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ABSTRACT

Introduction: The goal of this study was to examine the fatty acid (FA) composition of the total plasma lipids of the native
inhabitants of the Russian European North, taking into consideration the differences in lifestyles and nutritional habits as well as the
interrelationship between the plasma FA profile and nutrition.

Methods: In total, 78 native residents of the Russian European North (61 men and 17 women) from two regions of Komi Republic
of Northern Russia (Izhma settlement and city Syktyvkar), aged 2545 years, were included in this study. The Izhma group
consisted of reindeer herders (17 men and 17 women). The comparison group (44 men) consisted of citizens of Syktyvkar. Venous
blood plasma after overnight fasting was used for analysis of glucose, cholesterol, triglycerides, vitamins and total FA composition. A
modified questionnaire ‘Seafood and the health of the people of the North’ was used for the assessment of nutrition.

Results: The levels of total FAs in the blood plasma of Indigenous inhabitants of Russian European North were at the lower border
of the reference range. In the Izhma group, levels of n-3 eicosapentaenoic acid (EPA) (1.3/0.9—1.8; p<0.001) and docosahexaenoic
acid (DHA) (2.2/1.5-2.8; p=0.025), n-7 palmitoleic FA (2.3/1.9-2.5; p<0.001) were higher than in the Syktyvkar group. At the
same time, levels of n-6 linoleic acid (32.1/29.2-35.5; p=0.003) were significantly lower in the male reindeer herders of Izhma.
Comparison of the nutritional habits of both groups revealed larger consumption of fish, meat and reindeer fat (p<0.001), eggs
(p=0.004), high-carbohydrate products (white bread (p=0.033) and macaroni (p<0.001)) by reindeer herders of Izhma. The
participants in the urban group demonstrated higher consumption of fruits (p<<0.001), butter (p=0.013), cultured milk foods
(p=0.010) and vegetables (p=0.009).
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Conclusions: The results of the study showed more beneficial n-6/n-3 FA ratios in reindeer herders of Russian European North

than in urban inhabitants. Higher plasma polyunsaturated n-3 FA (EPA, DHA) levels in reindeer herders who had more fish in their

diet were demonstrated. In addition, inland reindeer herders showed higher palmitoleic acid levels and lower linoleic acid levels in

blood total lipids than urban inhabitants. The nutritional features and environmental conditions were assumed to have the greatest

effects on plasma FA profiles and lipid metabolism in the Indigenous inhabitants of Russian European North.

Key words: fatty acids, inland reindeer herders, lifestyle, Northern Russia.

Introduction

The traditional lifestyle of natives of the Russian European
North consists of reindeer breeding, fishing and hunting.
However, according to modern studies, due to social and
economic changes, native inhabitants of the North seldom

follow a traditional lifes‘cylel'3

Changes in lifestyle are
accompanied by health deterioration and increased pathology
rates, including obesity, type II diabetes mellitus,

. . 24
cardiovascular disease and others

The traditional food of the Indigenous inhabitants of the
coastal regions is an important source of such nutrients as
polyunsaturated n-3 fatty acids (PUFA n-3), which have
beneficial effects such as protection against cardiovascular
discase. The plasma fatty acid (FA) levels of native residents,
especially PUFA n-3 levels, may serve as a long-term marker
of dietary habits, including consumption of traditional
foods’. Most of the published reports are devoted to the
study of the FA profiles and nutrition of the native inhabitants
of the coastal regions of the North"**. The existing data show
differences in the plasma lipid and FA compositions between
the inland and coastal aborigincs3‘7. The residents of the
coastal areas (the Inuits and the inhabitants of Greenland and
Chukotka) have FA profiles with increased PUFA n-3 levels,

1,3,6,7 .
%7 These differences are

unlike the inland inhabitants
thought to be caused by the coastal inhabitants’ consumption

of foods rich in n-3 PUFA, such as seal meat and whale meat’.

However, only a small number of studies have reported the

nutritional habits of the urban citizens and reindeer herders

living in Russian European North. The Indigenous people
from the Izhma region of the Komi Republic practise the
traditional lifestyle of reindeer herders. In spring, they move
with their herds in the tundra towards the Kara Sea; in
autumn, they return to Izhma. Therefore, they are

considered inland reindeer herders.

Comparative studies of morbidity rates of the inhabitants of
Russian European North for the period 19962006 showed a 98%
increase in the obesity rate and a 60% increase in the rate of
diabetes mellitus. The prevalence rates of type II diabetes mellitus
and obesity among the Izhma reindeer herders increased by 300%
and 38%, respectively, during that period; among the residents of
Syktyvkar, the prevalence rates increased by 70% and 78%,
rcspcctivclys. The causes of this phenomenon are still unknown.
The dietary composition of nutritional FAs and the blood ratios of
FAs are known to promote cardiovascular disease, obesity,

diabetes and other diseases®’.

Thus, the goal of this study was to examine the FA
composition of the total plasma lipids of the native inhabitants
of the Russian European North, taking into consideration the
differences in lifestyles and nutritional habits as well as the

interrelationship between plasma FA profile and nutrition.

Methods

Location and participants

The Komi Republic is situated in the European region of Russia.
According to the official data at the time of this study, the area was
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home to 899 700 citizens". The population of Syktyvkar was
248 000 people, and 19700 people lived in the Izhma region.
According to the official data, there were only approximately
240 reindeer herders in Izhma, and 130 of them were children.
Izhma reindeer herders are Komi people. Their reindeer herding
started approximately 200-300 years ago with several families
who moved to Izhma. The distinctive feature of their business is
that for the winter period, they drive their herds to their villages,
and their crews work in shifts. This practice makes mass medical
examinations in a local medical facility possible, although the
crews’ working schedules greatly limited the number of people
available for examination on the days in which the research group
was working in their settlement. Thus, roughly one-third of the
population of adult reindeer herders was examined in the present

study.

A total of 78 native inhabitants of the European North of Russia
(specifically natives of the Komi Republic) participated in the
study. The group of Izhma reindeer herders included
34 volunteers: 17 men, average age 40.5 years (range 27.5-46.8),
and 17 women, average age 34.0 years (range 26.0-39.8). In
comparison, the Syktyvkar group, the urban territory residents,
consisted of 44 men aged 32.0 years (range 29.0-36.0).

Anthropometric and laboratory analyses

A single blood sample was taken after overnight fasting and
collected in a vacutainer tube (Becton Dickinson BP, UK).
The blood samples were centrifuged, and the separated
plasma was stored at —40°C until analysis. Measurements of
weight and height were made and BMI was calculated using
the formula: weight in kg/body length in m’. Plasma glucose,
total  cholesterol,  triacylglycerols and  high-density
lipoprotein—cholesterol concentrations were measured by
standardized enzymatic methods on a Power Wave (200)
automated spectrophotometer (Bio-Tek Instruments, USA)

with commercially available kits (Chronolab, Switzerland).
Interview

The questionnaire ‘Seafood and the health of the people of

the North’ (food frequency questionnaire)' was used during

the research on the frequency of specific food consumption.
For the present study, the questionnaire was modified with
questions adapted to Russian conditions. The question about
the size of the portions of fish consumed was asked
separately, and the answers were as follows: 150 g, 225 g,
300 g or 450 g and more. All the information was obtained
during a personal interview with each respondent. A final
ten-page version was divided into several parts, including
personal data, anthropometrical data, nutritional habits data
and a frequency of food consumption questionnaire. When
answering the questions, the respondents picked the one
answer out of five that was the closest to their true
consumption frequency of each of the 73 food products,
dishes and beverages. The answer options were as follows: 1,
never; 2, less than 1time per month; 3, 1-3 times per
month; 4, 1-2 times per week; 5, 3 and/or more times per

week.
Measurement of fatty acids

The level of total FAs in plasma was determined by gas—liquid
chromatography (GC). Sample preparation included lipid
extraction from plasma12 and obtaining FA methyl esters
using methanol and acetyl chloride, as described by Lillington
et al”. GC analysis of the fatty acid methyl esters was
performed on a Crystal 2000M gas chromatograph
(Chromatek, Russia) with a flame ionization detector
attached to an SE-54 (25m x 0.2 mm) capillary column
(ChromResurs, Russia) at 170-250°C (retention time
2 min). The temperature increase rate was 4°C/min (overall
time 25 min). Helium was used as the carrier gas, the volume
rate was 0.6 mL/min, and the flow separation rate was 1/65.
The evaporator temperature was 260°C and the detector
temperature was 200°C. FA identification was performed
using Sigma standards. The quantitative analysis of FA levels
was performed using the internal standard of 1 mmol/L of
margarine acid solution (C17:0). The level of the internal
standard in the samples was determined by the internal
normalization method according to the Analytic 1.21
program (Chromatek, Russia). The relative levels of fatty
acids were expressed as a percentage of the total amount of

fatty acids in the sample. The ratio of palmitic acid (16:0) to
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linoleic acid (18:2n-6) (16:0/18:2n-6) was used as an index

of de novo 1ipogcncsis (lipogcnic indcx)“.
Statistical analysis

The statistical analyses were performed using Statistica
software (v6.0, StatSoft Inc., USA, 2001). All results were
presented as medians and interquartile ranges (25th and 75th
percentiles). The significance of differences between groups
was estimated by the Mann-Whitney and )’ tests. The
correlation coefficients between two variables were
determined by Spearman rank analysis. A value of p<<0.05

was accepted as statistically significant.
Ethics approval

The study was approved by the ethics committee of the
Institute of Physiology of the Komi Science Center in the
Ural Branch of the Russian Academy of Sciences (18 January
2010).

Results

The anthropometric data and biomedical measurements are
presented in Table 1. The average age of respondents in the
two studied groups was 32—40 years. The average BMI of
men in the urban group was 26.9, and 56% of the men in the
urban group were found to be overweight according to
standard BMI cut-off values'®. The average BMI of the men in
the reindeer herder group was 25.4; 53% of the reindeer
herders had BMI values in the overweight catcgoryls. No
significant differences in age or BMI were found between the
men and women in the reindeer herder group, and there

were also no differences between the men in both groups.

In the urban group, 24% of respondents reported smoking
daily, and 33% of respondents were regular alcohol
consumers (at least two times per week). There were more
men in the reindeer herder group who were smokers (59%)
and alcohol consumers (65%). Of the women in this group,

only 12% were smokers and 12% were alcohol consumers.

The average values for the Izhma group (both men and
women) were 36% smokers and 39% alcohol drinkers. No
significant differences in the blood biochemical indices were
found between the male and female reindeer herders except
in the plasma triglyceride values (p=0.042). In men, the
average plasma triglyceride value was 0.8 mmol/L (0.7-1.0),
and in women, the average was 0.7 mmol/L (0.6-0.8)

(Table 1).

Significantly lower levels of plasma glucose (p<0.001) were
observed in the male reindeer herders than in the men in the
urban group. Significantly higher levels of total cholesterol
(p=0.014), triglycerides (p=0.022) and high-density
lipoprotein—cholesterol (HDL-C) (p=0.001) were observed
in the male reindeer herders in comparison with the male
urban citizens. Additionally, higher plasma levels of the fat-
soluble vitamin retinol were found in male reindeer herders

(p=0.004) (Table 1).

Significant differences in total FA levels (p=0.006) were
found between the Izhma and Syktyvkar men (Figl). In the
male reindeer herders in the Izhma group, the total FA levels
varied from 2.8 to 9.1 mmol/L, but the average value of
total FAs (4.571.6 mmol/L) was lower than in the urban

group and the reference standard'®.

Analysis of the FA profile of the Izhma group showed a
significant difference with respect to the Syktyvkar group
(Table 2). In comparison with the urban inhabitants, higher
levels of PUFA n-3 (p<0.001) (EPA and DHA) and n-7
palmitoleic acid (p<<0.001) were found in the blood plasma of
the inland reindeer herders. Additionally, lower levels of n-6
linoleic acid were observed in the men in the Izhma group
(p=0.003). The average value of the n6/n3 index in the
Izhma group was significantly lower than in the Syktyvkar
group (p<<0.001) (Table 2). The participants from the
Syktyvkar group had an average n6/n3 index of 12.4. No
significant differences in FA profiles were found between the
male and female reindeer herders (Table 2). A positive
correlation was found between n-3 PUFA levels in total
blood lipids and age (EPA — r,=0.47; p=0.005 and DHA —
r=0.47; p=0.006) in the reindeer herder group.
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Table 1: Characteristics of reindeer herders (Izhma region) and urban inhabitants (Syktyvkar) of Russian
European North/median (25-75%)

Syktyvkar male Izhma male (n=17) p value male Izhma female p value male—
(n=44) (n=17) female Izhma
Age (years) 32.0 (29.0-36.0) 40.0 (24.8-45.3) 0.934 35.0 (26.0-42.0) 0.986
BMI (kg/mz) 26.9 (23.9-28.0) 25.4 (24.5-27.1) 0.976 26.0 (24.7-30.2) 0.343
Glucose (mmol/L) 5.2 (4.9-5.7) 3.4 (3.0-3.5) 0.000 3.3(3.1-3.9) 0.567
Total cholesterol (mmol/L) 4.4 (4.0-4.7) 4.9 (4.5-5.2) 0.014 4.6 (4.3-5.0) 0.521
Triglycerides (mmol/L) 0.7 (0.7-0.8) 0.8 (0.7-1.0) 0.022 0.7 (0.6-0.8) 0.042
HDL-C (mmol/L) 1.7 (1.5-1.9) 2.2(1.9-2.4) 0.001 2.0(1.8-2.1) 0.267
LDL-C (mmol/L) 2.4 (1.9-2.6) 2.3(1.9-2.8) 0.839 2.3(2.1-2.6) 0.958
Apo-E (mg/dL) 2.4(2.2-3.4) 3.1(2.5-3.7) 0.261 2.6 (2.1-3.7) 0.821
Retinol (mg/dL) 25.6 (22.6-28.1) 38.6 (27.4-44.9) 0.004 27.3 (21.1-37.7) 0.206
0-Tocoferol (mg/mL) 10.1 (9.4-10.4) 10.0(8.3-11.8) 0.818 9.2 (7.3-11.9) 0.808
p value Mann—Whitney U-test
BMI, body mass index; HDL-C, high-density lipoprotein—cholesterol; LDL-C, low-density lipoprotein—cholesterol.
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Figure 1: Levels of plasma fatty acids in total lipids of Izhma reindeer herders and residents of Syktyvkar.
**Statistically significant at p=0.006.

Analyses of the lipogenic index showed the C16:0/C18:2
values to be significantly higher among the residents of the
Izhma region than among the inhabitants of Syktyvkar

(p=0.024). The reindeer herders of Izhma had a lipogenic
index of 0.78, whereas that of the residents of Syktyvkar was
0.68 (Fig2).
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Table 2: Plasma total fatty acids of reindeer herders (Izhma region) and urban inhabitants (Syktyvkar) of Russian
European North/median (25-75%)

Fatty acid (mol%) Syktyvkar male (n=44)| Izhma male (n=17) p value (male) [zhma female (n=17)| p value (male-
female)
Myristic (C14:0) 1.2(1.1-1.7) 1.1(0.9-1.3) 0.079 1.0 (0.9-1.2) 0.264
Palmitoleic (C16:1 n-7) 1.5(1.3 1.9 23(1.9 2.5 0.000 2.4(2.02.7) 0.773
Palmitic (C16:0) 25.6 (24.4 27.9) 25.6 (24.3 27.8) 0.639 25.5 (24.7 27.1) 0.885
Oleic (C18:1 n-9) 16.3 (15.8 17.4) 16.8 (15.7 17.8) 0.652 16.6 (15.5 17.6) 0.588
Linoleic (C18:2 n-6) 37.6 (34.440.0) 32.1(29.2-35.5) 0.003 33.7(31.3-35.2) 0.692
(0+Y) linolenic (C18:3 n-3,n-6) 2.2(2.0-2.6) 1.9(1.7-2.2) 0.018 2.2(1.9-2.4) 0.249
Stearic (C18:0) 8.7(8.1.10.2) 9.0(3.7.9.4) 0.504 9.2(8.6 9.7) 0.516
Arachidonic (C20:4 n-6) 5.6 (4.4 6.9) 6.9(5.6 8.1) 0.076 6.5(5.5 7.6) 0.801
Eicosapentaenoic (C20:5 n-3) 0.2 (0.1-0.6) 1.3(0.9-1.8) 0.000 1.4(0.9-1.8) 0.829
Docosahexaenoic (C22:6 n-3) 1.3 (0.7-2.0) 2.2(1.5-2.8) 0.025 2.4(2.1-2.9) 0.387
n6/n3 12.4 (8.5-16.0) 7.2(5.7-9.0) 0.000 6.7(5.9-7.6) 0.429
Lipogenic index 0.7 (0.6-0.8) 0.8 (0.7-1.0) 0.024 0.7 (0.7-0.9) 0.528
Total fatty acids 6.4 (4.5-10.4) 42 (4.1-5.1) 0.006 41(3.7-438) 0.577
p value Mann—Whitney U-test
Lipogenic index
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Figure 2: Lipogenic index of Izhma reindeer herders and residents of Syktyvkar. *Statistically significant at

p=0.024.
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The nutrition assessments showed that the respondents in both
groups were not vegetarians (Table 3). In total, 83% of the
participants in the Izhma group and 54% of the Syktyvkar group
were found to eat more than three meals per day. A comparison of
the nutritional habits revealed an increased consumption of fish
(p<0.001), reindeer meat and fat (p<<0.001), white bread
(p=0.033), macaroni (p<<0.001) and eggs (p=0.004) by the
reindeer herders than by the urban citizens. In addition,
participants in the urban group reported higher consumption of
fruits (p<0.001), butter (p=0.013), cultured milk foods
(p=0.010) and vegetables (p=0.009) than participants from the
reindeer herder group. All participants in the reindeer herder
group described their fish consumption as sufficient. Among
reindeer herders, fish made up 50% of the diet of 36% of
participants. On  average, respondents in the Izhma group
consumed 213 g of fish per day (according to the consumption
frequency and dish size data). Fifty percent of the participants in
the Syktyvkar group reported their frequency of fish consumption
as ‘never or less than one time in a month’. Only 36% of
respondents in that group described their fish intake as sufficient.
According to questionnaire data, in the Syktyvkar group, fish made
up 50% of the total diet of 8% of participants. The average daily
consumption of fish of all types by the Syktyvkar group
respondents was 18 g/day.

Discussion

Studying the health in a population of Izhma reindeer herders

is complicated due to territorial isolation and remoteness.

The lipid levels in the blood plasma of European Russia residents
are comparable to the values of the residents of other northern
regionsl’”'lg. The levels of total FAs in the blood plasma observed
in the present study were at the lower border of the reference
range (Fig2)16. In the severe northern conditions, FAs and their
derivatives are important energy substrates. According to the
literature, exposure to the cold activates lipid oxidation in
humans™. The climatic conditions of the North may increase the
lipolysis and B-oxidation of FAs, particularly due to the increased

17,21

activity of hypophysis-thyroid gland system in Northerners ”

The lowest levels of total FAs were found in the reindeer herders.
In comparison with other northerners, they maintain a traditional
lifestyle and therefore have significant physical activity and spend
large amounts of time outdoors in severe natural climatic
conditions. Apparently, these factors cause greater activation of
lipolysis and P-oxidation of FAs” and a higher activity of
lipogenesis among the reindeer herders of Izhma (Fig2). Strong
positive correlations between the lipogenic indices and the levels
of a number of plasma FAs were observed in reindeer herders and
urban inhabitants. The lipogenic index in Izhma reindeer herders
correlated with the levels of saturated palmitic acid (r,=0.861;
p<0.001), monoenoic palmitoleic (r,=0.657; p<0.001), oleic
(r=0.639; p<0.001) and linoleic acids (r=—0.950; p<0.001). In
the Syktyvkar group, the lipogenic index correlated with saturated
FAs (C16:0 r=0.913; p<0.001, C18:0 r=0.400; p<0.010),
monoenoic  (C16:1 r=0.517; p<0.001; C18:1 r=0.340;
p<0.050) and linoleic acids (r,=—0.930; p<0.001).

In the course of the study, significant differences in the FA
profiles in the Indigenous inhabitants of the Russian European
North with different lifestyles and types of nutrition were
found. In comparison with Syktyvkar residents, the reindeer
herders of Izhma had higher n-3 PUFA (EPA and DHA) levels
in the blood plasma lipids (Table 2).

It is known that the residents of coastal areas (the Inuits and
inhabitants of Greenland and Chukotka) have FA profiles with
increased n-3 PUFA, unlike inland inhabitants"**”. These
differences are caused by the consumption of food rich in n-3
PUFAs (scal meat and whale meat)’. Inland reindeer herders
who migrate along the Pechora River were studied in the
present work. Their diets mostly consisted of freshwater fish
(syrok, Siberian whitefish and pike) and did not include fat or
the meat of sea mammals or other seafood. Residents of the
Russian European North living in coastal regions consumed
from 27.1 g/day (Nelmin-Nos) to 48.8 g/day (Arkhangelsk)
of fish on avcragcn. The consumption of fish in the Izhma
group was higher (average 213.0 g/day according to data
from this study), which presumably caused more beneficial
lipid profiles in reindeer herders in comparison with urban

inhabitants.
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Table 3: Frequency of consumption of different products among reindeer breeders (Izhma region, n=26) and

Never <1 time/ 1-3 times/ 1-2 times/ >3 times/ p value of
month month week week thest
Fish 0.000
Reindeer breeders 0 0 11 1 14
Urban citizens 3 27 14 0 0
Reindeer meat 0.000
Reindeer breeders 0 0 1 0 25
Urban citizens 40 4 0 0 0
Reindeer fat 0.000
Reindeer breeders 5 1 4 16 16
Urban citizens 44 0 0 0 0
Dairy products 0.217
Reindeer breeders 11 0 4 1 10
Urban citizens 14 0 17 3 10
Cottage cheese 0.929
Reindeer breeders 4 6 6 8 2
Urban citizens 7 14 10 10 3
Sour cream 0.148
Reindeer breeders 3 4 6 9 4
Urban citizens 3 17 3 14 7
Butter 0.013
Reindeer breeders 3 5 6 7 8
Urban citizens 7 7 0 7 23
Cultured milk foods 0.010
Reindeer breeders 13 0 7 1 5
Urban citizens 7 0 20 0 17
Fruits 0.000
Reindeer breeders 1 0 5 4 16
Urban citizens 3 7 0 20 14
Vegetables 0.009
Reindeer breeders 6 0 3 9 8
Urban citizens 0 0 10 14 20
‘White bread 0.033
Reindeer breeders 7 1 2 7 9
Urban citizens 14 7 7 13 3
Macaroni 0.000
Reindeer breeders 0 0 4 4 18
Urban citizens 10 7 10 14 3
Chocolate, sweet 0.160
Reindeer breeders 1 1 4 2 18
Urban citizens 3 7 7 9 18
Baked goods 0.147
Reindeer breeders 0 1 2 7 16
Urban citizens 3 0 7 17 17
Eggs 1 piece 2 pieces 3—4 pieces 5-6 pieces >7 pieces 0.004
Reindeer breeders 3 8 9 5 1
Urban citizens 17 17 10 0 0
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A positive correlation between food PUFA levels and PUFA
levels in blood®”* has been observed. Hence, an analysis of
the correlations between individual levels of FAs and intake
of different food components was carried out. A negative
correlation between plasma retinol and 0-tocopherol levels
and fish consumption (p<<0.010 and p<0.050, respectively)
was found. The ratio of n-6/n-3 in Indigenous people’s diets
has been used as an indicator of dietary Westernization, with
higher ratios indicating lower consumption of traditional
foods™. The ratio of n-6/n-3 in the Izhma reindeer herders
was lower (median value 6.9) than the ratio in the

comparison group, but was still in the recommended ranch(’.

A positive correlation between n-3 PUFA levels in the total
lipids of blood plasma and the age of reindeer herders was
found. It shows that eating habits change inside the group
(Table 3). The obtained data confirmed the results of
previous studies that demonstrated correlations between n-3
EPA and DHA in blood phospholipids and age, taking into
consideration nutrition habits**. Presumably, it may be
caused by more frequent consumption of traditional foods
rich in n-3 FAs in groups of greater age, or with an excessive

consumption of ‘Westernized” food by younger pcoplc3’27.
Main findings

Despite the high concentrations of n-3 PUFA in the blood
plasma of inland reindeer herders, the levels of essential
linoleic acid (LA; C18:2 n-6) were higher in urban
inhabitants (Table 2). These differences may also be caused
by nutritional habits. After analysis of the nutritional habits,
no significant differences in sunflower seed oil consumption
were found between the two groups (p=0.367).
Additionally, 58% of respondents in the Izhma group and
70% in Syktyvkar group mentioned sunflower oil when
answering the following question ‘What do you dress salads
with?’ In addition, linoleic acid may be metabolized faster in
reindeer herders due to its involvement in free-radical
oxidation in humans™ or its role as a primary substrate in the

synthesis of arachidonic acid”. Linoleic acid derivatives have

also been found to be involved in the mechanisms of fat

. )
accumulation regulation™.

A higher percentage of endogenous monoenoic palmitoleic
acid (C16:1 n-7) in the blood plasma of reindeer herders in
comparison with urban inhabitants is of great interest.
Increased levels of this acid in cholesterol esters and
phospholipid fractions of plasma among inhabitants of the
North were previously described®. The level of palmitoleic
acid, which is a product of endogenous lipogenesis, correlates
with obesity, insulin levels* and high concentrations of
plasma glucosc“. Thus, it may be utilized as an independent
marker of triglyceridemia and abdominal obesity in

323

humans**®. The level of C16:1 n-7 in total plasma lipids
increases with age, which may be a result of different levels of
insulin resistance in the young and the elderly”. However, a
correlation between C16:1 n-7 in the blood plasma of
reindeer herders and age was not found (r,=0.20; p=0.260).
Additionally, no correlations between palmitoleic acid levels
and blood glucose levels (r,= —0.24; p=0.260), BMI (r,=
0.11; p=0.560) and the frequency of consumption of various

types of food were found.

Earlier studies indicated that hepatic de novo lipogenesis and
FA desaturation are highly sensitive even to short-term
dietary changes; for example, a high-carbohydrate diet".
According to the data from the present study, reindeer
herders had increased consumption of the high-carbohydrate
products white bread and macaroni. It is assumed that higher
lipogenesis index values in the reindeer herder group may be

caused by this increased carbohydrate consumption.

A significant positive correlation between lipogenic index and
concentrations  of  palmitoleic acid  (p<0.001)  was
demonstrated in both groups. It was assumed not to be
merely a statistical phenomenon but proof that the plasma
palmitoleic acid level may serve as additional marker of

lipogenesis in humans.
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Limitations of study design

A number of challenges were faced during this study. The
working schedule of reindeer herder crews and the logistics
of the Izhma region severely limited access to adult reindeer
herders (resulting in only approximately 30% of subjects
suitable for sampling being included in the sample). The
questionnaire ‘Seafood and the health of the people of the
North’ provided by the authors” AMAP scientific supervisors
was not adjusted to the realities of the inland rural territories
of the European North of Russia. Filling out the questionnaire
took much time, and some questions were unclear and

difficult to answer for the respondents.

At present, future studies in the same field are planned. It is
hoped to obtain larger and more representative samples of
the populations of rural regions of the Komi Republic,
including reindeer herders from the Izhma district and other
regions of the European North of Russia. In the future, the
authors plan to adapt the nutritional questionnaire to the
realities of Russia and to the characteristics of the populations

(namely, the lack of seafood and seasonal migration).
What is new for rural health

The present work is the first study of inland reindeer herders (the
native residents of the Russian European North practising a
traditional lifestyle) of the Komi Republic’s Izhma district and is
one of the few studies to assess differences in lipid profiles between
native Northerners with traditional and modern lifestyles. Izhma
reindeer herders, when compared with urban citizens (of the city
of Syktyvkar), demonstrated higher levels of essential EPA
(p<0.001) and DHA (p=0.025) and non-essential palmitoleic fatty
acid (p<0.001) in total plasma lipids. The plasma FA profiles in the
reindeer herders who participated in the study corresponded to
reference values™. The work was performed to create a basis for
future studies assessing the public health of native rural populations
and its interrelations with nutritional and biochemical features of
the native people of the European North of Russia. In the authors’
opinion, this work shows the importance of traditional nutrition
for the health of rural populations. The results were presented to
local communities in the Izhma district at the II conference

‘Northern ethnos. Traditions and modernity’ in July 2011 in
Izhma.

Conclusions

The results of the study showed a more beneficial n-6/n-3 FA
ratio in reindeer herders of the Russian European North than
in urban inhabitants. Higher plasma n-3 PUFA levels (EPA,
DHA) in reindeer herders who had more fish in their diet
were demonstrated. In addition, inland reindeer herders
showed higher palmitoleic acid levels and lower linoleic acid
levels in blood total lipids than urban inhabitants. The results
of the present study indicate that plasma palmitoleic acid
levels may serve as additional markers of lipogenesis in
studied groups. The nutritional features and environmental
conditions were assumed to have the greatest effects on
plasma FA profiles and lipid metabolism in the Indigenous

inhabitants of Russian European North.
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