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ABSTRACT

BACKGROUND: Early physiological and biochemical studies reported relatively favorable lipid profiles in terms of protection
against cardiovascular risk factors. However, in recent decades, a shift toward a more atherogenic lipid profile has been
observed in some apparently healthy individuals living in the North. An expanded lipid panel includes the assessment of
apolipoproteins and free fatty acids. There is a growing need for in-depth investigation of lipid metabolism in individuals
without clinical signs of its disturbance residing in the Arctic zone to enable early diagnosis, timely correction, and prevention
of cardiovascular diseases.

AIM: To substantiate the selection of a set of lipid metabolism alteration markers in apparently healthy indigenous males of
the Arctic region.

MATERIALS AND METHODS: A total of 112 apparently healthy men permanently residing in the Arkhangelsk Region were
examined. Serum levels of total cholesterol, high-, low-, and very-low-density lipoproteins, triglycerides, atherogenic index,
concentrations of saturated, monounsaturated, and polyunsaturated fatty acids, as well as the apolipoprotein A to B ratio were
determined.

RESULTS: It was found that, although the levels of total cholesterol, high-, low-, and very-low-density lipoproteins,
triglycerides, and the atherogenic index did not exceed reference values in apparently healthy residents of the Arctic region,
elevated levels of very-low-density lipoproteins (19.8% of participants), triglycerides (17.2%), and the atherogenic index
(52.1%) were observed. Apolipoprotein A levels were below reference values but exceeded apolipoprotein B levels in 39.1% of
cases; the apolipoprotein A to B ratio was elevated in 51.2% of subjects. High levels of the palmitic (12.5%) and stearic (10.7%)
saturated fatty acids were observed. In contrast, levels of polyunsaturated fatty acids were below the median in the case of
w-6 linoleic (21.4%) and arachidonic (51.5%) acids, as well as w-3 alpha-linolenic (51.8%), eicosapentaenoic (40.8%), and
docosahexaenoic (48.3%) acids. Moderate correlations were identified between triglyceride levels and saturated fatty acids, as
well as weaker correlations with polyunsaturated fatty acids.

CONCLUSION: Markers of subclinical lipid metabolism disturbances in indigenous residents of the Arctic region include
relatively low levels of apolipoprotein A, a higher apolipoprotein B to A ratio, and reduced concentrations of w-3 (alpha-
linolenic, eicosapentaenoic, docosahexaenoic) and w-6 (linoleic, arachidonic) polyunsaturated fatty acids.
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AHHOTALMUA

060cHoBaHMe. B paHHMX HM3n0N0ro-6MOXMMUYECKMX MCCNEA0BaHMAX NpeacTaBeHbl AaHHbIe 06 OTHOCKTENLHO Braronpu-
ATHBIX NPOdUAAX NIMNMAHOTO 06MEHa B OTHOLLEHWW MPOTEKLMW (haKTOpaM pUCKA pa3BUTUS NATONIOMUK CepAEYHO-COCYANCTON
cucteMbl. OiHaKO B MocnefHWe LEeCATUNETUSA Y YacTW MPAKTUYECKW 3[0POBbLIX CEBEPSH CTanu BbISBMIATLCA U3MEHEHUS Nn-
NUAHOTO NPOQUNA KPOBK aTepOreHHONM HanpaBNeHHOCTW. PaclumMpeHHBIN CNeKTp napaMeTpoB IMMMAHOTO 0OMeHa BKIOYaeT
U3y4eHWe anosMnonpoTeUHOB U CBODOAHBIX UPHBIX KUCIOT. BO3HMKaeT He0OX0AMMOCTb YrNy6AEHHOMO M3Y4EHUS IMMMAHOTO
0bMeHa y uL, 6e3 KIIMHUYECKMX NPU3HAKOB €ro HapyLLEHWUHA, NPOXMBaOLLMX B APKTUYECKOI 30He, AN paHHe! AMArHOCTUKY,
KOppeKumu 1 npodmnakTUKK NaTonorum cepAeyHo-CcocyaucTon CUCTEMbI.

Llenb. 06ocHOBaHWe BbleNeHMs COBOKYMHOCTM MapKepPOB U3MEHEHMS NIMMUAHOr0 06MeHa y NpaKTUYeCKM 3[,0POBOro KOpeH-
HOr0 MYXCKOr0 HaceneHust ApKTUYECKOro pervoHa.

Marepuanbl u MeToabl. [lpoBeseHo obcnefoBaHme 112 NpaKTUYECKU 340POBLIX MYXUMH, NOCTOAHHO NPOXMBAKOLWMX B Ap-
XaHreNbcKoii 0bnactn. B cbiBOpOTKe KpOBM onpefensny coAepaHue obLLero XonecTepuHa, MNoNpoTEMHOB BbICOKOM, HU3-
KOW M 04eHb HU3KOW MAOTHOCTH, TPUIMMLEPUAOB, KOIPDULIMEHT aTEPOrEHHOCTY, KOHLEHTPALMIO HAaCbILLEHHBIX, MOHOHEHAChI-
LLEHHBIX M MOJIMHEHACHILLEHHBIX XUPHBIX KUCIIOT, COOTHOLLEHME anonmnonpoTenHos A u B.

PesynbTatbl. YcTaHoBMEHO, UTO NPYU HEBLIXOAALLEM 3a Npefenbl pedepeHCHbIX 3HAYeHMIA coflepXKaHum obLuero xonectepu-
Ha, IMNONPOTEWNHOB BLICOKOMW, HU3KOW M 04EHb HU3KOW MIOTHOCTM, TPUIULLEPUAOB, KO3QGMLMEHTa aTePOreHHOCTU Y NPaKTy-
YECKY 3[,0pOBbIX XUTENEN APKTUYECKOr0 peroHa UMeeTcs BbICOKOE COAEpXKaHWe IMMONPOTEMHOB 04YEHb HU3KOM MIIOTHOCTM
(19,8% obcnenyembix), Tpurnnuepunos (17,2%), koapduumenta ateporeHHoctH (52,1%); conepianue anosMnonpoTenHos A
HWKe pedepeHCHbIX 3Ha4eHMI, HO Boile anonunonpotenHos B (39,1%), cooTHoweHMe anonmnonpoTtenHos A u B 6bino Bbi-
cokmM (51,2 %). OTMeyaeTcs BbICOKOE cofepXaHue nanbMutuHoBow (12,5%), cteapuHoBom (10,7%) HACbILLIEHHBIX MUPHBIX
KucnoT. HanpoTuB, 3HaueHUs HKe MeAuaHbl 0TMEYEHbl B COAEpIKaHuM w-6 nuHoneBoi (21,4%), apaxupoHoson (51,5%),
w-3 nuHoneHoBoii (51,8%), aitko3oneHTaeHoBo (40,8%), poKko3arekcaeHoBoM (48,3%) NONMMHEHACHILLEHHBIX XUPHBIX KUCOT.
YcTaHoBREHbI B3aMMOCBSA3M CPEAHEN CUMbl MEXAY TPUIMLEPUAAMM W HACILLEHHBIMU JUPHBIMU KUCIIOTaMH, Ho bonee cna-
Dble C NOSIMHEHACHILLEHHBIMM UPHBIMU KUCTIOTaMM.

3aknioueHue. MapKepamm CKpbITbIX HApYLUEHMIA IMNMAHOTO 0OMeHa Y uTenei ApKTUYECKOro permoHa SBASKOTCA 0THOCK-
TENbHO HW3KOE COLlepXKaHue anosunonpoTenHoB A, Ho 6osiee BbICOKOE COOTHOLLEHME anonunonpoTenHoB B u A, a Takxe
HWU3KOe cofepXaHue w-3 NWHOEHOBOW, 31K030MeHTaeHOBOM, [J0K03areKCaeHoBOW U wW-6 NUHONEBOMW, apaxUAOHOBOW Mo-
JIMHEHACHILLLEHHBIX XMPHBIX KUCIIOT.

KnioueBbie cnoBa: IMNuIHbIA 06MeH; anonMnonpoTeunHbl; cB0O0aHbIE XUPHbIE KACNOTbI; ApKTMLIECKMVI pernoH Poccun.
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BACKGROUND

Early physiological and biochemical studies reported dis-
tinctive features of metabolic processes among residents in
Arctic regions, determined by a biologically established adap-
tive type and associated with a traditional lifestyle and a diet
rich in fats and proteins [1]. Indigenous populations, character-
ized by the northern type of metabolism, demonstrated more
favorable lipid profiles that appear to confer protection against
cardiovascular risk factors. Lower serum levels of total cho-
lesterol (TC), triglycerides (TG), low-density lipoprotein (LDL),
and very-low-density lipoprotein (VLDL), along with higher
levels of high-density lipoprotein (HDL), have been observed
compared with nonindigenous populations [2]. The current ap-
proach to assessing cardiovascular status includes the identifi-
cation of risk factors and clinical symptoms of atherosclerosis,
measurement of blood lipid profile, and evaluation of cardio-
vascular risk using the SCORE scale. Lipid profile parameters
used to assess cardiovascular risk include TC, HDL, LDL, and
TG. However, the analysis of these parameters does not al-
ways allow for a targeted evaluation of existing disturbances,
especially given the growing emphasis on early detection of
biochemical abnormalities in metabolic processes rather than
on the identification of clinical manifestations [3].

In recent years, metabolic disorders have become in-
creasingly common among residents of the Arctic regions.
Primary contributing factors include physical inactivity and
poor dietary habits [4], accompanied by a gradual decline in
the consumption of traditional foods (e.g., reindeer meat, fish
from northern seas) and increased intake of carbohydrates
and trans fats [5].

There is an increasing number of studies that focus on
an extended range of lipid metabolism parameters, including
apolipoproteins and free fatty acids (FFAs). Currently, apoli-
poproteins B and A1 (ApoB and ApoA1) are considered the
most reliable markers of lipid profile abnormalities. ApoB
(specifically ApoB-100) is a structural component of VLDL,
intermediate-density lipoproteins, and LDL, with each lipo-
protein particle containing only one apolipoprotein molecule.
Therefore, the ApoB level reflects the total number of ath-
erogenic particles in the bloodstream. In contrast, ApoA1 is
a structural component of antiatherogenic HDL. Thus, the
ApoB/ApoA1 ratio reflects the balance between atherogenic
and antiatherogenic lipoproteins and serves as an early po-
tential marker of cardiovascular disease risk [6].

Apolipoproteins contain ligands that bind to membrane
receptors, enabling the entry of lipoproteins into cells and
their subsequent catabolism. They also serve as cofactors
for enzymes that are needed for the proper functioning of
lipoproteins. During lipoprotein formation in hepatocytes,
apolipoproteins bind various TGs, depending on the types of
fatty acids esterified with the hydroxyl groups of glycerol.
This, in turn, influences the density of the TGs and the lipo-
proteins that contain them [7]. Most fatty acids are found in
a bound form as components of phospholipids, TGs, and TC
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esters, and the specific type of fatty acid significantly affects
many of their properties.

The ratio of consumed fatty acids plays a significant role
in determining the composition of TGs, particularly in relation
to an increase in saturated fatty acids (SFAs) and a decrease
in polyunsaturated fatty acids (PUFAs). Fatty acids can affect
lipoprotein proteins by destabilizing them, thereby impairing
their functionality and rendering them dysfunctional. Alter-
ations in the proteome and/or lipidome of HDL result in HDL
dysfunction, manifested by impaired antioxidant and anti-in-
flammatory functions [8]. An imbalance in the content of fatty
acids, TGs, and lipoproteins may contribute to inflammation
through the synthesis of inflammatory mediators. To better
understand these mechanismes, it is particularly important to
assess an extended lipid profile, including apolipoproteins
and fatty acid composition.

Only a few clinical reports describe the combined analysis
of traditional lipid profile parameters, apolipoproteins, SFAs,
PUFAs, and FFAs [9]. However, no data are available on their
combined changes in apparently healthy individuals living at
high latitudes. This highlights the need for in-depth investi-
gation of lipid metabolism in individuals without clinical signs
of its disturbance residing in the Arctic zone to enable early
diagnosis, timely correction, and prevention of cardiovascular
diseases.

AIM. The work aimed to substantiate the selection of
a set of lipid metabolism alteration markers in apparently
healthy indigenous males of the Arctic region.

MATERIALS AND METHODS

This cross-sectional study included 112 apparently
healthy men aged 22 to 55 years (mean age: 43.57 + 1.43
years), all indigenous residents of Arkhangelsk. All partic-
ipants completed questionnaires collecting information on
age, anthropometric parameters, ethnicity (self-reported and
parental), duration of residence in the North, medical history,
dietary habits, and other relevant factors. The individuals with
a history or clinical signs of alcohol or tobacco dependence
or exposure to occupational hazards (including shift and night
work) were excluded.

Primary blood lipid profile parameters were evaluated.
Venous blood samples were collected from the cubital vein
after an overnight fast (between 8:00 and 10:00 a.m.) using
Becton Dickinson BP vacutainers.

Levels of TC, HDL, VLDL, LDL, and TGs were measured
by turbidimetric analysis using a FURUNO CA-270 biochemi-
cal analyzer (Japan) and Chronolab AG reagent kits (Swit-
zerland). VLDL was calculated as TG/5. The atherogenic co-
efficient (AC) was determined using Klimov's formula [10]:
AC=(TC-HDL)/HDL. Concentrations of apolipoproteins (ApoA
and ApoB) were measured by immunoturbidimetric assay
using the FURUNO CA-270 biochemical analyzer (Japan) and
Chronolab AG reagent kits (Switzerland). The ApoB/ApoA ra-
tio was also calculated.
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The content of SFAs, monounsaturated fatty acids
(MUFAs), and PUFAs, including w-3 and w-6 fatty acids, was
determined by gas-liquid chromatography following pre-
liminary lipid extraction from blood serum and subsequent
methylation of fatty acids to obtain their methyl esters [11].
Methylated fatty acid derivatives were analyzed using an
Agilent 7890A gas chromatograph (flame ionization detec-
tor; Agilent DB-23 capillary column, 60x0.25%0.15 mm) in
programmed temperature mode with nitrogen as the carrier
gas. Fatty acids were identified using standard mixes Supelco
37 FAME C,-C,, (USA) and GLS-569B (Nu-Chek-Prep, Inc.,
USA). The quantification of fatty acids was performed using
the internal standard method (nonadecanoic acid) with the
Agilent ChemStation B.03.01 software (USA).

The study was conducted in accordance with the princi-
ples of the World Medical Association Declaration of Helsinki:
ethical principles for medical research [12]. Written informed
consent was provided by all participants. The study protocol
was approved by the Ethics Committee of the Federal Re-
search Center for Integrated Arctic Studies, Ural Branch of
the Russian Academy of Sciences (Protocol No. 12, dated
February 15, 2022).

The statistical analysis of the obtained data, including as-
sessment of the distribution of variables and comparative anal-
ysis of samples, was performed using SPSS software, version
15.0. Quantitative variables were described using the median
(MD), first quartile (Q25), and third quartile (Q75). The Shapiro-
Wilk test was used to assess normality of distribution, which
showed that most variables did not follow a normal distribu-
tion. Therefore, nonparametric tests were used. The correla-
tion analysis was performed using Spearman rank correlation
coefficient. The strength of correlation was considered strong
for r >0.70, moderate for r=0.30-0.69, and weak for r <0.29.

RESULTS

No significant deviations in traditional lipid metabolism
parameters from the reference values (as indicated in the
instructions for the test kits used) were identified among
apparently healthy individuals residing in the Arctic region.
However, elevated levels of VLDL were found in 19.8% of
participants, TGs in 17.2%, and the AC in 52.1% (Table 1).

Several studies have demonstrated that TC, which was
previously considered a primary cardiovascular risk factor, is
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neither the only nor the principal factor [13]. This underscores
the need for a more detailed analysis of the lipid profile to
detect subclinical abnormalities and supports the evaluation
of serum apolipoprotein and FFA levels.

In this context, a targeted assessment of apolipoproteins
as potential markers of lipid metabolism disturbances was
conducted. It was found that the mean ApoA level was below
the reference range, ApoB levels were elevated in 39.1% of
participants, and the ApoB/ApoA ratio was elevated in 51.2%
(Table 2).

The analysis of the most clinically significant SFAs and
MUFAs showed that the levels of palmitic acid (C16:0), stea-
ric acid (C18:0), and oleic acid (C18:1w9) generally remained
within the reference range in the northern population. How-
ever, elevated levels of palmitic acid were observed in 12.5%
of cases and elevated levels of stearic acid in 10.7% (Table 3).

The levels of PUFAs from the w-3 and w-6 families were
assessed (Table 4). No reduction in the mean level of lin-
oleic acid (C18:2wé), a representative of w-6 PUFAs, was
observed; however, its concentration was below the median
in 21.4% of cases. A low level of arachidonic acid (C20:4wé),
15.2% below the reference values, was observed; values be-
low the median were identified in 51.5% of participants.

The level of a-linolenic acid (C18:3w3), a representative
of w-3 PUFAs, was within reference values, although values
below the median were found in 51.8% of participants. The
levels of eicosapentaenoic acid (C20:5w3) and docosahex-
aenoic acid (C22:6w3) did not differ significantly from the
reference values; however, concentrations below the medi-
an were observed for eicosapentaenoic acid (C20:5w3) and
docosahexaenoic acid (C22:6w3) in 40.8% and 48.3% of par-
ticipants, respectively.

The relevance of assessing SFAs in apparently healthy
individuals for identifying latent changes in lipid metabolism
is supported by the detection of correlations between SFAs
and traditional lipid profile parameters.

In individuals residing in the Arctic region, moderate cor-
relations were found between TGs and SFAs, MUFAs, and
weaker correlations with PUFAs, indicating the incorporation
of fatty acids into TG and LDL. Specifically, correlations were
found between TG and the SFAs: myristic acid (C14:0; r=0.649;
p <0.0001), pentadecanoic acid (C15:0; r=0.469; p <0.001),
palmitic acid (C16:0; r=0.581; p <0.001), margaric acid (C17:0;
r=0.560; p <0.001), stearic acid (C18:0; r=0.551; p <0.001);

Table 1. Traditional lipid metabolism parameters in apparently healthy residents of the Arctic region

| Values in apparently healthy individuals, Me (Q25; Q75)

Parameters Reference range
Total cholesterol, mmol/L 2.99-6.09
Very-low-density lipoproteins, mmol/L 0.16-0.46
Low-density lipoproteins, mmol/L 3-7
High-density lipoproteins, mmol/L 0.85-1.94
Atherogenic index up to 3.0
Triglycerides, mmol/L 0.8-2.3

474 (4.22; 5.62)
0.28 (0.16; 0.46)
4.24(3.13; 5.95)

19 (0.98; 1.36)
3.10 (2.07; 4.40)
1.40 (0.82; 1.98)
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MUFAs: myristoleic acid (C14:1; r=0.448; p <0.001), palmi-
toleic acid (C16:1; r=0.529; p <0.001), oleic acid (C18:1w?9;
r=0.647; p <0.001); w-6 PUFAs: linoleic acid (C18:2wé;
r=0.425; p <0.001), y-linolenic acid (C18:3wé; r=0.495;
p <0.001), dihomo-y-linolenic acid (C20:3wé; r=0.348;
p=0.001), arachidonic acid (C20:4wé; r=0.208; p=0.042);
w-3 PUFAs: a-linolenic acid (C18:3w3; r=0.484; p <0.001),
eicosatrienoic acid (C20:3w3; r=0.352; p=0.005), docosahex-
aenoic acid (C22:6w3; r=0.245; p=0.005). Correlations were
established between w-6 PUFAs: linoleic acid (C18:2wé) and
y-linolenic acid (C18:3wé; r=0.724; p=0.001); y-linolenic acid
(C18:3w6) and dihomo-y-linolenic acid (C20:3wé6; r=0.470;
p < 0.001); and dihomo-y-linolenic acid (C20:3wé) and ara-
chidonic acid (C20:4wé; r=0.726; p=0.001).

The main sources of long-chain w-3 PUFAs (eicosapen-
taenoic acid and docosahexaenoic acid) are marine fish oils
[14]. Partially, w-3 PUFAs (eicosapentaenoic and docosahex-
aenoic) are formed from a-linolenic acid; this process pro-
ceeds as follows: a-linolenic acid — eicosatrienoic acid —
eicosapentaenoic acid — docosahexaenoic acid.

Correlations were identified between a-linolenic acid
(C18:3w3) and eicosatrienoic acid (C20:3w3; r=0.435; p=0.01);
eicosapentaenoic acid (C20:5w3; r=0.501; p <0.001) and do-
cosahexaenoic acid (C22:6w3; r=0.496; p=0.001). This chain
lacks an intermediate link: the conversion of eicosatrienoic
acid (C20:3w3) to eicosapentaenoic acid (C20:5w3; r=0.501;
p <0.001).

DISCUSSION

No significant deviations from reference values were
identified when evaluating the results of traditional lipid
metabolism parameters in apparently healthy residents of
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the Arctic region. However, elevated levels of atherogenic
VLDL fractions, TGs, and particularly the AC were observed
in 52.1% of participants. The analysis of apolipoprotein levels
revealed a low mean ApoA concentration, whereas elevated
ApoB levels and an increased ApoB/ApoA ratio were identi-
fied in 39% to 51% of individuals.

A study by Pashinskaya et al. [15] reported a low serum
ApoA level in a substantial proportion of apparently healthy
individuals residing in the Far North. The ApoB/ApoA1 ratio
reflects the balance between atherogenic ApoB and antiath-
erogenic ApoA1 particles and is considered one of the mark-
ers of cardiovascular risk [16].

The levels of TGs, LDLs, and HDLs are known to depend
on the intake of SFAs in the diet. Dietary enrichment with
PUFAs results in a reduction in LDL levels without signifi-
cantly affecting antiatherogenic HDL concentrations. Several
studies have shown that PUFA consumption is associated
with reduced TG, TC, fibrinogen, and VLDL levels, as well as
increased HDL concentrations [17].

Earlier studies by Boyko et al. [18] and Lyudinina et al.
[19] demonstrated that among the indigenous population of
the North, particularly those adhering to a traditional pro-
tein—lipid diet, there is an increased content of w-3 PUFAs
(eicosapentaenoic and docosahexaenoic acids), along with
decreased levels of w-6 PUFAs. Higher PUFA levels were
observed in the residents of the Arctic regions compared with
those living in southern regions [20].

The analysis of SFA, MUFA, and PUFA levels showed that
the most significant SFAs involved in the composition of TG
and LDL were palmitic acid (C16:0) and stearic acid (C18:0),
along with the MUFA oleic acid (C18:1w9). SFAs are a major
source of energy for the body. It is well known that their
levels depend on dietary patterns, which vary by region. SFAs

Table 2. Apolipoprotein levels in apparently healthy residents of the Arctic region

Values in apparently healthy individual. Me (Q25; Q75)

Parameters Reference range
Apolipoprotein A, mg/dL 122-161
Apolipoprotein B, mg/dL 69-105
Apolipoprotein B to A ratio upto 1.0

84.90 (76.08; 97.12)
90.49 (72.85; 120.42)
1.09 (0.93; 1.35)

Table 3. Levels of saturated and monounsaturated fatty acids in apparently healthy residents of the Arctic region, pg/ml

Fatty acids Reference range Values in apparently healthy individuals, Me (Q25; Q75)

C14:0 Myristic 5.70-28.00 15.92 (10.14; 27.48)

C15:0 Pentadecanoic 1.88-7.92 4.36(3.27; 5.38)

C16:0 Palmitic 217.50-570.34 352.66 (284.65; 111.53)

C17:0 Margaric 2.88-9.17 492 (3.75; 6.51)

C18:0 Stearic 83.44-197.16 132.61 (112.66; 175.30)

C14:1 Myristoleic 0.11-2.16 1.06 (0.82; 1.57)

C15:1 Pentadecenoic 0.10-1.15 0.65 (0.29; 1.05)

C16:1 Palmitoleic 10.20-65.50 21.41 (14.09; 39.10)

C18:1 w9 Oleic 137.40-660.50 246.92 (195.56; 395.96)
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Table 4. Levels of polyunsaturated fatty acids in apparently healthy residents of the Arctic region, pg/ml

Parameters

Reference range

Values in apparently healthy individuals, Me (Q25; Q75)

C18:2 wé Linoleic 201.50-1500.25 581.53 (369.82; 716.41)
C18:3 wé y-Linolenic 0.23-25.50 413 (2.67; 5.65)
€20:3 w6 Dihomo-y-linolenic 353-33.86 13.47 (9.04; 20.26)
C20:4 wé Arachidonic 85.24-160.97 73.70 (42.22;107.12)
C18:3 w3 a-Linolenic 0.25-11.02 4.09(2.11; 5.70)
C20:3 w3 Eicosatrienoic 0.25-4.50 0.60 (0. 30; 1.32)
C20:5 w3 Eicosapentaenoic 2.25-80.50 8.93 (3.81;19.72)
C22:6 w3 Docosahexaenoic 5.50-110.20 33.00 (11.94; 60.55)

are primarily found in animal fats. On the one hand, elevated
SFA levels may be necessary to ensure energy reserves; on
the other hand, their excessive intake can contribute to TG
and LDL accumulation, thereby promoting the development
of atherosclerotic changes. Evidence of latent disturbances in
lipid metabolism is also supported by the finding that some
of the individuals examined in the North had elevated SFA
levels. This may, to some extent, be associated with changes
in diet, including increased consumption of trans fats, fast
food, and related products.

We also assessed the levels of w-3 and w-6 PUFAs. In
21.4% of cases, low levels of w-6 linoleic acid were detected;
the level of w-6 arachidonic acid was below the median in
51.5% of participants. Low levels (below the median) of w-3
PUFAs (a-linolenic, eicosapentaenoic, and docosahexaenoic
acids) were observed in 40%-50% of the individuals.

w-6 linoleic acid (C18:2wéc) and w-3 a-linolenic acid
(C18:3w3) are essential fatty acids. Some authors also con-
sider arachidonic acid (C20:4wé) essential. These fatty acids
are present in vegetable oils, whereas small amounts of ar-
achidonic acid are found in pork fat and dairy products.

The w-3 family includes a-linolenic acid (C18:3w3),
eicosapentaenoic acid (C20:5w3), and docosahexaenoic acid
(C22:6w3), which are primarily found in the fat of marine fish
from northern seas. In cells and tissues, long-chain PUFAs
are not present in free form but are incorporated into various
lipid classes, including TGs, phospholipids, and cholesterol
esters. Fatty acids constitute approximately 60% of the dry
mass of the brain, with the highest concentrations found in
neuronal membranes. In the gray matter of the cerebral cor-
tex in healthy individuals, docosahexaenoic acid accounts for
up to 13% and arachidonic acid up to 9% of total fatty acids;
in the retina, approximately 60% of PUFAs are represented by
docosahexaenoic acid. The composition of membrane phos-
pholipids affects electrophysiological responsiveness, which
explains the high content of arachidonic and docosahexaeno-
ic acids in organs with intense electrophysiological activity,
such as the brain, retina, and synapses [21].

To clarify the role of SFAs in lipid metabolism among
residents of the Arctic region, a correlation analysis was
performed. It revealed associations between TGs and SFAs,

DOl https://doiorg/10.17816/hurmeco643368

MUFAs, and PUFAs, which may indicate the incorporation of
fatty acids into TGs. Correlations were also identified among
w-6 and w-3 PUFAs: in particular, associations between lin-
oleic acid and y-linolenic, dihomo-y-linolenic, and arachidonic
acids were observed. These findings indicate that the conver-
sion of linoleic acid to arachidonic acid is not impaired. Arachi-
donic acid is predominantly derived from dietary sources (ani-
mal fats); thus, its reduced levels are likely due to insufficient
dietary intake. However, small amounts of arachidonic acid can
also be synthesized from w-é linoleic acid via its intermedi-
ate conversion to y-linolenic acid, then to dihomo-y-linolenic
acid, and subsequently to arachidonic acid.

We identified correlations between the w-3 PUFA a-lin-
olenic acid (C18:3w3) and eicosatrienoic acid (C20:3w3);
however, no correlation was found between eicosatrienoic
acid (C20:3w3) and eicosapentaenoic acid (C20:5w3). Only
correlations between eicosapentaenoic acid (C20:5w3) and
docosahexaenoic acid (C22:6w3) were observed. This may
indicate a disruption in the conversion of eicosatrienoic acid
(C20:3w3) to eicosapentaenoic acid (C20:5w3). The synthe-
sis of both w-6 and w-3 PUFAs involves the same enzymes
(elongase and desaturase), participating competitively in the
synthesis of w-6 and w-3 PUFAs [22]. It is possible that these
enzymes are preferentially utilized for w-6 PUFA synthesis.

Undoubtedly, genetic factors also influence lipid metab-
olism, and these may differ among populations from various
geographic regions. However, a unified viewpoint has not
been established. For example, Bichkaeva et al. [23] com-
pared blood lipid profiles in residents of the polar regions of
the North and the southern Caucasus (South Ossetia). Res-
idents of the North had higher levels of not only LDL and
VLDL, but also HDL and ApoA. However, they also exhibited
elevated ApoB levels and a higher ApoB/ApoA ratio compared
with those residing in the southern Caucasus, indicating an
imbalance in apolipoproteins. Krivoshapkina et al. [24] found
no significant sex-based differences in lipid metabolism
among residents of Yakutia. In a work by Shaimardanov
and Litovchenko [25], the indigenous population of Yakutia
showed a high prevalence of atherogenic dyslipidemia and
obesity based on biochemical blood parameters. Our study
did not aim to include indigenous residents of the Arctic
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regions, as this would require a targeted and more detailed
investigation. Therefore, the findings presented here should
be interpreted with this limitation in mind.

CONCLUSION

This study demonstrated that apparently healthy resi-
dents of the Arctic region exhibit latent disturbances in lipid
metabolism, as evidenced by elevated levels of VLDL, TGs,
the AC, ApoB, and the ApoB/ApoA ratio, along with reduced
ApoA levels in some residents. The decreased concentrations
of w-6 PUFAs, particularly linoleic and arachidonic acids, and
w-3 PUFAs (eicosapentaenoic and docosahexaenoic acids)
may be due to both insufficient dietary intake and competition
for enzymes involved in their metabolic conversion. To iden-
tify latent lipid metabolism disorders in apparently healthy
individuals living in the Arctic region, it is important to assess
both traditional lipid profile parameters and additional mark-
ers, including ApoA and ApoB, the ApoB/ApoA ratio, as well
as levels of w-3 (eicosapentaenoic and docosahexaenoic) and
w-6 (linoleic and arachidonic) PUFAs.
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[0MNOJIHUTE/IbHAA UHOOPMALIUA

Bknap asropoB. H.B. ConosbéBa — paspaboTka KoHuenuuu; B.A. Co-
noBbERa, Y.I'. l'ycenHoBa — nposefeHue uccneposanus; B.A. Conosbésa,
O.A. BuukaeBa — cbop 1 06paboTKa KNMHMYECKOro Matepuana, GopMm-
poBaHue 6a3sbl faHHblx; A.l. ConoBbEB — aHanM3 AaHHbIX, pefaKTvpo-
BaHWe TeKCTa CTaTbu. Bce aBTOpbI MOATBEPXAAKT COOTBETCTBME CBOErO
aBTOPCTBA MeXayHapoaHsIM kpuTepuam ICMJE (Bce aBTopbl BHECNM CylLie-
CTBEHHbIV BKNaA B pa3paboTKy KOHLENUWW, NPOBEAEHUS UCCNe0BaHus
1 MOArOTOBKY CTaTby, MPOYM 1 0f06puamn hrHambHY0 Bepcyio nepes ny-
bmrkaumen).

ITHueckan 3kcnepTusa. [poBefeHne nccnefoBaHWs 0fobpeHo NoKanb-
HbIM 3ThueckmM kommtetom OFBYH OULKMA YpO PAH (npotokon N 12
ot 15.02.2022).

Cornacue Ha ny6nukaumio. Bce y4acTHWKM uccnefoBaHWs 406poBOSbHO
noanucany hopmy MHGOPMMPOBAHHOMO COrnackst 10 BKIIOYEHUS B UCCre-
[L0BaHve.

WUcTtounukm dunancuposanma. OtcyTcTBYiOT.

PackpbiThe nHTepecoB. ABTopbI 3as1BNAIOT 00 OTCYTCTBUM OTHOLLEHWH, fe-
ATENBHOCTY W MHTEPECoB 3a MOC/efHWE TPU rOfia, CBA3AHHBIX C TPETHIMM
JmLaMK (KOMMEPYECKUMI U HEKOMMEPYECKVMM), UHTEPECH! KOTOPLIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHWEM CTaTbU.

OpuruHanbHocTb. [1py co3AaHUM HaCcTosILLE paboTbl aBTOPbI He UCMOMb-
30Ban paHee 0nybMKOBaHHbIE CBEAEHWSA (TEKCT, MINIOCTPaLMK, iaHHbIe).
JocTyn K AaHHBIM. PefjaKLMOHHAs NOSUTMKA B OTHOLLEHUM COBMECTHOMO
MCMONb30BaHUs AaHHbIX K HacTosLLeN paboTe He MpUMeHWUMA, HoBble AaH-
Hble He cobupany 1 He co3aaBany.

leHepaTMBHbIW UCKYCCTBEHHbIN MHTENNEKT. [Tpy Co3AaHUM HacTosALLeN
CTaTbM TEXHONOM MM FEHEPATUBHOTO UCKYCCTBEHHOMO UHTENNEKTA HE UCMOfb-
30Bam.

PaccMoTtpenue u peueHsupoBaHue. HacTosilias pabota nofaHa B xyp-
Han B MHULMATMBHOM MOPSIIKE M PacCMOTPEHa Mo 0BbIYHOM npoLesype.
B peLieH3MpoBaHWM y4acTBOBaNM [1Ba BHELLHMX PeLieH3eHTa, YieH peflaK-
LIVOHHOWM KOMMIErnW W HayuHbI pefaKTop U3faHus.
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