiovascular
disorders in non-indigenous populations, for instance,
in rotational workers [5]. Thus, the development of ar-
terial hypertension in migrants, in contrast to the indig-
enous population, is accompanied by an increase in daily
variability of blood pressure (BP) and manifestations
of desynchronosis [6]. At the same time, clinical studies
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of the same nosological forms (arterial hypertension, ath-
erosclerosis) have revealed compensatory shifts in lipid
metabolism in the indigenous population [7].

However, due to a recent development of transportation,
the North is now accessible not only for work, scientific
research, or extreme sports events, but also for tourism.
In light of the above it seems interesting to determine
the type (adaptive or destructive) and magnitude of
the bodily response in people from temperate latitudes
visiting the North for a short time.

Standard methods of clinical observations have revealed
changes in the daily variability of the cardiovascular system
parameters in participants of long-term expeditions to cold
regions [§]. At the same time, methods of evaluation of
heart rate (HR) variability (HRV) are very informative [1,7].
The detected changes in the spectral parameters of HRV are
interpreted as correlates of changes in the autonomic regu-
lation of HR. In this context, different variants of continuous
BP recording based on Jan Pefidz’s photoplethysmographic
method [9], with a subsequent analysis of variability, seem
to be promising. The most popular is the Finometer instru-
ment system that allows accurate BP measurements with an
“adjustment” to the results of auscultatory measurements
on the other upper arm. This system is very useful in clini-
cal practice [10] but, due to its technical characteristics, it
cannot be used in expeditions. Similar technical approaches
(with the same disadvantages) are implemented in the Task
Force Monitor instrument complex that is also used in clini-
cal practice [11,12]. A portable spiroarteriocardiorhythmo-
graph used in sports medicine [13] is more suitable for in-
field studies, because a spectral analysis of BP variability
forms an integral part of applied software.

The authors™ aim was to detect the possible changes in
the cardiovascular system parameters (including HRV and
BP variability) assessed by spiroarteriocardiorhythmogra-
phy in the participants of Arctic expeditions, in compari-
son with the corresponding indicators obtained from resi-
dents of Central Russia and the Arctic region.

[JOMEH 2020;33(6)

MATERIAL AND METHODS

Participants

The authors analyzed the cardiovascular system param-
eters in workers engaged in various industries and perma-
nently living in a region with moderate climate (Moscow
and the Moscow region: 56°N, 38°E) or in the North (the
Murmansk region: 69°N, 33°E). High-latitude expeditions
to Franz Josef Land (81°N, 55°E) started from Murman-
sk; the participants were individuals permanently living
in temperate climate regions. Detailed characteristics of
the groups are presented in Table 1.

The expedition groups (Ex_start and Ex_finish) included
participants of Arctic expeditions conducted in 2011, 2017,
and 2019. The participants of the 2011 expedition were
transported to their place of work by air. The participants
of the 2017 and 2019 expeditions, which were performed
within the framework of the project entitled “Open Ocean:
Arctic Archipelagos,” sailed onboard the Alter Ego yacht.
Descriptions of these expeditions are presented in Table 2.

Instruments
Cardiovascular system parameters were studied using
a spiroarteriocardiorhythmograph (INTOKS, St. Peters-

Table 1. Characteristics of the studied groups of workers from
Moscow and the Moscow region (56°N, 38°E), workers from the
Murmansk region (69°N, 33°E), and the participants of high-
latitude expeditions to Franz Josef Land, in 2011, 2017 and 2019

Participants
(N =109)
Studied group age
n [years]
(M=SE)
Moscow 44 46.7+1.0
Expedition 30 46.7x1.7
North 35 46.6=1.3

Moscow — workers engaged in various industries and permanently
living in Moscow and the Moscow region; Expedition — participants
of high-latitude expeditions to Franz Josef Land which started from
Murmansk; North — workers engaged in various industries and
permanently living in the Murmansk region.
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Table 2. Characteristics of expeditions in 2011, 2017 and 2019 to Franz Josef Land, and their participants

Participants
- (N =30)
uration
Year Month [days] age

n [years]

(M=£SE)

2011 July-August 26 12 47433
2017 August-September 27 453%2.8
2019 June-July 26 46.1£3.0

burg, Russia) allowing the simultaneous continuous reg-
istration of an electrocardiogram in standard lead I (with
HRV evaluation), digital BP by photoplethysmography
with evaluation of the variability of systolic BP (sBP)
and diastolic BP (dBP), as well as respiratory parameters
using an ultrasonic sensor for air flow registration (with
a spirometric mask, optional). A long-term continuous re-
cording of HR and BP indicators, in addition to the maxi-
mum, minimum and mean values, allows assessing spec-
tral parameters of their variability (the total power [TP]
of the spectrum, and the absolute and relative power of
the standard high-frequency [HF], low-frequency [LF]
and very-low-frequency [VLF] ranges), the stress index,
and calculated indexes (the LE/HF ratio, the alpha index,
and the centralization index). In addition, it allows as-
sessing the sensitivity of spontaneous arterial baroreflex
(BRS) and parameters of cardiac performance.

Design of the experiment

Cardiovascular system parameters were recorded in a sit-
ting position over 2 min. In employees of industrial plants,
one registration was performed, either in July-August
(residents of the Moscow region) or in September-No-
vember (residents of the North); the spirometric mask
was not used. In the participants of Arctic expeditions,
2 series of registrations were performed, i.e., before leav-
ing Murmansk (the Ex_start group) and before return (the
Ex finish group). Every time, these groups performed

2 registrations: in a calm state and during a functional test
involving controlled breathing (6 cycles/min).

Ethics

All the participants in all series of the experiment signed
informed consent forms. Compliance with international
laws (including the Helsinki Declaration as revised in
2013) and Russian laws, as regards the legal and ethical
principles of scientific research with human participation,
was confirmed by the decision of the Ethics Committee of
the Institute of General Pathology and Pathophysiology,
protocol No. 4, 02.09.2019.

Statistics

Evaluation of normality of the obtained data arrays using
the Shapiro-Wilk test showed that only the participants’
age, HR, and BP averaged over the entire registration
period met the normality criterion (p > 0.05). Hence,
intergroup comparisons by these parameters were per-
formed using the ordinary one-way ANOVA algorithm,
followed by a comparison of the means using the Holm-
Sidak multiple comparison test; data in the tables and fig-
ures are presented as M+SE. In other cases, intergroup
comparisons were performed using non-parametric tests:
the Mann-Whitney U test for paired comparisons and
the Kruskal-Wallis test for multiple comparisons followed
by Dunn’s multiple comparisons test; data in the figures
are presented as medians and interquartile ranges.

[JOMEH 2020;33(6)
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Ex_start — participants of high-latitude expeditions to Franz Josef
Land which started from Murmansk, tested at the start; ex_finish —
participants of high-latitude expeditions to Franz Josef Land which
started from Murmansk, tested at the finish.

Other explanations as in Table 1.

* Statistically significant intergroup differences

(p < 0.05 according to the Mann-Whitney U test).

The data are presented as Me (white line) and IQR (gray rectangles).

Figure 1. Total power (TP) of a) the heart rate (HR) variability
spectra, b) systolic blood pressure (sBP), and ¢) diastolic blood
pressure (dBP) in subjects permanently living in a region with
moderate climate or in the North, and participants of short-
term high-latitude expeditions in 2011, 2017 and 2019

[JOMEH 2020;33(6)

As the total number of the cardiovascular system param-
eters that were measured and calculated in each registra-
tion was 48, the authors used a discriminant analysis (the
forward stepwise algorithm) to identify the most signifi-
cant parameters.

RESULTS

Differences in cardiovascular system parameters
between residents of Moscow and the North

The paired comparison of the cardiovascular system pa-
rameters revealed no differences between workers living
in different climatic zones in terms of the basic clini-
cal indicators (HR and BP averaged over the registra-
tion session, their minimum and maximum values, and
cardiac performance). However, some intergroup dif-
ferences were found in the spectral parameters of HR
and BP variability. In particular, a lower TP of the dBP
variability spectrum was typical of residents of northern
regions (Figure 1c): Z = 3.963, p < 0.001. The decrease
in the TP of both the HR and sBP variability spectra did
not reach the level of statistical significance (Figure la
and b): Z = 1.371, p = 0.170, Z = 1.534, p = 0.124, re-
spectively. Moreover, the authors observed a decrease
in the relative power of the HF range in both the sBP
and dBP variability spectra in residents of northern
regions (Figure 2): Z = 2.122, p = 0.033, Z = 3.271,
p = 0.001, respectively. In northerners, this parameter in
the HR variability spectrum did not decrease: Z = 0.631,
p = 0.527.

The discriminant analysis confirmed the presence of sta-
tistically significant differences in the state of the cardio-
vascular system in residents of regions with different cli-
matic conditions: Wilks’ A: 0.782 approx. F(7,71) = 2.831,
p < 0.012. The discrimination model included the fol-
lowing parameters: the relative power of the LF and HF
ranges in the HRV spectrum, the LF/HF ratio, the relative
power of the HF range in both the sBP and dBP variability
spectra, and the maximum sBP value.
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Comparison of data from Arctic expedition

participants with the results of residents

of Central Russia and northern regions

Testing performed in a calm state in all 4 groups (residents
of different regions and expedition participants in 2 mea-
surements) revealed statistically significant differences in
the same indicators as between Moscow and the North. For
example, the TP of the HR variability spectrum in expedi-
tion participants was lower than in workers from Moscow
in both measurements (Figure 1a). The TP of both the sBP
and dBP variability spectra was higher than in residents of
northern regions also in both measurements (Figure 1b
and c). The relative power of the HF range in both the sBP
and dBP variability spectra surpassed that obtained from
residents of northern regions in both the initial and final
registration points (Figure 2). In addition, the authors found
that the BRS values in the participants of high-latitude ex-
peditions were lower than in both residents of the Moscow
region and northerners (Figure 3a). The stress index in ex-
pedition participants surpassed the values observed in resi-
dents of different regions only at the end of the expedition
(Figure 3b). The averaged sBP at the end of the expedition
also decreased and significantly differed from that in resi-
dents of the Moscow region and the North (Figure 3c).
The discriminant analysis confirmed significant differences be-
tween the groups: Wilks™ A: 0.644 approx. F(21,370) = 2.920,
p < 0.001. The discrimination model included the following
parameters: the relative power of the HF range and the LE/HF
ratio in the HRV spectrum, the relative power of the LF and HF
ranges of the dBP variability spectrum, and the maximum and
mean sBP and BRS. Importantly, some differences were found
between residents of Moscow and northern regions, and be-
tween both expedition groups and residents of regions with
different climate conditions, but not between the start and end
points of the expeditions (Table 3).

It should be noted that no differences were revealed between
the groups in terms of HR, dBP, and cardiac performance
parameters.
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Explanations as in Table 1 and Figure 1.

Figure 2. Relative power of the high-frequency (HF) range

of a) systolic blood pressure (sBP) and b) diastolic blood pressure
(dBP) variability spectra in subjects permanently living in

a region with moderate climate or in the North, and participants
of short-term high-latitude expeditions in 2011, 2017 and 2019

Analysis of the results of Arctic expeditions

The analysis of the dynamics of the cardiovascular system
parameters in different expeditions showed that only
the decrease in the mean and maximum sBP values was
reproduced in all 3 expeditions. Additionally, measure-
ments in a calm state during the 2011 expedition revealed
a decrease in the TP of the HR variability spectrum and
the stress index; during the 2017 expedition, an increase in
the LF/HF ratio was found, and during the 2019 expedi-
tion, an increase in the TP of sBP variability spectrum was

[JOMEH 2020;33(6)
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Explanations as in Table 1 and Figure 1.
The data in a) and b) are presented as Me (white line)
and IQR (gray rectangles), in c) as the mean and M+SEM.

Figure 3. Sensitivity of the a) spontaneous arterial baroreflex
(BRS), b) stress index, and c) systolic blood pressure (SBP)
averaged over 2-min registration in subjects permanently living in

a region with moderate climate or in the North, and in participants
of short-term high-latitude expeditions in 2011, 2017 and 2019

[JOMEH 2020;33(6)

detected. Registration under the conditions of controlled
breathing (6 cycles/min; the functional test) revealed an
increase in the relative power of the LF range of the HR
spectrum during the 2011 expedition and an increase in
the relative power of the HF range of the sBP spectrum
during the 2019 expedition.

Therefore, the authors used a discriminant analysis to
reveal differences in the state of the cardiovascular system
of the participants of different expeditions. Significant dif-
ferences in the functional state of the cardiovascular system
were revealed both at the start (Wilks’ A 0.285 approx.
F(12,44) = 3.190, p = 0.002) and at the end (Wilks’ 1 0.392
approx. F(10,46) = 2.740, p = 0.009) of different expedi-
tions. Moreover, some differences were found in the dy-
namics of the analyzed parameters during the expeditions,
both in a calm state (Wilks’ A 0.370 approx. F(10,46) =
2.962, p = 0.005) and under the conditions of controlled
breathing (Wilks” A 0.084 approx. F(22,30) = 3338, p =
0.001). Some differences at the start and end points were
found in the participants of the 2011 and 2019 expedi-
tions (p = 0.002, p = 0.001, respectively). The dynamics of
the parameters recorded in a calm state during the 2019
expedition differed from the results of the 2011 expedition
(p = 0.017) and the 2017 expedition (p = 0.016). The dy-
namics of the parameters recorded under the conditions
of controlled breathing during the 2017 expedition dif-
fered from the results obtained during the 2011 expedition
(p < 0.001) and the 2019 expedition (p = 0.004).

DISCUSSION

The homogeneity of the groups involved in this study is
noteworthy. The authors analyzed the cardiovascular
system parameters in men of similar age, which allowed
them to minimize the influence of gender and age fac-
tors [14,15]. The time frames in all groups were also close,
which minimized the seasonal impact [16].

Under these conditions, it can be assumed that the main
differences in the functional capacities of the cardiovascu-
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Table 3. Statistical significance of the differences between individual groups based on the results of the discriminant analysis

Group £ .
Moscow Ex_start Ex_finish North
Moscow - 0.038 0.001 0.006
Ex_start 0.038 - 0.557 0.002
Ex_finish 0.001 0.557 - <0.001
North 0.006 0.002 <0.001 -

Explanations as in Table 1 and Figure 1.
Bolded are significant differences.

lar system in the participants of Arctic expeditions, com-
pared to representatives of indigenous populations of dif-
ferent regions, do not involve standard clinical indicators
(HR, BP and cardiac performance), but only the phenom-
ena visualized by the spectral analysis of variability. In this
case, these were the total spectral power and the power of
the HF ranges in different spectra. This raises the ques-
tion about the physiological meaning of the estimated pa-
rameters.

Many years ago, European and American cardiology so-
cieties developed clinical recommendations for the inter-
pretation of HRV spectral parameters. It was accepted
that the total spectral power reflected the overall level of
autonomic activity, the HF range reflected vagal (synchro-
nized with breathing) impacts, and the LF range reflected
baroreflex and sympathetic impacts [14]. The VLF range
reflected various endocrine, metabolic, and psychogenic
impacts on HR, but its correct assessment required record-
ing duration of >5 min. As it conflicted with the design of
this experiment, this parameter was not considered.
Blood pressure variability is more difficult to analyze.
In most published reports, BP variability means changes
in the results of single measurements of BP (often using
the auscultatory method) over long periods (a month,
a week, a day, or during a medical appointment) [17,18].
The analysis of BP variability in the beet-to-beet mode re-
quires a continuous BP recording [9,11,12,19,20], and is,
therefore, less common. This is probably why the physi-

ological meaning of the spectral parameters of BP variabil-
ity is substantiated in only few reports and exclusively for
sBP [21]. The LF range was proven to reflect the sympathet-
ic and myogenic modulation of the vascular tone. The HF
range associated with respiration can also reflect the activity
of endothelial nitric oxide (NO), but this component can be
isolated only in tests involving controlled breathing.
Diastolic BP variability is more difficult to interpret. Cli-
nicians recognize the predictive importance of both sBP
and dBP [22], and they assign specific physiological role
to each of these components. There is evidence that dBP
reflects, to a greater extent, the resistance of the arterial
wall and represents a “stable component” of the arterial
sphygmogram [22], whereas sBP is more closely related to
pulse BP variations and is considered a “dynamic compo-
nent” of the arterial sphygmogram. The final sBP value is
created by various mechanisms, including left ventricular
ejection and reflected wave [23].

In this case, the differences between residents of Cen-
tral Russia and northern regions were revealed only in
the total level of the autonomic regulation of the vascular
tone - this parameter was lower in northerners. A lower
relative power of the HF range can be a result of a re-
duced synthesis of endothelial vasodilator NO, but this as-
sumption needs direct biochemical verification.

The participants of Arctic expeditions living in middle-lati-
tude regions were characterized by a lower TP of the HRV
spectrum, in comparison with employees of industrial en-

[JOMEH 2020;33(6)
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terprises also living in Central Russia. Changes in the au-
tonomic HR regulation can be determined by lower BRS
values and more pronounced emotional stress, which was
reflected in the high stress index, especially at the end of
the expedition.

The TP of both the sBP and dBP variability spectra, as well
as the power of the HF range in these spectra, were close to
the corresponding values obtained from workers from Cen-
tral Russia and considerably surpassed the corresponding pa-
rameters in northerners. These results suggest a similar level
of the autonomic regulation of the vascular bed in residents of
Central Russia irrespective of the type of their occupational
activity. However, the decrease in the TP of the sBP variabil-
ity spectrum (“normalization”) and the absolute sBP values
observed during the expedition can be interpreted as positive
and adequate in the physiological value adaptive changes in
the level of the sympathetic regulation of the vascular bed.
The dynamics of the cardiovascular system parameters in
the participants of different expeditions deserves special
attention. The discriminant analysis showed that, in a calm
state, the differences between the parameters and their dy-
namics in the participants of different expeditions reached
the level of statistical significance only for the maximum
sBP value, and this parameter changed significantly
during all the expeditions. Hence, the differences between
the participants of different expeditions could involve
the parameters characterizing the autonomic regulation of
the vascular tone. This was indirectly proven by the results
of the functional test involving controlled breathing.
According to current views, registration at rest is insuffi-
cient for the correct assessment of the autonomic regu-
lation and, therefore, various functional tests are re-
quired [24]. The authors used the test involving controlled
breathing at a rate of 6 cycles/min, because this is the op-
timal way for the correct evaluation of BRS [25,26] using
the parameters of HR and sBP variability spectra (the
alpha index). However, this instrument allows direct mea-
surements of BRS at the moments of HR and BP coher-

[JOMEH 2020;33(6)

ence by averaging the measured values during registration
(in this case, over 12 respiratory cycles).

The discriminant analysis of the results of the functional
tests showed that, under these conditions, not only the sBP
value, but also the HR, sBP and dBP variability parameters,
become significant. Different dynamics of these indicators
during the expedition explains the differences in the final pa-
rameters between the participants of different expeditions.
Adaptation to the climatic conditions of the North, in-
cluding short-term Arctic expeditions, is a special case of
human adaptation to changing environmental conditions.
Moreover, environmental conditions are changing due to
both climate changes and human expansion into regions
with climatically unfavorable conditions (extremely cold,
hot, arid, humid, etc.).

Climate monitoring has demonstrated an appreciable
warming of the planet surface in recent decades. Howev-
er, humankind seems to be ready for this challenge. Thus,
an epidemiological analysis of the structure of mortality
in 305 locations within 10 countries (1985-2012) showed
that population’s susceptibility to heat and heat waves has
steadily decreased in recent years [27], though statistics
demonstrate increased morbidity and mortality during pro-
longed heat waves, as was observed in Moscow in 2010 [28].
The weakening of heat-related adaptive changes can be
a result of public health strategies for mitigating the effects
of climate changes. However, no positive epidemiological
changes were found in relation to cold waves [27], which
prompts studies of the human adaptation strategy to cold.
At the same time, in the context of the expanding area of
human presence, it should be noted that the range of cold
temperatures acceptable for adaptation is significantly
wider than the range of heat temperatures, due to physical
and chemical properties of proteins in the human body.
Importantly, the processes of adaptation to both cold and
heat are accompanied by changes in the cardiovascular
system [1-3,29] and in its autonomic regulation, which can
be registered in the analysis of HR and BP variability [30].
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CONCLUSIONS

Thus, the participants of short-term expeditions to the North
differ from residents of Central Russia and polar regions by
the spectral characteristics of HRV and BP variability, in
particular, by a lower TP of the HRV spectrum that did not
change during the expeditions, reduced BRS, and a higher
TP of the sBP spectrum that decreased during the expedi-
tion in parallel with a decrease in sBP values. These differ-
ences can be considered as correlates of positive, and ad-
equate in terms of the physiological value, adaptive changes
in the autonomic regulation of the cardiovascular system.
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