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The L-shaped association
between body roundness index
and all-cause mortality in
osteoporotic patients: a cohort
study based on NHANES data
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Purpose: This study aims to investigate the relationship between the body
roundness index (BRI) and overall mortality rates in individuals with osteoporosis
(OP), utilizing information sourced from the NHANES database, in order to
assess BRI's capability as an indicator for predicting mortality risk.

Methods: Data from NHANES (2005 to 2010, 2013-2014, and 2017-2018)
were analyzed, including 1,596 osteoporotic individuals aged 50 and above. BRI
was calculated based on waist circumference (WC) and height, categorizing
participants into high (>4.07) and low (<4.07) BRI groups. To analyze the
relationship between BRI and mortality while accounting forimportant covariates,
we employed weighted Cox proportional hazards models, conducted Kaplan—
Meier survival analyses, and utilized restricted cubic splines (RCS).

Results: Higher BRI was significantly associated with better long-term survival,
showing an “L’-shaped nonlinear inverse relationship with mortality, with a
threshold at BRI = 5. In subgroup analyses, this association remained relatively
stable.

Conclusion: The “L"-shaped association between BRI and mortality indicates
that BRI may serve as a useful indicator for evaluating mortality risk in patients
with OP, thereby informing clinical interventions and public health approaches.

KEYWORDS

body roundness index (BRI), bone mineral density (BMD), osteoporosis, NHANES,
all-cause mortality

1 Introduction

In 1994, the World Health Organization described osteoporosis (OP) as a systemic skeletal
disease characterized by structural decay and reduced bone density, significantly heightening
the risk of fractures, disability, and premature mortality if left unmanaged (1, 2). This condition
not only imposes a growing burden on global healthcare systems and socio-economic
resources, especially with aging populations, but also presents unique challenges in predicting
mortality due to its multifaceted impact on health and quality of life (3). Unlike many chronic
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conditions, the interplay between frailty, fracture susceptibility, and
systemic comorbidities in OP amplifies the complexity of assessing
survival outcomes, necessitating a more nuanced approach to risk
stratification (4).

While body mass index (BMI) is a widely recognized measure for
evaluating obesity, it fails to accurately represent body fat content or
its distribution (5, 6). This limitation is particularly pronounced in
clinical scenarios like OP, where body composition plays a critical
role in bone health and fracture risk. Recent studies have highlighted
fat distribution, particularly the ratio of visceral to subcutaneous fat,
as a superior predictor of mortality risks compared to BMI alone (7).
To improve abdominal obesity assessment, Thomas et al. (8)
introduced a novel measure known as the body roundness index
(BRI), based on an elliptical model to measure waist circumference
(WC) more accurately, thus providing a better estimation of visceral
fat levels and overall body fat percentage. The BRI offers a more
accurate estimation of visceral fat levels and overall body fat
percentage, demonstrating superior predictive capabilities for various
clinical outcomes, including cardiometabolic disorders, renal failure,
and cancer (9-11). Longitudinal studies have consistently
underscored the link between elevated BRI values and increased
mortality, further establishing its relevance in long-term health
monitoring (12).

Despite extensive research on the relationships between obesity
indices such as BMI and bone health—particularly bone mineral
density (BMD) and OP (13)—there remains a significant knowledge
gap in understanding how body shape metrics, like the BRI, influence
long-term survival in osteoporotic populations. This gap is particularly
critical given the distinct interplay of body composition, metabolic
health, and fracture-related complications in OP. To address this, our
study will leverage the NHANES database to explore the association
between the BRI and all-cause mortality in individuals with OP,
providing novel insights into mortality risk prediction for this
vulnerable population.

2 Materials and methods
2.1 Data source

This research utilizes information sourced from the NHANES
dataset (14). The NHANES survey provides a comprehensive view of
nutritional conditions and the health of the U.S. civilian population
that is not institutionalized (15). All participants consented before
their inclusion in the survey, and the NHANES database is carefully
anonymized to ensure that it contains no identifiable information
from any participant.

Abbreviations: OP, Osteoporosis; BRI, Body roundness index; BMI, Body mass
index; NHANES, National Health and Nutrition Examination Survey; BMD, Bone
mineral density; DXA, Dual-energy X-ray absorptiometry; RCS, Restricted cubic
splines; CVD, Cardiovascular disease; NCHS, National Center for Health Statistics;
CDC, Centers for Disease Control and Prevention; ICD-10, International
Classification of Diseases, Tenth Revision; NDI, National Death Index; MEC, Mobile

examination centers; HR, Hazard ratio; Cl, Confidence interval.
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2.2 Mortality recognition and follow-up

The vital status of each participant, whether alive or deceased, was
ascertained through the linkage of NHANES data with the National
Death Index (NDI). We determined the duration of follow-up for each
participant, extending from the date of their NHANES examination
until either 31 December 2019 or the date of their demise, whichever
occurred first, as reported in Yang et al. (16). The classification of
mortality causes adhered to the guidelines established by the
International Classification of Diseases, 10th Revision (ICD-10),
which provides a standardized framework for recording and coding
various health conditions and causes of death.

2.3 Research population

The research incorporates survey data from 2005 to 2010, 2013-
2014, and 2017-2018, selected for their detailed bone density
measurements in individuals 50 years and older. Out of an initial pool
of 50,463 participants, the data encompasses interviews, blood
analysis, and lab results. Exclusions were made for individuals younger
than 50 (N = 36,297), those without OP (N = 12,573), those lacking
BRI data (N =31), or those whose survival status was unknown
(N =2). After these criteria were applied, the final sample size for the
study was narrowed down to 1,596 participants (as shown in Figure 1).

2.4 Definition of BMD measurement and
OP

BMD assessments within the NHANES program were conducted
at mobile examination centers (MECs) utilizing state-of-the-art dual-
energy X-ray absorptiometry (DXA) technology. The measurements
were conducted using an instrument, the Hologic Discovery Model A
densitometer, which is widely recognized for its exceptional precision
and reliability. To ensure precision and uniformity, all procedures were
conducted by certified radiographers who had undergone specialized
NHANES training. The primary focus of these assessments was on two
crucial skeletal areas: the femoral neck and the lumbar spine (L1-L4).
The BMD of the lumbar spine was assessed by averaging the values from
vertebrae L1 to L4. These measurements were subsequently converted
to T-scores, which were derived by subtracting the mean BMD of a
young, healthy reference population from the participant’s BMD, and
then dividing the result by the standard deviation of BMD within the
reference group. The reference group consisted of non-Hispanic White
individuals, both male and female, within the age range of 20 to 29 years,
with data collected between 2005 and 2008. Sex-specific means and
standard deviations were utilized for analysis (17). A diagnosis of OP
was made when the T-score at either the femoral neck or lumbar spine
was <—2.5, adhering to established diagnostic criteria and reference
standards (18, 19). Additional insights into these diagnostic thresholds
and their derivation can be accessed in Supplementary Table S1.

2.5 Definition of BRI

The BRI = 364.2-365.5 x 1/[1 — (WC(47%))/(0.5 x height)*],
where WC represents waist circumference (8). Both WC and height
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A total of 50,463 participants from
NHANES 2005-2010, 2013-2014, and
2017-2018.
(n = 36,297) | Participants under 50 years of
"l age.
(n=12,537) Non-osteoporotic population
» (diagnosed based on T-score
higher than -2.5).
Excluded
(n=31) Participants with missing BRI
»f data (missing height or waist
circumference data).
(n=2) | Participants with unavailable
| survival status.
\ 4
After rigorous screening, a total of 1,596 osteoporotic
patients aged 50 and above with complete BRI and
survival data were included in the study.
FIGURE 1
The flow chart of participants in the current study.

measurements were meticulously obtained following standardized
protocols to guarantee the consistency and precision of the
collected data.

2.6 Selecting covariates

The selection of covariates is based on clinical judgment and
previous research identifying important confounding factors (20,
). Clinical and demographic characteristics of the participants
included in the analysis encompass age group, sex, race/ethnicity
(grouped into categories of Mexican American, non-Hispanic White,
non-Hispanic Black, and other ethnicities), educational background
(categorized as college or higher, high school or equivalent, less than
high school), and family PIR (poverty-income ratio, which provides
an economic indicator of family income relative to the poverty
threshold). In addition, clinical measures such as blood calcium and
phosphorus concentrations, vitamin D levels, and lifestyle factors
such as height, alcohol intake, BMI, waist measurement, and tobacco
use are included. Health conditions such as hypertension,
hyperlipidemia, cardiovascular disease (CVD), diabetes, liver
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disease, malignancy, thyroid dysfunction, and renal insufficiency are
also assessed. Participants are identified as smokers if they have ever
smoked at least 100 cigarettes. Heavy drinking is defined as
consuming at least four alcoholic drinks per day for women or five
for men, almost every day, at any point in their lives. Hypertension
is diagnosed if the systolic blood pressure is 140 mmHg or higher, if
the diastolic blood pressure is 90 mmHg or above, if a doctor has
previously diagnosed hypertension, or if antihypertensive
medication is currently being used (22). Hyperlipidemia is
characterized by a total serum cholesterol level of at least 6.2 mmol/L,
a self-reported diagnosis of dyslipidemia confirmed by a healthcare
provider, or a medical recommendation to initiate lipid-lowering
treatment (23). Diabetes is identified through a confirmed diagnosis
by a physician, current treatment with oral hypoglycaemic
medications or insulin, an HbA1c level of at least 6.5%, or A fasting
plasma glucose level of 7.0 mmol/L or above (24). CVD encompasses
conditions including stroke, myocardial infarction, congestive heart
failure, coronary heart disease, and angina pectoris, as reported in
participant questionnaires. Data on kidney disease, malignancies,
liver disease, and thyroid disease are also collected through self-

report surveys.
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2.7 Statistical analysis

This study uses the NHANES complex sampling framework,
which incorporates stratification, clustering, and appropriate sample
weights (calculated as the full-sample 2-year MEC examination weight
divided by 5). For baseline group comparisons, categorical variables
were analyzed using survey-weighted chi-squared tests, while
continuous variables were assessed using survey-weighted linear
regression models. The optimal cut-off for the BRI was determined
using the “maxstat” R package (25), which allowed participants to
be divided into low and high BRI groups. Survival rates in the
osteoporotic group were estimated using Kaplan-Meier analysis, and
statistical significance was evaluated through the log-rank test. To
investigate the independent relationship between BRI and all-cause
mortality in patients with osteoporosis, researchers applied survey-
weighted Cox proportional hazards regression models. Three models
were evaluated: Model 1 (univariate regression model), Model 2
(adjusted for age group, gender, and race), and Model 3 (adjusted for
race, hypertension, education level, gender, calcium, 25-OHD,
smoking status, diabetes, cancer, drinking status, age group, liver
disease, hyperlipidemia, kidney failure, and CVD). Non-linear
associations were investigated using survey-weighted restricted cubic
splines (RCS), with the final model chosen by identifying the one with
the minimum Akaike information criterion (AIC) value, typically
utilizing three nodes. The inflection point was identified from the
spline curve, and a segmented Cox regression model was fitted around
this point. The presence of the inflection point was validated by
comparing the segmented model to the unsegmented version using a
log-likelihood ratio test (25). Stratified and interaction analyses were
performed to examine the effect of demographic characteristics,
alcohol consumption, smoking habits, and comorbid conditions on

10.3389/fnut.2025.1538766

the association between risk of death and BRI. Sensitivity analyses
were carried out on the data set with cases of death within the first
2 years removed and on the non-imputed data set to verify the stability
of the conclusions. Missing data, which accounted for less than 30%
of the dataset and were presumed to be missing at random, were
addressed through imputation using the k-nearest neighbors (kNN)
method implemented via the VIM package in R (26). All statistical
analyses were conducted utilizing R software (version 4.3.1) and
EmpowerStats, with a two-sided p-value threshold of less than 0.05
considered indicative of statistical significance.

3 Results

3.1 Baseline characteristics of study
participants

This study examined data from 1,596 individuals aged 50 and
above diagnosed with OP. The optimal cut-off value for the BRI about
survival outcomes was identified as 4.07 using the “maxstat” R
package. Participants were then categorized into two groups based on
this threshold: a high BRI group (BRI >4.07, n = 1,126) and a low BRI
group (BRI <4.07, n = 470), as illustrated in Figure 2. There were clear
differences between the two groups. Those in the high BRI category
were generally older, and more Mexican-Americans had lower levels
of formal education, lower household income, shorter stature, larger
WC, and higher BMI. They also had lower serum calcium
concentrations, higher BMD T-scores, and an increased occurrence
of conditions such as diabetes, cardiovascular disease, hyperlipidemia,
and hypertension. Despite these characteristics, the high BRI group
exhibited reduced mortality rates. Further details are shown in Table 1.
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The cutoff point was calculated using the maximally selected rank statistics based on the "maxstat” package.
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TABLE 1 Baseline characteristics of included participants (weighted).

Characteristics

Unweighted number

Weighted number

Total
(n =1,596)
N = 10,830,756

Low BRI
(n = 470)
N = 3,739,778

10.3389/fnut.2025.1538766

High BRI
(n =1,126)
N = 7,090,978

Frontiers in Nutrition

05

Age group, % 0.0110
50-79 79.39 (76.90, 81.67) 83.45 (79.42, 86.83) 77.24 (74.11, 80.10)
80+ 20.61 (18.33, 23.10) 16.55 (13.17, 20.58) 22.76 (19.90, 25.89)
Gender, % 0.3074
Male 27.41 (24.30, 30.76) 29.44 (24.64, 34.75) 26.34 (22.63, 30.41)
Female 72.59 (69.24, 75.70) 70.56 (65.25, 75.36) 73.66 (69.59, 77.37)
Race, % <0.0001
Mexican American 5.22 (3.97, 6.84) 1.79 (1.12, 2.85) 7.03 (5.35,9.17)
Non-Hispanic White 78.33 (75.03, 81.31) 80.93 (76.22, 84.89) 76.96 (73.16, 80.37)
Non-Hispanic Black 3.99 (3.12,5.10) 4.15 (2.98, 5.76) 3.91 (2.90, 5.26)
Other race 12.45 (10.44, 14.80) 13.13 (10.02, 17.02) 12.10 (9.84, 14.79)
Education level, % 0.0275
Less than high school 23.28 (20.59, 26.21) 17.67 (13.35, 23.02) 26.24 (22.98, 29.79)
High school or equivalent 26.50 (23.21, 30.06) 29.13 (23.35, 35.67) 25.11 (22.00, 28.49)
College or above 50.22 (46.51, 53.93) 53.19 (45.64, 60.61) 48.65 (44.29, 53.03)
Family PIR 2.79 (2.66, 2.92) 2.94 (2.76,3.12) 2.71(2.57,2.86) 0.0269
Height, cm 161.20 (160.57, 161.83) 163.18 (162.23, 164.13) 160.16 (159.36, 160.96) <0.0001
WC, cm 92.54 (91.48, 93.60) 79.65 (78.82, 80.48) 99.34 (98.40, 100.28) <0.0001
BMI, kg/cm? 25.42 (25.07, 25.78) 20.96 (20.70, 21.23) 27.77 (27.39, 28.16) <0.0001
Calcium, mg/dL 9.43 (9.40, 9.46) 9.47 (9.43,9.52) 9.41 (9.38, 9.45) 0.0165
Phosphorus, mg/dL 3.82(3.78, 3.86) 3.85(3.78,3.91) 3.81 (3.76, 3.86) 0.3970
25-OHD, nmol/L 75.61 (72.93, 78.28) 77.22 (73.05, 81.38) 74.76 (71.87, 77.65) 0.2746
Lumber T-score —2.32 (=239, —2.24) —2.43 (—2.56, —2.30) 225 (=234, -2.17) 0.0290
Femoral T-score —2.65 (—2.69, —2.60) —2.74 (—2.80, —2.68) —2.60 (—2.65, —2.54) 0.0002
Smoker, % 0.0567
No 53.31 (49.71, 56.88) 48.18 (41.48, 54.95) 56.01 (51.71, 60.23)
Yes 46.69 (43.12, 50.29) 51.82 (45.05, 58.52) 43.99 (39.77, 48.29)
Heavy drinker, % 0.6605
No 88.41 (86.10, 90.38) 87.64 (82.53,91.41) 88.82 (85.92,91.18)
Yes 11.59 (9.62, 13.90) 12.36 (8.59, 17.47) 11.18 (8.82, 14.08)
Hypertension, % 0.0021
No 41.80 (38.23, 45.46) 48.80 (42.99, 54.64) 38.11 (34.05, 42.35)
Yes 58.20 (54.54, 61.77) 51.20 (45.36, 57.01) 61.89 (57.65, 65.95)
Dyslipidemia, % <0.0001
No 44.82 (41.54, 48.14) 58.05 (51.24, 64.56) 37.84 (34.24, 41.58)
Yes 55.18 (51.86, 58.46) 41.95 (35.44, 48.76) 62.16 (58.42, 65.76)
CVD, % 0.0016
No 81.66 (78.92, 84.12) 86.51 (82.29, 89.85) 79.10 (75.90, 81.99)
Yes 18.34 (15.88, 21.08) 13.49 (10.15,17.71) 20.90 (18.01, 24.10)
Diabetes, % <0.0001
No 84.75 (82.25, 86.96) 92.33 (88.73, 94.84) 80.76 (77.76, 83.43)
Yes 15.25 (13.04, 17.75) 7.67 (5.16,11.27) 19.24 (16.57, 22.24)
(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2025.1538766

Characteristics Total Low BRI High BRI

Unweighted number (n =1,596) (n = 470) (n =1,126)

Weighted number N = 10,830,756 N = 3,739,778 N =7,090,978

Thyroid disease, % 0.2002
No 78.12 (75.04, 80.91) 81.05 (75.62, 85.50) 76.57 (72.26, 80.39)
Yes 21.88 (19.09, 24.96) 18.95 (14.50, 24.38) 23.43 (19.61, 27.74)

Liver disease, % 0.9813
No 93.90 (91.43, 95.69) 93.87 (90.25, 96.20) 93.92 (90.57, 96.13)
Yes 6.10 (4.31, 8.57) 6.13 (3.80,9.75) 6.08 (3.87,9.43)

Cancer, % 0.2036
No 78.54 (75.74, 81.10) 76.32 (71.45, 80.59) 79.71 (76.39, 82.67)
Yes 21.46 (18.90, 24.26) 23.68 (19.41, 28.55) 20.29 (17.33,23.61)

Kidney failure, % 0.4485
No 93.67 (91.22, 95.48) 94.53 (90.10, 97.05) 93.22(90.79, 95.04)
Yes 6.33 (4.52, 8.78) 5.47 (2.95, 9.90) 6.78 (4.96, 9.21)

Vital status, % 0.0104
Alive 72.93 (70.02, 75.66) 68.72 (64.16, 72.93) 75.15 (71.76, 78.27)
Deceased 27.07 (24.34, 29.98) 31.28 (27.07, 35.84) 24.85(21.73,28.24)

Family PIR, family poverty income ratio; WC, waist circumference; BMI, body mass index; CVD: cardiovascular disease. For continuous variables: survey-weighted mean (95% CI), p-value

was by survey-weighted linear regression, for categorical variables: survey-weighted percentage (95% CI), p-value was by survey-weighted chi-square test.

3.2 Kaplan—Meier survival analysis

Analysis was used to assess the effect of BRI on survival outcomes
in the osteoporotic population. The results showed that participants
with a higher BRI had significantly improved survival compared to
those with a lower BRI, with statistical significance achieved
(p=0.0022). In addition, individuals in the low BRI group had a
markedly shorter median survival time compared to those in the high
BRI group. These survival patterns are illustrated in Figure 3.

3.3 Association between BRI and all-cause
mortality in the osteoporotic population

The study tracked a cohort of 1,596 individuals diagnosed with
OP over a median follow-up duration of 6.25 years (interquartile
range: 2.67-10.17 years) to investigate the link between all-cause
mortality and the BRI. Throughout the observation period, 496
participants (31.1%) passed away. To rigorously analyze this
association, researchers applied a weighted Cox proportional
hazards regression model, with comprehensive findings presented in
Table 2. This methodological approach highlights the nuanced
dynamics between body composition and mortality outcomes in
osteoporotic populations. In the unadjusted analysis (Model 1), a
higher BRI demonstrated a non-significant association with reduced
mortality risk, yielding an HR of 0.97 (95% CI: 0.92-1.03,
p =0.3934). When adjusted for demographic variables (Model 2),
each unit increase in BRI corresponded to a 5% lower risk of
all-cause mortality (HR: 0.95, 95% CI: 0.89-1.00, p = 0.0630);
however, this outcome failed to achieve statistical significance,

Frontiers in Nutrition

suggesting that the observed trend may be due to chance rather than
a definitive association, warranting further investigation to clarify
its implications. In the fully adjusted analysis (Model 3), which
incorporated comorbidities, a one-unit rise in BRI was significantly
linked to an 11% reduction in mortality risk (HR: 0.89, 95% CI:
0.83-0.95, p = 0.0001). Analysis stratified by BRI categories revealed
that individuals in the high BRI group consistently showed a
markedly lower risk of all-cause mortality among individuals with
higher BRI levels when compared to those in the low BRI group. This
inverse relationship was observed across all models: Model 1 (HR:
0.81, 95% CI: 0.65-1.00, p = 0.0459), Model 2 (HR: 0.67, 95% CI:
0.56-0.81, p < 0.0001), and Model 3 (HR: 0.57, 95% CI: 0.47-0.71,
p <0.0001). These findings underscore a robust and independent
negative association between higher BRI and decreased all-cause
mortality risk among osteoporotic patients in the study population.

3.4 Weighted constrained cubic spline and
threshold impact model

Utilizing weighted restricted cubic spline analysis alongside
segmented Cox regression models, this study explored the potential
nonlinear relationship between BRI and all-cause mortality in
individuals diagnosed with OP. This innovative approach allowed for
a detailed examination of threshold effects and dynamic patterns
within the data, offering new insights into the interplay between
body composition and mortality risk. After accounting for all
covariates, the RCS analysis identified a significant nonlinear
association, characterized by an “L’-shaped curve, between BRI and
mortality risk (p for non-linearity = 0.0226). This relationship is

06 frontiersin.org
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FIGURE 3
Kaplan—Meier curves of the survival rate with high (>4.07) and low (<4.07) BRI values.

TABLE 2 Association between BRI and all-cause mortality in osteoporotic adults (weighted).

Characteristic Model 1 Model 2 Model 3

HR (95% Cl) p-value HR (95% ClI) p-value HR (95% Cl) p-value
All-cause mortality
BRI (continuous) 0.97 (0.92, 1.03) 0.3934 0.95 (0.89, 1.00) 0.0630 0.89 (0.83,0.95) 0.0001
BRI (category)
Low Ref. Ref. Ref.
High 0.81 (0.65, 1.00) 0.0459 0.67 (0.56, 0.81) <0.0001 0.57 (0.47,0.71) <0.0001

Model 1, unadjusted; Model 2, adjusted for age group, gender, race; Model 3, adjusted for age group, gender, race, education level, family PIR, smoker, heavy drinker, calcium, 25-OHD,
hypertension, dyslipidemia, cardiovascular disease, diabetes, liver disease, cancer, and kidney failure.

visually depicted in Figure 4. Further analysis of the curve
pinpointed a BRI value of 5 as the critical inflection point, marking
a shift in the pattern of the association. To explore the threshold
effect, segmented Cox proportional hazards regression was
conducted separately for BRI values below and above the identified
inflection point. The analysis revealed a significant log-likelihood
ratio test result (p =0.0030), providing strong evidence of a
threshold in the relationship between BRI and mortality. For BRI
values below 5 (BRI <5), an elevated BRI was strongly linked to
reduced mortality risk, with a hazard ratio of 0.79 [95% confidence
interval (CI): 0.70-0.88, p < 0.0001]. However, for BRI values of 5 or
greater (BRI >5), the inverse relationship was no longer significant,
with an HR of 0.97 (95% CI: 0.87-1.09, p = 0.6198). These findings
confirm that the protective effect of BRI on mortality diminishes
beyond the inflection point. These results suggest the existence of an
optimal BRI range, below which higher BRI values are associated
with improved survival outcomes in individuals with OP, while
values above the threshold do not confer any additional benefit. Full
details are shown in Table 3.
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3.5 Analysis of subgroup

To assess variations in the relationship between BRI and all-cause
mortality across different population groups, researchers conducted
interaction tests and subgroup analyses. Cox proportional hazard
models with weighting were applied, with adjustments made for all
covariates except the specific variable used to define each subgroup.
The findings revealed a significant interaction effect between BRI and
the
interaction = 0.009). However, no significant interaction effects were

all-cause mortality within cancer subgroup (p for
detected in the remaining subgroups. A visual representation of these
outcomes is provided in Figure 5. A more in-depth analysis was
conducted to examine the cancer subgroup in greater detail. The
findings revealed a strong and statistically significant negative
correlation between BRI and all-cause mortality among individuals
with cancer. Specifically, for every one-unit increase in BRI, a 23%
decrease in mortality risk was observed (HR was 0.77, with a 95% CI
of 0.69 to 0.87, and a p-value of less than 0.0001.). These findings

underscore the strong protective association between higher BRI
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FIGURE 4

The association of BRI with all-cause mortality. Adjusted for age group, gender, race, family PIR, education level, calcium, 25-OHD, smoking status,
drinking status, hypertension, hyperlipidemia, CVD, diabetes, liver disease, cancer, and kidney failure.

TABLE 3 Threshold effect analysis of BRI and all-cause mortality in
osteoporotic adults (weighted).

HR (95% CI) p-value

All-cause mortality

Model I ‘ 0.89 (0.83, 0.95) ‘ 0.0011
Model Il

Inflection point (K) 5.00

<K point effect 1 0.79 (0.70, 0.88) <0.0001
>K point effect 2 0.97 (0.87, 1.09) 0.6198
p for log-likelihood ratio 0.0030

Model I: non-segmented regression model; Model II: segmented regression model. Adjusted
for age group, gender, race, education level, family PIR, smoker, heavy drinker, calcium,
25-OHD, hypertension, dyslipidemia, cardiovascular disease, diabetes, liver disease, cancer,
and kidney failure.

levels and reduced mortality within this subgroup. These results
highlight that the independent inverse association between BRI and
all-cause mortality, which is broadly consistent across different
subgroups of the osteoporotic population, is particularly pronounced
in patients with cancer. This suggests a potential subgroup-specific
effect that warrants further investigation.

3.6 Analysis of sensitivity

To strengthen the robustness of our findings, a sensitivity analysis
was conducted by excluding individuals who died during the first

Frontiers in Nutrition

2 years of follow-up. This analysis further confirmed the inverse
relationship between BRI and all-cause mortality. In the fully adjusted
Model 3, elevated BRI values consistently exhibited a significant
association with reduced mortality risk, with each unit increase in BRI
corresponding to a 9% decrease in the likelihood of death (HR: 0.91,
95% CI: 0.84-0.98, p = 0.0146). Detailed results are presented in
Supplementary Table S2. Further stratified regression analysis based
on BRI categories revealed a marked reduction in mortality risk for
individuals in the high BRI group. In the fully adjusted model,
participants in this category demonstrated an HR of 0.59 (95% CI:
0.46-0.74, p < 0.0001), indicating a substantially lower risk of all-cause
mortality compared to those in the low BRI group. Additionally,
an analysis of the detailed in
Supplementary Table S3, yielded consistent results. After full

non-imputed  dataset,

adjustment for confounding factors, BRI remained inversely
associated with all-cause mortality. These findings underscore the
strength of the inverse relationship between BRI and all-cause
mortality in individuals with osteoporosis. The consistency of this
association across multiple analytical approaches reinforces the
hypothesis that elevated BRI values may confer a survival advantage
within this patient population.

4 Discussion

Various analytical approaches were employed in the study to
investigate the relationship between BRI and all-cause mortality in
older adults with OP. Utilizing data from 1,596 individuals with OP in
the NHANES database, the findings indicated that participants with
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Characteristic HR(95%CI) P value P for interaction
Age Group 0.100
50-79 0.91 (0.84, 0.98) 0.0190 —a—
80+ 0.84 (0.76, 0.93) 0.0012 ——
Gender 0.172
Male 0.99 (0.85, 1.14) 0.8707 ——
Female 0.86 (0.79, 0.94) 0.0006 ——
Race 0.183
Mexican American 0.94 (0.79, 1.11) 0.4622 —
Non-Hispanic White 0.89 (0.82, 0.97) 0.0056 ——
Non-Hispanic Black 0.87 (0.78, 0.98) 0.0177 ——
Other race 0.75 (0.65, 0.88) 0.0003 ——
Education Level 0.340
Less than high school 0.86 (0.76, 0.99) 0.0305 ——
High school or equivalent 1.00 (0.89, 1.13) 0.9935 ——
College or above 0.84 (0.73, 0.96) 0.0123 ——
Smoker 0.332
No 0.90 (0.82, 0.99) 0.0242 ——
Yes 0.88 (0.80, 0.97) 0.0092 —a—
Heavy Drinker 0.226
No 0.89 (0.83, 0.96) 0.0037 ——
Yes 0.84 (0.71, 1.01) 0.0602 ——
Hypertension 0.432
No 0.92 (0.82, 1.02) 0.1172 —e—
Yes 0.88 (0.80, 0.96) 0.0029 —a—
Dyslipidemia 0.871
No 0.87 (0.81, 0.94) 0.0003 ——
Yes 0.90 (0.80, 1.01) 0.0642 ——
Cardiovascular Disease 0.778
No 0.89 (0.83, 0.96) 0.0039 —.—
Yes 0.89 (0.80, 0.98) 0.0187 ——
Diabetes 0.904
No 0.89 (0.83, 0.96) 0.0029 —.—
Yes 0.88 (0.76, 1.03) 0.1036 —
Thyroid Disease 0.083
No 0.93 (0.87, 0.99) 0.0328 —-—
Yes 0.78 (0.64, 0.94) 0.0111 ——
Liver Disease 0.426
No 0.88 (0.82, 0.95) 0.0010 —.—
Yes 1.03 (0.76, 1.40) 0.8528
Cancer 0.009
No 0.93 (0.86, 1.01) 0.0776 ——
Yes 0.77 (0.69, 0.87) <0.0001 ——
Kidney Failure 0.947
No 0.89 (0.84, 0.95) 0.0005 -
Yes 0.82 (0.65, 1.03) 0.0828 ——
07 08 09 11 12 13
FIGURE 5
Subgroup analysis of the association between BRI and all-cause mortality in the osteoporotic population.

higher BRI values experienced improved long-term survival compared
to those with lower BRI scores. Regression models demonstrated a
significant inverse relationship between BRI and mortality risk,
independent of other covariates. Additional analyses, including RCS
and threshold effect evaluations, identified an L-shaped nonlinear
pattern, highlighting a threshold effect. Specifically, increases in BRI
below a critical point were linked to reduced mortality risk, whereas
further increases beyond this threshold had little impact on
survival outcomes.

Patients with OP generally face reduced survival due to
compromised bone integrity and systemic metabolic imbalances.

Frontiers in Nutrition

Fractures, particularly of the hip and spine, significantly increase the
associated complications and the risk of mortality (27). In addition,
malnutrition and co-morbidities such as cardiovascular disease and
diabetes exacerbate the decline in survival (28). Adherence to
treatment regimens and lifestyle changes is also a challenge for many
patients (29). Previous studies, such as those by Cai et al. (30) and
Shangguan et al. (31), have linked malnutrition and lower BMD to
higher mortality in osteoporotic individuals using NHANES data.
Abdominal obesity, though recognized as a risk factor for
mortality and cardiovascular events (32, 33), remains a significant
concern, the BRI—derived from the eccentricity of an elliptical body
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model using height and WC—provides a nuanced measure of
abdominal adiposity (8). Previous studies have found U-shaped
associations between BRI and mortality in general populations. For
instance, a similar relationship between BRI and both all-cause and
cardiovascular mortality was observed by Wang et al. (34) through
their analysis of NHANES data, and Zhou et al. (35) observed a
similar relationship, with increased mortality risk at both low and high
BRI levels. However, these analyses did not focus on individuals with
OP, a gap that this study addresses.

Our findings revealed a distinct L-shaped non-linear
association between the body roundness index (BRI) and all-cause
mortality in osteoporotic patients. Specifically, when BRI values
were below 5, a strong inverse relationship was observed,
suggesting that lower BRI levels may be indicative of malnutrition,
muscle wasting, and diminished physical resilience, all of which
contribute to increased mortality risk. This aligns with previous
research, such as that of Shangguan et al. (31), which highlights
the significant role of malnutrition in elevating mortality rates
among osteoporotic populations. Improved nutritional status and
greater muscle mass have been shown to reduce fracture-related
mortality, further supporting the importance of maintaining
adequate body composition (21). In contrast, as BRI values
exceeded 5, the inverse relationship attenuated, and the mortality
risk plateaued, pointing to a potential “threshold effect” in
this association.

The observed non-linear relationship can be attributed to the
interplay of mechanical, nutritional, and molecular mechanisms.
Mechanically, higher body weight exerts greater stress on bones,
stimulating adaptive remodeling according to Wolft’s law, thereby
enhancing bone density and strength (36, 37). Concurrently,
increased weight is often accompanied by greater muscle mass,
which generates tensile forces on the bone that promote osteogenesis,
improving skeletal stability and reducing fracture risks (38, 39).
Nutritionally, visceral fat stores provide critical energy reserves
during periods of illness or fracture recovery (40), while also serving
as a repository for fat-soluble vitamins, including vitamin
D. Sufficient levels of vitamin D play a crucial role in calcium
metabolism, supporting bone mineralization and strength (41). At
the molecular level, visceral fat acts as a vital endocrine organ,
secreting adipokines such as leptin and adiponectin. Leptin regulates
bone metabolism via the hypothalamic-pituitary-gonadal axis, while
adiponectin exerts anti-inflammatory effects, mitigating bone
resorption (42). Additionally, visceral fat facilitates the peripheral
conversion of androgens into estrogens, which inhibit osteoclast
activity, thereby reducing bone loss (43).

However, excessive visceral fat accumulation can lead to metabolic
imbalances and increased cardiovascular burdens, potentially
offsetting its protective effects (44, 45). This dual role of visceral fat
may explain the observed plateau in mortality risk at higher BRI levels.
Collectively, these findings highlight the intricate balance between
mechanical, nutritional, and molecular factors that mediate the
relationship between adiposity, bone health, and mortality risk in
osteoporotic patients.

The subgroup analyses and interaction tests confirmed the
robustness of the inverse relationship between BRI and mortality in
different populations, with the strongest association observed in the
cancer subgroup. In cancer patients, cachexia and malnutrition may
explain the increased survival benefit associated with higher BRI (46).
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However, to determine whether these associations reflect causality,
further research is required.

This study has several strengths. First, it used a variety of analytical
techniques and a long follow-up period, which increased the reliability
of its findings. Second, the use of sample weights ensured broader
applicability to the general population. Moreover, this study is the first
to recognize an L-shaped non-linear relationship between BRI and
mortality in osteoporotic patients, providing valuable insights for
health assessment and management in this group. The extensive
adjustment for potential confounders further strengthens the validity
of the results.

However, this study is not without its limitations. First, the
NHANES dataset lacks detailed diagnostic information on
osteoporosis, which restricts the depth of the analysis.
Additionally, the dataset does not include quantitative assessments
of comorbidities, with some conditions relying on self-reported
diagnoses, potentially introducing reporting bias. While this is a
cohort study, the retrospective design inherently limits the ability
to establish causal relationships, which remains a key challenge in
such studies. Furthermore, the relatively small sample size
constrained our capacity to investigate cause-specific mortality in
greater detail. Finally, although the cohort design provides robust
evidence supporting an association between BRI and mortality,
further prospective research is needed to confirm causality and
elucidate the underlying mechanisms.

5 Conclusion

This large cohort study, conducted in the United States, identified
an L-shaped non-linear association between the BRI and all-cause
mortality in individuals with osteoporosis over a median follow-up
period of 6.25 years. The observed relationship demonstrated a
threshold effect, suggesting the presence of an optimal body shape
range for this patient population. These findings underscore the
potential of BRI as a simple, non-invasive screening tool for assessing
mortality risk and identifying high-risk individuals within the
osteoporotic population. Moreover, the utility of BRI in health
assessment and risk stratification highlights its broader applicability
in public health initiatives aimed at reducing mortality and improving
overall population health. However, it is important to note that these
conclusions lack support from prospective studies, necessitating
further research to validate and expand upon these findings.
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