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Abstract

Background: Kidney stones are solid deposits that form in the urinary system,
especially the kidneys, from chemical substances like salts and minerals. The
pathophysiology of stone development involves aldosterone hormones and renin., as
biochemical indicators of the kidney's susceptibility to different types of stones. In this
study, two types of stones were used in relation to their formation in patients (calcium
oxalate and uric acid stones). TNF and IL-17 were also thought to affect stone
formation. Significant characteristics like smoking, BMI, and sex were examined.
Aims of study: Assessing hormones in patients with kidney stones of both types
(calcium oxalate and uric acid) and their relationship to smoking, body mass index,
sex, and immunological indicators like tumor necrosis factor and interleukin-17.
Methodology: This study took 98 blood samples from kidney stone patients and
healthy people. Serum was obtained from blood. The samples were categorized as (38)
calcium oxalate stone patients, (30) uric acid stone patients, and (30) healthy persons.
Vital and immunological parameters were evaluated using ELISA.

Results: Patients with calcium oxalate stones differed significantly from smokers
(P<0.05), while those with uric acid stones differed significantly from smokers in
terms of body mass (P<0.01). Gender index did not differ significantly across groups,
but hormones (aldosterone, renin) and immune factors (TNF, IL-17) differed
significantly between calcium oxalate and uric acid stones and the healthy group
(P<0.01).

Conclusion: Hormones affected the production of calcium oxalate and uric acid
stones. Aldosterone hormone release increased calcium oxalate stone development,
while renin depression increased both forms of stones. Smoking had an effect on uric
acid stone patients, and immune indicators like TNF and IL-17 were vital as stone
formation increased their blood levels.
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1. Introduction

The kidneys are among the most important organs in the human body, as they are affected by the formation of stones due to the
presence of substances that have the ability to clump together into stones in the urine (Alina et al.,2021;Kristain et al.,2020 and,
Jonathan and Cynthia, 2018) [ 2% 18] Recently, the formation of stones has increased significantly in all countries of the world,
with no difference between genders and age groups. The main reasons that contribute to the formation of stones include
insufficient water intake, irregular use of medications, weight gain, and malnutrition (Mariela et al.,2021 and Michel et al.,2016)
26,291 predicting the formation of stones is essential due to their harmful effects on the urinary system, especially the kidneys,
and imaging techniques are used in the diagnosis of stones (Michel et al., 2018; Jonathan et al.,2022 and Vincent et al., 2021)

[30, 17, 44]
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Types of stones in kidney:
Kidney stones form as a result of a chemical imbalance in the
urine and depend on chemical precipitates of different sizes

www.multispecialityjournal.com

and shapes (Dursun et al.,2015) [%. Figure (1) illustrates two
types of stones with their shapes.

Kidney Stone types

i

Uric Acid stone

Calcium stone

Fig 1: Illustrates two types of stones with their shapes

1. Calcium stone:

It is one of the most common types of kidney stones, affecting
a high percentage of patients, causing deformities and
scratches on the urinary tract. It is composed of calcium
phosphate and calcium oxalate, affecting more than 60% of
patients suffering from kidney stones. It exists in two forms
(calcium monohydrate and calcium dihydrate), with the

former being more prevalent than the latter (Coe et al.,2005)
61,

2. uric acid stone:

This type constitutes 3—-10% of kidney stone patients, and it
differs from other types in its components, as it contains a
high percentage of purines resulting from animal proteins,
such as meat mainly as well as fish. This type causes a
decrease in urine volume, excess uric acid in the urine, and a
decrease in its acidity. It is more common in males than
females (Chaudhary et al.,2010) B,

Aldosterone and Renin hormones

The renin-angiotensin-aldosterone system (RAAS) is a
system that regulates blood pressure, fluid balance, and
cardiovascular health. These two hormones are vital in the
regulation of the functions of the body because they create a
system that is known as the RAAS. They are also responsible
for a significant part of the influence that they have on the
proliferation of cells and the biology of cancer, including
migration, death, and metastasis. In addition, they contribute
to conditions such as inflammation, necrosis, and fibrosis
(Skolarikos et al.,2015; Miranda et al., 2021and Kobori et
al.,2007) [3%27. 201 |n addition to its production in the kidneys,
renin is an aspartate proteinase that is mostly produced by the
cells that are located in close proximity to the glomeruli. Its
primary function is to induce the conversion of
angiotensinogen to angiotensin. The adrenal gland, the
placenta, the testes, the retina, and the salivary glands are
among the organs that are responsible for its production.
Among these organs, some are located outside of the kidneys
(Lavoie and Sigmund,2003) 22, Aldosterone is a steroid
hormone produced by the adrenal cortex. It works to balance
sodium and potassium ions in the blood, maintaining water
and electrolyte balance by increasing sodium retention and
potassium excretion in the kidneys. It is made by cholesterol
through a special enzyme called aldosterone synthase in the

glomerulus, and its secretion is regulated by the renin-
angiotensin system (Re, 1984) [

Interleukin 17 and TNF

Interleukin-17 is an inflammatory cytokine secreted by the
helper gene Th-17, which is a coded gene located in the short
arm of the T chromosome. It is considered a promoter of
osteoporosis (Yoshinao et al.,2021) ®1. Tumour necrosis
factor is an inflammatory cytokine produced by phagocytic
cells during acute inflammation. It works to produce signals
within cells, leading to necrosis or programmed cell death. It
plays an important role in resisting infection, as it works to
bind to the cell membrane receptor. It exists in two forms: the
first is called Tumour Necrosis Factor I, and the second is
Tumour Necrosis Factor 11 (Reem and Jabber,2025) B34,

Material and methods:

From March 2025 to September 2025, 68 patients with
urinary tract problems, specifically kidney stones, were
identified, along with 30 healthy individuals as a control
group. Samples were collected from Yarmouk Teaching
Hospital and nearby private laboratories. The patient group
suffered from urinary tract infections and problems, as
diagnosed by a specialist physician. Blood samples were
collected from all patients to measure aldosterone and renin
levels, as well as the concentration of the immunological
markers interleukin-17 and tumor necrosis factor (TNF).
ESRA was used to measure aldosterone levels according to
the manufacturer's kit (Demeditec Aldosterone Elisa
DE5125) and renin levels according to the manufacturer's kit
(Demeditec Renin Elisa DE5125 ). Kits from [Company
Name] were used to measure interleukin-17 levels, and kits
from [Sunlong Biotch-ELISA kit] were used to measure TNF
levels (BLK-Labtech-cat ELK1190).

Basic information was collected from the patients, including
sex, Body mass index (BMI), and whether smoking was a
negative risk factor.

Statistical analysis

Data were statistically analyzed using the program Statistical
Analysis System -SAS (2012). and compared the significant
differences between the averages using the Duncan test
(Duncan,1955) FI polynomial.
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Results:

Study Samples:

The study relied on a blood sample taken from healthy
patients. These samples were distributed into three groups.
The first group consisted of a blood sample from patients
with calcium stones, and their total percentage was 38.77%.
The second group consisted of patients with uric acid stones
(30) samples, and their percentage was 30.61%. The third
group consisted of healthy individuals (30) samples, and their
percentage was 30.61%. The number of males in the study
was (55) samples, and their percentage was (56.1%), while
the total number of females was (43) samples, and their
percentage was (43.9%).

www.multispecialityjournal.com

Kidney stone and Sex factor:

The results regarding the effect of gender on kidney stone
types were recorded as follows: 25 blood samples were
distributed among males with calcium stones (65.8%), while
13 samples (43.3%) were among males with uric acid stones,
and 17 samples (56.7%) were among healthy males. A
significant difference was found between these two groups
(Table 1). Regarding females, 43 blood samples were
distributed as follows: 13 samples (34.2%) were among
females with calcium stones, 17 samples (56.7%) were
among females with uric acid stones, and 13 samples (43.3%)
were among healthy females. No significant difference was
found between these groups (Table 1).

Table 1: Distribution of sex according to types of stone

Type of Stone

Ca Uric Acid Control Total
male _ Count 25 13 17 55
Sex % within type of stone 65.8% 43.3% 56.7% 56.1%
female _ Count 13 17 13 43
% within type of stone 34.2% 56.7% 43.3% 43.9%
Total _ Count 38 30 30 98
% within type of stone 100.0% 100.0% 100.0% 100.0%

Relation of Body index and smoking factor with types of
kidney stone

The results for the body mass index recorded an arithmetic
mean for patients with uric acid stones (30.68 + 0.84) higher
than for patients with calcium stones, whose arithmetic mean

was (23.87 + 0.52), while the healthy group recorded (23.53
+ 0.64), where a highly significant difference was found
between the two groups (patients with calcium stones and
uric acid stones). Table (2)

Table 2: Relation between Body index and smoker to Types of stones

No. Mean#Std. Error (Body index) Mean+Std. Error (Smoker)
Ca 38 23.87+0.52° 1.65+ 0.072
Type of Stone Uric acid 30 30.68+ 0.842 1.40+ 0.09°
control 30 23.53+0.64° 1.53+ 0.09%
Significant ** *

Among the patients who had calcium stones (1.65+ 0.07) and
uric acid stones (1.40+ 0.09), the smoking rate was observed.
On the other hand, the smoking rate for the healthy group was
reported as 1.53 £ 0.09. On the one hand, there is a substantial
difference between the group of people who have calcium
stones and the group of people who have uric acid stones, and
on the other hand, there is a healthy group. Table (2)

Serum aldosterone and renin levels and their relationship
to Kidney stone types:

Aldosterone levels were significantly higher in patients with
calcium stones compared to the control group (20.67+2.02).
Uric acid patients also showed a significant increase
compared to the healthy control group. Renin levels were
significantly higher (63.56+3.02).) in patients with calcium
stones, while uric acid patients showed a significantly lower
(2.28+0.25). A highly significant difference was found
between the three groups (Table 3).

Table 3: Relation between Types of stones and (Aldosterone and Renin) hormones

No. | MeanzStd. Error (Aldosterone hormones) | MeanStd. Error (Renin hormones)
Ca 38 20.67+2.022 63.56+3.022
type of stone Uric acid 30 21.01+1.972 2.28+0.25°
control 30 5.81+0.43° 25.30+2.22°
Significant ** **

Interleukin 17 and TNF related to Kidney stone types

Interleukin-17 (IL-17) levels in the blood serum of patients
with both calcium and uric acid kidney stones were
significantly higher than in the healthy control group. Tumor

necrosis factor (TNF) levels for both types were also
significantly higher than in the control group, showing a
highly significant difference between them and the healthy
group. (Table 4).
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Table 4: Relation between I1L-17 and TNF with types of stones in kidney.

No. MeanzStd. Error (IL-17) Mean#Std. Error (TNF)
Ca 38 41.64+2.562 59.49+3.44°
Type of Stone Uric acid 30 42.06+3.282 68.19+3.322
control 30 11.40+0.73° 13.00+3.19°
Significant | ** *x
Discussion: Another study showed that exposure to secondhand smoke

This study examined the relationship between sex, body
mass, and smoking, as well as some vital and immunological
indicators in individuals with various types of kidney stones.
Numerous studies have investigated the relationship between
sex and kidney stone formation. One study indicated a higher
incidence in women than men, but this study focused on age
in the women's groups (Lovegrove et al.,2011) 4, This
suggests that the sex indicator (women) does not necessarily
mean they are more susceptible than men, as the study
focused on two groups of women and relied on age, which is
inconsistent with our study. Other studies have demonstrated
a higher risk of kidney stones in men, showing elevated
calcium oxalate and uric acid levels, which can lead to the
formation of this type of stone in urine. This is attributed to
differences in the urine environment between males and
females, as the chemical environment plays a key role in
stone formation, as mentioned by (Ye et al.,2023) &, The
data from the experimental study corroborated the findings of
the latter study, confirming its strengths in highlighting the
higher susceptibility of men to kidney stones compared to
women. Body mass index (BMI) is associated with kKidney
stone formation through metabolic and physiological changes
such as hyperuricemia, acid-base imbalance, and
hypercalciuria, as indicated in studies (Liu et al.,2023;Ma et
al.,2024 and Bamberger et al.,2021) [2%26.31 Another study
confirmed that obesity is a risk factor (Rivera and Krambeck,
2018) [, The relationship between high BMI and an
increased risk of kidney stones can be explained by various
physiological processes associated with obesity. High BMI is
linked to metabolic syndrome, characterized by hypertension,
dyslipidemia, and insulin resistance (Sakhaee k,2018 and
Maalouf et al.,2004) 37 2%, Such metabolic disturbances lead
to changes in urine chemistry, including increased excretion
of calcium, uric acid, and oxalate, and decreased citrate
levels, thus leading to the formation of calcium and uric acid
stones (Ferraro et al.,2020 and Ferraro et al.,2020) [*% 131,
Other studies have indicated that increased production of acid
receptors and decreased ammonium excretion lead to a
decrease in urine pH, ultimately resulting in the formation of
uric acid stones (Vander and Vansteelandt,2014) 3, This
aligns with the study that addressed in the research, the body
mass index increased in patients with uric acid stones, and
this is consistent with the reasons mentioned. Moreover,
dietary patterns associated with a high body mass index, such
as the consumption of sodium and animal proteins, can
exacerbate metabolic disorders in urine, leading to an
increased risk of kidney stone formation (Wang et al.,2016)
431 This relationship justifies the essential role of obesity in
the risk of increased stone formation, especially uric acid
stones. Numerous studies have been conducted on the effects
of smoking on health. One study demonstrated that repeated
exposure to secondhand smoke for more than an hour per
week increases the risk of kidney stones by more than 1.4
times. Current literature has found that even short-term
exposure, from minutes to hours, is more harmful than heavy
smoking (National center for chronic disease,2014) [¥2,

leads to a higher rate of stone formation, suggesting that
avoiding exposure offers protection against developing
health problems (Ferraro et al., 2013) [*?1, This is attributed to
the amount of nicotine and cadmium present. Cadmium
increases serum levels, which is linked to the formation of
urinary tract stones (Sulaiman et al.,2020) [“4. This aligns
with the study that found smokers had a higher incidence of
both types of stones. Nicotine also plays a significant role by
increasing serum vasopressin levels, leading to decreased
urine production, a risk factor for stone formation (Khan
S.R,2006) 1, Another theory suggests that smoking reduces
calcium excretion in urine, thus contributing to the formation
of calcium kidney stones (Khan S.R.,2006) B, This view is
supported by the study's findings. The studies conducted
provide a convincing explanation, while the other opinion is
that smoking increases oxidative stress in the kidneys,
causing damage to them (Song et al.,2024) %, This damage
leads to the formation, retention, and accumulation of
crystals, which in turn leads to the formation of stones,
especially calcium stones (Song et al.,2024) 9, Aldosterone
has been identified as a steroidal salt hormone that maintains
ionic balance. Several studies have been conducted on its
various effects on calcium regulation, as reported in (Dinh et
al.,2024 and Tomaschitz et al., 2014) [& 42, Other studies
found that aldosterone increases urinary calcium excretion in
mice, leading to calcium loss in the blood. Other studies have
demonstrated a close relationship between aldosterone and
the parathyroid gland (Fischer et al., 2014) 4 where it
stimulates the gland to secrete calcium. This view is very
close to explaining the results, as the study showed elevated
aldosterone levels in patients with calcium stones. Thus, we
agree with the study above, as the reason is that long-term
increased aldosterone secretion leads to continued
stimulation of the parathyroid gland to secrete calcium, which
increases its level in the blood and causes increased
absorption in the bones and intestines. This leads to calcium
deposition within the renal tubules, which increases the
likelihood of developing calcium stones, as proven by
(Rosenberg et al.,1987) 81, Renin primarily functions in the
formation of angiotensin A, which raises blood pressure.
Angiotensin A, in turn, activates the RES system, increasing
sodium reabsorption and potassium excretion. Studies on the
role of renin in animals with chronic kidney disease (Singh et
al.,2005) B8 have shown that increased renin activates
angiotensin, which in turn impairs the influx and expulsion
of ions, leading to salt accumulation and stone formation. It
also causes narrowing of small arteries. Furthermore,
excessive RES activity leads to inflammation, fibrosis, and
stone formation (Mulrow, P.J,1993 and AlQudah et al.,2020)
1. 21 This explains the elevated RES levels observed in
experimental samples, particularly in patients with calcium
stones. Conversely, results also showed a decrease in renin
levels in patients with uric acid stones. This is attributed to
acidity, which reduces renin activation, leading to increased
sodium reabsorption and retention, thus lowering renin
levels. This view is widely accepted. Studies have shown that
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the formation of stones, especially calcium stones in the
kidneys, leads to the stimulation of the immune system,
especially interleukin-17, which plays a key role in activating
calcium oxalate crystals and oxidative stress, which leads to
the activation of interleukin-18, causing tubular damage and
recurrence of stone formation. This is what was reported by (
Boldoff and Sole,2025) [, Other studies were conducted on
the role of interleukin-17 in kidney functions, where it was
found to have a major role in the inflammatory response in
the kidneys. Studies have been conducted on the role of
tumour necrosis factor and its relationship to types of stones.
The studies proved the relationship of tumour necrosis factor
through oxidative stress, the increase of which increases the
formation of stones inside the kidneys due to the free radicals
that are present and work to damage cells (Meulmeester et
al., 2022) 28, This study was linked to the results of the
experiment, and we find that patients with kidney stones had
an increase in tumour necrosis factor. This explains that
oxidative stress stimulates cells to secrete tumour necrosis
factor, and in turn, it increases in the blood. Some studies
found that an increase in the production of reactive oxygen
species in mitochondria is an important secondary contributor
to kidney injury that is related to the formation of stones
(Hanna et al.,2002 and Ji et al.,2023) [*> 161 In conclusion,
oxidative stress, after destroying cells, gives a stimulus to
secrete tumour necrosis factor at high levels, and this view is
agreed upon.

Conclusion:

Hormones affected the production of calcium oxalate and
uric acid stones. Aldosterone hormone release increased
calcium oxalate stone development, while renin depression
increased both forms of stones. Smoking had an effect on uric
acid stone patients, and immune indicators like TNF and IL-
17 were vital as stone formation increased their blood levels.
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