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The Relationship between the Parameters of Blood Pressure Variability 
and Arterial Wall Stiffness in Patients with Arterial Hypertension

Nigora B. Tursunova, PhD; Ulugbek I. Nizamov; Ravshanbek D. Kurbanov, PhD, ScD;
 Gulnoz A. Khamidullaeva, PhD, ScD*; Guzal J. Abdullaeva, PhD, ScD; 

Alexander B. Shek, PhD, ScD 

Republican Specialized Center of Cardiology, Tashkent, Uzbekistan

Abstract
The purpose of the research was to study the significance of blood pressure variability (BPV) in the assessment of arterial 

stiffness (AS) in patients with arterial hypertension (AH), and their possible relationship with the indicators of structural and 
functional remodeling of the myocardium, serum lipid spectrum, and homeostasis system.

Materials and Methods: A total of 138 patients (mean age of 56.7±12.8) with AH were examined. All patients were twice 
divided consecutively into two groups: one on the basis of age (the age groups ≥60 years and <60 years), and another on the basis 
of the presence or absence of isolated systolic hypertension (ISH). The age groups ≥60 years and <60 years did not differ in terms 
of blood pressure. The ISH and systolic-diastolic hypertension (SDH) subgroups did not significantly differ in sex composition 
and average 24-h SBP (131.2±8.6 mm Hg and 137.5±17.0 mmHg, respectively; P>0.05). In the ISH subgroup, average 24-h DBP 
was significantly lower than in the SDH subgroup: 74.5±4.8 mmHg and 87.4±10.9 mmHg, respectively (P=0.000). All patients 
underwent the following examinations: assessment of traditional risk factors, physical examination, clinical and biochemical 
laboratory methods, 12-lead ECG, echocardiography, 24-hour ABPM, assesment of the AS parameters, and measuring the carotid-
femoral pulse wave velocity (PWVcf).

Results: The age group ≥60 years was characterized by a significant increase in AS compared to the age group <60 years. 
In the age group ≥60 years, the levels of daytime and nighttime pulse pressure (PP) and the variability of daytime SBP and PP 
were significantly higher than in the age group <60 years. The increase in AS was associated with an increase in the daytime and 
nighttime SBP and PP, with the variability of daytime SBP and PP. An increase in AS was also associated with an increase in the 
degree of the left ventricular myocardium remodeling. In ISH patients, compared to SDH patients, a significant increase in AS was 
found. ISH patients were characterized by a greater variability in the daily SBP and PP. The level of cardiovascular risk (CVR) in 
AH was associated with an increase in the daily variability of SBP, DBP and PP.

Conclusion: In a comprehensive examination of patients with AH, it is advisable to perform ABPM with simultaneous 
determination of AS parameters. The increased AS and BPV mark the patients belonging to a higher CVR group.(International 
Journal of Biomedicine. 2019;9(3):197-201.)

Key Words: arterial hypertension • ambulatory blood pressure monitoring • arterial stiffness • pulse wave velocity

Abbreviations 
AH, arterial hypertension; ABPM, ambulatory blood pressure monitoring; AIx,  augmentation index; AS, arterial stiffness; BP, blood 
pressure; BPV, blood pressure variability; ISH, isolated systolic hypertension; LVESD, left ventricular end-systolic dimension; LVESV, 
left ventricular end-systolic volume; PP, pulse pressure; PWV, pulse wave velocity; RoR, rate of rise;  SDH, systolic-diastolic hypertension. 

Introduction
In the 21st century, hypertension remains the major 

preventable cause of cardiovascular disease and all-cause 
death globally.(1,2) Large artery stiffening is the most important 

pathophysiological determinant of isolated systolic hypertension 
(ISH) and age-dependent increase in pulse pressure (PP).(3,4) 

The pulse wave velocity (PWV) and the changes in the pulse 
wave reflections, quantified as augmentation index (AIx), are 
parameters of arterial stiffness (AS).(5)
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According to 2018 ESC/ESH guidelines for the 
management of AH, carotid-femoral PWV is the gold standard 
for measuring large AS.(3,6) A growing number of studies have 
demonstrated the association between AS and stroke, coronary 
artery disease, dissecting aortic aneurysms, and overall 
mortality from cardiovascular diseases.(7-9) The additive value 
of PWV above and beyond traditional risk factors, including 
SCORE and the Framingham risk score, has been suggested 
by several studies.(10) There are several devices available for 
the noninvasive measurement of the PWV and AIx.

In recent years, there has been a tendency to include 
AS determination algorithms in blood pressure monitoring 
devices, but the daily dynamics of AS has not been studied 
enough.(11) Controversial questions remain about the role of 
dyslipidemia in the genesis of AS, as well as the effect of 
vascular remodeling on the structural and functional state of 
the myocardium. Based on the foregoing, the purpose of the 
research was to study the significance of BPV in the assessment 
of AS in patients with AH, and their possible relationship with 
the indicators of structural and functional remodeling of the 
myocardium, serum lipid spectrum, and homeostasis system.

Materials and Methods
Patients for the study were recruited on the basis of 

the Republican Specialized Scientific-Practical Center for 
Cardiology in the departments of Coronary Heart Disease and 
Arterial Hypertension. A total of 138 patients were examined 
and 106(77%) were diagnosed with AH. The patients were 
aged from 36 to 82 years (mean age of 56.7±12.8). Among the 
surveyed, men accounted for 52%, women 48%.

The study protocol was reviewed and approved by the 
Ethics Committee of the Republican Specialized Centre of 
Cardiology. All participants provided the written informed 
consent. 

 Inclusion criteria were the presence of AH or suspicion 
of AH. Exclusion criteria were symptomatic hypertension; 
valvular heart disease, acute coronary syndrome, chronic heart 
failure (NYHA FC>III), cardiac arrhythmia, history of stroke 
and myocardial infarction within previous 12 months, occlusive 
peripheral arterial disease, renal impairment, diabetes mellitus, 
severe co-morbidities, orthostatic hypotension, conditions 
requiring hormone steroid therapy or the appointment of 
anticoagulants, cancer and other pathologies that can affect 
the state of peripheral arteries.

The structure of the diagnosis of patients with AH was 
as follows: AH Grades 1, 2 and 3 were found in 4.7%, 38%, 
and 57.3%, respectively. AH Stages 1, 2 and 3 were detected 
in 9%, 63% and 28% of cases, respectively. In 28% of patients 
with AH, stable angina functional class II was detected.

Cumulative risk (CR) of heart attacks, strokes and fatal 
cardiovascular complications was as  follows: a low CR – in 
0% of cases, a medium CR – in 19%, a high CR – in 21%,  and 
a very high CR – in 60%.

The patients included in the study were twice divided 
consecutively into two groups: one on the basis of age (the age 
groups ≥60 years and <60 years), and another on the basis of 
the presence or absence of ISH.

The age groups ≥60 years and <60 years did not differ 
in terms of BP: average 24-h SBP was 129.3±14.7 mmHg and 
136.5±18.9 mmHg, respectively, and average 24-h DBP was 
81.9±11.5 mmHg and 81.0±10.3 mmHg, respectively, P<0.05 
in both cases. In the age groups <60 years and >60 years, there 
were 56% and 41% men, respectively, and 44% and 59% 
women, respectively. Thus, the sex composition of the groups 
did not differ.

The ISH subgroup included 19 patients (58% women 
and 42% men) with mean age of 55.32±11.6 years, which was 
not statistically different from the SDH subgroup—56.9±9.9 
years (P>0.05). The SDH subgroup included 87 patients (34% 
women and 66% men). The ISH and SDH subgroups did 
not significantly differ in sex composition and average 24-h 
SBP (131.2±8.6 mmHg and 137.5±17.0 mmHg, respectively; 
P>0.05). In the ISH subgroup, average 24-h DBP was 
significantly lower than in the SDH subgroup: 74.5±4.8 
mmHg and 87.4±10.9 mmHg, respectively (P=0.000).

All patients underwent the following examinations: 
assessment of traditional risk factors, physical examination, 
clinical and biochemical laboratory methods, 12-lead ECG, 
echocardiography, and 24-hour ABPM. The 24-hour ABPM 
was performed by the oscillometric method using an XAI-
MEDICA device and «Kardiosens» software (LLC KhDAVP, 
Ukraine). ABPM was performed according to the International 
recommendations.

We implemented the algorithm for analyzing the AS 
parameters using the SphygmoCor device (AtCor Medical, 
Australia), which sequentially records pulse waves with a high-
precision applanation tonometer applied to the proximal artery 
(carotid artery) and with a short time interval to the distal artery 
(femoral artery), and simultaneously recorded an ECG. 

The carotid-femoral pulse wave velocity (PWVcf) was 
calculated using the time of the wave passing between the 
registration points determined by the R wave on the ECG. To 
do this, we determined the time between the R wave on the 
ECG and the occurrence of pulsation.(12-14) In addition, such 
indicators as the central SBP (SBPc), central DBP (DBPc), 
central PP (PPc), aortic augmentation (AA), and AIx were 
taken into account.

Echocardiography was carried out according to the recom-
mendations of the American Society of Echocardiography(15) in 
M- and B-modes using Philips EnVisor C Ultrasound Machine 
(the Netherlands). The following parameters were measured 
and calculated: IVST, PWT, LVEDD, LVESD, EF, LVEVD, 
LVESV, and LVM (LVM was calculated using the formula R. 
Devereux.(16) LVM was indexed to body surface area (LVMI). 
Left ventricular hypertrophy (LVH) was defined as LVMI of 
>95 g/m2 (for women) and >115 g/m2 (for men).(3)

Statistical analysis was performed using the statistical 
software «Statistica» (v6.0, StatSoft, USA). Baseline 
characteristics were summarized as frequencies and 
percentages for categorical variables and as mean± standard 
deviation (SD) for continuous variables. The Mann-Whitney 
U Test was used to compare the differences between the two 
independent groups (for nonparametric data). Spearman’s rank 
correlation coefficient was calculated to measure the strength 
and direction of the relationship between two variables. We 
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used the McNemar chi-square tests to compare discordance 
of two dichotomous data A probability value of P≤0.05 was 
considered statistically significant.

Results and Discussion
In the age group ≥60 years, an increase in the levels of 

SBPc, PPc and Aix was revealed. In this group, the levels of SBPc, 
PPc and Aix were 169.7±11.8 mmHg, 75.1±10.1 mmHg and 
34.9±6.8% compared to 153.8±9.7 mmHg (P=0.001), 61.8±5.1 
mmHg (P=0.05), and 27.6±4.3% (P=0.05) in age group <60 
years, respectively. In addition, we found a significant increase in 
the index of PWV up to 13.7±1.64 m/s, compared to 11.2±1.46 
m/s in the age group < 60 years (P=0.002). The detected increase 
in AS in the group of older patients fits well with literature data.(17-19) 

The results of ABPM in the two age groups are presented 
in Table 1. In the age group ≥60 years, the levels of PP, daytime 
SBP variability and daytime PP variability were significantly 
higher than in the age group <60 years. The results of ABPM 
are consistent with the literature data, which also show an 
increased BPV in older patients.(20)

The results of the correlation analysis are presented in 
Table 2. AIx and PWV (indicators of AS) directly correlated 
with values of SBP and PP, as well as their variability, in ABPM.

In the age group ≥60 years, fractional shortening was 
significantly lower (31.7±1.9% and 35.5±2.6%, respectively, 
P=0.008) and LVESV significantly greater (70.2±18.3 ml and 
54.7±8.0 ml, respectively, P=0.02) than in the age group <60 
years. LVPWT also increases with age (R=0.40, P=0.02).

Analysis of the relationships between parameters of 
daily oscillometry and echocardiography data showed a 
significant correlation for PWV with IVST (R=0.41, P=0.02), 
LVPWT (R=0.46, P=0.009) and LVESV (R=0.51, P=0.003).

There were no significant correlations between the 
indices of AS and plasma lipid spectrum in the study groups.

In the group of patients with ISH, compared to patients with 
SDH, the PWV value was significantly greater (14.5±2.29 m/s 
and 12.7±2.9 m/s; P=0.001). In addition, a significant increase in 
AIx up to 39.9±4.81%, compared to 31.2±5.55%, was revealed 
(P=0.04). The results of ABPM in the groups of patients with ISH 
and SDH are presented in Table 3. The revealed patterns of the 
dynamics of SBP, DBP and PP in these groups are regular and 
follow from the definition of ISH. At the same time, the increase 
in the variability of the daytime SBP and PP in the ISH group, 
compared to the SDH subgroup, was poorly discussed in the 
literature.

Table 1.
The results of ABPM in the two age groups

Indexes ≥60 years <60 years P

Daytime SBP variability,
mmHg 15.84±5.43 10.97±2.11 0.008

Average PP, mmHg 59.15±11.4 45.94±7.63 0.003

Minimum daytime PP,
mmHg 38.32±8.59 33.11±6.99 0.013

Average daytime PP, 
mmHg 56.09±12.11 47.53±7.75 0.002

Maximum daytime PP,
mmHg 76.68±18.3 66.78±12.88 0.034

Average nighttime PP,
mmHg 54.78±16.25 45.67±7.22 0.018

Maximum nighttime PP,
mmHg 67.22±18.35 55.84±11.53 0.009

Daytime PP variability,
mmHg 9.56±3.16 7.59±2.19 0.016

Table 2.
Correlations between AS and ABPM parameters 

Indexes R P Indexes R P

AIx and Average
daytime SBP 0.56 0.000 PWV and Average 

daytime SBP 0.61 0.001

AIx and Minimum
daytime SBP 0.42 0.000 PWV and Minimum 

daytime SBP 0.40 0.000

AIx and Maximum
daytime SBP 0.52 0.000 PWV and Maximum

daytime SBP 0.49 0.002

AIx and Daytime
SBP variability 0.33 0.004 PWV and Daytime 

SBP variability 0.54 0.002

AIx and Average
nighttime SBP 0.28 0.018 PWV and Average

nighttime SBP 0.30 0.01

AIx  and Minimum
nighttime SBP 0.29 0.012 PWV and Minimum 

nighttime SBP 0.36 0.01

AIx  and Maximum
nighttime SBP 0.27 0.025 PWV and Maximum 

nighttime SBP 0.22 0.000

AIx and 
Average PP 0.78 0.000 PWV and  Average PP 0.81 0.000

AIx and Minimum
daytime PP 0.53 0.000 PWV and 

Average 24- h SBP 0.64 0.000

AIx and Maximum
daytime PP 0.65 0.000 PWV and 

Minimum daytime PP 0.59 0.000

AIx and Minimum
nighttime PP 0.48 0.000 PWV and 

Maximum daytime PP 0.66 0.000

AIx  and Average
nighttime PP 0.65 0.000 PWV and Minimum

nighttime PP 0.54 0.000

AIx and Maximum
nighttime PP 0.63 0.000 PWV and 

Average nighttime PP 0.61 0.000

AIx and Daytime
PP variability 0.48 0.000 PWV and Maximum 

nighttime PP 0.68 0.000

AIx and Nighttime
PP variability 0.35 0.003 PWV and 

Daytime PP variability 0.52 0.000

AIx and RoR in
morning SBP 0.28 0.033 PWV and Nighttime 

PP variability 0.29 0.001

AIx and Average
24- h SBP 0.52 0.000 PWV and Morning

SBP RoR 0.30 0.05
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Among the studied parameters of the coagulogram, 
the level of fibrinogen was significantly greater in the ISH 
subgroup, compared to the SDH subgroup: 4.3±1.1 g/l and 
2.4±0.3 g/l, respectively (P=0.02).

When analyzing the relationship between the degree of 
cardiovascular risk (CVR) and ABPM indices, a significant direct 
correlation was found with the daily variability of SBP (R=0.39, 
P=0.009), DBP (R=0.29, P=0.03) and PP (R=0.35; P=0.007). In 
addition, a direct correlation was found between the maximum 
daytime PP and the degree of CVR (R=O.38, P=0.004).

Conclusion
The age group ≥60 years is characterized by a significant 

increase in AS compared to the age group <60 years. In the 
age group ≥60 years, the levels of daytime and nighttime PP 
and the variability of daytime SBP and PP were significantly 
higher than in the age group <60 years. The increase in AS 
is associated with an increase in the daytime and nighttime 
SBP and PP, with the variability of daytime SBP and PP. The 
relationship between AS and the variability of SBP and PP, 
as well as the morning SBP RoR, was revealed. An increase 
in AS is also associated with an increase in the degree of 
the left ventricular myocardium remodeling (an increase in 
IVST, PWT, and LVESV). In ISH patients, compared to SDH 
patients, a significant increase in AS was found. ISH patients 
were characterized by a greater variability in the daily SBP and 
PP. In the SDH subgroup of patients, an increase in fibrinogen 
level was revealed. The level of CVR in AH is associated with 

an increase in the daily variability of SBP, DBP and PP. 
Thus, in a comprehensive examination of patients with 

arterial hypertension, it is advisable to perform ABPM with 
simultaneous determination of AS parameters. The increased 
arterial stiffness and blood pressure variability mark the patients 
belonging to a higher CVR group.
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Abstract
Results of this study present the features of the severity of coronary atherosclerosis, evaluated by the Gensini score, depending 

on the use of statins. Differences in indicators of oxidative stress, inflammation and endothelial dysfunction are revealed. In 
addition, the study established the relationship between statin intake and studied biomarkers and revealed the features of changes 
in the studied markers, depending on the achievement of the target levels of total cholesterol and LDL-C. (International Journal 
of Biomedicine. 2019;9(3):202-204.)
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Introduction
Atherosclerosis, which is the primary pathophysiologic 

mechanism for the development of coronary heart disease 
(CHD), is a multifactorial and multifaceted process.(1-4) 

Currently, statins are the basis of primary and secondary 
prevention of coronary atherosclerosis. In addition to the fact 
that statins reduce the levels of total cholesterol (TC) and 
LDL-C and promote regression of atherosclerotic plaques, 
the use of statins is associated with proven efficacy against 
major cardiovascular events. However, the development of 
cardiovascular complications on the background of lipid-

lowering therapy (LLT) with the achievement of target levels 
for LDL-C can be considered in the framework of the residual 
risk.(5)

Residual cardiovascular risk (RCVR) is defined as 
the risk of cardiovascular events that is present in patients, 
regardless of the achievement of the target levels for LDL-C, 
glucose and blood pressure on the background of standard 
therapy.(6-8) Even against the backdrop of intensive LLT, 70% 
of patients still have a high RCVR.(9,10) In this regard, at the 
present stage, it is of interest to search for markers and combine 
them into risk determination algorithms to create new scales 
for cardiovascular risk stratification with the subsequent 
development of preventive measures.(11)

The aim of the study was to evaluate the changes in 
clinical and biochemical parameters in patients with different 
severity of coronary atherosclerosis, depending on the 
administration of LLT.
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Materials and Methods
We examined 354 patients (175 women and 179 men 

aged between 47 and 75 years, mean age of 61.8±8.1 years) 
with CHD verified by standardized validated criteria and 
clinical-functional methods. 

All patients underwent the following examinations: 
assessment of traditional risk factors, physical examination, 
clinical and biochemical laboratory methods, 12-lead ECG, 
echocardiography, Holter ECG monitoring, treadmill test, 
and coronary angiography. Blood samples were obtained in 
the morning after a 12 h overnight fast. The levels of total 
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), triglycerides 
(TG) were determined in the blood plasma using “Daytona» 
analyzer (RANDOX, Ireland). CAG was performed by the 
Judkins technique using General Electric Innova 3100 (GE 
Healthcare, USA).

The severity of coronary atherosclerosis was evaluated 
by the Gensini score (GS).(12) The severity of the disease is 
expressed as the sum of the scores for individual lesions and 
the functional importance index of the area of each lesion in 
the coronary tree. The sample was continuous.

According to the calculated GS, patients were divided 
into three groups: GS0 – 152 patients with normal coronary 
artery, GS1 (1-15 points) – 124 patients with hemodynamically 
insignificant coronary atherosclerosis, and GS2 (>15 points) 
– 78 patients with hemodynamically significant coronary 
atherosclerosis. 

Depending on the use of LLT (atorvastatin 40 mg or 
rosuvastatin 20 mg or simvastatin 40 mg), the patients were 
divided into 2 groups: Group 1 included 185 patients who 
did not receive statins for 6 months before the study; Group 
2 included 169 patients who received statins for 6 months 
before the study.

The determination of oxidative modified proteins in the 
blood serum was carried out using the methods by Dubinina et 
al.(13) The assay is based on the spectrophotometric detection 
of the reaction between 2.4-dinitrophenylhydrazine (DNPH) 
with protein carbonyl to form protein hydrazone. The optical 
density of 2,4-dinitrophenylhydrazones derivates was 
recorded on an SF-36 spectrophotometer. The optical density 
of aldehyde- and ketone derivatives of a neutral character 
was recorded at 356 nm and 370 nm, respectively (ADPHn 
and KDPHn). The optical density of aldehyde- and ketone 
derivatives of a basic character was recorded at 430nm and 
530nm, respectively (ADPHb and KDPHb). 

The SOD activity was determined by the 
spectrophotometric method. The serum level of tHcy was 
determined by EIA using «Axis-Shield» test kit.  The level of 
high-sensitivity C-reactive protein (chCRP) was determined 
using the High Sensitive Elisa Kit for CRP (Cloud-Clone 
Corp., USA).

Statistical analysis was performed using statistical 
software package SPSS version 20.0 (SPSS Inc, Chicago, 
IL). Median values are presented with interquartile (IQ) 
ranges (IQR; 25th to 75th percentiles). The Mann-Whitney 
test was used to compare median values. The frequencies of 

categorical variables were compared using Pearson χ2. The 
Spearman correlation coefficient (rs) was used to assess the 
relationship between variables. A probability value of P<0.05 
was considered statistically significant.

Results and Discussion
All patient groups were matched for age. In Group 1, 

GS0 was determined in 88 patients, GS0-GS1 in 34 patients 
and GS2 in 47 patients. In Group 2, GS0 was determined in 
64 patients, GS0-GS1 in 90 patients, and GS2 in 31 patients 
(Fig.1). A statistical relationship was found between a group of 
patients separated by GS and statin intake (χ2[df=2]=13.432, 
ϕ=0.283, P=0.0012) There were 2.6 times more patients with 
GS0 and GS1 who took statins compared to patients without 
statins. The reverse trend was found in the GS2 group: there 
were 1.8 times more patients who did not take statins than 
those who did. In the GS0 group, in 58% of cases patients did 
not take statins.

Among patients treated with statins, the average 
score, which determined the level of GS, was 10.5[8;23.6], 
and among patients who did not take statins – 26[14;31] 
points. When evaluating clinical and anthropometric indices, 
significant differences were established in BMI (P=0.000), 
waist circumference (P=0.000), and systolic blood pressure 
(P=0.25). When assessing the lipid profile, significant 
differences were found in the levels of TC (P=0.001) and 
HDL-C (P=0.021) between the studied groups. There were no 
significant differences in the levels of TG and LDL-C.

Comparison of parameters of OS, hsCRP and tHcy in 
patients with signs of coronary lesion and statin intake or 
no intake (St+ and St-) is presented in Table 1. A significant 
difference was found for all studied parameters. There was 
no such tendency among patients without signs of coronary 
atherosclerosis: significant differences were found only for the 
levels of tHcy and SOD.

Correlation analysis in patients with signs of CA revealed 
significant correlations between statin intake and levels of 
tHcy (rs=-0.502, P=0.000), hsCRP (rs=-0.329, P=0.002), SOD 

Fig.1. The structure of the studied groups depending on the 
severity of coronary atherosclerosis.
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(rs=0.228, P=0.033), ADPHn (rs=-0.307, P=0.004), KDPHn 
(rs=-0.243, P=0.023), ADPHb (rs=-0.394, P=0.000), KDPHb 
(rs=-0.237, P=0.027), TC (rs=-0.344, P=0.001), and HDL-C 
(rs=0.249, P=0.02). In patients without signs of coronary 
atherosclerosis, significant correlations were found between 
statin intake and levels of tHcy (rs=-0.361, P=0.001) and SOD 
(rs=0.286, P=0.010).

Analysis of the achievement of the target levels of 
lipid blood spectrum in patients with signs of coronary 
atherosclerosis revealed a statistically significant relationship 
between the achievement of the target levels of TC and 
LDP-C and statin intake (χ2[df=2]=5.649, ϕ=0.255, P=0.017; 
χ2[df=2]=7.853, ϕ=0.300, P=0.005; respectively). Among 
patients who took statins, TC<5 mmol/l was reached in 69.6% 
of cases and LDL-C<1.8 mmol/l in 82.6% of cases. When 
comparing the studied markers, depending on the achievement 
of the target level for TC, significant differences were found 
for all parameters (P<0.05). With the achievement of the target 
level for LDL-C, the levels of tHcy (P=0.006) and KDPHn 
(P=0.05), an early marker of OS, significantly changed.

Conclusion
Thus, in clinical practice, the therapy of the atherogenic 

dyslipoproteinemias remains at a suboptimal level, and a 
significant proportion of patients do not reach the target levels 
of TC and LDL-C. Low adherence to LLT in patients with 
hemodynamically significant coronary atherosclerosis was 
noted. In this regard, the search for RCVR markers, taking 
into account the significance of non-lipid risk factors, remains 
necessary.
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Table 1.
The level of biochemical markers among patients with coronary 
atherosclerosis, depending on the use of statins

Variable St+ St- P
tHcy, μmol/l 11.34 [10.36; 11.98] 11.80 [10.84; 12.37] 0.000
hsCRP, mg/l 0.21 [0.12;0.76] 0.43 [0.03; 0.85] 0.002
SOD, % 35.21 [32.41; 37.30] 34.89 [32.05; 37.04] 0.034
ADPHn, IU/mg 25.37 [24.21; 27.31] 26.74 [24.21; 28.01] 0.004
KDPHn, IU/mg 21.43 [20.32; 22.74] 22.74 [20.65; 23.98] 0.024
ADPHb, IU/mg 11.03 [10.72; 11.75] 11.43 [10.98; 12.34] 0.000
KDPHb, IU/mg 6.98 [6.34; 8.76] 7.32 [6.72; 8.76] 0.028
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Abstract
The aim of this pilot research was to assess the sleep fragmentation influence on amyloid β42 (Aβ42) plasma levels before 

and after СPAP in patients with obstructive sleep apnea (OSA).
Materials and Methods: The study involved 24 patients (mean age of 52.5±2.7 years) with OSA and 20 persons without 

OSA (mean age of 49.1±8.2 years). All participants underwent overnight polysomnography, The Aβ42 level was determined in 
blood plasma by an immunoassay method. Patients with OSA were treated with auto-CPAP for 3 months.

Results: The research showed the following results in patients with OSA before CPAP, as compared to control: sleep 
fragmentation 1–2 times, increases in non-rapid eye movement sleep stage by 60% (P<0.05) and arousal index by 55% (P<0.05), 
and decreases in  slow-wave sleep duration by 40% (P<0.05) and rapid-eye-movement sleep by 43% (P<0.05). After CPAP-
therapy, a decrease in arousal index by 40% (P<0.05) and apnea/hypopnea index (P<0.05), and increases in oxygen saturation by 
17% (P<0.05), the slow-wave sleep duration by 56% (P<0.05) and rapid-eye-movement sleep by 55% (P<0.05) were found. Aβ42 
levels were significantly lower in the group with OSA before CPAP-therapy, as compared to the control group and the group with 
OSA after CPAP-therapy (P<0.05). There were no differences in Aβ42 levels after treatment between control and main group. 

Conclusion: Moderate and severe OSA is associated with a decrease in Aβ42 plasma level. CPAP-therapy leads to increase 
this peptide in blood plasma. (International Journal of Biomedicine. 2019;9(3):205-209.)

Key Words: obstructive sleep apnea • continuous positive airway pressure • polysomnography • amyloid β42

Abbreviations 
AHI, apnea/hypopnea index; AD, Alzheimer’s disease; AI, arousal index; BMI, body mass index; CPAP, continuous positive 
airway pressure; NREM, non-rapid eye movement; OSA, obstructive sleep apnea; PSG, polysomnography; REM, rapid-eye-
movement; SWS, slow-wave sleep.

Introduction
Obstructive sleep apnea (OSA) is a condition 

characterized by repeated episodes of complete (apnea) or 
partial (hypopnea) obstruction of the upper respiratory tract 

during sleep. Its prevalence varies from 14.7% to 36.5% and 
depends on gender and nationality.(1) It has been found that 
OSA is associated not only with daytime sleepiness, nocturnal 
enuresis, cardiovascular diseases, and insomnia, but also with 
early neurodegenerative changes, such as impairment of 
memory, attention, ability to learn, and intellectual activity.(2-6) 
There is a great deal of data about the relationship  between 
OSA and AD.(7,8) 

It is possible that a decrease in SWS time and chronic 
hypoxia are among the main factors in the development of 
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cognitive impairment in OSA patients.(9) Moreover, it has 
been shown that SWS duration is associated with intracellular 
aggregation of amyloid β42 (Aβ42) peptide in the neocortex.(10) 

This peptide can form so-called amyloid plaques consisting of 
peptide clusters rolled up in the form of beta-folds. The Aβ42 
peptide can also form oligomers that trigger chain reactions 
of the amyloid plaques and tau-proteins formation by the 
prion mechanism.(11) Currently, cerebrospinal fluid Aβ42 is a 
biomarker of AD in clinical practice. Although determining 
Aβ42 in the blood is a less invasive intervention, there are few 
studies of this marker in blood plasma.(12-15) Aβ42 plasma level 
can be demonstrated not only in the brain, but also in peripheral 
tissues because it has been shown that this peptide’s metabolism 
can be in those tissues.(16) 

CPAP-therapy(17) is the gold standard for OSA treatment.
We hypothesized that CPAP-therapy would not only lead to 
improvement in OSA, fewer arousals during the night, and 
increasing SWS duration but also would change Aβ42 plasma 
blood levels. Thus, the aim of this pilot research was to assess 
the sleep fragmentation influence on Aβ42 plasma levels 
before and after СPAP in patients with obstructive sleep apnea. 

Materials and Methods
The study involved 24 patients (14  men and 10 women) 

attending the Somnology Center of the Scientific Center for 
Family Health and Human Reproduction Problems (Russian 
Federation, Irkutsk) with complaints of snoring and respiratory 
arrest during sleep. The average age of the studied patients 
was 52.5±2.7 years

Inclusion criteria were age between 45 and 60 years and 
a clinical diagnosis of moderate and severe OSA, as defined by 
the American Academy of Sleep Medicine criteria.(17) Exclusion 
criteria were previous treatment for OSA with CPAP or surgery, 
history of a motor vehicle accident related to sleepiness within 
the past 12 months, presence of chronic medical conditions, and 
shift work.

The study was approved by the Scientific Сenter of 
Family Health Problems and Human Reproduction Ethics 
Committee. Written informed consent was obtained from each 
patient.

According to the study design, 20 people (12 men and 
8 women) (mean age of 49.1±8.2 years) who did not snore 
were included as a control group. PSG was performed in the 
control group and in patients with OSA before and after CPAP. 
Characteristics of participants are presented in Table 1. The 
groups were generally similar in mean age, sex and BMI.
Overnight polysomnography 

The polysomnographic monitoring was carried out in a 
specially equipped room, which was as close as possible to the 
conditions of a bedroom, using the GRASS-TELEFACTOR 
Twin PSG (Comet) system with an As 40 amplifier with 
the SPM-1 (USA) integrated sleep module, according 
to the standard methodology. We evaluated overnight 
16-channel polysomnography with 2 electroencephalograms 
(C4,C3,O1,O2), 2 electrooculograms (ROC, LOC) and 2 
electromyogram channels; oral/nasal airflow by thermistor; 
respiratory effort via conductance belts on chest and abdomen; 

snoring sounds via microphone; oxygen saturation via pulse 
oximeter. Each 30-sec epoch was manually scored using 
standard scoring criteria supplemented by apnea-hypopnea 
criteria, according to American Academy of Sleep Medicine 
recommendations.(17)

OSA is classified as mild (AHI: 10–15 events per hour), 
moderate (AHI: 15.1–30 events per hour) and severe (AHI 
>30 events per hour).(17) 

СPAP- therapy 
Patients with OSA were treated with auto-CPAP 

(Prisma 20, LÖWENSTEIN MEDICAL, Germany). CPAP 
machines and masks were donated by official and exclusive 
representative LÖWENSTEIN MEDICAL in Russia 
(Spiromedical Company). All patients used auto-CPAP for 
>4 h/night for 3 months with a nasal mask (10 patients) and 
oronasal mask (4 patients).  Compliance was 65-100%.  
Blood tests 

The Aβ42 level was determined in blood plasma. 
Venous blood was sampled after, 12h of overnight fasting, 
into tubes with EDTA between 8:00 and 9:00 a.m. after 
polysomnographic testing. Samples were centrifuged for 10 
min at 1.500g at 4°C.  Samples were kept frozen at 80°C for 
up to one month. The Aβ42 content was determined by an 
immunoassay method using commercial sets Amyloid-beta (1-
42) High Sensitive ELISA on the EL×808 Micro Plate Reader. 
Measurement range: 1.56-100 pg/ml (0.35-22.17 pmol/L, as 
molecular weight of Aβ (1-42) in EDTA plasma).  

Table 1.
Basic and PSG characteristics in control and patients with OSA 
before and after CPAP-therapy

Parameters
Control
 group

(1)

OSA before
CPAP-

therapy (2)

OSA after 3-
month CPAP-

therapy (3)
P<0.05

Age (yrs) 49.1±8.2 52.5±2.7 52.5±2.7 -
Sex (male, %) 12(60% ) 14(58.3%) 14(58.3%) -

BMI (kg/m2) 27.3±1.5 30.2±4.8 30.2±4.8 P1-2
P1-3

Sleep efficiency (%) 97.1±1.9 85.1±3.3 98.3±1.7
P1-2
P1-3
P2-3

WASO (min) 16.6±10.2 13.3±1.5 4.51±3.10
P1-2
P1-3
P2-3

TST (min) 429.5±26.1 423.1±20.9 431.6± 19.8 -

NREM1-2  (min) 157.7±10.8 252.1±37.4 188.4±20.1 Р1-2
Р2-3

NREM3 (min) 145.2±8.2 87.3±31.2 136.5±11.4 Р1-2
Р2-3

REM (min) 143.3±14.1 81.4±42.1 125.9±21.4 Р1-2
Р2-3

AHI (events/hour) 3.89±1.35 38.6±18.2 4.04±1.97 P1-2
P2-3

AI (events/hour) 33.1±14.3 51.2±12.0 39.7±21.2 P1-2
P2-3 

SaO2 (%)  96.7±1.2 80.4±5.1 94.3±9.8 Р1-2
Р2-3

WASO - wake time after sleep onset, TST – total sleep time, NREM1-2 - 
NREM stage 1-2, NREM3 - NREM stage 3, SaO2 - oxygen saturation



207I. Madaeva et al. / International Journal of Biomedicine 9(3) (2019) 205-209

Statistical analysis was performed using STATISTICA 
6.1 software (Stat-Soft Inc., USA).  Baseline characteristics 
were summarized as frequencies and percentages for 
categorical variables and as mean±standard deviation for 
continuous variables. For data with normal distribution, 
inter-group comparisons were performed using Student’s 
t-test. Differences of continuous variables departing from the 
normal distribution were tested by the Mann-Whitney U-test. 
A probability value of P<0.05 was considered statistically 
significant.

Results and Discussion
This research showed the following results in patients with 

OSA before CPAP, as compared to control: sleep fragmentation 
1–2 times, increases in NREM sleep stage by 60% (P<0.05) 
and AI by 55% (P<0.05), and decreases in  SWS duration by 
40% (P<0.05) and REM sleep by 43%(P<0.05). After CPAP-
therapy, we found a decrease in AI by 40% (P<0.05) and AHI 
(P<0.05), and increases in oxygen saturation by 17% (P<0.05), 
the SWS duration by 56% (P<0.05)  and REM sleep by 55% 
(P<0.05). 

Aβ42 levels were significantly lower in the group 
with OSA before CPAP-therapy, as compared to the control 
group and the group with OSA after CPAP-therapy (P<0.05).
(Fig.1) There were no differences in Aβ42 levels after 
treatment between control and main group. Thus, moderate 
and severe OSA is associated with a decrease in Aβ42 plasma 
level. CPAP-therapy leads to increase this peptide in blood 
plasma.

Currently, new approaches to the study of OSA and 
some markers of cognitive impairment are being developed in 
sleep medicine. It has been found that the brain’s biochemical 
wastes, including Aβ42, are removed through the glymphatic 
system. The glymphatic network serves as a “front end” 
for waste clearance, and is connected downstream to an 
authentic lymphatic network, associated with dura mater 
covering the brain, as well as cranial nerves and large vessels 
at the skull exits. However, the anatomical and functional 
interconnections between these two networks are still not 

completely understood.(18) The results of some studies have 
demonstrated that during sleep, the cerebrospinal fluid flows 
more profusely and the elimination of toxic substances from 
neurons and intercellular spaces is greatly increased. Thus, 
the glymphatic system is more active during sleep than during 
wakefulness.(19,20) The reason for this is increased synaptic 
plasticity during SWS.(21,22) Thus, sleep plays an important role 
in the elimination of unwanted by-products, including Aβ42, 
from the brain; and sleep fragmentation in patients with OSA 
can lead to waste accumulation in the brain and formation 
of plaques. At the same time, it has been shown that sleep 
extension decreases plaques in animal models.(23) 

It is possible that intermittent hypoxia in OSA can lead 
to changes in the permeability of the blood-brain barrier, 
deterioration of synaptic plasticity and the development 
of subsequent cognitive impairment.(24) The results of 
experimental studies have shown that violation of the integrity 
and increased permeability of the blood-brain barrier during 
chronic and prolonged intermeeting hypoxia and pronounced 
sleep fragmentation contribute to an increase of the Aβ42 level 
in the blood plasma.(25,26) Despite the large number of studies 
on determining Aβ42 levels in cerebrospinal fluid, it has been 
shown that determining Aβ42 plasma levels is also possible not 
only in patients with AD,(14,15,27) but also in patients with OSA.(13) 

Thus, it has been shown that Aβ42 plasma level in adolescents 
with OSA is higher than in the control. Moreover, a positive 
correlation between Aβ42 and AHI was found. This tendency 
remains even after a tonsillectomy with the elimination of 
hypoxia and improvement of the sleep structure.(13) The results 
of our research, however, are contrariwise; they demonstrated 
that the Aβ42 plasma level in patients with OSA is lower than 
in control. It is possible that this because of age differences 
of the participants in the two studies. It is known that several 
zinc-proteases, such as neprilysin, its homologues neprilysin 
2 and the endothelin converting enzymes 1 and 2, regulate 
some neuropeptides and are the main beta-amyloid-degrading 
enzymes. During the ageing process, the expression and activity 
of these metallopeptidases decline, which leads to an Aβ42 
clearance deficit and its accumulation in the brain. Some of 
these changes in the properties of the enzymes are due to their 
reduced expression and/or structural modification by reactive 
oxygen species.(28) 

In addition, the results of experimental studies have 
demonstrated that hypoxia leads to a decrease in neprilysin 
activity.(29,30) It has been shown that neprilysin mRNA and 
expression of protein levels is decreased in the primary cortical 
and hippocampal neurons of mice after hypoxic treatment. It has 
also been found that there is an increase in histone H3-lysine9 
demethylation and a decrease in H3 acetylation in the neprilysin  
promoter regions following hypoxia, and that hypoxia causes 
up-regulation of histone methyl transferase G9a and histone 
deacetylases HDAC-1.(30) Thus, frequent hypoxia does not 
allow Aβ42 degradation and its transport in the blood. The 
proof of this can be seen in the results of our pilot research, 
which demonstrated a decrease in the plasma peptide level in 
OSA patients.

In addition, patients experienced an improvement of 
sleep structure and an increase in Aβ42 plasma level after 

Fig. 1. Aβ42 plasma levels in control group and patients 
with OSA before and after CPAP-therapy.
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CPAP-therapy for 3 months.  It is possible that an increase in 
the time of SWS leads to elimination of pathological proteins 
to the blood and does not allow the formation of “sludge” and 
pathological amyloid plaques. 

Thus, our results confirm the “drainage” function of the 
brain during SWS and show that poor elimination of Aβ42 
from the brain in OSA patients suggests a possible prediction 
of the early development of AD in such patients. Of course, 
these results are preliminary and require further confirmation. 
If future studies confirm these data, sleep monitoring can be a 
simple and affordable way to detect AD early.
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Abstract
The purpose of the present study was to evaluate a possible interrelation of the FTO rs9939609 SNP and the DAT1 rs27072 

SNP with BMI and grade of obesity in the population of Yakuts
Materials and Methods: A total of 191 people of Yakut nationality were tested (143 women and 48 men). Two groups of 

subjects were formed: the control group (CG) with BMI˂25 kg/m2 and the obesity group (OG) with BMI≥30 kg/m2. The study 
of the FTO rs9939609 SNP and the DAT1 rs27072 SNP was performed by PCR and restriction fragment length polymorphism.

Results: According to the results obtained from all persons surveyed, the frequency of the A risk allele of the FTO rs9939609 
SNP was 27% with the AA genotype frequency of 9.4%. Analysis of the distribution of alleles and genotypes of the DAT1 rs27072 
SNP showed the predominance of the wild-type G allele (90.8%) and the GG genotype in all groups (82.7%). Thus, in the Yakut 
population, a reliable relationship was found between the carriage of the A risk allele of the FTO SNP rs9939609 SNP with obesity 
and the degree of obesity. A significantly higher BMI was found in carriers of the wild-type G allele of the DAT1 rs27072 SNP, 
both in the heterozygous and homozygous forms than in the carriers of the homozygous AA genotype, which is probably related 
to the small number of people studied and requires careful research on larger samples of populations of Yakutia.(International 
Journal of Biomedicine. 2019;9(3):210-215.)

Key Words: BMI • obesity • the FTO gene • the DAT1 gene • eating disorders

Introduction
Until recently, it was believed that obesity mainly affects 

people in industrialized countries, but in recent years, obesity 
has spread around the world regardless of professional, social, 
geographical, sexual and age groups. This is mainly due to 
two factors: a decrease in the need for intense physical activity 
in the workplace and at home, which led to a decrease in the 
requirements for energy consumption; and the abundance, 
availability, attractiveness and relative cheapness of food, 
which increases due to commercial promotion.(1) According to 
WHO (2016) among the working-age population, about two 

billion people were overweight; of these, over 650 million 
(about 13% of the world’s adult population) were obese.(2)

Yakutia is the coldest of the inhabited regions of the 
planet, with extreme climatic conditions, which in turn have 
resulted in peculiarities in the metabolism of the indigenous 
people. According to the research of L.E. Panina (2010), the 
influence of extreme conditions forms the polar metabolic 
type, which is characterized by lipid energy metabolism 
instead of carbohydrate energy metabolism, which in turn 
affects the nature of human nutrition.(3)

 In recent years, due to industrialization, the nature of 
nutrition of indigenous people has changed from protein-lipid 
to carbohydrate-lipid. According to Darbasov et al. (2017), the 
intake of proteins and fats in the daily diet decreased by 13% 
and 18%, respectively, while the proportion of carbohydrates 
increased to 65%.(4) Among the indigenous population, the 
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number of obese people has increased, due not only to changes 
in diet, but also to physical inactivity.(5) 

One of the important factors in obesity pathogenesis 
is genetic predisposition.(6) In 2007, a T2D GWAS identified 
multiple SNPs in the first intron of the FTO (fat mass and 
obesity-related) gene associated with disease and increased 
weight. Confirmation of this association with body mass 
index (BMI) was replicated in 13 independent cohorts totaling 
38,759 participants.(7) A significant association of an SNP 
rs9939609 in the FTO gene with obesity in various ethnic 
populations of the world has been well studied (Figure 1).(8)

Gerken et al.(9) showed that FTO shares sequence motifs 
with Fe(II)- and 2-oxoglutarate–dependent oxygenases. 
Studies of wild-type mice indicate that Fto messenger 
RNA (mRNA) is most abundant in the brain, particularly in 
hypothalamic nuclei governing energy balance, and that Fto 
mRNA levels in the arcuate nucleus are regulated by feeding 
and fasting. The FTO SNPs associated with adiposity are 
intronic and may exert functional effects through altered 
expression of FTO mRNA.  

Frayling et al.(7) reported that individuals homozygous 
for the A “risk” allele weigh approximately 3 kg more and 
have a 1.67-fold increased risk of developing obesity, while 
heterozygous carriers display an intermediate weight gain of 
1.5 kg.  

Subjects homozygous for the A risk allele of rs9939609 
eat significantly more,(10,11) have reduced satiety,(12-14) prefer 
higher caloric food and have a higher fat mass (15,16) than 
subjects homozygous for the T allele.

Also contributing to the development of obesity are 
disruptions in the functioning of the dopaminergic system receptor 
genes leading to impaired appetite control, nutritional motivation 
and reward as components of eating behavior.(17) The dopamine 
transporter (DAT) is the most relevant neurotransmitter 
transporter, controlling both extracellular and intracellular 
concentrations of dopamine.(18) Experts believe the action 
of the neurotransmitter dopamine on the brain’s “common 
reward pathway” is primarily accountable for hedonic 
motivations for food intake.(19,20) The genetically determined 
action and availability of dopamine on this pathway appear 

to determine individual variations in the tendency to overeat 
and vulnerability to binge eating disorders and obesity. The 
DAT protein is coded by SLC6A3 gene (or DAT1) which 
spans >60 kb and is located in human chromosome 5 (5p15.3). 
(21,22) The SLC6A3 contains 15 exons separated by 14 introns, 
and the protein‐coding portion excludes exon 1 and ends 
near the beginning of exon 15. Polymorphisms in the DAT1 
locus are involved in gene expression, transcriptional activity 
and protein availability. The works of domestic and foreign 
researchers have shown the relationship of dependence on 
nicotine, alcohol and other psychoactive substances with the 
DAT1 gene.(23-25) Shinohara et al.(26) showed  that the association 
between the DAT1 VNTR and binge-eating behaviour indicates 
that dysregulation of dopamine reuptake may act as a common 
pathophysiologic mechanism in eating disorders with binge-
eating behaviour and in disorders related to substance use 
(Figure 2). 

The purpose of the present study was to evaluate a 
possible interrelation of the FTO rs9939609 SNP and the 
DAT1 rs27072 SNP with BMI and grade of obesity in the 
population of Yakuts.

Materials and Methods
The study was approved by the Ethics Committee of the 

Yakut Science Center of Complex Medical Problems (YSC 
CMP). All patients gave their written informed consent.

A total of 191 people of Yakut nationality were tested 
(143 women and 48 men). The ethnic origin was considered to 
the third generation. The study was performed after participants 
signed a written, informed consent. Two groups of subjects 
were formed: the control group (CG) (70 women and 21 men) 
with BMI˂25 kg/m2 and the obesity group (OG) (73 women 
and 27 men) with BMI≥30 kg/m2. OG was divided into two 
subgroups: obesity grade 1 (BMI 30.0-34.9 kg/m2) (OGG1) 
and obesity grades 2 and 3 (BMI≥ 35 kg/m2) (OGG2-3). 

Genotyping of the FTO rs9939609 SNP and the DAT1 
rs27072 SNP was performed in the laboratory of molecular 
genetics at YSC CMP. Genomic DNA samples were isolated 
from the peripheral blood leukocytes using a commercial DNA 
kit, Excel biotech (Yakutsk, Russia). The study of the FTO 

Fig. 1. Allelic polymorphism of the FTO rs9939609 SNP in 
various populations.
Red color - T allele, green color - A allele. Data obtained from 
the database of the project “1000 genomes”.(8)

Fig. 2. Allelic polymorphism of the DAT1 rs27072 SNP in 
various populations.
Orange color – A allele, blue color – G allele. Data obtained 
from the database of the project “1000 genomes”.(8)
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rs9939609 SNP and the DAT1 rs27072 SNP was performed 
by PCR and restriction fragment length polymorphism. The 
conditions of amplification and restriction are presented in 
Table 1. Samples after PCR-RFLP were visualized using 
ethidium bromide-stained gel electrophoresis (2-4% agarose) 
and a UV transilluminator (Vilber Lourmat, France). 

Interpretation of the results of genotyping was performed 
on the basis of various template patterns for the FTO gene: the 
T allele produced a 182 bp band and the A allele produced 154 
and 28 bp bands. Polyacrylamide gel picture (Fig. 3) showing 
digested PCR products for the FTO gene: AT genotype (182, 
154 and 28 bp), TT genotype (182 bp) and AA genotype 
(154 and 28 bp). For the DAT1 gene, the interpretation of the 
results of genotyping was as follows: the G allele produced 
137 and 80 bp bands and the A allele produced a 217 bp band. 
Polyacrylamide gel picture (Fig. 4) showing digested PCR 
products for DAT1 gene: GG genotype (137 and 80 bp), AG 
genotype (217, 137 and 80 bp), and AA genotype (217 bp) 
(Figure 4).

Statistical analysis was performed using the 
Statistica 10.0 software package (StatSoft Inc, USA). For 
descriptive analysis, results are presented as mean (M) ± 
standard error of the mean (SEM). Multiple comparisons were 
performed with one-way ANOVA and Tukey’s HSD Post-
hoc Test. Differences in the allele distribution between the 

two groups were assessed by χ2- test with Yates correction. 
Odds ratios (ORs) and 95% confidence intervals (CIs) were 
calculated. A probability value of P<0.05 was considered 
statistically significant. 

Results and Discussion 
According to the results obtained from all persons 

surveyed, the frequency of the A risk allele of the FTO 
rs9939609 SNP was 27% with the AA genotype frequency 
of 9.4% (Table 2). In men, the A risk allele was slightly 
more common than in the group of women (OR=1.061; 
95% CI=0.62-1.816; P=0.938). Since the differences in the 
frequencies of alleles and genotypes in men and women were 
not significant, and the confidence interval showed a wide 
range, the samples of the compared groups were not divided 
by gender.

In OG, the A risk allele was more common (29%) than in 
CG (24.7%) (OR=1.244, 95% CI=0.789-1.959, P=0.409). We 
found that the number of people with the A risk allele in OGG2-
3 exceeded that in OGG1 (24.6%) and CG (24.7%) by 14.1% 
and 14% (OR=1.923, 95% CI=1.043-3.546, P=0.051) and 14% 
(OR=1.932, 95% CI=1.017-3.668, P=0.06), respectively.

 Analysis of the distribution of alleles and genotypes of 
the DAT1 rs27072 SNP showed the predominance of the wild-
type G allele and the GG genotype in all groups (Table 3). 

In women, a slightly higher frequency of the G allele 
was observed (OR=1.413, 95% CI=0.664-3.004, P=0.486)  

Table 1. Conditions for PCR-RFLP analysis

Gene Primer Sequence LA, 
bp AT RE RFL,

 bp

FTO

F:5’-AACTGGCTCTTGAA
TGAAATAGGATTCAGA-3’

182 58 °СZrm I
АА:154,28

АТ:154,28,182
ТТ:182R:5’-AGAGTAACAGAGAC

TATCCAAGTGCAGTAC-3’

DAT1

F: 5'-ACGGGGATTCT
CAGCAGGTG-3’

217 62 °С MspI
АА:217

AG:217,137,80
GG:137,80R: 5'-TACAGCAACAC

AAGACACGG-3’

LA- length of amplificate;  AT- annealing temperature; RE- restriction  
 endonuclease; RFL- restriction fragment length

Fig. 3. Polyacrylamide gel ele-
ctrophoresis of the FTO gene.
M - marker pUC19/+Msp I. 

Fig. 4. Polyacrylamide gel ele-
ctrophoresis of the DAT1 gene. 
M - marker pUC19/+Msp I. 

Table 2. The frequencies of alleles and genotypes of the FTO 
rs9939609 SNP with the calculation of OR in studied groups

Group

The distribution 
of genotypes,%

Allele
frequency,% OR for risk allele (A)

АА АТ ТТ А Т OR
(95 % CI) P

All surveyed
(n=191) 9.4 35.1 55.5 27 73 - -

OR depending on gender

All women 
(n=143) 8.4 34.3 57.3 25.5 74.5

1.061 
(0.620-1.816) 0.938

All men 
(n=48) 6.7 40.0 53.3 26.7 73.3

OR in OG relative to CG and depending on the obesity grade

CG
(n=91) 8.8 31.9 59.3 24.7 75.3 - -

OG 
(n=100) 10.0 38.0 52.0 29.0 71.0 1.244 

(0.789-1.959) 0.409

OGG1 
(n=69)  5.8 37.7 56.5 24.6 75.4 0.995 

(0.596-1.663) 0.910

OGG2-3
(n=31) 19.4 38.7 41.9 38.7 61.3

1.923 
(1.043-3.546)* 0.051

1.932 
(1.017-3.668)** 0.063

*- in relation to CG; **- in relation to OGG1
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than in men. Since the differences in the frequencies of alleles 
and genotypes in men and women were not significant, and the 
confidence interval showed a wide range, the samples of the 
compared groups were not divided by gender. When comparing 
the sample with persons with normal BMI and obesity with 
different degrees, no significant differences were found. 

The BMI analysis depending on the genotypes of the 
FTO rs9939609 SNP and the DAT1 rs27072 SNP are presented 
in Table 4. The highest BMI scores for the FTO rs9939609 SNP 
were individuals homozygous for the A allele (AA) (P=0.0002).  
According to the results of the analysis of the DAT1 rs27072 SNP, 
a high BMI was observed in individuals with the heterozygous 
AG genotype (P=0.0000). In persons with the heterozygous 
AT genotype for the FTO SNP rs9939609, BMI indices were 
significantly higher (P=0.0064) than in individuals with a 
homozygous TT genotype. In terms of the DAT1 rs27072 SNP, 
the carrier state of the G allele was associated with significantly 
high rates of BMI in comparison with the homozygous AA 
genotype, as the heterozygous AG genotype (P=0.0000)  and 
the homozygous GG genotype (P=0.0000). 

An analysis of the distribution of combinations of 
genotypes showed the predominance of people with the FTO 
rs9939609(TT)+DAT1rs27072(GG) combination (46%) 
(Table 5). 

In OG, the combinations of FTO rs9939609(AA)+DAT1 
rs27072(GG) (OR=1.068, 95% CI=0.690-1.654, P=0.970), 
FTO rs9939609(AT)+DAT1rs27072(AG) (OR=1.563; 95% 
CI=1.146-2.131; P=0.079), and  FTOrs9939609(TT)+DAT1rs
27072(AG) (OR=1.265. 95% CI=0.865-1.850. P=0.416) were 
more common than in CG. 

Evaluation of BMI with a combination of carriers of 
different genotypes of both genes showed that the highest 
rates (31.77±2.19) were observed in the group of people with 
a combination of heterozygous AT genotype for the FTO SNP 
rs9939609 and heterozygous AG genotype for the DAT1 SNP 
rs27072. Their BMI was significantly higher than in people 
with a combination of the TT genotype for the FTO SNP 
rs9939609 and the GG genotype for the DAT1 SNP rs27072 
(27.12±0.15). 

Table 3. The frequencies of alleles and genotypes of the DAT1 
rs27072 SNP with the calculation of OR in studied groups

Group
The distribution 
of genotypes,%

Allele
frequency,% OR for the G allele 

AA AG GG А G OR (95% CI) P

All surveyed 
(n=191) 1.0 16.2 82.7 9.2 90.8 - -

OR depending on gender

All women 
(n=143) 1.4 14.0 84.6 8.4 91.6

1.413 
(0.664-3.004) 0.486

All men
(n=48) 0 22.9 77.1 11.5 88.5

OR in OG relative to CG and depending on the obesity grade

CG
(n=91) 2.2 9.9 87.9 7.1 92.9 - -

OG 
(n=100) 0.0 22.,0 78.0 11.0 89.0 0.622 

(0.304-1.275) 0.260

OGG1 
(n=69)  0.0 27.5 72.5 13.8 86.2 0.482 

(0.229-1.013) 0.077

OGG2-3 
(n=31) 0.0 9.7 90.3 4.8 95.2

1,513 
(0.416-5.495)* 0.737

3.140 
(0.893-11.037)** 0.105

*- in relation to CG; **- in relation to OGG1

Table 4. BMI depending on the genotypes of the FTO rs9939609 
SNP and the DAT1 rs27072 SNP 

In
de

x

Genotypes of 
the FTO rs9939609 SNP

Genotypes of 
the DAT1 rs27072 SNP 

АА 
(n=18)

АТ 
(n=67)

ТТ
 (n=106)

AA 
(n=2)

AG 
(n=31)

GG 
(n=158)

BMI 29.55±1.85 28.47±0.1427.19±0.1318.81±0.29 29.73±0.18 27.61±0.11

St
at

is
tic

s

F=8.8112, P=0.0002
PAA-AT=0.2773
PAA-TT=0.0017 PAT-TT=0.0064

F=80.2409, P=0.0000
PAA-AG=0.0000
PAA-GG=0.0000 PAG-GG=0.0000

Table 5. The distribution of the combinations of genotypes of the 
FTO gene and the DAT1 gene according to BMI

Index

Gene Combination of genotypes

FTO АА АТ АТ АТ ТТ ТТ ТТ

DAT1 GG АА AG GG АА AG GG

Distribution
of genotypes 
in total, n (%)

18
(9.5)

1 
(0.5)

14 
(7.3)

52 
(27.2)

1
(0.5)

17 
(8.9)

88
 (46.1)

Distribution
of genotypes
in CG, n (%)

8
 (8.8)

1 
(1.1)

3 
(3.3)

25
 (27.5)

1
(1.1)

6 
(6.6)

47
 (51.6)

Distribution
of genotypes
in OG, n (%)

10 
(10) 0 11

 (11)
27

 (27) 0 11 
(11)

41 
(41)

OR 
(95% CI)

1.068
(0.690-
1.654)

0 1.563
(1.146-
2.131)

0.989
(0.728-
1.342)

0 1.265 
(0.865-
1.850)

0.813
(0.615-
1.075)

P-value 0.970 0.963 0.079 0.929 0.963 0.416 0.184

Average 
BMI 29.55

±1.85 18.52 31.77
±2.19

27.77
±0.19 19.1 28.05

±1.2
27.12
±0.15
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Conclusion
Thus, in the Yakut population, a reliable relationship 

was found between the carriage of the A risk allele of the FTO 
SNP rs9939609 SNP with obesity and the degree of obesity. 
Thus, the number of carriers of the A allele in OGG2-3 exceeds 
the number of carriers of the A allele in OGG1 (OR=1.932, 
95% CI=1.017-3.668, P=0.063) and CG (OR=1.923, 95% 
CI=1.043-3.546, P=0.051). In addition, in carriers of the AT 
genotype of the FTO SNP rs9939609 SNP BMI was higher 
than in carriers of the TT genotype. 

Analysis of the distribution of allele and genotype 
frequencies for the DAT1 rs27072 SNP in CG, OGG1, and 
OGG2-3 did not reveal any significant differences. Comparing 
the BMI index depending on the genotype, a significantly 
higher BMI was found in carriers of the wild-type G allele, 
both in the heterozygous and homozygous forms than in the 
carriers of the homozygous AA genotype, which is probably 
related to the small number of people studied and requires 
careful research on larger samples of populations of Yakutia.

The combination of different genotypes of both genes 
showed that the highest rates of BMI were observed in a group 
of people with the FTO SNP rs9939609(AT)+DAT1 SNP 
rs27072(AG) combination, which was significantly  higher 
than in people with the FTO SNP rs9939609(TT)+DAT1 SNP 
rs27072(GG) combination.
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Abstract
The purpose of this study was to determine T1D-susceptible HLA DR-DQ haplotypes in Yakuts using 3 single nucleotide 

polymorphisms (rs3104413C/G, rs2854275G/T and rs9273363A/C). A total of 92 patients with a verified diagnosis of T1D (Group 
1) were examined. The comparison group consisted of 210 people (Group 2) without autoimmune diseases and without hereditary 
predisposition. All participants were Yakuts by ethnicity. 

According to the results of genotyping, it was established that the haplotype DRB1*03:01-DQA1*05:01-DQB1*02:01 corresponds 
to the rs3104413C/C-rs2854275T/T combination and the rs3104413C/G-rs2854275G/T-rs9273363C/C combination.  DRB1*04:01–
DQA1*03:01-DQB1*03:02 haplotype (DR4-DQ8) is the rs3104413G/G-rs9273363A/C combination, the rs3104413C/G-rs2854275G/
G-rs9273363A/C combination, and the rs3104413C/G-rs2854275G/G-rs9273363A/A combination. DR3/4-DQ8 haplotype is the 
rs3104413C/G-rs2854275G/T-rs9273363A/A combination and the rs3104413C/G-rs2854275G/T-rs9273363A/C combination. 
DRB1*04:01-DQA1*03:01-DQB1*03:01 haplotype is the rs3104413G/G-rs9273363C/C combination, the rs3104413C/G-rs2854275G/
G-rs9273363C/C combination, and the rs3104413C/G-rs2854275G/T-rs9273363C/C combination. A combination of rs3104413C/C 
with rs2854275G/G was characterized by the absence of DR3 and DR4, which may be due to the presence of a different genetic variant 
in these individuals. A combination of rs3104413C/C with rs2854275G/T was characterized by the presence of only one type of DR3 
and a variant of the type that does not belong to either DR3 or DR4. An analysis of the evaluation of the effectiveness of a diagnostic 
test using the Youden index demonstrated significance for all combinations of genotypes of the studied polymorphisms. (International 
Journal of Biomedicine. 2019;9(3):216-219.)

Key Words: haplotype • single nucleotide polymorphism • Yakuts • type 1 diabetes

Introduction
Type 1 diabetes (T1D), a multifactorial disease with a strong 

genetic component, is caused by the autoimmune destruction of 
pancreatic β cells.(1,2) The major T1D susceptibility locus maps 
to the class II loci HLA-DRB1 and HLA-DQB1 on chromosome 
6p21. The DR-DQ haplotypes conferring the highest risk 
are DRB1*03:01-DQA1*05:01-DQB1*02:01 (abbreviated 
“DR3”) and DRB1*04:01/02/04/05/08-DQA1*03:01-

DQB1*03:02/04 (or DQB1*02; abbreviated “DR4”).(3) More 
than 80% of T1D patients are carriers of one or both haplotypes. 
It is important that the polymorphism of HLA genes can also 
have a pronounced protective effect.(4,5) HLA genes can also 
have an impact on the clinical features of the disease, such as 
the age of onset or the outcome of active cellular autoimmunity. 
Therefore, the haplotype DRB1*03:01-DRB1*04:01(DR3/4) 
not only strongly predisposes to the development of T1D, 
but also accelerates the onset of the disease (i.e. occurs 
much more frequently among patients with the onset of T1D 
in early childhood).(6) In the Russian population, high-risk 
genotypes (DQ2/DQ8) were significantly more common in 
children who were sick before the age of 5 (33%), compared 

*Corresponding author:  Nadezhda I. Pavlova, PhD. Yakut 
Science Center of Complex Medical Problems. Yakutsk, the Republic 
of Sakha (Yakutia), Russia. E-mail: solnishko_84@inbox.ru
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with children in whom T1D manifested at the age of 10 years 
(23%).(7) The results obtained in Yakutia will be in demand 
in the development of a personalized approach to diagnosis 
(screening) and prevention of T1D.

The purpose of this study was to determine T1D-
susceptible HLA DR-DQ haplotypes in Yakuts using 3 single 
nucleotide polymorphisms (rs3104413C/G, rs2854275G/T 
and rs9273363A/C).

Materials and Methods 
The study was approved by the Ethics Committee of 

the Yakut Science Center of Complex Medical Problems 
(YSC CMP). The HLA-DR/DQ genotyping was performed 
in the laboratory of molecular genetics at YSC CMP. A total 
of 92 patients with a verified diagnosis of T1D (Group 1) 
were examined. The comparison group consisted of 210 
people (Group 2) without autoimmune diseases and without 
hereditary predisposition. All participants were Yakuts by 
ethnicity. The ethnic origin was considered to the third 
generation. The study was performed after participants signed 
a written, informed consent; for participants under the age 
of adulthood, the informed consent was signed by parents. 
For each study participant, an individual genetic map was 
developed, containing clinical, functional and laboratory 
parameters, as well as genealogical data of the participant. 
Relatives were excluded from the analysis.

Genomic DNA samples were isolated from the 
peripheral blood leukocytes using a commercial DNA kit, 
Excel biotech (Yakutsk). Studies of HLA-DR and HLA-DQ 
gene variants were carried out using an allele-specific PCR 
(AS-PCR), according to Cao Nguyen (2013).(8) Characteristics 
of single-nucleotide polymorphisms rs3104413, rs2854275, 
rs9273363 are presented in Table 1. SNP selection was 
based on a study conducted by Cao Nguyen and colleagues, 
who analyzed 19,035 SNPs of 10,579 subjects (7,405 from 
a discovery set and 3,174 from a validation set) from the 
Type 1 Diabetes Genetics Consortium and developed a novel 
machine learning method to select as few as 3 SNPs that could 
define the HLA-DR and HLA-DQ types accurately. Thus, 
3 SNPs were proposed to accurately determine the types of 
HLA-DR and HLA-DQ. The high accuracy is consistent with 
the proximity of the SNPs to the class II genes (rs3104413 
is located in the intergenic region between HLA-DRB1 and 
HLA-DQA1, rs2854275 is within the HLA-DQB1 gene, and 
rs9273363 is in close proximity to the HLA-DQB1 gene) and 
with the strong linkage disequilibrium between HLA genes.(8)

At the first stage, for definition of HLA-DR types, 
rs3104413 SNP was used.  Further research tactics were 
determined depending on the genotype established at the first 
stage. Thus, individuals homozygous for rs3104413C (C/C) 
were further investigated by rs2854275, homozygous for 
rs3104413G (G/G) by rs9273363, and C/G heterozygous for 
rs3104413 (C/G) were investigated for both SNPs.

To determine compliance with the HLA-DR and HLA-
DQ haplotypes with the studied SNPs (rs3104413, rs2854275, 
and rs9273363), a commercial HLA-Type kit (BAG Health Care 
GmbH, Germany) was used. The genotyping of HLA DRB1 and 
DQB1 alleles was carried out according to previously described 
methods.(9,10) Haplotype combinations of the three analyzed 
polymorphisms were used for defining the HLA types relevant 
to T1D (Nguyen et al, 2013),(8) distinguishing the highest-risk 
DR4- DQ8 and DR3/4-DQ types.

Statistical analysis was performed using the Statistica 8.0 
software package (StatSoft Inc, USA).The frequencies of 
the alleles and genotypes of SNPs (rs3104413, rs2854275, 
and rs9273363) were determined by direct counting, using 
generally accepted formulas. To determine the effectiveness 
of the diagnostic test, the Youden index was calculated using 
the following formula: J = Sen + Spe – 1,

J – the Youden index, Sen – sensitivity, Sp –specificity
Indicators Sen and Spe were calculated using the 

following formulas: Sen=TP/(TP+FN) and Spe=TN/(TN+FP),
TP–true positive value, FP – false positive value, TN – 

true negative value, FN – false negative value.

Results and Discussion
Depending on the distribution of genotypes of the 

investigated polymorphisms, in patients of Group 1 with 
rs3104413C/C, rs2854275G/T prevailed, which corresponds 
to the HLA DR3/X genotype. rs2854275T/T associated with 
adverse haplotype DRB1*03-DQA1*05:01-DQB1*02:01 
was found in 21.9% of cases in this group. Patients with 
rs2854275G/G (12.5%) were characterized by the absence of 
DR3 and DR4, which may be due to the presence in these 
individuals of another allelic variant (Table 2).

Among patients with rs3104413C/G, 50% had 
rs2854275G/T, associated with haplotypes DRB1*03-
DQA1*05:01-DQB1*02:01 and DR3/4-DQ8, and 50% had 
rs2854275G/G, associated with haplotype DR4/4-DQ8.

Among patients with rs3104413G/G, rs9273363A/C 
associated with the DR4-DQ8 haplotype was found in 100% 
of cases. Among patients with rs3104413C/G, rs9273363A/C 
was prevalent, which in 37.5% of cases correspondents to 
DR4-DQ8 and in 25% - DR3/4-DQ8.

The results of the distribution of HLA gene alleles among 
T1D patients are consistent with the results of E.V. Titovich 
(2009).(5) In a comparative analysis of the predisposing alleles 
distribution frequencies among the Yakut population and the 
Russian population of Moscow, it was shown that among 
T1D patients in the Yakut population, alleles of DRB1*04 
(DR4) and DRB1*17(03) are more common. The authors also 
showed that DRB1*17(03) is the most predisposing allele in 
the Yakut population.

Table 1.
Characteristics of single-nucleotide polymorphisms rs3104413, 
rs2854275, rs9273363

Gene SNP Localization 
(hg19) Allele Method MAF

HLA-DQA1 rs3104413 chr6: 32582650 C/G RT-PCR 0.13(G)
HLA-DQB1 rs2854275 chr6: 32660651 G/T AS-PCR 0.06(Т)
HLA-DQB1 rs9273363 chr6: 32658495 A/C AS-PCR 0.24(A)
MAF is the minor allele frequency; hg19 is the reference genome
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Table 2.
Distribution of haplotypes in the group of patients with T1D depending on the distribution of SNP genotypes

SNP rs3104413,  n=92
Genotype,
n (%) С/С   64 (69.6) С/G   16 (17.4) G/G   12 (13.0)

SNP rs2854275 rs2854275 rs9273363 rs9273363

Genotype T/T G/T G/G G/T G/G Т/Т А/А A/C С/С А/А A/C С/С

n (%) 14(21.9) 42(65.6) 8(12.5) 2(12.5)** 6(37.5) 8(50) 0 2(12.5) 2(12.5) 6(37.5)*** 4(25) 2(12.5) 0 12(100) 0

Haplotypes
obtained
with 
Histotype
Kit

DRB1*03-
DQA1*05:01-
DQB1*02:01

DR3/Х DRX/X
DRB1*03-
DQA1*05:01-
DQB1*02:01

DR3/4-
DQ8

DR4-
DQ8 - DR3/4-

DQ8
DR4-
DQ8

DR4-
DQ8

DR3/4-
DQ8

DRB1*03-
DQA1*05:01-
DQB1*02:01

- DR4-
DQ8 -

DR/X – lack of DR3 and DR4; DR3/X – variant carriers of one type DR3 and a type without relation to DR3 and DR4
   ** - carriers of rs9273363C/C and rs2854275G/T ; *** - carriers of rs2854275G/G and rs9273363A/C

Table 3.
Distribution of haplotypes in the control group depending on the distribution of SNP genotypes

SNP rs3104413, n=210
Genotype, 
n (%) С/С76 (36.2) С/G 46 (21.9) G/G 88 (41.9)

SNP rs2854275 rs2854275 rs9273363 rs9273363

Genotype Т/Т G/T G/G Т/Т G/T G/G А/А А/С С/С А/А А/С С/С

n (%) 0 8(10.5) 68(89.5) 0(0) 2(4.4)** 4(8.7) 40(86.9) 2(4.4) 0(0) 44(95.6) 0 0 88(100)

Haplotypes
obtained
with 
Histotype
Kit

- DR3/X DRX/X - DR3/4-DQ8 DR4-DQ7 DR4-DQ7 DR3/4-DQ8 - DR4-DQ7 - - DR4-DQ7

DR/X – lack of DR3 and DR4; DR3/X – variant carriers of one type DR3 and a type without relation to DR3 and DR4
 ** - carriers of rs2854275G/T and rs9273363C/C

Table 4. 
Identification of HLA haplotypes and genotypes using SNPs (rs3104413, rs2854275, rs9273363)

Haplotypes
obtained with

Histotype
Kit

The number of 
people with

corresponding
haplotype

The combination 
of genotypes, # rs3104413 rs2854275 rs9273363

The number of
people with

corresponding
genotype

for SNP, total

The number of 
people with

corresponding
genotype but

 different haplo-
type

Sen Spe J,
(Sen+Spe -1)

DRB1*03:01-
DQA1*05:01-
DQB1*02:01

16
1 С/С T/T - 14 0 1.000 0.993 0.993

2 С/G G/T C/C 6 4 0.333 0.953 0.287

DRB1*04:01–
DQA1*03:01-
DQB1*03:02
(DR4-DQ8)

20

3 G/G - A/C 12 0 1.000 0.972 0.972

4 С/G G/G A/C 6 0 1.000 0.953 0.953

5 С/G G/G А/А 2 0 1.000 0.940 0.940

DR3/4-DQ8 8
6 С/G G/T А/А 4 0 1.000 0.987 0.987

7 С/G G/T А/С 4 0 1.000 0.987 0.987

DR3/X 50 8 С/С G/T - 50 0 1.000 1.000 1.000

DRB1*04:01-
DQA1*03:01-
DQB1*03:01 
(DR4-DQ7)

132

9 G/G - C/C 88 0 1.000 0.794 0.794

10 С/G G/G C/C 40 0 1.000 0.649 0.649

2 С/G G/T C/C 6 2 0.667 0.570 0.237

DRX/X 76 11 С/С G/G - 76 0 1.000 1.000 1.000
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Analysis of haplotype distribution in Group 2 
demonstrated the following results: in carriers of rs3104413C/G, 
the vast majority of individuals had rs2854275G/G associated 
with the low-risk genotype DR4-DQ7.(8) Evaluation of 
rs9273363 SNP among individuals with rs3104413G/G and 
rs310441C/G demonstrated the prevalence of rs9273363C/C 
associated with the DR4-DQ7 genotype, rs9273363A/C was 
completely absent (Table 3).

In order to determine the sensitivity and specificity of 
rs3104413, rs2854275, and rs9273363 with respect to HLA 
haplotypes and genotypes, the Youden index was evaluated 
(Table 4). For most of the analyzed combinations of genotypes 
of the studied polymorphisms, the Youden index varied 
significantly from 0.649 to 1, with the exception of option 
#2. The highest value of the Youden index for the genotype 
DR3/X was established for combinations #8 and the lack of 
a carrier state of DR3 and DR4 - combination #11 (Table 4).

Conclusion
According to the results of genotyping, it was established 

that the haplotype DRB1*03:01-DQA1*05:01-DQB1*02:01 
corresponds to the rs3104413C/C-rs2854275T/T combination and 
the rs3104413C/G-rs2854275G/T-rs9273363C/C combination. 

The haplotype DRB1*04:01–DQA1*03:01-DQB1*03:02 
(DR4-DQ8) is the rs3104413G/G-rs9273363A/C combination, the 
rs3104413C/G-rs2854275G/G-rs9273363A/C combination, and 
the rs3104413C/G-rs2854275G/G-rs9273363A/A combination.

DR3/4-DQ8 haplotype is the rs3104413C/G-rs2854275G/T-
rs9273363A/A combination and the rs3104413C/G-rs2854275G/
T-rs9273363A/C combination. 

DRB1*04:01-DQA1*03:01-DQB1*03:01 haplotype is the 
rs3104413G/G-rs9273363C/C combination, the rs3104413C/G-
rs2854275G/G-rs9273363C/C combination, and the rs3104413C/
G-rs2854275G/T-rs9273363C/C combination.

A combination of rs3104413C/C with rs2854275G/G 
was characterized by the absence of DR3 and DR4, which 
may be due to the presence of a different genetic variant in 
these individuals. A combination of rs3104413C/C with 
rs2854275G/T was characterized by the presence of only one 
type of DR3 and a variant of the type that does not belong to 
either DR3 or DR4.

An analysis of the evaluation of the effectiveness 
of a diagnostic test using the Youden index demonstrated 
significance for all combinations of genotypes of the studied 
polymorphisms.
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Abstract
Early cancer screening is the most effective way to reduce cancer mortality. The number of potentially viable tumor markers 

(TMs) is rapidly expanding and promises further improvement in sensitivity and specificity. The article presents the results of a 
population-based study of screening for the most common types of cancer in individuals living in South Yakutia. (International 
Journal of Biomedicine. 2019;9(3):220-222.)
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Introduction
In 2014, WHO made a disappointing forecast that in the 

next 20 years the number of cancer patients would increase 
by about 70%. In 2018, according to the WHO, 9.6 million 
people died of cancer. Russia ranks fifth in the number of 
deaths from cancer, after China, India, the United States and 
Japan.(1) Early cancer screening is the most effective way to 
reduce cancer mortality. The number of potentially viable 
tumor markers (TMs) is rapidly expanding and promises 
further improvement in sensitivity and specificity. TMs reflect 
the body’s tumor burden, and subsequently increase with 
progressive or recurrent disease, decrease with response to 
treatment, and normalize with remission.(2) TMs are assuming 
a growing role in all aspects of cancer care, from initial 
screening to follow-up after treatment.(3,4) However, it is 
necessary to approach very individually, and to interpret the 
results of tumor marker indicators together with data from 
other studies, such as ultrasound, MRI and biopsy.

According to the statistics of the Ministry of Health of 
the RF, the majority of malignant tumors detected in 2017 were 
in the first (29.8%) and second (25.8%) stages. According 
to the standardized indicators of 2018, Russian men most 

often suffer from lung cancer (48.2 per 100 thousand of the 
population) and prostate cancer (39.4 per 100 thousand of the 
population); Russian women most often suffer from breast 
cancer: 53.6 per 100 thousand of the population. 

According to statistical data for the Far Eastern Federal 
District, there are an average of 1985.2 people with cancer per 
100 thousand population: 2709.3 in Kamchatka Krai, 2349.5 
in the Sakhalin region, 2280  in Primorsky Krai, 2206.2 in 
Zabaykalsky Krai, 2204.7 in Khabarovsk Krai, 2140.4 in the 
Amur region, 1945 in the Jewish Autonomous Region, 1778.5 
in the Magadan region, 1690.7 in the Republic of Buryatia, 
1290.6 in  the Chukotka Autonomous Region, and 1242.1 in 
the Republic of Sakha (Yakutia).(5) According to the statistics, 
along with gender differences, there are also territorial ones, 
which indicate a set of factors determining cancer development. 

Regional cancer incidence can be reliably attributed to such 
factors as the environmental stress due to the development 
of industry (anthropogenic pollution of the environment, 
clean water problems, radon pollution, etc.). Now the most 
urgent need is a radio-hygienic survey of South Yakutia, as 
the most industrialized territory, with a high content of natural 
radionuclides.

In this regard, we conducted a screening study of the 
adult population of the Tommot city in Aldan district and 
Chulman village in Neryungri district to detect changes in TM 
levels: cancer-embryonic antigen (CEA), cancer antigen (CA) 
19-9, PSA, and CA15-3.

*Corresponding author:  Uliana D. Antipina, PhD. Medical 
Institute, M. K. Ammosov North-Eastern Federal University. Yakutsk, 
the Republic of Sakha (Yakutia), Russia. E-mail: uldanti@mail.ru
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Materials and Methods
A total of 219 adults were examined: 77 (9 men and 68 

women in Tommot (the Aldan district) and 142 (26 men and 
116 women) in Chulman (the Neryungri district). The levels 
of TMs (CEA, CA19-9, PSA, CA15-3) in the blood serum 
were determined by ELISA on a Multiskan FC microplate 
photometer (Thermo Fisher Scientific, USA) using the Vector-
Best test systems (Russia). Statistical analysis was performed 
using SPSS (version 19.0). 

Results
The study results are presented in Tables 1 and 2. The 

mean levels of studied TMs in the blood serum of adult 
inhabitants were within the reference range.  However, in the 
examined women from Chulman, aged between 60 and 90 
years,  CEA indices were elevated up to 5.5 ng/ml in 1.6% of 
cases; CA 15-3 up to 144 U/ml in 3.2% of cases. In 4.5% of 
women from Tommot, aged between 60 and 74 years, CEA 
levels were elevated to 7.4 ng/ml.

In 22.2% of examined men aged between 45 and 59 
years, from Chulman, CEA level was elevated to 10.4 ng/ml 
and PSA level was elevated up to 8.29 ng/ml; in 7.7% of men 
aged between 60 and 74 years, PSA level was elevated up to 
15.8 ng/ml. Among the examined men from Tommot, these 
tumor markers were within the normal range.

Discussion
The data obtained lead to the conclusion that it is 

necessary to carefully monitor the health of individuals of 

certain ages: women from 60 years of age and men from 45 
years, respectively. These age groups are a risk group for cancer.

Analysis of the literature shows that certain TMs 
are specific for certain groups of cancers. CEA is a tumor-
embryonic antigen produced in the tissue of the digestive 
tract of the embryo and fetus. After childbirth, the synthesis 
of CEA is suppressed; therefore, it is practically undetectable 
in the serum of healthy adults. This marker is found in very 
small quantities in some tissues of adults: in the intestines, 
liver and pancreas. CEA is a protein of the acute phase, so the 
level increases with various inflammatory and autoimmune 
diseases. A slight increase is recorded in smokers. The level 
of CEA is influenced by smoking and alcohol consumption. 
An elevated CEA level is found in colorectal cancer, stomach 
cancer, lung cancer, liver cancer, pancreatic cancer, and breast 
cancer.  

As a type of tumor-associated antigen for gastrointestinal 
cancer, CA 19-9 is a sialylated derivative of the Lewis A blood 
group antigen.(6)  CA19-9 is detected in the epithelium of the 
gastrointestinal tract of the fetus. Minor amounts are found in 
adults in the cells of the pancreas, liver, and lungs. CA 19-9 is 
excreted in the bile; therefore, even with a slight cholestasis, 
its concentration in blood serum can increase significantly. As 
a tumor marker, it has sensitivity to pancreatic cancer (up to 
82%), liver cancer (up to 75%), stomach cancer (up to 26%), and 
colorectal cancer (25%). CA19-9 has 79% to 81% sensitivity 
and 82% to 90% specificity for diagnosis of pancreatic ductal 
adenocarcinoma,(7) with false-positive results observed in benign 
pancreaticobiliary diseases such as pancreatitis, cholangitis, and 
obstructive jaundice.(8-10) Furthermore, CA19-9 is not expressed 
in 8% to 10% of the Caucasian population with the Lewis a-b- 
genotype, as the CA19-9 epitope is the sialylated Lewis A blood 
group antigen.(10,11)

CA 15-3 is an epithelial membrane antigen expressed 
on normal cells and found in serum. Elevated levels of this 
antigen are found in about 60% of preoperative breast cancer 
and 80% of advanced metastatic breast cancer. The CA 15-3 
assay is not suitable as a diagnostic test because of its low 
sensitivity in stage I and II disease. CA15-3 is a marker for 
breast cancer, although in the absence of cancer CA 15-3 
concentration can be significantly elevated in patients with 
vitamin B12 deficiency and in some healthy women during 
the menstrual cycle. Pancreatitis, Crohn’s disease, ulcerative 
colitis, and benign gastrointestinal disease may also cause 
some elevation of CA 15-3.(12)

An elevated level of PSA is used for the early detection 
and therapeutic monitoring of prostate cancer (PCa). The 
predominant immunoreactive forms of PSA, also known as 
isoforms, which have been identified in serum, include free 
(uncomplexed) PSA (fPSA) and PSA complexed to alpha 
1-antichymotrypsin (PSA-ACT). It has been demonstrated that 
in men who have PCa, PSA-ACT is elevated.(13) Contrarily, 
benign prostatic hyperplasia, a benign enlargement of the 
prostate, is associated with higher non-intact, free PSA serum 
levels.(14) 

The results of tumor marker evaluations should be 
interpreted in conjunction with clinical data, and data of 
ultrasound and biopsy.

Table 1. 
The serum levels of TMs in men

 
Age

CEA(up to 5 ng/ml) CA19-9(up to 35 U/ml) PSA(2.5-4.0 ng/ml)

Tommot Chulman Tommot Chulman Tommot Chulman

18-44 yrs 0, 9 2 0.1 0.1 0.1 0.5

45-59 yrs 0.7 3.6 0.2 0.8 0.6 1.9

60-74 yrs 1.1 2.7 0.1 0.2 0.5 2.2

75-90 yrs 3.1 0 1.9

Table 2. 
The serum levels of TMs in women

 
Age

REA(up to 5 ng/ml) CA19-9(up to 35 U/ml) CA15-3(up to 31.3 U/ml)

Tommot Chulman Tommot Chulman Tommot Chulman

18-44 yrs 0.5 1.8 2.6 0.1 3.5 20.0

45-59 yrs 0.5 2.4 0.9 0.3 5.2 18.9

60-74 yrs 1.1 2.4 3.6 0.4 7.1 25.5

75-90 yrs 0.3 2.6 2.1 0.7 2.9 23.9
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Conclusion
Screening a population for tumor markers provides 

great opportunities for improving the management of cancer 
patients by enhancing the efficiency of detection and efficacy 
of treatment.  Depending on the type of cancer, screening  may 
be used in conjunction with clinical examination, data from 
ultrasound and a tissue biopsy. Because most tumor markers 
are not sensitive or specific enough, these tests are not well 
suited for screening the general population; however, a few 
may be used to screen people who are at high cancer risk 
(family history or specific risk factors for a particular cancer).
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Abstract
The purpose of this study was to assess the lipid peroxidation (LPO) and antioxidative defense (AOD) indicators in different 

ethnic groups of adolescent girls with exogenous constitutional obesity (ECO) and non-alcoholic fatty liver disease (NAFLD).
Materials and Methods: A total of 20 Mongoloid teenage girls and 20 Caucasian teenage girls with NAFLD (Clinical 

group 1 and Clinical group 2, respectively) on the background of ECO of the first degree were examined. For comparison, data of 
28 healthy Mongoloid teenage girls (Control group 1) and 20 Caucasian teenage girls (Control group 2) were used. The plasma 
level of antioxidant parameters (total antioxidant activity [TTA], SOD activity, α-tocopherol and retinol) and primary/secondary 
products of LPO (conjugated dienes [CD], ketodienes and conjugated trienes [KD-CT], and thiobarbituric acid reactive substances 
[TBARS]) were determined using spectrophotometric and fluorometric methods.

Results: Evaluation of the activity of LPO reactions in Clinical group 1 indicated an increase in the content of CD, KD-
CT, and TBARS relative to Control group 1. In Clinical group 2, we found an increased CD content relative to Control group 2. 
Interethnic differences resulted in elevated levels of KD-CT in Clinical group 1 compared to Clinical group 2.In the parameters of 
the AOD system, we observed reduced levels of TAA, retinol and glutathione-S-transferase (G-S-T) activity in Clinical group 2 
compared to Control group 2. In Clinical group 1, we observed reduced levels of α-tocopherol, retinol and G-S-T activity compared 
to Control group 1. There were no differences in the parameters of the AOD system between Clinical group 1 and Clinical group 2.

Conclusion: The results obtained indicate high activity of LPO processes and severe deficiency of antioxidant factors in 
Mongoloid girls with ECO and NAFLD in comparison with Caucasian girls with obesity and NAFLD and the control group. 
The obtained results allow us to recommend administration of antioxidant drugs in addition to basic therapy in comprehensive 
treatment of patients with NAFLD. (International Journal of Biomedicine. 2019;9(3):223-227.)
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Introduction
Currently, NAFLD is an increasingly common form 

of chronic liver disease(1-3) in both adults and children.
This pathology in people who drink little or no alcohol is 
characterized by the presence of lipid deposits in hepatocytes.(4) 
The significance of NAFLD lesions ranges from hepatic steatosis 
and non-alcoholic steatohepatitis, to progressing fibrosis and 
cirrhosis.(3,4) The NAFLD growth in children and adolescents 
is considered to have a close correlation with the prevalence 
of obesity.(5) Although NAFLD has become more common, its 
underlying mechanisms are still unclear; hereupon, effective 
treatment for the disease has not been yet developed. It has 
been suggested that multiple parallel factors, including genetic 
predisposition, insulin resistance, lipotoxicity and dysbiosis, 
play a role in NAFLD pathogenesis.(1,2,6) At the same time, the 
fat accumulation in the liver leads to permanent hepatocytes 
lesion, inflammation and fibrosis.(4) It is believed that the main 
pathogenetic factors of hepatocellular lesion are elevated 
cytokine levels and OS due to LPO.(7-9) Increased cytokine levels 
can induce hepatocyte apoptosis (TNF-α), neutrophil chemotaxis 
(IL-8) and stellate cell activation (TNF-α, TGF-β). In turn, end 
products of LPO can covalently bind to hepatic proteins and act 
as potent agents of neutrophil chemotaxis and proinflammatory 
cytokine stimulation.(10) Malonic dialdehyde also activates 
stellate cells for collagen production, which invariably leads 
to cell fibrosis.(11) In this connection, it seems appropriate to 
study the intensity of OS, as well as to prescribe a complex of 
antioxidants, selected individually, taking into account the nature 
of the imbalance detected, for this category of patients.(12,13) To 
develop a personalized method of treatment, it is also important 
to take into account the patient`s ethnicity.(14-17) The purpose of 
this study was to assess the LPO and AOD indicators in different 
ethnic groups of adolescent girls with ECO and NAFLD.

Materials and Methods
A total of 20 Mongoloid teenage girls (mean age 

15.00±1.73 years) and 20 Caucasian teenage girls (mean 
age 16.01±2.21 years) with NAFLD (Clinical group 1 and 
Clinical group 2, respectively) on the background of ECO of 
the first degree were examined. For comparison, data of 48 
healthy Mongoloid teenage girls (mean age 15.51±1.04 years) 
(Control group 1) and 20 Caucasian teenage girls  (mean age 
15.38±1.09 years) (Control group 2) were used. All patients 
underwent inpatient treatment in Children’s Republican 
Clinical Hospital of the Ministry of Health of the Republic of 
Buryatia (Ulan-Ude).

Inclusion criteria for the constitutional obesity group: 
ECO, excess body weight of more than 95 percentiles for a 
given height, age and sex; absence of acute, or exacerbation 
of chronic diseases at the time of inclusion in the study and 
at least one month before it. Exclusion criteria: symptomatic 
and genetic forms of obesity; intake of medications that could 
affect body weight and estimated metabolic parameters. The 
criteria for the diagnosis of NAFLD: diffuse changes of liver 
according to ultrasound and computed tomography of the 
abdominal cavity, absence of cytolysis (normal levels of ALT 

and AST), and exclusion of infectious etiology of hepatitis. 
All teenagers were subjected to general clinical 

examination, including anamnestic data collection, physical 
examination, anthropometric data analysis (BW, height, BMI), 
blood pressure measurement, nutritional status assessment 
and determination of concentration of total cholesterol and 
triglycerides in blood serum, glucose tolerance testing. 

All clinical groups were comparable on the basic 
anthropometric characteristics. 

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, ed. 
2013) and approved by the Ethics Committee of Scientific 
Centre for Family Health and Human Reproduction Problems. 
Written informed consent was obtained from the patient/
parent/guardian/ relative of each patient.

Blood samples (5 ml) were collected from the ulnar vein 
in standard vacuum tubes with EDTA in the morning after night 
fasting. The intensity of LPO-AOD processes was estimated 
by plasma concentrations of antioxidant parameters (TAA, 
SOD activity, α-tocopherol and retinol) and primary/secondary 
products of LPO (CDs, KD-CT, and TBARS).(18, 19) Blood 
plasma TAA level was detected photometrically.(20) TBARs 
levels, SOD activity in hemolysate and α-tocopherol and retinol 
levels in plasma were detected by fluorometry. (21)

The content of GSH and GSSG was determined by P.Y. 
Hissin, R. Hilf (1976),(22) the SOD activity in the erythrocytes 
was determined  by H.P. Misra and I. Fridovich.(23)

The measurements were conducted with a Shimadzu 
RF-1501 spectrophotometer (Japan) consisting of two 
blocks: a UV-1650PC spectrophotometer and a RF-1501 
spectrofluorimeter.

The level of G-S-T in the blood plasma was detected 
using the ELx808™ Absorbance Microplate Reader  (BioTek 
Instruments, USA) and  ELISA kits from Immundiagnostik 
AG (Germany). The measurements of the level of GR in the 
blood plasma and activity of GPO in the erythrocytes were 
conducted with a BTS-330 fully automatic Biochemistry 
Analyzer (Poland) using a commercial spectrophotometric 
assay kit (Randox Laboratories Ltd., UK). 

Statistical analysis was performed using the Statistica 6.1 
software package (Stat-Soft Inc., USA).  Differences 
between groups were tested by the Mann-Whitney U-test. 
Group comparisons with respect to categorical variables 
are performed using chi-square tests. A probability value of 
P<0.05 was considered statistically significant.

Results and Discussion
Evaluation of the activity of LPO reactions in Clinical 

group 1 indicated an increase in the content of CD (P<0.0001), 
KD-CT (P<0.0001), and TBARS (P=0.0373) relative to 
Control group 1. In Clinical group 2, we found an increased 
CD content (P=0.0463) relative to Control group 2. Interethnic 
differences resulted in elevated levels of KD-CT (P=0.0176) 
in Clinical group 1 compared to Clinical group 2 (Fig.1).

In the parameters of the AOD system, we observed reduced 
levels of TAA (P=0.0049), retinol (P<0.0001) and G-S-T activity 
(P=0.0383) in Clinical group 2 compared to Control group 2. In 
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Clinical group 1, we observed reduced levels of α-tocopherol 
(P=0.0020), retinol (P=0.0187) and G-S-T activity (P=0.0099) 
compared to Control group 1. There were no differences in the 
parameters of the AOD system between Clinical group 1 and 
Clinical group 2 (Figures 2 and 3).

 We recorded an intensive accumulation of the primary, 
secondary and end products of LPO in Mongoloid teenage 
girls with ECO and NAFLD. These changes are likely to 
be associated with metabolic changes in the liver that occur 
as a result of obesity. In such cases, there is an excessive 
accumulation of lipids (including fat deposits in hepatocytes), 
which enhances LPO processes, and an increase in the amount 
of free fatty acids, triglycerides in the blood, etc.(24,25) The 
inflammatory process is activated with the hyperproduction of 
proinflammatory cytokines.(26) The subsequent development of 
the process promotes fibrogenesis in liver cells.(10,11) Excessive 
accumulation of toxic LPO products, especially expressed 
in Mongoloid patients, may exacerbate the initial morpho-
functional changes in cells, and, accordingly, aggravate the 
course of the disease. 

It is known that the parameters of the AOD system 
are a significant diagnostic criterion of adaptation reactions 
of the body.(28-30) We observed a decrease in the values of 
TAA (as an integral parameter of the AOD system), retinol 
and glutathione transferase activity in Caucasian girls with 
obesity and NAFLD. Similar phenomena were found in 
Mongoloids with severe α-tocopherol deficiency. In a study 
by M. Guerendiain et al., an increase in plasma levels of 
lipid-corrected α-tocopherol (P=0.001) was associated with 
reduced adiposity and greater weight loss in overweight and 
obese adolescents.(31)  

It is known that α-tocopherol and retinol are the most 
important antioxidants and are essential substances.(28,31) 

α-tocopherol is an important chain-breaking antioxidant that 
prevents free radical reactions and LPO.(32,33) α-tocopherol 
has a high membrane protective and antimutagenic activity, 
whereby interacting with natural antioxidants of other classes 
it acts as an essential regulator of oxidative homeostasis of 
cells and tissues.(34,22) The antioxidant function of retinol is 
expressed in the protection of biomembranes from damage by 
active forms of oxygen.(35) 

It is known that the liver is the main pool of fat- 
and water-soluble vitamins; therefore, we confirmed in 
our study the decrease in the content of these vitamins in 
NAFLD and their corresponding deficiency at the system 
level in the adolescents of both ethnic groups. In our study, 
a more severe deficiency of AOD factors was detected in 
Mongoloid girls, reflected by intense accumulation of LPO 
products. Similar results were also observed in China.(36) Our 
data may be associated with eating disorders of indigenous 
ethnic representatives, and a corresponding increase in 
obesity among them, which is confirmed by our previous 
studies.(14,29) 

Conclusion
Thus, the results obtained indicate high activity of 

LPO processes and severe deficiency of antioxidant factors 
in Mongoloid girls with ECO and NAFLD in comparison 
with Caucasian girls with obesity and NAFLD and the 
control group. The obtained results allow us to recommend 
administration of antioxidant drugs in addition to basic therapy 
in comprehensive treatment of patients with NAFLD. 

Fig. 1. Changes in LPO products in girls of different ethnic 
groups with ECO and NAFLD.
  * - statistically significant differences compared to Control 
groups;  - statistically significant differences between the 
two Clinical groups

Fig. 2. Changes in the components of AOD in girls of different 
ethnic groups with ECO and NAFLD.
* - statistically significant differences compared to Control 
groups 

Fig. 3. Changes in glutathione system parameters in girls of 
different ethnic groups with ECO and NAFLD.
* - statistically significant differences compared to Control 
groups
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Abstract
The aim of this study was to assess the anthropometric and physiometric indicators with an analysis of the body composition 

of young Yakuts of early and late puberty, living in the Republic of Sakha (Yakutia) (RS(Y)).
Materials and Methods: A total of 184 indigenous youths aged from 14 to 17 years, permanently residing in RS(Y), 

were examined. The study used generally accepted methods: anthropometry, dynamometry, spirometry, caliperometry, and body 
composition assessment by  bioelectrical impedance analysis.

Results: Among Yakut youth living in RS(Y), an increase in musculoskeletal mass and a decrease in fat mass was observed in 
groups aged 14 to 17. In the period from 14 to 17 years, Yakut youth show significantly increased indicators of dynamometry, deadlift 
and vital lung capacity. The data above are accompanied by a decrease in the indicators of the content of fat mass and an increase 
in lean body mass, musculoskeletal mass and body cell mass. There is growth not only in skeletal muscles and skeleton, but also in 
the mass of internal organs. The data obtained will be used to develop an interval classification of body composition parameters for 
males of different ages in order to develop standards of physical development specifically for people living in RS(Y). (International 
Journal of Biomedicine. 2019;9(3):228-232.)

Key Words: puberty • anthropometry • dynamometry • spirometry • bioimpedance analysis

Abbreviations
BIA, bioelectrical impedance analysis; BCM, body cell mass; BFP, body fat percentage; BS, body size; BW, body weight; CC, 
chest circumference; ECW, extracellular water; FM, fat mass; HC, hip circumference; ICW, intracellular water; LBM, lean 
body mass; MSM, musculoskeletal mass; PhA, phase angle;  RMR, resting metabolic rate; VLC, vital lung capacity; WC, waist 
circumference.

Introduction
All over the world, modern living conditions lead to the 

trend of a steady deterioration in men’s health indicators, a close 
relationship between a decrease in hormonal function and an 
increased frequency of metabolic syndrome and cardiovascular 

diseases, and a decrease in work capacity. The first urgent 
problem is the close relationship of a number of anthropometric 
and physiometric indicators as predictors of the manifestations 
of a group of diseases, such as metabolic syndrome, diabetes 
mellitus, and chronic non-infectious diseases with impaired 
sexual and reproductive functions.(1,2) Anthropometric indicators 
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of the body, reflecting its morphological and functional features, 
allow us to evaluate the nature of the most general patterns 
that underlie the development and improvement of man. In 
this understanding, the morphological characteristics of an 
individual can be considered as informational criteria for the 
characteristics of growth processes, and can serve as markers 
in the study of the impact on the body of climatic, sanitary, 
hygienic, social, and somatological factors, among others.(3)

Protecting the health of the younger generation is 
a primary task of the state since young people make up a 
significant part of the active working population.(4) In this 
regard, the revision and development of regulatory regional 
indicators of anthropometric and physiometric factors, as well 
as methods for assessing body composition, are an urgent 
need.  In addition, the presence of physical anthropology 
development standards allows in each case comparison of the 
physical status of the patient with those standards, which is 
fundamentally important when implementing a personalized 
approach, which is a trend in modern medicine.(5)

Body composition and features of anthropometric and 
physiometric indicators in young men in the Republic of 
Sakha (Yakutia) (RS(Y)) have been studied too little and not 
systematically, which was our main reason for choosing the 
topic of this study.

The aim of this study was to assess the anthropometric 
and physiometric indicators with an analysis of the body 
composition of young Yakuts of early and late puberty, living 
in RS(Y).

Materials and Methods
A total of 184 indigenous youths aged from 14 to 17 

years, permanently residing in RS(Y), were examined. 
Examined young men were divided into two groups: early 
(Group A, n=89) and late (Group B, n=95) puberty.

The study used generally accepted methods.(6)

Anthropometric measurements included measurements of 
length (cm) and weight (kg) of the body, CC (cm), WC (cm) 
and HC (cm). The study of functional indicators included 
measurement of VLC (l) and individual muscle strength. VLC 
was measured by spirometry using a SpiroS-100 apparatus. 

Muscle strength was measured by the method of dynamometry 
using a hand dynamometer on both hands and a deadweight 
dynamometer. The thickness of the subcutaneous folds was 
determined by caliperometry. The content of the fat component 
was assessed based on BIA using the ABC-01 MEDASS 
device.(7) The accuracy of impedance measurements was 2%. 
Bioimpedancemetry was performed by the tetrapolar method 
using a sinusoidal current with a constant frequency of 50 kHz 
with no more than 1mA in the range of measured impedance 
values up to 1000 Ohm.

Statistical analysis was performed using Microsoft 
Office Excel 2010. Statistical methods used in processing 
the obtained material included calculating the distribution of 
individual attributes, assessing the main distribution patterns 
(M±SD), and evaluating the results on age centile scales. For 
data with normal distribution, inter-group comparisons were 
performed using Student’s t-test. Differences of continuous 
variables departing from the normal distribution, even after 
transformation, were tested by the Mann-Whitney U-test. 
Group comparisons with respect to categorical variables 
are performed using chi-square tests. A probability value of 
P<0.05 was considered statistically significant.

The study was carried out in compliance with Ethical 
Principles for Medical Research Involving Human Subjects, 
Adopted by the 18th WMA General Assembly, Helsinki, 
Finland, June 1964, and amended by the 52nd WMA General 
Assembly, Edinburgh, Scotland, October 2000. All patients 
gave their written informed consent.

Results and Discussion
An important characteristic of the health of children 

and adolescents is the harmony of physical development since 
this is a very informative indicator that reflects the integral 
relationship between various anthropometric indicators 
(height and body weight), as well as the age and gender of 
the child.(8) When assessing the results of measuring total 
body size according to age centile scales, it was found that 
most indicators are in corridor No. 4 (the area of average 
values.(6) Figures 1 and 2 show the average anthropometric 
characteristics of Group A and Group B puberty.

Figures (1) and (2). Average anthropometric characteristics.

                                                (1)                                                                                                     (2)
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We found that Groups A and B had differences in all 
the presented parameters. Thus, the difference in body growth 
between Groups A and B was significant and amounted to 
8.16 cm, which corresponds to 4.91%. BW varied by 19.98 
kg, which corresponds to 23.26%. CC, WC and HC of the 
young men of Group B was greater than in Group A by 7.51cm 
(9.11%), 6.16 cm (8.39%) and 4.27 cm (4.78%), respectively. 
Thus, BW increases faster than body length growth, which 
is associated primarily with an increase in muscle mass. In 
addition, the horizontal dimensions of the body increase more 
than the vertical ones.

Physical development of adolescents. It was found that 
the indicators of deadlift and dynamometry of the left and 
right hand significantly increase in young men aged from 14 
to 17 years by 64.68%, 25.97%, and 23.89%, respectively 
(Fig.3). Indicators of VLC also increase at an older age by 
23.89% (Fig.4).

Caliperometry was used to measure the thickness of 
skin-fat folds in various parts of the body. It was shown that 
in young men of the examined groups, from 14 to 17 years, 
caliperometry indicators decreased. The changes in the 
shoulder area were especially pronounced: The caliperometry 
of the triceps decreased by 41.67%, biceps – by 51.96%, the 
lower part of the thigh – by 36.88%. The changes measured 
in the region of the upper thigh, scapula, and iliac axis are 
insignificant, but in the region of the anterior abdominal wall 
the thickness of the skin-fat fold increased by 9.05% (Fig.5).

The study of body composition by bioelectrical 
impedance analysis showed that in boys, the relative mass of 

adipose tissue in the period from 14 to 16 years increases by 
5.5%, lean mass by 14.9%, and skeletal muscle mass by 13.9%.

In young men of 17 years, the PhA values, according to 
the classification of O. Selberg(9) (6.6±0.60 is normal values), 
were determined as increased (Table 1). This suggests that 
those young men have high fitness.(7) This is accompanied 
by a decrease in the indicators of the content of FM and an 
increase in LMM, MSM and BCM. There is growth not only in 
skeletal muscles and skeleton, but also in the mass of internal 
organs. RMR indicates the relative intensity of the metabolic 
processes; the compliance with age norms is observed.

The water content of both ECW and ICW was also 
normal. In clinical practice, most violations of the hydration 
state are associated with a change in the volume of extracellular 
fluid. The mineral mass content in young men 17–18 years old 
is maximum, which is an important indicator of bone tissue 
growth, which is a combination of organic substances, such as 
calcium, magnesium, and zinc.(10)

Thus, among Yakut youth living in RS(Y), a growth 
leap occurs between early and late puberty, accompanied by 
an increase in BW and BS. These features are accompanied 
by an increase in physical strength, expressed in readings 
of dynamometry and deadlift, as well as an increase in vital 
capacity of the lungs.

Measurements of the thickness of the skin-fat fold in the 
examined groups indicate that caliperometry decreases from 
14 to 17 years; this is confirmed by BIA, where it was found 
that during the growth period the mass of skeletal muscle 
tissue increases faster than fat.

Thus, it can be argued that in young men, from early to 
late puberty, somatic growth is accompanied by a significant 
increase in musculoskeletal indicators and a decrease in fat 
mass. It should be noted that anthropometric indicators are 
consistent with changes in physiometric data; the scatter of 
data in the studied contingent of students is minimal. The 
age-related dependence of the rate of change in body length 
in children, noted in our study, is not always confirmed by 
similar studies conducted in different regions of the Russian 
Federation. Thus, according to the Health Centers, in boys 
the period of maximum growth rate and changes in body 
weight was observed somewhat earlier—at 14–15 years.(7) 

For indigenous schoolchildren of the Republic of Tyva it was 
found that the length and BW of boys prevail over those of 
girls in all age periods, except for the age of puberty in girls. 

Figures (3) and (4). Physical indicators.

                                              (3)                                                                                                         (4)

Fig.5. Caliperometry  data.
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A puberty growth spurt in boys is observed at 14–15 
years of age, and then the growth rate slows down.(11) Studies 
by Uchakina showed that in the examined students living in the 
Amur region, the rates of physical development in indigenous 
children are slower than in the newcomer. In indigenous boys, 
the processes of increasing body length and mass begin earlier, 
proceed less intensively, with maximum activity in the initial 
period of the puberty, and stop by the end of hormonal adjustment; 
there is a sharp decrease in the rate of linear growth after 16 years, 
which indicates  a slowdown of  acceleration processes within 
the male population in the region.(12,13) The physical development 
of adolescents living in central Russia is characterized by an 
increase in the proportion of children with harmonious physical 
development, an increase in the proportion of girls with a deficit of 
BW, and an increase in the percentage of boys with excess BW.(14) 
An increase in the proportion of modern schoolchildren with high 
and very high, as well as low and very low, values of body length 
and weight was noted. In other studies, it was found that the values 
of the anthropometric and physiometric characteristics of young 
men aged 17–20 years depend on the type of physique, the high 
growth of the examined  individuals is accompanied by low values 
of life and strength indices.(15) All the examined young men of 
17–20 years old showed an increase in length and body weight, 
chest volume, and physiometric characteristics (VLC and muscle 
strength of both hands).(13) According to BIA data at the Health 
Centers, in children there is an intensive increase in the absolute 
values of LBM, BCM and MSM in boys, and BFP in girls, which 
is especially noticeable during puberty.(7) The results of NHANES 
III showed that from 12 to 18 years,(16) American adolescents 
have increased rates of physical development, LBM and BMI 
as compared to a nationwide sampling. In studies of the Health 
Centers, when compared with the international sample of IOTF, 
the child population has “shifted” towards overweight. Thus, the 
average standardized BMI value for all ages for the all-Russian 
sample of children examined in the Health Centers, relative to 
the reference sample of IOTF, was +0.41 (SD) for boys, and the 
median percentage of BMI was significantly higher than in the 
comparison groups (with the exception of South Korean children).

In conclusion:
1. Among Yakut youth living in RS(Y), an increase in 

musculoskeletal mass and a decrease in fat mass was observed 
in groups aged 14 to 17.

2. In the period from 14 to 17 years, Yakut youth show 
significantly increased indicators of dynamometry, deadlift and 
vital lung capacity.

3. The data above are accompanied by a decrease in the 
indicators of the content of fat mass and an increase in lean 
body mass, musculoskeletal mass and body cell mass. There is 
growth not only in skeletal muscles and skeleton, but also in 
the mass of internal organs.

The data obtained will be used to develop an interval 
classification of body composition parameters for males 
of different ages in order to develop standards of physical 
development specifically for people living in RS(Y). We 
hope that in the future, this will form the basis of in-depth 
monitoring of the effectiveness of prevention programs and 
the further improvement of managerial decisions aimed at 
reducing the incidence of certain diseases and improving the 
quality of life of the population. 

This study is part of a comprehensive work related 
to the study of the individual typological characteristics of 
young men of indigenous and non-indigenous nationality as 
predictors of reproductive dysfunction of the male population 
in RS(Y).
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Abstract
This article presents the results of a study on psychoemotional stress observed in a northern environment, an important factor 

contributing to the development of abnormalities during pregnancy and leading to a risk of miscarriage in first-trimester (MT1) 
pregnant women. 

Materials and Methods: A total of 147 MT1 pregnant women were included in the study, who were divided into 3 groups 
based on their health status: Group 1 (Control group) included basically healthy women (n=24); Group 2 (Risk group) included 
women defined as vulnerable to risk factors (n=32); Group 3 (Threatened group) included women hospitalized for threatened 
miscarriage (n=35). In Groups 2 and 3, patients were divided into 3 age groups: 18-24 years, 25-34 years, and ≥35 years. Patients 
in the Control group were divided into 2 age groups, 18-24 years and 25-34 years, since women aged ≥35 years were referred to 
Group 2. The psychoemotional status of the women was assessed using the Spielberger State-Trait Anxiety Inventory (STAI) in 
Yu.L.Khanin’s adaptation, and the Eysenck Personality Questionnaire (EPQ).

Results: The results of our study showed the presence of age-specific features in the psychophysiological state of pregnant 
women living in the North, specifically, high anxiety levels. In all patient groups, psychoemotional stress tended to increase with 
age. The highest stress levels were observed among pregnant women from the Threatened miscarriage group, especially in 2 age 
subgroups (18-24 years and ≥35 years). (International Journal of Biomedicine. 2019;9(3):233-236.)

Key Words: anxiety • aggression • rigidity • frustration

Introduction
Miscarriage is one of the most serious problems in 

international medicine. Exposure to various external factors, 
including biomedical, socioeconomic, and psychological ones, 
has a direct influence on the physiology and mental health of 
pregnant women, and can contribute to the development of 
the different types of pregnancy complications or pregnancy 
failure.(1-5) As is commonly observed, a woman’s body is most 
vulnerable to environmental exposure or unfavorable factors 
during early periods of pregnancy. All the major body organs 
and systems of the fetus are forming during early pregnancy, 

which should later enable normal vital activity necessary for 
further development of the fetus and newborn baby.(6) Despite 
advances in medical care, there is still a high rate of pregnancy 
complications during first-trimester (MT1), including spontaneous 
miscarriage. Emotional stress can be a possible reason, triggering 
desynchronization and maladaptation processes in the body, 
which could lead to pregnancy complications, and as a result, to 
miscarriage.(7) In northern environments, observations have been 
made of psychoemotional stress resulting from exposure to certain 
extreme climate and geophysical factors.(8) In view of the above, 
the aim of this work was to study the age-specific psychoemotional 
status of pregnant women living in a northern environment.

Materials and Methods
A total of 147 MT1 pregnant women were included in 

the study, who were divided into 3 groups based on their health 
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status: Group 1 (Control group) included basically healthy 
women (n=24); Group 2 (Risk group) included women defined 
as vulnerable to risk factors (n=32); Group 3 (Threatened 
group) included women hospitalized for threatened 
miscarriage (n=35). In Groups 2 and 3, patients were divided 
into 3 age groups: 18-24 years (a), 25-34 years (b), and ≥35 
years (c). Patients in the Control group were divided into 2 age 
groups, 18-24 years and 25-34 years, since women aged ≥35 
years were referred to Group 2.

The psychoemotional status of the women was assessed 
using the Spielberger State-Trait Anxiety Inventory (STAI) 
in Yu.L.Khanin’s adaptation,(9) and the Eysenck Personality 
Questionnaire (EPQ).(10) The Spielberger-Khanin inventory is 
a fairly reliable and highly valid express method, consisting 
of two separate scales for assessment of state anxiety (anxiety 
about an event) or anxiety as a personal trait. A scale is a range 
of scores used to assess the level of anxiety: ≤25 (low level), 
26-45 (moderate level), and 46+ (high level). EPQ provided an 
insight into the intensity of emotional states, namely anxiety, 
frustration, aggression, and rigidity. Each emotional state was 
assigned a level ranging from low to high: 0-7 (low level), 
8-14 (moderate level), and 15-20 (high level).

Statistical analysis was performed using the 
Statistica 10.0 software package (Stat-Soft Inc., USA). 
The normality of distribution of continuous variables was 
tested by the Kolmogorov-Smirnov test. For descriptive 
analysis, results are presented as mean (M) ± standard error 
of the mean (SEM). For data with normal distribution, inter-
group comparisons were performed using Student’s t-test. 
Differences of continuous variables departing from the 
normal distribution, even after transformation, were tested 
by the Mann-Whitney U-test. Multiple comparisons were 
performed with one-way ANOVA and Tukey’s HSD Post-
hoc Test. Group comparisons with respect to categorical 
variables are performed using chi-square tests. Pearson’s 
Correlation Coefficient (r) was used to determine the strength 
of the relationship between the two continuous variables. 
A probability value of P<0.05 was considered statistically 
significant.

The study was carried out in compliance with Ethical 
Principles for Medical Research Involving Human Subjects, 
Adopted by the 18th WMA General Assembly, Helsinki, 
Finland, June 1964, and amended by the 52nd WMA General 
Assembly, Edinburgh, Scotland, October 2000. All patients 
gave their written informed consent.

Results and Discussion
Based on results of scaling self-reported emotional 

states, mean anxiety and frustration levels in all study groups 
were low. On the aggression scale, low levels were observed in 
Groups 1 and 2, and moderate levels in Group 3. Mean rigidity 
scores were moderate in all patient groups. These results were 
consistent with those reported in the literature.(11,12)

Age-specific analysis of results showed a presence of 
some statistically meaningful differences between groups 
on the aggression scale (P<0.05) (Fig.1). Women aged 18-
24 in Groups 1 and 3, and those aged ≥35 years in Group 2 

scored a moderate aggression level, which suggested adequate 
emotional response to external aggression-inducing factors. 
All the other age groups showed low levels of aggression. 
Moreover, aggression tended to reduce with age in Groups 1 
and 2 (r=-0.3 and r=-0.4, respectively). In Group 2, a strong 
positive correlation was found between age and aggression 
levels (r=0.8), and was interpreted as evidence of increasing 
aggression level as people grow older.

On the rigidity scale, meaningful correlations were 
observed in Groups 2 and 3. An increase of rigidity levels with 
age was found in pregnant women in Group 2 (r=0.4). In Group 
3, rigidity levels were significantly higher in women aged ≥35 
years, suggesting a decline in flexibility of the nervous system, 
which is usually characterized by constancy of beliefs, moral 
standards, and personal objectives, etc. 

Within Group 3, significant differences were observed 
on all 4 scales corresponding to emotional states. Women 
above 35 years scored more than twice as high on anxiety and 
frustration scales, compared to other age subgroups (Fig.1), 
which can be attributed to fear of a negative pregnancy 
outcome, being afraid to fail, or wishing to hide from 
problems. Frustration goes along with increased anxiety, 
which was confirmed statistically by a high correlation 
between frustration and anxiety scales (r=0.9).

Anxiety is a core characteristic of the emotional status 
of a pregnant woman.(11,12) Therefore, the emotional state of 
anxiety was analyzed by Spielberger STAI. The results of that 
inventory showed higher numbers of pregnant women who 
scored high anxiety levels in northern settings, compared to 
data from other regions.(13,14) A certain level of anxiety is a 
natural and indispensable part of human activity, as it propels 
adequate summoning up of one’s strength and adaptive 
resources for the purposes of transitioning oneself to a more 
advanced and optimal level of functioning under existing 
conditions. A high level of state anxiety (SA) and trait anxiety 
(TA) characterizes psychoemotional stress, which can cause a 
mismatch and disorganization of adaptive mechanisms as well 
as various pregnancy complications leading to miscarriage.

High SA levels signal psychoemotional stress, which 
can lead to disequilibrium and disorganization of adaptive 
mechanisms and can be an underlying reason for various 
pregnancy complications resulting in miscarriage.

In Groups 1 and 2, more than 50% of women in all 

Fig.1. Age-specific EPQ scores of pregnant women, M.
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age subgroups scored high levels of TA (Fig.2). The highest 
percentages of women with high TA levels were observed 
among patients aged ≥35 years in Group 3 and among women 
from Group 1 aged 25-34. High TA levels among those aged 
25-34 in Group 1 can be explained by social factors, since 
women of this age group lead the most active social life.

High TA levels among women in Group 3 were 
reasonable, and were probably additionally influenced by the 
presence of abnormalities detected during pregnancy, general 
deterioration of women’s physical health, etc. The smallest 
numbers of “high-anxiety” women were observed in Group 
2. Moreover, 22% of women in age subgroup 25-34 in Group 
2 had low TA levels, while no women with low TA levels 
were found in the rest of the groups. Analysis of percentages 
of patients with high levels of SA showed that Group 3 had 
the largest number of women who scored high SA levels, 
including all age subgroups: more than 50% of women aged 
18-24 years, and 100% of women aged ≥ 35 years (Fig.2). The 
percentages of individuals with high levels of SA tended to 
increase with age in all groups.

Mean observed SA levels were within the limits of 
moderate-level anxiety. At the same time, SA levels in Group 
3 were significantly higher than in Groups 2 and 1(44.93±1.77, 
38.29±1.78 and 39.93±1.24 points, respectfully) (P=0.0133). 

Mean TA levels were high in Groups 1 and 3(46.29±1.25 
and 46.8±1.54 points, respectfully), and moderate in Group 
2 (42.29±1.11 points) (P=0.0352). Mean SA levels were 
considered to reflect normal emotional reactivity. High TA 
levels could probably be caused by contemplating chances 
of a good pregnancy outcome and the upcoming prospects of 
motherhood.

Analysis of age-specific mean levels of TA and SA in 
patient groups showed that both TA and SA levels tended to 
grow higher with age (Table 1). In Groups 1 and 2, mean SA 
levels remained within moderate limits in all age subgroups. In 
Group 3, women in age subgroup of 18-24 scored high anxiety 
levels (P=0.0085). In all these cases, anxiety played a role as a 
coping mechanism for a sharp escalation of psychoemotional 
stress, when pregnancy itself is viewed by women as a stressful 
situation.

Analysis of mean TA levels showed the presence of 
reliably high levels of TA among the 25-34 subgroup in Group 
1, while in the other age groups, TA levels remained within 
a moderate range. In Group 2, TA levels did not differ much 
between different ages, and remained within moderate limits. 
Pregnant women in Group 3 scored reliably high TA levels in 
age subgroups 18-24 and ≥35. Moreover, women aged ≥35 
years showed very high mean levels of TA (P=0.0014).

TA is defined as one of the most stable individual 
characteristics reflecting person’s predisposition to anxiety.(7) 
High TA levels in pregnant women with threatened miscarriage 
can probably be one of the reasons for a predicted unfavorable 
pregnancy outcome, since any alteration in a woman’s physical 
state can be perceived as negative or dangerous. Anxiety as a 
personality trait can largely underlie human behavior. 

Fig.2. Age-specific percentages of individuals with different 
levels of state-trait anxiety, %.

Table 1. Age-specific mean levels of SA and TA in patient groups

Group
18-24 years 

(a)
25-34 years 

(b)
35-42 years

 (c) Statistics

SA

Group 1 36.62±2.85 
(n=20) (1a)

39.31±2.33
 (n=20) (1b) P=0.4694

Group 2 36.0±1.85 
(n=20) (2a)

39.22±3.21
 (n=20) (2b)

42.5±3.18
(n=18) (2c) P=0.2741

Group 3 46.14±2.03 
(n=15) (3a)

43.61±1.70 
(n=20) (3b)

48±0.89
(n=14) (3c) P=0.1782

Statistics
P=0.0085

P1a-3a=0.0207
P2a-3a=0.0128

P=0.3692 P=0.1478

Group TA

Group 1 44.23±1.21 
(n=20) (1a)

47.71±1.10
(n=20) (1b)

Group 2 40±2.23 
(n=20) (2a)

42.89±3.25
(n=20) (2b)

43.25±1.89
(n=18) (2c) P=0.6169

Group 3 45.56±1.21
(n=15) (3a)

44.89±1.86 
(n=20) (3b)

55.4±3.07
(n=14) (3c)

P=0.019
P3a-3c=0.0089
P3b-3c=0.0026

Statistics P=0.0633 P=0.3223 P=0.0014
P2c-3c=0.0014
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In conclusion, the results of our study showed the 
presence of age-specific features in the psychophysiological 
state of pregnant women living in the North, specifically, 
high anxiety levels. In all patient groups, psychoemotional 
stress tended to increase with age. The highest stress levels 
were observed among pregnant women from the Threatened 
miscarriage group, especially in 2 age subgroups (18-24 years 
and ≥35 years).
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Abstract
The aim of the study was to assess surgical treatment outcomes of patients with large and giant postoperative reducible 

medial abdominal hernias based on the developed algorithm for selecting the optimal method of hernioplasty.
Materials and Methods: The study included 31 patients with large and giant postoperative reducible medial abdominal 

hernias. Before and after the operation, all patients underwent an electromyographic assessment of the functional state of the anterior 
abdominal wall muscles with determination of the muscle fatigue index (FI). FI≤2.4 indicated the preserved muscle function. In 
addition, on patients of the experimental group we performed a simulation of the postoperative situation with determination of 
the intra-abdominal pressure (IAP) level by measuring blood oxygen saturation (SpO2). A specific method of plastic surgery was 
chosen based on the obtained parameters of the increase in FI and IAP levels (a decrease in SpO2). The adequacy of the surgical 
treatment option was supported by monitoring the SpO2 level in the early postoperative period (Days 1, 3, and 7). Absence of a 
significant increase in IAP and adequate reduction in the SpO2 level indicated the proper choice of plastic technique.

Results:  In the patients of the experimental group, who were operated on with reconstructive plastic surgery, the average 
parameters of FI of the abdominal wall muscles were within 1.89|1.68|2.0 (P<0.05), which is evidence for the preservation of 
muscle function and an adequate choice of the surgical treatment option. In patients of the comparison group, who had been 
operated on with corrective methods of surgical treatment, the parameters of FI were within 2.79|2.52|3.16 (P<0.01), which is 
evidence for the loss of muscle function of the anterior abdominal wall.

Conclusion: The proposed algorithm for choosing a method of hernioplasty based on the width of the hernia orifice and 
preoperative assessment of additional parameters, such as the functional state of the anterior abdominal wall muscles and the level 
of SpO2, in simulation of the postoperative situation allowed for a differentiated, functionally oriented approach toward the choice 
of surgical treatment options in patients with large and giant postoperative reducible medial abdominal hernias. (International 
Journal of Biomedicine. 2019;9(3):237-241.)

Key Words: postoperative reducible medial abdominal hernias • hernioplasty • blood oxygen saturation • electromyography 

Introduction
The problem of surgical treatment of the anterior 

abdominal wall hernias remains one of the most challenging 
today.(1-4) Currently, surgical interventions for postoperative 
medial abdominal hernias are considered to be among the 

most commonly performed procedures.(1,5,6) It is known 
that operations for large and giant postoperative hernias 
are complex and rather dangerous, accompanied by a large 
number of postoperative complications (15-33%), a significant 
number of hernia relapses (18-44%) and high mortality rates 
(2-5.8%).(7) The recurrence rate in elderly patients reaches 
45% or more.(8,9) 

Despite the large number of surgical treatment options 
for postoperative medial hernias, there is no unified approach to 
the choice of plastic surgery options nowadays. Determination 
of the optimal variant of a plastic option for a hernia defect is 
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possible only after a detailed assessment of a patient’s general 
condition.(10) In the treatment of postoperative medial hernias, 
the “tension-free” technique of prosthetic abdominal wall 
hernia repair has become widely spread.(11,12) 

In large and giant postoperative hernias, a sharp increase 
in intra-abdominal pressure (IAP) resulting from immersing 
the hernia sac into the abdominal cavity and bringing the 
borders of the hernia orifice closer together appears to be a 
dangerous complication of hernioplasty in the postoperative 
period. Therefore, currently, the treatment of these patients must 
necessarily be accompanied by control of the magnitude and 
dynamics of IAP at various stages of treatment.(13) In clinical 
practice, the method of indirect IAP assessment by the bladder 
pressure measurement using a transurethral catheter (7) has become 
most prevalent. However, this method has several disadvantages: 
it is invasive, poorly tolerated by patients, and frequently results 
in complications. We applied a non-invasive, simple and effective 
method for an indirect IAP assessment—measurement of the 
SpO2 level.(15,16) In addition, restoring function of the abdominal 
wall muscle after hernioplasty is of great significance in the 
treatment of patients with large hernias.(5,6,14,15) 

Materials and Methods
The study included 31 patients with large and giant 

postoperative reducible medial abdominal hernias. The study 
was carried out in compliance with Ethical Principles for 
Medical Research Involving Human Subjects, Adopted by 
the 18th WMA General Assembly, Helsinki, Finland, June 
1964, and amended by the 52nd WMA General Assembly, 
Edinburgh, Scotland, October 2000. The study was approved 
by the Ethics Committee of Voronezh State Medical University 
named after N.N. Burdenko. All patients gave their written 
informed consent.

The patient cohort consisted of 11(35.5%) male 
patients and 20(64.5%) female patients. The patients were 
distributed based on their age, in accordance with WHO 
classification, 2012. The mean age was 56.19±2.88 years. 
Analysis of the age composition demonstrated that the 
majority of patients (61.3%) were of active working age 
(from 25 to 60 years). This indicates the social significance 
of the problem discussed.

According to the generally accepted classification of the 
European Hernia Society (EHS), all patients had an M2-4W3R0 
hernia. Depending on their location on the abdominal wall, all 
hernia defects were medial hernias located in the epigastric, 
umbilical and infraumbilical regions. In all patients, the 
width of the hernia was large (≥10 cm). All hernias were non-
recurrent (R0).

As for the structure of comorbidities, hypertension 
(45.2%) and coronary heart disease (38.7%) prevailed in 
patients included in the study. Obesity (29%), diabetes 
mellitus (25.8%) and gastrointestinal diseases (16.1%) were 
also quite common. The study did not include patients with 
diseases of the broncho-pulmonary system in order to obtain 
more accurate results when determining IAP for SpO2.

According to the objectives of the study, all patients 
were randomly divided into two groups: the experimental 

group (n=17) and the comparison group (n=14). All patients 
in both groups had comparable size and location of the hernia 
orifice, comorbidities and age.

In the experimental group, the choice of plastic 
treatment option was based not only on the width of the hernia 
orifice (the standard approach), but also on consideration of 
other parameters: 1) the functional state of the abdominal 
wall muscles before the operation and 2) probable level of 
the increase in IAP with simultaneous elimination of the 
hernia.

To assess the functional state of the anterior abdominal 
wall muscles, electromyography was performed before 
the operation and 3 months after it, using the Neurosoft 
electromyograph Neuro-MEP. The study was based on the 
determination of the muscle fatigue index (FI). If the muscle 
FI≤2.4, the muscle function is preserved; if the muscle FI>2.4, 
the function is lost.(6) 

To determine the probable level of IAP increase, 
we simulated the forthcoming postoperative situation by 
immersing the hernial protrusion into the abdominal cavity 
using a bandage and simultaneously bringing the edges of 
the hernia orifice close together with a bandage to control 
the patient’s abdomen. To assess the degree of IAP increase, 
SpO2 was recorded twice: before and after simulation. A 
corresponding decrease in SpO2 resulting from the IAP 
increase was observed under simulation and recorded.(5,15) 

Blood oxygen saturation was measured using pulse oximeters 
OP-31.1 “Triton T-31” (Russia) and Bitmos Sat 816.

Having analyzed the functional state of the abdominal 
muscle and the SpO2 parameters obtained under simulation 
of the forthcoming postoperative situation, we developed an 
algorithm for a more accurate selection of the plastic surgery 
option. In addition, when choosing a method of surgical 
treatment, we always sought to restore the normal anatomy of 
the anterior abdominal wall and preserve the muscle function—
thus, providing a functionally oriented approach.(17) 

With large and giant hernias, this became possible using 
the 2-stage hardware technique developed by E.N. Lyubykh, 
2013.(6) This hardware method allows avoiding negative side 
effects of both tension (a sharp IAP increase and strong tissue 
tension in the plastics zone) and “tension-free” plastics (use 
of large-sized meshes and preservation of the pathological 
anatomy of the anterior abdominal wall).

In the experimental group, we applied the following 
surgical treatment options for eliminating the hernia:

1. The 2-stage hardware technique.(6) At the first stage, 
devices were applied to patients to gradually converge of 
the edges of the hernia orifice in order to prevent a sharp 
IAP increase. In this case, the hernia was immersed in the 
abdominal cavity with a bandage. This technique was applied 
daily, by 1 cm per day for 12-14 days until the edges of 
the hernia orifice fully converged. This allowed patients to 
gradually adapt to the IAP increase, avoiding the development 
of acute respiratory failure. At the second stage of treatment, 
hernia repair was performed—plastic surgery using local 
tissue flaps with restoration of the normal anatomy of the 
abdominal wall and reinforcement of prosthesis with a small-
sized mesh.(17).
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2. Posterior separation plastics (with retromuscular 
placement of the endoprosthesis). This method allowed 
restoring normal white-line anatomy, but was more traumatic 
due to tissue separation and partial violation of innervation; 
moreover, it required a larger-sized mesh prosthesis.(12) 

3. Endoprosthetics of the anterior abdominal wall (with 
intramuscular placement of a mesh prosthesis) in the form 
of a “patch.” The method retained the existing pathological 
anatomy of the anterior abdominal wall and required a large-
sized mesh prosthesis.(11,12) 

In the experimental group, the IAP level was assessed 
using SpO2 to validate the correctness of the plastic surgery 
option on Days 1, 2 and 7 after the operation. 

To assess the obtained functional results of treatment, 
the state of the abdominal wall muscle was determined using 
electromyography in the late postoperative period (3 months 
after the operation).

In the comparison group, we applied a standard approach 
when choosing a plastic surgery option, focusing mainly on 
the width of the hernia orifice. Considering the large width 
of the hernia orifice (W3), corrective operations (herniotomy 
and abdominal wall prosthetics with a mesh prosthesis) were 
performed for all patients in order to exclude a sharp IAP 
increase (compartment syndrome) in the early postoperative 
period. In the comparison group, SpO2 was determined one 
time before the operation and 3 times after the operation (on 
Days 1, 2, and 7). In this group, simulation of the postoperative 
situation was not performed. To assess the functional state of 
the abdominal wall muscles, electromyography was performed 
twice: before and 3 months after the operation.

The statistical analysis was performed using the 
statistical software Microsoft Excel. The results are presented 
as median (Me), upper (UQ) and lower (LQ) quartiles. The 
Mann-Whitney (U Test) was used to compare the differences 
between the two independent groups. The Wilcoxon criterion 
was used to compare the differences between the paired 
samples. Group comparisons with respect to categorical 
variables are performed using chi-square tests or, alternatively, 
Fisher’s exact test when expected cell counts were less than 
5. A probability value of P<0.05 was considered statistically 
significant.

Results
In the experimental group, SpO2 in all patients was 

within the normal range before the operation: 98|97.5|98.2% 
(Me|UQ|LQ) (P<0.05). When simulating the postoperative 
situation, there was registered a decrease in SpO2 (87.4|87|88%) 
(P<0.01), which is evidence for a significant IAP increase.(16) 

Therefore, in patients of this group, simultaneous plastic surgery 
with restoration of the normal anatomy of the abdominal wall 
using conventional tension plastics could not be performed due 
to the high risk of developing the compartment syndrome. In 
such situations, it is possible to perform only the operations that 
allow avoiding a sharp IAP increase in the early postoperative 
period. These operations involve the 2-stage hardware 
technique, posterior separation plastics, and endoprosthetics of 
the abdominal wall with a mesh prosthesis.

The results of electromyography of the abdominal 
muscles gave an opportunity for a more accurate choice 
of the plastic surgery option. If electromyography findings 
demonstrated that the muscle function was preserved, then 
plastic surgery options with the normal anatomy restoration 
were indicated to preserve and further improve the abdominal 
muscle function. If electromyography findings demonstrated 
that the muscle function was already lost, then the restoration 
of normal anatomy would not result in the restoration of a 
function, and a simpler and less traumatic plastic surgery 
option was indicated, i.e. mesh prosthetics. 

Of the patients in the experimental group, 10(58.8%) 
demonstrated preserved muscle function: according to 
electromyography findings, their FI values were within 
2.28|2.12|2.35 (P<0.01). This allowed applying reconstructive 
methods of plastics with the restoration of normal anatomy in 
these patients. 

The  2-stage hardware technique  was performed in 7 of 
these 10 patients; they revealed a significant decrease in blood 
saturation during simulation of the postoperative situation 
(87.2|87|87.35%) (P<0.05) with the preserved function of 
the anterior wall muscles (muscle FI values were within 
2.29|2.2|2.33) (P<0.05). 

Posterior separation plastic was performed in 3 out 
of 10 patients; they experienced a less significant decrease 
in SpO2 during stimulation of the postoperative situation 
(89.5|89.25|89.85%; P=0.05) and normal parameters of the 
functional state of the abdominal muscles(muscle FI values 
were within 2.12|2.04|2.24; P<0.05).

The remaining 7(41.2%) patients of the experimental 
group had almost lost muscle function by the time of the 
operation. (muscle FI values were within 2.58|2.52|2.73) 
(P<0.05). In addition, they experienced a significant decrease 
in SpO2 during simulation of the postoperative situation: 
87.5|87.1|87.75% (P<0.05); therefore, a mesh prosthetics 
of the abdominal wall was performed on these patients 
(corrective surgery).

No sharp rise in IAP was registered after performing 
the hernia repair and hernioplasty using the 2-stage hardware 
technique since the patients were prepared by the first 
stage of the operation. On Day 1, their SpO2 constituted 
92.2|92.05|92.35% (P<0.05); this required oxygen inhalation.  
On Day 2, SpO2 constituted 93.7|93.55|94% (P<0.05); on Day 7 
SpO2 constituted 96.5|96.25|96.8% (P<0.05); these values were 
close to the parameters before the operation—98.2|98|98.35% 
(P<0.05).

After posterior separation plastics, SpO2 constituted 
91.7|91.6|91.85% (P=0.05) on Day 1 after the operation, which 
required oxygen inhalation; on Day 2 after the operation the 
parameters improved: SpO2 values were within 93|92.9|93.2% 
(P=0.05). An increase in SpO2 was recorded on Day 7 and 
constituted of 96|95.85|96.1% (P=0.05); these values were 
also close to the preoperative parameters—98.2|97.85|98.25% 
(P<0.05).

After mesh prosthetics, SpO2 constituted 92|91.85|92.15% 
(P<0.05) on Day 1, which required oxygen inhalation; on Day 2, 
SpO2 was within 93.5|93.35|93.65% (P<0.05). On Day 7, SpO2 
was recorded within 95.8|95.5|96% (P<0.05); these values were 
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close to the parameters before the operation—97.6|97.4|97.75% 
(P<0.05). 

The absence of a sharp increase in IAP in the early 
postoperative period under various methods of plastics in 
patients of the experimental group indicates the adequacy of 
the plastic surgery option.

In the late postoperative period (after 3 months), 
all patients of the experimental group underwent an 
electromyographic assessment of the functional state of 
the anterior abdominal wall muscles. After reconstructive 
surgeries, the muscle function was preserved. After the 2-stage 
hardware technique, the FI parameters of the abdominal 
muscles were 1.78|1.64|1.97 (P<0.05); after a posterior 
separation plastic, the abdominal muscle FI parameters were 
1.92|1.89|2.02 (P<0.05), a fact that supports the adequacy 
of the surgical treatment option. Muscle function was lost 
(muscle FI was - 2.73|2.69|3.04) (P<0.05) in patients of the 
experimental group, who received corrective treatment.

In the comparison group, SpO2 was within the normal 
range of 97.85|97.5|98.15% (P<0.05) in all patients before 
the operation. After corrective plastics, SpO2 constituted 
89.65|89.35|90.2% (P<0.05) on Day 1; on Day 2, SpO2 
parameters were 91.75|91.4|92% (P<0.05), which required 
oxygen inhalation. On Day 7, SpO2 parameters were 
95.9|95.35|96.2% (P<0.05); these parameters were close to the 
preoperative values.

In the comparison group, muscle function had already 
been lost prior to the operation in 8(57.1%) patients: 
according to the electromyography findings, the abdominal 
muscle FI values were within 2.92|2.82|3.0 (P<0.05). The 
remaining 6(42.9%) patients of the comparison group 
demonstrated preserved muscle function: according to 
the electromyography  findings, FI values   were within 
2.32|2.29|2.34 (P<0.05). All patients were given corrective 
treatment, and in 3 months, the muscle function was 
evaluated by electromyography. Eight patients (57.1%) of the 
comparison group, who demonstrated lost muscle function 
before the operation, did not have their muscle function 
restored within 3 months after the operation; moreover, their 
FI values slightly deteriorated and constituted 3.15|2.97|3.22 
(P<0.05). In 6(42.9%) patients of the comparison group, 
with preserved muscle function, muscle function moderately 
deteriorated within 3 months after surgery: the FI values 
were 2.48|2.45|2.56 (P<0.05).Concurrently, application of a 
dynamic load detected a lower level of the rectus abdominus 
muscle biopotentials in all patients of the comparison group; 
this fact supports their failure to completely perform their 
functions. 

Conclusion
The proposed algorithm for choosing a method of 

hernioplasty based on the width of the hernia orifice and 
preoperative assessment of additional parameters, such as the 
functional state of the anterior abdominal wall muscles and 
the level of SpO2, in simulation of the postoperative situation 
allowed for a differentiated, functionally oriented approach 
toward the choice of surgical treatment options in patients 

with large and giant postoperative reducible medial abdominal 
hernias.
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Abstract
This article presents the results of morphologic examination of intestinal anastomoses (IAs) formed by a precision technique 

in an experiment. Processes of regeneration in the zone of bowel anastomoses made with the author’s precision one-row continuous 
suture (POCS) (Ukraine patent UA 32940), the author’s precision one-row interrupted suture (POIS) (Ukraine patent UA 119073) 
and a double-row Albert—Schmieden suture (DASS) on rabbits of butterfly breed (n=45) are reviewed. Histological examination 
on Days 1, 3, 5, 14 and 30 revealed differences in reparative processes depending on the type of anastomoses. The morphological 
pattern in the early term (Day 3) of reparation is caused by the predominance of lysis of collagen fibers; nevertheless, in the 
early term the quantitative evaluation of healing stages was higher in the two groups of precision anastomoses than in the DASS 
group (2.00±0.00 points vs. 1.33±0.33 points). Formation of granulation tissue and collagen started on Days 5-7 in the two 
groups of precision anastomoses versus Days 7-14 in the DASS group, and in the two groups the process reached Stage 5 of 
reparation (3.00±0.00 points), while in DASS group it reached only Stage 4 (1.67±0.33 points). There were differences in the 
quantitative evaluation of staging on Day 30. In Group 1 (POCS), it was 5.00±0.00 points in average while in Group 2 (POIS) 
it was insignificantly lower (4.67±0.33 points). Differences between healing stage criteria were statistically significant in the 
precision technique sutures versus DASS (P<0.05). We did not find a statistically significant difference in the healing process 
between the two types of anastomoses formed by the precision technique. In contrast to DASS, the precision technique sutures 
do not deform a bowel lumen. Thus, the use of microsurgical techniques is the preferred method for forming IA. (International 
Journal of Biomedicine. 2019;9(3):242-246.)

Key Words: intestinal sutures • intestinal anastomosis • precision technique • wound healing

Abbreviations
CFST, coarse fibrous scar tissue; DASS, double-row Albert—Schmieden suture; IA, intestinal anastomosis; POCS, precision 
one-row continuous suture; POIS, precision one-row interrupted suture.

Introduction
Currently, more than 300 techniques and methods for the 

application of intestinal anastomoses (IAs) are used in various 
surgical clinics. Their common goal is to provide a flexible, 
wide and functional IA that is not at risk of seam divergence, 

infection, and obstruction. Unfortunately, despite such a wide 
range of types and methods for forming anastomoses between 
different sections of the gastrointestinal tract, a flawless 
method of intestinal stitching and a perfect intestinal suture 
have not yet been proposed, and the failure of IA still remains 
an important problem of abdominal surgery and shows no 
significant tendency to decrease. The question of the logical 
choice of intestinal suture technique remains unresolved. 
Therefore, there continues to be a debatable question about 
the method for forming IA, and currently there is no consensus 
on the number of IA rows.(1,2)
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According to Cochrane, there are no advantages between 
different types of IA connected by suture elements.(3,4) Despite 
the fact that precision superimposed atraumatic sutures and 
symmetrical matching of layers of the intestinal wall reduced 
the incidence of IA failure in individual observation series, it is 
impossible to completely get rid of this terrible complication(3,5-7) 

because of the technical nature of the connection with suture 
elements or seamless methods that are not enough or too 
destructive for the intestinal wall.(8) At the same time, most 
researchers believe that reducing the number of complications 
can be achieved by improving the technique of IA formation 
and improving the quality of matching the same-name layers 
of the walls of hollow organs using new methods of intestinal 
sutures.(9,10) In this regard, it becomes obvious that there is a need 
for in-depth study (including histological and histochemical 
examinations) of patterns of regenerative morphogenesis with 
various methods of intestinal suture.(11)

Objective: to study the dynamics of reparative 
processes in the healing of IA formed in the experiment using 
microsurgical techniques. 

Materials and Methods
The experiment was performed on 45 rabbits of 

butterfly breed, of both sexes, weighing 3-4 kg. Each animal 
was assigned an individual number. All interventions and the 
slaughter of animals were carried out in compliance with the 
requirements of the European Convention for the Protection of 
Vertebrate Animals used for Experimental and other Scientific 
Purposes (ETS 123) (Strasbourg, 1986) and the Resolution of 
the First Ukrainian National Congress on bioethics (Kiev, 2001).

The animals were divided into 3 equal groups. In all 
series of experiments, small-bowel IAs were formed. In Group 
1 (n=15), IA was formed using POCS with a Vicryl thread 
(Ethicon, USA) with a diameter of 0.070-0.099 mm (numbered 
6/0), according to the author’s method:(12) A continuous Vicryl 
thread, the first turn sewn on submucosal layers on both 
sides, then on the musculo-submucosal layers - the next turn, 
then again only the submucosal layers, etc. circularly. In the 
same time period, the mucosa and serous membranes are not 
stitched and are not captured into the suture. Thus, an accurate 
match of the layers of the stitched parts of the gastrointestinal 
tract is made and an adequate blood supply to the anastomosis 
zone is maintained. 

In Group 2 (n=15), IA was formed using POIS with a 
Vicryl thread (Ethicon, USA) with a diameter of 0.070-0.099 
mm (numbered 6/0), according to the author’s method.(13) The 
layers are sutured as in the first method and an adequate blood 
supply to the anastomosis zone is also maintained. 

In Group 3 (n=15), DASS was used, which, due to ease 
of development and speed of application, was most prevalent 
among a wide variety of methods of applying multi-row 
anastomoses.

The animals fasted for 12 hours before surgery. 
Anesthesia was administered intravenously—a 2% xylazine 
hydrochloride solution (INTERCHEMIE HOLLAND) at a 
dosage of 0.10 ml/kg + a 5% solution of ketamine at a dosage 
of 6-10 mg/kg body weight. In the postoperative period, daily 

clinical monitoring of the state of the animal and monitoring 
of the laparotomy wound was carried out; no treatment was 
given. From the first day after the operation, all the animals 
were active, fed independently, recovered the next day after 
the operation, and were removed from the experiment as 
scheduled on Days 1, 3, 5, 14 and 30 after the operation. 
A macroscopic assessment and histopathological study of 
intestinal sections with anastomoses, formed with the help 
of precision technology and DASS, was undertaken. The 
preparations were stained with hematoxylin and eosin, as well 
as Mallory, and light microscopy was performed. The stage 
of wound healing of the anastomosis zone was determined 
according to a scale from 1 to 5: Stage 1 - fibrinopurulent 
exudate; Stage 2 - granulation tissue <25%; Stage 3 - 
granulation tissue ≈ 25-75%; Stage 4 - granulation tissue 
>75% or the intestinal epithelium cells from intact intestinal 
glands and short villi <25%; Stage 5 - intestinal epithelium 
cells from intact intestinal glands and short villi >25%.(14)

Statistical analysis was performed using the statistical 
software «Statistica». (v10.0, StatSoft, USA) and Microsoft 
Excel 2007. Baseline characteristics were summarized as 
frequencies and percentages for categorical variables and as 
mean±SEM for continuous variables. The Mann-Whitney 
(U Test) was used to compare the differences between the 
two independent groups. A probability value of P≤ 0.05 was 
considered statistically significant.

Results and Discussion
A macroscopic assessment revealed that the area of 

IAs formed by precision seams in all animals was free of 
adhesions. The IA zone was a thin, barely perceptible circular 
strip less than 1mm thick, with moderate hyperemia during 
the first 3 days. On Day 5 after surgery, the IA zone could be 
determined by special marker ligatures and in palpation; the 
IA zone was determined as a section of thin circular infiltration 
of the intestinal wall layers. From the side of the mucous layer, 
the wound roller was no thicker than 1 mm and was uniform 
throughout the entire IA area. The areas of necrosis of the 
mucous membrane in the IA zone were not macroscopically 
determined. Starting from Day 7, the zone of precision IA 
could be determined only by the special marker ligatures.

In the macroscopic assessment of DASS in the entire 
series, the anastomosis zone was involved in a pronounced 
adhesion process with fibrin overlays, and in two cases in the 
infiltration; in one case it was an abscess wall. From the side 
of the mucous layer, the IA roller was pressed into the lumen 
by 3-4 mm, with areas of ulceration and necrotization between 
the ligatures. We found aigns of acute inflammation even on 
Day 7. 

When evaluating the microscopic picture of IAs formed 
by precision technology in animals of Groups 1 and 2 during 
the first 3 days after the operation, we found edema and weak 
infiltration with neutrophils and lymphocytes in the muscular 
and submucosal layers. On serosa, thin fibrinous film was 
determined. Pierced channels were surrounded by unstructured 
eosinophilic masses with leukocytes. There were impaired 
blood supply and edema, more pronounced in the submucosal 
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and muscular layers. The described changes were less 
pronounced in Group 1. When staining according to Mallory 
in Groups 1 and 2, the predominance of the process of lysis 
of collagen fibers in the places of passage of ligature channels 
was traced; however, this process was less pronounced in 
animals of Group 1. Disorganization of the connective tissue 
was determined around the pierced channels: fragmentation 
of collagen fibers (Fig.1). On separate sections in their place 
we found unstructured basophilic masses. The wound gap 
was narrow, submucous layers were precisely matched. The 
revealed histological changes corresponded to Stage 2 (2.00 
±0.00 points) of wound healing of the anastomosing zone 
(Table 1). 

At the site of DASS formation, histopathological 
examination revealed a weak lymph granulocytic infiltration, 
severe impaired blood supply, hemorrhages in the submucosal 
layer and muscular membrane, and extensive foci of necrosis 
(Fig.2).

By Day 5 after surgery, we found moderate infiltration 
with lymphocytes and granulocytes of the intestinal wall in 
the area of precision anastomoses, and moderate intramuscular 
edema and vascular plethora. Delicate granulation tissue 

was formed. In Group 1, the adhesive zone was replete with 
capillary-type blood vessels surrounded by a delicate network of 
collagen fibers and inflammatory cells (formation of granulation 
tissue). In Group 2, the phenomena of collagenolysis increased. 
When staining according to Mallory, in Group 1, along with 
the process of collagenolysis, the process of collagen formation 
was activated: a network of thin interlacing collagen fibers 
was formed in the zone of formation of granulation tissue. In 
contrast, in Group 2 the predominance of the process of collagen 
destruction continued. A network of interlaced collagen fibers 
and capillaries was determined. The histopathological picture 
as a whole demonstrated Stage 2 of healing of the anastomosis 
line, both in Group 1 and Group 2 (2.00±0.00 points) (Table 1). 

In the DASS area, pronounced edema was noted in 
the edges of the formed IA, as well as an infiltration with 
leukocytes. Around suture material, we found necrotic detritus 
and extensive empty spaces (Fig.3).

Fig.1. The IA zone formed by POCS on Day 3 after surgery. Against 
the background of edema of the submucous and muscular mebranes, 
the areas of disorganization of the connective tissue in the form of 
fragmentation of collagen fibers are determined. Mallory staining. 
Magnification: 40x10.

Table 1.
Stages of wound healing of the anastomosis zone at various peri-
ods of the experiment

Suture types/
Animal groups

Day of observation

Day 3 Day 5 Day 7 Day 14 Day 30

Quantification of wound healing stages (points)

POCS/Group 1 2.00±0.00 2.00±0.00 3.00±0.00 3.00±0.00 5.00±0.00

POIS/Group 2 2.00±0.00 2.00±0.00 3.00±0.00 3.00±0.00 4.67±0.33

DASS/Group 3 1.33±0.33 1.67±0.33 1.67±0.33 2.33±0.33 4.0±0.00

Fig.2. The IA zone formed by DASS on Day 3 after surgery.  On the 
background of a weak lymph granulocytic infiltration in the submuco-
sal and muscle layers, areas of severe impaired blood supply, hemor-
rhages, and extensive foci of necrosis are revealed. Hematoxylin and 
eosin staining. Magnification: 40x10.

Fig.3. The IA zone formed by DASS on Day 5 after surgery Many 
loose fibers around the suture material with a plot of purulent-
necrotic detritus. Mallory staining. Magnification: 40x10.
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By Day 7 after surgery, the formation of granulation 
tissue continued in precision IAs. In the same time period, 
in the IA zone the volume of granulation tissue increased 
in Group 1. In Group 2, the wall of the anastomosis zone 
was sharply thickened due to edema and the formation 
of granulations with randomly alternating thick collagen 
bundles. Granulation tissue with a coarse network of collagen 
fibers of various thicknesses was determined. When staining 
according to Mallory, granulation tissue with a well-defined 
network of collagen fibers was determined around the suture 
material, which corresponded to Stage 3 of wound healing. 
The quantitative values of the evaluation of staging in animals 
of these two groups averaged 3.00±0.00 points (Table 1). 

In animals of Group 3, with using DASS a pronounced 
edema in the intestinal wall and its thickening remained. In the 
muscle plate around the suture material, we found necrosis, 
pronounced swelling, and disordered bundles of collagen 
fibers. Around the suture material, in the necrotic detritus a 
partially destroyed, coarse network of collagen fibers was 
determined with Mallory staining. At a distance from the 
ligature channels, granulation tissue was detected, which 
corresponded to Stage 2 of wound healing (1.67±0.33 points) 
(Table 1).

After 14 days, in the muscle plate of the intestinal wall 
of precision IAs in animals of Groups 1 and 2, the single 
eosinophilic filaments of suture material with perifocal 
lympho-leukocyte and histiocytic infiltration were determined. 
On the rest stretch, there was a granulomatous inflammatory 
reaction with the presence of fibroblasts and collagen fibers in 
the peripheral parts of the granulomas. In Group 1, maturation 
of granulation tissue, formation of coarse fibrous connective 
tissue, and a decrease in the number of vessels were observed. 
The inflammatory reaction was of a perifocal nature, 
granulomas of resorption of foreign bodies were formed. In 
Group 2, the scar tissue was constructed from collagen fibers 
of various thicknesses. The wall of the intestine in the area of 
the anastomosis was unevenly thickened. Fibrous tissue with 
a coarse-fiber network of collagen fibers and a small number 
of vessels were determined by Mallory staining. The revealed 
features corresponded to Stage 3 wound healing (3.00±0.00 
points) (Table 1). 

In the same time period, animals of Group 3, with use of 
DASS, exhibited edema in the muscle and serous layers. Suture 
material was characterized by perifocal lymphohistiocytic 
infiltration and a small number of eosinophils. Mallory’s 
staining around the suture filaments revealed an uneven 
network of bundles of collagen fibers of various thickness, 
which corresponded to the third stage of wound healing. 
However, the average quantitative assessment of staging 
(2.33±0.33 points) in this group of animals was lower than 
that of Groups 1 and 2 (Table 1).

On Day 30 after surgery, mature coarse fibrous scar 
tissue (CFST) was detected in the muscle layer of the zone 
of precision IAs. On serosa, fibrin masses with signs of 
organization were identified. The IA zone was epithelialized; 
a moderate amount of eosinophils was detected in the mucous 
plate. In the same time period, in the IA zones where the 
formed CFST was determined, certain features were revealed 

in animals of different groups. Thus, in Group 2, the CFST 
deformed the intestinal wall, and in animals of Group 1 the 
wall was not deformed. In the same time period, in the zone of 
one-row IAs in animals of both groups, the collagen bundles 
were more ordered, compared with Group 3. A network 
of intertwined collagen fibers was determined by Mallory 
staining. Scar tissue did not deform the intestinal wall. Such 
changes corresponded to Stage 5 of wound healing. In contrast 
to the previous periods of the experiment, on Day 30 after 
surgery, there were already differences in the quantitative 
assessment of staging. If in Group 1 it averaged 5.00±0.00 
points, in Group 2 this indicator was slightly lower - 4.67±0.33 
points (Table 1).  

In the same time period, in the double-row suture 
DASS, in the muscle plate of the intestine, suture material was 
visualized with a perifocal fibroplastic reaction, moderately 
pronounced edema, and lymphocytic infiltration. The 
formation of cystic cavities was noted in the place of resorption 
of suture material. The anastomosis zone was epithelized, and 
its own mucosal plate was noticeably thinned. Scar tissue 
deformed the intestinal wall, and the location of collagen 
bundles had a more pronounced randomness, compared with 
Groups 1 and 2. In Mallory staining, a uniform network of 
collagen fibers was determined around the suture (Fig.4).Such 
changes corresponded to Stage 4 of wound healing. 

However, the average quantitative assessment of staging 
(4.00±0.00 points) in this group of animals was lower than that 
of Groups 1 and 2 (Table 1). When studying slices of precision 
IAs, the formation of pockets and slots in various serial terms 
was not noted.

Since the distribution of the obtained data of the healing 
stage does not correspond to the law of normal distribution, 
and the characteristic values are expressed in points, the 
non-parametric method (the Mann-Whitney U criterion) 

Fig. 4. The IA zone formed by DASS on Day 30 after surgery. In the 
muscle plate of the intestine, suture material with a perifocal fibro-
plastic reaction, moderately pronounced edema, and lymphocytic 
infiltration. The formation of cystic cavities in the place of resorption 
of suture material. The anastomosis zone is epithelized, and its own 
mucosal plate is noticeably thinned. Hematoxylin and eosin staining. 
Magnification: 40x10.
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was used in the statistical analysis. Based on the obtained U 
value (133.5000), the differences between the levels of the 
characteristic of the stage of healing of precision seams and 
DASS were statistically significant (P<0.05). There was no 
significant difference, however, between the healing of the 
two types of precision suture. Thus, the experimental results 
obtained prove that the use of microsurgical techniques is the 
preferred method for the IA formation. All of the above allows 
us to recommend the wide use of precision techniques for the 
formation of IAs using our improved techniques of surgery in 
a wide clinical surgical practice.

In conclusion, in the early stages (Day 3 after surgery) 
of IA healing, the morphological picture is due to the 
predominance of the processes of lysis of collagen fibers. The 
formation of granulation tissue and collagen in precision IA 
groups begins earlier (Days 5 to 7) than in the DASS group 
(Days 7 to 14) and reaches Stage 5 of wound healing, while 
double-row IA - only Stage 4. In the group of precision IAs, 
the formed anastomosis does not deform the lumen of the 
intestine, unlike in the DASS group.
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Abstract
The purpose of this research work was the creation of a safe and effective wound healing drug, in the multicomponent 

polysaccharide base of which the fibroblast growth factor is integrated in the optimal concentration.
Materials and Methods: The present work was carried out in three stages. In Stage 1, the essential formula of a wound healing 

drug was created. In order to optimize the composition of the base formula, studies were conducted with various concentrations of 
structure-forming polysaccharides. In Stage 2, we performed technical tests of the gel composition of the medical product on hMSCs 
culture, and determined the optimal concentration of the growth factor, which was added to the base formula developed at Stage 1 
in different concentrations. In Stage 3, an experimental safety study of the developed gel composition, including growth factors, was 
performed on laboratory animals. In an experimental safety study (subchronic toxicity) on a wound model, sexually mature male rats 
and Wistar females of the same age (8–9 months) were used. In all animals, 2 wounds of standard size were modeled on the back. Taking 
into account the weight and gender, rats were distributed evenly into two experimental groups. Group 1 included rats we treated with 
a polysaccharide gel based on polymers. This polysaccharide gel included rhFGF-b. Group 2 was used as control (without treatment).

Results: The laboratory, histological and gravimetric studies of the internal organs and wounds of the animals in the 
experimental and control groups did not reveal any regular pathomorphological changes indicating the presence of the general 
toxicological properties of the studied products. This indicates the safety in vivo of the product being developed.

Conclusion: The studies conducted in vitro and in vivo allow us to proceed with studies determining the effectiveness of 
the developed wound healing medical product on laboratory animals. (International Journal of Biomedicine. 2019;9(3):247-250.)

Key Words: regeneration • wound healing • fibroblast growth factor • stem cells

Introduction
The problem of wound healing in any medical specialty 

related to surgery is always important. Given the increasing 

prevalence in the world population of cardiovascular diseases, 
diabetes mellitus, obesity, and metabolic syndrome, the 
hard-to-cure chronic wounds even more worsen the global 
problem, which is associated with significant economic 
costs.(1-3) Therefore, to provide healing of acute and chronic 
wounds, ever new medicines and medical devices are 
constantly being developed that use biological mechanisms of 
cell regeneration,(4-9) including growth factors and stem cells, 
which offer high hopes.(10-14) However, despite the current 
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successes, the task of developing tools for fast and high-quality 
epithelization of acute and chronic wounds remains vital.

The purpose of this research work was the creation of a 
safe and effective wound healing drug, in the multicomponent 
polysaccharide base of which the fibroblast growth factor is 
integrated in the optimal concentration.

Materials and Methods
The present work was carried out in three stages. In 

Stage 1, the essential formula of a wound healing drug was 
created. In order to optimize the composition of the base 
formula, studies were conducted with various concentrations 
of structure-forming polysaccharides. The concentration 
of pectin (Sigma Aldrich) was selected in the range of 0 to 
5 g/l with an increment of 0.5 g/l. The concentration of the 
substance alginate (Sigma Aldrich) was selected in the range of 
0 to 1 g/l with an increment of 0.1 g/l. The concentration of the 
substance chitosan (Sigma Aldrich) was selected in the range 
of 0 to 1g/l with an increment of 0.1 g/l. The concentration of 
agar-agar (Roeper) was selected in the range of 0 to 1 g/l with 
an increment of 0.1 g/l, carboxymethyl cellulose in the range of 
1 to 12 g/l with an increment of 1g/l. The various components 
of the base framework of the gel (except the growth factors) 
were introduced into water in different proportions and mixed. 
The solution was sedimented, then sterilized. The resulting gel 
was analyzed for uniformity and viscosity, then stored in a 
refrigerator at +4°C. All samples were analyzed every day 
for 7 days for the formation of sediment, heterogeneities in 
consistency, viscosity, and color. The samples that showed 
the best results were mixed with each other (and then with 
the growth factor), after which they were also analyzed for 
the presence of heterogeneities in the composition, structure, 
color and other characteristics. As a result of the experiments, 
we determined the optimal range of concentrations of active 
substances for the essential formula of a wound healing drug, 
including the following active ingredients: pectin (0.5-1.0 
g/l), agar-agar (0.5-1.0 g/l), alginate (0.1-0.5 g/l), chitosan 
(0.1 g/l), and water-soluble cellulose derivatives (including 
carboxymethyl cellulose, cellosize) (10-12 g/l). Subsequently, 
the gel was first analyzed for the presence of specific 
biological activity in the culture of the human mesenchymal 
stem cells (hMSCs) isolated from the pulp of a human tooth. 
The presence of activity was measured by specific tests that 
determine the degree of stimulation of cells to proliferate: an 
increase in the level of mitochondrial activity as an indicator 
of energy metabolism inside the cell, the Live/Dead test. 

In Stage 2, we performed technical tests of the gel 
composition of the medical product on hMSCs culture, and 
determined the optimal concentration of the growth factor, 
which was added to the base formula developed at Stage 1 
in different concentrations from 50 g/l to 1000 g/l. We used 
fibroblast growth factor (rhFGF-b) (Paneco, Russia). This 
growth factor was introduced into the gel base by mixing on a 
magnetic stirrer in different concentrations, after being diluted 
in normal saline (NaCl 0.9%). Five concentrations of rhFGF-b 
were studied: 50, 100, 250, 500, and 1000 ng/ml. The control 
was a gel composition without rhFGF-b (0 ng/ml). 

In the stage of technical testing, we used methods 
that allowed us to provide a comprehensive qualitative and 
quantitative analysis of the biological activity of the obtained 
therapeutic composition and of the characteristics of the cell 
culture and their activity when introduced into the culture 
of a medical product. We evaluated the levels of free lactate 
dehydrogenase (LDH) and dehydrogenase activity (MTT 
test), analyzed the morphological characteristics of the nuclear 
apparatus with nuclear staining using the Hoechst 33342 DNA-
binding dye, and assessed the degree of drug influence on cell 
proliferation in culture, the level of mitochondrial activity, and 
the analysis of the active cytoskeleton. To assess the ratio of 
living and dead cells in the culture, the L-7007 LIVE/DEAD 
BacLight Bacterial Viability Kit (Invitrogen), the so-called Live/
Dead test, was used. Morphology and fluorescence staining were 
monitored using an LSM-510 inverted microscope (Carl Zeiss).

Cytotoxicity analysis was performed on the line of 
hMSCs isolated from the pulp of the teeth. Cells were plated 
in 96-well plates at a density of 40,000 cells/cm2 in DMEM/
F12 medium (1:1) supplemented with 5% fetal calf serum 
and 100 IU/ml of penicillin/streptomycin and cultured under 
5% CO2 at a temperature of 37°C. The gel composition was 
applied after adhesion of the culture to plastic. 

In Stage 3, an experimental safety study of the developed 
gel composition, including growth factors, was performed on 
laboratory animals. Experiment was performed in accordance 
with the Guide for the Care and Use of Laboratory Animals 
(The institute of Laboratory Animal Resources, 1996).

In an experimental safety study (subchronic toxicity) on 
a wound model, sexually mature male rats and Wistar females 
of the same age (8–9 months) were used. In all animals, 2 
wounds of standard size (wound radius 1.0 cm; depth to the 
fascia) were modeled on the back at the same distance to 
the right and left of the spine and at the same distance from 
each other. Taking into account the weight and gender, we 
distributed the rats evenly into two experimental groups. Group 
1 included rats we treated with a polysaccharide gel based on 
polymers. This polysaccharide gel included rhFGF-b. The gel 
was applied daily one time per day starting from day zero for 7 
days; the test product was used in each animal immediately on 
2 wounds. Group 2 was used as control (without treatment).

On Day 8 of the experiment, in rats under ether anesthesia, 
blood samples were taken from the cavity of the right ventricle for 
laboratory tests (clinical blood test [the content of hemoglobin, 
red blood cells, white blood cells and platelets] and biochemical 
blood test [total protein, urea, creatinine, glucose, AST and 
ALT]). The rats were euthanized for pathomorphological studies 
by closed intrathoracic transection of the great vessels and the 
heart, resulting in rapid exsanguination; then the absolute and 
relative mass of organs was determined. Organs and tissues 
or their parts were fixed in a 10% formalin solution. Finally, 
we performed a histological examination of the heart, brain, 
thymus, liver, kidneys, lungs, mesenteric lymph nodes, stomach, 
and small and large intestines in the rats of both groups with a 
description of the histological structure of the internal organs.

Statistical analysis was performed using statistical 
software package SPSS version 23.0 (SPSS Inc, Chicago, IL). 
The results are presented as M(mean)±SD(standard deviation. 
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The Mann-Whitney U Test was used to compare the differences 
between the two independent groups. A probability value of 
P<0.05 was considered statistically significant.

Results
The analysis of the biological activity of the gel 

compositions modified with rhFGF-b at different concentrations 
(50, 100, 250, 500 and 1000 ng/ml) revealed their high degree 
of biocompatibility.

A study of cytotoxicity using different methods showed 
the safety of the gel composition. Thus, there was no significant 
increase in the level of free LDH when gel compositions were 
introduced in all test incubation periods (24, 48, and 72 hours), 
which indicates that the gel composition components did no 
damage to the bilayer cell membranes. The analysis of the 
number of apoptotic cells in the MSC culture during 24, 48, 
and 72 hours did not reveal a significant increase in all tested 
samples and in all incubation periods with gel compositions. 
The cells had a fibroblast-characteristic extension along 
the type of the leading edge and no significant increase in 
propidium positive stained cells. A comprehensive analysis of 
the morphological characteristics of the cell nuclear apparatus 
also did not reveal changes (condensation, degradation, 
chromatin fragmentation) during incubation with the modified 
gel compositions for up to 72 hours. This confirms the absence 
of a genotoxic effect. In addition, safety was confirmed by the 
absence of a destructive effect on the actin cytoskeleton of 
hMSCs when they were incubated with a gel composition 
after 3 days in all studied concentrations of rhFGF-b.

The next step was to determine the optimal concentration 
of rhFGF-b. A significant increase in the level of dehydrogenase 
activity was established during 3 days of cultivation at the 
rhFGF-b concentrations of 500 and 1000 ng/ml (Fig.1). In 
addition, a significant increase in the proliferative activity of 
hMSCs was detected at rhFGF-b concentrations of 500ng/ml 
and 1000 ng/ml. On Day 3 of cultivation, a significant increase 
in the number of cells in the culture was recorded. This 
suggests that the cells have the optimal microenvironment 
and maximum closed to vivo conditions (Fig.2). The absence 
of a significant increase in proliferative activity at lower 
concentrations can be attributed to the distribution of rhFGF-b 
in the gel composition and its diffusion to cells. 

Thus, the tests performed allowed us to determine the 
optimal concentration of rhFGF-b at 500-1000 ng/ml, which 
in the polysaccharide gel composition—the basis of wound 
healing agents—showed the best properties. Because of the 
absence of significant cell changes at hFGF-b concentrations 
of 500 ng/ml and 1000 ng/ml, given the high cost of growth 
factors, it was decided that a concentration of 500 ng/ml is 
most preferred.

The next step was an experimental study on laboratory 
animals, dedicated to the assessment of subtoxic toxicity 
of the product being developed. The results of laboratory 
testing showed no statistical differences in groups for various 
indicators. The results of gravimetric studies showed that the 
masses of the liver, kidneys, heart, brain, thymus, and lungs 
did not differ in both groups (Table 1).

A histological examination of the heart, brain, thymus, 
mesenteric lymph nodes, stomach, and small and large 
intestines in rats of the two groups did not reveal the presence 
of any pathomorphological changes.

Fig. 1. Analysis of the level of dehydrogenase activity of 
hMSCs after incubation with a gel composition modified with 
rhFGF-b for 24, 48 and 72 hours.

Fig. 2. Proliferation of hMSCs in the presence of a 
polysaccharide gel modified with rhFGF-b on Day 3 of 
cultivation.

Table 1. The results of laboratory testing and gravimetric studies on  
Day 8 of the experiment

Indicator Group 2 Group 1 P-value
Hemoglobin (g/l) 137.8±4.7 132.0±2.0 >0.05
Red blood cells (×1012/l) 6.88±0.23 6.66±0.20 >0.05
White blood cells (×109/l) 11.3±2.5 12.8±2.5 >0.05
Platelets (×109/l) 822.2±43.6 800.8±47.0 >0.05
Total protein (g/l) 65.8±1.3 66.4±1.5 >0.05
Glucose (mmol/l) 13.79±1.17 14.21±1.01 >0.05
Urea (mmol/l) 6.6±0.3 6.2±0.3 >0.05
Creatinine (mmol/l) 50.4±1.9 48.0±1.7 >0.05
AST (mmol/l) 48.6±5.1 47.6±2.8 >0.05
Liver weight (mg/g) 35.3±2.2 36.5±0.9 >0.05
Kidney weight (mg/g) 7.3±0.3 8.1±0.3 >0.05
Heart weight (mg/g) 3.7±0.2 4.1±0.4 >0.05
Brain weight (mg/g) 6.4±0.3 5.7±0.5 >0.05
Thymus weight (mg/g) 1.0±0.2 1.1±0.1 >0.05
Lung weight (mg/g) 8.3±1.4 8.5±0.6 >0.05
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Discussion
Thus, on the basis of the technical tests in vitro, a gel-

like essential formula of a wound healing medical product was 
created that meets modern requirements. To improve the effect 
of wound healing, fibroblast growth factor was integrated into 
it and its optimal concentration was determined. At the same 
time, all used samples met safety requirements; cytotoxicity 
was not found. Between different research methods, a 
correlation of indicators was observed, that is, all indicators 
increase or decrease simultaneously.

The results of experimental studies have demonstrated 
the safety of the developed multicomponent gel composition 
based on natural and synthetic polymers, which includes 
active substances stimulating the regenerative properties of 
cells, namely the fibroblast growth factor. The laboratory, 
histological and gravimetric studies of the internal organs 
and wounds of the animals in the experimental and control 
groups did not reveal any regular pathomorphological changes 
indicating the presence of the general toxicological properties 
of the studied products. This indicates the safety in vivo of the 
product being developed. 

The studies conducted in vitro and in vivo allow us 
to proceed with studies determining the effectiveness of the 
developed wound healing medical product on laboratory 
animals. 
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Abstract
The purpose of this study was to optimize healing and prevent the formation of unaesthetic scars of the maxillofacial region 

by transplanting xenogenic dermal fibroblasts (XDFs) into a fresh surgical wound.
Materials and Methods: A total of 26 patients were selected with formations located on the skin of the face and neck, which 

could be compared with symmetrical areas of the healthy side. The patients were divided into 2 groups—the main group (Group 1) 
and the control group (Group 2). In Group 2 (n=12), a neoplasm was dissected, followed by grafting with local tissues, and in the 
Group 1 (n=14), a culture suspension of XDFs was injected by a tunnel method into the wound edges before stitching. The area 
of scar formation was determined using the LesionMeter program for the Android operating system. Contact thermography was 
carried out using thermo indicator films (CelluVision kit,  IPS  Italy).

Results: The analysis of the parameters of the young scar formation on Day 30 after the operation makes it possible to 
state that the introduction of cell culture of XDFs in the wound edges has a positive effect on the healing rate of surgical wounds, 
decreases the inflammatory response and contributes to the development of a distinctively positive scar in terms of its quality and 
functional characteristics. By Day 30, the primary surgical wound area was reduced by 67.69%, and 71.43% of patients had soft 
and thin aesthetic scars with microcirculation that were not distinguishable from the surrounding skin and the skin of symmetrical 
areas of the face or neck. In patients of the control group, without fibroblast transplantation, the area decreased by only 50.0% 
and aesthetic scars were formed only in 41.67% of cases. In 16.67% of patients, the presence of wide, dense, cold (due to weak 
vascularization) hypotrophic scars was noted. Hyperthermia persists around these scars, indicating a weak inflammatory response

Conclusion: The use of a cell culture suspension of XDFs in the treatment of postoperative surgical wounds opens up 
new real possibilities for reducing the incidence of inflammatory reactions, stimulates healing processes and contributes to the 
development of more functionally and aesthetically acceptable scars on the face and neck.(International Journal of Biomedicine. 
2019;9(3):251-256.)

Key Words: surgical wound • fibroblasts • scar • planimetry • thermometry

Introduction
Surgeons specializing in surgery of the head and neck area 

deal with surgical wounds that are made with a sharp scalpel. 
They are characterized as incised wounds and at first glance have 

favorable conditions for healing.(1) In most cases, surgical sutures 
make it possible to bring the wound edges together by no less than 
5mm; then, due to swelling and reduction of the fibrin clot, it is 
possible to glue the wound edges.(2) Such wounds should heal 
quickly by primary intention and form a normotrophic, delicate, 
aesthetic skin scar.(3) However, the use of precision operating 
techniques and suitable suture material does not guarantee 
against the development of pathological non-aesthetic scars, 
which patients perceive as unattractive.(4) Due to various types of 
symmetry disorders, facial expressions or forms, scars on the face 
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can cause not only discomfort, but also a decrease in a person’s 
social adaptation.(5) The presence of cicatricial changes on the face 
is especially hard on young people.(6) More often than others, this 
cohort of patients seeks clinical help.(7) 

The decisive link in wound healing is the main cells of the 
connective tissue— fibroblasts. They synthesize and release 
into the environment numerous biologically active substances: 
various growth factors, components of the extracellular matrix, 
and enzymes. With the help of which, collagen and hyaluronic 
acid are destroyed, and then these molecules are newly 
synthesized and a scar is formed.(8) All of the modern methods 
of preventing the formation of pathological scars after surgery 
cannot fundamentally affect the function of fibroblasts; 
therefore, many methods of prevention and treatment have 
been proposed.(9) One of the promising modern methods of 
accelerating the regeneration of fresh surgical wounds and the 
prevention of pathological scarring is the introduction into the 
wound area of   various cultures of embryonic fibroblasts (10) and 
mesenchymal stem cells (MSCs).(11) In the case of embryonic 
fibroblasts, they enhance wound healing without scarring in 
the prenatal period in mammals and humans;(12) in the case 
of MSCs, they introduce the possibility of differentiating into 
different cells of the regenerative cascade.(13) The possibility 
of transplanting xenogenic fibroblasts, as a key factor of 
reparative regeneration, into a fresh operative wound of 
the scalp or neck in order to accelerate healing and prevent 
pathological scarring is relevant and has not received adequate 
coverage in clinical studies.

The purpose of this study was to optimize healing and 
prevent the formation of unaesthetic scars of the maxillofacial 
region by transplanting xenogenic dermal fibroblasts (XDFs) 
into a fresh surgical wound.

Materials and Methods
All studies were approved by the Ethics Committee of 

Medical Academy n.a. S.I. Georgievsky of Vernadsky CFU 
(Protocol No 6 dated May 10, 2018). Written informed consent 
was obtained from all participants.

Clinical study
For the study, patients were selected with formations 

located on the skin of the face and neck, which could be 
compared with symmetrical areas of the healthy side. A total 
of 26 patients (17 women and 9 men) aged between 20 and 52 
years participated in the study (Table 1).

The patients were divided into 2 groups—the main 
group (Group 1) and the control group (Group 2). In Group 2 

(n=12), a neoplasm was dissected, followed by grafting with 
local tissues, and in the Group 1 (n=14), a culture suspension 
of XDFs was injected into the wound edges with a needle 30G, 
13mm before stitching. Suspension of XDFs was used on the 
basis of an approved medical technology (FS No. 2009/398 
dated July 21, 2010). The suspension consisted of growth 
medium alpha MEM (Lonza) and xenogenic fibroblasts. 
Depending on the size of the wound, 5 to 6 million cells were 
introduced. The skin formations were excised, taking into 
account the location of the Langer lines within healthy tissues. 
The edges of the wound before stitching were mobilized for 
drawn together without tension. The wound edges were fixed 
with an intradermal suture with atraumatic suture material 
(polypropylene, 5/0 and 4/0, depending on localization), 
which was removed on Day 7 after the operation.
Cultivation and immunophenotyping of XDFs

Dermal fibroblasts from the skin of young donors, 
obtained by plastic surgery, were enzymatically isolated 
under sterile boxing conditions with laminar airflow. After the 
enzymatic removal of the epidermis, the pieces of skin were 
placed on Alpha MEM (Lonza) and crushed with vascular 
scissors to a size of 1-2 mm. Then equal volumes of collagenase 
type I (200 U/ml, Sigma) and dispase (30 U/ml, Gibco) were 
added to the tissue pieces. The resulting mixture was incubated 
for 1 hour at 37°C with constant stirring. After filtering the 
suspension through a mesh filter with a diameter of 0.40μm 
and centrifugation for 7 minutes at 1000 rpm, fibroblasts 
were resuspended and cultured in Alpha MEM (Lonza) with 
the addition of 10% patient serum and 50 units/ml penicillin-
streptomycin (PanEco) in Petri dishes in an incubator at 37°C 
and a CO2 concentration of 5% to reach 100% confluent. For 
cell seeding, 0.25% trypsin-0.02% EDTA was used.

The phenotype of populations of dermal fibroblasts 
was determined by means of the reaction of indirect 
immunofluorescence, using monoclonal antibodies with 
fluorescent labels. At the bottom of the Petri dishes, coverslips were 
placed, on which dermal fibroblasts were attached. Coverslips 
were removed upon reaching the confluent of the first passage. 
Cells were fixed with ice-cold acetone. For immunophenotyping 
of dermal fibroblasts, a panel of primary monoclonal antibodies to 
surface antigens was used: CD 34 [Clone EP373Y] (Abcam), CD 
45 (Abcam), CD44 [Clone EPR1013Y] (Abcam), CD73 [Clone 
7G2] (Abcam), CD90 (Thy -1) [Clone 5E10] (BD Biosciences), 
CD31 [Clone 1D12] (Cell Marque), CD 105 (Endoglin) [Clone 
EPR10145] (Abcam). Secondary antibodies were conjugated 
with Alexa Fluor 488 and Alexa Fluor 594 fluorescent labels 
(Invitrogen). The preparations were studied using an Olympus 
BX-43 fluorescence microscope.

For the introduction into the fresh surgical wound 
of patients of Group 1, XDFs with the phenotype 
CD44+CD90+CD105+CD73+CD45+CD31-CD34-CD45- 
were used. All studied cultures did not express hematopoietic 
markers, but expressed the markers CD73, CD90, CD105, 
recommended by the International Society for Cellular 
Therapy to identify mesenchymal stromal cells.(14)

Using PCR, the presence of bacterial, viral and fungal 
contamination, including mycoplasmal, in dermal fibroblasts 
was determined.

Table 1.
Main characteristics of the studied patients

Clinical diagnosis
Gender (n /%)

Average age
M F

Nevus 4/15.4 1/3.8 39.6±1.4
Fibroma 7/26.9 5/19.2 48.4±1.3
Lipoma 6/23.1 3/11.5 28.5+1.1
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Determination of the area and condition of the postoperative scar
For the study and objectification of the surgical wound 

healing processes in patients of both groups, the area of scar 
formation was determined using the LesionMeter program for 
the Android operating system. To measure the surface area of 
the wound, a face or neck area with a scar was photographed, 
with a standard plastic bank card placed in view as a scaling 
standard. After that, on the received photo, a circle was drawn 
around the perimeter of the scar and its area was automatically 
obtained in cm2. The area of the healing wound was determined 
immediately after surgery, on Days 4, 7, 14, 21 and 30.

A physical examination of the healing wound was 
conducted to determine the nature of the healing and the color 
and density of the scar.
Thermometry of a trophic ulcer

To study the nature and extent of functional disorders 
in the wound area, their dynamics in the process of 
treatment and scar formation, we used contact liquid crystal 
thermography, which was carried out using thermo indicator 
films (CelluVision kit,  IPS  Italy), representing a layer of 
liquid crystal with a thickness of about 3 microns between 
two polymer films with a thickness of 5-10 microns each. 
The liquid crystal composition of the thermo indicator 
film is sealed around the perimeter; it works in the general 
temperature range from 34.1ºС to 37.5ºС. The color palette 
(red—34.1-34.2°С, orange—34.3-34.4°С, yellow—34.5-
34.7°С, green—34.8-35.0°С, light blue—35.1-35.4°С, blue—
35.5-35.8°С, violet—35.9-37.5°С) allows acquisition of color 
transitions in the spectrum from red to blue with a temperature 
change of 1.5-2°C; the threshold sensitivity of the color 
transition is 0.1°C. Conducting contact thermography allows 
evaluation of the individual characteristics of the distribution 
of temperature fields, to identify asymmetric areas of skin 
hypo- or hyperthermia, which are amenable to qualitative 
and quantitative analysis. The resulting color picture was 
examined visually and photographed. These thermograms 
were evaluated according to the following parameters: 
detection of thermal asymmetry, study of the area of the hypo- 
or hyperthermia area (dimensions, degree of uniformity), 
and determination of the temperature gradient in the wound 
(rumen) and surrounding tissues.

Statistical analysis was performed using the statistical 
software «Statistica». (v6.0, StatSoft, USA) and Microsoft 
Excel 2007. Baseline characteristics were summarized as 
frequencies and percentages for categorical variables and as 
mean±SEM for continuous variables. The Mann-Whitney 
(U Test) was used to compare the differences between the 
two independent groups. The Wilcoxon criterion was used 
to compare the differences between the paired samples. A 
probability value of P<0.05 was considered statistically 
significant.

Results
On Day 1 after the operation, according to the results of 

planimetry, the area of the protective wound in both groups 
was the same and amounted to 1.5±0.04 cm2 (Table 2). On 
thermograms in the area of the seam line, a thin “cold line” 

was determined, which is a dark line in the section plane. It 
is surrounded by a zone of moderately high brightness in a 
radius of 2-5 cm.

When examining wounds on Day 3, we revealed a 
difference in the magnitude of postoperative swelling of the 
soft tissues. Infiltrates and hematomas were not marked. In 
Group 2, the swelling was visually more pronounced than in 
patients who underwent postoperative wound ablation with 
xenogenic fibroblasts. The stitches were retained, however, due 
to pronounced postoperative edema as a result of the eruption of 
the skin with a suture thread; in 3 patients of Group 2 we found 
a partial divergence of the wound edges. The gaping area of the 
wound was from 1 to 3 mm in length and from 1 to 2 mm in width. 
There was a slight hyperemia of the wound edges, its size was 
1.5±0.05 cm (P<0.05). The wound area in patients of Group 1 for 
three days after surgery decreased more than in Group 2 (Table 2), 
and was statistically significantly lower by 15.38%.

The data of the thermographic study on Day 3 after the 
operation showed that in both groups the area of bright blue-violet 
luminescence (hyperthermia) corresponded in size to the clinically 
determined sizes of postoperative edema (Fig.1). The contours of 
the hyperthermia zone had no clear boundaries, and smoothly 
and diffusely passed into the region of less intense luminescence. 
During this period, there was a significant variation in the 
temperature gradient between the wound and the surrounding 
tissues: in Group 1 it was 0.4-0.8°C, in Group 2 it was 0.6-1.0°C.

Fig. 1. Thermographic picture of the scar of 
Patient B. on Day 3 after surgery. 1- hyperthermia 
zone; 2 - a zone of moderate temperature.

Table 2.
The dynamics of the healing of surgical wound (SW) in patients of 
Groups 1 and 2 

Day of
observation 

Group 1
(area of

SW in cm2)

Changes in SW 
area in Group 1
 relative to the
 previous
Day of obser- 
vation, in % 

Group 2
(area of 

SW in cm2)

Changes in SW 
area in Group 1 
relative to the 
previous
Day of obser- 
vation, in % 

1 1.3+0.04 - 1.3+0.04 -
3 0.95+0.06* -26.92 1.10+0.04 -13.64
7 0.90+0.01* -5.30 1.00+0.01 -9.09
14 0.78+0.04* -13.33 0.98+0.03 -2.00
21 0.69+0.02* -11.54 0.87+0.03 -11.22
30 0.42+0.05* -39.13 0.65+0.04 -25.29

*- P<0.05 between Group 1 and Group 2.
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Changes in digital values during thermography objectively 
reflect the dynamics and nature of local inflammatory processes 
and circulatory disorders in regenerating wounds. The analysis 
of the data we obtained on Day 3 indicates the presence of 
inflammatory changes and circulatory disorders in the wound, 
which are most pronounced in patients of Group 2. The use of 
fibroblasts has significantly reduced the severity of inflammatory 
processes in patients of Group 1.

By Day 7 after surgery, the area of wounds in patients 
of both groups was reduced, but the area of wounds in Group 
1 was 11.11% less than in Group 2. Wound healing occurred 
by primary intention in patients of both groups. Postoperative 
edema was practically absent in Group 1 (Fig.2). In patients 
in Group 2, there remained mild hyperemia of the edges of 
wounds; the size of the wound averaged 0.3±0.02 cm (P<0.05). 

Thermographic studies conducted during this period 
revealed the presence of thermal asymmetry of the operated 
and healthy sides, which manifested itself in a somewhat 
expanded luminescence zone in the area of the operation. In 
general, in the thermograms of patients in both groups, the 
heterogeneity of the structure of the operated area remained, 
and the temperature gradient was 0.2-0.4°C. Only in 3 patients 
of Group 2, in which the wound edges diverged on Day 3, 
did the hyperthermia reaction remain in the wound area; the 
temperature gradient was 0.6-0.8°C.

Analysis of the wound healing results allows us to 
state that after excision of skin tumors, the introduction of a 
cell culture of XDFs stimulates and positively influences the 
healing processes, which was manifested by the absence of 
edema and inflammatory phenomena in the wound edges, 
compared with the control group and proved by thermograms.

All patients on Day 7 after surgery had their stitches 
removed and daily tissue massage was prescribed.

Subsequently, on Days 14 and 21, patients of both 
groups underwent a routine examination, and the forming scars 
were measured. Table 2 presents the results of measurements, 
showing a gradual decrease in the area of scars, statistically 
significantly greater in patients of Group 1 (by 20.41% and 
20.69%, respectively).

On Day 30 after the operation, the area of scars in 
patients of Group 1 had decreased more significantly than in 

Group 2; the difference between them was 35.38%. In addition 
to routine inspection, the geometric characteristics of the 
young scar were determined. Three grades were distinguished 
by width: thin - up to 1mm, medium - up to 2 mm, and wide 
- over 2 mm.

In Group 1, 10/71.43% patients had thin scars, 4/28.57% 
had medium scars, and wide scars were not recorded. During 
palpation, scars were soft and mobile, on the same level with 
intact skin (defined as normotrophic). In Group 2, 5/41.67%  
patients had thin scars, 5/41.67% had medium scars and wide 
scars were recorded in 2 2/16.67% patients. In Group 2, during 
palpation, medium and wide scars were somewhat denser, 
and in wide scars with the underlying tissues, lumpiness and 
soreness remained. At the same time, thin and medium scars 
were normotrophic, and wide ones, which we identified as 
hypotrophic, were 1-1.2 mm below the level of intact skin. 
The fact that the scars in patients of Group 1 were a lighter 
color by this time drew attention. In Group 2, the scars had a 
reddish or bluish tint.

The thermographic picture on Day 30 in patients of Group 1 
with thin scars revealed the absence of thermal asymmetry with the 
opposite side. The structure of the operated zone was homogeneous. 
Consequently, microcirculation was fully restored in the formed 
scar. In cases of medium-wide scars, by this time a thin (1-2 mm) 
heterogeneous (intermittent) band of hypothermia (cold zone of 
red color) was revealed, indicating weak vascularization, which 
gradually turned into a glow characteristic of healthy tissues. 
Thermograms in Group 2 were different. In patients with thin 
and medium-wide scars, in all cases a thin band of hypothermia 
(cold zone of red color) was determined, corresponding to the 
width of the scar, surrounded by a zone of brighter green-violet 
luminescence, indicating a local slight hyperthermia, probably due 
to the inflammatory response that was not completely overcome 
(Fig.3) . The zone of small hyperthermia smoothly passed into 
the zone of intact surrounding tissues. Thermal asymmetry with 
the opposite side was noted. In 2 patients with wide scars on the 
thermograms, a band of hypothermia was distinguished, which 
was somewhat wider than the scar that was visually detected on 
the skin. A small hyperthermia zone remained around the scar, 
which diffusely passed into the thermal zone of intact surrounding 
tissues. The temperature gradient was 0.2-0.4°C.

                          A                                          B 

Fig. 2. Scar of Patient K. after surgery and transplantation of 
XDFs. A - Day 7; B – Day 30, formed normotrophic scar.

Fig. 3. Thermographic picture of the average 
width of the cicatrix of Patient S. from Group 2 
on Day 30 after surgery. 1- a hypothermia zone.
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Discussion
The progression of wound healing, including skin, 

is called the wound process and includes three stages: 
inflammation, proliferation with the formation of granulation 
tissue, and remodeling or fibrosis.(15) Wound healing without 
scarring is possible only in fetuses in the first 6–7 months 
of pregnancy due to the absence of the inflammatory phase 
of the wound process.(16) It is inflammation that plays a key 
role in the morphology of the future scar. In normal wound 
healing, inflammatory cells flow to the wound site up to Day 
4-6, followed by the proliferative phase, during which the 
inflammatory cells are replaced by fibroblasts. The transition 
between inflammation and proliferation is important because 
abnormal inflammatory prolongation leads to excessive 
scarring.(17) Since uncontrolled and prolonged inflammation 
of the dermis causes pathological scarring, a decrease in 
inflammation and faster healing of wounds has a beneficial 
effect on the formation of normotrophic scars.(18) Continuous 
and localized inflammation of granulation tissue causes 
pathological scars, primarily hypertrophic scars.(18) If an 
abnormal fibroblast reaction to inflammation is present, a 
keloid scar is formed.(19)

Evidence accumulated in recent years suggests that 
MSCs contribute to the healing of wounds without scars and 
prevent the formation of fibrous tissue, which makes them 
potentially effective for the formation of a normotrophic scars 
that are hardly noticeable, which is highly desirable in the 
head and neck.(20) However, the search for means to reduce 
the duration of inflammation revealed that human dermal 
fibroblasts are the source of adiponectin, which acts as an 
active anti-inflammatory cytokine and induces the production 
of anti-inflammatory factors, such as IL-10 and IL-1RA.(21) In 
addition, fibroblasts, unlike MSCs, are not oncogenic and have 
low expression of histocompatibility antigens, which allows 
the use of populations of both auto and xenofibroblasts.(10) 

Experimental studies in our laboratory found that fibroblasts 
have a high ability to shorten the healing time and increase 
the vascularization of wounds, significantly improving the 
characteristics of the formed scars.(22)

Studies by a number of authors have found that the total 
number of fibroblasts and their proliferative capacity in the dermis 
of the skin of an adult are relatively small and progressively 
decrease with age.(23) Introduction to the primary wound of a 
sufficient number of active fibroblasts—which naturally require 
up to 3-4 days for migration, proliferation and transformation 
to start the formation of granulation tissue—reduces the healing 
time and changes the characteristics of the scar for the better. We 
found that within 30 days after surgery, the area of   the wound and 
scar during transplantation of XDFs decreased by 67.69%, while 
without fibroblast transplantation, the area decreased by only 
50.0%. In addition, 71.43% of patients in Group 1 (versus 41.67% 
of patients in the control group) had thin soft normotrophic scars, 
in which the microcirculation was restored by thermography, 
indistinguishable from the surrounding skin and the skin of 
symmetrical areas of the face and neck.

The informativeness of the color thermographic method 
is recognized by many authors, since it reliably reflects the 

dynamics of the wound process, which makes it possible to 
judge the nature of metabolic shifts at any stage of wound 
healing.(24,25) Such a study did not require special equipment 
or wasted time, and did not harm patients, did not violate 
the physiological processes in their body and did not cause 
inconvenience. It attracted attention to the elevated temperature 
around the periphery of medium-wide and wide scars that 
remained in control group patients on Day 30, indicating a 
weak inflammatory response. In this case, patients were 
advised to continue monitoring with the attending physician.

Conclusion
The analysis of the parameters of the young scar 

formation on Day 30 after the operation makes it possible to 
state that the introduction of cell culture of XDFs in the wound 
edges has a positive effect on the healing rate of surgical 
wounds, decreases the inflammatory response and contributes 
to the development of a distinctively positive scar in terms of its 
quality and functional characteristics. By Day 30, the primary 
surgical wound area was reduced by 67.69%, and 71.43% of 
patients had soft and thin aesthetic scars with microcirculation 
that were not distinguishable from the surrounding skin and 
the skin of symmetrical areas of the face or neck. In patients of 
the control group, without fibroblast transplantation, the area 
decreased by only 50.0% and aesthetic scars were formed only 
in 41.67% of cases. In 16.67% of patients, the presence of 
wide, dense, cold (due to weak vascularization) hypotrophic 
scars was noted. Hyperthermia persists around these scars, 
indicating a weak inflammatory response.

Thus, the use of a cell culture suspension of XDFs in 
the treatment of postoperative surgical wounds opens up new 
real possibilities for reducing the incidence of inflammatory 
reactions, stimulates healing processes and contributes to the 
development of more functionally and aesthetically acceptable 
scars on the face and neck.
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Abstract
The aim of our study was to analyze early postoperative complications in patients with colon cancer complicated by acute 

malignant bowel obstruction (AMBO).
We analyzed surgical outcomes in 90 patients aged 48 years and over (both sexes) with AMBO, who underwent surgical 

treatment. The results of the study showed that 30 (33.3%) of the 90 patients studied had postoperative complications, of which 6 
(6.7%) had two or more combined complications; the mortality rate was 3.3%. The most frequent complications were postoperative 
suppuration (15.6%) and suppuration of the paracolostomy wound (18.9%). In our opinion, a significant number of postoperative 
complications are associated with the advanced age of patients (mean age of 65.3±9.8 years), comorbidity in 96.7% of patients, 
and late diagnosis of colon cancer (stage IV in 25.6% of patients). Development and implementation of more advanced methods 
of colostomy formation, algorithms for predicting and preventing postoperative complications in patients with AMBO will help 
reduce the occurrence of complications. (International Journal of Biomedicine. 2019;9(3):257-259.)

Key Words: colon cancer • acute malignant bowel obstruction • postoperative complications

Introduction
Currently, in the Russian Federation the number of 

patients with acute intestinal obstruction is 5 people per 
100,000 of population.(1-3)  In the United States of America, 
more than 100,000 patients a year undergo ileo or colostomy 
for diseases of the large intestine.(4-6) In most cases, the cause 
of acute intestinal obstruction is cancer of the descending 
colon and rectum.(1,3,7,8) Up to 30% of newly diagnosed colon 
cancers present with acute intestinal obstruction, particularly 
in the case of left-sided tumors.(9) The leading method of 
treatment for acute malignant bowel obstruction (AMBO) is 
surgery.(1,7,,10) 

Studies involving a series of surgical cases of malignant 
bowel obstruction have shown a 30-day mortality of 25% 
(9%–40%), postsurgical morbidity of 50% (9%–90%), a rate of 
reobstruction of 48% (39%–57%), and a median survival of 7 
months (2–12 months).(11) Age, advanced disease, malnutrition, 

and deterioration in the general status are considered factors of 
poor prognosis even in cases where surgery may technically be 
possible.(12,13) 

According to data in the literature, the failure of the colonic 
anastomosis is one of the frequent and formidable postoperative 
complications, leading to death, recurrence of the disease and 
shorter life expectancy.(1-3,7,8) To prevent this complication 
and eliminate the load on the colonic anastomosis, colostomy 
is performed. Currently, most foreign (4-6) and domestic (1-3,7,8) 
clinical recommendations recommend imposing a temporary 
colostomy during resection of the large intestine due to AMBO.

The possible complications of a colostomy are skin 
maceration, suppuration of postoperative and paracolostomy 
wounds, colostomy necrosis, abscess of the abdominal cavity, 
paracolostomy fistulas, colostomy prolapse, parasthomal 
hernia, etc.(1-3,7,8) The incidence rate of the above complications 
ranges from 1% to 50%.(1-3,7,8) Violations of the surgical 
technique, the presence of severe concomitant pathology, and 
reduced immunity in patients with AMBO are leading factors 
in the occurrence of paracolostomy complications.(2,3,6-8) 

The aim of our study was to analyze early postoperative 
complications in patients with colon cancer complicated by 
AMBO.
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Materials and Methods
We analyzed surgical outcomes in 90 patients aged 48 

years and over (both sexes) with AMBO, who underwent surgical 
treatment in Ulyanovsk Regional Clinical Center for Specialized 
Types of Medical Aid in the period from 2010 to 2017.

The study was conducted in accordance with ethical 
principles of the Declaration of Helsinki and approved by 
the by Ethics Committees at our institutions. All patients 
underwent general clinical and laboratory, radiographic, 
endoscopic, ultrasound, histological methods of investigation; 
whenever required, echocardiographic study was carried out. 

Table 1 demonstrates that the sigmoid colon was the most 
frequent location of occlusive tumors in both men (59.6%) and 
women (69.8%). Patients were operated on at stages III and 
IV of the tumor process (74.4% and 25.6%, respectively). The 
average age of the studied patients was 65.3±9.8 years. In all 
patients, histological examination revealed adenocarcinoma 
of different degrees of differentiation. Regional metastases 
were detected in 30% of patients, distant metastases in 12.2%. 
Complicated diseases were revealed in 87 (96.7%) patients: 
multifocal atherosclerosis, ischemic heart disease, critical 
limb ischemia, chronic obstructive pulmonary disease, chronic 
hepatitis, cirrhosis of the liver, gallstone disease, urolithiasis, 
chronic pyelonephritis.n

All patients underwent radical and palliative surgery 
for appropriate indications, with the imposition of colostomy. 
In the postoperative period, anesthesia, infusion therapy, 
antibiotic therapy, ligation, nonspecific and specific prevention 
of thromboembolic complications (bandaging of the lower 
limbs, early activation, fraxiparin) were performed.

Statistical analysis was performed using the statistical 
software «Statistica». (v6.0, StatSoft, USA). All values are 
presented as mean±SEM). The inter-group comparisons 
were performed using Student’s t-test. A probability value of 
P<0.05 was considered statistically significant.

Results and Discussion
The results of the study showed that 30 (33.3%) of the 

90 patients studied had postoperative complications (Table 2), 

of which 6 (6.7%) had two or more combined complications; 
the mortality rate was 3.3%. The most frequent complications 
were postoperative suppuration (15.6%) and suppuration 
of the paracolostomy wound (18.9%). Five to six days after 
surgery, patients experienced failed anastomosis, peritonitis, 
abscess of the abdominal cavity, and necrosis of the 
colostomy. All patients with these postoperative complications 
underwent repeated operations (obstructive resections of the 
large intestine, rehabilitation, and drainage of the abdominal 
cavity). The average length of hospital stay was 22±4.1 days.

In our opinion, a significant number of postoperative 
complications are associated with the advanced age of 
patients (mean age of 65.3±9.8 years), comorbidity in 96.7% 
of patients, and late diagnosis of colon cancer (stage IV in 
25.6% of patients).

Development and implementation of more advanced 
methods of colostomy formation, algorithms for predicting 
and preventing postoperative complications in patients with 
AMBO will help reduce the occurrence of complications.

Conclusion
In patients with colon cancer complicated by AMBO, 

the most frequent complications are postoperative suppuration 
(15.6%) and suppuration of the paracolostomy wound 
(18.9%), which require implementation of more advanced 
methods of colostomy formation, algorithms for predicting 
and preventing postoperative complications. 
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Table 1.
Characteristics of colorectal cancer

Men 
(n=47)

Women
 (n=43)

Total
(n=90)

Tumor location
   -transverse colon
   -the left side of 
   the  transverse colon
   -sigmoid colon
   -rectum

n % n % n %

5
7

28
7

10.6
14.9

59.6
14.9

1
7

30
5

2.3
16.3

69.8
11.6

6
14

58
12

6.7
15.6

64.4
13.3

Stage 

   III 
   IV 

34
13

72.3
27.7

33
10

76.7
23.3

67
23

74.4
25.6

Table 2. 
Early postoperative complications

Complications
Number of patients (n=90)

n (%) death, n (%)

Failed anastomosis 3 (3.3%) 1 (1.1%)

Peritonitis 3 (3.3%) 1 (1.1%)

Abdominal abscess 4 (4.4%) -

Colostomy necrosis 1 (1.1%) 1 (1.1%)

Postoperative suppuration 14 (15.6%) -

Suppuration of
the paracolostomy wound 17 (18.9%) -
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Abstract
The article describes the main clinical risk factors for development of VTEC and the results of treatment in the Republic 

of Sakha (Yakutia) (RS(Y)). The main risk factors for VTEC development were oncological diseases in 75 (25.5%) patients (15 
of them with newly diagnosed cancer and 60 patients on the background of chemotherapy) and trauma of the musculoskeletal 
system in 55 (18.7%) patients. In the structure of DVT of the lower limbs, an occlusion was most often (38.2%) found in the ileal-
femoral segments. PE was detected in 21 (7.1%) patients. According to the results of the study, conservative methods of DVT 
treatment slightly prevailed over surgical methods (59.7% versus 40.2%) Personalized anticoagulant therapy based on the results 
of pharmacogenetic testing for a specific patient increases the effectiveness and safety of treatment. Catheter-directed thrombolytic 
therapy for massive and submassive PE is the preferred method in the absence of contraindications for surgical hospitals. In 
patients with ascending varicotrombosis, phlebectomy combined with excision of thrombosed tributaries speeds up recovery and 
reduces the time until discharge from the hospital. (International Journal of Biomedicine. 2019;9(3):260-262.)

Key Words: deep vein thrombosis • pulmonary embolism • activated partial thromboplastin time • computerized tomography

Abbreviations
APTT, activated partial thromboplastin time; CT, computerized tomography; DVT, deep vein thrombosis; FFT, free-floating 
thrombus; IVC, inferior vena cava; PE, pulmonary embolism; VTEC, venous thromboembolic complications. 

Introduction
Venous thromboembolism is a multifactorial clinical 

disorder provoked by clinical risk factors and acquired or 
inherited predispositions to thrombosis with incidences of 
104–183 per 100,000 person-years in Caucasian patients.(1,2) 

The incidences for PE and DVT alone range from 29 to 78 and 
45 to 117, per 100,000 person-years, respectively.(3)

According to the Russian clinical guidelines for the 
diagnosis, treatment and prevention of VTEC, the basis 
of the treatment tactics is angioagulant therapy, which is 
recommended for all patients with DVT in the absence of 
contraindications, regardless of the possibility of surgical or 
endovascular intervention on the main veins.(4,5) Despite the 
introduction into clinical practice of new methods and drugs 
to improve the accuracy of diagnosis and effectiveness of 
VTEC treatment, PE remains one of the leading causes of 
death in economically developed countries and the Russian 
Federation.(6-8) 

The aim of the study was to improve the results of 
treatment of patients with VTEC in RS(Y). 
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Materials and Methods
The research group included 293 patients with VTEC 

who were treated in the First Surgical Department of the 
Republican Hospital №2 (the Center for Emergency Medical 
Care) in the period 2016-2018. To determine the tactics of 
treatment, for all patients the following examinations were 
conducted: clinical examination, ECG, clinical tests, D-dimer, 
coagulogram, fibrogastroduodenoscopy, and color duplex 
scanning of deep veins of the lower limbs; if the information 
from duplex scanning was insufficient, we performed 
selective cavography. To confirm the diagnosis of PE, we 
performed echocardiography, X-ray computed tomography 
of the thoracic organs, and angiopulmonography. To identify 
blood flow disorders, rheological indicators of plasma were 
determined. 

Results
In our study, the main risk factors for VTEC development 

were oncological diseases in 75 (25.5%) patients (15 of them 
with newly diagnosed cancer and 60 patients on the background 
of chemotherapy) and trauma of the musculoskeletal system in 55 
(18.7%) patients. Long-term immobility (strokes, craniocerebral 
injuries) was found in 48 (16.3%) patients and hormone therapy 
(replacement or contraceptive) in 20 (6.8%) patients. In 30 (10.2%) 
cases, VTEC were diagnosed during pregnancy. In 26 (8.8%) 
observations, the reason for VTEC could not be determined. 
Various forms of coronary heart disease, complicated by chronic 
heart failure in the stage of decompensation, were revealed in 15 
(5.1%) patients and catheter associated jugular vein thrombosis – 
in 5 (1.7%) patients. Lower limb varicose disease was detected in 
19 (6.4%) patients (Fig.1).

In the structure of DVT of the lower limbs, an occlusion 
was most often (38.2%) found in the ileal-femoral segments, and 
in 11 (3.7%) cases the lesion was bilateral. Thrombotic lesions 
in the popliteal–femoral venous segment, in the popliteal tibia 
segment, and in the internal jugular vein were found in 80 (27.3%), 
50 (17.0%) and 5 (1.7%) cases, respectively; thrombosis of the 
infrarenal inferior vena cava with inferior vena cava syndrome 
was identified in 14 (4.7%) cases. PE was detected in 21 (7.1%) 
patients (Fig.2). 

A retrospective analysis showed that there was a 
significant increase in patients with VTEC during the research 
period: the number of patients was 87 in 2016, 99 in 2017, and 
107 in 2018. Hospital mortality from PE in the study group of 
patients was 1.5% (5 cases) (Fig.3).

The treatment tactics for patients with DVT of upper 
and lower limbs are identical. Starting therapy (parenteral 
administration of therapeutic doses of anticoagulants) begins 
with a reasonable suspicion of DVT development until the 
diagnosis is confirmed instrumental. We used the following 
anticoagulant therapy scheme for all patients: heparin was 
administered intravenously, 10,000 units at admission; 
further, depending on body weight 500 units/kg per day 
were administered subcutaneously every 8 hours under the 
control of APTT, which, prior to the initiation of anticoagulant 
therapy, should be 1.5-2 times higher than normal values. 
Gastro-and hepatoprotectors were simultaneously prescribed 
for the period of treatment with anticoagulants. Further, 
on the seventh day, with the reduction heparin doses, we 
simultaneously administrated an oral anticoagulant for up to 
2 days. Since 2017, when choosing oral anticoagulants we 
use personalized anticoagulant therapy based on the results 
of pharmacogenetic testing for a particular patient (Warfarin, 
Pradaxa, Xarelto), which increases the efficiency and safety 
of patient treatment.(7) Reducing edema and softening of the 
muscles of the lower or upper extremities, as well as the initial 
or complete recanalization of thrombosed veins on ultrasound 
scans and improved coagulation by the end of 14 days of 
anticoagulant therapy, were regarded as positive results of 
anticoagulant therapy. The duration of oral anticoagulant 
intake on an outpatient basis can last from 3 to 6 months. It 
is also necessary to use lower extremity compression therapy

Figure 1.

Figure 2.

Figure  3.
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In 10 cases, with the threat of detachment of FFT 
with a length of 4 cm or more, we used the installation of 
a permanent IVC filter. A temporary cava filter was installed 
in 71 patients and was removed 14-30 days after installation. 
A permanent IVC filter was installed in 27 cases, taking into 
account the severity of the underlying disease and the age of 
the patient. Numerous studies show encouraging results in the 
treatment of acute DVT with regional catheter thrombolysis.
(4,5,9) Satisfactory results of treatment are noted in 75%-
90% of observations.(6,7,9) In our research, after conducting 
regional catheter thrombolysis, the quality of life of patients 
was higher than in the group of patients who received only 
anticoagulant therapy. Catheter-directed thrombolytic therapy 
for massive and submassive PE was performed in 12 patients 
with positive dynamics of treatment. In cases of the ascending 
varicotromboses, active surgical tactics were applied in the 
volumes of crosssectomy(8) or combined phlebectomy with 
excision of thrombosed tributaries in 35 patients. All patients 
were discharged with recovery on the seventh day after the 
surgery. According to the results of the study, conservative 
methods of DVT treatment slightly prevailed over surgical 
methods (59.7% versus 40.2%) (Fig. 4).

In conclusion:
1. According to the results of this study, the leading factors 
contributing to the development of VTEC in RS(Y) are 
oncological diseases, trauma of the musculoskeletal system, 
prolonged immobility (strokes, craniocerebral injuries), 
pregnancy, contraception, and various forms of coronary heart 
disease.
2. A sharp increase in the number of patients with VTEC 
for the period 2016 - 2018 is recorded, which is seriously 
alarming.
3. The treatment tactic for DVT is based on anticoagulant 
therapy, which is indicated for all patients in the absence of 
contraindications, regardless of the possibility of surgical or 
endovascular intervention on the main veins.
4. Personalized anticoagulant therapy based on the results 
of pharmacogenetic testing for a specific patient increases the 
effectiveness and safety of treatment.

5. The installation of a permanent IVC filter in the threat 
of detachment of FFT with a length of 4 cm or more remains 
relevant in surgical hospitals.
6. Catheter-directed thrombolytic therapy for massive and 
submassive PE is the preferred method in the absence of 
contraindications for surgical hospitals.
7. In patients with ascending varicotrombosis, phlebectomy 
combined with excision of thrombosed tributaries speeds 
up recovery and reduces the time until discharge from the 
hospital.
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Abstract 
The article analyzes childhood cancer mortality in the Republic of Sakha (Yakutia) (RS(Y)) for 2000-2015 according to 

official medical statistics.(International Journal of Biomedicine. 2019;9(3):263-265.)
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Introduction
Each year, more than 300,000 children, ages birth 

to 19 years, are diagnosed with cancer worldwide.(1) Of the 
approximately 4,000 children registered as having cancer in 
the Russian Federation annually, around 3,200 will survive. 
Overall pediatric cancer survival rates in the Russian 
Federation have risen from around 10% in the early 1990s to 
around 80% today.(2) One of the reasons for that improvement 
is the increased prioritization of pediatric cancer in the 
mid-2000s. However, despite significant progress in child 
oncology, malignant neoplasms (MNP) are the second most 
common cause (5.9%) of children’s death after injuries and 
poisoning (73.6%).(3-5)

Materials and Methods
We analyzed the childhood cancer mortality the Republic 

of Sakha (Yakutia) (RS(Y)) for 2000-2015 according to official 
medical statistics. The sources of information were the data from 
the Territorial Office of the Federal State Statistics Service (Rosstat) 
in RS(Y) and medical certificates of death (Form 106/y-02).

Results
According to the Territorial Office of the Federal State 

Statistics Service, in the regional ranking of the Far Eastern 
Federal District (FEFD), RS(Y) had the highest birth rate and 
rate of natural increase, and the lowest mortality rate (MR) at 
the end of 2015. In 2015, the proportion of children aged 0-14 
years in the total republic population amounted to 23.1%. The 
proportion of adolescents from 15-17 years amounted to 4.0%. 
As of January 1, 2016, there were 258,222 children under the 
age of 17 years (versus 309,516 in 2000): 151,544 in urban 
areas and 106,678 in rural areas.

In 2015, the overall MR was consistently lower than in 
the Russian Federation and FEFD: 8.5‰, 13.0‰ and 12.6‰, 
respectively. The infant MR, in dynamics since 2010, has 
tended to decrease: 1.4 ‰, in 2010 and 1.0 ‰ in 2015 (Table 1). 

*Corresponding author: Tatiana E. Burtseva, PhD, ScD.  M.K. 
Ammosov North-Eastern Federal University, Yakutsk, the Republic 
of Sakha (Yakutia), the Russian Federation. E-mail: bourtsevat@
yandex.ru

Table 1.
Child mortality rate in RS(Y)

2000 2005 2010 2015
Total mortality rate 
(per 1,000 people) 9.7 10.2 9.8 8.5

Total number of deaths of chil-
dren
aged 0-17 years

432 352 267 249

The average annual number 
of children aged 0-17 years 308,516 268,921251,633 259,601

Infant MR per 1,000 child popul.
(per average annual number) 1.4 1.3 1.1 1.0
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In the structure of causes of mortality of children aged 
between 0 and 17 years (Table 2), injuries and poisoning 
(46.4% in 2000 and 36.5% in 2015) ranked in the first place, 
perinatal causes - second place (16.5% in 2000 and 24.1% in 
2015), and congenital malformations - third place (11.2% in 
2000 and 12.0% in 2015). 

In the dynamics, cancer-related deaths in children and 
adolescents have tended to decrease (3.7% in 2000 and 2.0% 
in 2015) and more significantly since 2010 (17.2 per 100,000 
population in 2010 and 8.8 per 100,000 population in 2015) 
(Table 3). According to the data obtained, more boys die 
from MNP (21.0 per 100,000 population in 2010 and 13.1 per 
100,000 population in 2015) than do girls (13.4  per 100,000 
population in 2010 and 3.8 per 100,000 population in 2015); 
however, mortality rates for boys and girls do not correlate 
with morbidity rates. This discrepancy requires in-depth 
medical and statistical research.

In the structure of the annual mortality, hemoblastosis 
occupies the first place; however, there has been a decrease in 
the annual mortality since 2010 (6.3 per 100,000 population in 
2001-2005, 4.7 per 100,000 population in 2006-2010 and 5.7 
per 100,000 population in 2011-2015) (Table 4). 

In the gender aspect, the MR was higher among boys 
(7.5 per 100,000 population in 2001-2005, 5.3 per 100,000 
population in 2006-2010 and 4.5 per 100,000 population in 
2011-2015) than among girls (5.1 per 100,000 population in 
2001-2005, 3.5 per 100,000 population in 2006-2010 and 1.2 
per 100,000 population in 2011-2015). MR among children 
with central nervous system tumors (second place in the 

structure of the annual mortality), in dynamics and gender 
aspects and characterized by similar features, is presented in 
Table 5.

Table 2.
In the structure of causes of mortality of children aged between 0 and 17 years in RS(Y)

Causes of death 
2010 2011 2012 2013 2014 2015

Abs (n) % Abs (n) % Abs (n) % Abs (n) % Abs (n) % Abs (n) %

Total 267 100 233 100 303 100 294 100 279 100 249 100

Perinatal causes 44 16.5 40 17.2 79 26.1 93 31.6 78 28 60 24.1

Congenital malformations 30 11.2 42 18 60 19.8 34 11.6 40 14.3 30 12

Respiratory diseases 21 7.9 11 4.7 13 4.3 16 5.4 22 8 20 8

Infectious diseases 12 4.5 3 1.3 5 1.7 5 1.7 1 0.4 8 3.2

Neoplasms 10 3.7 8 3.4 3 1.0 6 2.0 4 1.4 5 2.0

Nervous system diseases 6 2.2 5 2.1 8 2.6 11 3.7 12 4.3 13 5.2

Blood diseases and immune
system disorders 1 0.4 … … 1 0.3 … … 1 0.4 … …

Endocrine system diseases 1 0.4 3 1.3 2 0.7 1 0.3 3 1.1 4 1.6

Circulatory system diseases 3 1.1 6 2.6 8 2.6 8 2.7 10 3.6 7 2.8

Digestive system diseases 1 0.4 2 0.9 3 1 1 0.3 3 1.1 3 1.2

Genitourinary diseases … … … … 1 0.3 1 0.3 … … … …

musculoskeletal system diseases 1 0.4 … … 1 0.3 1 0.3 2 0.7 … …

Injuries and poisonings 124 46.4 104 44.6 106 35 97 32.9 95 34.1 91 36.5

Sudden death syndrome 9 3.4 8 3.4 11 3.6 20 6.8 8 2.9 8 3.2

Table 3.
Dynamics of cancer-related deaths in children and adolescents 
(per 100,000 population of the corresponding age) in RS(Y) (6.7)

Age 2001-2005 2006-2010 2011-2015
0-4 3.0 3.1 2.0
5-9 4.2 2.8 0.6
10-14 5.4 2.6 3.1
15-19 4.6 4.3 3.1
Total 17.2 12.8 8.8

Boys
0-4 4.1 4.4 1.1
5-9 5.5 3.6 1.8
10-14 4.8 3.9 4.3
15-19 6.6 6.5 5.9
Total 21.0 18.4 13.1

Girls
0-4 1.9 1.7 …
5-9 2.9 1.9 …
10-14 6.0 1.2 1.9
15-19 2.6 1.9 1.9
Total 13.4 6.7 3.8
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Conclusion
Thus, in the dynamics for the study period, there was 

a decrease in childhood cancer mortality. Over the past 30 
years, an improvement in MNP treatment contributed to 
increasing cancer survival and cure rates up to 80%. This 
improvement became possible through the introduction of 
modern diagnostic methods, high-intensity polychemotherapy 
programs, and improvement of the accompanying therapy. 
Modern treatment of patients with acute leukemia belongs 
to the category of the high-tech and expensive. The financial 
costs of treatment directly depend on the incidence rate and 
require constant epidemiological monitoring.(7) 
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Table 4.
Dynamics of the annual mortality of children and adolescents 
with hemoblastosis (per 100,000 population of the corresponding 
age) in RS(Y)(6,7)

Age 2001-2005 2006-2010 2011-2015
0-4 0.9 0.6 …
5-9 1.7 2.1 0.6
10-14 2.2 1.1 3.0
15-19 1.5 0.9 2.1
Total 6.3 4.7 5.7

Boys
0-4 0.6 … …
5-9 2.2 0.6 0.6
10-14 2.6 3.0 2.4
15-19 2.1 1.7 1.5
Total 7.5 5.3 4.5

Girls
0-4 1.2 0.6 …
5-9 1.2 1.3 …
10-14 1.8 0.6 0.6
15-19 0.9 1.0 0.6
Total 5.1 3.5 1.2

Table 5.
Dynamics of the annual mortality of children and adolescents 
with central nervous system tumors (per 100,000 population of the 
corresponding age) in RS(Y)(6,7)

Age 2001-2005 2006-2010 2011-2015
0-4 1.5 1.4 …
5-9 1.1 0.3 0.2
10-14 1.6 1.1 0.6
15-19 0.8 0.2 0.9
Total 5.0 3.0 1.7

Boys
0-4 … 2.2 0.6
5-9 1.7 0.6 …
10-14 0.9 2.2 0.6
15-19 1.2 0.5 1.0
Total 3.8 5.5 2.2

Girls
0-4 0.6 0.6 …
5-9 0.6 … …
10-14 2.3 … 0.6
15-19 0.4 … 0.6
Total 3.9 0.6 1.2
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Abstract
Background: The spread of sexually transmitted infections (STIs) among the population of the Russian Federation, as 

well as throughout the world, today remains an urgent problem for health care in general and for doctors of various specialties. 
The importance of the problem of STIs is caused not only by their distribution, but also by the adverse consequences in the 
form of severe complications, such as infertility, pathology of pregnancy and childbirth. The purpose of this study was to justify 
and develop medical and social health measures aimed at improving the health indicators of young STI patients based on a 
comprehensive socio-hygienic study of their health status and lifestyle, according to information from the Yakut Republican 
Dermato-Venerologic Dispensary.

Materials and Methods: In order to obtain representative results in the study of health status, socio-hygienic characteristics 
of lifestyle, and organization of medical care under supervision, 485 patients with STIs, aged between 18 and 29 years, were 
included in the main group. To determine the factors contributing to the occurrence of STIs among the population, the control 
group (n=415) of healthy people was formed.

Results: The results obtained lead to the conclusion that the main age group at risk for STIs is the 25-29 group. Patients with 
chronic forms of STIs are more likely to have complications in the form of various inflammatory diseases of the urogenital sphere. 
Marital status is characterized by the absence of strong marital relations the majority of STI patients had multiple and casual sex. 
Among this cohort of patients, alcohol consumption was more often recorded. The incidence of young STI patients was influenced 
by unfavorable socio-hygienic lifestyle factors, among which the most significant were low medical behavior (irregular visits to 
doctors and implementation of their recommendations), poor family relationships (conflicts with relatives), bad habits (alcohol 
abuse, drug addiction), and low awareness of STI prevention.

Conclusion: Successful recovery of health is largely determined by the implementation of rehabilitation measures. Medical 
and social rehabilitation of STI patients should be based on medical, social and psychological measures. (International Journal of 
Biomedicine. 2019;9(3):266-268.)

Key Words: sexually transmitted infections • youth • sexual behavior • awareness • morbidity • prevention

Introduction
The spread of sexually transmitted infections (STIs) 

among the population of the Russian Federation, as well as 
throughout the world, today remains an urgent problem for 
health care in general and for doctors of various specialties. 
The importance of the problem of STIs is caused not only by 
their distribution, but also by the adverse consequences in the 
form of severe complications, such as infertility, pathology 

of pregnancy and childbirth. Violation of the reproductive 
function of citizens is one of the reasons for the decline in 
fertility, which in general can affect population growth, leading 
to a worsening of the demographic situation in the country 
as a whole.(1,2) Given the current situation, it is necessary to 
search for new approaches to organizing and improving 
medical and social care for young people with STIs, which 
requires a detailed study of their health characteristics and the 
identification of factors that currently affect the occurrence 
and adverse course of STIs.(3,4) 

The purpose of this study was to justify and develop 
medical and social health measures aimed at improving 
the health indicators of young STI patients based on a 
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comprehensive socio-hygienic study of their health status and 
lifestyle, according to information from the Yakut Republican 
Dermato-Venerologic Dispensary.

Materials and Methods
In order to obtain representative results in the study 

of health status, socio-hygienic characteristics of lifestyle, 
and organization of medical care under supervision, 485 
patients with STIs, aged between 18 and 29 years, were 
included in the main group (MG). To determine the factors 
contributing to the occurrence of STIs among the population, 
the control group (CG) (n=415) of healthy people was formed. 
Statistical analysis was performed using SPSS (version 19.0). 
Baseline characteristics were summarized as frequencies and 
percentages for categorical variables. Group comparisons 
with respect to categorical variables were performed using the 
Chi square test. A probability value of P<0.05 was considered 
statistically significant.

Results and Discussion
The results of a study of the incidence of sexually 

transmitted diseases among young patients with STIs showed 
that trichomoniasis accounts for the bulk of the structure of 
STIs (40.1%). Next was gonorrhea (up to 24.1%), followed by 
syphilis (18.5%), chlamydia (10.9%), anogenital warts (4.1%), 
and urogenital herpes (2.3%). This structure was significantly 
different among men and women. Thus, among men, the 
leading diseases were gonorrhea (69.3%,), anogenital warts 
(65%), and chlamydial infection (60.3%). Among women, the 
majority of cases of STIs belonged to trichomoniasis (84.1%).

The structure of morbidity differed among persons of 
different ages. In the age group of 18-20 years, the proportion 
of gonorrhea and anogenital warts was highest. The proportion 
of syphilis and urogenital herpes was maximal at the age of 21-
24, trichomoniasis and chlamydial infection - at 25-29 years.

The highest rate of syphilis among men occurred in the 
age groups 18-20 years and 21-24 years, of gonorrhea - among 
men in all age groups, chlamydial infection in the 18-20 group 
(P<0.05), urogenital herpes in the 25-29 group (P <0.05), and 
anogenital warts in the 18-20 group (P<0.05). Among women 
of all age groups, the rate of patients with trichomoniasis was 
5.3 times higher (P<0.05) than among men (84.1% vs. 15.9%).

The main age group at risk is the age of 25-29 years, 
which accounts for the majority of STI patients (42.5%). More 
than half of the patients in this age group had trichomoniasis 
and chlamydial infection. In the second place in the structure 
of the diseased were persons aged between 21and 24 years 
(36.3%), where syphilis and genital herpes predominate. The 
third place belongs to the age group of 18-20 years (21.2%); 
a significant percentage of patients in this age group had 
gonorrhea and anogenital warts.

The study revealed the presence of complications, 
depending on the course of STIs. In patients with chronic 
forms of STIs with a longer course of the disease, compared 
with patients with acute forms of STIs, there were 8.1 times 
(P<0.05) more frequent complications in the form of various 

inflammatory diseases of the urogenital sphere (39.6% vs. 
4.9%) and 13 times more frequent extragenital lesions (joint 
damage in the form of gonorrheal and chlamydial arthritis) 
(15.6% vs. 1.2%, P<0.05).

The study of the socio-hygienic characteristics of STI 
patients of young working age revealed that persons aged 25-
29 years (42.5%)  make up a large part; the second and third 
ranking places (36.3% and 21.2%) belong to the age groups 
21-24 and 18-20 years, respectively.

Among patients of MG, compared to CG, there was 
a prevalence of secondary special education: 18.3% had a 
secondary education, and 9.4% had higher education; students 
of secondary special and higher educational institutions 
made up 17.6%. In CG, 34.5% had higher education, 37.9% 
had secondary special and higher education, and 2.9% had 
secondary education. 

The marital status in MG was characterized by the 
absence of strong and stable marital relations. Only 12.8% of 
patients were married, which was 3.2 times lower than in CG 
(41.4%), 14.7% indicated that they were in a civil marriage 
versus 2.1% in CG, and 11.4% were divorced. Single, never 
married, in both groups were distributed almost equally: 
61.1% and 56.5%, respectively.

In MG, drug use was more commonly reported. Thus, 
in MG, compared to CG, alcohol abusers were 23.6% versus 
1.3% (P<0.05). The largest percentage of the first use of 
alcoholic beverages in MG falls in the age period of 9-11 years 
(17-20 years in CG). About 23.6% of persons drank alcohol 
almost every day, 58.8% once a week, and 17.6% on holidays. 
In CG: every day -1.3%,  once a week - 33.5%, on holidays - 
39.2%, 2-3 times a year - 9%, do not use at all - 17%. Alcohol 
consumption was most often observed at the age of 24-29 
years (57.9% in MG and 56.6% in CG). In MG, 4.2% of 
patients were registered in the narcological dispensary; there 
were none in CG.

According to the results of a questionnaire survey, in 
MG narcotic substances were regularly consumed 10.5 times 
more often (P<0.05) than in CG (16.8% vs. 1.6%). Of these, 
smoking with a content of narcotic substances took the first 
place (51.6%), then came the use of tableted drugs (39.4%) 
and injected drugs (9%). The first use of the drug in 81.4% 
patients was noted at the age of 17-18 years (the main motive 
was curiosity in 73.1% cases).

Analysis of sexual behavior and individual attitudes 
among STI patients showed that 68.3% had the first sexual 
contact at age of 15–17 years versus 18.3% in CG. During the 
last six months, only 39.6% patients in MG had one sexual 
partner vs. 74.8% persons in CG. The majority (60.4%) of STI 
patients had multiple (3 and more) and casual sexual contacts. 

The study of value judgments regarding possible sexual 
practices showed that in the main group, 42.4% would have 
allowed themselves random relationships, in the control group 
38.8%; premarital relations in MG - 57.6% and  in CG - 62%; 
extramarital relations in MG - 78%, in CG - 47.6%.  

The study of awareness of STI prevention showed that the 
main source of information in both groups was conversations 
with peers (50.4% in MG and 44.4% in CG), followed by 
popular literature (20.4% and 32.4%, respectively), and 
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only 18.4% and 15.6% received information from doctors. 
Considering the sources of the information received, which 
were the peers and the “yellow press,” suggests that the 
information obtained was superficial and not specific.

Conclusion
The results obtained lead to the conclusion that the main 

age group at risk for STIs is the 25-29 group. Patients with 
chronic forms of STIs are more likely to have complications 
in the form of various inflammatory diseases of the urogenital 
sphere. Marital status is characterized by the absence of strong 
marital relations the majority of STI patients had multiple and 
casual sex. Among this cohort of patients, alcohol consumption 
was more often recorded.

The incidence of young STI patients was influenced by 
unfavorable socio-hygienic lifestyle factors, among which the 
most significant were low medical behavior (irregular visits 
to doctors and implementation of their recommendations), 
poor family relationships (conflicts with relatives), bad habits 
(alcohol abuse, drug addiction), and low awareness of STI 
prevention.

Successful recovery of health is largely determined 
by the implementation of rehabilitation measures. Medical 
and social rehabilitation of STI patients should be based 
on medical, social and psychological measures. The basis 
of social rehabilitation is the introduction of elements of a 
healthy lifestyle, which is currently the most relevant and 

effective of the preventive measures that should be actively 
used by STI patients to correct, strengthen and restore health. 
The implementation of this direction should be based on 
increasing the level of medical literacy and giving up bad 
habits. The crucial point in implementing a healthy lifestyle 
is that patients have a responsible attitude towards their own 
health and the health of those around them.
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