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Different types of crystalluria

in patients with bone and joint
tissue pathology: Hematological
and biochemical profiles

Abstract:

Crystalluria, as a sign of dysmetabolic nephropathy, has been associated
with bone and joint tissue pathology. The aim of the study was to reveal the
structure of crystalluria in patients with bone and joint tissue pathology and
to investigate the characteristics of biochemical parameters according to the
type of dysmetabolic nephropathy. In this study, common blood analyses and
biochemical parameters were investigated. Individuals with bone and joint
tissue pathology demonstrated prevalence of hyperoxaluria (59%) with less
frequency of uraturia (25.7%) and phosphaturia (15.1%). Hyperoxaluria was
associated with high incidence of ligamentum ruptures and bone fractures
(21.6%). The patients with hyperoxaluria showed presence of eosinophilia,
increased levels of platelets, leukocytes, erythrocyte sedimentation rate,
C-reactive protein and serum alkaline phosphatase, whereas the patients with
uraturia demonstrated decreased level of platelets and increased level of serum
glucose, uric acid and creatinine. Patients with phosphaturia demonstrated
increased serum alanine aminotransferase. The results presented in this paper
revealed the differences in biochemical parameters of patients with different
types of crystalluria, suggesting the necessity of its control to improve the
prognosis of the treatment of patients with bone and joint tissue pathology.
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Apstrakt:

Razli¢iti tipovi kristalurije kod pacijenata sa patologijom koStano-
zglobnog tkiva: Hematolo$ki i biohemijski profili

Kristalurija, kao znak dismetaboli¢ke nefropatije, povezuje se sa patologijom
kostano-zglobnog tkiva. Cilj ove studije bio je da se utvrdi struktura
kristalurije kod osoba sa patologijom kostano-zglobnog tkiva i da se ispitaju
karakteristike biohemijskih parametara u zavisnosti od tipa dismetabolicke
nefropatije. U ovoj studiji analizirane su rutinske analize krvi i biohemijski
parametri. Kod osoba sa patologijom kosStano-zglobnog tkiva preovladivala
je hiperoksalurija (59%), a rede su zabelezene uraturija (25.7%) i fosfaturija
(15.1%). Hiperoksalurija je bila povezana sa visokim udelom ruptura
ligamenata i preloma kostiju (21.6%). Pacijenti sa hiperoksalurijom imali su
eozinofiliju, povecane vrednosti trombocita, leukocita, brzine sedimentacije
eritrocita, C-reaktivnog proteina i serumske alkalne fosfataze. S druge strane,
pacijenti sa uraturijom pokazali su sniZzene vrednosti trombocita i poviSene
vrednosti glukoze u serumu, mokraéne kiseline i kreatinina. Kod pacijenata
sa fosfaturijom primecene su poviSene vrednosti alanin-aminotransferaze
u serumu. Rezultati predstavljeni u ovom radu ukazuju na razlike u
biohemijskim parametrima pacijenata sa razli¢itim tipovima kristalurije, $to
sugeriSe potrebu za njenom kontrolom radi poboljSanja prognoze lecenja
osoba sa patologijom kostano-zglobnog tkiva.
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Introduction

Dysmetabolic nephropathies are a group of
diseases characterized by an interstitial process
in the kidneys with crystalluria due to metabolic
disorders (Colaci et al., 2024). Crystalluria may be

transient (monotonous diet or enzyme disorders) and
permanent (chronic diseases, metabolic disorders).
The factors contributing to the formation of crystals
include a high concentration of salts in urine, weak
water regime, use of medications, urinary tract
infection and digestive disorders (Shastri et al.,

© 2025 Kravchun et al. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and build upon your work
non-commercially under the same license as the original.

247



BIOLOGICA NYSSANA e 16 (1) June 2025: 247-257

2023). The formation of crystals in body fluids
in dysmetabolic nephropathies contributes to the
development of bone and joint tissue pathology.
The urinary syndrome in dysmetabolic
nephropathy is characterized by the presence
of wurates, phosphates, oxalates, leukocyturia,
erythrocyturia and proteinuria (Timo et al., 2023).
Crystalluria and urolithiasis occupy one of the
leading places in the structure of metabolic diseases.
Thus, 8—15% of the population of Europe and North
America suffer from urolithiasis (Verdesca et al.,
2011; Qian et al., 2022). The enzymes involved in
glyoxylate metabolism have been related to primary
hyperoxalurias (Moya et al., 2024). The oxalate
metabolism is associated with coagulation system.
Thus, F1 fragment of prothrombin is excreted in
urine and precipitates into calcium oxalate crystals,
acting as inhibitor of calcium crystallization in urine
(Grover et al., 1999). People with hyperoxaluria
have demonstrated increased serum level of
glycoproteins and chondroitin sulfates (Hesse et
al., 1991). Uraturia patients are characterized by
accumulation of monosodium urate crystals in joint
tissue, causing inflammation (Han et al., 2024). High
serum uric acid has been found to be associated
with hypercoagulation, endothelial dysfunction
and inflammation. The uric acid correlated with
thromboembolism and left atrial thrombosis in
systemic diseases, metabolic syndrome and arterial
hypertension (Chen et al., 2016; Liu et al., 2022).
In high concentrations, uric acid has been shown
to predispose to type 2 diabetes mellitus due to the
increased production of reactive oxygen species
that reduce blood glucose uptake (Wardhana et al.,
2018; Wang et al., 2022). The role of phosphorus
in aminotransferase activity has been also discussed
(Zechner et al., 2021). Meanwhile, the association
of oxalates, uric acid and phosphates with bone and
joint tissue pathology has been scarcely studied.
The aim of the study was to analyze the incidence
and the structure of crystalluria in patients with bone
and joint tissue pathology and to investigate the se-
rum biochemical parameters in every type of crystal-

luria.

Materials and Methods

The examined patients

A total of 728 patients (382 female, 346 male), aged
32 to 81 years, with bone and joint tissue pathology
(including coxarthrosis, gonarthrosis, ligament
ruptures, and bone fractures) treated at the Sytenko
Institute of Spine and Joint Pathology were included
in the study following institutional ethical approval.
Among them, 66 patients exhibited crystalluria
and signs of dysmetabolic nephropathy and were
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assigned to the study group. This group was further
divided into Group I: patients with hyperoxaluria
(n=39), Group II: patients with uraturia (n=17),
and Group III: patients with phosphaturia (n=10).
An additional 61 patients with bone and joint tissue
pathology but without crystalluria were included as
the control group. Results were compared between
the crystalluria subgroups and the control group.
Clinical examination of the patients included
objective examination of organs and systems.
Ultrasound investigation of kidneys, complete
urinalysis and serum biochemical analysis were
performed, and revealed the presence of echo-
positive formations as a sign of crystals.

Microscopic examination of crystals

The crystals were observed under MicroMed XS
-3330 microscope at x400 magnification. The salt
excretion from the 24-hour urine collection was
investigated (Fig. 1). Increased oxalates excretion
(more than 1 mg/kg/day) was revealed in patients
with hyperoxaluria. Patients with uraturia showed
increased urinary excretion of uric acid and calcium
(uric acid level in urine: more than 4.0 mmol/l, and
calcium: more than 7.5 mmol/I). High phosphorus
excretion (more than 33 mmol/l) was detected in
patients with phosphaturia.

Urea

The content of urea (by color reaction with
diacetylmonooxime, Langenfeld et al., 2021) was
performed with a spectrophotometer. The reaction
between diacetyl monoxime and urea, in the presence
of sulfuric acid, phosphoric acid, thiosemicarbazide,
and ferric chloride, produces a chromophore whose
absorbance was measured at a wavelength of 520
nm.

Creatinine

Concentration of creatinine was detected using
commercial kit (Felicit diagnostics) by color Yaffe
reaction (Toora et al., 2002), where 1 ml of working
solution was added to 0.25 ml of serum, afterwards
the optical density of analyzed sample and standard
sample was measured after 30 seconds (E2 and
E2) and 90 seconds (E3 and E4) accordingly at
wavelength of 505 nm. Creatinine concentration was
calculated using formula:

Creatinine concentration=Concentration of
calibrator samplex(E3-E1)/(E4-E2)

Total protein

4.0 ml of monoreagent (pyrrogalol red 50 mmol/l,
sodium molybdate) were added to 0.08 ml of serum
and incubated for 10 minutes at room temperature
in dark conditions. The optical density of the test
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Fig. 1. Microscopic appearance of oxalates (1), phosphates (2), and urates (3).

sample (E test) and the calibration sample (E
calibration) was measured against a blank sample.
The concentration of total protein was calculated by
formula:

C=E test: E calibration x 1000 mg/1
Calcium, glycoproteins, and chondrotin sulfates

Total calcium (complexonometric method with
murexide indicator; Ritgen U, 2023), glycoproteins
(according to the method of Steinberg and Docenko;
Shtenberg OP et al., 1962), and chondroitin sulfates
(measured by the Nemeth-Csok method in Sluckiy's
modification; De Jong et al., 1989) were analyzed in
patients with bone and joint tissue pathology using
the respective procedures.

B-lipoproteins

B-lipoproteins were measured using a commercial
kit (CORMAY LDL DIRECT, Poland) and
analyzed spectrophotometrically at a wavelength of
630 nm, following the manufacturer’s instructions
and the method described by Alan (2006). A total of
900 pl of Reagent 1 was mixed with 9 pl of serum
and incubated for 5 minutes at 37 °C. Subsequently,
300 pul of Reagent 2 was added to the mixture,
followed by an additional 5-minute incubation at
37 °C.

Uric acid

A mixture of 2.4 mL of distilled water, 0.3 mL of
serum, 0.15 mL of catalyst solution, and 0.15 mL of
sodium tungstate was incubated for 10 minutes at
room temperature, then centrifuged for 10 minutes
at 2000 rpm. 1.0 ml of the centrifugate was added to
0.5 ml of sodium carbonate solution and 0.3 ml of
phosphotungsten reagent, incubated for 30 minutes
at room temperature. The optical density was
measured spectrophotometrically at a wavelength of
650 nm.

Aspartate aminotransferase activity

Aspartate aminotransferase (Ast) was detected
spectrophotometrically on Multiparametric Photo-
colorimetric biochemical analyser ALIZE (Lisa-
bio, France) by the dinitrophenylhydrazine method
(Huang, X.-J., et al., 2006). Substrate-buffer solution
(0.25 ml) was added to the blood serum (0.05 ml)
and incubated for 60 minutes at 37 °C. 0.25 ml of 2,4
dinitrophenylhydrazine was added and incubated for
20 minutes at room temperature. 0.4 M sodium hy-
droxide solution (2.5 ml) was added and incubated
for 10 minutes at room temperature. The optical den-
sity of the test sample for aspartate aminotransferase
was measured against a control sample on a photom-
eter at a wavelength of 500-560 nm.

Determination of enzyme activity was carried out
according to the calibration schedule. The difference
in optical densities of the test and control samples
was noted on the ordinate axis, and the corresponding
value of enzyme activity was found on the abscissa
axis.

Alanine aminotransferase activity

1 ml of working solution (substrate solution and
coenzyme-enzyme reagent) was mixed with 0.1
ml of serum. The optical density was measured at
a wavelength of 340 nm after 1 (E1) and 3 (E2)
minutes. The difference in extinction (E2-E1)/3 was
calculated.

Urinalysis

The urinalysis was carried out according to the
methods listed in Urinalysis: approved guideline
(Rabinovitch et al., 2009) and included estimation of
pH (pH meter, OMEGA Engineering inc.), specific
gravity (Lab World urinometer, UK), leukocytes,
presence of bacteria, erythrocytes (under MicroMed
XS -3330 microscope), and glucose in the urine
sample.
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The renal function was evaluated by calculation
of glomerular filtration rate (GFR) (CKD-EPI, 2021)
using the following formula:

eGFR (mL/min/1.73 m?) = 142 x min (creatinine/k,
1) o x max (creatinine/k, 1) 1.200 x 0.9938age
1.012 (if female)

where k is 0.7 for women and 0.9 for men; o is 0.241
for women and 0.302 for men (Kirsztajn et al., 2024).

Ethical consent

The study was approved by the Ethical committee
of Kharkiv National Medical University (protocol N
21, 24.07.23). Informed consent was obtained from
all the participants. The study adhered to the ethical
guidelines of the Declaration of Helsinki.

Statistical evaluation

Statistical analysis was performed using the
software Statistica 10.0 (Stat Soft Inc., USA). All
measurements were performed in triplicate and the
data are presented as average + standard deviation
(SD) (for normally distributed data). The significance
of the differences was determined using Student’s
t-test for parametric data. P values less than 5% were
accepted as positive in the tests. Correlation analysis
was performed using Spearman's correlation test.

Results and discussion

Crystalluria was detected in 9% (n=66) of patients
with bone and joint tissue pathology (n=728). In
accordance with the study objective, the study
group (n=66) comprised patients with bone and joint
tissue pathology who exhibited crystalluria. This
group was further subdivided into three subgroups:
patients with hyperoxaluria (Group I, n=39), uraturia
(Group II, n=17), and phosphaturia (Group III,
n=10). Patients with bone and joint tissue pathology
but without crystalluria (n=61) were included as the
control group.

According to the international KDIGO guidelines,
Group II exhibited a lower glomerular filtration rate
(GFR) (44.52+1.31 ml/min/1.73 m?) compared to
the control group (86.34+2.30 ml/min/1.73 m?),
Group I (83.22+1.91 ml/min/1.73 m?), and Group
111 (85.10+2.01 ml/min/1.73 m?).

Patients with hyperoxaluria

Hyperoxaluria was the most frequently observed
type of crystalluria among individuals with bone
and joint tissue pathology, identified in 39 patients
(59%).

Individuals with hyperoxaluria showed a high
incidence of ligament ruptures and bone fractures
(21.6%), a finding that has also been reported by
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other researchers (Biischer et al., 2024). However,
there is no clear evidence in the literature linking
the severity of bone disease directly to oxalate
levels (Ben-Shalom et al., 2021). Hage et al. (2008)
reported that dense and radiolucent metaphyseal
bands, vertebral osteocondensations, and renal
osteodystrophy are characteristic signs of oxalosis.
Although considerable progress has been made in
understanding the pathophysiological mechanisms
underlying hyperoxaluria, the diagnosis of oxalate-
related bone disease is often delayed, and the
prognosis remains poor (Demoulin et al., 2022).

Patients with hyperoxaluria demonstrated
significantly elevated levels of leukocytes (by
34.2%), eosinophils (by 75%), erythrocyte
sedimentation rate (ESR) (by 90%), and platelets
(by 21.8%) in the complete blood count compared to
the control group (p<0.05) (Tab. 1).

The increased levels of leukocytes and ESR
suggest that disturbances in oxalate metabolism are
accompanied by inflammatory processes, possibly
due to bacterial involvement. The presence of
pathogenic bacteria in calcium oxalate stones has
been previously reported, and such bacteria are
known to accelerate crystal growth (Cooper et
al., 2008). Conversely, the beneficial bacterium
Oxalobacter formigenes has been shown to interact
with the intestinal mucosa and enhance oxalate
secretion (Nazzal et al., 2021).

The erythrocyte sedimentation rate (ESR) is a
known marker of inflammation severity, and some
researchers have reported an association between
hyperoxaluria and inflammatory responses (Guo et
al., 2020). In Europe, a group of scientists formed
the European Hyperoxaluria Consortium to advance
research and collaboration in this field (Bernd et al.,
2009).

The increased platelet count observed in
patients with hyperoxaluria may be explained by
a compensatory response of the bone marrow, as
oxalic acid has been reported to exhibit anticoagulant
properties (National Center for Biotechnology
Information, 2025). Oxalate dysmetabolism, often
resulting from low serum glycine levels, has been
associated with disrupted redox homeostasis,
inflammation, atherosclerosis, and cytopenia.
Furthermore, dysregulated oxalate metabolism
has been implicated as a contributing factor in the
development of thrombosis and atherosclerosis (Liu
et al., 2021). Therefore, the elevated platelet levels
detected in patients with hyperoxaluria may indicate
a predisposition to thrombotic events.

To date, no prior studies have reported an
association between hyperoxaluria and elevated
eosinophil counts.

Biochemical analysis revealed that individuals
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Table 1. Clinical blood parameters in patients with bone and joint tissue pathology presenting with

hyperoxaluria, uraturia, and phosphaturia

Hyperoxaluria . Phosphaturia Control grou

Variables Mgy Urawria ety TECE sy
(mean+SD)

Erythrocytes (10'%/1) 4.46+0.35 5.02+0.44 4.82+0.4 4.84+0.42
Hemoglobin (g/1) 130.62+11.5 143.6+14.2 141.7£13.7 140.25+13.5
Platelets (10°/1) 334.67+£21.4* 213.6£15.63%* 270.63+17.8 274.22+19.1
Leukocytes (10°/1) 8.08+0.85* 5.79+0.6 6.8+0.74 5.96+0.63
ESR (mm/h) 19.07+£3.2* 10.66+1.8 11.2442.1 10.1£1.7
Eosinophils (%) 3.540.6* 2.2+0.43 2.254+0.43 2.0+£0.41
Segmented neutrophils (%) 58.7+£7.2 59.34+7.56 57.08+6.54 53.33+6.1
Lymphocytes (%) 26.85+3.74 27.5+3.85 32.18+4.2 28.33+4.0
Monocytes (%) 8.21+0.78* 7.78+0.74 4.83+0.32 5.0+0.6

ESR: erythrocyte sedimentation rate; *p<0.05 compared to control group

with hyperoxaluria had a 23.8% higher serum
alkaline phosphatase level compared to the control
group (Tab. 2). Elevated alkaline phosphatase, a
known marker of osteomalacia, may help explain
the high frequency of ligament ruptures and bone
fractures observed in this study. The increased
serum alkaline phosphatase levels in hyperoxaluric
individuals are consistent with previous findings
(Bchir et al., 2022).

B-lipoprotein levels did not differ significantly

between groups, with mean values of 80.42+6.4
units in the hyperoxaluria group and 74.0+5.1 units
in the control group.

During periods of active oxalate excretion,
individuals with hyperoxaluria demonstrated a
17.3% increase in serum alanine aminotransferase
(ALT) and a 77% increase in C-reactive protein
(CRP) levels (Tab. 3). The elevated ALT may reflect
liver cell damage, potentially due to cholestasis and
the concomitant rise in alkaline phosphatase.

Table 2. Biochemical parameters in patients with bone and joint tissue pathology presenting with

hyperoxaluria, uraturia, and phosphaturia

Hyperoxaluria Uraturia Phosphaturia Bone fractures Control

Variables (n=39) (n=17) (n=10) (n=17) (n=61)
(mean+SD)

Glucose (mmol/l) 5.3£0.24 6.4+0.3* 5.05+0.17 5.97+0.27* 5.1£0.2
Total protein (g/) 75.7£7.13 74.55+6.7 74.3+6.63 77.7£7.4 75.88+£7.2
Calcium (mmol/l) 2.4+0.15 2.42+0.17 2.3+0.11 2.39+0.13 2.43+0.18
Alt (un/l) 24.96+1.6 29.83+1.7* 32.14£2.4%* 23.32+1.56 22.97+2.2
Ast (un/l) 29.35+1.77 34.66+2.54* 33.6+£2.41* 26.82+1.64 27.28+1.7
Alph(un/l) 394.7+£26.2%* 302.42+17.4 - - 318.27+20.1
Urea (mmol/l) 4.05+0.48 6.31+0.8* 4.55+0.7 4.41+0.6 4.21+0.57
(Cnﬁ::)‘;/‘l‘;e 95.33+13.1  164.3:17.2*  89.33+12.4 88.22+11.5 91.32412.73
Thymol probe
(units) 2.34+0.2 2.56+0.24* 2.06+0.15 2.64+0.27* 1,97+0.11
Uric acid (mcmol/l) 361.4+20.6 442.0+25.2* - - 351.2+17.4

p<0.05 compared to control group. Alt: alanine aminotransferase; Ast: aspartate aminotransferase; Alph:

alkaline phosphatase
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Table 3. Dynamics of biochemical parameters
during active oxalate excretion in patients with
hyperoxaluria

Present Absent
oxalate oxalate
Variables excretion excretion
(n=19) (n=20)
(mean£SD)
Calcium (mmol/l) 2.37+0.25 2.34+0.22
Alt (un/l) 27.4+1.24* 23.42+1.1
Ast (un/l) 29.21+1.4 26.87+1.2
CRP (mg/l) 62.74+11.7* 35.7£7.2
Alph (un/l) 345.67+26.8 334.56+22.1
p<0.05
Correlations

Correlation analysis in patients with hyperoxaluria
revealed a strong positive association between
serum glucose and B-lipoproteins (r=0.74). Serum
total protein levels were significantly correlated with
chondroitin sulfates (r=0.68) and calcium (r=0.87)
(Tab. 4), consistent with previous studies reporting
a relationship between total protein and serum
calcium levels. Calcium concentration was inversely
correlated with thymol turbidity test results (r=-0.69)
and positively correlated with chondroitin sulfates
(r=0.55).

Table 4. Correlation analysis of biochemical parameters in

patients with hyperoxaluria

Kravchun et al. e Different types of crystalluria in patients with bone and
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(p<0.05).

In patients with hyperoxaluria, serum calcium
levels were inversely correlated with ALT, AST,
thymol turbidity test results, and CRP. In contrast, the
control group (without dysmetabolic nephropathies)
showed a direct correlation between serum
calcium and thymol probe (r=0.57), CRP (r=0.36),
ALT (r=0.16), and AST (r=0.12)(p<0.05). These
findings indicate that, in hyperoxaluria, reduced
serum calcium levels are associated with systemic
inflammation.

Patients with uraturia

Among individuals with bone and joint tissue
pathology, uraturia was observed less frequently, in
17 patients (25.7%). The platelet count in patients
with uraturia was 22.6% lower compared to the
control group (p<0.05). This reduction may reflect
a compensatory response of the bone marrow,
possibly due to the stimulatory effect of uric acid on
prothrombotic factors. Our findings are consistent
with previous studies reporting an association
between elevated serum uric acid and reduced
platelet count, as demonstrated by regression
analyses in individuals with hypertension (Tayefi et
al., 2018; Tapoi et al., 2021; Weng et al., 2023).

Serum creatinine levels in the uraturia group
were significantly higher, by 81.3%, compared
to the control group (165.5+£27.4 umol/l wvs.
91.32+12.73 umol/l; p<0.05), indicating impaired
renal function. Previous research has shown that uric
acid exerts a detrimental effect on kidney
function.

This group also exhibited increased

serum glucose levels (by 25.4%), and

Variables Calcium  Ast Alt RBC Hb ESR . id levels (by 25.9%) dt

uric acid levels (by 25.9%) compared to
Glucose 06 08 06 057 controls (p<0.05). Elevated glucose in
Total 0.87 0.2 038 -0.g2 individuals with uraturia suggests that
protein uric acid may be involved in disorders of
ESR -0.55 -0.48 carbohydrate metabolism. Hyperuricemia
CRP 038 038 06a andliver dysfunction have been reported

in association with diabetes, insulin
Calcium -0.56  -03

resistance, obesity, and dyslipidemia.

Ast: aspartate aminotransferase; Alt: alanine aminotransferase;
Blp: B-lipoproteins; RBC: erythrocytes; Hb: hemoglobin; CRP:
C-reactive protein; ESR: erythrocyte sedimentation rate. Only

correlations with p<0.05 are shown

Urine specific gravity demonstrated strong
positive correlations with serum glucose (1=0.77)
and B-lipoproteins (r=0.94) (p<0.05). Serum glucose
also showed moderate correlations with total protein
(r=0.30) and eosinophils (r=0.20) (p<0.05), while
creatinine was negatively correlated with glucose
(r=-0.65). A strong inverse correlation was observed
between neutrophil count and total protein (r=-0.87)
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High serum uric acid levels have also
been found in patients with diabetes
mellitus, showing a positive correlation
with glycated hemoglobin Alc. Previous
studies confirm that hyperuricemia,
hyperuricosuria, and urate nephropathy
are common in individuals with diabetes.
Furthermore, uric acid is structurally related
to alloxan, a known diabetogenic compound.
Experimental studies have shown that alloxan
administration can induce “uric acid diabetes” (Wang
et al., 2021; Gapparova et al., 2023). Therefore, the
increased serum glucose observed in individuals



BIOLOGICA NYSSANA e 16 (1) June 2025: 247-257

with uraturia in this study supports existing evidence
suggesting that elevated uric acid contributes to
carbohydrate dysmetabolism (Yang et al., 2023).

The levels of glycoproteins in individuals
with hyperoxaluria (0.71£0.11 g/l) and uraturia
(0.78+0.13 g/1) did not differ significantly from the
control group (0.65+0.10 g/1). Similarly, chondroitin
sulfate levels were comparable across groups:
0.207+0.032 g/1 in hyperoxaluria, 0.187+0.020 g/l
in uraturia, and 0.190+0.020 g/l in controls.

Patients with phosphaturia

Phosphaturia was the least frequently observed type
of crystalluria among individuals with bone and
joint tissue pathology, detected in only 10 patients
(15.1%). This group demonstrated a 22% increase
in serum aspartate aminotransferase (AST) levels
compared to the control group (p<0.05).

Correlation analysis in the phosphaturia group
revealed only minor abnormalities. Serum calcium
levels correlated weakly with chondroitin sulfates
(r=0.25), while both alanine aminotransferase
(ALT) and AST showed a moderate correlation
with glycoproteins (r=0.66). Chondroitin sulfate
levels were also weakly associated with total protein
(r=0.25) and glycoproteins (r=0.25) (p<0.05).

Patients with bone fractures exhibited increased
serum glucose levels by 17% and thymol turbidity
values by 34% (p<0.05).

This study aimed to investigate differences
in biochemical parameters among patients with
bone and joint tissue pathology based on the type
of crystalluria, and to compare these findings to a
control group. Additionally, the potential association
between crystalluria type and bone or joint
complications was explored.

Bone and joint tissue pathology remains a leading
cause of morbidity and mortality, particularly in aging
populations. Identifying and managing risk factors
is therefore essential for prevention and treatment.
Numerous risk factors have been implicated in
the development of such pathologies, including
elevated blood glucose, kidney disease, obesity, and
dyslipidemia (Izki et al., 2024). Kidney dysfunction
has also been associated with vascular wall changes,
leading to decreased arterial elasticity (Sarisoy
et al.,, 2024). However, the role of dysmetabolic
nephropathy in bone and joint pathology remains
poorly defined.

Crystalluria, characterized by increased urinary
excretion of oxalates, urates, and phosphates, has
been associated with disorders of connective tissue
metabolism, which may contribute to degenerative
and dystrophic changes in bones and joints (Burlaka
et al.,, 2021). The "calcium paradox," whereby
endothelial cells adopt osteoblast-like characteristics

Kravchun et al. e Different types of crystalluria in patients with bone and
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and sequester calcium crystals, has been proposed as

a contributing factor in bone fragility and calcinosis
(Seker et al., 2024).

This study therefore sought to determine the
incidence and structural distribution of crystalluria in
patients with bone and joint tissue pathology and to
analyze biochemical profiles according to the type of
crystalluria (hyperoxaluria, uraturia, phosphaturia).
Crystalluria was present in 9% of the 728 patients
with bone and joint tissue pathology. Among these,
hyperoxaluria was the most common form (59%),
followed by uraturia (25.7%) and phosphaturia
(15.1%).

Hyperoxaluria has been linked to gastrointestinal
disorders such as chronic gastritis, biliary tract
dysfunction, duodenal ulcers, chronic enterocolitis,
and Crohn’s disease (Basoglu et al., 2023), as well
as joint dysfunction and oxalate osteopathy (Horta-
Baas et al., 2013; Hassona et al., 2024). Several
studies have reported skeletal abnormalities in
patients with hyperoxaluria (Bacchetta et al., 2016).
An inverse relationship between dietary calcium
intake and the risk of stone formation has also
been observed. Notably, elevated serum alkaline
phosphatase in individuals with hyperoxaluria has
been linked to low-calcium diets. The ratio of ionized
to bound calcium is influenced by serum albumin
levels (Lalayiannis et al., 2024), and our study
confirmed a strong correlation between total protein
and calcium levels (r=0.87, p<0.05). Low dietary
calcium intake contributes to bone demineralization,
and individuals with kidney stones are at increased
risk for osteoporotic fractures. Other studies have
confirmed a correlation between low calcium intake
and reduced bone mineral density (Joshi et al., 2015).
Supplementation with calcium and lactose has
been shown to elevate serum calcium and alkaline
phosphatase levels (Yang et al., 2024).

Studies examining the association between
serum uric acid and bone mineral density have
produced conflicting results. Some report a positive
association between uric acid levels and bone density
(Ibrahim et al., 2021; Kim et al., 2023; Li et al.,
2023), while others have found that increased uric
acid may reduce the risk of osteoporosis (Lin et al.,
2019). At physiological levels, uric acid may offer
protection against bone fractures. However, in cases
of hyperuricemia and gout, uric acid is associated
with increased bone resorption and fracture risk
(Yan et al., 2017). Some researchers have identified
a significant negative correlation between serum
uric acid and trabecular bone score (Kuwabara et al.,
2023).

Uric acid has also been associated with altered
liver enzyme profiles, including elevated ALT
levels. High uric acid concentrations may disrupt
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antioxidant defenses and contribute to liver damage
(Anothaisintawee et al., 2017). Increased levels of
both ALT and uric acid have been linked to a higher
incidence of metabolic syndrome.

Importantly, this study revealed significant
differences in platelet counts depending on the type
of crystalluria. Patients with hyperoxaluria had
significantly higher platelet counts compared to
those with uraturia (p<0.05).

Phosphaturia has been associated with skeletal
abnormalities, osteopenia, and osteoporosis (Benson
et al., 2022). Excessive phosphate excretion in urine
may result in hypophosphatemia due to reduced
intestinal absorption. Renal phosphate waste may be
secondary to elevated parathyroid hormone levels or
the use of loop and thiazide diuretics. Phosphaturia
is linked to decreased bone strength and typically
presents with a low urinary calcium-to-creatinine
ratio and a serum calcium x phosphorus product
below 30 (Mitri et al., 2012).

In summary, this study demonstrated distinct
biochemical profiles associated with different types
of crystalluria in patients with bone and joint tis-
sue pathology. Hyperoxaluria was associated with
inflammation (leukocytosis, elevated ESR), throm-
bocytosis (increased platelet count), and bile stagna-
tion (elevated alkaline phosphatase). Hyperglycemia
was observed in patients with uraturia, underscor-
ing the need for glucose monitoring in this popula-
tion. Elevated AST levels were found in individuals
with phosphaturia. Hyperoxaluria was also associ-
ated with an increased risk of bone fractures. While
dysmetabolic changes are often difficult to reverse,
dietary modifications and appropriate treatment of
crystalluria may substantially improve clinical out-
comes in patients with bone and joint tissue pathol-
ogy. Prior studies have shown that even in advanced
stages of renal dysfunction, reducing dietary oxalate
intake may normalize serum creatinine and urinary

markers (Sun et al., 2017).

Conclusion

Hyperoxaluria in individuals with bone and joint
tissue pathology was associated with leukocytosis,
eosinophilia, and elevated levels of both platelets and
serum alkaline phosphatase. In contrast, individuals
with uraturia demonstrated increased serum levels
of glucose, uric acid, and creatinine, alongside a
decreased platelet count. Patients with phosphaturia
exhibited elevated serum aspartate aminotransferase
(AST) levels. These findings suggest that clinicians
should closely monitor leukocyte count, eosinophils,
platelet levels, and serum alkaline phosphatase in
patients with hyperoxaluria; platelet count, uric
acid, glucose, and creatinine in those with uraturia;
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and AST in patients with phosphaturia during the
treatment of bone and joint tissue pathology. The
observed differences in platelet levels, elevated in
hyperoxaluria and reduced in uraturia, represent
a novel finding of this study and warrant further
investigation.
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