Original Papers

Ukrainian Journal of Nephrology and Dialysis, 1 (73)’2022

~alan
\é’b\“‘ JO(/,
S

\QO

Ukrainian Journal of Nephrology and Dialysis
Scientific and Practical, Medical Journal

= 0 Founders:

3 \1 & - . .

'%, 3 + State Institution «Institute of Nephrology NAMS of Ukraine»

o,
/°gy and » National Kidney Foundation of Ukraine
ISSN 2304-0238;
eISSN 2616-7352 Journal homepage: https://ukrjnd.com.ua
Research article M. Marushchak, I. Krynytska, A. Lepyavko

doi: 10.31450/ukrjnd.1(73).2022.07  Association of serum uric acid with albuminuria in type 2 diabetic

patients with comorbid obesity and/or essential arterial hypertension

[. Horbachevsky Ternopil National Medical University

Citation:

Article history:
Received December 24, 2021

Received in revised form
January 15, 2022

Accepted January 17, 2022

Marushchak M, Krynytska |, Lepyavko A. Association of serum uric acid with albuminuria
in type 2 diabetic patients with comorbid obesity and/or essential arterial hypertension.
Ukr J Nephr Dial. Ukr J Nephr Dial. 2022;1(73):58-69. doi: 10.31450/ukrjnd.1(73).2022.07.

Abstract. Decompensation of diabetes mellitus type 2 (T2DM), duration of the disease, level of
proteinuria, obesity and essential arterial hypertension (AH) play the main role in the development
and progress of diabetic nephropathy.

The present study aimed to analyze the level of serum uric acid in type 2 diabetic patients with
comorbid overweight/obesity and AH and to find its possible correlations with lipid panel data and
urinary albumin excretion.

Methods. 579 medical records of type 2 diabetic patients treated at the Endocrinological department
of the municipal non-profit enterprise “Ternopil University Hospital” of Ternopil Regional Council
(Ternopil) in 2018-2019 years were analyzed.

Results. The analysis of renal panel data of type 2 diabetic patients with comorbid overweight/obesity
and AH found out that only serum levels of urea and uric acid were statistically different in the patients
with only T2DM and comorbid course of T2DM. Herewith the maximal changes were established for
serum uric acid level, which in type 2 diabetic patients with comorbid obesity exceeded by 175.9 %
data of only T2DM patients. Moreover, it was established a significant direct relationship between
serum uric acid level and BMI and dyslipidemia in both groups of type 2 diabetic patients - with
comorbid obesity and with comorbid obesity and AH. At the same time, a significant direct association
between serum uric acid level and albuminuria was established only in type 2 diabetic patients with
comorbid obesity and AH.

Conclusions. Our retrospective study indicates that serum uric acid level is markedly elevated and
positively associated with albuminuria in type 2 diabetic patients with comorbid obesity and AH and
can be used as a biomarker allowing further risk stratification for development and/or progress of
diabetic nephropathy in this cohort of the patients.
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3B’S30K CeY0BOi KHCJOTH CHPOBATKH KPOBi 3 TMCIiNiIeMi€l0 Ta aab0yMiHypi€ro
Y XBOpPHX Ha IYKPOBHii Iia0eT 2 THIY 3 KOMOPOiIHUM OXKUPIHHIM Ta/a00
€CEeHIIAJBbHOI0 aPTEPIaIbHOIO rilepTeH3ic10

TepHoMinbChbKUIA HalliOHATBHUI MeaquuHUi YHiBepcuTeT iM. [.4. TopbaueBcbkoro MO3 Ykpainu

Pe3iome. Jlexomnencayis yykposoeo diabemy (IIJ]) 2 muny, mpueanricmv 3aX60pr6anHs, pieeHb npomeinypii,
0XCUpiHHA ma eccenyiarvia apmepianvha einepmensis (Al) eidieparoms 0CHOBHY poab V poO36UMKY mMa NPOSPeCcy8aHHi
diabemuunoi Hegpponamii.

Memoro pobomu 6y10 npoananizyeamu emicm ce4080i Kuciomu 6 cuposamui kposi nauienmie 3 L1/ 2 muny 3 ko-
MOpOIOHOH HAOMIPHOIO 8a20t0/0xcupinuam ma Al i ecmanogumu moxcauei Kopeasyii 3 NOKA3HUKAMU AiniOH020 npoginto
ma excKpeyicro arbOyminy 3 ceuero.

Memodu. I[lpoananizosano 579 meduunux kapm xeopux na L[J] 2 muny, aki nepebysaiu Ha Aiky8aHHi @ eHOO-
KPUHOA02IMHOMY 8i00ineHH] KOMYHANbHO2O HEKOMepUiiiHo2o nionpuemcmaea « TepHoninscovka yHigepcumemcoKka ik apHs»
Tepuoninscokoi o6aacnoi padu (m. Tepronins) y 2018-2019 pokax.

Pesynomamu. Ananiz nupxosoeo npoginto y Gioximiunomy ananizi kpoei xeopux wa L[ 2 muny 3 komopbionow
HaodmipHoro macoro mina/oxcupinnam ma Al euseue, wo auue pisHi ce408uHU Ma ce4080i KUCAOMU CIMAMUCIUYHO 8i0-
pisHanucs y nauienmie i3 LIJ[ 2 muny 6e3 komopbionoi namonoeii ma LJ[ 2 muny 3 komop6ionicmro. Ilpu ybomy mak-
CUMANbHI 3MIHU OYAU 6CMAHOBAeHI 045 Pi6HS ce4080i Kuciomu 6 cuposamuyi Kpogi, axkuii y xeopux Ha LIJ[ 2 muny 3
KomopOionum oxcupinmuam Ha 175,9 % nepesuwysas dani xeopux va LI 2 muny 6e3 komop6ionoi namoanoeii. Kpim moeo,
B8CMAHOBACHO CIAMUCMUYHO 8IDOLIOHUL NPAMULL KOPeAAUILIHUY 38 130K MidIC piGHeM cen080i Kuciomu é cuposamui Kpoei
ma indexcom macu mina ma oucainidemiero sk y xeopux Ha L[ 2 muny 3 KomopOiOHUM OHCUPIHHAM, MAK [ Y X80pUX HA
LT 2 muny 3 komopbionum oxcupinuam ma Al. Y moii sce uac 8ipociona npsama 3anedcHicims Midxc pieHem ce4080i KUcao-
mu 6 cupogamui Kposi ma arbOyminypiero 6yra ecmarosaena auue y xeopux na LI 2 muny 3 KomopOioHUM 0X4CUDIHHAM
ma AT

Bucnosku. Hawe pempocnexmusHe 00CaiOdiceHHs 8KA3YE HA mMe, W0 8MIC ce4080i KUcAomu 8 cupoeamuyi Kpoei
nauienmie 3 LIJ] 2 muny 3 komopbionum oxcupinuam ma Al supasxcero nideuuiyemocs i npAMO KOpearoe 3 arbbymiypieio
i MoJce ukopucmosysamucs Ak biomapkep 0as cmpamugikayii puzuky po3eumxy ma,/abo npoepecysants diabemuunor

Heghponamii' y yux nayicumie.

KnrouoBi ciioBa: yyxposuii diabem 2 muny, KomopOionicms, ce4oéa Kucioma, atbOyminypis.

Introduction. Diabetes mellitus (DM) is a serious
problem of health care and non-infectious epidemics
of the XXI century [1-2]. According to International
Diabetes Federation, the number of diabetic patients
around the world was 463 000 000 in 2019, and 91 %
of the patients suffered from diabetes mellitus type 2
(T2DM) [3]. There are more than 1.2 million officially
registered patients with DM in Ukraine, and the an-
nual growth in the spreading of DM in Ukraine is about
4.4 % [4]. DM is characterized by early disability and
high mortality, mainly due to micro- and macrovascu-
lar complications. Besides, DM is determined recently
as one of the main burdening factors of the COVID-19
course and mortality [5].

Comorbidity is the presence of several diseases,
connected by the joint pathogenetic mechanism, in
the same patient is very common in the present clinical

Mariya Marushchak
marushchak@tdmu.edu.ua

practice [6]. The presence of comorbidities drastically
affects DM patient outcomes, treatment and manage-
ment options, and associated healthcare expenses [7].
While the hallmark of T2DM is insulin resistance (IR),
it is associated with other metabolic disorders such as
dyslipidemia and obesity [8]. At the same time, the
prevalence of essential arterial hypertension (AH) in
diabetic patients is higher 2-3 times than in the general
population; whilst 70% of patients with T2DM have el-
evated blood pressure, which significantly increases the
risk of cardiovascular complications, that worsen prog-
nosis and quality of the lives of the patients being one of
the main causes of mortality [9-11]. It was found that
elevation of systolic blood pressure for every 10 mmHg
in patients with T2DM increases the risk of develop-
ment of cardiovascular complications by 20% [12].
Kidneys are the target organs that are affected
most often at T2DM. Decompensation of DM, dura-
tion of the disease, level of proteinuria, obesity, and AH
play the main role in the development and progress of
diabetic nephropathy [4, 13]. Besides, it is known that
more than 80% of cases with terminal stage of chronic
kidney disease (CKD) are caused by DM, AH, or their
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combination [14]. Timely evaluation of biomarkers of
kidneys impairment at a comorbid course of T2DM
may improve the stratification of the risk for develop-
ment or progress of diabetic nephropathy in this cohort
of the patients.

Uric acid is the end product of purine metabolism,
mainly excreted by the kidneys [15]. There are data that
serum uric acid is biologically active and can stimulate
oxidative stress, endothelial dysfunction, inflammation,
and vasoconstriction [16]. In addition, hyperuricemia
is an established risk predictor for CKD independently
of the presence of gout [17]. Furthermore, high levels
of serum uric acid, even within the normal range, have
been shown to predict the development of albuminuria
[18] and both the occurrence and progression of CKD
[19]. However, whether it is simply a biomarker of im-
paired kidney function or has a true pathogenic role in

kidney function remains inconclusive [20]. In addition,
what factors may be involved in renal uric acid excre-
tion in case of comorbid course of T2DM are not yet
fully understood.

Our research aimed to analyze the level of serum
uric acid in type 2 diabetic patients with comorbid over-
weight/obesity and AH and to find its possible correla-
tions with lipid panel data and urinary albumin excre-
tion.

Materials and methods. We analyzed 579 medi-
cal records of type 2 diabetic patients treated at Endo-
crinological department of the municipal non-profit
enterprise “Ternopil University Hospital” of Ternopil
Regional Council (Ternopil) in 2018-2019 years. All
patients were divided into 6 study groups depending on
the presence of overweight/obesity and AH. The distri-
bution of the groups is shown in Table 1.

Table 1
Groups of type 2 diabetic patients, including in the study

N Group n %

1 T2DM + normal weight 39 6.74
2 T2DM + overweight 33 5.70
3 T2DM + obesity 22 3.80
4 T2DM + normal weight + AH 59 10.19
5 T2DM + overweight +AH 131 22.63
6 T2DM + obesity +AH 295 50.95

Inclusion criteria. Clinical, laboratory, and instru-
mental features of T2DM, AH and overweight/obesity.

Exclusion criteria. Signs of the clinically signifi-
cant disturbances: neurological, psychiatric, nephro-
logical, hepatological, immunological, gastroenterolog-
ical, urological; injuries of the skeletal system, muscle,
skin, organs of sensitivity; endocrine system disorders
(except T2DM); the presence of diabetic nephropathy
in anamnesis; the presence of gout in anamnesis; non-
controlled hematological diseases; acute pancreatitis,
nonstable or life-threatening cardiac disease (including
patients with AH stage 3, chronic heart failure higher
than functional class II (NYHA III-1V)); patients with
malignant neoplasms without complete remissions
within 5 years, drug and/or alcohol dependence.

Age aspect did not have a significant difference
within the study groups of the patients. Analysis of the
sexual dimorphism of the patients included in the re-
search revealed that males were prevalent in the 1st,
2nd, 3rd and 4th groups while females prevailed in the
5th and 6th groups. Herewith, among the patients with
T2DM with comorbid AH it was revealed the higher
percentage of males with normal body weight and fe-
males with obesity.

Verification of T2DM was performed according
to recommendations of the American diabetic associa-
tion (2019) [21]. The level of HbAlc was determined
using an automatic biochemical analyzer COBAS 6000
(Roche Diagnostics, Germany) and glucose level was

determined using automatic biochemical analyzer BAS
INTEGRA® 400 (Roche Diagnostics, Germany) with
commercially available Kkits.

Body mass index (BMI) was calculated using the
formula: body weight (kg)/height (m?). Data were in-
terpreted according to the WHO guidelines: normal
weight in the range of 20.0-24.9 kg/m?; overweight
(pre-obesity), 25.0-29.9 kg/m?; class 1 obesity, 30.0-
34.9 kg/m?; class 2 obesity, 35.0-39.9 kg/m? and class
3 obesity, > 40 kg/m?.

Essential arterial hypertension (AH) was defined as
office systolic blood pressure values > 140 mmHg and/
or diastolic blood pressure values > 90 mmHg at least
for three measurements during one month, according
to national and European Societies of Hypertension
and Cardiology (ESH/ESC, 2018) recommendations
requirement [22]. Left ventricular hypertrophy was
confirmed by electrocardiography and/or echocardiog-
raphy.

Renal panel data (urea, creatinine and uric acid)
in blood biochemical profiles were determined using
automatic biochemical analyzer BAS INTEGRA®
400 (Roche Diagnostics, Germany) with commercially
available kits.

Total cholesterol (TC), triglycerides (TG) and
high-density lipoprotein cholesterol (HDL-C) levels
were determined with commercially available kits on a
Cobas 6000 analyzer (Roche Diagnostics, Germany).
Friedewald’s formula was used to calculate low-density
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lipoprotein cholesterol (LDL-C) levels (if serum TG
<4.5 mmol/L) [23]: LDL-C (mmol/L) = TC- HDL-
C- (045 x TG).

Urinary albumin excretion was measured with the
immuno-turbidimetric method in 24-h urine samples.

Statistical analysis. Statistical analysis was per-
formed using Statistica 7.0 (StatSoft Inc., Tulsa, OK,
USA) software. The Kolmogorov-Smirnov test was
used to compare probability distributions (parametric or
non-parametric). Quantitative values, due to their non-
parametric distribution, are presented as the median,
lower, and upper quartiles — Me (Lq; Uq). Compara-
tive analysis of study groups was performed using the
non-parametric Kruskal-Wallis test. Having obtained

its probable values (p<0.05), further pairwise compari-
son of groups was performed using the Mann—Whit-
ney U-test, taking into account Bonferroni correction
when assessing statistical significance. For frequency
values, the percentage ratio and its 95% confidence
interval (CI) were calculated, and their comparative
analysis was performed using Pearson’s chi-square test
and Fisher’s bilateral test. The relationship between the
studied indices was established based on the results of
the correlation analysis using Spearman’s rank correla-
tion coefficient.

Results. BMI was significantly different in the pa-
tients of 2nd, 3rd 5th and 6th groups compared with the
patients of 1st and 4th groups (Table 2).

Table 2
BMI of type 2 diabetic patients, including in the study

N Group n BMI

1 T2DM + normal weight 39 21.931+2.16
2 T2DM + overweight 33 27.09£1.69*
3 T2DM + obesity 22 34.95+5.99*
4 T2DM + normal weight + AH 59 22.96+1.39
5 T2DM + overweight +AH 131 27.81+1.31*
6 T2DM + obesity +AH 295 35.27+5.24*

Note. * — statistically significant results (compared to study group 1).

The analysis of renal panel data in blood biochemi-
cal profile of type 2 diabetic patients with comorbid
overweight/obesity and AH found out that only serum

levels of urea and uric acid were statistically different in
the patients from the different study groups according to
Kruskal-Wallis analysis of variance by ranks (Table 3).

Table 3
Renal panel data in blood biochemical profile of type 2 diabetic patients
with comorbid overweight/obesity and hypertension
T2DM T2DM + T2DM + Kruskal-
Index nofnzlzl)ll\xge-i'- ht 03‘621_1_)‘1‘}:; -:1 " T(f;)e ls\l/i + + normal | over-weight obesity Wallis
g g Y |weight + AH| +AH + AH criterion
H=16.07;
4.5 5.2 4.9 5.1 5.5 5.6 ’
Urea, mmol/L . ) ; ; ) ; p<0.05%;
(3.4;6.3) (4.7, 6.9) (3.6;6.0) (4.2;6.2) (4.4;6.9) 4.5;7.0) p1-6<0.05*
Creatinine, 66 68 77 71 70 72 H=7.82;
pmol/L (56;75) (58; 81) (55; 87) (55; 85) (61; 85) (61; 85) p>0.05
H=11.41;
Uric acid, 158 258 436 240 273 305 p<0,05%;
mmol/L (141;175) | (206;343) | (343;515) | (179;410) | (220;349) | (247;401) | p1-3<0.05*
p1-6<0.05*

Note. * — statistically significant results.

Thus, urea level was the highest in type 2 diabetic
patients with comorbid obesity and AH; it was statisti-
cally different for 24.4 % compared to this value in type
2 diabetic patients with normal body weight. It should
be noted, that in type 2 diabetic patients with comorbid
overweight and AH, urea level was not statistically dif-
ferent from such index in type 2 diabetic patients with
normal weight.

As for the level of uric acid, this value revealed
the maximal changes in type 2 diabetic patients with
comorbid obesity and it exceeded 175.9 % the results
in type 2 diabetic patients with normal weight. Mean-
while, the level of uric acid in type 2 diabetic patients
with comorbid obesity and hypertension was higher
compared to such index in type 2 diabetic patients with
normal body weight only for 93.0 %.
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sity and T2DM patients with comorbid obesity and AH
was established (Table 4).

A direct association between serum uric acid level
and BMI in type 2 diabetic patients with comorbid obe-

Table 4

Correlative linkages between serum level of uric acid and BMI in type 2 diabetic patients depending
on the degree of excessive body weight and presence of arterial hypertension

Index Groups BMI
T2DM + normal weight 0.16
T2DM + overweight 0.35
T2DM + obesity 0.55*
Uric acid, mmol/L -
T2DM + normal weight + AH 0.11
T2DM + overweight + AH 0.15
T2DM + obesity + AH 0.31%*

Note. * — the significance of Spearman’s correlation coefficient p<0.05.

Analyzing lipid panel data, we found that only se- the patients from the different study groups according to
rum levels of TC and TG were statistically different in  Kruskal-Wallis analysis of variance by ranks (Table 5).

Table 5
Lipid panel data in blood biochemical profile of type 2 diabetic patients o
with comorbid overweight/obesity and hypertension
Groups TC, HDL-C, LDL-C, TG,

mmol/L mmol/L mmol /L mmol/L
T2DM + normal weight @. 8‘(1))4? 31) ((),7(4)1';9;‘, 13) (2,222.;938 .37) (0.816.;126.29)
T2DM + over-weight . 3‘;;967' 16) (0.802.;912, 16) (2.635.;12. 17) (1. 1%).;7;90)
T2DM + obesity . 32.;957.81) (0,701.;815 .10) (2.327.;93? .30) (1.7%3.;656. 16)
T2DM + normal weight + AH ( 4'2‘;';6;45) (0.7(;.;915.24) (2.521';9;77) (0.915';521.54)
T2DM + over-weight + AH @. 4%;3215) (0_719.;013.24) (2.6%;;4 4(1) 10) (L. 119';932 .32)
T2DM + obesity + AH (4.456';1;94) (o,g(i';g 15 18) (2.436';1;92) (1.4?;';2;22)
Kruskal-Wallis criterion E:()l 2)00;: §I:=05 '35571; 3:090590 f l;<= 0330612":

Note. * — statistically significant results

Thus, it was revealed the statistically higher values
of serum TC level in patients with T2DM, overweight
and obesity (by 18.3 %) and in patients with T2DM,
obesity and AH (by 14.7 %) vs. data of type 2 diabetic
patients with normal body weight. As for the level of
TG, significantly higher values were found in patients
with T2DM and obesity (by 129.3 %), in patients with
T2DM, overweight and AH (by 17.8 %) and in pa-
tients with T2DM, obese and AH (by 93.1 %) vs. data
of type 2 diabetic patients with normal body weight. It
should be noted, that TG level in T2DM patients with

comorbid obesity was statistically higher for 76.2 % vs.
data of T2DM patients with normal body weight and
comorbid AH.

In type 2 diabetic patients with comorbid obesity
regardless of the presence/absence of comorbid AH
statistically significant direct correlations between se-
rum uric acid level and TC and TG levels (Table 6)
were established. It should be noted, that in type 2
diabetic patients with excessive body weight such in-
terdependence was not observed.
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Table 6

Correlative linkages between serum level of uric acid and TC and TG levels in type 2 diabetic patients
depending on the degree of excessive body weight and presence of arterial hypertension

TC, TG,
Index Groups mmol /I mmol/L
T2DM + normal weight 0.26 0.18
T2DM + overweight 0.12 0.25
T2DM + obesity 0.49* 0.67*
Uric acid, mmol/L

T2DM + normal weight + AH 0.09 0.12
T2DM + overweight + AH 0.11 0.14
T2DM + obesity + AH 0.21* 0.39*

Note. * — the significance of Spearman’s correlation coefficient p<0.05.

The next step was to analyze urinary albumin ex-
cretion in type 2 diabetic patients with comorbid over-
weight/obesity and AH, because albumin excretion rate
>30 mg/24 hours, is used as a marker of renal damage

and is used to define CKD along with low estimated
glomerular filtration rate (GFR) [24]. We found nor-
moalbuminuria in all type 2 diabetic patients including
in the study (Table 7).

Table 7
Excretion of albumin with urine in type 2 diabetic patients, including in the study
N Group Albuminuria, mg/24 hours | Kruskal-Wallis criterion
1 T2DM + normal weight 0.11 (0.08; 0.12)
2 T2DM + overweight 0.14 (0.12; 0.19) H=24.01;
3 T2DM + obesity 0.28 (0.18; 0.35) p<0.05
4 T2DM + normal weight + AH 0.21 (0.12; 0.25) p1-3<0.05*
5 T2DM + overweight +AH 0.17 (0.11; 0.29) p1-6<0.05*
6 T2DM + obesity +AH 0.29 (0.19; 0.33)

Note. * — statistically significant results

However, the analysis of Kruskal-Wallis rank varia-
tions revealed significant differences in albumin excretion
rate of type 2 diabetic patients with normal body weight vs.
patients with comorbid obesity (by 2.8 times) and patients

with comorbid obesity and AH (by 2.9 times). Moreover,
a direct association between serum uric acid level and al-
buminuria was established only in type 2 diabetic patients
with comorbid obesity and AH (Table §).

Table §

Correlative linkages between serum level of uric acid and albuminuria in type 2 diabetic patients depending on
the degree of excessive body weight and presence of AH

Index Groups AT,
p mg/24 hours
T2DM + normal weight 0.03
T2DM + overweight 0.15
T2DM + obesity 0.24
Uric acid, mmol/L
T2DM + normal weight + AH 0.11
T2DM + overweight + AH 0.08
T2DM + obesity + AH 0.41*

Note. * — the significance of Spearman’s correlation coefficient p<0.05.
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Discussion. A high prevalence combined with se-
vere outcomes of CKD determines the interest of the
researchers in biomarkers and molecular mechanisms
of the kidneys’ impairment during T2DM [25]. After
analysis of the renal panel data in blood biochemical
profile of type 2 diabetic patients with comorbid obe-
sity/overweight and AH, we revealed that only serum
levels of uric acid and urea were significantly different
in the patients from the investigated study groups ac-
cording to Kruskal-Wallis analysis of variance using
ranks (p<0.05). Herewith, the most prominent changes
were observed with the uric acid level, such as in type 2
diabetic patients with comorbid obesity, where serum
level of uric acid exceeded the results of type 2 diabetic
patients with normal body weight by 175.9 %.

The role of hyperuricemia, which is typically de-
fined as serum uric acid levels above 6.0 mg/dL (360
umol/L) in women, above 7.0 mg/dL (415 pmol/L) in
men, and above 5.5 mg/dL (330 umol/L) in children
and adolescents [26], has been a subject of debate in
case of DM pathogenesis. Some researchers reported it
to be a resultant effect of DM, while others considered
it to be a risk factor for T2DM development [27]. Hy-
peruricaemia has also been found to be associated with
IR and components of the metabolic syndrome [28].

Moreover, hyperuricemia is a well-known indepen-
dent predictor of CKD development and progression [9].
Thus, the research of Okinawa General Health Mainte-
nance Association, which included 6400 persons with
baseline normal renal function, has shown that uricemia
at the level of more than 8 mg/dl is associated with in-
creased risk of renal impairment by 2.9 times in males
and by 10.0 times in females within two years of obser-
vation [29]. It was demonstrated by observational sev-
en-year-long Vienna Health Screening Project, which
included 23 475 persons without kidney diseases at the
beginning of the project, that increased level of uric acid
in serum was associated with a higher risk of CKD inde-
pendently of age, gender, waist circumference, level of
lipids, glucose, glomerular filtration rate, blood pressure
and usage of antihypertensive drugs [30].

There are several mechanisms by which high lev-
els of uric acid increases the risk for CKD development
and progression [31, 32]: direct toxicity to the kidney;
exacerbation of other risk factors for kidney disease,
such as hypertension; or by being a marker of the sever-
ity of other risk factors, including those attributable to
or associated with DM and the metabolic syndrome. In
a study in rats, hyperuricemia increased systemic blood
pressure, proteinuria, renal dysfunction, progressive re-
nal scarring and induced vascular disease via a cycloox-
ygenase-2-dependent pathway [33].

Some other experimental studies suggest that hy-
peruricemia induces renal injury through renal va-
soconstriction mediated by endothelial dysfunction,
activation of the renin-angiotensin system, afferent
arteriolopathy, and epithelial to mesenchymal transi-
tion in renal tubular cells. Additionally, hyperuricemia
increases renin activity, leading to the upregulation of

angiotensin II and the proliferation of vascular smooth
muscle cells [34]. This results in vascular wall thicken-
ing, which leads to lumen obliteration and hypoperfu-
sion of the kidney, with tubulointerstitial inflammation
and fibrosis, as well as AH [35]. L.G. Sanchez-Lozada
et al. in hyperuricemic rats fed with a low-salt diet dem-
onstrated glomerular hypertension, which appeared to
be due to insufficient vasoconstriction of the afferent
arteriole [36].

Recent evidence also confirms an important role
of uric acid-induced inflammation, both by the more
known crystal-dependent mechanisms, but also by the
direct effect of soluble urate, through oxidative stress,
proinflammatory signaling, autophagy and intracellular
immunometabolic sensors [37].

At the same time despite the vast evidence of an
association between hyperuricemia and CKD, there are
still conflicting results in clinical studies, with several
unanswered questions regarding the role of uric acid as
a casual, compensatory or coincidental phenomenon in
these patients [32].

On the other hand, some researchers did not
confirm the association between uric acid and the
incidence of CKD and its progression. In particular,
Sturm G. et al. in a study with 227 patients followed
for 7 years, with CKD of non-diabetic etiology, deter-
mined that there was no relationship between serum
uric acid levels and kidney disease progression when
the analysis was adjusted for baseline kidney function
parameters [38]. In another study with 838 patients
with CKD stages 3-4 followed for 10 years, the results
showed a positive association of hyperuricemia with
all-cause and cardiovascular mortality, but not with
kidney failure [39].

Even more, questions arise about the association
between hyperuricemia and CKD in the comorbid
course of diabetes, in particular in obese patients with
dyslipidemia and AH. Albuminuria has been classical-
ly considered the first diabetic kidney disease clinical
indicator, a biomarker for its progression, and a cause
of impairment of GFR [40]. In the present study, we
found normoalbuminuria in type 2 diabetic patients
of all studied groups. However, significant differences
have been identified in the albumin excretion rate of
type 2 diabetic patients with comorbid obesity and pa-
tients with comorbid obesity and AH vs. type 2 diabetic
patients with normal body weight without hyperten-
sion. Moreover, a direct association between serum uric
acid level and albuminuria was established only in one
study group — in type 2 diabetic patients with comorbid
obesity and AH.

Recent studies suggest that elevated urinary albu-
min excretion, even within the normal range, predicts
a faster decline in GFR in diabetic patients [41] and is
associated with a greater risk of cardiovascular disease
[42]. That is why the presence of albuminuria should be
interpreted as an important risk marker that should be
evaluated when stratifying the risk of progressive CKD
in an individual patient.
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Our study supports that hyperuricemia is positively
associated with albuminuria in type 2 diabetic patients
with comorbid obesity and AH, which probably indi-
cates a connection between high serum uric acid and
diabetic kidney disease development and/or progress in
case of comorbid course of T2DM.

The precise mechanisms by which obesity inde-
pendently, or in concert with AH contributes to the
development and/or progression of CKD are not com-
pletely understood. Obesity and hyperglycemia both
promote a low-grade inflammatory state and are as-
sociated with the infiltration of macrophages into the
kidney. The infiltrated macrophages, in turn, become
a source of a whole host of proinflammatory media-
tors such as tumor necrosis factor-a, interleukin-6, C-
reactive protein, monocyte chemoattractant protein-1
and macrophage migration inhibitory factor. In addi-
tion, visceral fat releases adipokines such as adiponec-
tin and leptin into the circulation which also play a
role in the pathophysiology of renal injury. Elevated
systolic blood pressure further exacerbates the disease
progression to proteinuria, nodular glomerulosclerosis
and tubulointerstitial injury and a decline in glomeru-
lar filtration rate [43].

Furthermore, dyslipidemia has been shown to play
crucial roles in the development and progression of dia-
betic kidney disease [44]. Under the diabetic milieu,
hormone-sensitive lipase is activated, which results in
the release of free fatty acids (FFAs) from the adipose
tissue. The flux of FFAs promotes hepatic TG produc-
tion, leading to excessive apoB and VLDL synthesis. In
addition, lipoprotein lipase activity is suppressed under
the condition of IR. These changes increase the serum
levels of TG and remnant particles. It has been demon-
strated that IR is aggravated along with the progression
of diabetic nephropathy, even in the early stage of mi-
croalbuminuria [45].

In the present study, we found a direct association
between serum uric acid level and BMI in type 2 diabet-
ic patients with comorbid obesity and T2DM patients
with comorbid obesity and AH. Moreover, in type 2
diabetic patients with comorbid obesity, regardless of
the presence or absence of comorbid AH, statistically
significant direct correlations between serum uric acid
level and TC and TG levels were established.

H. Wang et al. showed that serum uric acid level
was positively correlated with age, blood pressure,
BMI, red blood cell count, hemoglobin, white blood
cell count, platelet count, serum cholesterol, TG,
HDL-cholesterol, LDL-cholesterol, ALT, AST, biliru-
bin, albumin, and creatinine in healthy subjects. Serum
uric acid level was significantly elevated in a linear de-
pendency as BMI increased, and serum uric acid level
in obese participants was significantly higher than in
underweight participants. The prevalence of hyper-
uricemia remained approximately 2.98 times greater
among overweight individuals, and 5.96 times greater
among obese participants compared to underweight in-
dividuals [46].

Obesity may be linked to serum uric acid levels
through the involvement of two factors: overproduc-
tion and poor renal excretion [47]. A study conducted
among the subjects with visceral fat obesity showed that
increased levels of uric acid were strongly influenced
by its overproduction with a decrease in urinary urate
excretion and clearance [48]. Moreover, visceral fat
accumulation causes an elevated influx of plasma-free
fatty acids into the liver and hepatic portal vein, which
in turn stimulates the synthesis of TG followed by an
associated increase in uric acid production through the
activation of the corresponding synthesis pathway [49].
Besides, data are showing that obesity promotes IR,
which in turn decreases renal urate excretion, causing
hyperuricemia [50].

M. Akram et al. evaluated the connection between
obesity and the incidence of high uric acid levels in
obese individuals. In a population-based cohort, obesi-
ty and subsequent weight gain were found to be strongly
associated with hyperuricemia [51]. Serum uric acid
was also shown to be positively correlated with several
indices, such as BMI, waist circumference, and dyslip-
idemia [52]. The cross-sectional study among Bangla-
deshi adults, conducted by Ali N. et al., showed that the
estimated prevalence of hyperuricemia was 9.3% over-
all, with 8.4% in male and 10.2% in female participants
[47]. As for the BMI grouping categories, the preva-
lence of hyperuricemia was found to be 1.9% in nor-
mal individuals, 1.6% — in overweight, and 5.8% — in
the obesity group. The average level of serum uric acid
was 275 + 61 pumol/L (max 416 pumol/L) and 460 * 86
umol/L (max 826 umol/L) in the non-hyperuricemic
and hyperuricemic group, respectively.

A. O. Ogbera and A. O. Azenabor have determined
the prevalence of hyperuricemia and evaluated its as-
sociations with metabolic syndrome, in people with
T2DM [27]. 601 patients with T2DM in the 34 to 91
years-old group were recruited for the study. The preva-
lence rates of hyperuricemia and metabolic syndrome
were 25% and 60%, respectively. The frequency of hy-
peruricemia occurrence was comparable in both gen-
ders (59% vs 41%, p=0.3). Although the prevalence of
the metabolic syndrome in participants with hyperuri-
cemia and normouricemia was comparable (61 vs 56%,
p=0.1), a higher proportion of hyperuricaemic sub-
jects had three or more components of the metabolic
syndrome compared to normouricemic subjects. Pos-
sible predictors of hyperuricemia may include obesity,
smoking habit, and elevated serum TG.

Although we did not find more profound changes
in serum uric acid level in type 2 diabetic patients with
comorbid obesity and AH vs. type 2 diabetic patients
with comorbid obesity only, the relationship between
uric acid and blood pressure is certainly important and
multiple studies have demonstrated an independent
correlation between hyperuricemia and hypertension
[53].

On the one hand, uric acid has demonstrated a
major role in the pathogenesis of AH [54, 55]. Pos-
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sible mechanisms may involve renin-angiotensin-al-
dosterone system upregulation, kidney afferent arterio-
lopathy, oxidative stress, endothelial dysfunction, and
systemic inflammation [53, 56]. Additionally, genetic
population-based association studies have shown a sig-
nificant correlation of xanthine oxidoreductase genetic
polymorphisms with hypertension. However, those
polymorphisms, which involve major urate transporters
genes, have not been demonstrated to relate with hyper-
tension [56].

Some studies have confirmed the prognostic value
of uric acid in hypertension prediction, demonstrating
that higher blood uric acid levels were significantly as-
sociated with an increased relative risk for hypertension
[57]. In particular, Y. Taniguchi et al. studied the as-
sociation of serum uric acid level with the risk of hy-
pertension and T2DM development [58]. A total of
6,356 Japanese men, aged 35 to 60 years with systolic
blood pressure < 140 mmHg and diastolic blood pres-
sure < 90 mmHg, and no history of diabetes or hyper-
tension at baseline, were included in the project. Dur-
ing the 61,716 person-years follow-up observation, the
researchers confirmed 639 cases of hypertension and
454 cases of T2DM. Serum uric acid level was associ-
ated with an increased risk for hypertension, but not for
T2DM.

P. C. Grayson et al. published a systematic review
and meta-analysis to determine the hyperuricemia as-
sociation with incident hypertension, particularly in
well-defined demographic subgroups [59]. A total of
eighteen prospective cohort studies with combined data
from 55,607 participants were analyzed. Hyperuricemia
was associated with an increased risk for incident hy-
pertension (adjusted risk ratio [RR] 1.41, 95% confi-
dence interval [95% CI] 1.23-1.58). Per each 1 mg/dl
increase in uric acid level, the pooled RR for incident
hypertension after adjustment for potential confound-
ing increased by 1.13 (95% CI 1.06-1.20). The observed
effects were significantly larger in younger study popu-
lations and more likely larger among women.

E. Krishnan et al. studied the risk of hypertension
development in normotensive men with baseline hyper-
uricemia (serum uric acid >7.0 mg/dL), without diabe-
tes/glucose intolerance or metabolic syndrome, over 6
years [60]. Researchers used Cox regression models for
adjustment for the influence of serum creatinine, body
mass index, age, blood pressure, serum cholesterol and
triglycerides, proteinuria, alcohol and tobacco use, risk
factor interventions, and use of diuretics. In these mod-
els, normotensive men with baseline hyperuricemia had
an additional 80% risk increase for incident hyperten-
sion compared to those who did not have this condition.
Each unit increase in blood uric acid was associated
with a 9% increase of the risk for incident hypertension.

Moreover, there is evidence that high concentra-
tion of uric acid in blood serum is an independent pre-
dictor of mortality among the population of patients
with very high risk of cardiovascular diseases [54, 55].
The study conducted by Ndrepepa et al. [61] included

5124 patients with acute coronary syndromes (1629
with ST-segment elevation myocardial infarction, 1332
with non-ST-segment elevation myocardial infarction
and 2163 with non-stable coronary disease) that were
divided into the groups according to the uric acid level
in blood serum. Specifically, the 1st group had serum
uric acid level between 77 and 315 pumol/L; the 2nd —
level ranged from 315 to 375 umol/L; the 3rd group —
from 375 to 446 pmol/L; the 4th group — level ranged
from 446 to 1094 umol/L. Within one year, 80 deaths
were registered in the 1st group, 77 — in the 2nd, 72 —
in the 3rd, and 122 — in the 4th group. Mortality risk,
not adjusted, was 3.05 (95% CI 2.54—3.67; p < 0,001)
for the 4th group compared to the 1st one. It should be
noted that the correlation between the concentration of
uric acid and mortality remained significant (increase
by 12 % of mortality risk per year for each 1 mg/dl (59
umol/L) of uric acid concentration increase).

On the contrary, hypertension is a risk factor for
hyperuricemia [54]. As a consequence of increased
blood pressure, microcirculation becomes impaired,
resulting in systemic ischemia of the tissues, which af-
fects all cells with a massive decomposition of adenosine
triphosphate into adenine and xanthine and increased
production of xanthine oxidase. Increased concentra-
tion of both substrate (xanthine) and enzyme (xanthine
oxidase) contributes to the excessive synthesis of uric
acid [62].

Study limitations. The study involved a small sam-
ple size; because of this, significant relationships be-
tween study factors were difficult to prove. The patients
included in T2DM + obesity and T2DM + obesity +
AH groups were not randomly selected, potentially
causing selection bias. While we cannot support the as-
sumption that study participants represent the whole
population of type 2 diabetic patients with comorbid
obesity and AH in Ternopil region, the obtained results
give grounds for further studies with larger sample sizes,
reflecting a more inclusive population.

Conclusions. The analysis of renal panel data in
blood biochemical profiles of type 2 diabetic patients
with comorbid overweight/obesity and AH showed that
only serum levels of urea and uric acid were statistically
significantly different in the patients with only T2DM
and comorbid course of T2DM. Herewith, the maxi-
mal changes were observed for serum uric acid level in
type 2 diabetic patients with comorbid obesity, where
an increase by 175.9 % was noted compared to the data
of T2DM patients with normal weight. In addition, a
significant direct relationship was established between
serum uric acid level and BMI and dyslipidemia in both
type 2 diabetic patients’ groups — with comorbid obe-
sity and with comorbid obesity and AH. At the same
time, a direct association between serum uric acid level
and albuminuria was established only in type 2 diabetic
patients with comorbid obesity and AH. Therefore, our
retrospective study indicates that serum uric acid level
is markedly elevated and positively associated with al-
buminuria in type 2 diabetic patients with comorbid
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obesity and AH and can be used as the biomarker al-
lowing further risk stratification for development and/
or progress of diabetic nephropathy in this cohort of the
patients.
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