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ABSTRACT

Asymptomatic hyperuricemia is believed to be more severe and more common in patients
with dual metabolic syndrome diseases (essential hypertensive disease (EHD) and type 2
diabetes mellitus (T2DM)) and comparatively less severe and less common in patients with
either of these dual metabolic syndrome diseases. To determine the heterogeneity of renal
pathogenicity on the background of asymptomatic hyperuricemia in the clinical course of
EHD combined with T2DM using correlations between uric acid levels in the blood, systolic
blood pressure levels, glycated hemoglobin, dyslipidemia, inflammatory processes, kidney
damage, etc. The research included 105 patients (50 males and 55 females), aged 41-70 years,
average age being (54.2+4.0) years. Patients were divided into 3 groups: Group | (Gl)
consisted of 25 patients with treatment-compensated EHD, 1-2 degree, stage 1I; Group 11
(GIl) was made up of 25 patients with subcompensated T2DM (glycated hemoglobin
(HbA:C) - from 7.0 to 11.0%); Group I (GIII) had 55 patients with EHD, 1-2 degree, stage
IT combined with subcompensated T2DM. Control group consisted of 15 practically healthy
volunteers, 10 (66.7%) females and 5 (33.3%) males, aged (54.6+4.2) years. Groups were
randomized according to age, sex, BMI, duration of EHD and T2DM. In addition to general
clinical examination conducted; blood levels of uric acid (UA), lipids, tumour necrosis factor
alpha (TNF-a), high-sensitivity C-reactive protein (hs-CRP) were determined. Urine levels of
neutrophil gelatinase-associated lipocalin (NGAL) was also determined using immuno-
fermentation methods. Asymptomatic hyperuricemia characterized by an increase in blood
uric acid level of more than 410 umol/l was observed in 34.6% of GI patients, in 21.8% of
GII patients and most commonly in 55.7% of GlII patients with EHD combined with T2DM.
Correlations between blood uric acid level with albuminuria was found (r=+0.42; p<0.05);
with decrease in GFR (r=-0.51; p<0.05); with increase in NGAL level in urine (r=+0.56;
p<0.05), which indicate an adverse effect of asymptomatic hyperuricemia on the functional
state of the kidneys in patients with EHD and concomitant T2DM. Positive correlative
relationships exist between asymptomatic hyperuricemia, increased albuminuria and a
decrease in GFR, dyslipidemia, SBP, HbA;C, inflammatory processes and kidney damage,
which indicate the heterogeneity of renal pathogenicity in patients with EHD combined with
T2DM and a higher risk of cardiovascular disease in such patients.
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INTRODUCTION
Essential hypertensive disease (EHD) and type 2 diabetes mellitus (T2DM) remain among the

most common diseases in the world. Today, diabetes mellitus (DM) ranks third in the overall
structure of morbidity and mortality after cardiovascular disease and oncological diseases.
According to the forecasts of the World Health Organization (WHO), its prevalence by 2030
will increase to 500 million people ™ % *2. According to WHO, in recent decades, the
prevalence of diabetes mellitus in the countries of the world has increased by 1.5-2.0 times
and ranges from an average of 1.5% to 3-4%, and in developed countries - up to 8-10%.
Every 10-15 years, the number of patients with diabetes mellitus doubles *2.

The prevalence of essential arterial hypertension in patients with diabetes mellitus type 2 is 2-
3 times higher than in the general population, and 70% of patients with type 2 diabetes
mellitus have high blood pressure, which significantly increases the risk of developing
cardiovascular complications that deteriorate the prognosis and quality of life of patients and
is the main cause of mortality > *. In type 2 diabetes mellitus combined with essential arterial
hypertension, the risk of developing renal failure increases by 15-20 times * %,

In patients with diabetes mellitus type 2 and essential hypertensive disease, there is a severe
impairment of kidney function with increased microalbuminuria (MAU) and decreased
glomerular filtration rate (GFR) '*. Prognostic unfavourable factors for nephropathy in
essential hypertensive disease (EHD) and concomitant type 2 diabetes mellitus (T2DM) are
characterized by increase in albuminuria and neutrophil gelatinase-associated lipocalin
(NGAL) in urine; and with decrease in GFR, increase in systolic blood pressure,
hyperglycemia, dyslipidemia, hyperuricemia, subclinical inflammation (with respect to TNF-
a and hs-CRP levels in the blood) and with subsequent activation of fibrogenesis due to
increased CTGF levels in the blood °.

Defects of kidneys in patients with diabetes mellitus type 2 and concomitant essential arterial
hypertension are accompanied by an increase in the levels of TNF-o, NT-proBNP, HIF-1a,
CTGF in blood serum and NGAL in the urine, which may act as additional diagnostic and
prognostic markers for the clinical progression of these combined pathologies *°.

Uric acid is the ultimate purine metabolism product, its increase is associated with the
development of gout ®. Recently, the issue of the relationship between asymptomatic
hyperuricemia and the development of cardiovascular pathology in the absence of gout has
been actively discussed ' '3, Asymptomatic hyperuricemia is common in patients with
essential arterial hypertension: it is found in 25-40% of patients with the first (preliminary)
diagnosis of essential arterial hypertension, in approximately 80% of patients with severe
hypertension and in 50% of patients who use diuretics ** *”. It has been shown that in the
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presence of hyperuricemia, arterial hypertension develops due to a decrease in renal blood
flow with subsequent partial renal ischemia, which contributes to the activation of the renin-
angiotensin system > % 3. According to the results of a 5-year prospective study, the initial
hyperuricemia determined the rate of progression of hypertensive kidney damage °. Presently,
hyperuricemia is considered as an independent predictor of the development and progression
of chronic kidney disease ®.

MATERIALS AND METHOD

The research included 105 patients (50 males and 55 females), aged 41-70 years, average age
being (54.2+4.0) years. Patients were divided into 3 groups: Group | (Gl) consisted of 25
patients with treatment-compensated EHD, 1-2 degree, stage II; Group II (GII) was made up
of 25 patients with subcompensated T2DM (glycated hemoglobin (HbA;C) - from 7.0 to
11.0%); Group Il (GIII) had 55 patients with EHD, 1-2 degree, stage II combined with
subcompensated T2DM. Control group consisted of 15 practically healthy volunteers, 10
(66.7%) females and 5 (33.3%) males, aged (54.6+4.2) years. Groups were randomized
according to age, sex, BMI, duration of EHD and T2DM. In addition to general clinical
examination conducted; blood levels of uric acid (UA), lipids, tumour necrosis factor alpha
(TNF-a), high-sensitivity C-reactive protein (hs-CRP) were determined. Urine levels of
neutrophil gelatinase-associated lipocalin (NGAL) was also determined using immuno-
fermentation methods.

In order to determine renal function state in patients with diabetes mellitus type 2 and
essential hypertensive disease, it is necessary to constantly monitor MAU, GFR, along with
systolic blood pressure (SBP), HbA.C and blood lipid profile **. To study the clinical
dynamics of nephropathy in patients with T2DM and concomitant EHD, it is necessary to
constantly monitor the MAU, GFR, HbA,C, serum lipid levels and blood pressure ®.

All patients underwent general clinical examination, determination of systolic blood pressure
(SBP) and diastolic blood pressure (DBP). Characteristics of glucose metabolism were
assessed by the level of fasting blood glucose, glycated hemoglobin (HbA:C); lipid
metabolism - by the level in the blood of total cholesterol (TC), triglycerides (TG), low
density lipoprotein (LDL), and high density lipoprotein (HDL).

The level of uric acid in the blood was determined using fermentative colorimetric test. The
level of microalbuminuria (MAU) was determined using test strip (PentaPhan, "LaChema").
Glomerular filtration rate (GFR) was calculated using the CKD-EPI formula **. Reduction of
GFR from 89 to 60 ml/ min/1.73m? was considered a dysfunction of the kidneys of a mild

degree, from 59 to 30 ml/min/1.73m? - as moderate, from 29 to 15 ml/min/1.73m’ - as
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moderate for 3 months or more with or without signs of kidney damage, which is consistent
with the definition of chronic kidney disease *.

The research did not include patients diagnosed with gout, type 1 diabetes mellitus, type 2
decompensated diabetes mellitus (HbA;C >11.0%), 3rd degree or severe hypertension,
primary kidney disease, other somatic pathology in active or decompensated form with a
decrease in GFR of less than 60 ml/min/1.73m?, presence of ketoacidosis in history.

In addition, patients with decompensated somatic pathology, oncological and
lymphoproliferative diseases; chronic bronchitis in the active phase; chronic kidney disease
(CKD) of another etiology, except for diabetic etiology; diabetic nephropathy of stages IlI,
IV and V with macroalbuminuria and reduction of GFR below 60 ml/min/1.73m?; alcoholic
liver disease of viral or toxic etiology; non-alcoholic steatohepatitis with a steady increase in
liver transaminase by 1.5 times; history of abuse of alcohol and use of narcotic drugs; and
with absence of individual consent of the patient for the research were all excluded from the
research.

Clinical and laboratory studies were carried out in accordance with the recommendations of
the manufacturers of diagnostic test kits and systems using modern laboratory technologies
and with due observance of the ethical principles of the Declaration of Helsinki (DoH) in
2013 concerning human research.

Statistical analyses of the results of the research were carried out using the Microsoft Excel
computer program from methods of variation statistics, the Student's t-distribution and the
program "Statistica 13.0 for Windows". Estimates of the statistical significance of the
difference, % were determined by the chi-squared distribution (also known as chi-
square or y2-distribution) method. To determine the correlation between individual
parameters, a pair factor correlation analysis was performed with the calculation of the
Pearson correlation coefficient (r) and its reliability (p).

RESULTS AND DISCUSSION

Uric acid levels in the blood of Group I patients with EHD was (422.52 + 11.85) umol/L, in
Group Il patients with subcompensated T2DM, it was (349.25 + 9.60) umol/L. The highest
uric acid levels in the blood was observed in Group Il patients with EHD combined with
subcompensated T2DM, and it was (490.23 + 14.27) umol/L, as compared with (287.60 *
6.53) umol/L in patients in the control group (p<0.05) (Table 1).
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Table 1: Clinical and laboratory indices of patients with diabetes mellitus type 2 and

concomitant essential arterial hypertension, M+m

Indices Control Group I Group II Group III
group, n=15 patients, patients, patients,
n=25 n=25 n=55
SBP (mmHg) 1224 +£4.3 143.5 £ 5.9%e 132.2 £ 5.0%e 152.8 £6.1*
DBP (mmHg) 775+ 4.6 88.4 +5.6%e 82.5+5.2¢ 92.9 +6.3*
Uric acid (pumol/l) 287.60+6.53  402.52+11.85%e 385.25+9.60%e  456.23+14.27*
Total cholesterol (mmol/I) 4.42 +0.22 5.52 + 0.27*e 6.19 + 0.31*e 7.05£0.42*
HDL (mmol/l) 1.65+0.13 1.35 £ 0.12%e 1.22 £0.10* 1.11+£0.08*
LDL (mmol/l) 2.13+0.15 2.68+0.17*e  3.07+0.18%  3.52+0.22*
Triglycerides (mmol/l) 1.38+£0.10 1.82 £ 0.13%e 2.16 £0.14* 240 +£0.17*
Fasting blood glucose (mmol/l)  4.26 +0.18 4.69 * 0.25e 8.32 £ 0.40%e 9.25+0.51*
HbA;C (%) 4.62+0.25 4.78 £ 0.30e 774 +0.38*  8.90 £ 0.45*
Albuminuria (mg/1) 79+1.2 1452 +1.03*e 22,72 +1.90*e  28.85+ 2.09*
Proteinuria (g/l) - - 0.28 £ 0.02e 0.57+£0.04
GFR (CKD- 108.7 +5.8 94.1 £ 5.3%e 8.4 +4.7* 68.2 + 3.9*
EPI)(ml/min/1.73m?)
Urea (serum) (mmol/l) 5.53+0.37 6.64 + 0.46e 7.78 £ 0.52%e 9.10 £ 0.58*
Creatinine (serum) (mmol/I) 80.4+£5.6 107.3 £ 6.2%e 130.4 + 7.5%e 146.8 £ 8.0*
Hs-CRP (mg/l) 0.78 + 0.04 5.26+0.23*  10.15+0.48*s 13.32+0.75*

Notes: n — number of patients in a group; * — probability of difference from control group,
p<0.05; e — probability of difference from Group Ill, p<0.05

Asymptomatic hyperuricemia characterized by an increase in blood uric acid level of more
than 410 pmol/l was observed in 34.6% of GI patients, in 21.8% of GII patients and most
commonly in 55.7% of GlII patients with EHD combined with T2DM. Correlations between
blood uric acid level with albuminuria was found (r=+0.42; p<0.05); with decrease in GFR
(r=-0.51; p<0.05); with increase in NGAL level in urine (r=+0.56; p<0.05), which indicate an
adverse effect of asymptomatic hyperuricemia on the functional state of the kidneys in
patients with EHD and concomitant T2DM.

Identified correlations between increased MAU, SBP, HbA;C, lipid profile indices and
decreased GFR indicate the multifactorial process of nephropathy in patients with diabetes
mellitus type 2 and essential hypertensive disease, and a higher risk of cardiovascular disease
14 In patients with diabetes mellitus type 2 and concomitant essential hypertension, there is
more severe dyslipidemia and a higher risk of cardiovascular disease ’.

The analyses of the results of the research made it possible to determine changes in the
kidneys within patients of all the examined groups according to the results of laboratory tests
and were most pronounced in Group Il patients, whereas clinical manifestations were not
observed. In particular, MAU was diagnosed in 20.0% of Group | patients, in 52.0% of

Group II patients and in 72.0% of Group III patients. The average level of albuminuria in
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Group 11 patients exceeded that in the control group by 87.54% (p<0.05), in Group | patients
- by 66.09% (p<0.05), in Group Il patients - by 31.04% (p<0.05) (Table 1).

In addition, in 16.0% of Group Il patients and in 28.0% of Group Il patients non-significant
proteinuria was detected - up to 0.66 g/l. The most decreased GFR was in GlII and was (68.2
+ 3.9) ml/min/1.73m?, which was lower than that of control group by 37.72% (p<0.05), in Gl
patients - by 28.06% (p<0.05), in Gl patients - by 48.02% (p<0.05).

HbA;C is an index of glucose metabolism which is prognostic of the clinical course of type 2
diabetes mellitus, amounted to (8.90 £+ 0.45)% in GIII patients, which exceeded the level in
the control group by 47.68% (p<0.05), in GI patients - by 45.87% (p<0.05), in GlI patients -
by 12.34% (p<0.05), indicating a more marked disturbance of glucose metabolism in the
presence of dual metabolic syndrome diseases (essential hypertensive disease and type 2
diabetes mellitus).

The studied relationship between lipid profile levels, HbA;C levels and the SBP values shows
the adverse effects of dyslipidemia on the clinical course of diabetes mellitus type 2 with
essential hypertension comorbidity . According to the results of the research, the atherogenic
orientation of disturbances in lipid metabolism in studied patients was revealed. In particular,
the increased total cholesterol level in GlII patients exceeded that in Gl patients by 19.88%
(p<0.05), in GII patients - by 10.16% (p<0.05). The triglycerides level in Glll patients
exceeded the level in Gl patients - by 26.32% (p<0.05) and in GII patients - by 10.93%
(p<0.05). LDL level in GlII patients exceeded the level in Gl patients by 25.35% (p<0.05), in
GII patients - by 12.26% (p<0.05). The level of antiatherogenic HDL in GllI patients was
decreased by 20.02% compared with that of the control group and was lower than the level in
Gl patients by 16.30% (p<0.05), in Gl patients - by 7.38% (p<0.05).

According to the statistical analyses, correlations were found between the indices of
hyperuricemia, systolic blood pressure, glucose metabolism, lipid metabolism, inflammatory
process and kidney damage in Gll1I patients (Table 2).

Table 2: Pearson correlation coefficients between the indices of systolic blood pressure,
glucose and lipid metabolism, inflammatory processes and kidney damage in patients
with dual metabolic syndrome diseases (essential hypertensive disease and type 2

diabetes mellitus)

Index Group I patients, Group II patients, Group III patients,
n=25 n=25 n=55
SBP (mmHg) +0.52* +0.35* +0.68*
HbA;C (%) +0.14 +0.62* +0.73*
Total cholesterol (mmol/l) +0.33* +0.47* +0.59*
LDL (mmol/l) +0.41* +0.51* +0.80*
Triglycerides (mmol/l) +0.29* +0.45* + 0.56*
Microalbuminuria (mg/l)  +0.22 +0.30* +0.42*
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GFR (ml/min/1.73m?) -0.17 -0.37* -0.54*
hs-CRP (mg/l) +0.43* +0.65* +0.82*

Notes: n — number of patients in a group; * — Pearson correlation coefficients, p<0.05

These were most pronounced in Group Il patients with comorbidity. This, in our opinion,
points to the heterogeneity of renal pathogenicity with respect to the effects of asymptomatic
hyperuricemia, systolic blood pressure, HbA;C, dyslipidemia, microalbuminuria and renal
dysfunction by decreasing GFR, which in general reflects the important role of uric acid on

the clinical course of essential hypertensive disease combined with type 2 diabetes mellitus.
CONCLUSION

Positive correlative relationships exist between asymptomatic hyperuricemia, increased
albuminuria and a decrease in GFR, dyslipidemia, systolic blood pressure, HbA;C,
inflammatory processes and kidney damage, which indicate the heterogeneity of renal
pathogenicity in patients with essential hypertensive disease combined with type 2 diabetes

mellitus; and there also exists a higher risk of cardiovascular disease in such patients.
PROSPECTS FOR FURTHER RESEARCH

Further research should be aimed at finding effective treatment regimens for patients with
dual metabolic syndrome diseases (essential hypertensive disease and type 2diabetes
mellitus) on the background of asymptomatic hyperuricemia.
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