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Abstract. The prevalence of hyperuricemia is increasing worldwide, especially in most developed countries. Hyperuricemia
accompanies many diseases, such as cardiovascular diseases, renal disorders, metabolic syndrome, type 2 diabetes (T2D) and
is closely associated with premature mortality of patients. Aim: to investigate the correlation and dependence of uric acid
(UA) levels with anthropometric, metabolic characteristics and body composition indicators in patients with T2D and obesity.
Material and methods. 60 people (27 men, 33 women) were examined. Within the entire sample, 2 groups were formed: a
group with T2D and obesity — 39 people, mean age — 56.28 (9.93) years, of which 20 were men (51.3%) and a control group —
21 healthy people without endocrine pathology, mean age — 44.71 (10.08) years, of which 7 were men (33.3%). Systolic (SBP)
and diastolic (DBP) blood pressure, anthropometric and compositional indicators of obesity, lipid profile, glycemia, insulinemia,
kidney and liver functions were determined. Results. Correlation analysis of indicators in the group of patients with T2D and
obesity revealed a positive correlation of UA with insulin level (R=0.681, p=0.03), and SBP (R=0.349, p=0.029). In men with
T2D and obesity, a positive correlation of UA with aspartate aminotransferase (AST) (Ro=0.494, p=0.03) was observed, in
women — a negative correlation of UA with high-density lipoprotein cholesterol (HDL-C) (Ro=-0.562, p=0.01). A moderate
positive linear correlation was found between UA and low-density lipoprotein cholesterol (LDL-C) (R=0.478, p=0.033), alanine
aminotransferase (ALT) (R=0.540, p=0.014) in men and a strong positive linear correlation of UA with SBP (R=0.727, p=0.029),
DBP (R=0.655, p=0.002) in women with T2D and obesity. Calculation of the risk ratio (RR) in the group of patients with T2D
and obesity and in the control group showed an increase in the proportion of individuals with elevated UA levels (56.4%) and
a high RR (11.8 (1.72-81.8), p>0.001) of elevated UA levels, particularly in women (57.9%) and RR 8.11 (11.8-55.7), p=0.007.
Conclusions. An increase in the proportion of UA, correlations associated with UA, and a high risk of elevated UA levels in
patients with T2D and obesity, particularly in women, may be an early prognostic marker of progression and complications of
the underlying disease and require diagnosis and appropriate prevention and treatment to reduce UA in patient bodly.
Keywords: type 2 diabetes, obesity, uric acid, anthropometry, body composition, metabolic indicators.

T2D and obesity remain one of the most impor-
tant global challenges of the modern health system.
Visceral adipose tissue secretes excessive amounts
of pro-inflammatory adipokines (tumor necrosis
factor alpha, interleukin 6, leptin) and free fatty ac-
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ids, which worsens insulin resistance (IR) of target
tissues and provokes chronic low-intensity system-
ic inflammation [1]. Within this metabolic cycle,
hyperuricemia — an increase in UA levels — is con-
sidered not simply as an isolated marker of purine
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metabolism disorders, but as an active pathogenetic
chain of IR development [2-4].

Oxidative stress (OS) plays a decisive role in the
occurrence of IR and T2D [5]. Impaired glucose
tolerance and newly diagnosed T2D are accompa-
nied by increased reactive oxygen species and de-
fective antioxidant activity [6]. Chronic hyperg-
lycemia and dyslipidemia increase the incidence of
T2D and diabetic complications. Fat accumulation
correlates with systemic OS [7].

In metabolic syndrome (MetS) and T2D, in-
creased UA may contribute to OS. The rate-limiting
enzyme for the formation of UA from hypoxanthine
and xanthine is xanthine oxidoreductase, which con-
sists of two different forms, xanthine dehydrogenase
and xanthine oxidase. Xanthine oxidase is involved
in the increase of reactive oxygen species through
the formation of superoxide and hydrogen peroxide.
Inadequate activation of xanthine oxidoreductase
contributes to the tissue damage associated with OS.
Plasma xanthine oxidoreductase activity is associat-
ed with obesity, smoking, liver dysfunction, hyperu-
ricemia, dyslipidemia, IR, and adipokines, indicating
a novel biomarker of metabolic disorders [8].

The prevalence of hyperuricemia is increasing
worldwide, especially in most developed countries
[3]. Hyperuricemia is closely associated with mor-
tality in patients with cardiovascular disease be-
cause it leads to endothelial cell dysfunction and,
as a result, accelerates atherosclerosis [9]. Observa-
tional studies have shown a positive correlation be-
tween hyperuricemia and the onset of diabetic ne-
phropathy [10]. Hyperuricemia is associated with
a number of diseases, such as gout, cardiovascular
disease, renal disorders, MetS, diabetes mellitus,
etc., but the exact mechanisms linking elevated UA
levels to the etiology of the disease and their com-
plications are not yet fully understood [3].

There is no consensus in the study of the rela-
tionship of hyperuricemia with body mass index
(BMI), waist circumference (WC), and neck, vis-
ceral, subcutaneous and hepatic fat [11, 12]. A final
decision on whether hyperuricemia is the result or
the cause of MetS has not been reached [13]. How-
ever, early diagnosis of individuals with hyperu-
ricemia, which can be regarded as a complication,
increased severity of T2D with obesity and preven-
tive intervention are of particular importance in
medical practice.

The aim of this work was to investigate the cor-
relation and dependence between UA level and an-
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thropometric, metabolic characteristics and body
composition indicators in patients with T2D and
obesity.

Material and methods

An open randomized controlled trial was con-
ducted to assess anthropometric, metabolic param-
eters and body composition according to bioelec-
trical impedance data in a group of patients with
T2D and obesity. The study protocol was applied in
accordance with the principles of the Declaration
of Helsinki and approved by the Bioethics Com-
mittee of the State Institution «V.P. Komisarenko
Institute of Endocrinology and Metabolism of the
National Academy of Medical Sciences of Ukraine»
(protocol No. 55/2-KE dated April 2, 2025). All
subjects provided informed consent.

Subjects

60 subjects (27 men, 33 women) were examined.
Within the entire sample, 2 groups were formed:
the group with T2D and obesity — 39 people, aver-
age age — 56.28 (9.93) years, of which 20 were men
(51.3%), the control group included 21 healthy
people without endocrine pathology, average age —
44.71 (10.08) years, of which 7 were men (33.3%).

Inclusion criteria: the diagnosis of T2D was
established according to the criteria of the World
Health Organization (WHO, 1999), agreed with
the International Diabetes Federation (IDF, 2006).
Fasting glucose levels >7.0 mmol /L and glycated
hemoglobin (HbA1c) >6.5% were considered to
meet the category of diabetes. The control group
included individuals who met the study protocol
and had no endocrine or somatic diseases.

Exclusion criteria: patients with type 1 diabe-
tes or gestational diabetes, severe cardiovascular
complications (heart attack, stroke), kidney (ne-
phropathy), eye damage (retinopathy), severe liver
or kidney failure; malignant neoplasms; cognitive
impairment or psychiatric disorders; lack of signed
informed consent.

Sampling

Venous blood samples were collected after a
10-h fast into 4.0 ml EDTA tubes to obtain plas-
ma. To obtain serum, blood samples were collected
into tubes containing clotting factor. After centrif-
ugation at 3000 rpm, the samples were used for bio-
chemical determinations.
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Analysis

Anthropometric studies

Age, sex, body weight and height were measured
using electronic scales Seca 890 (Germany) and
portable stadiometer Keller (Germany). BMI was
calculated as the ratio of body weight in kg to the
square of height in meters (BMI, kg/m?). WC was
measured using a flexible centimeter tape with a
measurement accuracy of 0.5 cm.

The presence and type of obesity were determined
according to the WHO criteria for metabolic syn-
drome: with a BMI of more than 30 kg/m?, general
obesity was noted; with a BMI of less than 30 kg/m?,
patients were considered not to have obesity.

SBP and DBP was measured twice at 5-minute
interval. In case of differences in results exceeding
10 mm Hg, a third measurement was performed,
calculating the arithmetic mean of two or three
measurements. The category of arterial hyperten-
sion was defined as SBP/DBP of 140/90 mm Hg
and above.

Body composition was assessed by the bioelec-
trical impedance method (analyzer Tanita BC-401,
Japan). Parameters such as fat content (%), total
body water content (%), visceral fat, total mus-
cle and bone mass (kg), etc. were determined. The
level of visceral (abdominal) fat was estimated in
the range from 1 to 59 U; each unit corresponds to
10 cm? on the surface of the internal organs. The
normal level is from 1 to 12 U of fat.

Homeostasis model assessment of IR (HOMA-IR)
was calculated using the formula: HOMA-IR=
fasting insulin (puIU/ml)*fasting plasma glucose
(FPG) (mmol/L)/22.5,

Visceral adiposity index (VAI) was calculated
using the formulas proposed by Amato MC.

Men: VAI = WC/(39.68+(1.88xBMI))x
(TG/1.03)x(1.31/HDL-C),
Women: VAI = WC/(36.58+(1.89xBMI))x

(TG/0.81)x(1.52/HDL-C),

where HDL-C — high-density lipoprotein cho-
lesterol and TG — triglycerides.

Biochemical studies

The state of carbohydrate metabolism was as-
sessed by the concentration of FPG and HbA1c, %),
the state of lipid metabolism — by indicators of to-
tal cholesterol (TC), TG, HDL-C, LDL-C, very
low-density lipoprotein cholesterol (VLDL-C),
the level of insulin, creatinine, urea, UA, ALT, AST
in venous blood /serum /plasma in the examined pa-
tients according to the analysis data.

Biochemical analyses were performed by en-
zymatic colorimetry using the Cobas 6000 C501
automatic analyzer (Roche Diagnostics, Switzer-
land). Insulin fasting levels were determined by
immunochemiluminescence using an automatic
analyzer (Siemens, Germany). HbA1c was meas-
ured using the principle of ion-exchange high-per-
formance liquid chromatography on a Tosoh de-
vice (Japan).

Reference values of indicators

In our study, we used the following reference
values of indicators: BMI with a threshold value of
25 kg/m?, WC <94/80 cm for men/women, SBP/
DBP 130/85 mm Hg without the use of antihy-
pertensive drugs, visceral fat 1-9/1-13 U for men/
women, muscle mass 24-35/36-45 U for men/
women, FPG <5.6 mmol/L without the use of hy-
poglycemic agents, HbAlc <5.7%, fasting blood
insulin level 2.0-29.1 pU/mL, HOMA-IR <2.5,
VAI1<2.05/2.12 for men/women, TC <5.2 mmol /L,
HDL-C>1.0/1.3mmol/Lformen/women, LDL-C
2.2-4.8 mmol/L, VLDL-C 0.26-1.04 mmol/L,
TG <1.7 mmol /L without the use of hypolipidem-
ic agents, UA level <428/357 umol/L for men/
women, creatinine 64-104/49-90 pmol/L for
men/women, urea <7.2 mmol/L, ALT 4-41/4-31
U/L for men/women, AST 4-37/4-31 U/L for
men/women.

Statistical Analysis

Statistical analysis was performed using the sta-
tistical software MedStat and MedCalc Software
Ltd. https://www.medcalc.org/calc/odds_ratio.
php. The Shapiro-Wilk test was used to check the
distribution law of quantitative data. In the case
of a distribution law different from normal, the
median (Me) and interquartile range (Q1-Q3) or
the arithmetic mean with standard deviation (SD)
were calculated. Comparisons were performed
using the Wilcoxon W-test or the Student test.
In all tests, a p<0.05 was considered significant.
To analyze the relationship between indicators,
Spearman’s rank correlation (Ro factor) coeffi-
cient or Pearson’s linear correlation coefficient (R
factor) were used. Prediction of the dependence
of one variable on another was performed using
regression analysis and construction of a mathe-
matical linear univariate model. Calculation of RR
in groups was carried out with the determination
of the risk of events, confidence interval, Fisher’s
angular transformation.
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Results and discussion

The results showed that the group of patients
with T2D and obesity was older (p<0.001) and
had higher levels of all studied parameters (p=0.02-
0.001), including UA level (p<0.001), except for
HDL-C, which was lower (p<0.001) compared to
the control (Table 1). The groups differed some-
what in terms of gender. The group with T2D and
obesity consisted of 51.3% men (n=20), and 48.7%
women (n=19). The control group consisted of
33.3% men (n=7), and 66.7% women (n=14). The
calculation of VAI showed that VAI women (4.26
(2.76-6.61)) was statistically higher (p=0.013)
than that of men (2.43 (1.81-3.54)).

Table 1. Anthropometric, compositional and metabolic parameters in pa-
tients with T2D and obesity and in the people of control group

Indicators Control T2D and obesity p
(n=21) (n=39)

Age, years 44.71(10.08) 56.28 (9.93) <0.001
Height, cm 166.5(7.27) 170.8 (8.49) 0.052
Weight, kg 73.8(7.77) 1064 (17.73) <0.001
BMI, kg/m? 26.65 (26.2-27.69) 355 (32.1-41.9) <0.001
WG, cm 80.48 (2.77) 113.6 (11.73) <0.001
Visceral fat, U 824 (1418) 14.47 (3,56) <0.001
muscle mass, kg 47.1 (43.7-52.6) 62.3 (56.1-72.0) <0.001
SBP, mmHg 123.7 (5.03) 136.9 (9.62) <0.001
DBP. mmHg 70 (66-72) 82 (76-88) <0.001
FPG, mmol/L 45(43-47) 7.6 (6.5-9.0) <0.001
HbA1c, % 4.65 (4.5-5.0) 6.78(6.0-9.2) <0.001
Insulin plU/ml 791 (6.9-8.9) 174 (14.1-29) <0.001
HOMA-IR 1.57(0.25) 10.21(3.93) <0.001
VAI 0.83 (0.69-1.14) 3.18 (2.02-4.89) <0.001
TC, mmol/L 3.86(0.31) 525(1.31) <0.001
HDL-C, mmol/L 44.(0.1) 1.1(0.3) <0.001
LDL-C, mmol/L 2.25(0.43) 333(1.22) <0.001
VLDL-C, mmol/L  0.31(0.28-0.34) 0.8(0.5-1.02) <0.001
TG, mmol/L 0.84(0.77-0.98) 2.1 (1.42-3.04) <0.001
UA, umol/L 2649 (53.34) 382.9(115.6) <0.001
Creatinine, umol/L  66.54 (13.15) 76.31(16.39) 0.020
Urea, mmol/L 524 (0.62) 6.36(2.2) 0.018
ALT, IU/L 19.48 (1.94) 30.69 (14.98) <0.001
AST, IU/L 1936 (1.71) 252 (10.75) 0.002

Note. Data are Me (QI-QIll) or M (SD). Comparisons were performed using the

Wilcoxon W-test or Student’ test.
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Correlation analysis of the studied parameters
of the control normoglycemic group revealed cor-
relations, which statistical significance is given in
Table 2.

Table 2. Statistically significant correlations between anthropometric,
metabolic and compositional parameters in the control group according
to the Pearson’s and Spearman’s criterion

Parameters R/Ro P

Age / FPG -0.556" 0.009
Age / HOMA-IR -0.466° 0.033
BMI / Visceral fat 0.525 0.01
Visceral fat / Muscle mass 0.509 0.02
Muscle mass / SBP -0.491 0.02
SBP / DBP 0.551" 0.008
SBP /LDL-C -0.475 0.025
SBP /VLDL-C 0425 0.05
DBP / ALT 0458 0.032
TC/LDL-C 0.833" <0.001
HDL-C / HOMA-IR -0428" 0.047
FPG / HOMA-IR 0454 0.034
FPG/ AST -0616" 0.002
Insulin / HOMA-IR 0.732 <0.001
HbATc/AST -0.448" 0.037

Note. * — Pearson’s criterion, others — Spearman’s criterion.

Correlation analysis of the indicators of the stud-
ied group with T2D and obesity revealed a number
of correlations, the statistical significance of which
are presented in Table 3. Established a positive
association of BMI with HOMA-IR, visceral fat
with FPG, DBP with FPG, FPG with HbA1c, TG
with FPG, TC with TG, LDL-C with ALT, insu-
lin with ALT, insulin with AST and — a negative
association of muscle mass with urea, muscle mass
with HOMA-IR. It should be noted that visceral
fat (Ro=0.332, p=0.04) and TG (Ro=0.37, p=0.02)
are positively correlated with the FPG level. Re-
garding UA, a positive correlation was found with
insulin level (R= 0.681, p=0.03), SBP (R=0.349,
p=0.029), and a negative one with VLDL-C
(R=-0.374, p=0.04).

The results of Spearman’s correlation analysis,
depending on gender, in patients with T2D and
obesity revealed slightly different relationships. In
men with T2D and obesity, UA level is positively
correlated with AST (Ro0=0.494, p=0.03), DBP
with urea (Ro=0.662, p=0.01), DBP with FPG
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Table 3. Statistically significant correlations between anthropometric,
metabolic and compositional parameters in the group with T2D and obe-
sity according to the Pearson’s and Spearman'’s criterion

Parameters R/Ro p

Age / WC -0,519° <0.001
Age / Muscle mass -0512° <0.001
Age / Urea 0393 0.042
WC/ Creatinine -0.329° 0.041
BMI/WC 0.568 <0.01
BMI / Visceral fat 0.347 0.03
BMI/HDL-C -0.35 0.03
BMI/ Creatinine -0.337 0.04
BMI / HOMA-IR 0.652 0.03
Visceral fat / WC 0.283" 0.082
Visceral fat / FPG 0.332 0.04
Muscle mass / Urea -0.371 0.056
Muscle mass / HOMA-IR -0.648" 0.043
SBP / DBP 0.684 <0.01
SBP /UA 0349 0.029
SBP / Urea 0.466 <0.01
DBP /FPG 0.341 0.03
TC/TG 0.342 0.03
HDL-C/TG -0.325 0.04
LDL-C/ALT 0.358 0.025
VLDL-C/ UA -0.374 0.04
TG/ FPG 037 0.02
FPG /HbATc 0.639 0.01
Insulin / UA 0.681 0.03
Insulin / ALT 0.8 0.01
Insulin /AST 0.851 0.01
ALT / AST 0,715 <0.001

Note. * — Pearson’s criterion, others — Spearman’s criterion.

(Ro=0.51, p=0.02), HbAlc with FPG (Ro=0.632,
p<0.01), and muscle mass is negatively correlated
with creatinine (Ro=-0.458, p=0.04). In women
with T2D and obesity, HbAlc is positively cor-
related with TG (Ro=0.597, p<0.01), ALT with
LDL-C (R=0.468, p=0.043), muscle mass is nega-
tively correlated with age (Ro=-0.49, p=0.03), SBP
is negatively correlated with HDL-C (Ro=-0.523,
p=0.02). It is noteworthy that in women, UA is
negatively correlated with HDL-C (Ro=-0.562,
p=0.01).

Using regression analysis and building a pre-
dictive mathematical linear univariate model, we
conducted a study of the linear correlation between

indicators in the control and T2D with obesity
groups. The results of the regression analysis re-
vealed a moderate positive linear correlation be-
tween UA and LDL-C (R=0.478, p=0.033), UA
and ALT (R=0.540, p=0.014) in men with T2D
and obesity (Fig. 1, 2), as well as a strong positive
linear correlation between UA and SBP (R=0.727,
p=0.029), UA and DBP (R=0.655, p=0.002) in
women with T2D and obesity (Fig. 3, 4).
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Fig. 1. Correlation between the UA and the LDL-C variables in men with
T2D and obesity.

Note. The linear regression equation has the form: UA=42.7xLDL-C+236.9.
Sample size: n=20. Linear correlation coefficient R=0.478, number of degrees
of freedom k=18. There is a linear correlation, R>0 at the significance level
p=0.033. Coefficient of determination =0.228.
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Fig. 2. Correlation between the UA and the ALT variables in men with T2D
and obesity.

Note. The linear regression equation has the form: UA=4.533xALT+240.5.
Sample size: n=20. Linear correlation coefficient R=0.540, number of degrees
of freedom k=18. There is a linear correlation, R>0 at the significance level
p=0.014. Coefficient of determination =0.292.
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Fig. 3. Correlation between the UA and the SBP variables in women with
T2D and obesity.

Note. The linear regression equation has the form: UA=7.031xSBP-582.2.
Sample size: n=19. Linear correlation coefficient R=0.727, number of degrees
of freedom k=17. There is a linear correlation, R>0 at the significance level
p=0.029. Coefficient of determination =0.528.
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Fig. 4. Correlation between the UA and the DBP variables in women with
T2D and obesity.

Note. The linear regression equation has the form: UA=7.188xDBP-582.2.
Sample size: n=19. Linear correlation coefficient R=0.655, number of degrees
of freedom k=17. There is a linear correlation, R>0 at the significance level
p=0.002. Coefficient of determination =0.429.

The risk ratio of elevated UA levels in the control
group and in group of patients with T2D and obe-
sity, and in the corresponding groups depending on
gender was calculated (Table 4). In patients with
T2D and obesity compared to controls, a statisti-
cally significant increase in the risk of elevated UA
levels was found (RR 11.8 (1.72-81.8; p>0.001), in
particular in women (RR 8.11 (11.8-55.7; p=0.007),
and an increase in the number/proportion (56.4%
vs. 4.76%) of individuals with elevated UA levels
among patients with T2D and obesity, in particular
women (57.9% vs. 7.14%).

In the group with T2D and obesity, higher val-
ues of anthropometric indicators of obesity: BMI,
WC, visceral fat and indicators of lipid metabolism
TC, LDL-C, VLDL-C, TG, VAI were found com-
pared to healthy individuals, which confirms the
disorders of lipid metabolism, adipose tissue func-
tion. An increase in the level of insulin fasting in the
blood and the HOMA-IR index indicates the state
of IR. An increase in the level of FPG, HbA1c¢ indi-
cates the state of decompensation of carbohydrate

metabolism. A statistically significant increase
in the average level of creatinine and urea (upper
limit of normal), UA as markers of kidney func-
tion damage, intracellular enzymes ALT and AST
(within normal limits) as the main markers of liv-
er and heart cell damage indicates the possibility
of complications, progression of T2D and confirms
the multisystem nature of this disease.

Correlation analysis of anthropometric indica-
tors and body composition using the bioimpedance
method in a group of patients with T2D and obesity
revealed a positive relationship between BMI and
WC, BMI with visceral fat, muscle mass with SBP,
and in healthy individuals — a positive relationship
between BMI and visceral fat, visceral fat with mus-
cle mass, SBP with DBP, a negative relationship
between muscle mass and SBP and no relationship
with UA was found in the main and control groups,
which is consistent with other authors [13].

Referring to the literature data, which charac-
terize mostly healthy people, it is noted that in in-
dividuals from the population cohort of Germany,
the use of magnetic resonance imaging showed a re-
lationship between serum UA and visceral, subcu-
taneous and hepatic fat [14]. Among the elderly in
China, an association between VAI and the risk of
hyperuricemia has been found [15]. However, the
association of VAI with hyperuricemia is independ-
ent of metabolic health and obesity phenotypes in
the Chinese population [12].

The presence of a positive correlation of visceral
fat (Ro=0.332, p=0.04) and TG (Ro= 0.37, p=0.02)
with FPG levels in the general group with T2D and
obesity, as well as a positive correlation of TG with
HbA1c (Ro=0.597, p<0.01) in women indicates an
important relationship between glycemia and dys-
lipidemia. Indeed, Alami H. E., et al., suggested that

Table 4. Calculation of the RR at elevated UA levels in the T2D with obesity and control groups depending on gender

Groups Control % T2D with obesity % RR p
UA levels (n) (n) (95% Cl)
General
>428 mmol/L 1 4.74 22 56.4 11,8 <0.001
<428 mmol/L 20 17 (1.72-81.80)
Men
>428 mmol/L 0 0 7 350 0.139
<428 mmol/L 7 13
Women
>357 mmol/L 1 7.14 11 579 8,11 0.007
<357 mmol/L 13 8 (1.18-55.70)
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HbA1c may be not only a biomarker of long-term
glycemic control, but also an effective indicator of
the lipid profile in patients with T2D [16].

Regarding UA levels, it is important to note that
in the group of patients with T2D and obesity, cor-
relation analysis showed that increased UA levels
were associated with increased insulin levels and
SBP, which indicates an indirect involvement of
UA in the development of IR, as well as an effect on
blood pressure (BP). In healthy individuals, no such
relationships were found. Our results support pub-
lications that observed a significant positive associ-
ation between UA and hyperinsulinemia in the US
women cohort [17]. It is suggested that increased
UA levels precede IR, and peripheral IR plays an
important role in the development of hypertension
[18]. In addition, the results of our regression anal-
ysis revealed a strong positive linear correlation
between UA and SBP (R=0.727, p=0.029), UA and
DBP (R=0.655, p=0.002) in women with T2D and
obesity, which predicts a further increase in BP
and suggests a possible causal role of the increase
in BP depending on the increase in UA. Previously,
Han Y, et al. also suggested that increased serum
UA levels may be positively associated with an in-
creased risk of hypertension in Chinese adults [19].

Our study did not find a correlation between UA
and glycemic levels, anthropometric measures of
obesity in patients with T2D and obesity, which is
consistent with the results of a Mendelian random-
ization (MR) study that showed that UA was not
associated with fasting glucose, HbA1c [13]. How-
ever, the US National Health and Nutrition Exam-
ination Survey (NHANES) showed that HbAlc
<7% was positively correlated with serum UA in
American adults and negatively correlated with UA
at >7% HbA1c [20]. In another study in patients
with T2D, increased UA levels were accompanied
by hyperglycemia and dyslipidemia, indicating the
possible involvement of urate (UH-") and superox-
ide (O,7) radicals in lipid peroxidation, ox-LDL
formation, and the prooxidant effect of UA in OS
conditions. Despite its antioxidant role in the ex-
tracellular environment, UA has detrimental effects
on cells and predicts complications associated with
MetS, including diabetes, hypertension, and renal
dysfunction [21].

In addition, it should be noted that the effect of
glycemia on purine and lipid metabolism is indirect.
Under conditions of hyperglycemia, the formation
of advanced glycation end products, a group of

modified proteins and/or lipids with harmful po-
tential, which are sources of reactive oxygen spe-
cies, and are one of the factors contributing to the
development of T2D [22]. Modification of LDL-C
by glycation (AGE-LDL), oxidation (ox-LDL),
peroxidation, adhesion of apolipoprotein C-IIT and
the low-density subtype significantly enhances
their atherogenicity [23].

According to the regression analysis in the
group of men with T2D and obesity, we found a
positive relationship between UA and LDL-C lev-
els (R=0.478, p=0.033), which indicates that a pos-
sible reason for the increase in LDL-C levels is an
increase in UA levels or vice versa. It is important
that in the group of women with T2D and obesi-
ty, a negative correlation between UA and HDL-C
levels was found (Ro=-0.562, p=0.01), which also
indicates dyslipidemia, the possibility of develop-
ing atherosclerotic vascular damage, since HDL-C
exhibits anti-atherosclerotic effects. The changes,
correlations and dependencies of metabolic indi-
cators in T2D obtained by us are consistent with
the literature data on the relationship between UA
metabolism disorder with IR disorder, lipid me-
tabolism [11, 24]. Using the MR method, which
investigates the causal relationship, Biradar M. 1.,
et al. showed that increased UA may increase the
risk of MetS through increased BP and TG levels
and decreased HDL-C levels [13]. However, the
causal relationships between the indicators need
further investigation. UA has a multifaceted role
(pro-oxidant, pro-inflammatory, antioxidant, ni-
tric oxide modulator, immune function and an-
ti-aging) and is important in both pathological and
physiological conditions. In healthy adults, serum
UA levels and the prevalence of hyperuricemia are
negatively associated with the overall antioxidant/
oxidant balance index [25]. The equilibrium of cir-
culating urate levels depends on the interplay be-
tween production and excretion, a delicate balance
orchestrated by urate transporter functions in var-
ious epithelial tissues and cell types [3]. Abnormal
elevation or decrease in UA levels are associated
with a specific pathological condition known as the
U-shaped association [26].

In the general group of patients with T2D and
obesity, we unexpectedly found a negative relation-
ship between UA and VLDL-C levels. VLDL-C is
an intermediate form of LDL-C, which is formed in
the liver, contains TG in the core, and is the main
transport form of cholesterol to other organs. One
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of the assumptions of the negative relationship be-
tween UA and VLDL-C may be that UA as an an-
tioxidant can effectively absorb oxidants, including
hypochlorite and prevent LDL-C oxidation. There
are publications that show that with increasing
urate concentration in the oxidative environment,
lipid peroxidation, measured by thiobarbituric acid
reactive substances, is blunted at high molar ratios
of urate/hypochlorite [27].

The positive relationship between insulin levels
and liver parameters (ALT and AST) we found in
the group with T2D and obesity that indicates liver
damage and the development of hepatic IR in insu-
linemia. In male with T2D and obesity, we noted a
positive correlation of UA with AST (Ro= 0.494,
p=0.03) and a positive linear correlation between
UA and ALT (R=0.540, p=0.014), which indicates
the influence of UA on markers of hepatic IR. The
presence of a positive linear correlation between
UA and ALT in men with T2D and obesity predicts
an increase in ALT levels with an increase in UA
levels and confirms the possible negative effect of
UA on hepatic IR.

The results of the study by other authors showed
that mitochondrial OS, fat accumulation, the occur-
rence of hepatic IR, obesity due to increased lipo-
genesis, non-alcoholic fatty liver disease, non-alco-
holic steatohepatitis, and T2D may occur under the
influence of fructose, which increases the formation
of UA [28]. For patients with T2D, increased UA
concentration is an independent risk factor for the
prevalence of non-alcoholic fatty liver disease and
diabetic nephropathy [29]. In a cross-sectional
study, Ren S, et al. noted the association between
serum UA levels and metabolic-associated fatty liv-
er disease in southeastern China [30].

Our analysis of the RR and risk proportion in pa-
tients with T2D and obesity compared with the con-
trol group showed an increase in the number /propor-
tion (56.4%) of individuals with elevated serum UA
levels, particularly women (57.9%), as well as a high
risk (RR 11.8 (1.72-81.8; p>0.001) of elevated UA
levels in patients with T2D and obesity, and particu-
larly in women (RR 8.11 (11.8-55.7; p=0.007). The
presence of a high risk of hyperuricemia in patients
with T2D and obesity determines the possibility of
complications associated with UA (vascular athero-
sclerosis, diabetic nephropathy, metabolic-associated
fatty liver disease, cardiovascular disease, etc.).

Therefore, impaired UA metabolism may be an
mediated early marker of IR, a predictor of im-
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paired lipid metabolism, the development of arte-
rial hypertension and damage to the kidneys, liver,
and progression of T2D. A possible preventive and
therapeutic method for T2D with obesity and com-
plications is the use of micronutrient supplements
with antioxidant properties, such as magnesium,
which improves metabolic status, reduces OS, and
UA levels in patients with prediabetes, obesity, kid-
ney disease, hyperuricemia, and hypomagnesemia
[7,31].

Conclusions

1. Patients with type 2 diabetes and obesity had
higher uric acid levels (p<0.001) and were older
(p<0.001) compared to healthy controls.

2. In the group with type 2 diabetes and obesity,
there is a positive correlation of uric acid with insu-
lin level (R=0.681, p=0.03), systolic blood pressure
(R=0.349, p=0.029).

3. Correlation analysis of indicators in patients
with type 2 diabetes and obesity depending on
gender revealed a positive correlation of uric acid
levels with aspartate aminotransferase (Ro= 0.494,
p=0.03) in men and a negative correlation of uric
acid with high-density lipoprotein cholesterol
(Ro=-0.562, p=0.01) in women.

4. The results of the regression analysis revealed
a moderate positive linear correlation between
uric acid and low-density lipoprotein cholester-
ol (R=0.478, p=0.033), uric acid and alanine ami-
notransferase (R=0.540, p=0.014) in men with type
2 diabetes and obesity and a strong positive linear
correlation between uric acid and systolic blood
pressure (R=0.727, p=0.029), uric acid and dias-
tolic blood pressure (R=0.655, p=0.002) in women
with type 2 diabetes and obesity.

5. Calculation of the RR in the group of patients
with type 2 diabetes and obesity and in the control
group showed an increase in the proportion of in-
dividuals with elevated uric acid levels (56.4% vs.
4.76% in the control group) and a high risk (RR 11.8
(1.72-81.8), p>0.001) of increased uric acid levels,
particularly in women (57.9% vs. 7.14% in the con-
trol group) and RR 8.11 (11.8-55.7), p=0.007.

6. Elevated uric acid levels and identified cor-
relations associated with uric acid in patients with
type 2 diabetes and obesity may be an early prog-
nostic marker of progression and complications of
the underlying disease and require diagnosis and
protective treatment.
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Abbreviation

ALT - alanine aminotransferase

AST - aspartate aminotransferase

BMI - body mass index

DBP - diastolic blood pressure

FPG - fasting plasma glucose

HbA1c — glycated hemoglobin

HDL-C - high-density lipoprotein cholesterol
IR - insulin resistance

LDL-C - low-density lipoprotein cholesterol
MetS — metabolic syndrome

OS - oxidative stress

SBP - systolic blood pressure

T2D - type 2 diabetes

TC - total cholesterol

TG — triglycerides

UA - uric acid

VAL - Visceral adiposity index

VLDL-C - very low-density lipoprotein cholesterol
WC - waist circumference

3B'A30K CEY0BOI KNCJOTN B CNPOBATLI
KPOBI 3 AHTPOMNOMETPUYHUMNA,
HOMMNO3NUINHWUMIA TA METABOJIIYHIIMNIA
MOKASHNKAMI B MALIEHTIB 13 AIABETOM
2-T0O TANMY TA OHKNPIHHAM

K.10. IBacbkiBa, T.®. 3axapueHko, O.l. KoB3yH,

B.J1. OpneHko, B.l. KpaBueHKoO
[lep)kaBHa yCTaHOBa «IHCTUTYT €HAOKPUHONOTIT Ta O6MiHY peuoBHMH
iM. B.IN. KomicapeHka HauioHanbHOT akagemil MefiuuHnx Hayk YKpaiHm»

Pestome. [ToWMpeHICTb rinepypuKkemii TeHAEHUINHO 3pOCTaE Y
BCbOMY CBITi, 0CO0MBO B OINbWOCTI PO3BMHEHVX KpaiH. [inep-
ypUKeMIs CynpOBOAXKYE HU3KY 3axXBOPIOBaHb, TaKMX AK CEpLEBO-
CYAMHHI 3aXBOPIOBAHHA, HWPKOBI pO3M1aaKn, MeTaboniuHuin CUH-
apom, giabet 2-ro Tuny (L2) Ta TicHo noe’A3aHa 3 nepenYacHoio
CMepTHICTIO XxBopux. MeTa: JOCNiAUT KopenAauinHmi 38'A30K Ta
3aNeXHICTb piBHA ceyoBoi kKucnotn (CK) 3 aHTPONOMETPUYHMMY,

MEeTaboNIUHVMM XapaKTePUCTMKAMM Ta MOKa3HMKaMM KOMMO3ULT

Tina B nauienTis i3 U2 Ta oxmnpiHHAM. MaTtepian i metogu. O6-
cTexkeHo 60 0cCib (27 YonoBgikiB, 33 XiHKM). Y MexXax BCiEl BUOIpKM
6ynv chopmoBaHi 2 rpynu: rpyna 3 L2 ta oxupiHHAM — 39 ocib,
cepefHin Bik — 56,28 (9,93) pokis, i3 H1x 20 — yonosiku (51,3%) Ta
KOHTpOJbHa rpyna — 21 3a0poBa 0coba 6e3 eHoKPYHHOI NaTono-
ril, cepeHin Bik — 44,71 (10,08) pokis, i3 HVX 7 — yonoBsiku (33,3%).
BusHauanu cuctoniyHnin (CAT) Ta piactoniunmi (JAT) apTepianb-
HWUW TUCK, aHTPOMOMETPUYHI Ta KOMMO3ULIMHI MOKA3HUKM OXMPIH-
HA, NiNigHWIA NPpodink, rikemito, iHCyNiHeMilo, GYHKLIO HMPOK Ta
neyinkn. Pesynbratn. KopenauinHuim aHanis nokasHuKIis y rpyni
3 U2 1a OXKMPIHHAM BMABKB NO3UTUBHY Kopenauito CK 3 piBHem
iHcyniHy (R=0,681, p=0,03), CAT (R=0,349, p=0,029). Y yonosikis i3
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L2 Ta oxMpiHHAM cnocTepiraeTbca nos3nTMBHa Kopenauia CK 3
acnaptat amiHoTpaHchepasoto (Ro=0,494, p=0,03), y KIiHOK — He-
ratmeHa kopenauia CK 3 xonecteprHom NinonpoTeiHiB BUCOKOI
winbHocTi (Ro=-0,562, p=0,01). Buasmnu nomipHy no3ntmsHy ni-
HIMHY KOpenAuiiHYy 3anexXHiCTb Mix NokasHnkamm CK Ta xonecte-
PUHOM NINONPOTEIHIB HM3bKOT WinbHOCTI (R=0,478, p=0,033), CK Ta
anaHiH TpaHcdepasoto (R=0,540, p=0,014) y YONOBIKIB Ta CUNbHY
NO3UTUBHY NiHIHY KopenAauinHy 3anexHicte CK 3i CAT (R=0,727,
p=0,029), CK i3 AT (R=0,655, p=0,002) y xiHoK i3 LI12 Ta oxupiH-
HAM. Po3paxyHOK cnissigHowWweHHA pu3nkis (RR) y rpyni nauieHTis
i3 W2 Ta OXKMPIHHAM i B KOHTPOMbHIN rpyni mokasas 36inbweHHA
YacTku ocib i3 nigsuieHrm pisHem CK (56,4%) Ta BUCOKMIA pU3MK
(RR 11,8 (1,72-81,8), p>0,001) nigsuuieHHs pieHA CK, 30Kkpema B
XIHOK (57,9%) Ta RR 8,11 (11,8-55,7), p=0,007. BucHoBKW. 36inb-
weHHA vactkn CK, kopenauii, nos'asani 3 CK, Ta BUCOKNIA puU3nK
nigsuweHHa pisHA CKy nauieHTis i3 L2 Ta oXkMpiHHAM, 30Kpema
XKIHOUOI CTaTi, MOXyTb OYTW PaHHIM MPOrHOCTUYHUM MapPKEPOM
nporpecii Ta ycknagHeHHs OCHOBHOIO 3aXBOPIOBaHHSA | NoTpeby-
t0Tb AiarHOCTUKM Ta BIAMOBIAHOI NPOGINAKTUKA | NiKyBaHHA AnA
3HUKeHHA CK B OpraHi3mi xBOpuXx.

KniouoBi cnoBa: fiabet 2-ro Tvny, oX1pIiHHA, CeuoBa KMCOTa,
aHTPOMOMETPIA, KOMMO3WLiS TiNa, MeTaboMiYHI MOKa3HNKM.
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Ba CniBpPOOITHMLA Biaainy enigemionorii eHOAOKPUHHIX 3aXBOPIO-
BaHb, ORCID: 0000-0002-4394-8833; Kos3yH OneHa IropisHa, A4-pka

6ion. Hayk, Npod., un.-kop. HAMH YKpaiHu, 3acTynHuuUa aAvpeKTopa
[HCTUTYTY 3 HaykoBux MuTaHb, ORCID: 0000-0002-6906-6636; Op-
neHkKo Banepin JleoHigiBHa, A-pKa Mefl. HayK, CTapl. HayK. CniBpob.,
3aBifyBauka HayKOBO-KOHCYNbTaTUBHOrO Bigdiny ambynaTopHo-
nNpodiNakTMUHOT LOMOMOM XBOPVM 3 €HOKPUHHOK MaTONOTIED,
ORCID: 0000-0002-8400-576X; KpaByeHko Biktop IBaHOBWMY, A-p
mef. Hayk, npod., 3asidysay Biaainy enigemionorii eHgoKPUHHIX
3axsoptoBaHb, ORCID: 0000-0003-0867-2023.

OcobucTuii BHecoK: IBacbkisa K.IO. — yuacTb y 300pi maTepiany,
aHanis aaHux, pefaryBaHHaA ctatTi; 3axapuerko T.0. — cTaTucTuHe
00pobneHHA pe3ynbTaTiB AOCNIAKEHDb, aHaNi3 Ta iHTepnpeTayin Aa-
HVIX, HaNMCaHHA Ta peaarysaHHsa CTaTTi, MiagroToBKa Ao nybnikauii
cTatTi; Koe3yH O.l. — peparyearHsa cTaTTi; Opnerko BJI. — yyactb y
36opimaTepiany, aHani3 aaHux, pefaryBaHHaA cTaTTi; KpaBueHko B.I. -
KOHLUEeNUiA Ta AV3anH JOCNIMKEHHA, aHani3 AaHuX, pefaryBaHHaA
CTaTTi.

QiHaHCyBaHHA: CTaTTA MIArOTOBNeHa B paMKax OlofeTHoro
dbiHaHcyBaHHA HAMH YKkpaiHv 3a nnaHom HaykoBO-AoCAigHOT
pobotn «[locnianTn enemeHTHe 3abe3neyeHHa XBOPUX 3 yCKnaj-
HEeHHAMK LyKPOBOro AiabeTy B YMOBax BOEHHOrO 4acy 3 MeTOlo
PO3POOKM 3acobiB X MPOdGiNakTMkL Ta NikyBaHHA» AY «HCTUTYT
eHfoKpvHonorii Ta 0bmiHy pevosurH im. B.IN. KomicapeHka HAMH
YkpaiHu» (Ne nepaBHol peecTpauii 0126U000832).

leknapauia 3 eTuKn: aBTopW 3aAeknapysanv BIACYTHICTb
KOHONIKTY iHTepeciB i GpiHaHCOBMX 3060B'A3aHb.

CratTa: Haginwna Ao pepakuii 10.07.2026 p.; nepepobneHa
26.07.2026 p.; npunHATa JO Apyky 25.09.2026 p.; HagpykoBaHa
30.09.2026 p.
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