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Body roundness index, frailty, and prevalent self-reported stroke:

An exploratory cross-sectional decomposition analysis
Zekai Hu'?" PhD, Jie Zhuang' BS, Jinyan Wang' MD, Xieyun Jin®* MD, Lei Fang' PhD, Jun Hu' MD

ABSTRACT

Introduction: Prior NHANES studies have reported
nonlinear associations of the body roundness index
(BRI) with prevalent stroke and frailty. The authors
updated these observations using NHANES 1999-2023
and examined the additional contribution of frailty to the
BRI-prevalent self-reported stroke association.

Methods: This cross-sectional study included 36,324
adults. Stroke was defined by self-reported physician
diagnosis. Survey-weighted logistic regression and
restricted cubic splines were used to assess BRI associa-
tions. Expanded models were fitted with and without
the frailty index (Fl). A post hoc 2-piecewise model
estimated a potential BRI breakpoint using 1000 boot-
strap resamples. Incremental discrimination was evaluated
across nested age-sex, age-sex—BRI, and age-sex-BRI-FlI
models. Analyses were interpreted as cross-sectional
associations.

Results: In the primary adjusted model, higher BRI was
associated with prevalent self-reported stroke (odds ratio
[OR]=1.08, 95% confidence interval [CI] 1.05-1.12). The

CLINICAL IMPACT

What is New

In a nationally representative US sample, BRI showed
a nonlinear association with prevalent self-reported
stroke, while frailty was strongly associated with
stroke status.

This study extends previous NHANES research
by comparing BRI estimates across progressively
adjusted models and examining the additional
contribution of frailty.

Clinical Implications

BRI and frailty may provide complementary cross-
sectional information when characterising adults with
prevalent stroke.

Prospective, population-specific studies are needed
before these measures are used for stroke prediction,

spline showed increasing odds across lower-to-middle screening, or clinical decision-making.

BRI values, followed by attenuation at higher values.
The exploratory breakpoint was 6.34 (bootstrap 95%
Cl 6.14-7.65). In expanded sensitivity analyses, the BRI
estimate was attenuated without FI (OR=1.01, 95%
Cl 0.98-1.04) and became inverse after FlI was included
(OR=0.91, 95% CI 0.88-0.95). FI remained strongly
associated with prevalent self-reported stroke (OR=2.38
per 0.1-unit increase, 95% Cl| 2.23-2.54). Adding BRI
to age and sex increased area under the curve (AUC)
from 0.763 to 0.769, while adding FI increased AUC to
0.868.

Conclusion: BRI showed a nonlinear, model-dependent
association with prevalent self-reported stroke, and
frailty provided additional cross-sectional information.

INTRODUCTION

Stroke remains one of the most pressing public health
challenges worldwide, representing a leading cause
of mortality and permanent disability. In the US
alone, approximately 795,000 individuals experience
a new or recurrent stroke each year, underscoring
its substantial public health burden.'? Among the
modifiable risk factors, obesity—particularly visceral
adiposity—has been consistently associated with
cerebrovascular disease. In the INTERSTROKE
These findings support prospective evaluation of BRI and study, 10 potentially modifiable factors collectively
frailty as complementary markers in stroke-related accounted for approximately 90% of the population-
assessment. attributable risk of stroke, whereas abdominal
obesity—defined by an elevated waist-to-hip ratio—
accounted for 18.6% (95% confidence interval [Cl]
13.3%-25.3%).> Traditional anthropometric indices
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such as body mass index (BMI) have long been used
to classify obesity in both clinical and epidemiological
settings. However, BMI fails to distinguish between
fat and lean mass or to account for the distribution of
adipose tissue, thereby limiting its utility in capturing
the metabolic risks associated with central obesity.*

In recent years, the body roundness index (BRI)
has emerged as an anthropometric measure that
estimates abdominal body shape by incorporating
waist circumference and height into an elliptical model
of the human body.>¢ Unlike BMI, BRI more directly
reflects central adiposity, which is associated with
insulin resistance, dyslipidaemia, chronic inflammation,
and endothelial dysfunction. BRI has been examined
in relation to multiple cardiometabolic outcomes,
including diabetes, hypertension, atherosclerosis,
cardiovascular events, and mortality.”® The present
work should therefore be viewed as an extension of
the established BRI literature rather than as the first
investigation of BRI and cerebrovascular disease.

Beyond adiposity, frailty commonly co-occurs with
cerebrovascular disease. Frailty, a clinical syndrome
characterised by diminished strength, endurance,
and physiological function, has been associated
with adverse outcomes in patients with stroke.?'°
Systematic reviews indicate that pre-stroke frailty
is present in approximately one-quarter of patients
with acute stroke and is strongly associated with
mortality, disability, and prolonged hospitalisation.
Visceral obesity and frailty also share correlates,
including chronic inflammation, oxidative stress, and
hormonal dysregulation.’ Previous National Health and
Nutrition Examination Survey (NHANES) analyses
have directly addressed the 2 component associations
examined here. Gan et al. analysed 39,454 adults from
NHANES 1999-2018 and reported a positive nonlinear

Fig. 1. Flowchart of NHANES participant selection and exclusion.

association between BRI and prevalent stroke using
restricted cubic splines.” Xu et al. analysed adults
aged 60 years or older from NHANES 2007-2018
and reported a positive nonlinear association between
BRI and prevalent frailty.' These studies overlap
substantially with the present analysis in both popula-
tion and variables.

Accordingly, this study does not claim novelty for
the BRI-stroke or BRI-frailty associations themselves.
The authors update the BRI-prevalent self-reported
stroke analysis through NHANES 1999-2023 and
extend prior work by reporting model-specific
BRI estimates under broader covariate adjustment,
examining how the estimate changes after inclusion
of FI, and quantifying incremental discrimination and
calibration. Because BRI, frailty index (Fl), and stroke
were measured concurrently, the Fl-related analysis
is exploratory and descriptive and cannot establish
mediation, temporal ordering, prospective risk, or a
causal pathway.

METHODS

Study design and sample

This cross-sectional study used NHANES data from
1999-2023. Participants were included if they were
18 years or older and had complete information on
prevalent self-reported stroke status and BRI. The
authors excluded individuals who were pregnant at
the time of examination, those younger than 18 years,
and participants with missing data on BRI, the stroke
outcome, or covariates of interest.

After applying these criteria, 36,324 NHANES
participants were included in the analytic sample.
The participant selection process is summarised in
Fig. 1.

NHANES 1999-2023 After excluding After excluding missing ) .
Age 218 years q pregnant participants q BRI, stroke, or FI data > Final ;rf;gn:;iample
N=71,194 N=69,457 N=56,553 ’
Excluded pregnancy I\l/}d 'ssing BRI? .N§§é277556 Missing covariate data
N=1737 issing stroke: N=3, N=20.229
’ Missing FI: N=873 ’

BRI: body roundness index; Fl: frailty index; NHANES: National Health and Nutrition Examination Survey

Flowchart of NHANES participant selection and exclusion. The flowchart illustrates the stepwise selection process for the NHANES cohort
(1999-2023). After exclusions for pregnancy, missing BRI, stroke or Fl data, and incomplete covariates, 36,324 participants were included in the
analytic sample. Stroke denotes prevalent self-reported stroke ascertained using MCQ160F.
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Assessment of stroke

Stroke status was determined using a standardised
questionnaire administered during the household
interview. Participants were asked whether they had
ever been told by a health professional that they had
experienced a stroke. Responses were coded using
the variable MCQ160F, with “yes” indicating prevalent
self-reported stroke and “no” indicating no self-
reported history of stroke. This single item did not
provide the date of onset, stroke subtype, or validation
against medical records or neuroimaging.

Assessment of the BRI

BRI was calculated using the original geometric
equation.® In the equation below, WC denotes waist
circumference in metres, H denotes height in metres,
n denotes the mathematical constant pi, and 364.2
and 365.5 are constants from the original BRI model.
For clinical orientation, BRI values of 5.24 and 6.34
correspond to waist-to-height ratios of approximately
0.592 and 0.639, respectively; for a person 1.70 m tall,
these values correspond to waist circumferences of
approximately 100.6 cm and 108.6 cm.

BRI=3642.365.5 |1 [LCCD]
e Tosxa
Assessment of frailty
Frailty was assessed using a 43-item deficit-

accumulation frailty index (Fl) constructed according
to the standard procedure described by Searle
et al.”® Each deficit was coded from 0 to 1, and the
FI was calculated as the mean of the 43 deficit
scores among participants with complete Fl data.
Component definitions and scoring are provided in
Supplementary Table S2. Descriptive FI values were
retained on the original 0-1 scale, and regression
estimates were reported per 0.1-unit increase.
Hypertension and diabetes were included among the
FI deficits; consequently, models that simultaneously
included FI and these comorbidities were treated
as exploratory sensitivity analyses susceptible to
covariate overlap and overadjustment.

Covariates

Potential confounding factors were selected a priori
based on established associations with both adiposity
and stroke. Demographic variables included age,
sex, race and Hispanic origin, marital status, and
educational attainment. Socioeconomic status was
assessed using the poverty-income ratio (PIR).™
Lifestyle factors comprised smoking history, alcohol
consumption, a metabolic equivalent (MET)-based
physical activity category, and daily energy intake
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(kcal/day). Clinical comorbidities included hyperten-
sion, diabetes, and hyperlipidaemia. These covariates
were incorporated into multivariable models to reduce
confounding in the evaluation of the cross-sectional
relationships among BRI, frailty, and prevalent self-
reported stroke.

Statistical analyses

Analyses were conducted in R version 4.4.2 (R
Foundation for Statistical Computing, Vienna, Austria).
Survey-weighted estimation used the survey package
(version 4.4-2); restricted cubic spline terms were
generated using rms (version 8.0-0; Harrell, 2025),
breakpoint grid searches used base R statistics (version
4.4.2), with nonparametric resampling implemented
using boot (version 1.3-31; Canty & Ripley, 2024 and
Davison & Hinkley, 1997); and receiver operating
characteristic (ROC) curves and paired Delong tests
used pROC (version 1.18.5; Robin et al., 2011). Cycle-
specific examination weights were rescaled for the
pooled 1999-2023 analysis, and strata and primary
sampling unit identifiers were nested within survey
cycle. Continuous variables were summarised as
survey-weighted mean + standard error, and catego-
rical variables as unweighted counts with survey-
weighted percentages. Group comparisons used
design-based t tests (design degrees of freedom=178)
or design-based Wald y? tests. Logistic regression
models for BRI were specified hierarchically. Model
1 was unadjusted; Model 2 included age and sex;
Model 3 additionally included smoking and PIR; and
the primary Model 4 additionally included education,
MET-based physical activity, and energy intake. Fl was
not included in Models 1-4. An expanded sensitivity
model additionally included race and Hispanic origin,
marital status, hypertension, diabetes, hyperlipidaemia,
and alcohol consumption. Fl was then added to the
same expanded model to permit a matched model
comparison. Because hypertension and diabetes
were also FI components, the Fl-adjusted model
was considered exploratory and potentially affected
by covariate overlap and overadjustment; its BRI
coefficient was not interpreted as a causal direct effect.
Nonlinear associations were assessed using restricted
cubic splines adjusted for age, sex, race and Hispanic
origin, and PIR. The segmented analysis was post hoc
and unadjusted and was therefore not interpreted
as direct quantitative confirmation of the adjusted
spline. Candidate break-points between the 5th and
95th percentiles of BRI were evaluated in 0.01-unit
increments, and the value maximising model likelihood
was selected. A percentile-based 95% confidence
interval for the breakpoint was obtained from 1000
participant-level nonparametric bootstrap resamples.
For the secon-dary incremental-discrimination analysis,
conventional unweighted logistic regression was used
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to permit paired Delong comparison of correlated
ROC curves."” Three nested models were evaluated:
age and sex; age, sex, and BRI, and age, sex, BRI,
and Fl. Areas under the curve (AUCs) and 95% Cls
were estimated using DelLong’s method, and adjacent
models were compared using paired Delong tests.
Calibration was evaluated using Brier scores, calibra-
tion intercepts, and calibration slopes derived from
stratified 10-fold cross-validated predictions. These
analyses described classification of contemporaneous
prevalent self-reported stroke status and were not
interpreted as prospective prediction or screening
performance. Regression estimates for Fl were
expressed per 0.1-unit increase; descriptive Fl values
and the deficit-scoring table remained on the original
0-1 scale. A two-sided P<0.05 indicated statistical
significance.

Ethical considerations

All NHANES protocols were approved by the National
Center for Health Statistics Ethics Review Board,
and written informed consent was obtained from
all participants. The present study used publicly
available, de-identified data and required no additional
institutional review.

RESULTS

Baseline characteristics

The analytic sample included 1236 unweighted
participants with prevalent self-reported stroke and

35,088 participants without self-reported stroke; the
survey-weighted prevalence of self-reported stroke
was 2.52%. Compared with participants without self-
reported stroke, those with prevalent self-reported
stroke were older and had lower PIR, lower MET-based
physical activity, and lower daily energy intake, whereas
a higher proportion belonged to the overweight
and obese BMI categories; their mean BRI and Fl
were also higher. Differences were also observed in
sex, educational attainment, smoking status, race
and Hispanic origin, marital status, hypertension,
diabetes, hyperlipidaemia, and alcohol consumption.
In the overall study population, BRI ranged from 1.05
to 23.48, with a mean of 5.24 (standard error=0.02)
and a median of 4.84 (Q1=3.61, Q3=6.39). Detailed
sociodemographic and clinical characteristics are
presented in Table 1.

Model-specific logistic regression analyses

To distinguish the primary BRI association from
estimates obtained under broader adjustment
and after inclusion of Fl, the relevant models are
presented separately in Table 2. In the primary model
without FI, BRI was positively associated with prevalent
self-reported stroke (odds ratio [OR]=1.08, 95%
Cl 1.05-1.12, P<0.001). In the expanded model
without Fl, the BRI association was null (B=0.009;
OR=1.01, 95% ClI 0.98-1.04, P=0.601). After FI
was added to the same expanded model, the BRI
coefficient was negative (f=-0.090; OR=0.91, 95%
Cl 0.88-0.95, P<0.001), while FI was strongly associated

Table 1. Baseline sociodemographic and clinical characteristics of participants.

Variable Total No self-reported Prevalent self- Statistic P
stroke reported stroke
Age, mean (SE) 46.561 (0.214) 46.140 (0.213) 62.834 (0.560) t=30.293 <0.001
Energy intake, kcal/day, mean (SE) 2152.698 (6.849) 2159.720 (6.815) 1880.866 (33.087) t=-8.484 <0.001
BRI, mean (SE) 5.236 (0.024) 5.212(0.024) 6.162 (0.088) t=10.363 <0.001
FI, mean (SE) 0.131 (0.001) 0.127 (0.001) 0.283 (0.005) t=33.093 <0.001
Sex, n (%) x?=5.503 0.019
Male 18,522 (50.219) 17,881 (50.333) 641 (45.777)
Female 17,802 (49.781) 17,207 (49.667) 595 (54.223)
Education, n (%) 12=69.769 <0.001
Less than high school 7416 (12.880) 7055 (12.664) 361 (21.226)
High school or equivalent 8315 (23.138) 7961 (22.923) 354 (31.435)
College or above 20,593 (63.983) 20,072 (64.413) 521 (47.339)
Smoking, n (%) ¥?=70.835 <0.001
No 19,806 (54.821) 19,342 (55.204) 464 (40.009)
Yes 16,518 (45.179) 15,746 (44.796) 772 (59.991)
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Table 1. Baseline sociodemographic and clinical characteristics of participants. (Cont'd)

Variable Total No self-reported Prevalent self- Statistic P
stroke reported stroke
MET-based physical activity, n (%) ¥2=96.294 <0.001
Low physical activity 12,920 (31.839) 12,260 (31.351) 660 (50.727)
High physical activity 23,404 (68.161) 22,828 (68.649) 576 (49.273)
BMI, n (%) ?=23.214 <0.001
<18.5 521 (1.447) 504 (1.445) 17 (1.531)
18.5 to <25 10,134 (29.429) 9860 (29.616) 274 (22.165)
25 to <30 12,186 (33.285) 11,780 (33.291) 406 (33.068)
>30 13,483 (35.839) 12,944 (35.648) 539 (43.236)
Race and Hispanic origin, n (%) ¥?=90.787 <0.001
Mexican American 5215 (7.210) 5105 (7.297) 110 (3.849)
Non-Hispanic White 17,350 (71.066) 16,709 (71.025) 641 (72.639)
Non-Hispanic Black 7403 (9.951) 7064 (9.838) 339 (14.335)
Other 6356 (11.773) 6210 (11.840) 146 (9.178)
Marital status, n (%) ¥?=195.713 <0.001
Married or living with a partner 21,863 (64.210) 21,206 (64.331) 657 (59.522)
Widowed/divorced/separated 7688 (17.430) 7211 (17.013) 477 (33.558)
Never married 6773 (18.360) 6671 (18.656) 102 (6.921)
PIR, n (%) ¥?=95.515 <0.001
<1.3 10,076 (18.538) 9606 (18.279) 470 (28.567)
1.3to0 <3.5 13,539 (34.662) 13,027 (34.478) 512 (41.778)
=35 12,709 (46.799) 12,455 (47.242) 254 (29.655)
Hypertension, n (%) 1?=637.923 <0.001
No 21,295 (63.997) 21,049 (65.029) 246 (24.048)
Yes 15,029 (36.003) 14,039 (34.971) 990 (75.952)
Diabetes, n (%) ¥=176.197 <0.001
No 30,168 (87.491) 29,411 (88.074) 757 (64.919)
Yes 6156 (12.509) 5677 (11.926) 479 (35.081)
Hyperlipidaemia, n (%) x?=169.498 <0.001
No 11,418 (32.073) 11,210 (32.508) 208 (15.246)
Yes 24,906 (67.927) 23,878 (67.492) 1028 (84.754)
Alcohol consumption, n (%) ¥?2=55.596 <0.001
No 11,098 (26.244) 10,607 (25.932) 491 (38.313)
Yes 25,226 (73.756) 24,481 (74.068) 745 (61.687)

BMI: body mass index; BRI: body roundness index; Fl: frailty index; MET: metabolic equivalent; PIR: poverty-income ratio; SE: standard error

Categorical values are unweighted n (survey-weighted %). Stroke denotes prevalent self-reported stroke. Continuous-variable comparisons used

design-based t tests with 178 design degrees of freedom; categorical comparisons used design-based Wald y? tests.
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Table 2. Comparison of primary, expanded, and Fl-adjusted BRI models for prevalent self-reported stroke.

Model Predictor Adjustment set B OR (95% ClI) P
Primary association model (without Fl) BRI Age, sex, smoking, PIR, education, 0.077 1.08 (1.05-1.12) <0.001

physical activity, and energy intake
Expanded model (without FI) BRI Primary model plus race and Hispanic 0.009 1.01 (0.98-1.04) 0.601

origin, marital status, hypertension,

diabetes, hyperlipidaemia, and
alcohol consumption

Expanded Fl-adjusted sensitivity model BRI Expanded model plus Fl -0.090 0.91(0.88-0.95)  <0.001
Expanded Fl-adjusted sensitivity model FI (per 0.1-unit) Expanded model plus FI 0.867 2.38(2.23-2.54)  <0.001

BRI: body roundness index; Cl: confidence interval; Fl: frailty index; OR: odds ratio; PIR: poverty-income ratio

OR=exp(p). The expanded models used the same covariate set, differing only by inclusion of Fl. Because hypertension and diabetes were also
FI components, the Fl-adjusted model is susceptible to covariate overlap and overadjustment and is not interpreted as a causal direct-effect model.

with prevalent self-reported stroke (3=0.867; OR=2.38
per 0.1-unit increase, 95% ClI 2.23-2.54, P<0.001).
Because hypertension and diabetes were included
both as covariates and as components of the Fl, the
Fl-adjusted estimates may reflect covariate overlap
and overadjustment. This model was therefore treated
as an exploratory sensitivity analysis and not as a
causal direct-effect model.

Incremental discrimination and calibration analyses

In the secondary unweighted analysis, a prevalence-
only model assigning the observed stroke prevalence
(3.40%) to every participant had an AUC of 0.500
and a Brier score of 0.0329. The age-and-sex model
yielded an AUC of 0.763 (95% CI 0.752-0.775) and
a Brier score of 0.0319. Adding BRI increased the
AUC to 0.769 (95% Cl 0.758-0.781;, AAUC=0.006;
paired Delong P<0.001) and changed the Brier
score minimally to 0.0318. Adding Fl increased the
AUC to 0.868 (95% Cl 0.860-0.877; AAUC=0.099;
paired DelLong P<0.001) and reduced the Brier score
to 0.0297. Thus, the BRI-related improvements in
both discrimination and overall prediction error were
small. Although the Fl-containing model showed

a larger numerical improvement, FI was measured
concurrently with prevalent stroke and included
deficits that may reflect stroke-related disability;
these results do not establish prospective predictive
value or screening utility.

Primary BRI association models without FI

To evaluate the primary cross-sectional association
between BRI and prevalent self-reported stroke,
logistic regression models were constructed with
progressive adjustment for potential confounders;
Fl was not included in any of these models (Supplemen-
tary Table S1). In the unadjusted model (Model 1),
BRI was associated with higher odds of prevalent
self-reported stroke (OR=1.16, 95% CI 1.13-1.19,
P<0.001). After adjustment for age and sex (Model 2),
the association remained significant (OR=1.11, 95%
Cl 1.07-1.14, P<0.001). The association persisted
after additional adjustment for smoking and PIR
(Model 3; OR=1.09, 95% CI 1.05-1.12, P<0.001).
In the primary Model 4, which additionally included
education, physical activity, and energy intake, BRI
remained positively associated with prevalent self-
reported stroke (OR=1.08, 95% CI 1.05-1.12, P<0.001).

Table 3. Incremental discrimination and cross-validated calibration for nested models of prevalent self-reported stroke.

Model AUC AAUC vs Delong P Brier score Calibration
(95% Cl) previous intercept/slope
Prevalence-only reference 0.500 (by definition) Reference — 0.0329 Not applicable
Age + sex 0.763 (0.752-0.775) Reference — 0.0319 -0.007/0.998
Age + sex + BRI 0.769 (0.758-0.781) 0.006 <0.001 0.0318 -0.012/0.996
Age + sex + BRI + Fl 0.868 (0.860-0.877) 0.099 <0.001 0.0297 -0.005/0.998

AUC: area under the curve; BRI: body roundness index; Cl: confidence interval; Fl: frailty index

The prevalence-only Brier score equals p(1-p), where P=0.0340; lower Brier scores indicate lower mean squared prediction error. The age—sex
model improved modestly over this reference, addition of BRI produced a minimal further reduction (0.0001), and addition of FI produced a larger

numerical reduction that remains vulnerable to reverse causation.
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Fig. 2. ROC curves for nested models classifying prevalent self-reported stroke status.
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AUC: area under the curve; BRI: body roundness index; Cl: confidence interval; Fl: frailty index; ROC: receiver operating characteristic

ROC curves for nested models classifying prevalent self-reported stroke status. The age-and-sex base model had an AUC of 0.763

(95% Cl 0.752-0.775). Adding BRI increased AUC to 0.769 (95% Cl 0.758-0.781; AAUC=0.006; paired DeLong P<0.001), and adding

Fl increased AUC to 0.868 (95% ClI 0.860-0.877; AAUC=0.099 versus the preceding model; paired DeLong P<0.001). These secondary,
unweighted analyses classify contemporaneous prevalent self-reported stroke status and should not be interpreted as prospective prediction

or screening performance.

Restricted cubic spline analysis

Restricted cubic spline models were used to examine
the nonlinear association between BRI and prevalent
self-reported stroke after adjustment for age, sex, race
and Hispanic origin, and PIR (Fig. 2). At the low end
of the observed BRI distribution, the fitted odds ratio
was below 1.0 relative to the reference value. The curve
then rose across lower-to-middle BRI values, reached
a broad maximum around BRI 6-7, and attenuated
gradually at higher values, with widening confidence
intervals in the sparsely populated upper range (P for
nonlinearity<0.001). This pattern does not indicate
that individuals with low BRI have high odds of stroke,
nor does it establish a prospective dose-response
relationship. The spline is presented in Fig. 3.

Threshold analysis

To further characterise the nonlinear association
between BRI and prevalent self-reported stroke, a
post hoc unadjusted 2-piecewise logistic regression
was fitted. The likelihood-ratio test favoured the
segmented model over a single linear term (P<0.001).

Ann Acad Med Singap Vol 55 No 8 Aug 2026 | annals.edu.sg

The estimated breakpoint was BRI=6.34, with a
bootstrap 95% confidence interval of 6.14-7.65
based on 1000 nonparametric resamples. Below the
breakpoint, higher BRI was associated with increased
odds of prevalent self-reported stroke (OR=1.42,
95% ClI 1.32-1.51, P<0.001). Above the breakpoint,
the average slope was null (OR=0.99, 95% CI 0.95-
1.04, P=0.795). Because this segmented model was
unadjusted whereas the spline model was covariate-
adjusted, the 2 analyses do not estimate the same
curve and the breakpoint should not be interpreted
as confirming the adjusted spline. The breakpoint
and apparent plateau are exploratory statistical
features rather than established biological or clinical
thresholds. The broad uncertainty at high BRI values
and lack of replication preclude use of 6.34 as a
clinical cut-point. The results are shown in Table 4.

Exploratory cross-sectional decomposition analysis

The exploratory cross-sectional decomposition was
interpreted together with the nested model compa-
rison in Table 2. In the expanded model, the BRI
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Fig. 3. Restricted cubic spline curve.

P for overall: <0.001
P for nonlinear: <0.001

Cl: confidence interval; OR: odds ratio

BRI

Restricted cubic spline curve. The curve illustrates the adjusted nonlinear cross-sectional association between BRI and prevalent self-reported
stroke after adjustment for age, sex, race and Hispanic origin, and PIR. The fitted OR was below 1.0 at the low end of the BRI distribution,
increased across lower-to-middle values, reached a broad maximum around BRI 6-7, and then attenuated gradually; confidence intervals widened
at high BRI values. The solid line represents the estimated odds ratio, and the shaded area indicates the 95% CI (P for nonlinearity<0.001).
The curve does not show a steeper rise above BRI 6.0 and should not be interpreted as an incident-stroke trajectory or a validated clinical

threshold.

estimate was null before Fl was included and changed
direction after FI adjustment, whereas Fl remained
strongly associated with prevalent self-reported
stroke. Because the Fl-adjusted model simultaneously
included hypertension and diabetes, which were also
FI components, the coefficient change may reflect
covariate overlap and overadjustment in addition to
any association with frailty. This pattern is therefore
better characterised as sensitivity of the adjusted
coefficient to model specification than as evidence
of a direct or indirect causal effect.

In the model with Fl as the outcome, the reported
BRI coefficient was B=0.12 on the FIx10 scale,
equivalent to a 0.012-unit difference in Fl on the
original 0-1 scale per 1-unit higher BRI (P<0.001).
However, because BRI, Fl, and prevalent self-reported
stroke were measured concurrently, neither this
association nor the change in the BRI coefficient after
FI adjustment establishes mediation or temporal
ordering. The findings are also compatible with
reverse causation, including stroke-related disability
increasing the FI.

Table 4. Post hoc exploratory unadjusted segmented logistic regression of BRI and prevalent self-reported stroke.

Model/segment OR (95% CI) P
Single linear model 1.14 (1.12-1.16) <0.001
2-piecewise model
Breakpoint 6.34
Bootstrap 95% Cl for breakpoint 6.14-7.65
<6.34 1.42 (1.32-1.51) <0.001
=26.34 0.99 (0.95-1.04) 0.795
P for likelihood-ratio test <0.001

Cl: confidence interval; OR: odds ratio

The segmented model was post hoc, unadjusted, and exploratory and was not directly comparable with the adjusted spline. The breakpoint
confidence interval was obtained from 1000 participant-level nonparametric bootstrap resamples. The estimated breakpoint should not be used

as a clinical cut-point without prospective and independent replication.
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DISCUSSION

In this updated NHANES cross-sectional analysis,
BRI was positively associated with prevalent self-
reported stroke in the primary model adjusted for
demographic, socioeconomic, and lifestyle factors.
The adjusted spline rose across lower-to-middle
BRI values and attenuated at higher values. A post
hoc unadjusted segmented model yielded a model-
dependent breakpoint at BRI=6.34 (bootstrap 95%
Cl 6.14-7.65); because this model did not use the
same adjustment set as the spline, it was not inter-
preted as confirming the adjusted curve or as iden-
tifying a clinical threshold. The BRI estimate was
also sensitive to broader covariate adjustment and
inclusion of Fl: it was null in the expanded model
without FI and changed direction after Fl adjustment.
The latter model included hypertension and diabetes
both as covariates and as Fl components, so its
coefficient change may partly reflect covariate overlap
and overadjustment. In secondary discrimination
analyses, BRI increased AUC beyond age and sex
by only 0.006 and reduced the cross-validated Brier
score from 0.0319 to 0.0318, compared with a
prevalence-only Brier score of 0.0329. These small
changes do not support a clinically meaningful
screening claim. Addition of Fl produced larger
numerical changes (AUC 0.868; Brier score 0.0297),
but the Fl-related increment may reflect stroke-related
disability embedded in the contemporaneously
measured Fl and cannot establish prospective utility.
These model-dependent findings do not support
causal mediation, a direct-effect interpretation, clinical
prediction, screening, or policy adoption.

The positive association between BRI and prevalent
self-reported stroke largely confirms prior NHANES
findings rather than establishing a new association.
Gan et al. reported a positive nonlinear association
using NHANES 1999-2018," and longitudinal
evidence also links BRI with incident stroke in other
populations.” Unlike BMI, BRI reflects abdominal
body shape, and visceral adiposity is associated with
atherosclerosis, endothelial dysfunction, and chronic
inflammation®2'"; BRI has also been linked to broader
cardiometabolic abnormalities.?? The present analysis
extends the NHANES observation through 2023, but
it is not an independent replication because of
substantial overlap in survey cycles and participants.
The estimated breakpoint was not stable across
analyses: Gan et al. reported an inflection point of
8.489," whereas the present exploratory estimate
was 6.34 (bootstrap 95% CI 6.14-7.65). This lack of
concordance argues against treating either value as
a reproducible clinical cut-point. The attenuation
observed at high BRI values is unlikely to reflect
metabolic adaptation. NHANES includes only living
respondents who attended the examination, so
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selective survival may attenuate or distort associations
among individuals with the greatest adiposity. Collider
or selection bias, reverse causation, post-stroke
treatment or weight change, and sparse data at
extreme BRI values are additional plausible explana-
tions for the apparent plateau.?®*?* Prospective repli-
cation with adjudicated incident stroke is required
before any threshold interpretation is considered.

The association between BRI and frailty has likewise
been established in prior NHANES work. Xu et al.
reported a positive nonlinear association between
BRI and prevalent frailty among older adults.™
The principal extension in the present study is the
exploratory cross-sectional comparison of model-
specific BRI estimates before and after FI inclusion,
together with the incremental-discrimination analysis.
Visceral obesity and frailty may share biological
correlates, including chronic inflammation, hormonal
dysregulation, and sarcopenia,?*?” while frailty is asso-
ciated with endothelial dysfunction, hypercoagulability,
and reduced physiological resilience.? In the present
analysis, BRI was associated with higher Fl, FI was
strongly asso-ciated with prevalent self-reported
stroke, and inclusion of FlI materially changed the
BRI coefficient. However, this extension is descriptive
and methodologically limited: the coefficient change
is model-dependent and cannot identify a temporal
sequence or distinguish BRI — frailty — stroke from
stroke-related disability — higher FI.

Furthermore, the concept of “brain frailty”—
characterised by neuroimaging markers such as white
matter hyperintensities, cerebral atrophy, and silent
infarcts—may provide context for the co-occurrence
of frailty and cerebrovascular disease. Frail individuals
often exhibit evidence of cerebral small vessel
disease and reduced cognitive reserve, which may
be associated with stroke vulnerability and recovery.
These observations may help explain why frailty and
cerebrovascular disease are closely associated, but
they do not establish that frailty lies on a causal
pathway between BRI and stroke in this cross-sectional
analysis.2730

These findings should be interpreted as descriptive
rather than mechanistic. Although BRI and Fl were
associated with prevalent self-reported stroke status,
the concurrent measurement of Fl and stroke prevents
inference that frailty transmits an effect of adiposity.
In particular, a prior stroke may cause functional
limitations that increase the FI.

This study has limitations. Stroke was ascertained
from a single, undated self-report item and therefore
represented prevalent self-reported stroke rather
than an incident outcome; the absence of an onset
date, stroke subtype, and validation against medical
records or neuroimaging, together with the inability to
capture silent or fatal strokes, creates potential recall
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and classification error. Because only survivors who
attended the examination were observed, selective
survival may bias anthropometric associations and
may contribute to attenuation at high BRI values.?®%
Because the analytic sample substantially overlaps
with prior NHANES studies of BRI-stroke and BRI-
frailty, the present results should not be considered
independent replication of those component associa-
tions. The threshold analysis was post hoc and
unadjusted, whereas the spline was covariate-adjusted;
these analyses do not estimate the same curve.
Although breakpoint uncertainty was quantified using
1000 bootstrap resamples, the estimate differed from
the 8.489 inflection reported in a prior NHANES study
and has not been independently replicated. Collider
or selection bias, reverse causation, post-stroke
treatment or weight change, and sparse data at
extreme BRI values may also influence the observed
nonlinear shape. The Fl-adjusted sensitivity model
included hypertension and diabetes both as
covariates and as components of the Fl, creating
covariate overlap and potential overadjustment. The
incremental-discrimination analysis was unweighted,
internally evaluated, and based on prevalent stroke
status. Statistical significance in the DelLong compa-
risons may partly reflect the large sample size, and
the cross-validated calibration estimates do not
demonstrate external transportability or prospective
performance. BRI, Fl, and prevalent self-reported
stroke were ascertained at the same examination, and
the timing of stroke occurrence relative to BRI and FI
assessment was unavailable. Therefore, the Fl-related
analysis cannot establish mediation, temporality, or
causality. A prior stroke may reduce physical activity
and functional status and thereby increase the Fl;
because the 43-item Flincludes functional and disability-
related deficits that may reflect stroke sequelae, the
observed model changes and Fl-related classification
gain are equally consistent with reverse causation.
NHANES also lacks detailed information on treatment
or control of hypertension, diabetes, and hyperlipi-
daemia, and residual confounding is possible. Results
may not generalise beyond US adults. Anthropometric
relationships and action points are population-
dependent; Asian populations may have greater body
fat at a given BMI and may experience cardiometabolic
risk at lower BMI values than European populations.?'
The exploratory BRI breakpoint of 6.34 was derived
from a US sample, has not been validated in an Asian
general population, and should not be extrapolated
as an Asian screening threshold. This study did not
assess implementation cost, feasibility, acceptability,
equity, or workflow integration. Accordingly, the
present evidence is insufficient for clinical, payer, or
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policy adoption. Larger prospective, population-
specific studies with temporally ordered measurements
and adjudicated stroke events are required.

CONCLUSION

In summary, BRI showed a model-dependent nonlinear
cross-sectional association with prevalent self-reported
stroke. The post hoc unadjusted breakpoint estimate
was not independently replicated and was not directly
comparable with the adjusted spline; it should not be
interpreted as a clinical cut-point. The BRI estimate
was sensitive to expanded covariate adjustment
and inclusion of Fl, while frailty remained strongly
associated with prevalent self-reported stroke. Because
BRI, frailty, and stroke were measured concurrently,
and because the Fl-adjusted sensitivity model
contained overlapping covariates, these findings
do not establish mediation, a causal direct effect, or
temporal ordering.

Any potential use of BRI or Fl for clinical prediction or
screening remains hypothetical. The present findings
do not support routine screening, use of BRI 6.34 as
a clinical threshold, or adoption by clinicians, payers, or
policymakers. No general-population Asian validation
is available, and population-specific prospective
studies with adjudicated stroke events, together with
evaluation of implementation cost, feasibility, equity,
and workflow, are required before any clinical or policy
application is considered.
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