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1. Introduction
According to some researchers, the functions of 

vitamin D (VD) are not limited to the control of calci-
um-phosphorus metabolism, it also affects other physio-
logical processes in the body, including modulation of 
cell growth, neuromuscular conduction, immunity and 
inflammation [1, 2]. In turn, many studies of the last de-
cade have convincingly proven that the human body with 
sufficient vitamin D (VD) not only affects the condition 
of the skeleton and muscle tissue, but also significantly 
determines the quality of disease prevention of other or-
gans and systems [3, 4].

The literature describes possible mechanisms by 
which excess adipose tissue can reduce the concentration 
of VD circulating in the blood [5, 6]. One of them is a 
sedentary lifestyle of obese patients, which leads to a de-
crease in insolation time and reduced formation of chole-
calciferol in the skin compared to people with normal body 
weight [7, 8]. In addition, it was found that in conditions of 

excess body weight there is a deposition of 25(OH)D in 
adipose tissue and a decrease in the concentration of VD 
circulating in the serum. In addition, the catabolism of VD 
in adipose tissue increases with the formation of its inac-
tive form – 24,25-dihydroxyvitamin D [9, 10]. Finally, 
obesity leads to the development of non-alcoholic liver 
disease, which causes a decrease in the rate of synthesis 
of 25(OH)D in hepatocytes [11, 12].

In recent years, it has been established that adi-
pose tissue is an independent active endocrine organ in 
which adipokines (hormones) are formed, including 
leptin, a leading biologically active agent [13, 14]. It is 
known that in conditions of hyperleptinemia there is 
hyperinsulinemia, endothelial dysfunction, hypertro-
phy of vascular wall cells, accumulation of cholesterol 
esters in foam cells, increase in the content of acute 
phase proteins, decrease in cholesterol levels, lipopro-
teins and high activity. Important is the fact that leptin 
has a negative effect on the enzymes of the final synthe-
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sis of VD in the kidneys and peripheral, including adi-
pose tissue [17, 18]. 

Thus, modern scientific data suggest that obesity 
can reduce the formation of VD, its deposition and accel-
erated destruction in adipocytes, which can lead to a de-
crease in its bioavailability and the development of insuf-
ficiency and deficiency [19, 20]. However, it is believed 
that low VD contributes to obesity and/or prevents 
weight loss [21, 22], and waist circumference, considered 
by IDS (Immunology of Diabetes Society) as an import-
ant diagnostic criterion for metabolic syndrome and is a 
surrogate indicator of abdominal obesity, has been prov-
en by many researchers the relationship between the 
level of VD in the blood and the type of obesity [23, 24].

Given the above facts, before planning the study, 
we anticipated a possible violation of VD metabolism in 
overweight patients who planned elective surgery for 
primary ventral hernia of large and giant size. Since the 
most common cause of this pathology without prior sur-
gery on the abdominal organs in the anamnesis is the 
weakness of the muscular skeleton of the anterior abdom-
inal wall, these changes could occur in so-called sarcope-
nic obesity, when adipose tissue accumulates instead of 
muscle loss at low BMI figures.

The aim of the study was to increase the effective-
ness of treatment of patients with surgical profile with 
overweight by developing algorithms for perioperative 
intensive care for the successful implementation of the 
ERAS protocol. 

2. Materials and methods
The basis of this study is the analysis of the results of 

a comprehensive clinical-instrumental and laboratory dy-
namic examination and evaluated the effectiveness of the 
proposed method of prevention and treatment in a cohort 
prospective randomized open clinical study in 122 patients 
with surgical herniological profile for a period of 1 day to  
1 month, carrying out surgical interventions that were 
treated at the Municipal Non-Commercial Enterprise 

“City Clinical Hospital of Ambulance and Emergency Care 
named after prof. O. I. Meshchaninov” of the Kharkiv City 
Council in the period 2016–2020. Ethical aspects of the 
work were approved at a meeting of the commission on 
biomedical ethics of the Kharkiv National Medical Uni-
versity of the Ministry of Health of Ukraine (Minutes  
No. 8 of December 10, 2019). All patients signed an in-
formed consent to participate in the study.

The study was conducted by random sampling. Pa-
tients of all groups were examined before surgery in ac-
cordance with the unified clinical protocol approved by 
the Ministry of Health of Ukraine, which was adapted to 
the ERAS program. The anamnesis was carefully studied, 
in particular the postponed surgical interventions, fea-
tures of the premorbid background, concomitant diseases, 
use of drugs. The study included patients with ventral 
hernias of the anterior abdominal wall, which were deter-
mined by the classification of J. P. Chevrel and A. M. Rath 
(SWR classification) (1999).

The conditions for selecting patients for the study 
were age 18–60 years, increased BMI (25.0–29.9) lasting 

more than 10 years, the presence of primary ventral her-
nia, obtaining informed consent, the absence of severe 
metabolic and somatic acute and chronic diseases, in-
cluding number of kidney diseases, absence in the anam-
nesis of blood diseases, oncological diseases, aggravated 
heredity, alcoholism, mental disorders, allergic reactions, 
blood transfusions, use of immunocorrectors, glucocorti-
coid drugs, uniformity of examination, diagnosis and 
preoperative preparation of the patient, condition of pa-
tients on the ASA scale – II – 100 % of patients.

All patients were screened 10 days before surgery. 
The conditions for admission to the study under the con-
ditions of compliance with the inclusion criteria were a 
fence 10 days before the operation of the blood to deter-
mine the analysis for the concentration of VD.

Exclusion criteria were age 18 and over 60, consul-
tation with an endocrinologist for hyperlicemia, consul-
tation with a dietitian or family doctor about weight gain, 
daily medication for any comorbidities, the patient’s dis-
agreement with the study. In order to randomize patients, 
anesthesia and surgical treatment were taken into ac-
count, including the size of the hernia and the degree of 
degenerative changes in the abdominal wall, which can 
lead to complications. General characteristics of patients 
are given in Table 1.

Table 1
General characteristics of patients, n=122, M±σ

Indicator Value

Age, years 54.2±5.9 

Body weight, kg 91.6±8.9

Height 175.2±12.1

BMI 28.1±1.7

Duration of anesthesia, h 2.06±0.04

Duration of operation, h 2.29±0.19

The diagnosis of primary ventral abdominal hernia 
was made on the basis of medical history, clinical signs and 
instrumental examination, which included: ECG, chest  
radiography, abdominal ultrasound, computed tomogra-
phy, MRI. The distribution of patients by anatomical loca-
tion and width of the hernia gate according to the classifi-
cation of SWR (J. P. Chevrel, A. M. Rath, 1999) are 
presented in Table 2.

Patients were divided into 2 groups according to 
the principle of use in the algorithm of perioperative 
ERAS-program of additional drugs that have protective 
properties in case of sarcopenic obesity in patients.

Group II included 44 patients who were given 
7,000 IU/day of vitamin D (cholecalciferol) (“Vigantol” 
14 drops/day) 10 days before the planned surgery; under 
the conditions of determination of VD deficiency – blood 
concentration <30 ng/ml – 7000 IU/day of vitamin D 
(cholecalciferol) (“Vigantol” 14 drops/day) was pre-
scribed for therapeutic purposes for 10 days with subse-
quent transition to prophylactic doses – 1000 MO (“Vi-
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gantol” 2 drops/day) daily for a long period under the 
control of body weight and vitamin D levels in the blood. 
The frequency of use was due to the pharmacodynamics 
of the drug – it is known that the maximum concentra-
tion of 25(OH)D – VD – in serum is observed 12 hours 
after a single dose and returns to baseline after 72 hours. 
The threshold value for inclusion of the patient in the study, 
namely the level of 25(OH)D in the blood <30 ng/ml was 
determined on the basis of data from modern medical 
professional organizations [22].

Table 2
Division of patients by type of ventral hernia  
(by J. P. Chevrel and A. M. Rath (1999, SWR 

classification))

Indicator Group І, 
n=32

Group ІІ, 
n=44

Group ІІІ, 
n=46

Anatomical localization on the abdominal wall - middle (М)

М1 – above the umbilical 
cord 15 (47 %) 19 (44 %) 21 (46 %)

М2 – near the umbilical 
cord 12 (38 %) 15 (34 %) 18 (39 %)

М3 – under the umbilical 
cord 3 (9 %) 7 (15 %) 5 (11 %)

М4 – in the area of the 
xiphoid process or womb – – –

Anatomical localization on the abdominal wall – lateral (L)

L1 – hypochondrium 1 (3 %) 2 (5 %) 1 (2 %)

L2 - transverse 1 (3 %) 1 (2 %) –

L3 - iliac – – –

L4 - transversalis – – 1 (2 %)

The width of the hernia gate – (W)

W1 – 5 cm (small hernia) – – –

W2 – 5 – 10 cm (hernia of 
medium size) 6 (19 %) 9 (20 %) 8 (17 %)

W3 – 10 – 15 cm (hernia 
of large size) 21 (66 %) 27 (62 %) 32 (70 %)

W4 – more than 15 cm 
(giant hernia) 5 (15 %) 8 (18 %) 6 (15 %)

The presence and number of recurrences (R) after hernioplasty

R0 32 44 46

Group III included 46 patients who were prescribed 
7,000 IU/day of vitamin D (cholecalciferol) for treatment 
10 days and then 10 days before the planned surgery in 
terms of determining the deficiency of VD - blood concen-
tration <30 ng/ml transition to prophylactic doses –  
1000 IU daily for a long period under the control of body 
weight and vitamin D levels in the blood. Also to the IT 
algorithm patients of group III were assigned a solution of 
D-fructose-1,6-diphosphate sodium salt of hydrate intrave-
nously 150 mg/kg of ideal body weight 2 times a day at a 

rate of 10 ml per minute every night for the first 3 days of 
the postoperative period. the same input mode.

Control group I consisted of 32 patients who were 
admitted to the hospital for elective surgery for primary 
ventral hernia, all criteria coincided with patients of 
groups II and III, but did not have in the complex of 
perioperative intensive care additional drugs to promote 
the full implementation of ERAS-program. 

Prior to inclusion in the study, each patient re-
ceived informed consent, in which the control points of 
the examination were the day 10 days before surgery, the 
1st, 2nd, 3rd day of hospital stay, as well as the possibility 
of an active outpatient visit (contact by phone) for 30 days 
after surgery. At these stages, patients’ gait quality, the 
number of days spent in the hospital after surgery, and 
indicators were recorded, which, according to many re-
searchers, may hinder the timely implementation of the 
ERAS program. Thirty days after surgical treatment of 
primary ventral hernia, all subjects underwent an active 
outpatient visit (telephone call) to assess their quality of 
life on the SF-36 questionnaire.

Blood for the study in patients was taken on an 
empty stomach at 8.00 am on the appropriate day. The 
scheme included a study of clinical analysis of blood, 
blood triglycerides, high-density lipoprotein, leptin, fast-
ing glucose, endogenous insulin, inorganic phosphorus, 
parathyroid hormone. The duration of physical activity of 
patients was assessed daily – determined the average 
speed and pace, the total length of the track, which was 
overcome by patients during their hospital stay. To do 
this, each patient had an activity tracker (pedometer) 
from Joyzy (China) on his left ankle.

In addition to the absolute results of the studied 
markers, their ratio to the indicators in the control groups 
and to the average starting figures in each of the groups 
separately. The connections of these indicators with the 
influence of substances that were proposed as additional 
in groups II and III in order to prevent complications in 
the postoperative period were studied.

Given that all patients who participated in the study 
were overweight, i.e. BMI was in the range of 25.0–29.9, it 
was important to determine the type of distribution of ad-
ipose tissue, which was carried out on the index of waist 
volume (WV)/ thigh volume (TV): the gluten-femoral type 
of distribution corresponded to an index of less than 0.85; 
abdominal type of distribution - more than 0.85 (WHO, 
1997): measured WV in the supine position in the middle 
of the distance between the top of the iliac crest and the 
lower lateral edge of the ribs. BMI was calculated by the 
formula proposed by A. J. Quetelet in 1835 and approved 
by the WHO as the Kettle index: 

BMI=body weight (kg)/height2 (m2).

Visceral obesity index (VOI) – index of visceral 
adipose tissue function and insulin sensitivity, was deter-
mined by the formula: 

Men: VOI=(WV/39.68+
+(1.88∙BMI))∙(TG/1.03)∙(1.31/ HDL);
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Women: VOI=(WV/39.58+
+(1.89∙BMI))∙(TG/0.81)∙(1.52/HDL).

VOI=1 for healthy patients with normal BMI, adi-
pose tissue distribution, high-density lipoprotein (HDL) 
cholesterol and triglycerides (TG); age norms: VOI:  
<30 years – 2.52; 30–42 years – 2.23; 42–52 years – 1.92; 
52–66 years – 1.93; >66 years – 2.0.

To determine the changes in the body that accom-
pany the increased amount of visceral adipose tissue, 
determined the level of triglycerides (TG), high-density 
lipoprotein (HDL), leptin, fasting glucose, endogenous 
insulin, calculated HOMA index (insulin resistance (IR)).

The study of TG and HDL concentration was per-
formed by colorimetric photometric method on an auto-
matic biochemical analyzer COBAS INTEGRA 400/ 
700/800 (Germany). The level of leptin was determined 
by enzyme-linked immunosorbent assay using test sys-
tems “Leptin ELISA” Diagnistics Biochem, Canada, 
reference interval (RI) – women 3.7–11.1 ng/ml, men 
2.0–5.6 ng/ml; the concentration of endogenous insulin 
was determined by enzyme-linked immunosorbent assay 
using test systems “EIA-2935 ELISA”, DRG, Germany; 
fasting glucose levels were determined by the hexokinase 
method; IR level assessment was performed using a ho-
meostasis model assessment model, 

HOMA=EI (μIU/ml)×GN (mmol/l)/22.5, RI>2.86. 

The content of VD (25(OH)D) in the blood was per-
formed by immunochemiluminescence method on the ana-
lyzer Abbott Architect 8000, USA, RI rate – more than  
30 ng/ml, insufficiency – 20–30 ng/ml, deficiency – less 
than 20 ng/ml. Parathyroid hormone level (PTH) in the 
blood was determined by immunochemiluminescence us-
ing a Liaison analyzer (DiaSorin, Italy), RI 15.0–65.0 pg/ml.

Methods of parametric statistics were used to pro-
cess the obtained data (Glanz S., 1999). Statistical pro-
cessing of data entered in Excel spreadsheets was per-
formed. The significance of the obtained data was 
checked using Student’s t-test (for n<100) at a given level 
of reliability p=0.95. To be able to use the Student’s t test, 
the Fischer-Snedecor test was calculated – the ratio of the 
larger variance to the smaller. All mathematical opera-
tions and graphical constructions were performed using 
the software packages “Microsoft Office XP”: “Micro-
soft XP Home” and “Microsoft Excel XP” on a personal 
computer. 

3. Research results
Before planning the study, we anticipated a possi-

ble violation of VD metabolism in overweight patients 
who were scheduled for planned surgery for primary 
ventral hernia of large and giant size. Since the most 
common cause of this pathology without prior surgery on 
the abdominal organs in the anamnesis is the weakness 
of the muscular skeleton of the anterior abdominal wall, 
these changes could occur in so-called sarcopenic obesi-
ty, when adipose tissue accumulates instead of muscle 
loss at low BMI figures. Therefore, to determine the type 

of adipose tissue distribution in all patients, we deter-
mined before surgery VOI, which was in our study as a 
leading screening marker due to the ability to determine 
a certain advantage of visceral fat over subcutaneous. 
The vast majority of overweight patients who underwent 
preoperative screening to determine the type of adipose 
tissue distribution had elevated VOI. Thus, in group I 
glute-femoral type of distribution was in 2 (6 %), abdom-
inal – in 30 (94 %), in group – II gluteo-femoral type of 
distribution was in 3 (7 %), abdominal – in 41 (93 %), in 
group III – gluteo-femoral type of distribution was in 3 
(7 %), abdominal – in 43 (93 %) patients, respectively. 
Thus, it can be argued that, despite being overweight and 
having a BMI range of 28.1±1.7, more than 90 % of sub-
jects had an abdominal type of fat distribution, with 
VOIs in each group indicating obesity.

Taking into account the obtained data, as well as 
the direct proportional dependence of leptin content in 
the blood on the amount of adipose tissue, it was import-
ant to determine its blood level in patients of groups I, II 
and III at the screening stage, as well as at 1st, 2nd and 
3rd day of stay in the hospital.

First, we determined the starting level of leptin, 
which was carried out 10 days before surgery. Thus, in 
patients of group I its concentration was 33.4±6.2 ng/ml, 
groups II and III 34.7±8.1 ng/ml and 33.9±5.3 ng/ml, re-
spectively. In this case, given the absence of probable 
differences between groups in terms of leptin levels in 
the blood, we calculated its average indicator between 
groups and took it as the average starting level, which 
corresponded to 34.0±6.5 ng/ml. Therefore, at the time of 
screening, the concentration of leptin in the blood of all 
studied patients exceeded the upper limit of normal by 
almost 4 times. Subsequently, in group I on the 1st, 2nd 
and 3rd day of treatment, this figure was 34.7±6.1, 35.1± 
±5.1 ng/ml and 34.2±5.8 ng/ml, respectively, which al-
most coincided with the average starting values. In turn, 
in groups II and III, despite significant differences in the 
metabolic component of perioperative intensive care, 
during the first three days of inpatient treatment no sta-
tistically significant differences were found between the 
rate of leptinemia in the blood of patients in any case. 
Thus, on the 1st, 2nd and 3rd days of treatment the level 
of leptin in the blood of the subjects of group II was 
34.8±7.1 ng/ml, 35.4±6.2 ng/ml and 34.9±7.3 ng/ml, re-
spectively; in group III on the 1st, 2nd and 3rd day of 
intensive care, the concentration of this adipose tissue 
hormone was 34.4±5.3 ng/ml, 34.1±5.9 ng/ml and 35.2± 
±7.1 ng/ml, respectively. In this case, given the circadian 
dependence of leptin secretion, in no case was a statisti-
cally significant difference between the values of this 
indicator, even deviations of 5 %. Thus, it can be noted 
that, despite the BMI – 25.0–29.9, when patients are diag-
nosed with overweight, given the duration of weight gain 
of more than 10 years in the anamnesis, all subjects can 
be considered the presence of “leptin resistance”, i. e. 
distortion of adipose tissue hormone metabolism with 
corresponding pathogenetic changes.

When analyzing the obtained data by studying the 
dynamics of leptin in the blood of overweight patients 
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who were treated with ERAS-program for surgery for 
primary ventral hernia, we obtained data indicating the 
lack of connection between VD and leptin in the form of 
inhibitory effect of VD on leptin secretion by adipose 
tissue, which confirms the presence of obesity due to 
reduced muscle mass, impaired energy metabolism and 
is important in determining the optimal complex of 
perioperative intensive care.

To determine the fact of insulin resistance in all 
studied patients, we determined its starting level, 
which was carried out 10 days before surgery using 
HOMA indices. 

Thus, in patients of group I the HOMA index was 
3.8±0.8, groups II and III 3.7±0.6 and 3.8±0.7, respectively. 
In this case, taking into account the absence of probable 
differences between the groups in terms of its figures, we 
calculated their average display between the groups and 
took it as the average starting level, which corresponded to 
3.8±0.7. Thus, it can be noted that at the time of screening 
the figure, the HOMA index in all studied patients exceed-
ed the reference interval – 2.86–1.5 times. Subsequently, 
in group I on the 1st, 2nd and 3rd day of treatment, this 
figure was 3.8±0.8, 3.8±0.4 and 3.8±0.6, respectively, 
which almost coincided with its average starting values.

In turn, in group II, a decrease in the level of IR 
during the first three days in relation to baseline values 
and in relation to its daily level in the subjects of group I, 
which was 3.1±0.6, 2.9±0.4 (probable (p<0.05) decrease 
in relation to the values   of this indicator in group I) and 
2.9±0.1 (probable (p<0.05) d ecrease in relation to the 
values of this indicator in group I and to the starting val-
ues) on the 1st, 2nd and 3rd days of treatment, respective-
ly. In group III on the 1st day of hospital stay the IR level 
was 2.9±0.4, which was 1.5 times less than at the screen-
ing stage and on the 1st day of treatment, on the 2nd and 
3rd. On the second day of the postoperative period, the IR 
values were 2.9±0.1 and 2.9±0.1, respectively, and were 
probably (p<0.05) lower relative to the level of this indi-
cator in group I and to its initial values.

There was no significant di f ference between the 
level of IR in the blood of the studied groups II and III. 
When analyzing the data obtained by studying the level of 
IR in overweight patients who were treated with ERAS-pro-
gram for surgery for primary ventral hernia, we obtained 
data indicating a possible link between VD and IR level, 
which is possible as a secondary effect of inhibition of 
leptin secretion by adipose  tissue on the background of 
additional administration of  VD, which is important in 
determining the optimal complex of perioperative inten-
sive care. Given the prelim i nary data obtained in deter-
mining the type of fat distribution using the calculation of 
VOI, leptin concentration in the blood and IR level, it be-
comes clear the effect of VD in serum on predicting the 
implementation of the accel e rated recovery program in 
overweight patients schedul e d for surgery for primary 
ventral hernia.

Given the fact that in almost all patients we stud-
ied on the background of overweight, BMI 28.1±1.7, at 
the screening stage revealed an increase in leptin concen-
tration in the blood and its dynamics during the first 

three days of the postoperative period, the value of the 
index HOMA, which exceeded the reference interval, 
and their dynamics during the hospital stay, and taking 
into account the fact of duration of weight gain in all 
patients more than 10 years (history), we analyzed the 
level of 25(OH)D – (total level of D2 (endogenous, ergo-
calciferol) and D3 (endogenous, cholecalciferol) – in the 
blood of the studied groups I, II and II At the time of 
screening (Table 3), the concentration of 25(OH)D in al-
most all studied patients was regarded as VD deficiency, 
and the average values of this in patients of group I 
24.1±4.3 ng/ml, groups II and III 25.2±5.4 ng/ml and 
24.9±5.1, respectively. In each of the groups (group I –  
4 (12 %), group II – 6 (14 %), group III – 5 (11 %)) sever-
al subjects had values of indicators that determined the 
presence of VD deficiency in patients. 

Table 3
The content of 25(OH)D in the blood of the studied 

patients 
Level of 25(OH)D, 

ng/ml
Group І 

n=32
Group ІІ 

n=44
Group ІІІ 

n=46

Average starting level 24.7±4.9 ng/ml

1 day after the operat-
ing period 24.4±4.6 32.1±2.2*° 33.65±2.1* 

2 day after the operat-
ing period 24.2±4.7 32.2±1.9*° 33.1±2.4 *˄

3 day after the operat-
ing period 24.1±4.2 32.1±1.7*° 32.9±2.2 *˄

Note:* р<0.05 – differences between the indicator and the av-
erage starting level; ° р<0.05 – differences between groups I 
and II; ˄ – differences between groups I and ІІІ

When analyzing the level of VD in the blood in 
group I, no significant difference was found between the 
data at the screening stage and the level of 25(OH)D in 
the blood on the 1st, 2nd and 3rd day of treatment. 
During the entire observation period, 72 hours after sur-
gery for primary ventral hernia in overweight patients, 
the values of 25(OH)D in the serum were almost un-
changed, despite surgery and intensive care, was 24.4± 
±4.6 ng/ml, 24.2±4.7 ng/ml and 24.1±4.2 ng/ml in pa-
tients of groups I, II and III, respectively, and were al-
most identical to the mean starting values.

In turn, in group II on the background of addition-
al administration of cholecalciferol after determining at 
the stage of screening the fact of insufficiency of VD, the 
positive dynamics of the content of this indicator in the 
serum was determined. Thus, on the first day of the post-
operative period, the concentration of VD in the blood of 
the subjects of group II was 32.1±2.2 ng/ml, which was 
probably (p<0.05) 1.5 times higher than the average start-
ing values   and probably (p<0.05) above the level of this 
indicator in patients of group I.

On the second and third days of hospital stay, an 
identical picture was determined. Thus, the level of VD in 
the blood of the subjects of group II was 32.2±1.9 ng/ml  
and 32.1±1.7 ng/ml, respectively, which was likely (p<0.05) 
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to 1.5 above  the average starting values and probably 
(p<0.05) above the concentration of this indicator in pa-
tients of group I. At the same time, none of the subjects 
had a level of 25(OH)D in the blood, which would indi-
cate a deficiency.

When analyzing the dynamics of the content of VD 
in the serum of patients in group III, an identical picture 
was found in group II, but in the vast majority of patients 
this figure was slightly higher. So the level of VD in the 
blood was 33 . 6±2.1 ng/ml, 33.1±2.4 ng/ml and 32.9± 
±2.2 ng/ml on the 1st, 2nd and 3rd days of intensive care, 
respectively, which was probably (p<0.05) 1.5 above the 
mean startin g  values and probably (p<0.05) above the 
concentration of this indicator in patients of group I. How-
ever, none of the subjects was recorded level 25(OH)D in 
the blood, which would indicate a deficiency.

Thus, it can be noted that the additional adminis-
tration of cholecaciferol in response to the determination 
at the screening stage of changes in the level of 25(OH)D 
in the blood of overweight patients who are scheduled for 
planned surgery for primary ventral hernia and perioper-
ative period according to ERAS-protocol, promotes the 
positive dynamics of the content of 25(OH)D in the blood, 
which is an i mportant element in improving metabolic 
changes caused by VD deficiency, improves the progno-
sis of this category of patients, and makes it possible to 
adequately implement an accelerated recovery program.

It can also be noted that when determining at the 
stage of screening in patients with BMI 25.0–29.9 vitamin 
D deficiency, it can be argued that there is an increased 
content of adipose tissue in the body, the amount of which 
is much higher than in standard cases with excess body 
weight due to the replacement of muscle tissue, i. e. the 
presence of p atients with sarcopenic obesity. Given the 
role of PTH in calcium-phosphorus metabolism, as well as 
data from literature sources, which proved the direct de-
pendence of its concentration on VD in the blood, we ana-
lyzed the concentration of PTH in the serum of the studied 
patients in the dynamics (Table 4). 

Table 4 
The content of parathyroid hormone in the blood of  

the studied patients
Level of PTH,  

pg/ml
Group І 

n=32
Group ІІ 

n=44
Group ІІІ 

n=46

Average starting 
level 114.3±13.6 pg/ml

1 day after the 
operating period 112.9±13.8 79.2±8.9*° 65.6±8.1*°

2 day after the 
operating period 112.1±12.6 77.4±7.1*° 64.9±9.6*°

3 day after the 
operating period 111.8±14.2 77.1±5.9 65.2±7.4*°

Note:* – р<0.05 – probable difference in relation to the aver-
age starting level

It is possible to note that at the time of screening 
of figure concentration of PTH in blood at all investigat-

ed patients e xceeded the reference interval – 15.0– 
65.0 pg/ml – 2 times from the upper limit of normal values 
and made accordingly 112.4±12.2 pg/ml, 116.7±14.6 pg/ml 
and 113.8±14.1 pg/ml in group I, group II and group III, 
with an average starting level of 114.3±13.6 pg/ml. Sub-
sequently, i n  group I on the 1st, 2nd and 3rd days of 
hospital stay, this figure was 112.9±13.8 pg/ml, 112.1± 
±12.6 pg/ml a nd 111.8±14.2 pg/ml, respectively, which 
almost coinc i ded with the average starting values. In 
turn, in group II there was a decrease in the concentra-
tion of PTH in the blood of patients probably (p<0.05) 1.5 
times from t h e average starting level and probably 
(p<0.05) 1.5 times from the daily level in group I during 
the entire period of the examination with a tendency to 
decrease from the 1st to the 3rd day of the postoperative 
period. Thus, the level in the serum of this hormone was 
79.2±8.9 pg/ml, 77.4±7.1 pg/ml and 77.1±5.9 pg/ml on the 
1st, 2nd and  3rd and days of treatment, respectively, 
which exceeded the upper limit of normal values by 20 %.

In group III, there was a decrease in the concentra-
tion of PTH in the blood of patients probably (p<0.05) in 
2 times the mean starting level and probably (p<0.05) in 
2 times the daily values in group I throughout the study 
period. Thus, the level in the serum of this hormone was 
65.6±8.1 pg/ml, 64.9±9.6 pg/ml and 65.2±7.4 pg/ml on 
the 1st, 2nd and 3rd and days of intensive care. In con-
trast to the concentration of PTH in the serum of patients 
in group II,  in group III almost 50 % of patients had 
values   of t his hormone in the blood, which were inter-
preted as the norm (10–15 % less than the upper limit of 
normal values), which may be due to the additional ap-
pointment to the treatment algorithm of the ERAS proto-
col D-fructose-1,6-diphosphate sodium salt hydrate. 

It can be assumed that the additional introduction of 
a phosphate source acted on the principle of feedback, i. e. 
the incr e ase  in blood phosphate levels decreased PTH  
secretion.

5. Discussion
In recen t  years, it has been established that adi-

pose tissue is an independent active endocrine organ in 
which ad i pokines (hormones) are formed, including 
leptin, a  leading biologically active agent. It is known 
that in conditions of hyperleptinemia there is hyperinsu-
linemia,  endothelial dysfunction, hypertrophy of vascu-
lar wall cells, accumulation of cholesterol esters in foam 
cells, increase in the content of acute phase proteins, de-
crease in cholesterol levels and high-density lipoproteins.

Important is the fact that leptin has a negative ef-
fect on the enzyme of the final synthesis of VD in the 
kidneys and peripheral, including adipose, tissues [7, 11]. 
Thus, modern scientific data suggest that obesity can re-
duce the formation of VD, its deposition and accelerated 
destruction in adipocytes, reduce its bioavailability and 
the development of insufficiency and deficiency [11, 19]. 
However, it is thought that low VD levels contribute to 
obesity and/or prevent weight loss [9].

Before conducting a statistical analysis of the dy-
namics of leptinemia in the blood of patients in groups I, 
II and I I I, it should be noted that leptin is a signalling 
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protein, the task of which is to regulate appetite and con-
trol the amount of stored fat in the body. It has an anorex-
igenic effect, i.e. it suppresses the appetite so that a per-
son does not overeat – this is the most important signal 
to maint a in optimal weight and overall health, which 
occurs daily by the type of feedback. The predominant 
amount of leptin is secreted by hormonally active adipo-
cytes in white adipose tissue, the size of adipocytes is an 
important determinant of leptin synthesis: large fat cells 
contain much more hormone than small adipocytes. Ad-
ipocytes secrete leptin into the blood in direct proportion 
to the mass of adipose tissue. The expression and secre-
tion of leptin is also regulated by a variety of other fac-
tors: it increases under the influence of insulin, glucocor-
ticoids a nd others. It is important to determine the 
condition, which was called “leptin resistance”. With it, 
the brai n  simply stops reading the signal that there is 
enough fa t, and continues to “store”, perceiving leptin 
activity as hunger. Leptin resistance promotes the devel-
opment of inflammatory processes, stimulates the adre-
nal glands to produce stress hormones and adversely af-
fects most body functions, including fertility. In addition, 
in most cases, it becomes the starting point for the devel-
opment of metabolic syndrome, a condition in which the 
body deve lops insulin resistance, and, in turn, type II 
diabetes. 

It is known that in type II diabetes VD increases 
the sensitivity of cells to insulin and reduces the inflam-
matory r e sponse in the tissues of the pancreas [4, 20]. 
Clinical studies have shown that hypovitaminosis VD is 
a risk f a ctor for the development of insulin resistance 
regardless of obesity [3, 14].

When analyzing the data obtained by studying the 
level of IR in overweight patients who were treated with 
ERAS-prog ram for surgery for primary ventral hernia, 
we obtained data indicating a possible link between VD 
and IR level, which is possible as a secondary effect of 
inhibiti o n of leptin secretion by adipose tissue on the 
background of additional administration of VD, which is 
important in determining the optimal complex of periop-
erative intensive care.

Given the preliminary data obtained in determin-
ing the t ype of fat distribution using the calculation of 
VOI, lep t in concentration in the blood and IR level, it 
becomes clear the effect of VD in serum on predicting 
the implementation of the accelerated recovery program 
in overweight patients scheduled for surgery for primary 
ventral hernia.

Since hypovitaminosis D has a negative effect on 
almost a l l types of metabolism, both primary and sec-
ondary, and based on the data we obtained on VOI fig-
ures, leptinemia and HOMA index, it is possible to pre-
dict the relationship between VD levels in the blood and 
obesity (In the patients we studied, the variant sarcope-
nic – due to a decrease in muscle mass – obesity).

Pathogen e tic links linking obesity and VD defi-
ciency, according to modern research, arise from the fact 
that, first, with an increased amount of adipose tissue in 
the body, VD, which is fat-soluble, is distributed in an 
increased volume, which leads to a decrease in its con-

centration in blood plasma, and, secondly, obesity reduc-
es the na tural production of VD in the skin under the 
influence of sunlight, as overweight patients use in ev-
eryday life more closed clothes and spend less time out-
doors [4 ,  20]. We obtained data showing that the addi-
tional i ntroduction of cholecaciferol in response to the 
determin a tion at the screening stage in overweight pa-
tients who are scheduled for planned surgery for primary 
ventral hernia and perioperative period according to the 
ERAS protocol, contributes to the positive dynamics of 
the content 25(OH)D in the blood, which is an important 
element in improving metabolic changes caused by VD 
deficien c y, improves the prognosis of this category of 
patients, and makes it possible to adequately implement 
an accele rated recovery program. It can also be noted 
that whe n  determining at the stage of screening in pa-
tients w ith BMI 25.0–29.9 VD deficiency, it can be ar-
gued that there is an increased content of adipose tissue 
in the body, the amount of which is much greater than in 
standard  cases of overweight body due to the replace-
ment of muscle tissue, i. e. the presence of patients with 
sarcopenic obesity.

Given the obtained data, in order to further study 
the metabolic changes that were not identified in patients 
at the screening stage using a standard preoperative diag-
nostic algorithm, it was necessary to study the dynamics 
of parathyroid hormone in the blood in all subjects. It is 
known that PTH is important in regulating the level of 
calcium and phosphorus, maintaining their stable level in 
the body, stabilizing their level in the extracellular fluid. 
Its excr e tion is based on the principle of feedback, its 
concentr a tion in the blood depends on the amount of 
calcium, magnesium phosphorus, vitamins A and D. In 
this case, secondary hyperparathyroidism, which is ob-
served in obese patients in the absence of chronic renal 
failure or other somatic diseases, can be considered as a 
conseque n ce of the long-standing VD deficiency [21]. 
According to many researchers, the level of 25 (OH) D in 
the blood is inversely proportional to the concentration of 
PTH, which allows us to consider secondary hyperpara-
thyroidi s m a direct consequence of VD deficiency in 
obesity,  with special emphasis on the duration of BMI, 
that is, chronic VD insufficiency has pathogenetic signif-
icance in this case [3, 10]. Bila Zh. Ye. et al. in 2013, the 
journal “ Effective Pharmacotherapy” published the re-
sults of a study which showed that at values of 25(OH)D 
less than 30 ng/ml, a probable decrease in intestinal cal-
cium absorption is accompanied by an increase in PTH 
secretion [22].

It can be assumed that the additional introduction 
of a phosphate source acted on the principle of feedback, 
i. e. th e  increase in blood phosphate levels decreased 
PTH secre tion. Thus, we can conclude that in patients 
admitted to the hospital for planned surgery with excess 
body weight in the case of abdominal fat distribution in 
the anamnesis of more than 10 years in the vast majority 
of cases at the time of screening is determined by vita-
min D de f iciency with appropriate metabolic changes 
that are  the consequences of secondary hyperparathy-
roidism, namely disorders of calcium-phosphorus metab-
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olism. The increase in the concentration of leptin in the 
blood contributes to the emergence of insulin resistance, 
which exa cerbates the vicious circle of changes in the 
body in obesity and makes it less promising to implement 
a program of accelerated recovery. 

These da t a indicate the need for careful active 
dynamic monitoring in this category of patients for blood 
levels of VD, leptin, PTH when planning surgery and the 
appointment of a program of rapid recovery after surgery.

Study limitations. The small number of studied pa-
tients does not allow to disseminate the obtained data to the 
entire patient population, which requires further research. 

Prospect s  for further research. Due to the in-
creased risk of complications after elective surgery in pa-
tients with a history of overweight for more than 10 years, 
it is important to in-depth study of metabolic changes in 
the body to determine optimal management strategies for 
such pat ients and develop recommendations for clinical 
practice.

6. Conclusions
1. Based on current data, metabolic changes in the 

body, which are caused by the influence of the secretory 
function  of adipose tissue as an independent endocrine 
organ, have a significant impact on the prognosis of the 
postoperative period. In patients with surgical profile with 
excess body weight lasting more than 10 years, it is im-
portant t o determine the presence of sarcopenia, blood 
leptin and vitamin D concentration in the planning of pa-
tient ma n agement after planned surgery, which directly 
affects t he possibility of implementing ERAS programs 
and quality of life as a remote prognosis of treatment. 

2. Addit ional introduction to the treatment proto-
col of patients with overweight, BMI 25.0–29.9, lasting 

more tha n  10 years in the history of cholecalciferol 
(perioperative period) is likely (p<0.05) 1.5 times higher 
than the level of average starting values of 25(OH)D in 
the bloo d , does not affect the level of leptinemia and, 
accordingly, energy metabolism, but probably (p<0.05) 
reduces insulin resistance by 1.5 times probably (p<0.05) 
reduces t he level of average starting values of PTH in  
the blood. 

3. Addit ional introduction to the treatment proto-
col of cholecalciferol (perioperative period) and a solu-
tion of D -fructose-1,6-diphosphate sodium salt hydrate 
(postoperative period) identically affects the dynamics of 
level 25(OH)D, leptin in the blood, and the HOMA index, 
probably (p<0.05) reduces the level of average starting 
values of PTH in the blood by 2 times. 

4. In the classical approach to the implementation 
of the E R AS program in overweight patients, BMI 
25.0–29.9, lasting more than 10 years in the anamnesis, 
with identified at the stage of screening for insufficiency/
deficiency of 25(OH)D, the probability of successful its 
implementation is 63 %. When 7000 IU/day of cholecal-
ciferol is added to the treatment protocol, the probability 
of successful implementation of the ERAS program is  
81 %. When adding to the treatment protocol 7000 IU/day 
of chole c alciferol and a solution of D-fructose-1,6- 
diphosphate sodium salt hydrate intravenously 150 mg/kg 
of ideal body weight 2 times a day at a rate of 10 ml per 
minute for the first 3 days of the postoperative period the 
same mode of introduction, the probability of successful 
implementation of the ERAS-program is 96 %.
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