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Association between oxidative
balance score in adults with and
without chronic kidney disease:
2011-2028 NHANES

Yuyu Cao', Yishan Zhou', Yanghong Zhong, Xianyong Liao,
Xushan Chen* and Ying Pi*

Seventh Clinical Medical College, Guangzhou University of Chinese Medicine, Shenzhen, China

Introduction: Oxidative stress status is associated with CKD; however, few
studies have investigated this association. The oxidative balance score (OBS)
reflects systemic stress status and consists of 16 anti-and pro-oxidant dietary
factors and four anti-and pro-oxidant lifestyle factors. Higher OBS implies
exposure to more antioxidants. The purpose of this study was to explore the
association between OBS and CKD.

Methods: We enrolled 8,134 study participants from the 2011-2018 National
Health and Nutrition Examination Survey and obtained OBS by adding the
20 dietary and lifestyle factors. Based on OBS, the participants were divided
into three groups. We performed logistic regression, subgroup analyzes, and
restricted cubic spline regression to explore the association between OBS and
CKD. In addition, we tested the adjusted model.

Results: OBS was negatively associated with CKD (OR: 0.54; 0.66, 0.82). After
adjusting for all confounders, when dietary OBS was >20, the prevalence of
CKD was reduced by 42% for each unit increase in OBS (p <0.05). The negative
associations of total OBS, dietary OBS, and lifestyle OBS with CKD were more
significant in the female group. When the total OBS was ~20, the trend of
decreasing prevalence in the female group was more significant.

Conclusion: OBS is negatively associated with chronic kidney disease.

KEYWORDS

NHANES, oxidative balance score, chronic kidney disease, dietary OBS, lifestyle OBS

1 Introduction

Chronic kidney disease (CKD) is a silent killer and its prevalence is increasing each year.
It is expected that CKD will become the fifth leading cause of death worldwide by 2040. When
treating CKD, the goal is to prevent or delay the progressive decline in renal function. CKD
poses a considerable financial burden due to the cost of diagnoses and treatment as well as the
later stage of renal replacement therapy (1-3).One survey showed that the prevalence of CKD
stages 3-5 was 6.7% among Americans 16years and over. The risk factors for CKD include
age, smoking, alcohol consumption, diabetes mellitus, and hypertension. Therefore, it is
imperative that we focus on preventive and curative approaches of CKD (2, 4).
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Oxidative stress, which results from an imbalance between
oxidant and antioxidants, disrupts cellular structure and function,
contributes to organ tissue damage, and leads to organ degenerative
changes (5). Reactive oxygen species play an important role in redox
homeostasis, and reactive oxygen species production is closely linked
to mitochondria (6). The kidneys are rich in mitochondria and,
consequently, more susceptible to oxidative stress (7).

CKD is strongly associated with oxidative stress, a risk factor for
various diseases. High levels of oxidative stress are present in the early
stages of CKD, and this is evident from the redox state imbalance
in the
Epidemiological studies have shown the health-promoting and

characteristic etiology of polynephropathy (8-10).
disease-preventing effects of fruits and vegetables, which are rich in
antioxidants. However, fruits and vegetables are rich in potassium, the
intake of which should be minimized by CKD patients. Hence,
we need to promote the intake of antioxidants to minimize oxidative
stress (11, 12) and prevent CKD (13-15).

Even though the oxidant/antioxidant balance is largely dependent
on endogenous enzymes, modifiable factors such as diet, drugs, and
lifestyle do affect it to some extent. Various studies have shown that
levels of pro-oxidant biomarkers increase and levels of antioxidant
biomarkers decrease in CKD patients (16-19). However, the use of
pro-or antioxidant biomarkers to measure oxidative stress has its
limitations. Pro-or antioxidant biomarkers are obtained from the
binding of reactive oxygen species to specific biomolecules; however,
the technical standards required for this marker are too high, storage
requirements are high, and it must not be confused with food, which
is a major limitation. Therefore, we used OBS to assess the oxidative
stress status of the organism (20).

Van Hoydonck et al. (21) developed an oxidative balance score
(OBS), and Son et al. (22) found that healthy diets and lifestyles that
increase OBS may be beneficial in the prevention of CKD among East
Asian adults. Notably, OBS represents the “external oxidative stress” to
which an individual is exposed and not “the oxidative milieu of the
organism’” in the setting of CKD. The objective of our study was to
explore the association between OBS and CKD in US adults.

2 Materials and methods
2.1 Data source and study participants

We obtained the data from the National Health and Nutrition
Examination Survey (NHANES), a project designed to evaluate the
health and nutritional status of populations in the US. We obtained
approval from the Ethics Review Board of the U.S. National Center for
Health Statistics, and all participants signed an informed consent.
We recruited 32,731 participants with dietary OBS from NHANES
2011-2012, 2013-2014, 2015-2016, and 2017-18.
We excluded 22,720 participants who had no information on lifestyle

surveys:

OBS, including 14,722 participants who had no information on
physical activity, 7,531 participants who had no information on
alcohol  consumption, 424 participants who had no
information on smoking frequency, and 43 participants who had no
information on body mass index (BMI). Additionally, we ruled out
108 participants who had no information on estimated glomerular
filtration rate (eGFR) or albumin-to-creatinine ratio (4) We excluded

646 participants who had no information on income-to-poverty ratio
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(IPR), two participants who had no information on education level,
575 participants with implausible energy intakes (i.e., outside the
range of 800-4,200 kcal/d for males and 500-3,500 kcal/d for females)
(23, 24), those <20 y of age, and 84 pregnant women. Ultimately,
we enrolled 8,134 participants in the study (Figure 1).

2.2 OBS definitions

OBS was calculated as previously reported (21). OBS consists of
16 dietary OBS (14 antioxidants and two pro-oxidants) and four
lifestyle OBS (one antioxidant and three pro-oxidants). Total OBS is
the sum of the scores of these 20 components. High OBS is indicative
of a higher exposure or consumption of antioxidants. Lifestyle
incorporates four indicators: alcohol consumption, smoking
frequency/status, BMI, and physical activity. Alcohol consumption
was defined as the average daily amount of alcohol consumed in the
past year. Smoking frequency/status was assessed by measuring
plasma cotinine levels, the main metabolite of nicotine, which has a
longer half-life in the blood than nicotine and an indicator of “active”
or “passive” smoking. BMI was calculated as weight (kg) divided by
squared height (m). Dietary incorporates sixteen indicators such as
dietary fiber, carotenoids, riboflavin, niacin, vitamin B6, total folate,
vitamin B12, vitamin C, vitamin E, calcium, magnesium, zinc, copper,
selenium, total fat, and iron were obtained from a 24-h dietary recall
interview (24HR) in the Mobile Examination Center (MEC).

The physical activity data included work-related activities of high
and moderate intensity as well as physical activity during leisure time
in three categories: 1) traveling on foot or by bicycle, 2) high, and 3)
moderate intensity leisure time activities. The data were obtained from
the physical activity questionnaire in NHANES. The assessment of
physical activity was calculated from metabolic equivalent score x
weekly frequency of each physical activity x duration of each physical
activity (25).

OBS tertiles were calculated, and all components were classified
into three groups. Each components were assigned scores ranging
from 0 to 2,with more exposure to antioxidants resulting in higher
scores, and the opposite for pro-oxidants (Table 1).

2.3 CKD definition

According to the purpose of this study, the included participants
were divided into those with and without CKD.CKD was defined by
eGFR <60mL/min/1.73 m? and/or albuminuria (urinary albumin/
creatinine ratio > 30 mg/g) (26). Based on Kidney Disease: Improving
Global Outcomes (KDIGO), individuals with eGFR <60mL/
min/1.73m*  or albumin/creatinine

albuminuria  (urinary

ratio > 30 mg/g were included the study) (27-29).

2.4 Confounders

We considered the following variables as confounders: age, race/
ethnicity (non-Hispanic white, non-Hispanic black, Mexican
American, and other races/ethnicities), gender, education level (< high
school, high school, > high school), IPR, caffeine intake, energy intake,
history of hypertension, and history of diabetes.
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Diatery OBS components(n=32731)
Missing lifestyle OBS data(n=22720):
Physical activity(n=14722)
Alcohol(n=7531)
Cotinine(n=424)
BMI(n=43)
Remaining sample size
(n=10011)
Not enough information to calculate urine albumin-
to- creatinine ratio (n—=64)
Not enough information to calculate eGFR (n=44)
Remaining sample size
(n=9903)
Further exclusion (n=1769) :
Age < 20years(n=462)
Education (n=2)
Pregnant (n=84)
Ratio of family income to poverty (n=646)
Participants with implausible energy intake(n=575)
Remaining sample size
(n=8134)
FIGURE 1
Flowchart of the selection of study participants.

2.5 Statistical analyzes

A normality test on the continuous variables revealed that the
continuous variables did not follow a normal distribution. For
categorical and non-normal continuous variables, we used
Chi-squared test and Kruskal-Wallis test, respectively, to correctly
assess the differences in the characteristics of the variables in the
different OBS groups (tertile). We used medians (IQR) for non-normal
continuous variables and numbers (percentages, %) for
categorical variables.

A logistic regression model was used to analyze the association
between OBS and CKD. In the crude model, we made no adjustments
for potential confounding factors. Model 1 adjusted for age and
gender; model 2 adjusted for age, gender, race/ethnicity, education
level, and IPR; and model 3 adjusted for age, gender, race/ethnicity,
education level, IPR, caffeine intake, and energy intake. Additionally,
we assessed any potential nonlinear associations between OBS and
CKD using restricted cubic spline regression.

All statistical analyzes were performed using IBM SPSS Statistics
26.0 and Free Statistics. A two-sided p<0.05 was considered

statistically significant.

3 Results
3.1 Baseline characteristics

We enrolled 8,134 participants: 4,372 males and 3,762 females.
Table 2 shows the baseline characteristics of the participants. The
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number of participants with/without CKD was 1197/6937, with a
prevalence of 14.7%. Meanwhile, the number of participants with
CKD and co-morbidities (e.g., diabetes mellitus and hypertension)
decreased with higher OBS. Also, UACR decreased with higher
OBS. There were more males and females in the highest OBS tertile
than in the lowest OBS tertile. Compared to the lowest OBS tertile, the
highest OBS tertile had higher IPR, greater education level, and higher
caffeine and energy intakes and were mainly non-Hispanic white. The
difference in age and eGFR among the three OBS tertiles was not
statistically significant.

3.2 Association between total OBS and
CKD

Logistic regression analyzes revealed the association between OBS
and CKD (Table 3). In model 4, which adjusted for all potential
confounders, compared to the lowest OBS tertile, the highest OBS
tertile had a more significant negative association with CKD (T2:
OR=0.72 [0.59, 0.87], p=0.001; T3: OR=0.54 [0.66, 0.82], p<0.001).
All  remained stable models and were

relatively across

statistically significant.

3.3 Association between dietary and
lifestyle OBS and CKD

Table 4 shows the multivariate logistic regression analysis of
the association between different OBS and CKD, including dietary
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TABLE 1 Components of the oxidative balance score.

OBS components

Property

10.3389/fnut.2024.1374719

Females

1

Dietary OBS components
Dietary fiber (g/d) A <12.40 12.40-20.70 >20.70 <10.50 10.50-17.30 >17.30
Carotene (RE/d) A <69.12 69.12-238.56 >238.56 <69.29 69.29-299.20 >299.20
Riboflavin (mg/d) A <1.66 1.66-2.52 >2.52 <1.33 1.33-1.99 >1.99
Niacin (mg/d) A <22.19 22.19-33.18 >33.18 <16.07 16.07-23.81 >23.81
Vitamin B6 (mg/d) A <1.67 1.67-2.58 >2.58 <1.22 1.22-1.94 >1.94
Total folate (mcg/d) A <306.00 306.00-487.00 >487.00 <240.00 240.00-376.92 >376.92
Vitamin B12 (mcg/d) A <3.15 3.15-6.60 >6.60 <2.19 2.19-4.59 >4.59
Vitamin C (mg/d) A <28.70 28.70-91.68 >91.68 <28.40 28.40-82.88 >82.88
Vitamin E (ATE; mg/d) A <6.19 6.19-10.50 >10.50 <5.42 5.42-9.14 >9.14
Calcium (mg/d) A <689.00 689.00-1144.79 >1144.79 <594.00 594.00-947.00 >947.00
Magnesium (mg/d) A <257.00 257.00-372.00 >372.00 <210.00 210.00-301.00 >301.00
Zinc (mg/d) A <9.11 9.11-13.99 >13.99 <6.72 6.72-10.30 >10.30
Copper (mg/d) A <0.98 0.98-1.43 >1.43 <0.83 0.83-1.23 >1.23
Selenium (mcg/d) A <100.10 100.10-146.70 >146.70 <73.20 73.20-109.30 >109.30
Total fat (g/d) P >103.46 68.62-103.46 <68.62 >83.11 54.60-83.11 <54.60
Iron (mg/d) P >17.30 11.54-17.30 <11.54 >13.40 8.82-13.40 <8.82
Lifestyle OBS components
Physical-activity (MET-
minute/week) A <1680.00 1680.00-5760.00 >5760.00 <1020.00 1020.00-3298.42 >3298.42
Alcohol consumption

P >3.00 2.00-3.00 <2.00 >2.00 1.00-2.00 <1.00
(g/d)
Body mass index (kg/m?) P >30.10 25.70-30.10 <25.70 >31.50 25.00-31.50 <25.00
Cotinine (ng/mL) P >4.17 0.02-4.17 <0.02 >0.11 0.01-0.11 <0.01

OBS, oxidative balance score; A, antioxidant; P, pro-oxidant; RE, retinal equivalent; ATE, alpha-tocopherol equivalents; MET, metabolic equivalent.

and lifestyle OBS. After adjusting for all potential confounders,
we found a significant association between CKD and dietary OBS
(OR=0.58 [0.46, 0.73], p<0.001). In other words, when dietary
OBS was greater than 20, each unit increase in dietary OBS was
associated with a 42% decrease in the number of participants with
CKD. Higher lifestyle OBS was negatively associated with risk of
CKD after adjusting for all potential confounders (OR=0.76 [0.63,
0.91], p=0.003). The results of the trend test indicated that the
(p<0.05).
Additionally, there was an interaction between dietary OBS and
lifestyle OBS among the participants (p <0.001) (2).

decrease observed was statistically significant

3.4 Subgroup analyzes

Table 5 shows the association between total OBS, dietary OBS,
and lifestyle OBS and CKD for males and females based on
multivariate logistic regression. After adjusting for all potential
confounders, we found that the association between different OBS
and CKD was negatively more significant for females than for
males. Interestingly, when analyzing the interaction between
gender and different OBS, in the model that adjusted for all
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potential confounders (model 4), the only interaction with gender
was lifestyle OBS (p < 0.05). There was no interaction between total
OBS, dietary OBS, and gender (p>0.05). The results were
consistent in RCS (Figure 2), in which we could visualize the
association between total OBS, dietary OBS and CKD. The
association between lifestyle OBS and CKD differed by gender.
When the total OBS was >20, the decline in CKD prevalence was
more significant among females. The specific range of values was
consistent with the results presented in Tables 2, 4.

4 Discussion

Our study explored the association between OBS and with/
without CKD. After adjusting for all confounders, total, dietary,
and lifestyle OBS were negatively associated with CKD. These
results underscore the connection between antioxidants acquired
through dietary patterns and lifestyle choices and their association
with protection against CKD.

Our findings are consistent with previous epidemiological
studies that showed that oxidative stress is negatively associated
with CKD, i.e., higher OBS is associated with a lower prevalence of
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TABLE 2 Baseline characteristics of overall study participants based on the oxidative balance score tertile.

T1 (< 16) T2 (16-23) T3 (> 23) p value
N =2,557 N =2,590 N =2,987
Age 44 (31, 59) 43 (31, 59) 45 (31, 60) 44 (31, 58) 0.191
Gender, n (%) <0.001
Males 4,372 (53.7) 1,298 (50.8) 1,415 (54.6) 1,659 (55.5)
Females 3,762 (46.3) 1,259 (49.2) 1,175 (45.4) 1,328 (44.5)
Race/ethnicity, n (%) <0.001
Mexican American 997 (12.3) 294 (11.5) 311 (12) 392 (13.1)
Other Hispanic 724 (8.9) 229 (9) 231 (8.9) 264 (8.8)
Non-Hispanic White 3,558 (43.7) 1,014 (39.7) 1,141 (44.1) 1,403 (47)
Non-Hispanic Black 1,642 (20.2) 704 (27.5) 513 (19.8) 425 (14.2)
Other races, including
multi-racial 1,213 (14.9) 316 (12.4) 394 (15.2) 503 (16.8)
Ratio of family income to 2.6(1.3,4.8) 2.0 (1.0,3.8) 2.6 (1.3,4.5) 3.2(1.6,5.0) <0.001
poverty
Education level, n (%) <0.001
< High school 1,095 (13.5) 441 (17.2) 359 (13.9) 295 (9.9)
High school/general
educational development 1,697 (20.9) 655 (25.6) 564 (21.8) 478 (16)
> High school 5,342 (65.7) 1,461 (57.1) 1,667 (64.4) 2,214 (74.1)
Co-morbidities, yes (%)
Diabetes history 768 (9.4) 267 (10.4) 262 (10.1) 239 (8) 0.003
Hypertension history 2,520 (31.0) 874 (34.2) 817 (31.5) 829 (27.8) <0.001
Energy (kcal) 2042 (1,542, 2,631) 1,524 (1,193, 1945) 2027 (1,628, 2,515) 2,547 (2059, 3,089) <0.001
Caffeine (mg) 106 (22, 216) 93 (14, 193) 108 (22, 218) 122 (29, 236) <0.001
eGFR(mL/min/1.73 m?) 86.4 (67.0,105.4) 85.5(65.9, 105.8) 86.3 (66.8, 105.5) 87.0 (68.4, 105.0) 0.205
UACR(mg/g) 6.6 (4.4,11.8) 7.2 (4.7,13.5) 6.7 (4.4, 12.0) 6.2 (4.2,10.5) <0.001
Chronic kidney disease,
n (%) 0.004
No 6,937 (85.3) 2,144 (83.8) 2,196 (84.8) 2,597 (86.9)
Yes 1,197(14.7) 413 (16.2) 394 (15.2) 390 (13.1)

eGFR, Estimated glomerular filtration rate; UACR, Urinary albumin/urine creatinine ratio.

CKD (22, 30). Several study findings have shown that renal
insufficiency is associated with oxidative stress and that oxidative
stress markers are elevated in patients with impaired renal function
(31-33). Oxidative stress markers such as plasma malondialdehyde
and oxidized low-density lipoprotein increase with the
pathogenesis of CKD (34). Our study used several markers to
assess oxidative stress in CKD participants. Studies have found no
single marker of oxidative stress levels, and even though the redox
state of serum albumin may reflect the degree of oxidative stress,
its measurement is complex and not commonly used in clinical
practice (35, 36).

Our study had several strengths. First, our study incorporated
both diet and lifestyle to assess oxidative stress, without resorting
to samples such as blood or urine, making it more economical,
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convenient, and readily available. Second, our study was stratified
according to gender to make the results more relevant, and the
results showed that dietary antioxidants were more protective for
females, with a smaller OR for females than for males in the
different strata. In other words, dietary changes may have a
greater benefit in reducing the prevalence of CKD in females.
Oxidative stress is physiologically different between males and
females. For example, estrogen prevents the deterioration of
kidney function through its antioxidant and anti-inflammatory
properties (37). There is evidence that renal function declines
faster in males than in females, which may be due to unhealthy
lifestyles in males and to the deleterious role that androgens play
in oxidative stress, activating the renin-angiotensin system and
worsening fibrosis in damaged kidneys (38, 39). Estrogen protects
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TABLE 3 Multivariable-adjusted odds ratio (95% confidence intervals) of chronic kidney disease (CKD) by oxidative balance score’s tertile.

T1(<16) T2 (16-23) p value T3 (>23) p value
CKD/Non-CKD 413/2144 394/2196 390/2597
Model 1 1 (Ref) 0.79 (0.66 ~94) 0.009 0.65 (0.55~0.78) <0.001
Model 2 1 (Ref) 0.78 (0.65~0.93) 0.007 0.63 (0.52~0.76) <0.001
Model 3 1 (Ref) 0.71 (0.59~ 0.86) 0.001 0.52 (0.42~0.66) <0.001
Model 4 1 (Ref) 0.72 (0.59~0.87) 0.001 0.54 (0.66~0.82) <0.001

Model 1: adjusted for age and gender.

Model 2: adjusted for age, gender, race/ethnicity, education level, and income-to-poverty ratio.

Model 3: adjusted for age, gender, race/ethnicity, education level, income-to-poverty ratio, caffeine intake, and energy intake.

Model 4: adjusted for age, gender, race/ethnicity, education level, income-to-poverty ratio, caffeine intake, energy intake, diabetes mellitus history, and hypertension history.

TABLE 4 OR estimates for associations between dietary/lifestyle OBS and chronic kidney disease (CKD).

(0]23 T1 T2(OR 95%Cl) p value T3(OR 95%Cl) P value p for trend
Dietary OBS

Crude model 1 (Ref) 0.82 (0.7 ~0.95) 0.008 0.72 (0.62~0.83) <0.001 <0.001
Model 1 1 (Ref) 0.75 (0.63~0.89) 0.001 0.69 (0.58~0.83) <0.001 <0.001
Model 2 1 (Ref) 0.79 (0.66 ~0.96) 0.014 0.78 (0.65~0.94) 0.008 0.007
Model 3 1 (Ref) 0.75 (0.62~0.92) 0.005 0.70 (0.55~0.88) 0.003 0.002
Model 4 1 (Ref) 0.69 (0.57~0.84) <0.001 0.58 (0.46~0.73) <0.001 <0.001
Life OBS

Crude model 1 (Ref) 1.03 (0.86 ~1.23) 0.751 1.32(1.14~1.53) <0.001 <0.001
Model 1 1 (Ref) 0.90(0.73~1.11) 0.317 0.74 (0.62~0.89) 0.001 0.001
Model 2 1 (Ref) 0.95 (0.76 ~1.17) 0.609 0.81 (0.67~0.98) 0.031 0.024
Model 3 1 (Ref) 0.95(0.76 ~1.17) 0.614 0.81 (0.67~0.98) 0.033 0.026
Model 4 1 (Ref) 0.92 (0.74~1.13) 0.425 0.76 (0.63~0.91) 0.003 0.002
Dietary OBS *Lifestyle

OBS p for interaction’ <000t

*Crude model: unadjusted model.

Model 1: adjusted for age and gender.

Model 2: adjusted for age, gender, race/ethnicity, education level, and income-to-poverty ratio.

Model 3: adjusted for age, gender, race/ethnicity, education level, income-to-poverty ratio, caffeine intake, and energy intake.

Model 4: adjusted for age, gender, race/ethnicity, education level, income-to-poverty ratio, caffeine intake, energy intake, diabetes mellitus history, and hypertension history.
The specific range for the tertile: dietary OBS: T1 [2-13]; T2 [13-20]; T3 [20-31]; Lifestyle OBS: T1 [0-3]; T2 [3-4]; T3 [4-8].

TABLE 5 OR estimates for the association between different OBS and chronic kidney disease (CKD) in males and females.

T1 T2 (OR, 95% Cl)  pvalue T3 (OR, 95% Cl) p value p for p for effect
trend modification
OBS
Adjusted 0.131
Male 1 (Ref) 0.81 (0.65~1.02) 0.075 0.74 (0.57 ~ 0.96) 0.025 0.027
Female 1 (Ref) 0.66 (0.4 ~0.99) 0.047 0.453 (0.26~0.71) 0.001 0.001
Dietary OBS
Adjusted 0.423
Male 1 (Ref) 0.75 (0.6~ 0.94) 0.011 0.75 (0.57 ~0.97) 0.031 0.03
Female 1 (Ref) 0.76 (0.5~ 1.14) 0.183 0.54 (0.33~0.89) 0.015 0.015
Lifestyle OBS
Adjusted 0.045
Male 1 (Ref) 1.02 (0.79~1.33) 0.861 0.95 (0.76 ~1.19) 0.666 0.604
Female 1 (Ref) 0.86 (0.57 ~1.29) 0.463 0.63 (0.42~0.94) 0.023 0.023

*Adjusted Model: adjusted for age, gender, race/ethnicity, income-to-poverty ratio, caffeine intake, energy intake, diabetes mellitus history, and hypertension history.
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FIGURE 2

Analysis of restricted cubic spline regression. Adjusted restricted cubic spline models were adjusted for age, gender, race/ethnicity, poverty-to-income
ratio, caffeine intake, energy intake, diabetes mellitus history, and hypertension history.

rats from oxidative stress by inducing the expression of
antioxidant genes (40).

OBS is not only relevant to CKD, but also as a part of health
education to prevent the disease.

Nevertheless, this study had some limitations. First, considering
that all OBS components were used with the same weight, OBS might
not sufficiently reflect the actual biological contribution. However,
studies focused on the association between OBS and the risk of
colorectal adenoma and prostate cancer revealed no significant
differences in the results from weighted and unweighted OBS (41,
42). Second, due to database limitations, it was difficult to incorporate
all oxidative stress related diet and lifestyle in the OBS. Third, we did
not follow up with the study participants to assess the association
between OBS and CKD outcomes or end-stage renal disease
outcomes. Finally, because our study had a cross-sectional design,
we could not establish a causal relationship between OBS and CKD;
therefore, more prospectively designed studies are needed to
demonstrate the effectiveness of OBS. Nevertheless, our study
findings, which revealed a negative association between OBS and
CKD, have clinical relevance.

5 Conclusion

After adjusting for potential confounders, we found that OBS
was negatively associated with CKD. The association between OBS
and CKD warrants further research.
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