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ABSTRACT

Introduction. Pre-clinical diagnostics is aimed at assessing human health for timely implementation of health-improving and preventive measures.

Goal. To substantiate an algorithm for pre-clinical diagnostics of the health by clinical signs and laboratory blood parameters in workers in the Arctic zone of Russia.
Materials and methods. We analyzed three thousand seven hundred seventy four blood samples in military personnel in the Arctic (n=>51) and Subarctic (n=60):
general clinical, biochemical (blood lipids, vitamins Bo, B),, D), minerals (total and ionized Ca, K, Na, Mg, P, Fe). The groups were divided into two (up to 40 and
over 40 years) and duration of work (up to 5 and up to 10 years). We assessed the adaptive reactions and nonspecific resistance of the body.

Results. An extensive blood test indicated the risk of developing Bs and B, deficiency and iron deficiency anemia, hypotonic dehydration, and provided
information about nonspecific resistance and the state of the body’s adaptive reactions. The presence and type of dyslipidemia was established; according to
C-reactive protein — the risk of cardiovascular diseases; according to liver enzymes — the risk of iron deficiency and transferrin production. Determination of
vitamins and minerals reflected the need depending on the duration of work in extreme conditions. The increase in changes and the duration of work indicated
a adverse impact of regional conditions on the human body.

Limitations. Military personnel of health groups I—II who arrived in the conditions of the North from other regions and who have no contraindications for
occupational activity there.

Conclusion. The need for differentiated implementation of preventive measures in various volumes in groups with different duration of work has been determined.
The need for conducting research among workers during annual medical examinations regardless of age was proven, which will reduce the risk of developing
diseases in the North.
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PE3IOME

Beeodenue. Jlonozonoeuneckas ouaznocmurxa opuenmuposana Ha oueHKy 300pogbs 4ea06eKa 045 c60e8peMeHH020 NPoGedeHUs 0300POBUMENbHBIX U NPOPUAAK -
MU1ecKuxX Meponpusimuil.

Ileas uccaedosanusn: o6ocrosams areopumm 00H030402UHECKOl OUACHOCIMUKY NO KAUHUKO-Aa00pamMOPHbIM NHOKA3AMENIM KPO8U 300p08bs pabomaiowjux
6 Apkmuueckoii 3one Poccuu 045 nposedenus npoguaakmuueckKux meponpusmui.

Mamepuaavt u memoowt. Anaruzuposanu 3774 obpazua kposu eoennocayxcauiux ¢ Apkmuxe (n = 51) u Cybapkmuxe (n = 60): o6uekaunu1ecKuil, OUOXUMU-
yeckuil (aunuodsl kposu, eumamutsl Bo, B, D), munepansv: (Ca obwuii u uonusuposannviii, K, Na, Mg, P, Fe). Ipynnuot 6biau pasoenenvt Ha nodepynnul
no eozpacmy (0o 40 u cmapwe 40 1em) u daumenvrocmu cayxcout (00 5.aem u do 10.1em). Oyeruru adanmayuortbvle peaKyui U Hecneyu@duuecKyro pe3ucmenn-
HOCMb OpeaHU3MA.

Pesyavmamot. Pacuwupennbiii anaau3z kpogu yKaswléan Ha puck pazeumusi Bo- u Bi2-Oegpuuyumuolx u icene300epuyumHoix aHemuil, 2UnoOmMoHU4ecKol decuopama-
yuu, dan unghopmayuio o Hecneyuuueckoll pe3ucmeHMHOCMU U COCMOSHUY A0ANMAYUOHHbIX PeaKyull OpeaHu3ma. Yemanoseaensl Haruuue u mun oucaunude-
muit; no C-peakmugHomy 6eaKy — puck 60ae3Hell cucmembl Kpoeoodpauerus; no pepmeHmam nevenu — puck deghuyuma xceae3a u NPoOYKUUU mpancpeppuna.
Onpedenenue 8UMAmMUHO8 U MUHEPAN08 OMPANCAN0 NOMPEOHOCHb 8 HUX @ 3AGUCUMOCHIU OM NPOOOANCUMENLHOCIU PAbom 8 IKCMpeManvHbix ycaosusx. Hapac-
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Mmanue usMeHeHull ¢ yeeauveHuem OAUmeasbHoCmu pabom ceudemenbcmeos8ano 0 HeeamugHOM GAUSHUU YCA08ULL Pe2UOHA HA OP2AHU3M HeN08eKd.

Ozpanuvenus uccaedosanus. Boennocayncawue 1—11 epynn 300poewsi, npubsiguiue uz opyeux pecuoHos oas npoxoxcoenus: cayxcool 6 Apkmuke u Cybapkmurxe
U He UMerule NPOMUBONOKA3aHULL 0151 RPOeCCUOHANLHOU OesIMeAbHOCIU 8 IMUX YCAOBUSIX.

Saxarouenue. Onpedenena HeoOxo0uMocms OUPPepeHUUPOSAHHBIX NPOPUAAKMULECKUX MEPONPUSIMULL 8 PA3AUYHBIX 006EMAX 8 2PYNNAX BOCHHOCAYHCAUUX
€ PazAu4HoU NPOOOAICUMENbHOCMbIO Npebblearus 6 ycaosusx Apkmuku u Cybapkmuku. Jlokazana yeaecoodpasHocms npogedenus uccaedosanuil cpedu pabo-
MARWUX NPU exce200HOU OUCNAHCEPUZAUUL HE3ABUCUMO OM 803PACMA, YMO CHUZUM pUCK pazeumus 6oaesHell ¢ ycrogusx Cesepa.

Karouesnie caosa: B0CHHOCAYHCAWUe; AmeLlHé‘CK?aﬂ 30HA; /laéopamopnbte nokasameau Kkpoesu, doHo30102uUecKue COCMOAHRUA,; AN20PUMM 8blABNEHUA

Cobarodenue smuueckux cmandapmos. Hccaedosanue npogedeto ¢ coonro0eHuem smuecKux Hopm XeabCuHkckol dekaapauuu Beemuproii meduyunckoi acco-
yuayuu. Ioayuero saxnovenue Komumema no smuxe @I'bOY BO «[TUMY> Munzdpasa Poccuu (npomokoa Ne 4 om 14.03.2022 e.). Kaxcowiit yuacmuuk dan
UHGOpMUpPosarHoe 006POBONbHOE NUCLMEHHOE COAacUe HA yHacmue 6 Uccaed08anull u nyOAUKayuio NePCoHANbHOU MeOUUUHCKOU UHGOPpMAUuU 8 00e31u1eHHOU
opme 6 ncyprane «lueuena u canumapus».
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Introduction

Occupational safety involves the prevention and mitigation of
hazards, and the minimization of harm to workers’ health'. The
employer must ensure the implementation of measures aimed at
preventing threats to the life and/or health of employees resulting
from exposure to harmful and/or hazardous occupational factors,
including physical factors such as air temperature, air velocity,
humidity and thermal radiation.

The legislation of the Russian Federation prioritizes one
of the most important principles of public health protection in
the country — the priority of prevention, including through the
early detection of diseases® (preventive medical examinations and
regular health check-ups*). Preclinical diagnosis of the health
of people working in the extreme conditions of Russia’s Arctic
region is crucial for development of methods of preventive and
personalized medicine, which ensure healthy longevity, as well as
adaptation to climate change’.

Preclinical diagnostics are aimed at assessing the health
of healthy individuals [1]. Dynamic monitoring of the status
of the body’s adaptive reserves and its main functions differs
fundamentally from the system of medical monitoring currently in
place in our country, which is focused on the diagnosis of diseases.
The aim of the study is to justify an algorithm for preclinical
diagnosis based on clinical and laboratory blood analyses to assess
the health of workers in the Arctic region of Russia for the purpose
of carrying out preventive measures.

Materials and methods

We analyzed the results of clinical and laboratory tests on
blood samples (n = 3.774), selected by random sampling, from

' Labour Code of the Russian Federation (as amended by Federal
Law No. 311-FZ of 2 July 2021), Art. 209.15

2 Federal Law No. 426-FZ of 28 December 2013 ‘On the Special
Assessment of Working Conditions (as amended on 28 December 2022).

* Federal Law No. 323-FZ of 21 November 2011 (as amended by
Federal Law No. 323-FZ of 8 August 2024 and Federal Law No. 554-FZ
of 28 December 2024) ‘On the Fundamentals of the Protection of Citizens’
Health in the Russian Federation’

4 Order of the Ministry of Health of the Russian Federation of 27
April 2021 No. 404n ‘On the Approval of the Procedure for Conducting
Preventive Medical Examinations and Health Screening for Certain
Groups of the Adult Population’ (as amended by Orders of the Ministry of
Health of the Russian Federation No. 44n of 1 February 2022, No. 515n of
28 September 2023, and No. 378n of 19 July 2024).

3 On the Approval of Priority Areas for Scientific and Technological
Development and the List of Key Science-Intensive Technologies: Decree
of the President of the Russian Federation No. 529 of 18 June 2024.

contracted military personnel (CMP) in health groups I—II
during medical examinations in the summer period — 51 people
from the Arctic and 60 people from the Subarctic. All military
personnel were informed about the research and gave their
voluntary consent.

Before being deployed to the specified areas, the CMP
participants underwent a medical examination and were found to
have no medical contraindications for service in those conditions.
The subjects were divided into two age groups: Group 1 — up to 40
years of age, and Group 2 — 40 years of age and over. In addition,
the servicemen were categorized according to length of service: up
to 5 years and up to 10 years. Living conditions and occupational
hygiene conditions were assessed®.

A complete blood count with a white blood cell differentia’ was
performed using an Abbott automated hematology system (USA).
C-reactive protein (CRP) was measured on a Cobas Integra 400
Plus analyzer (Roche Diagnostics; Switzerland). The lipid profile
was assessed based on total cholesterol (TC), triglycerides (TG),
and high-density (HDL) and low-density (LDL) lipoproteins
(AUS5800 analyzer, USA). Mineral levels (K, Na, total and
ionized Ca, Fe, Mg, P) were determined using the AU5800 and
AVLI180 analyzers (USA). To analyze vitamin B, levels, the AD
SCIEX QTRAP 5500 HPLC-MS system (Germany) was used;
for vitamin By, levels, the ARCHITECT® i2000 system (Abbott
Laboratories, USA); and for vitamin D, the AB SCIEX QTRAP
5500 mass spectrometer (SCIEX, Germany). The level of vitamin
D in the body was assessed based on 25(OH)D; calcitriol — an
intermediate product of its metabolism.

The percentage of lymphocytes was used to assess the state of
the body’s non-specific adaptive responses (NSAR) [2]. Using
complete blood counts, the following leucocyte ratio indices
were calculated: N/L — neutrophils to lymphocytes, L/N —
lymphocytes to neutrophils, L/M — lymphocytes to monocytes,
L/E — lymphocytes to eosinophils, NML — neutrophils to
monocytes, MML — monocytes to lymphocytes, GI (Garkavi
index) — lymphocytes to the percentage of segmented neutrophils,
and the immunoresistance index (IRI — eosinophils and
lymphocytes to monocytes). These data provide an indication of
the body’s non-specific resistance.

¢ Guidelines for the Hygienic Assessment of Factors in the Working
Environment and Work Process. Criteria and Classification of Working
Conditions. R 2.2.2006—05.

7 Kishkun, A.A. Guide to Laboratory Research Methods. Moscow:
‘GEOTAR-Media’, 2007. 779 pp.
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Taonuuma 1 / Table 1

Blood parameters in military personnel in dependence on the age and duration of work
TToka3arenu KpoBH BOEHHOCIYKAIMX B 3aBUCMMOCTH OT BO3PACTA M MPOIOIKUTETbHOCTH TPYIOBOM NI TEIbHOCTH

Ipynns1 HaGmonenus, adce. Be.
Observation groups, abs. value p
Ioka3aTenb KpoBH, HOPMA 1 2
Blood index, norm
351+ 1.1% 41.3+0.89 0.001
4.2 +£0.3%* 7.1£0.76 0.001

Dpurpouutsl, 4.7—6.1 - 10'2/n | Erythrocytes, 4.7—6.1 - 102/L 4.94+0.43 4.98 +0.31 0.68
I'emorno6uH, 140—180 r/i | Hemoglobin, 140—180 g/L 156.9 £0.9 154.6 £ 3.9 0.041
Temarokpur, 42—52% | Hematocrit, 42—52% 454+ 3.03 46.0 £ 2.7 0.47
CpenHuii 00beM aputpormra, 80—94 it | Mean corpuscular volume, 80—94 fl 90.2 £3.0 89.1 +3.87 0.62
CpenHsist KOHIICHTpAIMs TeMorioornHa B aputpouunre, 330—370 /1 336.2 £3.7 334.0 +3.52 0.008
Average concentration of erythrocyte hemoglobin, 330—370 g/L
CpenHee cofepkaHue TeMorjao0nHa B aputpouure, 27—31 nir 28.0 £ 1.16 29.1 +1.38 0.001
Average hemoglobin content in erythrocyte, 27—31 pg
Pacnipenenenue apuTpoLUTOB 110 Beauuune, 11.5—14.5% 12.1+£0.44 12.4+0.53 0.068
Distribution of erythrocytes by size, 11.5—14.5%
CpenHuii 00EM TPOMOOLIUTOB, 8.9—9.5 i1 | Mean platelet volume, 8.9-9.5 fl 9.14+0.25 9.33+0,23 0,008
TpomGouuTsl, 130—400 - 10°/1 | Platelets, 130—400 - 10°/L 241,8 £ 33,04 237,3 £26.75 0.59
Jeiikountsl, 3.9—10.6 - 10°/21| Leukocytes, 3.9—10.6 - 10°/L 6.49 £0.53 6.8+0.8 0.16
Heiitpoduisl | Neutrophils:

najgoukosiiepHbie, 1—6% | band neutrophils, 1-6% 45.2 £3.05 0,4 (0.2-0.9) 0.37

cerMeHTosinepHbie, 40—72% | segmented, 40—72% 0,3 (0.2—0.6) 44.14 £ 4.4 0.32
DosuHobwisl, 1—5% | Eosinophils, 1-5% 39(3.4-4) 2.5(1.9-3.4) 0.001
Bazoduisl, 0—1% | Basophils, 0—1% 0.7 (0.1-1.0) 0.5 (0.3-0.7) 0.658
Momnouwutsl, 2—10% | Monocytes, 2—10% 6.5+2.05 5.9+ .,06 0.289

Jlumormtel, 18—45% | Lymphocytes, 18—45%

27.6 (25.2-31.2) 26.9 (24.2-31.2) 0.396

IIpumeuanwue. 3aech 1 B Tabj. 3: MIs1 MapaMeTpUUECKUX TToKa3arejeit M * ¢; nas HermapameTpuueckux nokasareneit Me (Q; Qs); * —

BO3pacT; ** — crax.

Note: Here and in Table 3: for parametric indices: M * ¢; for nonparametric indices: Me (Q,; Qs); * — age; ** — length of service.

The results obtained were entered into a database, and the
analysis was carried out using the Russian-language version of
the APSS Statistica 6.1 program. For parametric indicators,
means (M) and standard deviations (+ ©) were calculated;
for non-parametric indicators, medians (Me) with lower and
upper quartiles (Q; Q,) were calculated. The proportion (%) of
deviations from the reference limits was determined. The statistical
significance of intergroup differences for parametric indicators
was assessed using the Student’s t-test, and for non-parametric
indicators using the Mann—Whitney U test, at a probability level
of p <0.05.

Results

The military personnel’s work schedule was organized in
cycles: the first day involved mental work with high psycho-
emotional stress; the second day was for rest; and the third day
involved working for 5—6 hours in an open area. Intense mental
work was assessed as second-degree harmful (class 3.2), and
physical labour as heavy and as second-degree harmful (class 3.2);
the overall assessment of the work in terms of harmfulness and
danger was third-degree harmful (class 3.3). Living conditions
met the requirements for an organized group; the diet consisted
of tinned and freeze-dried vegetables and fruit, delivered
during the summer supply period, with a daily calorie intake of
4,466.7 = 230.7 kcal for a macronutrient-balanced diet®.

8 On the provision of food to military personnel and certain other
categories of persons, as well as on the provision of feed (food) for service
animals of military units and organisations in peacetime: Decree of the
Government of the Russian Federation No. 946 of 29 December 2007 (as
amended by Decree No. 1484 of 18 September 2020).

In the Arctic, blood parameters (except for band neutrophils)
in both groups were within the reference ranges. However, in
Group 2, compared with Group 1, hemoglobin levels, the mean
concentration and proportion of eosinophils were lower, whilst
the mean hemoglobin content per erythrocyte and the mean
platelet volume were higher (Table 1).

In Group 1, 30% of those examined had a reduced red blood
cell count, whilst in Group 2 this figure was 6.7%. A reduced
hematocrit was observed in 20% of those examined in Group 1; in
Group 2, this parameter was within the normal range. The mean
corpuscular volume was elevated in 10% of military personnel in
Group 1| and in 6.7% in Group 2. The proportion of individuals
with a reduced percentage of band neutrophils reached 100% and
80% in Groups 1 and 2, respectively. In Group 2, individuals with
a reduced mean hemoglobin concentration in red blood cells were
identified (20.1%); in Group 1, there were no deviations from
the norm. In 20.1% of those examined in Group 2, the mean
hemoglobin concentration in red blood cells was elevated, whilst
in Group 1 it was reduced in 20% of cases. Furthermore, in Group
2, 13.4% of those examined had a reduced count of segmented
neutrophils, whereas this was within the normal range in Group 1.

Based on the average lipid profile values, the upper limit of
triglycerides (TG) in Group 1 exceeded the upper reference limit
and fell within the ‘moderately elevated’ range, whilst in Group
2 it was assessed as high. HDL levels were high and within the
normal range. Total cholesterol (TC) was assessed as high in
both groups. The upper limit of LDL-C in Group 1 fell within
the ‘elevated’ range, as did that in Group 2. Lipid atherogenicity
in Group 1 was within the normal range, whilst in Group 2 it
exceeded the normal range (Table 2).
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Blood lipid spectrum indices
IToka3aTenu JTMNHAHOTO CHEKTPA KPOBU

Taonuuma 2 / Table 2

JIunnapt KposU Tpynnbi Hadmonenust | Observation groups
Blood lipids 1 | 2 P

Tpuruepunst, 0.15—1.7 mmonb/i | Triglycerides, 0.15—1.7 mmol/L 1.7 (1.67—1.87) 1.71 (1.65—1.82) 0.04
O61uii XonecTepuH, 3.5—5.2 Mmoib/1 | Total cholesterol, 3.5—5.2 mmol/L 6.5 (6.0—6.9) 6.3 (5.67-7.0) 0.33
JIunonporenasl, B TOM uucie: | Lipoproteins, including:

HU3KOI1 TII0THOCTH | low density 4.2 (3.8-5.52) 4.43 (3.8—4.9) 0.058

BBICOKOI1 IU10THOCTH | high density 1.65+0.35 1.22 £0.22 0.001
KoadduimeHT areporeHHOCTH, 10 3,5 y. €. | Atherogenicity coefficient, up to 3.5 . u. 3.07 £0.65 4.37 +1.38 0.001

In Group 2, triglycerides (TG) were above normal in 60% of
subjects, and in Group 1 in 40%; total cholesterol (TC) was above
normal in 93.4% of those examined in Group 2 and in 90.9% in
Group 1. High LDL-cholesterol levels were found in 60% of those
examined in Group 2 and 36.4% in Group 1. Also in Group 1,
normal HDL levels were observed in 36.7%, and low levels in 13.3%.
In Group 1, the proportion of individuals with elevated HDL-C
reached 72.7%, whilst no cases of low HDL-C were identified.

The proportions of individuals with normal C-reactive protein
(CRP) levels were 59.1% and 20% in Groups 1 and 2, respectively.
In Group 1, 13.6% of participants were found to have moderate
and high levels of C-reactive protein. In Group 2, the proportions
of participants with these same levels of C-reactive protein were
26.7% and 66.7%.

The mean values of the indicators characterizing liver function
(ALT, AST, total bilirubin) were within the normal range.
However, ALT exceeded the reference ranges in 36.4% of those
examined in Group 1 and in 49% in Group 2; AST exceeded the
reference ranges in 40% and 45.5% of those in Groups 1 and 2,
respectively. Total bilirubin was elevated in 20% and 27.5% of
those examined in Groups 1 and 2, respectively. Blood levels
of 25(OH)D; in military personnel with shorter service and
younger age (Group 1) were higher. In Groups 1 and 2, vitamin D
deficiency was observed in 28.6% and 46.7% of those examined,
respectively, whilst vitamin D insufficiency was observed in 71.4%
and 53.3%, respectively. In these same groups, blood levels of
vitamin Bi» were assessed as insufficient in 30% and 66.7% of
participants, respectively. Vitamin Bs deficiency was identified
in 86.3% of individuals in Group 1 and in 93.3% in Group 2. In
19% of individuals in Group 1, the level of ionized calcium in the
blood was below normal. Inorganic phosphorus levels were within
the normal range but lower than in Group 2: 0.81 £ 0.04 and
0.84 + 0.04 mmol/L (p = 0.041) respectively; a similar trend was

observed for magnesium: 0.73 £ 0.06 and 0.78 £ 0.08 mmol/L
(p = 0.038) in Groups 1 and 2, respectively.

A comparative assessment of lipid metabolism parameters
in CMP with varying lengths of stay in the Subarctic revealed
that the mean TG values showed no statistically significant
differences; however, in Group 1 they fell within the reference
range, whilst in Group 2 the upper limit fell within the ‘elevated’
range. Cholesterol in Group 1 was within the normal range, but
the upper limit fell within the ‘borderline high’ zone. In Group
2, this parameter was assessed as borderline high. The mean
HDL-C values in both groups were within the normal range, but
the lower limits fell within the ‘low’ range. Statistically significant
differences were found for LDL-C and triglycerides. In Group 1,
the upper limit of triglycerides exceeded the normal range, whilst
in Group 2 it fell within the ‘high’ range (Table 3).

In terms of individual lipid profile parameters, 94% of service
personnel in Group 1 had triglyceride levels within the normal
range. In Group 2, 53.3% of those examined had normal TG
levels, 33.3% had moderately elevated levels, and 13.3% had
elevated levels. The proportions of individuals with normal blood
lipid levels in Groups 1 and 2 were 55.6% and 41.2% respectively;
those with borderline-high at 22.2% and 23.5%, and high at
22.2% and 35.3%. Normal LDL-C levels were found in 8% of
those examined in Group 1, elevated levels in 50%, and high levels
in 42%. In Group 2, LDL-C levels were elevated in 50% and
high in 50%. The proportions of individuals with normal HDL-C
levels in Groups 1 and 2 reached 50% and 58% respectively.
Furthermore, in Group 1, 33.3% of those examined had elevated
HDL-C and 16.7% had reduced levels, whilst in Group 2, 42% of
individuals had reduced levels. In 40% of individuals in Group 1,
AC (atherogenic coefficient) was within the normal range, whilst
in the remainder it was elevated; in Group 2, these proportions
were 25.1% and 75%, respectively.

Taonuma 3 / Table 3

Blood lipid indices in military personnel in dependence on age and duration of service in the Subarctic
IToka3are/n JIMNUIOB KPOBH Y BOCHHOCJIYKALIMX B 3aBUCMMOCTH OT BO3PACTA M NPOIODKMTEILHOCTH CIyKObI B Cy0apKTHKe

[pynnb HaOmoneHus, adc. Bel.
Observation groups, abs. value P
JIunuap! KpoBu 1 2
Blood lipids
351+ 1.1% 41.31£0.89 0.001
4.2 +0.3%* 7.1£0.76 0.001
Tpurmuepuabt, 0.15—1.7 mmosns/i | Triglycerides, 0.15—1.7 mmol/L 0.76 (0.44—1.22) 0.82 (0.59—1.18) 0.216
OG1uii xonecteprH, 3.5—5.2 Mmmoub/i | Total cholesterol, 3.5—5.2 mmol/L 4.83 (4.3-5.64) 5.24 (4.71-6.43) 0.152
JlunonpoTeubl, B TOM YKcie: | Lipoproteins, including:
HU3KOM MIIOTHOCTH | low density 3.93(3.69—4.79) 4.52 (4.44-5.3) 0.007
BBICOKOIA TUI0THOCTH | high density 1.11 £0.26 1.09 £ 0.21 0.758
Koadduimenr areporeHHoOCTH, 110 3,5 y. €. | Atherogenicity coefficient, up to 3.5 c. u. 35412 4.32+0.16 0.012
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Leukocyte indices in military personnel, conventional units
JleiikouuTapHble MHIEKChI BOEHHOCTYKAMIUX, YCII. €]
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Taonuua 4 / Table 4

JleiikonuTapHbie HHIEKCHI

Tpynns nabmonenusi, M £ o | Observation groups, M + o

Leukocyte indices 1 ‘ 2 4
WCHJ, 2.47 £ 0.21 | ISNL, 2.47 + 0.21 1.34 £ 0.22 1.35+0.15 0.746
WCJIH, 0.52 £ 0.04 | ISLN, 0.52 + 0.04 0.88 +0.09 0.69 £ 0,16 0.116
WCJIM, 5.34 £ 0.59 | ISLM, 5.34 £ 0.59 441044 3.9+0,87 0.045
WCHM, 11.83 + 1.31| ISNM, 11.83 + 1.31 5.78 £ 1.09 5.67 £ 0.66 0.544
WCJID, 8.73 £ 1.26 | SLE, 8.73 + 1.26 21.2+13.9 20.1£10.5 0.708
WUCMIJI, 0.1-0.3 | ISML, 0.1-0.3 0.24 £ 0.04 0.26 £ 0.04 0.27
Wnneke Tapkasu, 0.3—0.5 | Harkavi index, 0.3—0.5 0.89 +0.27 0.69 £0.08 0.018
WHpekc nMMyHOpe3ucTeHTHOCTH, 5.2 (Q—Qs: 3.8—6.5) 4.9 £0.67 4.3+0.77 0.14

Immunoresistance index, 5.2 (Q,—Qs: 3.8—6.5)

The mean values for liver function parameters were within the
reference ranges. However, ALT levels exceeded these ranges in
5.6% of service personnel in Group 1 and in 13.8% in Group 2;
AST was above the normal range in 11.1% and 6.7% of individuals
in Groups 1 and 2 respectively, whilst total bilirubin was elevated
in 27.8% and 17.2% of those examined, respectively.

Leucocyte indices, with the exception of the ISML and
immunoresistance, differed from normal values in CMP
personnel in all groups. Specifically, the values for ISNL, ISLM
and ISNM were lower than normal. ISLN, ISLE and IG were
above the normal range. Statistically significant differences in
these parameters between the groups were identified for ISLM
and IG (Table 4).

Discussion

In the North, the effects of the cold lead to a reduction
in pulmonary ventilation and oxygen consumption — the
development of polar hypoxia — resulting in a decrease in
hemoglobin levels, an increase in red blood cell count, and the
development of iron deficiency [3—5]. However, our study,
conducted in the summer, showed that the blood parameters
of military personnel remained within normal limits, with the
exception of band neutrophils.

In the Arctic, a general clinical blood test of military
personnel in Group 1 revealed a reduced red blood cell count
and a low hematocrit, reduced hemoglobin concentration in red
blood cells and an increased mean corpuscular volume, indicating
a risk of developing hypotonic hyperhydration due to a possible
disturbance in water-electrolyte balance. Such changes could
have developed as a result of using low-mineral water from melted
snow for domestic and drinking purposes via the water supply
system [6, 7]. Our results from the analysis of mineral substances
in blood plasma confirmed an insufficient supply of macro- and
micronutrients to the body. Signs of iron-deficiency anemia were
also detected (a decrease in the mean hemoglobin content per
erythrocyte, and an increased mean corpuscular volume of up to
100 f1), which is characteristic of normocytic anemia during the
regenerative phase of iron-deficiency anemia’.

In individuals in Group 2, signs of hypotonic dehydration
(an increase in mean corpuscular volume) were also observed,
but the mean hemoglobin concentration in red blood cells was
elevated. Such signs are characteristic of hypochromic anaemia,
as well as vitamin By, and/or folate-deficiency anaemia'®!,

° Iron-deficiency anemia. Clinical guidelines. Russian Ministry of
Health, 2021.

10 Folate-deficiency anemia. Clinical guidelines. Ministry of Health
of Russia. 2021.

' Vitamin Bj,-deficient anemia. Clinical guidelines. Ministry of
Health of Russia, 2024.

and lipid metabolism disorders. Deficiencies of vitamins B,
and By were also identified in our study. The increase in mean
platelet volume may have been due to the impact of adverse
environmental conditions on the body [8]. Studies by other
authors have also noted iron deficiency as an important factor
influencing platelet levels and condition, emphasizing the
key role of this element in regulating metabolism [9]. In the
subjects we examined, C-reactive protein levels were elevated
or high in some cases; this is a marker of inflammation in
the atherosclerotic process and indicates a risk of developing
cardiovascular diseases [10].

When adapting to northern conditions, the metabolism shifts
from a typical carbohydrate-based type to a lipid-based one, which
contributes to the development of dyslipidemia [4, 11—13]. Our
observations also confirmed these changes, but in Group 1 there
was a significant proportion of individuals with elevated HDL-C
levels. In other words, during the initial period, the mobilization
of the body’s adaptive potential prevented the development of
such changes [14, 15].

In Group 2, there was an increase in the proportion of
individuals with elevated levels of triglycerides (TG), LDL-C and
HDL-C (including a decrease in the proportion of individuals
with high HDL-C levels), which led to an increase in the
atherogenicity of blood lipids to levels above the norm.

Those who had spent less time in the Arctic had better
indicators of vitamin D status. However, their levels of inorganic
phosphorus and magnesium were lower. The data suggest that,
during the process of adaptation to Arctic conditions, the body’s
requirement for minerals becomes higher than that of the more
adapted members of the CMP.

In the Subarctic, statistically significant differences were
observed for triglycerides (TG) and total cholesterol (TC)
(these levels increased) and high-density lipoprotein (HDL)
(which decreased), leading to an increase in the atherogenicity
of blood lipids. When assessing humoral and cellular
immunity, the body’s susceptibility to allergies, the severity
of inflammation and intoxication based on leucocyte indices,
the following characteristics were identified. Thus, the ISML,
which indicates the severity of inflammatory processes [16],
was within the normal range in both groups in our study. The
IG was above normal, indicating a high level of the body’s
immune defense [17]. However, in individuals in Group 2, the
IG was statistically significantly lower, which is likely due to
the prolonged negative impact of environmental factors on the
body. The IIR was within the reference range; consequently,
the body’s adaptive reserves were sufficient [18, 19]. The ISNL
reflects the ratio of non-specific to specific components of
resistance, which was below the reference value in each group.
Thus, in the military personnel examined, these components
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lMepsbiti aman Bmopou amarn
The first stage The second stage
MNpwusHaku Biz-, Bo- 1 xxenesogeuunTHON aHeEMUn o
Signs of Biz, Be and iron deficiency anemia
[Mpu3Hakn runoToHMYeckon aernaparaummn R
Signs of hypotonic dehydration d
OB g yp Yy
aHanu3 . -
R KPOBY PacuyéT nerkounTapHbIX MHAEKCOB ANt OLEHKM
Complete Hecneundn4ecKkon pe3VCTEHTHOCTU OpraHn3ma >
blood Calculation of leukocyte indices to assess
B°3Q1380T count the body’s non-specific resistance
oT
no 64 net
A OueHka Hecrneumguyecknx aganTaunoHHbIX peakuuii BbisiBneHve
18§g4 opraHusma no NpoLeHTy NMMAdoLnTOoB > pucka
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by the percentage of lymphocytes naronoruu
Identification
of the risk
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biochemical test kpoBoobpalleHus / C-reactive protein to assess the risk of CVD i
—P| AnAT, AcAT, o6 6unmpy6uH / ALT, AST, total bilirubin l—}
v
AHanus KpoBw Ans onpeaenexHns - .
BUTAMVMHOB 1 MUHEPATIOB D, B2, By, K, Na, P, Mg, Fe, Ca o6wuit, Ca qumgmppaaHHbm >
N ; D, B2, Bo, K, Na, P, Mg, Fe, Ca total, Ca ionization
Blood test for vitamins and minerals

AnropuTMm 40H030M10MM4ECKOI INArHOCTUKIA N0 NOKa3aTensM KpOBY 30POBbA PABOTAIOLLNX B YCNOBIUAX ADKTUHECKON 30HbI.
Algorithm for preclinical diagnostics of health of workers in the Arctic zone based on blood parameters.

of resistance were balanced and corresponded to a sufficiently
high level [20—23]. The ISLN indicated a negative impact of
working conditions and the environment on the humoral and
cellular components of resistance. In individuals who had spent
less time in the Subarctic, the ISLN was higher, which can
be interpreted as a strain on the body’s adaptive mechanisms
during this period.

In individuals with shorter service records, the ISLM was
higher, which corresponded to greater bodily reactivity [24—26].
In individuals in Group 2, lower indicators suggested a tendency
towards reduced immune defense [27]. The ISNM revealed
a reduction in phagocytic activity of cells [28, 29]. The ISLE
exceeded the reference value, indicating sensitization of the
military personnel in Groups 1 and 2 [23].

In both the Arctic and the Subarctic, changes in liver enzyme
function were detected in some military personnel, consistent with
iron deficiency and impaired protein synthesis’. Iron deficiency
can lead to impaired production of transferrin — the main iron
carrier in blood plasma. These findings also confirmed the risk of
developing iron-deficiency anemia.

Currently, during medical check-ups for young people in
the Far North, blood tests are carried out on a differentiated
basis depending on age'?, but changes in bodily functions under
northern conditions are not taken into account.

12 Order of the Minister of Defense of the Russian Federation No. 285
of 20 May 2021 ‘On Establishing the Procedure for Medical Examinations
and Health Check-ups for Servicemen of the Armed Forces of the Russian
Federation’

The data obtained during this study have enabled the
development of an algorithm for preclinical health assessment
of workers in the Arctic region based on blood parameters (see
figure). A key component of the algorithm is the annual screening
of all individuals, regardless of age, as part of routine medical
check-ups.

In the first stage, health risks are identified based on
findings from general and biochemical blood tests, as well as the
measurement of vitamin and mineral levels. Based on these data,
in accordance with a supplementary list of tests”®? [7], as well
as indicators of non-specific resistance and the body’s adaptive
responses, it is possible to identify signs of the development of a
specific pathology and prescribe corrective therapy.

Conclusion

Blood tests, carried out according to the expanded protocol
we proposed, made it possible to identify subclinical changes in
the health of military personnel in the Arctic zone of the Russian
Federation. The results showed an increase in these changes with
longer periods of service, indicating the negative impact of the
conditions in this region on the body. The need for preventive,
tailored measures has been established, the scope of which within
each group is determined by the duration of service in extreme
conditions. Furthermore, the tests proposed in this study must be
carried out as part of the annual medical check-ups for service
personnel regardless of age, which will enable health improvement
measures to be implemented and reduce the risk of developing
diseases caused by living conditions in the North.
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