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Background: Oxidative stress is a key contributor to the development of 
chronic kidney disease (CKD) in individuals with metabolic syndrome (MetS). 
The oxidative balance score (OBS) is an emerging composite assessment tool 
for dietary and lifestyle oxidative balance. We aimed to explore the association 
of OBS with CKD prevalence in MetS in this national cross-sectional analysis.

Methods: This was a national cross-sectional analysis. Eligible MetS participants 
≥20  years of age from NHANES 1999–2018 were included. OBS was assessed 
according to previous well-validated methods and consisted of 16 dietary 
components and 4 lifestyle components. MetS was diagnosed by NCEP-ATP III 
criteria, while CKD was diagnosed by KDIGO 2021 Clinical Practice Guideline. 
Multivariate logistic regression models were used to explore the association of 
OBS with CKD in MetS in this national cross-sectional analysis.

Results: A total of 8,095 MetS participants were included, with a CKD prevalence 
of 24.8%. In fully adjusted models, each score increases in OBS, dietary OBS, and 
lifestyle OBS was associated with a 2, 1.7, and 7.3% reduction in the prevalence 
of CKD, respectively. Higher OBS, dietary OBS, and lifestyle OBS were all 
associated with significantly lower odds of CKD (p for trend all <0.05). Restricted 
cubic spline analysis showed that these associations all exhibited inverse dose–
response. Interaction analyses indicated that cardiovascular disease (CVD) 
status significantly influenced the impact of OBS and dietary OBS, and these 
associations were only present in CVD-free subjects. Defining MetS using the 
IDF criteria did not significantly change the results.

Conclusion: OBS was inversely associated with the prevalence of CKD in MetS, 
especially in CVD-free settings. These findings emphasize that adherence to 
an antioxidant diet and lifestyle contributes to the early prevention of CKD in 
the MetS population and necessitates attention to CVD interactions. Future 
prospective cohort studies are needed to confirm these results.
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1 Introduction

Metabolic syndrome (MetS) refers to a cluster of cardiovascular 
risk factors characterized by abdominal obesity, insulin resistance 
(IR), hypertension, and hyperlipidemia (1). MetS is a major global 
public health concern and is one of the most common 
non-communicable chronic conditions worldwide, affecting about a 
quarter of the world’s population (2). In addition, the global burden 
of MetS is still increasing due to the prevalence of obesity and type 2 
diabetes (T2D) caused by unhealthy lifestyles (3). MetS is not a 
separate disease per se, but its clinical significance lies in its close 
association with the development of a variety of other major 
cardiometabolic disorders, including cardiovascular disease (CVD), 
T2D, non-alcoholic fatty liver disease, multiple cancers, and chronic 
kidney disease (CKD) (4–8). CKD is considered as one of the major 
complications of MetS, which is thought to have substantial crosstalk 
and share many common pathogenic mechanisms with metabolic 
disorders and CVD, i.e., the Cardiovascular-Kidney-Metabolic (CKM) 
Syndrome recently proposed by the American Heart Association 
(9–11). Numerous epidemiologic studies have demonstrated a 
significant bidirectional relationships between MetS and CKD (12). 
The co-morbidity of CKD in MetS is associated with significantly 
increased risk of comorbidities and mortality, severely impairing 
individuals’ health-related quality of life and placing a heavy burden 
on society (13). Identifying modifiable risk factors for the development 
of CKD in MetS and undertaking interventions has important public 
health implications for reducing the MetS disease burden.

Although the mechanisms and pathways involved in CKD 
pathogenesis in MetS remain incompletely understood, accumulating 
evidence suggests that oxidative stress is a major contributor. The 
main hallmarks of MetS including IR and visceral obesity can induce 
systemic chronic low-grade inflammation and oxidative stress, leading 
to microvascular remodeling in the kidney thus leading to CKD onset 
and progression (14, 15). Exogenous antioxidants and pro-oxidants 
have been implicated as potentially modulating the individual’s level 
of oxidative stress and influencing the development of disease (16). 
However, most of the previous studies have only explored the 
association of specific dietary antioxidants or pro-oxidants with MetS 
or CKD, with shortcomings in reflecting the overall dietary and 
lifestyle oxidative balance of the individual (17, 18).

To comprehensively measure an individual’s antioxidant and 
pro-oxidant exposure, the oxidative balance score (OBS) has been 
proposed as an integrated assessment tool (19). OBS provides a global 
appraisal of individual dietary and lifestyle exposures to antioxidants 
and pro-oxidants. An antioxidant diet and lifestyle are suggested to 
modulate the body’s redox balance and reduce the risk of a range of 
diseases, including CKD (20, 21). However, the association between 

OBS and CKD in MetS remains poorly studied, especially given the 
heavy disease burden and interactions of CKD in MetS. In addition, 
previous studies have some limitations that need to be  addressed. 
Previous studies may lack comprehensiveness due to the small number 
of OBS components included and require further updating. The 
respective effects of dietary OBS and lifestyle OBS have not been 
explored previously, thus preventing individualized prevention strategies 
from being derived. Finally, there is a lack of adequate exploration of the 
interactions between metabolic disorders, CVD, and CKD.

Therefore, to address the current knowledge gap, we aimed to 
explore the association of OBS with CKD in MetS through a nationally 
representative, population-based, ongoing large cross-sectional 
survey, the National Health and Nutrition Examination Survey 
(NHANES). These findings may underpin the prevention of CKD in 
individuals with MetS who are adherent to antioxidant diets and 
lifestyles, thereby reducing disease burden and improving prognosis.

2 Methods

2.1 Study design and population

NHANES is the primary program conducted by the National 
Center for Health and Statistics (NCHS), part of the Centers for 
Disease Control and Prevention, to assess the health and nutritional 
status of non-institutionalized citizens in the U.S. Beginning in 1999, 
NHANES has been conducted in a two-year survey cycle, in which 
approximately 5,000 nationally representative participants are drawn 
from across the U.S. each year. NHANES is a series of ongoing, 
nationally representative cross-sectional surveys with a complex 
multi-stage probability sampling cluster design.

The study population selection flowchart was presented in 
Figure 1. We included MetS participants from 10 cycles of NHANES 
1999–2018 (n = 19,875) and sequentially excluded those with missing 
OBS information (n = 8,824), CKD diagnosis information (n = 88), 
participants <20 years of age (n = 2,126), and those with missing 
covariate data (n = 742). Ultimately, 8,095 eligible MetS participants 
were included for further analysis.

2.2 Evaluation of OBS

The components and assignment criteria for OBS have been 
extensively discussed in previous studies using NHANES similarly 
(22, 23), and we  adopted the well-established methodology from 
previous studies for OBS assessment and presented in 
Supplementary Table S1. Briefly, the OBS consists of 16 dietary 
components and 4 lifestyle components. Dietary OBS consists of 
dietary sources of 14 antioxidants (dietary fiber, carotene, riboflavin, 
niacin, Vitamin B6, total folate, Vitamin B12, Vitamin C, Vitamin E, 
calcium, magnesium, zinc, copper, and selenium) and 2 pro-oxidants 
(total fat and Iron). Lifestyle OBS consisted of 1 antioxidant (physical 
activity) and 3 pro-oxidants [body mass index (BMI), alcohol 
consumption, and cotinine exposure]. The mean of two 24-h dietary 
recall surveys was used to represent their intake (the first was a 24-h 
dietary recall interview conducted at the mobile examination center, 
and a telephone follow-up  3–10 days later). Physical activity was 
assessed according to metabolic equivalents [MET, min/week]. 

Abbreviations: BP, blood pressure; CKD, chronic kidney disease; CKM, 

Cardiovascular-Kidney-Metabolic; CVD, cardiovascular disease; eGFR, estimated 

glomerular filtration rate; FBG, fasting blood glucose; HDL, high-density lipoprotein; 

HDL-C, high-density lipoprotein cholesterol; IDF, International Diabetes Federation; 

IR, insulin resistance; MetS, metabolic syndrome; NCHS, National Center for Health 

and Statistics; NHANES, National Health and Nutrition Examination Survey; OBS, 

oxidative balance score; PIR, income-poverty ratio; RCS, restricted cubic spline; 

TG, triglycerides; T2D, type 2 diabetes; uACR, urinary albumin/creatinine ratio; 

WC, waist circumference.
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Alcohol intake data were obtained from dietary recalls, where intakes 
greater than 30/15 g/d for men/women, respectively, were suggestive 
of significant alcohol consumption. BMI was calculated based on 
weight (kg) divided by the square of height (m). Serum cotinine 
exposure was used as a combined proxy for the presence of active and 
passive smoking. Overall, the OBS assigns scores to antioxidant (0, 1, 
and 2 points, respectively, on a low-to-high scale) and pro-oxidant (2, 
1, and 0 points, respectively, on a low-to-high scale) levels based on 
gender-specific criteria. Most of the components were grouped 
according to tertiles (except for the previously mentioned 
alcohol consumption).

2.3 Assessment of MetS

The National Cholesterol Education Program-Adult Treatment 
Panel III criteria were used to assess MetS (24). MetS was defined as 
meeting ≥3 of the following five criteria: (1) Waist circumference 
(WC) ≥102 cm in men and ≥88 cm in women; (2) Serum 
triglycerides (TG) ≥150 mg/dL; (3) Serum high-density lipoprotein 

(HDL) cholesterol (HDL-C) <40 mg/dL in men or <50 mg/dL in 
women; (4) Fasting blood glucose (FBG) ≥100 mg/dL or use of 
hypoglycemic drugs; (5) Blood pressure (BP) ≥130/85 mmHg. 
Information on serum TG, HDL-C, and FBG was obtained from the 
biochemical test files at NHANES, while BP was obtained from three 
consecutive measurements taken by professionals at the mobile 
examination center. In the sensitivity analysis, we  assessed MetS 
using another widely used diagnostic criterion, the International 
Diabetes Federation (IDF) (25), to verify the consistency of 
the results.

2.4 Diagnosis of CKD

The CKD was defined as having a urinary albumin/creatinine 
ratio (uACR) ≥ 30 mg/g and/or an estimated glomerular filtration rate 
(eGFR) < 60 mL/min/1.73 m2 (26). eGFR was calculated according to 
the widely accepted Chronic Kidney Disease Epidemiology 
Collaboration formula (27). Urine albumin was measured by 
fluorescence immunoassay and urine creatinine was measured by 

FIGURE 1

Flowchart of study population selection, NHANES 1999–2018.
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enzymatic method. Urine albumin and creatinine levels were 
standardized and calibrated in NHANES using gold standard methods.

2.5 Covariates

We included several potential covariates, including age, sex (male/
female), race/ethnicity (Mexican American/non-Hispanic White/
non-Hispanic Black/other Hispanic/other race), education level 
(<high school/high school/>high school), income-poverty ratio (PIR), 
marital status (single/non-single), daily dietary energy intake, 
diabetes, hypertension, and CVD. Daily energy intake (kcal/day) was 
derived from self-reporting in face-to-face dietary recalls at mobile 
examination centers. Diabetes was indicated by one of the following: 
self-reported history of diabetes, fasting blood glucose ≥7 mmol/L, 
Hemoglobin A1c ≥ 6.5%, oral glucose tolerance test or random blood 
glucose ≥11.1 mmol/L, or current use of antidiabetic medications. The 
presence of hypertension was indicated by a self-reported history of 
hypertension, a blood pressure test value of ≥140/90 mmHg or being 
on antihypertensive medication. CVD history was obtained through 
participants’ affirmative responses to specific questions on the Medical 
Conditions Questionnaire.

2.6 Statistical analysis

We weighted all analyses appropriately according to NHANES 
analytic guidelines to account for the complex study design of NHANES 
and to enable nationally representative estimates of the sample. Data 
processing and analysis were performed using EmpowerStats (X&Y 
Solutions, Inc., Boston, MA, United States) and R software (version 
4.2.3). Bilateral p-values of less than 0.05 were defined as statistically 
significant. In baseline analyses, participants were grouped according 
to OBS quartiles or CKD status, with continuous variables expressed as 
mean ± standard error and categorical variables expressed as number 
(percentage). Continuous variables were compared using weighted 
ANOVA or t-tests, and categorical variables were analyzed using 
chi-square tests. Multiple multivariate logistic regression models were 
used to explore the association between OBS and CKD in MetS and to 
calculate odds ratios [OR] and 95% confidence intervals [CI]. OBS, 
dietary OBS, and lifestyle OBS were considered either continuous or 
categorical variables (quartiles). Model 1 did not adjust for any 
covariates, model 2 partially adjusted for age, sex, and race, and model 
3 additionally adjusted for education, PIR, marital status, daily energy 
intake, diabetes mellitus, hypertension, and CVD on top of model 2. 
Restricted cubic spline (RCS) was used to explore dose–response 
associations or potential non-linear associations. The curve-fitting term 
was defined by the RCS function in the rms package. Stratified analyses 
were used to explore whether these associations remained consistent 
across subgroups and to explore potential effect modifiers through 
interaction analyses. In sensitivity analysis, the IDF definition was used 
to diagnose MetS to verify the stability of the results.

2.7 Ethics statement

The NCHS Ethics Review Board reviewed and approved all 
NHANES protocols, and all participants provided written informed 

consent. NHANES is a publicly accessible database, and our study was 
a secondary analysis based on pre-existing data, so local ethical 
approval was waived.

3 Results

3.1 Baseline characteristics

A total of 8,095 MetS participants were included. The mean age 
of the participants was 52.427 years. CKD was present in 2006 MetS 
participants, with a prevalence of 24.8%. Baseline analyses based on 
OBS quartiles (Q1 < 14; 14 ≤ Q2 < 20; 20 ≤ Q3 < 25; Q4 ≥ 25) indicated 
that as OBS increased, participants had higher PIR and daily energy 
intake and were more likely to be non-Hispanic White, non-single, 
and have an education level above high school. In addition, the 
prevalence of CVD and CKD progressively decreased with increasing 
OBS (both p < 0.001) (Table 1). In Supplementary Table S2, baseline 
analyses according to CKD status showed that OBS, dietary OBS, 
and lifestyle OBS were all significantly lower in CKD patients (all 
p < 0.05).

3.2 Association of OBS with CKD 
prevalence in the MetS population

Table 2 presented the results of multivariate logistic regression 
analysis. In Model 1 and Model 2, OBS, dietary OBS, and lifestyle OBS 
were all inversely associated with CKD. In fully adjusted Model 3, each 
incremental score of OBS, dietary OBS, and lifestyle OBS was 
associated with a 2% (OR = 0.980, 95% CI = 0.966–0.995, p = 0.0084), 
1.7% (OR = 0.983, 95% CI = 0.967–0.999, p = 0.0351), and 7.3% 
(OR = 0.927, 95% CI = 0.880–0.976, p = 0.0049) reduction in the 
prevalence of CKD. Higher OBS, dietary OBS, and lifestyle OBS were 
all associated with significantly lower CKD prevalence (p for 
trend = 0.0062, 0.0291, and 0.0028, respectively).

3.3 RCS analysis

RCS analysis demonstrated significant inverse linear associations 
between OBS, dietary OBS, and lifestyle OBS with CKD prevalence in 
MetS (p for non-linearity = 0.6914, 0.2938, and 0.7060, respectively), 
suggesting that higher OBS is associated with lower CKD prevalence 
in MetS in a dose–response manner (Figures 2A–C).

3.4 Stratified analysis

We stratified the associations of OBS, dietary OBS, and lifestyle 
OBS with CKD according to the included covariates. Most covariates 
did not significantly affect these associations, however, interaction 
analyses indicated that CVD was the effect modifier in the 
associations of OBS and dietary OBS with CKD (p for interaction 
0.009 and 0.012, respectively). These effects were only present in MetS 
patients without CVD (OBS: OR = 0.972, p = 0.002; dietary OBS: 
OR = 0.973, p = 0.006) and disappeared in CVD co-morbid 
individuals. Finally, the association between lifestyle OBS and the 
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prevalence of CKD in MetS remained stable across subgroups (all p 
for interaction >0.05) (Figures 3A–C).

3.5 Sensitivity analysis

Using the IDF criteria to define MetS did not significantly change 
the results (Supplementary Table S3), with OBS, dietary OBS, and 
lifestyle OBS remaining inversely associated with the prevalence of 
CKD in the MetS population after adjusting for all confounders (OBS: 
OR = 0.980, p = 0.0037; Dietary OBS: OR = 0.982, p = 0.0007; Lifestyle 

OBS: OR = 0.946, p = 0.0046), suggesting consistency and robustness 
of these findings.

4 Discussion

Leveraging a nationally representative population-based cross-
sectional study, our findings showed for the first time that an emerging 
composite dietary and lifestyle oxidative balance assessment metric, 
OBS, was significantly and negatively associated with the prevalence 
of CKD in the MetS population. Each one-point increase in overall 

TABLE 1 Baseline analysis according to OBS quartiles, NHANES 1999–2018.

Variables Total 
(n =  8,095)

Q1 (n =  2,145) Q2 (n =  2,194) Q3 (n =  1880) Q4 (n =  1876) P-value

Age, year 52.427 ± 0.259 51.867 ± 0.444 52.831 ± 0.403 52.290 ± 0.477 52.640 ± 0.419 0.339

PIR 3.077 ± 0.036 2.609 ± 0.050 3.059 ± 0.054 3.216 ± 0.050 3.391 ± 0.057 <0.0001

Energy intake, kcal/day 2119.527 ± 12.056 1506.959 ± 17.712 1929.829 ± 18.791 2291.244 ± 26.424 2720.442 ± 26.943 <0.0001

OBS.dietary 16.463 ± 0.116 7.611 ± 0.074 14.070 ± 0.052 19.252 ± 0.063 24.477 ± 0.066 <0.0001

OBS.lifestyle 3.673 ± 0.024 3.118 ± 0.033 3.636 ± 0.037 3.741 ± 0.040 4.158 ± 0.036 <0.0001

Sex 0.784

  Male 4,041(51.533) 1,146(52.696) 1,074(51.043) 927(51.824) 894(50.708)

  Female 4,054(48.467) 999(47.304) 1,120(48.957) 953(48.176) 982(49.292)

Race <0.0001

  Mexican American 1,407(7.247) 342(6.429) 349(6.582) 339(7.478) 377(8.490)

  Non-Hispanic Black 1,348(7.818) 490(11.946) 394(8.316) 248(6.219) 216(5.033)

  Non-Hispanic White 4,170(75.316) 1,053(72.431) 1,129(75.460) 1,000(75.764) 988(77.382)

  Other Hispanic 597(4.169) 148(4.467) 179(4.609) 129(3.539) 141(4.032)

  Other Race 573(5.449) 112(4.727) 143(5.032) 164(7.000) 154(5.062)

Marital Status 0.006

  Non-single 5,253(69.019) 1,326(65.510) 1,417(69.946) 1,222(68.089) 1,288(72.147)

  Single 2,842(30.981) 819(34.490) 777(30.054) 658(31.911) 588(27.853)

Education <0.0001

  <High school 807(4.505) 301(6.932) 230(4.638) 147(3.549) 129(3.054)

  High school 3,242(38.651) 988(47.882) 898(39.909) 708(36.342) 648(31.047)

  >High school 4,046(56.844) 856(45.186) 1,066(55.453) 1,025(60.109) 1,099(65.899)

Diabetes 0.682

  No 5,266(71.743) 1,338(70.860) 1,420(71.000) 1,243(72.346) 1,265(72.771)

  Yes 2,829(28.257) 807(29.140) 774(29.000) 637(27.654) 611(27.229)

Hypertension 0.405

  No 2,766(37.376) 682(38.240) 745(36.987) 682(38.734) 657(35.687)

  Yes 5,329(62.624) 1,463(61.760) 1,449(63.013) 1,198(61.266) 1,219(64.313)

CVD <0.001

  No 6,749(86.125) 1,681(82.658) 1833(85.734) 1,604(88.329) 1,631(87.601)

  Yes 1,346(13.875) 464(17.342) 361(14.266) 276(11.671) 245(12.399)

CKD <0.001

  No 6,089(79.957) 1,525(76.657) 1,633(79.022) 1,458(81.751) 1,473(82.261)

  Yes 2006(20.043) 620(23.343) 561(20.978) 422(18.249) 403(17.739)

Continuous variables were expressed as mean ± standard error and categorical variables were expressed as number (percentage). Continuous variables were compared using weighted ANOVA, 
and categorical variables were analyzed using chi-square tests.
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OBS, dietary OBS, and lifestyle OBS in MetS individuals was 
associated with a 2, 1.7, and 7.3% lower prevalence of CKD, 
respectively, and all exhibited dose–response patterns. CVD 
co-morbidity in MetS significantly affected the association between 
OBS and dietary OBS and CKD, suggesting the existence of an 
interaction between MetS, CVD, and CKD. These findings emphasize 
that the antioxidant potential of dietary and lifestyle sources may 
confer an important protective role against the development of CKD 
in MetS. Adherence to an OBS-assessed antioxidant diet and lifestyle, 
which are modifiable risk factors, all contribute to the prevention of 
CKD, especially in the CVD-free cohort. Our findings may provide 
new insights for CKD prevention in MetS in policy making and 
public health.

The OBS is an emerging composite metric for assessing an 
individual’s overall redox homeostasis that integrates antioxidant and 
pro-oxidant exposures from diet and lifestyle. By evaluating the 
impact of overall diet and lifestyle on oxidative stress, higher OBS 
suggests higher antioxidant exposure. In the organism, a multifactorial 
imbalance of pro-oxidants and antioxidants may lead to oxidative 
stress, which can initiate cellular damage and death. A large body of 
evidence suggests that diet and lifestyle may influence the intrinsic 
oxidative stress process by modulating oxidative homeostasis (28–30). 
However, assessing the effects of individual antioxidants and 
pro-oxidants on health and disease has produced inconsistent results 
in previous clinical studies, and a possible explanation for this is that 
antioxidant and pro-oxidant interactions may have been overlooked 

(19). Therefore, integrating dietary and lifestyle influences on 
oxidative stress may more accurately reflect overall antioxidant 
exposure. The first OBS consists of two dietary antioxidants (vitamin 
C and beta carotene) and one pro-oxidant (iron) (31). Extensive 
subsequent epidemiologic studies have continually updated and 
expanded the components of OBS, and there are now more than 20 
types of OBS with different assignment modes and components (19). 
In this study, we used the OBS assessment criteria that were extensively 
validated in previous NHANES-related studies, which consisted of 16 
dietary components and 4 lifestyle components that comprehensively 
considered the complex effects of antioxidants and pro-oxidants (22, 
23, 32, 33). Thus, our findings suggest that higher antioxidant 
properties of both diet and lifestyle are associated with lower 
prevalence of CKD in MetS, indicating independent and 
joint associations.

A large body of experimental evidence suggests that oxidative 
stress is an important contributor in both the pathogenesis and disease 
progression of MetS and CKD (34, 35). Accumulating evidence also 
suggests a key pathophysiological role for oxidative stress in the 
development and progression of MetS-related CKD. Adipose tissue 
dysfunction and aberrant secretion and release of adipokines and 
inflammatory cytokines in MetS may induce systemic chronic 
low-grade inflammation, oxidative stress, and endothelial dysfunction, 
resulting in renal injury and dysfunction (12, 36). Increased levels of 
reactive oxygen species and oxidative stress in MetS are responsible 
for renal microvascular remodeling and structural/functional 

TABLE 2 Association of OBS with CKD in the MetS population, NHANES 1999–2018.

Model 1
OR (95%CI) p-value

Model 2
OR (95%CI) p-value

Model 3
OR (95%CI) p-value

OBS 0.976 (0.966, 0.986) <0.0001 0.977 (0.967, 0.988) <0.0001 0.980 (0.966, 0.995) 0.0084

OBS quartile

  Q1 Ref. Ref. Ref.

  Q2 0.830 (0.679, 1.015) 0.0720 0.841 (0.689, 1.027) 0.0922 0.875 (0.707, 1.083) 0.2222

  Q3 0.701 (0.575, 0.855) 0.0006 0.718 (0.589, 0.875) 0.0013 0.747 (0.598, 0.934) 0.0115

  Q4 0.636 (0.520, 0.778) <0.0001 0.655 (0.535, 0.801) 0.0001 0.693 (0.530, 0.905) 0.0081

P for trend <0.0001 <0.0001 0.0062

OBS.DIETARY 0.978 (0.967, 0.989) 0.0001 0.980 (0.969, 0.991) 0.0004 0.983 (0.967, 0.999) 0.0351

OBS.DIETARY quartile

  Q1 Ref. Ref. Ref.

  Q2 0.801 (0.654, 0.981) 0.0338 0.818 (0.668, 1.002) 0.0548 0.863 (0.694, 1.072) 0.1851

  Q3 0.669 (0.556, 0.804) <0.0001 0.687 (0.571, 0.826) 0.0001 0.715 (0.579, 0.881) 0.0021

  Q4 0.683 (0.564, 0.826) 0.0001 0.707 (0.583, 0.858) 0.0006 0.765 (0.588, 0.997) 0.0492

P for trend 0.0001 0.0004 0.0291

OBS.LIFESTYLE 0.904 (0.861, 0.950) 0.0001 0.902 (0.858, 0.948) 0.0001 0.927 (0.880, 0.976) 0.0049

OBS.LIFESTYLE quartile

  Q1 Ref. Ref. Ref.

  Q2 0.852 (0.697, 1.042) 0.1201 0.851 (0.696, 1.039) 0.1147 0.877 (0.715, 1.074) 0.2067

  Q3 0.773 (0.633, 0.943) 0.0122 0.766 (0.626, 0.936) 0.0101 0.844 (0.687, 1.038) 0.1107

  Q4 0.665 (0.548, 0.806) 0.0001 0.659 (0.543, 0.801) <0.0001 0.727 (0.596, 0.887) 0.0021

P for trend <0.0001 <0.0001 0.0028

Model 1 did not adjust for any covariates, model 2 partially adjusted for age, sex, and race, and model 3 additionally adjusted for education, PIR, marital status, daily energy intake, diabetes 
mellitus, hypertension, and CVD on top of model 2. Bold values represent the statistically significant results.
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alterations by inducing endothelial dysfunction and hypercoagulability, 
which may be important pathophysiological events in the development 
and progression of CKD (14, 15).

Previous clinical findings or experimental studies suggest that 
dietary antioxidants and physical activity may prevent the 
development of MetS and CKD (18, 37), whereas pro-oxidants such 
as high-fat diets (38), smoking (39, 40), and excessive alcohol 
consumption (6, 41) may promote the development of these 
conditions. However, the association of these antioxidants and 
pro-oxidants with the prevalence of CKD in MetS remains 
understudied. Furthermore, to the best of our knowledge, there are 
no studies addressing the association of OBS with the prevalence of 
CKD in MetS. However, several clinical studies have shown that OBS 
is associated with the development and progression of several 
diseases, including MetS and CKD, and inconsistent conclusions exist. 
A previous cross-sectional study that included 847 Iranian 
participants showed that OBS was unrelated to MetS after adjusting 
for confounders (p = 0.07) (42). A subsequent cross-sectional analysis 
and cohort study from Korea demonstrated that OBS was negatively 
associated with both the prevalence and incidence of MetS (43). 
Cross-sectional analyses using NHANES similarly showed that OBS 
was negatively associated with MetS prevalence, MetS severity, and 
all-cause mortality from MetS (23, 44). Several previous cohort 
studies have explored the association of OBS with CKD in the general 
population. Ilori et  al. (20) suggested that OBS was inversely 
associated with baseline CKD prevalence in a large cohort study that 

included 19,461 US participants (p for trend <0.01). A recent cohort 
study from Korea similarly demonstrated that OBS was negatively 
associated with incident CKD in both men and women (21). However, 
another cohort study that included 3,233 participants with CKD 
suggested OBS was not associated with end-stage renal disease in the 
fully adjusted model (45). As mentioned previously, these studies had 
relatively few OBS components (13 and 15) and did not independently 
explore the effects of dietary OBS and lifestyle OBS on CKD. Our 
study provides new insights into the prevention of CKD by OBS in 
individuals with MetS and suggests that both adherence and 
antioxidant diet and lifestyle have inverse dose–response associations 
with CKD prevalence. A diet rich in anti-inflammatory nutrients, 
fiber, and phytochemicals has been demonstrated to mitigate 
proteinuria, decelerate the progression of CKD, and postpone the 
necessity for dialysis. This can be  achieved by reducing 
cardiometabolic risk factors such as hypertension, CVD, diabetes, and 
obesity (46, 47). Therefore, patients with CKD are advised to increase 
the proportion of plant-based foods and reduce the intake of animal-
based foods (e.g., those in the Mediterranean diet pattern) as 
recommended by the 2024 KDIGO practice guideline (48). In 
addition to dietary modifications, patients are encouraged to perform 
moderate-intensity physical activity for at least 150 min/week or an 
amount that is appropriate for their cardiovascular and physical 
fitness, maintain an optimal BMI, and avoid tobacco products.

Another important finding of our study was that CVD 
significantly influenced the impact of OBS and dietary OBS on CKD 

FIGURE 2

RCS modeling of the association of OBS, dietary OBS, and lifestyle OBS with CKD in the MetS population. (A) OBS; (B) dietary OBS; (C) lifestyle OBS.

https://doi.org/10.3389/fnut.2024.1442274
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Zhu et al. 10.3389/fnut.2024.1442274

Frontiers in Nutrition 08 frontiersin.org

in the MetS population, but not lifestyle OBS. These associations were 
only present in CVD-free individuals with MetS, suggesting that the 
presence of CVD may diminish the protective benefits of 
OBS. Interactions between MetS, CKD, and CVD have been well 
documented. As three major global public health concerns, the 
recently proposed CKM syndrome links CKD, CVD, and metabolic 
disorders, suggesting that these diseases require multidisciplinary 
integrated management approaches (9–11). The pathophysiologic 
mechanisms of CKM syndrome are thought to be  complex and 
multifaceted, and oxidative stress may play an important contributory 
role (9, 49). Adherence to a healthy diet and physically active lifestyle 
are important strategies for CKM syndrome prevention, especially in 
the early stages (9). Our study consistently indicates the existence of 
MetS, CKD, and CVD interactions. Importantly, our study reveals for 
the first time the protective role of adherence to an antioxidant diet 
against CKD in MetS, especially in CVD-free populations.

Our research strengths are reflected in the following aspects. 
First, this is a large, nationally representative population-based 

cross-sectional analysis, and its large sample and multiethnicity 
make these findings well generalizable and replicable. The OBS 
calculation was based on assessment criteria that have been 
extensively validated in previous NHANES-related studies, and 
fully considered dietary and lifestyle antioxidants and pro-oxidants 
to reflect an individual’s oxidative homeostasis more accurately. 
Our study adequately considered potential confounding factors 
and reduced the confounding bias of the study. However, there are 
limitations to our study. First, it is a cross-sectional analysis, and 
therefore cannot draw causal associations and may still be subject 
to residual confounders. Future prospective cohort studies are 
needed to confirm these findings. Second, dietary intake was based 
on participants’ self-reports, which may be subject to recall bias. 
However, previous NHANES-related studies have similarly 
demonstrated the reliability and consistency of these 
questionnaires (50). In addition, we were unable to explore the 
effect of OBS on the progression of CKD across different staging 
and disease stages in MetS. Future studies are needed to explore 

FIGURE 3

Stratified analysis based on inclusion of covariates. (A) OBS; (B) dietary OBS; (C) lifestyle OBS.

https://doi.org/10.3389/fnut.2024.1442274
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Zhu et al. 10.3389/fnut.2024.1442274

Frontiers in Nutrition 09 frontiersin.org

the longitudinal association between OBS and CKD progression 
in MetS.

5 Conclusion

In a national cross-sectional analysis, overall OBS, dietary OBS, 
and lifestyle OBS were all inversely associated with the prevalence of 
CKD among patients with MetS, and all had dose–response 
associations. CVD significantly influenced the association of OBS 
and dietary OBS with the prevalence of CKD in the MetS population, 
and these effects were only present in CVD-free individuals. These 
findings suggest that compliance with an antioxidant diet and lifestyle 
as assessed by OBS both contribute to the prevention of CKD in 
individuals with MetS and support relevant policy development and 
public health focus.

Data availability statement

This study analyzed publicly available datasets and can be found 
at https://www.cdc.gov/nchs/nhanes/.

Ethics statement

All NHANES research protocols were reviewed and approved by 
the NCHS Ethics Review Board, and all participants have provided 
written informed consent.

Author contributions

LZ: Formal analysis, Writing – original draft, Conceptualization, 
Methodology. XR: Formal analysis, Writing – original draft, 

Methodology. JW: Formal analysis, Writing – original draft. YY: 
Writing – review & editing. CT: Supervision, Writing – review & 
editing, Conceptualization. YX: Supervision, Writing – review & 
editing, Conceptualization.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1442274/
full#supplementary-material

References
 1. Huang PL. A comprehensive definition for metabolic syndrome. Dis Model Mech. 

(2009) 2:231–7. doi: 10.1242/dmm.001180

 2. Saklayen MG. The global epidemic of the metabolic syndrome. Curr Hypertens Rep. 
(2018) 20:12. doi: 10.1007/s11906-018-0812-z

 3. Fahed G, Aoun L, Bou Zerdan M, Allam S, Bou Zerdan M, Bouferraa Y, et al. 
Metabolic syndrome: updates on pathophysiology and management in 2021. Int J Mol 
Sci. (2022) 23:786. doi: 10.3390/ijms23020786

 4. Samson SL, Garber AJ. Metabolic syndrome. Endocrinol Metab Clin N Am. (2014) 
43:1–23. doi: 10.1016/j.ecl.2013.09.009

 5. Abraham NG, Brunner EJ, Eriksson JW, Robertson RP. Metabolic syndrome. Ann 
N Y Acad Sci. (2007) 1113:256–75. doi: 10.1196/annals.1391.015

 6. Åberg F, Byrne CD, Pirola CJ, Männistö V, Sookoian S. Alcohol consumption and 
metabolic syndrome: clinical and epidemiological impact on liver disease. J Hepatol. 
(2023) 78:191–206. doi: 10.1016/j.jhep.2022.08.030

 7. Esposito K, Chiodini P, Colao A, Lenzi A, Giugliano D. Metabolic syndrome and 
risk of cancer: a systematic review and meta-analysis. Diabetes Care. (2012) 35:2402–11. 
doi: 10.2337/dc12-0336

 8. Gluba A, Mikhailidis DP, Lip GY, Hannam S, Rysz J, Banach M. Metabolic 
syndrome and renal disease. Int J Cardiol. (2013) 164:141–50. doi: 10.1016/j.
ijcard.2012.01.013

 9. Sebastian SA, Padda I, Johal G. Cardiovascular-kidney-metabolic (CKM) 
syndrome: a state-of-the-art review. Curr Probl Cardiol. (2024) 49:102344. doi: 10.1016/j.
cpcardiol.2023.102344

 10. Ndumele CE, Neeland IJ, Tuttle KR, Chow SL, Mathew RO, Khan SS, et al. A 
synopsis of the evidence for the science and clinical Management of Cardiovascular-
Kidney-Metabolic (CKM) syndrome: a scientific statement from the American Heart 
Association. Circulation. (2023) 148:1636–64. doi: 10.1161/cir.0000000000001186

 11. Ndumele CE, Rangaswami J, Chow SL, Neeland IJ, Tuttle KR, Khan SS, et al. 
Cardiovascular-kidney-metabolic health: a presidential advisory from the American 
Heart Association. Circulation. (2023) 148:1606–35. doi: 10.1161/cir.0000000000001184

 12. Lin L, Tan W, Pan X, Tian E, Wu Z, Yang J. Metabolic syndrome-related kidney 
injury: a review and update. Front Endocrinol. (2022) 13:904001. doi: 10.3389/
fendo.2022.904001

 13. Nashar K, Egan BM. Relationship between chronic kidney disease and metabolic 
syndrome: current perspectives. Diabetes Metab Syndr Obes. (2014) 7:421–35. doi: 
10.2147/dmso.S45183

 14. Scurt FG, Ganz MJ, Herzog C, Bose K, Mertens PR, Chatzikyrkou C. Association 
of metabolic syndrome and chronic kidney disease. Obes Rev. (2024) 25:e13649. doi: 
10.1111/obr.13649

 15. Zhang X, Lerman LO. The metabolic syndrome and chronic kidney disease. Transl 
Res. (2017) 183:14–25. doi: 10.1016/j.trsl.2016.12.004

 16. Jomova K, Raptova R, Alomar SY, Alwasel SH, Nepovimova E, Kuca K, et al. 
Reactive oxygen species, toxicity, oxidative stress, and antioxidants: chronic diseases and 
aging. Arch Toxicol. (2023) 97:2499–574. doi: 10.1007/s00204-023-03562-9

 17. Zhou Q, Zhou L, Chen X, Chen Q, Hao L. Composite dietary antioxidant index is 
associated with reduced prevalence of metabolic syndrome but not mortality in 

https://doi.org/10.3389/fnut.2024.1442274
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.cdc.gov/nchs/nhanes/
https://www.frontiersin.org/articles/10.3389/fnut.2024.1442274/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1442274/full#supplementary-material
https://doi.org/10.1242/dmm.001180
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.3390/ijms23020786
https://doi.org/10.1016/j.ecl.2013.09.009
https://doi.org/10.1196/annals.1391.015
https://doi.org/10.1016/j.jhep.2022.08.030
https://doi.org/10.2337/dc12-0336
https://doi.org/10.1016/j.ijcard.2012.01.013
https://doi.org/10.1016/j.ijcard.2012.01.013
https://doi.org/10.1016/j.cpcardiol.2023.102344
https://doi.org/10.1016/j.cpcardiol.2023.102344
https://doi.org/10.1161/cir.0000000000001186
https://doi.org/10.1161/cir.0000000000001184
https://doi.org/10.3389/fendo.2022.904001
https://doi.org/10.3389/fendo.2022.904001
https://doi.org/10.2147/dmso.S45183
https://doi.org/10.1111/obr.13649
https://doi.org/10.1016/j.trsl.2016.12.004
https://doi.org/10.1007/s00204-023-03562-9


Zhu et al. 10.3389/fnut.2024.1442274

Frontiers in Nutrition 10 frontiersin.org

metabolic syndrome: results from NHANES 2001-2018. Prev Med Rep. (2024) 
41:102704. doi: 10.1016/j.pmedr.2024.102704

 18. Asghari G, Yuzbashian E, Shahemi S, Gaeini Z, Mirmiran P, Azizi F. Dietary total 
antioxidant capacity and incidence of chronic kidney disease in subjects with 
dysglycemia: Tehran lipid and glucose study. Eur J Nutr. (2018) 57:2377–85. doi: 
10.1007/s00394-017-1511-2

 19. Hernández-Ruiz Á, García-Villanova B, Guerra-Hernández E, Amiano P, Ruiz-
Canela M, Molina-Montes E. A review of a priori defined oxidative balance scores 
relative to their components and impact on health outcomes. Nutrients. (2019) 11:774. 
doi: 10.3390/nu11040774

 20. Ilori TO, Sun Ro Y, Kong SY, Gutierrez OM, Ojo AO, Judd SE, et al. Oxidative 
balance score and chronic kidney Disease. Am J Nephrol. (2015) 42:320–7. doi: 
10.1159/000441623

 21. Son DH, Lee HS, Seol SY, Lee YJ, Lee JH. Association between the oxidative 
balance score and incident chronic kidney Disease in adults. Antioxidants. (2023) 
12:335. doi: 10.3390/antiox12020335

 22. Liu Y, Chen M. Dietary and lifestyle oxidative balance scores are independently 
and jointly associated with non-alcoholic fatty liver disease: a 20 years nationally 
representative cross-sectional study. Front Nutr. (2023) 10:1276940. doi: 10.3389/
fnut.2023.1276940

 23. Lu Y, Wang M, Bao J, Chen D, Jiang H. Association between oxidative balance score 
and metabolic syndrome and its components in US adults: a cross-sectional study from 
NHANES 2011-2018. Front Nutr. (2024) 11:1375060. doi: 10.3389/fnut.2024.1375060

 24. Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC Jr, Lenfant C. Definition of 
metabolic syndrome: report of the National Heart, Lung, and Blood Institute/American 
Heart Association conference on scientific issues related to definition. Circulation. 
(2004) 109:433–8. doi: 10.1161/01.Cir.0000111245.75752.C6

 25. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome--a new world-wide definition. 
A consensus statement from the international diabetes federation. Diabet Med. (2006) 
23:469–80. doi: 10.1111/j.1464-5491.2006.01858.x

 26. KDIGO. 2021 clinical practice guideline for the Management of Glomerular 
Diseases. Kidney Int. (2021) 100:S1–s276. doi: 10.1016/j.kint.2021.05.021

 27. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, et al. 
A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 
150:604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

 28. Tan BL, Norhaizan ME. Effect of high-fat diets on oxidative stress, cellular inflammatory 
response and cognitive function. Nutrients. (2019) 11:579. doi: 10.3390/nu11112579

 29. Pingitore A, Lima GP, Mastorci F, Quinones A, Iervasi G, Vassalle C. Exercise and 
oxidative stress: potential effects of antioxidant dietary strategies in sports. Nutrition. 
(2015) 31:916–22. doi: 10.1016/j.nut.2015.02.005

 30. Caliri AW, Tommasi S, Besaratinia A. Relationships among smoking, oxidative 
stress, inflammation, macromolecular damage, and cancer. Mutat Res Rev Mutat Res. 
(2021) 787:108365. doi: 10.1016/j.mrrev.2021.108365

 31. van Hoydonck PGA, Temme EH, Schouten EG. A dietary oxidative balance score 
of vitamin C, beta-carotene and iron intakes and mortality risk in male smoking 
Belgians. J Nutr. (2002) 132:756–61. doi: 10.1093/jn/132.4.756

 32. Xu Z, Xue Y, Wen H, Chen C. Association of oxidative balance score and lung 
health from the National Health and nutrition examination survey 2007-2012. Front 
Nutr. (2022) 9:961950. doi: 10.3389/fnut.2022.961950

 33. Peng L, Li L, Liu J, Li Y. New insights into metabolic dysfunction-associated 
steatotic liver disease and oxidative balance score. Front Nutr. (2023) 10:1320238. doi: 
10.3389/fnut.2023.1320238

 34. Masenga SK, Kabwe LS, Chakulya M, Kirabo A. Mechanisms of oxidative stress in 
metabolic syndrome. Int J Mol Sci. (2023) 24:898. doi: 10.3390/ijms24097898

 35. Daenen K, Andries A, Mekahli D, Van Schepdael A, Jouret F, Bammens B. 
Oxidative stress in chronic kidney disease. Pediatr Nephrol. (2019) 34:975–91. doi: 
10.1007/s00467-018-4005-4

 36. Zhu Q, Scherer PE. Immunologic and endocrine functions of adipose tissue: 
implications for kidney disease. Nat Rev Nephrol. (2018) 14:105–20. doi: 10.1038/
nrneph.2017.157

 37. Wei J, Zeng C, Gong QY, Li XX, Lei GH, Yang TB. Associations between dietary 
antioxidant intake and metabolic syndrome. PLoS One. (2015) 10:e0130876. doi: 
10.1371/journal.pone.0130876

 38. Moreno-Fernández S, Garcés-Rimón M, Vera G, Astier J, Landrier JF, Miguel M. 
High fat/high glucose diet induces metabolic syndrome in an experimental rat model. 
Nutrients. (2018) 10:502. doi: 10.3390/nu10101502

 39. Cena H, Fonte ML, Turconi G. Relationship between smoking and metabolic 
syndrome. Nutr Rev. (2011) 69:745–53. doi: 10.1111/j.1753-4887.2011.00446.x

 40. Zammit AR, Katz MJ, Derby C, Bitzer M, Lipton RB. Metabolic syndrome and 
smoking are associated with future development of advanced chronic kidney Disease in 
older adults. Cardiorenal Med. (2016) 6:108–15. doi: 10.1159/000441624

 41. Joo YS, Koh H, Nam KH, Lee S, Kim J, Lee C, et al. Alcohol consumption and 
progression of chronic kidney Disease: results from the Korean cohort study for 
outcome in patients with chronic kidney Disease. Mayo Clin Proc. (2020) 95:293–305. 
doi: 10.1016/j.mayocp.2019.06.014

 42. Noruzi Z, Jayedi A, Farazi M, Asgari E, Dehghani Firouzabadi F, Akbarzadeh Z, 
et al. Association of Oxidative Balance Score with the metabolic syndrome in a sample 
of Iranian adults. Oxidative Med Cell Longev. (2021) 2021:5593919. doi: 
10.1155/2021/5593919

 43. Park HM, Han TH, Kwon YJ, Lee JH. Oxidative balance score inversely 
associated with the prevalence and incidence of metabolic syndrome: analysis of two 
studies of the Korean population. Front Nutr. (2023) 10:1226107. doi: 10.3389/
fnut.2023.1226107

 44. Xu Z, Lei X, Chu W, Weng L, Chen C, Ye R. Oxidative balance score was negatively 
associated with the risk of metabolic syndrome, metabolic syndrome severity, and all-
cause mortality of patients with metabolic syndrome. Front Endocrinol. (2023) 
14:1233145. doi: 10.3389/fendo.2023.1233145

 45. Ilori TOWang X, Huang M, Gutierrez OM, Narayan KM, Goodman M, et al. 
Oxidative balance score and the risk of end-stage renal Disease and cardiovascular 
Disease. Am J Nephrol. (2017) 45:338–45. doi: 10.1159/000464257

 46. Adair KE, Bowden RG. Ameliorating chronic kidney disease using a whole food 
plant-based diet. Nutrients. (2020) 12:1007. doi: 10.3390/nu12041007

 47. Molina P, Gavela E, Vizcaíno B, Huarte E, Carrero JJ. Optimizing diet to slow CKD 
progression. Front Med. (2021) 8:654250. doi: 10.3389/fmed.2021.654250

 48. Disease K. KDIGO 2024 clinical practice guideline for the evaluation and 
Management of Chronic Kidney Disease. Kidney Int. (2024) 105:S117–314. doi: 
10.1016/j.kint.2023.10.018

 49. Kadowaki T, Maegawa H, Watada H, Yabe D, Node K, Murohara T, et al. 
Interconnection between cardiovascular, renal and metabolic disorders: a narrative 
review with a focus on Japan. Diabetes Obes Metab. (2022) 24:2283–96. doi: 10.1111/
dom.14829

 50. Yang L, Chen X, Cheng H, Zhang L. Dietary copper intake and risk of stroke in 
adults: a case-control study based on National Health and nutrition examination survey 
2013-2018. Nutrients. (2022) 14:409. doi: 10.3390/nu14030409

https://doi.org/10.3389/fnut.2024.1442274
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.pmedr.2024.102704
https://doi.org/10.1007/s00394-017-1511-2
https://doi.org/10.3390/nu11040774
https://doi.org/10.1159/000441623
https://doi.org/10.3390/antiox12020335
https://doi.org/10.3389/fnut.2023.1276940
https://doi.org/10.3389/fnut.2023.1276940
https://doi.org/10.3389/fnut.2024.1375060
https://doi.org/10.1161/01.Cir.0000111245.75752.C6
https://doi.org/10.1111/j.1464-5491.2006.01858.x
https://doi.org/10.1016/j.kint.2021.05.021
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.3390/nu11112579
https://doi.org/10.1016/j.nut.2015.02.005
https://doi.org/10.1016/j.mrrev.2021.108365
https://doi.org/10.1093/jn/132.4.756
https://doi.org/10.3389/fnut.2022.961950
https://doi.org/10.3389/fnut.2023.1320238
https://doi.org/10.3390/ijms24097898
https://doi.org/10.1007/s00467-018-4005-4
https://doi.org/10.1038/nrneph.2017.157
https://doi.org/10.1038/nrneph.2017.157
https://doi.org/10.1371/journal.pone.0130876
https://doi.org/10.3390/nu10101502
https://doi.org/10.1111/j.1753-4887.2011.00446.x
https://doi.org/10.1159/000441624
https://doi.org/10.1016/j.mayocp.2019.06.014
https://doi.org/10.1155/2021/5593919
https://doi.org/10.3389/fnut.2023.1226107
https://doi.org/10.3389/fnut.2023.1226107
https://doi.org/10.3389/fendo.2023.1233145
https://doi.org/10.1159/000464257
https://doi.org/10.3390/nu12041007
https://doi.org/10.3389/fmed.2021.654250
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.1111/dom.14829
https://doi.org/10.1111/dom.14829
https://doi.org/10.3390/nu14030409

	Higher oxidative balance score is linearly associated with reduced prevalence of chronic kidney disease in individuals with metabolic syndrome: evidence from NHANES 1999–2018
	1 Introduction
	2 Methods
	2.1 Study design and population
	2.2 Evaluation of OBS
	2.3 Assessment of MetS
	2.4 Diagnosis of CKD
	2.5 Covariates
	2.6 Statistical analysis
	2.7 Ethics statement

	3 Results
	3.1 Baseline characteristics
	3.2 Association of OBS with CKD prevalence in the MetS population
	3.3 RCS analysis
	3.4 Stratified analysis
	3.5 Sensitivity analysis

	4 Discussion
	5 Conclusion

	References

