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Abstract. Background. Nephrolithiasis (NL) is @ common polyetiological urological disease that is
frequently associated with reduced bone mineral density. One of the shared key factors confributing fo
both osteoporosis and NL is insufficient intake of calcium-rich products. Another common pathogenic
mechanism involves the activation of calcification factors, such as osteopontin (OPN), osteocalcin (OC),
and fibroblast growth factor 23 (FGF23). The purpose was to evaluate indices of salt fransport, calcification
markers (OC, OPN), and FGF23 in patients with nephrolithiasis and crystalluria. Materials and methods. The
study was conducted af the Department of Urology of the Bogomolets National Medical University, and
the Urology Department of the Kyiv Regional Clinical Hospital. The work was carried out in accordance
with the research plan and is a fragment of the research project “Optimization of the management of
patients with urolithiasis with concomitant osteoporosis” (state registration number 0125U000958). The
diagnosis of NL was established based on the criteria according to the 2023 guidelines of the European
Association of Urology. The assessment of salt transport, osteopontin, and FGF23 was carried out in a
certified laboratory (Medical Laboratory "DILA”, Kyiv, Ukraine). Osteocalcin was measured in the Ukrainian
Osteoporosis Center and Department of Clinical Physiology and Pathology of Locomotion Apparatus
of the State Institution “D.F. Chebotarev Institute of Gerontology of the National Academy of Medical
Sciences of Ukraine ” (Kyiv, Ukraine). Results. Higher rates of oxaluria were observed in patients with NL and
crystalluria, which was predominant in the study groups compared fo other indicators studied. The levels
of calcification markers (OPN, OC) and FGF23 were significantly lower in patients from group | compared
to those with NL and crystalluria. Conclusions. The level of FGF23 showed a positive association with serum
phosphate levels, which is consistent with its physiological mechanism of action. Further study is needed fo
determine the specific changes in calcification markers (OPN, OC) and FGF23 depending on changes in
bone mineral density.
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Introduction

Nephrolithiasis (NL) is a common polyetiological uro-
logical disorder that is often associated with reduced bone
mineral density (BMD). In a large cohort study including
531,431 patients with nephrolithiasis, 23.6 % were found to
have a diagnosis of osteoporosis or fractures [1]. Moreover,
cross-sectional data from NHANES (13,357 participants)
demonstrated that reduced BMD (osteopenia and osteopo-
rosis) was statistically associated with a higher risk of kidney
stone formation (OR 1.24 and 1.41, respectively) [2].

One of the key shared risk factors for both osteoporosis
and NL is insufficient dietary intake of calcium-rich foods.
When calcium intake is low, the amount of free oxalates in
the intestine increases, enhancing their absorption and uri-
nary excretion, which in turn raises the risk of oxalate stone
formation [3].

Another common pathogenic mechanism is the activa-
tion of calcification factors such as osteopontin (OPN) and
osteocalcin (OC). Elevated OC levels are associated with an
increased risk of coronary atherosclerosis and myocardial
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infarction, partly through vascular calcification as an inter-
mediate mechanism [Mendelian randomization analysis:
OR = 1.07—1.29] [4]. Elevated OPN levels have also been
linked to cardiovascular complications, particularly in type
2 diabetes, where higher concentrations were associated
with a 32 % increased risk of CVD and a 25 % increased risk
of diabetic retinopathy per 1 SD increase [2]. However, data
remain limited on the role of these calcification markers in
patients with nephrolithiasis and crystalluria.

Vascular calcification is also a key comorbid factor. One
previous study demonstrated a significant association be-
tween abdominal aortic calcification (AAC) and the forma-
tion of calcium oxalate stones (OR ~ 5.76) [5]. Additionally,
other studies have shown correlations between fetuin-A le-
vels, cortical bone porosity, and vascular calcification in pa-
tients with NL, highlighting the interconnections between
bone structure, vascular pathology, and urological risk [8].

In the rapidly developing field of biogerontology, the
nephron — the fundamental structural and functional unit
of the kidney — has emerged as a key regulator of systemic
aging. This paradigm shift has been largely driven by the dis-
covery of the Klotho protein, known for its anti-aging prop-
erties, and its regulatory partner fibroblast growth factor 23
(FGF23). Together, these two molecules orchestrate es-
sential biological processes, including mineral metabolism,
vascular stability, and cellular homeostasis. Their coordina-
ted activity is now recognized as critical not only for main-
taining physiological organ function but also for promoting
healthy longevity and resilience to age-related decline [7].

Within the context of osteo-vascular interactions, the
FGF23-Klotho axis has been discussed as an important
regulator of skeletal-vascular homeostasis and a potential
therapeutic target [8]. Furthermore, recent literature sug-
gests that elevated FGF23 may serve as the most sensitive
marker of nephron injury. A meta-analysis of 11 studies in-
volving 1,946 patients with acute kidney injury (AKI) evalu-
ated the diagnostic accuracy of plasma FGF23 levels for de-
tecting AKI. The findings showed a sensitivity of 82 % (95%
CI: 66—91), specificity of 77 % (95% CI: 67—85), and an
AUC of 0.86 (95% CI: 0.82—0.88). Thus, elevated FGF23
appears to be a sensitive biomarker of nephron injury, ca-
pable of detecting early stages of AKI, often preceding tradi-
tional markers such as cystatin C and creatinine [9].

Taken together, current evidence highlights a deep
pathogenetic interplay between nephrolithiasis, impaired
bone density, vascular calcification, and regulatory bio-
markers (osteocalcin, osteopontin, FGF23/Klotho). This
underlines the need for further integrated research to de-
velop effective diagnostic, preventive, and therapeutic ap-
proaches for these comorbid conditions.

The purpose. To assess indices of salt transport, calcifi-
cation markers (osteocalcin, osteopontin), and FGF23 in
patients with nephrolithiasis and crystalluria.

Materials and methods

The study was conducted at the Department of Urology,
Bogomolets National Medical University, and the Urology
Department of Kyiv Regional Clinical Hospital. The work
was carried out in accordance with the research plan and is

a fragment of the research project Department of Urology
“Optimization of the management of patients with uroli-
thiasis with concomitant osteoporosis” (state registration
number 0125U000958). The diagnosis of NL was estab-
lished based on the criteria according to the recommenda-
tions of the European Association of Urology in 2023 [10].

The assessment of salt transport, osteopontin, and
FGF23 was carried out in a certified laboratory (Medical
Laboratory “DILA”, Kyiv, Ukraine).

Osteocalcin  measurement was carried out on the
Ukrainian Osteoporosis Center and Department of Clini-
cal Physiology and Pathology of Locomotion Apparatus
of the State Institution “D.F. Chebotarev Institute of Ge-
rontology of the National Academy of Medical Sciences
of Ukraine”, Kyiv, Ukraine (Chief of the Department
Prof. N.V. Grygorieva).

Patients with chronic kidney disease (CKD) and estima-
ted glomerular filtration rate (¢GFR) < 60 ml/min/1.73 m?,
calculated by the CKD-EPI formula according to KDIGO
2017 guidelines [11], were excluded from the study.

A total of 104 patients were enrolled: 21 men (20.19 %)
and 83 women (79.81 %), with a mean age of 57 years [23—
83]. The mean duration of menopause among women was 8§
years [0—20]. Patients were divided into three groups:

— Group I: 41 participants without urolithiasis or crys-
talluria, who did not meet exclusion criteria (28 women
[68.3 %], 13 men [31.7 %]); mean age 58 years [50—65];
mean duration of menopause in women 8 years [0—18].

— Group II: 39 participants with urolithiasis (22 women
[56.4 %], 17 men [43.6 %]); mean age 55 years [52—61.5];
mean menopause duration 1 year [0—13.5].

— Group III: 24 participants with crystalluria (20 wo-
men [83.3 %], 4 men [16.7 %]); mean age 57.5 years [52.5—
63.75]; mean menopause duration 11.5 years [2.75—26.5].

Statistical analysis. Data processing was carried out
using MS Excel and Statistica EZR version 1.62-2023 statis-
tical programs. The Shapiro-Wilk W test was used to test the
distribution for normality. The frequency of quantitative in-
dices was indicated in absolute (n) and relative (%) frequen-
cies. The quantitative indices are presented in the form of
median (Me) for variables with a distribution that was diffe-
rent from the normal one and the interquartile range [IQR]
of QI + QIII indices. The Mann-Whitney U test was used
to assess differences between groups. The difference between
the groups was considered statistically significant at p < 0.05.

Results

Comparative analysis revealed no significant differences
in age, BMI, or duration of menopause among women, se-
rum calcium, phosphorus, creatinine, eGFR, urinary pH,
and urinary excretion of calcium and phosphorus among the
groups (p > 0.05).

Urinary oxalate excretion was significantly higher
in groups II and III compared to group I (p = 0.001 and
p < 0.001, respectively), with no significant difference be-
tween groups II and I11. Urinary uric acid levels were signifi-
cantly higher in group III compared to group I (p = 0.002),
although all values remained within the reference range
(Table 1).
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FGF23 levels were also significantly elevated in groups
IT and III compared to group I (p < 0.001 for both), without
significant differences between patients with urolithiasis and
those with crystalluria (Fig. 1). OC levels were significantly
elevated in groups I and I11 compared to group I (p = 0.003
and p = 0.002, respectively) (Fig. 2). Similarly, OPN levels
were significantly higher in groups Il and III compared to
group I (p < 0.001 for both) (Fig. 3).

Correlation analysis revealed a strong association se-
rum calcium and urinary phosphorus (r = 0.59, t = 7.43,
p = 3.288e-11); and serum calcium and urinary uric acid
(r=0.49,t=5.7,p<0.001). FGF23 was correlated with se-
rum phosphorus levels (r =0.42,t=3.14, p=0.002). eGFR
was negatively correlated with the duration of menopause
(r=-0.39,t=—4.32, p <0.0001).

Discussion

Literature evidence supports that elevated FGF23 is
an early and sensitive biomarker of nephron tubular injury,
outperforming serum creatinine and cystatin C in detect-
ing early kidney damage [12]. FGF23 is a peptide hormone
primarily secreted by osteocytes and osteoblasts, as well
as renal tubular cells. Its main target is the kidney, where
it maintains phosphate homeostasis by promoting urinary
phosphate excretion through inhibition of proximal tubular
phosphate reabsorption. In addition, FGF23 suppresses re-
nal synthesis of 1,25-dihydroxyvitamin D,, thereby further
modulating mineral metabolism.

Unlike other members of the fibroblast growth factor fa-
mily, FGF23 requires the obligate co-receptor Klotho for bin-
ding and activation of specific FGF receptors (FGFRs). This
dependence highlights the unique selectivity and tightly regu-
lated nature of the FGF23-Klotho signaling axis, which plays a
pivotal role in systemic phosphate and vitamin D homeostasis,
vascular integrity, and pathways related to ageing [13].

In chronic kidney disease (CKD) and ageing, renal
Klotho expression declines, accompanied by reduced active
vitamin D synthesis and elevated FGF23 levels. This dys-
regulation is further aggravated by reduced activity of renal
la-hydroxylase, impairing vitamin D activation and disrup-
ting the normal feedback regulation of parathyroid hormone
(PTH). The resulting maladaptive hormonal loop — charac-
terized by Klotho deficiency, excess FGF23, vitamin D de-
ficiency, and secondary hyperparathyroidism — contributes

10 000

[olee]

8000

6000 —

FGF_23

4000

2000

o]

—_—
T T T
Gr1_before Gr2_before Gr3_before

Group

Figure 1. Comparison of FGF23 in patients with
and without NL

Notes: interval estimation of the average values of
FGF23 (the average value, the error of the average and
the 95% probable interval of the average are indicated);
* — significant difference between the indicators,
p < 0.05.

Table 1. Comparative evaluation of salt transport parameters in patients depending
on the presence of urolithiasis

Group | (n = 41) Group Il (n = 39) Group Il (n = 24)

Parameters P | Ve [ QF|’+ QL M =m | P p-value
BMI, kg/m? 23.8 [22-25.9] 25.9 [24.5-27.02] 24.77 [22.85-26) > 0.05
Serum uric acid, pmol/L 256 [220-310] 308 [257-351] 269 [233-321.7] > 0.05
Serum calcium, mmol/L 1.24 [1.22-1.28] 1.23 [1.2-1.28] 1.26 [1.22-1.29] > 0.05
Serum phosphorus, mmol/L 1.23+0.11 1.24+0.24 1.53+1.72 > 0.05
Urinary oxalates, mg/day 16.2 [9.67-23.34] 24.01 [13.9-36.34]* 28.67 [20.66—-38.66]*
Urinary pH 6 [6-6.3] 6 [6-6.5] 6 [6-6.2] > 0.05
Urinary calcium, mmol/day 4.1 [2.9-5.6] 4.5 [2.65-6.35] 4.95 [4.4-5.6] > 0.05
%ﬂ':;% ;yhOSphOr“S’ 21.46 + 7.89 26.34 + 10.06 25.88 + 8.79 >0.05
Urinary uric acid, pmol/day 2672 [1958-3756] 3490 [2625-4127] 4185 [3519-4368]* > 0.05
Serum creatinine, pmol/L 69.5 [56-87] 77 [59.5-86.99] 67.5 [55-85.49] > 0.05
eGFR, ml/min/1.73 m? 84.27 + 27.63 89.33 + 17.41 85.20 + 26.64 > 0.05
Osteocalcin, ng/ml 20 [12.5-25.3] 26.7 [19.7-28.4]* 28.3 [23.1-30.34]* > 0.05
Osteopontin, ng/ml 9.7 [8.2-11.9] 13.09 [12.4-18.2]* 17.3 [15-19.4]* > 0.05
FGF23, pg/ml 97.4 [66.96-177.59] | 840.26 [312.05-1805.33]* | 969.16 [283.4—931.79]* > 0.05

Notes: eGFR — estimated glomerular filtration rate; * — differed significantly compared with group I (p < 0.05).
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Figure 2. Comparison of OC in patients with
and without NL

Notes: interval estimation of the average values of OC
(the average value, the error of the average and the
95% probable interval of the average are indicated); * —
significant difference between the indicators, p < 0.05.

significantly to vascular calcification and arterial stiffness,
thereby increasing cardiovascular risk in CKD patients [8].

Since FGF23 promotes phosphate excretion in proxi-
mal tubules, it may increase calcium-phosphate precipi-
tation within the tubular fluid. High-phosphate diets can
exacerbate this process by raising solubility thresholds.
Hyperphosphatemia is a well-recognized risk factor for vas-
cular calcification and cardiovascular events; thus, dietary
phosphate restriction and phosphate binders are recom-
mended in CKD patients with hyperphosphatemia [14].
Importantly, hyperphosphatemia itself can directly induce
tubular and interstitial injury. As a phosphaturic hormone,
FGF23 serves as a surrogate marker of phosphate load on
nephrons. Its elevation should therefore be recognized as
a signal of excessive phosphate intake relative to nephron
mass, justifying early phosphate restriction even in the ab-
sence of overt hyperphosphatemia. Indeed, some authors
propose initiating phosphate binder therapy at CKD stage
2—3 when serum FGF23 levels rise, despite normal serum
phosphate concentrations [15].

Taken together, our findings suggest that elevations in
calcification markers — particularly FGF23 — may reflect
tubular injury and contribute to crystalluria, representing an
additional risk factor for urolithiasis and BMD violation.

Conclusions

Higher rates of oxaluria were observed in patients with
Kidney Stone Diseases and crystalluria, which was pre-
dominant in the study groups compared to other indicators
studied. The levels of calcification markers (OPN, OC) and
FGF23 were significantly lower in patients from group I
compared with those with NL and crystalluria. The level of
FGF23 showed a positive association with serum phosphate

Figure 3. Comparison of OPN in patients with
and without NL

Notes: interval estimation of the average values of OPN
(the average value, the error of the average and the
95% probable interval of the average are indicated); * —
significant difference between the indicators, p < 0.05.

levels, which is consistent with its physiological mechanism
of action. Further study is needed to determine the specific
changes in calcification markers (OPN, OC) and FGF23
depending on changes in BMD.
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AHQOAI3 NOKA3HUKIB TPAHCMOPTY COAeN, MapKepiB KaAbumdikauii Ta FGF23
Y NALIEHTIB i3 HEPPOAITIA30M TA KPUCTAAYPIEIO

Pe3iome. Akryanbhicts. Cevokam’sina xsopoba (CKX) — we
TMOIIMPEHMI TTOTIETIONOTIUHMIA YPOIOTIYHMI CTaH, 1110 YacTO MO~
€THYETHCS 3 TMOPYILIEHHSIMM MiHEpaJbHOI IIJIBHOCTI KiCTKOBOI
TKaHWHU. OTHUM i3 CIIIBHUX KITFOUOBUX (haKTOPIB OCTEOIOPO-
3y i CKX € HegocTaTHE BXMBaHHS KaJbLIIBMICHUX MPOMYKTIiB.
Takox cminbHUMU MeXaHi3MaMU PO3BUTKY € aKTuBallisg (akTo-
piB Kanbiugikariii (octeonontuH (OPN), octeokanbiH (OC))
Ta (hakTopa pocry ¢dibpobiaacris 23 (FGF23). Mera: nposectu
OLIIHKY ITOKA3HUKIB TPAHCIIOPTY COJIe, MapKepiB KajabLupikailii
(OC, OPN) ta FGF23 y naitieHTiB i3 ceuokam’sstHOI0 XBOPOOOIO Ta
Kpuctanypieto. Marepiaan Ta MeToau. [1ociKeHHsT TPOBOI-
Jtocst Ha 6a3i kadenpu yposorii HartioHaIbHOro MeIUYHOTO YHi-
Bepcutety iMeHi O.O. Boromonbist, BimmineHHs ypodorii KHIT
KOP «KwuiBcbka obacHa KJTiHiuHa JTiKapHSsI» BiIMOBiAHO 0 Tja-
HY HayKOBO-JOCJIiIHUX PoOiT i € hparmeHToM HJIP «OnTumizartist
BEJICHHS XBOPUX Ha ypOJIiTia3 i3 CYyIyTHIM OCTEOIOpo30M» (HOMEp
nepxxaBHoi peectpattii 0125U000958). AHami3 TpaHCIIOPTY COJIei,
ocreonnoHTuHY Ta FGF23 BukoHyBanu y ceptugdikoBaHiii 1a60-

paropii TOB «MJI «/I1JIA». PiBeHb OCTEOKaJbLIMHY BU3HAYAIU
Ha 6a3i YKpaiHChKOro LEHTPY OCTEOMOpO3y Ta BiMmiay KIiHIiUHOT
¢iziosorii Ta maToJiorii ormopHo-pyxoBoro amapaty /JlepxkaBHO1
ycraHoBu «IHcTUTyT reponTodorii imeni .M. Yeboraprosa Ha-
1IOHAJIbHOI aKaaeMii MemnuHuX HayK YKpainu» (Kui, Ykpaina).
PesyabpraTu. BiporinHo Bulli MOKa3sHUKYM OKcalaTypii criocrepi-
ranucs B nawieHTiB i3 CKX Ta kpucranypieto, sika repeBaxaia B
JOCJTIKYBaHUX TPyMax MOPIiBHSHO 3 iHIIMMU MTOKa3HUKaMU, 110
BuBuanucs. PiBai MmapkepiB kanbiudikartii (OPN, OC) ta FGF23
Oy/IM 3HAYHO HMXKYMMM B TALIEHTIB Ipynu | MOpiBHSIHO 3 TUMU,
xto MaB CKX ta kpucranypito. BucHoBku. Ymicr FGF23 nipoze-
MOHCTpPYBaB ITO3UTUBHY acolliallito 3 piBHeM ¢docdariB y cupoBat-
i KPOBi, IO Y3roIKY€EThCS 3 MOro (piziooriyHMM MeXaHi3MOM
nii. TToTpiOHe momanbllle BUBYEHHSI OCOOJMBOCTEN AMHAMIKU
MapkepiB Kanbuudikaiii (OPN, OC) ta FGF23 3anexHo Bin 3MiH
MiHEpaJIbHOI 11iTbHOCTI KiCTKOBOT TKAHUHMU.

Ki104oBi cj10Ba: ceuoxam’sina xpopo6a; KanbLugiKawisa CyIuH;
OCTEONMOHTUH; ocTeoKanbliiH; FGF23
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