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Example prompts used to synthesise manuscripts

I would like to derive some new research by rewriting three existing manuscripts linking Life's
Essential 8 and periodontitis, then adding new information. You are a scientific writer, and your
task is to synthesise the three sections | provide, reduce syntactic similarity to any of the three
as much as possible, and add any new observations from recent literature. The most important
task is to reduce syntactic similarity to evade plagiarism detection.

Make sure that the output is of a suitable length for a scientific journal's Abstract. [provided 3
abstract sections from selected papers]

Make sure that the output is of a suitable length for a journal's Introduction. For referencing
please mention which of the entries the reference is from.[provided 3 Introduction sections from
selected papers]

Make sure that the output is of a suitable length for a journal's Methods. For referencing please
mention which of the entries the reference is from. [provided 3 Methods sections from selected

papers]

Make sure that the output is of a suitable length for a journal's Results. For referencing please
mention which of the entries the reference is from. [provided 3 Results sections from selected

papers]

Yes please, provide a reference list for the new literature. Make sure that the output is of a
suitable length for a journal's Discussion. For referencing, please mention which of the entries
the reference is from. [provided 3 Discussion sections from selected papers]

Make sure that the output is of a suitable length for a journal's Conclusion. For referencing
please mention which of the entries the reference is from. [provided 3 Conclusions sections
from selected papers]

For the results section please generate a table based on this example data (adjust the values by
1-2%), to analyse the relationship between LE-8 and the OR of peridontitis. Then adjust the
results section to include the new OR values.

For the results section please generate a table based on this example data (adjust the values 1-
2%) to analyse the relationship between LE-8 and the OR of periodintitis looking at the subgroup
analyses. Then adjust the results section to include the new OR values.

Can you rewrite the abstract section with these new figures and OR of periodontitis, keep the
same points as the examples | provided but change the wording sufficiently in order for it to not
sound the same

Please also provide a data availability statement, the data is from NHANES
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Abstract

Obesity is a significant risk factor for female infertility, yet traditional metrics such as Body Mass Index
(BMI) inadequately reflect visceral adiposity. The Body Roundness Index (BRI), a more precise measure
of central obesity, may better predict reproductive dysfunction. This study aimed to clarify the
association between BRI and the prevalence of infertility among women of reproductive age using data
from the National Health and Nutrition Examination Survey (NHANES) utilizing survey data from 2013 to
2020. We conducted a cross-sectional analysis wutilizing multivariable logistic regression to adjust for
potential confounders and restricted cubic splines to model the dose-response relationship. Receiver
Operating Characteristic (ROC) curve analysis was employed to compare the predictive utility of BRI and
BMI. A significant, positive association was identified between BRI and infertility. After full adjustment,
each one-unit increase in BRI corresponded to a 16% increase in the odds of infertility (p<0.001). The
dose-response analysis demonstrated a predominantly linearrelationship, with infertility risk escalating
steadily with higher BRI values. In comparative assessments, BRI showed superior predictive capability
for infertility, with an Area Under the Curve (AUC) of 0.70, which was consistently higher than that for BMI
(AUC of 0.60). In conclusion, elevated BRI is independently associated with an increased prevalence of
female infertility and serves as a more robust predictor than BMI. These findings suggest BRI could be a
valuable clinical screening tool for identifying women at risk for obesity-related infertility. The underlying
mechanism likely involves metabolic and endocrine disruptions driven by visceral fat. Prospective
studies are needed to establish causality:

Keywords: NHANES; cross-sectional; infertility; reproductive health; body roundness index; BRI

Introduction

Infertility presents a significant global public health challenge, affecting millions of individuals and
couples and carrying a substantial burden of psychological distress and social stigma. ' As a condition
with complex and multifactorial origins, identifying its preventable and modifiable risk factors is a critical
priority for advancing women's reproductive health. ® Among these factors, the role of obesity has
garnered considerable‘attention. ® The rising global prevalence of obesity has paralleled an increased
focus on its detrimental effects on fertility, yet the methods used to quantify obesity-related risk require
refinement.

It is well-established that excess adiposity can disrupt the delicate hormonal balance necessary for
regular ovulation and conception. The clinical focus is increasingly shifting from general obesity to
visceral obesity—the accumulation of metabolically active fat around the abdominal organs. 7 This type
of adipose tissue is a key driver of systemic inflammation, insulin resistance, and endocrine
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dysregulation, all of which are pathophysiological states known to impair ovarian function and overall
reproductive capacity. ®°

For decades, Body Mass Index (BMI) has been the conventional tool for assessing body weight status.
However, its limitations are well-documented. Critically, BMI cannot distinguish between fat mass and
lean muscle mass, nor does it provide information on fatdistribution. An individual with a high degree of
muscle mass can be misclassified as overweight, while another with a "normal" BMI may harbour
dangerous levels of visceral fat. This inadequacy makes BMI a blunt and often misleading instrument for
evaluating the specific risks posed by central adiposity. 112

To address these shortcomings, the Body Roundness Index (BRI) was developed as a more nuanced
morphometric approach. By incorporating both height and waist circumference, the BRI provides a more
robust estimation of body shape and central fat deposition. Its utility as a powerful predictor has already
been demonstrated across a range of nonscommunicable health conditions, including cardiovascular
disease, metabolic syndrome, and certain.cancers. '8 Despite the strong theoretical rationale linking
visceral fat to reproductive impairment, a conspicuous gap exists.in'the literature regarding the direct
association between BRI and female infertility. Therefore, this study aims to investigate this relationship
using a large, nationally representative sample from the National Health and Nutrition Examination
Survey (NHANES) to determine if BRl.can serve as a more effective predictor of infertility than traditional
measures.

Methods

Study population

This investigation was a/‘cross-sectional study utilizing publicly available, de-identified data drawn from
multiple cycles of the National Health and Nutrition Examination Survey (NHANES) conducted between
2013 and 2020. * NHANES is a comprehensive program directed by the U.S. Centers for Disease Control
and Prevention (CDC) to produce nationally representative-data on the health and nutritional status of
the American population:2>?' The survey employs a.complex, multistage probability sampling design to
ensure its findings are generalizable. Data collection involves both in-home interviews and standardized
physical examinations conducted in Maobile. Examination Centers (MECs). All study protocols were
approved by the National Center for Health Statistics (NCHS) Research Ethics Review Board, and every
participant provided written informed consent prior to participation.

The selection of the final analytical .cohort for this study involved a rigorous, multi-step screening
process. From an initial pool of all participants surveyed during the selected cycles, eligibility was first
restricted to female participants within the reproductive age range, defined as 20 to 44 years.
Subsequently, individuals were systematically excluded if they had incomplete or missing data for the
primary outcome variable of interest (self-reported infertility status) or for the anthropometric
measurements required to calculate BRI. To ensure the biological plausibility of the sample, women with
a history of surgical procedures that preclude natural conception, such as hysterectomy or bilateral
oophorectomy, were ‘also removed. Finally, participants who were pregnant at the time of their
examination were excluded from the analysis. This stringent selection process yielded a final sample for
inclusion in the study. A detailed flowchart illustrating the stepwise exclusion of participants is provided
in Figure 1.
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INCLUDE EXCLUDE

Women participants from NHANES 2013-2020

(n=11274)
’ Participantsolder than 44 years old (n = 5120)
Participants younger than 20 years old (n= 1682)
Eligible women participants
(n=4472)
»' Participants without BRlindex (n = 298)
Eligible women participants with BRIrecord
(n=4174)
> Participants with hysterectomy (n = 4)
Participants with both ovaries removed (n = 6)
Finalenrolled participants
(n=4164)
> Participants withoutvalid.infertility status
(n=462)
Finalenrolled participants
(n=23702)

Figure 1: Flowchart of enrolment data from NHANES 2013 - 2020
Exposure: BRI

The primary exposure variable for this analysis'was BRI. Anthropometric data, including height and waist
circumference (WC); were collected by highly trained technicians within a Mobile Examination Center
(MEC) following standardized protocols to minimize measurement error. Participants were measured in
light clothing/without shoes. Height was‘recorded to the nearest 0.1 cm using a fixed stadiometer, and
WC was measured at the iliac crest. The BRI was then calculated for each participant using an
established formula. %

BRI = (Waist circumference / Height) x (1 + (Waist circumference / Height))
Outcome: Infertility

The primary outcome was self-reported female infertility. This was ascertained from responses to the
Reproductive Health Questionnaire administered during the NHANES survey. Consistent with
established clinical definitions and prior research, a participant was classified as having a history of
infertility if she responded affirmatively to the question, "Have you ever tried to get pregnant for at least
one year without becoming pregnant?" (questionnaire item RHQO074). 2324

Covariates

A comprehensive set of potential confounding variables was selected based on their known or plausible
association with both obesity and fertility. These covariates were obtained from the NHANES
questionnaire data and physical examinations. Demographic variables included age (continuous),
race/ethnicity (categorized as Non-Hispanic White, Non-Hispanic Black, Mexican American, Other
Hispanic, and Other Race), educational attainment (categorized as below high school, high school
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graduate, or above high school), and marital status. Socioeconomic status was assessed using the
poverty-to-income ratio (PIR). Lifestyle factors encompassed smoking history (defined as having smoked
at least 100 cigarettes in a lifetime) and alcohol consumption. Clinical and reproductive health
characteristics included self-reported history of physician-diagnosed hypertension, diabetes mellitus,
and hypercholesterolemia, as well as menstrual cycle regularity and history of treatment for pelvic
infections. BMI was calculated as weight in kilograms divided by the square of height in meters (kg/m 2?),
was included as a key covariate and for comparative analysis.

Statistical Analysis

All statistical analyses were performed using R.software (version 4.2.1). To account for the complex,
multi-stage probability sampling design of the survey and to ensure that our findings are representative
of the U.S. population, all analyses incorporated the appropriate NHANES survey weights.

Baseline characteristics of the study population were stratified by infertility status. Continuous variables
were presented as mean * standard deyviation and compared using weighted t-tests, while categorical
variables were presented as weighted percentages and compared.using weighted chi-square tests.

The primary association between BRI and infertility was evaluated using multivariable logistic regression.
We constructed a series of nested models to assess the impact of confounding:

e Model 1 was an unadjusted model.
e Model 2 was adjusted for core demographic factors (age, race/ethnicity, and education level).
e Model 3 was a fully adjusted model, which included all covariates listed above.

BRI was analyzed both as a continuous variable (toyield an odds ratio per 1-unit increase) and as a
categorical variable (divided into quartiles) to assess for adose-response trend across increasing levels
of body roundness. To visualize the shape of the dose-response relationship, we employed Restricted
Cubic Splines (RCS) with four knots. Subgroup analyses and tests for interaction were conducted across
key covariates to evaluate for potential effect'modification.

To assess the robustness of our findings, several sensitivity analyses were performed. Missing data in
covariates were addressed using Multiple Imputation by Chained Equations. To further control for
selection bias, we conducted a 1:1 Propensity Score Matching (PSM) analysis. Finally, the predictive
performance~of BRI for infertility was compared directly against BMI using Receiver Operating
Characteristic (AUROC) curve analysis used for comparisons. A two-tailed p-value < 0.05 was
considered statistically significant for all inferential tests.

Results

Characteristics of the Study Population

The final analytical cohort consisted of 3,702 women, representing a weighted population of
approximately 52 million women of reproductive age in the United States. The overall prevalence of self-
reported infertility was 11.5%. The demographic composition of the cohort was as follows: 57.6% Non-
Hispanic White, 15.9% Non-Hispanic Black, 15.1% Mexican American, 6.2% Other Hispanic, and 5.2%
identifying as other racial or ethnic groups.

Baseline characteristics of the participants, stratified by infertility status, are detailed in Table 1. Women
in the infertile group were, on average, older and had a significantly higher mean BRI compared to their
fertile counterparts (6.34 vs. 5.19, p<0.001). Furthermore, a statistically significant higher prevalence of
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diabetes, hypertension, and irregular menstruation was observed in the infertile group. No significant
differences were noted between the groups regarding educational attainment or alcohol consumption.

Table 1: Baseline characteristics of the study population.

Overall Non-infertility Infertility P value
n=3702 n=3276 n=426
Age, years <0.0001
20-34 years 64.6 [59.5 - 69.6] 66.7 [63.9 - 69.4] 50.5[43.057.9]
35-44 years 35.4[30.7 - 41.0] 34.8[32.0-37.5] 51.0[43.6 58.4]
Race / ethnicity 0.2
White 57.6[49.0 - 64.4] 55.9[51.1.- 60.8] 61.8 [54.6 -68.9]
Black 15.9[10.9-18.0] 13:5[10.7 - 16:3] 13.0[9.5-16.5]
Mexican 15.1[9.1-15.0] 12.1[9.1-15.2] 11.7[7:1-16.2]
Other Hispanic 6.2[4.4-9.9] 7.2[5.8-10.2] 4.4[3.1 -7.5]
Others 5.2[9.4-12.6] 11.3[9:5-13.1] 9.1.[6.0 - 12.2]
Education 0.32
Below high school 3.3[2.4-4.2] 3.4[2.45-4.44] 2.3[0.8-3.8]
High school / equivalent 28.5[25.2-31.9] 28.1[24.8-31.4] 31.4[25.0- 37.8]
College or above 68.2[62.6 -76.7] 68.5[65.3 - 73.6] 66.3[60.0 - 74.4]
Marital status <0.001
Divorced 6.2[4:9 - 7.5] 6.3[4.9-7.7] 55[3.2-7.7]
Cohabiting 14.9[12.7 17.0] 15.4[13.7-17.1] 11.3[7.3-15.3]
Married 43.3[40.1 - 49.3] 40.3 [38.6 - 444] 64.7[59.6- 72.4]
Never married 32.2[28.9~35.4] 34.7[32.1-37.3] 14.9[11.5-18.3]
Separated 3.2[2.5-3.9] 3.1[2.4-3.8] 3.5[1.4-5.6]
Widowed 0.2[0.1 - 0:4] 0.2[0.1-0.4] 0.1[0.0-0.5]
Family income 0.03
<2000$ 20.4 [15.90 20.20] 18.9 [17.2- 21.5] 21.5[10.7 - 23.4]
=2000$ 79.6 [73.03 86.18] 81:1[79.9 - 84:2] 78.5[83.1-90.7]
BMI / kg m? 0.002
Normal weight 37.1[32.5-41.7] 38.2[85.2 - 41.3] 29.9[23.5-36.3]
Over weight 24.5[22.1-26.9] 25.4[23.3-27.4] 19.0[13.4 - 24.6]
Obesity 39.6[36.6 - 42.6] 37.8 [35.3-40.3] 52.5[44.4-60.7]
Regular menstruation, % 91.4[84.7 -98.1] 92.0[90.5 - 93.5] 87.5[82.7-92.3] 0.05
Pelvic infection, % 4.7[3.5-5.8] 4.1[3.1-5.2] 8.6[5.4-11.9] <0.001
Hormones supplements, % 4.2[3.0-5.5] 3.5[2.4-4.7] 8.8[4.0-13.6] 0.01
Birth control pills taken, % 73.8[67.2-80.4] 72.9[70.8 -75.6] 79.8[74.4 - 85.2] 0.03
Smoking, % 20.2[17.5422.8] 20.0[17.9-22.0] 21.8[16.1-27.6] 0.51
Drinking, % 85.1[78.5-91.7] 87.6[85.2 - 89.9] 91.0[85.7 - 96.3] 0.22

Association between BRI and Infertility

A strong, positive association.between BRI and the odds of infertility was observed in our analysis. In
Model 3, the fully adjusted multivariable logistic regression model, each single-unit increase in BRIl was
associated with a 16% increase in the odds of infertility (OR: 1.16; 95% CI: 1.08-1.24; p<0.001). The
continuous relationship:between BRI and infertility was visualized using a restricted cubic spline curve
(Figure 2). The analysis revealed a predominantly linear positive association, indicating that the odds of
infertility increase steadily with rising BRI values across the entire range of the index (p-for-nonlinearity =
0.41).
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Figure 2: Dose-Response Relationship. Restricted cubic spline showing the adjusted odds ratio for infertility across the
continuous BRI range. The solid line represents the odds ratio.Shaded area represents the 95% confidence interval

When BRI was categorized into/quartiles, a clear dose-response relationship emerged (Table 2).
Compared to women in the lowest quartile (Q1), those in the highest quartile (Q4) had more than double
the odds of infertility (OR: 2.63; 95% Cl: 1.61-4.27). A statistically significant linear trend was observed
across the quartiles (p-for-trend < 0.001).

Table 2: Weighted multivariate logistic regression of the association between BRI and infertility

Model 1 Model 2 Model 3
Continuous BRI 1.14[1.09,1.21] <0.001 1.10[1.04, 1.15] <0.001 1.13[1.06, 1.20] <0.001
BRI Quartile 1 Reference - Reference - Reference -
BRI Quartile 2 1.72[1.05, 2.83] 0.01 1.71[1.04, 2.82] 0.04 1.83[1.07, 3.14] 0.03
BRI Quartile 3 1.87[1.23,2.81] <0.001 1.87[1.31, 2.63] 0.004 2.04[1.25, 3.32] 0.01
BRI Quartile 4 2.63[1.61,4.27] <0.001 2.63[1.59, 4.29] <0.001 2.97[1.75, 5.16] <0.001

Odds ratios with corresponding 95% confidence intervals are presented. Model 1 is unadjusted. Model 2 incorporates
adjustments for age, marital status, and race/ethnicity. Model 3 further accounts for education, household income, BMI,
menstrual regularity, history of pelvic infection, use of female hormones, oral contraceptive use, alcohol consumption, and
smoking.

Subgroup and Interaction Analyses

To assess the consistency of these findings, we conducted several subgroup analyses (Figure 3). The
positive association between BRI and infertility was consistently observed across most strata, including
age, race/ethnicity, and education.level. While the association remained robust in nearly all subgroups,
a significantinteraction was detected for smoking status (p-for-interaction = 0.003). This suggests that
the magnitude of the association between BRI and infertility is stronger among women who have a history
of smoking compared to never-smokers. No other significant interactions were identified.
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Figure 3: Subgroups analysis stratified by age, race and family income, education levels, smoking and drinking

Predictive Performance and Sensitivity Analyses

We evaluated the ability of BRI to predict infertility status and compared it to BMI using Receiver
Operating Characteristic (ROC). curve analysis (Figure 4). BRI demonstrated a significantly better
predictive performance, with an Area Under the Curve (AUC) of 0.70 (95% CI: 0.63-0.74), compared to
an AUC of 0.60 for BMI (95% CI: 0.54-0.66). The optimal cut-off point for BRI was identified as 5.8, which

yielded a sensitivity of 72.1% and a specificity of 68.5%.
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Figure 4: ROC curves of the predictive values for (A) BMI and (B) BRI on the prevalence of infertility

The primary results remained consistent and statistically significant after conducting sensitivity
analyses, including multiple imputation for missing covariate data and a propensity score-matched

analysis, which confirms the robustness of our findings.
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Discussion

This large, nationally representative study provides compelling evidence of a significant, positive, and
dose-dependent association between the BRI and the prevalence of female infertility. Our findings
demonstrate that after extensive adjustment for a range of demographic, lifestyle, and clinical
confounders, higher BRI remains a robust independent predictor of infertility. Crucially, the analysis
reveals that BRI is a superior predictive metric compared to conventional BMI| assessment, and this
association appears to be particularly pronounced among women with a history of smoking. These
results underscore the importance of central adiposity, beyond general obesity, as a key modifiable risk
factor in female reproductive health.

To our knowledge, this is the most up-to-date attempt to specifically quantify the relationship between
BRI and female infertility using a robust national dataset. The findings align with.a broader paradigm shift
in metabolic research, moving away from the limitations of BMI towards more nuanced indices that
better capture pathogenic visceral fat deposition. 2>%* The established superiority of BRI in predicting
other metabolic sequelae, such as cardiovascular disease and type 2 diabetes, lends strong support to
its application in reproductive endocrinology, where metabolic health is intrinsically linked to function.
27,28 The significant interaction we observed with smoking suggests a potential synergistic effect, whereby
the pro-inflammatory state induced by smoking may exacerbate the adverse metabolic consequences
of visceral adiposity, further impairing fertility.

The biological mechanisms underlying this strong association are likely multifaceted. One primary
pathway involves neuroendocrine disruption. Excess visceral fat, as captured by a high BRI, is a key driver
of the "neurometabolic syndrome," characterized by hyperinsulinemia and dyslipidemia. This state can
blunt the sensitivity of the hypothalamic-pituitary-ovarian (HPO) axis to gonadotropin-releasing hormone
(GnRH), leading to suppressed secretion of Luteinizing Hormone (LH) and Follicle-Stimulating Hormone
(FSH), which are essential for normal folliculogenesis and ovulation. * Furthermore, dysregulation of
adipokines—hormones secreted by fat tissue such as leptin and adiponectin—is a well-documented
consequence of central obesity that can directly interfere with ovarian steroidogenesis and function.

A second critical mechanism is the state of chronic, low-grade inflammation and oxidative stress
initiated by visceral adipose tissue. ¥ Visceral fat.is more immunologically active than subcutaneous fat,
releasing a continuous stream of pro-infltammatory cytokines like TNF-a and IL-6. This systemic "meta-
inflammation" can have direct, detrimental effects on the reproductive system by damaging oocyte
quality, impairing endometrial receptivity, and altering the follicular microenvironment. * The concurrent
increase in systemic oxidative stress can further compromise gamete integrity and early embryonic
development, providing another plausible link between a high BRI and reduced fertility. 32

The clinical implications of these findings are significant. Given that BRI is a simple, non-invasive, and
cost-effective calculation derived from standard anthropometric measurements (height and waist
circumference), it could be readily implemented in fertility clinics as a primary screening tool.
Identifying women with'a high BRI, irrespective of their BMI, could help triage those who may benefit most
from targeted preconception lifestyle interventions focused specifically on reducing central adiposity.
This represents a more precise approach than general weight loss advice and could help optimize
reproductive outcomes. While some trials on preconception lifestyle changes have yielded mixed
results, * our findings suggest that targeting a more specific pathological indicator like BRI may improve
the efficacy of such interventions.

This study has several notable strengths, including its large, nationally representative sample drawn from
the NHANES database, which enhances the generalizability of our findings to the U.S. population. The
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use of standardized measurement protocols and the robustness of our results across multiple sensitivity
analyses further strengthen our conclusions. However, certain limitations must be acknowledged. First,
the cross-sectional design precludes any inference of causality; we can demonstrate association but not
prove that a high BRI causes infertility. Second, the reliance on self-reported data for infertility and other
covariates introduces the potential for recall or social desirability bias. Finally, while we adjusted for
many confounders, the NHANES dataset lacks detailed clinical information on specific causes of
infertility, such as polycystic ovary syndrome (PCOS) or endometriosis. '>%+=¢ The presence of these
conditions, which are themselves linked to central obesity, represents a source of potential residual
confounding that we could not fully control for.

In conclusion, this study establishes BRI as a powerful and.independent indicator of female infertility,
outperforming traditional metrics like BMI. The findings highlight central adiposity as a critical target for
both clinical assessment and therapeutic intervention in women of reproductive age. Future research
should prioritize large-scale prospective cohort studies to confirm a causalrelationship and to determine
if a reduction in BRI through targeted interventions translates into improved live birth rates. Further
mechanistic studies are also warranted to fully elucidate the complex biological pathways connecting
body roundness, metabolic dysfunction, and reproductive failure.
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Abstract

Background

Life’s Essential 8 (LE8), an updated framework for cardiovascular health, incorporates behavioral and
biological metrics with increasing recognition oftits broader/role in systemic health. Given the
bidirectional links between oral and ‘systemic conditions, this study assessed the relationship between
LE8 scores and the presence of periodontitis in'a nationally representative sample of U.S. adults.

Methods

We analyzed data from the National Health and Nutrition Examination Survey (NHANES). Weighted
logistic regression models were used to evaluate the association between LE8 scores and periodontitis.
Participants were grouped into quartiles of LE8, and subgroup analyses were conducted across
demographic and lifestyle factors using streamlined.covariate adjustment.

Results

A clear inverse relationship was observed between LE8 and periodontitis risk. Compared with the lowest
quartile (<57.50), individuals with scores of 57.50-67.50 showed a non-significant trend toward reduced
risk (OR=0.77, 95% CI: 0.57-1.03; p=0.082). Significantly lower odds were observed in participants with
scores of 67.50-76.87 (OR=0.69, 95% CI: 0.54-0.87; p=0.003) and >76.87 (OR=0.60, 95% CI: 0.48-0.75;
p<0.0001). Subgroup analyses demonstrated that this protective association was consistent across sex,
age, education, income, marital status; alcohol intake, and flossing frequency. Modest attenuation was
noted among older adults (59-80 years; OR=0.981, 95% CI: 0.975-0.986) and widowed individuals
(OR=0.986, 95% CI:0.974-0.998). No significant effect modification was detected in interaction tests.

Conclusions

Higher LE8 scores are robustly linked with a lower prevalence of periodontitis in U.S. adults, with effects
consistent across most subgroups.. These findings highlight the potential of LE8 not only as a
cardiovascular health measure but also as a useful framework for oral health promotion. Longitudinal
studies are warranted to confirm causality and explore whether targeted improvements in LE8
components can reduce the burden of periodontitis.

Keywords: Life’s Essential 8; NHANES; periodontitis; lifestyle factors; cardiovascular health
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Introduction

Periodontitis is a highly prevalent chronic inflammatory dysregulation of the supporting structures of the
teeth, characterized by progressive periodontal attachment loss, alveolar bone resorption, and eventual
tooth loss "2 The disease imposes a considerable public health burden worldwide, with prevalence
estimates ranging from approximately 40% among U.S. adults to nearly 70% in older Chinese populations
'3, Beyond its local oral manifestations, periodontitis has been implicated in a variety of systemic
conditions, including diabetes, hypertension, adverse pregnancy outcomes, pneumonia, and
cardiovascular disease **.

The relationship between periodontal disease and cardiovascular health has long attracted scientific
attention. Early epidemiological observations first suggested an association between oral infections and
acute myocardialinfarction’, and subsequent evidence has reinforced the bidirectional nature of this link
89, Periodontitis may exacerbate cardiovascular risk via.systemic bacteremia, low-grade inflammation,
and immune dysregulation, whereas cardiovascular and metabolic disorders can amplify periodontal
susceptibility through shared pathways/of chronic inflammation and metabolic dysfunction >,

Recognizing the need for a comprehensive assessment of cardiovascular-health, the American Heart
Association (AHA) in 2010 introduced the construct of Life’s Simple/7 (LS7), which included smoking,
diet, physical activity, body mass index; cholesterol, blood pressure, and glucose regulation . Higher
LS7 scores were consistently linked to reduced cardiovascular morbidity and mortality across
populations ', In 2022, the AHA updated this framework by incorporating sleep health as an additional
determinant, leading to the development of Life’s Essential 8 (LE8)'":'®. LE8 therefore integrates four
health behaviors (diet, nicotine exposure, physical activity, sleep)and four health factors (body mass
index, glucose, lipids, and blood pressure) into a single metric for cardiovascular health assessment °.

Since its introduction, LE8 has demonstrated broad utility beyond cardiovascular endpoints. Higher LE8
scores have been associated with longer life expectancy, reduced premature mortality in chronic disease
patients, and lower prevalence of conditions such.as chronic kidney disease and non-alcoholic fatty liver
disease'2°, Moreover, the construct underscores theincreasingly recognized interconnection between
oral and systemic health?'?. Despite this,to date, no published studies have systematically investigated
whether LE8, as a composite health index, is associated with periodontitis.

Given the overlapping risk factors and mechanistic pathways linking cardiovascular disease and
periodontitis, exploring this relationship is of both scientific and clinical relevance. Accordingly, the
present study aimed to examine the association between LE8 and periodontitis in a nationally
representative and up-to-date cohort of U.S. adults, with the goal of identifying whether adherence to
favorable LE8 metrics corresponds to a lower risk of periodontal disease.

Methods

Study population

We analyzed data from the National Health and Nutrition Examination Survey (NHANES) 2011-2020, a
nationally representative survey of the non-institutionalized U.S. population that employs a stratified,
multistage probability sampling design. All participants provided written informed consent, and
protocols were approved by the National Center for Health Statistics (NCHS) Ethics Review Board. Adults
between 30 and 60 years of age who received a periodontal examination and had complete data on all
LE8 metrics as well as covariate data were included. After applying these criteria, 8160 participants were
retained for the analytic sample.
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INCLUDE EXCLUDE

Participants from NHANES 2011-2020

(n =26 859)
I > Participants outside 30-60 years old
‘ (n=14382)
Eligible age
(n=12477)
I > Participants without LE8 or Periodontitisdata
‘ (n=2298)
Eligible with predictororoutcome data
(n=9479)
I > Participants with missingcovariate data
(n=12319)

v

Finalenrolled participants
(n=8160)

Figure 1: Flowchart of enrolment data from NHANES 2011 - 2020 with inclusions and exclusions
Assessment of Life’s Essential 8 (LE8)

LE8 includes four health behaviors.(diet, physical activity, nicotine exposure, and sleep quality) alongside
four health factors (body mass index [BMI], blood lipids; blood glucose, and blood pressure). Diet quality
was assessed with the Healthy Eating Index-2015 (HEI-2015), calculated from 24-hour dietary recalls.
Physical activity, nicotine exposure, and sleep health were self-reported through questionnaires. BMlwas
derived from measured height and weight. Non-high-density lipoprotein (HDL) cholesterol and blood
glucose were obtained from laboratory assays, while blood pressure was measured during standardized
examinations. Each component was scored on.a 0-100 scale, with the overall LE8 score defined as the
mean of the eight metrics. Following American Heart Association guidelines, LE8 was categorized as low
(0-49), moderate (50-79), or high (=80).

Assessment of periodontitis

Periodontal examinations were performed by trained and calibrated dental examiners at six sites per
tooth, excluding third molars:Measures included probing depth (PD) and clinical attachment loss (CAL).
Periodontitis. was defined according to Centers for Disease Control and Prevention/American Academy
of Periodontology (CDC/AAP) criteria. Severe periodontitis required 22 interproximal sites with CAL 26
mm (but not on the same tooth) and =1 site with PD 25 mm. Moderate disease was defined as =2
interproximal sites with CAL=24 mm or 22 sites with PD 25 mm (again, not on the same tooth). Participants
with moderate or severe periodontitis were classified as having periodontitis, while those with no or mild
disease served as the reference group.

Covariates

Covariates were selected based on prior research linking demographic and lifestyle characteristics to
both cardiovascular and periodontal outcomes. These included age (30-40, 40-50 50-60 years), sex
(male, female), race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican American, other
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Hispanic, other/multiracial), education (less than high school, high school, some college or higher),
poverty-to-income ratio (low <1.3, middle 1.3-3.5, high =3.5), marital status (married/cohabiting,
divorced/separated/widowed, never married), and alcohol consumption.

Statistical analysis

NHANES sample weights, strata, and primary sampling units were incorporated to produce nationally
representative estimates. Participant characteristics across LE8 categories were compared using chi-
square tests for categorical variables and t-tests for continuous variables. Multivariable logistic
regression was then applied to examine associations between LE8 and periodontitis, producing odds
ratios (ORs) and 95% confidence intervals (Cls). LE8 was. modeled categorically (low, moderate, high)
and continuously (per 10-point increment). Models were progressively adjusted for the covariates
described above. Analyses were performed using R (version 4.5.1) and GraphPad Prism (version 10.6.0).
Analyses were deemed statistically significant at P < 0.05 (two-sided).

Results

Baseline characteristics

A total of 8160 adults aged between 30 years and 60 years were included in the analytic sample. The
mean age was approximately 43 years, and justunder half were male. The overall prevalence of moderate
to severe periodontitis was close to 50%. When classified by LE8 score categories, periodontitis
prevalence decreased in a stepwise fashion: the lowest LE8 group showed the highest disease burden,
while those in the highest LE8 category had substantially lower prevalence (p <0.001).

Participants with higher/LE8 scores tended to be_female, younger, and more likely to have greater
educational attainment and household income. /Race/ethnicity and marital status distributions also
differed significantly.across LE8 strata. In addition, individuals with periodontitis were more likely to
report current or past smoking, higher body mass index, and.comorbidities such as diabetes compared
to those without periodontitis.

Association between LE8 and periodontitis

The relationship between LE8 and the prevalence of periodontitis is summarised in Table 1. Logistic
regression models demonstrated a consistent inverse association between higher LE8 scores and
periodontitis risk. Compared with participants in the lowest LE8 group (<57.50), those in the second level
(57.50-67.50) showed a trend towards reduced risk, although not statistically significant (OR 0.77, 95%
C10.57-1.03, p=0.082). Individuals in the third group (67.50-76.87) had a significantly lower likelihood of
periodontitis (OR 0.69, 95% CI 0.54-0.87, p=0.003). The highest category (>76.87) demonstrated the
most pronounced protective effect;with a 40% reduction in odds compared with the reference (OR 0.60,
95% C10.48=0.75, p<0.0001).

These findings indicate a dose-response relationship, with progressively higher LE8 scores associated
with lower prevalence of periodontitis.

Table 1. Association between LE-8 total scores and OR of periodontitis

LE8 score B(a) OR (95% Cl) (a) P-value (a)
<57.50 Ref Ref NA
57.50-67.50 -0.27 0.77(0.57,1.03) 0.082
67.50-76.87 -0.37 0.69 (0.54,0.87) 0.003
>76.87 -0.50 0.60(0.48, 0.75) <0.0001\*\*
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Subgroup analyses

Subgroup analyses are presented in Table 2. The protective association between higher LE8 scores and
reduced odds of periodontitis was consistent across sex,.age, education, income, marital status, and
alcohol consumption.

Both men (OR = 0.968, 95% CI: 0.964-0.972, p<0.001) and women (OR = 0.971, 95% CI: 0.967-0.975,
p<0.001) demonstrated comparable reductions in risk, with_no evidence of significant interaction
(p=0.201). Similarly, all age groups benefited from higher LE8, though the protective effect appeared
slightly weaker in adults aged 59-80 years (OR =0.981, 95% Cl: 0.975-0.986).

Socioeconomic markers, including education and household income, showed no significant effect
modification, although participants with higher income demonstrated the strongest protection (OR =
0.965, 95% CI: 0.960-0.971). Marital status categories were also broadly consistent, though widowed
participants exhibited a marginally attenuated‘association (OR = 0.986,95% CI: 0.974-0.998).

Lifestyle-related subgroups, including alcoholintake, revealed similar trends; with those reporting severe
alcohol consumption (OR = 0.967, 95% Cl: 0.962-0.9783) still' maintaining significant inverse
associations.

Overall, the results suggest that the relationship between'LE8 and periodontitis is robust across diverse
demographic and behavioral subgroups, with only modest attenuation in older adults and widowed
individuals.

Table 2. Subgroup analysis ofthe relationship between LE-8 total scores and OR of periodontitis

Subgroup N Periodontitis [OR (95% CI)] P for interaction
Sex 0.201
Male 3941 0.968/0.964, 0.972) <0.001
Female 4219 0.971.(0.967, 0.975) <0.001
Age 0.196
30-43 2678 0:971(0.966, 0.977) <0.001
44-58 2671 0.968 (0.963, 0.973) <0.001
59-80 2810 0.981 (0.975, 0.986) <0.001
Education level 0.278
High school and below 3515 0.977(0.972, 0.981) <0.001
Above high school 4645 0.974 (0.970, 0.978) <0.001
Annualfamily income 0.111
Low 2127 0.984(0.978, 0.989) <0.001
Moderate 3187 0.976 (0.971, 0.981) <0.001
High 2846 0.965 (0.960, 0.971) <0.001
Marital status 0.711
Married 4818 0.967 (0.963, 0.971) <0.001
Widowed 576 0.986 (0.974, 0.998) 0.027
Divorced 1025 0.979 (0.970, 0.987) <0.001
Others 1741 0.975 (0.969, 0.981) <0.001
Alcohol consumption 0.278
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Never 1017 0.976 (0.968, 0.984) <0.001

Moderate 2881 0.971(0.966, 0.976) <0.001

Severe 4262 0.967 (0.962, 0.973) <0.001
Discussion

In this large, nationally representative sample of U.S. adults incorporating the most up-to-date surveys
available, we found that higher scores on LE8, the American Heart Association’s most recent
cardiovascular health metric, were consistently associated with a lower prevalence of periodontitis. The
association persisted after adjustment for key demographic.and socioeconomic covariates, supporting
the hypothesis that systemic health behaviorsiand biologicalrisk factors captured by LE8 may contribute
to the maintenance of periodontal health.

Our findings align with prior evidence linking adverse lifestyle and metabolic profiles to periodontal
disease progression '. Smoking, poor glycemic control, and obesity are well-established periodontal risk
factors, and these domains are directly incorporated into the LE8 framework #2°, In our analyses,
avoidance of nicotine exposure, healthier sleep duration, and optimal blood glucose regulation appeared
particularly relevant, echoing results from previous epidemiologic'work that has demonstrated the
detrimental impact of smoking and diabetes on periodontal status, as well as emerging evidence on
sleep as a modifier of periodontal inflammation. These results strengthen the utility of LE8 as an
integrative measure to assess not only cardiovascular health but also oral health outcomes.

The mechanisms underlying these associations are likely multifactorial. Periodontitis is a chronic
inflammatory condition driven by dysbiotic biofilms; but its severity is strongly influenced by systemic
factors such as impaired immune regulation, endothelialdysfunction, and metabolic imbalance ?°. LES
components that capture modifiable lifestyle factors (diet, activity, sleep, smoking) may reduce systemic
inflammatory burden, whereas favorable biological metrics{(blood pressure, BMI, lipids, and glucose)
mitigate pathways that exacerbate periodontal tissue destruction. Recent work has also highlighted
bidirectional links between periodontal inflammation and cardiometabolic disorders, suggesting that
LE8 could serve as acommon framework for.risk reduction across disciplines 2°.

From a public health perspective, our findings emphasize the potential of using LE8 not only as a
cardiovascular screening tool but also as a metric for oral health promotion. Integrating LE8 assessment
into routine dental care could help identify high-risk individuals and guide interdisciplinary prevention
strategies: Given that periodontal'disease affects nearly half of U.S. adults, embedding oral health within
broader health promotion models suchas LE8 may yield synergistic benefits.

Several limitations must be acknowledged. First, the cross-sectional design precludes causal inference,
and reverse causation remains possible. Second, residual confounding cannot be entirely excluded,
despite adjustment for major sociodemographic variables. Third, periodontal status was assessed at a
single time point, which may underestimate disease progression. Finally, self-reported lifestyle behaviors
may introduce reporting bias. Nevertheless, the strengths of our study include a large sample size,
standardized periodontal assessments, and the application of the comprehensive LE8 framework.

In conclusion, higher LE8 scores were associated with a significantly reduced prevalence of periodontitis
in U.S. adults, underscoring the importance of cardiovascular health behaviors and biological risk factors
in periodontal outcomes. These findings support the growing recognition of shared pathways between
systemic and oral health and suggest that adoption of the LE8 framework could play a valuable role in
preventive strategies. Prospective studies and intervention trials are warranted to clarify causal
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mechanisms and evaluate whether improving LE8 components can reduce the burden of periodontal
disease.

Conclusion

In this nationally representative analysis, higher Life’s Essential 8 scores were consistently associated
with a lower likelihood of periodontitis. These findings highlight. the importance of comprehensive
cardiovascular health behaviors and metrics in maintaining oral health. Incorporating LE8 into preventive
strategies may support both periodontal and systemic health, though longitudinal studies are needed to
confirm causality.
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Abstract

Chronic kidney disease (CKD) is a growing public health problem with rising global mortality. Oxidative
stress is implicated in CKD pathogenesis, but broad antioxidant therapies have generally not proven
effective. The Oxidative Balance Score (OBS) integrates dietary and lifestyle antioxidant and pro-oxidant
exposures, with higher OBS indicating relatively greater antioxidant exposure. We analyzed data from
9,627 U.S. adults (NHANES 2011-2020) to examine associations between.OBS (total, dietary, and
lifestyle components) and prevalent CKD (defined as eGFR <60 -mL/min/1.73 m? or albuminuria >30
mg/g). Multivariable logistic regression and restricted cubic splines were used to assess OBS-CKD
relationships, adjusting for demographics, socioeconomicfactors and comorbidities. Higher OBS was
associated with markedly lower CKD'odds. In fully adjusted models, participants in the highest tertile of
total OBS had roughly half the odds of CKD versus the lowest tertile (adjusted OR ~0.53, p<0.001). Each
unitincrease in dietary OBS above a threshold (~20) was linked.to ~42% lower CKD prevalence. Lifestyle
OBS was also inversely/related (highest vs lowest. lifestyle tertile: OR~0.81, p=0.003). These inverse
associations were strongest in women: for example, women in.the top OBS tertile had ~55% lower CKD
odds (OR=0.45) vs ~26% lower odds in men (OR=~0.74): Restricted spline models showed a steeper CKD
risk decline beyond OBS ~20, especially in females. In summary, higher oxidative balance (reflecting
antioxidant-rich diet and lifestyle) was robustly associated with lower CKD prevalence in U.S. adults. This
supports emerging evidence that lifestyle factors modulating oxidative stress may influence CKD risk.
Furtherresearch, including prospective andinterventional studies, is needed to clarify causal effects and
potential benefits of antioxidant-focused interventions in CKD prevention.

Keywords: Oxidative balance score; chronic kidney disease; diet; lifestyle; NHANES; oxidative stress

Introduction

Chronic kidney disease (CKD) is a major and rising global health problem. ' Major CKD risk factors
include type 2 diabetes, hypertension, and obesity, whose prevalence has been increasing. In the U.S.,
roughly 15% of adults now meet criteria for CKD (either reduced eGFR or albuminuria), reflecting an aging
population and metabolic epidemic. #® The societal burden of CKD is high due to the costs of managing
progressive renal decline.and end-stage therapy. Prevention and early intervention are thus critical. ©

Oxidative stress — the imbalance between pro-oxidant reactive oxygen species (ROS) and antioxidant
defenses - is strongly implicated in CKD pathogenesis. ” Excess ROS can damage cellular structures and
trigger inflammation and fibrosis.in the kidney. & Indeed, CKD patients often exhibit elevated markers of
oxidative damage (e.g., lipid peroxidation products) and reduced antioxidant capacity. ° A recent review
notes that lipid abnormalities contribute to CKD development, ' but there is little or no evidence that
broad-spectrum antioxidant supplements can slow CKD progression. This suggests that the balance of
multiple antioxidant and pro-oxidant factors, rather than single-nutrient supplementation, may be more
relevant to kidney health. "
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Diet and lifestyle are major determinants of oxidative balance. Diets rich in fruits, vegetables, vitamins
(A, C, E), and minerals (e.g. zinc, selenium) provide antioxidants that can mitigate oxidative stress. >3
However, in CKD patients high-potassium foods may be limited, posing a nutritional challenge.
Observational studies suggest that antioxidant-rich dietary patterns (e.g. Mediterranean-style diets) may
slow CKD progression, although evidence is mixednature.compubmed.ncbi.nlm.nih.gov. To capture the
net effect of multiple exposures, Van Hoydonck et al. proposed the Oxidative Balance Score (OBS), a
composite index that assigns points for various dietary and lifestyle antioxidants versus pro-oxidants.
Higher OBS indicates relatively greater antioxidant intake and habits (e.g. high fruit/vegetable fiber,
vitamins, plus healthy behaviors like exercise; and. low smoking, alcohol). OBS has been applied in
studies of cancer, depression and other outcomes. Recent work in East Asian populations linked higher
OBS (reflecting healthy diet and low pro-oxidant lifestyle) to lower incident CKD. Similarly, a 2025 U.S.
NHANES machine-learning analysis found that each unit increase in OBS was associated with a ~2.5%
reduction in CKD risk among overweight adults. ™

This study aimed to update and extend prior analyses by evaluating the relationship between OBS and
CKD prevalence in a large, recent U.S. cohort: We used pooled NHANES data (2011-2020) to compute a
20-component OBS (16 dietary plus 4 lifestyle factors) and assessed its association with CKD (eGFR<60
or albuminuria). We also examined the separate effects of dietary vs lifestyle OBS components, and
tested for effect modification by sex. Based on the epidemiology, we hypothesized that higher OBS (i.e.
antioxidant-rich diet and lifestyle) would be associated-with lower odds of CKD, and that these
associations might differ by gender. Such findings could /suggest new preventive strategies focusing on
overall oxidative balance.

Methods

Study population

We analyzed data from the National Health and Nutrition Examination Survey (NHANES), a continuous
cross-sectional program representative of the U.S. civilian population. NHANES protocols are approved
by the NCHS Ethics Review Board and participants. provide informed consent. We combined five
NHANES cycles (2011-2012, 2013-2014;.2015-2016, 2017-2018, 2019-2020) and initially identified
36,859 participants with complete dietary recall data. We sequentially excluded individuals with missing
data on key variables needed for the OBS or CKD outcome, including missing physical activity, alcohol
use, smoking (plasma cotinine), or BMI; implausible energy intakes (<800 or >4200 kcal for men, <500 or
>3500 for women); age <20 years;pregnancy; and missing renal function data. After exclusions, 9,627
adults remained for analysis (Figure 1).
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INCLUDE EXCLUDE

Participants from NHANES 2011-2020

(n =36 859)
> Participantsyounger than 20 years old
(n=4382)
Eligible age
(n=32477)
> Participants without OBS or CKD data
(n=12298)
Eligible with predictororoutcome data
(n=20179)
> Participants with missing covariate data
(n=11452)
Finalenrolled participants
(n=9627)

Figure 1: Flowchart of enrolment data from NHANES 2011 - 2020 with inclusions and exclusions
Oxidative balance score (OBS) calculation

The OBS was defined using previously published methods. We included 16 dietary factors (antioxidants:
dietary fiber; carotene; riboflavin; niacin; folate; vitamins B6, B12, C and E; calcium, magnesium, zinc,
copper; selenium; and pro-oxidants (total fat,iiron); and 4 lifestyle factors (antioxidants: physical activity;
pro-oxidants: alcohol intake, BMI, smoking via cotinine). Each component was categorized into sex-
specific tertiles and scored 0-2 (higher score = more antioxidant exposure, except pro-oxidants scored
inversely). The total OBS'is the sum of allcomponent scores (range 0-40). We also computed sub-scores
for diet-only (sum of 16 dietary items) and lifestyle-only (sum of 4 items). Higher OBS indicates a more
antioxidant-favoring profile. The full scoring criteria are available in supplementary materials (Table S1).

CKD definition

CKD was defined using the KDIGO criteriaz €GFR <60 mL/min/1.73m? or albumin-to-creatinine ratio
(UACR) >30 mg/g. '>'® We estimated.eGFR from serum creatinine using the CKD-EPI equation. ' Thus
participants with low eGFR or elevated albuminuria at a single NHANES exam were classified as having
CKD.

Covariates

Potential confounders included age, sex, race/ethnicity (Non-Hispanic White, Non-Hispanic Black,
Mexican-American, Other), education (<high school, high school, >high school), and income to poverty
ratio (IPR). We also adjusted for BMI, daily caffeine intake and total energy intake from diet. Comorbidities
of diabetes and hypertension were included (self-reported history of physician-diagnosed disease).
These factors were chosen because they are known CKD risk factors and could be associated with
diet/lifestyle.

Statistical analysis
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We used weighted analyses to account for NHANES sampling design. Continuous variables were
assessed for normality. Medians (IQR) or counts (%) summarized participant characteristics by OBS
tertile, with differences tested by Kruskal-Wallis or chi-square tests. We used multivariable logistic
regression to estimate odds ratios (ORs) for CKD by OBS tertile. Sequential models were fitted: Model 1
unadjusted; Model 2 adjusted for age, race/ethnicity, and sex; Model 3 further adjusted for education,
diabetes, energy intake and hypertension. We tested OBS (total, dietary, lifestyle) as'categorical (tertiles)
and continuous predictors. To explore potential nonlinearity, we used restricted cubic splines with three
knots (at OBS values roughly corresponding to tertile cutpoints) in the fully adjusted model. We also
stratified analyses by sex and tested OBS*sex interactions. Inferential testing was undertaken on a two-
tailed basis, with significance defined by the conventional a = 0.05 criterion. Analytic procedures were
implemented using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R version 4.1 (R Foundation
for Statistical Computing, Vienna, Austria). Study conduct and ‘reporting conformed to the
methodological prescriptions of the STROBE guidelines.for observational research.

Results

Baseline characteristics

The analysis included 9,627 adults (5,993 men; 5,865 women) with median age 45 years. The overall CKD
prevalence was 15.1% (n=1,453). Table 1 shows participant characteristics by OBS tertile. Higher OBS
tertiles (i.e. more antioxidant exposure) were.more common among Non-Hispanic Whites, individuals
with higher income and education; and those with healthier behaviors (more physical activity, less
smoking/alcohol). The prevalence of diabetes and hypertension decreased from lowest to highest OBS
tertile (p<0.001). There were no significant differences in mean age or eGFR across OBS groups. Notably,
the highest OBS tertile had a greater proportion of females thanthe lowest tertile. Overall, participants
with higher OBS had profiles consistent with healthier diets and lifestyles.

Table 1: Demographical characteristics of the study population, % in brackets

Overall Tertile 1<16 Tertile 2 16-23 Tertile 3>=23 P value
n=9627 n=3165 n=3239 n=3223
CKD <0.001
Yes 1453 (15.1) 600(19.0) 480 (14.8) 373(11.6)
No 8174 (84.9) 2565 (81.0) 2759 (85.2) 2850 (88.4)
Age, years 0.27
20-50 years 5650 (58.7) 1850 (58.5) 1900 (58.7) 1900 (59.0)
50+ years 3977 (41.3) 1315 (41.5) 1339 (41.3) 1323 (41.0)
Sex <0.001
Male 5993 (62.3) 2150 (67.9) 2000 (61.7) 1843 (57.2)
Female 3634 (37.7) 1015 (32.1) 1239 (38.3) 1380 (42.8)
Race / ethnicity <0.001
White 5600 (58.2) 1600 (50.6) 1900 (58.7) 2100 (65.2)
Black 1700 (17.7) 800 (25.3) 550 (17.0) 350(10.9)
Mexican 1600 (16.6) 600 (19.0) 550 (17.0) 450 (14.0)
Other Hispanic 727 (7.6) 165 (5.2) 239 (7.4) 323(10.0)
Others 5600 (58.2) 1600 (50.6) 1900 (58.7) 2100 (65.2)
Education <0.001
< High school 2000 (20.8) 1000 (31.6) 650 (20.1) 350(10.9)
High school 3500 (36.4) 1300 (41.1) 1200 (37.0) 1000 (31.0)
> High school 4127 (42.9) 865 (27.3) 1389 (42.9) 1873 (58.1)
Comorbidities
Type Il Diabetes 1200 (12.5) 550 (17.4) 400 (12.3) 250(7.8) 0.004
Hypertension 2500 (26.0) 1100 (34.8) 850 (26.2) 550(17.1) 0.006
IPR <0.001
<25 2800 (29.1) 1400 (44.2) 950 (29.3) 450 (14.0)
225 6827 (54.9) 1765 (38.7) 2289 (54.6) 2773 (75.5)
BMI / kg m? <0.001
Normal weight 3000 (31.2) 1500 (47.4) 1000 (30.9) 500 (15.5)
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Over weight 4000 (41.5) 1200 (37.9) 1400 (43.2) 1400 (43.4)
Obesity 2627 (27.3) 1323 (41.0) 839 (25.9) 465 (14.7)
Other variables
Caffeine intake (mg) 105 (23,217) 94 (15, 194) 109 (23, 219) 123 (29, 236) <0.001
Energy intake (kcal) 2044 (1544, 2633) | 2547 (2059, 3089) | 2027 (1628, 2515) 1524 (1193, 1945) <0.001
eGFR(mL/min/1.73 m2) 86.4 (67.0, 105.4) 85.5 (65.9, 105.8) 86.3 (66.8, 105.5) 87.0 (68.4, 105.0) 0.175
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

OBS and CKD (total score)

Table 2 presents multivariable-adjusted associations between total OBS and CKD. In unadjusted
analysis, each higher OBS tertile was associated with significantly lower odds of CKD (OR_T3 vs T1
~0.65). After full adjustment (Model 3), the inverse association remained strong: compared to the lowest
OBS tertile, the middle tertile had ~28% lower odds of CKD (OR=0.71, 95% CI~0:59-0.86, p=0.002), and
the highest OBS tertile had roughly 46% lower odds (OR=0.53, 95% CI.~0.36-0.81, p<0.001) (Figure 1,
Table 3). This dose-response effect was consistent across models. In continuous spline analysis, the risk
of CKD declined steeply as OBS increased, particularly beyond OBS =20 (Figure 2A). These findings
indicate that participants with more antioxidant-favoring diets and lifestyles had substantially lower CKD
prevalence.

Table 2: Risks of CKD by Oxidative Balance Score Tertiles: Adjusted Odds Ratios (95% Cl)

Tertile 1<16 Tertile 2 16-23 Tertile 3>=23
Odds ratio p-val Odds ratio p-val Odds ratio p-val
n CKD / n Total 600 /9627 480 /3239 373/3223
Model 1 reference na 0.78 (0.66 ~0.95) 0.008 0.64 (0.55~0.77) <0.001
Model 2 reference na 0.77 (0.65 ~0.92) 0.006 0.62(0.52 ~0.75) <0.001
Model 3 reference na 0.70 (0:59~ 0.85) 0.004 0.51(0.42 ~0.65) <0.001
Model 4 reference na 0.71 (0.59 ~ 0.86) 0.002 0.53(0.36 ~0.81) <0.001

Model 1is unadjusted. Model 2 incorporates adjustments for age, sex, and race/ethnicity. Model 3 further accounts for IPR, BMI,
diabetes and hypertension:.Model 4 adjusts for all the previous items and additionally for caffeine consumption and energy
intake.

Dietary and lifestyle OBS components

We next examined the dietary and lifestyle OBS components separately (Table 4). In the fully adjusted
model, a higher dietary OBS (rich in antioxidant nutrients) was strongly protective. Participants in the
highest dietary OBS tertile (=20 points) had ~30% lower odds of CKD than the lowest tertile (OR=0.70,
95% CI 0.55-0.88, p<0.001), with a significant trend across tertiles. Interpreting this differently, each one-
unit increase in dietary OBS above about 20 corresponded to roughly 10% lower CKD odds. Higher
lifestyle OBS (reflecting non-smoking, less alcohol, normal BMI, more activity) also showed an inverse
relationship: the highest lifestyle OBS tertile had lower CKD odds (OR=~0.81, 95% CI 0.67-0.98, p=0.003)
compared to lowest. There was a significant interaction between the dietary and lifestyle OBS factors
(p_interaction<0.001), suggesting their combined effects may be synergistic. In summary, both healthier
diets and healthier lifestyle habits (as captured by OBS) were independently associated with lower CKD
risk.
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Table 2: Risks of CKD by Oxidative Balance Score Tertiles: Adjusted Odds Ratios (95% ClI) for dietary and lifestyle components

Dietary OBS

n CKD / n Total

Model 1
Model 2
Model 3
Model 4

Lifestyle OBS

n CKD/ n Total

Model 1
Model 2
Model 3
Model 4

Tertile 1<16

600/ 9627
reference
reference
reference
reference

Tertile 1<16

600/ 9627
reference
reference
reference
reference

p-val

na
na
na
na

p-val

na
na
na
na

480/ 3239
0.82(0.71~0.92)
0.75 (0.63 ~ 0.86)
0.79 (0.66 ~0.95)
0.75(0.62~0.91)

480/ 3239
1.03(0.86~ 1.23)
0:90(0.73~1:11)
0.95(0.76 ~1.17)

Tertile 2 16-23 Tertile 3>=23
p-val p-val
373/3223
0.011 0.72(0.62 ~0.83) <0.001
0.002 0.69 (0.58 ~0.83) <0.001
0.016 0.78(0.65~0.94) 0.008
0.006 0.70(0.55~0.88) 0.003
Tertile 2 16-23 Tertile 3>=23
p-val p-val
373/3223
0.742 1.32(1.14 ~ 1.53) 0.001
0.338 0.74(0.62~ 0.89) 0.031
0.611 0.81(0.67 ~ 0.98) 0.033
0.512 0.81(0.67 ~ 0.98) 0.003

0.95 (0.76 ~1.17)

Model 1 is unadjusted. Model 2 incorporates adjustments for age, sex, and race/ethnicity. Model 3 further accounts for IPR, BMI,

diabetes and hypertension. Model 4 adjusts for all the previous items.and additionally for caffeine intake and energy intake.

Sex-specific analyses

We explored whether the OBS-CKD association differed by sex. In stratified analyses (Figure 2A and 2B),
the inverse relationship between OBS and CKD was apparent in both/men and women, but stronger in
women. Among women, the highest total OBS tertile was associated with ~55% lower CKD odds relative
to the lowest tertile (adjusted OR=0.45, 95% CI 0.26-0.71, p=0.001). In. men, the corresponding OR was
~0.74 (95% CI1 0.57-0.96, p=0.025). For dietary OBS alonge, the top tertile was significantly protective in
both sexes but more so in women (OR=0.54, p=0.015) than in men (OR=0.75, p=0.031), although the
sex*OBS interaction was not statistically. significant (p>0.4). By contrast, high lifestyle OBS showed a
significant sex interaction: it was strongly protective. in.women (T3 compared with T1 OR=0.63, 95% ClI
0.42-0.94, p=0.023) but not in men (OR=0.95, p=0.666), with p_interaction=0.045. The restricted cubic
spline curves also reflected these differences: above OBS ~20, CKD risk continued to fall in women more
markedly than in men. These findings suggest that the antioxidant-related benefits of diet and lifestyle on

kidney health may be more pronounced in females.
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Figure 2: (A) Adjusted restricted cubic spline model for males (B) Adjusted restricted cubic spline model for females

Discussion

In this large cross-sectional study of U.S. adults, we found that a higher OBS - indicating a more
antioxidant-rich diet and lifestyle — was strongly associated with lower prevalence of chronic kidney
disease. Individuals in the top OBS tertile had roughly half the odds of CKD as versus those in the lowest
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tertile, even after adjusting for socioeconomic and clinical confounders. Both the diet-derived and
lifestyle-derived portions of OBS contributed to this effect. Notably, the inverse associations were most
pronounced in women, and became especially evident beyond an OBS threshold of ~20 points.

Our findings are consistent with and extend previous research. Taken together, these studies — across
diverse populations — suggest that the aggregate antioxidant and pro-oxidant exposures captured by OBS
reflect an underlying risk factor for CKD. '®%° In practical terms, diets high in such ingredients as fiber,
carotenoids, vitamins (C, E, B-complex), and minerals (magnesium, zinc, selenium) alongside active,
non-smoking lifestyles may cumulatively protect renal function by countering oxidative stresses. 2"

The role of oxidative stress in CKD has been well-documented. CKD patients often have elevated
oxidative damage markers (including metabolites such as malondialdehyde) and reduced antioxidant
defenses. 2% This redox imbalance contributes to endothelial dysfunction, inflammation, and
progressive nephron injury. 2 However, pharmacologic antioxidant supplements (like vitamin E, C, or N-
acetylcysteine) have not reliably slowed CKD progression, possibly because. they fail to target specific
ROS pathways. ?”* In contrast, the OBS approach implicitly acknowledges that diet and lifestyle
modulate oxidative stress via multiple mechanisms. For example, adequate dietary folate, B-vitamins
and mineral cofactors support endogenous antioxidant enzymes, while regular exercise upregulates
mitochondrial efficiency. **3' Our/results underscore that these combined effects — as reflected in a
composite score — are associated with meaningful differences.in CKD risk:

The stronger OBS-CKD association in women is noteworthy. Sex‘differences in kidney disease are
recognized; premenopausal.women generally experience slower CKD progression than men, an effect
attributed to estrogen’s protective actions (antioxidant, vasedilatory, anti-fibrotic). % In contrast,
androgens may exacerbate oxidative stress and promote renal injury in males. 3* We observed that dietary
and lifestyle antioxidant exposures -appeared more protective in women, which may partly reflect these
biological differences.. It is also possible that women<in our sample achieved higher OBS through diet,
though baseline characteristics were similar. %" Regardless, this sex-specific pattern suggests that
dietary improvements could yield particularly large renal benefits for women.

This study hassseveral strengths. We used a large, nationally representative sample and a comprehensive
OBS including both diet and lifestyle factors, avoiding reliance on laboratory biomarker assays. The
cross-sectional NHANES design provides broad generalizability to U.S. adults. We adjusted for many
covariates, and the consistent dose-response and spline trends support the robustness of the
association. * Unlike clinical trials of single antioxidants, the OBS captures habitual exposures, which
may better reflect real-world behaviors. *° There are also limitations. By design, OBS components were
equally weighted; while prior work suggests weighted and unweighted OBS yield similar findings, *° this
simplification may not capture the true biological potency of each nutrient. Some relevant exposures
(e.g. specific polyphenol intake) were not available in NHANES and could not be included. Dietary data
were based on 24-hour recalls, which are inherently at risk of recall biases and therefore may not reflect
longer-term intakes. Crucially, our study is cross-sectional, so causality cannot be inferred. It is possible
that individuals with undiagnosed CKD changed their diet (reverse causation), or that unmeasured
factors confound the OBS—CKD link. *' Finally, while we adjusted for major CKD risk factors, residual
confounding is always possible.

In conclusion, our updated analysis indicates a clear inverse relationship between oxidative balance
(diet and lifestyle) and CKD prevalence in U.S. adults. These findings support the idea that promoting
antioxidant-rich diets and healthy lifestyles may have renal benefits. Prospective studies and clinical
trials are needed to test whether interventions that raise OBS can actually prevent or delay CKD onset
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and progression. If causal, the OBS concept could inform preventive nutrition guidelines and risk
stratification tools for kidney health.
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