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ABSTRACT

Background & objectives: Kidney stone formation is a prevalent and recurrent condition associated with significant
morbidity. While traditional risk factors are known, the roles of subclinical renal dysfunction and inflammation in its
pathogenesis are still being explored. This study aimed to evaluate serum cystatin C (Cys-C) as a marker of renal
function and Interleukin-18 (IL-18) as a pro-inflammatory marker in patients with kidney stones, and to assess their
correlation with conventional biochemical markers.

Methods: In this case-control study, 60 patients with a confirmed diagnosis of nephrolithiasis, and 60 age- and sex-
matched healthy volunteers were enrolled. Serum levels of Cys-C and IL-18 were quantified using enzyme-linked
immunosorbent assay (ELISA). Serum Ca*?, phosphorus (P), and uric acid (UA) levels were measured using a clinical
chemistry analyzer. Statistical analyses were performed to compare the biomarker levels between the two groups.

Results: The patient group demonstrated significantly higher serum levels of Cys-C (0.368 + 0.15 vs. 0.303 + 0.08
mg/dl; P < 0.001) and IL-18 (10.04 % 4.99 vs. 7.24 + 2.21 ng/L; P < 0.001) compared to the healthy control group.
Patients with nephrolithiasis also had significantly elevated levels of UA (7.04 £ 1.79 vs. 4.81 £ 1.36 mg/dl; P <0.001),
Ca*™?(9.97 £ 0.91 vs. 9.02 + 0.69 mg/dl; P < 0.001), and P (4.89 * 1.04 vs. 3.43 + 0.72 mg/dl; P < 0.001). Within the
patient group, there were no significant differences in these biomarker levels based on sex or age.

Conclusion: The significant elevation of Cys-C and IL-18 in patients with nephrolithiasis suggests that subclinical renal
dysfunction and pro-inflammatory processes are key components of the disease's pathophysiology. These markers,
in conjunction with traditional stone-forming minerals, may serve as a valuable panel for assessing disease activity
and renal involvement in patients with kidney stones.

Abbreviations: Cys-C: cystatin C, IL-18: Interleukin-18, P: phosphorus, UA: uric acid
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1.1 NTRO D U CTl ON kidney stones is becoming more prevalent and is associ-

ated with severe health problems. Kidney stones are hard
The urinary system plays a paramount role in homeosta- accumulations of crystals that are created from the su-
sis by controlling the water and electrolyte balance of the ~ persaturation of minerals such as calcium, oxalate, or UA
body, removing waste products, and releasing them as in the urine.! Stones may range in size and anatomical
urine. Dysregulation of this system often manifesting as ~ location within the urinary system and lead to symptoms
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of intense pain, hematuria and urinary outflow obstruc-
tion, with potential to result in impaired renal function if
not disintegrated.?

Nephrolithiasis is a universal disorder with increasing in-
cidence due to changing lifestyles and dietary habits.
Nephrolithiasis afflicts approximately 10-15% of the
worldwide population at some point in their life, and the
rates of recurrence reach 50% in 5-10 years.? The dis-
ease is more prevalent in men than women, with age of
onset most common between 30 and 60 years old. ? Lo-
cation differences are apparent, with a higher prevalence
in warmer countries, which is associated with dehydra-
tion. The global burden of kidney stones has been in-
creased due to increasing prevalence of obesity, diabetes,
and metabolic syndrome.*

Kidney stones are the result of an interplay of complex
genetic, environmental and biological factors. One of the
major reasons is the supersaturation of the urine with
stone-forming materials including Ca*?, oxalate, UA or
P, which consecutively initiates the processes of crystal
formation, growth and agglomeration.’® Genetic predis-
position is also largely involved, as genetic variables like
hypercalciuria or cystinuria can elevate the incidence of
stones.® Lifestyle risk factors for chronic kidney diseases
(CKD) such as low fluid intake, high sodium and animal
protein dietary intake also increase risk by shifting urine
composition and pH.’

Cys-C, a low molecular weight protein synthesized by
cells with nucleus, is considered a valuable marker of re-
nal function and urinary system diseases. Cystatin C Un-
like creatinine, cystatin C is relatively unaffected by
muscle mass, age, and sex that make it a more robust in-
dicator of GFR and early renal insufficiency.? cystatin C
has been associated with pathogenesis of kidney stones,
which is a prevalent urinary system disease. Studies have
indicated that cystatin C has the potential to inhibit the
nucleation of calcium oxalate, a main component of kid-
ney stones, through modulating inflammation pathways
as well as decreasing oxidative stress.’

IL-18 is a pro-inflammatory cytokine of the IL-1 super-
family and has been implicated in the immune and in-
flammatory responses. It is produced as an inactive pre-
cursor, and needs cleaved by caspase-1 to be active.'%!!
Regarding the disease of the urinary system, IL-18 has
been identified to participate in the development of many
kidney diseases such as acute kidney injury (AKI),
chronic kidney disease (CKD) and nephrolithiasis. In
Kidney Stone disease IL-18 are involved in inflamma-
tory micro environment to allow crystal formation and to
retain crystals.'? This study aimed to evaluate serum
Cys-C levels as it’s related to kidney function and inves-
tigate the role of inflammatory marker (IL-18) in kidney
stone and assess their correlation with conventional bio-
chemical markers, particularly Ca*2, P and UA
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2. METHODOLOGY

case-control study design was used in this study. Sam-
ples were collected at the Al-Shatrah General Hospital in
Thi-Qar Province from individuals diagnosed with uri-
nary systems disorders. The study population comprised
60 patients divided into two categories: 43 male patients
and 17 female patients (diagnosis with nephrolithiasis).
In addition, Control Group: Healthy volunteers (n = 60)
divided into two categories: 36 male individuals and 24
female individuals from the same community as the pa-
tients. Sample collection was conducted between No-
vember 2024 and April 2025, and the study protocol was
approved by the IRB (289/2024—December 12, 2024).

2.1. Inclusion and exclusion criteria

Patients were eligible for inclusion in the urinary system
disorders and infection of kidney stones if they had a
confirmed diagnosis of urinary system disorders, based
on clinical presentation, physical examination, labora-
tory findings, and imaging studies. Only individuals
aged 27 years or older were included. Participants were
excluded if they had a history of cancer patients, people
with abnormalities thyroid gland, and pregnancy
women. Further exclusion criteria included the use of
corticosteroids or other medications known to affect
Cys-C levels.

2.2. Sample collection

A total of 5 milliliters of human blood were obtained
from each patient and were put in clot activator serum
separating gel tube without anticoagulants and permitted
to coagulate for half an hour at room temperature. Fol-
lowing a 15-minute centrifugation at 3000 rpm, the se-
rum was separated and stored at -20°C until further anal-
ysis.

2.3. Biomarker quantification methods

Human Cys- C (E1104Hu) and IL-18 (E0147Hu) con-
centrations were quantified using ELISA kits (Biotek,
Winooski, Vermont, USA) employing a sandwich meth-
odology. Ca*2, P and UA levels were measured using a
Mindray BS-230 clinical chemistry analyzer (Shenzhen
Mindray Bio-Medical Electronics Co., Ltd, Shenzhen,
China). The calibration protocols specified a two-point
adjustment with a Mindray Human Multi-Calibrator and
9 g/L NaCl, traceable to the manufacturer-defined stand-
ards. Calibration was performed upon reagent lot
changes or as mandated by the internal quality control
(QC) protocols. QC procedures require the analysis of
two-tiered control materials (Mindray Human Assayed
Control recommended) per sample batch, following cal-
ibration updates, reagent cartridge replacement, or
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maintenance interventions. The
system automates all proce- Table 1: Sociodemographic and anthropometric data of the study groups ‘

dural steps to ensure standard-  NelETEIS IS Patients group | Control group | P.value
ized processing. (n = 60) (n =

2.4. The statistical | age (year) 4463+10.19 |4470+9.36 | 0.96°
analysis BMI (kg/m2) 24.67 £ 3.07 24.95+2.80 | 0.61"
The statistical analyses were | gey Male 43 (71.7) 36 (60.0) 013"
conducted using SPSS (version

26) and the Mann-Whitney U Female 17 (28.3) 24 (40.0)

and Wilcoxon test for variables | water source | Mineral water | 47 (78.3) 48 (80.0) 0.96 ~

that were not normally distrib-

uted, and the dependent and in- Normal 13 (21.7) 12(20.0)
dependent t-tests (both two- | Residence Urban 46 (76.7) 48 (80.0) 0.78 "
tailed) for those that were. Sta-

Rural 14 (23.3) 12 (20.0)

tistical significance was de-
fined as a p-value of less than Data presented as mean + SD or n (%); *t-test, **Chi-square test; P < 0.05 is insignificant

0.05.

Table 2: Cystatin-C, Interleukin-18, Uric acid, Calcium and Phosphorus

3. RESULTS levels between patients and control group

The Socio-demographic char- Parameters Patient group Control group P- value
acteristics of the studied (n=60) (n=60)

groups show that a non-signif- | cystatin-C (mgdi) 0.368 £ 0.15 0.303 £ 0.08 <0.001
icant difference in age distribu-

tion (P = 0.96) between the | IL-18 (ngiL) 10.04 + 4.99 7.24 +2.21 < 0.001
group of healthy control and | ya (mg/dl) 7.04 £1.79 4.81+1.36 < 0.001
patients' group. Also, for the

body mass index between the | Ca+2 (mg/di) 9.97 +0.91 9.02 + 0.69 < 0.001
groups, no statistical signifi- | p (mg/dl) 4.89 +1.04 3.43+0.72 < 0.001

cance was shown BMI (P =
0.61) as show in Table 1. The sex and Water source in
the two groups show a non-significant difference (P =
0.13, P =0.96) respectively. For the Residence between The Ph meter show a high percent of acidity (83%) and

percentage in calcium oxalate stone (44%) and lowest
in cysteine stones (8%) as shown in Figure 1.

the groups no statistical significance was shown (P =  low percent of alkaline (17%) of the stones in patients
0.78). as shown in Figure 2.
Regarding stone types in patients' group, it was high
10 Source of the
Curve
——PI_Ohr
Stone types 08 ——PI_Bhr
—Reference Line
Ca. oxalate
Uric acid 06
3%  \ 4% %
@
v 04
0.2
0.0
00 0.2 04 06 08 1.0
Cystine 1 - Specificity
8% Perfusion Index | AUC (95% CI) Stderror | Cutoff | p-value
) ) ) At 0 hrs 0.75(0.69 - 0.81) 0.031 0.91 <0.001
Figure 1: Types of stones and their percentage in At hrs, 074(066-080) | 0032 14 <0.001

patients’ group Figure 2: Area under curve (AUC)
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levels in patients group according to sex

Table 3: Cystatin-C, interleukin-18, uric acid, calcium and phosphorus

Parameters Male group Female group P-value
(n =60) (n =60)

products and maintaining fluid
and electrolyte balance in the
body. This study aims to investi-
gate the biochemical and clinical
parameters associated with neph-
rolithiasis to better understand its

Cystatin-C (mg/dl) 0.34 +0.08 0.30 + 0.04 0.22 pathophysiology and improve di-
IL-18 (ng/L) 7.05 +2.19 7.75+2.24 0.28 agnosis and treatment strategies.
UA (mg/dl) 7.20+1.79 6.57 + 1.79 0.24 The current results revealed a sig-
nificant increase in the levels of
Ca+2 (mg/dl) 10.03 + 0.98 9.81+0.72 0.41 Cys.C in patients with urolithiasis
P (mg/dl) 4.74 £1.04 5.31+£0.96 0.06 compared to control as shown in

Data are presented as mean + SD; P < 0.05 is considered significant

table (2). These results agree with
the results of Vaidya'> who

demonstrated that patients with recurrent nephrolithia-

levels in patients group according to age subgroup

Table 4: Cystatin-C, interleukin-18, uric acid, calcium and phosphorus

sis had significantly higher serum
cystatin C levels than age- and
sex-matched controls. Also, it’s
in agreement with research by
Leem'# who confirmed that cysta-

tin C is elevated in patients with
Cystatin-C (mg/dl) | 0.32+0.08 | 0.32+0.10 | 0.27 £0.04 | 0.06 urolithiasis-related  obstruction
IL-18 (ng/L) 9.86 + 2.36 10.62+3.47 | 9.86+245 | 0.65 and correlates with the severity
UA (mg/dI) 6.87+164 |7.42+£200 |694+182 | 0.64 and duration of obstruction. This
correlation strengthens the argu-
Ca+2 (mg/dl) 10.22+0.89 | 9.87 £0.95 9.82+0.90 | 0.31 ment that cystatin C is a more dy-
P (mg/d) 463+108 |499+1.04 |505+1.01 | 0.39 namic and responsive biomarker
in acute and chronic obstructive
Data are presented as mean + SD; P < 0.05 is considered significant uropathies. This result provides

A significant increase in the levels in each of Cys-C
(0.368 +0.15 vs. 0.303 + 0.08, P < 0.001), IL-18 (10.04
+4.99 vs. 7.24 £2.21, P < 0.001), UA (7.04 £ 1.79 vs.
4.81+1.36,P<0.001),Ca™(9.97+0.91 vs. 9.02 +0.69,
P <0.001) and Phosphorus (4.89 + 1.04 vs. 3.43 £ 0.72,
P <0.01) in patients group compared to the healthy con-
trol respectively as shown in Table 2.

As comparison between male and females in patients'
group, Table 3 show a non-significant difference in Cys-
tatin-C, Interleukin-18, Uric acid, Calcium and Phospho-
rus between the two groups. As comparison among age
subgroup in patients' group, Table 4 show a non-signifi-
cant difference in Cystatin-C, Interleukin-18, Uric acid,
Calcium and Phosphorus among all groups.

4. DISCUSSION

Nephrolithiasis, commonly known as kidney stones, is a
condition characterized by the formation of solid mineral
deposits within the kidneys. These deposits can cause
significant pain, urinary obstruction, and other compli-
cations. The kidneys play a crucial role in filtering waste
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further evidence for the possible
utility of cystatin C as a sensitive biomarker of renal dys-
function in urolithiasis. Cystatin C, a low molecular
weight protein made by all nucleated cells, is filtered
freely by the glomerulus and almost totally reabsorbed
and catabolized in the proximal renal tubules. Due to it
being constantly produced and relatively independent of
age, sex, and muscle, it has become a dependable indica-
tor for GFR, particularly in early stages of renal dysfunc-
tion.!3 In patients with early-stage chronic kidney disease
cystatin C levels were significantly higher in presence of
normal serum creatinine, indicative of early glomerular
dysfunction, which goes unnoticed by the conventional
markers.'® The presence of an elevated cystatin C could
reflect subclinical or early renal injury, due to obstruc-
tive uropathy, inflammation, or direct tubular injury as-
sociated with nephrolithiasis formers and passage.
Nephropathy obstructed by stones can cause elevation in
intratubular pressure, decrease in filtration, and, conse-
quently, level drops in the renal function, before the se-
rum creatinine values change.!”

The level of IL-18 in this study was much higher than
control group and significant higher in urolithiasis pa-
tients as presented in table (2). A study by Yao'® applied
Mendelian randomization to determine the cause-effect
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relationship between inflammatory cytokines and uri-
nary stones. The results revealed that the high level of
IL-18 was linked with a high-risk of nephrolithiasis by
promoting the formation of back stones through the in-
crease in IL-18 levels. In another study, Lai upheld this
relationship.'® Investigated I1L-18 gene polymorphisms
in patients with calcium oxalate renal stone; which
showed strong correlation between IL-18 +105A/C gene
variant and risk of urolithiasis with genetic susceptibility
correlated to IL-18 activity. Other than genetic predispo-
sition, IL-18 has been involved in renal tubular damage.
The human kidney including the distal tubules and col-
lecting ducts express the IL-18. This localization indi-
cates that like IL-1[alpha] and IL-1[beta], IL-18 might
be involved in mediating the inflammatory reaction in
the kidney tubular system and may contribute to an event
such as the formation of urolithiasis.?’ Additionally, IL-
18 has been investigated as a biomarker for renal dam-
age. A study by Parikh?' shows increased urinary IL-18
in acute tubular necrosis, which has been linked with
nephrolithiasis formation. The research suggested that
IL-18 could have the role of a promising early diagnostic
marker of an acute kidney injury.

These results are agreed with Ran 2> who found a signif-
icant increase in the levels of UA in people with stones
compared to those without stones. It’s also in agreement
with a local study in Baghdad city by Khalid & Dhahir
23 who found s significant increase in the levels of UA in
both male and female patients with nephrolithiasis com-
pared to control group According to Al-Kazwini ,2*
hyperuricemia was significantly more prevalent among
urolithiasis patients compared to healthy controls, sug-
gesting a bidirectional relationship: elevated UA may
promote crystal nucleation and growth, while stone-in-
duced renal dysfunction may reduce its clearance. UA is
a metabolic end-product of purine degradation, and its
concentration in serum and urine is tightly regulated by
renal excretion. Hyperuricemia or hyperuricosuria can
contribute to the formation of UA stones through multi-
ple mechanisms, including reduced urinary pH, low
urine volume, and increased urinary UA saturation.?
When the urinary pH drops below 5.5, UA becomes less
soluble and more prone to crystallization, leading to
stone formation. Furthermore, and specifically, patients
with metabolic syndrome or insulin resistance typically
exhibit a reduction in the ability of the kidneys to excrete
ammonium and maintain a stable acidic urine and thus
develop UA stones.?® Such metabolic abnormalities are
structurally linked to increased serous UA levels, which
can support the relationship between systemic hyperu-
ricemia and UA urolithiasis. Higher intake of both pu-
rine-rich foods, animal proteins, and fructose can lead to
increased UA production and excretion resulting in a
higher risk for the formation of stone.?’
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In a UK Biobank-based large cohort study, the authors
Gao?® found that they were much more likely to develop
nephrolithiasis than those with lower serum Ca*? levels.
They reported that subjects in the upper tertile of serum
Ca™? levels had a 24% higher risk of stones than those in
the lower tertile, thus indicating a direct relationship be-
tween Ca*™ homeostasis and stone formation. This hy-
percalcemia frequently indicates other more profound
endocrine or renal transport disturbances. Liu 2 recently
used a mendelian randomization design and reported that
genetically predicted higher serum 25-hydroxyvitamin D
\[25(OH)D\] concentrations were positively associated
with nephrolithiasis risk. This suggests that increased in-
testinal Ca'? absorption through increased vitamin D ac-
tivity could lead to higher Ca* in serum and urine with
the precipitation of crystal along the renal tract. Together
these associations between renal function and parathy-
roid function highlight the complex interrelationship be-
tween the kidneys and parathyroid glands, while poten-
tially playing an important role in the development of en-
docrine diseases including primary hyperparathyroidism
(PHPT). According to Messa*® PHPT is still a common
but underrecognized etiology for hypercalcemia as well
as nephrolithiasis. Their study stressed that the high-
PTH receptor mediated increased renal Ca*? reabsorp-
tion, bone resorption leading to persistently high serum
Ca™. It was concluded in this study that routine bio-
chemical screening for serum Ca*? and PTH in recalci-
trant stone formers can detect such endocrine contribu-
tories early. In addition, molecular investigations have
recently shed light on genetic and cellular determinants
that may be involved in inducing such dysregulation.
Mutations in the CLDN2 gene, whose protein, claudin-
2, plays a role in renal Ca*? handling, have also been as-
sociated with hypercalciuria and compensatory hyper-
calcemia.>! The authors speculated that abnormal Ca-
sensing and -reabsorption pathways within the nephron
could play a role in the development of both hypercalce-
mia and Ca'? stones, especially among patients with a
familial and idiopathic urolithiasis at an early age. Skel-
etal metabolism has also been identified as an additional
source of perturbed Ca*? homeostasis in stone formers.
Rodrigues* found in stone-forming patients that urinary
Ca'? excretion was associated with higher levels of se-
rum sclerostin, a surrogate for bone turnover. The au-
thors also suggested that increased bone resorption could
raise serum Ca*? and increase the filtration and excretion
in the urine of Ca™ consequently exposing the person to
crystalluria and stones.

Phosphorus levels in the present study were significantly
higher in urolithiasis patients than the control subjects
(table 8). In a recent investigation by Zhang?? studied
differential serum electrolytes in patients with and with-
out urolithiasis. The results showed that the serum phos-
phorus levels of the nephrolithiasis patients were much
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higher than those of the healthy ones. This increase in
serum phosphorus levels can lead to urinary phosphate
supersaturation, which can facilitate the formation of
Ca'? phosphate stones. This study stresses the need for
awareness that the serum phosphorus may be a risk fac-
tor in stone formation. A comprehensive review by
Curhan?* scrutinized the association of dietary and serum
phosphorus with nephrolithiasis risk. High dietary phos-
phorus intakes and high serum phosphorus concentra-
tions each were independently associated with increased
risk for nephrolithiasis in the study. They proposed that
a high dietary intake of phosphorus could lead to hyper-
phosphataemia, a factor in the alteration of pH and in the
precipitation process toward calculogenesis. Others, on
the other hand, found no difference in levels of serum
phosphorus comparing stone formers and non-stone for-
mers. For instance, a study of Taylor3® found no signifi-
cant difference in serum phosphorus between the groups.
However, the authors were also able to demonstrate that
the mechanism of urinary phosphorus excretion and re-
nal phosphorus handling was more significant for stone
formation than serum levels alone. Moreover, the key
function of phosphorus and the relationship of this min-
eral with other elements, above all Ca™, in stone for-
mation and development are important as well. Second-
ary hyperparathyroidism develops from elevated serum
phosphorus, which, in turn, is associated with the mobi-
lization of Ca*? and phosphorus. THZD, as described
earlier, can lead to hypercalciuria and hyperphosphatu-
ria, promoting stone-formation.>® Furthermore, recent
studies have investigated the function of fibroblast
growth factor 23 (FGF23) in phosphorus metabolism. In-
creased serum phosphorus concentration triggers FGF23
release that, in turn, decreases renal phosphate reabsorp-
tion and inhibits vitamin D activation. Breakdown of this
regulatory pathway has been suggested to destabilize
Ca™ and phosphorus balance and promote stone for-
mation.’’

5. CONCLUSION

This study provides compelling evidence that patients
with nephrolithiasis exhibit a distinct biochemical pro-
file characterized by significantly elevated serum levels
of Cystatin C and Interleukin-18 when compared to
healthy individuals. The elevated Cys-C levels suggest
the presence of subclinical or early-stage renal dysfunc-
tion, highlighting that nephrolithiasis disease may impart
a greater burden on renal function than is detectable by
conventional markers. Concurrently, the increased IL-18
levels support the hypothesis that a pro-inflammatory
state is a critical component in the pathogenesis of neph-
rolithiasis, likely contributing to crystal formation and
retention.
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6. Study limitations and future direc-
tions

This study has relatively a small sample size, which may limit
generalizability. The cross-sectional design also restricts the
ability to infer causality. Future studies should involve larger
and more diverse populations using longitudinal design. Incor-
porating additional biomarkers and molecular methods may en-
hance understanding.
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