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PRODUCTS IN HEALTHY PEOPLE

AND WITH METABOLIC SYNDROME

Due to the steady increase in the incidence of metabolic syndrome (MetS), studying the

ways to reduce the risk of its occurrence is an important task for modern medicine. The aim of
the study is to identify the relationship of MetS markers with the levels of specific IgG to various
products, as well as to assess the relationship of the content of proinflammatory cytokines and
C-reactive protein with MetS. It is shown that for the examined individuals with MetS, more direct
correlations are recorded and most often - with the glucose level. Many products can provoke
postprandial hyperglycemia, which in a practically healthy person will not cause significant dis-
turbances, but with MetS, a failure of glucose and lipid homeostasis in combination with insulin
resistance does not allow effective correction of blood glucose levels. Thus, when introducing
elimination diets for MetS, it is necessary to take into account the possibility of postprandial
hyperglycemia in this group of people, monitor glucose and insulin levels to prevent the devel-
opment of insulin resistance.
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Introduction. MetS is a set of patho-
logical conditions including visceral obe-
sity, insulin resistance, hyperglycemia
and lipid metabolism disorders. This
symptom complex increases the risk of
developing other diseases, such as car-
diovascular, neurodegenerative, onco-
logical diseases and the development of
type 2 diabetes mellitus [5, 22, 26]. It is
known that inflammatory processes are
involved in the pathogenesis of many
diseases. The inflammatory response, as
a protective mechanism, is based on the
permeability of the intestinal epithelium
for food antigens and impaired immune
regulation. In obesity, the inflammatory
process is localized in adipose tissue, liv-
er, muscles and pancreas. These tissues
are infiltrated with macrophages and oth-
er immune cells that produce proinflam-
matory cytokines that act in an autocrine
and paracrine manner to interfere with
insulin signaling in peripheral tissues or
cause [3-cell dysfunction and subsequent
insulin deficiency [16, 19, 25]. Studies
show that food antigens can affect the
barrier functions of the intestinal wall,
facilitating the penetration of harmful
substances into the blood, thereby ini-
tiating inflammation. Once in the blood,
food antigens cause an increase in the
concentration of specific IgG [1, 3]. In pa-
tients with MetS, 88.5% of cases show an
increase in immunoglobulin IgG, which is
involved in autoimmune processes [6].
An unbalanced diet with a predominance
of fats, circadian rhythm disorders, and
stress play a key role in the development
of MetS [23]. In turn, MetS increases the
risk of anxiety due to an increase in the
level of chronic inflammation [9]. Thus,
studying the underlying mechanisms of
MetS development and associated in-
flammation may be useful for the treat-
ment, diagnosis and prevention of asso-
ciated diseases.

The aim is to establish the presence of
correlations between MetS markers and
levels of specific IgG to food antigens,
as well as to analyze the relationship be-
tween MetS and the content of proinflam-
matory cytokines and C-reactive protein.

Materials and methods. According
to the classification of the Internation-
al Diabetes Federation (IDF, 2005), the
main sign of MetS is the presence of
visceral obesity, for women the abdomi-
nal circumference should be equal to or
more than 80 cm, for men more than 94
cm, as well as any two of the following
four factors: elevated triglyceride lev-
els (more than 1.7 mmol / ), decreased
high-density lipoprotein levels (less than
1.03 mmol / | in men and less than 1.29
mmol / | in women), elevated blood pres-

sure (systolic more than 130 or diastolic
more than 85 mm Hg), elevated fasting
plasma glucose (more than 5.6 mmol /
). Laboratory and anthropometric data
of 230 people were analyzed. The group
with MetS included 110 people, including
71 women and 39 men, the average age
was 33.92 + 1.09 years. The inclusion
criterion for patients was the presence
of clinical signs of MetS according to the
classification of the International Diabe-
tes Federation (IDF, 2005). The diagnosis
was confirmed by the results of labora-
tory tests. The examined individuals with
MetS did not have a confirmed diagnosis
of diabetes mellitus and, therefore, did
not take insulin drugs to regulate blood
sugar levels. The control group included
120 practically healthy people, including
100 women and 20 men, the average
age was 41.90 + 1.12 years. According
to the questionnaire, none of the exam-
ined people had any allergies to any food
products. The examination was carried
out with the written consent of the vol-
unteers, in compliance with the norms
and rules of biomedical ethics approved
by the Helsinki Declaration of the World
Medical Association on Ethical Principles
for Medical Research (2013). The study
was approved by the Ethics Committee
of the Institute of Physiology of Natural
Adaptations of the Federal Research

Center for Animal Health, Ural Branch of
the Russian Academy of Sciences (Pro-
tocol No. 3 dated December 20, 2024).
Abdominal circumference was assessed
in all patients. The concentration of
low-density lipoproteins, high-density li-
poproteins, total cholesterol, triglycerides
and glucose was determined in blood se-
rum using spectrophotometry kits (Vec-
tor-Best, Russia) on a UV-1800 spectro-
photometer (Shimadzu, Japan). The en-
zyme immunoassay method was used to
determine the content of C-reactive pro-
tein (AccuBind, USA), cytokines IL-6, IL-
10, IL-1B and TNFa (RayBiotech, USA),
c-peptide (Monobind Inc., USA), specific
IgG antibodies to 90 food allergens (Bio-
merica, USA) in the blood serum, with the
result being assessed on a Multiskan FC
enzyme immunoassay analyzer (Ther-
mo Fisher Scientific, USA). Statistical
data processing was performed using
the Statistica 6 program (StatSoft, USA).
Correlation analysis was performed us-
ing Pearson's analysis. The normality of
distribution of quantitative indicators was
checked using the Shapiro-Wilk criterion.
The description of the obtained data was
carried out using the mean value and
standard deviation, median, lower and
upper quartiles. Statistically significant
differences between groups were identi-
fied using the parametric Student t-test
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for independent samples and the non-
parametric Kruskal-Wallis test. The sig-
nificance of differences was considered
at p <0.05.

Results of the study and their dis-
cussion. The results of the examination
showed that in the MetS group, the ab-
dominal circumference in women aver-
aged 98.53 + 2.56 cm, while in men it
was 106.71 £ 1.82 cm. In the comparison

group, the abdominal circumference in
women was 68.96 + 1.46 cm (p < 0.001),
while in men it was 79.50 £ 1.50 cm (p
< 0.001). The group of volunteers with
MetS was characterized by higher levels
of glucose, cholesterol, and triglycerides
in the blood serum. The comparison data
are presented in Figure 1. The groups
were assessed for the level of general in-
flammation. MetS is characterized by the
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presence of chronic sluggish inflamma-
tion, which is confirmed by higher levels
of proinflammatory cytokines IL-1p, IL-6,
and TNFa in the examined individuals
with MetS (Figure 2).

The concentration of C-reactive pro-
tein, a marker of general inflammation,
was determined. It was found that in
practically healthy volunteers its content
was 1.31 (0.75-2.06) mg/l with elevated

Table 1

Correlations of levels of specific IgG to fish and seafood antigens with markers of metabolic syndrome, r

Abdominal circumference Triglycerides HDL LDL Glucose
Practically healthy -0.17 0.28 0.37 0.08 -0.13
Turbot
MetS 0.14 -0.09 0.08 -0.07 0.43*
Practically healthy -0.09 0.43* 0.41%* 0.25 0.34
Flounder
MetS 0.13 -0.15 0.08 -0.15 0.44*
Cod Practically healthy -0.30 0.34 0.34 0.12 0.28
0
MetS 0.42* -0.14 -0.13 -0.08 0.05
Practically healthy -0.10 0.57%* 0.49%%* 0.02 0.37
The crab
MetS 0.34 -0.16 -0.13 -0.17 -0.08
T Practically healthy -0.09 0.19 0.40% -0.07 -0.22
n
una MetS 0.43* -0.09 -0.14 -0.05 -0.01
. Practically healthy 0.19 0.15 0.54%* 0.11 0.28
Shrimp
MetS -0.20 0.15 0.25 0.24 0.37*
Trout Practically healthy -0.29 0.41* 0.51** 0.32 0.40%*
rou
MetS 0.49%* -0.17 0.08 0.02 -0.16
Hak Practically healthy -0.36 0.34 0.38 0.16 0.40*
ake
MetS 0.26 -0.15 -0.06 -0.04 0.16
Practically healthy -0.17 0.26 0.46* 0.18 0.30
Salmon
MetS 0.14 -0.18 0.10 -0.13 0.27

Note. In table 1-6 * - p<0.05. ** - p<0.01. *** - p <0.001.

Table 2

Correlations of levels of specific IgG to fruit antigens with markers of metabolic syndrome, r

Abdominal circumference Triglycerides HDL LDL Glucose
Practically healthy -0.14 0.02 0.38* 0.28 0.02
Avocado
MetS -0.07 -0.06 0.13 -0.12 0.42%
Practically healthy -0.29 -0.11 0.21 0.15 0.31
Orange
MetS -0.15 -0.04 0.17 -0.08 0.48**
Practically healthy -0.20 0.20 0.14 0.07 -0.01
Banana
MetS -0.01 -0.04 0.10 -0.24 0.50%*
The grapes are Practically healthy -0.47** 0.04 0.05 0.04 -0.31
white MetS -0.02 -0.06 0.17 -0.13 0.44*
Peach Practically healthy -0.14 -0.19 0.35 0.43* 0.10
eac
MetS -0.16 -0.16 0.28 -0.08 0.41*
PI Practically healthy 0.02 0.04 0.30 0.23 0.22
um
MetS -0.14 -0.10 0.29 -0.06 0.47**
Practically healthy -0.11 -0.06 0.27 0.30 0.31
Lemon
MetS -0.11 -0.09 0.19 -0.03 0.41*
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Table 3

Correlations of levels of specific IgG in vegetables with markers of metabolic syndrome, r

Abdominal circumference| Triglycerides HDL LDL Glucose
Carrot Practically healthy -0.16 -0.013 -0.1 0.07 0.08
arro
MetS -0.1 -0.06 0.21 0.0004 0.42*
Practically healthy -0.22 -0.15 0.28 0.4 0.26
Eggplant
MetS -0.28 -0.05 0.32 -0.02 0.39%
Punch Practically healthy -0.2 -0.08 0.19 0.26 0.05
nc
Y MetS -0.12 -0.09 0.21 -0.16 0.49**
Practically healthy -0.01 -0.12 0.58%%* 0.46* 0.1
Green peas
MetS 0.12 -0.07 0.32 0.001 0.45%*
G . Practically healthy -0.12 -0.07 0.24 0.12 0.38*
reen r
cen SWeet peppe MetS -0.08 0.1 0.29 0.12 0.55%
Practically healthy -0.22 -0.12 0.32 0.33 0.15
Celery
MetS 0.06 -0.08 0.21 -0.07 0.37*
Practically healthy -0.23 -0.04 0.01 -0.01 -0.07
Cabbage
MetS 0.03 -0.06 0.13 -0.08 0.4*
Practically healthy 0.04 -0.13 0.26 0.35 0.4*
Tomatoes
MetS -0.13 -0.14 0.07 -0.12 0.44%*
. Practically healthy -0.1 -0.24 0.2 0.19 0.04
Pumpkin
MetS -0.1 -0.08 0.34 -0.02 0.51%
C Practically healthy -0.04 0.15 0.09 0.004 -0.07
orn
MetS -0.2 0.41* 0.05 0.38%* 0.24
Garlic Practically healthy -0.05 -0.15 0.5%* 0.43* 0.28
i
MetS -0.21 -0.12 0.23 -0.13 0.48**
Oni Practically healthy 0.04 -0.01 0.2 0.35 0.24
nion
MetS -0.22 -0.08 0.12 -0.08 0.37*

Table 4

Correlations of levels of specific IgG to dairy antigens with markers of metabolic syndrome, r

Abdominal circumference| Triglycerides HDL LDL Glucose
Practically healthy -0.01 -0.07 0.31 0.19 0.52%%*
Soft cheese
MetS 0.07 0.02 -0.08 0.07 0.76*
Practically healthy 0.05 0.1 0.41* 0.18 0.5%*
Yogurt
MetS 0.15 -0.03 -0.02 0.09 0.15
) Practically healthy 0.13 -0.12 0.34 0.25 0.41%*
Casein
MetS 0.25 -0.04 -0.14 0.13 0.12
Practically healthy 0.01 -0.09 0.54* 0.26 0.29
Cheddar cheese
MetS -0.1 0.12 0.14 -0.11 0.66**
. Practically healthy 0.03 -0.16 0.5%%* 0.28 0.13
Swiss cheese
MetS -0.09 0.15 -0.08 -0.05 0.72
Butt Practically healthy 0.1 0.2 0.22 0.05 0.49%*
utter
MetS 0.07 0.002 -0.05 0.19 0.16
. Practically healthy -0.03 -0.06 0.61%%* 0.36 0.22
Goat's milk
MetS 0.01 -0.1 -0.06 0.13 0.12

concentrations (over 5 mg/l) recorded
in 6.81+£0.15% of those examined. In
the group of those examined with MetS,
the content of C-reactive protein was
2.86 (2.28 — 3.87) mg/l, elevated levels

were found in 20.34+1.32% of cases.
An increase in the level of inflammation
markers increases the risk of vascular
endothelial dysfunction, increased insulin
resistance, lipid peroxidation and oxida-

tive stress. As a result of chronic sluggish
inflammation and impaired immune con-
trol, a change in the regulation of food an-
tigen transport occurs through weaken-
ing of tight junctions of the epithelium and



32025 [ AW

Table 5

Correlations of levels of specific IgG to meat antigens with markers of metabolic syndrome, r

Abdominal circumference Triglycerides HDL LDL Glucose
Practically healthy -0.21 0.03 0.26 0.18 0.09
Sheepmeat
MetS -0.02 -0.09 0.14 -0.15 0.39%
Beof Practically healthy -0.44% -0.36 0.16 0.14 -0.11
ee
MetS -0.07 0.13 0.34 -0.16 0.33
Practically healthy -0.09 0.11 0.45% 0.31 0.38*
Turkey
MetS 0.44%* -0.16 -0.12 -0.1 0.07
. Practically healthy 0.02 0.14 0.26 0.28 0.35
Chicken
MetS 0.4%* -0.11 -0.11 -0.05 -0.03
Table 6
Correlations of levels of specific IgG to antigens of products with markers of metabolic syndrome, r
Abdominal circumference Triglycerides HDL LDL Glucose
Practically healthy 0.05 0.04 0.42%* 0.49%* 0.23
Black pepper
MetS 0.25 -0.09 -0.02 -0.16 0.18
Practically healthy -0.01 0.11 0.34 0.18 0.39*
Mushrooms
MetS 0.22 -0.06 0.04 -0.08 0.14
Practically healthy 0.23 0.41 0.21 -0.27 0.39*
Beer yeast
MetS 0.11 -0.09 0.09 -0.09 0.36
Practically healthy -0.08 0.2 0.46* 0.29 0.33
Chocolate
MetS 0.4* -0.08 -0.03 -0.01 0.04
Practically healthy -0.28 0.16 0.18 -0.002 -0.1
Honey
MetS 0.09 -0.11 0.14 -0.22 0.41*

dysfunction of M-cells, which increases
the permeability of the intestinal epitheli-
um for food antigens. We have previous-
ly shown that individuals with MetS have
higher levels of IgG to food antigens and
their elevated concentrations are more
often detected [4].

A correlation analysis of the levels of
specific IgG to antigens of products with
MetS markers was performed in groups
with metabolic syndrome and in practi-
cally healthy individuals. Antigens were
divided into groups: dairy products, meat,
fish and seafood, cereals and nuts, fruits,
vegetables.

Regular fish consumption has a pos-
itive effect on thyroid homeostasis and
improves glucose homeostasis, helping
to prevent diabetes and MetS [21, 28].
Analysis of the relationships between
IgG to fish and seafood and MetS mark-
ers showed that practically healthy volun-
teers more often show significant positive
correlations between IgG to fish and sea-
food antigens and HDL and triglycerides,
and with MetS — with glucose levels (Ta-
ble 1).

Plant products contain numerous bio-
logically active substances (polyphenols,
flavonoids, etc.) and fiber, which have a
positive effect on MetS markers, reducing
their levels and also regulating the nor-
mal functioning of the intestinal microflora
[14, 15, 17, 24]. In MetS, statistically sig-
nificant positive correlations were found
between glucose levels and specific IgG
to fruits with a high glycemic index - av-
ocado, orange, banana, grapes, peach,
plum and lemon (Table 2), which can be
explained by metabolic disturbances in
glucose absorption.

Analysis of correlations between spe-
cific IgG to vegetable antigens and MetS
markers showed that in both groups a
direct significant relationship between
IgG levels to tomatoes and glucose
concentration was recorded (Table 3). A
relationship was found between IgG to
green peas and HDL and LDL in practi-
cally healthy subjects. In individuals with
MetS, IgG to green peas had a highly sig-
nificant relationship with glucose levels.
Legume fibers, resistant starch, and oli-
gosaccharides can reduce glucose and

lipid levels and have a probiotic effect.
In addition, they have a number of other
health benefits, such as anti-inflammato-
ry and antitumor effects [10].

Dairy products have different effects
on the body when consumed. Cheese
does not have a strong effect on blood
cholesterol levels, like butter [7]. Casein
micelles in the cheese structure can af-
fect the ability of lipases to break down
fat. In addition, cheese contains phos-
phorus, which promotes the formation of
insoluble compounds during digestion,
which reduces the absorption of fats [12].
The literature describes the beneficial ef-
fects of milk proteins on hypertension,
dyslipidemia, and hyperglycemia [11]. In
both groups of subjects, a highly signifi-
cant relationship was found between the
levels of specific IgG to soft cheese and
glucose levels. In individuals with MetS,
this relationship was more pronounced
(r = 0.7555, p = .034) than in practical-
ly healthy volunteers (r = 0.5230, p =
.004). In individuals with MetS, there are
also high significant associations of spe-
cific antibodies to Cheddar and Swiss
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cheeses with glucose levels (r=0.6618,
p=0.014 and r=0.7168, p=0.010, re-
spectively). In practically healthy volun-
teers, there is a significant correlation
between Cheddar cheese consumption
and HDL levels (R=0.5386, p=.003) and
cholesterol (r=0.4176, p=0.027). There
is also a high correlation between an-
tibodies to Swiss cheese, yogurt and
HDL (r=0.4992, p=0.007 and r=0.4090,
p=0.031, respectively) in practically
healthy people (Table 4).

According to the literature, red meat
consumption is associated with a higher
risk of MetS, while poultry consumption
is associated with a lower risk [8, 20]. A
small number of significant relationships
are recorded for meat and poultry anti-
gens, so no reliable correlations were
found between the levels of IgG to rab-
bit and pork with MetS markers in either
group. For the examined individuals with
MetS, a positive significant correlation
was found between IgG to turkey and
HDL (r=0.45, p=0.02), glucose (r=0.38,
p=.05), total cholesterol (r=0.49, p=0.01);
IgG to chicken - with total cholesterol
(r=0.41, p=0.03) and a negative rela-
tionship between IgG to beef antigens
and abdominal circumference (r=-0.44,
p=0.02). In practically healthy volunteers,
abdominal circumference has a direct
significant relationship with 1gG to turkey
(r=0.44, p=0.02) and chicken (r=0.40,
p=0.03), and IgG to lamb antigens with
glucose levels (r=0.40, p=0.03) (Table 5).

In our study, immunoglobulins G to
black pepper have a direct significant
correlation with LDL and HDL levels in
the group of practically healthy people,
and in the group with MetS these indica-
tors have an inverse relationship (Table
6). Black pepper contains a substance
- piperine, which has a hypoglycemic ef-
fect, and also reduces the level of lipids
and cholesterol [2].

Some sources claim that dark choco-
late/cocoa products have a beneficial ef-
fect on total and LDL cholesterol [27]. Ac-
cording to other sources, cocoa polyphe-
nols contained in chocolate can increase
HDL cholesterol concentrations, while
chocolate fatty acids can change the fat-
ty acid composition of LDL and make it
more resistant to oxidative damage [12].
In our study, a significant association of
immunoglobulins G to chocolate with ab-
dominal circumference was observed in
individuals with MetS (Table 6).

Conclusion. The examined patients
with MetS are characterized by a higher
content of proinflammatory cytokines and
C-reactive protein, which may be due to
the presence of chronic sluggish inflam-
mation associated with the risk of devel-

oping chronic non-infectious diseases,
including MetS. It has been shown that
with MetS, the range of food antigens to
which correlations with markers of MetS
and general inflammation are established
is wider. Most often, direct significant re-
lationships with glucose levels are re-
corded. The examined individuals with
MetS did not have a confirmed diagnosis
of diabetes mellitus and, therefore, did
not take insulin drugs to regulate blood
sugar levels. Thus, when introducing
elimination diets, it is necessary to take
into account the possibility of postprandi-
al hyperglycemia in this group of individu-
als, and monitor insulin levels to prevent
the development of insulin resistance.
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PROSPECTS FOR THE USE OF REMOTE
BLOOD PRESSURE MONITORING
AT THE PRIMARY HEALTHCARE LEVEL

To study the effectiveness and prospects of using telemedicine technologies for monitoring blood pressure (BP) in patients with arterial hyper-
tension (AH) at the primary care level, remote BP monitoring was carried out using a digital platform. The study included 146 patients with uncon-
trolled BP, who measured BP at least twice a day using automatic monitors with Bluetooth data transfer. Measurement data were received by the
remote monitoring system, where they were automatically processed and transmitted to the attending physician’s personal account.

During the 10-month follow-up of patients with AH, target BP values below 135/85 mmHg were achieved in 83% of cases. During remote mon-
itoring, therapy adjustments were observed: the number of patients on monotherapy decreased from 22.4% to 8% (p<0.05).

Keywords: arterial hypertension, blood pressure, telemedicine, remote blood pressure monitoring.
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Introduction. Modern medicine at
the primary care level faces a number of
challenges associated with the diagnosis
and treatment of chronic noncommunica-
ble diseases, among which arterial hy-
pertension (AH) holds one of the leading
places. Its high prevalence, associated
complications, and significant share of
mortality due to cardiovascular disease
make blood pressure (BP) control a pri-
ority in healthcare. It is important to note
that uncontrolled hypertension is directly
associated with the development of car-
diovascular catastrophes such as stroke,
myocardial infarction, and sudden cardi-
ac death [5].

According to the Ministry of Health of
the Republic of Sakha (Yakutia), the main
causes of mortality in 2023 were circula-
tory system diseases (42.4% vs. 38% in
2021), cancer (16.5% vs. 11.8% in 2021),
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and external factors (16.6% vs. 10.4% in
2021). Among cardiovascular diseases,
coronary heart disease (46.3%, including
myocardial infarctions 14.9%) and cere-
brovascular diseases (22.2%, including
strokes 48.0%) are most common [8].
The increase in mortality from cardiovas-
cular disease is associated with a rise in
the number of conditions among the pop-
ulation, particularly those accompanied
by elevated blood pressure.

Extensive studies show that lowering
blood pressure can significantly reduce
the risk of serious cardiovascular diseas-
es, coronary artery disease, heart failure,
and death, with the same proportional
reduction across different population
subgroups [14]. One of the main forms of
preventive work with patients with elevat-
ed BP is timely enrollment in dispensary
observation, with adherence to the re-
quired frequency of check-ups [8, 4].

Studies over the past decade confirm
that home (ambulatory) blood pressure
measurements  outperform  standard
in-clinic measurements for predicting
both overall and cardiovascular mortal-
ity [6]. However, traditional approach-
es to BP monitoring, based on keeping
self-control diaries and periodic patient
visits to the physician, do not always pro-
vide timely and sufficient data for effec-
tive disease control.

According to the observational study

ESSE RF-2, only 49.7% of patients di-
agnosed with hypertension and receiving
antihypertensive therapy achieved target
indicators. Meanwhile, only 24.9% of the
general population with hypertension
maintained BP control after achieving
target results [10].

The use of active remote observation
of patients with hypertension receiving
antihypertensive therapy (both in Rus-
sian and international practice) contrib-
utes to achieving target BP values, sub-
sequent monitoring of health indicators,
and timely provision of medical assis-
tance [11].

In this regard, remote blood pres-
sure monitoring (RBPM), using modern
telemedicine technologies, represents a
promising direction that can improve the
quality of medical care and reduce the
workload on primary healthcare. Integra-
tion of RBPM into primary care practice
allows not only continuous monitoring of
patient status and achievement of tar-
gets, but also increases adherence and
involvement in the treatment process —
especially important for chronic noncom-
municable diseases requiring long-term
follow-up.

The aim of our study was to evaluate
the effectiveness of RBPM in outpatients
to improve control of arterial hyperten-
sion.

Materials and Methods. The depart-



