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Abstract

Diabetes mellitus considerably accelerates advance of chronic kidney disease (CKD) reducing
glomerular filtration rate (GFR) by 12-15 ml/min per year resulting in much earlier deterioration of the
renal function — at a younger age. One more important mechanism of CKD aggravation is associated
with proteinuria. Continuous increase of protein content in the urine is an important symptom of
kidney lesion. Albumin excretion is an important marker of diabetes mellitus. In case of CKD caused by
diabetic nephropathy proteinuria is not only a sign of the disease but its important pathogenic
mechanism of advancing. Arterial hypertension (AH) intensifies proteinuria and therefore accelerates
CKD aggravation. Antihypertensive therapy with diabetic nephropathy is indicated not only to reduce
AH but to decrease the risk of cardiovascular diseases and slow down kidney lesions. Choosing
antihypertensive agents special attention should be paid to angiotensin converting enzyme (ACE)
inhibitors and calcium channel-blocking agents with their typical nephroprotection, which slows down
advance of chronic kidney disease.
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Introduction

In spite of an etiological factor resulting in
primary kidney lesion further course of the disease
and its advance is characterized by common
regularities of pathogenic mechanisms and stage-
by-stage type. The most frequent causes promoting
kidney lesions today are arterial hypertension (AH)
and diabetes mellitus (DM) [1, 2,3]. Approximately
25-35 % of patients with chronic kidney disease
(CKD)  suffer from so-called hypertensive
nephrosclerosis (in Ukraine the term “primarily
contracted kidney” is more commonly used), which
directly results from advanced kidney lesion with
AH. One more important mechanism deteriorating
kidney function with AH is quicker rate of
atherosclerosis development including
atherosclerosis of the renal arteries in comparison
to individuals with normal level of arterial blood
pressure [4,5,6]. DM considerably accelerates
advance of chronic kidney disease reducing
glomerular filtration rate by 12-15 ml/min per year
resulting in much earlier deterioration of the renal
function - at a younger age [7,9]. One more
important mechanism of CKD aggravation is
associated with proteinuria. Continuous increase of
protein content in the urine is an important
symptom of kidney lesion. Albumin excretion is an
important marker of diabetes mellitus [8]. In case of
CKD caused by diabetic nephropathy proteinuria is
not only a sign of the disease but its important
pathogenic mechanism of advancing. Arterial
hypertension (AH) intensifies proteinuria and
therefore accelerates CKD aggravation [10,1, 12]
The risk of cardiovascular complications and
advance of kidney lesions increases in proportion to
increased  proteinuria  [13,14,16].  Hypotensive
therapy with diabetic nephropathy is indicated not
only to reduce AH but to decrease the risk of
cardiovascular diseases and slow down advance of
kidney lesions [15, 17,18].

Special attention in choosing antihypertensive
agents should be paid to rational combination and
maximal simplification of the pattem of their use
due to administration of ready combined
drugs[19,20]. A simple pattem to use drugs
promotes increasing administration of the therapy
indicated. Similar to all other antihypertensive
agents ACE inhibitors cause dilation of the adductor

artery, but contrary to other classes of drugs they
lead to dilation of the abductor artery which
considerably decreases blood pressure inside of the
glomerulus[21,22]. Decrease of the hydrostatic
pressure in the glomerulus results in considerable
reduction of hyperfiltration and decrease or
extinction of proteinuria[23,24, 25].

Objective of our research was to study the
indicators of the main kidney function including
glomerular filtration rate, proteinuria level and
estimate disorders of lipid metabolism, lipid
peroxide oxidation in patients with diabetic
nephropathy (DN) using antihypertensive drugs
possessing nephroprotective mechanism of action.

Methods

84 patients with type 2 diabetes mellitus
aged from 47 to 75 with the duration of the
disease for 10-15 years were examined at the
Department of Nephrology of the Regional Clinical
Hospital of Chernivtsi. All the patients were
distributed between two groups: | group included
43 patients with stage 1 CKD and DN IV degree, Il
group included 41 patients with stage 2 CKD and
DN IV degree. Every group was divided into
subgroups (with stage 1 and 2 arterial
hypertension (AH)). The control group included 19
practically healthy individuals. Patients in all the
groups were distributed according to the age and
sex.

The diagnosis and degree of DN was made
according to C.E. Mogensen classification (1983) on
the basis of common clinical methods of
examination. Nephropathy caused by diabetes is
considered to be present with macroalbuminuria
available (over 300 mg) or microalbuminuria with
comorbid retinopathy or the period of DM over 10
years. According to the classification DN Il degree is
determined with microalbuminuria from 30 to 300
mg/day, increased or normal GFR and unstable
increase of arterial pressure. The diagnosis of DN IV
degree is made on the basis of proteinuria (more
than 500 mg/day), normal or moderately reduced
GFR, stable arterial hypertension and swellings. This
degree of DN is characterized by sclerosis of 50-75%
glomeruli.

AH stage was determined according to the
order of the Ministry of Health of Ukraine N2 384
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dated 24.05.2012 «On  Approval and
Introduction of Medical-Technological Documents
on Standard Medical Aid with  Arterial
Hypertension».

Doppler ultrasound of the renal parenchyma
was made for all the patients including the control
group to study renal circulation by means of the
apparatus Logic 450.

The treatment was initiated according to the
existing therapeutic principles of nephrological
diseases found. Lisinopril in the dose of 10 mg twice
a day was added to the standard treatment of
patients suffering from stage 1 and 2 CKD with stage
2 AH during the whole period of examination and
observation. The dose of Lisinopril was corrected
individually depending on the response to
antihypertensive therapy. Antihypertensive therapy
was supplied by Furosemide 40 mg on an empty
stomach and/or Amlodipine 5-10 mg/day as
appropriate in individually selected doses.

The studies conducted were performed
keeping to the Guidelines for Good Clinical Practice
(GCP, 1996), the Council of Europe Convention on
Human Rights and Biomedicine (04.04.1997), the
World Medical Association (WMA) Declaration of
Helsinki on Ethical Principles for Medical Research
Involving Human Subjects (1964-2000), and the
order of the Ministry of Health of Ukraine N2690
dated 23.09.2009, where a human being is an object
of research. The study was approved by the
Biomedical Ethics Committee of the Bukovinian
State Medical University (experimental study;
(Minutes No. 36 dated 17.11.2019) The article is
recommended for publication by the Commission on
Biomedical ethics in biomedical scientific research
the Bukovinian State Medical University the
protocol No. 4 dated 22 of April 2020. The state
registration number is 0114U002471.

The data obtained were statistically
processed by means of statistical programs
,,Excel5.0” with the calculation of mean value and
standard deviation. Student's test was used to
detect difference probability between the groups.
Difference between the groups were considered
to be reliable with the significance level p < 0,05.
Mann- Whitney criterion was used for non-
parametric calculations.

Results

Laboratory parameters of patients with
diabetic nephropathy were analyzed before
indication of angiotensin converting enzyme (ACE)
inhibitors and calcium channel-blocking (CCB)
agents. The most pronounced lipid imbalance was
found in patients with DN and stage 2 AH which is
indicative of considerable metabolic disorders in the
organisms of patients. Correlations available were
examined between the indices of blood lipid
spectrum and the main kidney functions in the
group of examined patients with CKD and stage 2
AH. Strong intermrelations were found between daily
proteinuria and parameters of low-density
lipoproteins (LDL) (r= 0,65) (p<0,05), triglycerides
(r=0,69) (p<0,05) and general cholesterol (r= 0,52)
(p<0,05), which is a direct mean force correlation.
Strong reversible correlations were found between
GFR and LDL parameters (r= -0,71) (p<0,05) and
triglycerides (r= -0,78) (p<0,05). Therefore, reliable
increase of LDL and triglycerides levels was
indicative of CKD aggravation with AH available
(Fig.1).

LDLs play a great role in creation of conditions
to disturb renal microcirculation and further
advance of CKD and stage 2AH.

Strong correlations of the main factors
promoting aggravation of CKD (daily proteinuria,
GFR) with the parameters of LDLs and triglycerides
of blood, as well as LDLs and triglycerides with the
major Doppler indices of the renal blood supply (Vs,
Vd, RI, time-averaged maximal drculation rate (TAMCR))
confirm a great role of these lipid and especially
non-invasive Doppler markers in detection of
accelerated rates of CKD aggravation, which will
enable to timely prevent the development of
irreversible changes in the kidneys.

As far as activity of inflammatory process in
the kidneys increases, permeability of the vascular
capillary wall and small vessels increases, blood
supply decreases, rheological blood properties
deteriorate, which is of great importance for
pathogenesis of chronic kidney disease, deteriorates
permeability of the vascular wall and intensifies
shifting of aggregation processes and inhibition of
all the properties of red blood cells. With DM
resulting in DN all the above processes increase to
maximum. At the same time, activated free radical
processes lead to disorders of morphofunctional
properties of erythrocyte membranes, which might
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promote disorders of microcirculatory
processes in patients with chronic kidney disease.
Arterial hypertension present in patients with CKD
deteriorates blood supply in the small kidney vessels
and decreases blood supply in them.

Morphofunctional properties of
erythrocytes in patients suffering from stage 1and 2
CKD and stage 2 AH were studied. Evaluation of the
results of the study found the most pronounced
decrease of erythrocyte deformability index (EDI) in
patients with DN and AH (p<0,05). It should be
noted that parameters were changed irrespective
of availability or lack of AH, but practically in all the
groups of the study the parameters of
morphofunctional properties of erythrocytes
differed reliably in the subgroups of patients. Thus,
in patients without stage 2 AH the parameters of
the relative viscosity of red blood cells (RBCs)
suspension and peroxide erythrocyte hemolysis
(PEH) were reliably lower than in patients with
stage 2 AH respectively (p<0,05), and EDI was
reliably lower in patients with AH than in the
subgroup without stage 2 AH (p<0,05).

Correlations were investigated between the
parameters of the morphofunctional properties of
red blood cells and the main kidney functions in
examined patients with CKD and stage 2 AH (Fig.2).
The strongest correlations were found between the
parameters of the main factors promoting CKD
advance and relative viscosity of red blood cells (RBCs)
suspension and peroxide erythrocyte hemolysis (PEH).
Thus, strong correlations were found between GFR
and relative viscosity of RBCs suspension (r= -0,83)
(p<0,05) and PEH indices (r=-0,79) (p<0,05). Direct
correlation of a mean force was found between GFR
and EDI (r= 0,48) (p<0,05). Strong correlation was
found between the quantitative index of daily
proteinuria and PEH (r= 0,89) with (p<0,05), and
mean force direct correlation between the
quantitative index of daily proteinuria and relative
viscosity of RBCs suspension (r= 0,66) (p<0,05).
Reversible correlation of a mean force was found
between the daily proteinuria parameter and EDI (r=
-0,49) with (p<0,05).

Therefore, analysis of the whole changes in
the morphofunctional properties of erythrocytes
found that parameters of relative viscosity of RBCs
suspension and PEH increase reliably with stage 1
and 2 CKD. They are mostly manifested in patients

with DN event without stage 2 AH, but with AH
changes become of an advancing character.

A part of 86 patients with AH during the
whole period of the study used Amlodipine in the
dose of 5 mg and Lisinopril in the dose of 10 mg
once a day (42 patients) to normalize arterial
pressure. The rest 46 patients received
monotherapy with Lisinopril in the dose of 10 mg 1-2
times a day (individual doses) and diuretics as

appropriate.
The treatment of patients with CKD was
corrected according to the clinical

recommendations issued by the State Institution
«The Institute of Nephrology, the National Academy
of Medical Sciences of Ukraine» (2012).
Nephrological pathology was treated according to
the existing principles of therapy of nephrological
diseases found. Doppler ultrasound of the renal
parenchymal vessels was made in order to control
dynamics of changes of the renal blood supply.
Tables 1.1 and 1.2 present the results of dynamic
examination of the renal blood supply with
underlying above treatment.

It should be noted that on the level of a.
renales 6 months and a year later considerable
changes were not found (p>0,05) under the action
of both antihypertensive drugs in the group of
patients with DN, who had a reliable decrease of the
renal blood supply parameters on the primary
examination. That is, the parameter neither
deteriorated nor improved. On the level of a.
segmentalis and a. interlobaris inconsiderable
changes occurred demonstrated in Tables 1.1and 1.2.

Table 1.1 shows that parameter of renal blood
supply reliably decreased in many cases on the level
of a. segmentalis after 6 months of treatment using
antihypertensive therapy in the combination of
Lisinopril and Amlodipine. In the group of patients
with DN and AH the parameters were torpid and
they did not respond to 6-month combined
administration of Lisinopril in the dose of 10 mg and
Amlodipine in the dose of 5 mg once a day.

Patients who received Lisinopril as a
monotherapy of renal arterial hypertension did not
show any reliable changes in the parameters of the
renal blood supply after 6 months of treatment
(p>0,05).

Table 1.2 shows the results of Doppler
ultrasound after a year of treatment using
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pathogenic antihypertensive therapy in the
combination of Lisinopril in the dose of 10 mg and
Amlodipine in the dose of 5 mg a day, and
monotherapy with Lisinopril. Only parameters of the
renal blood supply in patients with DN did not
practically change (p>0,05).

In patients who received Lisinopril for a year
practically all the parameters of the renal blood
supply did not practically differ on both levels (a.
segmentalis and a. interlobaris). The study confirms
that patients with DN do not demonstrate reliable
changes of Doppler parameters (p>0,05).

Thus, the majority of parameters of the renal
blood supply after a combined administration of
Lisinopril and Amlodipine for 6 months as a
pathogenic treatment did not improve much in
comparison with the beginning of treatment.
Reliable improvement of the parameters of the
renal blood supply was registered after a combined
administration of Lisinopril and Amlodipine for 12
months, inconsiderable improvement of blood
supply in the small renal vessels occurred which
provided slowing down of CKD aggravation. In
respect of the above mentioned examined
correlations of Doppler parameters and the main
factors of CKD aggravation (GFR, daily proteinuria)
and the main biochemical markers of CKD advance,
a combined administration of Lisinopril and
Amlodipine should be preferred.

Thus, analysis of examination of patients
with stage 1 and 2 CKD and stage 2 AH showed a
great value of Doppler parameters in order to
determine prognosis of CKD aggravation in patients
with DN and stage 2 AH. In our opinion, performing
color duplex Doppler ultrasound of the renal
circulation is of great importance in timely
diagnostics and dynamic control of the quality of
treatment of patients with chronic kidney disease
and arterial hypertension, which will provide timely
introduction of therapeutic-preventive measures in
order to slow down aggravation of chronic kidney
disease and development of terminal stage of the
disease resulting in treatment by means of
hemodialysis.

Discussion

During the use of nephroprotective therapy
the interrelations between the parameters of renal

blood supply and proteinuria level in the examined
patients were evaluated. Since, patients with
proteinuria level till 2 g/day were involved into the
study, the interrelations found were estimated.
Thus, in patients with absent proteinuria in daily
urine the parameters of TAMCR and RI practically
did not differ from the norm. Patients with the
parameter of daily proteinuria lower than 1g/day
presented the parameter of an average by time
maximal blood supply differed reliably (0,17+0,01
m/sec) against (0,20+0,01 m/sec) in patients without
proteinuria in daily urine (p<0,05), and Rl of these
patients did not differ (p>0,05). In patients with
daily proteinuria more than 1 g/day the examined
parameters of the renal blood supply differed
reliably. Thus, TAMCR was reliably lower (0,14+0,02
m/sec) against (0,20+0,01 m/sec) (p<0,05), and Rl
was reliably higher respectively (0,74+0,02) against
(0,54%0,03) with (p<0,05).

Identification of the parameters of the renal
blood supply plays an important role in non-invasive
prognosis of an aggravating course of CKD,
especially with arterial hypertension
available[26,27].

Nowadays there is no sufficient evidence
concerning prognostic value of the chosen markers
of free radical oxidation (FRO) with kidney lesions
under conditions of CKD course, diabetic
nephropathy with arterial hypertension Il degree,
and the character of damages of the kidney
structures with the above pathology is not
described [28,29,30].

Imbalance in the lipid free radical oxidation
(LFRO) system plays an important role in
disturbances of the renal blood supply and creates
conditions for increased resistance of the renal
vessels. Increased LFRO intensity in patients with
stage 1 and 2 CKD and stage 2 AH is of great
importance in aggravation of pathological disorders
in the renal circulation system. The most substantial
decompensation of LFRO processes occurred in
patients with stage 2 CKD (diabetic nephropathy)
with stage 2 AH available.

Dyslipidemia is one of the important risk
factors in aggravation of chronic kidney disease,
especially with AH available [31,32]. Our research
examined peculiarities of lipid imbalance in the
blood of patients with stage 1 and 2 CKD and stage 2
AH. The parameters of lipid blood spectrum in
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patients with stage 1 and 2 CKD, and stage 2
AH were characterized.

Analysis of the data obtained found that lipid
metabolism parameters differed most considerably
from the norm in patients with DN and AH, which
was reliably different from the appropriate
parameters in the group of patients suffering from
DN without AH (p<0,05). It should be noted, that in
patients suffering from DN without AH the
parameters of lipid spectrum undergo considerable
changes in comparison with normal findings in the
group of healthy individuals and all the rest of the
patients without stage 2 AH. The most pronounced
lipid imbalance was found in patients with DN and
stage 2 AH, which is indicative of considerable
metabolic disorders in the organism of patients
reflected in renal function. The level of triglycerides
in the blood mostly influences on the time of a time-
averaged maximal circulation rate and therefore, to
our mind, this is the parameter that should be paid
special attention to in identification of lipid markers
influencing on acceleration of CKD aggravation with
AH. Thus, LDL and triglycerides of the blood can be
markers indicative of disorders of the renal blood
supply in the small renal vessels further promoting
quick aggravation of CKD with AH.

As far as activity of inflammatory process in
the kidneys increases, the permeability of the
vascular capillary wall and small renal vessels
increases as well. Blood supply slows down,
rheological blood properties deteriorate, which is of
great value in pathogenesis of chronic kidney
disease, especially with immune inflammation,
which deteriorates permeability of the vascular wall
and intensifies disorders of aggregation processes
and inhibits all the properties of red blood cells.
With diabetes mellitus and diabetic nephropathy
resulted from it all the above processes increase to
maximum, since with underlying inhibited immunity
and considerable disorders of metabolic processes
in the organism of patients, disturbances of the
renal blood flow increase much more. CKD and
arterial hypertension in patients deteriorates blood
supply in the small renal vessels and decreases
blood flow in them. Therefore, today the problems
occurring from the side of morphofunctional state
of erythrocytes in such patients remain uncertain, as
well as interrelations of these changes with Doppler
parameters of the renal blood supply.

Condition of patients suffering from stage 1
and 2 CKD with DN is associated with pronounced
disorders of the morphofunctional properties of red
blood cells. In patients with AH these disorders
intensify more, which is mostly manifested in the
group of patients with DN and stage 2 AH. It is
indicative of an important role of disturbances of
these mechanisms for microcirculatory disorders in
this group of patients.

Improvement of efficacy of treatment of
patients with CKD and AH is one of the urgent issues
of current nephrology, which is caused by high
sickness rate of CKD and increase of a part of
patients with renoparenchymal arterial
hypertension associated with complications and
aggravation of CKD resulting in disorders of
functional ability of the kidneys, disability of such
patients and impossibility of their life without
regular sessions of detox programs, and of course,
considerable deterioration of the quality and life
span of patients[33]. All the patients in our research
received hypotensive mono- and combined therapy
depending on the stages of AH and CKD.

Considering the results of our research and
numerous interrelations of Doppler parameters of
the renal blood supply found on the level of small
vessels of the kidneys, and a.interlobaris in
partikular, with the main factors promoting CKD
aggravation (GFR and daily proteinuria), as well as
with biochemical markers playing a great role in CKD
aggravation, it should be reasonable to our mind to
analyze the dynamics of Doppler ultrasound
changes in the renal blood supply during a remote
period of time, that is, 6 months and one year since
the primary examination of patients.

It should be noted that considerable changes
were not found (p>0,05) at the level of a. renales in
6 months and in a year under the action of both
antihypertensive drugs in the group of patients
suffering from DN who presented reliable decrease
of the renal blood supply parameters at the primary
examination. That is, these parameters neither
deteriorated nor increased.

Changes ocaurred at the levels of a
segmentalis and a. interlobaris. The parameters of
the renal blood supply after 6 months of treatment
using combination of Lisinopril and Amlodipine as
antihypertensive pathogenic therapy changed
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reliably in many cases at the level of a.
segmentalis. In patients suffering from DN and AH
the parameters were torpid and did not respond to
the 6-month combined therapy with Lisinopril and
Amlodipine. Results of Doppler ultrasound in a year
since the use of pathogenic anthypertensive
therapy in the form of a combined administration of
Lisinopril in the dose of 10 mg and Amlodipine in the
dose of 5 mg a day did not find any considerable
changes. The parameters of the renal blood flow in
patients with DN did not change practically (p>0,05).

Thus, combined administration of Lisinopril
and Amlodipine as pathogenic therapy do not
considerably change the renal blood supply
parameters for the better in patients with DN during
6 and 12month period, but the disease does not
aggravate with gradual decrease of GFR and
development of terminal stage of renal failure.

In our opinion, color duplex Doppler
ultrasound of the renal blood supply will be of great
importance in timely diagnostics and during
dynamic control over the quality of treatment of
patients suffering from chronic kidney disease with
arterial hypertension, providing timely initiation of
therapeutic-preventive measures in order to slow
down aggravation of chronic kidney disease.
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Table 1.1. Quantitative characteristics of blood supply in the renal vessels

6 months after treatment (n, M+m)

Levels of examination

Doppler parameters

Individuals examined

Practically healthy

DN with arterial
hypertension

Lisinopril +

Amlodipine

a. segmentalis

Vs (cm/sec)

56,38 £ 3,32

43,01+ 2,11*
14,95% 2,17*
0,19+ 0,03%

88,22 £ 2,34%
0,63 * 0,04%

a.interlobaris

23,51+ 2,12%
9,12+ 2,14*
0,13+ 0,06%

81,44 + 2,12%
0,72+0,03*

a. segmentalis

42,10 +2,11*
14,56% 2,34*
0,23+ 0,03*

88,92 + 2,44*
0,74 £0,05*

a.interlobaris

vd (cm/sec) 24,22+ 2,28
TAMCR (m/sec) 0,29+ 0,06
Vvol (ml/min)
R 98,71+ 2,35
0,55+ 0,05
Vs (cm/sec) 34,87 £ 2,12
vd (cm/sec) 17,42+ 2,26
TAMCR (m/sec) 0,21+ 0,06
Vvol (ml/min)
IR 91,35 % 2,39
0,54 * 0,02
Lisinopril
Vs (cm/sec) 56,38 £ 3,32
vd (cm/sec) 24,22+ 2,28
TAMCR (m/sec) 0,29%0,06
Vvol (ml/min) 98,71 2,35
i 0,55% 0,05
Vs (cm/sec) ? ;}’ 8;122’2162
vd (cm/sec o ’241:0 ,06
TAMCR (m/sec) T
Vvol (ml/min)
RI 91,35 % 2,39
0,54 * 0,02

22,55 +2,16%
8,83+ 2,32%
0,14+ 0,06*

80,55 +2,16*
0,72 £0,02%

Notes:

*- p<0,05 in comparison with the group of healthy individuals;

" - p<0,05 in comparison with DN patients
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Tab.1.2 Quantitative characteristics of blood supply in the renal vessels

12 months after treatment (n, M+m)

Levels of examination

Doppler parameters

Individuals examined

Practically healthy

DN with arterial

hypertension
Lisinopril + Amlodipine
a. segmentalis Vs (cm/sec) 56,38 3,32 43,92 + 2,15%
Vd (cm/sec 24,22+ 2,28 14,99+ 2,27%
TAMCR (m/sec) 0,29+ 0,06 0,19+ 0,04%
Vvol (ml/min) 98,71+ 2,35 88,79 £ 2,13*
RI 0,55 * 0,05 0,63 + 0,05%
a.interlobaris Vs (cm/sec) 34,87 2,12 22,53 +2,42%
Vd (cm/sec 17,42+ 2,26 9,33% 2,24*
TAMCR (m/sec) 0,21% 0,06 0,14+ 0,05%*
Vvol (ml/min) 91,35 £ 2,39 82,04 t 2,44*
RI 0,54 * 0,02 0,70 + 0,02%*
Lisinopril
+ + *
Vs (cmjsec) 56,38 * 3,32 42,66 * 2,38*
24,22+ 2,28 14,89+ 2,77
vd (cm/sec 0,29+ 0,06 0,23+ 0,04*
a. segmentalis TAMCR (m/sec) 1290, 123 0,04
e (rrgvmm) 98,71+2,35 89,11 +2,04*
0,55 0,05 0,72 %0,04*
*
Vs (emised 34872 212 235 5348
i i vd (cm/sec o7 ,241+_o ,06 2 ,121 o’é‘}*
a.interlobaris TAMCR (m/sec) ,21£ 0, »14% 0,05
vvol (P{wlllmm) 91,35 + 2,39 81,62+ 2,11*
0,54 * 0,02 0,70 + 0,01*

Notes: *-p<0,05 in comparison with the group of healthy individuals;
" - p<0,05 in comparison with DN patients
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Figure 1. Correlations between blood lipid level and main kidney functions.
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Figure 2. Correlations between the parameters of the morphofunctional properties of

red blood cells and the main kidney functions
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