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Abstract

The prevalence of kidney stone (KS) disease and cardiometabolic diseases are simultane-
ously increasing in the United States. Dyslipidemia has been associated with an increased
risk for KS formation and recurrence due to alterations in metabolism of purine and oxalate
along with a defective urinary acidification mediated through insulin resistance. In addition,
direct renal lipotoxicity, oxidative stress and crystal-induced inflammation also play a role.
Although there are systematic reviews, metabolic analyses, cohort studies, and National
Health and Nutrition Examination Survey (NHANES)-based studies on association of
specific lipid phenotypes with urinary KS profiles, there is still insufficient evidence to
include lipid profiles in metabolic evaluation for recurrent stone disease. Observational
data suggest that lipid-lowering therapies may reduce stone risk. In this review, we provide
a comprehensive overview of the epidemiological evidence linking dyslipidemia to KS
disease, the underlying pathophysiology connecting dyslipidemia and stone formation
along with the clinical implications for the metabolic evaluation, and the emerging data on
pharmacologic therapies that may offer stone-protective benefits.
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1. Introduction

Kidney stone (KS) disease poses a major public health challenge and a substantial
financial burden on society, with a steadily rising prevalence. According to data from
the 20152016 National Health and Nutrition Examination Survey (NHANES), KS affects
approximately 10% of U.S. adults [1]. KS disease is also associated with an increased risk of
cardiovascular disease (CVD), chronic kidney disease (CKD), and metabolic syndrome [2].
The simultaneous rise in the prevalence of cardio-kidney-metabolic syndrome among U.S.
adults further suggests a potential link between these conditions. Dyslipidemia is associated
with almost 1.5 times increased risk of KS disease [3], and a causal link has been suggested
between the two conditions with shared risk factors [4], with several observational studies
examining the associations between individual lipid phenotypes, urinary risk factors, and
stone composition. A study involving 2442 KS formers showed that the association between
dyslipidemia and KS risk was independent of other components of metabolic syndrome
such as obesity and diabetes. The study also demonstrated a direct relationship between
total cholesterol (TC), triglycerides (TG) and the presence of uric acid stones [5]. However,
despite these studies and existing systematic reviews, current evidence remains insufficient
to support the routine inclusion of lipid profiles in the metabolic evaluation of recurrent KS
disease [6,7]. In this review, we provide a comprehensive overview of the mechanisms by
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which dyslipidemia promotes stone formation, the clinical evidence linking specific lipid
abnormalities to stone risk and urine chemistry, and the emerging data on lipid-lowering
therapies as a potential strategy for stone prevention.

2. Epidemiology

KS disease is common and affects 1 in 11 people in the U.S., with a higher prevalence
among men than women [1,8]. Approximately 80% of stones are calcium-based, while uric
acid stones account for about 10% of cases [9].

The risk of KS disease is strongly associated with metabolic syndrome. Kohjimoto
et al. [10] demonstrated that the risk of developing KS is doubled in patients with four
metabolic traits, namely obesity, hypertension, dyslipidemia, and diabetes, as compared to
those with none of these traits. Focusing on lipid abnormalities within this metabolic profile,
both hypertriglyceridemia and low high-density lipoprotein (HDL) cholesterol levels have
been linked to increased KS risk [3,4,11,12], and hypertriglyceridemia is also associated
with a higher risk of KS recurrence [13]. More recent NHANES data have similarly reported
an association between dyslipidemia and KS disease, providing additional population-level
evidence for this relationship [14].

3. Pathophysiology: How Dyslipidemia Promotes Stone Formation

KS forms within a specific milieu when the balance between promoters [15,16] and
inhibitors [17-19] of crystallization is disrupted and stone forming salts reach supersatura-
tion. KS formation and dyslipidemia are connected via multiple interrelated mechanisms.
These include alterations in purine and oxalate metabolism, defective urinary acidification
through insulin resistance and renal lipotoxicity, oxidative stress and inflammation, as well
as direct lipid participation in crystal nucleation [20] (Figure 1).

3.1. Effects on Purine Metabolism

Dyslipidemia is associated with hyperuricemia [21], which in turn predisposes in-
dividuals to uric acid stone formation. Hyperuricemia develops due to an imbalance
between hepatic production via xanthine oxidoreductase (XOR) and renal excretion via
urate transporter 1 (URAT1), glucose transporter 9 (GLUT9), and adenosine triphosphate
(ATP)-binding cassette subfamily G member 2 [22].

Dyslipidemia is linked with increased hepatic uric acid synthesis through several
mechanisms. It impairs blood flow and oxygen carrying capacity, leading to tissue hy-
poxia [23,24]. Under hypoxic conditions, hypoxanthine is released from adipose tissues and
serves as a substrate for uric acid production in the liver [25]. In the setting of dyslipidemia,
hepatic uptake of hypoxanthine is further enhanced by fatty acid oxidation, followed by the
upregulation of XOR via the activation of hypoxia-inducible factor 1o (HIF-1a) [26], ulti-
mately leading to excessive uric acid production. Indeed, non-alcoholic fatty liver disease
(NAFLD), which is closely linked to dyslipidemia, is strongly associated with subsequent
development of hyperuricemia, with XOR serving as a key mediator of this relationship [21].

The relationship between dyslipidemia and uric acid is also bidirectional: uric acid
itself has been associated with increased hepatic lipogenesis through mitochondrial reac-
tive oxygen species (ROS) generation and nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase activation, further exacerbating dyslipidemia [27].

On the other hand, insulin resistance associated with dyslipidemia reduces renal
excretion of uric acid via increased reabsorption through GLUT9 and URAT1 [28,29],
leading to a lower fractional excretion of uric acid. However, the total amount of uric acid in
the urine remains high due to the increased excretion load [30]. Furthermore, the resulting
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low urinary pH (discussed below) will promote uric acid crystallization even at a uric acid
level as low as 200 mg/day [31].
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Figure 1. Proposed mechanisms linking dyslipidemia with kidney stone formation; ROS, reactive
oxygen species. |, leads to; 1, increased.
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3.2. Effects on Oxalate Metabolism

The urinary oxalate level depends on intestinal absorption, hepatic production, and
renal excretion of oxalate. Dyslipidemia influences oxalate homeostasis through both
obesity-dependent and obesity-independent pathways.

In the intestinal lumen, oxalate absorption occurs via solute carrier family 26 member 3
(SLC26A3), whereas oxalate secretion is mediated by solute carrier family 26 member 6
(SLC26A6) [32]. In the setting of dyslipidemia, higher luminal fat content [33] binds avail-
able calcium, reducing the formation of insoluble calcium oxalate complexes and thereby
increasing the pool of free, absorbable oxalate [34]. Additionally, obesity, commonly present
with dyslipidemia, suppresses SLC26 A6-mediated secretion [35] and increases paracellu-
lar oxalate absorption due to reduced expression of tight junction proteins [36], further
enhancing intestinal oxalate uptake and leading to a net increase in oxalate absorption.

The gut microbiome provides another link between dyslipidemia and oxalate metabolism
in an obesity-independent manner. Colonization with Oxalobacter formigenes, an obligate
anaerobe that degrades luminal oxalate, has been inversely associated with plasma [37]
and urine [38] oxalate concentrations in KS formers. Although a direct causal relationship
remains unproven, a complex interplay between the gut microbiota and lipid metabolism
has been reported [39].

3.3. Effects on Urine pH

Low urinary pH is a major determinant of uric acid and plays a role in calcium ox-
alate stone formation. Dyslipidemia is associated with urinary acidification through two
interconnected mechanisms: systemic insulin resistance and direct renal lipotoxicity.

Insulin resistance, which is highly prevalent in dyslipidemia, impairs renal ammoniage-
nesis and ammonium excretion. Under normal circumstances, insulin stimulates glutamine
metabolism and promotes ammoniagenesis [40], thereby buffering urinary acid and raising
urinary pH [41]. However, under conditions of insulin resistance, elevated free fatty acids
compete with glutamine, reducing ammoniagenesis [42,43]. Additionally, impaired insulin
response or renal tubular lipid accumulation by itself can directly inhibit sodium-hydrogen
exchanger 3 (NHE3) activity and reduce ammonium excretion resulting in a more acidic
urinary pH [44,45].

3.4. Oxidation and Inflammation

Dyslipidemia is associated with oxidative stress through multiple pathways, includ-
ing lipid peroxidation, the generation of oxidized low-density lipoprotein (LDL), and the
activation of NADPH oxidase, all of which increase the production of ROS [46] and can
lead to lipotoxicity in renal tubular cells, thereby promoting the formation of Randall’s
plaque [47-50]. However, direct evidence linking dyslipidemia to Randall’s plaque forma-
tion remains lacking.

3.5. Stone Matrix Composition

Beyond their effects on urinary KS promoters and inhibitors, lipids participate directly
in stone matrix formation and crystal nucleation. All kidney stones have been shown to
contain lipids, although lipid composition differs by stone type [51]. Furthermore, the
organic matrix of calcium-based stones contains significantly more acidic and complexed
phospholipids than uric acid or struvite stones [52].

Lipids promote crystal formation primarily through heterogeneous nucleation on
tissue surfaces rather than spontaneously in solution [53]. Phospholipids promote crystal
formation and phospholipase A2 hydrolyzes of membrane phospholipids to release fatty
acids that facilitate crystal nucleation [52], which can subsequently grow into Randall’s
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plaques, especially in the presence of ROS-mediated tissue injury. In fact, fatty acid binding
protein 4 (FABP4), a lipid chaperone expressed in renal papillary tissue that facilitates
intracellular fatty acid transport, is downregulated in Randall’s plaques [54]. Notably,
FABP4 knockout mice develop urinary crystals, providing direct mechanistic evidence
linking impaired renal lipid handling to stone formation.

4. Lipid Phenotype, Urine Components, Stone Composition Connection

Several studies have examined the effects of lipid abnormalities on urinary constituents
that contribute to KS formation, with each lipid phenotype demonstrating a distinctive
urinary stone risk profile.

4.1. Hypertriglyceridemia

The evidence linking hypertriglyceridemia to KS risk has been most consistent among
lipid abnormalities. Both Torricelli et al. [5] and Kang et al. [13] found that hypertriglyc-
eridemia was significantly associated with a higher rate of uric acid stones, a finding that
was well supported by the corresponding urinary stone risk profiles.

Torricelli et al. [5] performed a retrospective analysis of 2442 KS formers and found that
patients with TG more than 150 mg/dL had significantly higher urinary sodium (179.4 vs.
163.8 mmol/24 h, p < 0.001), oxalate (50.1 vs. 48.0 mg/24 h, p = 0.046) and uric acid (549.3 vs.
501.9 mg/24 h, p < 0.001) levels and lower urinary pH (5.9 vs. 6.1, p < 0.001) than patients
with TG less than 150 mg/dL. These associations remained significant after multivariate
analysis controlling for age, sex, body mass index (BMI), diabetes, and hypertension.

Kang et al. [13] corroborated these findings in a separate cohort of 321 KS formers,
demonstrating that patients with TG more than 150 mg/dL were associated with higher
urinary calcium (196.5 + 113.3 vs. 171 + 98 mg per 24 h, p = 0.048), sodium (213.7 + 81.8
vs. 186.9 £ 75.7 mmol per 24 h, p = 0.002), and uric acid (668.5 + 270.2 vs. 595.1 + 207.8 mg
per 24 h, p = 0.048) levels than patients with TG less than 150 mg/dL. Notably, the associa-
tion between hypertriglyceridemia and decreased urinary pH was significant only in the
subgroup of uric acid stone formers (5.32 + 0.43 vs. 5.64 £ 0.50, p = 0.013), suggesting that
the pH-lowering effect may be more clinically relevant in this population.

4.2. Low HDL Cholesterol

Low HDL has also been associated with an increased risk of KS formation, although
its effects on urinary KS risk profiles appeared to be mixed, affecting both inhibitors and
promoters of KS formation.

Masterson et al. [12] studied a cohort of 52,184 KS formers and found that low HDL
levels (45 mg/dL for men and 60 mg/dL for women) were significantly associated with
increased stone risk on multivariate analysis (hazard ratio (HR) 1.3, 95% confidence interval
(CI) 1.0-1.6, p = 0.02). However, the study did not report stone compositions. Kang
et al. [13] further explored this association, and reported that patients with low HDL
(40 mg/dL or less in men and 50 mg/dL or less in women) had an increased risk of uric
acid stones. Mechanistically, low HDL levels (40 mg/dL or less in men and 50 mg/dL
or less in women) were significantly associated with higher urinary sodium (176.9 vs.
164.4 mmol/24 h, p = 0.002), oxalate (50.3 vs. 47.8 mg/24 h, p = 0.025) and uric acid (540.9
vs. 504.5 mg/24 h, p < 0.001) levels and lower urinary pH (5.95 vs. 6.07, p < 0.001) [5].

4.3. High LDL Cholesterol

Unlike triglycerides and HDL, the relationship between LDL cholesterol and KS risk is
paradoxical. Several studies suggested that elevated LDL may be associated with a more
favorable urinary KS risk profile and convey a protective effect.
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Kang et al. [13] found that KS formers with high LDL had lower urinary sodium
(173.0 £ 64.7 vs. 200.5 + 80.5 mmol per 24 h, p = 0.017) excretion. In their propensity-
matched case—control study, Kang et al. [11] further demonstrated that high LDL choles-
terolemia was significantly associated with reduced odds of KS formation (odds ratio
(OR) = 0.610, p < 0.001). A recent study by Zhang et al. [55] corroborated these find-
ings, showing that small dense LDL cholesterol (sdLDL-C) was inversely associated with
KS prevalence in both a Chinese hospital cohort, which included 229 KS formers among
757 participants (OR = 0.53, 95% CI: 0.38-0.74), and a U.S. population-based cohort from
NHANES, which included 882 KS formers among 9721 participants (OR = 0.68, 95% CI:
0.50-0.91).

However, not all studies have shown consistent results. Masterson et al. [12] found
no association between LDL and stone risk in their large cohort of 52,184 participants, and
Huang et al. [56], in a prospective case—control study of 114 patients, found that higher
LDL (more than 100 mg/dL) was associated with significantly lower urinary citrate levels,
indicating a higher KS risk. Similarly, when examining non-HDL cholesterol, which includes
LDL cholesterol, Torricelli et al. [5] found that high non-HDL (more than 130 mg/dL)
levels were significantly associated with higher urinary sodium (173.9 vs. 162.8 mmol/24 h,
p < 0.001) excretions compared with patients with normal non-HDL levels.

These seemingly discordant findings may reflect the heterogeneity of LDL actions
in vivo. The protective urinary profile associated with high LDL may be counterbalanced
by its pro-oxidative and pro-inflammatory effects at the tissue level. The net effect of LDL
on stone formation likely depends on the balance between these competing mechanisms.

4.4. High Total Cholesterol (TC)

The relationship between TC and KS risk is complex, with studies showing seemingly
contradictory effects on risk of KS formation and urinary risk profile.

Kangetal. [11], in a propensity-matched case—control study, found that KS formers had
lower TC levels than non-KS formers and that hypercholesterolemia was associated with
reduced odds of KS (OR = 0.747, p = 0.003). In contrast, Torricelli et al. [5] found a strong
association between elevated TC levels and a higher risk of uric acid stones (p = 0.006).
Similarly, Besiroglu et al. [3] reported an association between elevated TC levels and KS
risk in a meta-analysis.

Similarly, studies on urinary stone risk profiles have also been inconsistent. For exam-
ple, Torricelli et al. [5] noted that a high TC (greater than 200 mg/dL) was associated with
a significantly elevated urinary calcium level (245.6 vs. 199.0 mg per day, p = 0.036), sug-
gesting increased risk. However, they also observed significantly higher urinary potassium
(74.0 vs. 61.4 mg per day, p = 0.025) levels, which may indicate a protective effect. Huang
et al. [56] reported that high TC was associated with low urinary citrate and that urinary
citrate levels were inversely associated with calcium stone formation (calcium oxalate stone
OR 0.970, 95% CI: 0.951-0.990, p = 0.003 and calcium phosphate stone OR 0.970, 95%CI:
0.953-0.987, p = 0.001), further supporting an increased risk of KS formation. In contrast,
Kang et al. [13] did not find any associations between TC and urinary risk parameters in
their cohort involving 321 KS formers.

Like LDL, these seemingly discordant findings may reflect the heterogeneity of total
cholesterol as a biomarker. Total cholesterol encompasses both LDL and non-LDL fractions
and can affect both promoters and inhibitors of KS formation. Thus, its net effect on stone
risk likely depends on the relative contribution of each component and the overall balance
between these opposing factors.
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5. Lipid-Lowering Therapy and Potential Effects on Stone Risk

While dietary modifications remain the cornerstone for management of KS disease
and dyslipidemia [57], lipid-lowering therapy should be used according to established
indications for dyslipidemia and cardiovascular risk. Whether these therapies provide a
secondary benefit by reducing KS risk remains uncertain.

5.1. Statins

Statins can alter the urinary stone milieu. Liu etal. [58] prospectively compared 78 male
KS formers with 30 controls and classified them by American College of Cardiology/Ameri-
can Heart Association guidelines into high- or low-risk CVD. They noted that administrating
atorvastatin 20 mg daily for 12 weeks among high-risk participants with KS significantly
increased urine citrate (p < 0.001), reduced urinary uric acid (p < 0.001), and raised urine
pH from 5.8 + 0.2 t0 6.4 + 0.5 (p < 0.001). However, there were also increases in urinary
calcium (p = 0.053) and oxalate levels (p = 0.037), which ultimately led to a neutral effect
on the supersaturations of calcium oxalate and calcium phosphate. This study was limited
by a lack of stone composition analysis, although the majority of stones were assumed to be
calcium-based. These findings are mechanistically compatible with the proposed effects
of dyslipidemia on urinary acidification and uric acid handling; however, whether these
changes translate into reduced stone formation or recurrence remains uncertain.

Several retrospective studies have demonstrated an association between statin use
and reduced KS risk. Sur et al. [59] noted a protective effect of statins (OR 0.51, 95% CI:
0.46-0.57, p < 0.001) among 57,232 KS formers with dyslipidemia over a 10 year period
without effect modification by gender. Cohen et al. [60] subsequently confirmed these
findings in their large cohort involving 101,259 KS formers and found a significantly lower
risk of KS formation (OR 0.57, 95% CI: 0.53-0.60, p < 0.01) among statin users.

So far, no randomized controlled trial (RCT) has been conducted to evaluate statins
specifically for KS prevention. The existing evidence is limited by their observational design
and the inability to determine whether the protective effect of statins is mediated by their
lipid-lowering effect, pleiotropic effects, or both. Prospective trials are needed to determine
whether statins have a clinically meaningful effect on KS risk.

5.2. Non-Statin Lipid-Lowering Agents

Evidence for other lipid-lowering agents in the context of nephrolithiasis is limited.
Fibrates effectively lower triglycerides and raise HDL, but no studies have directly evaluated
their effect on stone formation. Fibrates are also not recommended for CVD risk reduc-
tion in patients with CKD by the Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines [61], limiting their use in clinical practice.

5.3. Omega-3 Fatty Acids

Omega-3 fatty acids have yielded mixed results with regard to KS risk. In animal
models, fish oil supplementation significantly reduced urinary calcium and oxalate excre-
tions [62]. This was subsequently confirmed in humans by Yasui et al. [63], who noted
that supplementation with 1800 mg/day of eicosapentaenoic acid in 88 calcium KS formers
over 3 months led to a significant reduction in urinary calcium excretion among those with
hypercalciuria (332 £ 86 mg to 275 &+ 132 mg, p < 0.005), whereas no significant changes
were observed in the normocalciuric subgroup (defined as urine calcium < 250 mg/day).
Subsequently, Ortiz-Alvarado et al. [64] reported significant reductions in urinary calcium
excretion (329 to 247 mg/day, p < 0.0001), oxalate excretion (45.4 to 32.9 mg/day, p = 0.0004),
and calcium oxalate supersaturation (9.73 to 3.68, p = 0.001) in a retrospective cohort of 29 hy-
percalciuric KS formers supplemented with 1200 mg/day of fish oil. They also observed a
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significant improvement in urinary citrate levels (732 to 940 mg/day, p = 0.0005). However,
this study may be confounded by the concurrent dietary interventions, making it difficult to
determine the independent effect of fish oil supplementation. The observed reductions in
urinary calcium and oxalate are potentially relevant to the urinary risk pathways described
above, particularly in patients with hypercalciuria, although available studies have not estab-
lished a reduction in stone recurrence. Rothwell et al. [65], in their prospective clinical trial,
demonstrated a significant reduction in urinary calcium levels (12.11 £ 0.96 mmol/day to
9.76 £ 0.71 mmol/day) among 18 hypercalciuric KS formers treated with 5 g daily of fish
oil for 4 weeks. However, changes in stone burden were not reported.

In contrast, other studies have reported conflicting findings. Konya et al. [66] found
that supplementation with 1800 mg/day of ethyl icosapentate for 6 months in 40 calcium KS
formers did not reduce urinary calcium excretion; among the 25 patients with hypercalciuria,
only nine responded and achieved normocalciuria. Similarly, a large prospective cohort
analysis by Taylor et al. [67] involving 3956 KS formers from the Health Professionals Follow-
Up Study and Nurses’ Health Studies failed to show a consistent association between dietary
eicosapentaenoic acid/docosahexaenoic acid intake and incident KS risk over 36 years of
follow-up.

Thus far, no RCT has evaluated omega-3 fatty acids using stone recurrence as a pri-
mary endpoint. The existing evidence is limited to small, uncontrolled studies examining
surrogate urinary chemistry outcomes.

5.4. Ezetimibe

Ezetimibe reduces intestinal cholesterol absorption and has been shown to reduce
8-hydroxydeoxyguanosine, a marker of oxidative stress in the urine [68]. It also reduces the
renal fat content among type 2 diabetic patients with early CKD and high renal parenchymal
fat [69]. Given the proposed roles of renal lipotoxicity and oxidative stress in stone patho-
genesis, these effects provide a mechanistic rationale for investigating whether ezetimibe
influences stone risk; however, no clinical evidence currently supports this hypothesis, and
further studies are needed to clarify its validity.

5.5. Bempedoic Acid

Bempedoic acid has been associated with hyperuricemia due to reduced renal excretion
of uric acid via organic anion transporter 2 inhibition [70,71], but its effect on KS is not clear
at this time.

5.6. Proprotein Convertase Subtilisin /Kexin Type 9 (PCSK9) Inhibitors

The effect of PCSK9 inhibitors on KS risk has not been studied extensively. In the
Mendelian randomization study by Tan et al. [4], genetically proxied PCSK9 inhibition
showed no significant association with urinary stone risk. Given that PCSK9 inhibitors
primarily lower LDL cholesterol, whose association with KS risk remains inconsistent across
existing studies, a meaningful stone-protective effect appears unlikely.

6. Clinical Implications
Metabolic Workup of Stone Formers: Integrating Lipid Assessment

The American Urological Association (AUA) guideline recommends an initial KS evalu-
ation consisting of a detailed medical and dietary history, serum chemistries, and urinalysis,
with 24 h urine testing reserved for a more comprehensive assessment in recurrent KS
formers [7]. Additional metabolic testing is recommended for high-risk or recurrent stone
formers. The 2025 European Association of Urology (EAU) guidelines similarly emphasize
individualized management based on biochemical evaluation and stone composition [72].
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Studies have further highlighted the importance of stone composition in clinical evaluation,
including the potential use of non-contrast computed tomography characteristics to predict
stone composition [73]. Similarly, clinical data have emphasized the role of stone analysis
and metabolic evaluation in guiding subsequent kidney stone formation [74].

KS disease is now recognized as a complex systemic disorder that is strongly associated
with metabolic syndrome. Due to the shared risk factors, the presence of KS disease
itself can suggest an underlying ongoing silent atherosclerotic process, and the evaluation
of cardio-kidney-metabolic risk factors, such as dyslipidemia, can be beneficial [75,76].
Given the growing evidence linking dyslipidemia to KS risk, lipid assessment may be
clinically relevant in selected recurrent stone formers, particularly those with obesity, insulin
resistance, metabolic syndrome, diabetes, or other features of cardiometabolic risk. However,
routine lipid panel testing is not currently recommended as part of the stone-specific
metabolic evaluation. In such patients, lipid testing may be considered as part of broader
cardiovascular and metabolic risk assessment rather than as a routine test for KS disease
itself. Whether identification and treatment of dyslipidemia can reduce stone recurrence
remains uncertain and requires prospective clinical evaluation.

7. Summary

Dyslipidemia has been associated with an increased risk for KS formation and recur-
rence. Proposed mechanistic links include alterations in purine and oxalate metabolism,
impaired urinary acidification secondary to insulin resistance, renal lipotoxicity, oxida-
tive stress, crystal-induced inflammation, and the direct involvement of lipids in crystal
nucleation. Despite the growing body of evidence linking dyslipidemia to KS formation
and suggesting potential stone-protective effect of lipid-lowering therapies, critical knowl-
edge gaps remain that limit the translation of these findings into clinical practice. Future
mechanistic studies and large-scale clinical trials are needed to establish a causal rela-
tionship between dyslipidemia and KS disease and to determine whether lipid-lowering
interventions can reduce stone recurrence. Further clinical studies are needed to determine
whether lipid assessment or lipid-lowering therapy has a role in the prevention of recurrent
KS disease.
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