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Abstract

Introduction: The kidneys are divided into two main regions: the cortex and medulla. The cortex contains renal
corpuscles, convoluted and straight tubules, collecting ducts, and vasculature. Medullary rays, composed of
straight tubules and collecting ducts, extend into the cortex from the medulla. Kidney stones are mineral deposits
formed in the renal pelvis or on the renal papillae, composed of both crystalline and organic substances. They
develop when urine becomes supersaturated with minerals. Most stones are made of calcium oxalate, often
forming on calcium phosphate deposits known as Randall’s plaques. Kidney stones are common, with a
prevalence of up to 14.8% and a recurrence rate of 50% within five years. Risk factors include low fluid intake,
obesity, diabetes, hypertension, and metabolic syndrome. Stones can also lead to chronic kidney disease and
hypertension. In areas near the Sharr Mountains, water quality may contribute to nephrolithiasis (kidney stone
disease), also known as nephrotic calculi. Contaminated water can increase the risk of kidney and bladder
diseases, including cancers. The type and severity of toxins depend on the water source and treatment.

Aim of the Study: This study investigates the prevalence of nephrotic calculi in the Polog Valley, comparing
populations from villages near the Sharr Mountains, along the Tetovo-Gostivar highway, near Mali i Thaté, and
in the cities of Tetovo and Gostivar. It aims to assess the potential link between drinking water quality and
kidney stone formation by comparing water sources from these regions.

Materials and Method: The study includes 80 patients: 30 from the Sharr Mountain area, 10 from Tetovo-
Gostivar highway villages, 30 from Mali i Thaté, and 10 in a control group. Patients will be examined using
renal ultrasonography and CT-urography to identify and analyze kidney stones. The research will be conducted
at the Urology Department of Tetovo Clinical Hospital.

Results: The findings will reveal the prevalence of nephrotic calculi in Polog and their association with local
water sources. The study will also assess water quality and explore possible endemic patterns, particularly
between the Sharr and Mali i Thaté regions.

Conclusion: The study will provide a comprehensive overview of kidney stone prevalence in Polog, the impact
of drinking water quality, and the underlying causes of nephrolithiasis. The results can inform preventive
measures and support early diagnosis and intervention, benefiting nephrology, urology, and public health efforts
in the region.
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1. Introduction

Kidney stones (calculi) are mineral deposits located in the renal calyces and pelvis, either freely
floating or attached to the renal papillae. By contrast, diffuse renal parenchymal calcification is
called nephrocalcinosis (Khan SR., 2010).

Stones that develop in the urinary tract (known as nephrolithiasis or urolithiasis) form when the
urine becomes excessively supersaturated with respect to a mineral, leading to crystal
formation, growth, aggregation and retention within the kidneys (Finlayson B., 1978).
Globally, approximately 80% of kidney stones are composed of calcium oxalate (CaOx) mixed
with calcium phosphate (CaP). Stones made up of uric acid, struvite, and cystine are also
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frequently encountered, accounting for approximately 9%, 10%, and 1% of all stones,
respectively (Evan AP., 2010).
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Figure 1. Macroscopic and histological morphology of human kidneys, along with the anatomical distribution of
renal calculi (Published in final edited form as: Nat Rev Dis Primers. 2016 Feb 25;2:16008.)

Urine can also become supersaturated with certain relatively insoluble drugs or their
metabolites, leading to crystallization in the renal collecting ducts (iatrogenic stones). For
example, patients with HIV who are treated with protease inhibitors such as indinavir and
atazanavir are at risk for developing nephrolithiasis (Tattevin P, et al. 2010).

Both indinavir and atazanavir are metabolized by the liver, but a significant portion of these
drugs is excreted unchanged in the urine, which can lead to their crystallization and the
development of kidney stones. (Izzedine H et al., 2014).

The propensity to form stones varies according to sex, ethnicity and geography. Although
historically stones have been 2-3-times more common in men than in women, recent data
indicate that this disparity is diminishing (Scales CD, et al. 2007).

Geographical variation in stone disease typically reflects environmental risk factors, with higher
stone prevalence in hot, arid climates (Stamatelou KK et al., 2003).

Numerous systemic diseases and factors have been associated with an increased risk of kidney
stones. Weight, weight gain, body mass index (Taylor EN, 2005), (Curhan GC et al., 1998),
(Sorensen MD, et al., 2014) and diabetes (Taylor EN et al., 2005), (Chung SD et al., 2011) have
been shown in large prospective cohort studies to correlate with the risk of incident kidney
stones, with a greater effect in women than in men in some cohorts. Finally, risk of
cardiovascular disease has been associated with a history of kidney stones, although a cause
and effect relationship has not been definitively established.

Kidney stones are solid concretions that can vary in size from a grain of sand to the size of a
pearl or larger. They may remain asymptomatic. Their color—typically yellow or brown—and
surface texture, which can be smooth or irregular, depend on their chemical composition. They
are composed of crystals and a ubiquitous organic matrix, which not only coats the crystals but
is also present inside the crystals and the inter-crystalline spaces (Khan SR, Hackett RL., 1993),
(Ryall RL et al., 2005), (McKee MD et al., 1995).
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Figure 2. Kidney stones (Laura Shammah MS, RDN, 2023)

The matrix of calcific stones contains many macromolecules, including osteopontin (which also
has a role in the biomineralization of bone), inter-a-inhibitor (which is a plasma protein) and
urinary prothrombin fragment 1 (UPTF1) — all of which are normally present in the urine
(Khan SR, Kok DJ., 2004), albeit in small guantities (Khan SR, Kok DJ., 2004), (Atmani F,
Khan SR., 1999), (Ryall RL., 2004). The matrix also includes various types of lipids, which
have been shown to promote crystal nucleation (Khan SR, et al., 1996), (Khan SR, Glenton PA.,
1996), (Khan SR., 2002), (Khan SR, 1988), (Khan SR,1990).The association between the
crystals and the matrix seems to start early upon crystal nucleation and continues throughout
the formative and growth phases of the developing stone. Although some urinary molecules,
such as UPTFL1, are considered crystallization inhibitors, others such as osteopontin can act as
both inhibitors and promoters of crystallization (Hunter GK., 2013).

These molecules seem to be produced as a protective response against mineralization. However,
both CaOx and CaP crystals have been shown to induce the production of macromolecules that
inhibit and/or modulate crystallization (Ryall RL.2004), (Khan SR et al., 2002), (Khan SR et al.,
2014), (Aihara K et al., 2003).

2. Material and methods

The study will involve 30 patients who gravitate to Sharr Mountain, 10 in the villages of the
Tetovo - Gostivar highway and 30 patients who gravitate to Mali i Thaté and 10 patients will
be the control group.

Patients will be examined with the modern advanced method Renal Echography (Kidney
ultrasound), a non-invasive method to identify stones and assess their size with the CT-
urography (CT-Scan) method, the most accurate method to identify nephrotic calculi and
analyze their composition. The study will be conducted at the Tetovo Clinical Hospital in the
Urology Department.

31



%

Figure 2. Renal Echography (Kidney ultrasound) (Charlie King, 2022)

3. Results

In the results section, we will present the data obtained from patients using clear and informative
graphics to facilitate interpretation and highlight key findings.
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Graphic 1. Types of calculi in the population of the Polog basin: The distribution of urinary calculi types in
the Polog Basin reveals a notable predominance of calcium-based stones, with 34% of cases involving a
combination of calcium oxalate and phosphate, and an additional 33% consisting of calcium oxalate alone. This
indicates that two-thirds of the population are affected by calcium-containing stones, underscoring the
importance of dietary and metabolic factors in stone formation. Struvite stones account for 16%, suggesting a
significant contribution from infection-related etiologies. Meanwhile, uric acid stones represent 8% of cases, and
rarer types like cystine (2%) and others (7%) highlight the diversity in pathophysiology. These findings can
inform targeted prevention and treatment strategies specific to the region.

32



Percentage of population with access to safe drinking water

Access to safe drinking water (with controlled quality)

Access to drinking water in rural areas

Access to drinking water in urban areas

60%

T T T T T T T T T
68.00% 70.00% 72.00% 74.00% 76.00% 78.00% 80.00% 82.00% 84.00% 86.00%

%

Graphic 2. Percentage of population with access to safe drinking water: The graphic illustrates the
percentage of the population with access to safe drinking water, serving as a critical indicator of public health
and infrastructure development. High access rates reflect strong water management systems and governmental
investment in sanitation, while lower percentages point to ongoing challenges such as outdated infrastructure,
geographical barriers, or economic limitations. ldentifying regions with limited access is essential for prioritizing
interventions, improving health outcomes, and ensuring equitable distribution of this basic human necessity.

The main risk factors for the formation of calculi in North Macedonia
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Graphic 3. The main risk factors for the formation of calculi in North Macedonia: The graphic highlights
the main risk factors contributing to the formation of urinary calculi in North Macedonia. Key contributors
include inadequate hydration, which leads to concentrated urine and crystal formation, and dietary habits high
in oxalates, salt, and animal protein. Additionally, genetic predisposition, urinary tract infections, and
metabolic disorders such as hypercalciuria and hyperuricosuria play a significant role. The data underscore the
importance of preventive strategies, including public health education on fluid intake, dietary modifications, and
early detection of metabolic imbalances, to reduce the incidence and recurrence of stone disease in the region.

4. Discussions

The initiation of stone formation in most patients is an occasional event. Accordingly, optimal
compliance can only be expected with regimens based on strictly individualized analysis of risk
factors and risk periods. The information obtained from 24-hour urine collections and other
long-term urine collections gives only rough average information on specific risk variables
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during the period. Indeed, imprecise data on urinary pH are the rule rather than the exception.
Better analytical focus on periods assumed to represent particularly high risk is necessary. Such
information can be obtained by combining a careful medical history with analysis of risk factors
during periods when supersaturation with CaOx occurs simultaneously with low urinary pH.
Such an approach might enable the design of individualized recurrence prevention (Tiselius
HG., 2015).

Today, it is very attractive to remove kidney stones with flexible ureteroscopy (Turk C, et al.,
2015) and, if that is not optimal, to use smaller and smaller instruments for percutaneous
removal of smaller and smaller stones. However, it seems logical that for each treatment
decision a balance is reached between the intention of the treatment and the efforts required to
reach that goal. Active or pharmacological removal of residual fragments should be considered
in view of the risk of the procedures and of the recurrence rate. There is no doubt that recurrence
preventions need to be further developed, fine-tuned and used in an individually designed
manner. With further increased understanding of the mechanisms behind stone formation, it is
possible that some general treatment can be prescribed for many patients with idiopathic
calcium stone disease.

It stands to reason, however, that further progress in the management of patients who form
stones cannot be made without a genuine interest and responsibility by urologists who regularly
see these patients. The need for close interaction between stone removing and recurrence
preventive procedures are absolute prerequisites for success. Basic as well as clinical research
must have its focus on both aspects. In this regard, the urologist, during various endoscopic
procedures, has a unique possibility to visually observe and record the clinical features of the
pathology involved in stone formation. It cannot be too strongly emphasized that the optimal
care of patients with stone disease is not only surgical, in its widest sense, but also medical
(Khan SR ET AL., 2016).

5. Conclusions

This study offers a comprehensive overview of the prevalence of urinary calculi in the
population of the Polog Valley and its surrounding areas. Through a comparative analysis of
individuals who consume drinking water from boreholes versus those who rely on underground
wells, the research identifies a significant link between the source of drinking water and the
occurrence of calculi. Studies have demonstrated that drinking water in the Polog Valley often
contains elevated levels of minerals and other substances that may contribute to the formation
of calculi, positioning water quality as a notable environmental risk factor in the development
of this condition.

In addition to examining water quality, the study delves into the etiology of urinary calculi,
analyzing a combination of endogenous (genetic, metabolic) and exogenous (dietary,
environmental) causes. It identifies key risk factors such as high mineral content in water,
dietary habits, and potential metabolic predispositions within the population. A notable finding
from the research is that males are more frequently affected by urinary calculi than females,
which aligns with global trends indicating a higher prevalence of such conditions among men,
possibly due to physiological and lifestyle differences.

The data gathered from this research will play a crucial role in informing public health policies
aimed at prevention. By recognizing the contributing factors—particularly the composition of
drinking water—health authorities and local governments can take proactive steps to monitor
and improve water quality. Educational campaigns on dietary modifications and hydration,
especially for high-risk groups, may also help reduce incidence rates.

In the populations studied—specifically the 30 patients from villages near Sharr Mountain, 10
from the Tetovo-Gostivar highway area, and 30 from the region surrounding Mali i Thaté—the
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formation of urinary calculi appears to be closely linked to environmental and lifestyle factors,
particularly the quality of drinking water. These areas are known for varying geological
compositions, which influence the mineral content of groundwater sources such as boreholes
and wells. High concentrations of calcium, oxalates, and other minerals in the local water supply
contribute to an increased risk of crystal formation in the urinary tract. Over time, these crystals
can aggregate to form calculi, especially in individuals who have inadequate fluid intake,
dietary habits that promote stone formation, or genetic predispositions. The control group of 10
patients, who are not exposed to the same environmental factors, will provide a baseline for
comparison, helping to better isolate the role of water composition and regional risk factors in
the pathogenesis of urinary calculi in these rural populations.

Moreover, the findings serve as a valuable resource for the fields of Nephrology and Urology,
offering important guidance for the early identification and management of urinary calculi. This
study not only enhances our understanding of the disease in a regional context but also
reinforces the importance of environmental health as an integral part of medical and public
health planning in the Polog Valley.

References

[1] Khan SR. Nephrocalcinosis in animal models with and without stones. Urol Res. 2010;38:429-438.
doi: 10.1007/s00240-010-0303-4. [DOI] [PMC free article] [PubMed] [Google Scholar]

[2] Finlayson B. Physicochemical aspects of urolithiasis. Kidney Int. 1978;13:344-360. doi:
10.1038/ki.1978.53. [DOI] [PubMed] [Google Scholar]

[3] Evan AP. Physiopathology and etiology of stone formation in the kidney and the urinary tract.
Pediatr Nephrol. 2010;25:831-841. doi: 10.1007/s00467-009-1116-y. [DOI] [PMC free article]
[PubMed] [Google Scholar]

[4] Tattevin P, et al. Increased risk of renal stones in patients treated with atazanavir. Clin Infect Dis.
2013;56:1186. doi: 10.1093/cid/cis1211. [DOI] [PubMed] [Google Scholar]

[5] lzzedine H, Lescure FX, Bonnet F. HIV medication-based urolithiasis. Clin Kidney J. 2014;7:121—
126. doi: 10.1093/ckj/sfu008. [DOI] [PMC free article] [PubMed] [Google Scholar]

[6] Scales CD, et al. Changing gender prevalence of stone disease. J Urol. 2007;177:979-982. doi:
10.1016/j.juro.2006.10.069. [DOI] [PubMed] [Google Scholar][Ref list]

[7] Stamatelou KK, Francis ME, Jones CA, Nyberg LM, Curhan GC. Time trends in reported
prevalence of kidney stones in the United States: 1976-1994. Kidney Int. 2003;63:1817-1823. doi:
10.1046/j.1523-1755.2003.00917.x. [DOI] [PubMed] [Google Scholar][Ref list]

[8] Taylor EN, Stampfer MJ, Curhan GC. Obesity, weight gain, and the risk of kidney stones. JAMA.
2005;293:455-462. doi: 10.1001/jama.293.4.455. [DOI] [PubMed] [Google Scholar]

[9]1 Curhan GC, Willett WC, Rimm EB, Speizer FE, Stampfer MJ. Body size and risk of kidney stones.
J Am Soc Nephrol. 1998;9:1645-1652. doi: 10.1681/ASN.V991645. [DOI] [PubMed] [Google
Scholar]

[10] Sorensen MD, et al. Activity, energy intake, obesity, and the risk of incident kidney stones in
postmenopausal women: a report from the Women’s Health Initiative. J Am Soc Nephrol.
2014;25:362-369. doi: 10.1681/ASN.2013050548. [DOI] [PMC free article] [PubMed] [Google
Scholar]

[11] Taylor EN, Stampfer MJ, Curhan GC. Diabetes mellitus and the risk of nephrolithiasis. Kidney Int.
2005;68:1230-1235. doi: 10.1111/j.1523-1755.2005.00516.x. [DOI] [PubMed] [Google Scholar]

[12] Chung SD, Chen YK, Lin HC. Increased risk of diabetes in patients with urinary calculi: a 5-year
followup study. J Urol. 2011;186:1888-1893. doi: 10.1016/j.juro.2011.07.011. [DOI] [PubMed]
[Google Scholar]

[13] Khan SR, Hackett RL. Role of organic matrix in urinary stone formation: an ultrastructural study
of crystal matrix interface of calcium oxalate monohydrate stones. J Urol. 1993;150:239-245. doi:
10.1016/s0022-5347(17)35454-x. [DOI] [PubMed] [Google Scholar]

[14] Ryall RL, Chauvet MC, Grover PK. Intracrystalline proteins and urolithiasis: a comparison of the
protein content and ultrastructure of urinary calcium oxalate monohydrate and dihydrate crystals.
BJU Int. 2005;96:654-663. doi: 10.1111/j.1464-410X.2005.05701.x. [DOI] [PubMed] [Google

Scholar]

35


https://doi.org/10.1007/s00240-010-0303-4
https://pmc.ncbi.nlm.nih.gov/articles/PMC2992101/
https://pubmed.ncbi.nlm.nih.gov/20658131/
https://scholar.google.com/scholar_lookup?journal=Urol%20Res&title=Nephrocalcinosis%20in%20animal%20models%20with%20and%20without%20stones&author=SR%20Khan&volume=38&publication_year=2010&pages=429-438&pmid=20658131&doi=10.1007/s00240-010-0303-4&
https://doi.org/10.1038/ki.1978.53
https://pubmed.ncbi.nlm.nih.gov/351263/
https://scholar.google.com/scholar_lookup?journal=Kidney%20Int&title=Physicochemical%20aspects%20of%20urolithiasis&author=B%20Finlayson&volume=13&publication_year=1978&pages=344-360&pmid=351263&doi=10.1038/ki.1978.53&
https://doi.org/10.1007/s00467-009-1116-y
https://pmc.ncbi.nlm.nih.gov/articles/PMC2839518/
https://pubmed.ncbi.nlm.nih.gov/19198886/
https://scholar.google.com/scholar_lookup?journal=Pediatr%20Nephrol&title=Physiopathology%20and%20etiology%20of%20stone%20formation%20in%20the%20kidney%20and%20the%20urinary%20tract&author=AP%20Evan&volume=25&publication_year=2010&pages=831-841&pmid=19198886&doi=10.1007/s00467-009-1116-y&
https://doi.org/10.1093/cid/cis1211
https://pubmed.ncbi.nlm.nih.gov/23300244/
https://scholar.google.com/scholar_lookup?journal=Clin%20Infect%20Dis&title=Increased%20risk%20of%20renal%20stones%20in%20patients%20treated%20with%20atazanavir&author=P%20Tattevin&volume=56&publication_year=2013&pages=1186&pmid=23300244&doi=10.1093/cid/cis1211&
https://doi.org/10.1093/ckj/sfu008
https://pmc.ncbi.nlm.nih.gov/articles/PMC4377784/
https://pubmed.ncbi.nlm.nih.gov/25852859/
https://scholar.google.com/scholar_lookup?journal=Clin%20Kidney%20J&title=HIV%20medication-based%20urolithiasis&author=H%20Izzedine&author=FX%20Lescure&author=F%20Bonnet&volume=7&publication_year=2014&pages=121-126&pmid=25852859&doi=10.1093/ckj/sfu008&
https://doi.org/10.1016/j.juro.2006.10.069
https://pubmed.ncbi.nlm.nih.gov/17296391/
https://scholar.google.com/scholar_lookup?journal=J%20Urol&title=Changing%20gender%20prevalence%20of%20stone%20disease&author=CD%20Scales&volume=177&publication_year=2007&pages=979-982&pmid=17296391&doi=10.1016/j.juro.2006.10.069&
https://pmc.ncbi.nlm.nih.gov/articles/PMC5685519/#R30
https://doi.org/10.1046/j.1523-1755.2003.00917.x
https://pubmed.ncbi.nlm.nih.gov/12675858/
https://scholar.google.com/scholar_lookup?journal=Kidney%20Int&title=Time%20trends%20in%20reported%20prevalence%20of%20kidney%20stones%20in%20the%20United%20States:%201976%E2%80%931994&author=KK%20Stamatelou&author=ME%20Francis&author=CA%20Jones&author=LM%20Nyberg&author=GC%20Curhan&volume=63&publication_year=2003&pages=1817-1823&pmid=12675858&doi=10.1046/j.1523-1755.2003.00917.x&
https://pmc.ncbi.nlm.nih.gov/articles/PMC5685519/#R28
https://doi.org/10.1001/jama.293.4.455
https://pubmed.ncbi.nlm.nih.gov/15671430/
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Obesity,%20weight%20gain,%20and%20the%20risk%20of%20kidney%20stones&author=EN%20Taylor&author=MJ%20Stampfer&author=GC%20Curhan&volume=293&publication_year=2005&pages=455-462&pmid=15671430&doi=10.1001/jama.293.4.455&
https://doi.org/10.1681/ASN.V991645
https://pubmed.ncbi.nlm.nih.gov/9727373/
https://scholar.google.com/scholar_lookup?journal=J%20Am%20Soc%20Nephrol&title=Body%20size%20and%20risk%20of%20kidney%20stones&author=GC%20Curhan&author=WC%20Willett&author=EB%20Rimm&author=FE%20Speizer&author=MJ%20Stampfer&volume=9&publication_year=1998&pages=1645-1652&pmid=9727373&doi=10.1681/ASN.V991645&
https://scholar.google.com/scholar_lookup?journal=J%20Am%20Soc%20Nephrol&title=Body%20size%20and%20risk%20of%20kidney%20stones&author=GC%20Curhan&author=WC%20Willett&author=EB%20Rimm&author=FE%20Speizer&author=MJ%20Stampfer&volume=9&publication_year=1998&pages=1645-1652&pmid=9727373&doi=10.1681/ASN.V991645&
https://doi.org/10.1681/ASN.2013050548
https://pmc.ncbi.nlm.nih.gov/articles/PMC3904570/
https://pubmed.ncbi.nlm.nih.gov/24335976/
https://scholar.google.com/scholar_lookup?journal=J%20Am%20Soc%20Nephrol&title=Activity,%20energy%20intake,%20obesity,%20and%20the%20risk%20of%20incident%20kidney%20stones%20in%20postmenopausal%20women:%20a%20report%20from%20the%20Women%E2%80%99s%20Health%20Initiative&author=MD%20Sorensen&volume=25&publication_year=2014&pages=362-369&pmid=24335976&doi=10.1681/ASN.2013050548&
https://scholar.google.com/scholar_lookup?journal=J%20Am%20Soc%20Nephrol&title=Activity,%20energy%20intake,%20obesity,%20and%20the%20risk%20of%20incident%20kidney%20stones%20in%20postmenopausal%20women:%20a%20report%20from%20the%20Women%E2%80%99s%20Health%20Initiative&author=MD%20Sorensen&volume=25&publication_year=2014&pages=362-369&pmid=24335976&doi=10.1681/ASN.2013050548&
https://doi.org/10.1111/j.1523-1755.2005.00516.x
https://pubmed.ncbi.nlm.nih.gov/16105055/
https://scholar.google.com/scholar_lookup?journal=Kidney%20Int&title=Diabetes%20mellitus%20and%20the%20risk%20of%20nephrolithiasis&author=EN%20Taylor&author=MJ%20Stampfer&author=GC%20Curhan&volume=68&publication_year=2005&pages=1230-1235&pmid=16105055&doi=10.1111/j.1523-1755.2005.00516.x&
https://doi.org/10.1016/j.juro.2011.07.011
https://pubmed.ncbi.nlm.nih.gov/21944094/
https://scholar.google.com/scholar_lookup?journal=J%20Urol&title=Increased%20risk%20of%20diabetes%20in%20patients%20with%20urinary%20calculi:%20a%205-year%20followup%20study&author=SD%20Chung&author=YK%20Chen&author=HC%20Lin&volume=186&publication_year=2011&pages=1888-1893&pmid=21944094&doi=10.1016/j.juro.2011.07.011&
https://doi.org/10.1016/s0022-5347(17)35454-x
https://pubmed.ncbi.nlm.nih.gov/8510264/
https://scholar.google.com/scholar_lookup?journal=J%20Urol&title=Role%20of%20organic%20matrix%20in%20urinary%20stone%20formation:%20an%20ultrastructural%20study%20of%20crystal%20matrix%20interface%20of%20calcium%20oxalate%20monohydrate%20stones&author=SR%20Khan&author=RL%20Hackett&volume=150&publication_year=1993&pages=239-245&pmid=8510264&doi=10.1016/s0022-5347(17)35454-x&
https://doi.org/10.1111/j.1464-410X.2005.05701.x
https://pubmed.ncbi.nlm.nih.gov/16104927/
https://scholar.google.com/scholar_lookup?journal=BJU%20Int&title=Intracrystalline%20proteins%20and%20urolithiasis:%20a%20comparison%20of%20the%20protein%20content%20and%20ultrastructure%20of%20urinary%20calcium%20oxalate%20monohydrate%20and%20dihydrate%20crystals&author=RL%20Ryall&author=MC%20Chauvet&author=PK%20Grover&volume=96&publication_year=2005&pages=654-663&pmid=16104927&doi=10.1111/j.1464-410X.2005.05701.x&
https://scholar.google.com/scholar_lookup?journal=BJU%20Int&title=Intracrystalline%20proteins%20and%20urolithiasis:%20a%20comparison%20of%20the%20protein%20content%20and%20ultrastructure%20of%20urinary%20calcium%20oxalate%20monohydrate%20and%20dihydrate%20crystals&author=RL%20Ryall&author=MC%20Chauvet&author=PK%20Grover&volume=96&publication_year=2005&pages=654-663&pmid=16104927&doi=10.1111/j.1464-410X.2005.05701.x&

[15]

[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

McKee MD, Nanci A, Khan SR. Ultrastructural immunodetection of osteopontin and osteocalcin
as major matrix components of renal calculi. J Bone Miner Res. 1995;10:1913-1929. doi:
10.1002/jbmr.5650101211. [DOI] [PubMed] [Google Scholar]

Khan SR, Kok DJ. Modulators of urinary stone formation. Front Biosci. 2004;9:1450-1482. doi:
10.2741/1347. [DOI] [PubMed] [Google Scholar]

Atmani F, Khan SR. Role of urinary bikunin in the inhibition of calcium oxalate crystallization. J
Am Soc Nephrol. 1999;10:5385-S388. [PubMed] [Google Scholar]

Ryall RL. Macromolecules and urolithiasis: parallels and paradoxes. Nephron Physiol. 2004;98:37—
42. doi: 10.1159/000080262. [DOI] [PubMed] [Google Scholar]

Khan SR, et al. Lipids and membranes in the organic matrix of urinary calcific crystals and stones.
Calcif Tissue Int. 1996;59:357-365. doi: 10.1007/s002239900140. [DOI] [PubMed] [Google
Scholar]

Khan SR, Glenton PA. Increased urinary excretion of lipids by patients with kidney stones. Br J
Urol. 1996;77:506-511. doi: 10.1046/j.1464-410x.1996.09324.x. [DOI] [PubMed] [Google
Scholar]

Khan SR, Glenton PA, Backov R, Talham DR. Presence of lipids in urine, crystals and stones:
implications for the formation of Kkidney stones. Kidney Int. 2002;62:2062-2072. doi:
10.1046/j.1523-1755.2002.00676.x. [DOI] [PubMed] [Google Scholar]

Khan SR, Shevock PN, Hackett RL. In vitro precipitation of calcium oxalate in the presence of
whole matrix or lipid components of the urinary stones. J Urol. 1988;139:418-422. doi:
10.1016/s0022-5347(17)42447-5. [DOI] [PubMed] [Google Scholar]

Khan SR, Shevock PN, Hackett RL. Membrane-associated crystallization of calcium oxalate in
vitro. Calcif Tissue Int. 1990;46:116-120. doi: 10.1007/BF02556095. [DOI] [PubMed] [Google
Scholar]

Hunter GK. Role of osteopontin in modulation of hydroxyapatite formation. Calcif Tissue Int.
2013;93:348-354. doi: 10.1007/s00223-013-9698-6. [DOI] [PubMed] [Google Scholar]

Ryall RL. Macromolecules and urolithiasis: parallels and paradoxes. Nephron Physiol.
2004;98:37-42. doi: 10.1159/000080262. [DOI] [PubMed] [Google Scholar]

Khan SR, Johnson JM, Peck AB, Cornelius JG, Glenton PA. Expression of osteopontin in rat
kidneys: induction during ethylene glycol induced calcium oxalate nephrolithiasis. J Urol.
2002;168:1173-1181. doi: 10.1016/S0022-5347(05)64621-6. [DOI] [PubMed] [Google Scholar]
Khan SR, Joshi S, Wang W, Peck AB. Regulation of macromolecular modulators of urinary stone
formation by reactive oxygen species: transcriptional study in an animal model of hyperoxaluria.
Am J Physiol Renal Physiol. 2014;306:F1285—-F1295. doi: 10.1152/ajprenal.00057.2014. This is the
first study to demonstrate the involvement of reactive oxygen species in the regulation of
macromolecular production. [DOI] [PMC free article] [PubMed] [Google Scholar]

Aihara K, Byer KJ, Khan SR. Calcium phosphate-induced renal epithelial injury and stone
formation: involvement of reactive oxygen species. Kidney Int. 2003;64:1283-1291. doi:
10.1046/j.1523-1755.2003.00226.x. [DOI] [PubMed] [Google Scholar]

Tiselius HG. Should we modify the principles of risk evaluation and recurrence preventive treatment
of patients with calcium oxalate stone disease in view of the etiologic importance of calcium
phosphate? Urolithiasis. 2015;43(Suppl 1):47-57. doi: 10.1007/s00240-014-0698-4. [DOI]
[PubMed] [Google Scholar]

Turk C, et al. Guidelines on urolithiasis. European Association of Urology; 2015.
[online], http://uroweb.org/wp-content/uploads/22-Urolithiasis LR_full.pdf. [Google Scholar]
Khan SR, Pearle MS, Robertson WG, Gambaro G, Canales BK, Doizi S, Traxer O, Tiselius HG.
Kidney stones. Nat Rev Dis Primers. 2016 Feb 25;2:16008. doi: 10.1038/nrdp.2016.8. PMID:
27188687; PMCID: PMC5685519.

36


https://doi.org/10.1002/jbmr.5650101211
https://pubmed.ncbi.nlm.nih.gov/8619372/
https://scholar.google.com/scholar_lookup?journal=J%20Bone%20Miner%20Res&title=Ultrastructural%20immunodetection%20of%20osteopontin%20and%20osteocalcin%20as%20major%20matrix%20components%20of%20renal%20calculi&author=MD%20McKee&author=A%20Nanci&author=SR%20Khan&volume=10&publication_year=1995&pages=1913-1929&pmid=8619372&doi=10.1002/jbmr.5650101211&
https://doi.org/10.2741/1347
https://pubmed.ncbi.nlm.nih.gov/14977559/
https://scholar.google.com/scholar_lookup?journal=Front%20Biosci&title=Modulators%20of%20urinary%20stone%20formation&author=SR%20Khan&author=DJ%20Kok&volume=9&publication_year=2004&pages=1450-1482&pmid=14977559&doi=10.2741/1347&
https://pubmed.ncbi.nlm.nih.gov/10541269/
https://scholar.google.com/scholar_lookup?journal=J%20Am%20Soc%20Nephrol&title=Role%20of%20urinary%20bikunin%20in%20the%20inhibition%20of%20calcium%20oxalate%20crystallization&author=F%20Atmani&author=SR%20Khan&volume=10&publication_year=1999&pages=S385-S388&pmid=10541269&
https://doi.org/10.1159/000080262
https://pubmed.ncbi.nlm.nih.gov/15499213/
https://scholar.google.com/scholar_lookup?journal=Nephron%20Physiol&title=Macromolecules%20and%20urolithiasis:%20parallels%20and%20paradoxes&author=RL%20Ryall&volume=98&publication_year=2004&pages=37-42&pmid=15499213&doi=10.1159/000080262&
https://doi.org/10.1007/s002239900140
https://pubmed.ncbi.nlm.nih.gov/8849402/
https://scholar.google.com/scholar_lookup?journal=Calcif%20Tissue%20Int&title=Lipids%20and%20membranes%20in%20the%20organic%20matrix%20of%20urinary%20calcific%20crystals%20and%20stones&author=SR%20Khan&volume=59&publication_year=1996&pages=357-365&pmid=8849402&doi=10.1007/s002239900140&
https://scholar.google.com/scholar_lookup?journal=Calcif%20Tissue%20Int&title=Lipids%20and%20membranes%20in%20the%20organic%20matrix%20of%20urinary%20calcific%20crystals%20and%20stones&author=SR%20Khan&volume=59&publication_year=1996&pages=357-365&pmid=8849402&doi=10.1007/s002239900140&
https://doi.org/10.1046/j.1464-410x.1996.09324.x
https://pubmed.ncbi.nlm.nih.gov/8777608/
https://scholar.google.com/scholar_lookup?journal=Br%20J%20Urol&title=Increased%20urinary%20excretion%20of%20lipids%20by%20patients%20with%20kidney%20stones&author=SR%20Khan&author=PA%20Glenton&volume=77&publication_year=1996&pages=506-511&pmid=8777608&doi=10.1046/j.1464-410x.1996.09324.x&
https://scholar.google.com/scholar_lookup?journal=Br%20J%20Urol&title=Increased%20urinary%20excretion%20of%20lipids%20by%20patients%20with%20kidney%20stones&author=SR%20Khan&author=PA%20Glenton&volume=77&publication_year=1996&pages=506-511&pmid=8777608&doi=10.1046/j.1464-410x.1996.09324.x&
https://doi.org/10.1046/j.1523-1755.2002.00676.x
https://pubmed.ncbi.nlm.nih.gov/12427130/
https://scholar.google.com/scholar_lookup?journal=Kidney%20Int&title=Presence%20of%20lipids%20in%20urine,%20crystals%20and%20stones:%20implications%20for%20the%20formation%20of%20kidney%20stones&author=SR%20Khan&author=PA%20Glenton&author=R%20Backov&author=DR%20Talham&volume=62&publication_year=2002&pages=2062-2072&pmid=12427130&doi=10.1046/j.1523-1755.2002.00676.x&
https://doi.org/10.1016/s0022-5347(17)42447-5
https://pubmed.ncbi.nlm.nih.gov/3339763/
https://scholar.google.com/scholar_lookup?journal=J%20Urol&title=In%20vitro%20precipitation%20of%20calcium%20oxalate%20in%20the%20presence%20of%20whole%20matrix%20or%20lipid%20components%20of%20the%20urinary%20stones&author=SR%20Khan&author=PN%20Shevock&author=RL%20Hackett&volume=139&publication_year=1988&pages=418-422&pmid=3339763&doi=10.1016/s0022-5347(17)42447-5&
https://doi.org/10.1007/BF02556095
https://pubmed.ncbi.nlm.nih.gov/2105149/
https://scholar.google.com/scholar_lookup?journal=Calcif%20Tissue%20Int&title=Membrane-associated%20crystallization%20of%20calcium%20oxalate%20in%20vitro&author=SR%20Khan&author=PN%20Shevock&author=RL%20Hackett&volume=46&publication_year=1990&pages=116-120&pmid=2105149&doi=10.1007/BF02556095&
https://scholar.google.com/scholar_lookup?journal=Calcif%20Tissue%20Int&title=Membrane-associated%20crystallization%20of%20calcium%20oxalate%20in%20vitro&author=SR%20Khan&author=PN%20Shevock&author=RL%20Hackett&volume=46&publication_year=1990&pages=116-120&pmid=2105149&doi=10.1007/BF02556095&
https://doi.org/10.1007/s00223-013-9698-6
https://pubmed.ncbi.nlm.nih.gov/23334303/
https://scholar.google.com/scholar_lookup?journal=Calcif%20Tissue%20Int&title=Role%20of%20osteopontin%20in%20modulation%20of%20hydroxyapatite%20formation&author=GK%20Hunter&volume=93&publication_year=2013&pages=348-354&pmid=23334303&doi=10.1007/s00223-013-9698-6&
https://doi.org/10.1159/000080262
https://pubmed.ncbi.nlm.nih.gov/15499213/
https://scholar.google.com/scholar_lookup?journal=Nephron%20Physiol&title=Macromolecules%20and%20urolithiasis:%20parallels%20and%20paradoxes&author=RL%20Ryall&volume=98&publication_year=2004&pages=37-42&pmid=15499213&doi=10.1159/000080262&
https://doi.org/10.1016/S0022-5347(05)64621-6
https://pubmed.ncbi.nlm.nih.gov/12187263/
https://scholar.google.com/scholar_lookup?journal=J%20Urol&title=Expression%20of%20osteopontin%20in%20rat%20kidneys:%20induction%20during%20ethylene%20glycol%20induced%20calcium%20oxalate%20nephrolithiasis&author=SR%20Khan&author=JM%20Johnson&author=AB%20Peck&author=JG%20Cornelius&author=PA%20Glenton&volume=168&publication_year=2002&pages=1173-1181&pmid=12187263&doi=10.1016/S0022-5347(05)64621-6&
https://doi.org/10.1152/ajprenal.00057.2014
https://pmc.ncbi.nlm.nih.gov/articles/PMC4042108/
https://pubmed.ncbi.nlm.nih.gov/24598804/
https://scholar.google.com/scholar_lookup?journal=Am%20J%20Physiol%20Renal%20Physiol&title=Regulation%20of%20macromolecular%20modulators%20of%20urinary%20stone%20formation%20by%20reactive%20oxygen%20species:%20transcriptional%20study%20in%20an%20animal%20model%20of%20hyperoxaluria&author=SR%20Khan&author=S%20Joshi&author=W%20Wang&author=AB%20Peck&volume=306&publication_year=2014&pages=F1285-F1295&pmid=24598804&doi=10.1152/ajprenal.00057.2014&
https://doi.org/10.1046/j.1523-1755.2003.00226.x
https://pubmed.ncbi.nlm.nih.gov/12969146/
https://scholar.google.com/scholar_lookup?journal=Kidney%20Int&title=Calcium%20phosphate-induced%20renal%20epithelial%20injury%20and%20stone%20formation:%20involvement%20of%20reactive%20oxygen%20species&author=K%20Aihara&author=KJ%20Byer&author=SR%20Khan&volume=64&publication_year=2003&pages=1283-1291&pmid=12969146&doi=10.1046/j.1523-1755.2003.00226.x&
https://doi.org/10.1007/s00240-014-0698-4
https://pubmed.ncbi.nlm.nih.gov/25086904/
https://scholar.google.com/scholar_lookup?journal=Urolithiasis&title=Should%20we%20modify%20the%20principles%20of%20risk%20evaluation%20and%20recurrence%20preventive%20treatment%20of%20patients%20with%20calcium%20oxalate%20stone%20disease%20in%20view%20of%20the%20etiologic%20importance%20of%20calcium%20phosphate?&author=HG%20Tiselius&volume=43&issue=Suppl%201&publication_year=2015&pages=47-57&pmid=25086904&doi=10.1007/s00240-014-0698-4&
http://uroweb.org/wp-content/uploads/22-Urolithiasis_LR_full.pdf
https://scholar.google.com/scholar_lookup?title=Guidelines%20on%20urolithiasis&author=C%20T%C3%BCrk&publication_year=2015&

