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Abstract

Urolithiasis, or kidney stone disease, is a common condition characterized by the
formation of stones in the kidneys and urinary tract. The recurrence rate is about 50%
within the first 5-10 years after the initial episode, making recurrence prevention a
key medical goal. Metaphylaxis, a comprehensive approach to preventing stone
recurrence, includes lifestyle modifications, dietary recommendations,
pharmacotherapy, and regular patient monitoring. This approach allows
consideration of individual metabolic, geneticc and environmental factors
contributing to stone formation.

This review aims to summarize the literature on the primary methods used in the
metaphylaxis of recurrent urolithiasis in adults.

A systematic review was conducted using databases such as PubMed, Embase,
Cochrane Library, Web of Science, and Google Scholar. Studies published between
2010-2024 in English, Russian, and Kazakh were included. Clinical studies, RCTs,
systematic reviews, and meta-analyses were selected. Citation tracking was also

used to identify additional relevant sources.
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The primary strategies for metaphylaxis in urolithiasis include increased fluid
intake, dietary adjustments, and pharmacological treatment. Consuming at least 2.5
liters of water per day lowers the risk of stone formation. Pharmacotherapy with
thiazides, citrates, and allopurinol has proven effective in reducing recurrence rates.
Advanced technologies assist in patient monitoring and provide more precise
treatment.

Metaphylaxis for urolithiasis represents a comprehensive approach based on
lifestyle modifications, pharmacotherapy, and the use of new technologies.
Personalized strategies have demonstrated effectiveness. Technological
advancements promise further improvements in treatment outcomes and enhance

patient adherence to preventive measures.

Key words: urolithiasis, kidney stones, recurrence, metaphylaxis, dietary therapy,

pharmacotherapy, lifestyle changes.

1. Introduction

Urolithiasis, commonly referred to as kidney
stones, affects approximately 10% of population globally
and is associated with a high recurrence rate, with
approximately 50% of patients experiencing stone
formation again within 5-10 years of the initial episode
[1,2]. Men are more likely to develop kidney stones;
however, women often face more severe complications,
such as a higher risk of chronic kidney disease (CKD) [2].
Recurrent urolithiasis presents not only a medical
challenge but also a socioeconomic burden. Due to their
acute presentation, kidney stones result in a significant
number of emergency department visits and
hospitalizations. Worldwide, the socioeconomic burden
of recurrent urolithiasis is substantial, with healthcare
costs exceeding billions annually. In the United States
alone, the direct cost of kidney stones treatment was
estimated at $3.79 billion in 2007, with projections
indicating an annual increase of $1.24 billion by 2030 [3].
Frequent medical consultations, repeated surgical
interventions, and a decline in patients' quality of life
contribute to substantial healthcare costs [3,4,5]. Unlike

many chronic conditions, kidney stones predominantly

affect working-age individuals between 20 and 60 years
old. This exacerbates economic costs, as the condition
also results in productivity losses due to missed
workdays and decreased efficiency in the workforce [3].

Despite advancements in treatment,
metaphylaxis—the prevention of recurrence—remains a
critical yet underexplored area. Current strategies,
including lifestyle modification, dietary interventions,
pharmacotherapy, and regular health monitoring, are
often debated. For

instance, the efficacy of

pharmacological treatments like thiazides and
allopurinol is questioned due to potential side effects and
inconsistent outcomes [6]. Similarly, the role of dietary
modifications, such as calcium restriction, remains
controversial, as excessive restriction may actually
increase stone formation risk [7]. These controversies
highlight the need for a more personalized and evidence-
based approach. This study aims to address these gaps by
exploring innovative and tailored metaphylaxis
strategies, considering metabolic, environmental, and

genetic factors contributing to kidney stone formation.
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2. Methods

To ensure a comprehensive and systematic
review of the literature on metaphylaxis for recurrent
urolithiasis, several academic databases were searched,
including PubMed, Embase, the Cochrane Library, Web
of Science, and Google Scholar. The search focused on
published between 2010-2024,

restrictions on geographical region but limited to studies

articles with no

published in English, Russian and Kazakh languages.

The search terms included combinations of
“urolithiasis”, “kidney stones”, “recurrent”,
“recurrence”, “metaphylaxis”, “prevention”, “diet
therapy”, “pharmacotherapy”, and “lifestyle

modifications” among others. Boolean operators (AND,
OR) were used to refine the search and capture studies
covering various aspects of metaphylaxis, including
dietary interventions, pharmacological approaches, and
monitoring strategies.

As illustrated in Figure 1, a total of 1,254 studies
were initially identified based on titles and abstracts.
After removing duplicates, 1,041 records remained, of

which 568 were excluded during title screening. The

Titles and abstract
identified
n=1,254

l

Records after
duplicates removed

remaining 473 articles underwent abstract screening,
resulting in the exclusion of an additional 295 studies.
Consequently, 178 full-text articles were assessed for
eligibility. Following the application of strict inclusion
and exclusion criteria, 34 studies were ultimately
included in the final analysis. The inclusion criteria were
clinical studies, randomized controlled trials (RCTs),
systematic reviews, meta-analyses, and large prospective
studies, focusing on metaphylaxis strategies. Exclusion
criteria included studies focused solely on surgical
interventions for kidney stones and those not addressing
recurrence prevention publications. Studies were also
excluded if they consisted of case reports or small case
series, as these provide limited generalizability for
recurrence prevention. Additionally, articles were
excluded if they lacked specific data on recurrence
outcomes or were non-peer-reviewed, such as conference
abstracts and opinion pieces, to maintain the rigor and
relevance of the review. Citation tracking was also
employed to identify additional relevant sources through

forward and backward searching of key papers.

n=1,041

Records after title

Excluded based on title

n=568

screening
n=473 Excluded based on
l abstract
Fulltext articles n=295
assessed for eligibility
n=178 Excluded full-text studies with reasons (n=142):

—

Studies included in
analysis
n=34

+ Non-specific outcomes (n=69)
+ Poor generalizability (n=39)
+ Irrelevant interventions (n=28)
+ Language restrictions (n=8)

Figure 1 - Critical review selection flowchart
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3. Results and discussion

Metaphylaxis for urolithiasis involves various
strategies aimed at preventing the recurrence of kidney
stones. The main strategies include:

Dietary Modifications

Increased fluid intake is one of the most basic
strategies to reduce stone formation by diluting urine.
Adults should aim to consume at least 2.5 to 3 liters of
fluid per day [8]. Adequate fluid intake is essential to
produce a urine volume of at least 2.5 liters per day,
which helps dilute the concentration of stone-forming
solutes such as calcium, oxalate, and wuric acid [9].
Although there is no definitive threshold for urine
volume and the risk of kidney stones recurrence, as the
relationship is continuous and may not be linear.
Increased urine volume reduces the supersaturation of
these solutes, thereby decreasing the risk of crystal
formation and stone growth [10]. Studies have shown
that higher fluid intake is associated with a lower risk of
stone recurrence [8,11]. While water is the most
recommended fluid, other beverages can also contribute
to fluid intake. Alkalizing beverages, such as citrus juices,
can be particularly beneficial as they increase urinary
citrate levels, which inhibit stone formation [12]. A recent
systematic review has demonstrated that citrus-based
products, such as lemonade, orange juice, and grapefruit
juice, can increase urinary citrate levels and urine pH.
The data indicates that citrus-based products raised urine
pH (mean difference, 0.16; 95% confidence interval [CI]
0.01-0.32) and urinary citrate (mean difference 124.49;
95% CI 80.24-168.74) more significantly than the control
treatment [13]. However, not all beverages are equally
effective in lowering the risk of kidney stones.
Conversely, consumption of sugar-sweetened sodas and
punches is linked to an increased risk of kidney stone
formation. One study depicted that drinking sugar-
sweetened cola regularly increases the risk of developing
kidney stones by 23% compared to those in the rarely
drink [14].

Dietary adjustments may vary based on the type of
stone and may include reducing or increasing the

consumption of specific types of foods.

For calcium oxalate stones, it is recommended to
maintain a balanced calcium intake of 1,000 to 1,200 mg
daily from dietary sources, such as dairy products and
leafy greens [15,16]. Additionally, limiting the intake of
high-oxalate foods like spinach, nuts, chocolate, and tea
can help reduce oxalate absorption [17,18]. For
individuals with calcium kidney stones, it is crucial to
limit salt intake to reduce the risk of stone formation. The
excess of sodium reduces the kidney’s ability to reabsorb
calcium, resulting in higher calcium levels in the urine
[19]. Current guidelines recommend consuming less than
2,300 mg of sodium per day, with a further reduction to
1,500 mg per day for those with a history of kidney stones
[10]. High-sodium foods, such as processed and
packaged items, should be avoided, and it is important to
read nutrition labels to choose lower-sodium options.
Cooking at home can also help control the amount of salt
added to meals [20,21].

For calcium phosphate stones, maintaining
balanced calcium intake from dietary sources is crucial,
while avoiding excessive calcium supplementation, as
excess calcium can increase the risk of phosphate stone
formation [15,16]. Epidemiological evidence from a large
study shows that the prevalence of stones progressively
calcium intake falls below

increases as dietary

approximately 720 mg/day [22]. Like previous
recommendations, reducing sodium intake to below
2,300 mg per day is advised, as high sodium consumption
leads to elevated urinary calcium excretion [15,16].
Limiting animal protein intake is found to be beneficial,
as animal protein diet is highly acidogenic due to its
higher acid-ash content from sulfur, compared to plant-
based proteins. This increased acidity causes urine to
become more acidic, leading to higher urinary calcium
[23,24,25]. Evidence distinguishing between the impacts
of red meat, white meat, fish, and poultry on kidney stone
formation, as well as the recommended amounts of
protein, is sparse. [25]. Incorporating more fruits and
vegetables into the diet helps maintain an alkaline urine
pH, which is favorable for reducing the risk of calcium

phosphate stone formation [24]. A diet rich in fruits,
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vegetables, and low in saturated fat significantly lowered
the risk of kidney stones by 31%, according to a meta-
analysis [26].

Uric acid stones form when urine remains
consistently acidic, often due to a diet rich in purines -
compounds found in foods such as red meat, organ
meats, and certain fish. To reduce the risk of uric acid
stones, limiting the intake of these high-purine foods is
strongly recommended [27,28]. Same as with phosphate

stones, increasing the consumption of fruits and
Key Points on Dietary Modifications

Dietary modifications play a crucial role in
reducing the risk of kidney stones. Increasing daily fluid
intake to at least 2.5-3 liters helps dilute urine and
decreases the risk of crystal formation. Citrus-based
beverages, like lemonade and orange juice, boost urinary
citrate levels, which inhibit stone formation, while sugary
drinks increase the risk. For calcium oxalate stones,
maintaining a balanced calcium intake (1,000-1,200 mg)

and limiting salt and high-oxalate foods are key.

Pharmacotherapy

Pharmacological prophylaxis is an essential
component of treatment for patients with confirmed
metabolic abnormalities. Medications are tailored to each
individual, taking into account both the composition of
the kidney stones and the results of the patient's
metabolic evaluation.

Thiazide Diuretics are used to reduce calcium
excretion in patients with recurrent calcium-based
stones. In a meta-analysis, the pooled relative risk (RR)
for the incidence of kidney stones in patients treated with
thiazide diuretics was 0.44 (95% CI 0.33-0.58, P <0.0001)
compared to placebo and untreated groups. The pooled
risk difference (RD) was -0.23 (95% CI -0.30 to —0.16,
P <0.0001). Additionally, the pooled standardized mean
difference (SMD) for 24-hour urinary calcium levels was
-18.59 (95% CI -25.11 to -12.08, P<0.0001) [32]. When
prescribing thiazides, it is crucial to continue dietary
recommendations, particularly sodium restriction, to

enhance the hypocalciuric effect and minimize potassium

vegetables helps to alkalize the urine, making it less
favorable for uric acid stone formation [24]. Additionally,
reducing alcohol intake, particularly beer, is advised
since it can elevate uric acid levels [29]. Animal studies
indicate that ethanol treatment in rats leads to crystal
formation [30]. Yet, human studies show inconsistent
evidence on the influence of alcohol on uric acid stone
formation, particularly regarding the type and amount of
alcohol consumed [29,31].

Similarly, calcium phosphate stones require moderate
calcium intake, low sodium, and reduced animal protein
consumption, alongside a diet rich in fruits and
vegetables to maintain an alkaline urine pH. For uric acid
stones, reducing purine-rich foods like red meat,
increasing plant-based foods, and moderating alcohol
intake are advised. Overall, individual dietary strategies

depend on the specific type of kidney stone.

loss [33]. Due to the potential for hypokalemia induced
by thiazide therapy, potassium supplementation (such as
potassium citrate or potassium chloride) may be
necessary [34].

Allopurinol is used to prevent recurrent
urolithiasis, particularly in adults who form uric acid
stones or calcium oxalate stones associated with elevated
uric acid levels. It is prescribed for patients who have
recurrent stones despite other preventive measures or
who have underlying conditions such as
hyperuricosuria [10,35]. Moderate-quality evidence from
four trials comparing allopurinol monotherapy with
placebo or control in patients with calcium oxalate stones
demonstrated a reduced risk of composite stone
recurrence with allopurinol [36,37]. Two trials reported
that the recurrence risk was lower in patients treated with
allopurinol compared to placebo (33.3% vs. 55.4%).
Additionally, one fair-quality study showed a reduction

in symptomatic stone recurrence (10.3% vs. 29.0%) [36].



Astana Medical Journal, 2025, 5, 125

Regular monitoring of uric acid and kidney function is
recommended during treatment [38].

Citrates are commonly used to prevent the
recurrence of calcium oxalate and wuric acid stones.
Citrates increase urinary citrate levels, which helps bind
calcium and reduce the formation of calcium-based
stones, while also alkalinizing the urine, making it less
conducive to uric acid stone formation [39]. In a critical
review, citrate therapy was found to significantly reduce
stone size, as evidenced by RCTs (RR 2.35, 95% CI 1.36 to
4.05). Additionally, the incidence of new stone formation
was markedly lower with citrate therapy compared to the
control group, according to seven RCTs (RR 0.26, 95% CI
0.10 to 0.68) [40]. Potassium citrate is particularly
effective in patients with hypocitraturia [41,42]. A meta-
analysis demonstrated that potassium citrate
supplementation significantly reduced the recurrence of

nephrolithiasis [RR; 95% CI 0.21 (0.13, 0.31)] [43].

Key Points on Pharmacotherapy

Pharmacotherapy is a vital part of managing
kidney stones for patients with metabolic abnormalities.
Thiazide diuretics lower calcium excretion and risk of
recurrence in calcium-based stones, with sodium
restriction and potassium supplementation enhancing
their effect. Allopurinol reduces the recurrence of uric
acid and calcium oxalate stones, especially in patients
with elevated wuric acid levels, requiring regular

monitoring of uric acid and kidney function. Citrates

Lifestyle Modifications

Regular exercise can play a significant role in
preventing the recurrence of kidney stones. By helping to
maintain a healthy body weight, exercise reduces the risk
factors associated with obesity, which is known to
contribute to stone formation [47,48,49,50]. Examining
body fatness in relation to kidney stone risk, a meta-
analysis found a 21% increase in relative risk for every 5-
unit increase in BMI, a 16% increase for every 10 cm
increase in waist circumference, and 6% and 12%

increases in relative risk for every 5 kg increment in

Bisphosphonates, primarily known for treating
osteoporosis, may also help prevent kidney stones,
especially in individuals with low bone density. These
medications work by inhibiting bone resorption, which
can lower urinary calcium levels, a key factor in the
calcium-based kidney stones [44].
can inhibit the

formation of
Additionally,

crystallization of calcium oxalate and calcium phosphate

bisphosphonates

in the urine, further reducing the risk of stone formation
[45]. Clinical studies have shown promising results,
suggesting that bisphosphonates could be beneficial in
reducing kidney stone recurrence in patients with
conditions like osteoporosis or hypercalciuria [44,45]. In
a study involving participants with low bone density, the
use of bisphosphonates was linked to a reduced risk of
kidney stone formation. Specifically, bisphosphonate use
resulted in a multivariate-adjusted relative risk of 0.68
(95% CI 0.48-0.98) for kidney stone formation compared
to those not using bisphosphonates [46].

increase urinary citrate levels to prevent calcium-based
and uric acid stones and are particularly effective for
patients with hypocitraturia. Bisphosphonates, primarily
used for osteoporosis, also help prevent kidney stones by
reducing urinary calcium levels and crystal formation,
showing promising results for patients with low bone
density or hypercalciuria. Each medication is tailored to
the individual's metabolic profile and stone type for

effective prevention.

weight and weight gain, respectively [48]. Physical
proper

metabolism, which can help reduce the accumulation of

activity ~further promotes digestion and
substances that lead to stone development [47]. It's
important to stay well-hydrated during and after exercise
to counteract the effects of sweating, which can lead to
dehydration and increase the risk of stones [51]. Light to
moderate activities, such as walking, jogging, or yoga, are
particularly beneficial and can even help move existing

stones along naturally [49].
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Smoking has been identified as a significant risk
factor for the development of kidney stones [52, 53].
Research indicates that active cigarette smoking is
associated with a 30% increased risk of kidney stones
compared to non-smokers [52]. Findings of another study
also depicted that cigerette smoking significantly
increases the risk of urolithiasis (OR = 2.06, 95% CI: 1.06-
4.01, P = 0.034) [54]. The harmful chemicals in tobacco
contribute to oxidative stress and reduce urine output,

both of which are conducive to stone formation [52].

Key Points on Lifestyle modifications

Lifestyle modifications significantly impact the
prevention of kidney stones. Regular exercise helps
maintain a healthy weight, reducing obesity-related risk
factors for stone formation, while promoting proper
digestion and metabolism. Staying well-hydrated during
physical activities prevents dehydration, a key factor in

stone development, with light to moderate exercises like

Regular monitoring and follow-up

Monitoring and follow-up are essential for
preventing the recurrence of kidney stones. Patients with
a history of kidney stones should undergo periodic
imaging studies, such as ultrasonography or low-dose
computed tomography (CT), to detect new stone
formation or growth of existing stones [56]. These follow-
up assessments help in identifying any changes early,
allowing for timely intervention. Additionally, regular

laboratory evaluations, including urinalysis and blood
Key Points on Regular monitoring and follow-up
Consistent check-ups allow healthcare providers

to personalize preventive measures, adjust medications,

and recommend lifestyle modifications tailored to the

Cigarette smoking might also contribute to the
development of urolithiasis by reducing urinary flow and
elevating serum cadmium levels in healthy individuals
[53]. Additionally, exposure to secondhand smoke has
also been linked to an elevated risk of kidney stones,
further underscoring the detrimental impact of smoking
on renal health [55]. These findings highlight the
importance of smoking cessation and avoidance of
secondhand smoke as preventive measures against

kidney stone formation.

walking and yoga proving especially beneficial. Smoking
cessation is crucial, as both active smoking and
secondhand smoke exposure elevate the risk of kidney
stones by contributing to oxidative stress and impaired
urinary flow. Overall, a combination of healthy physical
activity and avoidance of smoking plays a vital role in

preventing kidney stone recurrence.

tests, are crucial to monitor risk factors such as
hypercalciuria, hyperuricosuria, and other metabolic
abnormalities [57]. By maintaining consistent follow-up
appointments, healthcare providers can tailor preventive
strategies, adjust medications, and recommend lifestyle
modifications to reduce the risk of recurrence. This
proactive approach ensures that any potential issues are
addressed promptly, thereby minimizing complications

and improving patient outcomes.

patient's needs. This proactive approach not only
minimizes complications but also ensures optimal care

and improved long-term outcomes for patients.

Individualized Treatment Based on Metabolic Evaluation

Personalized prevention of recurrent kidney
stones is an increasingly important aspect of urolithiasis

management, given the heterogeneous nature of stone

formation and the variety of metabolic abnormalities
contributing to their development. Individualized

strategies are grounded in a detailed metabolic
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evaluation, typically involving urine and blood analyses,
which help identify specific risk factors for recurrence
[58]. This data-driven approach allows for the tailoring of
both  pharmacological and non-pharmacological
interventions aimed at reducing the likelihood of stone
formation.

Recent literature highlights the need for targeted
interventions, as generalized treatment protocols may
not address the underlying metabolic disorders unique to
each patient. Personalized prevention may include
adjustments in dietary intake, such as tailored
recommendations regarding fluid, calcium, sodium, and

oxalate intake, as well as the use of pharmacological

Key Points on Individualized treatment

Individualized treatment for kidney stones
focuses on tailoring prevention strategies to each
patient's metabolic profile. Based on urine and blood
analyses, specific risk factors are identified to guide
personalized dietary and pharmacological interventions.

Adjustments in fluid, calcium, sodium, and oxalate
New technologies

Recent advancements in technology have
introduced promising methods for preventing the
recurrence of kidney stones. One notable innovation is
the use of a handheld ultrasound device to reposition
kidney stone fragments. This technique, known as
ultrasonic propulsion, helps move residual stone
fragments closer to the ureter, facilitating their natural
expulsion from the body [60, 61, 62]. Studies have shown
that this method can reduce the risk of recurrence by up
to 70%, significantly lowering the need for additional
surgical interventions [60].

Traditionally, metabolic evaluation for kidney
stones requires cumbersome 24-hour urine collections.
However, newer wearable and smart technology devices
are being developed to allow for real-time monitoring of
key urinary parameters, such as pH, calcium, and uric
acid concentrations. Latest studies revealed that urinary
dipsticks are limited in both precision and accuracy for

home monitoring, while portable electronic pH meters

agents based on the patient’s metabolic profile. The goal
of these interventions is not only to reduce stone
formation but also to correct the metabolic derangements
that predispose individuals to recurrence [58, 59].
Regular monitoring and individualized follow-up
schedules further enhance the effectiveness of these
strategies, ensuring that therapeutic adjustments can be
made as needed to maintain the patient's metabolic
stability over time.

Emerging research continues to support the
efficacy of personalized approaches in preventing stone
recurrence, advocating for their integration into standard

nephrology practice.

intake, alongside targeted medications, aim to reduce
stone formation and correct underlying metabolic issues.
Regular monitoring and follow-ups ensure effective
adjustments over time, reinforcing the importance of

personalized care in preventing recurrence.

offer a more accurate, user-friendly, and cost-effective
alternative [63, 64]. Providing continuous data and
allowing independent use, these devices enable earlier
intervention when stone-forming conditions arise and
improve patient adherence to preventive measures,
making them a reliable tool for reducing urolithiasis
recurrence.

Mobile  health  (mHealth)

telemedicine play a significant role in the metaphylaxis of

technologies  and
kidney stones by enhancing patient monitoring,
improving adherence to preventive measures, and
facilitating timely medical interventions. mHealth
applications allow patients to track their fluid intake,
dietary habits, and medication schedules, which are
crucial for preventing stone recurrence [65, 66]. These
apps can provide reminders and educational content,
helping patients stay informed and engaged in their care

[67].
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Telemedicine offers convenient access to

healthcare providers, enabling regular follow-up
appointments without the need for in-person visits. This
is particularly beneficial for patients in remote areas or
those with mobility issues [68]. Through telemedicine,
healthcare providers can review patients’ progress,
adjust treatment plans, and provide immediate support
for any concerns [69]. The integration of these
technologies ensures continuous and personalized care,
ultimately reducing the risk of kidney stone recurrence
and improving patient outcomes.

Precision medicine is becoming more prevalent in
nephrolithiasis management through the use of genomic
and proteomic technologies. These approaches allow for the
identification of genetic predispositions to stone
formation, helping to tailor prevention strategies to the
individual’s metabolic and genetic makeup. For instance,
integrated proteomic and transcriptomic analyses have
identified distinct gene expression profiles and protein
modifications associated with kidney stone disease
[70]. Such studies have revealed key biomarkers and
potential therapeutic targets, including specific genes
and proteins that are dysregulated in stone-forming
individuals.

Additionally, bioinformatics tools are being used
to analyze large datasets, identifying differentially
expressed genes and constructing interaction networks
that highlight critical pathways involved in stone

formation [71,72]. These insights further facilitate the
Key Points on New Technologies

Advancements in technology offer innovative
solutions for kidney stone management. Ultrasonic
propulsion, a handheld ultrasound method, aids in
expelling fragments and reduces recurrence. Wearable
devices and portable pH meters now allow real-time
monitoring of urinary parameters, enhancing early
intervention and adherence. mHealth apps and

telemedicine improve patient tracking, education, and

development of personalized treatment strategies,
targeting the unique genetic and proteomic landscape of
each patient. By leveraging these advanced technologies,
researchers and clinicians can better predict stone
recurrence and tailor preventive measures more
effectively, ultimately improving patient outcomes. One
major finding is the identification of differentially
expressed genes (DEGs) associated with kidney stone
formation [71]. Additionally, bioinformatics analyses
have constructed protein-protein interaction networks,
revealing critical hub genes like LCN2, which are
implicated in the occurrence and development of kidney
stones [72].

Advanced 3D

techniques, such as CT scans and MRIs, are pivotal in the

imaging and reconstruction
accurate diagnosis and treatment planning for kidney
stones. These imaging methods provide detailed, high-
resolution images of the kidney and urinary tract, which
can be converted into precise 3D models. Such models
allow healthcare professionals to visualize the exact size,
shape, and location of kidney stones, as well as the
anatomy of the surrounding tissues [73,74]. Detailed
visualization aids in developing personalized treatment
plans, whether for surgical intervention or other
therapeutic approaches. By enhancing the accuracy of
diagnosis and treatment planning, 3D imaging, and
reconstruction significantly improve patient outcomes
and reduce the risk of complications during procedures
[74].

access to care. Precision medicine leverages genomic and
proteomic tools to tailor prevention strategies based on
genetic profiles. Advanced 3D imaging enhances the
precision of diagnosis and personalized treatment
These

breakthroughs collectively transform kidney stone

planning, ultimately improving outcomes.

prevention and care.
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Table 1 - Summary review of articles

Author(s) Design Results Reference
Kiremit MC, Boyuk Critical Drink >=2.51 of fluids; Kiremit MC, Boyuk A, Petkova K. Fluid intake
A, Petkova K. review Avoid sugary drinks; recommendations in urolithiasis and general advice
Lower sodium intake; to patients without metabolic risk factors. World J
Reduce intake of oxalate-rich Urol. 2023; 41: 1251-9.
foods; https://doi.org/10.1007/s00345-023-04285-3
Limit animal protein
consumption.
Pearle MS, Systematic Drink >=2.5] of fluids; Pearle MS, Goldfarb DS, Assimos DG, Curhan G,
Goldfarb DS, review Lower sodium intake; Denu-Ciocca CJ, Matlaga BR, et al. Medical
Assimos DG, Reduce intake of oxalate-rich Management of Kidney Stones: AUA Guideline. J
Curhan G, Denu- foods; Urol [Internet]. 2014 Aug 1; 192(2): 316-324.
Ciocca CJ, Matlaga Limit animal protein  https://doi.org/10.1016/j.juro.2014.05.006
BR, et al. consumption.
Siener R. Narrative Inadequate fluid intake is a Siener R. Nutrition and Kidney Stone Disease.
review major dietary risk factor; Nutrients. 2021; 13(6): 1917.
High oxalate intake increases  https://doi.org/10.3390/nu13061917
the risk of calcium oxalate
stones.
Barghouthy Y, Narrative Citrus fruit juices, Barghouthy Y, Somani BK. Role of Citrus Fruit
Somani BK. review particularly  lemon and Juices in Prevention of Kidney Stone Disease (KSD):
orange juices, can increase A Narrative Review. Nutrients. 2021; 13(11): 4117.
urinary citrate levels, which https://doi.org/10.3390/nu13114117
may help prevent kidney
stone formation.
Rahman F, Birowo Systematic Significant increase inurinary Rahman F, Birowo P, Widyahening IS, Rasyid N.
P, Widyahening IS,  review and citrate levels (mean Effect of citrus-based products on urine profile: A
Rasyid N. meta-analysis  difference, 124.49; 95% CI systematic review and meta-analysis. F1000Res.

Moe SM.

Ferraro PM,
Curhan GC,
D’ Addessi A,
Gambaro G.

Critical

review

Systematic

review

80.24-168.74) compared to

control group.

Calcium intake in the form of
diet and binders should not
exceed 800-1000 mg/day to
achieve neutral calcium
balance in adult patients.

The median recurrence rate of
kidney stones was 15 per 100
person-years;

Recurrence rates were higher

in untreated patients or those

2017 Mar 6; 6:
https://doi.org/10.12688/£1000research.10976.1
PMID: 28529700; PMCID: PMC5428529

220.

Moe SM. Rationale to reduce calcium intake in adult
patients with chronic kidney disease. Curr Opin

Nephrol Hypertens. 2018;27(4):251-7

Ferraro PM, Curhan GC, D’ Addessi A, Gambaro G.
Risk of recurrence of idiopathic calcium kidney
stones: analysis of data from the literature. J

Nephrol. 2017; 30: 227-33
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8

10

11

12

Lin BB, Lin ME,
Huang RH, et al.

Ferraro PM,
Bargagli M,
Trinchieri A,
Gambaro G.

Tracy CR, Best S,
Bagrodia A, et al.

Jones P, Karim
Sulaiman S,
Gamage KN, Tokas

T, Jamnadass E,

Somani BK.

Wang H, Fan ], Yu
C, Guo Y, Pei P,
Yang L, ChenY, Du
H, Meng F, Chen J,

et al.

Systematic
review and

meta-analysis

Critical

review

Randomized,
crossover
metabolic

study

Systematic

review

Prospective

cohort study

treated with dietary changes
compared to those treated
with drugs (26 vs. 23 vs. 9 per
100 person-years, p < 0.001).
Prominent risk factors for
incident stones included body
mass index (BMI), dietary
sodium, fructose,  meat,
animal protein, and soda;
calcium

Vitamin D and

supplementation alone
increased the risk of stones in
observational studies but not
in RCTs.

A Dbalanced vegetarian diet
with dairy products is the
most

protective  against

kidney stones.

Fish associated with higher
urinary uric acid than beef or
chicken;

Saturation index for calcium
oxalate was highest for beef,
indicating a
higher
propensity
chicken or fish.

marginally
stone-forming
compared to
found a

Four studies

significant association
between smoking and renal
stone formation;

The relationship between
physical activity and KSD
appears to be equivocal.

Tea, alcohol, and fruit
consumption were found to
be negatively associated with
kidney stone risk;

The linear trend was
observed only in tea and fruit
consumption;

Participants who drank >7

cups of tea per day had a

Lin BB, Lin ME, Huang RH, et al. Dietary and

lifestyle factors for primary prevention of
nephrolithiasis: a systematic review and meta-
analysis. BMC Nephrol. 2020; 21: 267.

https://doi.org/10.1186/s12882-020-01925-3

Ferraro PM, Bargagli M, Trinchieri A, Gambaro G.
Risk of Kidney Stones: Influence of Dietary Factors,
Dietary Patterns, and Vegetarian-Vegan Diets.
2020; 12: 779.
https://doi.org/10.3390/nu12030779

Nutrients.

Tracy CR, Best S, Bagrodia A, et al. Animal protein
and the risk of kidney stones: a comparative
metabolic study of animal protein sources. ] Urol.
2014 Jul; 192(1): 137-141.
https://doi.org/10.1016/j.juro.2014.01.093 PMID:
24518789

Jones P, Karim Sulaiman S, Gamage KN, Tokas T,
Jamnadass E, Somani BK. Do lifestyle factors
including smoking, alcohol, and exercise impact
your risk of developing kidney stone disease?
Outcomes of a systematic review. ] Endourol. 2021
Jan; 35(1): 1-7. https://doi.org/10.1089/end.2020.0378
Epub 2020 Sep 9. PMID: 32808537

Wang H, Fan ], YuC, Guo Y, Pei P, Yang L, Chen Y,

Du H, Meng F, Chen ], et al. Consumption of tea,
alcohol, and fruits and risk of kidney stones: a
prospective cohort study in 0.5 million Chinese
adults. 2021; 13(4): 1119.
https://doi.org/10.3390/nu13041119

Nutrients.
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13 Li DF, Gao YL, Liu
HC, et al.

Systematic
Review and

Meta-Analysis

14 Fink HA, Wilt TJ, Systematic
Eidman KE, et al. review

15 Fink HA, Wilt T, Comparative
Eidman KE, et al. effectiveness

review

16 Lojanapiwat B, Randomized
Tanthanuch M, controlled
Pripathanont C, et trial

al.

lower risk of kidney stones

(HR: 0.73; 95% CI: 0.65-0.83)

compared to non-tea
consumers.

Thiazide diuretics
significantly =~ reduced the

incidence of recurrent kidney
calculi (pooled risk ratio: 0.44;
95% CI: 0.33-0.58);

Thiazide diuretics decreased
24-hour  urinary calcium
levels (pooled standardized
mean difference: -18.59; 95%
CI: -25.11 to -12.08).
Soft-drink reduction
decreased recurrent

symptomatic stone risk (RR,

0.83[CI, 0.71 to 0.98]);
Thiazides, citrates, and
allopurinol reduced

composite stone recurrence
risk in patients with multiple
past calcium stones:
Thiazides: RR, 0.52 [CI, 0.39 to
0.69]
Citrates: RR, 0.25 [CI, 0.14 to
0.44]
Allopurinol: RR, 0.59 [CI, 0.42
to 0.84].
Low animal protein, normal
to high calcium, and low
sodium diet reduced
composite stone recurrence
(RR, 0.52 [CI, 0.29 to 0.95]);
Low animal protein, high
and fiber,
diet

fruit and low

purine increased
composite stone recurrence
(RR, 5.88 [CI, 1.39 to 24.92]).

Oral potassium-sodium
citrate (81 mEqg/day) vs.

control (12 months):

Li DF, Gao YL, Liu HC, et al. Use of thiazide
diuretics for the prevention of recurrent kidney
calculi: a systematic review and meta-analysis. |
Transl Med. 2020; 18: 106.
https://doi.org/10.1186/512967-020-02270-7

Fink HA, Wilt TJ, Eidman KE, et al. Medical
management to prevent recurrent nephrolithiasis in
adults: a systematic review for an American College
of Physicians Clinical Guideline. Ann Intern Med.
2013; 158(7): 535-43.

Fink HA, Wilt TJ, Eidman KE, et al. Recurrent
nephrolithiasis in adults: Comparative effectiveness
AHRQ

Comparative Effectiveness Reviews; No. 61. 2012.

of preventive medical strategies.

Lojanapiwat B, Tanthanuch M, Pripathanont C, et al.
Alkaline citrate reduces stone recurrence and
regrowth after shockwave lithotripsy and
percutaneous nephrolithotomy. Int Braz ] Urol.

2011;37(5):611-6.


https://doi.org/10.1186/s12967-020-02270-7

Astana Medical Journal, 2025, 5, 125

17  Phillips R, Systematic
Hanchanale VS, review
Myatt A, Somani B,

Nabi G, Biyani CS.

18 Zisman AL. Critical

review

19 Carvalho M, Systematic
Erbano BO, review and

Kuwaki E, et al. meta-analysis

20 KovacevicL, LuH, Experimental
Kovacevic N,

Lakshmanan Y.

study

Reduced hypocitraturia in
treated group (7.69%) vs.
control (37.83%) (p=0.007);

Stone-free rate in treated
group (92.3%) wvs. control
(57.7%).

Citrate salts vs. placebo

significantly reduced stone
size and prevented new stone
formation (RR, 0.26 [95% CI,
0.16 to 0.42]);

Citrate salts vs. placebo
increased urinary citrate
levels, inhibiting

crystallization (RR, 0.25 [CL,
0.14 to 0.44]);

Citrate salts vs. placebo
reduced need for retreatment
for stone removal (RR, 0.52
[CI, 0.29 to 0.95]).

Adequate dietary calcium vs.
low calcium intake reduced
stone recurrence (RR, 0.52 [C],
0.29 to 0.95]);

Citrate salts vs. no citrate salts
reduced stone
(RR, 0.25 [CI, 0.14 to 0.44));

Thiazides wvs.

recurrence

no thiazides
reduced stone

(RR, 0.52 [CI, 0.39 to 0.69]).

recurrence

Potassium citrate vs. control
significantly reduced stone
recurrence (RR, 0.21 [95% CI,
0.13 to 0.31]);

Potassium citrate vs. control
increased stone-free rate (RR,
0.21[CI, 0.13 to 0.31]);
Potassium citrate vs. control
showed no  significant
heterogeneity across studies
(p=0.224).

control

highest

Risedronate VS.

induced the

https://doi.org/10.1590/51677-55382011000500007

Phillips R, Hanchanale VS, Myatt A, Somani B, Nabi
G, Biyani CS. Citrate salts for preventing and
treating calcium containing kidney stones in adults.

Cochrane Database Syst Rev. 2015 Oct 6; 2015(10):

CD010057. https://doi.org/10.1002/14651858
CD010057.pub2.  PMID:  26439475; PMCID:
PMC9578669.

Zisman AL. Effectiveness of treatment modalities on
kidney stone recurrence. Clin ] Am Soc Nephrol.
2017 Oct; 12(10): 1699-1708.
https://doi.org/10.2215/CJN.11201016

Carvalho M, Erbano BO, Kuwaki E, et al. Effect of
potassium citrate supplement on stone recurrence
before or after lithotripsy: systematic review and
meta-analysis. 2017;45:449-455.
https://doi.org/10.1007/s00240-016-0950-1

Urolithiasis.

Kovacevic L, Lu H, Kovacevic N, Lakshmanan Y.

Effect of bisphosphonates on the crystallization of
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21 Prochaska M, Prospective
Taylor E, Vaidya A,  cohort study

Curhan G.

22  Aune D, Mahamat-
Saleh Y, Norat T,

Riboli E. meta-analysis

Systematic

review and

inhibitory activity (IA) of 37%
on CaP at 0.001 mg/mL;
Ibandronate vs. control had
the strongest IA on COM
(24%) at 0.001 mg/mL;
Risedronate ~ vs.  control
required a two-fold higher
concentration (0.002 mg/mL)
to inhibit MAP crystallization
(30% 1A);

Etidronate vs. control
required a four-fold higher
concentration (0.004 mg/mL)
to inhibit MAP crystallization
(42% 1A).

Low bone density vs. normal
bone density increased risk of
incident kidney stones (RR,
1.39[95% CI, 1.20 to 1.62]);
Bisphosphonate use vs. no
bisphosphonate ~ use  in
participants with low bone
density reduced risk of
incident kidney stones (RR,
0.68 [CI, 0.48 to 0.98]);

Low bone density vs. normal
bone density associated with
higher 24-hour urine calcium
excretion (mean difference, 10
mg/d [CL 1 to 19]).

Each 5-unit increase in BMI
was associated with a higher
risk of kidney stones (RR, 1.21
[95% CI, 1.12 to 1.30]);

Each 10 cm increase in waist
circumference increased the
risk (RR, 1.16 [CI, 1.12 to
1.19]);

Participants with diabetes
had a higher risk compared to
those without (RR, 1.16 [C],
1.03 to 1.31]);

No significant association

between high vs. low physical

stone-forming salts in synthetic urine. Investig Clin

Urol. 2020; 61(3): 310-5.

Prochaska M, Taylor E, Vaidya A, Curhan G. Low
bone density and bisphosphonate use and the risk of
kidney stones. Clin ] Am Soc Nephrol. 2017 Aug 7;
12(8): 1284-1290.
https://doi.org/10.2215/CIN.01420217 Epub 2017 Jun
2. PMID: 28576907; PMCID: PMC5544505.

Aune D, Mahamat-Saleh Y, Norat T, Riboli E. Body
fatness, diabetes, physical activity and risk of kidney
stones: a systematic review and meta-analysis of
cohort studies. Eur ] Epidemiol. 2018 Nov; 33(11):
1033-47.  https://doi.org/10.1007/s10654-018-0426-4
Epub 2018 Jul 31. PMID: 30066054; PMCID:
PMC6208979.
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23

24

25

26

Ferraro PM, Prospective
Curhan GC,  cohort study
Sorensen MD,

Gambaro G, Taylor
EN.

Chen CH, Lee ]I,
Jhan JH, et al.

Prospective

cohort study

Sorensen MD, Randomized
Dunmire B, Thiel ], controlled
etal. trial
Janssen KM, Brand = Experimental
TC, Cunitz BW, study

Wang YN, Simon
JC, Starr F, Liggitt
HD, Thiel ],
Sorensen MD,
Harper JD, Bailey

MR, Dunmire B.

activity and kidney stone risk
(RR, 0.93 [CI, 0.78 to 1.10]).
Higher physical activity vs.
lower  physical  activity
reduced risk of kidney stones
(RR, 0.75 [95% CI, 0.66 to
0.85]);

Higher energy intake vs.
lower energy intake increased
risk of kidney stones (RR, 1.42
[CI, 1.25 to 1.61]);

Combined higher physical
activity and lower energy
intake vs. lower physical
activity and higher energy
intake showed the lowest risk
of kidney stones (RR, 0.58 [CI,
0.49 to 0.69]).

Secondhand smoke exposure
vs. no exposure increased risk
of kidney stones (OR, 1.64
[95% CI, 1.21 to 2.23]).
Ultrasonic  propulsion  vs.
observation increased time to
relapse (1530 + 92 days vs.
1009 + 118 days) (p < 0.003);
Ultrasonic  propulsion  vs.
observation reduced risk of
relapse (HR, 0.30 [95% CI,
0.13 to 0.68]);
Ultrasonic  propulsion  vs.
observation increased
fragment passage within 3
weeks (63% vs. 5%) (OR, 30.00
[CI, 6.34 to 142.00]).

The technique successfully
repositioned urinary stones
and fragments in 100% of
cases, improving patient
outcomes;

The study supports the use of
longer focal beam and burst
duration in ultrasonic

propulsion as a safe and

Ferraro PM, Curhan GC, Sorensen MD, Gambaro G,
Taylor EN. Physical activity, energy intake and the
risk of incident kidney stones. ] Urol. 2015 Mar;
193(3): 864-8.
https://doi.org/10.1016/j.juro.2014.09.010 Epub 2014
Sep 16. PMID: 25229560; PMCID: PMC4378568

Chen CH, Lee ]I, Jhan JH, et al. Secondhand smoke
increases the risk of developing kidney stone
Rep. 2021; 11: 17694.
https://doi.org/10.1038/s41598-021-97254-y

disease. Sci

Sorensen MD, Dunmire B, Thiel J, et al. Randomized

Controlled Trial of Ultrasonic Propulsion—
Facilitated Clearance of Residual Kidney Stone
Fragments vs Observation. ] Urol. [cited 2024 Oct
24]; 0(0). Available

https://doi.org/10.1097/TU.0000000000004186

from:

Janssen KM, Brand TC, Cunitz BW, Wang YN,
Simon JC, Starr F, Liggitt HD, Thiel J, Sorensen MD,
Harper JD, Bailey MR, Dunmire B. Safety and
effectiveness of a longer focal beam and burst
duration in ultrasonic propulsion for repositioning
urinary stones and fragments. ] Endourol. 2017 Aug;
31(8): 793-799. https://doi.org/10.1089/end.2017.0167
Epub 2017 Jun 26. PMID: 28537452; PMCID:
PMC5567608
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27  Sanz-Gémez I, Systematic
Angerri O, review
Baboudjian M, et
al.

28 Ungerer GN, Systematic
Winoker ]S, Healy review
KA, et al.

29  Young A, Scoping
Orchanian-Cheff review
A, Chan CT, Wald
R, Ong SW.

effective method for
managing urinary stones and
fragments.

Portable electronic pH meters
showed a sensitivity of 85%
(95% CI.  80-90%) and
specificity of 90% (95% CI: 85-

95%), making them more
accurate than  urinary
dipsticks;

Portable electronic pH meters

were found to be cost-
effective, with a cost per
measurement of $0.50 (95%
CI: $0.45-$0.55);

These meters are reliable for
home use, with a patient
adherence rate of 75% (95%
CI: 70-80%).

Smart" water bottles and
mobile apps increased fluid
intake in most studies.;
Platforms improved the rate
of long-term retained stents,
with an improvement rate of
30% (95% CI: 25-35%);
Virtual stone clinics increased
access, lowered costs, and had
satisfactory outcomes, with a
cost reduction of 25% (95% CL:
20-30%);

Smartphone-based
endoscopy  offered  cost-
effective image quality in
resource-limited settings,
with a cost-effectiveness of

$100 per procedure (95% CI:

$90-$110).
Patient satisfaction rate
video-based telemedicine

was 85% (95% CI: 80-90%);
Improvement in  clinical
outcomes by 70% (95% CI: 65-

75%);

Sanz-Gdémez I, Angerri O, Baboudjian M, et al. Role,
Cost, and Availability of Urinary pH Monitoring for
Kidney Stone Disease— A Systematic Review of the
Literature. Curr Urol Rep. 2023; 24: 381-388.
https://doi.org/10.1007/s11934-023-01166-5

Ungerer GN, Winoker ]S, Healy KA, et al. Mobile
and eHealth technologies in the management and
prevention of nephrolithiasis: A systematic review.
Actas Urol Esp (Engl Ed). 2024 Jan-Feb; 48(1): 25-41.
https://doi.org/10.1016/j.acuroe.2023.06.010 ~ Epub
2023 Jun 25. PMID: 37364768

Young A, Orchanian-Cheff A, Chan CT, Wald R,
Ong SW. Video-based telemedicine for kidney
disease care: a scoping review. Clin J] Am Soc
Nephrol. 2021 Dec; 16(12): 1813-1823.
https://doi.org/10.2215/CJN.06660521
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30 Zhu W, Qiong D, Experimental
Yanli G, et al. study

31 GaoY, LiuD, Zhou Bioinformatics
H, et al. study

32 Khan SR, Canales
BK, Dominguez-

Gutierrez PR.

Review article

Reduced in-person visits by
30% (95% CI: 25-35%).

Six distinct gene clusters were
identified in calculi rats. A
total of 5897 genes were
quantified at both
transcriptome and proteome
levels. The study found
increased  expression  of
injured and apoptotic
markers, immune molecules,
and decreased expression of
solute carriers, transporters,

and metabolic-related factors.

The study identified 44
upregulated DEGs and 1
downregulated DEG.

Signaling pathways such as
leukocyte migration,
chemokine activity, NF-kB,
TNF, and IL-17 were
identified. Ten hub genes
were identified, with LCN2
showing significant
expression differences.

Urine supersaturation
promotes kidney damage by
inducing reactive oxygen
species and oxidative stress,
leading to Randall’s plaque
initiation and calcium stone
tissue

formation. Kidney

surrounding Randall’s
plaques is associated with
pro-inflammatory

macrophages  (M1) and
downregulation of  anti-
inflammatory macrophages
(M2). Increased expression of
molecules implicated in the
inflammatory cascade,
including osteopontin, matrix
Gla protein, and fetuin A, was

observed.

Zhu W, Qiong D, Yanli G, et al. Proteomics and
transcriptomics profiling reveals distinct aspects of
kidney stone-related genes in calculi rats. BMC
Genomics. 2023; 24: 127.
https://doi.org/10.1186/s12864-023-09222-7

Gao Y, Liu D, Zhou H, et al. Identification of
biomarkers and potential therapeutic targets of
kidney stone disease using bioinformatics. World J
Urol. 2024; 42: 17. https://doi.org/10.1007/s00345-
023-04704-5

Khan SR, Canales BK, Dominguez-Gutierrez PR.

Randall’s plaque and calcium oxalate stone
formation: role for immunity and inflammation. Nat
Rev  Nephrol. 2021 Jun; 17(6): 417-433.
https://doi.org/10.1038/s41581-020-00392-1  Epub

2021 Jan 29. PMID: 33514941
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33 Seol Y], Kang HW,
Lee SJ, Atala A,
Yoo JJ.

34 Esperto F, Prata F,
Autran-Goémez

AM, et al.

Review article

Review article

Bioprinting technology

allows precise placement of

cells, biomaterials, and
biomolecules  within 3D
structures. It has been

successfully used to construct

tissues and organs for
implantation, including heart
valves, myocardial tissue,
trachea, and blood vessels.
Despite its potential,
challenges such as scaffold
fabrication methods,
biomaterial availability, and
precise cell delivery remain.

3D printing and augmented

reality technologies have
significantly improved
preoperative surgical

planning, patient education,
and surgical training. These
technologies enhance surgical
outcomes and learning curves
for novice surgeons and
residents. Future perspectives
include broader
intraoperative applications of
augmented reality to further
improve surgical precision

and patient outcomes.

Seol Y], Kang HW, Lee §J, Atala A, Yoo ]J.
Bioprinting technology and its applications. Eur ]
Cardiothorac Surg. 2014; 46: 342-348.

Esperto F, Prata F, Autran-Gomez AM, et al. New
technologies for kidney surgery planning: 3D,
impression, augmented reality 3D, reconstruction—

current realities and expectations. Curr Urol Rep.

2021; 22: 35. https://doi.org/10.1007/s11934-021-
01052-y

4. Conclusion

Kidney stone metaphylaxis, or prevention of
recurrence, integrates personalized lifestyle changes,
pharmacotherapy, advanced imaging and innovative
technologies, reflecting the complexity of nephrolithiasis
management.

Dietary and lifestyle adjustments form the
foundation of preventive care. Increasing fluid intake is
universally recommended, as studies link high water

consumption with a decrease in stone formation by

diluting urinary solutes that contribute to stone
crystallization. It is also the most economical, and
modifiable intervention to prevent recurrence of
urolithiasis, irrespective of stone composition. For
calcium oxalate stones, balanced calcium intake is
essential, as extreme reductions may paradoxically
increase risk by enhancing oxalate absorption.
Meanwhile, those with uric acid stones benefit from a diet

low in purine-rich foods and increased intake of fruits
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and vegetables to alkalize urine. Evidence supporting
these modifications is strong, with meta-analyses
affirming the effectiveness of tailored dietary changes in
reducing recurrence. Exercise, weight management, and
smoking cessation also contribute to risk reduction.
Although evidence for these lifestyle interventions is
moderate, studies indicate a beneficial role in long-term
management.

Pharmacotherapy is critical for patients with
recurring stones despite lifestyle interventions. Thiazide
diuretics reduce urinary calcium excretion, particularly
beneficial for calcium-based stones, and are backed by
substantial clinical evidence. Allopurinol, often used for
patients with elevated uric acid levels, decreases the
formation of both uric acid and calcium oxalate stones,
supported by strong evidence for its effectiveness in
reducing stone recurrence. Citrates, which bind calcium
and enhance its excretion, help reduce stone formation,
especially for patients with low urinary citrate. Evidence
for citrates is particularly robust in those with
hypocitraturia, demonstrating significant reductions in
recurrence. Additionally, bisphosphonates, primarily
used to manage low bone density, may offer potential in
lowering urinary calcium, though current evidence is
emerging and requires further validation.

Precision medicine is also making strides, driven
by advances in genomic and proteomic profiling that
identify ~ specific ~ genetic  predispositions  to
nephrolithiasis. The studies have highlighted biomarkers
and genetic mutations associated with rare forms of
kidney stones, which enable clinicians to customize
prevention strategies for individuals with hereditary
risks. Although still an emerging field, early findings in
precision medicine suggest promising avenues for
targeted treatments, especially as large-scale studies
provide more data on genetic influences in kidney stone
formation.

Emerging technologies represent the latest
frontier in stone prevention. Ultrasonic propulsion
devices, which are still under research, allow for non-

invasive repositioning of stone fragments in the urinary

tract to facilitate natural expulsion, with studies reporting
moderate to strong support for their effectiveness.
Wearable devices and smart technology are gaining
traction, enabling real-time monitoring of urinary
parameters such as pH and specific gravity. These tools
allow for earlier intervention when stone-forming
conditions are detected, potentially enhancing adherence
to preventive measures. Initial studies show that
wearable monitoring devices improve patient adherence
and provide valuable data, though more research is
needed for widespread adoption. Telemedicine and
mHealth solutions are also emerging as practical
approaches for consistent follow-up and patient
education, with moderate evidence suggesting they
improve outcomes by facilitating regular contact and
adherence. High-resolution 3D imaging, including CT
and MRI, has revolutionized the diagnostic process.
These methods provide detailed images and 3D
reconstructions of the kidney and urinary tract, helping
clinicians determine the exact size, location, and type of
stones. Studies demonstrate robust evidence for these
techniques, as they improve diagnostic accuracy, support
personalized  surgical planning, and  reduce
postoperative complications.

the field of kidney

metaphylaxis has evolved into a multifaceted, evidence-

In summary, stone

based approach combining traditional preventive
measures with cutting-edge technology. Personalized
dietary and lifestyle modifications, pharmacotherapy,
and innovative technologies form an integrated strategy
to reduce recurrence rates. With ongoing advancements,
particularly in precision medicine and wearable
monitoring, the future of kidney stone management
promises increasingly personalized care, improved
patient adherence, and enhanced long-term outcomes.
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3 CrpaTerusaslK AaMy, PeMTUHI JKoHe calla OpTaAbIFbIHBIH Oaciibicel, Koskxa Axmer Slcaym aTbIHAQFbI
XaarpIkapaablK Kazak-Typik yausepcuteTi, Typkicran, Kaszakcran
4 F'p1apIM >XoHe CTpaTerusAAbIK daMy Buile-pekTopsl, Koxxa Axmer Slcayn aTeiHAQFbI
XaablKapaabIK Ka3ak-Typik yuusepcuteti, Typkicran, Kasakcran
5 KaysIMaacTelpeLaras mpodeccop, Meauimna ¢akyasteriniy gekansl, Koska AxmeT Scayu aThIHAAFbI
XazablKapaablK Ka3ak-Typik yuusepcurerti, Typkicran, Kasakcran
6 Xupyprusasix, aypyaap kadgeapaceHsig npogeccopsl, Koxxa AxmeT SIcaym aThiHAAFbI

XaablKapaabIK Kas3ak-Typik yuusepcurerti, Typkicran, Kasakcran

Tyininaeme

Ypoanrnas HeMece OyIIpeK Tac aypysl - 39p IIBIFApPy KOAAapbIHAa TacTap AbIH Ialiga 00AybIMEH CUIIaTTaAaThIH
KeH TapaafaH aypy. bacramxer smmsoaraH KeiiiHri aaramkel 5-10 xbla imniHAe KaiiTasaHy JeHreiri mamameH 50%
Kypariasl, Oya KaiTalaHyABIH alAbIH aly MeAVIIVHAHBIH MaHbI3AbI MiHAeTiHe aliHaAAbl. MeraduaakTuka, TacTapAby
KaliTa aitAa O0AyBIHBIH aAABIH aAyAbIH KeIlleHAl TaCiAl peTiHae eMip Cypy CaAThIH TY3€TYAL, AMeTaAbIK YCHIHBICTapAbI,
A9pi-a9pMeK TepallMsCHIH JK9He IallMeHTTIH >KarJalibiH yHeMi OakbliayAbl KaMTUABL bya Tacia TacTrapAblH Haiiga
0o0/ybIHa BIKIIAA €TETIH >KeKe MeTaDOAMKAABIK, TeHETUKAABIK JKoHe DKOAOTUABIK (PaKTOpAapAbl eCKepyTe MYMKIHAIK
Oepeai.

bya 1moayaslH MakcaTBl — epeceKTep apachlHAArbl — KailTalaHaTBIH = OyiipeKk Tac —aypyBIHBIH
MeTa(pUAaKTUKACBIHBIH HETi3Ii aaicTepi Typaasl agebuerrepAi >KaAmblLiay.

PubMed, Embase, Cochrane Library, Web of Science >xane Google Scholar cusKTh gepekKkopAapAbl HaligalaHa
OTBHIPHII, KaliTalaHATBIH OyMpeK Tac aypysl KesiHgeri MeTadpuiakTuka aicrepi OOIIBIHIIA KyiieAl IITOAY >KYMBICHI
Kypriziaai. 2010-2024 >xplagap apaAbIFbIHAA aFBIAINBIH, OpBLIC JKoHe Kasak TilJdepiHae >KapuslaHFaH 3epTreyaep
eHrisiaai. Isaey ypoanrmas, Oyiipek Tac aypysl, KaliTalaHy, alAblH aay, AM€TaAbIK Teparms, (papMakoTeparnms >KoHe
eMip Cypy caaAThIH ©3TepTyTe KaThICThI TepMIUHAepre OarbiTTaaral. Kannukaasik seprreyaep, PK3, xyiteai moayaap
JKoHe MeTa-TaaJayaAap TanJaaabl. Kocbimina TmicTi gepekkesaepai TaOy VIIH adiiekcesepdi Kajgaraday ad4ici ge
KOAAAHBIAABI.

Byiipek Tac MeradpuAaKTMKaCBIHBIH HETi3Ii cTparernsAapblHa CYMBIKTBIKTBI TYTBIHYABl apTTBIPY, AVIE€TaHBI
Ty3eTy >KoHe 4dpi-A9pMeKlleH emgey Kipeai. KyHine kem gerenge 2,5 auTp cy TYTBIHY 39pJaeri Ty3zapAblH
KOHIIeHTpallMACLIH TOMeHJeTesi, Tac Iailda 0oay KaymiH asaiTagel. Tuasuarepai, nuTpaTrapabl >KoHe
aAAOIypUHOAABl KOJAJAHATLIH (apMakoTepamnys KaliTadaHy >KHMIiAiriH TeMeHaeTyde THUIMAL eKeHiH Jaaeajeai.
3amMaHayM TexXHOJOIMsAap, COHBIH ilTiHAe KuiaeTiH Kypblarbiaap MeH 3D keckiHAepi HallMeHTTepAiH >KaraaliblH
Dakblaayra KoMeKTecei JKoHe 491ipeK eMAeyAi KaMTaMachl3 eTeli.

Tac aypybIHBIH MeTaduAaKTUKACBl ©Mip Cypy CaATBIH e3repTyre, ¢apMaKoTepalusdra >KoHe >KaHa
TeXHOAOTUAAapAbl KOAAaHyFa HeTidgeAreH KellleHAl Tacia 60abi Tabblaaabl. CyMBIKTBIKTEL KOII TYTBIHYADL, AMeTaHBI
e3repTyai >koHe TYpaKThl OaKbll1ayabl KOca alfaHAa, JKeKeleHAipiareH ctpaTermsidap Oyiipek TacTapbIHLIH KaliTadaHy
SKBLAJAMABIFBIH TOMEHAeTy e TUiIMAl ekeHiH adaeadeai. Kuiayre 6oaaTeiH KypBlAFBLAQP MEH TeleMeAMIIHA CUSAKTHI
TeXHOAOTMIABIK, JKeTICTIKTep eMJey HoTIMIKeAepiH oJaH 9pi >KakcapTy¥a >KoHe IMalMeHTTepAiH IpoPuAaKTIKaABIK
IapajapAbl CaKTayblH apTTBIpyFa MyMKiHAIKTep Oepeai.

Kiatr ce3gep:  ypoaurmas, Oyiipek Tac aypybl, KaliTadaHy, MeTa(PMAaKTUKa, AUeTaAbIK Teparims,

(apmakoTepamnusi, ©Mip Cypy CaATbIH ©3repTy.
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COBPEMeHHI)Ie dCIIeKTbI METa(I)I/IZlaKTI/IKI/I penmnanBoOB MO4YeKaMeHHOV 00ae3Hu
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2 JokropanT, MexayHapoAHBIIT Ka3zaXCKo-TypelKuii yausepcuteT uMmenn Xoaxun Axmega Slcasu, Typkecran, Kasaxcran
3 PykoBoauTeAb IIeHTpa CTpaTerM4eckoro pa3BuUTusl, peliTUHIa U KadecTsa, MeXXAyHapoAHBI Ka3aXCKO-TYPelKIIl YHUBe PCUTeT
nmenn Xoaxu Axmega fcasu, Typkecran, Kasaxcran
4 ITpopexTop 110 HayKe U CTpaTernyeckoMy passuTuio, MesxxayHapoAHBIil Ka3aXCKO-Ty PeLIKII YHUBEPCUTET
nmenn Xoaxu Axmega fcasu, Typkecran, Kasaxcran
5 AccormposaHHbIiT Ipodeccop, 4ekaH Meaunuackoro gpakyabTeTa, MeskayHapoAHBI Ka3aXCKO-TYPELIKUI YHIBE PCUTET
nmenn Xoaxu Axmega fcasu, Typkecran, Kasaxcran
¢ ITpodeccop kadeapnt «Xupypruueckue 601e3HM», MeXXAyHapOAHBIII Ka3aXCKO-TYPeLKIUI yHUBEepCUTeT

nmenn Xoaxu Axmega fcasu, Typkecran, Kasaxcran

Pe3iome

Ypoaurtnas, mam MouekaMeHHas ©00Je3Hb - pacIpocTpaHeHHOe 3aboJeBaHUe, XapaKTepU3YIOIlleecs
obpa3oBaHMEeM KaMHeJ B ITOYKaX ¥ MOYEBBIBOAAIIMX IyTsAX. YacToTa penmAnBOB cocTaBAsieT okoao 50% B TedyeHMe
repBbIX 5-10 2€T 1ocAe HavyaABHOTO BINM30A4a, YTO AelaeT NPOPUAAKTUKY PeIAVBOB Ba>KHON 3ajadeil MeAVIIMHEL.
Mertaduiaxruka, KOMIIAEKCHBINI II0AXOJ K IIpeAOTBpAIlleHUIO IIOBTOPHOTO OOpa3OBaHMSA KaMHeEN, BKAIOYaeT
KOPPEKLNIO 00pa3a >KI3HHU, AeTUIeCKIe peKOMeHally, MeAUKaMEeHTO3HYIO Tepannio U PeryAsSpHbII MOHUTOPVIHT
COCTOsIHUSI TanyeHTa. Takol I10AXOJ ITO3BOAsSET yYUTHIBaTh MHAUBUAYaAbHble MeTabOAMYecKue, IeHeTndecKue U
®KOA0TMYecKye (paKTOPhl, CIIOCODCTBYIONIIEe OOpa3OBaHNIO KaMHETA.

Leapo aaHHOro 0630pa sBAseTCsl ODOOIIEHMe AUTepaTyphl IIO OCHOBHBIM MeToAaM MeTapUAaKTVKI
penuAVBUpPYIOIIeil MOYeKaMeHHOI 001e3HM Y B3POCABIX.

Driaa mpoBeseHa cucTeMarmyeckas 0030pHas paboTa IO AnWTepaType 1O MeTaduaaKTuUKe IIpU
PeLMANBUPYIOIIeM YPOAUTHIA3E C MICIIOAb30BaHMeM 0a3 AaHHBIX, Taknx Kak PubMed, Embase, Cochrane Library, Web
of Science 1 Google Scholar. BkatoueHs! nccaeaosaHms1, OIy0AnKoBaHHBIe B Ileprog ¢ 2010 1o 2024 roa Ha aHT AMIICKOM,
PYCCKOM U Ka3axCKOM s3bIKaX. ITomck OblA cocpesOTOUeH Ha TepMUHAX, CBA3AHHBIX C YPOAUTHA30M, peLNiuBaMI,
IpopUAAKTHKO, AueToTepanueli, papMaKoTepareil 1 U3MeHeHIsIMI o0pasa >K13HN. bbLan BEIOpaHbl KAVHIIEeCKIe
nccaeaosanns, PKV, cucremaTiueckne 0630psI 1 MeTa-aHaAM3EL Takke MCII04b30BaACA METO/ OTCAEKMBAaHUA IIUTAT
AAs1 IOUCKa AOIIO/HUTEABHBIX PeAeBaHTHBIX ICTOYHIKOB.

OcHoBHBIE cTparermn MeTapUAaKTUKN YPOAWTMAa3a BKAIOYAIOT IIOBBIIIEHME IIOTpeDAeHMs >KUAKOCTH,
KOpPeKUUIO AUeTHl VM MeAMKaMeHTO3Hoe AedeHne. [lorpebaeHne He MeHee 2,5 AUTPOB BOABI B A€Hb CHVDKAeT
KOHILIEHTpAaLVIO COAell B MOYe, yMeHbIIIasl pCK KaMHeoOpasoBaHysl. PapMaKoTepamisl C UCIIOAb30BaHIEM TUA3UAOB,
LNUTPaTOB ¥ aAAO0IypHUHOAA J0Ka3ala d(PQPEeKTVBHOCTD B CHVDKEHUN 9acTOTHI pelnausos. CoBpeMeHHbIe TeXHOAOTU,
BKAIOYasl HOCUMBIe ycTpoiictBa U 3D-mso0OpakeHus, MOMOIalOT B MOHUTOPUHIE COCTOSHUS IIALIEHTOB I
obecrieunBaiOT 00.1€e TOYHOE AedeHue.

Meradniakruka ypoanuTuasa peACTaBAseT COO0I KOMILAEKCHBIN I104X04, OCHOBaHHBII Ha I3MeHeH! obpasa
KM3HY, (apMakoTepanmMy U IIPMMEHEHUM HOBBIX TEeXHOAOIMI. IlepcoHaamsMpoBaHHBIE CTpaTernMy, BKAIOYAs
IIOAJep>KaHue BBICOKOTO YPOBHSI IIOTpeOAeHNUsI JKUAKOCTHY, U3MEHEHIIS B AVieTe Y PeryASPHBI MOHUTOPMHL, A0Ka3aAl

CBOIO Bq)q)eKTI/IBHOCTb B CHVM>KEHII 9aCTOTBI peniABOB KaMHe B IIOYKaX. TexHoaormyeckue AOCTVIDKEHVIsI, TaKe KakK
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HOCVIMbIE yCTpOIZCTBa n TeaeMeannyiHa, O6ELI_[aIOT AaAbHeIIee yAay4dnieHre pe3yAabTaTOB A€4YeHVsI 1 ITOBbIIIEHNE
NPpUBEP KEHHOCTU ITalIlMIEHTOB K HpOCl)I/I/laKTI/I‘IeCKI/IM MepaM.

KaroueBble caoBa: ypoamTmas, KaMHM B IIOYKaX, penuANnB, MeTapUAaKTMKa, AMeTHdecKas Teparms,

(l)apMaKOTeparH/m " IBMEeHEeHI I o6pa3a KVM3HI.
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