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Specific features
of hemodynamics

In individuals with different
body mass: correlation

with composition of the body
and insulin resistance

State Institution «V. Danilevsky Institute for endocrine pathology problems National Academy
of Medical sciences of Ukraine», Kharkov, Ukraine

Abstract. Objective of the work — to determine changes of hemodynamic parameters by integral rheography of
the body technique in Kharkiv adult population with different body mass in correlation to its composition, specifics
of adipose tissue accumulation topography, liquid areas, presence and degree of insulin resistance.

Material and methods. 250 individuals (mean age 65.48+11.86 year) were examined. Patients with arterial
hypertension, coronary artery disease and cardiac failure were excluded from the examination. The body mass index
was calculated, waist and hip circumferences were measured in the examined patients; adipose, fat-free active body
cell mass, total liquid contents and blood volume were determined by bioimpedance technique; systolic volume,
cardiac ejection, systolic and heart indices, integral tonicity coefficient were revealed by integral rheography of the
body; systolic and diastolic arterial pressure were measured; HOMA insulin resistance index was determined.
Results. It was proved that increasing body mass from normal to overweight and obesity class 1, 2, 3 reveals
growing volume of total liquid at statistically valid values p<0.001; p<0.05; p<0.001 and p<0.001, respectively. It was
determined that while body mass increases from normal to overweight mass; from obesity class 1 to obesity class 2;
from obesity class 2 to obesity class 3, blood level also grows statistically valid (p<0.001; p<0.014 and p<0.001,
respectively).

Patients with overweight body mass, obesity class 1 and class 2 are characterized with absolute increase of systolic
heart function according to the determined beat volume and cardiac output. In obesity class 3 relative systolic
failure developed relatively to the body square.
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Statistically valid correlation between parameters of systolic function and body mass index, accumulation either
adipose or fat-free mass in the body was found. It was determined that changes of systemic arterial tone in
overweight subjects are mostly connected with contents in the body fat-free tissues.

Evidence of correlation between insulin resistance and levels of systolic volume, cardiac ejection, coefficient of
integral tonicity, systolic and diastolic arterial pressure has been confirmed by statistical difference at p<0.001 level
of these parameters in the groups of patients with insulin resistance and normal tissue insulin sensitivity.
Conclusions. Representatives of Ukrainian population with overweight body mass of different classes are proved
to have correlation between parameters of cardiac systolic function and changes of body composition, liquid areas,
degree of accumulated visceral adipose tissue. At insulin resistance evidence, these shifts are intensified.
Keywords: overweight body mass, obesity, bioimpedance analysis, liquid areas of the body, integral rheography

of the body, hemodynamic parameters.

Disordered hemodynamics in overweight
patients is a topical issue both medical and
social: obese patients develop blood circulation
disorders thrice more frequently compared to
those with normal body weight, that increases
in them significantly the risk of vascular events
onset [1, 2].

It was proved that hemodynamic changes
in obesity (OB) are manifested, primarily, in
growing (proportionally to body mass growth)
of the circulating blood volume (CBV) (total
volume of liquid blood in functioning blood
vessels); stroke volume (SV) (the volume of
blood ejected at each heartbeat) and cardiac
output (CO) (the volume of blood ejected by the
heart ventricles per minute) [1-6].

It is considered that such SV and CO
alterations in overweight individuals are caused
by CBV gradual increase under growing blood
stream; and risen cardiac output in obesity is a
physiological process determined by necessity
to meet metabolic needs of the body at growing
body mass and heart function, compared to the
calculated value for ideal body weight [13]. Tt
causes more quick exhaustion of physiological
reserve, enlargement of left ventricular sizes,
rigidity of its myocardium, stroke volume [14].

Hemodynamic alterations in overweight body
mass are determined, except the above mentioned,
by hormonal metabolic changes in the body of
those individuals with extra accumulation of
adipose tissue. Among them, insulin resistance
and compensatory hyperinsulinemia play the key
role. Hyperinsulinemia, enhancing renal sodium
retention, favors the further CBV increase.
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Under impact of hyperinsulinemia, the central
sympathetic nervous system activity is raising,
renin-angiotensin-aldosteron system is being
activated [15]. Bio inhibition occurs [6]. The
fact of the extra fluid accumulation in the body
was also confirmed by the own target research
which determined fluid areas in the body in
Kharkiv city residents with various degrees of
overweight. As it was determined, overweight
patients develop absolute increase of total water,
and total extracellular, including interstitial, and
intracellular fluid. The revealed changes grow
deeper along with the progression of the obesity
degree [7].

In response to the increased CBV and CO
in those subjects with no evidence of arterial
hypertension (AH), peripheral systemic vascular
resistance reduces. Intensity of this process
shows negative correlation with the body mass
increase, as well [6, 8].

The blood stream growth intensity, and,
consequently, CBV increase, depends on the
proportion of shares of tissues with different
vascularization in the body. Fatless tissues
(metabolic active), compared with adipose
tissue, are characterized with a greater degree of
vascularization. The research which applied bio-
impedance technique proved that CBV mostly
correlates namely with fatless tissues mass in the
body [9, 10].

However, it should be considered that
potential capacities of fatless tissues to grow
are physiologically limited, and in case of the
developed marked OB, potential of their growth
may be exhausted long before the growth of
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adipose tissue stopped, which (adipose tissue) is
capable to demonstrate scores fold overgrowth
compared to the physiological norm. At the
stage of accumulation of mostly adipose tissue,
the dynamics of changing CBV, SV and CO is
somewhat modified: adipose tissue is supplied
with blood worse than internal organs and
muscles, but adipose tissue vascularization is
intensive enough and in case of its accumulation
in the body its proper blood circulation volume
may increase additionally the total volume of
circulating blood [6, 11, 12].

In obesity, increased CBV, CO and SV
determines the growth of natriuretic peptide total
logic activity [16]. Besides, hyperinsulinemia
stimulates cell proliferation of vascular wall
smooth muscles, that causes arteriolar stenosis
and vascular resistance increase [17].

Thus, exhaustion of myocardial compensatory
mechanisms due to left ventricular hemodynamic
pre- and post-load is one of the principal
mechanisms which cause incapacitating cardio-
vascular complications development in OB [14].
Pre-load is determined by alterations occuring in
fluid areas of the body, primarily CBV, and post-
load is associated with the factors increasing
arterial flow resistance, with the development of
metabolic disorders caused by insulin resistance.

However, as the current state of the art
regards, insulin resistance in overweight patients
is not so much dependent on absolute growth of
the body mass, as on extra accumulation of just
adipose tissue, firstly in the visceral fatty depot.
But, unfortunately, most investigations related
to AH development in OB patients are carried
out considering such parameter as body mass
index (BMI) which doesn’t give comprehensive
information regarding proportion of adipose and
metabolically active tissues in the body. Presence
and character of the changes held in fluid areas
of the body are also practically not taken into
consideration for preventive medical practice to
the overweight body mass (BM) and OB patients.

Currently, bio-impedance analysis (BIA) is
the most wide-spread method which is applied to
determine these parameters, that presents an up-
to-date high precision tool technique based on
the measurement of electric resistance of the body
tissues considering the different contents of fluid
and electrolytes. BIA provides determination
of the following body composition parameters:

adipose mass (AM); fatless mass (FLM) of the
body (FLM = body mass — AM); active cell
mass (ACM) (mass of all cells in which metabolic
processes take place); index (ACM / AM). BIA
allows to evaluate fluid areas of the body as well,
which significantly influence on hemodynamics
state: blood volume (BV) and total fluid (TF)
(water in unbound state) [18].

Rheographic recording of arterial system
alterations, integral rheography of the body (IRB)
is considered to be one of reliable, not expensive,
technically simple methods for assessment of
integral hemodynamic features of the body. Its
efficiency was proved in massive examinations
of large-scale cohorts of people. Recently, during
the last decades it has been used in surgery,
resuscitation, oncology, dentistry, other fields of
medicine [19, 20, 21, 22, 23].

Information value of cardiac output level
determined by this method is equal to the
figures obtained by ultrasound examination.
Herewith, IRB technique is more cheap and
simple to be performed [24]. Withal, no reports
of its application for assessment of hemodynamic
characteristics in the patients with different
body mass among the population of Ukraine are
available.

Thus, determination of hemodynamic
specificity of subjects with various body
mass depending on principal anthropometric
features, specific features of fluid areas and
body composition, insulin resistance presence
and degree, targeted to refine approaches to
preventive measures for OB comorbidities, is
considered to be topical.

Therefore, the objective of our research was
to determine changes of some hemodynamic
parameters values by integral rheography of the
body in adult population of Kharkiv city with
different body mass depending on its distinct
composition features as for the topography of
adipose tissue accumulation, fluid areas, presence
and degree of insulin resistance.

Object and methods of research. 250 subjects,
meanage (65.48+11.86) year wereexamined. Only
those patients with exogenous constitutional OB,
free of severe comorbidity, taking no medication
therapy at the moment of study were enrolled in
the investigation. Diabetes mellitus patients and
those with diagnosed hypertension disease were
excluded from the examination.
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All the enrolled patients were measured body
mass, waist circumference (WC) (cm) and hip
circumference (HC) (cm); BMI was calculated,
and by its values 4 examination groups were set:
e group 1 — overweight body mass patients

(owBM) (mean group BMI — (26.66%1.44)

kg/m?), (n = 62 patients; m/f = 46/16);

* group 2 — class 1 OB patients (mean group
BMI was equal to (32.11£1.49) kg/m?) — (n =
59 patients; m/f = 39/20);

« group 3 — class 2 OB patients (mean group
BMI was equal to (37.27£1.33) kg/m?) — (n =
45 patients; m/f = 23/22);

« group 4 — class 3 OB patients (mean group
BMI was equal to (42.90£2.97) kg/m?) — (n =
40 patients; m/f = 17/23).

* Control group — 44 practically healthy
subjects with normal body mass (nBM), mean
group BMI was equal to (23.06+1.30) kg/m?,
(m / f=18/26).

The evidence of abdominal OB (abOB)
was identified in women in case of the waist
circumference (WC) value was > 0.80 m, in men
it was done in case of WC value was > 0.94 m.
Apart, along with the study, two subsets both
of males and females with moderate abOB and
marked OB were distinguished. WC size was
chosen as a criterion: in men from 0.94 to 1.02 m,
and more than 1.02 m, respectively; in women,
from 0.80 to 0.88 m and more than 0.88 m,
respectively [25].

Analysis of clinical biochemical parameters
included determination of fasting blood glycemia
(FBG) parameters by glucose oxydase method
with «Biosen Cline» express analyzer. All patients
were determined HOMA insulin resistance
index (HOMA-IR), which was calculated by
the formula: HOMA-IR = (fasting glycemia
(mmol/L) * fasting insulin (mcU /L)) / 22.5. The
normal value of this parameter was considered
to be at the level up to 2.7. At HOMA-IP values
from 2.7 to 4.0 we diagnosed moderate, and over
4.00 — significant decrease of tissue insulin
resistance.

Systolic and diastolic arterial pressure (SAP,
DAP) levels were measured with «Microlife»
(Switserland) semi-automatic tonometer
Ne 623416.

Specific features of central hemodynamics were
assessed by IRB technique with «Diamant-R»
computered rheoanalyzer (manufactured by
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«DIAMANT» Closed Joint-stock Company)
according to M.I. Tishchenko technique [26, 27],
considering the recommendations made by
I.S. Kolesnikova, et al. [19, 20]. Such integral
parameters as: SV, CO, stroke volume index
(SVI), cardiac index (CI) and integral tonicity
coefficient (ITC) which allows quantitative
assessment of systemic arterial tone state, were
assessed.

SVI (mL/m?) was calculated as a proportion
of SV to the body surface area.

CI (L/min m?) — as a ratio of CO to the body
surface area.

Integral tonicity coefficient (ITC) (equivalent
units) — as an entire cardiocycle and catacrotism
duration ratio.

Changes of fluid areas of the body — TF
(L) and BV (L); parameters of the body
composition — (AM) (kg) and ABCM (kg)
were assessed by bio-impedance technique with
software-hardware complex «Diamant — AIST-
IRB» Ltd «DIAMANT> [28]. Such parameters
of the body composition as FLM (kg) and index
ABCM / AM were determined as well.

Main anthropometric characteristics of the
studied groups are presented in the Table 1.

Descriptive statistical analytic methods were
used for the clinical functional results processing.

Results of the research and their discussion

The performed research revealed that the
examined subjects along with the body mass
increase occurring from nBM to owBM and class
1, 2, 3 OB, demonstrated statistically significant
1.1-, 1.2-, 1.2-, and 1.4-fold growth, respectively,
of total fluid volume (Table 2).

Blood volume values along with the body
mass growth from nBM to owBM; from class 1
OB to class 2 OB; from class 2 OB to class 3 OB
were also statistically significantly 1.2-, 1.2-, and
1.4-fold increased, respectively. No differences in
these parameter values were found in the patients
with owBM and class 1 OB.

The above mentioned changes in fluid areas
determined increase of the amount of blood
which is ejected by the heart ventricles in one
systole: in the overweight BM, class 1 and class
2 OB examined patients, the SV increased at
significant level of p<0.01; p<0.005 and p<0.05
(Table 3).

No additional increase of this parameter was
registered in class 3 OB that is an evidence of
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Table 1. Anthropometric characteristics of the enrolled participants

Parameter Statistical Study groups
parameter nBM owBM Class 1 OB Class 2 OB Class 3 OB
Waist Mean (SD) 79.9(13.27) 88.65 (10.66) 102.25(11.71) 108.71 (12.16) 11933 (11.78)
circumference, Median 78 90 100 106 120
cm [Q1-Q3] [78.00-90.00] [79.0-98.00] [94.00-110.00] [99.00-118.00] [110.00-129.50]
Hip Mean (SD) 96.99 (6.32) 100.06 (7.10) 108.98 (11.02) 11142 (10.82) 124.15 (15.80)
circumference, Median 97 100 108 113 1235
cm [Q1-Q3] [92.00-100.00]  [96.00-105.00] [102.00-112.00]  [102.00-118.00] [113.00-130.00]
Adipose mass, Mean (SD) 14.35 (3.57) 22.76 (4.68) 31.69 (4.0) 40.67 (5.65) 54.95 (12.34)
kg Median 14.05 22.60 31.99 40.98 5198
[Q1-Q3] [12.6-16.8] [20.2-26.38] [28.86-33.99] [36.63-43.93] [41.17-5782]
Fatless mass, Mean(SD) 48.78 (10.27) 57.02 (9.07) 58.96 (8.74) 63.59 (7.82) 7104(1037)
kg Median 46.95 53.38 56.01 60.81 68.26
[Q1-Q3] [42.26-52.58] [50.09-66.02] [52.99-62.78] [57.81-69.37] [6336-76.38]
Active body Mean (SD) 31.93 (5.95) 36.84 (5.46) 38.14 (5.68) 41.38 (5.00) 46.12 (637)
cellmass, kg Median 30.29 3482 36.54 39.26 4449
[Q1-Q3] [27.49-34.69] [32.44-41.8] [34.44-40.56] [37.67-45.38] [4131-5049]
Table 2. Specificity of fluid areas of the body of the examined subjects
Parameter Statistical Observation group P
parameter nBM owBM Class 1 OB Class 2 OB Class 3 OB
Total fluid, L~ Mean (SD) 31.19 (4.96) 35.07 (4.33) 36.22 (4.35) 38.88 (3.78) 43.1 (5.42) P* <0.001
Median 30.54 34.69 35.57 38.06 4165 p** <0.05
[Q1-Q3] [27.5-34.01] [31.84-3836]  [32.87-38.11]  [36.15-4145]  [39.23-46.36] E***<06083W
sk ()
Blood Mean (SD) 4.2(0.82) 485 (1.14) 4.89 (0.82) 5.2(0.7) 5.76 (1.01) P* <0.001
volume, L Median 4.06 455 466 5.02 537 p**<0.72
[Q1-03] [3.60-4.56] [4.18-5.48] [4.32-5.29] [4.72-5.64] [5.06-6.12] p**<0.014
Median 7245 769 79.18 80.46 84.05 Pr<0.001
[Q1-Q3] [67.26-76.81] [72.17-77.9] [72.16-83.66] [75.9-87.36] [78.23-88.39]

Note: * — P — mean differences in overweight patients compared to the patients with normal body mass.
** __ P— mean differences in the overweight patients compared to the patients with class 1 OB.

#*** _— P— all mean differences in the patients with class 1 OB compared to those with class 2 OB.

**** __ p— all mean differences in the patients with class 2 OB compared to those with class 3 OB.

existing factors which can decrease SV in the
subjects with OB morbid forms.

CO demonstrated increase associated with the
body mass growing from owBM to class 1 OB and
class 2 OB (p<0.001 and p<0.001), respectively.
No significant changes of this parameter were
registered along with the development of
overweight BM and class 3 OB.

The above mentioned SV and CO dynamics
indicates increased load on the heart in the
overweight patients associated with the weight
increased up to class 2 OB.

But, nevertheless, this research registered
statistically significant fall of SVI and CI
(p<0.001; p<0.001) in the examined patients with
class 3 OB compared to those subjects with nBM
(1.3- and 1.2- fold increase, respectively), that

proves relative decline in contractile function of
the heart related to body surface area.

No changes of systemic arterial tone in relation
to ITC mean levels in the groups of subjects with
different body mass were registered.

SAP and DAP levels in the patients with
overweight BM were higher than compared to
those individuals with nBM (p<0.001; p<0.001).
No significant statistically changes of DAP in
further increase of the body mass were registered.
SAP level increased only when class 3 OB
developed (p<0.001).

Presence and degree of correlation between
the parameters of contractile function of the
heart, systemic arterial tone, SAP, DAP and main
anthropometric parameters were analyzed in the
research (Table 4).
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Table 3. Hemodynamic specificity of the observed subjects

Parameter Statistical Observation group P
paerameter hBM owBM class 1 OB class 2 OB class 3 0B
sV, Mean (SD) 73.6 (13.73) 80.3 (16.91) 86.09 (18.15)  9335(17.97) 87.01(23.74)  P*<0.01
mL Median 71.65 77.52 85.6 88.87 84.41 P**<0.05
[Q1-Q3] [64.34-8501]  [68.74-92.16]  [7565-96.09]  [80.18-108.13] [74.81-90.97] E***<060155
Co, Mean (SD) 533(0.93) 567 (1.1) 6.18 (1.29) 697 (139  649(1.17) P*<0.06
L/min Median 533 5.64 6.29 6.65 6.49 P**<0.001
[Q1-Q3] [4.69-6.02] [4.92-6.37 [5.21-6.92] [6.12-741]  [5.82-7.25] p**<0.001
prexxc0) 07
SV, Mean (SD) 46.6 (80.49) 44,48 (8.64) 4362 (8.9) 4354(89)  3569(10.56)  P*<0.12
mL/m? Median 46.2 4382 4398 4297 36.1 P**<0.5
[Q1-Q3] [39.4-52.84] [38.5-50.69] [3948-4879]  [36.86-50.25] [29.27-40.68] EH*<O&)9001
—y
cl, Mean (SD) 3.39(0.68) 3.15(0.63) 3.13(06) 324(064)  2.76(0.79) P*<0.058
L/min m? Median 327 3.06 3.11 3.16 2.54 p**<0.8
[Q1-Q3] [3.01-3.66 [2.73-3.7] [2.81-3.52] [291-344]  [2.27-3.02] pr<0.35
pPr*x%2(0,001
mC, Mean (SD) 77.84 (2.8) 78.87 (3.88) 78.59 (3.01) 7809 (357)  77.91 (343) P*<0.084
equivalent Median 78 794 78.9 78.1 77.75 P**<0.5
unit [Q1-Q3] [75.5-80.5] [76.7-81.8] [76.3-80.7] [76.7-799]  [75.9-80.3] E***<0(-)4;]
SAP.mmHg  Mean (SD) 11489 (11.72)  126.73(829) 12692 (8.11) 13046 (8.66) 13693 (7.58)  P*<0.001
Median 116.27 125.09 127.39 129.22 137.11 P**<0.8
[Q1-Q3] [111.05-120.04] [122.07-13233] [120.85-132.7]  [124.08- [130.12-14343] P*<0.03
137.56] p****<0.001
DAP. mmHg  Mean (SD) 71.76 (6.67) 7742 (6.97) 7749 (8.27) 81.07(7.18)  833(337) P*<0.001
Median 7245 76.9 79.18 80.46 84.05 P**<0.9
[Q1-Q3] (67.26-7681]  [72.17-77.9] [72.16-83.66]  [75.9-87.36]  [78.23-88.39] E***<060129

Note: * — P — mean differences in overweight body mass patients compared to the subjects with normal body mass.
** — P— mean differences in those patients with overweight body mass compared to the class 1 OB patients.

***¥ — P — all mean differences in subjects with class 1 OB patients compared to those with class 2 OB.
***% __ Pp— all mean differences in the subjects with class 2 OB compared to class 3 OB patients.

Table 4. Correlation matrix of hemodynamic and anthropometric parameters

Parameters Waist circumference, cm Hip circumference, cm Body mass index, kg/m?
Spearman’s p Spearman’s p Spearman’s p
R coeffic. R coeffic. R coeffic.
SV, mL 0.220974 0.001 0.297349 0.001 0.268912 0.001
HE, L/min 0.336042 0.001 0.380395 0.001 0.380067 0.001
SVI, mL/m? -0.382175 0.001 -0.255852 0.001 -0.345594 0.001
Cl, L/(min.m?) -0.325982 0.001 -0.225998 0.001 -0.286770 0.001
ITC, equivalent unit ~ 0.103469 0.205 -0.121865 0.052 -0.029470 0.34
SAP. mm Hg 0.525 0.001 0461 0.001 0.672 0.001
DAP, mm Hg 0.312 0.001 0.293 0.001 0.452 0.001

It was revealed that the majority of hemody-
namic parameters (SV, CO, SVI, CI, SAP, DAP) are
statistically significantly at p<0.001 level associated
not only with BMI, but with parameters which cha-
racterize topography of adipose tissue accumulation,
which are WC and HC. It indicates their informa-
tion value as for presence of possible hemodynamic
changes in overweight and obese patients.
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But the character of these correlations differs.
So, SV, CO, ITC, SAP and DAP show positive
correlation with BMI, WC and HC; parameters
which characterize contractile function of the
heart in relation to the body surface area (SVI
and CI), demonstrate negative correlation.

As for ITC, the present research proved
correlations of this parameter and HC (p<0.001)
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and WC (p=0.015). No correlation between ITC
and BMI was registered.

In the research we analyzed which of these
anthropometric parameters influence mostly on
SVI and CI level. In multidimensional regres-
sion analysis we selected the following as inde-
pendent parameters: BMI, WC/HC (Table 3).
Standardized coefficients of regression B, which
were received, indicate that BMI shows the ma-
jor statistically significant influence on the levels
of hemodynamic features.

To  confirm  intercorrelation  between
contractile function of the heart and type of
adipose tissue accumulation, dynamics of SV,
CO, SVI and CI in relation to the presence and
degree of abdominal obesity was characterized
(Fig.).

It was established that the subjects with
marked abOB demonstrate more statistically
significant higher SV value compared either to
the patients with moderate abOB (p<0.001), or
with those patients, whose WC doesn’t exceed
the normal values (p<0.001), respectively
(86.038+19.736) mL vs (82.128+18.854) mL and
(77.415%15.346) mL.

Analogue dynamics we registered for CO: in
the patients with marked abOB it was registered
on the level of (6.306£1.328) mL/min, with
moderate abOB it was of (5.815£1.231) mL/min,
in normal WC it was of (5.550£0.999) mL/min
(p<0.001. p<0.001 and p<0.001, respectively).

Changes in SVI and CI values in growing
WC size demonstrated the opposite features: in
those patients with marked abOB levels of these
parameters were statistically significantly less
than in those with moderate abOB or free of it:

Table 5. Association of anthropometric parameters with stroke
volume and cardiac indices

Inde- Regres- Standardized P sig- Determina-
pendent sionb regression 3 nificance tion R2 coef-
variables  coeffi-  coefficients level of the ficientand P
cients regression  significance
coefficients level of the
model
Stroke volume index
WC/HC -15479  -0.179 0.001 R2=0617
BMI, kg/m? 04105  -0.335 0.001 P=0.001
Freeterm 69.879 0.001
Cardiac index
WC/HC  -0.785 -0.126 0.001 R2=0.656
BMI, kg/m? -0.0233  -0.2634 0.001 P=0.001
Freeterm 4.576 0.001

SVI — (41.175+9.650) mL/m? vs (45.088+8.336)
mL/m? and (46.569+8.462) mL/m? (p<0.001.
p<0.001), respectively; CI — (3.035+0.687)
L/min m?® vs (3.208+0.625) L/min m*® and
(3.359+0.677) L/min m® (p<0.001, p<0.001),
respectively.

64 T
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» T / L

Cardiac gutput, mLimin
5.0

4.8

45 CIMean
TMean =

Mo abOB Moderate abOB Marked abOB
Standard error

48

—
46 \I
u b
42
40
SVI, mL/m2
38
Elmean
36 TMean =
No abOB iModerate abOB Marked abOB Standard error
35
34
33
32 BN
31
Cardiac ihdex, m{/min m2)
30
ElMean
29 TMean =

No abOB Moderate abOB Marked abOB Standard error

Fig. Dynamics of changes of heart contractile function
parameters depending on abdominal obesity presence
and degree.

Note: Kruskal — Wallis test p<0.001.
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The research analyzed the character of
correlations between SV, CO, SVI, CI, SAP and
DAP and parameters of the body composition
(Table 6). It was determined that AM, FLM and
ABCM levels correlate positively with SV, CO,
SAP and DAP; negatively — with SVI and CI.
ABCM/AM shows positive correlation with SVI
and CI, negative correlation with SV, CO, SAP
and DAP. Thus, the alterations in contractile
function of the heart and systemic arterial
pressure in the patients with overweight body
mass of various degree depend on accumulation in
the body either of adipose, or fatless tissues, and
as well on proportion of adipose and metabolic
active tissues. Accumulation of mostly adipose

tissue in the body may determine the growing
load on myocardium on account of increasing
SV, CO, SAP, DAP while contractile cardiac
function decreases in relation to the body area
(reducing SV and CO).

As for ITC, its positive correlations only with
FLM, ABCM and proportion ABCM / AT were
registered. No correlations between ITC and AM
were registered that proves the key role of fatless
tissues in changes of systemic arterial tone in
overweight patients.

As it was above mentioned, special features
of hemodynamics in overweight BM and OB
patients are determined significantly also by
hormonal metabolic shifts in the body which

Table 6. Matrix of correlation of hemodynamic parameters and parameters of the body composition

Parameter AM, kg FLM, kg ABCM, kg ABCM / AM
Spearman’sR p Spearman’sR p Spearman’sR p Spearman’sR p
coeffic. coeffic. coeffic. coeffic.

Spearman’s R p-level 0.001 0.328 0.001 0.339 0.001 -0.200 0.003

CO, L/min 0415 0.001 0.381 0.001 0.387 0.001 -0.311 0.001

SVI, mL/m? -0.303 0.001 -0.334 0.001 -0.327 0.001 0.239 0.033

Cl, mL/m? -0.247 0.001 -0.331 0.001 -0.334 0.001 0.182 0.001

[TC -0.107 0.041 0.178 0.007 0.155 0.019 0.185 0.002

SAP, mm Hg 0.532 0.001 0.324 0.001 0432 0.001 -0.371 0.001

DAP, mm Hg 043 0.001 0.307 0.001 0.3 0.001 -0.352 0.001

Table 7. Levels of hemodynamic parameters in the examined subjects with different tissue insulin sensitivity
Hemodynamic Statistical Patients with no evidence Insulin resistant Spearman’s/ U test P
parameter parameter  of insulin resistance patients HOMA-IP correlation
(HOMA-IR<2.77) (HOMA-IR>2.77) coefficient
SV, mL Mean (SD) 76.04 (20.9) 84.57 (18.53) 0.298 39435 0.001
Median 72.96 82.37
[Q1-Q3] [45.04-51.86] [35.89-50.48]
CO, mL/min Mean (SD) 541(.2) 6.14 (1.27) 0.389 3580 0.001
Median 54 6.11
[Q1-0Q3] [4.51-6.14] [5.22-6.79]
SVI, mL/m? Mean (SD) 44.86 (9.68) 42.17 (9.39) -0.276 5283.7 0.082
Median 4443 4291
[Q1-0Q3] [34.17-49.72] [36.95-49.63]
Cl, (L/(min* m?)  Mean (SD) 3.23(0.55) 3.14(0.69) -0.198 52224 0.079
Median 3.17 3.08
[Q1-Q3] [2.64-3.45] [2.71-3.49]
[TC Mean (SD) 80.42 (1.02) 78.06 (0.85) -0.204 3109 0.001
Median 80.74 78.05
[Q1-Q3] [78.34-82.6] [78.9-80.45]
SAP, Mean (SD) 120.57 (13.45) 126.64 (10.8) 0.317 9432.1 0.001
mm Hg Median 121.17 126.21
[Q1-03] [114.91-127.88] [120.23-134.41]
DAP, Mean (SD) 75.2 (8.06) 77.61(8.49) 0.254 10817.5 0.001
mm Hg Median 74.56 77.92
[Q1-03] [69.69-80.93] [72.06-83.69]
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result from extra adipose tissue, that is insulin
resistance, in the first place. To specify correlation
between the values of the studied hemodynamic
parameters and insulin resistance, all patients
were divided additionally into two groups:

a) subjects with HOMA index within normal
values — (n = 110 individuals; m/f = 73 / 37);

b) subjects with HOMA index over 2.77 —
(n = 140 patients; m/f =70 / 70) (Table 7).

The obtained data analyzed gave evidence of
the present correlation between insulin resistance
and SV, CO, ITC, SAP and DAP levels proved
by statistical difference at p<0.001 level of these
parameters in the groups of insulin resistant
patients and those within normal tissue insulin
resistance.

It was determined that SV in insulin resistant
subjects is registered, in average, at the level
of (84.57+18.53) mL; CO — (6.14+1.27) mL/
min; ITC — (78.6£0.85) eq. units; SAP —
(126.64+10.80) mm Hg; DAP — (77.61+8.49)
mm Hg.

Thus, the carried research worked out in
details specific hemodynamic features in the
subjects with various body mass, rising to BMI
higher levels and associated with the disordered
composition and fluid areas of the body,
development of insulin resistance.

Cardiac preload growth was proved with
simultaneous decline in cardiac contractile
function in relation to the body area in the
patients with marked OB.

The revealed features allow to work out
personified preventive and therapeutic measures
for comorbidities in various degree overweight
adult population.

The factors which cause no registered SV and
CO alterations in the patients with morbid OB
at the level of significant blood volume increase
require additional investigation.

Conclusions

1. Significant accumulation of total fluid and
increasing blood volume are considered to
be an essential distinction of the fluid area
state in the patients with class 2 and 3 obesity
compared to those patients with normal body
mass.

2. It was proved that the patients with
overweight body mass, class 1 and 2 obesity

are characterized with absolute increase of
systolic function of the heart determined by
the stroke volume and cardiac output levels. In
class 3 OB, relative systolic failure in relation
to the body area develops.

3. It was established that in insulin resistance,
extra accumulation of visceral adipose tissue
in the overweight patients, the changes of
systolic function of the heart determined
by stroke volume and cardiac output are
intensified.

4. The patients with various degree overweight
demonstrated a relation between the
parameters of systolic function with body
mass index, accumulation in the body either
adipose or fatless tissue. Alterations in
systemic arterial tone in overweight patients

depend mostly on fatless tissues contents in
the body.
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Cran remoguHamiku B ocio i3 pisHoto mMacow
Tina: B3aEMO038'A30K 3i CKNafoM Tina
Ta iHCYNIHOPE3UCTEHTHICTIO

K.B. Miciopa
LY «lHcTUTYT Npobnem eHpoKpuHHOT natonorii im. B.A. laHnnescskoro
HAMH Ykpaitn», M. Xapkis, YkpaiHa

Pesiome.

MeTta po6oTn — BM3HAaUYeHHA 3MiH MapameTpiB remMoAMHaMIKK
MEeTOIOM iHTerpanbHoi peorpadii Tina B [OPOCIOrO HaceneHHa
M. XapKoBa i3 PIi3HOIO Macok Tifla 3anexHo Bif WOro ckiagy,
ocobnmsocTei Tonorpadii BiaKNagaHHA XMPOBOT TKAHNHK, PIAVHHKX
CEeKTOPIB, HAABHOCTI Ta CTYNeHA IHCYNIHOPE3NCTEHTHOCTI.
Marepianu Ta metogu. O6¢cTexxeHo 250 ocib (cepepHii Bik
6548+11,86 poky). Ocobu 3 HafBHICTIO apTepianbHOI rinepTeHsii,
cepus Ta cepueBoi HedoCTaTHOCTI Ao
JOCTIAKEHHA He 3anyyanucb. Y OBCTeXeHMX BW3HauaBCA iHAeKC

ilemiyHoi  xsopobu

Macv Tina, BMMIptoBanMca o6Bia Tanii Ta cTeroH; GioiMneaaHCHUM
METO[JOM — MPOBa, 6E3KMPOBA, aKTVBHA KNITMHHA Maca Tina, BMICT
3aranbHoil piguHK Ta 06'eM KPOBI; METOAOM iHTerpanbHoi peorpadii
Tina — yaapHWii ob'em, CepueBWii BUKUA, YRAAPHWIA Ta CepLeBuid
KoediuieHT
CUCTONIYHMI Ta AIaCTONIYHWI apTepianbHUM TUCK; BU3HAYaBCA iHAEKC
iHCyniHope3sncTeHTHOCTi HOMA.

iHAeKcH, HTerpanbHOl  TOHIYHOCTI;  BMMIpIOBaNnCA

Pesynbratn. [loBegeHo, Wo B pa3i 30biiblueHHA Macy Tina Big
HOPMabHOI 1O HaAMLWKOBOT Ta OXMPIHHA 1, 2 Ta 3-T0 CTyneHa Mae
Miclle 3pOCTaHHA O6'eMy 3aranbHOl PIAMHM Ha PiBHI CTATUCTUUHOI
3HayyujocTi p<0,001, p<0,05, p<0,001 Ta p<0,001 BignosigHo. O6'em
KpOBI B pa3i 30inblueHHA MacK Tina Bif HOPMaNbHOI A0 HAULIKOBOT,
Bif} OXMPIHHA 1-r0 CT. 4O OXMPIHHA 2-TO CT., Bi OXMPIHHA 2-TO CT.
[0 OXMPIHHA 3-TO CT. TAKOX CTATUCTUYHO 3Hauylie 36inblUyETbCA
(p<0,001, p<0,014 Ta p<0,001 BiANOBIAHO).

[lauieHT 3 HAOMMLWKOBOK MACcOl Tina, OXWUPIHHAM 1-ro  Ta
2-ro  CTYMeHIB  XapaKTepu3yloTbCa  abCOMOTHUM  30inblieHHAM
CUCTONIYHOT  GYHKUIT Ccepus 3a BM3HAYEHHAM YyAapHoro ob'emy
Ta CEepPUeBOro BUKMAY. 3a OXMPIHHA 3-TO CTyNneHA pO3BMBAETHCA

BIHOCHA CUCTONIYHA HEAOCTATHICTb WOAO NAOWI Tina.
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BMABNEHO CTaTMCTUYHO 3HAUYLLMIA 3B'A30K MiX NMapameTpamm CuCTo-
NiYHOT GYHKLIT Ta IHAEKCOM Macw Tifna, HAKOMUYEHHAM B OpraHi3mi Ak
XMPOBOT, Tak i 6e3%MpoBOT Mack. BaHayeHo, Lo 3MiHK CUCTEMHOTO
apTepianbHOro TOHyCy oci6 i3 HaANMWKOM Baru BiNbLIOK MIPOio 3a-
nexarb Bifl BMICTY B OpraHi3mi 6€3>KMpOBMX TKaHWH.

HaABHICTb 3B'A3KY MiX IHCYNIHOPE3WCTEHTHICTIO | PIBHAMM Y4apHOro
06'emy, cepueBoro BrKMy, KoedilieHTa iHTerpanbHOi TOHIYHOCTI, cuc-
TONIYHUM Ta AIaCTONIYHUM apTepianbHUM TUCKOM MNIATBEPAKEHO CTa-
TUCTUYHOIO BIAMIHHICTIO Ha piBHI p<0,001 uMx napameTpis y rpynax
0Ci6 i3 HaABHICTIO IHCYNIHOPE3UCTEHTHOCTI Ta 3 HOPMANbHOIO Yy TW-
BICTIO TKAHWH A0 IHCYITiHY.

BuCHOBKW. Y npeacTaBHUKIB YKpaiHCbKOI Nonynauii 3 HagamwKom
Baru Pi3HOro CTyMeHA [OBEAEeHO B3aEMO3B'A30K MiX MapameTpamu
cnCToniuHOl  GyHKUIT cepus Ta 3MmiHaMW CKnagy Tina, PIAMHHKX
CEKTOPIB, CTyNeHeM BigKnafaHHA BiCLepanbHOI XMPOBOI TKaHNHN. 3a
HaABHOCTI IHCYNIHOPE3WCTEHTHOCTI i 3MiHW NMOrMOMII0THCA.
KniouoBi cnoBa: HanvLIKOBa Maca Tifna, OXMPiHHA, bioimnegaHcHWA
aHani3, PiAVMHHI CEKTOPW TiNna, iHTerpanbHa peorpadis Tina, napameTpu
reMoAnHaMiKu.

CocToAHMe reMoAUHAMUKN Y AL C Pa3nunyHoii
Maccoii Tena: B3aMOCBA3b C COCTABOM Tena
I MHCYNMHOPE3NCTEHTHOCTbIO

E.B. Muciopa
Y «/HCTUTYT Npobnem aHAOKPUHHOM natonoruv um. B.A. laHunesckoro
HAMH YkpawHbi», . XapbKoB, YKpanHa

Pesiome.

Llenb paboTbl — 13yueHne U3MEHEHWI NapameTpoB reMoanHamu-
KV METOLOM MHTErpanbHo peorpadui Tena y B3pOoC/oro HaceneHns
r. XapbKOBa C pa3NnyHOM MacCow Tena B 3aB1CMMOCTM OT ero COCTaBa,
0CODEHHOCTEN ToNorpadun OTNOXKEHUA KMPOBOW TKaHW, KUAKOCT-
HbIX CEKTOPOB, HANMUMA 1 CTENEHN HCYNMHOPE3NCTEHTHOCTU.
Martepuanbl 1 metoabl. O6cnenosaHo 250 yenosek (cpegHWiA BO3-
pacT 65,48+11,86 ropa). Jvua ¢ Hannurem apTepuranbHOM rmMnepTeH3un,
nwemmyeckon bonesHn ceppla 1 CepaeyHOM HeAOCTaTOYHOCTU K UC-
CNeoBaHMIO He NPYBREeKanich. Y 0bcnenoBaHHbIX ONpenensncs MHaeKC
MaCCbl Tena, M3MepANKCb OKPYKHOCTb Tanum 1 begep; GovMNeAaHCHbIM
METO[IOM — MPOBas, 6E3KMPOBAsA, aKTUBHAA KNETOYHasA Macca Tena,

COflep*aHue oOLLer XMAKOCTM 1 06beM KPOBW; METOLOM WHTErpab-
HO peorpadui Tena — yaapHbIi obbem, cepaeuHblil BIOPOC, yaapHbIi
VI CepaeUHbl MHAEKCH], KOIPOUUMEHT VHTErpanbHOM TOHUYHOCTY; 13-
MEPANNCH CUCTONMYECKOE 1 AUACTONMYECKOE apTepranbHOe AaBNeHVE;
onpenenanca MHLeKC MHCYNnHopesncteHTHocT HOMA.

Pesynbratbl. [JOKka3aHo, YTO NpW YBEAMYEHMM MACCbl Tena OT HOp-
ManbHOW 10 M3ObITOYHO V1 OXMPEHNA 1,2 v 3-11 CTeneHelt HabnogaeT-
CA yBenuueHvie obbema 0OLEN XMAKOCTV Ha YPOBHE CTaTUCTUYECKON
3HaymmocTn p<0,001, p<0,05, p<0,001 1 p<0,001 COOTBETCTBEHHO.
Obbem KpoBM MpU yBeNMUEHUN MACChl Tena OT HOPManbHOM K 130bl-
TOYHOW, OT OXKMPEHNA 1- CT. K OKMPEHWIO 2-11 CT., OT OXKMPEHWNA 2-11 CT.
K OXMPEHMIO 3-1 CT. TaKke CTaTUCTUYECKM 3HAUMMO YBENMNUMBAETCA
(p<0,001, p<0,014 1 p<0,001 COOTBETCTBEHHO).

MaumneHTsl C 13BbITOUHOM MaCcCoW Tena, OXMpeHviem 1-i u 2-i cTe-
NeHW XapaKTepum3yloTca abCoMOTHBIM YBEAVYeHNEM CUCTONNYECKON
GYHKLMM CepALia B COOTBETCTBMN C OnpefeneHnem yaapHoro obbema
1 CcepaeyHoro Bblibpoca. MNpu oXMpeHun 3-i CTeneHn pa3BrBaeTCs
CUCTONMYECKAsA HeJOCTaTOYHOCTb OTHOCKUTENBHO NOWAAN Tena.
BbiABNEHa CTAaTUCTMYECKM 3HauMMan CBA3b Mexdy napameTpamu cu-
CTONMYECKON QYHKLMN 1 MHOEKCOM MacChl Tena, HakonneHrem B op-
raHM3me Kak »KMPOBOM, Tak 1 be3xmposoi mMaccsl. OnpeaeneHo, uto
VI3MEeHEeHNA CUCTEMHOTO apTepranbHOro TOHyCa AN C 3BbITKOM Beca
B OOMbLUEN CTEMEHM 3aBUCAT OT COfIePKaHMA B OpraHu3me 6e3xnpo-
BbIX TKaHew.

Hannyune CBA3N MeX[Y UHCYNMHOPE3UCTEHTHOCTBIO U YAAPHBIM O0b-
eMOM, CEepPAEYHbIM BbIOPOCOM, KOIOOUUMEHTOM MHTErpanbHoOM To-
HWUYHOCTW, CUCTONIMYECKMM U A1aCTONNYECKMM apTepranbHbIM AaBie-
HVIeM MOATBEPXAEHO CTATUCTUYECKM 3HaUYMMbIM Ha ypoBHe p<0,001
pa3nMuMeEM STUX MapaMeTPOB B rpynnax AnL C MHCYIMHOPE3NCTEHT-
HOCTbIO ¥ C HOPMasbHOW YyBCTBUTENBHOCTBIO TKAHEN K MHCYIINHY.
BbiBoAbl. Y npefcTaBuTenel YKpauHCKoW nonynaumm ¢ 13BbITKoM
MacChl Tena pa3HoW CTemeHW [oKa3aHa B3akMOCBA3b Mex[y napa-
METpaMm CUCTONNYECKON QYHKLMM cepala 1 U3MeHeHUAMN COCTaBa
Tena, KMUOKOCTHbIX CEKTOPOB, CTEMEHbIO OTNOXEHMA BUCLEPAbHON
XKUPOBOM TKaHW. [pW HanMUMK MHCYNIMHOPE3UCTEHTHOCTM 3TV 13Me-
HEHWA yCyryonaTcsa.

KnioueBble cnoBa: 1136bTOYHas Macca Tena, oxmpenue, bronmne-
NaHCHBIN aHanus, XKMAKOCTHble CEeKTOopa Tena, MHTerpanbHan peorpa-
duA Tena, napameTpbl reMoANHaMUKN.
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