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Diabetes mellitus (DM) has been and re-
mains one of the urgent problems of modern
medicine because of the comorbid syndrome
development [1]. In the general structure of co-
morbidity in patients with type 2 diabetes mel-
litus, diseases of the urogenital system takes
3rd place after diseases of the nervous and car-
diovascular systems [2]. Immune system dis-
orders, inadequate metabolic control of diabe-
tes, incomplete emptying of the bladder due to
autonomic neuropathy are pathogenetic factors
for the development of urinary tract infections
(UTIs) in patients with diabetes [3].

The increased incidence of acute and chro-
nic urinary tract infections, such as pyelo-
nephritis and cystitis, is a common situation
for such patients, but an increase in the inci-
dence of urolithiasis is a new trend. The previ-
ous studies have shown an increasing preva-
lence of nephrolithiasis in patients with (DM)
compared with patients without diabetes [4].

10-15 years ago, it was 0.5—1%, but now vari-
ous authors give prevalence figures from 6 to
10% [5, 6]. There are contradictory opinions
about the mechanisms of stone formation in pa-
tients with diabetes.

According to various authors, the key fac-
tors in the pathogenesis of kidney stones for-
mation in diabetes are excessively acidic urine
reaction [4,7], increased concentrations of uric
acid and calcium in serum and urine [7], im-
paired renal parenchymal microcirculation,
and insulin resistance [8].

All the above-mentioned makes the study of
metabolic disorders in patients with type 2 DM
and concomitant urolithiasis relevant to iden-
tify possible mechanisms of lithogenesis.

The aim of the study was to examine the
role of metabolic disorders in the development
of urolithiasis, and to study the characteristics
of the mineral composition of urinary stones in
patients with type 2 DM.
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MATERIAL AND METHODS

The study included 28 patients with type
2 diabetes mellitus aged from 47 to 68 years
(mean age 52.4 years), including 12 women
(43%) and 16 men (57%) who were treated
at the Regional Medical Clinical Center of
Urology and Nephrology named after V. I. Sha-
poval (Kharkiv, Ukraine).

Depending on the duration of diabetes,
2 groups of patients were formed. Group 1 con-
sisted of patients with the disease duration
up to 8 years (9 men and 6 women); group 2
was represented by patients with DM duration
8 years or more (7 men and 6 women). To cor-
rect carbohydrate metabolism, the patients re-
ceived tablet sugar-lowering drugs of the bigua-
nide group.

All patients underwent a comprehensive
examination, including an assessment of lab-
oratory parameters: the level of glycated he-
moglobin (HbA1), glomerular filtration rate
(GFR), serum concentration of triglycerides
(TG), urea, creatinine and uric acid, as well
as ultrasound examination of the urinary sys-
tem. If there were stones in the kidneys or uri-
nary tract, the patients underwent contrast-
enhanced computed tomography on a Toshiba
Aquilion 16 multispiral X-ray tomograph
(Japan) in order to clarify their localization,

size and X-ray density. Depending on the stone
parameters, the patients underwent extracor-
poreal shock wave lithotripsy, contact laser
ureterolithotripsy or percutaneous nephrolitho-
tripsy, followed by assessment of the mineral
composition of the obtained stone fragments by
infrared (IR) spectroscopy using an IKS-29 in-
frared spectrophotometer (LOMO, Russia).

Before carrying out diagnostic and thera-
peutic procedures, all patients were informed
about the goals, methods and objectives of the
study, and then they voluntarily signed an in-
formed consent.

Statistical processing of the data obtained
during the study was carried out using Mic-
rosoft Excel 2016 spreadsheets and Statistica
10 software (StatSoft, USA). Quantitative va-
lues are presented as median (Me) and inter-
quartile range (Q1 and Q3), where Q1 is the
25% percentile, Q3 is the 75" percentile. The
Mann-Whitney U-test was used to compare the
values in the groups of patients with diabetes
mellitus, the differences were considered statis-
tically significant at p < 0.05. The correlation
dependence was determined using Spearman's
rank correlation (p). Up to 5% significance le-
vel (p < 0.05) was considered statistically sig-
nificant.

RESULTS AND THEIR DISCUSSION

When analyzing the biochemical param-
eters of blood, we found out that all studied
patients had hyperuricemia. A positive correla-
tion was found between the level of uric acid in
the blood and the duration of diabetes mellitus,
both in men (r = 0.64, p < 0.05) and in women
(r = 0.58, p < 0.05), while the concentration of
uric acid in the blood did not depend on age
(r = 0.27, p > 0.05 for men, r = 0.31, p > 0.05
for women) and the gender of patients (r = 0.35,
p>0.05 and r=0.29, p > 0.05). The level of uri-
cemia increased simultaneously with the level
of creatinine in the blood. At the same time,
glomerular filtration varied within wider limits
and in some cases, it decreased to rather low
values (Table 1).

An increase in the serum levels of the uric
acid and creatinine may be a consequence of
impaired renal excretory capacity, which pro-
gresses with the increase of disease duration [4].

The levels of triglycerides and glycosylated
hemoglobin in the blood of patients with diffe-
rent duration of diabetes mellitus did not differ
significantly.

There was a direct correlation between
the concentration of uric acid in the blood and
the level of HbA1 (r = 0.38, p < 0.05 for men,
r =0.42, p < 0.05 for women), which is a marker
of the degree of carbohydrate metabolism com-
pensation.

In the modern literature, the question of
the hyperuricemia dependence on the carbohy-
drate metabolism compensation is much dis-
cussed. A number of authors consider hyper-
uricemia an independent predictor of type 2
diabetes mellitus [9]. According to the re-
sults of some epidemiological studies, their
authors suggested that hyperuricemia should
be considered, to a greater extent, as an inde-
pendent risk factor of renal failure development
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Table 1

Biochemical parameters of patients with type 2 diabetes mellitus
with different disease duration, Me [25 % — 75 %]

. . . Mann-Whitney
Disease duration / Indicator < 8 years >8 years U test (p)
473.00 560.00"
o male [463.00; 483.00] | [542.00; 606.00] <0.001
Uric acid, pmol /1
fomale 388.00 441.00% 0.004
[360.25; 408.25] [420.75; 467.25] '
90.35 65.82"
_ male [89.32; 94.35] [55.18; 73.86] 0.003
GFR, ml / min
female 88.87 66.94* 0.02
[86.74; 90.58] [58.83; 77.97] :
9.50 11.70
male [8.60:10.80] [9.70; 12.35] 0.11
HeAL % 8.10 11.45
female [7.95; 9.60] [10.43; 13.15] 0.24
1.95 2.14
male [1.82: 2.11] [1.73: 2.54] 0.84
TG, pmol / L
female 1.81 2.19 0.24
[1.74; 1.86] [1.93; 2.33] :
98.7 150.40*
Creatinine, jmol male [92.40; 108.40] [141.15; 166.55] 0.002
/'L 84.85 133.95%
female [82.05; 91.63] [129.50; 146.88] 0.002

Note:

# significant differences with the group of patients with DM duration less than 8 years at p < 0.05

according to the Mann—Whitney test.

and progression, rather than an indicator of
compensation for carbohydrate metabolism
[10]. With intact renal function, hyperproduc-
tion of uric acid characteristic for DM, is usu-
ally compensated by hyperuricosuria. As the
kidneys get damaged, the «urate-eliminating»
function of the kidneys begins to suffer, and
the uricosuric stage of increased uric acid pro-
duction is replaced by the hyperuricemic one.
Hyperglycemia, glucosuria that are typical
for DM, have a pronounced uricosuric and hy-
pouricemic effect through the blockade of tubu-
lar reabsorption of uric acid. This means that
hyperuricemia in manifested forms of DM is
a phenomenon of a different order than high
uric acid concentration in the blood at preclini-
cal stages of diabetes [11].

In our study, urolithiasis as a concomitant
disease was detected in 19 (67.8%) of the ex-
amined patients. 14 (73.7%) patients had kid-
ney stones and 5 (26,3 %) patients had ureter
stones. There was a significant increase in the

number of patients with stones in the urinary
system organs with the longer duration of dia-
betes mellitus (r = 0.64, p < 0.05).

The infrared spectroscopy of the mineral
composition of removed stone fragments re-
vealed a monophasic composition of stones in
13 (68.4 %) patients. The monophasic composi-
tion was represented by uric acid or uric acid
dihydrate in a crystalline or amorphous state
(Fig. 1).

In 6 (31,6 %) cases, the stones had a mixed
mineral composition, while the dominant com-
ponent, occupying more than 50% of the sam-
ple volume, was uric acid (Table 2).

There is a supposition that insulin resis-
tance and hyperinsulinemia are the main links
of the pathogenesis of metabolic syndrome in
the increased acidity of urine and the formation
of uric acid stones [8]. The relationship between
urine acidification and insulin resistance is
also supported by other studies. Abate N. et al.
in a study on patients with uric acid stones and
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Fig. 1. IR spectrum of kidney stone in the range 1200-400cm-1: absorption bands 1220, 1115,
1020, 990, 875, 780, 745,700, 620, 570, 560, 515,400 correspond to crystalline uric acid.

Table 2

Mineral composition of kidney stones in patients
with type 2 diabetes with concomitant urolithiasis

Mineral composition of the stone Numbe:‘l (E;s)amples
Uric acid 11 (57.9%)
Uric acid dihydrate 2 (10.5%)
Uric acid + Wevellite 3 (15.8%)
Uric acid + Calcium carbonate 1(5.2%)
Uric acid + Wevellite + Hydroxylapatite 2 (10.5%)

healthy volunteers with the introduction of con-
trolled doses of insulin with an appropriate diet
observed a decrease in urine pH, a decrease in
the excretion of ammonium ions and citrates,

and an increase in the excretion of acids in the
urine of patients with uric acid nephrolithiasis
compared with the norm [9].

CONCLUSIONS

The key factor in the development of uro-
lithiasis in patients with type 2 diabetes mel-
litus is uric acid metabolism disorders. It is
manifested by an increase in the level of uri-
cemia with the disease duration progression

regardless of the patients’ age and gender. The
dominant components of urinary stones in pa-
tients with type 2 diabetes mellitus are uric
acid, as well as uric acid dihydrate in a crystal-
line or amorphous state.
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The article presents the study of the influence of type 2 diabetes mellitus on the features of the uroli-
thiasis development and factors affecting stone formation. As part of the study, 28 patients with type 2 dia-
betes mellitus were treated at the «Regional Medical Clinical Center of Urology and Nephrology named after
V. 1. Shapoval», where a comprehensive examination was carried out to determine the level of glycosylated he-
moglobin, glomerular filtration rate, serum concentration of triglycerides, urea, creatinine and uric acid.

All patients underwent ultrasound examination of the urinary system organs. In case of detecting stones in
the kidneys or urinary tract, multispiral computed tomography with contrast was performed, which evaluated
the size, localization and X-ray density of the stones. Depending on the above parameters, patients underwent
extracorporeal shock wave lithotripsy, contact laser ureterolithotripsy or percutaneous nephrolithotripsy, fol-
lowed by assessment of the mineral composition of the obtained stone fragments by infrared spectroscopy.

The study revealed a positive correlation between the level of uric acid in the blood and the duration of dia-
betes mellitus both in men (r = 0.64, p < 0.05) and in women (r = 0.58, p < 0.05), while the concentration of uric
acid in the blood did not depend on the age and gender of the patients. There was a direct relationship between
hyperuricemia and the concentration of glycosylated hemoglobin. The level of uricemia increased simulta-
neously with the level of creatinine in the blood.

Urolithiasis was diagnosed in 67.8% of the examined patients. There was a significant increase in the num-
ber of cases of urolithiasis with an increase in the duration of diabetes mellitus (r = 0.64, p < 0.05). In 68.4%
of patients, stones had a monophasic composition, which was represented by uric acid or uric acid dihydrate.
In 31.5% of cases, stones had a mixed mineral composition, with uric acid being the dominant component, occu-
pying more than 50% of the sample volume.

Key words: diabetes mellitus, urolithiasis, hyperuricemia.
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POJIb METABOJIIYMHUX NMOPYLLUEHb
Y ®OPMYBAHHI CEHOKAM'AHOT XBOPOBWU
Y XBOPUX HA LLYKPOBWUW OIABET 2 TUNY
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CrarTa mpucBAYeHA BUBYEHHIO BILJIMBY IYKPOBOro maiabery 2 THOy Ha 0COBJIHBOCTI PO3BUTKY
cevyoraM'sHOI XBopoOH 1 paKTOpiB, 110 BIJIMBAITL HA KaMeHeyTBOPeHHA. B paMrax mociaimxenusa 28 mairi-
€HTaM 3 I[yKpoBuUM giaberoMm 2 THIly, AKl mepedyBaiu Ha JikyBauHl B O0/IaCHOMY MeIUYHOMY KJIIHIYHOMY
meHTpi yposorii i Hedposorii im. B. I. [llamorana (Xapkis, YrpaiHna), IpoBeIeHO KOMIIJIEKCHE 00CTeKeHH
3 BU3HAYEHHSM PIBHA IVIIKO3UJIHOBAHOTO reMOTJIO0IHY, IMBUIKOCT] KJIYOOUKOBOI (hiabTpalrii, CHpoBaTKOBOL
KOHIIEHTPAI[ll TPUTJIIIEPHU/IIB, CEUOBUHY, KPEATHHIHY Ta CEY0BOI KUCJIOTU. BciM XBOPUM ITPOBOAUIIOCS YIIb-
TPa3BYKOBe JOCIIKEHHS OpTaHiB CeY0BHUIIJIBHOI CUCTEMH, 34 Pe3yJIbTaTaMU SIKOT0, B pa3i BUSABJIEHHS KOH-
KPEeMEeHTIB B HUPKaxX ab0 CeYOBUBIIHUX ILISXaX, BUKOHYBAJACSI MYJbTUCIIIPAIbHA KOMI'IOTEPHA TOMOTrpa-
disg 3 KOHTpPACTYBAaHHAM, HA IT1CTABl IKOI OI[IHIOBAJIUCS PO3MIPH, JIOKAJI13aIlls 1 peHTTeHIBChKA IIIJIBHICTh
KOHKPEMEeHTY. 3aJIe’kHO BiJ] BUINEBKA3AaHUX IIapaMeTpiB, MaIlleHTaM IIPOBOIUJIACST €KCTPaKOpIopaJbHa
yIapHO-XBUJILOBA JITOTPHUIICIA, KOHTAKTHA Jia3epHa ypPeTepoJIiTOTpilcis ado mepKyTaHHAaA He(poIiTOTPUII-
Cls 3 HOIAJIBIINOI0 OIIHKOI MIHEPaJJbHOTO CKJIAy OTPUMAHUX (DPArMeHTIB KAMEHIO MeTOI0M 1H(QpPaYepBOHOL
CIEKTPOCKOIIII.

B xoxi mocmigskenus OyJio BUABIEHO ITO3UTHUBHY KOPEIAININHY 3aJI€KHICTD MK IMOKA3HUKOM PIBHS
€ev0BOl KMCJIOTH B KPOBI 1 TPMBAJIICTIO IIYKPOBOro AiabeTy AK y 4osoBikiB (r = 0,64, p < 0,05), Tak 1 y sKIHOK
(r=0,58, p <0,05), mpu {bOMY KOHIIEHTPAIlA CEY0BOI KMCJIOTH B KPOBI He 3aJieskaJia BlJ BIKy 1 cTaTi IalfieH-
TiB. Bysna BusiBiieHa mpsiMa 3aJIeKHICTD THIEPYpPHUKEMIl Bl KOHIIEHTPAI] IJI1KO3UJIBOBAHOTO TeMOrJI00IHY.
VY mipy HapocTaHHS PIBHSA ypPUKeMil 301/IbIIIyBaBCA TAKOK PIBEHb KPEaTUHIHY B KPOBI.

¥V 67,8% obOcresmxenux OyJia BUABJIEHA CeUOKaM'sHa XBopoba. 3azHavasocs JOCTOBIpHE 301/IbIIeHHA YHCIA
BUIIQIKIB ypoJriTiady mpu 30LJIbIIEeHH] TPUBAJIOCTI IyKpoBoro miabery (r = 0,64, p < 0,05). V 68,4% xBOopux
KaMeH1 Maau MOHOQA3HUU CKJIAJ, AKUA OyB HpeJCcTaBJICHUN CEYOBUIM KHUCJIOTOK abo JUTIIpaToM CedoBOL
rucyoru. ¥ 31,5 % Bumagrax KaMeH1 MaJiu 3MIIIIAHUHA MIHEePaJIbHUHN CKJIA T, IPU IBOMY JOMIHYOYHUM KOMIIO-
HEHTOM, 1110 3aiimMaB Oiybine 50 % 00. 3paska, OyJia cedoBa KHUCJIOTA.

Kiawuosi cimoBa: mykposuii giaber, cedokaM'sHa XBopo0a, rimepypuKeMis.
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