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Abstract: The objective of this study was to analyze the type and balance of the diet, examine the hormonal regulation of carbohydrate
metabolism in order to identify the etiology of hyperglycemic manifestations in young people of two ethnic groups residing in the territory
of Magadan Oblast.

Methods — Blood serum carbohydrate parameters were measured using the ion-exchange chromatography, enzymatically enhanced
chemiluminescence, and the hexokinase method.

Results — We established that the homeostatic model assessment of insulin resistance (HOMA-IR) index did not exceed the reference
limits, which implied that the examined young men of two ethnic groups had no insulin resistance. The indigenous subjects demonstrated
statistically significantly higher values of glycosylated hemoglobin, closely approaching the upper limit of the reference range. The blood
insulin level in examined young men was lowered towards the lower limit of the reference range. Against the background of detected
hyperglycemic manifestations in young men of two studied groups in Magadan Oblast, their dietary intake was characterized by
insufficiency and imbalance in both micronutrient and macronutrient compositions. It was established that the observed diet contained an
excessive amount of mono- and disaccharides in 49% of Caucasians and 72% of natives, which was 52% and 108% higher, respectively,
compared with the reference range against the pronounced deficiency of chromium, copper, and vitamin D.

Conclusion — The results indicated an unbalanced diet with excessive intake of mono- and disaccharides, along with reduced insulin
secretion and increased glycosylated hemoglobin, which was more pronounced in the indigenous group, probably causing hyperglycemic
manifestations in the carbohydrate metabolism observed in young residents of Magadan Oblast.

Keywords: young Caucasian men, young indigenous men, carbohydrate metabolism, hyperglycemic manifestations, actual diet.
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Introduction conditions of the North. For instance, it was established that
native inhabitants of the North adhering to the conventional
protein-lipid type of nutrition, had a specific economical type of
metabolism with higher cortisol levels against the background of a
lower base content of blood insulin [4]. The study by
O.N. Poteryaev et al. (2017), on the contrary, reported high insulin
content corresponding to the maximum permissible level for this
indicator in groups of both indigenous subjects and newcomers to
the Yamalo-Nenets Autonomous Okrug [5]. The publications also
mentioned the minimization of carbohydrates in the energy
metabolism among the native residents of the North caused by a
slowdown in the rate of glycolysis and reduced activity of enzymes
involved in carbohydrate metabolism [6]. Hence, the objective of
our study was to examine the type and balance of nutrition, along
with hormonal regulation of carbohydrate metabolism in order to
identify the etiology of hyperglycemic symptoms in young male
residents of Magadan Oblast.

Diabetes is currently becoming a non-infectious epidemic, with
changes in the age-related incidence towards younger groups [1].
This coincides with the previously obtained results on the
carbohydrate metabolism analysis for young residents in Magadan
Oblast, whose blood glucose closely approached the upper limit of
the reference range for normoglycemia and varied from 5.4 to 5.6
mmol/L. At the same time, in over 25% of young people under
study, glucose exceeded the reference range, which undoubtedly
constituted a prerequisite and a risk for developing hyperglycemic
conditions at older age [2]. Notably, the values of carbohydrate
metabolism observed in young males of Magadan Oblast do not
agree with those of the European North, where, on the contrary,
the tendency to develop hypoglycemic conditions was revealed
both in newcomers and long-term residents of the North. The
author of this study interprets this finding as a certain feature of
the so-called northern metabolism [3]. There is still no consensus
as to the features of insulin regulation in people residing in the
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Table 1. Indicators of the pancreas functional activity and carbohydrate
metabolism

Examined subjects

Indicators Caucasians  Indigenous siS;s;ichi)acle
(n=136) people (n=44)

HbA1 glycosylated hemoglobin, % 5.21+0.05 5.38+0.06 p=0.045

HOMA-IR, arb. units 1.86+0.16 2.1040.23 p=0.392

Glucose, mmol/L 5.38+0.06 5.49+0.08 p=0.281

Insulin, mIU/mL 7.59+0.80 8.14+0.86 p=0.643

Table 2. Indicators of macronutrient, micronutrient and vitamin
compositions, and energy values of the diets in young males of different
ethnic groups living in the North

Examined subjects L

. - - Statistical

Indicators Caucasian men  Indigenous men significance
(n=136) (n=44)

Proteins, g 73.1£2.5 74.1£1.8 p=0.712
Animal fats, g 40.2+2.1 34.0+1.5 p=0.036
Vegetable fats, g 40.1+2.4 36.3+1.7 p=0.182
Fats, g 80.213.3 70.242.2 p=0.005
Fibers, g 5.1+0.3 3.940.1 p=0.007
Carbohydrates, g 248.5+8.4 327.1+8.3 p<0.001
Mono-, disaccharides, g 113.4+4.8 154.847.2 p<0.001
Copper, pg 1.562.2+104.8 1.730.7+46.1 p=0.142
Chromium, pg 54.5+3.6 46.5£2.8 p=0.081
Vitamin D, ug 2.9+0.4 2.940.5 p=0.912
Vitamin E, pg 13.4+0.6 13.9+0.4 p=0.552

Table 3. Frequencies of the deficit, excess, and normal values of the main
indicators of macronutrient, micronutrient and vitamin compositions,
and energy values of the diets in young males of different ethnic groups
living in the North

Examined subjects

Indicators Caucasian men (n=136) | Indigenous men (n=44)
Deficit, % Excess, % Norm, %;Deficit, % Excess, % Norm, %

Proteins, g 6713 7+2 264 | 675 613 2815
Fats, g 78+4* 5+2 17+3 675 11+4 2245
Fibers, g 98+1 1+1 1+1 | 100+0 0%0 00

Mono-, disaccharides, g 12+3  49+5* 39+4* | 174  72+5 114
Carbohydrates, g 79+4%  2+1*  19+4* | 5616 114 3315
Copper, ug 68+4 12+3 204 | 5616 17+4 2845
Chromium, pg 84+3 943 7£2 834 613 11+4
Vitamin D, pg 9143 7+2* 1+1 83+4 17+4 010

Vitamin E, mg 36+4* 50+5* 1543 2245 675 11+4

* indicates statistically significant differences between ethnic
groups.

Material and methods
Study participants

The examinees were men aged 17-21 years old. All subjects
were permanent residents of Magadan Oblast and by the time of
the survey were full-time students with comparable living
conditions for more than six months. The examination was
conducted in physical education classes before exercises, which
implies no chronic disease in the acute stage or complaints about
the health condition, which was the direct inclusion criterion for
the study. The research was conducted taking the ethnicity into
account, with male representatives of the Caucasian population
and indigenous young males representing small-numbered
peoples of the North (Koryaks, Evens). The mean age was 18.2+0.2
years (n=44) in the indigenous group, and 18.3+0.1 years (n=136)
in Caucasian group. The Caucasian subjects were characterized by
the following anthropometric characteristics: body mass of

69.4+0.2 kg, body length of 179.1+0.5 cm, chest circumference of
91.5+0.2 cm, BMI of 21.7+0.1 kg/m2. The anthropometric values
established for the indigenous group were, respectively,
61.7+0.9 kg, 170.9%0.7 cm, 87.740.6cm, and 21.1+0.2 kg/m2.
These differences were probably caused by the ethnic nature of
the morphotype development.

Blood serum carbohydrate indicators

Venous blood samples were taken from the subjects using
vacuum blood collection tubes. The samples were taken on an
empty stomach in the laboratory of Unilab-Khabarovsk LLC.
Automated D10 analyzer (Bio-Rad, USA) was used for the
reference method of high-pressure liquid ion exchange
chromatography to determine glycosylated hemoglobin (HbA1).
The method of enzymatically enhanced chemiluminescence by
means of immunochemical analyzer IMMULITE 2000XPi (Siemens,
USA) was employed to measure insulin concentration. Glucose
analysis was performed using the hexokinase method on the AU
480 biochemical analyzer (Beckman Coulter, USA). The assessment
of the insulin resistance was conducted based on the formula
proposed by D.R. Matthews, et al. (1985) for calculating the
homeostatic model assessment of insulin resistance (HOMA-IR)
index: [Insulin (mIU/mL) x Glucose (mmol/L)] / 22.5 [7].

Dietary analysis

The subjects kept food recording notebooks for 5 days,
excluding weekends and holidays, to evaluate some parameters of
their diets. The diet composition was calculated using the ASPON-
nutrition software (Saint Petersburg). Using this software, the
macronutrient composition of the diet was analyzed for the
following components: proteins (g), fats (including vegetable and
animal fats) (g), carbohydrates (g) (with specifying mono- and
disaccharides (g), and fiber (g). The obtained data were compared
with the standard levels of food intake [8]. The frequencies of
deficient or excessive intake of macronutrients and micronutrients
were recorded, as well as actual diets, compared with the referent
ranges. Additionally, some micronutrients that affect carbohydrate
metabolism were analyzed: vitamin D (ug), vitamin E (mg), Cu
(copper, pg); Cr (chromium, ug).

Statistical data processing

The collected data were processed using Statistica 7.0
software package. The normality of the distributions of measured
variables was verified using the Shapiro-Wilk test. The results of
parametric data processing are presented as the mean value (M)
and standard deviation of the mean (xm). The statistical
significance of differences was calculated via Student’s t-test for
independent samples. The critical significance level (p) was
assumed at 0.05 [9].

Results

Table 1 demonstrates main indicators of functional activity of
the pancreas and carbohydrate metabolism. The presented data
suggests that young men of both groups are described by
statistically significant differences in the values of glycosylated
hemoglobin, which were lower in the group of Caucasian males.
No intergroup ethnic differences in blood glucose, insulin, or
HOMA-IR were detected. Table 2 presents macro- and
micronutrients, and vitamins, as well as the diet energy value in
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young Caucasian vs. indigenous males in Magadan Oblast. Our
data implied that young men of both groups exhibited
considerable differences in amount of animal fats in their diet,
total lipids, and fiber. Notably, the indigenous subjects had smaller
values of fiber, while the young Caucasian men had considerably
lower levels of carbohydrates, and mono- and disaccharides. Table
3 demonstrates the occurrence of deficiency, excess, and normal
values of the main indicators of macro- and micronutrients and
vitamins, as well as the energy value of the nutrition observed in
young Caucasian and indigenous men of Magadan Oblast. The
analysis of the results suggests more frequent manifestations of
lipid, carbohydrate and vitamin E deficiency in Caucasian subjects.

Discussion

Carbohydrate metabolism and functional activity of the
pancreas

The main characteristics of the pancreas functional activity,
along with carbohydrate metabolism, presented in Table 1
demonstrated  statistically significantly  higher values of
glycosylated hemoglobin in the group of young males from the
indigenous population of the North. Herewith, even though within
the reference range, the obtained values were close to its upper
limit (at a rate of 3-6 %) for all surveyed young males of both
ethnic groups under study. The HOMA-IR index values in both
groups did not exceed the reference values, thereby implying no
insulin resistance experienced by the test subjects. Notably, the
fluctuations in the insulin levels in both groups tended to shift
towards the lower limit of the reference range despite relatively
high blood glucose content registered on empty stomach (5.38—
5.49 mmol/L). The data obtained in our study confirmed the
previous research results on the rearrangement mechanisms in
hormonal regulation of metabolism that people develop in the
North, where the leading symptom is a decrease in insulin
production, called the stress diabetes [4]. This, in particular, is
consistent with the reference data, suggesting the development of
transient physiological stress diabetes in the conditions of the
North, which is characterized by the decreasing threshold of sugar
and other low molecular weight compounds reabsorbed in the
renal tubules, and also by reduced insulin content [4]. According to
some authors, that could be associated with a reduction of the
carbohydrate role in the energy metabolism, as well as with the
energy metabolism per se: the latter tends to switch from its
carbohydrate type to the lipid type [10]. The authors also indicate
that due to low insulin levels, cell metabolism switches to
ketone/free fatty acids with subsequent reduction of glucose
utilization. Instead of the glucose, free fatty acids in the
bloodstream become the source of energy [11]. The above analysis
of glycosylated hemoglobin, the HOMA-IR index, and the level of
insulinemia suggests the absence of hyperinsulinemia and insulin
resistance, which could be the cause of high blood glucose levels.
In contrast, both studied groups had low values of the HOMA-IR
index and blood insulin, which, with the high values of glycemia, is
indicative of insufficient functioning of B-cells in the insular
apparatus of the pancreas.

Micronutrients in the diet

Analysis of main indicators of the micronutrient status (Table
2) demonstrated no significant differences in chromium between
the subjects of two ethnic groups. Therewith, mean values of this
micronutrient were low in approximately 83-84 % of all test

subjects, compared with the recommended standards (45% below
the norm in Caucasians and 53% lower in young indigenous men).
It is necessary to emphasize the biological role of chromium in the
regulation of carbohydrate metabolism, as well as its importance
for the blood glucose levels since it is a component of the glucose
tolerance factor (GTF) [12].

Our data indicate that chromium deficiency constitutes a
prerequisite for type 2 diabetes, which is generally consistent with
the high frequency of fasting hyperglycemia in young males under
study (over 25% in the sample) [2]. The nutrition analysis
demonstrated no significant differences in the copper amount
between the groups; a deficiency in this micronutrient was
observed in 68% of young Caucasian males and 56% of indigenous
men. It is known that copper contributes to the normal functioning
and activation of insulin [13].

Vitamin supply

Table 2 demonstrates the amounts of some vitamin intake by
young men in our study. No ethnic differences in the
concentration of vitamin E have been found between the
ethnicity-based groups, but on average, both groups had 34-39%
higher vitamin E content than the recommended standards. The
excess was observed in 50% of Caucasian subjects and 67% of
indigenous men. Apart from its antioxidant effect, vitamin E is also
involved in glucose metabolism [14]. Some studies have proven
the negative correlation between the concentration of tocopherol
in blood plasma and insulin resistance [15, 16]. An important
biological role of vitamin D in increasing insulin secretion and
insulin sensitivity was established as well [17]. It was confirmed
that low levels of vitamin D in the blood increase the risk of
diabetes development [17, 19]. Notably, normalization of vitamin
D levels in the blood optimizes the plasma concentration of
glucose sampled on an empty stomach towards the physiological
norm, and also reduces insulin resistance in such patients [20].
This study demonstrated vitamin D deficiency in 91% of Caucasian
males and in 83% of the studied natives: the mean was 74% lower
in both ethnic groups, compared with the reference range, and no
statistically significant intergroup differences were detected.

Macronutrient diet composition

Analysis of the macronutrient supply indicated insufficient
protein intake in 67% of young males in both studied groups. The
mean amount of observed protein consumption was 26-27%
lower than the recommended physiological norm. Similar picture
could be observed in the lipid intake: 78% of Caucasians and 67%
of the natives demonstrated mean lipid amounts below the
reference range. The author established that 79% of Caucasian
males and 56% of native men lacked carbohydrates in their diet
against the background of an excess of mono- and disaccharides
observed in 49% and 72% of them, respectively. At the same time,
mean consumption of mono- and disaccharides exceeded the
norm by more than 52% in the group of Caucasians and by 108% in
the indigenous population of the North. It is known that high
consumption of simple sugars is a risk factor for the development
of insulin resistance and type 2 diabetes [21].

The energy contribution of proteins, fats, and carbohydrates to
the nutrition by the Caucasian subjects demonstrated the
following ratio: 15:35:50 (%), which reflects the carbohydrate type
of their diet with an increased proportion of mono- and
disaccharides up to 22% (while the WHO recommendation is
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below 10%). The examinees from the native population of
Magadan Oblast had the following macronutrient ratio:
14:28:58 (%), with the share of mono- and disaccharides up to
28%, which defines such diet as a pronounced carbohydrate type.
Remarkably, the analyzed diets of young males in both groups
were low in fiber (~4-5 g, as seen in Table 2, vs. the norm of 25—
35 g per day).

Conclusion

Thus, our data confirmed that such factors as unbalanced diets
with the increased proportion of mono- and disaccharides, and
pronounced deficiency of fiber, vitamin D and chromium, and the
reduced concentration of insulin in the blood have been the most
substantial prerequisites for high blood glucose content in young
men in the city of Magadan. These findings were more distinct in
the group of indigenous population in Magadan Oblast, which was
expressed in higher levels of glycosylated hemoglobin, along with
excess of mono- and disaccharides in their diets by as much as
108%. We are confident in our assumption that this is a
consequence of abandoning the traditional lifestyle by this ethnic
group.
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