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Abstract

Obesity is an important characteristic manifestation of metabolic syndrome (MetS), and body roundness index (BRI is one of the anthropometric
indicators associated with obesity. However, studies on the relationship between BRI and MetS risk are limited. We aimed to explore the
relationship between baseline BRI and MetS in the USA population. Our study used data from the National Health and Nutrition Examination
Survey from 1999 to 2018, ultimately enrolling and analysing 47 303 participants. Data-driven tertiles were used to categorise BRI levels, and
multivariate logistic regression models were fitted to investigate the association of BRI with MetS in adults. In addition, receiver operating
characteristic curve analysis was used to assess the ability of BRI to predict MetS. The distribution of BRI was different across ethnic groups with a
gradual decrease in the proportion of non-Hispanic Whites and other races. In addition, BRI was significantly associated with traditional
cardiovascular risk factors. Univariate regression analysis indicated BRI to be a moderate risk factor for MetS, and multivariate logistic regression
analysis found that BRI remained an independent risk factor for MetS. After adjusting for confounding variables, a non-linear relationship was
found between BRI levels and the prevalence of MetS. More importantly, BRI predicted MetS with the largest AUC among anthropometric
measures. In summary, elevated baseline BRI levels are independently associated with the development of MetS, and baseline BRI may assist in
identifying patients at risk for MetS, leading to early and optimal treatment to improve their outcomes.
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obesity”®. Therefore, an anthropometric index that combines
body size and disease-predictive ability is needed to mea-

Metabolic syndrome (MetS), characterised by insulin resistance,
abdominal obesity, hyperlipidaemia and hypertension, is also

known as Syndrome X and is a cluster of metabolic and
cardiovascular risk factors'?. In the USA, the prevalence of MetS
is approximately 24 %, with a prevalence of 19-5 % in those aged
20-39 years, increasing to 48:6 % in those aged 60 years and
older, and with significant differences in prevalence by race and
gender®>, Each component of MetS, including insulin resis-
tance, abdominal obesity, hyperlipidaemia and hypertension, is
an independent risk factor for cardiovascular disease (CVD), and
the combination of these risk factors will significantly increase
the incidence and severity of CVD®. Compared with non-MetS
patients, MetS patients had a twofold increased risk of
atherosclerotic CVD and a fivefold increased risk of type 2
diabetes, and the incidence of MetS is strongly associated with

sure MetS.

Previous studies have shown that visceral adiposity plays a
key role in the pathogenesis of MetS, traditional studies have
screened and managed visceral obesity by central obesity
anthropometrics such as waist circumference (WC) and but
these metrics provide limited information on fat distribution®'V.
Combining traditional measurements, Thomas et al. proposed a
novel anthropomorphic index body roundness index (BRI to
predict body fat and visceral adipose tissue volume, calculated
based on WC and height'?!'®, BRI, WC and waist-to-height ratio
(WHtR) were superior to other conventional measures in
screening for MetS, and BRI was superior to BMI, waist-to-hip
ratio (WHR), a body shape index (ABSD and body fat index

Abbreviations: MetS, Metabolic syndrome; BRI, Body roundness index; NHANES, National Health and Nutrition Examination Survey; DBP, Diastolic blood
pressure; SBP, Systolic blood pressure; TC, Total cholesterol; WC, Waist circumference; BMI, Body mass index; WHtR, Waist-to-height ratio; WHR, Waist-to-hip
ratio; ABSI, A body mass index; BAI, Body fat index; HDL, High-density lipoprotein; CVD, Cardiovascular disease; TAG, Triacylglycerol.
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(BAD in predicting MetS, moreover, increased BRI was
associated with increased risk of MetS"®. However, there is
no research on the relationship between MetS and BRI based on
the USA population.

The objective of our study is to investigate the association
between BRI and MetS based on data from the National Health
and Nutrition Examination Survey (NHANES): 1999-2018. These
data will suggest that following baseline BRI in a population can
help predict and screen for the onset of MetS, leading to early
clinical diagnosis and early intervention to improve the
prognosis of latent preclinical MetS patients.

Methods
Data collection

NHANES is a series of representative cross-sectional studies
consisting of interviews, examination and laboratory data
collected from a multi-stage, stratified and pooled probability
sample of civilian and non-hospital personnel designed to
monitor the health status of the USA population®. The National
Center for Health Statistics Institutional Review Board approved
the study protocol, and all participants signed informed consent
agreements. Data are continuously collected and publicly
released by NHANES on a 2-year cycle beginning in 1999, and
our study included adult participants aged 18 years and older
with BRI data in NHANES from 1999 to 2018.

Socio-demographic characteristics, laboratory testing
and definition

Participants reported age, gender, race (non-Hispanic Black,
non-Hispanic White, Mexican American and other) and risk
factors (smoking, diabetes, hypertension, CVD, etc.), measured
blood total cholesterol (TC), high-density lipoprotein (HDL) and
HbAlc and performed anthropometric measurements using
standard methods, including height, weight, WC, systolic blood
pressure (SBP) and diastolic blood pressure (DBP)!,

MetS definition: According to the National Cholesterol
Education Program-Adult Treatment Panel III, MetS in adults is
defined as having at least three of the following cardiometabolic
risk factors: (1) serum triacylglycerol (TAG) > 150 mg/dl; (2)
serum HDL cholesterol < 50 mg/dl in women and < 40 mg/dl in
men; (3) fasting glucose > 100 mg/dl; (4) SBP > 130 mm Hg or
DBP >85 mm Hg and (5) waist circumference >88 cm for
women and > 102 c¢m for men™®,

Calculation formula related to anthropometric measurements:
()

(0-5 height)?

BMI = weight/height?, BRI =364-2-365-5 x {/1 — an,

The BRI was stratified according to the data-driven tertile, and
the population was trisected according to the magnitude of the BRI
values into < 33rd percentile, > 33rd percentile and < 67th percen-
tile, > 67th percentile, corresponding to BRI values < 4-22, > 4-22
and < 5-98 and > 598, respectively.

Statistical analysis

Our analyses used a weighted sample and considered
stratification and clustering designed to derive USA population

estimates™®. All statistical analyses were carried out using R
software (version 4.1.0; http://www R-project.org, R Foundation
for Statistical Computing). Correlations between BRI and
unadjusted traditional cardiovascular risk factors were deter-
mined, and we examined the relationship between BRI and MetS
based on known possible relationships between BRI and race
ethnicity, as well as significant interactions noted in crude models.
In addition, a crude and simple univariate logistic regression was
first performed with non-Hispanic Black as the reference,
followed by multivariable logistic regression models were fitted
to examine the association of BRI (in tertiles) with the response
variable MetS. Model 1 is the original unadjusted data analysis,
model 2 is the adjusted analysis according to age, sex and ethnicity
and model 3 is an adjusted analysis based on model 2 for risk
factors such as diabetes and hypertension. Finally, we performed
receiver operating characteristic analysis on BRI and the
associated continuous predictors. A P value of <0-05 was
considered statistically significant.

Results

Distribution of socio-demographic and clinical
characteristics by body roundness index

In NHANES 1999-2018, 56 367 adults aged 18 years and older
were screened, of which 3347 and 5717 participants were
excluded due to missing data on BRI and covariates, resulting in
atotal of 47 303 NHANES participants being included in the study
(Fig. 1. General conditions, ethnicity, anthropometric measure-
ments and cardiovascular risk factors are presented overall and
by tertiles of BRI as shown in Table 1. Non-Hispanic White had
the largest proportion of the population across tertiles, but their
proportion declined with increasing BRI, as did other races,
while the proportion of Non-Hispanic Black and Mexican
American both declined with increasing BRI (< 0-001). The
highest tertile of BRI (tertile 3) was associated with older mean
age, greater BMI, SBP, DBP, WC and BRI, higher HbAlc and TC
and lower HDL, as well as with higher cardiovascular risk factors
(more diabetes, hypertension, smoke, atherosclerotic CVD,
angina, myocardial infarction, congestive heart failure, CHD,
CVD, hyperlipidaemia, stroke and MetS) were associated
(P<0-001). A positive correlation was noted between BRI
(tertiles) and the prevalence of MetS and several MetS
complications, and high HDL-cholesterol was more prevalent
in lower BRI tertiles (P<0-001). Specifically, crude MetS
prevalence was 3-05, 26-14 and 50-03 % in tertile 1, 2 and 3 of
BRI, respectively. The standard error of BRI were 3-21 (0-68),
5-07 (0-50) and 7-93 (1-85) for tertiles 1, 2 and 3 of the
subpopulation, respectively.

Correlations between body roundness index
and traditional cardiovascular risk factors

Table 2 shows the results of the Spearman correlation coefficient
of BRI and other traditional cardiovascular risk factors, including
age, HbAlc, TC, HDL, BMI, WC, SBP and DBP. BRI was
positively associated with all risk factors except HDL, which was
significantly negatively associated (P < 0-001). Using 0-4 and 0-7
as the low, medium and high nodes of correlation, we found low
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n=56,367

NHANES 1999-2018
participants (218 y)

n=3,347
Exclude those with missing
data on BRI
v
n=53,020
Participants with all data on BRI
n=5717

A 4

Exclude those with missing
data on covariates

n=47,303

Participants meeting inclusion
criteria

Fig. 1. Flowchart describing the sample exclusion criteria used in this study which uses data from NHANES (1999-2018).

positive correlations of BRI with age, HbAlc, TC, SBP and DBP
(r=0-2809, 0-3763, 0-0777, 0-2461 and 0-0799, respectively), low
negative correlations with HDL (7= —-0-2784) and high positive
correlations with BMI and WC (r=0-8993 and 0-9208,
respectively).

Association of metabolic syndrome with cardiovascular
risk factors in univariate logistic regression analysis

The Non-Hispanic Black was taken as the reference group, and
univariate logistic regression analysis was performed on the
traditional cardiovascular risk factors, and statistically significant
indicators were obtained (P < 0-001, Table 3). In addition, we
artificially defined OR values 0-9-1-1 and 1-0-1-1 as no
correlation, 0-7-0-8 and 1-2-1-4 as weak correlation, 0-4-0-6
and 1-5-2-9 as moderate correlation, 0-1-0-3 and 3-0-9-0 as
strong correlation and < 0-1 and greater than 10-0 as great
correlation. According to the analysis, we found no association
among age (OR: 1-02, 95 % CI: 1-02, 1-02), BMI (OR: 1-14, 95 %
CI: 114, 1-15), SBP (OR: 1-02,95 % CI: 1-02, 1-02), DBP (OR: 1-02,
95% CI: 1-02, 1.03) and WC (OR: 107, 95% CI: 1-07, 1-07);
female (OR: 1-29, 95 % CI: 1-24, 1-34), non-Hispanic White (OR:
1-41, 95% CI: 1-34, 1-50), other race (OR: 1-20, 95% CI: 1-12,
1-29), TC (OR: 1-21, 95 % CI: 1-18, 1-23) and smoking (OR: 1-22,
95% CI: 1-17, 1-27) were weak risk factors and Mexican
American (OR: 1-65, 95 % CI: 1-55, 1-77), HbAlc (OR: 1-96, 95 %
CI: 1:92, 2-01), BRI (OR: 158, 95 % CI: 1-56, 1-60), atherosclerotic
CVD (OR: 2-18, 95 % CI: 2:05, 2-33), Angina (OR: 2-38, 95 % CI:
2-13, 2-66), myocardial infarction (OR: 220, 95 % CI: 2-01, 2-41),
congestive heart failure (OR: 2:45, 95 % CI: 2-20, 2-73), CHD (OR:
2:32,95 % CI: 2-11, 2-54), CVD (OR: 2-21, 95 % CI: 2-:08, 2-:35) and

stroke (OR: 190, 95 % CI: 1-72, 2-10) were moderate risk factors;
diabetes (OR: 6-06, 95% CI: 576, 6-38) and hypertension
(OR: 3-7, 95% CI: 3-54, 3-86) were strong risk factors, hyper-
lipidaemia (OR: 13-86, 95% CI: 12-71, 15-12) was great risk
factors and HDL (OR: 0-03, 95% CI: 0-02, 0-03) was strong
protective factor.

Association of metabolic syndrome with body roundness
index in multivariate logistic regression analysis

Multivariate logistic regression analysis was performed on these
indicators to identify independent risk factors for MetS, and
statistically significant indicators were obtained (P < 0-001, Table 4).
The BRI value was 1-20 (95 % CI 1-17, 1-22), 121 (95 % CI 1-19, 1-23)
and 0-74 (95 % CI 0-71, 0-78) in models 1-3, respectively. In model 1
(unadjusted), the association of MetS with BRI was significant
among subpopulation (OR: 8-12, 95 % CI: 7-33, 9-00 for tertile 1 vs.
tertile 2; OR: 13-87, 95 % CI: 12-24, 15-72 for tertile 1 vs. tertile 3). In
model 2 (adjusted by age, sex and ethnicity), the association of MetS
with BRI was significant among subpopulations (OR: 7-24, 95 % CI:
6-53, 8-03 for tertile 1 vs. tertile 2; OR: 12-02, 95 % CI: 10-60, 13-64 for
tertile 1 ¢s. tertile 3). In model 3 (adjusted by age, sex, ethnicity, DM,
CVD, etc.), the association of MetS with BRI was significant among
subpopulation (OR: 4-59, 95 % CI: 4-07, 5-17 for tertile 1 vs. tertile 2;
OR: 6:33, 95% CI: 5-45, 7-35 for tertile 1 vs. tertile 3).

Body roundness index as a predictor for metabolic
syndrome

A non-linear relationship was detected between BRI levels and
the prevalence of MetS after adjusting for confounding variables
(age, gender and ethnicity), where BRI>3 and <6 were
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Table 1. Distribution of socio-demographic and clinical characteristics by BRI in USA adults 1999-2018.

Tertile 1 Tertile 2 Tertile 3
Variable n % n % n % P-value
n 15 768 < 4.22 15 767 4.22-5.98 15768 >5.99
Ethnicity < 0-001
Non-Hispanic Black 3475 22:04 % 2923 1854 % 3551 2252 %
Non-Hispanic White 7303 46-32 % 6768 4293 % 6758 42-86 %
Mexican American 1853 11.75% 3161 20-05 % 3213 20-38 %
Other 3137 19-89 % 2915 1849 % 2246 1424 %
General conditions
Age, years
Mean 42-80 51.97 54.06 < 0-001
SE 17.23 17-34 16-82
Male 8381 53-15% 8738 55-42 % 6373 40-42 % < 0-001
Mean SE Mean SE Mean SE
BMI, kg/m? 23-04 2.76 27-96 2.79 35-55 6-08 < 0-001
SBP, mmHg 11931 17-60 125.66 1878 12861 1899 < 0-001
DBP, mmHg 69-75 10-93 71-32 11.92 71-67 1240 < 0-001
WC, cm 83-06 771 97.71 6-78 11511 12.35 < 0-001
BRI 321 0-68 5.07 0-50 7-93 1.85 < 0-001
n % n % n %
Risk factors
Diabetes 864 548 % 2392 1517 % 4782 30-33% < 0-001
Hypertension 3826 24.26 % 6966 4418 % 9433 59-82 % < 0-001
Smoke 7110 45.09 % 7335 46-52 % 7277 46-15% 0-030
ASCVD 788 5-00 % 1554 9-86 % 2181 13-83% < 0-001
Angina 204 1-29 % 422 2:68 % 676 429 % < 0-001
Myocardial infarction 329 2:09 % 677 429 % 965 612 % < 0-001
CHF 210 1.33% 422 2:68 % 750 4.76 % < 0-001
CHD 306 1-94 % 698 443 % 885 561 % < 0-001
CVD 861 546 % 1685 10-69 % 2407 1527 % < 0-001
Hyperlipidaemia 8203 52-02 % 11 958 75-84 % 12728 80-72 % < 0-001
Stroke 299 1-90 % 560 3-55% 821 521 % < 0-001
MetS 481 3:05% 4122 26-14 % 7888 50-03 % < 0-001
Mean SE Mean SE Mean SE
HBA1C, % 5-40 075 5.70 1-01 6-06 1.24 < 0-001
TC, mmol/l 491 1.00 518 1.08 5-09 1.08 < 0-001
HDL, mmol/l 1-51 043 1.33 0-39 1.26 0-34 < 0-001

BRI, body roundness index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; ASCVD, atherosclerotic CVD; CHF, congestive heart failure;
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MetS, metabolic syndrome; HBA1C, glycosylated Hb, Type A1C; TC, total cholesterol.

Table 2. Correlations between BRI and traditional cardiovascular risk
factors.

95 % CI: 0-7594, 0-7683). This means that after adjusting for a
range of confounding disturbances, an increase in BRI within a

Variable Correlation coefficient P value certain range shows a positive correlation with the risk of MetS.
However, when its value exceeds a certain range, the risk of

GQBG;-\ 1c 8%322 z 8881 MetS does not increase with an increase in BRI. Thus, non-linear

TC 00777 < 0-001 diagnostic methods have higher accuracy and reliability for

HDL —-0-2784 < 0-001 better diagnosis and prediction of disease compared with linear

BMI 0-8993 < 0001 diagnostic methods, and BRI can be better used to predict the

woe 0-9208 < 0-001 occurrence of MetS

SBP 0-2461 < 0001 :

DBP 0-0799 < 0-001

BRI, body roundness index; HBA1C, glycosylated Hb, Type A1C; TC, total cholesterol;
WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood
pressure.

significantly and positively correlated with MetS (Fig. 2). In
addition, BRI predicted MetS with an AUC of 0-7986 (95 % CI:
0-7946, 0-8027), specificity of 0-6238 and sensitivity of 0-8541
(Table 5 and Fig. 3), which was comparable to HDL (AUC:
0-7909, 95 % CI: 0-7863, 0-7955) and WC (AUC: 0-7848, 95 % CI:
0-7805, 0-7890), but which was greatest in anthropometric
measures such as HbAlc (AUC: 0-7074, 95 % CI: 0-7946, 0-7129),
TC (AUC: 0-5509, 95 % CI: 0-5448, 0-5569) and BMI (AUC: 0-7638,

Discussion

In this nationally representative data analysis, we determined the
association of elevated BRI levels with the occurrence of MetS. The
distribution of BRI was different across ethnic groups, with a
gradual decrease in the proportion of non-Hispanic Whites and
other races and an increase in the proportion of non-Hispanic Black
and Mexican American as BRI increased. In addition, BRI was
significantly associated with traditional cardiovascular risk factors,
especially showing a high positive association with WC. Univariate
regression analysis indicated BRI to be a moderate risk factor for
MetS, and multivariate logistic regression analysis after adjusting for
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Table 3. Results of univariate logistic regression analysis.

Statistics

Variable n % OR 95 % CI P value
Age

Mean 49-61 1.02 1.02, 1-02 < 0-0001

SE 17-82
Female 23 811 50-34 % 1.29 1.24,1-34 < 0-0001
Ethnicity

Non-Hispanic Black 9949 21-03% 1.0 Ref.

Non-Hispanic White 20 829 44.03 % 1-41 1-34, 1-50 <0-0001

Mexican American 8227 17-39 % 1.65 1.55,1.77 <0-0001

Other 8298 17-54 % 1.20 1-12,1-29 <0-0001

Mean SE
BMI 28-85 6-63 1-14 1-14, 115 <0-0001
SBP 124.53 18-87 1.02 1.02, 1-02 < 0-0001
DBP 70-91 11.79 1.02 1.02, 1-03 < 0-0001
wC 98-63 16-05 1.07 1.07, 1-07 < 0-0001
HBA1C 5.72 1-06 1.96 1.92, 2.01 < 0-0001
TC 5-06 1.06 1.21 1.18, 123 < 0-0001
HDL 1.36 0-40 0-03 0-02, 0-03 < 0-0001
BRI 5-40 2:27 1.58 1.56, 1-60 < 0-0001
n %

Diabetes 8038 1699 % 6-06 576, 6-38 < 0-0001
Hypertension 20 225 42.76 % 3.70 354, 3-86 < 0-0001
Smoke 21722 45.92 % 1.22 117,1.27 < 0-0001
ASCVD 4523 9-56 % 218 205, 2-33 < 0-0001
Angina 1302 2:75% 2:38 213, 2.66 < 0-0001
Myocardial infarction 1971 417 % 220 2.01, 2-41 < 0-0001
CHF 1382 2:92% 245 220, 2.73 < 0-0001
CHD 1889 399 % 2.32 211, 2-54 < 0-0001
CVD 4953 10-47 % 221 208, 2-35 < 0-0001
Hyperlipidaemia 32 889 69-53 % 13-86 12.71, 1512 < 0-0001
Stroke 1680 3-55% 1.90 1.72,2:10 < 0-0001

SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; HBA1C, glycosylated Hb, Type A1C; TC, total cholesterol; BRI, body roundness index;

ASCVD, atherosclerotic cardiovascular disease; CHF, congestive heart failure.

Table 4. Multivariate logistic regression analyses for the association between BRI and MetS.

Model 1 Model 2 Model 3

Exposure OR 95 % Cl 95 % Cl OR 95 % Cl
BRI 1-20 1.17,1.22" 1-21 1.19, 1.23 0-74 0-71,0.78
BRI Tertile

Tertile 1 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.)

Tertile 2 812 7-33, 9-00° 724 6-53, 803 4.59 4.07, 517

Tertile 3 13.87 12.24, 15.72" 12.02 10-60, 13-64° 6-33 5.45,7-35
Pror trend < 0-001 < 0-001 < 0-001

BRI, body roundness index; Ref, reference.
Model 1: unadjusted.
Model 2: adjusted for age, sex and ethnicity.

Model 3: age; sex; ethnicity; DM; hypertension; smoke; angina; ASCVD; CHF; CHD; CVD; MI; hyperlipidaemia; stroke; HbA1c; TC; HDL; BMI; WC; SBP; DBP.

* P<0-001.

age, sex, race, DM and CVD found that BRI remained an
independent risk factor for MetS. After adjusting for confounding
variables (age, sex, SBP, DBP, smoking status, etc.), a non-linear
relationship was found between BRI levels and the prevalence of
MetS. More importantly, BRI predicted MetS with the largest AUC
among anthropometric measures such as HbAlc, TC, HDL, BMI
and WC. Noninvasive prediction of obesity-related indicators will
be a simple and practical indicator of obesity, where BRI estimates
human body shape as an ellipse using the relationship between
waist circumference and height for predicting the percentage of

body fat and visceral adipose tissue'*??. Tts advantage over BMI
and WHIR is considered to be its improved ability to predict body
fat and visceral adipose tissue, which is closely associated with
MetS?-2%, Although radiologic assessment of specific fat distribu-
tion in the body by instruments such as CT or MRI may have more
accurate ratings, BRI is certainly a more economical and convenient
operation for large-scale population screening. These data suggest
that BRI can be used as a new anthropometric indicator for
predicting MetS, providing clues for population screening and early
clinical disease intervention.
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Fig. 2. The non-linear relationship between BRI and incident of MetS after adjusting for confound-ing variables.

Table 5. ROC analysis for continuous predictor.

95 % Cl low, Best
Test AUC 95% Cl up threshold  Specificity =~ Sensitivity
BRI 07986 0-7946, 0-8027 5.0364 06238 0-8541
HBA1C 0-7074 0-7019, 0-7129 5.7500 0-8020 0-5226
TC 0-5509 0-5448, 0-5569 5.3650  0-6873 0-4139
HDL 0-7909 0-7863, 0-7955 1-2950 0-6391 0-8298
BMI 0-7638 0-7594,0-7683 27-8550  0-6105 0-8030
wC 0-7848 0-7805, 0-7890 101-7500 0-7270 0-7184

BRI, body roundness index; HBA1C, glycosylated Hg, Type A1C; TC, total cholesterol;
WC, waist circumference.

The BRI is an obesity index based on WC and height, which is
a better predictor of the amount of body fat and visceral adipose
tissue than other anthropometric measures, including WC and
BMIU2627 - Stefanescu A’s team investigated the ability of
anthropometric indicators (BRI, BMI, WC, a body shape index,
etc.) to predict MetS in 1815 Peruvian adults and confirmed that
BRI is a useful clinical predictor of MetS®. Liu PJ and Xu J’s team
have both proposed that BRI could be used as a simple and cost-
effective index to evaluate cardiometabolic risk factors in
Chinese adults, which predictive ability is better than other
anthropomorphic indices®??. Another study showed that the
best critical and AUC values achieved by BRI and other
anthropomorphic indices have a clinical approach to identifying
MetS and its components among Southern-Indian adults®?.
Previous studies in the USA population did not explore a
possible curve-like relationship between BRI and MetS, so this
study is the first to analyse the non-linear relationship between
BRI and MetS. In addition, our results suggest that BRI is equally

ROC curve for MetS
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Fig. 3. BRI for predicting MetS in all participants by ROC analyses stratified by
confounding variables.

effective as a clinical predictor of MetS in the USA population,
which is consistent with previous studies in other populations.
Limitation

There are some limitations to this study. First, because our study
only involved the USA population, the results of this study are
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not representative of other ethnic groups and regions. Second,
this retrospective observational study provided an association
between BRI and MetS onset, so these results need to be further
validated by prospective studies. In addition, this study did not
directly compare the association of BRI, BMI, WC, WHtR, WHR,
ABSI and BAI with an increased risk of MetS, which may need to
be strengthened in future studies.

Conclusions

Our study suggested that the distribution of BRI is different
among ethnic groups in the USA, that there is a non-linear
relationship between BRI and MetS and that BRI, as a new
anthropometric indicator, is a better predictor of MetS than other
traditional anthropometric indices.
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