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Introduction

Background

The Mendelian randomization (MR) framework is an 
epidemiologic method that employs genetic variants as 
instrumental variables (IVs) to bolster causal interpretations 
in the relationship between an exposure and an outcome (1).  
This approach helps reduce lingering confounding and 
the risk of reverse causality, given that genetic variants are 
randomly allocated during meiosis and remain constant 

post-fertilization (2,3). MR relies on genetic variants as tools 
to infer causality, necessitating that these variants are closely 
linked to the exposure, not associated with confounders, and 
influence the outcome only through the exposure, ensuring 
no direct effect on the outcome bypassing the exposure (4). 
In this context, we executed an MR analysis to evaluate the 
links between inflammatory cytokines and urinary stone 
development. This approach enables the estimation of the 
influence on traits while minimizing biases arising from 
confounding factors and reverse causation. Expanding 
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on this, it is important to highlight that the MR method 
leverages genetic variants as IVs, offering a more robust 
inference on causality than observational studies alone. This 
methodology allows for a deeper understanding of how 
sleep patterns may directly influence the risk of developing 
urinary stones, providing insights that could inform 
preventive strategies or contribute to the development of 
new treatment approaches based on sleep regulation.

Kidney stone is a very common disease with a high 
incidence rate. The recurrence rate of urinary stones is 
estimated to be up to 50% (5). Nephrolithiasis is associated 
with increased risk of chronic and end-stage kidney disease. 
Surgical procedures are effective in removing existing 
kidney stones but do little to prevent their frequent 
recurrence. The formation of urinary stones may be the 
result of multiple factors, including metabolic disorders and 
genetics anatomy and functional abnormalities, nutrition, 
etc. Numerous epidemiological studies have sought to 
identify potentially modifiable risk factors that could be 
adjusted to lower the incidence of urinary stones. These 

factors include obesity (6), cardiometabolic conditions such 
as hypertension, dyslipidemia, type 2 diabetes, and glycemic 
traits (7,8), as well as diet (9), lifestyle (10), and mineral 
concentrations in blood and urine (11).

Cytokines are low molecular weight (~6–70 kDa) soluble 
proteins secreted by various cells, including lymphocytes, 
macrophages, natural killer (NK) cells, mast cells, and 
stromal cells. Cytokines regulate the maturation, growth, 
and responsiveness of immune cells, making them vital 
for health (12,13). A single cytokine can be produced by 
multiple cell types and can influence various cell types, 
resulting in a range of biological activities (14). Variations 
in cytokine levels in different biological fluids such as 
serum, blood, stool, saliva, and sweat provide essential 
information for the diagnosis, stage, and prognosis of various 
diseases. Therefore, Cytokines are critical mediators that 
oversee and regulate immune and inflammatory responses 
via complex networks and serve as biomarkers for many 
diseases, such as atherosclerosis (15), heart disease (16), 
acquired immunodeficiency syndrome (AIDS) (17), 
rheumatoid arthritis (18), and other diseases. Cytokines 
are implicated in urolithiasis by modulating inflammatory 
responses in the urinary tract, which can influence stone 
formation and aggregation. Their levels in urine and blood 
can reflect the extent of inflammation and may serve as 
biomarkers for stone presence and activity. Investigating 
the causal relationship between cytokines and urolithiasis is 
essential to understand the underlying mechanisms of stone 
formation and identify potential targets for therapeutic 
intervention and prevention.

Objective

Therefore, this study employs data from publicly available 
genome-wide association studies (GWAS) databases 
and the MR analysis technique to explore the causal 
relationship between cytokines and urolithiasis. By 
doing so, it significantly contributes to unraveling the 
pathophysiological mechanisms underlying stone formation 
in the urinary tract (19). Understanding these causal 
links is crucial for developing more targeted and effective 
treatments, as well as preventive strategies, potentially 
leading to better clinical outcomes for individuals affected 
by this condition (20). We present this article in accordance 
with the STROBE-MR reporting checklist (available at 
https://tau.amegroups.com/article/view/10.21037/tau-24-
445/rc).

Highlight box

Key findings
•	 This study found a causal relationship between interleukin-18, 

stem cell growth factor β levels, and urinary calculi. It was 
demonstrated that elevated interleukin-18 levels significantly 
increase the risk of developing kidney stones, while increased levels 
of stem cell growth factor β are associated with a reduced risk.

What is known and what is new?
•	 Previous research has indicated that cytokines are related to 

urinary stone formation by modulating inflammatory responses in 
the urinary tract, which can affect the formation and aggregation 
of stones. Their levels in urine and blood can reflect the degree of 
inflammation and may serve as biological markers for the presence 
and activity of stones.

•	 This study innovatively employed data from publicly available 
genome-wide association studies and Mendelian randomization 
analysis techniques to explore the causal relationship between 
cytokines and urolithiasis.

What is the implication, and what should change now?
•	 These findings not only strengthen the critical regulatory role of 

cytokines in the pathogenesis of urolithiasis but also identify them 
as promising biomarkers and therapeutic targets, which is crucial 
for understanding the potential mechanisms underlying stone 
formation and for identifying potential targets for therapeutic 
intervention and prevention.

https://tau.amegroups.com/article/view/10.21037/tau-24-445/rc
https://tau.amegroups.com/article/view/10.21037/tau-24-445/rc
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Methods

Study design

In our study, we employed a two-sample MR approach to 
examine the impact of inflammatory cytokines on the risk 
of urinary stones using publicly available summary datasets 
from two GWAS (21). Specifically, we considered various 
forms of inflammatory cytokines, including chemokines, 
growth factors, interleukins, and others, as the exposures, 
while urinary stones served as the outcome of interest (22). 
To establish IVs, we meticulously selected single nucleotide 
polymorphisms (SNPs) strongly linked to various forms of 
environmental pollution (23). The MR framework meets 
three core requirements: (I) genetic IVs are closely related 
to exposure (inflammatory cytokines). (II) Genetic IVs are 
unrelated to potential confounding factors. (III) Genetic 
IVs can only influence the outcome (urinary stones) through 
the exposure (inflammatory cytokines). By following these 
requirements, we aimed to clarify the causal relationship 
between inflammatory cytokines and the risk of urinary stones.

Summary data resources

Inflammatory cytokines
The dataset for inflammatory cytokines originated from 
research analyzing genetic variant links to 41 cytokines and 
growth factors in a Finnish cohort of 8,293 individuals (24). 
This research integrated findings from the Cardiovascular 
Risk in Young Finns Study (YFS) and the FINRISK 
studies, with mean participant ages at 37 years for YFS and  
60 years for FINRISK. Cytokine levels were determined 
using samples of ethylenediaminetetraacetic acid (EDTA) 
plasma, heparin plasma, and serum from the participants. 
The analysis included only those cytokine measurements 
that were within the assay’s detectable limits, excluding any 
cytokine where over 90% of the data were missing (which 
affected seven out of 48 cytokines).

Urinary stones
Summary statistics from a GWAS meta-analysis of 
tuberculosis were obtained from the UK Biobank 
consortium. All urinary stones data, including both male 
and female European populations, were derived from the 
same study, involving more than 16 million SNPs (25). 
For our MR analyses, we utilized SNPs as IVs for urinary 
stones, referencing GWAS ID: ebi-a-GCST90038631, 
which includes 3,725 cases and 480,873 controls. The 
analysis was based on summary statistics accessible from 

the IEU GWAS database (https://gwas.mrcieu.ac.uk/). We 
specifically chose SNPs with corresponding summary data 
[including P values, β effects, and standard errors (SEs)] 
from research that involved participants of European 
descent to mitigate population stratification bias. This 
study is a secondary analysis of publicly available GWAS 
data. Each original GWAS study received ethical approvals 
and informed consents were obtained from all participants. 
As such, no additional ethical approval is required for this 
secondary analysis. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Selection of IVs

We conducted thorough quality control procedures to 
pinpoint genetic predictors linked to inflammatory cytokine 
traits. In the initial stage, we adopted a stringent genome-
wide significance threshold of P<5×10−8 to identify SNPs 
highly associated with inflammatory cytokines and urinary 
stones. To ensure the MR assumptions were met, we 
performed a linkage disequilibrium (LD) analysis using 
data from the European-based 1,000 Genomes Project. 
SNPs that did not meet the criteria (R2<0.001, clumping 
distance =10,000 kb) were excluded from further analysis. 
Due to the uncertainty in the alignment of exposure and 
outcome in pulmonary embolism GWAS, palindromic 
SNPs have also been discarded. SNPs with a minor allele 
frequency (MAF) lower than 0.01 were excluded from the 
analysis. In cases where SNPs associated with the exposure 
variable were absent from the outcome GWAS dataset, 
we utilized proxy SNPs exhibiting high LD (R2>0.80) to 
ensure comprehensive representation. The strength of the 
instruments was evaluated by calculating the F statistic 
using the formula F = R2 × (n − 2)/(1 − R2), where R2 
denotes the variance proportion explained by the IVs and n 
indicates the sample size. An F statistic below 10 suggests a 
greater risk of weak instrument bias, thereby necessitating 
caution in result interpretation.

Statistical analysis

The primary analysis for the MR study used the inverse 
variance weighted (IVW) method. In order to ensure 
the reliability of the research results (26), our team also 
conducted sensitivity analyses, including maximum 
likelihood estimation, MR-Egger regression, weighted 
median, simple median, and weighted mode. If the IVW 
method produced statistically significant results (P<0.05), 
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the outcome was considered positive even if other methods 
did not reach significance, providing that the direction 
of the β values was consistent. For assessing autoimmune 
diseases, odds ratios (ORs) and their 95% confidence 
intervals (CIs) were calculated, with a significance threshold 
of P<0.05. Cochran’s Q test was used to assess heterogeneity 
in the IVW and MR-Egger estimates. The MR-Egger 
regression method was applied to investigate potential 
pleiotropic bias. To evaluate the stability of the results, a 
systematic “leave-one-out” analysis was performed, where 
one SNP was excluded at a time to determine its impact 
on the overall findings. All analyses were performed in 
the R software environment (version 4.0.3) using the 
TwoSampleMR package (version 0.5.5). The use of these 
rigorous analytical methods is to ensure that the research 
findings possess reliability and validity.

Results

Selection of genetic instruments

To investigate the relationship between inflammatory 
cytokines and urinary stones, we conducted a two-sample 
MR analysis, considering nine environmental pollution 
characteristics associated with pulmonary embolism (27). 
We selected robust genetic tools (P values <5×10−8) for 
the characterization of inflammatory cytokine. To confirm 
their independence (R2<0.01), it is necessary to excluding 
palindromic SNPs. The F-statistics of the IVs are all 
significantly greater than 10, demonstrating that weak 
instrument bias was not a concern.

Causal effect of inflammatory cytokines on urinary stones 
risk

Using an IVW method, we discovered that a standard 
deviation increase in stem cell growth factor β levels 
reduced the risk of urinary stones (OR =0.9990; 95% 
CI: 0.9980–0.9999; P=0.04) (Figure 1A-1D). Negative 
correlations between stem cell growth factor β levels and 
urinary stones were also identified through maximum 
likelihood, MR-Egger, weighted median, simple median, 
and weighted mode methods. Additionally, we observed 
that a standard deviation increase in interleukin-18 levels 
heightened the risk of urinary stones (OR =1.0012; 95% 
CI: 1.0002–1.0022; P=0.01) (Figure 1E-1H). Positive 
associations between interleukin-18 levels and urinary 
stones were further confirmed by the maximum likelihood, 
MR-Egger, weighted median, simple median, and weighted 

mode approaches (Figure 2).

Sensitivity analyses

The causal effect estimates derived from various methods, 
including maximum likelihood, MR-Egger regression, 
and various median and model-based methods, showed 
alignment in both effect size and direction, affirming the 
reliability of our results. The lack of substantial evidence for 
horizontal pleiotropy, indicated by MR-Egger regression 
intercept P values above 0.05, suggests the IVs were not 
affected by extraneous factors unrelated to the exposure 
under study. Cochrane Q statistics, indicating no significant 
heterogeneity (P>0.05), reinforce the idea that the genetic 
variants acted consistently across different methods. The 
stability of effect estimates, confirmed through leave-
one-out sensitivity analysis, where no single variant 
disproportionately affected the results, underscores the 
robustness of our findings. These analyses collectively 
validate a consistent and dependable association between 
inflammatory cytokines and the risk of urinary stones, 
devoid of significant confounders or influential outliers.

Discussion

Urolithiasis, or urinary stone disease (USD), is a prevalent 
medical condition characterized by the formation of stones 
in the urinary system, leading to significant morbidity 
and healthcare costs. Patients often experience recurrent 
episodes and severe pain, with current treatment options 
primarily focused on symptom management and stone 
removal rather than prevention. The medical community 
faces challenges in identifying effective preventive 
measures and understanding the complex etiology of 
stone formation, which involves dietary, genetic, and 
environmental factors (28). The prevalence of urolithiasis 
is on the rise, with a high rate of recurrence. In pediatrics, 
the majority of stones are primarily composed of calcium, 
and the incidence is highest among adolescents. Given the 
morbidity associated with USD, it is crucial to identify the 
mechanisms of stone formation and significant contributing 
factors (29). Recent advancements in urolithiasis research 
have highlighted the significant role of cytokines in stone 
formation, underscoring a complex interplay between 
inflammatory processes and stone pathogenesis. Studies 
increasingly focus on how cytokines influence the urinary 
environment, potentially altering crystal aggregation and 
stone development, providing new insights into potential 
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Figure 1 MR analysis of interleukin-18 and stem cell growth factor. (A) Forest map of stem cell growth factor. (B) Funnel plot of stem cell 
growth factor. (C) Leave-one-out method of stem cell growth factor. (D) Scatter diagram of the effect of SNPs on stem cell growth factor β 
levels. (E) Forest map of interleukin-18. (F) Funnel plot of interleukin-18. (G) Leave-one-out method of interleukin-18. (H) Scatter diagram 
of the effect of SNPs on interleukin-18 levels. MR, Mendelian randomization; SE, standard error; IV, instrumental variable; SNP, single 
nucleotide polymorphism.
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Exposure
Stem cell growth factor beta levels

Methods nsnp OR (95% CI)    P

Interleukin−18 levels
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Urinary stones
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Figure 2 MR analysis of forest map. OR, odds ratio; CI, confidence interval; MR, Mendelian randomization.

therapeutic targets and prevention strategies (30). Through 
our MR analysis in this study, we have identified a causal 
relationship between cytokines and urolithiasis. This finding 
underscores the significant role that cytokines play in the 
formation of urinary stones, providing a potential pathway 
for intervention and a deeper understanding of the disease’s 
etiology. Cytokines, low molecular weight soluble proteins 
secreted by various cells such as lymphocytes, macrophages, 
and mast cells, play a pivotal role in immune responses 
and serve as crucial components in the immune system’s 
communication network (31). They are key in regulating 
immune cell growth, maturation, and function, significantly 
influencing health. These proteins, produced by multiple cell 
types, have diverse effects on different cells, contributing to 
their multifaceted biological functions (32). The presence 
and levels of cytokines in body fluids like serum, saliva, 
and sweat are critical for diagnosing and assessing the 
progression and prognosis of numerous conditions. Elevated 
cytokine levels, as seen in cytokine storm syndromes like 
those in severe coronavirus disease 2019 (COVID-19) 
cases, can result in severe outcomes including organ failure 
and mortality (33). Considering their pivotal function in 
regulating immune reactions, a wide array of cytokines has 
been recognized as prospective treatments for different 
types of cancer (34). Currently, a number of cytokines, 
such as recombinant interleukin-2 (IL-2), interferon alpha 
(IFNα), and tumor necrosis factor (TNF), have received 
clinical approval for use in cancer immunotherapy (35). 
Thus, cytokine measurement is vital for disease monitoring 
and tailoring treatments in various conditions, ranging 
from cancer and heart disease to autoimmune disorders 
and chronic illnesses, highlighting their importance in 
clinical diagnostics and therapeutic management. Recent 
advancements in research have begun to elucidate the role 
of cytokines in the pathogenesis of urolithiasis, shedding 
light on the intricate mechanisms through which these 

signaling proteins influence stone formation. Cytokines, 
integral to immune response modulation and cellular 
communication, are now understood to contribute 
significantly to the inflammatory processes associated with 
urinary stone development. Their levels in patients with 
urolithiasis offer insights into the inflammatory state and 
potential therapeutic targets, highlighting the importance 
of cytokines not only as biomarkers for disease activity but 
also as potential modulators in the stone formation process. 
This burgeoning area of study holds promise for unveiling 
novel preventive and therapeutic strategies, potentially 
transforming the management of urolithiasis by targeting 
cytokine-mediated pathways (36).

MR analysis offers a significant advantage in elucidating 
the relationship between cytokines and urolithiasis when 
compared to traditional observational studies. This 
analytical approach leverages genetic variants as IVs, 
providing a more robust method for inferring causality by 
minimizing the confounding and bias often inherent in 
observational research. The MR method allows researchers 
to circumvent some of the limitations of traditional studies, 
such as reverse causation and residual confounding, thereby 
offering clearer insights into the causal pathways between 
cytokines and stone formation in the urinary tract. By 
integrating MR analysis with observational data, researchers 
can validate findings and gain a more comprehensive 
understanding of the biological mechanisms at play, 
enhancing the potential for identifying targeted interventions 
for urolithiasis prevention and treatment. This combination 
marks a significant development in the field, propelling 
forward our understanding of how cytokines influence 
urolithiasis and opening new avenues for clinical application.

Conclusions

This study systematically establishes a causal relationship 
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between interleukin-18, stem cell growth factors β levels, 
and urolithiasis, highlighting the pivotal role of cytokines 
in the development and prevention of urinary stones. Using 
a two-sample MR analysis, we demonstrated that elevated 
levels of interleukin-18 significantly increase the risk of 
urinary stones, whereas higher levels of stem cell growth 
factors β are associated with a reduced risk. These findings 
not only reinforce the critical regulatory role of cytokines 
in the pathogenesis of urolithiasis but also identify them as 
promising biomarkers and therapeutic targets.

However, this study has not incorporated a compositional 
analysis of urinary stones, which represents an important 
limitation. Investigating the chemical and mineral 
composition of calculi (e.g., calcium oxalate, uric acid, and 
phosphate stones) could provide deeper insights into the 
specific mechanisms by which cytokines influence stone 
formation and whether their effects vary based on stone 
type. Future research should address this gap by integrating 
cytokine data with stone composition analysis to better 
understand these relationships. Additionally, validating 
these findings through larger-scale GWAS and further 
exploring the therapeutic potential of cytokine modulation 
remain crucial next steps.

By advancing our understanding of cytokine-mediated 
mechanisms and addressing the role of stone composition, 
this study lays a foundation for precision medicine 
approaches, opening new avenues for targeted interventions 
in urinary stone management and prevention.

Acknowledgments

None.

Footnote

Reporting Checklist: The authors have completed the 
STROBE-MR reporting checklist. Available at https://tau.
amegroups.com/article/view/10.21037/tau-24-445/rc

Peer Review File: Available at https://tau.amegroups.com/
article/view/10.21037/tau-24-445/prf

Funding: None.

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://tau.amegroups.
com/article/view/10.21037/tau-24-445/coif). The authors 
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. This study is 
a secondary analysis of publicly available GWAS data. 
Each original GWAS study received ethical approvals and 
informed consents were obtained from all participants. 
As such, no additional ethical approval is required for this 
secondary analysis. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Gu X, Ke X, Shen M, et al. Association Between 
Inflammatory Bowel Disease and Atopic Dermatitis: A 
Two-Sample Mendelian Randomization Study. Inflamm 
Bowel Dis 2022;28:e27-8.

2.	 Wang M, Jian Z, Gao X, et al. Causal Associations 
Between Educational Attainment and 14 Urological 
and Reproductive Health Outcomes: A Mendelian 
Randomization Study. Front Public Health 2021;9:742952.

3.	 Li Y, Miao Y, Tan J, et al. Association of modifiable 
risk factors with obstructive sleep apnea: a Mendelian 
randomization study. Aging (Albany NY) 2023;15:14039-65.

4.	 Yuan S, Larsson SC. Assessing causal associations of 
obesity and diabetes with kidney stones using Mendelian 
randomization analysis. Mol Genet Metab 2021;134:212-5.

5.	 Uribarri J, Oh MS, Carroll HJ. The first kidney stone. 
Ann Intern Med 1989;111:1006-9.

6.	 Kotsis V, Martinez F, Trakatelli C, et al. Impact of Obesity 
in Kidney Diseases. Nutrients 2021;13:4482.

7.	 Xiao Y, Xiao Z. Association between Serum Klotho and 
Kidney Stones in US Middle-Aged and Older Individuals 
with Diabetes Mellitus: Results from 2007 to 2016 
National Health and Nutrition Survey. Am J Nephrol 
2023;54:224-33.

8.	 Spatola L, Ferraro PM, Gambaro G, et al. Metabolic 
syndrome and uric acid nephrolithiasis: insulin resistance 

https://tau.amegroups.com/article/view/10.21037/tau-24-445/rc
https://tau.amegroups.com/article/view/10.21037/tau-24-445/rc
https://tau.amegroups.com/article/view/10.21037/tau-24-445/prf
https://tau.amegroups.com/article/view/10.21037/tau-24-445/prf
https://tau.amegroups.com/article/view/10.21037/tau-24-445/coif
https://tau.amegroups.com/article/view/10.21037/tau-24-445/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Translational Andrology and Urology, Vol 14, No 2 February 2025 265

© AME Publishing Company. Transl Androl Urol 2025;14(2):258-265 | https://dx.doi.org/10.21037/tau-24-445

in focus. Metabolism 2018;83:225-33.
9.	 Siener R. Nutrition and Kidney Stone Disease. Nutrients 

2021;13:1917.
10.	 Ferraro PM, Taylor EN, Gambaro G, et al. Dietary and 

Lifestyle Risk Factors Associated with Incident Kidney 
Stones in Men and Women. J Urol 2017;198:858-63.

11.	 Worcester EM, Bergsland KJ, Gillen DL, et al. Evidence 
for disordered acid-base handling in calcium stone-forming 
patients. Am J Physiol Renal Physiol 2020;318:F363-74.

12.	 Dong C. Cytokine Regulation and Function in T Cells. 
Annu Rev Immunol 2021;39:51-76.

13.	 Li H, Chen C, Wang DW. Inflammatory Cytokines, 
Immune Cells, and Organ Interactions in Heart Failure. 
Front Physiol 2021;12:695047.

14.	 Biros E, Reznik JE, Moran CS. Role of inflammatory 
cytokines in genesis and treatment of atherosclerosis. 
Trends Cardiovasc Med 2022;32:138-42.

15.	 Ma J, Luo J, Sun Y, et al. Cytokines associated with 
immune response in atherosclerosis. Am J Transl Res 
2022;14:6424-44.

16.	 Zhang H, Dhalla NS. The Role of Pro-Inflammatory 
Cytokines in the Pathogenesis of Cardiovascular Disease. 
Int J Mol Sci 2024;25:1082.

17.	 Gessese T, Asrie F, Mulatie Z. Human Immunodeficiency 
Virus Related Non-Hodgkin's Lymphoma. Blood Lymphat 
Cancer 2023;13:13-24.

18.	 Kondo N, Kuroda T, Kobayashi D. Cytokine Networks in 
the Pathogenesis of Rheumatoid Arthritis. Int J Mol Sci 
2021;22:10922.

19.	 Zhang H, Huang Y, Zhang J, et al. Causal effects of 
inflammatory bowel diseases on the risk of kidney 
stone disease: a two-sample bidirectional mendelian 
randomization. BMC Urol 2023;23:162.

20.	 Su DQ, Tian XF. Causal associations of cytokines 
and growth factors with cholelithiasis: a bidirectional 
Mendelian randomization study. Postgrad Med J 
2024;100:84-90.

21.	 Li M, Lin J, Liang S, et al. The role of age at menarche 
and age at menopause in Alzheimer's disease: evidence 
from a bidirectional mendelian randomization study. Aging 
(Albany NY) 2021;13:19722-49.

22.	 Li J, Lu Y, Zhao X. Exploring the causal relationship 
between inflammatory cytokines and immunoinflammatory 
dermatoses: a Mendelian randomization study. Front Med 
(Lausanne) 2024;11:1263714.

23.	 Boehm FJ, Zhou X. Statistical methods for Mendelian 
randomization in genome-wide association studies: A 
review. Comput Struct Biotechnol J 2022;20:2338-51.

24.	 Ahola-Olli AV, Würtz P, Havulinna AS, et al. Genome-
wide Association Study Identifies 27 Loci Influencing 
Concentrations of Circulating Cytokines and Growth 
Factors. Am J Hum Genet 2017;100:40-50.

25.	 Lv X, Xu B, Tang X, et al. The relationship between 
major depression and migraine: A bidirectional two-
sample Mendelian randomization study. Front Neurol 
2023;14:1143060.

26.	 Xu H, Jin C, Guan Q. Causal Effects of Overall and 
Abdominal Obesity on Insulin Resistance and the Risk 
of Type 2 Diabetes Mellitus: A Two-Sample Mendelian 
Randomization Study. Front Genet 2020;11:603.

27.	 Miao C, Xiao L, Xu X, et al. Circulating vitamin levels 
mediate the causal relationship between gut microbiota 
and cholecystitis: a two-step bidirectional Mendelian 
randomization study. Front Nutr 2023;10:1268893.

28.	 Wagner CA. Etiopathogenic factors of urolithiasis. Arch 
Esp Urol 2021;74:16-23.

29.	 Goka SQ, Copelovitch L. Prevention of recurrent urinary 
stone disease. Curr Opin Pediatr 2020;32:295-9.

30.	 Capolongo G, Ferraro PM, Unwin R. Inflammation 
and kidney stones: cause and effect? Curr Opin Urol 
2023;33:129-35.

31.	 Salvador AF, de Lima KA, Kipnis J. Neuromodulation 
by the immune system: a focus on cytokines. Nat Rev 
Immunol 2021;21:526-41.

32.	 Liu C, Chu D, Kalantar-Zadeh K, et al. Cytokines: From 
Clinical Significance to Quantification. Adv Sci (Weinh) 
2021;8:e2004433.

33.	 Mehta P, McAuley DF, Brown M, et al. COVID-19: 
consider cytokine storm syndromes and 
immunosuppression. Lancet 2020;395:1033-4.

34.	 Fajgenbaum DC, June CH. Cytokine Storm. N Engl J 
Med 2020;383:2255-73.

35.	 Neri D. Antibody-Cytokine Fusions: Versatile Products 
for the Modulation of Anticancer Immunity. Cancer 
Immunol Res 2019;7:348-54.

36.	 Sun Y, Sun H, Zhang Z, et al. New insight into oxidative 
stress and inflammatory responses to kidney stones: 
Potential therapeutic strategies with natural active 
ingredients. Biomed Pharmacother 2024;179:117333.

Cite this article as: Yao H, Yu D, He Q, Ning X. Causal 
associations of inflammatory cytokines and urinary stones: a 
two-sample Mendelian randomization study. Transl Androl 
Urol 2025;14(2):258-265. doi: 10.21037/tau-24-445


