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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 
ω-6 linoleic (21.4%) and arachidonic (51.5%) acids, as well as ω-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 ω-3 (alpha-
linolenic, eicosapentaenoic, docosahexaenoic) and ω-6 (linoleic, arachidonic) polyunsaturated fatty acids.
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АННОТАЦИЯ
Обоснование. В ранних физиолого-биохимических исследованиях представлены данные об относительно благопри-
ятных профилях липидного обмена в отношении протекции факторам риска развития патологии сердечно-сосудистой 
системы. Однако в последние десятилетия у части практически здоровых северян стали выявляться изменения ли-
пидного профиля крови атерогенной направленности. Расширенный спектр параметров липидного обмена включает 
изучение аполипопротеинов и свободных жирных кислот. Возникает необходимость углублённого изучения липидного 
обмена у лиц без клинических признаков его нарушений, проживающих в Арктической зоне, для ранней диагностики, 
коррекции и профилактики патологии сердечно-сосудистой системы.
Цель. Обоснование выделения совокупности маркеров изменения липидного обмена у практически здорового корен-
ного мужского населения Арктического региона.
Материалы и методы. Проведено обследование 112 практически здоровых мужчин, постоянно проживающих в Ар-
хангельской области. В сыворотке крови определяли содержание общего холестерина, липопротеинов высокой, низ-
кой и очень низкой плотности, триглицеридов, коэффициент атерогенности, концентрацию насыщенных, мононенасы-
щенных и полиненасыщенных жирных кислот, соотношение аполипопротеинов А и В.
Результаты. Установлено, что при невыходящем за пределы референсных значений содержании общего холестери-
на, липопротеинов высокой, низкой и очень низкой плотности, триглицеридов, коэффициента атерогенности у практи-
чески здоровых жителей Арктического региона имеется высокое содержание липопротеинов очень низкой плотности 
(19,8% обследуемых), триглицеридов (17,2%), коэффициента атерогенности (52,1%); содержание аполипопротеинов А 
ниже референсных значений, но выше аполипопротеинов В (39,1%), соотношение аполипопротеинов А и В было вы-
соким (51,2 %). Отмечается высокое содержание пальмитиновой (12,5%), стеариновой (10,7%) насыщенных жирных 
кислот. Напротив, значения ниже медианы отмечены в содержании ω-6 линолевой (21,4%), арахидоновой (51,5%), 
ω-3 линоленовой (51,8%), эйкозопентаеновой (40,8%), докозагексаеновой (48,3%) полиненасыщенных жирных кислот. 
Установлены взаимосвязи средней силы между триглицеридами и насыщенными жирными кислотами, но более сла-
бые с полиненасыщенными жирными кислотами.
Заключение. Маркерами скрытых нарушений липидного обмена у жителей Арктического региона являются относи-
тельно низкое содержание аполипопротеинов А, но более высокое соотношение аполипопротеинов В и А, а также 
низкое содержание ω-3 линоленовой, эйкозопентаеновой, докозагексаеновой и ω-6 линолевой, арахидоновой по-
линенасыщенных жирных кислот.
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摘要摘要

论证。论证。早期的生理-生化研究提供了有关脂质代谢相对有利特征的数据，这些特征与对心血

管疾病风险因素的保护作用相关。然而，近几十年来，部分临床健康的北方居民已被发现存

在动脉粥样硬化倾向的血脂谱改变。脂质代谢参数谱的拓展应包括对载脂蛋白和游离脂肪酸

的检测。因此，有必要对居住在北极地区、无临床脂质代谢紊乱表现的人群进行深入研究，

以实现心血管系统疾病的早期诊断、干预和预防。

目的。目的。论证在北极地区临床健康的原住男性人群中划定脂质代谢变化标志物组合的合理性。

材料与方法。研究对象为112名常住Arkhangelsk州、临床表现健康的男性。检测其血清中的

总胆固醇、高密度、低密度和极低密度脂蛋白、甘油三酯、动脉粥样硬化指数，以及饱和、

单不饱和和多不饱和脂肪酸的含量，并评估载脂蛋白A与B的比值。

结果。结果。在大多数总胆固醇、高密度、低密度及极低密度脂蛋白、甘油三酯和

动脉粥样硬化指数等指标未超出参考范围的背景下，部分北极地区临床健康

受试者仍表现出极低密度脂蛋白偏高（1 9 . 8 %）、甘油三酯偏高（1 7 . 2 %）、

动脉粥样硬化指数升高（52.1%）；载脂蛋白A 水平低于参考值，而载脂蛋白

B 水平较高（39.1%），A/B 比值较高（51.2%）。此外，棕榈酸（12.5%） 

和硬脂酸（10.7%）等饱和脂肪酸水平较高。而ω-6亚油酸（21.4%）、花生四烯酸（51.5%）、 

ω-3亚麻酸（51 . 8 %）、二十碳五烯酸（40. 8 %）、二十二碳六烯酸（48. 3 %） 

等多不饱和脂肪酸水平则普遍偏低。甘油三酯与饱和脂肪酸呈中等强度相关，与多不饱和脂

肪酸的相关性相对较弱。

结论。结论。北极地区居民潜在脂质代谢异常的标志物包括：载脂蛋白A含量相对较低、载脂蛋白B

与A的比值较高，以及ω-3系列（α-亚麻酸、二十碳五烯酸、二十二碳六烯酸）和ω-6系列

（亚油酸、花生四烯酸）多不饱和脂肪酸含量较低。

关键词：关键词：脂质代谢；载脂蛋白；游离脂肪酸；俄罗斯北极地区。
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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 eva luation 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 

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 mechanisms, 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 (AС) was determined using Klimov’s formula [10]: 
AС=(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.

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ



DOI: https://doi.org/10.17816/humeco643368

823
Ekologiya cheloveka (Human Ecology)Vol. 31 (11) 2024

The content of SFAs, monounsaturated fatty acids  
(MUFAs), and PUFAs, including ω-3 and ω-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, 60×0.25×0.15 mm) in 
programmed temperature mode with nitrogen as the carrier 
gas. Fatty acids were identified using standard mixes Supelco 
37 FAME C4–C24 (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 

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 (C18:1ω9) 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 ω-3 and ω-6 families were 
assessed (Table 4). No reduction in the mean level of lin-
oleic acid (C18:2ω6), a representative of ω-6 PUFAs, was 
observed; however, its concentration was below the median 
in 21.4% of cases. A low level of arachidonic acid (C20:4ω6), 
15.2% below the reference values, was observed; values be-
low the median were identified in 51.5% of participants.

The level of α-linolenic acid (C18:3ω3), a representative 
of ω-3 PUFAs, was within reference values, although values 
below the median were found in 51.8% of participants. The 
levels of eicosapentaenoic acid (C20:5ω3) and docosahex-
aenoic acid (C22:6ω3) did not differ significantly from the 
reference values; however, concentrations below the medi-
an were observed for eicosapentaenoic acid (C20:5ω3) and 
docosahexaenoic acid (C22:6ω3) 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

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

Total cholesterol, mmol/L 2.99–6.09 4.74 (4.22; 5.62)

Very-low-density lipoproteins, mmol/L 0.16–0.46 0.28 (0.16; 0.46)

Low-density lipoproteins, mmol/L 3–7 4.24 (3.13; 5.95)

High-density lipoproteins, mmol/L 0.85–1.94 1.19 (0.98; 1.36)

Atherogenic index up to 3.0 3.10 (2.07; 4.40)

Triglycerides, mmol/L 0.8–2.3 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 (C18:1ω9; 
r=0.647; p <0.001); ω-6 PUFAs: linoleic acid (C18:2ω6; 
r=0.425; p <0.001), γ-linolenic acid (C18:3ω6; r=0.495; 
p <0.001), dihomo-γ-linolenic acid (C20:3ω6; r=0.348; 
p=0.001), arachidonic acid (C20:4ω6; r=0.208; p=0.042); 
ω-3 PUFAs: α-linolenic acid (C18:3ω3; r=0.484; p <0.001), 
eicosatrienoic acid (C20:3ω3; r=0.352; p=0.005), docosahex-
aenoic acid (C22:6ω3; r=0.245; p=0.005). Correlations were 
established between ω-6 PUFAs: linoleic acid (C18:2ω6) and 
γ-linolenic acid (C18:3ω6; r=0.724; p=0.001); γ-linolenic acid 
(С18:3ω6) and dihomo-γ-linolenic acid (C20:3ω6; r=0.470; 
p < 0.001); and dihomo-γ-linolenic acid (С20:3ω6) and ara-
chidonic acid (C20:4ω6; r=0.726; p=0.001).

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

Correlations were identified between α-linolenic acid 
(C18:3ω3) and eicosatrienoic acid (C20:3ω3; r=0.435; p=0.01); 
eicosapentaenoic acid (C20:5ω3; r=0.501; p <0.001) and do-
cosahexaenoic acid (C22:6ω3; r=0.496; p=0.001). This chain 
lacks an intermediate link: the conversion of eicosatrienoic 
acid (C20:3ω3) to eicosapentaenoic acid (C20:5ω3; 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 

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 ω-3 PUFAs 
(eicosapentaenoic and docosahexaenoic acids), along with 
decreased levels of ω-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 (C18:1ω9). 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 3. Levels of saturated and monounsaturated fatty acids in apparently healthy residents of the Arctic region, µg/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 4.92 (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 ω9 Oleic 137.40–660.50 246.92 (195.56; 395.96)

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

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

Apolipoprotein А, mg/dL 122–161 84.90 (76.08; 97.12)

Apolipoprotein B, mg/dL 69–105 90.49 (72.85; 120.42)

Apolipoprotein B to A ratio up to 1.0 1.09 (0.93; 1.35)
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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 ω-3 and ω-6 PUFAs. In 
21.4% of cases, low levels of ω-6 linoleic acid were detected; 
the level of ω-6 arachidonic acid was below the median in 
51.5% of participants. Low levels (below the median) of ω-3 
PUFAs (α-linolenic, eicosapentaenoic, and docosahexaenoic 
acids) were observed in 40%–50% of the individuals.

ω-6 linoleic acid (C18:2ω6c) and ω-3 α-linolenic acid 
(C18:3ω3) are essential fatty acids. Some authors also con-
sider arachidonic acid (C20:4ω6) 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 ω-3 family includes α-linolenic acid (C18:3ω3), 
eicosapentaenoic acid (C20:5ω3), and docosahexaenoic acid 
(C22:6ω3), 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, 

MUFAs, and PUFAs, which may indicate the incorporation of 
fatty acids into TGs. Correlations were also identified among 
ω-6 and ω-3 PUFAs: in particular, associations between lin-
oleic acid and γ-linolenic, dihomo-γ-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 ω-6 linoleic acid via its intermedi-
ate conversion to γ-linolenic acid, then to dihomo-γ-linolenic 
acid, and subsequently to arachidonic acid.

We identified correlations between the ω-3 PUFA α-lin-
olenic acid (C18:3ω3) and eicosatrienoic acid (C20:3ω3); 
however, no correlation was found between eicosatrienoic 
acid (C20:3ω3) and eicosapentaenoic acid (C20:5ω3). Only 
correlations between eicosapentaenoic acid (C20:5ω3) and 
docosahexaenoic acid (C22:6ω3) were observed. This may 
indicate a disruption in the conversion of eicosatrienoic acid 
(C20:3ω3) to eicosapentaenoic acid (C20:5ω3). The synthe-
sis of both ω-6 and ω-3 PUFAs involves the same enzymes 
(elongase and desaturase), participating competitively in the 
synthesis of ω-6 and ω-3 PUFAs [22]. It is possible that these 
enzymes are preferentially utilized for ω-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 

Table 4. Levels of polyunsaturated fatty acids in apparently healthy residents of the Arctic region, µg/ml

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

C18:2 ω6 Linoleic 201.50–1500.25 581.53 (369.82; 716.41)

C18:3 ω6 γ-Linolenic 0.23–25.50 4.13 (2.67; 5.65)

C20:3 ω6 Dihomo-γ-linolenic 3.53–33.86 13.47 (9.04; 20.26)

C20:4 ω6 Arachidonic 85.24–160.97 73.70 (42.22; 107.12)

C18:3 ω3 α-Linolenic 0.25–11.02 4.09 (2.11; 5.70)

C20:3 ω3 Eicosatrienoic 0.25–4.50 0.60 (0. 30; 1.32)

C20:5 ω3 Eicosapentaenoic 2.25–80.50 8.93 (3.81; 19.72)

C22:6 ω3 Docosahexaenoic 5.50–110.20 33.00 (11.94; 60.55)
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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 ω-6 PUFAs, particularly linoleic and arachidonic acids, and 
ω-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 ω-3 (eicosapentaenoic and docosahexaenoic) and 
ω-6 (linoleic and arachidonic) PUFAs.

ADDITIONAL INFORMATION
Author сontributions: N.V. Solovieva: conceptualization; V.A. Solovyeva, 
U.G. Guseynova: investigation; V.A. Solovyeva, F.A. Bichkaeva: clinical data 
collection and processing, database development; A.G. Soloviev:  formal 
analysis, writing—review & editing. All authors confirm that their authorship 
meets the ICMJE criteria (all authors made substantial contributions to the 
conceptualization, investigation, and manuscript preparation, and reviewed 
and approved the final version prior to publication).
Ethics approval: The study was approved by the Local Ethics Committee of 
the Federal State Budgetary Institution of Federal Center for Integrated Arctic 
Research of the Ural Branch of the Russian Academy of Sciences, Protocol 
No. 12 dated February 15, 2022.
Consent for publication: All participants provided written informed 
consent prior to inclusion in the study.
Funding sources: No funding.
Disclosure of interests: The authors have no relationships, activities, or 
interests for the last three years related to for-profit or not-for-profit third 
parties whose interests may be affected by the content of the article.

Statement of originality: No previously published material (text, images, 
or data) was used in this work.
Data availability statement: The editorial policy regarding data sharing 
does not apply to this work, as no new data was collected or created.
Generative AI: No generative artificial intelligence technologies were used 
to prepare this article.
Provenance and peer review: This paper was submitted unsolicited 
and reviewed following the standard procedure. The peer review process 
involved two external reviewers, a member of the editorial board, and the 
in-house scientific editor. 

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Вклад авторов. Н.В. Соловьёва — разработка концепции; В.А.  Со-
ловьёва, У.Г. Гусейнова — проведение исследования; В.А. Соловьёва, 
Ф.А. Бичкаева — сбор и обработка клинического материала, форми-
рование базы данных; А.Г. Соловьёв — анализ данных, редактиро-
вание текста статьи. Все авторы подтверждают соответствие своего 
авторства международным критериям ICMJE (все авторы внесли суще-
ственный вклад в разработку концепции, проведения исследования 
и подготовку статьи, прочли и одобрили финальную версию перед пу-
бликацией).
Этическая экспертиза. Проведение исследования одобрено локаль-
ным этическим комитетом ФГБУН ФИЦКИА УрО РАН (протокол № 12 
от 15.02.2022).
Согласие на публикацию. Все участники исследования добровольно 
подписали форму информированного согласия до включения в иссле-
дование.
Источники финансирования. Отсутствуют.
Раскрытие интересов. Авторы заявляют об отсутствии отношений, де-
ятельности и интересов за последние три года, связанных с третьими 
лицами (коммерческими и некоммерческими), интересы которых могут 
быть затронуты содержанием статьи.
Оригинальность. При создании настоящей работы авторы не исполь-
зовали ранее опубликованные сведения (текст, иллюстрации, данные).
Доступ к данным. Редакционная политика в отношении совместного 
использования данных к настоящей работе не применима, новые дан-
ные не собирали и не создавали.
Генеративный искусственный интеллект. При создании настоящей 
статьи технологии генеративного искусственного интеллекта не исполь-
зовали.
Рассмотрение и рецензирование. Настоящая работа подана в жур-
нал в инициативном порядке и рассмотрена по обычной процедуре. 
В рецензировании участвовали два внешних рецензента, член редак-
ционной коллегии и научный редактор издания.

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ



DOI: https://doi.org/10.17816/humeco643368

827
Ekologiya cheloveka (Human Ecology)Vol. 31 (11) 2024

СПИСОК ЛИТЕРАТУРЫ | REFERENCES
1. Aghajanyan NA, Zhvavy NF, Ananyev VN. Human adaptation to the 

conditions of the Far North. Ecological and physiological mechanisms. 
Moscow: KRUK; 1998. 240 p. (In Russ.)

2. Panin LE. Fundamental problems of the circumpolar and the Arctic 
medicine. The Bulletin of Siberian Branch of Russian Academy of 
Medical Sciences 2013;33(6):5–10. EDN: RSAUVD

3. Solovieva NV, Leuhter SN, Solovyeva VA Alcohol-associated lipid 
metabolism disorders Clinical Laboratory Diagnostics. 2022;67(12):705–
709. doi: 10.51620/0869-2084-2022-67-12-705-709 EDN: OTPMIY

4. Artemenkov AA. Plasma dyslipidemia: pathogenesis and diagnostic 
value. Literature review. Perm Medical Journal 2023;40(1):78–93.
doi: 10.17816/pmj40178-93 EDN: IYNHUI

5. Burakova LN, Nikolenko MV, Shkolnikova MN. Influence of the nutrition 
factor on the development of the metabolic syndrome. Polzunovskiy 
Vestnik. 2024;(3):82–89. doi: 10.25712/ASTU.2072-8921.2024.03.012 
EDN: GBSFAU

6. Yakovlev-Malykh NN, Borisenko TD, Kamyshnikov VS. Evaluation of the 
prognostic significance of the ratio of APO-B/APO-A-I in the stratification 
of the risk of acute forms of coronary heart disease. Cardiology in 
Belarus 2022;14(2):187–198. doi: 10.34883/PI.2022.14.2.004 
EDN: VZJAPG

7. Tarasov AV, Kochetov AG, Galyautdinov DMet al. The balance of fatty 
acids in the blood and plaques in patients with carotid atherosclerosis. 
Journal of Atherosclerosis and Dyslipidemias.2024;(1):52–62. 
doi: 10.34687/2219-8202.JAD.2024.01.0007 EDN: EWMRRU

8. Zhurba OM, Merinov AV, Alekseenko AN, Kudaeva IV. Spectrum of 
esterified fatty acids of the Omega-3 and Omega-6 in the blood of persons 
with vibration pathology. Hygiene and Sanitation. 2021;100(12):1430–
1435. doi: 10.47470/0016-9900-2021-100-12-1430-1435 EDN: ULEEGU

9. Gutsol LO, Egorova IE, Korshunova EY. Mechanisms of formation of high 
density lipoprotein dysfunction (message 1). Transbaikalian Medical 
Bulletin. 2019;(3):72–81. doi: 10.52485/19986173_2019_3_72 
EDN: NCUKFP

10. Klimov AN, Nikulicheva NG. Lipid and lipoprotein metabolism and its 
violation: a guide for doctors. St. Petersburg: Peter Com; 1999. 365 р. 
(In Russ.) ISBN: 5-88782-134-5

11. Patent RUS No 2758932 C1 / 03.11.2023. Bichkaeva FA, Baranova NF, 
Vlasova OS, et al. Method of measuring the mass concentration 
of methyl esters of fatty acids in biological media by gas-liquid 
chromatography. Available from: https://patentimages.storage.
googleapis.com/70/6f/5d/987f9d0c2ab522/RU2758932C1.pdf EDN: 
SBAVXA

12. World Medical Association. World Medical Association Declaration 
of Helsinki: ethical principles for medical research involving 
human subjects. JAMA. 2013;310(20):2191–2194. doi:  10.1001/
jama.2013.281053

13. Magruk MA, Mosikyan AA, Babenko AYu. Biomarkers associated with 
atherogenesis: current status and promising areas. Russian Journal of 
Cardiology. 2019;24(12):148–152
doi: 10.15829/1560-4071-2019-12-148-152 EDN: PBYHYJ

14. Shikh EV, Makhova AA. Long-chain ω-3 polyunsaturated fatty acids 
in the prevention of diseases in adults and children: a view of the 
clinical pharmacologist. Problems of Nutrition. 2019;88(2):91–100. 
doi: 10.24411/0042-8833-2019-10022 EDN: IMYVVZ

15. Pashinskaya KO, Samodova AV, Dobrodeeva LK. The effect of the content 
of APOA-I in peripheral blood on the state of immune homeostasis 
in people living in extreme climatic conditions of the Arctic.Clinical 
Laboratory Diagnostics. 2021;66(9):539–545. 
doi: 10.51620/0869-2084-2021-66-9-539-545 EDN: IXNUPA

16. Kachkovsky MA, Vvedenskaya IP, Vvedensky VYu, et al. Ersonified 
diagnostic and correction dyslipidemia approach by profiling of 
apolipoproteins.  Bulletin of the Medical Institute 'REAVIZ: Rehabilitation, 
Doctor, and Health'. 2020;(4):88–104. doi: 10.20340/vmi-rvz.2020.4.11 
EDN: KDOOWO

17. Van Dael P. Role of ω-3 long-chain polyunsaturated fatty acids in human 
nutrition and health: review of recent studies and recommendations. 
Nutr Res Pract. 2021;15(2):137–159.doi: 10.4162/nrp.2021.15.2.137

18. Boyko ER, Kaneva AM. Indices of lipid metabolism for the early 
diagnosis of cardiovascular disease in residents of the North. Yakut 
Medical Journal. 2019;(3):96–101. doi:  10.25789/YMJ.2019.67.27 EDN: 
CFSVKY

19. Lyudinina AYu, Garnov IO, Boyko ER. Essential fatty acids in diet and 
their role in improving physical performance of ski racers Ekologiya 
cheloveka (Human Ecology). 2021;28(9):27–33. 
doi: 10.33396/1728-0869-2021-9-27-33 EDN: WBZZTC

20. Galstyan DS, Bichkaeva FA, Baranova NF. Concentrations of 
polyunsaturated fatty acids by body mass index among Arctic residents. 
Ekologiya cheloveka (Human Ecology). 2020;27(9):4–10. 
doi: 10.33396/1728-0869-2020-9-4-10 EDN: REQEPA

21. Drapkina OM, Shepel RN. Omega-3 fatty acids and age-related diseases: 
realities and prospects.Rational Pharmacotherapy in Cardiology 
2015;11(3):309–316. EDN: TYQOGF

22. Berezhnaya IV, Simakova MA, Simakova MA, Sgibneva AI. 
Polyunsaturated fatty acids: omega-3 and omega-6 and nonalcoholic 
fatty liver disease. Pediatrics. Consilium Medicum. 2021;(4):335–340.  
doi: 10.26442/26586630.2021.4.201348 EDN: TJCFBG

23. Bitchkayeva FA, Kokoyev TI,Djyoyeva TzG, et al. The content of 
apolipoproteins in blood M and parameters of lipid metabolism in 
population of north polar regions and southern regions of caucasus. 
Clinical Laboratory Diagnostics. 2013;(1):25–27. EDN: PVFHMT

24. Krivoshapkina ZN, Mironova GE,Semyonova EI, Olesova LD. Biochemical 
spectrum of blood serum as indicator of Yakutia residents adaptedness 
to northern conditions. Ekologiya cheloveka (Human Ecology). 
2015;22(11):19–24. EDN: UYFTNX

25. Shajmardanov AR, Litovchenko OG. Comparative analysis of the severity 
of oxidative stress in the indigenous and non-indigenous population of 
the Yamalo-Nenets autonomous okrug. Modern Issues of Biomedicine 
2023;7(4):23. doi: 10.51871/2588-0500_2023_07_04_23 
EDN: PHZZAM

ORIGINAL STUDY ARTICLE

https://elibrary.ru/rsauvd
https://doi.org/10.51620/0869-2084-2022-67-12-705-709
https://elibrary.ru/otpmiy
https://doi.org/10.17816/pmj40178-93
https://elibrary.ru/iynhui
https://doi.org/10.25712/ASTU.2072-8921.2024.03.012
https://elibrary.ru/gbsfau
https://doi.org/10.34883/PI.2022.14.2.004
https://elibrary.ru/vzjapg
https://doi.org/10.34687/2219-8202.JAD.2024.01.0007
https://elibrary.ru/ewmrru
https://doi.org/10.47470/0016-9900-2021-100-12-1430-1435
https://elibrary.ru/uleegu
https://doi.org/10.52485/19986173_2019_3_72
https://elibrary.ru/ncukfp
https://patentimages.storage.googleapis.com/70/6f/5d/987f9d0c2ab522/RU2758932C1.pdf
https://patentimages.storage.googleapis.com/70/6f/5d/987f9d0c2ab522/RU2758932C1.pdf
https://elibrary.ru/sbavxa
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.15829/1560-4071-2019-12-148-152
https://elibrary.ru/pbyhyj
https://doi.org/10.24411/0042-8833-2019-10022
https://elibrary.ru/imyvvz
https://doi.org/10.51620/0869-2084-2021-66-9-539-545
https://elibrary.ru/ixnupa
https://doi.org/10.20340/vmi-rvz.2020.4.11
https://elibrary.ru/kdoowo
https://doi.org/10.4162/nrp.2021.15.2.137
https://doi.org/10.25789/YMJ.2019.67.27
https://elibrary.ru/cfsvky
https://doi.org/10.33396/1728-0869-2021-9-27-33
https://elibrary.ru/wbzztc
https://doi.org/10.33396/1728-0869-2020-9-4-10
https://elibrary.ru/reqepa
https://elibrary.ru/tyqogf
https://doi.org/10.26442/26586630.2021.4.201348
https://elibrary.ru/tjcfbg
https://elibrary.ru/pvfhmt
https://elibrary.ru/uyftnx
https://doi.org/10.51871/2588-0500_2023_07_04_23
https://elibrary.ru/phzzam


DOI: https://doi.org/10.17816/humeco643368

828
Экология человекаТ. 31, № 11, 2024

АUTHORS’ INFO ОБ АВТОРАХ
* Veronika A. Solovyeva, Assistant Lecturer;  
address: 51 Troitsky ave, Arkhangelsk, Russia, 163069; 
ORCID: 0000-0002-2954-8040; 
eLibrary SPIN: 4724-9603; 
e-mail: taurus221@yandex.ru

* Соловьёва Вероника Андреевна, ассистент; 
адрес: Россия, 163069, Архангельск, Троицкий пр-кт, д. 51; 
ORCID: 0000-0002-2954-8040; 
eLibrary SPIN: 4724-9603; 
e-mail: taurus221@yandex.ru

Ulker G. Guseynova; 
ORCID: 0000-0002-6932-0446; 
eLibrary SPIN: 2469-9034; 
e-mail: ulkerguseynova97@mail.ru

Гусейнова Улькер Габил кызы; 
ORCID: 0000-0002-6932-0446; 
eLibrary SPIN: 2469-9034; 
e-mail: ulkerguseynova97@mail.ru

Natalia V. Solovieva, MD, Dr. Sci. (Medicine), Associatе Professor; 
ORCID: 0000-0002-0664-4224; 
eLibrary SPIN: 2263-8904; 
e-mail: patophiz@yandex.ru

Соловьёва Наталия Владиславовна, д-р мед. наук, доцент; 
ORCID: 0000-0002-0664-4224; 
eLibrary SPIN: 2263-8904; 
e-mail: patophiz@yandex.ru

Fatima А. Bichkaeva, Dr. Sci. (Biology); 
ORCID: 0000-0001-8507-1489; 
eLibrary SPIN: 3562-3921; 
e-mail: fatima@fciarctic.ru

Бичкаева Фатима Артемовна, д-р биол. наук; 
ORCID: 0000-0001-8507-1489; 
eLibrary SPIN: 3562-3921; 
e-mail: fatima@fciarctic.ru

Andrey G. Soloviev, MD, Dr. Sci. (Medicine), Professor; 
ORCID: 0000-0002-0350-1359; 
eLibrary SPIN: 2952-0619; 
e-mail: asoloviev1@yandex.ru

Соловьёв Андрей Горгоньевич, д-р мед. наук, профессор; 
ORCID: 0000-0002-0350-1359; 
eLibrary SPIN: 2952-0619; 
e-mail: asoloviev1@yandex.ru

* Corresponding author / Автор, ответственный за переписку

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ

https://orcid.org/0000-0002-2954-8040
https://www.elibrary.ru/author_profile.asp?spin=4724-9603
mailto:taurus221@yandex.ru
https://orcid.org/0000-0002-2954-8040
https://www.elibrary.ru/author_profile.asp?spin=4724-9603
mailto:taurus221@yandex.ru
https://orcid.org/0000-0002-6932-0446
https://www.elibrary.ru/author_profile.asp?spin=2469-9034
mailto:ulkerguseynova97@mail.ru
https://orcid.org/0000-0002-6932-0446
https://www.elibrary.ru/author_profile.asp?spin=2469-9034
mailto:ulkerguseynova97@mail.ru
https://orcid.org/0000-0002-0664-4224
https://www.elibrary.ru/author_profile.asp?spin=2263-8904
mailto:patophiz@yandex.ru
https://orcid.org/0000-0002-0664-4224
https://www.elibrary.ru/author_profile.asp?spin=2263-8904
mailto:patophiz@yandex.ru
https://orcid.org/0000-0001-8507-1489
https://www.elibrary.ru/author_profile.asp?spin=3562-3921
mailto:fatima@fciarctic.ru
https://orcid.org/0000-0001-8507-1489
https://www.elibrary.ru/author_profile.asp?spin=3562-3921
mailto:fatima@fciarctic.ru
http://orcid.org/0000-0002-0350-1359
https://www.elibrary.ru/author_profile.asp?spin=2952-0619
mailto:asoloviev1@yandex.ru
http://orcid.org/0000-0002-0350-1359
https://www.elibrary.ru/author_profile.asp?spin=2952-0619
mailto:asoloviev1@yandex.ru

