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The body roundness index (BRI) accurately assesses body composition and visceral fat distribution, but
its independent associations with cognitive function and cognitive impairment remain unclear. This
study, which is based on data from the 2011-2014 U.S. National Health and Nutrition Examination
Survey (NHANES), explores the associations between the BRI and cognitive function as well as
cognitive impairment in older adults. Weighted linear regression and weighted logistic regression
models were used for data analysis. Restricted cubic spline (RCS) models, subgroup analysis, and
mediation analysis were conducted to explore effect modification, nonlinear associations, and the
mediating role of depression. The BRI score was negatively correlated with the cognitive function

score (DSST score 3 =-0.63, P=0.037; Sum Score 3 =-0.83, P=0.042) and was not significantly
associated with cognitive impairment. As the BRI score increases, both the DSST score (trend P=0.013)
and the Sum Score (trend P=0.023) show a linear decrease. The mediation effect analysis revealed

that depression mediated 39.4% of the association between the BRI score and cognitive function,
suggesting that the effect may be indirectly mediated through mental health pathways. Subgroup
analysis and RCS models did not reveal significant interaction effects or nonlinear associations.
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Abbreviations

NHANES  National Health and Nutrition Examination Survey
BRI Body roundness index

BMI Body mass index

PIR Poverty-income ratio

CERAD The Consortium to Establish a Registry for Alzheimer’s Disease Word List Learning Test
AFT Animal Fluency Test

DSST Digit Symbol Substitution Test

HPA Hypothalamic-pituitary-adrenal

RCS Restricted cubic spline

GVIF Generalized variance inflation factor

The global aging of the population is accelerating, and it is projected that the number of people aged 65 and
above will double by 2050!. As people age, the structure and function of the brain gradually deteriorate, leading
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to a decline in cognitive function, including impairments in attention, memory, executive function, language
ability, and visual-spatial skills?*. If left unchecked, these changes may progress to mild cognitive impairment
or dementia®.

Obesity, especially visceral obesity, is closely related to cognitive decline®. The metabolism of visceral fat is
active, which easily leads to insulin resistance, dyslipidemia, and inflammation and other metabolic disorders®”.
These factors significantly increase the risk of cognitive decline®. Traditional obesity indicators such as body
mass index (BMI) and waist circumference (WC) have limitations®. They cannot accurately reflect the ratio of fat
to muscle'® or distinguish between visceral fat and subcutaneous fat, and are insensitive to height differences'!.
The body roundness index (BRI) quantifies the geometric shape of the trunk and can more sensitively reflect
the distribution of visceral fat'2. The BRI has shown strong fat distribution prediction ability and is an effective
indicator for evaluating visceral obesity'®. A large number of studies have shown that the BRI is an independent
risk factor for hypertension'*!°, diabetes'®!”, metabolic syndrome'®, non-alcoholic fatty liver disease'®, and
osteoarthritis?. A large-scale cross-sectional study based on 26,332 samples showed that among 12 conventional
anthropometric indicators, BRI demonstrated the best diagnostic efficacy in discriminating the normal weight
phenotype of metabolic obesity, and its accuracy was significantly superior to BMI and WC, etc.. A recent
cohort study targeting the elderly population in Taiwan, China, confirmed that an increase in BRI is significantly
associated with cognitive decline??. In terms of mechanism, visceral fat induces hippocampal damage by
releasing pro-inflammatory factors (such as IL-6, CRP)?, insulin resistance and hyperglycemia exacerbate -
amyloid protein deposition and tau protein pathological formation, and these factors may jointly accelerate
cognitive decline?*>.

Depression is an important risk factor for cognitive decline?, especially among the elderly population, and
has been regarded as an independent factor that triggers or aggravates cognitive impairment?”. Studies have
shown that depression significantly affects an individual’s cognitive function through exacerbating memory
problems and reducing cognitive processing speed®®. Depression often coexists with obesity. Obesity promotes
the occurrence of depression through mechanisms such as fat accumulation, dysbiosis of the intestinal flora, and
overactivation of the HPA axis, while depression further impairs cognitive function?*3°.

At present, there is no research exploring the mediating role of depression between BRI and cognitive
function. This study aims to assess the potential mediating role of depression and clarify the association between
BRIand cognitive function. The research hypotheses are as follows: (1) BRI is negatively correlated with cognitive
function and positively correlated with cognitive impairment; (2) Depression plays a mediating role between
BRI and cognitive function.

Methods

Study description and population

The NHANES is an ongoing national survey series that collects cross-sectional representative health data from
the general U.S. population every two years. The NHANES program includes household interviews, physical
examinations, and laboratory tests on a selected sample of the non-institutionalized U.S. population, employing
a complex multi-stage probability sampling design (https://www.cdc.gov/nchs/nhanes/index.htm). The
procedures and protocols of the NHANES have been approved by the NCHS Research Ethics Review Board, and
all participants provided written informed consent.

Since cognitive function testing was only conducted for individuals aged 60 and older during the 2011-
2012 and 2013-2014 NHANES cycles, this study extracted de-identified data for this age group. Strict inclusion
criteria were applied to ensure the relevance and accuracy of the data. We excluded 16,299 participants under
60 years of age, 698 participants with incomplete cognitive function data, 178 participants with missing BRI
data, and 41 participants with missing covariate data. Ultimately, the final sample consisted of 2,715 participants
(Fig. 1). This research adhered to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting requirements.

Cognitive function

The NHANES performs cognitive evaluations for individuals aged 60 years and above. Cognitive function was
assessed via three methods: the CERAD word list learning test, the animal fluency test (AFT), and the digit
symbol substitution test (DSST).

The CERAD precisely evaluates an individual’s capacity to acquire new linguistic information, both
immediately and after a delay, thereby indicating memory function, particularly in vocabulary acquisition and
retrieval. It signifies a crucial aspect of cognitive function associated with language memory. The AFT evaluates
categorical verbal fluency, an aspect of executive function utilized to differentiate between normal cognitive
function, mild cognitive impairment, and more severe cognitive impairments, including Alzheimer’s disease.
The participants were tasked with enumerating as many animals as possible within one minute, earning one
point for each name provided. The DSST is a component of the Wechsler Adult Intelligence Scale (WAIS III)
that evaluates processing speed, attention, and working memory. The assessment necessitates that participants
correlate numbers with symbols within a 2-minute timeframe, yielding findings on the basis of the quantity of
accurate matches. The total score of these three items is called the Sum Score.

We utilized Z-transformation to standardize each test score to establish a comprehensive measure of cognitive
performance’!. The standardized scores (AFT_Z, CERAD_Z, and DSST_Z) were aggregated into a composite
score, “Sum Score_Z”, reflecting the individuals’ overall cognitive performance in this study. In all assessments,
elevated results signify superior cognitive performance®2. No definitive threshold value for cognitive impairment
has been established in other investigations. Nevertheless, the current study utilized the 25 th percentile of DSST
scores as a criterion for detecting cognitive impairment??.

Scientific Reports |

(2025) 15:16884 | https://doi.org/10.1038/s41598-025-01383-7 nature portfolio


https://www.cdc.gov/nchs/nhanes/index.htm
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Total participants from NHANES
2011-2014(N=19,931)

Exclued participants
who Age<60
(N=16,299)

Enrolled(N=3,632)

Exclued participants with
missing data of cognitive
(N=698)

Enrolled(N=2,934)

Exclued participants with
missing data of BRI
(N=178)

Enrolled(N=2,756)

Exclude incomplete data of
covariate
(N=41)

Data for anaysis(N=2,715)

Fig. 1. Flowchart of the study population.

Assessment of body roundness indices
The BRI is calculated via the formula proposed by Thomas et al.!2. The equation is as follows:

. . 2
BRI = 364.2 — 365.5 x \/ 1- <Wa15t Clrcu;ference (Cm)> /(0.5 x height (cm))?

WC and height were measured by staff at the mobile examination center. Owing to the lack of established
reference ranges, the BRI is divided into four groups corresponding to the 25 th, 50 th, and 75 th percentiles to
facilitate further analysis of its association with cognitive function.

Covariate assessment
The selection of covariates was based on relevant prior literature and internal discussions within the research
team>*3°, The covariates in this study were demographic traits, health-related lifestyle factors, pertinent chronic
conditions, and depressive symptoms. The categorical variables included gender(male, female), age (60-69,
70-79, > 80), ethnicity (Mexican American, other Hispanic, non-Hispanic White, non-Hispanic Black, other/
multiracial), education (< 9th grade, 9-12 th grade, > 12 th grade), marital status (living with partner/living
alone), the poverty-income ratio (PIR), smoking status, alcohol status, hypertension, diabetes, and depression.
PIR was defined as the ratio of household income to the poverty threshold: income below the poverty
threshold was indicated by a value of < 1.3, income between 1.5 and 3.5 was indicated by a value of 1.5-3.5, and
income above the poverty threshold was indicated by a value of > 3.5. Three categories were created on the basis
of smoking status: never smoked (less than 100 cigarettes), past smoker (more than 100 cigarettes but no longer
smoking), and current smoker (more than 100 cigarettes and presently smoking daily or occasionally). Three
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categories were used to classify alcohol status: never drank (fewer than 12 drinks in a lifetime), former drinker
(more than 12 drinks in a single year and no drinking in the previous year, or more than 12 drinks in a lifetime
but not last year), and current drinker (more than 12 drinks and drinks daily or occasionally). Answers to the
questions “Has a doctor ever told you that you have high blood pressure?” and “Have you been told that you have
high blood pressure more than twice?” were used to establish the presence of hypertension. “Has a doctor ever
told you that you have diabetes?” was used to confirm diabetes status. The Patient Health Questionnaire-9 was
used to measure depression, and a total score of > 10 indicated depression®®.

Statistical analysis

Using the suggested weighting scheme, all analyses carried out in this study complied with the criteria specified
in the CDC guidelines. Interview weights were applied according to NCHS guidelines. For regularly distributed
samples, t tests and analysis of variance were utilized, whereas for nonnormally distributed samples, the Mann-
Whitney U and Kruskal-Wallis tests were applied. Continuous variables were characterized by mean values and
standard deviations and compared via t tests, whereas categorical variables were represented as unweighted
frequency counts and weighted percentages and were evaluated via chi-square tests. Multicollinearity in the
multivariable model was assessed by calculating the generalized variance inflation factor (GVIF), with variables
with a GVIF value exceeding 5 excluded. No multicollinearity was detected among the variables (Table S1).

The BRI was divided into quartiles (the first quartile served as the reference group). Weighted linear regression
was used to explore the association between the BRI score and the three cognitive function scores (CERAD, AFT,
DSST) as well as the Sum Score, and weighted logistic regression was used to explore the association between
the BRI score and cognitive impairment. Covariates were identified through a literature review!**’. Our analyses
involved four models: the crude model, which was unadjusted; Model 1, which was adjusted for age, gender,
and ethnicity; Model 2, which was further adjusted for PIR, education, and marital status; and Model 3, which
included adjustments for additional variables, such as smoking status, alcohol status, hypertension, diabetes,
and depression. To assess trends in nonlinear associations between the BRI and various indicators of cognitive
function and cognitive impairment, we conducted analyses via a three-node restricted cubic spline (RCS) model,
with Wald tests for overall P and nonlinear P. The RCS plots were adjusted for all covariates. Subgroup analyses
were conducted to examine the heterogeneity in the association between BRI and cognitive impairment, with
forest plots used to illustrate the effect sizes across subgroups.

In this study, mediation analysis was conducted using the “mediation” package* in R. The following steps were
taken to examine the mediating effect of depression on the association between the BRI and cognitive function:
(1) assessing the total effect of the BRI on cognitive function (path c), (2) testing the direct effect of the BRI on
cognitive function while controlling for depression (path ), (3) estimating the indirect effect of depression as a
mediator between the BRI and cognitive function (path a * path b), and (4) calculating the proportion mediated
by depression (indirect effect/total effect). The significance of the mediation effect was tested using the percentile
bootstrap method (1000 replicates). A P-value less than 0.05 was considered statistically significant. All the
statistical analyses were performed using R version 4.4.1. Missing data were imputed using the ‘mice’ package, a
statistical method based on Bayesian inference and regression modeling.

Results

Participants’ characteristics

A total of 2715 elderly patients were enrolled in the study. The median age of the participants was 69.25 [63, 75]
years, with 1,388 female (54%) and 1,327 male (46%). The overall prevalence of cognitive impairment in the
study cohort was 13%. Table 1 presents the baseline characteristics of the study population categorized by BRI
quartiles. Overall, the four quartiles showed statistically significant differences in gender, ethnicity, education,
marital status, PIR, smoking status, alcohol status, hypertension, diabetes, depression, CERAD and DSST (P<
0.05). The means of the CERAD score, AFT score, DSST score, Sum Score, CERAD_Z, AFT_Z, DSST_Z, and
Sum Score_Z were 26.22 +6.27, 18.35 +£5.66, 52.91 +16.41, 97.48 +£23.89, 0.18 £0.98, 0.29 +£1.04, 0.38 +0.96,
and 0.38 £0.99, respectively. Table S2 displays the population characteristics grouped by cognitive impairment
status.

Associations between the body roundness index and the CERAD, AFT, DSST and Sum Score
Table 2 presents the results of the multivariable linear regression analysis of the associations between the BRI
and cognitive function. Our study revealed that in the unadjusted crude model, a higher BRI was significantly
negatively correlated with cognitive function, especially the DSST score (p = —0.63, 95% CI: 1.2, —0.04, P=
0.037) and Sum Score (p = -0.83, 95% CI: —1.6, —0.03, P= 0.042). The participants in the highest BRI quartile
(Q4) had a DSST score that was 3.6 points lower than that in the Q1 group (B = -3.6, 95% CI: 6.8, —0.42, P=
0.028) and a Sum Score that was 5.0 points lower (f = —5.0, 95% CI: -9.4, —0.49, P= 0.031). Trend analysis
revealed that higher BRI scores were associated with lower DSST scores (trend P value =0.013) and lower Sum
Scores (trend P value =0.023), suggesting a potential dose-response relationship. However, as covariates were
progressively adjusted for, the above associations gradually weakened. According to the fully adjusted model, no
significant associations were found between BRI scores and cognitive function scores (P> 0.05).

Associations between body roundness index and cognitive impairment

Table 3 presents the results of the logistic regression analysis on the association between BRI and cognitive
impairment. According to the crude model, for every 1l-unit increase in BRI, the possibility of cognitive
impairment increases by 7% (OR =1.07, 95% CI: 1.0-1.16, P= 0.066). After dividing BRI into four equal parts,
the crude model shows that the possibility of cognitive impairment in the Q4 group is slightly higher than that
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Overall QI(< 4.495) Q2(4.498-5.641) | Q3(5.641-7.050) | Q4(> 7.050)

Characteristic n N=47,971,047 | N=11,995,852 | N= 12,030,075 N=12,218,789 N=11,726,331 | P - value?®
Gender 2715 0.017
Male 1327 (46%) 348 (44%) 388 (52%) 332 (47%) 259 (39%)
Female 1388 (54%) 331 (56%) 291 (48%) 346 (53%) 420 (61%)
Age 2715 0.107
60-69 1509 (58%) 404 (61%) 363 (55%) 368 (56%) 374 (59%)
70-79 797 (29%) 166 (24%) 204 (31%) 205 (31%) 222 (31%)
>80 409 (13%) 109 (14%) 112 (14%) 105 (13%) 83 (10%)
Ethnicity 2715 <0.001
Mexican American 246 (3.5%) 38 (2.2%) 52(2.9%) 73 (4.1%) 83 (4.9%)
Other Hispanic 284 (3.7%) 48 (2.1%) 80 (4.0%) 77 (4.2%) 79 (4.3%)
Non-Hispanic White 1286 (80%) 296 (79%) 324 (80%) 337 (81%) 329 (78%)
Non-Hispanic Black 634 (8.1%) 176 (8.3%) 139 (7.0%) 154 (7.7%) 165 (9.4%)
Other/multiracial 265 (5.1%) 121 (8.2%) 84 (6.1%) 37 (2.8%) 23 (3.3%)
Education 2715 0.021
< 9th grade 295 (5.3%) 61 (3.9%) 68 (5.6%) 70 (5.2%) 96 (6.6%)
9-12 th grade 1014 (32%) 224 (26%) 249 (31%) 264 (35%) 277 (35%)
> 12 th grade 1406 (63%) 394 (70%) 362 (63%) 344 (60%) 306 (58%)
Marital status 2715 0.004
Married or living with Partners 1595 (66%) 417 (70%) 430 (70%) 401 (65%) 347 (58%)
Living alone 1120 (34%) 262 (30%) 249 (30%) 277 (35%) 332 (42%)
PIR 2715 <0.001
Low income 813 (17%) 182 (13%) 175 (16%) 209 (18%) 247 (23%)
Medium income 1042 (38%) 262 (36%) 260 (35%) 246 (39%) 274 (41%)
High income 860 (45%) 235 (51%) 244 (50%) 223 (44%) 158 (36%)
Smoking status 2715 0.039
Never 1331 (49%) 338 (52%) 329 (52%) 324 (46%) 340 (47%)
Former 1037 (40%) 215 (33%) 263 (37%) 278 (44%) 281 (44%)
Current 347 (11%) 126 (14%) 87 (10%) 76 (9.8%) 58 (9.1%)
Alcohol status 2715 0.037
Never 421 (12%) 105 (11%) 95 (13%) 106 (13%) 115 (14%)
Former 425 (14%) 98 (12%) 88 (11%) 105 (14%) 134 (19%)
Current 1869 (74%) 476 (78%) 496 (76%) 467 (74%) 430 (68%)
Hypertension 2715 <0.001
No 1318 (51%) 412 (65%) 360 (57%) 313 (49%) 233 (34%)
Yes 1397 (49%) 267 (35%) 319 (43%) 365 (51%) 446 (66%)
Diabetes 2715 <0.001
No 1968 (77%) 572 (90%) 538 (83%) 462 (72%) 396 (62%)
Yes 623 (19%) 83 (7.2%) 114 (13%) 180 (24%) 246 (33%)
Broadline 124 (4.0%) 24 (2.8%) 27 (4.0%) 36 (4.1%) 37 (5.3%)
Depression 2715 <0.001
No 2465 (93%) 637 (96%) 630 (94%) 626 (94%) 572 (87%)
Yes 250 (7.2%) 42 (4.4%) 49 (5.7%) 52 (6.1%) 107 (13%)
CERAD 2715 | 26.22+ (6.27) 26.84+ (6.66) 25.58+ (6.22) 26.20+ (6.11) 26.26+ (6.01) 0.018
CERAD_Z 2715 | 0.18 (0.98) 0.28+ (1.04) 0.08+ (0.97) 0.17+ (0.95) 0.18+ (0.94) 0.018
AFT 2715 | 18.35% (5.66) 18.97+ (5.80) 18.14+ (5.83) 18.11+ (5.33) 18.18+ (5.65) 0.190
AFT_Z 2715 | 0.29+ (1.04) 0.40+ (1.06) 0.25+ (1.07) 0.25+ (0.98) 0.26+ (1.03) 0.190
DSST 2715 | 52.91+ (16.41) |54.82+ (16.80) | 53.82+ (16.37) 51.74+ (15.68) 51.22+ (16.57) | 0.044
DSST_Z 2715 | 0.38+ (0.96) 0.49+ (0.99) 0.43+ (0.96) 0.31+ (0.92) 0.28+ (0.97) 0.044
Continued
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Overall Q1(< 4.495) Q2(4.498-5.641) | Q3(5.641-7.050) | Q4(> 7.050)
Characteristic n N=47,971,047 | N=11,995,852 | N=12,030,075 N=12,218,789 N=11,726,331 | P - value?®
Sum Score 2715 | 97.48+ (23.89) | 100.63+ (25.10) | 97.55+ (23.96) 96.05+ (22.49) 95.67+ (23.68) | 0.055
Sum Score_Z 2715 | 0.38+ (0.99) 0.51+ (1.04) 0.38+ (0.99) 0.32+ (0.93) 0.30+ (0.98) 0.055
Cognitive 2715 0.167
No 2060 (87%) 526 (89%) 523 (88%) 521 (87%) 490 (84%)
Yes 655 (13%) 153 (11%) 156 (12%) 157 (13%) 189 (16%)

Table 1. Characteristics of study participants. * Continuous variables having a normal or skewed distribution
were expressed as mean +SD or median (25 th — 75 th percentile), whereas categorical variables were
represented as counts (percentages). Comparisons of variables among groups were conducted using variance
tests, the Kruskal-Wallis test, or the Chi-square test. N represents weighted counts to reflect the population
distribution, while # represents unweighted counts from the actual sample size. Abbreviations: PIR, poverty

- income ratio; CERAD: the Consortium to Establish a Registry for Alzheimer’s Disease Word List Learning
Test; AFT: the Animal Fluency Test; DSST: the Digit Symbol Substitution Test; CERAD_Z: the standardized
CERAD score; AFT_Z: the standardized AFT score; DSST_Z: the standardized DSST score; Sum Score: the
sum of CERAD, AFT and DSST scores; Sum Score_Z: the sum of AFT_Z, CERAD _Z, and DSST_Z.

in the Q1 group (OR =1.49, 95% CI: 0.95-2.35; P= 0.081). In the model 3, the effect sizes of each quartile group
are unevenly distributed (Q1: OR =1; Q2: OR =0.88; Q3: OR =0.90; Q4: OR =0.93).

Subgroup analysis and restricted cubic spline analysis

A subgroup analysis forest plot (Fig. 2) was generated using weighted logistic regression. The results showed no
significant differences in the association between BRI and cognitive impairment across the analyzed subgroups
(P for interaction >0.05).

RCS analysis revealed no significant nonlinear association between the BRI score and the four scores (CERAD,
AFT, DSST, and Sum Score) (P-nonlinear >0.05) (Fig. 3). In the crude model (Fig. 4-A), the association between
BRI and cognitive impairment was not significant. However, in the partially adjusted models (Fig. 4B and 4-C)
and the fully adjusted model (Fig. 4-D), a significant overall association between a higher BRI and cognitive
impairment was observed (P-overall <0.01), while the nonlinear association remained non-significant.

The results of the RCS subgroup analysis showed that a higher BRI was associated with a greater likelihood of
cognitive impairment, with this association being more pronounced in subgroups of male, individuals aged 80
and above, non-White populations, those with low income, those with low education levels, those living alone,
current smokers, and those with depression (Fig. 5).

Mediation analyses

Through independent analyses of the associations among the BRI, depression, and cognitive function, we found
a significant association between the BRI and depression (Tables S3-5S4). Therefore, we further investigated the
potential mediating role of depression in the associations between the BRI score and cognitive function (Tables
S5-S8, Fig. S1). The results of the mediation analysis, as shown in Fig. 6, revealed that depressive symptoms
significantly mediated the associations between the BRI score and cognitive function (mediated proportion
=39.4%,; indirect effect = —0.207, [-0.281, —0.14], P< 0.001). The total effect was —0.523 [-0.802, —0.22], P<
0.001. When controlling for depression, the direct effect of the BRI on cognitive function remained significantly
negative, with a value of —0.316 [-0.597, —0.03], P< 0.05.

Discussion

This study aims to explore the association between BRI and cognitive function in the elderly population, as well
as the role of depression in this relationship. The results showed that there was a significant negative association
between the increase of BRI and the decrease of DSST scores and Sum Score. This indicates that the increase
of BRI may be accompanied by a gradual decline in cognitive function. Additionally, the mediation analysis
demonstrated that depressive symptoms played a key mediating role in this association, with a mediation
proportion of 39.4%, suggesting that BRI may affect cognitive function through dual pathways of psychology
and biology.

We found that in the elderly population of the United States, BRI was significantly negatively correlated
with cognitive function, which was consistent with previous studies®®=*'. In a large cohort study in Taiwan,
China, BRI was inversely proportional to cognitive function. The higher the BRI, the lower the MMSE score?2.
Similarly, a cross-sectional study in China involving 2,577 middle-aged and elderly individuals also found that
BRI was significantly associated with the possibility of cognitive impairment, suggesting that BRI could serve
as a potential predictive indicator for cognitive decline®®. A longitudinal aging study in the UK*? indicated that
there was a correlation between waist-to-height ratio and body shape index and cognitive decline; however, after
controlling for confounding variables, this relationship weakened, and the results were consistent with our study.
This suggests that when potential confounding factors are considered, the independent effect of BRI on cognitive
function may be limited to a certain extent.

Several potential mechanisms have been proposed to explain the associations between the BRI and cognitive
function. Firstly, obesity is closely associated with the decline of cognitive function in the elderly, especially for
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Crude model Model 1 Model 2° Model 3¢

B 95%CI P B 95%CI P B 95%CI P B 95%CI P
CERAD
BRI (continuous) | -0.08 | —0.26,0.09 | 0.3 -0.14 | -0.32,0.04 |0.13 | -0.06 | —-0.24,0.12 | 0.5 -0.01 | -0.22,0.19 | >0.9
BRI (categorical)
Q1 ref ref ref ref ref ref ref ref
Q2 -13 | -22,-0.30 | 0.012 | -0.89 | -1.8,0.00 |0.049 | -0.75 | -1.6,0.12 | 0.087 | -0.68 | -1.6,0.19 |0.11
Q3 -0.65 | -1.6,0.28 |0.2 -0.40 | -1.3,0.47 | 0.3 -0.14 | -0.98,0.70 | 0.7 0.03 | -0.90,0.78 [ 0.9
Q4 -0.59 | -1.6,043 |0.2 -0.65 | -1.7,0.38 | 0.2 -0.21 | -1.3,0.86 | 0.7 012 |-1.1,13 0.8
P for trend 0.487 0.381 0.987 0.533
AFT
BRI (continuous) | -0.12 | —0.32,0.08 | 0.2 -0.13 | -0.31,0.05 | 0.14 |-0.05 | -0.22,0.11 | 0.5 0.02 | -0.15,0.19 [ 0.8
BRI (categorical)
Q1 ref ref ref ref ref ref ref ref
Q2 -0.83 | -1.9,025 |0.13 |-0.73 | -1.6,0.14 |0.10 |-0.56 | -1.4,0.26 | 0.2 -0.44 | -1.3,042 (0.3
Q3 -0.86 | -1.8,0.13 |0.086 | -0.81 | -1.8,0.14 | 0.090 | -0.51 | -1.4,0.39 | 0.2 -0.28 | -1.3,0.73 | 0.5
Q4 -0.78 | -1.8,0.25 0.13 | -0.77 | -1.7,0.17 0.10 | -0.34 | -1.2,0.52 |04 0.12 -0.79,1.0 |0.8
P for trend 0.140 0.118 0.469 0.708
DSST

BRI (continuous) | -0.63 | —1.2,-0.04 | 0.037 | -0.66 | —1.2,-0.17 | 0.011 | -0.32 | -0.69,0.06 | 0.10 | -0.04 | —0.49,0.41 | 0.9

BRI (categorical)

Q1 ref ref ref ref ref ref ref ref

Q2 -1.0 |-3.5,15 0.4 0.10 |-1.6,1.8 >09 |0.68 |-0.68,2.0 |03 099 |-0.32,2.3 |0.12
Q3 -3.1 |-57,-0.46 [0.023 | -2.1 |-45,0.17 |0.068 |-1.1 |-3.0,092 |0.3 -0.15 | -2.2,1.9 0.9
Q4 -36 |-6.8,-042 |0.028 | -3.2 |-58,-0.65 | 0.016 | -1.4 |-3.3,0.61 |0.2 033 |-19,26 0.7

P for trend 0.013 0.008 0.075 0.966
Sum Score

BRI (continuous) | —0.83 | 1.6, -0.03 | 0.042 | -0.93 | -1.6,-0.29 | 0.006 | —0.43 | —0.91,0.05 | 0.077 | -0.03 | —0.53,0.46 | 0.9

BRI (categorical)

Q1 ref ref ref ref ref ref ref ref

Q2 =31 |-73,11 015 |-1.5 |-4.5,14 0.3 -0.63 | -3.1,1.9 0.6 -0.14 | -2.6,2.3 0.9
Q3 -4.6 |-84,-0.80 |0.019 | -34 |-6.7,-0.07 | 0.046 | -1.7 |-44,1.0 0.2 -041 | -3.2,2.4 0.8
Q4 -5.0 |-94,-0.49 |0.031 | 4.6 |-82,-1.0 |0.014 |-19 |-4.8,099 |0.2 0.57 -2.4,35 0.7

P for trend 0.023 0.013 0.146 0.750

Table 2. Associations of the body roundness index with cognitive function. Notes:. Crude model: unadjusted.
*Model 1: Adjusted for age, gender, and ethnicity. PModel 2: Adjusted for age, gender, ethnicity, PIR, education,
and marital status. “Model 3: Adjusted for age, gender, ethnicity, PIR, education, marital status, smoking status,
alcohol status, hypertension, diabetes, and depression. Abbreviations: BRI: body roundness index; CERAD: the
Consortium to Establish a Registry for Alzheimer’s Disease Word List Learning Test; AFT: the animal fluency
test; DSST: the digit symbol substitution test; Sum score: the sum of CERAD, AFT and DSST scores.

Crude model Model 1* Model 2° Model 3¢

OR | 95%CI P OR | 95%CI P OR | 95%CI P OR | 95%CI P
BRI (continuous) | 1.07 | 1.0,1.16 | 0.066 | 1.08 | 0.99,1.18 | 0.073 | 1.04 | 0.95,1.15 | 0.4 1.02 { 0.92,1.13 | 0.7
BRI (categorical)
Q1 ref | ref ref | ref ref | ref ref | ref
Q2 1.11 | 0.77,1.58 | 0.6 0.96 | 0.65,1.42 [ 0.8 0.90 | 0.58,1.42 | 0.6 0.88 | 0.53,1.46 | 0.6
Q3 1.22 |1 0.85,1.75 | 0.3 1.07 | 0.72,1.59 | 0.7 0.97 | 0.62,1.50 | 0.9 0.90 | 0.55,1.48 | 0.7
Q4 1.49 | 0.95,2.35 | 0.081 | 1.40 | 0.86,2.26 | 0.2 1.11 | 0.65,1.90 | 0.7 0.93 | 0.51,1.69 | 0.8
P for trend 0.064 0.145 0.634 0.824

Table 3. Association of the body roundness index with cognitive impairment. Notes:. Crude model:
unadjusted. *Model 1: Adjusted for age, gender, and ethnicity. "Model 2: Adjusted for age, gender, ethnicity,
PIR, education, and marital status. “Model 3: Adjusted for age, gender, ethnicity, PIR, education, marital status,
smoking status, alcohol status, hypertension, diabetes, and depression. Abbreviations: BRI: body roundness
index.
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Subgroups OR (95% ClI) P for interaction
Gender i 0.287
Male 1.09(0.99,1.21)  +——
Female 1.05(0.96, 1.14)  +rili—
Age | 0.946
60-69 1.04(0.96,1.14)  +—@—
70-79 1.10 (0.99, 1.24) ——
>=80 1.08(0.92,1.27) +———
Ethnicity 0.591
White 1.09 (0.98, 1.22) :
Non-white 1.05 (0.97 , 1.14)
Education 0.822
< 9th grade 1.04 (0.90, 1.21) +—il—
9 - 12th grade 1.07(0.98,1.17)  ril—
> 12th grade 1.06 (0.95,1.18)  ++l—
Marital 0.838
Married or living with Partners 1.08 (0.98 , 1.19)
Living alone 1.05 (0.96, 1.15) l
PIR f 0.549
Low income 1.07 (0.98, 1.17) i
Medium income 1.07 (0.97, 1.19) '
High income 1.01(0.86,1.18)
Smoking status ‘ 0.575
Never 1.05 (0.96, 1.15)
Former 1.09 (0.99, 1.21)
Current 1.03 (0.88, 1.21) v
Alcohol status 0.22
Never 0.97 (0.83, 1.13) ;
Former 1.11(0.98,1.25)
Current 1.07 (0.98, 1.16)
Hypertension : 0.201
No 1.09(0.98,1.22)  r—i—
Yes 1.05 (0.97, 1.14) o
Diabetes 0.421
No 1.08 (0.99, 1.18) —
Yes 1.03 (0.92, 1.15) ®
Broadline 1.15(0.93,1.43) +——m
Depression 0.464
No 1.09 (1.00, 1.18) }
Yes 0.97 (0.84, 1.12) .
o.gas 126 1.%6

— —p
Low Risk High Risk

Fig. 2. Subgroup analysis of the association between the BRI and cognitive impairment. Abbreviations: PIR,
poverty-income ratio.

individuals with higher BMI or body fat content, who have a higher risk of developing Alzheimer’s disease and
other types of dementia®*®. Study shows that even after controlling for age, gender, cardiovascular health and
other risk factors, patients with increased central fat content experience a faster decline in cognitive ability**.
Secondly, the accumulation of visceral fat is significantly associated with the deposition of B-amyloid protein in
the brain, as well as the decline in language learning and language memory abilities**. Adults with a higher visceral
fat index exhibit more pronounced memory loss, subcortical gray matter atrophy, and hippocampal atrophy, and
the intensity of these changes increases with age®®. Studies evidence also suggest that obesity and inflammation
may cause hippocampal dysfunction by altering brain structure of neurons®. Meanwhile, insulin resistance
promotes the excessive phosphorylation of tau protein, exacerbating neurofibrillary tangles*?**”. Insulin
resistance inhibits dopamine signal transduction and reduces the efficiency of task switching*®. Furthermore,
metabolic disorders associated with obesity, such as hyperlipidemia, hypertension and abnormal blood sugar
levels, are also closely related to the occurrence of cognitive impairment*>*°. They can aggravate oxidative stress
and inflammatory responses, thereby damaging neural functions and reducing cognitive abilities®*.

Another key finding of this study is that depressive symptoms mediate 39.4% of the associations between
the BRI score and cognitive function, indicating their crucial role in explaining this association. Even after
accounting for depressive symptoms, the BRI still exerts a direct effect on cognitive function, further validating
our hypothesis. Obesity influences the onset of depression through multiple mechanisms, including the
promotion of oxidative stress, disruption of the gut microbiome, activation of the HPA axis, interference with
synaptic plasticity, and alterations in neurotransmitter signaling, all of which ultimately lead to the development
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Fig. 3. The RCS models the linear associations between the body roundness index and cognitive function
(completely adjusted, Model 3). (A). CERAD; (B). AFT; (C). DSST; (D). Sum Score.

of depression?>*°. The research conducted by Zhang et al.>* indicates that there is a significant correlation between
BRI and depression. For every 1-unit increase in BRI, the incidence of depression will rise by 8%. Concurrently,
depression may lead to reduced cerebral perfusion and changes in brain receptors (e.g., NMDA receptors),
particularly in regions such as the anterior cingulate cortex, precuneus, and parietal lobes®'. These physiological
changes further contribute to cognitive decline, brain atrophy, and the progression of neurodegenerative
diseases®>. Moreover, the association of obesity on cognitive function is modulated by depression, as obesity
and depression often cooccur, potentially amplifying the detrimental effects of obesity on cognitive health®,
This finding underscores the complexity of the associations among obesity, mental health, and cognitive decline.

Strength

One key strength of this study lies in the use of a nationally representative sample with diverse racial groups.
Compared with previous studies, our research, with its large sample size and weighted data, ensures that the
results more accurately reflect the U.S. elderly population, thus enhancing statistical stability. Moreover, while
many prior studies have focused primarily on BMI or other obesity indicators, our study uniquely emphasizes
the BRI, a more precise measure of central obesity and fat distribution, allowing for a more detailed assessment
of its associations with cognitive health. This approach makes the BRI a potentially more efficient and convenient
tool for clinical use.

Limitation

This study offers numerous insights, although it has several drawbacks. The cross-sectional study methodology
precludes the determination of a causal association between the BRI and cognitive impairment, as the NHANES
data provide a singular time point. Furthermore, while the NHANES offers a substantial and representative
population sample, it may still be influenced by residual confounding from unmeasured variables, including
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Fig. 4. RCS models of the logistic associations between the body roundness index and cognitive impairment.
(A). Crude model; (B). Model 1; (C). Model 2; (D). Model 3.

genetic predisposition, physical activity levels, and certain dietary components. A further drawback pertains
to the cognitive assessment instruments employed, despite the use of many cognitive function metrics (AFT,
CERAD, and DSST scores) and the extensive categorization of cognitive impairment scores to present a thorough
overview of an individual’s cognitive capabilities. However, no standard cutoff point has been used to define
cognitive impairment, which may affect the applicability of our findings to different populations or settings.
Future research should employ longitudinal designs, high-quality Mendelian randomization, and genetic
association analysis to ascertain a causal connection between the BRI and cognitive deterioration and focus on
high-risk groups (e.g., BRI >7.0) to validate potential associations. Furthermore, incorporating genetic markers
and lifestyle factors (such as physical activity and diet) into forthcoming models may increase the understanding
of the association between the BRI and cognitive health. and integrate additional established techniques for
evaluating cognitive function or impairment to substantiate these connections more comprehensively.

Conclusion

This study provides preliminary evidence of a negative association between the BRI score and cognitive function
and identifies a significant mediating role of depression in the association between the BRI and cognitive
function. From a public health perspective, monitoring the BRI can serve as an effective tool for identifying older
adults at greater likelihood of cognitive decline. By considering the BRI alongside psychological factors such
as depression, more effective strategies for identifying and intervening in cognitive decline can be developed.
Reducing the negative effect of central obesity on cognitive function can improve the quality of life of older
adults.
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All data relevant to the study are publicly available from the NHANES website (https://wwwn.cdc.gov/nchs/nh
anes/Default.aspx).
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