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Introduction: Nephrolithiasis is a prevalent urological condition. Given the kidney’s vulnerability to oxidative 
stress-induced damage, exploring the relationship between the oxidative balance score (OBS) and nephrolithiasis 
formation holds significant clinical relevance. This study systematically reviews and meta-analysis the association 
between OBS and nephrolithiasis.
Materials and Methods: A comprehensive literature search was conducted across ProQuest, PubMed, Embase, 
Web of Science, Cochrane, and Google Scholar through January 20, 2025, without time restrictions. Data were 
imported into SPSS 19 and analyzed using STATA 14.
Results: A higher OBS was associated with a reduced risk of nephrolithiasis in the overall population (OR: 0.74, 
95% CI: 0.70, 0.79), as well as in men (OR: 0.98, 95% CI: 0.96, 0.99) and women (OR: 0.98, 95% CI: 0.96, 0.99). 
Additionally, increasing OBS was inversely correlated with kidney stone risk across quartiles; quartile 2 (OR: 0.78, 
95% CI: 0.80, 0.87), quartile 3 (OR: 0.75, 95% CI: 0.68, 0.83), and quartile 4 (OR: 0.68, 95% CI: 0.59, 0.77). Both 
dietary OBS (OR: 0.97, 95% CI: 0.96, 0.98) and lifestyle OBS (OR: 0.95, 95% CI: 0.90, 1.00) were associated with 
a lower risk of nephrolithiasis. Among hypertensive patients, a higher OBS correlated with reduced nephrolithiasis 
risk (OR: 0.97, 95% CI: 0.96, 0.99), whereas in diabetic patients, the association was not statistically significant 
(OR: 1.00, 95% CI: 0.96, 1.04).
Conclusion: A higher total OBS, along with dietary and lifestyle OBS, was significantly linked to a lower risk 
of nephrolithiasis. Notably, increased OBS scores were consistently associated with a decreased likelihood of 
nephrolithiasis formation.
Registration: This study has been compiled based on the PRISMA checklist, and its protocol was registered on the 
PROSPERO (ID: CRD42025643705) and Research Registry (UIN: reviewregistry1952) website.
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Introduction
A person’s exposure to oxidants and 
antioxidants is assessed using an oxidative 
balance score (OBS) scale, primarily influenced 
by diet and lifestyle (1). By integrating a broad 
spectrum of pro-oxidants and antioxidants, 
OBS serves as a robust indicator of systemic 
oxidative stress (2). Previous studies indicated 
that OBS significantly affects various diseases, 
including respiratory disorders, metabolic 
syndrome, type 2 diabetes, and cardiovascular 
diseases (3). Higher OBS values reflect greater 
antioxidant levels and lower oxidative stress 
(4,5). Given its high metabolic activity, the 
kidney is particularly susceptible to oxidative 
stress-related damage (6), a key factor in the 
progression of kidney disease (7,8).

Nephrolithiasis is among the most common 
urological conditions (9), with its global 
incidence and prevalence steadily increasing 
over recent decades. This condition imposes 
a significant economic and healthcare burden, 

with annual costs exceeding $2 billion in the 
United States alone (10). Although kidney 
stones primarily affect adults under 50 years, 
they can occur at any age (11). Multiple factors 
such as sex, race, age, lifestyle, and dietary 
habits contribute to stone formation (12,13). 
Additionally, nephrolithiasis is associated 
with an elevated risk of renal cell carcinoma 
(14) and chronic kidney disease (CKD) (15), 
highlighting its clinical significance.

While some studies report no significant 
association between OBS and nephrolithiasis 
(2,16), others suggest that higher OBS 
levels may reduce the risk of nephrolithiasis 
(17,18). Given these conflicting findings, 
this study conducts a systematic review 
and meta-analysis to comprehensively 
evaluate the relationship between OBS and 
nephrolithiasis.

Materials and Methods
This study follows the Preferred Reporting 
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Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (19), and its protocol is registered 
in PROSPERO (the International Prospective Register of 
Systematic Reviews) and the Research Registry.

Search strategy
A comprehensive search was conducted in Web of Science, 
Cochrane, ProQuest, PubMed, Embase, and Google 
Scholar through January 20, 2025, without restrictions on 
publication date or geographic region. The search strategy 
incorporated Medical Subject Headings (MeSH) and 
related terms, combined with Boolean operators (AND, 
OR) to optimize results. Additionally, manual searches 
were performed to ensure comprehensive coverage. 
For example, the search strategy in Web of Science was 
structured as follows: Kidney Calculi OR Kidney Stone OR 
Nephrolithiasis (All Fields) AND Oxidative Balance Score 
(All Fields).

PECO
The study focused on research examining the relationship 
between OBS and nephrolithiasis. The exposure was 
defined as elevated OBS, while the comparison group 
comprised individuals in the lowest OBS stratum. The 
primary outcome was the association between OBS and 
nephrolithiasis formation.
 
Inclusion criterion
Observational studies investigating the relationship 
between OBS and nephrolithiasis were included. 

Exclusion criteria
Studies were excluded if they demonstrated poor 
methodological quality, lacked full-text availability, had 
provisional acceptance status, were duplicate publications, 
provided insufficient data, or were conference or congress 
proceedings.

Quality assessment
Two independent authors assessed study quality using the 
Newcastle-Ottawa Scale, which awards up to one star per 
item (except for the comparison item), with total scores 
ranging from 0 (lowest quality) to 10 (highest quality) (20).

Data extraction
Two investigators independently extracted data on country 
of origin, publication year, author, participant age, study 
design, sample size, and the associations between OBS 

and kidney stones (with 95% confidence intervals) for 
both the overall population and by gender, and etc. Any 
discrepancies were resolved by consensus.

Statistical analysis
The odds ratios (ORs) were log-transformed, and the 
studies were then pooled. Between-study heterogeneity 
was evaluated using the I² statistic, and a random-effects 
model was applied to combine the results. Data were 
processed using SPSS version 19 and analyzed with STATA 
version 14, with statistical significance set at P < 0.05.

Results
The initial database search identified 79 articles, from 
which 36 duplicates were removed. After screening 
abstracts, five studies were excluded due to lack of full-
text access. Among the 38 remaining articles, 25 were 
eliminated due to insufficient statistical data. Of the 13 
studies that advanced to further evaluation, eight were 
excluded based on additional criteria, resulting in a final 
selection of five studies for analysis (Figure 1).

All articles included in the analysis were cross‐sectional 
and conducted in the United States. The cumulative 
sample comprised 73 285 participants who were evaluated 
at various stages of the research process (Table 1).

As shown in Figure 2, higher OBS was significantly 
associated with a reduction in kidney stone risk (OR: 0.74, 
95% CI: 0.70, 0.79). Analysis by OBS quartiles revealed a 
consistent protective effect with risk reductions in quartile 
2 (OR: 0.78, 95% CI: 0.80, 0.87), quartile 3 (OR: 0.75, 95% 
CI: 0.68, 0.83), and quartile 4 (OR: 0.68, 95% CI: 0.59, 
0.77). Notably, a dose–response relationship was observed, 

Key point 

A higher total oxidative balance score, along with dietary and lifestyle 
oxidative balance score (OBS), was significantly linked to a lower risk 
of nephrolithiasis. Notably, increased oxidative balance score were 
consistently associated with a decreased likelihood of kidney stone 
formation.

Figure 1. The PRISMA flowchart of study selection.
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with higher OBS scores corresponding to progressively 
lower kidney stone risk (Figure 3).

As illustrated in Figures 4 and 5, elevated OBS 
demonstrated protective effects in both males (OR: 0.98, 
95% CI: 0.96, 0.99) and females (OR: 0.98, 95% CI: 0.96, 
0.99). Note that only three studies provided gender‐
stratified data. Moreover, Figures 6 and 7 indicate that both 
dietary OBS (OR: 0.97, 95% CI: 0.96, 0.98) and lifestyle 
OBS (OR: 0.95, 95% CI: 0.90, 1.00) were linked to reduced 
kidney stone risk.

Among hypertensive patients, higher OBS was associated 
with a significant reduction in kidney stone risk (OR: 0.97, 
95% CI: 0.96, 0.99). In contrast, among diabetic patients 

the relationship did not reach statistical significance (OR: 
1.00, 95% CI: 0.96, 1.04), as illustrated in Figures 8 and 9.

Meta‐regression analysis revealed that the association 
between higher OBS and kidney stone risk was not 
significantly moderated by year (P = 0.213) or sample size 
(P = 0.362), as depicted in Figures 10 and 11.

Figure 12 demonstrated that publication bias was not 
statistically significant (P = 0.220).

Discussion
Higher OBS values were associated with up to a 26% 
reduction in kidney stone risk. Specifically, risk decreased 
progressively across quartiles; 22% in quartile 2, 25% in 

Figure 2. Forest plot showing the association between OBS and kidney stone.

Table 1. Summarized information of the studies

Index Author, year Country Type of study Sample size Mean age (year) Stage

OR Lin G, 2024 (16) USA Cross-sectional 12519 NR 

Q 2

Q 3

Q 4

OR Chen Q, 2024 (17) USA Cross-sectional 17988  46.86 

Q 2

Q 3

Q 4

OR Lei X, 2024 (5) USA Cross-sectional

3231 44 Q 2

3315 44 Q 3

2841 45 Q 4

OR Song R, 2024 (18) USA Cross-sectional

5829 48.8 Q 2

7324 47.99 Q 3

5998 47.01 Q 4

OR Ke R, 2023 (2) USA Cross-sectional

4447 46.86 Q 2

5620 46.36 Q 3

4173 46.31 Q 4

NR: Not reported; OR: Odds ratio; Q: Quartile.
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quartile 3, and 32% in quartile 4. Among hypertensive 
patients, a modest 3% reduction in kidney stone risk was 
observed. Additionally, elevated dietary OBS and lifestyle 
OBS were linked to 3% and 5% reductions in kidney stone 
risk, respectively. In contrast, no significant association 
was found between higher OBS and nephrolithiasis in 

diabetic patients.
Findings from previous studies support our results. Chen 

et al reported that each unit increase in OBS corresponded 
to a 3% reduction in kidney stone risk (OR: 0.97, 95% CI: 
0.96, 0.98) (17). Similarly, Ke et al confirmed an inverse 
relationship between OBS and kidney stone risk (OR: 

Figure 3. Forest plot showing the association between OBS and kidney stone by stage.

Figure 4. Forest plot showing the association between OBS and kidney stone in males.

Figure 5. Forest plot showing the association between OBS and kidney stone in females.
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Figure 6. Forest plot showing the association between dietary OBS and kidney stone.

Figure 7. Forest plot showing the association between lifestyle OBS and kidney stone.

Figure 8. Forest plot showing the association between OBS and kidney stone in patients with hypertension.

Figure 9. Forest plot showing the association between OBS and kidney stone in patients with diabetes.
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0.97, 95% CI: 0.96, 0.99) (2), while Lei et al demonstrated 
a significant negative correlation (OR: 0.98, 95% CI: 
0.96, 0.99) (5). Lin et al also found that higher OBS was 
linked to lower kidney stone risk (OR: 0.97, 95% CI: 0.95, 
0.99) (16), and Song et al  concluded that individuals in 
the highest OBS quartile had a significantly lower risk 
of nephrolithiasis (OR: 0.73, 95% CI: 0.57, 0.92) (18). 
Collectively, these findings reinforce the hypothesis that 
higher OBS may contribute to a reduced risk of kidney 
stones.

Beyond nephrolithiasis, OBS has also been linked to 
other kidney-related conditions. Chen et al found that 
higher OBS was associated with a reduced risk of CKD 
(OR: 0.98, 95% CI: 0.97, 0.99) (21). Likewise, Liu et al  
reported that individuals in the highest OBS quartile 
had a 26% lower risk of CKD compared to those in the 
lowest quartile (OR: 0.74, 95% CI: 0.63, 0.87) (22). Yin 
et al further confirmed a significant reduction in CKD 
risk with increasing OBS (OR: 0.70, 95% CI: 0.53, 0.92) 
(23). Additionally, Liu et al demonstrated that higher OBS 
levels were associated with a lower risk of diabetic kidney 
disease (OR: 0.61, 95% CI: 0.46, 0.80), a reduced likelihood 
of low estimated glomerular filtration rate (eGFR) (OR: 

Figure 10. Meta-regression of the relationship between OBS and kidney stone 
by year.

Figure 11. Meta-regression of the relationship between OBS and kidney stone 
by sample size.

Figure 12. Diagram of publication bias.

0.46, 95% CI: 0.33, 0.64), and a decreased incidence of 
albuminuria (OR: 0.68, 95% CI: 0.51, 0.92) (24). Similarly, 
Wang et al reported a lower risk of hyperuricemia among 
individuals in the second (OR: 0.85, 95% CI: 0.72, 0.99), 
third (OR: 0.71, 95% CI: 0.58, 0.85), and fourth quartile 
s (OR: 0.48, 95% CI: 0.38, 0.61), with the second quartile 
also associated with a reduced risk of gout (OR: 0.70, 95% 
CI: 0.51, 0.97) (25). Furthermore, Yang et al observed an 
inverse association between OBS levels and both serum 
uric acid concentration and hyperuricemia prevalence 
(OR: 0.68, 95% CI: 0.61, 0.75) (26). Overall, these studies 
align with our findings, collectively suggesting that 
higher OBS and the corresponding reduction in oxidative 
stress not only lowers the risk of nephrolithiasis but also 
decreases the incidence of other kidney-related disorders, 
including CKD, diabetic kidney disease, albuminuria, 
gout, hyperuricemia, and low- eGFR levels. Given these 
benefits, monitoring and optimizing OBS could serve as an 
effective strategy for reducing the burden and healthcare 
costs associated with kidney disease.

Conclusion
This systematic review and meta-analysis found that 
higher OBS levels including dietary and lifestyle OBS 
were significantly associated with a reduced risk of 
nephrolithiasis formation. The protective effects of 
elevated OBS were observed in both men and women, 
suggesting that gender does not significantly influence 
this relationship. Furthermore, higher OBS scores 
were linked to lower oxidative stress levels, ultimately 
reducing the risk of nephrolithiasis. Notably, elevated 
OBS also lowered kidney stone risk among hypertensive 
patients, highlighting its potential therapeutic benefits 
in this population. Given the growing global burden of 
nephrolithiasis, strategies to improve oxidative balance 
through diet and lifestyle modifications may serve as an 
effective approach to reducing kidney stone incidence and 
associated healthcare costs.

Limitations of the study
This study has several limitations. All included studies 
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were cross-sectional, conducted in the United States, and 
involved participants with a mean age of 40–49 years. As 
a result, subgroup analysis based on study design, age, 
or geographic region were not performed. Additionally, 
the relatively small number of included studies may 
limit the robustness of our conclusions. Future research 
should include prospective cohort studies with diverse 
populations to strengthen the evidence supporting the 
association between OBS and nephrolithiasis.
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