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Abstract. Renal function and nutritional status in patients with arterial hypertension. Rodionova V.V.,
Boiko O.0. Arterial hypertension is the main preventable cause of cardiovascular disease and all causes of death
worldwide, and also ranks second among the most important causes of chronic kidney disease after diabetes. An
important factor contributing to the increase in blood pressure is obesity. Being overweight raises blood pressure and
accounts for 65-75% of the initial hypertension, which is the main cause of cardiovascular disease and kidney disease.
The aim of the work was to study renal function in patients with arterial hypertension, depending on the nutritional
status of patients. Materials and methods. A prospective study included 47 stable outpatients with stage Il arterial
hypertension (left ventricular hypertrophy) of the Ist to 3rd degree, (24 women and 23 men), the average age was 55.7
(8.9) years. The mean disease duration was 14 (3.2) years. The control group included 28 relatively healthy people
without arterial hypertension (15 women and 9 men), the average age was 56.0 (6.6) years. All patients were evaluated
for complaints, medical history, smoking status, physical examination with anthropometric indicators (height, weight,
body mass index, waist circumference), heart rate and blood pressure. The risk of cardiovascular events was also
determined in accordance with the SCORE scale. The nutritional status was evaluated based on bioimpedancemetry
data (Omron analyzer) with determination of the percentage of total fat, muscle mass and visceral fat. To determine the
functional state of the kidneys, the level of total protein in blood serum, creatinine and albumin in the urine was
determined, with the determination of the albumin creatinine ratio in a single portion of urine, the glomerular filtration
rate were calculated. Results and conclusions. In patients with arterial hypertension, a change in nutritional status was
detected in the form of an increase in the amount of total adipose tissue against a background of a decrease in muscle
tissue pool, with the development of sarcopenia in combination with obesity. Also, patients developed hypertensive
nephropathy. It was found that the BMI is not informative enough to determine nutritional status, but requires the use of
bioimpedancemetry to determine the percentage of total fat, visceral fat and muscle mass.

Pedepar. @yHKLis HUPOK i HYTPUTHMBHUI CTAaTyc y XBOPHUX Ha aprepianbHy rinmeprensiio. Poxionosa B.B.,
Boiiko O.0. Apmepianvua cinepmensisa € OCHOBHOK 3ANODINCHOIO NPUUUHOIO, KA YNepeo’CYEMbCs NpU cepyeso-
CYOUHHUX 3AX80PIOGAHHAX 1 8CIX NPUYUHAX CMePMI 8 YCboMY C8imi ma nocioae opyze micye ceped HAlOiIb 8aANCTUBUX
NpUYUH XPOHIYHOI X80poOU HUPOK nicia diabemy. Baoicnusum paxkmopom, wjo cnpuse nioguyeHHIo apmepiaitbHO20
mucky, € odcupinna. Haomipua eaza cnpuse niosuujeHHio Kpos'ano2o mucky i cmauosums 65-75% nepeunnoi 2i-
Nnepmowuii, IKA € OCHOBHOI NPUHUHOIO CEPUeso-CYOUHHUX 3aX60PI0BAHb | 3aX80PI06aHb HUpoK. Memoto pobomu Oyno
Qocniodicents QYHKYIT HUPOK Y X80PUX HA apmepiabHy 2iINepmeH3ilo 3a1edCHO 8i0 HYMPUMUEHO20 CMAMYCY NAYIEHMIE.
Mamepianu ma memoou. Y npocnekmuene 00cnioxncenHss ysiiuinu 47 cmabiibHux amOyiamopHux nayicumie 3 apme-
piansroto einepmensicio Il cmadii (cinepmpois nisoeo uynouka) 1-3 cmynens, (24 ocinku i 23 wonosixu), cepeoniu
6ik — 55,7 (8,9) poky. Cepeous mpusanicmov 3axeoprosants cmanosuna 14 (3,2) poxis. [lo konmponvhoi epynu Oyau
eKkatoyeHi 28 I0HOCHO 300posux 0cib be3 apmepianvroi einepmensii (15 ocinox i 9 yonosikis), cepeoniii ik — 56,0 (6,6)
POKig. Ycim nayienmam npoeoounu OYiHKy cKape, AHAMHeCMUYHUX OAHUX, CIAmycy KypiHHs, Qi3ukanvHull 02nio 3 6u-
SHAYEHHAM AHMPONOMEMPUYHUX NOKA3HUKIG (3picm, 6asa, iHOeKC MAcu Mind, OKPYICHICMb MAnii), 8UMIDIOBAHHAM
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yacmomu cepyesux CKOpoyYeHv I pieHs apmepianvHoeo mucky. Takodc eusHauwanu pusuk cepyeso-cyOUHHUX NOOill
gionosiono 0o wkanu SCORE. CmaH Hympumugno2o cmamycy OYiHioeanu Ha niocmasi oanux Oioimnedancmempii
(ananizamop "Omron") 3 6usHaueHHAM B8I0COMKA 3A2ANbHO20 MHCUPY, M'A3080i macu i sicyepanvhoeo owcupy. Jns
VMOYHEHHsT YHKYIOHAIbHO20 CIMAHY HUPOK GU3HAYANU DIeHb 3a2aIbHO20 OIIKA 6 CUpogamyi Kposi, KpeamuHiny ma
anvOymiHy 6 ceul, 3 GUSHAYEHHAM aNbOYMIH-KPeamuHiny CHIGEIOHOUIEHHS 6 pa306ill nopyii ceui, 0OYUCTIO8AIU
weuokicms K1yooukoeoi ginempayii. Pesynemamu ma sucnosxku. Y nayienmie 3 apmepianbHow cinepmensicio 6yno
BUAGNEHO 3MIHY HYMPUMUGBHO20 CMAMYCy V 6U2iali NIOSUWEHHS KITbKOCHI 3a2albHOI HCUPOBOI MKAHUHU HA M
SHUDICEHHsL MYy M'S30801 MKAHUHU, 3 PO3GUMKOM CAPKONEHII 6 NOEOHAHHI 3 odcupinusam. Taxooic y nayieumie mano
Mmicye popmyeanns cinepmensitinoi Hegpponamii. Byno eusgneno, wo noxkasnux IMT ne € docmamubo inghopmamuernum
0151 BUSHAYEHHS HYMPUMUBHO2O CIAMYCY, WO BUMAAE 3ACMOCYBAHHSA Memoody bioimnedancmempii Onid U3HAUEHHS
BI0COMKA 3G2AIbLHO20 MA BICYUEPATILHOSO HCUPY, M'A30801 Macu.

Substantial progress has been made in under-
standing the epidemiology, pathophysiology, and
risk associated with hypertension, and a wealth of
evidence exists to demonstrate that lowering blood
pressure (BP) can substantially reduce premature
morbidity and mortality. A number of proven, highly
effective, and well-tolerated lifestyle and drug
treatment strategies can achieve this reduction in BP.
Despite this, BP control rates remain poor
worldwide and are far from satisfactory across
Europe. Consequently, hypertension remains the
major preventable cause of cardiovascular disease
(CVD) and all-cause death globally and in our
continent [3, 15]. Hypertension is the second most
important cause of chronic kidneys diseases
(CKD) after diabetes. Hypertension may also be the
presenting feature of asymptomatic primary renal
disease. An alteration of renal function is most
commonly detected by an increase in serum
creatinine. This is an insensitive marker of renal
impairment because a major reduction in renal
function is needed before serum creatinine rises,
however, in the early stages, this indicator is not
effective enough [14]. An important factor con-
tributing to the increase in blood pressure is obesity.
Excessive adiposity raises blood pressure and
accounts for 65-75% of primary hypertension, which
is a major driver of cardiovascular and kidney
diseases. In obesity, the incidence of hypertension
directly correlates with an increase in body mass
index (BMI). Hypertension, high normal blood
pressure and “white coat hypertension” occur with
high frequency in obesity and are often associated
with increased waist circumference and insulin
resistance. According to the Framingham study, an
increase in weight of 1 kg helps to increase blood
pressure by 1 mmHg. [7]. In obesity, abnormal
kidney function and associated increases in tubular
sodium reabsorption initiate hypertension, which is
often mild before the development of target organ
injury. Factors that contribute to increased sodium
reabsorption in obesity include kidney compression
by visceral, perirenal and renal sinus fat; increased
renal sympathetic nerve activity (RSNA); increased
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levels of anti-natriuretic hormones, such as angio-
tensin Il and aldosterone; and adipokines, parti-
cularly leptin. The renal and neurohormonal path-
ways of obesity and hypertension are intertwined.
For example, leptin increases RSNA by stimulating
the central nervous system proopiomelanocortin—
melanocortin 4 receptor pathway, and kidney com-
pression and RSNA contribute to renin—angiotensin—
aldosterone system activation. Glucocorticoids
and/or oxidative stress may also contribute to mine-
ralocorticoid receptor activation in obesity. Prolonged
obesity and progressive renal injury often lead to the
development of treatment-resistant hypertension.
Patient management therefore often requires multiple
antihypertensive drugs and concurrent treatment of
dyslipidaemia and inflammation [11, 14].

The aim of the study: to determine of renal
function in patients with arterial hypertension,
depending on the nutritional status of patients.

MATERIALS AND METHODS OF RESEARCH

The retrospective part of the study included 75
patients with hypertension. Criteria for inclusion in
the study: verified diagnosis of arterial hypertension.
The diagnosis of hypertension was verified on the
basis of recommendations for the management of
arterial hypertension of the European Society of
Cardiology and the European Society for Arterial
Hypertension, 2018 [15].

Exclusion criteria were: patients over 80 years
old, history of acute cardiovascular events, heart
failure with systolic dysfunction, coronary heart
disease, clinically significant heart rhythm distur-
bances, diabetes, kidney diseases, surgery over the
past year and oncological diseases.

A prospective study, after careful selection based
on inclusion and exclusion criteria, included 47
stable outpatients with stage II arterial hypertension
(left ventricular hypertrophy) of the 1st to 3rd degree
(24 women and 23 men), the average age was 55.7
(8.9) years. The mean duration of hypertension was
14 (3.2) years. The control group included 28
relatively healthy individuals without arterial hyper-
tension (15 women and 9 men), the average age was
56.0 (6.6) years. By age and gender, both groups
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were statistically comparable and did not have a
significant difference (p>0.05) [1, 4].

Patients with arterial hypertension were treated
according to the recommendations for the mana-
gement of arterial hypertension of the European
Society of Cardiology and the European Society of
Arterial Hypertension, 2018 [15]. Patients had an
average adherence to treatment.

The general clinical examination included the
assessment of complaints, medical history, smoking
status, physical examination with determination of
anthropometric parameters (height, weight, BMI,
waist circumference), measurement of heart rate
(HR) and blood pressure level: systolic blood pres-
sure( SBP) and diastolic blood pressure (DBP).
Cardiovascular risk according to the SCORE scale
was calculated for all patients [15]. All patients
underwent bioimpedancemetry (Omron analyzer) to
determine the percentage of total fat, muscle mass
and visceral fat. The data obtained were compared
with reference values [2]. The levels of total
cholesterol(TH), triglycerides (TG), low density
lipoproteins (LDL), very low density lipoproteins
(VLDL), high density lipoproteins (HDL), and
atherogenicity coefficient (AC) were investigated.
The level of creatinine and albumin in the urine were
determined, with the calculation of the albumin-
urine creatinine ratio (ACR) in a single portion of
urine to determine the kidney function. Glomerular
filtration rate (GFR) was calculated using the for-
mula CKD-EPI (Chronic Kidney Desease Epi-

demiology Collaboration). To clarify the diagnosis,
patients underwent ultrasound of the heart,
electrocardiographic examination, ultrasound of the
abdominal organs. The results were processed using
the program Statistica v. 6.1 (Statsoft Inc., USA)
(license  number AGAR909E415822FA) with
determination of mean values (M), standard de-
viation (SD) in the case of normal distribution of
values, and median (Me), upper and lower quartiles
([25%; 75%]) in the case of non-normal distribution.
Parametric methods were used with help of Student's
t-test in the case of a normal distribution of values.
For a distribution other than normal, the nonpa-
rametric Mann-Whitney test was used. The pro-
bability of an error-free forecast of qualitative signs
was carried out using the Xi-square test (x2). For
correlation analysis, we used the Pearson parametric
method or the Spearman nonparametric method with
the determination of the correlation coefficient (R).
When analyzing the data, the differences between the
groups were considered significant at p<0.05 [1, 4].

RESULTS AND DISCUSSION

The examined patients of both groups were com-
parable in age and gender composition. In the
hypertensive group there were 15 of 47 smoking
patients, in the comparison group — 7 of 28. Both
groups were comparable in the number of smokers.
(p=0.05). The data of the physical examination of
patients are presented in table 1.

Table 1
Physical examination of patients
Definition Main group Control group p
Age,y M(SD) 55.7 (8.9) 56.0 (6.6) 0.8
Pack / year index M(SD) 20.0 (8.1) 27.8 (10.7) 0.16
SBP, mmHg Me [25%-75%] 135.5 (132.2-140.0) 127.2 (127.2-130.0) 0.001
DBP, mmHg Me [25%-75%] 84.2 (81.0-90.0) 83.5(80.0-83.5) 0.001
Heart rate, in 1 min M(SD) 86.4(8.1) 74.8 (4.5) 0.002

Patients of the hypertension group complained of
periodic heart palpitations, headache, and increased
blood pressure. Levels of SBP, DBP and heart rate
in patients in the main group were significantly
higher than in patients in the control group. Ac-
cording to the SCORE scale, 51.7% (n=15) of pa-
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tients had an average risk of developing cardio-
vascular complications, 31.0% (n=9) of patients had
a high risk, and 17.3% (n=5) of a very high risk.

The nutritional status of patients was determined
using anthropometry and bioimpedancemetry (table 2).
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Table 2
Indicators of nutritional status in the examined patients
Definition Main group Control group p
Body weight, Me [25%-75%] 90.4(77.9-103.0) 87.5 (76.8-95.0) 0.7
BMI, Me [25%-75%] 30.0(25.9-33.4) 27.8(24.6-31.5) 0.9
Total fat, % Me [25%-75%] 36.3(32.8- 40.2) 22.3(22.0-22.5) <0.0001
Muscle, %Me [25%-75%] 27.4(25.0-28.7) 35.0 (34.0-35.3) <0.0001
Visceral fat, % Me [25%-75%] 11.9 (9.0-14.0) 10.0 (9.5-10.7) 0.07
Waist circumference , sm M(SD) 94.5 (1.5) 90.5 (1.3) 0.06

It should be noted that, despite a slight difference
in BMI in patients of both groups, there was a
predominance of average body weight in patients
with hypertension due to a statistically significant
increase in total fat against a significant decrease in
muscle tissue. The data obtained corresponds to that
given in the work of Satardinova E.E. [7], in that the
prevalence of body mass deficiency among patients
without arterial hypertension is significantly lower
than in patients with arterial hypertension. There is
also a decrease in muscle mass in patients with
hypertension due to the development of sarcopenia
[8]. The most unfavorable metabolic aspect of
sarcopenia is considered the combination of
sarcopenia with obesity, since this tandem signi-
ficantly increases the risk of death and is often found
in male patients [13]. It is believed that an increase
in the mass of total or visceral adipose tissue leads to
an increase in the secretion of pro-inflammatory
cytokines and an imbalance in the adipokine-
myokine-osteokine system, which ultimately leads
to atrophy of bones and muscles, a decrease in
physical activity and further progression of obesity.
Sarcopenia is directly related to osteopenia and
osteoporosis, which allowed a number of authors to
propose the term “osteosarcopenic obesity” [8, 13].
Sarcopenia and obesity have a mutually aggravating
effect: sarcopenia leads to a decrease in physical
activity and, as a result, to an increase in fat mass, and
the development of obesity, in turn, is accompanied by
an increase in the production of proinflammatory
cytokines, dysregulation of the secretion of leptin and
adiponectin, and a decrease in muscle sensitivity to
insulin, which contributes to further exacerbation of
sarcopenia [5]. In patients of an older age group with
arterial hypertension, a decrease in overall motor
activity is significantly more likely to occur compared
with patients without arterial hypertension [13].
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Analyzing the data of a laboratory study of blood
serum and urine (table 3), it was noted that the level
of creatinine and albumin in the urine was
significantly higher in the main group. An increase
in urine creatinine may be associated with the
development of renal hyperfiltration against the
background of an increase in blood pressure, mainly
SBP, which is consistent with data obtained in
studies of E. Lopina. et al. [2], who noted an in-
crease in urinary creatinine levels with elevated
levels of SBP. In patients with hypertension, the
ACR in the urine was also significantly higher, and
the GFR indicator was significantly lower compared
with the control group. According to the HOPE
study, an increased urine albumin / urine creatinine
ratio is a predictor of the development of severe com-
plications: stroke, myocardial infarction, death from
cardiovascular complications. The growth of this indi-
cator for every 0.4 mg/mmol above normal increases
the risk of cardiovascular complications by 5.9% [2].

A decrease in GFR below 90 ml/min. was also
observed in patients of the control group, which is
consistent with the idea of a physiological decrease
in renal function in older patients [4].

The data obtained suggest that in patients with
stage II arterial hypertension, hypertensive nephro-
pathy is formed with initial manifestations of
impaired renal function. According to the European
Society of Arterial Hypertension [6], the develop-
ment of chronic kidney disease in its early stages
contributes to an increase in the level of cardio-
vascular risk and the likelihood of mortality. A
significant increase in blood LDL and TG levels in
patients with hypertension, combined with obesity
and decreased kidney function, can increase the risk
of fatal cardiovascular events in this category of
patients (table 3).
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Table 3
Data of laboratory tests of blood and urine

Definition Main group Control group P
Total cholesterol, pmol/l M(SD) 4.9 (0.7) 4.6 (0.8) 0.06
LDL, pmol/l Me [25 %-75 %] 2.7 (2.3-3.8) 2.1(1.8-3.0) 0.04
VLDL, pmol/l Me [25 %-75 %] 0.5 (0.5-0.8) 0.5(0.4-0.7) 0.2
HDL, pmol/l Me [25 %-75 %] 0.9(0.8-1.2) 1.1(1.0-1.2) 0.2
TG, pmol/l Me [25 %-75 %] 1.7 (1.3:2.4) 1.4 (0.9-1.8) 0.04
AC Me [25 %-75 %] 2.9 (2.14.2) 2.7 (2.0-3.2) 0.2
Blood creatinine, pmol / 1 M(SD) 93.87(7.7) 85.4 (8.7) 0.04
GFR, ml/min Me [25 %-75 %] 72.0 (62.5-82.1) 82.0 (74.2-93.0) 0.01
Urinary creatinine, mcmol/L.  M(SD) 5423. 6 (495.8) 1078.4 (551.6) 0.002
Urine albumin, mg/mmol M(SD) 15.3(2.1) 8.8(2.) 0.05
ACR Me [25 %-75 %] 13.0(6.2-13.0) 9.3(2.0-9.3) 0.007

Based on the data of the correlation analysis, the
relationship between the state of nutritional status in
patients with hypertension and the functional state of
the kidneys is determined. In the control group,
between the indicators of adipose tissue content and
the level of urinary albumin excretion, a positive
relationship of medium strength was revealed. R=0.5
(p=0.03), that is an increase in total fat may
contribute to impaired renal function. In patients of
the main group, a combination of several mutually
aggravating factors (hypertension, obesity, dysli-
pidemia, etc.) leads to a significant aggravation of
renal dysfunction, which probably leads to a transi-
tion from microalbuminuria to excretion of large
protein molecules in the urine [2]. Thus, a negative
correlation relationship of medium strength R=-0.46
(p=0.04) was found between the content of adipose
tissue and the level of urinary albumin excretion.
Similar violations can be associated with a change in
the functioning of adipose tissue itself. Thus, white
adipose tissue is not only a simple organ for storing
fat, but is currently regarded as a dynamic tissue
involved in the production of a number of
adipokines, such as leptin, adiponectin, tumor necro-
sis factor-a (TNF-a), monocyte chemotactic protein-
1 (MCP-1) Transforming Growth Factor-Beta (TGF-
B) and Angiotensin II. The balance between these
adipokines allows adipose tissue to regulate appetite,
food intake, glucose excretion and energy
expenditure. Violation of this balance in obesity
contributes to the formation of a pro-inflammatory
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environment and causes the development of insulin
resistance (IR). According to Decleéves AE, Shar-
ma K. [10], an increase in adipose tissue (obesity)
contributes to the development of kidney pathology
due to impaired renal hemodynamics, endothelial
and podocyte dysfunction, thickening of the glo-
merular basement membrane and expansion of the
mesangial canal, tubular atrophy, interstitial fibrosis.
Morphological changes lead to a progressive dec-
rease in renal function — the development of
microalbuminuria, proteinuria and a decrease in
GFR, which, in the end, is characterized by the
development of the terminal stage of renal failure
(ESR). Thus, a vicious circle of pathological chan-
ges arises — the appearance of hypertension and a
change in nutritional status leads to impaired renal
function, which, in turn, contributes to the ag-
gravation of hypertension syndrome and is con-
firmed by the identification of the examined patients
with arterial hypertension a negative correlation
between GFR and the level of SBP R=-0.5 (p=0.02)
and a positive strong correlation between the level of
DAT and albuminuria R=0.6 (p=0.03).

CONCLUSIONS

1. Patients with arterial hypertension showed a
change in nutritional status in the form of a
significant increase in the amount of total adipose
tissue against a background of decreased muscle
tissue, with the development of metabolically
unfavorable sarcopenia in combination with obesity.
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2. In patients with initial manifestations of
impaired renal function hypertensive nephropathy
develops. A significant increase in LDL and TG
levels in patients with hypertension combined with
obesity and decreased kidney function can increase
the risk of fatal cardiovascular events.

3. All patients with hypertension should not only
undergo an anthropometric study to determine BMI,
but bio-impedancemetry to determine the total fat,
muscle mass and visceral fat as well.

Conflict of interest. The authors declare no
conflict of interest.
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