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Abstract
Introduction: Metabolic adaptations can differ significantly among
Arctic residents with different ethnicities, lifestyles and adherences
to traditional diets. The objective of this study was to examine the
status of saturated fatty acids (SFAs) and triglycerides and the
variability of BMI among Russian Arctic residents according to
ethnicity and lifestyle.
Methods: The study involved adult females and males living in the
territories of the Russian Arctic. The participants were divided into
three groups: Indigenous reindeer herders leading a nomadic
lifestyle (NIP), Indigenous people leading a sedentary lifestyle (SIP)
and the Caucasian population (CP). The content of SFAs (C6–C24)
and metabolic characteristics was determined using gas
chromatographic and spectrophotometric methods. The study also
included a quantitative comparison of the consumption of certain
categories of food products. To analyze data, we used the
descriptive analyses by non-parametric methods, as well as
multiple linear regression analysis.
Results: The study found that the Caucasian females had higher
triglyceride levels (p<0.001), higher total content of long-chain
SFAs (LCSFAs) (C13–C18) (p=0.002) and that the SIP females had
reduced content of very-long-chain fatty acids (C20–C24)
(p=0.039). These changes were not statistically significant for the
males, partly due to the almost identical levels of triglycerides
C16:0 and C18:0 in the NIP and the CP. The content of medium-

chain SFAs (MCSFAs) (C6–C12) was higher in the SIP (p<0.001 for
females; p=0.002 for males). The Indigenous males tended to have
a lower BMI compared to the Caucasian males, resulting in a lower
prevalence of overweight or obesity: 49.3% in the NIP (p=0.006)
and 57.4% in the SIP versus 69.3% in the CP. In female participants,
these frequencies did not differ, being 64%, 65.4% and 66%
respectively. The NIP and SIP groups had higher consumption of
traditional foods, carbohydrate-rich foods, meat products and
vegetable oils, the latter of which was positively associated with
SFA content.
Conclusion: The study revealed the dependence of the studied
parameters of lipid metabolism on ethnicity (Indigenous v
Caucasian) and lifestyle (nomadic v sedentary). The population
metabolic variability was expressed as the increase in the levels of
LCSFAs and triglycerides in the CP, reflecting, most likely, an
imbalance in the processes of their accumulation and consumption
with a predominantly western type of nutrition. Indigenous
populations, despite changes in diet towards an increased
consumption of carbohydrate-rich products, have preserved an
adaptive metabolism with the predominant use of lipids as energy
resources. Higher levels of MCSFAs in the SIP, who are less
adherent to a traditional diet compared to the NIP, may be
compensatory, with a growing role of such fatty acids in energy
consumption and thermogenesis.

Keywords
Arctic residents, BMI, Nenets, nomadic lifestyle, reindeer herders, saturated fatty acids, traditional diet, triglycerides.

Introduction
Research by Russian scientists, dating back to the 1970s,
established that living in the harsh and extreme conditions of the
North and the Arctic created the so-called ‘northern’ type of
metabolism, characterized by increased protein–lipid metabolism
and minimization of carbohydrate metabolism . They suggested
this was associated with a different energy supply for which lipid
energy carriers become more important. In addition, an
economical and optimal tissue homeostasis, as well as adaptability
at the level of the whole organism, created an optimal lipid profile
in the Indigenous population living in the North for thousands of
years . The typical lipid spectrum in this case featured a low
triglycerides level, while the values of free fatty acids could exceed
the upper boundaries of the norm . The Indigenous population
tended to have increased fatty acid blood levels, primarily the
levels of omega-3 polyunsaturated fatty acids .

The diet of Arctic residents has been of great importance. The
northern type of metabolism, combined with a specific endocrine
background, predetermines the protein–lipid type of diet,
characterized by an increased proportion of proteins and lipids
and a decreased proportion of carbohydrates . The Indigenous
Peoples achieve this by including many traditional foods in their
diet: sea and river fish, meat and fat of terrestrial and marine
mammals, berries and plants .

In the Caucasian population (CP) of the North, metabolic
manifestations of adaptation may differ. Numerous studies of lipid
metabolism indicate an increase in the content of total cholesterol
and atherogenic lipid fractions in migrant populations compared

with Indigenous Peoples . However, few studies have
compared the range of fatty acids in these populations on the
territory of the Russian Federation.

The Indigenous Peoples of the Arctic have traditionally been
nomadic hunter-gatherers, well adapted to a traditional diet rich in
animal products and traditional methods of cooking and
consuming food. At the same time, hunting, fishing, nomadic
herding, and methods of gathering and processing food have
provided the necessary physical activity . These populations are
now experiencing acculturation to the values and practices of
western communities and the wage economy. As a result of
commercialization and urbanization, purchased food has become
much more affordable. Also, access to traditional products is
decreasing due to climate change (e.g. changes in the habitats of
local fauna and flora, migration routes of animals, and reduction of
their populations) and environmental pollution . Food
availability is also affected by the low socioeconomic status of the
population and the high cost of transportation to hard-to-reach
areas. Physical activity levels among Indigenous Peoples are also
declining due to reduced participation in traditional activities and
the use of motorized vehicles . As a result, there is a shift from
traditional diets and lifestyles to energy-intensive and less
nutritious purchased foods and sedentary and mechanized
lifestyles, which are associated with increases in obesity and non-
communicable diseases (e.g. cardiovascular disease and type 2
diabetes) . Thus, most Arctic communities have experienced
varying degrees of dietary and lifestyle changes in recent decades.
To some extent, this also applies to members of the CP, since they
sometimes use local food sources and follow the dietary traditions
of the Indigenous Peoples.
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Therefore, the objective of this study was to investigate the status
of lipid metabolism (serum triglycerides and SFAs), and the
variability of BMI in Russian Arctic residents depending on their
ethnicity and lifestyle.

Methods
Design and participants
An observational, cross-sectional, uncontrolled study was
conducted on females and males aged 22 to 60 years living in the
Arctic zone of the Russian Federation during expeditions carried
out from 2009 to 2018. The total number of the participants was
1086 (773 females and 313 males). The median age of the
participants was 44 years (25th and 75th percentiles 35 and
52 years, respectively). The subjects were randomly selected after a
medical examination and a survey. The exclusion criteria were a
history of diabetes mellitus and/or acute somatic diseases, and
exacerbations of chronic diseases at the time of the study. All the
participants signed an informed consent.

The medical examination included anthropometric measurements
and taking venous blood. The blood was centrifuged to separate
the serum, which was frozen until laboratory tests were conducted.

Residence
The study participants lived in the territories included in the Arctic
zone of the Russian Federation by the Decree of the President of
the Russian Federation dated 2 May 2014: Mezensky Municipal
District of Arkhangelsk Oblast, the Nenets Autonomous Okrug and
the Yamalo-Nenets Autonomous Okrug. The participants were
divided into three groups depending on their ethnicity and
lifestyle. The first group was nomadic Indigenous people (NIP)
engaged in a traditional activity, nomadic reindeer herding. The
second group included the so-called ‘settled’ Indigenous people
(SIP), who permanently resided in settlements. The third group was
the CP, primarily ethnically Russian (over 90% of those surveyed).
The nomadic lifestyle of reindeer herders implies higher physical
activity compared to people residing in settlements. In terms of
their ethnicity, the Indigenous populations were predominantly
Nenets, as well as Komi. The Nenets are a Samoyed people of the
Russian Federation inhabiting the Eurasian coast of the Arctic
Ocean from the Kola Peninsula to the Taimyr Peninsula. Of the
Indigenous Peoples of the North, Siberia and Far East (a population
less than 50,000 people) the Nenets population is the largest . We
used the survey data to define the ethnicity. For all three groups,
the results of the study are given separately for females and males.

Dietary pattern scoring
Dietary analysis was conducted for the preceding 12-month period
using a frequency and questionnaire-based method . The
frequency of consumption was understood as a number of daily
intakes. Portion size questions were asked separately for fish and
meat dishes. For the rest of the products, standard serving sizes
were determined according to the Food portion and dish album .
Daily food intake (g/day) was calculated by multiplying the
frequency of consumption by the corresponding serving size.

Fatty dairy products included butter, margarine, tvorog (similar to
cottage cheese), cheeses and sour cream. Meat products were
meat (e.g. beef, venison, pork, chicken), canned meat and other
processed meat. Carbohydrate-rich products referred to products
including simple carbohydrates (e.g. sugar, flour and

confectionery), grain products (bread, cereals and pasta), fruits and
potato. Traditional foods comprised meat (reindeer meat) and fish
products, as well as forest berries growing in the North, which
have always been part of a traditional diet for the Nenets and the
Komi. Traditional fish products included northern river fish
belonging to the whitefish subfamily of the salmon family
(e.g. muksun, broad whitefish and humpback whitefish).

The number of participants who underwent a dietary questionnaire
(N=824) was smaller than the total number of study participants.

Clinical laboratory measurements
Serum metabolic characteristics (triglycerides as well as total
cholesterol, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol and glucose) were measured using
spectrophotometry and the following equipment and kits: CA-270
Furuno Clinical Chemistry Analyzer, Japan; Biolab-100 Lumex
Analyzers, Russia; Cary 50 Bio UV-Visible Spectrophotometer,
Varian, Australia; Chronolab kits, Switzerland. Frequencies of
hypertriglyceridemia (hypertriglycerides) in the populations were
calculated at serum triglyceride levels at or above 1.7 mmol/L.

The content of fatty acids was determined by gas–liquid
chromatography with preliminary extraction of lipids from blood
serum and subsequent formation of fatty acid methyl
esters . Methyl fatty acid derivatives were analyzed on a 7890A
Gas Chromatograph (Agilent, USA) with a flame ionization detector
on Analytical Science BPX90 GC Capillary Columns (60 m, 0.25 mm,
0.25 µm; SGE, UK) and Agilent DB-23 GC Columns (60 m, 0.25 mm,
0.15 µm; Agilent, USA). Fatty acids were identified using standard
mixtures of 37 FAME C4–C24 fatty acid methyl esters (Supelco Inc.,
USA) and GLC-569 B (Nu-Chek Prep. Inc., USA), and the
quantitative calculation was performed using the internal standard
method, where nonadecanoic acid (C19:0) was the internal
standard. The concentrations of the following SFAs were
determined: caproic (С6:0), caprylic (C8:0), decanoic (C10:0),
undecylic (C11:0), lauric (C12:0), tridecanoic (C13:0), myristic
(C14:0), pentadecanoic (C15:0), palmitic (C16:0), margaric (C17:0),
stearic (C18:0), arachidic (C20:0), heneicosanoic (C21:0), behenic
(C22:0), tricosanoic (C23:0) and lignoceric (C24:0).

SFAs are usually short-chain (SC), medium-chain (MC), long-chain
(LC) or very-long-chain (VLC) SFAs. According to the classifications
provided in the works of Huang et al  and Lemaitre and King ,
SFAs are distributed into families: MCSFAs include C6–C12, LCSFAs
include C13–C18 and VLCSFAs include C20–C24. The
corresponding total values ∑MC, ∑LC, ∑VLC and ∑SFA were
calculated.

BMI was calculated as weight (kg) divided by height  (m). BMIs of
25–29.99 kg/m  were considered as overweight, and BMIs of
30 kg/m  or more were considered as obesity.

Statistical analysis
To analyse statistical data and find the boundaries of the normal
distribution, we used Statistica v10.0 (StatSoft, statist.exe). The
obtained samples were checked for normal distribution using the
Shapiro–Wilk test. Due to the partial asymmetry of the distribution
series, non-parametric methods of analysis were applied. A
descriptive analysis was performed: the median and interquartile
range – 25th and 75th percentiles – were calculated. The
evaluation of statistically significant differences for two
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independent samples when comparing males and females was
carried out using the Mann–Whitney U-test, the significance of
differences in the three groups was determined using the Kruskal–
Wallis test, and in the case of obtaining a significant H-value,
posthoc comparisons were made using Dunn’s test. The z-test for
proportions was used to evaluate the significance of the difference
in frequencies when comparing the three groups using the
Bonferroni correction. Multiple linear regression analysis was
performed using the ethnicity, lifestyle, age, BMI and food intake
as predictor variables, and lipid parameters as dependent
variables. Lipid parameters, BMI and food intake were log
transformed. The critical level of significance (p) when testing
statistical hypotheses was set at 0.05.

Ethics approval
The study complied with the World Medical Association
Declaration of Helsinki: Ethical Principles for Medical Research
(2000) and was approved by the relevant ethics committees

(minutes of the meetings of the ethics committees of the Institute
of Environmental Physiology, Ural Branch of the Russian Academy
of Sciences and N. Laverov Federal Center for Integrated Arctic
Research of the Ural Branch of the Russian Academy of Sciences
dated 2 February 2009, 4 February 2013 and 9 November 2016). All
the participants signed an informed consent.

Results
Metabolic characteristics in blood serum are presented in
Table 1. The NIP and SIP groups had lower low-density lipoprotein
cholesterol levels and higher high-density lipoprotein cholesterol
levels compared to the CP group. NIP and SIP women also had
lower glucose levels, while NIP men had the highest total
cholesterol levels.

Table 1: Metabolic characteristics in females and males in the Arctic, by ethnicity and lifestyle
Sex Parameter Measurement (median (25th percentile; 75th percentile)) H-test and p-value

NIP (1) 74 F, 62 M SIP (2) 408 F, 113 M CP (3) 291 F, 138 M

Female TC, mmol/L 5.3 (4.6; 6.2) 5.2 (4.5; 6.0) 5.4 (4.5; 6.3) 3.5; 0.171

LDL-C, g/L 3.2 (2.6; 3.9) 3.7 (3.0; 4.8) 4.6 (3.6; 5.6) 73.1; <0.001 (1)–(2)=0.001;
(1)–(3), (2)–(3)<0.001

HDL-C, mmol/L 1.4 (1.2; 1.8) 1.2 (1.0; 1.5) 1.2 (0.9; 1.5) 20.4; <0.001 (1)–(2), (2)–(3)<0.001

Glucose, mmol/L 4.7 (4.2; 5.3) 4.6 (4.1; 5.3) 5.0 (4.5; 5.6) 25.2; <0.001 (1)–(3)=0.011, (2)–(3)<0.001

Male TC, mmol/L 5.7 (4.8; 6.4) 5.0 (4.4; 5.8) 5.2 (4.4; 6.1) 12.5; 0.002 (1)–(2)=0.001

LDL-C, g/L 3.4 (2.7; 4.4) 3.5 (2.8; 4.6) 4.5 (3.6; 6.0) 34.7; <0.001 (1)–(3), (2)–(3)<0.001

HDL-C, mmol/L 1.6 (1.2; 2.0) 1.1 (0.9; 1.3)* 1.2 (0.89; 1.5) 34.3; <0.001 (1)–(2), (2)–(3)<0.001

Glucose, mmol/L 4.7 (4.4; 5.5) 4.9 (4.4; 5.3)* 5.0 (4.5; 5.6) 2.9; 0.237

* Statistically significant differences by gender: for HDL-C p=0.026, for glucose p=0.022.
 p-values were obtained using Dunn’s test; p<0.05 values are shown.

CP, Caucasian population. F, female. HDL-C, high-density lipoprotein cholesterol. LDL-C, low-density lipoprotein cholesterol. M, male. NIP, Indigenous reindeer herders
leading a nomadic lifestyle. SIP, Indigenous people leading a sedentary lifestyle. TC, total cholesterol.

A descriptive analysis of the obtained data showed that there were
few differences by gender. Among the NIP, males had higher
concentrations of triglycerides and lower levels of three minor
VLCSFAs (C21:0, C22:0 and C23:0). In the SIP, higher BMIs were

found in females. In the CP, lower levels of C10:0, C20:0 and C23:0,
and higher levels of C22:0, were observed in females compared to
males (Tables 2 and 3).

Table 2: BMI, triglycerides and saturated fatty acid levels in Arctic females, by ethnicity and lifestyle
Parameter Measurement (median (25th percentile; 75th percentile)) H-test and p-value

NIP (1) (n=74) SIP (2) (n=408) CP (3) (n=291)

BMI, kg/m 26.8 (23.2; 30.4) 27.8 (23.4; 31.6) 27.8 (23.4; 31.6) 2.9; 0.24

TG, mmol/L 0.91 (0.64; 1.16) 0.98 (0.71; 1.32) 1.10 (0.81; 1.49) 23.4; <0.001 (1)–(3)<0.001; (2)–(3)=0.001

С6:0, µg/mL 0.60 (0.39; 1.02) 1.03 (0.44; 2.00) 0.45 (0.26; 0.97) 73.4; <0.001 (1)–(2)=0.038; (1)–(3)=0.034; (2)–(3)<0.001

С8:0, µg/mL 0.66 (0.46; 1.13) 1.15 (0.64; 1.79) 0.52 (0.38; 0.85) 104.4; <0.001 (1)–(2)<0.001; (2)–(3)<0.001

С10:0, µg/mL 0.98 (0.63; 1.53) 1.37 (0.84; 2.25) 0.98 (0.69; 1.41) 38.1; <0.001 (1)–(2)=0.002; (2)–(3)<0.001

С11:0, µg/mL 0.47 (0.32; 0.68) 0.64 (0.39; 1.07) 0.49 (0.35; 0.69) 31.7; <0.001 (1)–(2), (2)–(3)<0.001

С12:0, µg/mL 4.97 (3.53; 8.04) 7.74 (4.16; 13.38) 5.56 (3.73; 9.49) 22.2; <0.001 (1)–(2), (2)–(3)=0.001

∑MC, µg/mL 8.18 (5.85; 12.21) 12.52 (7.30; 19.62) 8.31 (6.04; 12.87) 45.5; <0.001 (1)–(2), (2)–(3)<0.001

C13:0, µg/mL 3.91 (1.81; 6.97) 3.83 (2.14; 9.18) 4.29 (2.84; 8.25) 3.5; 0.172

С14:0, µg/mL 28.49 (20.52; 35.47) 29.32 (22.05; 38.08) 33.08 (24.76; 46.18) 25.4; <0.001 (1)–(3), (2)–(3)<0.001

С15:0, µg/mL 8.95 (5.77; 11.59) 10.00 (6.76; 13.54) 10.39 (7.98; 14.08) 11.2; 0.004 (1)–(3)=0.005

С16:0, µg/mL 554.54 (460.47; 686.25) 558.85 (453.85; 683.92) 606.04 (493.89; 717.69) 11.5; 0.003 (1)–(3)=0.033; (2)–(3)=0.008

С17:0, µg/mL 11.86 (8.98; 16.0) 10.84 (7.61; 13.77) 11.38 (9.08; 13.88) 5.7; 0.043

С18:0, µg/mL 239.79 (192.71; 274.55) 225.59 (182.40; 277.03) 247.59 (203.34; 287.02) 11.9; 0.003 (2)–(3)=0.002

∑LC, µg/mL 843.54 (708.65; 1012.01) 848.09 (693.82; 1034.26) 910.77 (765.29; 1087.55) 12.8; 0.002 (2)–(3)=0.002

С20:0, µg/mL 2.62 (2.00; 3.65) 2.49 (1.87; 3.17) 2.80 (2.33; 3.46) 26.1; <0.001 (2)–(3)<0.001

С21:0, µg/mL 0.83 (0.60; 1.00) 0.89 (0.64; 1.13) 0.93 (0.78; 1.14) 13.6; 0.001 (1)–(3)=0.01; (2)–(3)=0.006

†

†

†

2
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С22:0, µg/mL 2.21 (1.61; 3.89) 2.47 (1.59; 3.74) 2.34 (1.71; 3.09) 1.7; 0.429

С23:0, µg/mL 0.93 (0.69; 1.42) 0.87 (0.60; 1.35) 0.76 (0.60; 1.07) 9.7; 0.008 (1)–(3)=0.018

С24:0, µg/mL 4.80 (2.67; 8.03) 3.66 (2.10; 5.84) 4.86 (3.41; 6.72) 29.7; <0.001 (1)–(2)=0.043; (2)–(3)<0.001

∑VLC, µg/mL 12.54 (8.02; 16.10) 11.39 (7.86; 15.96) 12.26 (9.93; 15.25) 6.5; 0.039 (2)–(3)=0.034

∑SFA, µg/mL 865.02 (732.36; 1036.94) 871.86 (715.54; 1065.22) 932.11 (785.52; 1111.43) 11.3; 0.004 (2)–(3)=0.006

 p-values were obtained using Dunn’s test; p<0.05 values are shown. CP, Caucasian population. ∑LC, total long-chain saturated fatty acid content. ∑MC, total medium-
chain saturated fatty acid content. NIP, Indigenous reindeer herders leading a nomadic lifestyle. ∑SFA, total saturated fatty acid content. SIP, Indigenous people leading
a sedentary lifestyle. TG, triglycerides. ∑VLC, total very-long-chain saturated fatty acid content.

Table 3: BMI, triglycerides and saturated fatty acid levels in Arctic males, by ethnicity and lifestyle
Parameter Measurement (median (25th percentile; 75th percentile)) H-test and p-value

NIP (1) (n=62) SIP (2) (n=113) CP (3) (n=138)

BMI, kg/m 24.8 (23.2; 28.5) 25.4 (23.1; 29.3)* 27.1 (24.2; 29.7) 8.6; 0.014 (1)–(3)=0.043; (2)–(3)=0.047

TG, mmol/L 1.09 (0.77; 1.51)* 1.03 (0.79; 1.35) 1.12 (0.88; 1.52) 3.5; 0.173

C6:0, µg/mL 0.79 (0.48; 1.48) 0.94 (0.40; 1.68) 0.47 (0.26; 1.10) 14.3; <0.001 (1)–(3)=0.048; (2)–(3)=0.001

C8:0, µg/mL 0.84 (0.53; 1.21) 1.15 (0.64; 1.79) 0.52 (0.38; 0.85) 36.2; <0.001 (1)–(3)=0.026; (2)–(3)<0.001

С10:0, µg/mL 1.00 (0.67; 1.66) 1.37 (0.80; 2.12) 1.15 (0.77; 1.66)* 5.5; 0.060

С11:0, µg/mL 0.47 (0.25; 0.68) 0.65 (0.42; 1.26) 0.48 (0.36; 0.73) 12.3; 0.002 (1)–(2)=0.003; (2)–(3)=0.035

С12:0, µg/mL 5.68 (3.54; 9.84) 8.06 (4.23; 13.80) 5.59 (3.83; 9.38) 9.3; 0.009 (1)–(2)=0.036; (2)–(3)=0.023

∑MC, µg/mL 9.22 (5.85; 15.17) 12.83 (7.25; 19.76) 8.54 (6.02; 13.03) 12.7; 0.002 (1)–(2)=0.018; (2)–(3)=0.003

C13:0, µg/mL 3.56 (1.80; 5.72) 4.08 (2.37; 9.50) 4.07 (2.95; 6.43) 3.0; 0.222

С14:0, µg/mL 29.09 (17.16; 43.77) 29.94 (20.77; 40.08) 34.79 (24.55; 48.30) 11.5; 0.003 (1)–(3)=0.013; (2)–(3)=0.017

С15:0, µg/mL 7.58 (5.23; 11.31) 9.31 (6.52; 13.53) 9.95 (7.87; 12.22) 10.1; 0.007 (1)–(3)=0.005

С16:0, µg/mL 583.41 (447.04; 717.59) 541.91 (452.12; 675.49) 597.94 (483.37; 758.04) 4.4; 0.113

С17:0, µg/mL 11.09 (7.29; 13.90) 10.95 (7.61; 13.54) 10.93 (7.64; 14.06) 0.1; 0.95

С18:0, µg/mL 250.90 (176.36; 305.26) 221.61 (173.25; 265.41) 235.24 (187.74; 287.29) 5.5; 0.063

∑LC, µg/mL 915.33 (664.33; 1094.68) 829.13 (646.0; 990.17) 907.69 (738.11; 1112.63) 4.3; 0.116

С20:0, µg/mL 2.72 (1.91; 3.89) 2.51 (1.66; 3.13) 3.05 (2.51; 3.88)* 21.7; <0.001 (2)–(3)<0.001

С21:0, µg/mL 0.67 (0.54; 0.90)* 0.88 (0.64; 1.13) 0.98 (0.68; 1.21) 19.9; <0.001 (1)–(2)=0.006; (1)–(3)<0.001

С22:0, µg/mL 1.80 (1.21; 2.41)* 2.48 (1.31; 3.60) 2.00 (1.05; 3.12)* 7.1; 0.029 (1)–(2)=0.040

С23:0, µg/mL 0.78 (0.63; 0.99)* 0.83 (0.57; 1.15) 0.89 (0.62; 1.26)* 1.6; 0.453

С24:0, µg/mL 3.81 (1.91; 6.24) 3.31 (2.46; 6.82) 4.39 (3.15; 5.90) 5.6; 0.062

∑VLC, µg/mL 10.45 (7.36; 13.83) 11.99 (7.48; 17.16) 11.90 (9.14; 16.0) 4.6; 0.103

∑SFA, µg/mL 931.59 (681.73; 1113.24) 873.30 (665.09; 1017.0) 937.71 (758.80; 1141.03) 3.5; 0.17

* Statistically significant differences by gender: for BMI in the SIP p=0.005, for TG in the NIP p=0.003, for С10:0 in the CP p=0.041, for С20:0 in the CP p=0.016, for С21:0
in the NIP p=0.012, for С22:0 in the NIP p=0.013 and in the CP p=0.024, for С23:0 in the NIP p=0.037 and in the CP p=0.048.
 p-values obtained using Dunn’s test; p<0.05 values are shown. CP, Caucasian population. ∑LC, total long-chain saturated fatty acid content. ∑MC, total medium-chain

saturated fatty acid content. NIP, Indigenous reindeer herders leading a nomadic lifestyle. ∑SFA, total saturated fatty acid content. SIP, Indigenous people leading a
sedentary lifestyle. TG, triglycerides. ∑VLC, total very-long-chain saturated fatty acid content.

In relation to ethnicity and lifestyle, there were no statistically
significant differences in BMI among the females in the three
groups, although BMI was slightly lower in the NIP (Table 2). In the
males, the BMIs were significantly higher in the CP (Table 3).
Among the females, the incidence of overweight was more
frequent in the NIP (in 38.9% of cases compared to 29.6% and
28.3% in the SIP and the CP respectively), while obesity was less
frequent in the NIP (25.3% of cases compared to 35.8% and 37.7%,
respectively), but these differences were not statistically significant
(Table 4). Among the SIP and CP males, the incidence of
overweight was significantly higher than among the females (in
41.7% and 45% of cases respectively), while obesity was
significantly less frequent (in 15.7% and 24.3% of cases
respectively). Among the NIP males, the frequency of overweight
was not significantly lower (30.8% compared to the SIP and CP),
and the frequency of obesity was 18.2%. However, there were no

gender differences in the total frequency of overweight and
obesity: they were recorded in two-thirds of the surveyed females
(64% in the NIP, 65.4% in the SIP and 66% in the CP), were slightly
less frequent in the Indigenous males (49.3% in the NIP and 57.4%
in the SIP) and were significantly higher in the CP males (69.3%)
(Table 4).

The females showed significant differences in triglyceride levels,
which were higher in the CP, while in the males the differences
were not of statistical significance (Tables 2 and 3). In relation to
this, analysis of the prevalence of hypertriglycerides showed that
the lowest frequency of hypertriglycerides was found in the NIP
females (5.4%), and it was higher in the SIP (11.1%) and
significantly higher in the CP (17.6%) (Table 4). In the males, the
prevalences of hypertriglycerides were 18.5%, 12.4% and 19.8%,
respectively. Therefore, in the NIP, a significant difference was
found by both gender and levels of triglycerides.

Table 4: Prevalence of hypertriglyceridemia, overweight and obesity in females and males in the Arctic depending on
ethnicity and lifestyle
Parameter M/F NIP (1) SIP (2) CP (3) p-value for differences in lifestyle p-value for sex
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Hypertriglyceridemia, % M 18.5 12.4 19.8 >0.017 (1)=0.016

F 5.4 11.1 17.6 (1)–(3)=0.009;
(2)–(3)=0.013

Overweight, % M 30.8 41.7 45 >0.017 (2)=0.014 (3)=0.001

F 38.9 29.6 28.3 >0.017

Obesity, % M 18.2 15.7 24.3 >0.017 (2)<0.001 (3)=0.006

F 25.3 35.8 37.7 >0.017

Overweight + obesity, % M 49.3 57.4 69.3 (1)–(3)=0.006 >0.05

F 64 65.4 66 >0.017

 p-values were statistically significant after Bonferroni adjustment for multiple testing: p<0.017.
CP, Caucasian population. F, female. M, male. NIP, Indigenous reindeer herders leading a nomadic lifestyle. SIP, Indigenous people leading a sedentary lifestyle.

When considering features of the fatty acid profiles in the three
groups, certain differences were found depending on the length of
the carbon chain of fatty acids.

The highest levels of MCFAs were found in the SIP, therefore the
total ∑MC was the highest in this group in both males and females
(Tables 2 and 3). With an increase in the length of the C-chain, the
highest levels of the main SFAs (C14:0, C16:0 and C18:0) and the
minor VLCSFA (C20:0) in the females were recorded in the CP,
whereas in the males a similar trend was only observed for C14:0
and C20:0. As for other LCSFAs and VLCSFAs, statistically significant
differences were due to the fact that the lowest levels of C15:0,
C21:0 and C22:0 were recorded in the NIP, of C23:0 in the CP
females, and of C24:0 in the SIP females.

In accordance with the described differences in the levels of
individual fatty acids, the maximum values of the total content of
∑LC and ∑SFA were found in the CP females; in the males, the
insignificantly raised values were observed in the CP and the NIP.
∑VLC was the lowest in the SIP females; in the males, it was
insignificantly reduced in the NIP (Tables 2 and 3).

The consumption of some types of food is represented in Table 5.
Indigenous people consumed more vegetable oils, fatty dairy
products, meat, carbohydrate-rich products and traditional foods,
and less milk and sour-milk products. The female NIP and SIP
differed in the consumption of traditional foods, milk and sour-
milk products.

Table 5: Food intake in females and males in the Arctic, by ethnicity and lifestyle
Sex Product(s) Product intake (g/day) (median (25th percentile; 75th percentile)) H-test and p-value

NIP (1) 73 F, 49 M SIP (2) 328 F, 86 M CP (3) 201 F, 87 M

Female Carbohydrate-rich products 828.4 (476.3; 2282.3) 722.9 (511.2; 1651.9) 574.9 (398.9; 1049.6) 23.4; <0.001 (1)–(3), (2)–(3)<0.001

Traditional foods 399.8 (199.3; 1266.7) 268.3 (137.4; 814.1) 95.5 (36.7; 228.6) 107.9; <0.001 (1)–(2)=0.013;
(1)–(2), (2)–(3)<0.001

Meat products 210.0 (135.3; 613.4) 188.9 (104.6; 548.6) 131.6 (79.1; 239.8) 28.6; <0.001 (1)–(3), (2)–(3)<0.001

Dairy and sour-milk products 57.1 (0; 85.7) 85.7 (26.7; 171.4) 85.7 (57.1; 257.1) 40.2; <0.001 (1)–(2)=0.004;
(1)–(3), (2)–(3)<0.001

Fatty dairy products 26.4 (7.6; 101.4) 28.3 (12.7; 114.0) 22.5 (10.1; 88.1)* 3.0; 0.227

Vegetable oils 29.1 (2.3; 200) 29.1 (2.5; 100) 5.9 (2.5; 100) 7.70; 0.021 (1)–(3)=0.034

Male Carbohydrate-rich products 828.4 (549.6; 1881.6) 993.1 (593.0; 1911.4)* 636.8 (383.9; 933.0) 14.4; 0.001 (2)–(3)=0.001

Traditional foods 254.6 (185.7; 840.9) 361.5 (124.0; 1281.9) 93.0 (34.2; 214.2) 40.6; <0.001 (1)–(3), (2)–(3)<0.001

Meat products 200.0 (129.7; 313.2) 180.7 (88.5; 637.4) 122.2 (80.8; 225.6) 8.7; 0.013 (1)–(3)=0.027

Dairy and sour-milk products 57.1 (13.3; 114.3) 66.7 (26.7; 114.3) 85.7 (57.1; 228.6) 8.5; 0.015 (1)–(3)=0.020

Fatty dairy products 29.8 (13.1; 87.7) 27.8 (10.0; 200.0) 13.5 (6.8; 37.8)* 6.4; 0.042

Vegetable oils 8.7 (1.6; 100) 29.1 (2.5; 200) 4.1 (1.7; 14.6) 7.4; 0.025 (2)–(3)=0.040

* Statistically significant differences by gender: for carbohydrate-rich products in the SIP p=0.049, for fatty dairy products in the CP p=0.043.
 p-values obtained using Dunn’s test; p<0.05 values are shown.

CP, Caucasian population. F, female. M, male. NIP, Indigenous reindeer herders leading a nomadic lifestyle. SIP, Indigenous people leading a sedentary lifestyle.

The regression analysis confirmed the dependence of lipid
parameters on ethnicity (Indigenous/Caucasian) and lifestyle
(nomadic/sedentary) (Table 6). At the same time, the predictor of
ethnicity has an inverse relationship for ∑MC, and a direct
relationship for ∑LC, ∑VLC and triglycerides. The lifestyle was a
significant factor only for MCSFAs. However, in females,
triglycerides and LCSFA levels were also associated with age, and
to a lesser extent with BMI. In males, age had almost no effect, and

BMI was associated with triglycerides and LCSFA levels. Except for
vegetable oils, the consumption of the considered product
categories had little effect on the content of SFAs; separate
dependencies were found for MCSFAs and VLCSFAs. The
consumption of vegetable oils had a positive effect on the content
of LCSFAs and VLCSFAs, especially in females, while males showed
fewer significant dependencies (Table 7).

Table 6: Multiple linear regression coefficients (β) of lipid parameters (dependent variables) by ethnicity, lifestyle, age and
BMI (predictor variables) in Arctic residents (p<0.05)
Dependent variable Predictor variable

Ethnicity Lifestyle Age logBMI

Female Male Female Male Female Male Female Male
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logBMI – – – – 0.30 – – –

logTG 0.11 – – – 0.20 – 0.30 0.18

logС6:0 –0.34 –0.29 0.09 – – – 0.09 –

logС8:0 –0.39 –0.44 0.13 0.22 – – – –

logС10:0 –0.22 – 0.14 0.15 0.11 0.14 – –

logС11:0 –0.19 –0.16 0.16 0.23 – – – –

logС12:0 –0.15 –0.17 0.14 0.16 – – 0.08 0.12

log∑MC –0.23 –0.23 0.17 0.19 0.08 0.13 – –

logС13:0 0.11 – – – – – – –

logС14:0 0.16 0.15 – – 0.11 – 0.23 0.19

logС15:0 0.12 – – 0.14 0.14 0.17 0.08 0.12

logС16:0 0.09 – – – 0.14 – 0.17 0.20

logС17:0 0.09 – – – 0.12 – – 0.12

logС18:0 0.12 0.15 – – 0.15 – – 0.20

log∑LC 0.10 0.13 – – 0.15 – 0.14 0.20

logС20:0 0.21 0.31 – –0.19 – – – 0.12

logС21:0 0.11 – – 0.18 – – – –

logС22:0 – – – – – – – –

logС23:0 –0.09 – – – 0.10 – – –

logС24:0 0.21 – –0.09 – – – – –

log∑VLC 0.11 – – – – – – –

log∑SFA 0.10 – – – 0.15 – 0.14 0.21

∑MC, total medium-chain saturated fatty acid content. ∑LC, total long-chain saturated fatty acid content. ∑SFA, total saturated fatty acid content. ∑VLC, total very-long-
chain saturated fatty acid content.

Table 7: Multiple linear regression coefficients (β) of lipid parameters (dependent variables) by food intake (predictor
variables) in Arctic residents (p<0.05)
Dependent variable Predictor variable

Log (traditional foods) Log (meat products) Log (carbohydrate-rich products) Log (fatty dairy products) Log (vegetable oils)

Females Males Females Males Females Males Females Males Females Males

logBMI – – – – – – – – – –

logTG – – – – – – – – – –

logС6:0 – 0.37 – – –0.17 – – – – –0.28

logС8:0 – 0.29 –0.37 –0.25 – – – – – –

logС10:0 – 0.30 –0.24 –0.23 – – – – 0.20 –

logС11:0 – – – – – – 0.12 – – –

logС12:0 – – –0.24 –0.29 – – – – 0.26 –

log∑MC     –0.24 –0.31 – – – – 0.21 –

logС13:0 –0.24 – – – 0.29 – – – – –

logС14:0 – – – – – – – – – –

logС15:0 – – – – – – – – 0.19 0.37

logС16:0 – – – – – – – – 0.25 –

logС17:0 – – 0.15 – – – – – 0.46 0.33

logС18:0 – – – – – – – – 0.33 –

log∑LC – – – – – – – – 0.27 –

logС20:0 – – – – – – – – 0.29 0.27

logС21:0 – – – –0.26 – – – – 0.29 –

logС22:0 – – – – – – –0.16 – 0.65 0.62

logС23:0 – 0.35 – – 0.25 – –0.15 – 0.17 –

logС24:0 – – 0.18 – 0.21 – – – 0.22 0.40

log∑VLC – – – – – – – – 0.54 0.48

log∑SFA – – – – 0.11 – – – 0.28 –

 Сonsumption of dairy and sour-milk products has not become a significant predictor for lipid parameters.
 In addition to food consumption, other predictors included in the models were ethnicity, lifestyle, age, and BMI.

∑LC, total long-chain saturated fatty acid content. ∑MC, total medium-chain saturated fatty acid content. ∑SFA, total saturated fatty acid content. ∑VLC, total very-long-
chain saturated fatty acid content.
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Discussion
One of the most notable features of lipid metabolism of the
Indigenous people living in the North and the Arctic, compared
with the Caucasian population, is considered to be a lower blood
level of triglycerides . Our study recorded such a
difference only in the females; also, it recorded that the frequency
of hypertriglycerides was the highest in the CP females. It should
be noted that the prevalence of hypertriglycerides in the studied
groups was lower than the average one for Russia, of 29.4% , and
was similar to the data of other lipid metabolism studies
performed among the Indigenous and non-Indigenous
populations in the north of the Russian Federation , and the
incidence of hypertriglycerides in the NIP females (5.4%) can be
considered low. At the same time, according to some researchers,
hypertriglyceridemia is more common among the Indigenous
populations of Canada (25–38.6%) than among the Indigenous
populations of the Russian North .

Lower levels of triglycerides in these Indigenous people might be
explained by an increased activity of lipoprotein lipase, which
hydrolyzes triglycerides that are part of chylomicrons and very-
low-density lipoprotein cholesterol, while the latter are
transformed into high-density lipoprotein cholesterol , and also
due to changes in the activity of endothelial hormone-sensitive
triglyceride lipases in connection with the changes in the
endocrine system caused by living in the harsh conditions of the
Arctic . In addition, lower triglycerides may be connected with a
high consumption of omega-3 polyunsaturated fatty acids with
fish and marine mammal oil, which was observed in the Indigenous
populations leading a traditional lifestyle . According to our
data, the higher the consumption of traditional foods, the lower
the triglyceride levels; as a result, the maximum consumption of
these products in the NIP females coincides with a minimal
occurrence of hypertriglycerides. In part, this can also be due
gender differences in the NIP, as well as the apparent different
physical activity in women and men. In nomadic conditions,
women's work is associated with fewer physically demanding
subsistence practices . The work of male reindeer herders in the
tundra, often in difficult weather conditions (fogs, blizzards, winds,
frosts), creates prerequisites for increased energy expenditure;
higher levels of triglycerides may be an indicator of increased
synthesis to reserve fat.

Studies of the Indigenous Peoples of the Arctic considering SFAs
have described mainly C16:0 and C18:0. It should be noted that
not only plasma/serum were studied, but also the fatty acid
composition of erythrocytes, and lipids (phospholipids,
triglycerides, cholesterol esters) of blood plasma/erythrocytes. A
number of studies of Indigenous Peoples have shown that they
tend to have higher SFA levels, primarily due to C16:0, compared
with non-Indigenous populations . Some studies did not
establish ethnic differences in the SFA profile of the inhabitants of
the Arctic , while others demonstrated a lower C16:0 content in
Indigenous Peoples . It was noted that as the consumption of
traditional foods increased, the amount of SFAs consumed and the
level of the main SFAs of the erythrocyte membrane (C16:0 and
C18:0) remained unchanged, while blood triglyceride levels
decreased . Proust et al reported the invariance of serum SFAs
with a shift away from traditional foods to more store-bought
foods . Lower triglyceride levels and BMI among females have

been reported in Greenland in Indigenous people consuming a
traditional diet compared to those consuming a western diet, with
equally high levels of physical activity . de Knijff et al reported
that Inuit consuming a western diet showed lower relative
contributions of C16:0 when compared with Inuit consuming a
traditional Inuit diet . Zhou et al, in contrast, argued that higher
levels of SFAs as well as trans fatty acids in inland Canadian Inuit
compared to coastal Inuit were associated with greater
westernization of diet . Thus, discrepancies are recorded when
comparing the fatty acid profile of the Indigenous and non-
Indigenous populations of the Arctic, as well as when assessing the
impact of adherence to a traditional diet. We found an increase in
the level of LCSFAs (C14:0, C16:0, C18:0) and triglycerides in the
blood serum of non-Indigenous relative to Indigenous people.

Plasma lipid concentrations are the net result of the balance
between two opposite processes: loading (entry of new lipids into
the plasma compartment through ingestion (diet) and/or
endogenous synthesis) and unloading (energy utilization,
incorporation into cell membranes, and storage) . Despite the fact
that SFAs are synthesized in the body, a dietary component is also
important. The qualitative composition of incoming fats, the
amount of carbohydrates, proteins, and their ratio, play a role in
the formation of the fatty acid profile. Saturated fats and
carbohydrates are the main dietary components that stimulate the
accumulation of lipids . It has been shown that carbohydrates
stimulate de novo lipogenesis, increase plasma fasting and
postprandial very-low-density lipoprotein triacylglycerols, and
decrease lipolysis and whole-body lipid oxidation . Saturated
fats, by contrast, increase adipose tissue lipolysis, and they induce
an increase in intrahepatic triglycerides. Excessive consumption of
SFAs can cause insulin resistance and raise serum low-density
lipoprotein cholesterol level , whereas diets containing
unsaturated fat and high protein appear to play a protective
role . Dietary polyunsaturated fatty acids have beneficial effects
in maintaining lipid homeostasis, promoting loss of adiposity by
increasing lipolysis and fatty acid oxidation, and inhibiting
lipogenesis .

The main dietary sources of SFAs are meat and dairy products.
However, our regression analysis showed that their consumption is
not a significant predictor for serum SFAs; only consumption of
meat products negatively affected the levels of MCSFAs. At the
same time, the maximum concentrations of MCSFAs in the SIP may
partly be mediated by high consumption of dairy products, since
they have a higher level of SCSFAs and MCSFAs compared to other
food products . The revealed positive associations of
consumption of vegetable oils (sources of omega-6 fatty acids)
with SFAs are unexpected, but the links with VLCSFAs and their
high values of β coefficients can be explained by the fact that
vegetable oils are distinguished by the content of these acids . In
part, these associations may be due to the high consumption of
vegetable oils in the NIP and SIP groups, especially among women.
However, given the low consumption of plant foods by the
northern Indigenous population, the opposite trend might have
been expected. The observed characteristic probably reflects a
higher use of vegetable oils for cooking compared to animal fats
by the Indigenous groups. This, together with the high
consumption of carbohydrate foods, may indicate a change in
dietary patterns among the nomadic and sedentary populations of
the Arctic. In addition, the seasonal dependence of food

13,14,25-28

29

28,30,31

32-34

13,14

3

6,35,36

10

7,37-39

40

7

36

8

41

42

43

44

44

45,46

47

47,48

46

49

24



9/12

consumption may have had an effect. Among the Indigenous
Peoples of the North, the availability of certain products may be
determined by the season of the year, partly due to the level of
participation in subsistence farming .

Thus, we can say that the CP predominantly had a westernizing
diet (commercial foods), with low consumption of a traditional
diet, whereas the diet of the Indigenous population could be
described as a mixed traditional–western diet, based on market
foods (excess of simple carbohydrates and saturated fat) and
traditional products, including traditional fish (omega-3
polyunsaturated fatty acids and proteins).

Considering what has been written above about the formation of a
lipid pool, it can be summarized that a higher level of serum
LCSFAs and triglycerides in the CP is probably due to a violation of
the balance of lipolytic and lipogenic pathways of metabolism of
fatty acids, including mitochondrial and peroxisomal β-oxidation,
and the non-esterified fatty acids uptake, which may partly be due
to differences in diet.

The established features of fat metabolism were mainly found in
the females in our study, although they did not have a statistically
significant difference in the BMI, whereas BMI was significantly
higher in the Caucasian males compared to the Indigenous
populations due to a higher frequency of overweight and obesity.
These differences may be due to the ‘gender specificity’ of obesity,
which is caused by the different effects of sex hormones . This is
reflected in the significant gender differences in the populations
leading a sedentary lifestyle (the SIP and the CP) in relation to
overweight and obesity, with overweight being more common in
the males and obesity in the females.

It is noteworthy that changes in the levels of both triglycerides and
LCSFAs (C16:0 and C18:0) in the males did not reach statistical
significance, despite the fact that concentrations of C16:0 and
C18:0, ∑LC and the frequency of hypertriglycerides in the NIP
males were the same as in the CP males. However, the NIP males
tended to have the lowest BMI and frequency of overweight and
obesity. The features of lipid metabolism found in the study, as
well as the distribution of metabolic parameters in the three
groups shown in Table 1, may indicate the preservation of an
adaptive type of metabolism (with intensification of lipid
metabolism and balance of its main indicators) aimed at reducing
the deposition of LCFAs in triglycerides and the storage of the
latter in adipose tissue when there is a high demand for energy
resources to live and do traditional jobs in the harsh and cold
climate of the Arctic. Indeed, Indigenous circumpolar populations
have exhibited an elevated basal metabolic rate and, as a result,
may have a higher total energy expenditure and be less likely to
deposit excess energy in adipose tissue .

The prevailing lipid component in the SIP energy metabolism can
be expressed in an increased contribution of MCFAs when
oxidation of LCSFAs becomes more intense. Growing
concentrations of MCFAs when there is a reduction in the levels of
the main LCSFAs C16:0 and C18:0 may be of a compensatory
nature, compared to the NIP. The effect of MCSFAs on lipid
metabolism is manifested by an increase in fatty acid β-oxidation
following an increase in energy expenditure and thermogenesis
due to stimulation of brown adipose tissue activity. It has been
shown that mature white adipocytes can transform into brown fat-

like adipocytes when exposed to specific stimuli such as cold .
This may explain the growing role of MCFAs in the SIP, who are
experiencing a transition from a traditional lifestyle, with a change
in diet and a decrease in physical activity. In general, higher levels
of MCSFAs in the SIP can be considered favorable manifestations
of fatty acid metabolism. Since MCFAs are metabolized differently
than long-chain fatty acids, they are predominantly used as energy
carriers, while LCFAs are more likely to be stored in adipose tissue,
especially when they are consumed in excess .

Conclusion
The surveyed males and females living in the Russian Arctic
showed different metabolic adaptations depending on ethnicity
(Indigenous or Caucasian) and lifestyle (nomadic or sedentary). In
the CP, an increase in serum LCSFAs and triglycerides could serve
as a manifestation of an imbalance in the processes of
accumulation and expenditure of lipids.

The Indigenous Peoples, despite some changes in diet towards an
increased consumption of carbohydrate-rich products, preserved
an adaptive metabolism, with the predominant use of lipids as
energy resources. This was accompanied by a lower total incidence
of overweight and obesity in the Indigenous males and by low
frequency of hypertriglycerides with a decrease in LCSFA level in
the females. Compared to the NIP, higher serum levels of MCSFAs
in the SIP – who led a sedentary lifestyle, were less adherent to a
traditional diet and did not do traditional jobs – may be
compensatory, with the growing role of such fatty acids in energy
consumption and thermogenesis. 

Maintaining the necessary metabolic organization is at risk among
the Indigenous populations, as among the males there were
identical concentrations of triglycerides and C16:0 in the NIP and
the CP, while among the females there was an identical frequency
of overweight and obesity in the Indigenous and Caucasian
populations. As a result, the risk of the appearance and
development of various metabolic diseases that were previously
unusual for Arctic populations may increase.

A strength of the study is the focus on SFA metabolism in the
Indigenous and Caucasian populations of the Arctic. SFAs are not
often in focus, as much attention is paid to the metabolism of
polyunsaturated fatty acids, especially omega-3, and their effects
on the physiology and health of Indigenous Peoples. A wide range
of SFAs has been studied, including fatty acids with an odd number
of C-atoms of the hydrocarbon chain. Also, the fatty acid profile of
the Indigenous populations of the Russian Arctic is an
underresearched area, and its definition was carried for the first
time among the Nenets. Since the SFA level is determined by both
endogenous synthesis and exogenous intake with food, the study
demonstrated the consumption of food products that can
contribute to the formation of the characteristics of the considered
indicators of lipid metabolism: triglycerides and SFAs. The results
show the importance of traditional nutrition for the metabolic
health of Arctic populations. Two groups of Indigenous
populations with differing lifestyles were also considered, one of
which continues to do traditional jobs established over centuries of
living in the conditions of the North.

A limitation of this study is the smaller number of participants who
underwent dietary questionnaires compared to those with
biochemical indicators, as well as the uneven distribution of
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subjects among the three groups, as there were fewer participants
in the NIP than in the SIP and the CP, and a smaller number of
male participants compared to female participants in the sedentary
lifestyle groups. In addition, a limitation of the frequency method
for studying nutrition is that study participants may not have
mentioned the consumption of certain foods, and portion sizes
may have been underestimated or overestimated.
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